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 FOREWORD     

  It is a great pleasure for me to write this Foreword, as 
I have known Don Barceloux professionally for many 
years and we have collaborated on various projects 
particularly for the American Academy of Clinical 
Toxicology. Dr. Barceloux fi rst established himself as a 
distinguished and successful author with the publication 
in 1988 of the fi rst edition of  Medical Toxicology: 
Diagnosis and Treatment of Human Poisoning , which he 
co - authored with the late Matthew Ellenhorn. 

 Dr. Barceloux ’ s reputation for producing systematic 
books of great quality was further enhanced in 2008 by 
the publication of the fi rst volume (of four) of  Medical
Toxicology , which was entitled the  Medical Toxicology 
of Natural Substances: Foods, Fungi, Medicinal Herbs, 
Plants and Venomous Animals ; he wrote 171 of the 185 
chapters. At the time of publication, this book had no 
rival, and that continues to be the case. I use it on a daily 
basis in my clinical practice. 

 While a substantial number of textbooks on clinical 
toxicology have been published in the last two decades, 
none has focused primarily on drug abuse. Equally, 
many books on drug abuse have been published over 
the same period, but none has been written from the 
perspective of the clinical/medical toxicologist. 

 For this reason I welcome, and indeed have been 
waiting eagerly for, the publication of the second volume 
in the Medical Toxicology  series, which uses the same 
helpful format as volume 1.  Medical Toxicology of Drug 
Abuse :  Synthesized Chemicals and Psychoactive Plants
provides in - depth up - to - date coverage of psychoactive 

agents that are abused, including newer designer drugs 
and psychoactive plants. Detailed information is pro-
vided on the pathophysiology, toxicokinetics, clinical 
effects (including the features associated with abstinence 
syndromes and reproductive abnormalities), treatment, 
and prevention of drug abuse. In addition, there are sec-
tions on epidemiology, on the chemical structure and 
physiochemical properties of the abused substances, on 
impurities introduced during synthesis, on the interpre-
tation of the results of laboratory testing, and on the 
characteristics and geographical distribution of psycho-
active plants. All but six of the 66 chapters in the present 
volume were authored by Dr. Barceloux himself; the 
remainder have been written by other acknowledged 
experts. After reading the book in proof I am confi dent 
its impact and usefulness will be similar to volume 1. 

 I commend this excellent book to the reader. 

   Professor Allister Vale  md frcp frcpe frcpg ffom 
faact fbts h on  frcpsg  

National Poisons Information Service (Birmingham 
Unit) and West Midlands Poisons Unit, City Hospital, 

Birmingham, UK; School of Biosciences and College of 
Medical and Dental Sciences, University of 

Birmingham
Past - President of the British Toxicology Society; 

Past - President of the European Association of Poisons 
Centres and Clinical Toxicologists; Past - Trustee of the 

American Academy of Clinical Toxicology
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 PREFACE     

Medical Toxicology of Drug Abuse :  Synthesized 
Chemicals and Psychoactive Plants  is the second book 
in the Medical Toxicology Series that divides Medical 
Toxicology into the four following areas: Natural 
Substances, Drugs of Abuse, Occupational and Environ-
mental Exposures, and Pharmaceutical Overdose. The 
book series is designed to provide in - depth, evidence -
 based coverage of the most important toxins affecting 
humans. This book covers a variety of older psychoac-
tive drugs and newer designer drugs of abuse including 
recently popularized drug (e.g., methcathinone, mephed-
rone,  Salvia divinorum , kratom). Information on a par-
ticular substance is discussed in the book commonly 
associated with the subject. Consequently, the most 
important psychoactive plants are discussed in the Drug 
Abuse book rather than the Natural Substances book, 
so the reader interested in information on drug abuse 
will not have to search two books. Pharmaceutical 
drugs (e.g., hydrocodone, morphine, oxycodone) used 
primarily for therapeutic purposes will be covered in the 
book on Pharmaceutical Overdose. Conversions for 
length and temperature in metric and imperial systems 
are provided to ease the use of this book by an interna-
tional readership, whereas the metric system for mass 
and concentrations are retained to limit any confusion 
about doses in the United States. This book is designed 
as a convenient reference for answers to questions 
regarding exposure, pathophysiology, clinical effect, 
detection, and treatment of toxicity associated with 
drugs of abuse. 

 The format of this book follows the fi rst book in 
the Medical Toxicology Series,  Medical Toxicology of 
Natural Substances: Foods, Fungi, Medicinal Herbs, 
Plants, and Venomous Animals . When the reader is 
familiar with the templates used in the book series, the 
consistency of the organization allows the reader to 
easily locate the appropriate information necessary for 

decisions regarding the sources, effect, regulation, and 
management of toxic exposures. The following list pro-
vides organizational details on the material under the 
headings for each drug: 

History  includes facts about the discovery, past abuse, 
and earlier complications of drug abuse. 

Botanical Description  helps the reader identify the 
characteristics and geographic distribution of psychoac-
tive plants. 

Identifying Characteristics  includes the chemical struc-
ture, physiochemical properties, and the terminology 
associated with the specifi c drug of abuse. 

Exposure  discusses the epidemiology, trends, sources, 
production processes, impurities added during synthesis 
of the drug, profi ling of confi scated drugs, and common 
methods of misuse. 

Dose Effect  covers clinical data on the drug doses asso-
ciated with overdose and fatalities in humans. The book 
emphasizes dose - related effects rather than adverse or 
idiosyncratic reactions. 

Toxicokinetics  discusses the disposition of the drug in 
the body including the absorption, distribution, bio-
transformation, and elimination along with maternal 
and fetal kinetics, tolerance, and drug interactions. 

Histopathology and Pathophysiology  presents informa-
tion on the mechanisms of action and toxicity, autopsies, 
and postmortem changes associated with drug abuse. 

Clinical Response  provides data on the clinical 
features of toxicity following the illicit use of the drug 
including the onset, duration, and type of clinical 
effects (behavioral abnormalities, mental disorders, 
medical complications). Additionally, this section dis-
cusses reproductive abnormalities, fatalities, and any 
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xiv

symptoms associated with an abstinence syndrome fol-
lowing cessation of use. 

Diagnostic Testing  presents information important to 
the interpretation of the clinical signifi cance of labora-
tory testing. This section includes current analytic 
methods to identify and quantitate the drug in biologic 
and confi scated material, effects of storage on analytic 
results, biomarkers of exposure in blood, urine, and 
postmortem material, abnormalities detected by imaging 
studies and ancillary tests, and driving impairment asso-
ciated with use of the drug. 

Treatment  includes current information on the manage-
ment of toxic effects associated with drug misuse and 
abuse including recommendations for fi rst responders, 

life - threatening problems associated with overdose, the 
use of antidotes, and supportive care. 

Medical Toxicology of Drug Abuse: Synthesized 
Chemicals and Psychoactive Plants  focuses on scientifi -
cally confi rmed facts about specifi c drugs of abuse 
based on the medical literature and clinical experience. 
References are documented to validate the information 
and to provide sources for further inquiry. My hope is 
that this interdisciplinary, evidence - based approach will 
increase communication between traditional clinical 
settings and fi elds aligned with Medical Toxicology 
including those in analytic laboratories, universities, 
regulatory agencies, and coroner ’ s offi ces    .  .  .    and thus, 
encourage more inquiry into the pathophysiology, clini-
cal effects, biomarkers, treatment, and prevention of 
drug abuse. 

   Donald G. Barceloux, MD 

November 28, 2011
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  Chapter 1 

   AMPHETAMINE 

           HISTORY 

 Amphetamine is a prototypical, noncatecholamine, 
sympathomimetic drug; the chemical structures of 
amphetamine, catecholamine - type neurohumoral trans-
mitters (i.e., epinephrine, norepinephrine, dopamine), 
and the naturally occurring ephedrine are similar. 
Although some Chinese herbal folk remedies contained 
sympathomimetic drugs 5,000 years ago, Nagai did not 
isolate ephedrine from ma huang ( Ephedra vulgaris ) 
until 1887. Lazar Edeleano synthesized amphetamine in 
the same year.  1   Chen and Schmidt introduced ephed-
rine into Western medicine in the 1920s following 
their experience with the traditional Chinese herb, ma 
huang.  2

 Early US medical research on the pharmacologic 
effects of amphetamine began in the late 1920s during 
attempts to fi nd an synthetic alternative for the use of 
ephedrine to treat asthma.  3,4   In the late 1920s, Alles 
and Prinzmetal introduced the use of racemic β  -
 phenylisopropylamine ( d , l  - amphetamine sulfate) as 
a decongestant and bronchodilator.  5   Beginning in 
1932, the Smith Kline  &  French Company marketed 
Benzedrine ®   (racemic  β  - phenylisopropylamine) as an 
inhaler for the treatment of nasal congestion and as an 
analeptic for the treatment of fatigue. Over the next 
decade, the medical applications for amphetamine were 
extended beyond its use as a decongestant and general 
stimulant to include appetite suppression, and as a treat-
ment for narcolepsy and hyperactivity syndrome in chil-

dren.6,7   However, in 1937, recognition of the abuse 
potential of amphetamine and its related compounds 
resulted in the restriction of the sale of amphetamine as 
a prescription drug in the United States.  8   Nevertheless, 
both the Axis and the Allies extensively used amphet-
amines to counter battle fatigue and to maintain alert-
ness in their troops during World War II; amphetamines 
were issued in survival kits. After the war, widespread 
parenteral abuse of amphetamines occurred in Japan. 
Similar problems with amphetamine abuse occurred in 
Sweden during the 1950s and early 1960s. 

 The fi rst major epidemic of amphetamine abuse in 
the United States occurred from the 1940s to the 1960s.  9

Case reports and articles from the American lay press 
documented the intravenous (IV) and oral abuse of 
amphetamine extracts from Benzedrine inhalers during 
the 1940s and 1950s.  10   Methods of abuse included the 
ingestion of folded paper strips containing amphet-
amine from the inhalers and the ingestion of 
amphetamine - moistened strips that were wrapped in 
cigarette paper and then dipped in coffee. Abuse of 
amphetamine from these papers occurred despite the 
addition of emetine and picric acid by the manufactur-
ers. As a method to reduce the abuse Benzedrine  ®   inhal-
ers, manufacturers replaced the synthetic racemic 
amphetamine base ( β -  phenylisopropylamine) with the 
congener propylhexedrine. Marketing of this new 
product (Benzedrex  ®  , B.F. Ascher  &  Co., Lenexa, KS) 
began in 1949. In 1959, the US Food and Drug 
Administration (FDA) restricted the use of these inhal-
ers as a prescription drug because of the IV and oral 
abuse. 

 In the United States, IV amphetamine use with inhal-
ant extracts was widespread during the 1950s and 1970s. 

AMPHETAMINE and METHAMPHETAMINE  

I   Amphetamines and Phenethylamine Derivatives     

Medical Toxicology of Drug Abuse: Synthesized Chemicals and Psychoactive Plants, First Edition. Donald G. Barceloux.
© 2012 John Wiley & Sons, Inc. Published 2012 by John Wiley & Sons, Inc.
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with an isopropylamino side chain. Amphetamine and 
the parent compound of sympathomimetic amines ( β  -
 phenethylamine) are structurally similar. Addition of 
hydroxyl substitutions on 3 ′  - ( meta  - ) and 4 ′  - ( para  - ) 
positions of the phenyl ring of phenethylamine pro-
duces the basic building block of the catecholamine 
neurotransmitters (epinephrine, norepinephrine, dopa-
mine). Amphetamine compounds are not catechol-
amines because of the absence of aromatic hydroxyl 
moieties. Figure  1.1  compares the chemical structure of 
amphetamine, methamphetamine, and catecholamine 
neurotransmitters.   

 The phenylisopropylamines have a chiral center at 
the  α  - carbon, which allows enantiomers of differing bio-
logic potencies. The dextrorotatory ( d  - ) isomer of 
amphetamine is commercially available as dextroam-
phetamine (CAS:   51 - 64 - 9, Dexedrine  ®  ). Alteration of 
the phenyl ring (e.g., chlorphentermine, fenfl uramine) 
and the ethylamine side chain (e.g., propylhexedrine, 
diethylpropion, phendimetrazine, phenmetrazine) pro-
duces amphetamine derivatives with fewer side effects 
compared with amphetamine and methamphetamine as 
demonstrated in Figure  1.2 .   

 Detailed pharmacologic investigations of phenethyl-
amine derivatives demonstrate some basic rules for the 
structure – activity relationships in this class of com-
pounds. The following 4 - position on the phenethylamine 
nucleus can be substituted resulting in alterations of 
pharmacologic effect: 1) the amine nitrogen; 2) the 
carbon atom on the ethyl bridge, which is  α  to the nitro-
gen; 3) the carbon atom on the ethyl bridge, which is  β  
to the nitrogen; and 4) the phenyl ring. Addition of a 
single aliphatic substituent to the nitrogen results in a 
somewhat prolonged duration of action and increased 
penetration of the central nervous system (CNS) rela-
tive to the nonsubstituted analogue, whereas disubs-
titution of the nitrogen abolishes nearly all stimulant 

Rampant IV drug use with methylphenidate and illicit 
amphetamines also occurred in the San Francisco drug 
culture during the 1960s. Possibly promoted by the use 
of amphetamine compounds commonly prescribed for 
the treatment of obesity and depression, the illicit use 
of amphetamine during this time primarily involved 
the diversion of drugs from pharmaceutical stocks. 
Initially, amphetamine and the  d  - isomer of amphet-
amine (dextroamphetamine) were listed as schedule III 
drugs; however, in 1971, these compounds were added 
to the list of schedule II drugs (i.e., drugs that have 
medical use, but signifi cant abuse potential) in an 
attempt to limit the diversion of these drugs to illicit 
markets. Widespread IV amphetamine abuse among 
heroin addicts occurred in Washington, DC, as a result 
of the disruption of heroin supplies in the early 1970s; 
amphetamine control measures abruptly ended the sub-
stitution of amphetamine for heroin.  11   Until the mid -
 1970s, medical indications for amphetamine compounds 
included several common conditions (depression, 
fatigue, weight reduction). Subsequently, the FDA 
restricted the legal use of amphetamines to narcolepsy, 
hyperkinetic behavior in children, and short - term 
weight reduction. The use of amphetamine compounds 
for weight reduction is highly controversial; the 
Canadian government banned the use of amphetamine 
compounds for weight reduction in 1971. Case reports 
of amphetamine toxicity were relatively uncommon 
during the 1980s with use occurring primarily in deserts 
in the Southwestern United States.  12    

  IDENTIFYING CHARACTERISTICS 

  Structure 

 Amphetamine (CAS No.   300 - 62 - 9) is racemic  β  - pheny-
lisopropylamine consisting of a phenyl ring substituted 

       FIGURE 1.1.     Chemical structures of dopamine, epinephrine, norepinephrine, phenethylamine, amphetamine, and 
methamphetamine.  
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activity and imparts hallucinogenic properties to the 
compound.  

  Physiochemical Properties 

 Amphetamine compounds are lipophilic, weak bases 
with pK a  values ranging from 8.8 – 10.4. The pK a  of 
amphetamine is 10.13. The drug base often is combined 
with HCl to form the hydrochloride salt, which has a 
melting point of 170 – 175 ° C.  

activity. Increasing anorectic effects result from the 
addition of a small aliphatic group to the  α  - carbon. 
Substitution of the  β  - carbon with a hydrogen bonding 
entity (e.g., hydroxyl moiety as in ephedrine or pseudo-
ephedrine) produces strong stereochemical preferences 
with the ( R ) absolute confi guration at this stereo-
center having substantially greater adrenergic activity 
than the ( S ) confi guration. Addition of alkoxy substitu-
ents to the phenyl ring (e.g., methylenedioxymetham-
phetamine [MDMA], mescaline) increases serotonergic 

       FIGURE 1.2.     Amphetamine and related amphetamine structures.  99    
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tivity disorder (ADHD); off - label uses include the treat-
ment of fatigue in cancer patients and the treatment of 
dysphoria/depression in combination with antidepres-
sants.  17   Indications for this drug do not include the treat-
ment of obesity, drug dependence, anxiety, or malaise. 

 Illicit manufacture of amphetamine remains uncom-
mon, partly because the illicit synthesis of amphetamine 
is more complicated than the illicit synthesis of meth-
amphetamine. Synthesis of amphetamine from benzyl-
methylketone (phenylacetone, CAS RN:   103 - 79 - 7) is a 
reported method of illicit amphetamine production as 
displayed in Figure  1.3 .  18   The addition of formamide or 
ammonium formate to benzylmethylketone produces 
the intermediate,  N  - formyl amphetamine. Refl uxing  
N  - formyl amphetamine with hydrochloric acid pro-
duces crude amphetamine that can be refi ned by extrac-
tion, steam distillation, or vacuum distillation. An 
alternate method for the clandestine synthesis of 
amphetamine is a 1 - step reduction of phenylpropanol-
amine that directly yields amphetamine base. The pro-
duction of amphetamine in clandestine laboratories 
increases the Leuckart - specifi c impurities ( N  - formyl 
amphetamine, 4 - methyl - 5 - phenyl - pyrimidine) and yield 
of amphetamine compared with legally manufactured 
amphetamine.  19,20     

 The source of some illicit racemic or  d  - amphetamine 
is the diversion of this drug from persons with legitimate 
prescriptions. Most studies on the use and misuse of 
prescription stimulants do not separate amphetamine 
from methylphenidate. In a retrospective review of pub-
lished studies, the misuse and diversion of prescription 
stimulants for ADHD ranged from 5 – 35% among older 
adolescents and college - age populations.  21   Lifetime 
diversion rates of stimulant prescriptions from students 
with legitimate prescriptions ranged from 16 – 29%, 
when they were asked to trade, sell, or give the medica-
tion to another person.  

  Methods of Abuse 

 The effects of amphetamine appeal to individuals who 
interact poorly in social settings and have diffi culty 
internalizing new experiences. Amphetamine use 
reduces the need for external stimuli by increasing 
internal arousal mechanisms. In contrast to antisocial, 

  Terminology 

 Although amphetamine refers specifi cally to racemic 
 β  - phenylisopropylamine, the term  amphetamine  fre-
quently refers to several structurally related compounds 
(e.g., methamphetamine, fenfl uramine, phentermine, 
synthetic amphetamine analogues) that share similar 
pharmacologic and toxicologic properties with amphet-
amine.  13   Amphetamine is a contraction of the older 
description of the prototypical compound,  α  - methyl-
phenethylamine. Old trade names for ampheta-
mine compounds include the following: Benzedrine 
( d , l  - amphetamine), Biphetamine ( d , l  - amphetamine), 
Dexedrine ( d  - amphetamine), and Dexampex ( d  -
 amphetamine). Street names for amphetamine include 
Amp, Bennies, Black Beauties, Browns, Cranks, Fives, 
Goey, Hearts, Louee, Speed, Uppers, and Whiz.  14     

  EXPOSURE 

  Epidemiology 

 The frequent inclusion of methamphetamine and other 
structurally similar amphetamine compounds (phen-
metrazine, methylphenidate, diethylpropion, propylhex-
edrine) with racemic and  d  - amphetamine complicates 
the interpretation of epidemiologic data on the latter. 
Most studies on the misuse of prescription stimulants 
do not separate amphetamine from methylphenidate. 
Smaller studies with face - to - face interviews reported 
higher misuse rates, whereas larger, multisite studies 
reported lower rates. In a study of a convenience sample 
of 1,811 undergraduates at a large - public US research 
university, the reported lifetime rate of the illegal use of 
prescription stimulants ( d  - amphetamine, methylpheni-
date) was 34%.  15   A multisite study of 10,904 US college 
students reported a lifetime misuse and past year misuse 
of prescription stimulants ( d  - amphetamine, methylphe-
nidate) of 6.9% and 4.1%, respectively.  16    

  Sources 

 Approved indications for  d  - amphetamine in the United 
States are narcolepsy and attention defi cient hyperac-

       FIGURE 1.3.     Synthetic preparation of amphetamine from benzylmethylketone.  
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  Intravenous Abuse 

 Intravenous amphetamine users usually begin with 
abuse of oral amphetamines; then, they progress to IV 
injections to experience a more intense feeling of plea-
sure. Other pleasurable feelings that follow the IV 
administration of amphetamine include a sense of 
extreme mental and physical power, hyperactivity, 
hyperexcitability, euphoria, and heightened sexual 
awareness. As tolerance develops, the dose and fre-
quency of the injections increase substantially. During 
 “ runs, ”  injection of amphetamine occurs every 2 hours 
throughout the day for 3 – 6 days until exhaustion causes 
the user to fall asleep (i.e.,  “ fall out ” ). Sleep lasts 12 – 18 
hours or longer with more prolonged runs. With the 
escalation of the amphetamine dose, frightening percep-
tive experiences occur including hyperacousia, halluci-
nation, illusions, and paranoia.  27   Complications of this 
form of abuse include violent and bizarre behavior, 
slovenly dress, emaciated appearance, and major medical 
complications.    

  DOSE EFFECT 

 Oral doses in habitual amphetamine users often range 
from 50 – 150   mg daily. Anecdotal reports suggest that 
the IV use of amphetamine begins with the injection of 
20 -  to 40 - mg doses, but the dose increases substantially 
as tolerance develops. Experienced IV amphetamine 
abusers typically inject from 100 – 300   mg ampheta-
mine per use; however, as tolerance increases the 
maximum dose during binges may exceed 1   g without 
the development of severe complications.  27   The pres-
ence of multiple confounding factors complicates the 
determination of dose - effect relationships following 
the use of amphetamine including underlying cardiovas-
cular disease (e.g., coronary artery disease, angiitis), 
vascular abnormalities (berry aneurysms), use of other 
illicit drugs, smoking, reporting bias, duration of abuse, 
and tolerance. In a case series of 11 patients with neu-
rologic abnormalities associated with amphetamine 
use, the amphetamine dose ranged from 20 – 200   mg.  28

However, the chronicity of amphetamine use was not 
well documented in this case series. In a summary of 
9 case reports of myocardial infarction associated 
with amphetamine use, the route of abuse included 
chronic oral and nasal amphetamine abuse as well as 
IV drug use.  29   The limited data and the presence of 
multiple confounding factors listed above prevented the 
determination of dose - response relationships. The 
inges tion of 250   mg amphetamine following by strenu-
ous exercise (i.e., running 1.5 miles) was associated 
with the development of myoglobinuria and acute renal 
failure.  30

schizoid personalities who tend to abuse  amphetamines 
(i.e., the drug interferes with their social, economic, 
or medical welfare),  misuse  of amphetamines (i.e., 
using these drugs for illicit purposes) occurs frequently 
in individuals trying to enhance performance or 
endurance. Long - term amphetamine use causes psycho-
logic dependence and tolerance, although physical 
withdrawal symptoms are typically milder following 
chronic amphetamine use than chronic opiate or barbi-
turate use. 

  Intermittent Use 

 The strong CNS effects of amphetamine persist longer 
than most other stimulants (e.g., cocaine). Because the 
use of amphetamine increases physical and mental 
alertness, these compounds are popular among college 
students studying for exams, athletes, and truck drivers 
who require prolonged vigilance or short periods of 
high energy.  22   Some individuals occasionally ingest 
5 – 20   mg of amphetamine compounds to allay fatigue, 
elevate mood, or prolong wakefulness. Some profes-
sional football players consume amphetamine or other 
stimulants to induce rage, increase endurance, improve 
speed, and reduce weight.  23   Amphetamine may improve 
the performance of tired individuals on repetitive tasks, 
unless jitteriness or impaired judgment adversely affects 
performance. The degree of improved athletic perfor-
mance is relatively small, but this effect may be signifi -
cant in elite sports.  24   Most sporadic users do not develop 
a habitual craving for amphetamine. In addition, 
amphetamine may increase energy expenditures, result-
ing in excessive fatigue. Drug - induced impairment of 
judgment may reduce the recognition of the hazardous 
consequences of fatigue and the subsequent reduction 
in physical performance. Amphetamine is listed as a 
prohibited substance by the World Anti - Doping Agency 
(WADA).  25

  Chronic Oral Abuse 

 Following the chronic daily consumption of 20 – 40   mg 
amphetamine, a reduction in amphetamine dose may 
cause lethargy and depression. Although some initial 
improvement in alertness may occur, chronic amphet-
amine use eventually reduces mental and physical per-
formance without awareness by the user. Daily 
amphetamine doses may increase to 50 – 150   mg as toler-
ance reduces the euphoric effects of amphetamine.  26

Polydrug abuse is a common comorbidity in amphet-
amine abusers, in part, because of the adverse effects of 
chronic amphetamine abuse including insomnia and 
agitation. 
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amphetamine. Metabolites of amphetamine include 
active compounds (e.g.,  p  - hydroxyamphetamine,  o  -
 hydroxynorephedrine, norephedrine). The major 
metabolic pathway for amphetamine involves deamina-
tion (i.e., hydroxylation at the  α  - carbon) to phenylace-
tone; then, oxidation of phenylacetone to benzoic 
acid followed by the conjugation of benzoic acid 
with glu curonic acid or glycine.  39   The deamination of 
amphetamine to phenylacetone probably involves the 
CYP2C subfamily of cytochrome P450 isoenzymes.  40

Smaller amounts of amphetamine are converted to nor-
ephedrine by oxidation.  β  - Hydroxylation produces the 
active metabolite o  - hydroxynorephedrine, which acts as 
a false neurotransmitter and may account for some drug 
effect in chronic users. The metabolism of amphetamine 
varies substantially between various animal species.    

  Elimination 

 Normally, the kidneys excrete about 30% of a therapeu-
tic dose of amphetamine over 24 hours, but the actual 
amount of urinary excretion is highly pH dependent. In 
an experimental study involving 4 participants, the 
urinary excretion of unchanged amphetamine was about 
four times greater than the excretion of deaminated 
metabolites (hippuric and benzoic acids), when the 
urinary pH was acidic (pH 5.5 – 6.0).  41   However, the 
urinary excretion of deaminated metabolites and 
unchanged amphetamine was similar during alkaline 
conditions (urinary pH 7.5 – 8.0). In a study of 7 volun-
teers ingesting 10 – 15   mg amphetamine sulfate, 
unchanged amphetamine in the urine during the fi rst 16 
hours after ingestion accounted for 2.2 – 4.2% of the 
administered dose when the urine pH ranged from 7.8 –
 8.1. However, reducing the urine pH to 4.8 – 5.1 resulted 
in urinary excretion of 48 – 73% of the administered 
amphetamine dose as unchanged amphetamine during 
the fi rst 16 hours after ingestion.  42

 Consequently, the plasma elimination half - life of 
amphetamine is also urine pH dependent. The plasma 
half - life of amphetamine following a therapeutic dose 
is approximately 12 hours under normal urinary pH; 
however, experimental studies demonstrate that the 
plasma - elimination half - life ranges from 8 – 10.5 hours 
following urinary acidifi cation compared with 16 – 31 
hours following urinary alkalinization.  41   Furthermore, 
the d ( + ) - amphetamine enantiomer is more rapidly 
metabolized than the l ( − ) - enantiomer; under alkaline 
conditions, the mean plasma elimination half - life of 
the d ( + ) - amphetamine enantiomer was 12.7 hours 
compared with 17.0 for the l ( − ) - enantiomer.  38   Under 
acidic urine conditions, renal excretion of unchanged 
amphetamine is the major route of elimination, and 

  TOXICOKINETICS 

  Absorption 

 Volunteer studies indicate that peak plasma amphet-
amine concentrations occur within 1 – 2 hours following 
the ingestion of a pharmacologic dose of amphetamine 
(i.e., 10 – 25   mg).  31   Complete gastrointestinal (GI) 
absorption of therapeutic doses of standard - release 
amphetamine usually occurs by 4 – 6 hours. Absorption 
of amphetamine through mucosal surfaces is pH depen-
dent. The illicit use of amphetamines before intercourse 
as an aphrodisiac by insertion into the vagina (i.e., 
 “ balling “ ) suggests that absorption of amphetamine 
across mucosal membranes also occurs. In a volunteer 
study, absorption of about 50% and 80% of an amphet-
amine dose applied to the buccal mucosa occurred 
within 5 minutes at pH of 8.16 and 9.18, respectively.  32

 Sustained - release preparations are available as resin -
 bound rather than soluble salts. These compounds 
produce reduced peak blood concentrations compared 
with standard amphetamine preparations, but total bio-
availability and time to peak concentrations are similar 
to standard - release preparations.  33   Although experi-
mental studies indicate that amphetamine delays gastric 
emptying and decreases intestinal motility,  34   there are 
inadequate data to determine whether this property is 
clinically signifi cant during amphetamine intoxication.  

  Distribution 

 Amphetamine distributes primarily into the kidney, 
lungs, and brain. The extent of plasma protein binding 
to amphetamine is relatively low (i.e., about 16 – 20%) in 
humans as measured by in vitro  equilibrium dialysis.  35

Animal studies indicate that there is substantial inter-
species variation in the binding of amphetamine. The 
protein binding of amphetamine in the plasma of mice 
is about 17% compared with approximately 40% in the 
rat.36   The volume of distribution of amphetamine in 
therapeutic doses administered to humans ranges from 
about 3 – 5   L/kg. Following chronic amphetamine abuse, 
the volume of distribution increases slightly (up to 6   L/
kg).37   Plasma protein binding, rate of absorption, and 
volumes of distribution of amphetamine enantiomers 
are similar.  38

  Biotransformation 

 The biotransformation of amphetamine and metham-
phetamine is analogous. Figure  1.4  demonstrates the 
biotransformation pathways of amphetamine and meth-
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of the side effects of amphetamine derivatives occurs 
during both chronic oral and IV use.  

  Maternal and Fetal Kinetics 

 Amphetamine crosses the placenta.  45   Volunteer studies 
indicate that  d  - amphetamine readily transfers into 
breast milk of lactating mothers. In a study of a lactating 
mother receiving 20   mg racemic amphetamine daily 
(5   mg every 2   h beginning at 10  am ), the milk/plasma 
ratio ranged from 2.8 – 7.5 during the days 10 – 42 after 
birth.  46   The corresponding amphetamine concentrations 
in milk ranged from 55 – 138    μ g/L. In a case series of 4 
mothers receiving a median daily  d  - amphetamine dose 
of 18   mg (range, 15 – 45   mg), the median milk/plasma 
ratio was 3.3 (range, 2.2 – 4.8) with the absolute infant 
dose of 21    μ g/kg daily (range, 11 – 39    μ g/kg/d).  47   Two of 
the 3 infants tested had detectable concentrations 
(2    μ g/L, 18    μ g/L) of  d  - amphetamine in their urine.  

the plasma elimination half - life of the enantiomers is 
similar.  

  Tolerance 

 Acute tolerance develops to some of the subjective 
effects of amphetamine. In a study of healthy volunteers 
receiving a single 20 - mg dose of  d  - amphetamine orally, 
the initial effects of amphetamine on mood dissipate 
before peak plasma amphetamine concentrations.  43   The 
maximum subjective ratings of  “ feel high ”  occurred 
between 1.5 – 2 hours after ingestion, whereas peak 
plasma amphetamine concentrations occurred about 4 
hours after ingestion. In a study of 16 healthy volun-
teers, the administration of a second 20   mg dose of  d  -
 amphetamine 48 hours after the fi rst 20   mg dose 
produced a slight reduction in the ratings for self -
 reported  “ feel drug, ”  but all other mood, behavioral, 
and physiologic effects of  d  - amphetamine were 
unchanged.  44   Rapid development of tolerance to some 

       FIGURE 1.4.     Pathways of amphetamine and methamphetamine biotransformation.  



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

10

porters mediates the cardiovascular and anorexic effects 
of amphetamine. 

  Cardiovascular System 

 Therapeutic doses of amphetamine raise systolic and 
diastolic blood pressure and initially slow heart rate. 
High doses of amphetamine cause tachycardia, 
palpitations, and dysrhythmias.  l  - Amphetamine is a 
slightly stronger cardiovascular stimulant than 
d  - amphetamine.  

  Central Nervous System 

Behavior.     In animal and human studies, low doses of 
amphetamine are general stimulants that induce alert-
ness, euphoria, increased confi dence, gregariousness, 
enhanced mental and physical activity, and improved 
self - esteem.51   Amphetamine increases wakefulness and 
delays the onset and duration of rapid eye movement 
(REM) sleep. Withdrawal following chronic use pro-
duces the opposite pattern, at least during the fi rst 
several months after cessation of use. The analgesic 
effects of amphetamine are minimal with no clinical 
signifi cance. 

 Amphetamine increases the concentration of norepi-
nephrine in the periphery and dopamine in the CNS via 
effects on plasmalemmal and vesicular monoamine 
transporters (e.g., neuronal dopamine transporter, 
vesicular monoamine transporter - 2).  50   This compound 
facilitates the release of these neurotransmitters and 
blocks their reuptake in the presynaptic nerve terminal. 
The primary site of action in the CNS is the dopamine 
transporter. The dopamine transporter translocates  d  -
 amphetamine into the interior of the presynaptic 
terminal; subsequently, the effl ux of dopamine to the 
synaptic cleft occurs as a result of the release of dopa-
mine from the vesicles in the cytosol. Additionally,  d  -
 amphetamine inhibits the clearance of dopamine from 
the synapse by competitively inhibiting the reuptake of 
dopamine by the dopamine transporter. Cocaine is a 
much stronger binder of this protein in the synapse than 
amphetamine.  52

 Amphetamine along with other drugs of abuse (e.g., 
alcohol, cocaine, heroin, methamphetamine) enhance 
the release of the neurotransmitter dopamine in the 
striatum (caudate, putamen, nucleus accumbens) as a 
result of their effects on the dopamine transporter.  53

Animal studies suggest that brain norepinephrine is 
responsible for amphetamine - induced locomotor stimu-
lation, whereas dopamine mediates stereotyped behav-
ior similar to amphetamine psychosis in humans as well 
as craving and addictive behavior.  54

  Drug Interactions 

 In general, the coadministration of amphetamine and 
monamine oxidase inhibitors is contraindicated because 
of the potential development of severe hypertension, 
hyperthermia, and altered consciousness. A case 
report associated the development of hyperthermia 
(43 ° C/109.4 ° F), agitation, seizures, opisthotonus, and 
coma in a 41 - year - old woman following the administra-
tion of d  - amphetamine, amobarbital, and tranylcypro-
mine.  48   She recovered with intensive supportive 
measures.  d  - Amphetamine is a substrate for CYP2D6 
isoenzymes; therefore, potential drug interactions may 
occur following the concomitant ingestion of fl uoxetine, 
paroxetine, and, to a lesser extent, sertraline. However, 
there are inadequate in vivo  human data to indicate that 
these potential interactions are clinically signifi cant.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Amphetamine exhibits a wide range of profound physi-
ologic and behavioral effects in animals as well as 
humans including alteration of sleep, motor activity, 
appetite, attention, aggression, sexual behavior, learn-
ing, classical conditioning, and operant behavior. At 
high doses, increased hyperadrenergic effects result 
from excessive norepinephrine - mediated activity. 
Amphetamine is structurally similar to the neurotrans-
mitters, dopamine and norepinephrine. The physiologic 
effects of amphetamine result from the enzymatic inac-
tivation, release, and uptake of catecholamine neu-
rotransmitters (dopamine, norepinephrine), and to a 
lesser extent, the indoleamine, 5 - hydroxytryptamine 
(serotonin) neurotransmitter.  49   Consequently, amphet-
amine is a potent indirect agonist at the various mono-
aminergic receptors. 

 The mechanism of action of amphetamine is similar 
to other amphetamine compounds and pharmaceutic 
derivatives; however, the peripheral and central  α  -  and 
β  - adrenergic effects of these compounds vary. Amphet-
amine crosses the neuronal membrane predominantly 
via the neuronal monamine reuptake transporters. 
Direct drug - monoamine competition for the reuptake 
transporters by amphetamine inhibits the cellular 
uptake of catecholamines. By inhibiting intracellular 
vesicular monamine transporter 2, amphetamine 
reduces vesicular monoamine storage while increasing 
extracellular monoamines (dopamine, norepinephrine, 
serotonin).50   This inhibition of carrier - mediated active 
uptake process involving catecholamine uptake trans-
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  Cardiovascular System 

 Excessive sympathetic nervous system activity and 
vasoconstriction produced by amphetamine causes 
tachycardia, hypertension, and in susceptible patients, 
myocardial ischemia and cardiac arrhythmias. 
Intravenous amphetamine abusers develop the same 
serious complications (e.g., opportunistic infections) as 
other IV drug abusers with acquired immunodefi ciency 
syndrome (AIDS).  58

  Central Nervous System 

 Excessive doses of amphetamine cause stereotyped 
movements, hyperreactivity, dystonic and dyskinetic 
postures, and convulsions. The administration of high 
doses of amphetamine to animals causes long - term 
depression of both dopamine and serotonin synthesis in 
various regions of the brain. The long - term functional 
and pathologic consequences of chronic depletion of 
dopamine and serotonin for humans are unclear.  59    d  -
 Amphetamine is a positive reinforcer under controlled 
laboratory condition in both animals and humans.  60,61

 The etiology of the intracerebral and subarachnoid 
hemorrhages associated with amphetamine use is prob-
ably multifactorial. Infl ammation and necrosis of small 
cerebral arteries (i.e., vasculitis) secondary to particu-
late foreign bodies or bacterial endocarditis can develop 
after IV drug use.  62   Subsequently, the hypertension 
resulting from amphetamine abuse may cause vessel 
rupture and hemorrhage in the weakened areas of the 
vessels. However, vasculitis has occurred during oral 
acute dextroamphetamine intoxication,  63   amphetamine 
withdrawal, and therapeutic use of amphetamine as an 
anorectic drug.  28   The presence of vasculitis after expo-
sure by different routes suggests an immunopathologic 
mechanism.   

  Postmortem Examination 

 In animal studies, the IV administration of lethal doses 
of amphetamine produces pathologic changes resem-
bling experimental hyperthermia.  64   Postmortem exami-
nation of dogs administered a lethal IV dose of 
amphetamine sulfate without anesthesia demonstrate 
nonspecifi c fi ndings of renal, vascular, pulmonary, and 
hepatic congestion as well as hemorrhage in the lungs 
and GI tract.  65   Cardiac changes include subendocardial 
hemorrhage, necrosis of myocardial fi bers, and hemor-
rhage in the cardiac valve leafl ets. There are no specifi c 
postmortem fi ndings that separate amphetamine toxic-
ity from other causes of death. Postmortem examination 
of the hearts from amphetamine abusers may or may 
not demonstrate structural abnormalities; cerebral 

 Children with ADHD (old term: syndrome of 
minimal brain dysfunction) are characterized by hyper-
activity and aggressive behavior. About 75% of these 
children display improvement in hyperactivity, impul-
sivity, distractibility, and short - attention span following 
the administration of amphetamine compounds or ana-
logues. These hyperactive children excrete lower levels 
of 3 - methoxy - 4 - hydroxyphenylglycol (MHPG), the 
main metabolite of CNS norepinephrine. Studies of 
children with and without attention defi cit hyperactivity 
disorder (ADHD) suggest subtle differences in psycho-
educational test performance in relation to urinary 
homovanillic acid and MHPG concentrations.  55   The 
administration of d  - amphetamine increases the urinary 
excretion of MHPG in clinical drug responders, but not 
in nonresponders.  56

Anorectic Properties.     Although amphetamine com-
pounds do not alter metabolic rates at normal therapeu-
tic doses, the use of these drugs ameliorates some of 
the effects of hunger and fatigue depending on person-
ality type.  57   Weight loss from therapeutic doses of 
most anorexiant drugs results almost entirely from 
reduced food consumption, but increased physical activ-
ity contributes somewhat to initial weight reduction. 
At usual doses, tolerance abolishes anorectic properties 
after several months. Patients often regain lost weight 
after tolerance develops or drug administration ceases. 
Racemic amphetamine ( d -  ,  l  - amphetamine) was the 
fi rst drug used for appetite suppression. However, 
the dextrorotatory stereoisomer (dexamphetamine) 
is the active anorectic constituent of the racemic mixture 
of d -  ,  l  - amphetamine. Consequently, the use of dexam-
phetamine replaced the administration of racemic 
amphetamine for the treatment of obesity.    

  Mechanism of Toxicity 

 An amphetamine is an indirectly acting sympathomi-
metic drug that increases the effects of epinephrine in 
the peripheral sympathetic nervous system and the 
effects of dopamine, norepinephrine, and serotonin in 
the CNS. The acute toxicity of amphetamine primarily 
involves an exacerbation of pharmacologic effects of 
this drug (i.e., hyperadrenergic state). The psychoactive 
effects of amphetamine also result from indirect agonist 
action. Amphetamine displaces catecholamines from 
binding sites in the storage vesicles after diffusion of 
these compounds into the cytoplasm. Anxiety, dyspho-
ria, confusion, depression, nausea, vomiting, headache, 
sweating, apprehension, tremulousness, confusion, and 
fatigue limit the use of increasing doses of amphetamine 
despite the development of tolerance. 
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with myoglobinuria, hyperpyrexia (up to 42.8 ° C/109 ° F) 
with hepatorenal dysfunction and rhabdomyolysis,  67

and disseminated intravascular coagulation (DIC) with 
end organ failure.  68

  Behavioral Abnormalities 

 Small doses of amphetamines produce an elevation of 
mood and a sense of well - being. Larger doses cause 
apprehension, volatility, excitement, impulsiveness, 
aggressiveness, and poor judgment.  26   The effects of 
amphetamine on aggressive behaviors are complex and 
the changes in behavior depend on several factors 
including the drug dosage, the environment, and the 
individual drug user.  69   Behavior abnormalities during 
amphetamine intoxication include belligerency, 
moaning, aggression, hyperactivity, anxiety, frank psy-
chosis, and screaming.  66   Although coma may develop 
suddenly following IV amphetamine use, the loss of 
consciousness in a patient with a history of amphet-
amine exposure should initiate a search for other drugs 
or complications (cerebral hemorrhage, hyperthermia, 
end organ failure, DIC).  

  Mental Disorders 

 The development of acute psychosis is a common occur-
rence after chronic, high - dose amphetamine abuse and 
rarely after a single large dose of amphetamine.  70

Classically, amphetamine - induced psychoses are para-
noid psychoses with delusions of persecution and hal-
lucinations under clear consciousness.  71   In a case series 
of 146 IV amphetamine abusers attending an outpatient 
psychiatric clinic, about 35% (50 patients) reported 1 or 
more psychotic episodes characterized by paranoid 
delusions, stereotyped behavior, visual and/or auditory 
hallucinations, and delusions of reference.  72   Psychotic 
reactions may occur in amphetamine abusers with or 
without a prior history of a psychiatric disorder, but 
premorbid schizoid/schizotypal personality and early, 
heavy amphetamine abuse predispose users to psycho-
sis.  73   Case reports associate hallucinations and stereo-
typed compulsive behavior with the therapeutic use of 
amphetamine in patients with compensated schizo-
phrenic personalities.  74

 The typical presentation of amphetamine - induced 
psychosis involves a patient with appropriate affect, 
paranoid ideations, delusions of persecution, auditory 
illusions or hallucinations, labile mood, increased 
sexual drive, delusions of reference, and a sensation of 
being watched or followed in the presence of a 
clear consciousness.  75   Thought disorders are uncommon 
in patients with amphetamine - induced psychoses. 
Common behavior changes include volatility, suspi-

embolism does not usually occur in amphetamine -
 related fatalities.   

  CLINICAL RESPONSE 

  Illicit Use 

 Acute intoxication with amphetamine, methamphet-
amine, or cocaine produces similar clinical effects, mani-
festing primarily as an accentuation of pharmacologic 
effects on the cardiovascular and central nervous 
systems. A major distinguishing feature is the prolonged 
effect of amphetamine compared with cocaine; many 
case series report the clinical effects of methamphet-
amine and amphetamine without distinguishing the 2 
drugs. Altered mental status was the most common 
complaint of 127 patients presenting to the emergency 
department following exposure to amphetamine or 
methamphetamine.  66   Thin - layer chromatography indi-
cated that 37% of these patients used either metham-
phetamine or amphetamine alone and 26% tested 
positive for both substances; analysis of urine from the 
remainder of the patients demonstrated other drugs of 
abuse. Reported CNS symptoms included agitation, 
anxiety, confusion, delusions, hallucination, and suicidal 
ideation. Convulsions occurred in 4 of 127 cases. 

 Following the ingestion of large doses of amphet-
amine, CNS symptoms begin within 30 – 60 minutes and 
persist for 4 – 6 hours. Large overdoses, sustained - release 
preparations, and alkalinization of the urine prolong the 
clinical features of amphetamine toxicity. Table  1.1  out-
lines the common clinical features of mild to severe 
amphetamine (or methamphetamine) intoxication. 
Case reports associate amphetamine abuse with a 
variety of organ dysfunction including rhabdomyolysis 

TABLE 1.1.    Categorization of Symptoms of Amphetamine 
Toxicity by Severity. 

   Severity     Signs and Symptoms  

  Mild    Restlessness, talkativeness, irritability, 
insomnia, tremor, hyperrefl exia, mydriasis, 
fl ushing, diaphoresis, combativeness, dry 
mucous membranes, nausea, vomiting, pallor  

  Moderate    Hyperactivity, confusion, hypertension, 
tachypnea, tachycardia, premature 
ventricular contractions, chest discomfort, 
vomiting, abdominal pain, profuse 
diaphoresis, mild temperature elevation, 
impulsivity, repetitive behavior, 
hallucinations, panic reaction  

  Severe    Delirium, marked hypertension or tachycardia, 
hyperpyrexia (over 40 ° C), convulsions, focal 
neurologic signs, hypotension, coma, 
ventricular dysrhythmias 
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Chronic.     Habitual use or massive single doses of 
amphetamine may produce a toxic psychosis character-
ized by paranoia, delusions, hallucinations, or bizarre 
violent behavior. The amphetamine user presents as a 
restless, tremulous individual who is garrulous, suspi-
cious, and anxious. Some individuals become hostile and 
aggressive. Although memory, orientation, and insight 
are usually preserved, high or prolonged amphetamine 
doses may cause the individual to act upon his or her 
delusions, leading to suicidal or homicidal actions.   

Cardiopulmonary.     Common cardiovascular symp-
toms and signs during amphetamine intoxication include 
hypertension, chest pain, palpitations, and dyspnea. 
Although chest pain frequently occurs following the use 
of amphetamines, electrocardiographic changes other 
than sinus tachycardia are uncommon. A few case 
reports associate the development of an acute myocar-
dial infarction with both recent use of IV amphet-
amine81,82   or chronic oral amphetamine abuse.  83

Angiographic studies do not often demonstrate signifi -
cant coronary artery disease in these relatively young 
patients. The IV administration of amphetamine has 
been associated with the development of myocardial 
injury and pulmonary edema without the presence of 
signifi cant coronary artery disease. Chest pain occurs in 
most, but not all, patients presenting to the emergency 
department with myocardial injury after the use of 
amphetamine.  29   An acute cardiomyopathy with elevated 
myocardial band fraction of creatine kinase (CK - MB), 
mitral valve prolapse, elevated mean capillary wedge 
pressures, and reduced cardiac output developed 10 
hours after IV use of amphetamine.  84   Three hours after 
the IV administration of 20 – 60   mg amphetamine, a 
24 - year - old man presented at an emergency department 
with pulmonary edema.  85   Coronary angiograms demon-
strated patent coronary arteries and a reduced ejection 
fraction (32%) that normalized after 12 days. The serum 
creatine kinase concentration peaked at 703   IU on the 
fourth day. 

 Case studies of cardiomyopathies following the 
abuse of amphetamine are rare, and the contribution of 
drug impurities and predisposing factors to the develop-
ment of these cardiomyopathies remains unclear. The 
chronic oral abuse of dextroamphetamine (100   mg/d inter-
mittently for 5 years, continuously for 7 years) was associ-
ated with the development of a fatal congestive 
cardiomyopathy; clinical deterioration occurred during 
dextroamphetamine withdrawal.  86   The postmortem exam-
ination demonstrated normal coronary arteries and a focal 
myocarditis similar to the myocardial changes associated 
with pheochromocytomas. Intrav enous amphetamine 
abusers are subject to the same complications (e.g., endo-
carditis, pulmonary granulomas) as heroin abusers. 

ciousness, hyperactivity, aggression, hostility, and anxiety. 
Tactile hallucinations are distinctive features of amphet-
amine or cocaine abuse. These alterations of thinking 
cause formication (delusions of parasitosis) and destruc-
tive excoriation of the skin. Feelings of suspiciousness 
and anxiety may become overwhelming in the psychotic 
patient. Curiosity and a pleasurable suspiciousness 
become dysphoria and fi xed delusions upon which 
the chronic user may act violently. Stereotyped, compul-
sive behavior invariably is associated with amphetamine 
psychosis. This ritualized conduct involves fi xed behav-
ioral sequences such as cleaning, sorting, grooming, 
counting, pacing, and rearranging. Amphetamine -
 intoxicated patients usually act appropriately given 
their intense conviction that their paranoid and 
delusional state is real. Psychotic symptoms usually dis-
appear within several days, but delusions may remain 
for days to months, particularly if the psychosis devel-
oped following chronic use of high doses of IV 
amphetamine.  

  Medical Complications 

Neurologic   
Acute.     Both ischemic and hemorrhagic strokes are 
well recognized, but relatively rare complications of all 
routes of amphetamine abuse. Frequently, patients with 
these complications have a structural abnormality 
(aneurysm, arteriovenous malformation).  76,77   In a case -
 control study of 414 individuals with stroke admitted to 
an urban hospital, 73 patients (34%) were drug abusers 
(cocaine, amphetamines, heroin).  78   Almost three -
 quarters of the strokes in this study were hemorrhagic 
strokes located primarily in the periphery (e.g., subcorti-
cal white matter of cerebral hemispheres). The use of 
amphetamine is also a strong risk factor for hemor-
rhagic stroke in more social and economically hetero-
geneous, urban populations.  79   Most of these patients 
were chronic drugs users; the typical presentation 
involved the onset of severe headache with or without 
nausea within a few hours of amphetamine exposure.  80

Few of these patients lost consciousness, but confusion 
and disorientation occurred frequently. Depending on 
the location of the intracranial hemorrhage, other uni-
lateral motor or sensory defi cits may develop. The 
admission blood pressure is usually normal, although 
some patients present with marked hypertension. 
Seizures often are not part of the initial presentation, 
but convulsions may complicate convalescence. 
Intracerebral hematomas may cause brainstem hernia-
tion and death. The average mortality of patents with 
amphetamine - associated intracranial hemorrhage is 
approximately 30%, and most survivors have mild resid-
ual defi cits.  
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risk of adverse pregnancy outcomes including teratoge-
nicity.  90,91   The abuse of  d  - amphetamine is associated 
with prematurity, low birth weight, impaired neurobe-
havioral development, and increased maternal – fetal 
morbidity; however, multiple sociologic and economic 
variables as well as polydrug use complicate the inter-
pretation of the effect of methamphetamine on fetal 
outcomes.  92

  DIAGNOSTIC TESTING 

  Analytic Techniques 

  Screening 

 The most common screening methods for amphet-
amine in urine involve the detection of the parent 
compound by immunoassay [Abbott fl uorescence 
polarization immunoassay (FPIA; Abbott Laboratories, 
Abbott Park, IL); Syva EMIT  ®   (enzyme multiplied 
immunoassay technique; Siemens Healthcare 
Diagnostics, Deerfi eld, IL], radioimmunoassay (RIA; 
Roche Diagnostic Products Corp., Indianapolis, IN), 
or thin - layer chromatography (TLC). Colorimetric 
methods, ultraviolet spectrophotometric procedures, 
and fl uorescence methods are now superseded by 
immunoassays.  93   The Toxi - Lab TLC  ®   (Varian, Inc., Palo 
Alto, CA) method can detect amphetamine concentra-
tions ranging from 0.5 – 3.0   mg/L, but in general the 
use of TLC methods is less sensitive than the use of 
immunoassays.  94

 Immunoassays are sensitive methods for screening 
urine samples for the presence of amphetamine, but 
these techniques lack specifi city. Occasionally, large 
ingestions of some amphetamine - like compounds 
may produce false - positive results including over - 
the - counter inhalers ( l  - isomer of methamphetamine), 
diet medications (phentermine), or cold preparations 
(phenylpropanolamine, ephedrine, pseudoephedrine) 
depending on the urine drug concentration and the 
type of immunoassay.  95   Relatively high concentrations 
of illicit amphetamine analogs (methylenedioxyam-
phetamine [MDA], methylenedioxyethylamphetamine 
[MDEA], methylenedioxymethamphetamine [MDMA], 
3 - methoxy - 4,5 - methylenedioxyamphetamine [MMDA]) 
also cross - react with some of these screening tests to 
produce false - positive results, but the cross - reactivity 
varies between different screening procedures and the 
concentrations of the substance in the urine sample.  96,97

Metabolism of the antiparkinson drug, selegiline 
produces l  -  methamphetamine and  l  - amphetamine; 
however, the ratio of methamphetamine/amphetamine 
following the biotransformation of selegiline is approxi-
mately 2.5 compared with about 10 following the metab-
olism of methamphetamine.  98

  Fatalities 

 Death from the use of amphetamine is relatively rare 
except following intentional ingestion of massive 
amounts of amphetamine or secondary to trauma during 
amphetamine - induced psychosis; these situations 
usually involve novice amphetamine users. Nontraumatic 
deaths related to amphetamine typically involve suicide 
or the intentional ingestion of amphetamine to avoid 
criminal prosecution. Mechanisms of nontraumatic 
deaths associated with the misuse or abuse of amphet-
amine include the following causes: cardiovascular 
(acute left ventricular failure, ventricular fi brillation), 
cerebrovascular (subarachnoid or intraparenchymal 
hemorrhage, cerebral edema), and hyperthermia (sei-
zures, rhabdomyolysis, DIC, cardiovascular collapse). 
Predisposing factors for the development of fatal reac-
tions to amphetamine use includes the coadministration 
of other stimulant or arrhythmogenic drugs, hypokale-
mia, or preexisting cardiovascular disease.  87   IV drug 
abusers are subject to the potentially fatal complica-
tions of illicit IV drug administration including septice-
mia, fulminant hepatitis, subacute bacterial endocarditis, 
cor pulmonale resulting from foreign - body granulomas, 
necrotizing angiitis, and AIDS.  66

  Abstinence Syndrome 

 A withdrawal syndrome may occur in heavy users during 
the fi rst week following cessation of use. The abstinence 
syndrome that follows cessation of chronic amphetamine 
use is relatively mild compared with CNS depressants 
(e.g., heroin, sedative - hypnotic drugs). Chronic amphet-
amine and cocaine use produces a similar abstinence 
syndrome, but there are no common physical symptoms 
that characterize stimulant withdrawal.  88   Abrupt discon-
tinuance of amphetamine does not produce seizures or 
life - threatening symptoms, even in those patients who 
habitually consume large quantities of amphetamine. The 
symptoms associated with abstinence syndrome follow-
ing chronic amphetamine use include a dysphoric mood 
(depression, irritability, anxiety) and psychomotor agita-
tion along with fatigue, insomnia, hypersomnia, poor con-
centration, paranoia, akathisia, and drug craving.  89

Myalgias, abdominal pain, voracious appetite, and a pro-
found depression with suicidal tendencies may compli-
cate the immediate postwithdrawal period; the intensity 
of these symptoms usually peaks 2 – 3 days after cessation 
of amphetamine use. 

  Reproductive Abnormalities 

 Available evidence suggests that the therapeutic use of 
d  - amphetamine during pregnancy does not increase the 
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(NIDA) guideline requires that positive urine samples 
contain amphetamine concentration exceeding 200   ng/
mL. Positive screening tests for amphetamine require 
confi rmation by more specifi c methods (e.g., gas 
chromatography/mass spectrometry, high performance 
liquid chromatography), which separate amphetamine 
from methamphetamine and other structurally similar 
compounds. In contrast to gas chromatography/mass 
spectrometry, liquid chromato graphy/tandem mass 
spectrometry does not require sample derivation or 
hydrolysis. The interassay, interday variability (coeffi -
cient of variation) of liquid chromatography/tandem 
mass spectrometry for amphetamine was approximately 
10 – 12%.104   Detection limits for amphetamine in serum 
samples using a solid - phase microextraction method 
combined with liquid chromatography/electrospray 
ionization/tandem mass spectrometry was 0.3    μ g/L.  105

The use of gas chromatography/mass spectrometry does 
not necessarily differentiate the illicit use of metham-
phetamine or amphetamine from the use of prescription 
drugs that contain these compounds or are metabo-
lized to amphetamine and/or methamphetamine.  106

Interpretation of drug - testing results that include 
the alleged use of amphetamine/methamphetamine 
precursor drugs requires analysis of the following 
factors: detection of parent drug or unique metabolite, 
ratio of d  -  and  l  - enantiomers of methamphetamine and 
amphetamine, and methamphetamine and/or amphet-
amine concentrations relative to the history of pre-
scription drug use (see Confi rmatory Methods under 
Methamphetamine).  

 Rapid screening methods with gas chromatography/
mass spectrometry separate various sympathomimetic 
amine compounds, but these confi rmation techniques 
are too technician -  and time - intensive for routine use in 
most hospital laboratories.  99   Phencyclidine, cocaine, 
caffeine, and barbiturates do not cross - react with 
reagents in the immunoassays at concentrations up to 
1   mg/mL.  100   Table  1.2  lists the cross - reactivity of various 
immunoassays. The radioimmunoassay (Roche RIA) is 
relatively specifi c for  d  - amphetamine. Cross - reactivity 
occurs primarily with its major metabolite,  p  -
 hydroxyamphetamine, and the illicit hallucinogenic 
drug,  p  - methoxyamphetamine. Phenylpropanolamine 
and β  - phenylethylamine produce slight cross - reactivity 
with radioimmunoassays, but the concentrations of 
these drugs in urine usually are too low to produce 
false - positive results except following a severe overdose 
of these compounds.  101   The excretion of ampheta-
mine is highly pH dependent, and amphetamine 
abusers may alkalinize their urine to reduce the concen-
tration of amphetamines present in the urine or they 
may acidify their urine to increase amphetamine 
elimination.   

   Confirmatory     

Gas chromatography, high performance liquid chroma-
tography, and gas chromatography/mass spectrometry 
are the most common methods to confi rm and to quan-
tify positive results of screening tests for amphet-
amine.  102,103   The US National Institute on Drug Abuse 

TABLE 1.2.    Cross - Reactivity of Amphetamine Immunoassays. 93

   Drug     RIA     FPIA 
(TDx ®  )  

   EMIT d.a.u.  ® 

Polyclonal  
   EMIT d.a.u.  ® 

Monoclonal
   EMIT 
II ® 

d  - Amphetamine    100    90    100    250    100  
d,l  - Amphetamine    50    100    100    100    67  
d  - Methamphetamine    2.2    57    30    100    100  
d,l  - Methamphetamine     —     57     —      —     53  
  Diethylpropion    0  *      0    0  *       —     0.1  
  Ephedrine    0    0    30    2    0.7  
  Fenfl uramine     —     22    33    10     —   
  Mephentermine    0    6    75    10    10  
  Methylenedioxyamphetamine (MDA)    327    465    2.6    100    33  
  Methylenedioxymethamphetamine 

(MDMA)
  0.6    84    2.8    33    17  

  Phenylethylamine    1    2    32    10    0.2  
  Phenmetrazine    0.1    0    30    1    17  
  Phentermine    1.7    6    75    333    50  
  Phenylpropanolamine    2    0    30    1.3    0.4  
  Pseudoephedrine    0    0    30    1    0.3  

Abbreviations:  RIA    =    radioimmunoassay; FPIA    =    fl uorescence polarization immunoassay.  
 *   Signifi cant cross - reactivity with urinary metabolites.   
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acidifi cation in relation to the plasma sample was not 
reported. There was no correlation between psychiatric 
symptoms and plasma amphetamine concentrations. 
The mean peak plasma amphetamine concentration in 
plasma samples from 8 of the 18 chronic amphetamine 
abusers administered 200   mg amphetamine sulfate IV 
followed by urinary acidifi cation (urine pH 5.1 – 5.4) was 
approximately 0.4   mg/L (range, 0.36 – 0.45   mg/L) com-
pared with 0.43   mg/L (range, 0.31 – 0.60   mg/L) for 10 
addicts receiving 160   mg amphetamine IV (urinary pH 
5.2 – 6.4), as measured by gas chromatography/fl ame ion-
ization detection. No psychotic symptoms occurred in 
these patients following the administration of these 2 
amphetamine doses. The ingestion of approximately 1   g 
amphetamine chronically by tolerant users produces 
whole blood concentrations in the range of 2 – 3   mg/L 
with little obvious acute signs of intoxication.  112   In a 
study of amphetamine abusers hospitalized for psy-
chotic behavior, the plasma amphetamine concentra-
tion ranged from 0.161 – 0.530   mg/L in admission 
peripheral blood samples.  111

Postmortem.     There are limited data on postmortem 
blood concentrations of amphetamine; therefore, the 
interpretation of the signifi cance of a specifi c postmor-
tem concentration of amphetamine requires careful 
analysis of the circumstances surrounding the death, 
the behavior of the user, the autopsy, prescription 
medications, anatomic site of postmortem sample col-
lection, and the reliability of the sample integrity. 
In particular, the lower ranges of amphetamine concen-
trations must be interpreted with caution because of 
tolerance and the subjectivity associated with the 
determination of the contribution of amphetamine 
to the cause of death.  113   Consequently, the post-
mortem amphetamine concentration should not be 
used alone to determine the cause of death. Postmor-
tem d  - amphetamine blood concentrations in a case 
series of amphetamine - related fatalities ranged from 
0.5 – 41   mg/L with an average of 8.6   mg/L.  114   Separation 
of the enantiomers by chiral derivatization may assist in 
the determination of the timing of ingestion (i.e., late vs. 
early) because of the more rapid metabolism of the 
(S ) - enantiomer of amphetamine. A ( S ) - /( R ) - enantiomer 
ratio of approximately 1 suggests the recent ingestion 
of amphetamine.  115   The use of some prescription medi-
cations (selegiline) may produce small, but detectable 
amounts of amphetamine and methamphetamine in 
postmortem blood samples.   

  Urine 

 Urine amphetamine immunoassays detect the presence 
of these compounds following occasional use for 

  Street Sample Analysis 

 In addition to the presence of impurities from the clan-
destine synthesis of amphetamine compounds, drug 
samples contain many adulterants. Analysis of street 
samples suggests wide variation in the potency of 
samples including the absence of amphetamine deriva-
tives in up to 40% of purported samples. These illicit 
drugs contain varying amounts of phencyclidine, lyser-
gic acid diethylamide (LSD), 2,5 - dimethoxy - 4 - methyl -
 amphetamine (STP), cocaine, atropine, mescaline, and 
strychnine, as well as additives (e.g., cornstarch, maltose, 
lactose, magnesium silicate, quinine, fi brous material).  

  Storage 

 Animal studies and examination of exhumed material 
indicate that amphetamine is fairly stable in the blood 
and bone marrow over several years of burial.  107    In vitro
studies indicate that amphetamine is stable in urine 
samples stored at − 20 ° C in 1% sodium fl uoride for 2 
years.  108   In a study of amphetamine concentrations in 
gray - top Vacutainer  ®   (Becton, Dickinson,  &  Co., 
Franklin Lakes, NJ) tubes containing 100   mg sodium 
fl uoride and 20   mg potassium oxalate, the mean decrease 
of the amphetamine concentration at 6 months and 
1 year was 31% and 77%, respectively.  109   Ampheta-
mine was less stable than methamphetamine.  N  -
 ethylbenzamide (CAS RN: 614 - 17 - 5) is a thermal 
decomposition product of the vulcanizing agent zinc 
ethylphenyldithiocarbamate (CAS RN:   3037 - 20 - 2) used 
in rubber production. The presence of this compound 
in glass containers sealed with a natural rubber 
septum may cause false - positive results for amphet-
amine as measured by gas chromatography,  110   but gas 
chromatography/mass spectrometry accurately identi-
fi es the contaminant.   

  Biomarkers 

  Blood 

Antemortem.     Toxicologic analyses of blood and urine 
confi rm amphetamine ingestion, but these assays are 
not usually available to guide clinical management; 
extrapolation of these amphetamine concentrations to 
expected clinical effects must be done cautiously. 

 Paranoid delusions, disorganization of thoughts, hal-
lucinations, and poor concentration occurred in a group 
of 18 patients evaluated for amphetamine psychosis.  111

The peak amphetamine concentration in plasma samples 
drawn from 15 of these psychotic patients within 24 
hours of admission ranged from 0.08 – 0.64   mg/L. 
Although these patients received ammonia chloride for 
urine acidifi cation (pH 5.1 – 6.1), the timing of the urine 
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amine, objective measures of reaction times increased 
about 10% above pretreatment values.  125   However, the 
report did not include the actual data or any statistical 
analysis. Improvement occurs in some selected tasks 
that require rapid responses or increased alertness (vigi-
lance, simple reaction time, motor coordination, physi-
cal endurance), particularly in restoring baseline 
performance by fatigued volunteers.  126,127   Enhancement 
of performance is most likely to occur under conditions 
of boredom and low intellectual demand, and the posi-
tive effects of amphetamines decrease as the complexity 
of the task increases.  128   Saccadic eye movements are 
rapid conjugate shifts of gaze that allow changes in 
visual fi xation from 1 object (e.g., pedestrian) to another 
(e.g., stoplight). Smooth pursuit eye movements stabi-
lize visual images on the retina to optimize visual acuity. 
Studies in volunteers indicate that 15   mg  d  - amphetamine 
orally does not alter saccadic or smooth - pursuit eye 
movements, whereas the IV administration of the same 
dose abolishes the effect of fatigue on saccadic move-
ments and reduces saccadic reaction time.  129

 Amphetamine users frequently abuse other drugs 
including ethanol. The interaction of  d  - amphetamine 
and ethanol on psychomotor tasks is complex with vol-
unteer studies demonstrating contradictory results.  130,131

The Simulator Evaluation of Drug Impairment (SEDI) 
task is a measure of the skills (attention, memory, rec-
ognition, decision making, reaction time) required to 
operate machinery with precision. Although the admin-
istration of 10   mg  d  - amphetamine to 12 healthy volun-
teers did not alter their scores on the SEDI, this dose 
of d  - amphetamine did attenuate the decrement pro-
duced by ethanol on accuracy and reaction time perfor-
mance.  132   The mean peak ethanol concentration in these 
volunteers was approximately 100   mg/dL. 

 A driving stimulation study of healthy volunteers 2 
hours after receiving 0.42   mg  d  - amphetamine/kg body 
weight indicated some impairment during daytime 
driving, but not during nighttime driving.  133   The mean 
dexamphetamine blood concentration was 83 ng/mL 
immediately prior to testing. The behaviors primarily 
contributing to this impairment included  “ failing to stop 
at a red traffi c light, ”   “ slow reaction times, ”  and  “ incor-
rect signaling. ”  However, there were a large number of 
the control drivers judged impaired, and there was 
decreased visual acuity of the left (but not the right) eye 
of the volunteers receiving the d  - amphetamine. There is 
some evidence that moderate doses (up to 30   mg) of 
amphetamines increase self - confi dence and the accep-
tance of greater risk. However, these effects are neither 
strong nor consistent among different individuals.  134

In a study of 36 healthy volunteers, the administration 
of 10 – 20   mg  d  - amphetamine reduced scores on 
several psychologic measures of impulsivity,  135   whereas 

approximately 1 – 3 days depending on several factors 
including the dose, duration of use, urine pH, hydration 
(i.e., urine creatinine, specifi c gravity), analytic method 
(sensitivity, specifi city, cutoff), and individual metabolic 
and excretion rates.  93   Because of structural similarities, 
phenylpropanolamine may cross - react with some 
amphetamine reagents. The potential for cross - reactivity 
depends on a variety of factors including the assay, the 
drug concentration, the extraction procedure (e.g., 
sodium periodate), and the metabolic products of the 
drug. At therapeutic concentrations, the cross - reactivity 
of these drugs to most immunoassays are relatively 
low, and false - positive results are unusual.  95   Drugs 
that produce amphetamine as a metabolite include 
amphetaminil, benzphetamine, clobenzorex, dimetham-
phetamine,  N  - ethylamphetamine, fenethylline, fenpro-
porex, and mefenorex. High concentrations of other 
drugs that cause potential false - positive results on 
amphetamine immunoassays include the following: 
deprenyl, famprofazone, fencamine, furfenorex, meso-
carb, phenothiazines (trifl uoperazine, chlorpromazine, 
thioridazine),116   prenylamine, trazodone,  117   bupro-
pion,118   and quinolones.  119

  Abnormalities 

 Acute renal failure may develop secondary to acute 
tubular necrosis (as a result of hypotension), rhabdomy-
olysis, intravascular coagulation, hypovolemia, or hyper-
pyrexia. Hypoxemia may result from seizures, noncardiac 
pulmonary edema, or acute cardiac failure. Pulmonary 
function tests, except the carbon dioxide diffusing capac-
ity, usually remain normal during chronic amphetamine 
use. Leukocytosis occurs frequently after amphetamine 
use; a leukemoid reaction may occur. Case reports asso-
ciate microangiopathic hemolytic anemia with IV poly-
drug use including the abuse of amphetamine.  120   In 
patients with amphetamine - induced intracranial hem-
orrhages, computed tomography (CT) may reveal intra-
cerebral hematomas, hemorrhage of the thalamus, 
cerebral edema, or transtentorial herniation. Intracranial 
hemorrhages are usually located in the cerebral white 
matter rather than abnormalities in the sites (i.e., basal 
ganglia, pons, cerebellum) commonly associated with 
chronic hypertension.  

  Driving 

 The primary benefi t of low doses of amphetamines is 
the variable reduction of fatigue.  121   The administration 
of 5 – 15   mg of dextroamphetamine to healthy, alert (i.e., 
nonfatigued) adults does not produce substantial 
improvement of fatigue  122   or psychomotor skills.  123,124   In 
a study of 30 student volunteers given 15   mg  d   - amphet-
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Methamphetamine). Because amphetamine is a weak 
base, urinary acidifi cation increases the excretion of 
unchanged drug and causes a decrease of the plasma 
half - life. However, the clinical effi cacy of this therapeu-
tic maneuver on clinical outcome remains doubtful, 
especially because cardiovascular and renal complica-
tions may develop during the use of this procedure 
during amphetamine intoxication. The treatment of 
the hallucinations and paranoia associated with 
amphetamine - induced psychosis typically involves the 
administration of dopamine agonists (e.g., haloperidol, 
chlorpromazine). Newer generation antipsychotic medi-
cations (e.g., olanzapine) also reduce the symptoms 
associated with amphetamine - induced psychosis and 
these medications may be better tolerated than the 
older antipsychotics (e.g., haloperidol).  144

  METHAMPHETAMINE 

           HISTORY 

 While attempting to synthesize ephedrine in Japan, 
Ogata synthesized methamphetamine in 1919.  145   Later, 
he sold the license for this process to Burroughs 
Wellcome Company, which sold methamphetamine in 
the United States as Methedrine  ®   until this drug was 
withdrawn from the US market in 1968. During World 
War II, the Japanese government widely distributed 
amphetamine compounds in the form of over - the - coun-
ter stimulants (philopon, shabu) to their civilian workers 
as a method to increase worker productivity. After the 
war, the distribution of large legal stockpiles of meth-
amphetamine ampules contributed to widespread par-
enteral abuse of methamphetamines in Japan. Between 
1945 and 1955, the epidemic of methamphetamine 
(wake - amine) addiction involved over 2 million 
Japanese citizens, beginning with writers, musicians, and 
artists. Later, the abuse of methamphetamine extended 
to the Korean minorities in Japan.  146   Tight production 
controls of methamphetamine in Japan began with the 
Stimulants Control Law of 1951. A massive education 
program and strict penalties in Japan sharply reduced 
the abuse of methamphetamine by the mid - 1950s. 
Although drug addiction in the Japanese culture was 
rare prior to the methamphetamine epidemic, other 
forms of drug abuse (heroin, methaqualone, 1,2 - diphenyl -
 1 - dimethylaminoethane [SPA]) appeared after the 
initial methamphetamine epidemic. 

 During the 1960s, one of the treatments of heroin 
addiction was a liquid form of methamphetamine. 
Although abuse of methamphetamine initially involved 

other studies suggested increased impulsivity after 
d  - amphetamine administration.  136   The use of  d  -
 amphetamine doses up to 25   mg is diffi cult to detect by 
standardized sobriety tests of motor coordination and 
observation of behavior.  137   Standard fi eld sobriety tests 
(horizontal gaze nystagmus, walk and turn test, one leg 
stand test) are not sensitive measures of the effect of 
dexamphetamine as measured in adult volunteers 
receiving 0.42   mg/kg  d , l  - dexamphetamine or placebo.  138

 Impairment of driving skills also may develop during 
the withdrawal phase from chronic amphetamine abuse 
because of the presence of exhaustion, fatigue, depres-
sion, or agitation. Neuropsychologic testing of paid 
volunteers did not detect rebound effects following 
the administration of pharmacologic doses of d  -
 amphetamine.  139   Consequently, impairment may occur 
even at low blood amphetamine concentrations. A study 
of 11 amphetamine abusers suggested that their acci-
dent rate was about 3 – 4 times higher than the rate 
expected based on age, sex, and driving exposure.  140   In 
a retrospective study of Norwegian drivers apprehended 
on the suspicion of driving under the infl uence, medical 
evaluation after the arrest indicated that 73% of the 
drivers with blood amphetamine concentrations exceed-
ing 0.27   mg/L (2.0    μM ) were severely impaired.  141

American pilots selectively used dextroamphetamine 
during long fl ights (about 17   h and 35   h) during 
Operation Iraqi Freedom without obvious side - effects 
as evaluated by retrospective interviews within 4 weeks 
of the 94 sorties.  142

 There are few data on the blood amphetamine con-
centrations associated with driving impairment. Similar 
to the interpretation of postmortem amphetamine con-
centrations in blood samples, interpretation of the sig-
nifi cance of specifi c amphetamine concentrations 
requires careful consideration of surrounding circum-
stances, behavior, tolerance, and the time of the sample. 
In a study of 6,094 drivers suspected of driving under 
the infl uence (moving traffi c violations, sobriety check-
points, traffi c accidents), the mean blood amphetamine 
concentration was 1.01   mg/L (median 0.80   mg/L) with 
a range up to 11.9   mg/L.  143   There were no other drugs 
detected by gas chromatography/mass spectrometry in 
these blood samples.   

  TREATMENT 

 The treatment of amphetamine, methamphetamine, and 
cocaine intoxication is similar; there are fewer clinical 
data on the specifi c treatment of amphetamine or 
methamphetamine intoxication than cocaine intoxica-
tion. There are no unique features of amphetamine 
intoxication that require treatment different than 
methamphetamine intoxication (see Treatment under 
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a levorotatory isomer ( l  - methamphetamine,  R  - ( – ) -
 methamphetamine] with respect to plane - polarized 
light.150   The [ α ]D25 (specifi c notation) of pure  d  -
 methamphetamine is  + 14 – 20 ° . Metabolism of the anti -
 parkinson drug, selegiline, produces the  l  - ( – ) enantiomer 
of methamphetamine. Dimethylamphetamine is a pyrol-
ysis product of methamphetamine and an illicit stimulant 
sold in Japan with no medical applications.  151   Although 
dimethylamphetamine has abuse potential, animal 
models suggest that this tertiary amino compound is 
substantially less potent than methamphetamine.  152

 The 2 enantiomers of methamphetamine demon-
strate some differences in biologic effects. In volunteer 
studies of methamphetamine abusers administered IV 
methamphetamine doses of 0.5   mg/kg, the psychody-
namic effects produced by l  - methamphetamine and  d  -
 methamphetamine are similar; however, the effects of 
the former are shorter and less desirable as reported by 
the participants.  153   The abuse liabilities of racemic meth-
amphetamine and d  - methamphetamine are similar. 
Therapeutic doses of methamphetamine produce more 
prominent central than peripheral effects compared 
with similar doses of amphetamine as a result of the 
increased lipophilicity and enhanced CNS penetration 
of methamphetamine resulting from the N  - methyl 
substitution.  

  Physiochemical Properties 

 The addition of a methyl group to amphetamine 
increases lipid solubility and transport of methamphet-
amine across the blood – brain barrier. The molecular 
weight of methamphetamine (freebase) is 149.24   g/mol. 
Freebase methamphetamine is a lipophilic weak base 
with a pK a  of 9.87 that is a dark liquid at room tempera-
ture; however, methamphetamine hydrochloride 
(molecular weight 185.74   g/mol) is a white to translucent 
crystalline solid at room temperature (melting point 
170 – 175 ° C/338 – 347 ° F). Unlike most methamphetamine 
salts, the vapor pressure of methamphetamine hydro-
chloride is suffi ciently high to allow the effi cient smoking 
of this salt, regardless of the size of the crystals.  154   This 
hydrochloride salt of methamphetamine is soluble in 
water, chloroform, and ethanol, but not soluble in ether; 
extraction of methamphetamine from biologic samples 
occurs easily following the use of organic solvents at 
alkaline pH. Both methamphetamine and methamphet-
amine hydrochloride easily volatilize with heat; conse-
quently, methamphetamine may volatilize during the 
dry - down or evaporation phase of extraction. Unlike 
cocaine hydrochloride, methamphetamine hydrochlo-
ride volatilizes at 300 – 305 ° C (572 – 581 ° F) without pyrol-
ysis. Therefore, methamphetamine hydrochloride can be 
smoked in the salt form, whereas the smoking of cocaine 

the diversion of pharmaceutic products, illicit produc-
tion of methamphetamine began in the early 1960s in 
San Francisco, a process largely controlled by motor-
cycle gangs in the California Bay area. Illicit production 
spread along the Pacifi c Coast of the United States 
during the 1960s.  147   Initially, oral methamphetamine was 
listed as schedule III drugs; however, in 1971, metham-
phetamine was added the list of schedule II drugs (i.e., 
drugs that have medical use but signifi cant abuse poten-
tial) in an attempt to limit the diversion of methamphet-
amine to illicit markets. During the 1950s and 1960s, 
methamphetamine was a common prescription medica-
tion for the treatment of depression and obesity with a 
peak of 31 million prescriptions in the United States 
during 1967.  147   Parenteral methamphetamine was 
always listed as a schedule II drug. 

 During the 1980s, illicit production of a smokable 
form of ( + ) - methamphetamine hydrochloride (Ice) 
began in Japan and Korea. Abuse of Ice spread to Taiwan, 
the Philippine Islands, Hawaii, and to the mainland 
United States by the late 1980s. Although the abuse of Ice 
never reached epidemic proportions similar to freebase 
cocaine, illicit use and manufacture of methamphet-
amine spread from California to the Midwest.  147   A third 
epidemic of methamphetamine abuse via IV and pulmo-
nary routes occurred in Japan during the 1990s following 
the importation of illicit methamphetamine from China 
and North Korea.  148   Since the 1980s, clandestinely manu-
factured methamphetamine replaced legal supplies as 
the primary source of methamphetamine; Mexican -
 based distributors and so - called superlabs in California 
and the southwestern United States replaced local man-
ufacture of methamphetamine. More recently, exports 
from large Mexican methamphetamine laboratories 
replaced regional sources as the main supplier of meth-
amphetamine in the United States.  149   Recent data from 
the US Substance Abuse and Mental Health Services 
Administration suggest that the current methamphet-
amine epidemic may have peaked around 2004 – 2005 
with the use of methamphetamine reaching a plateau.  

  IDENTIFYING CHARACTERISTICS 

  Structure 

 Methamphetamine (CAS RN:   537 - 46 - 2) is the common 
name for N , α  - dimethylphenethylamine (desoxyephed-
rine, methylamphetamine, phenylisopropylmethyl-
amine). The structures of methamphetamine (C 10 H 15 N) 
and amphetamine are similar, but the amino nitrogen in 
methamphetamine has a methyl group as demonstrated 
in Figure  1.1 . The confi guration at the chiral center of 
methamphetamine results in a dextrorotatory isomer 
[d  - methamphetamine,  S  - ( + ) - methamphetamine] and 
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phetamine include Base, Fast, Meth, P, Point, Pure, 
Rabbit, Tail, Wax, and Whiz.  14   Trade names for metham-
phetamine compounds include Desoxyn  ®   (Ovation 
Pharmaceuticals, Inc., Deerfi eld, IL) and the discontin-
ued product, Methampex  ®  . Based on the appearance of 
methamphetamine crystals, this form of methamphet-
amine hydrochloride is known as Batu (Hawaii), Crystal 
Meth, Crystal, Ice, Glass, and Shabu.   

  EXPOSURE 

  Epidemiology 

 Methamphetamine is the second most popular illicit 
drug (i.e., after cannabis) worldwide with annual global 
prevalence of about 0.4%; amphetamine is relatively 
more common than methamphetamine in Europe com-
pared with Asia, Oceania, and North America.  160

Crystalline methamphetamine is one of the most preva-
lent illicit drugs in the United States; use began in the 
western United States in the early 1990s and subse-
quently spread across the United States. The prevalence 
of methamphetamine use has stabilized since 2000 with 
a decrease in new methamphetamine users aged 12 
years and older beginning around 2005.  161   Based on 
weighted Internet surveys, the overall prevalence of 
current nonmedical methamphetamine use in 2005 was 
0.27% among 18 -  to 49 - year - olds; the estimated lifetime 
(i.e., at least once) was 8.9%.  162   The use of methamphet-
amine is also common in Taiwan and other parts of Asia. 
Southeast and East Asia are major global sources for 
methamphetamine production and traffi cking, particu-
larly Cambodia, Indonesia, Malaysia, Philippines, and 
the Mekong region of Vietnam.  163   In a retrospective 
study of autopsy cases performed in Taiwan between 
1991 and 1996, methamphetamine -  related  deaths as 
defi ned by a postmortem blood methamphetamine con-
centration exceeding 0.1   mg/L accounted for 3.4 – 12.1% 
of the total autopsy cases.  164   Reviews of drug use in 
Australia indicate an increase in both importation and 
local manufacture of methamphetamine.  165   National 
household surveys of drug use in New Zealand indicate 
the increased use of crystal methamphetamine between 
2003 and 2006 as a result of fewer respondents stopping 
the use of methamphetamine and more respondents 
reporting the increased frequency methamphetamine 
use.  166   The use of methamphetamine in North America 
varies with geographical location, type of methamphet-
amine, route of administration, and type of user. 
Furthermore, the form of methamphetamine changed 
from nonmedical use to the use of powder methamphet-
amine, and now to the use of the more potent crystal 
methamphetamine (Ice) with high purity.  167   The preva-
lence of methamphetamine use among young adults in 

hydrochloride requires the complicated conversion of 
this salt to the freebase. 

 Because of the presence of protonated nitrogen and 
a chloride nucleophile, the hydrochloride salt of meth-
amphetamine undergoes N  - demethylation to amphet-
amine more easily than the methamphetamine base 
decomposes to amphetamine. The heating of metham-
phetamine hydrochloride salt to 400 ° C (752 ° F) and to 
600 ° C (1,112 ° F) converts about 5% and 10%, respec-
tively, of the methamphetamine dose to amphetamine.  155

Experimental studies indicate that demethylation 
and methylation reactions are the major pyrolysis pro-
cesses at temperatures below 358 ° C (676 ° F).  156   At tem-
peratures above 315 ° C (599 ° F), amphetamine and 
dimethylamphetamine form from demethylation and 
methylation reactions, respectively. Benzyl ethyl tri-
methylammonium is also a pyrolysis product, and the 
thermal degradation of this compound produces allyl-
benzene,  cis  -  β  - methylstyrene, and  trans  -  β  - methylstyrene. 
Above 445 ° C (833 ° F), the  l  - isomers of amphetamine 
and methamphetamine form from the respective 
d  - isomer.  156

 Smoking methamphetamine in a tobacco mixture 
substantially reduces the recovery of methamphetamine 
compared with the recovery of methamphetamine 
using a smoking apparatus. In a study of the pyrolysis 
products from smoking methamphetamine mixed 
with tobacco in a smoking apparatus, the amount of 
methamphetamine transferred to tar ranged from 
6% to 17%.  154   Major pyrolysis products of a 10 -  or 
20 - mg dose of methamphetamine present in mainstream 
smoke included methamphetamine, amphetamine, 
phenylacetone, dimethylamphetamine, and  N  - formyl, 
N  - acetyl - ,  N  - propionyl, and  N  - cyanomethyl metham-
phetamine compounds. Other minor pyrolysis products 
include N  - acetylmethamphetamine, phenyl ester of pro-
panoic acid, and furfuryl methamphetamine ( d , l  -
 furfenorex).  157   Mainstream smoke from the smoking 
apparatus contained 14.5% of the initial dose of 50    μ g 
metham phetamine as measured by gas chromatography/
mass spectrometry.  158   Other major products of pyrolysis 
present in the mainstream smoke included phenylace-
tone (3.1%),  N  - cyanomethylmethamphetamine (1.9%), 
trans  -  β  - methylstyrene (1.7%), and  N  - formyl metham-
phetamine (1.5%).  

  Terminology 

 The street names Speed and Crank typically refer to 
forms of methamphetamine hydrochloride that contain 
either pure d  - methamphetamine or a racemic mixture 
of d  -  and  l  -  methamphetamine enantiomers depending 
on the process used to produce the illicit methamphet-
amine.  159   Other names for the solid form of metham-
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 Currently, the most popular methods of illicit 
methamphetamine synthesis involve the reduction of 
l  - ephedrine or  d  - pseudoephedrine either with red phos-
phorus and hydriodic acid (the  “ red, white, and blue ”  
method) or with sodium or lithium metal in condensed 
liquid ammonia (the Birch reduction or the  “ Nazi ”  
method). The latter method is more common in rural 
areas. Both these methods produce  d  - methamphetamine 
with the former process yielding 54 – 82% of this enan-
tiomer.  150   The substitution of phenylpropanolamine 
as the precursor in either synthetic process yields 
amphetamine. 

 The advantages of the synthetic approach to illicit 
methamphetamine production include the following: 1) 
the stereochemistry of the α  - carbon is fi xed in the start-
ing material, so the reduction yields a pure product 
containing only the more desirable d  - methamphetamine, 
and 2) the reagents and precursors are inexpensive, 
easily purchased on the commercial and retail level. The 
legitimate medical and commercial uses of these meth-
amphetamine precursors severely limit attempts to 
restrict access to these chemicals;  smurfi ng  is the process 
whereby criminal individuals and groups attempt to cir-
cumvent state and federal pseudoephedrine sales 
restriction by purchasing small quantities of pseudo-
ephedrine at multiple retail outlets. Alternatives for 
drug traffi cking cartels are importation of ephedrine 
and pseudoephedrine from Southeast Asia and South 
America. Figure  1.5  displays both the Leuckart reaction 
and the reduction of ephedrine to yield methamphet-
amine. Although extremely uncommon, other synthetic 
processes for methamphetamine include  “ dry reduc-
tion ”  using hydriodic acid/red phosphorus with small 
amounts of water and the reduction of phenylacetone 
(phenyl - 2 - propanone) by the mercury - aluminum 
amalgam reduction.  169

Crystal Methamphetamine Hydrochloride (Ice).   
The slow cooling of hot solutions of saturated solutions 
of methamphetamine hydrochloride in certain organic 
solvents produces large, glass - like crystals. In contrast to 
freebase cocaine, crystal methamphetamine is not the 
freebase form of methamphetamine. The smokable 
form of methamphetamine contains relatively pure 
d  - methamphetamine in contrast to the racemic mixture 
of methamphetamine produced by the condensation of 
phenylacetone and methylamine.  170   The terms Ice, Batu 
(Hawaii), or Crystal refer to the relatively pure, smok-
able form of d  - methamphetamine hydrochloride 
because this synthetic product appears as transparent, 
sheet - like crystals.  159   Typically, the production of Ice 
involves the crystallization of methamphetamine hydro-
chloride from a saturated solvent solution using the 
ephedrine -  or pseudoephedrine - reduction method. This 

San Francisco has traditionally been high, particularly 
among homosexual males and IV drug users. In a cross -
 sectional study of young (median age 22 years) IV drug 
users in San Francisco, about 50% reported IV drug use 
within the last 30 days. The IV use of methamphetamine 
was higher in homosexual males with 60% of homo-
sexual male, IV drug users reporting recent injection of 
methamphetamine compared with 47% of heterosexual 
male, IV drug users.  168

  Sources 

 Therapeutic uses of methamphetamine include the 
treatment of attention defi cit disorder (ADD) and nar-
colepsy.  d  - Methamphetamine is a prescription drug 
(Desoxyn ® , Abbott Laboratories, Abbott Park, IL) 
available in the United States as a schedule II drug. 

  Origin 

 In contrast to the synthesis of  d  - amphetamine, the pro-
duction of methamphetamine is relatively simple. 
Methamphetamine synthesis involves the following 
general steps: 1) collection and storage of chemicals, 2) 
isolation of precursors and catalysts from commercial 
products, 3) cooking (mixing, heating, fi ltering), 4) 
extraction of methamphetamine base into organic 
solvent, and 5) salting (precipitation and drying of 
water - soluble salt). 

Methamphetamine Powder.     The most common 
methods of the illicit manufacturing of methamphet-
amine are phenylacetone (P2P or phenyl - 2 - propanone), 
red phosphorus/hydrogen iodide (hydroiodic or hydri-
odic acid ) reduction (Yankee Dope, Red P, or Red, 
White, and Blue), and ammonia/alkali metal reduction 
(Nazi Dope). Methamphetamine was originally synthe-
sized in illicit laboratories primarily by reductive amina-
tion using the Leuckart reaction, which involved the 
condensation of phenylacetone (phenyl - 2 - propanone, 
P2P) with methylamine in the presence of formic acid 
and an aluminum amalgam catalyst. This forms an inter-
mediate imine. As the geometry of the imine is fl at, the 
reduction of the imine to methamphetamine proceeds 
without stereochemical preference. Therefore, the end -
 product of this synthetic approach is the racemic mixture 
of d,l  - methamphetamine, which frequently contains the 
nonreacted starting material (phenylacetone). The legal 
restriction placed on phenylacetone in the early 1980s 
and substantial differences in the pharmacologic activ-
ity of the 2 methamphetamine enantiomers resulted in 
a search for alternative methods of methamphetamine 
synthesis. 
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manufacturing of methamphetamine along with hydro-
chloric acid and iodine. In a study of a simulated red 
phosphorous cook, the airborne hydrogen chloride con-
centration during a 4 - hour cooking period was 0.27   ppm; 
however, peak concentrations during the salting phase 
of the cook may substantially exceed this concentra-
tion.  175   The respirable methamphetamine concentration 
in this area during the cook was 720    μ g/m 3 . The anhy-
drous ammonia method generates ammonia and hydro-
chloric acid. Fatal concentrations of phosphine gas may 
form during the use of these types of manufacturing 
processes.  176   The increased popularity of methamphet-
amine and the proliferation of clandestine methamphet-
amine laboratories has caused an increasing incidence 
of burn injuries associated with laboratory accidents.  177   
In a retrospective case - control study of 660 patients 
aged  ≥ 16 years of age admitted to a burn center in the 
Midwestern United States, 10% of the 410 patients 
tested for drugs of abuse were positive for methamphet-
amine.  178   Burn injuries associated with the volatile 
process of methamphetamine synthesis are frequently 
more severe than other burn center patients including 
a higher incidence of third - degree burns, large burn 
areas, and inhalation injury.  178,179   

 Children are often found during raids on homes with 
methamphetamine laboratories. The majority of the 
children display no overt clinical symptoms; however, 

process crystallizes sheets of  d  - methamphetamine 
hydrochloride crystals from the cooling of supersatu-
rated, heated solutions of relatively pure  d  -
 methamphetamine as a result of the separation of the 
 d  -  and  l  - isomers of ephedrine during the reduction 
process. Using ephedrine or pseudoephedrine as the 
starting material for Ice generates a more potent mixture 
that contains pure  d  - enantiomer rather than a racemic 
50 - 50 mixture. The  d  - enantiomer of methamphetamine 
is several times more active pharmacologically than the 
 l  -  enantiomer.  171     

  Methamphetamine Laboratories 

 Retrospective, cross - sectional studies based on self -
 administered questionnaires suggest that symptoms 
experienced by law - enforcement personnel during 
investigations of clandestine methamphetamine labora-
tories include headache, sore throat, respiratory tract 
and mucous membrane irritation, nausea/vomiting, skin 
irritation, and various CNS symptoms.  172,173   Dermal 
burns are usually limited to persons directly involved in 
the production of illicit methamphetamine.  174   These 
injuries develop following spills, uncontrolled reactions, 
and/or fi res during the manufacturing of methamphet-
amine. Phosphine gas is a by - product of the red phos-
phorous method (Red P) method for the clandestine 

       FIGURE 1.5.     Synthetic routes to methamphetamine. The top scheme is the Leuckart reaction using phenyl - 2 - propanone (P2P) 
as a starting material. Reduction of the planar imine intermediate (not shown) results in a racemic mixture of  d  -  and 
 l  - methamphetamine. The lower scheme depicts the reduction of ephedrine or pseudoephedrine (dictated by the stereochemistry 
of the benzylic hydroxyl) to form methamphetamine directly. Any one of a number of reductive techniques may be used for the 
reduction of ephedrine or pseudoephedrine to methamphetamine. However, the stereochemistry at the carbon alpha to the amine 
is maintained with these reductions yielding only the  d  - methamphetamine product.  



1 AMPHETAMINE and METHAMPHETAMINE

23

and interminable chattering. Repeated IV injections 
(1 – 10 per day) prolong the run until exhaustion, disor-
ganization, paranoia, severe anxiety, confusion, irritabil-
ity, insomnia, or loss of drug supply terminates use, 
usually within several days to 1 week. 

 During the initial phase following cessation of meth-
amphetamine use, exhaustion develops with the meth-
amphetamine abuser sleeping deeply for 24 – 48 
hours and then eating ravenously. Severe depression 
often occurs after the methamphetamine abuser 
becomes satiated. The methamphetamine abuser may 
resume IV drug use to relieve the depression, beginning 
another run.  188   To relieve anxiety, some methamphet-
amine abusers combine other IV drugs (e.g., heroin) 
with IV methamphetamine ( “ speedballing ” ). Particularly 
in the Pacifi c Northwest, methylphenidate (Ritalin  ®  , 
Novartis, Basel, Switzerland) is a substitute for 
methamphetamine. 

 Occasionally, the rapid escalation of IV methamphet-
amine doses produces a condition called  “ overamped. ”  
During this situation, elevated blood pressure, tempera-
ture, and pulse, along with chest discomfort develop. 
Additionally, altered consciousness occurs, manifest by 
the inability to speak or move despite apparent aware-
ness of the environment. Death from overdose is infre-
quent in tolerant individuals. In fact, habitual high - dose 
users commonly exhibit no apparent physical signs of 
dependence other than the obvious signs of economic, 
social, and emotional deterioration. The chronic abuser 
becomes unreliable, irritable, paranoid, and unstable, 
resulting in physical, social, and economic problems. 
Suicide may occur from either loss of impulse control 
or severe depression during the exhaustion phase. 
Adverse psychologic reactions from chronic metham-
phetamine abuse include anxiety reactions, psychosis, 
withdrawal reactions (e.g., exhaustion syndrome, bio-
genic amine depletion syndrome or [BADS]), prolonged 
depression, and persistent hallucinations.  189

  Smoking 

 The smoking of methamphetamine hydrochloride does 
not require conversion to the freebase in contrast to 
cocaine hydrochloride because of the relatively high 
volatility of methamphetamine hydrochloride. Typically, 
the methamphetamine hydrochloride crystals are 
heated in the base of a glass pipe and the vapors are 
inhaled ( “ chasing the white dragon ” ),  without  drawing 
the vapors through a coolant liquid that is common 
during the freebasing of cocaine. 

 Figure  1.6  displays a methamphetamine pipe. The 
crystallization of methamphetamine to the hydrochlo-
ride salt (Ice) is necessary because the lipid soluble, 
pure base form of methamphetamine evaporates easily 

clinical features may range from respiratory irritation 
to agitation, seizures, and fatal sulfuric acid ingestion.  180

These children usually lack supervision and frequently 
have issues with school performance, criminal behavior, 
and social isolation. Protocols for the evaluation of 
these children include the following: 1) decontamina-
tion if external contamination is present, otherwise a 
bath/shower; 2) complete history, mental health, and 
physical examination within 48 – 72 hours, unless the 
presence of symptoms necessitates a medical evaluation 
earlier; 3) methamphetamine testing for legal purposes 
(urine drug screen with confi rmation, hair samples), and 
placement in a safe environment.  181

  Methods of Abuse 

 The pattern of methamphetamine abuse is more fre-
quent and more continuous during the daytime than 
cocaine abuse, which usually involves episodic use 
during the evening.  182   Because of the easy synthesis and 
available supplies of methamphetamine, users typically 
spend substantially less (i.e., 25%) money than cocaine 
users.  183   Methamphetamine is listed as a prohibited sub-
stance by WADA.  25

  Chronic Oral Abuse 

  “ Parachuting ”  describes an oral method of metham-
phetamine abuse involving the swallowing of a 
methamphetamine - containing, sealed plastic bag with a 
hole cut on one end to dispense the amphetamine slowly 
during transit along the GI tract. Alternately, crushed 
methamphetamine tablets are rolled in a paper wrapper 
and swallowed. Severe, delayed (i.e., up to at least 42   h) 
methamphetamine toxicity can occur when the delayed 
release of large amounts of methamphetamine occurs 
during transit through the intestines.  184

  Intravenous Abuse 

 Intravenous methamphetamine abusers represent a 
subgroup of long - term, chronic drug abusers with a high 
prevalence of high - risk sexual and antisocial behaviors, 
comorbid psychiatric disorders, and multiple drug 
use.  185,186   A  “ speed freak ”  is a compulsive methamphet-
amine abuser, who uses the drug continuously for days 
during a  “ run. ”  During this phase, the intense metham-
phetamine use substantially reduces food consumption, 
sleep, and personal hygiene. High methamphetamine 
doses produce extreme suspiciousness, hyperactivity, 
poor impulse control, or an overt paranoid psychosis 
that can be associated with unpredictable violent behav-
ior.  187   Stereotyped behavior during these runs includes 
skin picking, bead stringing, pacing, repetitive actions, 
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amine every few hours until the user can no longer stay 
awake (i.e., usually 3 – 4   d). After the binge, the user 
sleeps for a prolonged period (e.g., 24 – 48   h) and may 
resume daily methamphetamine use or start on another 
binge. Experienced IV methamphetamine users typi-
cally inject from 100 – 300   mg per use with maximum 
doses exceeding 1   g during binges.  27   As much as 1   g may 
be injected every 2 – 3 hours by a speed freak during a 
binge up to a daily dose of 5 – 8   g for several days until 
exhaustion, psychosis, or loss of drug access terminates 
the  “ speed run. ”   

  Pharmaceutic Use 

 Medical use of methamphetamine includes the adminis-
tration of daily doses up to 15   mg for obesity, up to 20 –
 25   mg for ADD, and up to 60   mg for narcolepsy. Most 
methamphetamine analogues have been voluntarily 
removed from over - the - counter inhalants. However, 
the Vicks  ®   inhaler (Procter  &  Gamble, Cincinnati, 
OH) is a nasal decongestant containing 50   mg of ( l  -
 methamphetamine ( l  - desoxyephedrine), menthol, 
camphor, methyl salicylate, and bornyl acetate.  l  -
 Methamphetamine has approximately 10% of the central 
nervous system potency of  d  - methamphetamine.  195

  Fatalities 

 Determination of a fatal human dose is complicated by 
interindividual variation including tolerance and varia-
tions in purity of illicit drugs.  196   Death from metham-
phetamine overdose is relatively rare compared with 
the prevalence of methamphetamine abuse. The minimal 
lethal methamphetamine dose varies with age and 
animal species. 

  Animal 

 Experimental studies indicate that the IV LD 50  of meth-
amphetamine in adult, nontolerant monkeys maintained 
in primate chairs was approximately 15 – 20   mg/kg.  197

Young monkeys (LD 50     =    5   mg/kg) and adult monkeys 
in open cages (LD 50     =    2 – 3   mg/kg) were more vulnera-
ble, particularly when hyperactivity and elevated body 
heat occur. Chronic administration of escalating doses 
of IV methamphetamine does not produce toxicity in 
some animal models. Methamphetamine is twice as 
toxic in animal models as amphetamine.  

  Human 

 A 22 - year - old man died 5 days after the ingestion of 
140   mg methamphetamine hydrochloride.  198   He devel-
oped hyperthermia, hypotension, renal failure, and 

at room temperatures. All crystals of methamphetamine 
are  “ smokable ”  regardless of the size of the crystal. In 
a pharmacokinetic study of chronic methamphetamine 
smokers, the average dose inhaled was approximately 
22   mg.  190   Animal and human studies suggest that the 
pharmacologic effects of methamphetamine by inhala-
tion and by IV route are similar.  191,192

  DOSE EFFECT 

  Illicit Use 

 The response to methamphetamine depends on a variety 
of factors including the percentage of active isomers, the 
setting, tolerance, and expectations. In a study of volun-
teers familiar with the effects of methamphetamine, the 
inhalation of 20 – 25   mg methamphetamine produced 
minimal subjective and cardiovascular effects, whereas 
a 30 - mg dose of methamphetamine caused more pro-
nounced and sustained effects.  193   The use of 40   mg 
methamphetamine produced extreme subjective effects 
characterized by feelings of omnipotence as well as 
decreased appetite, diffi culty concentrating, insomnia, 
memory lapses, and intense craving for further doses. 
Anecdotal reports suggest that the IV use of metham-
phetamine begins with the injection of 20 -  to 40 - mg 
doses, but as tolerance develops the dose increases sub-
stantially. The typical daily methamphetamine abuser 
smokes or insuffl ates 0.5 – 1   g during a 24 - hour period 
beginning in the morning and continuing every 2 – 4 
hours until sleep ensues. In a case series of 65 current 
methamphetamine abusers, the estimated mean daily 
dose of methamphetamine was 720   mg with a range up 
to 3.5   g.  194   A binge involves the use of methamphet-

FIGURE 1.6.     Methamphetamine pipe.  (Photo courtesy of the 
US Drug Enforcement Agency).   
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smoking of approximately 22   mg methamphetamine 
hydrochloride by 6 volunteers familiar with the effects 
of methamphetamine, the peak plasma methamphet-
amine concentration (0.047    ±    0.0056   mg/L) occurred at 
2.5    ±    0.5 hours after initiation of smoking.  193   The peak 
plasma amphetamine  (i.e., active metabolite) concentra-
tion of 0.003 – 0.006   mg/L in these volunteers occurred 
10 – 24 hours after smoking began.  193   In a study of 8 expe-
rienced methamphetamine users, the mean bioavailabil-
ity of the delivered doses of methamphetamine via 
intranasal administration and smoking were similar (i.e., 
79% and 67%, respectively), depending on technique.  203

However, the absolute bioavailability of methamphet-
amine after smoking was substantially less (mean, 37%) 
than intranasal administration, primarily as a result of 
the amount of drug retained in the smoking apparatus. 

 Smoking of methamphetamine in a pipe reduces the 
bioavailability of the drug both by deposition of active 
compound in the pipe apparatus and through thermal 
decomposition. Following insertion of a pipe in an alu-
minum block heated to about 300 ° C, approximately 
25% of the dose remained in the pipe after the comple-
tion of the smoking of a 30 - mg dose of methamphet-
amine hydrochloride by healthy volunteers.  155   During 
this in vitro  study, the recovery of intact methamphet-
amine base from pipes at temperatures of 400 ° C (752 ° F), 
600 ° C (1,112 ° F), and 800 ° C (1,472 ° F) was approxi-
mately 98%, 88%, and 62%, respectively. The amount 
of amphetamine formed as a result of the complete 
pyrolysis methamphetamine was about 1%. The recov-
ery of intact methamphetamine hydrochloride was 
slightly less than methamphetamine base with the 
recovery being 81%, 62%, and 38% for these tempera-
tures, respectively.  

  Mucosal Surfaces 

 Case reports suggest that serious methamphetamine 
intoxication can develop following the concealment of 
methamphetamine - containing bags in the vagina. After 
inserting a bag of methamphetamine that leaked in her 
vagina, a 20 - year - old woman developed seizures and 
apnea.204   She recovered after intubation without obvious 
sequelae; however, her clinical course was complicated 
by aspiration pneumonia and mild rhabdomyolysis 
without renal dysfunction.   

  Distribution 

 Methamphetamine distributes widely to most parts of 
the body. The volume of distribution (V d ) of metham-
phetamine is approximately 3 – 4   L/kg, which is smaller 
than the V d  of phencyclidine, but higher than the V d  of 
cocaine. In a study of volunteers given an average 

hyperkalemia. Chronic methamphetamine users toler-
ate high doses of methamphetamine. Methamphetamine 
addicts can inject 1 – 5   g IV methamphetamine without 
developing severe complications as a result of the devel-
opment of tolerance. A 27 - year - old man survived after 
the injection of 75   mg methamphetamine with intensive 
supportive care after developing DIC, hypocalcemia, 
and rhabdomyolysis with myoglobinuria.  199   The esti-
mated leakage of 20   g methamphetamine in a body 
packer caused his death (postmortem cardiac blood, 
63.5   mg methamphetamine/L; admission blood, 8.6   mg 
methamphetamine/L), whereas a fellow body packer 
survived the estimated leakage of 18   g methamphet-
amine (admission blood, 7.6   mg methamphetamine/L) 
following intensive support for severe intoxication.  200

  TOXICOKINETICS 

  Absorption 

  Oral 

 The pattern of methamphetamine absorption is similar 
to amphetamine, including absorption from mucosal 
surfaces.  32   Studies in volunteers indicate that the bio-
availability of methamphetamine following ingestion is 
approximately 60 – 70%.  190   The average time between 
ingestion and peak plasma methamphetamine concen-
tration was approximately 2 – 2.5 hours.  201   Ingestion of 
an 18 - mg dose of methamphetamine hydrochloride by 
volunteers produced peak plasma concentrations of 
0.035 – 0.038   mg/L with an average lag time from inges-
tion of about half an hour.  155

  Insuffl ation 

 Methamphetamine easily crosses the alveolar and nasal 
membranes after smoking and insuffl ation. In a study of 
11 methamphetamine abusers receiving up to 50   mg/
70   kg body weight intranasally, peak cardiovascular and 
subjective effects occurred within 15 minutes of admin-
istration.202   However, peak plasma methamphetamine 
concentrations occur about 4 hours after insuffl ation. 
Volunteer studies indicate that the bioavailability of 
intranasal doses of methamphetamine is near 80%.  203

  Smoking 

 Absorption of methamphetamine hydrochloride (Ice) 
by the lungs is rapid with peak effects occurring within 
15 – 20 minutes of the initiation of smoking.  190   Studies in 
volunteers indicate that the plasma methamphetamine 
concentration rises rapidly and then increases slowly 
over the next 4 hours before declining. Following the 
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rises rapidly after smoking and then reaches a plateau 
after several hours. The geometric mean plasma meth-
amphetamine half - life in volunteers administered 
methamphetamine by smoking (30   mg in pipe bowl, 
21.8    ±    0.3   mg estimated delivered dose) and IV injection 
(15.5   mg) was approximately 11 hours and 12 hours, 
respectively, with a range of about 8 – 18 hours.  190   The 
plasma elimination half - life of  d  - methamphetamine is 
longer than the corresponding  l  - enantiomer. In a study of 
12 methamphetamine abusers administered IV doses of 
0.5   mg/kg or 0.25   mg/kg, the plasma elimination half - life 
for  l  - methamphetamine ranged from 13.3 – 15.0 hours 
compared with 10.2 – 10.7 hours for  d  - methamphetamine.  153   
The difference between the half - life of the 2 isomers was 
statistically signifi cant at  P     <    .0001. Metabolism of these 
2 methamphetamine doses accounted for 58% and 55%, 
respectively, of the total clearance. 

 The renal excretion of amphetamine represented 
about 3 – 8% of the total methamphetamine clearance, 
whereas the renal excretion of unchanged methamphet-
amine accounted for most of the remaining clearance 
(i.e., about 40% of the total). Figure  1.7  displays the 
average urinary concentration of methamphetamine and 
amphetamine during the 60 hours after the administra-

inhaled dose of 22   mg  d  - ( + ) - methamphetamine and an 
IV dose of 15.5   mg  d  - ( + ) - methamphetamine, the volume 
of distribution in the elimination phase was 3.24    ±    0.36   L/
kg and 3.73    ±    0.59   L/kg, respectively.  190   Animal studies 
suggest that methamphetamine accumulates in the 
brain following distribution from the plasma. There are 
substantial differences in the protein binding of meth-
amphetamine between most animal species and humans. 
The range of protein binding in a study of various 
animal species (bovine, rat, rabbit, guinea pig, horse, 
mouse, chicken) ranged from about 61 – 98%. Therefore, 
the pharmacokinetics of methamphetamine in animal 
studies must be extrapolated with caution to humans.  205    

  Biotransformation 

 The metabolism of methamphetamine involves aro-
matic hydroxylation of the benzene ring at the 4 - position, 
aliphatic hydroxylation of the  β  - carbon position (minor), 
 N  - demethylation to amphetamine, oxidative deamina-
tion,  N  - oxidation, and conjugation of nitrogen.  206,207   
The 2 primary metabolites of methamphetamine bio-
transformation are 4 - hydroxymethamphetamine and 
amphetamine. Amphetamine is both a minor metabolite 
of methamphetamine and a product of the pyrolysis of 
methamphetamine. Figure  1.4  demonstrates the bio-
transformation pathways of methamphetamine. Other 
minor oxidative metabolites in the urine include nor-
ephedrine, 4 - hydroxynorephedrine, benzoic acid, and 
benzyl methyl ketoxime.  37   The metabolism of  N  -
 dimethylamphetamine also produces the active 
metabolite, amphetamine. Aromatic hydroxylation 
(4 - hydro xylation) and  N  - demethylation of metham-
phetamine probably involves the cytochrome P450 iso-
enzyme, CYP2D6.  208   Additionally, other cytochrome 
P450 subfamilies (CYP2C, CYP3A) also catalyze the 
demethylation of methamphetamine along with cyto-
chrome P450 - independent pathways.  209   Hydroxy-
clobenzorex is a metabolite of illicit amphetamine that 
does not occur following the ingestion of therapeutic 
doses of amphetamines; consequently, the presence of 
this metabolite indicates illicit drug use.  210   The biotrans-
formation methamphetamine varies substantially 
between animal species; humans metabolize a relatively 
smaller portion of methamphetamine and excrete a 
relatively larger portion of unchanged methamphet-
amine compared with rats and guinea pigs.  211    

  Elimination 

 Methamphetamine is a highly basic drug with primarily 
renal elimination; therefore, the renal excretion of meth-
amphetamine is dependent on urine pH, urine fl ow, and 
dose.  212   The plasma methamphetamine concentration 

       FIGURE 1.7.     Urinary concentrations of amphetamine and 
methamphetamine after smoking 30   mg methamphetamine 
and the intravenous administration of 15.5   mg methamphet-
amine.  190   Solid circle    =    urine methamphetamine concentra-
tion after smoking; solid box    =    urine amphetamine 
concentration after smoking; open circle    =    urinary metham-
phetamine concentration after IV administration; open 
box    =    urinary amphetamine concentration after IV adminis-
tration.  (Reprinted with permission from CE Cook, AR 
Jeffcoat, JM Hill, DE Pugh, PK Patetta, BM Sadler, WR White, 
M Perez - Reyes, Pharmacokinetics of methamphetamine 
self - administered to human subjects by smoking S - ( + ) -
 methamphetamine hydrochloride, Drug Metabolism and 
Disposition, Vol. 21, p. 717, copyright 1993.)   
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study, healthy volunteers received oral methamphet-
amine 5 or 10   mg twice daily on days 4 – 6 and 10 – 12; the 
volunteers received placebo on the other days.  216

Compared with baseline placebo effects, positive subjec-
tive effects of methamphetamine occurred only on day 
4; however, adverse effects persisted through day 12.  

  Interactions 

 Case reports suggest that the ingestion of ethanol can 
potentiate the side effects of methamphetamine.  217   In 
volunteer studies of methamphetamine addicts, the 
pattern of alcohol use altered the metabolism of meth-
amphetamine. Simultaneous ingestion of ethanol inhib-
ited the p  - hydroxylation and  N  - demethylation of 
methamphetamine.  218   However, in a double - blind, 
double - placebo, within - subject study of methamphet-
amine addicts, the administration of ethanol (1   g/kg) did 
not alter the subjective effects following the IV admin-
istration of 30   mg methamphetamine.  219   Case reports 
associate fatal serotonin syndrome with the use of meth-
amphetamine and moclobemide.  220

  Maternal/Fetal Kinetics 

 Methamphetamine crosses the placenta following use 
by the mother during pregnancy. An infant weighing 
approximately 2.5 pounds died 4 hours after birth via a 
cesarean section for partial abruption of a low lying 
placenta.221   The mother ingested methamphetamine as 
a diet pill during the entire pregnancy. The postmortem 
concentration of methamphetamine in the blood, 
liver, and lungs of the neonate was 0.355    μ g/g, 0.246    μ g/g, 
and 0.857    μ g/g, respectively. A postmortem case series 
included positive methamphetamine samples from 
two 1 - month old infants and 5 fetuses dying between 
the fi fth and eighth month of pregnancy.  222   The postmor-
tem fetal blood concentrations of methamphetamine 
and amphetamine ranged from 0.18 – 1.2   mg/L and 
from 0 – 0.08   mg/L, respectively. In a study of pregnant 
sheep, methamphetamine crossed the placenta within 
30 seconds of IV administration; fetal blood pressure 
increased 20 – 37% above baseline along with a drop 
in fetal oxyhemoglobin saturation and arterial 
pH.223   Because of the longer elimination half - life of 
methamphetamine in the fetal circulation, the fetal 
methamphetamine concentration eventually exceeded 
the maternal methamphetamine concentration. Pharm-
acokinetic studies indicate that methamphetamine dif-
fuses into breast milk following the recreational use of 
methamphetamine by lactating mothers. The absolute 
daily infant dose of methamphetamine and amphet-
amine in methamphetamine equivalents in 2 infants 
of lactating mothers using methamphetamine was 

tion of methamphetamine via smoking (30   mg in a pipe) 
and IV (15.5   mg) injection. Under normal conditions 
(urine pH 6 – 8), the kidney excretes about 37 – 54% of an 
absorbed methamphetamine dose as unchanged meth-
amphetamine within the fi rst 24 hours, 15% as  p  -
 hydroxymethamphetamine, and 4 – 7% as amphetamine. 
In very acidic urine (pH    ≤    5.0) the percentage of 
unchanged methamphetamine excreted in the urine 
increases up to 76%, whereas this percentage decreases 
in very alkaline urine (pH    ≥    8.0) to as little as 2% of the 
absorbed dose. In a study of 8 volunteers receiving 4 daily 
10   mg (low dose) or 4 daily 20   mg (high dose) doses of 
sustained  -  release  ( d ) - methamphetamine, the urinary ter-
minal elimination half - life was approximately 24    ±    7 
hours compared with 21    ±    7 hours for amphetamine.  213

Urinary pH was not controlled in this study and about 
12% of the urine samples had a pH in excess of 8.0. 
Analysis of the urine data indicated that more biotrans-
formation and less excretion of unchanged methamphet-
amine occurred following the high dose than the low 
dose. Within the fi rst 24 hours after the  fi rst  methamphet-
amine doses, the mean peak urinary excretion rate for 
methamphetamine was about 300    ±    200    μ g/h (range, 
141 – 600    μ g/h) at about 9    ±    8   h after the last dose. In com-
parison, the mean peak urinary excretion rate for the low 
methamphetamine dose was 674    ±    571    μ g/h (range, 107 –
 1,379    μ g/h) at about 10    ±    7 hours after the last dose. 
Consequently, the fraction of methamphetamine 
excreted in the urine decreases with increasing doses of 
methamphetamine, and the amount of urinary metham-
phetamine is not proportional to the absorbed dose of 
methamphetamine. During the course of the study from 
the initial administration of the 4 daily methamphet-
amine doses to 8 days after the last methamphetamine 
dose, the peak urinary methamphetamine concentra-
tions for the low - dose and high - dose regimens were 
approximately 6.14    ±    2.40    μ g/mL (range, 3.1 – 10.9) and 
11.3    ±    5.1    μ g/mL (range, 5.1 – 18.5    μ g/mL), respectively. 
Although low amphetamine/methamphetamine ratios 
(< 5%) suggest recent use (i.e.,  < 3 – 6   h), high intra -  and 
interindividual variability limits the use of this ratio 
alone  to determine the time of methamphetamine use.    

  Tolerance 

 The progressive decline in subjective and cardiovascular 
effects despite the presence of high and sustained meth-
amphetamine plasma concentrations indicates the 
development of tolerance.  193   This tolerance is pharmaco-
dynamic rather than related to changes in the metham-
phetamine metabolism.  214   Experimental studies indicate 
that the administration of low doses (10   mg) of metham-
phetamine for 2 weeks does not alter the pharmacoki-
netics of methamphetamine.  215   In a 15 - day residential 
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  Cardiovascular 

 Methamphetamine produces cardiovascular effects 
only in large doses, but it displays more prominent CNS 
effects at low doses when compared with amphetamine. 
A study of 2 champion cyclists demonstrated that the 
ingestion of 10   mg methamphetamine did not increase 
the capacity for aerobic exercise as measured by heart 
rate, minute ventilation, blood lactic acid concentration, 
and maximum oxygen consumption.  228   However, the 
administration of 10   mg methamphetamine increased 
their endurance of anaerobic metabolism and resulted 
in the ability to maintain higher levels of exercise for 
longer periods compared with placebo.  

  Central Nervous System 

 Experimental data indicate that at least some of the 
CNS effects of methamphetamine result from the alter-
ation of pre -  and postsynaptic dopamine activity in the 
brain. Animal data suggest an adaptive upregulation of 
nucleus accumbens dopamine D 1  receptor function 
during chronic methamphetamine administration.  229   G 
proteins are the intracellular messengers that link dopa-
mine receptors to the effector enzyme, adenylyl cyclase. 
Dopamine receptor types are classifi ed based on the 
ability to stimulate (D 1  receptors, also D 5 ) or inhibit (D 2
receptors, also D 3  and D 4 ) adenylyl cyclase through the 
mediation of the stimulatory or inhibitory G proteins. 
Although methamphetamine is usually considered 
more addictive than amphetamine, there are few data 
on the neurobiologic differences between these 2 struc-
turally similar drugs. In a locomotor activity study of 
rats, methamphetamine and amphetamine similarly 
increased dopamine concentrations in the nucleus 
accumbens and the prefrontal cortex, but the dopamine 
concentrations in the prefrontal cortex were lower fol-
lowing methamphetamine than amphetamine adminis-
tration.230   The administration of amphetamine increased 
glutamine concentrations in the nucleus accumbens, 
whereas methamphetamine did not.   

  Mechanism of Toxicity 

  Cardiovascular System 

 Similar to amphetamine, methamphetamine causes 
excessive sympathetic nervous system activity and vaso-
constriction, resulting in tachycardia and potentially, in 
susceptible patients, myocardial ischemia and cardiac 
arrhythmias. Dilated cardiomyopathy and congestive 
heart failure develops in some methamphetamine 
abusers, but the exact role of methamphetamine and the 
route of exposure require further clarifi cation.  231

Experimental studies in animals indicate that chronic 

17.5    μ g/kg and 44.7    μ g/kg.  224   The mothers self -
 administered a single IV dose of methamphetamine 
from their usual source (purity/dose unknown). The 
authors recommended withholding breast feeding 48 
hours after a recreational dose of methamphetamine.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Methamphetamine stimulates the release of catechol-
amines from sympathetic nerve terminals, particularly 
dopamine in the mesocortical, mesolimbic, and nigro-
striatal pathways; these structures infl uence emotions, 
motivation, reward systems, and motor output.  225

Methamphetamine enters the cytosol via passive diffu-
sion and the membrane - bound catecholamine - uptake 
transporters, disrupting the pH gradient and facilitating 
the redistribution of monoamines in the cytosol. This 
process reverses the normal reuptake mechanism of the 
catecholamine transporters, resulting in increased 
movement of catecholamines into the synapses and the 
central and peripheral α  -  and  β  - adrenergic postsynaptic 
receptors.  1   Both the physiologic effects and mechanisms 
of action of methamphetamine and amphetamine are 
similar. The physiologic effects of methamphetamine 
result from the enzymatic inactivation, release, and 
uptake of catecholamine neurotransmitters (dopamine, 
norepinephrine), and to a lesser extent, the indoleamine, 
5 - hydroxytryptamine (serotonin) neurotransmitters.  In
vitro  studies indicate that release of norepinephrine by 
methamphetamine is about twice as great as dopamine 
release and about 60 - fold greater than serotonin 
release.  226   The effects of methamphetamine on the brain 
are complex and include dopaminergic, serotonergic, 
and GABAergic activity. Animal models suggest that 
methamphetamine stimulates the release of dopamine 
via several mechanisms including inhibition of mono-
amine oxidase and increased effl ux of methamphet-
amine by displacement of storage vesicles. The dopamine 
transporter (DAT) is the primary site of action of 
methamphetamine as refl ected by the absence of 
methamphetamine - induced effects in experiments with 
DAT knockout mice that lack the dopamine trans-
porter.  227   Effects at monoaminergic synapses include 
the following: inhibition of monamine oxidase (MAO), 
blockade of uptake, and promotion of neurotransmitter 
release into the synaptic cleft. The prolonged action of 
methamphetamine at the synapse depletes available 
neurotransmitters and results in acute tolerance or 
tachyphylaxis. In part, this acute tolerance explains the 
use of escalating doses of methamphetamine during 
methamphetamine runs or binges. 



1 AMPHETAMINE and METHAMPHETAMINE

29

of chronic depletion of dopamine and serotonin (i.e., 
neuroadaptation) requires further clarifi cation to under-
stand the effects of age, genetics, and duration of use on 
catecholamine reuptake transporters and presynaptic 
receptors.  247

  Hyperthermia 

 Animal models indicate that intrabrain heat production 
is the primary cause of functional brain hyperthermia; 
the cerebral circulation dissipates potentially dangerous 
heat from brain tissue by bringing relatively cooler 
blood and subsequently removing warmed blood.  248

Although physiologic and behavioral activation is a 
transient phenomenon, brain temperature may exceed 
physiologic limits under severe conditions. Metham-
phetamine stimulates brain metabolism in a dose -
 dependent pattern while strongly diminishing heat 
dissipation as a result of peripheral vasoconstriction. 
The combination of neural activation in the setting of 
strenuous physical exercise in a hot, humid environment 
may cause serious elevation of brain temperatures and 
fatal hyperthermia.   

  Postmortem Examination 

 The most common postmortem fi ndings include pulmo-
nary edema, intense visceral congestion, petechial hem-
orrhages, relatively increased core body temperature, 
and increased heart weight.  249   Edema and/or congestion 
typically occurs in multiple organs, particularly the lung 
and brain.  250   Mechanisms of sudden death include rup-
tured berry aneurysms and aortic dissection with cardiac 
tamponade.  251   Hyperpyrexia with subsequent rhabdo-
myolysis and hepatorenal failure commonly occurs 
during fatal methamphetamine intoxication.  252

  Heart 

 Postmortem examination of hearts from methamphet-
amine abusers may or may not demonstrate structural 
abnormalities. A 31 - year - old woman, who smoked 
methamphetamine regularly, developed diffuse sys-
temic vasospasm, an acute myocardial infarction and 
fatal cardiogenic shock.  253   Postmortem examination 
revealed diffuse transmural myocardial ischemia with 
patchy interstitial fi brosis and focal acute infarction of 
the posterior left ventricle and lateral papillary muscle. 
There was no histologic evidence of an active myocar-
ditis. Histologic examination of methamphetamine 
addicts, who died suddenly, reveal hemorrhage and con-
gestion of the lungs with either no changes  254   or rela-
tively minor cardiac abnormalities.  255,256   These cardiac 
abnormalities included both hypertrophy and atrophy 

methamphetamine administration causes myocyte 
atrophy, hypertrophy, cellular edema, eosinophilic 
degeneration, fi brosis, contraction bands, and vacuoliza-
tion.232   Ultrastructural changes include myofi brillar 
hypercontraction, loss of myofi laments, and mitochon-
drial degeneration.  233

  Central Nervous System 

 The administration of high doses of methamphetamine 
to animals causes long - term depression of both dopa-
mine and serotonin synthesis in various regions of 
the brain.  234,235,236   In studies of rodents, the chronic par-
enteral administration of methamphetamine produces 
marked alteration of nigrostriatal dopaminergic neurons 
at doses lower than those required to produce damage 
by 1 - methyl - 4 - phenyl - 1,2,3,6 - tetrahydropyridine (MPTP).  237

A study of gerbils administered 2 subcutaneous doses 
of methamphetamine at 35   mg/kg demonstrated 
morphologic alteration of mesocortical dopamine 
nerve fi bers and their postsynaptic structure in the 
frontal cortex 1 week after administration.  238    d  -
 Methamphetamine is a positive reinforcer under 
controlled laboratory condition in both animals and 
humans.  239,240

 In humans, chronic abuse of high doses of metham-
phetamine can produce a psychosis that simulates 
schizophrenia. Following termination of methamphet-
amine administration, recurrence of the psychotic symp-
toms may occur after the single use of amphetamine 
compounds or other drugs (e.g., ethanol).  241   Although 
the increased release of dopamine at the synaptic 
vesicles and the blockade of uptake are part of the 
effect of methamphetamine,  242   the exact mechanism of 
this neurotoxic effect is unclear. Postmortem examina-
tion of chronic methamphetamine users suggests that 
partial desensitization of dopamine stimulation of ade-
nylyl cyclase activity occurs in the stratum following 
chronic methamphetamine use (caudate, putamen, 
nucleus accumbens);  243   however, autopsies of brains 
from chronic methamphetamine users do not indicate 
that methamphetamine distributes preferentially to 
dopamine - rich areas in the brain.  244

 In a study of methamphetamine abusers, positron 
emission tomography (PET) scanning detected moder-
ate reduction of dopamine transporter concentrations 
in the caudate and putamen averaging 27.8% and 
21.1%, respectively, when compared with controls.  245   A 
study of former methamphetamine abusers demon-
strated a reduction in the density of dopamine trans-
porter in the nucleus accumbens and caudate/putamen, 
but there was no difference in the density of striatal 
dopamine D 2  receptors as measured by PET scanning.  246

The long - term functional and pathologic consequences 
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reaction, disseminated intravascular coagulation, and 
acute renal failure following IV administration of phen-
metrazine and methamphetamine.  199   Headache, myal-
gias, lightheadedness, paresthesias, weakness, and 
delirium can occur along with hyperthermia. 

 Suggestive signs of chronic methamphetamine abuse 
include involuntary repetitive movements (rocking, 
fi dgeting), multiple crusts on the skin (skin picking), 
extensive dental caries at base of anterior maxillary 
teeth, cachexia, fatigue, forgetfulness, agitation, and irri-
tability. Case reports associate chronic amphetamine 
abuse with choreoathetoid movements that typically 
resolves with 12 – 24 hours.  267   Rampant dental caries 
often occur following the chronic abuse of methamphet-
amine.  268   The characteristic pattern of tooth decay 
involves the buccal smooth surface of the posterior 
teeth and the interproximal of the anterior teeth.  269

These caries often progress to complete destruction of 
the coronal portion of the tooth. The etiology of this 
pattern is unclear, but contributing factors include 
xerostomia, bruxism, and lack of oral hygiene.  270   Rare 
case reports associate methamphetamine abuse with 
transient visual loss, retinal vasculitis, and retinal 
hemorrhage.  271,272

  Behavioral Abnormalities 

 Most methamphetamine users do not display overt 
signs of methamphetamine use. An acute anxiety reac-
tion characterized by dysphoria, agitation, and muscle 
tremors was the most common acute psychiatric com-
plaint of patients presenting to the Haight - Ashbury 
Clinic (San Francisco, CA) during the epidemic of meth-
amphetamine use during the 1960s.  188

  Mental Disorders 

 The prevalence of psychotic symptoms is substantially 
higher in methamphetamine users than the general 
population, particularly in dependent methamphet-
amine abusers. In a cohort of 309 recruited individuals 
using methamphetamine at least monthly, 13% of the 
participants screened positive for psychosis with 23% 
experiencing at least 1 clinically signifi cant symptom 
of suspiciousness, unusual thought content, or hallucina-
tions in the previous year.  273   Psychotic reactions 
occur in methamphetamine abusers with or without 
a prior history of a psychiatric disorder, but 
premorbid schizoid/schizotypal personality and early, 
heavy methamphetamine abuse predispose users to 
methamphetamine - related psychosis.  274   Separating the 
effects of drug abuse and comorbid psychiatric disorder 
is diffi cult because over 50% of individuals with a 
history of schizophrenia have a coexisting substance 

of myocytes, disarray of myofi brils, endocardial hemor-
rhage, eosinophilic changes, small round cell infi ltration, 
and degeneration of myofi brils including myolysis and 
contraction band necrosis.  257   Histologic examination of 
cardiac tissue may reveal varying degrees of coronary 
arteriosclerosis, but pathologic changes of a myocardial 
infarction are rare.  258

  Central Nervous System 

 Intracranial abnormalities on postmortem examination 
of methamphetamine abusers include intracerebral 
hematoma with cerebral edema and uncal herniation,  259

subarachnoid hemorrhage with or without cerebral 
aneurysm, and necrotizing angitis.  62   Intraventricular 
hemorrhage following methamphetamine use is rela-
tively rare compared with intracerebral or subarachnoid 
hemorrhage.  260   The pathologic changes of the cerebral 
vasculitis associated with methamphetamine abuse are 
similar to the changes of polyarteritis nodosa, but these 
changes involve primarily the large arteries in contrast 
to the vascular changes associated with typical hyper-
sensitivity angiitis.  261   Postmortem examination of the 
brains of methamphetamine users indicates that meth-
amphetamine is distributed relatively evenly through-
out the brain rather than concentrating in dopamine - rich 
areas.  262

  CLINICAL RESPONSE 

  Illicit Use 

 Methamphetamine, amphetamine, and cocaine produce 
similar clinical effects with the major distinguishing 
feature being the prolonged effect of methamphetamine 
or amphetamine compared with cocaine. Agitation and 
sinus tachycardia were the most common effects in a 
retrospective review of 47 methamphetamine exposures 
in children under the age of 6 years as reported to the 
California Poison Control System.  263   Seizures occurred 
in 2 cases (9%). Following the ingestion of large doses 
of methamphetamine, CNS symptoms begin within 
30 – 60 minutes and persist for 4 – 6 hours. The onset of 
symptoms following the inhalation of methamphet-
amine is much more rapid than ingestion. Unusual com-
plications associated with methamphetamine toxicity 
include decreased visual acuity secondary to retinal vas-
culitis264   or hemorrhage.  265   Methamphetamine abuse is 
a common cause of rhabdomyolysis. In a retrospective 
study of 367 emergency department patients with rhab-
domyolysis (serum creatine kinase ≥ 1000   U/L), 43% of 
the patients had positive urine drug screens for 
methamphetamine.  266   Case reports document rhabdo-
myolysis with myoglobinuria, hyperpyrexia, leukemoid 
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induced psychosis improve within hours to a week of 
abstinence, but the psychosis may persist over 3 – 6 
months in some patients, particularly after prolonged 
methamphetamine abuse.  285,286   Spontaneous recurrence 
of methamphetamine - induced psychoses occasionally 
develop in patients with a previous history of drug -
 induced psychosis, particularly during periods of psy-
chologic stress that involve fear of other people.  287,288

The acute relapse into psychosis may occur after an 
extended asymptomatic period during abstinence from 
methamphetamine use. The relapse is similar to the pre-
vious psychotic episode with typical clinical features 
including bizarre delusions, auditory hallucinations, 
delusions with jealous or persecutory content, and inco-
herence or loosening of association.  289   Ethanol or small 
doses of methamphetamine (i.e., 50   mg over 5 days) 
may reactivate the extreme paranoia along with nega-
tivistic and suspicious attitudes.  290   Case reports suggest 
that the use of stimulant drugs can exacerbate the pres-
ence of chronic fl uctuating somatic and vocal tics (e.g., 
eye blinking, jaw jerks, hip turning, humming, panting, 
muscle jerks).  291   Parkinsonism is not a prominent clini-
cal feature of methamphetamine use despite the reduc-
tion of dopamine concentrations in the caudate of 
chronic methamphetamine users.  292

  Medical Complications 

Central Nervous System.     Cerebrovascular complica-
tions associated with methamphetamine abuse include 
ischemic stroke, intracerebral hemorrhage, and sub-
arachnoid hemorrhage, particularly in the anterior cir-
culation.293   Frequently, these patients have underlying 
vascular pathology including atherosclerosis, stenosis, 
and/or aneurysms. Case reports associate the IV use of 
methamphetamine with the development of necrotizing 
angiitis and both ischemic and hemorrhagic stroke 
including fatal pontine hemorrhage.  294   Cerebral embo-
lism may result from endocarditis complicating IV 
methamphetamine abuse. Fatal spontaneous intracra-
nial hemorrhage and subarachnoid hemorrhages can 
occur without evidence of vasculitis or structural abnor-
malities.  295   Occasional intracerebral hemorrhages 
occur in the basal ganglia following methamphetamine 
inhalation.28,296   Although an ischemic stroke is less 
common than a hemorrhagic stroke following drug 
abuse, ischemic strokes do occur after methamphet-
amine abuse by oral, IV, or pulmonary routes.  297   The 
cause of these strokes is multifactorial.  298   Although 
most of the patients with subarachnoid hemorrhages 
had cerebral aneurysms,  299   most of the cases of throm-
bosis and intracerebral hemorrhage were not associated 
with documented vasculitis, vascular malformations, or 
vasospasm.78

abuse disorder.  275   Furthermore, about 50% of individu-
als with methamphetamine dependence have comorbid 
psychiatric disorders other than substance abuse, par-
ticular anxiety disorders (e.g., phobias, social/generalized 
anxiety), mood disorders (major depression), and anti-
social personalities.  276   Experimental studies indicate 
that a single dose of methamphetamine can cause brief 
(i.e., few hours) increases in psychotic features in schizo-
phrenic patients.  277   In a experimental study of 14 psy-
chotic patients with a history of methamphetamine 
abuse, the IV administration of methamphetamine in 
doses up to 640   mg over 1 hour produced psychotic 
symptoms that persisted up to 5 – 6 days in 2 patients.  278

The persistence of psychotic symptoms longer than a 
week in 1 patient was associated with recurrent meth-
amphetamine use. 

 The clinical presentation of methamphetamine -
 induced and amphetamine - induced psychoses is similar. 
In a select population of 31 incarcerated, chronic IV 
methamphetamine abusers with psychosis, common 
symptoms included auditory and visual hallucinations, 
delusions of persecution and reference, thought broad-
casting, depression, and suicidal ideations.  279   Orientation, 
memory, and sensorium usually remain clear, but tran-
sient, fl uctuating disturbances of consciousness may 
occur during periods of fl orid psychosis after heavy 
methamphetamine use.  280

 Although the acute psychosis induced by metham-
phetamine resembles paranoid schizophrenia, several 
characteristics other than the clearing of psychotic 
symptoms with abstinence separate drug - induced psy-
choses from paranoid schizophrenia.  281   For example, 
paranoid schizophrenics typically manifest more cloud-
ing of consciousness, auditory hallucinations, thought 
disorders, fl at affect along with less sexual stimulation 
and stereotyped repetitive behavior than patients with 
methamphetamine - induced psychoses.  282   About 29% 
of 31 incarcerated, chronic IV methamphetamine 
abusers with psychosis suffered from recurrent episodes 
of psychosis (fl ashbacks).  279   In this population of meth-
amphetamine users, psychologic stress, cessation of anti-
psychotic medication, or recurrent drug use precipitated 
these fl ashbacks.  283,284  Cocaine -  and methamphetamine -
 induced psychoses are too similar to distinguish based 
on presenting signs and symptoms. Other drugs associ-
ated with psychoses include bromide, alcohol, hallucino-
genic drugs,  l  - dopa, monoamine oxidase inhibitors, and 
tricyclic antidepressants. 

 In contrast to the psychosis associated with schizo-
phrenia, the methamphetamine - induced psychosis typi-
cally resolves shortly after cessation of drug use; 
occasionally, the psychotic symptoms are persistent 
and refractory to pharmacologic treatment despite 
abstinence. Most patients with methamphetamine - 
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methamphetamine use via exposure routes other than 
IV (e.g., smoking, oral).  306,307

  Fatalities 

 Death from methamphetamine use alone without 
underlying cardiac and/or vascular pathology is rela-
tively rare except following intentional ingestion of 
massive amounts of methamphetamine. In one case 
series of postmortem examinations with detectable 
quantities of methamphetamine, two - thirds of fatalities 
involved with methamphetamine use resulted from vio-
lence, including accidents, suicide, and, less often, 
homicide.  254   The most common nontraumatic, nonover-
dose causes of death associated with methamphetamine 
use include cerebrovascular hemorrhage and heart 
disease.  308   Rarely, hallucinations and sudden death 
occur during strenuous exercise in warm environments, 
particularly in chronic, heavy methamphetamine 
abusers. Persistent seizures, hyperthermia ( > 39 – 40 ° C/
102.2 – 104 ° F), coma, severe tachycardia ( > 160 – 170 
beats/minute), shock, renal failure, severe rhabdomyoly-
sis, and focal weakness are poor prognostic signs.  309,310

Sudden death may occur during restraint of an agitated, 
chronic methamphetamine abuser in the same manner 
as the chronic use of high doses of cocaine causes excited 
delirium with hyperthermia, severe lactic acidosis, and 
sudden death during restraint occurring in both the hos-
pital setting and police custody.  311,312

  Abstinence Syndrome 

 As a binge progresses, unpleasant side effects ( “ tweak-
ing ” ) replace the pleasurable effects of using metham-
phetamine including dysphoria, depression, fatigue, 
paranoia, akathisia, anxiety, irritability, confusion, 
insomnia, and drug craving.  313   The intensity of these 
symptoms usually peaks 1 – 3 days after cessation of 
methamphetamine use. The acute phase of amphet-
amine withdrawal initially involves increased sleeping 
( “ nod off ” ) and eating followed by anhedonia, irritabil-
ity, poor concentration, anxiety, and craving - during the 
depressive phase ( “ crash ” ). Typically, these symptoms 
are mild and most symptoms resolve within several days 
to 1 week.  314   Although some symptoms may last several 
weeks, the persistence of severe symptoms beyond 1 
week suggests an underlying disease process.  315

  Reproductive Abnormalities 

 Based on animal studies and limited human data, poten-
tial adverse effects of methamphetamine abuse during 
pregnancy include low birth weight,  316   prematurity, and 
malformations (cleft palate, cardiac anomalies);  317

Cardiopulmonary System.     A few case reports associ-
ate acute myocardial infarction with the inhalation of 
methamphetamine.  300   Although these patients fre-
quently have coronary artery disease, some reports 
associate the inhalation of methamphetamine with the 
development of myocardial injury and pulmonary 
edema without the presence of signifi cant coronary 
artery disease.  253   Epidemiologic data suggests that 
methamphetamine use modestly increases the risk of 
acute myocardial infarction. In a study of 11,011 acute 
myocardial infarctions identifi ed in a quality indicators 
database from Texas, the adjusted odds ratio for 
acute myocardial infarction in methamphetamine 
users was 1.61 (95% CI: 1.24 – 2.04,  P     =    0.0004).  301   The 
adjusted confounders included cocaine, alcohol, and 
tobacco use, hypertension, diabetes mellitus, lipid disor-
ders, obesity, congenital defects, and coagulation 
abnormalities. Noncardiogenic pulmonary edema fol-
lowing methamphetamine use is very rare. A case report 
associated the development of pulmonary edema fol-
lowing methamphetamine inhalation with normal 
pulmonary artery pressures.  302   No cardiac catheteriza-
tion was performed. Case reports associate the develop-
ment of acute aortic dissection with hypertensive 
crises following the use of methamphetamine. In a case 
series of 109 patients presenting to an urban hospital 
with aortic dissection, patients with methamphetamine 
abuse accounted for 5.5% of patients of all ages and 
20% of the patients in this series under 50 years of 
age.  303

 Case studies of cardiomyopathies following the abuse 
of methamphetamine are rare; the contribution of drug 
impurities and predisposing factors to the development 
of these cardiomyopathies remains unclear. Case reports 
suggest that a cardiomyopathy may develop following 
the chronic ingestion of methamphetamine without evi-
dence of myocardial necrosis, and the cardiomyopathy 
typically resolves with cessation of methamphetamine 
use.  304   A retrospective review of patients  ≤ 45 years of 
age hospitalized for congestive heart failure suggested 
that a history of methamphetamine use was associated 
with a more severe cardiomyopathy.  305   The reduction in 
left ventricular ejection fraction was statistically signifi -
cant at P     =    0.004. However, there was no documenta-
tion of a dose response.  

Peripheral Vascular.     Perivascular infi ltration of 
methamphetamine can produce local necrosis, cellulitis, 
granulomas, and abscess formation. Intra - arterial injec-
tion causes intense vasospasm with distal cyanosis, 
ecchymosis, petechiae, edema, paresthesias, pain, weak-
ness, necrosis, and decreased capillary fi lling. Immediate 
intense vasospasm is obvious after intra - arterial injec-
tions. Rarely, case reports associate ischemic colitis with 
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amine concentrations exceeding 200   ng/mL and 500   ng/
mL, respectively. Positive screening tests for metham-
phetamine require confi rmation by more specifi c 
methods (e.g., gas chromatography/mass spectrometry), 
which provide structure - specifi c information. Human 
studies suggest that the requirement for the presence of 
> 200   ng amphetamine/mL may result in substantial 
numbers of false - negative samples because of the rela-
tively small amount of amphetamine excreted after the 
use of methamphetamine as a result of variations in dose 
and dosing frequency of metham phetamine. The phar-
maceutic preparation of methamphetamine in the 
United States is the d  - enantiomer; therefore, the pres-
ence of both d  -  and  l  - enantiomers suggests the use of 
illicit metham phetamine unless the individual ingested 
prescription drugs (e.g., ethylamphetamine, fampro-
fazone, fencamine, fenproporex, prenylamine) that are 
metabolized to methamphetamine and contain both 
enantiomers.  327   Separation of these 2 enantiomers 
requires special chiral columns or derivatizing reagents. 
High performance liquid chromatography retention 
time data are not compound - specifi c like the data 
obtained by gas chromatography/mass spectrometry 
methods; therefore, more interference occurs during 
high performance liquid chromatography procedures 
compared with gas chromatography/mass spectrome-
try.  93   In contrast to gas chromatography/mass spectrom-
etry, liquid chromatography/tandem mass spectrometry 
does not require sample derivation or hydrolysis. The 
interassay variability (coeffi cient of variation) of liquid 
chromatography/tandem mass spectrometry between 
days for methamphetamine was approximately 10 –
 12%.  328   Detection limits for methamphetamine in serum 
samples using a solid phase microextraction method 
combined with liquid chromatography/electrospray 
ionization/tandem mass spectrometry was 0.04   ng/mL.  105

Enhanced polymer column extraction with gas 
chromatography/mass spectrometry in scan mode 
is a simple, reliable method to determine the presence 
of structurally related amphetamine compounds (e.g., 
MDMA, MDA, PMA) that cross - react with the meth-
amphetamine immunoassays.  329   The lower limits of 
detection of these compounds ranges between 5 – 50   ng/
mL. Excessively high temperatures in the injector can 
cause a confi rmed positive for methamphetamine when 
ephedrine is present in the sample and heat - catalyzed 
reduction of the ephedrine to methamphetamine occurs. 
However, the sample should not contain the required 
200   ng/mL amphetamine. Phentermine is a structural 
isomer of methamphetamine; consequently, the similar 
mass spectrum for these 2 structurally similar drugs 
requires careful analysis of the retention times and mass 
spectra for consistency. Derivatization resolves the lack 
of specifi city of methamphetamine mass spectrum. 

however, multiple sociologic and economic variables as 
well as polydrug use complicate the interpretation of 
the effect of methamphetamine on fetal outcomes.  92,318

In general, studies of mothers using illicit drugs (i.e., 
methamphetamine) demonstrate higher rates of prema-
turity and intrauterine growth retardation (reduced 
body weight and length, smaller head circumference) in 
the drug - exposed group compared with groups of 
mothers without a history of illicit drug use.  319,320   Case 
reports also associated methamphetamine use by preg-
nant women with fetal death and maternal complica-
tions (eclampsia, HELLP syndrome, amnionic emboli, 
death).321   Follow - up studies of children from mothers 
using methamphetamine during pregnancy indicate a 
high rate of behavioral problems (aggressive behavior, 
problems with peers) and poor school performance 
(delayed development in math and language achieve-
ment), but the psychosocial effects associated with 
maternal drug use are diffi cult to separate from the 
effects of methamphetamine use during the prenatal 
period.322   Many of these studies suffer from small sample 
size, inadequate control groups, poor exposure data, and 
confounding with other prenatal drug use.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Screening 

 Immunoassays are sensitive methods for screening 
urine samples for the presence of methamphetamine, 
but these techniques lack specifi city. Newer immunoas-
says (e.g., EMIT II  ®  ) are more specifi c than older assays 
(e.g., EMIT d.a.u.  ®  ), but some assays cross - react with 
high concentrations of phenmetrazine, phentermine, 
benzphetamine, illicit hallucinogenic derivatives (MDA, 
MDEA, MDMA), antidepressants (bupropion),  323   and 
some phenothiazine compounds (chlorpromazine, pro-
methazine).324,325   Gas chromatography is a popular 
method for screening methamphetamine because of the 
lack of native fl uorescence, signifi cant oxidative electro-
chemical properties at low voltage, and good ultraviolet 
absorption characteristics. Methamphetamine elutes 
early in underivatized samples; some methamphetamine 
may be lost during the time the detector is turned off 
for the elution of the solvent front.  150   High concentra-
tions of ephedrine or pseudoephedrine may result in the 
formation of methamphetamine at the injector port of 
the gas chromatograph.  326

  Confi rmatory 

Illicit Use.     The NIDA guideline requires that positive 
urine samples contain amphetamine and methamphet-
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the use of Vicks  ®   inhaler from the use of racemic meth-
amphetamine.  335   Currently, the common reduction 
process for methamphetamine production yields enan-
tiomerically pure d  - methamphetamine. Consequently, 
the detection of essentially pure l  - enantiomers of meth-
amphetamine and amphetamine indicates the use of 
these inhalers. Metabolism of prescription drugs that 
produce only the d  -  and/or  l  - enantiomer include benz-
phetamine ( d  - enantiomer), deprenyl ( l  - enantiomer), 
dimethylamphetamine ( d  - enantiomer), ethylamphet-
amine ( d  -  and  l  - enantiomer), famprofazone ( d  -  and 
l  - enantiomer), fencamine ( d  -  and  l  - enantiomer), fen-
proporex ( d  -  and  l  - enantiomer), prenylamine ( d  -  and 
l  - enantiomer).  327     

Hair.     Methods for the quantitation of methamphet-
amine in hair samples include liquid chromatography/
mass spectrometry and gas chromatography/mass spec-
trometry (gas chromatography/mass spectrometry). 
Liquid chromatography/mass spectrometry is highly 
sensitive and reproducible, whereas capillary gas chro-
matography produces a sharp peak and electron ioniza-
tion produces highly reproducible mass spectra. Gas 
chromatography/mass spectrometry coupled with 
micropulverized extraction, aqueous acetylation and 
microextraction by packed sorbent allows the determi-
nation of methamphetamine in a 1   mg hair specimen 
with < 20% deviation from the lower limit of quantita-
tion (0.2   ng/mg).  336

  Street Sample Analysis 

 Impurities appear during the illicit manufacture of 
methamphetamine as a result of incomplete reactions 
and inadequate purifi cation of intermediate and fi nal 
products. Methamphetamine may contain additives 
(e.g., methylsulfonylmethane or dimethyl sulfone) or 
adulterants (e.g., other stimulants) as a result of addi-
tions to the methamphetamine after the synthetic 
process. There are several routes of methamphetamine 
synthesis, and each route produces unique organic 
impurities. Methods for profi ling impurities in illicit 
methamphetamine include gas chromatography with 
fl ame ionization detector,  337   high performance liquid 
chromatography using column switching,  20   and gas 
chromatography/mass spectrometry after liquid/liquid 
extraction with organic solvents,  338   headspace solid 
phase microextraction,  339   or thermal desorption.  340

Analysis of illicit samples with these methods provides 
useful information regarding drug sources and traffi ck-
ing routes.  341

 The presence of nonreacted phenylacetone or the 
presence of a racemate in an illicit drug sample of 
methamphetamine suggests the use of the Leuckart 

Medicinal Use.     The use of gas chromatography/mass 
spectrometry does not necessarily differentiate the 
illicit use of methamphetamine or amphetamine from 
the use of prescription drugs that contain these com-
pounds or compounds that are metabolized to amphet-
amine and/or methamphetamine.  106   The interpretation 
of drug testing results involving the alleged use of 
amphetamine/methamphetamine precursor drugs 
requires analysis of the following factors: 1) detection 
of parent drug or unique metabolite, 2) ratio of  d  - / l  -
 enantiomers of methamphetamine and amphetamine, 
and 3) methamphetamine and/or amphetamine concen-
trations relative to the history of prescription drug 
use. In a study of urine samples from 10 volunteers 
collected during the 12 - hour period following the 
administration of 30   mg  d  - methamphetamine, about 
90% of the methamphetamine - positive samples did 
not contain amphetamine concentrations above the 
200   ng/mL standard.  330   Some biologic samples with 
high concentrations of methamphetamine may not 
contain detectable concentrations ( > 50   ng/mL) of  d  -
 amphetamine.  331   Gas chromatography/mass spectrom-
etry with electro impact or chemical ionization separates 
amphetamine and methamphetamine from related 
amines including ephedrine, phenylpropanolamine, 
phentermine, and synthetic amphetamine analogues 
(e.g., methylenedioxymethamphetamine).  332

 Medicinal drugs that produce amphetamine or 
methamphetamine as metabolites include the follow-
ing: amphetaminil, benzphetamine, clobenzorex, 
deprenyl, dimethylamphetamine, ethylamphetamine, 
famprofazone, fencamine, fenethylline, fenproporex, 
furfenorex, mefenorex, mesocarb, prenylamine, and 
selegiline. Medications with unique metabolites 
include 4 - hydroxyclobenzorex (clobenzorex), fampro-
fazone (3 - hydroxymethylpyrazolone,  p  - hydroxydesme-
thyl famprofazone), fenethylline (7 - carboxymethyl - 
theophylline), fenproporex (dihydroxyfenproporex, 
hydro xyfenproporex), furfenorex (1 - phenyl - 2 - [ N  -
 methyl -  N  -  γ  - valerolactonylamino] - propane), mefenorex 
(hydroxymethoxymefenorex, hydroxymefenorex), and 
prenylamine (diphenylpropylamine).  327   The Vicks  ® 

inhaler contains 50   mg of  l  - methamphetamine (des-
oxyephedrine). Therapeutic use of these inhalers does 
not usually produce positive results on currently avail-
able immunoassays, but excessive use of these inhalers 
potentially may produce false - positive results.  333

Although the Vicks  ®   inhaler sold in the United States 
contains 50   mg  l  - methamphetamine, Vicks  ®   inhalers 
from other countries may contain different concentra-
tions of enantiomers.  334   Enantiomeric separation using 
chiral chromatography or derivatization techniques 
(e.g., chiral gas chromatography/mass spectrometry or 
high performance liquid chromatography) differentiate 
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Dickinson, Franklin Lakes, NJ) tubes containing 100   mg 
sodium fl uoride and 20   mg potassium oxalate, the mean 
decrease in methamphetamine concentra tions at 6 
months and 3 years was 9.31% and 38.1%, respectively.  109

  Biomarkers 

 The time course of the deposition of methamphetamine 
and amphetamine in oral fl uids and plasma is similar, 
but the concentrations of these drugs are higher and the 
detection time shorter compared with urine. In a study 
of 5 volunteers receiving 10   mg or 20   mg methamp-
hetamine daily for 4 days, the mean detection times 
were 0.02 and 4.8 hours, respectively, using the recom-
mended cutoff (5   ng methamphetamine/mL,  > 2.5   ng 
amphetamine/mL).350   The mean times to last positive 
specimen at this cutoff were 4.0 hours and 20.6 hours, 
respectively. Analysis of urine samples had higher detec-
tion times and rates compared with oral fl uids. 

  Blood 

Therapeutic use.     Following the ingestion of a liquid 
dose of 12.5   mg methamphetamine, the mean peak 
plasma concentration of methamphetamine was about 
0.02   mg/L as measured by gas chromatography with 
fl ame - ionization detection.  201   Volunteer studies indicate 
that the central (arousal) and peripheral sympathomi-
metic effects (i.e., elevated heart rate and blood pres-
sure) begin at plasma methamphetamine concentrations 
near 0.005   mg/L and 0.02   mg/L, respectively.  351   Doses of 
methamphetamine in clinical studies do not usually 
exceed 60 mg, which corresponds to a maximum blood 
methamphetamine concentration of approximately 0.1 –
 0.2   mg/L.  352   The actual physical effects of methamphet-
amine are somewhat variable depending on the duration 
of drug use, psychiatric state, and the situation as well as 
the methamphetamine concentration. Moderate subjec-
tive effects, as defi ned by a mean score of 38% of the 
maximum  “ high ”  ever achieved, occurred in 6 experi-
enced methamphetamine users following the smoking of 
30   mg (inhaled dose of about 22   mg) methamphetamine 
hydrochloride.  193   The mean peak plasma concentration 
of methamphetamine was approximately 0.047   mg/L. 

 The clinical effects of methamphetamine decline 
more rapidly than the concentration of methamphet-
amine in the plasma as a result of acute tolerance to the 
effects of methamphetamine. Consequently, the acute 
subjective and cardiovascular effects of methamphet-
amine subside despite the presence of methamphet-
amine in the plasma. In a study of 8 experienced 
methamphetamine users, each volunteer received 
either a 50   mg intranasal dose of methamphetamine 
along with 10   mg deuterium - labeled methamphetamine 

method of methamphetamine synthesis.  α  - Benzyl-
phenethylamine derivatives are the most common con-
taminates of the reductive amination of phenylacetone 
using the Leuckart procedure to produce amphetamine 
and methamphetamine.  342   Side reactions and incom-
plete conversions during the Leuckart process result in 
a variety of impurities and intermediate products, 
including benzyl methyl ketone, dibenzyl ketone, for-
mamide, di(1 - phenylisopropyl) formamide, formic acid, 
methylamine,  N,N  - dimethyl amphetamine,  N  - formyl 
amphetamine, di(1 - phenylisopropyl)amine, benzyl-
amine, and several pyrimidine and pyridine com-
pounds.  343,344   Benzaldehyde is a common contaminant of 
methamphetamine produced when phenylacetone 
(P2P) is synthesized from the reaction of benzaldehyde 
with nitroethane followed by hydrogenation with iron 
and hydrochloric acid. However, the presence of benz-
aldehyde is not specifi c for this type of reaction. 

 Impurities from the clandestine synthesis of metham-
phetamine from ephedrine or pseudoephedrine via 
hydriodic acid include 1 - benzyl - 3 - methylnaphthalene 
and 1,3 - dimethyl - 2 - phenylnaphthalene.  345   An aziridine 
is a potentially toxic intermediate of the reduction of 
ephedrine, probably through the intermediate forma-
tion of iodoephedrine with the Red P/HI method. The 
Birch reduction of ephedrine or pseudoephedrine to 
form methamphetamine involves treatment of the start-
ing material with an alkali metal (e.g., lithium or sodium 
in liquid ammonia). During this process, an over -
 reduction causes the partial reduction of the aromatic 
ring along with the production of small amounts of 
the cyclohexadienyl analogue of methamphetamine. 
Several of these impurities (e.g.,  α  - benzyl -  N  - methyl-
phenethylamine or BNMPA) are pharmacologically 
active, but the toxic effects of these impurities remains 
relatively unreported.  346,347   Rarely, lead contaminates 
illicit methamphetamine.  348   Although postproduction 
adulteration is the most likely cause of lead contamina-
tion in illicit methamphetamine, potentially lead can 
contaminate the methamphetamine syntheses when 
lead acetate and phenyl acetic acid are used to produce 
phenylacetone (phenyl - 2 - propanone).  

  Storage 

 Methamphetamine is relatively stable in properly stored 
and frozen postmortem samples. Animal studies and 
examination of exhumed material indicate that metham-
phetamine is fairly stable in the blood and bone marrow 
over several years.  349    In vitro  studies indicate that meth-
amphetamine is stable in urine samples stored at − 20 ° C 
in 1% sodium fl uoride for 2 years.  108   In a study of meth-
amphetamine concentrations in samples stored at 
ambient temperature in gray - top Vacutainer  ®   (Becton 
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0.3   mg/L, 0.4 – 0.5   mg/L, and 3   mg/L, respectively.  355,356   
Following a methamphetamine overdose, blood meth-
amphetamine concentrations in the range of 1 – 2   mg/L 
are associated with severe methamphetamine intoxica-
tion (hyperthermia, DIC, renal failure, rhabdomyolysis) 
and death. A 33 - year - old male was arrested for driving 
erratically, and his initial whole blood methamphet-
amine concentration was 0.23   mg/L.  357   About 3 – 4 hours 
after ingesting an unknown amount of methamphet-
amine, he developed confusion, agitation, and diapho-
resis, followed by seizures, hyperthermia, and a marked 
sinus tachycardia. The serum methamphetamine con-
centration was 1.94   mg/L. He later developed hyper-
thermia and fatal DIC. Following a methamphetamine 
overdose, the plasma methamphetamine concentration 
1 hour prior to death from hyperthermia and multior-
gan failure was 6.74    μ mol/dL (approximately 10   mg/L) 
with a blood ethanol concentration near 50   mg/dL.  358   A 
41 - year - old man presented to the emergency depart-
ment with agitation, diaphoresis, marked sinus tachycar-
dia (160 beats/min), hallucinations, and a temperature 
of 41.6 ° C (106.9 ° F).  359   The serum methamphetamine 
and amphetamine concentrations on admission 6 hours 
after the injection of methamphetamine were 0.3   mg/L 
and 0.04   mg/L, respectively. He recovered after a pro-
longed course of rhabdomyolysis and hepatorenal 

intravenously or 40   mg of smoked methamphetamine 
along with 10   mg deuterium - labeled methamphetamine 
IV.  203   Subjective effects of methamphetamine were 
measured by a visual analog scale from 0 – 100 with zero 
being no effect and 100 being  “ most ever. ”  Figure  1.8  
displays the time course of the visual analog scale for 
intoxication following the administration of metham-
phetamine via smoking and intranasal administration.    

  Illicit Use.     The clinical effects of methamphetamine 
depend, in part, on the presence of tolerance. In a case 
series of 7 chronic methamphetamine abusers exhibit-
ing signs of violence and irrational behavior, the blood 
methamphetamine concentrations ranged from 0.15 –
 0.56   mg/L as measured by gas chromatography with 
hydrogen - fl ame ionization detector.  353   Of 1,265 blood 
samples submitted for analysis from individuals involved 
in criminal activity (driving under the infl uence, rape, 
homicide, under infl uence of a controlled substance), 
about 12% (157 samples) tested positive for metham-
phetamine.  354   The methamphetamine concentrations 
ranged from 0.025 – 2.03   mg/L with a mean concentra-
tion of 0.308   mg/L.  

  Overdose.     A review of animal and postmortem data 
suggested that mild, moderate, and serious intoxications 
occur at blood methamphetamine concentrations near 

       FIGURE 1.8.     Subjective effects of intranasal (squares) and smoked (circles) methamphetamine based on Visual Analog Scale 
(0 – 100) over 72 hours.  203   Each participant also received 10   mg intravenous deuterium - labeled methamphetamine with the intra-
nasal or smoked dose of methamphetamine.  (Reprinted by permission from Macmillan Publishers Ltd: Clinical Pharmacology  &  
Therapeutics, Vol. 74, DE Harris, H Boxenbaum, ET Everhart, G Sequeira, JE Mendelson et al., The bioavailability of intranasal 
and smoked methamphetamine, p. 484, 2003.)   
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methamphetamine concentrations in blood samples 
from methamphetamine - related deaths, and the range 
of methamphetamine concentrations in blood samples 
from homicides and accidental overdoses usually 
overlap.  364   In a case series of 23 homicides and 9 acci-
dental overdoses involving only methamphetamine use, 
the mean ( ±  standard deviation) methamphetamine 
concentrations in postmortem blood from the 23 homi-
cides and 9 accidental overdoses was 0.66 ( ± 1) mg/L and 
0.980 ( ± 1) mg/L, respectively.  365   Amphetamine is a 
metabolite of methamphetamine, and case reports indi-
cate that the amphetamine concentrations in postmor-
tem blood from fatal cases of methamphetamine 
overdose are approximately 4 – 5% of the blood meth-
amphetamine concentration.  366

Redistribution.     Some postmortem redistribution of 
methamphetamine likely occurs because of the basic 
pKa  and the diffusion of methamphetamine from the 
sites in the pulmonary veins to the left side of the 
heart.367   Additionally, failure to ligate the femoral vein 
during aspiration of postmortem blood may cause an 
increase in redistribution of methamphetamine from 
central to peripheral blood in cases involving the inges-
tion of large amounts of methamphetamine.  311   In post-
mortem samples from 4 methamphetamine abusers, 
blood samples from the left heart were 1.9 – 2.6 times 
higher than blood samples from the right heart.  368   The 
methamphetamine concentrations in samples from 
the femoral veins were closer to the concentrations 
in the right heart than to the left heart. In a case series 
of 3 fatalities, the left/right heart blood ratio was 1.0, 
1.59, and 2.06 with the highest ratio occurring in autopsy 
blood containing the highest concentration of metham-
phetamine.  367   In a case series of 20 autopsies, the heart/
femoral blood ratios of methamphetamine averaged 2.1 
with a range of 1.2 – 5.0.  369   The presence of large amounts 
of methamphetamine in the stomach may result in the 
postmortem diffusion of signifi cant amounts of meth-
amphetamine to cardiac blood.  200   Stomach fl uid and 
saliva may contain small amounts of amphetamine (i.e., 
about 0.1% of the blood methamphetamine concentra-
tion) as a result of the diffusion of amphetamine from 
surrounding blood vessels.  252

  Urine 

 The absorption of methamphetamine is rapid with the 
appearance of the parent compounds in the urine begin-
ning about 20 minutes after ingestion. The concentra-
tion of methamphetamine depends on a number of 
variables including dose, duration of use, urine pH, 
urinary excretion rates, and individual pharmacokinet-
ics. Figure  1.7  demonstrates urine methamphetamine 

failure. Rarely, survival occurs when the blood metham-
phetamine concentration exceeds 3 – 4   mg/L. A driver 
ingested a bag of methamphetamine following a routine 
traffi c stop, and his serum methamphetamine concen-
tration 1 hour later on arrival to the hospital was 
9.46   mg/L.  360   He developed dysrhythmias and seizures, 
but he survived with supportive care. Details of his 
medical care were not reported. There are few data on 
the ratio of whole blood methamphetamine/plasma 
methamphetamine concentrations.  

Postmortem.     There are limited data on postmortem 
blood concentrations of methamphetamine; therefore, 
the interpretation of the signifi cance of a specifi c post-
mortem concentration of methamphetamine requires 
careful analysis of the circumstances surrounding the 
death, the behavior of the individual, the autopsy, pre-
scription medications, anatomic site of postmortem 
sample collection, and the reliability of the sample 
integrity. In particular, the lower ranges of methamphet-
amine concentrations must be interpreted with caution 
because of tolerance and the subjectivity associated 
with the determination of the contribution of metham-
phetamine to the cause of death.  164,361

 A study of 413 autopsy reports of cases with detect-
able methamphetamine in postmortem blood did not 
fi nd a statistically signifi cant difference ( P     =    0.65) in the 
mean methamphetamine concentration (2.08   mg/L) 
between deaths related to the medical effects of meth-
amphetamine and the mean methamphetamine concen-
tration (1.78   mg/L) in deaths not related to the medical 
effects of methamphetamine.  249   The use of some pre-
scription medications may produce small, but detect-
able amounts of amphetamine and methamphetamine 
in postmortem blood samples. The concentration of 
methamphetamine and amphetamine in postmortem 
heart blood samples from a 72 - year - old woman, who 
was found dead with a suicide note, was 0.28   mg/L and 
0.08   mg/L, respectively.  362   Her list of prescribed medica-
tions included selegiline, desipramine, trazodone, and 
bromocriptine. The source of the methamphetamine 
and amphetamine was probably the metabolism of sele-
giline. Consequently, the postmortem methamphet-
amine concentration should not be used alone to 
determine the cause of death. 

Concentrations.     Most deaths related to methampheta-
mines are associated with postmortem methamphet-
amine concentrations exceeding 0.5 – 1   mg/L. In a series 
of 13 autopsies in which methamphetamine was the only 
drug present in toxicologically signifi cant quantities, the 
methamphetamine concentration in postmortem blood 
samples (site not reported) ranged from 0.09 – 18   mg/L 
with a median of 0.96   mg/L.  363   There is a wide range of 
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methamphetamine in urine samples based on current 
cutoffs were 43.6 and 66.9 hours, respectively.  350   Lowering 
the cutoff to 250   ng methamphetamine/mL and 100   ng 
amphetamine/mL increased the mean detection times 
to 59.5 and 79.7 hours, respectively. Although detectable 
concentrations of d  - amphetamine (i.e.,  > 50   ng/mL) are 
usually present in urine samples containing metham-
phetamine, the absence of detectable concentrations of 
d  - amphetamine does not necessarily confi rm the lack of 
methamphetamine abuse.  376

α  - Benzyl -  N  - methylphenethylamine (BNMPA) is an 
impurity that contaminates illicit methampheta-
mine produced by the Leuckart reaction using phenyl-
acetone (phenyl - 2 - propanone) synthesized from 
phenylacetic acid. The presence of BNMPA or its major 
metabolite,  p  - OH - BNMPA, indicates the illicit use of 
methamphetamine.  377   Additionally, the presence of 
the ( d ) - enantiomer or a racemic mixture of metham-
phetamine enantiomers suggests  the illicit use of 
methamphetamine in contrast to licit drugs, which 
contain only the ( l ) - enantiomer.  378,379   When calibrated 
at 0.3   mg  d  - amphetamine/L, excessive use (i.e.,  > twice 
recommended dose) of Vicks  ®   nasal inhaler ( l  -
 methamphetamine) may produce false - positive results 
on some immunoassays, but false - positive results are 
unlikely during the use of a 1000   ng/mL cutoff.  380   The 
metabolism of the anti - parkinson drugs, selegiline 
and deprenyl produces l  - amphetamine and  l  -
 methamphetamine, resulting in positive urine drug 
screens for methamphetamine. Detection of these 
metabolites requires chiral chromatography; routine gas 
chromatography/mass spectrometry does not separate 
the d  -  and  l  - enantiomers. Additionally, the ratio of 
methamphetamine/amphetamine is much lower (i.e., 
2.5) following selegiline ingestion than following meth-
amphetamine ingestion (i.e., about 10).  98   Because of 
structural similarities, ephedrine and pseudoephedrine 
may cross - react with some immunoassay screening 
reagents for methamphetamine.  

  Hair 

 Sensitive methods for detecting amphetamine and 
methamphetamine in hair include gas chromatography/
mass spectrometry  381,382   and liquid chromatography/tandem 
mass spectrometry liquid chromatography/tandem mass 
spectrometry.  383   Multiple factors complicate the inter-
pretation of the results of hair analysis including hair 
growth rates, analytic techniques (washing, sample 
preparation), drug incorporation rates, sectional differ-
ences in drug concentrations, hair color and melanin 
content (increased incorporation in dark hair), life - style 
differences (shampooing, dyeing, bleaching), sunlight 

and amphetamine concentrations in urine samples from 
volunteers receiving 15.5   mg methamphetamine intra-
venously or 30   mg methamphetamine via a glass pipe. 
The mean methamphetamine concentration in urine 
samples from 30 outpatients presenting for treatment of 
methamphetamine abuse was 18.1    ±    26.2   mg/L (range, 
0 – 101.5   mg/L).  370   In 16 urine samples from metham-
phetamine addicts sent to a Japanese criminal science 
laboratory, the median urine methamphetamine con-
centration was about 21   mg/L (range, 0.7 – 157.5   mg/L).  371

The median methamphetamine concentration in 30 
forensic urine samples from Japanese users arrested 
for methamphetamine use was about 6.7   mg/L (range, 
0.77 – 154.2   mg/L).  372

 Urine amphetamine immunoassays detect the pres-
ence of these compounds following occasional use for 
approximately 1 – 3 days depending on several factors 
including the dose, duration of use, urine pH, hydration 
(i.e., urine creatinine, specifi c gravity), analytic method 
(sensitivity, specifi city, cutoff), and individual metabolic 
and excretion rates.  373   The normal urinary pH range is 
about 4.5 – 8.0 with urine creatinine concentration below 
20   mg/dL and specifi c gravity  < 1.003 suggesting dilution 
of the urine specimen. The US DOT Regulations (49 
Code of Federal Regulations Part 40) defi nes a substi-
tuted urine specimen as containing ≤ 5   mg creatinine/dL 
and  a specifi c gravity of  ≤ 1.001 or  ≥ 1.020. Other criteria 
for an adulterated specimen include nitrite ≥ 500    μ g/mL, 
urine pH ≤ 3 or  ≥ 11 or the presence of substances (e.g., 
glutaraldehyde, chlorochromate, hydrogen peroxide, 
bleach, anionic surfactant, hydrochloric acid) normally 
absent in human urine. Studies of volunteer metham-
phetamine users indicate that under extreme circum-
stances the urine drug screen for amphetamine/
methamphetamine may remain positive for approxi-
mately 1 week.  374   Current US workplace drug testing for 
methamphetamine requires the presence of urinary 
methamphetamine and urinary amphetamine concen-
trations above 500   ng/mL and 200   ng/mL, respectively. 
Because of interindividual variation and low urinary 
concentrations of amphetamine, the detection rate for 
urine specimens collected within 12 hours of ingestion 
and analyzed using these cutoffs is relatively low. In a 
volunteer study of 8 volunteers ingesting daily doses of 
10   mg methamphetamine for 4 days, about 16% of the 
urine specimens collected within 12 hours of the dose 
of amphetamine were positive based on the current 
cutoff.  375   Final detection times after the 4 doses averaged 
55.0    ±    18.7 hours with a range of 31 – 92 hours. Reducing 
the methamphetamine cutoff to 250   ng/mL extends the 
detection time to approximately 24 hours. In a study of 
5 healthy volunteers receiving 10   mg or 20   mg metham-
phetamine daily for 4 days, the mean detection times for 
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phetamine, but the frequency of direct drug hepatotox-
icity is unclear in the absence of rhabdomyolysis and 
end organ failure.  

  Central Nervous System 

Acute.     Intracranial hemorrhages in methamphet-
amine abusers are usually located in the cerebral white 
matter rather than the sites commonly associated 
with chronic hypertension (i.e., basal ganglia, pons, 
cerebellum). These intracranial hemorrhages may occur 
in association with aneurysms or arteriovenous malfor-
mations. Other pathologic fi ndings associated with 
amphetamine use include subarachnoid hemorrhage, 
subdural hematoma, and drug - induced vasculitis.  390,391

Angiographic studies of involved vessels demonstrate 
beading of the anterior or middle cerebral arteries with 
partial or complete occlusion of small - caliber vessels 
(< 1   mm).  392

Chronic.     Neuropsychologic testing suggests that high -
 dose methamphetamine/amphetamine abuse reduces 
scores on the Wechsler Memory Scale - Revised tests on 
attention/concentration, delayed recall indices, and 
verbal memory compared with controls who do not use 
illicit drugs.  393   There were no statistical differences 
in neuropsychologic scores between controls ( n     =    9) 
and low - dependence methamphetamine/amphetamine 
users as defi ned by the severity of dependence scale 
(i.e., intensity of use rather than cumulative dose). Total 
lifetime street - use of methamphetamine/amphetamine 
was not signifi cantly different between the high - dose 
(n     =    11) and low - dose methamphetamine/amphetamine 
(n     =    15) groups. About 68% of the drug users used 
methamphetamine/amphetamines intravenously; the 
study did not separate amphetamine users from meth-
amphetamine users. A study of cognitive function in 
chronic methamphetamine users demonstrated statisti-
cally signifi cant differences in test scores on visual dis-
crimination learning and shifting as well as smaller 
differences in visuospatial memory, when compared 
with age -  and IQ - matched controls.  394   In a meta - analysis 
of 18 studies on neuropsychologic testing in chronic 
methamphetamine abusers, moderate to large defi cits 
occurred in domains of learning ( d     =     − 0.66), executive 
functions ( d     =     − 0.63), and memory ( d     =     − 0.59).  395   These 
results suggest detrimental effects on the limbic and 
frontostriatal circuits. The most prominent effects on 
memory occurred in episodic memory, which is a 
multifactorial ability (e.g., encoding, consolidation, 
retrieval) dependent on multiple regions in the brain 
(e.g., frontal, temporal). Slightly smaller effects were 
observed in attention/working memory, language, and 

exposure, and limited data on the correlation between 
chronic drug use and hair concentrations.  384   In general, 
the methamphetamine and amphetamine concentra-
tions in axillary and pubic hair are somewhat higher 
than scalp hair. In a study of 5 methamphetamine users, 
the mean methamphetamine concentrations in scalp 
and axillary hair were 13.49    μ g/g (range, 2.7 – 22.7    μ g/g) 
and 18.68    μ g/g (range, 2.9 – 53.35    μ g/g), respectively.  385

There is substantial variation in the metabolite/parent 
drug ratio (amphetamine/methamphetamine) ratio in 
hair samples. The methamphetamine and amphetamine 
concentrations in 2,444 positive forensic samples sub-
mitted for methamphetamine abuse ranged from 0.51 –
 193.75    μ g/g and 0.13 – 13.39    μ g/g, respectively, in head 
hair.  386   The amphetamine/methamphetamine ratio was 
0.004 – 1.16. A 12 - week study of 6 methamphetamine 
users admitted to a drug treatment program demon-
strated peak methamphetamine concentrations in hair 
samples ranging from 1 – 7   cm from the root over the 
course of the study.  387   The incorporation of basic drugs 
into hair is relatively high compared with acidic 
and neutral drugs.  388   Consequently, the use of hair anal-
ysis to detect methamphetamine use requires further 
validation.   

  Abnormalities 

  Rhabdomyolysis 

 Rhabdomyolysis may develop after the administration 
of large methamphetamine doses, particularly in asso-
ciation with hyperthermia.  389   Potential laboratory 
changes in patients with rhabdomyolysis include ele-
vated serum muscle enzymes (creatine kinase, aldolase), 
myoglobinuria, hyperbilirubinemia, hyperuricemia, 
hypocalcemia, hyperkalemia, renal failure, hyperphos-
phatemia, and hypokalemia. Coagulopathies associated 
with hyperthermia and DIC may cause intramuscular 
hemorrhage, elevated compartment pressures, and 
rhabdomyolysis.  

  Blood 

 Leukocytosis occurs frequently after methamphetamine 
use. Disseminated intravascular coagulation (thrombo-
cytopenia, hypofi brinogenemia, hypoprothrombinemia, 
reduced partial thromboplastin levels, elevated fi brin 
split products) can occur after IV or oral amphetamine 
use, especially in association with rhabdomyolysis and 
hyperthermia. Hypoglycemia is a rare complication of 
severe methamphetamine intoxication, probably as a 
result of the depletion of glycogen stores during pro-
longed hyperadrenergic state.  310   Elevated serum hepatic 
aminotransferases complicate the IV abuse of metham-
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amine concentration of 0.55   mg/L with a range up to 
1.88   mg/L.  352   Two additional drivers developed
irrational, agitated, violent behavior after ingesting 
methamphetamine during their apprehension. The 
methamphetamine concentrations were 2.58   mg/L and 
9.46   mg/L. The latter driver developed seizures. Driving 
abnormalities associated with methamphetamine intox-
ication includes tailgating, rapid lane changes without 
signaling, and speeding.  402

 The effect of methamphetamine on driving is complex 
and dose - related. In general at low doses, methamphet-
amine is a stimulant, but psychomotor skills, reasoning, 
and cognition deteriorate as the dose and duration of 
use increases.  150   Furthermore, CNS depression during 
the withdrawal phase and psychotic symptoms from 
chronic abuse of high doses of methamphetamine may 
impair driving skills. The intensity of effects at a specifi c 
methamphetamine concentration depends in part on 
the amount of tolerance to amphetamines. Studies of 
volunteers given methamphetamine indicate that the 
effects of methamphetamine on the psychomotor skills 
required to operate machinery effectively are similar to 
the effects of d  - amphetamine. The administration of 
15 – 20   mg methamphetamine to healthy volunteers 
slightly improves performance on some simple tasks 
(reaction times, vigilance, attention), particularly in 
fatigued subjects. However, the positive effects of meth-
amphetamine on psychomotor skills is neither consis-
tent or without adverse effects. In study of 70 college - age 
volunteers receiving IV methamphetamine (0.2   mg/kg 
or 0.3   mg/kg) or placebo, methamphetamine alone pro-
duced subjective arousal and a small improve ment in 
recall of recently learned words; however, the number 
of incorrect responses increased substantially.  403   In a 
study of 36 male college students receiving 15   mg 
methamphetamine/150 pounds intravenously, there was 
slightly improved speed on some repetitive motor 
tasks when compared with baseline.  404   However, there 
were no differences between methamphetamine and 
placebo on several tests of reaction time. Standard fi eld 
sobriety tests (horizontal gaze nystagmus, walk and 
turn test, one leg stand test) are not sensitive measures 
of the effect of methamphetamine as measured in adult 
volunteers receiving 0.42   mg/kg  d , l  - methamphetamine 
or placebo.  138

  TREATMENT 

  Stabilization 

 The treatment of amphetamine, methamphetamine, and 
cocaine intoxications are similar; however, there are 
fewer clinical data on the specifi c treatment of metham-
phetamine intoxication compared with cocaine. The 

visuoconstruction. The relationship between these defi -
cits and characteristics of methamphetamine use (e.g., 
route, duration of use, abstinence) and confounders 
(e.g., premorbid psychologic conditions, comorbid dis-
eases) are not well defi ned. 

 Although there are limited data, human studies sug-
gests that chronic methamphetamine abuse produces 
permanent alteration of brain chemistry and function. 
PET scans detected a reduction in dopamine transport-
ers in the caudate nucleus and putamen of 6 abstinent 
methamphetamine users.  396   However, none of these 
former methamphetamine abusers had clinical signs of 
parkinsonism. The reported mean period of abstinence 
for these former methamphetamine users was 3 years. 
A brain proton magnetic resonance spectroscopy 
(MRS) study of 26 abstinent methamphetamine abusers 
demonstrated an approximate 5% reduction in the con-
centration of the neuronal marker,  N  - acetylaspartate, in 
the basal ganglia and in frontal white matter.  397   The 
median time from the imaging study to the last reported 
use of methamphetamine was about 4 months.    

  Driving 

 There are limited data on the causal relationship 
between methamphetamine use and trauma, including 
traffi c accidents. In general, the increasing prevalence of 
methamphetamine in postmortem samples from drivers 
in fatal accidents refl ects the increasing abuse of this 
drug. A retrospective study of patients admitted to a 
California trauma center indicated that the percentage 
of urine samples positive for amphetamines (presum-
ably mostly methamphetamine based on prevalence of 
use) and for cocaine was 13.2% versus 6.2%, respec-
tively.  398   Studies of postmortem blood from fatal traffi c 
accident victims demonstrated that the rate of metham-
phetamine use ranged from 1.8% – 8.0%.  352,399,400   In a 
study of 17 drivers involved in fatal traffi c accidents, the 
postmortem methamphetamine concentration ranged 
from 0.05 – 2.6   mg/L with a median of 0.35   mg/L.  363

Accident investigation of these fatal accidents indicated 
that 16 of the 17 drivers were responsible for the fatal 
accident. Drifting out of the lane of travel and reckless 
(high speed) driving were the most prominent causal 
factors. In a study of postmortem blood samples from 
370 fatally injured drivers, detectable concentrations of 
methamphetamine occurred in 18 (4.9%). The metham-
phetamine concentrations ranged from < 0.01 – 1.08   mg/L 
with mean and median concentrations of 0.73   mg/L and 
0.26   mg/L, respectively.  401   Culpability for the accidents 
was not reported. 

 A study of 26 positive blood samples from drivers 
apprehended for driving under the infl uence of 
methamphetamine demonstrated a mean methamphet-
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should be evaluated for the presence of these 
complications.  

  Agitation 

 Diazepam (5 – 10   mg IV in adults or 0.1 – 0.3   mg/kg in 
children) or lorazepam (1 – 2   mg IV in adults) are the 
safest drugs for agitation; IV midazolam (initial starting 
dose, 0.03   mg/kg/h) titrated to effect is a short - acting 
alternative to IV lorazepam or diazepam, particularly in 
critical patients. Lorazepam is preferred to diazepam 
when IV access is unavailable.  66   Benzodiazepines should 
be titrated to the desired clinical effect. Intravenous 
droperidol (2.5 – 5   mg) is an alternative to diazepam or 
lorazepam for the treatment of acutely agitated 
methamphetamine - intoxicated patients. In a prospec-
tive clinical study of adult patients, the administration 
of IV droperidol (2.5 – 5   mg) produced more rapid and 
profound sedation compared with IV lorazepam 
(2 – 4   mg) in a group of 146 patients with methamphet-
amine intoxication.  406   More repeat doses of lorazepam 
were administered during the fi rst hour of treatment 
than repeat doses of droperidol. A study of 18 pediatric 
patients with methamphetamine intoxication suggested 
that IV haloperidol is a safe adjunctive therapy with 
benzodiazepines for the treatment of acute metham-
phetamine intoxication in children.  407   The starting dose 
of haloperidol was 0.025 – 0.05   mg/kg, repeated every 
15 – 30 minutes as necessary for the treatment of delir-
ium. Hypotension, respiratory depression, and dystonic 
reactions are potential complications of butyrophenone 
use. A calm environment and familiar faces may also 
help alleviate agitation.  

  Hyperthermia 

 Severe temperature elevation (i.e.,  > 40 – 42 ° C/104 –
 107.6 ° F) is a poor prognostic sign, and hyperthermia 
frequently occurs with evidence of end - organ failure 
(hypotension, hyperkalemia, metabolic acidosis, rhab-
domyolysis, elevated serum creatinine kinase, coagu-
lopathy).309   Elevated core body temperature should be 
treated aggressively, especially when temperatures 
exceed 39 – 40 ° C (102.2 – 104 ° F). Cooling measures 
include removal of clothing, cool rooms, cool mist spray 
to the skin, liberal use of fans, ice baths, and sedation 
(benzodiazepines). Ice - bath immersion produces the 
most rapid response, but technical diffi culties frequently 
limit the use of this modality. The use of hypothermic 
blankets or the application of ice packs often does 
not produce suffi cient cooling for these patients. 
Neuromuscular paralysis, sedation (midazolam, contin-
uous propofol infusion), and mechanical ventilation 
may be necessary to reduce the muscle rigidity and 

major life - threatening complications of acute metham-
phetamine intoxication include hyperthermia, hyper-
tension, seizures, cardiovascular instability, and trauma. 
Coma, shock, acute renal failure, severe hyperthermia 
(i.e., temperature  > 41 ° C/105.8 ° F), and seizures are poor 
prognostic indicators.  405   Severely intoxicated patients 
require IV access, cardiac monitoring, pulse oximetry, 
an electrocardiogram (ECG), and supplemental oxygen. 
Respiratory depression does not usually occur during 
mild to moderate methamphetamine intoxication, but 
pulmonary edema (cardiogenic shock, acute respiratory 
distress syndrome) can develop during severe metham-
phetamine poisoning. Most patients tolerate sinus 
tachycardia without pharmacologic intervention. Both 
hypertension and tachycardia often respond to IV ben-
zodiazepines (adult: lorazepam 2   mg or diazepam 5   mg 
bolus titrated to effect). Core body temperatures should 
be measured in any agitated patient. Patients with sus-
pected myocardial ischemia should be managed with 
nitrates, morphine, benzodiazepines, aspirin, and benzo-
diazepines. Hypotension may respond to fl uid chal-
lenges, but often a vasopressor is needed. Shock is a 
poor prognostic sign that indicates the need for moni-
toring of cardiac output to determine the most effi ca-
cious combination of fl uid and vasopressors. 

  Hypertension 

 Elevated blood pressure during methamphetamine 
intoxication does not usually require treatment unless 
the hypertension contributes to myocardial ischemia. 
Benzodiazepines can be administered for agitation. 
Treatment for severe hypertension includes IV sodium 
nitroprusside (0.5 – 8    μ g/kg/min) or phentolamine (2.5 –
 5   mg initial IV bolus). Phenothiazine compounds reduce 
amphetamine - induced hypertension in animal models, 
but there are inadequate clinical data to determine the 
effi cacy of these drugs during methamphetamine toxic-
ity. Theoretical concerns about potential reduction in 
the seizure threshold have limited the administration of 
phenothiazine compounds in clinical practice. Beta 
blockers should be avoided because the blockade of 
β2  - mediated vasodilation can cause vasoconstriction 
and paradoxical worsening of the hypertension associ-
ated with the methamphetamine.  

  Seizures 

 Seizures usually respond to benzodiazepines (loraze-
pam, diazepam). Therapeutic options for the treatment 
of status epilepticus include phenobarbital and anes-
thetic agents (e.g., propofol). Hyperthermia, acidosis, 
hypoxemia, and rhabdomyolysis may complicate the 
clinical course during status epilepticus; these patients 
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  Supplemental Care 

 Most methamphetamine body stuffers with serious 
methamphetamine intoxication present to the emer-
gency department with a pulse  > 120   bpm and/or body 
temperature ≥ 38.0 ° C (100.4 ° C).  411   Delayed symptoms 
may occur following the ingestion of well - wrapped 
baggies or rolled plastic baggies that simulate sustained 
release packaging ( “ parachuting methamphetamine ” ). 
Monitoring of these patients may be necessary up to 24 
hours after ingestion. 

  Ancillary Tests 

 Depending on clinical judgment and severity of poison-
ing, laboratory examination includes complete blood 
count, serum electrolytes, calcium, phosphorus, uric 
acid, creatine kinase, hepatic transaminases, creatinine, 
glucose, blood urea nitrogen (BUN), coagulation profi le 
(platelet count, fi brin split products, fi brinogen, pro-
thrombin time, partial thromboplastin time), urinalysis 
including myoglobin, arterial blood gases, chest x - ray, 
ECG, cardiac monitoring, and appropriate diagnostic 
neurologic testing (i.e., CT of the brain with or without 
angiography, lumbar puncture). The use of the urine 
dipstick is a convenient method to detect the presence 
of hemoglobin or myoglobin at concentrations above 
5 – 10   mg/L.  412   After the cessation of the myoglobin for-
mation, hepatic metabolism and renal excretion clear 
plasma myoglobin within 1 – 6 hours. The presence of 
myoglobinuria necessitates generous fl uid replacement, 
but alkalinization of the urine is not routinely recom-
mended because the excretion of amphetamine com-
pounds decreases substantially in alkaline urine and 
there are inadequate data to support the effi cacy of 
alkalinization in this setting.  

  Methamphetamine Psychosis 

 Fulminant psychosis in chronic methamphetamine 
abusers requires hospitalization to provide a protective 
environment, particularly when suicidal ideations are 
present. There are limited clinical data on the treatment 
of methamphetamine psychosis.  413   Empirical treatment 
includes the use of chlorpromazine at dosages of 50   mg 
orally or intramuscularly every 4 hours. Depending on 
adverse effects (sedation, orthostatic hypotension) and 
clinical response, the total daily dose varies up to 200 –
 800   mg divided in 4 – 6 doses. The administration of oral 
or intramuscular doses (2 – 5   mg) of haloperidol every 6 
hours is an alternative to chlorpromazine. Newer anti-
psychotic medications include olanzapine; limited clini-
cal data suggest that olanzapine is as effective as 

hyperactivity associated with refractory hyperther-
mia.408   Vital signs should be followed closely (i.e., every 
15 – 20 minutes) and cooling measures continued until 
core temperatures are below 38.5 – 39 ° C (101.3 – 102 ° F). 
Less severe temperature elevations ( < 38 – 40 ° C/100.4 –
 104 ° F) can be treated by placement in a cool room, 
removal of clothes, minimization of physical activity 
(sedation), tepid sponging, or evaporative methods 
(cool mist spray, fans).   

  Gut Decontamination 

 There are few data on the effect of decontamination 
procedures on the clinical outcome of methamphet-
amine intoxication. Most patients requiring treatment 
for ingesting methamphetamine are  “ body stuffers, ”  
who attempted to conceal evidence by swallowing vari-
able quantities of methamphetamine. Animal studies 
indicate that the administration of activated charcoal 
within 1 minute after the oral administration of a lethal 
dose of methamphetamine reduces early mortality in 
mice, but mortality at 48 hours was similar between the 
treated and untreated groups of mice.  409   All animals 
demonstrated signs (piloerection, tremor, agitation) of 
methamphetamine toxicity within 9 minutes of oral 
administration of the methamphetamine. The adminis-
tration of activated charcoal, sedation as needed, and 
supportive care are treatment options for body stuffers. 
More aggressive decontamination (polyethylene glycol 
electrolyte lavage solution) is necessary for body 
packers; however, the ingestion of methamphetamine 
by body packers is unusual compared with cocaine 
because of the ease of local clandestine manufacture of 
methamphetamine.  

  Elimination Enhancement 

 Currently, the use of forced diuresis with urinary acidi-
fi cation is not recommended. There are inadequate 
clinical data on the effi cacy of hemodialysis, peritoneal 
dialysis, and hemoperfusion during amphetamine intox-
ication to recommend the use of these procedures. The 
large volume of distribution of methamphetamine sug-
gests that these measures will not signifi cantly increase 
the elimination rate of methamphetamine. Animal 
studies do not support the use of multiple - dose acti-
vated charcoal as a means of enhancing methamphet-
amine elimination.  410

  Antidotes 

 There are no specifi c antidotes for methamphetamine 
intoxication.  
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haloperidol for methamphetamine psychosis with lower 
risk of adverse effects.  414   Long - term management of the 
habitual methamphetamine user is diffi cult because of 
frequent relapses. Treatment of these patients involves 
group therapy and restructured lifestyles. Gradual with-
drawal with methamphetamine is unnecessary. Heavy 
abusers become irritable and depressed during this 
period; antidepressants and suicide precautions are 
often required. In addition to behavioral group therapy, 
experimental pharmaceutic treatment of underlying 
methamphetamine abuse include the use of bupropion 
or risperidone.  415,416   Other experimental pharmacologic 
agents for the treatment of methamphetamine abuse 
include baclofen, mirtazapine, and topiramate.  417   The 
concomitant use of antipsychotic drugs does not neces-
sarily prevent the exacerbation of psychotic symptoms 
in patients, who continue to use methamphetamine.  

  Complications 

 Severe methamphetamine intoxication may be compli-
cated by a variety of problems, including acute renal 
failure, rhabdomyolysis, acute compartment syndrome, 
subarachnoid hemorrhage, intracerebral hemorrhage, 
cerebral edema with transtentorial herniation, DIC, and 
acute respiratory distress syndrome/acute lung injury. 
Laboratory examinations and repeat physical examina-
tions are necessary to diagnose these conditions early. 
Management is primarily supportive, but surgery may 
be required for intracranial lesions or compartment 
syndrome. 

 Distal ischemia is usually an isolated problem result-
ing from inadvertent intra - arterial administration of 
methamphetamine compounds; there are few clinical 
data on outcomes to guide treatment of the distal isch-
emia. Therapeutic options for the treatment of ischemia 
include intra - arterial tolazoline (12 – 25   mg/limb), IV 
nitroprusside infusions (0.5 – 8    μ g/kg/min), dextran 40 
(80   mL/h), local nerve blocks, and axillary nerve block. 
Other therapeutic measures include the use of heparin, 
thrombolytics, and papaverine. Monitoring of intra -
 arterial pressure during these infusions is mandatory. 
Supportive care for compartment syndrome includes 
analgesics, elevation of extremities, and elimination of 
methamphetamine exposure. Fasciotomies are usually 
unnecessary unless there is clear evidence of high com-
partment pressures and associated distal ischemia.        
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               HISTORY 

 Methylphenidate was fi rst synthesized in 1944 by Ciba -
 Geigy Pharmaceutical Company as an analeptic agent 
for the treatment of barbiturate overdose. Initial indica-
tions for the use of methylphenidate were lethargy, 
chronic fatigue, depression (with or without psychosis), 
senile behavior, and narcolepsy. Now methylphenidate 
is primarily prescribed in the United States for the treat-
ment of attention defi cit disorder (ADD) and attention 
defi cit hyperactivity disorder (ADHD) in children and 
adolescents.  1   Narcolepsy - associated somnolence is also 
treated with methylphenidate. In 1960, a case report 
documented the daily ingestion of up to 125 tablets of 
methylphenidate in a 37 - year - old woman, who required 
hospitalization for her addiction.  2   Sweden withdrew 
methylphenidate from their list of approved drugs in 
1968. During the 1970s, the intravenous (IV) abuse of 
methylphenidate occurred, particularly on the West 
Coast of the United States.  3   Intravenous drug abusers 
used methylphenidate as a stimulant in combination 
with opiates (e.g., pentazocine); however, daily use of 
methylphenidate was low (i.e.,  < 1 – 2%) compared with 
most other drugs of abuse.  4

  IDENTIFYING CHARACTERISTICS 

  Physiochemical Properties 

 Methylphenidate is a white, odorless, crystalline powder. 
Table  2.1  lists some physiochemical properties of 
methylphenidate.   

 Methylphenidate (CAS RN: 113 - 45 - 1) is a piperidine -
 substituted phenylisopropylamine that is structurally 
related to amphetamine. Figure  2.1  displays the chemi-
cal structure of methylphenidate. The molecular formula 

of methylphenidate is C 14 H 19 NO 2 . Methylphenidate 
exists as 4 isomers as a result of the presence of 2 chiral 
centers; however, the pharmaceutical formulation of 
methylphenidate (Ritalin  ®  , Novartis Pharmaceutical 
Corp., East Hanover, NJ ) contain a racemic mixture of 
threo  - ( S , S ) - ( – ) -  and  threo  - ( R , R ) - ( + ) - isomers. The phar-
macologic and toxic actions of methylphenidate result 
primarily from the threo  - ( + ) - enantiomer, which selec-
tively competes for the dopamine uptake binding site 
on the dopamine transporter in the basal ganglia.  5   The 
binding of the threo  - ( – ) - enantiomer to the dopamine 
transporter is diffuse and nonspecifi c.  6

  Terminology 

 The IV use of crushed pentazocine (Talwin  ®  , Sanofi  -
 Aventis US, Bridgewater, NJ) and methylphenidate 
(Ritalin ®  ) is called  “ Ts and blues, ”   “ poor man ’ s heroin, ”  
or  “ Ts and Rs. ”   7   The name,  “ Ts and blues ”  also refers to 
the IV use of the combination of pentazocine (Talwin  ®  ) 
and the antihistamine tripelennamine (Pyribenzamine  ®  , 
Novartis Pharmaceutical Corp., East Hanover, NJ). 
Street names for methylphenidate include Skippy, 
R - ball, and Vitamin R.  

  Form 

 Because of the technical diffi culty associated with ste-
reospecifi c synthesis, drug diversion is the primary 
source of illicit methylphenidate rather than clandestine 
synthesis. Consequently, illicit methylphenidate is 
usually pharmaceutic grade and impurities are usually 
not clinical signifi cant following ingestion. The IV use 
of crushed Ritalin  ®   tablets results in the injection of talc 
(magnesium silicate) particles.   

  Chapter 2 

METHYLPHENIDATE
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and 6% abused one or both of these substances.9 Smaller 
studies with face - to - face interviews reported higher 
misuse rates, whereas larger, multisite studies reported 
lower rates. In a study of a convenience sample of 1,811 
undergraduates at a large - public US research university, 
the reported lifetime rate of the illegal use of prescrip-
tion stimulants ( d  - amphetamine, methylphenidate) was 
34%.  11   A multisite study of 10,904 US college students 
reported a lifetime misuse and past - year misuse of pre-
scription stimulants ( d  - amphetamine, methylphenidate) 
of 6.9% and 4.1%, respectively.  12    

  Sources 

 The US Controlled Substances Act lists methylpheni-
date (Ritalin  ®  ) as a schedule II substance (i.e., a medi-
cally prescribed drug with the highest abuse potential 
and dependence profi le). Methylphenidate is a well -
 established treatment for ADHD in immediate - release 
tablets of 5   mg, 10   mg, and 20   mg. Off - label uses of 
methylphenidate include the adjunctive treatment of 
depression and the treatment of poststroke cognitive 
impairment. Extended - release tablets of methylpheni-
date in 18   mg - , 36   mg - , and 54   mg - formulations are 
available as Concerta  ®   (ALZA Corporation, McNeil 
Consumer  &  Specialty Pharmaceuticals, Fort Washington, 
PA). These tablets are coated with immediate - release 
methylphenidate surrounding an osmotic pump result-
ing in continuous methylphenidate release over a 10 -
 hour period. Although these preparations contain both 
 d  -  and  l  -  threo  - methylphenidate, only the  d  - enantiomer 
has signifi cant pharmacologic activity. Most reports in 
the medical literature regarding methylphenidate 
involve adults injecting pharmaceutic - grade methylphe-
nidate or the diversion of pharmaceutic products by 
adolescents or young adults.  13    

  Methods of Abuse 

 Volunteer studies indicate that oral methylphenidate 
has some abuse potential; however, high doses (supra-
therapeutic) are necessary to produce stimulant - like 
subjective effects. The use of up to 48   mg methylpheni-
date did not increase the desire to take the drug again 
in a volunteer study.  14   This study suggested that the use 
of methylphenidate was associated with signifi cant dys-
phoric effects that would reduce the abuse potential of 
the drug. A small percentage of adolescents and young 
adults treated for ADD will use methylphenidate for 
nonmedical purposes.  15   Methylphenidate is a drug of 
abuse on college campuses where the insuffl ation or 
ingestion of this drug is used to increase concentration, 
improve alertness, or for recreational purposes (i.e., 
getting high, experimenting).  16   In a retrospective review 

  EXPOSURE 

  Epidemiology 

 The abuse of methylphenidate is signifi cantly less 
common than other major stimulant drugs of abuse 
(e.g., methamphetamine, cocaine). However, a small 
percentage of adolescents and young adults use meth-
ylphenidate for nonmedical purposes. In a survey of US 
high school seniors (Monitoring the Future Study), the 
nonmedical use of Ritalin  ®   among high school seniors 
increased over the last 2 decades with the approximate 
percentage ranging from about 2 – 3% in 2000.  8   In a 
study of substance - abusing adolescents with comorbid 
psychiatric conditions, methylphenidate misuse was 4 
times higher than methylphenidate abuse with about 
5% of the study population abusing methylphenidate 
on a regular basis.  9   The primary method of methylphe-
nidate abuse was the insuffl ation of crushed Ritalin  ®   
tablets. Misuse of methylphenidate occurs on college 
campuses reportedly as a means to improving study 
skills.  10   

 Most studies on the misuse of prescription stimulants 
do not separate amphetamine from methylphenidate. 
The rate of misuse is substantially higher than the rate 
of daily abuse, and methylphenidate abuse is probably 
much less common than most other substances of abuse. 
In a study of 450 adolescents referred for treatment in 
a Canadian substance abuse program, 23% reported the 
nonmedical use of methylphenidate or  d  - amphetamine 

  TABLE 2.1.    Physical Properties of Methylphenidate. 

   Physical Property     Value  

  Molecular Mass 
 Methylphenidate 
 Methylphenidate HCl  

    233.31   g/mol 
 269.77   g/mol  

  pKa    8.77  
  log P (Octanol - Water)    0.2  
  Water Solubility    2.01E + 05   mg/L (25 ° C)  
  Vapor Pressure (Free Base)    5.89E - 05   mm   Hg (25 ° C)  
  Henry ’ s Law Constant    4.38E - 09 atm - m 3 /Mole (25 ° C)  
  Atmospheric OH Rate 

Constant  
  1.11E - 10   cm 3 /molecule - second 

(25 ° C)  

       FIGURE 2.1.     Chemical structure of methylphenidate.  
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 methylphenidate occurs following the ingestion of 
therapeutic doses, resulting in relatively low absolute 
bioavailability (i.e., 0.11 – 0.53).  25   As a result of the 
wide variation in the bioavailability between individu-
als, the plasma methylphenidate concentrations vary 
substantially between individuals receiving the same 
dose of methylphenidate.1 In a study of healthy adults, 
the mean maximal concentration (C max ) of methylphe-
nidate in plasma following the ingestion of 0.15   mg/kg 
and 0.3   mg/kg was 3.5    ±    0.4   ng/mL and 7.8    ±    0.8   ng/mL, 
respectively.  26

 The time to reach peak concentrations in the brain 
is similar for both cocaine and methylphenidate. In a 
positron emission tomography (PET) study of healthy 
volunteers receiving 0.5   mg methylphenidate/kg intra-
venously, the time between administration and peak 
uptake in the brain for cocaine and methylphenidate 
was 2 – 8 minutes and 4 – 10 minutes, respectively.  5

 The pharmacokinetics of the  threo  - ( R , R ) - ( + ) - isomer 
and the racemic mixture are similar with the exception 
of fi rst - pass metabolism. The extensive presystemic 
clearance and the relatively rapid clearance of the less 
active threo  - ( S , S ) - ( – ) - isomer results in very low plasma 
concentrations compared with the active ( + ) - enantio-
mer following ingestion of pharmaceutic doses of meth-
ylphenidate. In a randomized, single - dose, cross - over 
study of 21 healthy volunteers receiving 40   mg racemic 
methylphenidate orally, the peak concentration of the 
threo  - ( S , S ) - ( – ) - isomer was approximately 18 -  to 22 - fold 
lower than active threo  - ( R , R ) - ( + ) - isomer.  27   The IV 
administration of the racemic mixture bypasses the pre-
systemic clearance of the ( – ) - enantiomer; consequently, 
the plasma concentrations of the 2 enantiomers are 
similar after IV administration. Methylphenidate is a 
basic compound that accumulates in the acidic environ-
ment of the stomach as a result of ion trapping, even 
following IV administration.  

  Distribution 

 Methylphenidate has a large volume of distribution 
ranging from about 10 – 50   L/kg in children receiving 
chronic daily oral doses of methylphenidate up to 
1.3   mg/kg.  28   In a study of 8 boys with ADHD, the mean 
volume of distribution was 39.28    ±    7.67   L/kg with a 
range of 27.19 – 47.93   L/kg.  29   In a study of 8 children, the 
mean protein - bound methylphenidate was 15.2%    ±
 5.2%.  28   The binding of methylphenidate to plasma pro-
teins is relatively low (i.e., 10 – 33%).  30   The relatively low 
protein binding and high lipid solubility of methylphe-
nidate results in the large volume of distribution and 
high tissue binding, particularly in the brain where 
methylphenidate concentrations typically exceed 
plasma methylphenidate concentrations.  

of published studies, the misuse and diversion of pre-
scription stimulants for ADHD ranged from 5 – 35% 
among older adolescents and college - age populations.13

Lifetime diversion rates of stimulant prescriptions from 
students with legitimate prescription was 16 – 29%, when 
asked to trade, sell, or give the medication to another 
person. Case series indicate that the abuse pattern and 
toxicity of IV methylphenidate and cocaine/amphetamine 
sulfate abuse are similar, characterized by cyclical 
binging and crashing.  17

  DOSE EFFECT 

 Medical uses for methylphenidate include the treatment 
of narcolepsy in adults and ADD in children. The usual 
daily oral dose of immediate - release methylphenidate 
for ADD is 10 – 60   mg. In healthy individuals, the admin-
istration of methylphenidate increases activity, arousal, 
sociability, and mood; however, in volunteer studies, 
there is substantial variation in the response of healthy 
volunteers despite receiving the same IV dose of 20   mg 
methylphenidate.  18   Clinical effects in this study ranged 
from euphoria to dysphoria, anxiety, and malaise. In a 
retrospective study of 113 exposures to methylpheni-
date reported to poison control centers, adverse effects 
in pediatric patients were not associated with methyl-
phenidate ingestions of ≤ 1   mg/kg.  19   Side effects of meth-
ylphenidate are dose - related with the incidence of these 
effects substantially increasing at doses above 2   mg/
kg.  20   In animal studies, the administration of methylphe-
nidate in doses of 10 times the maximum therapeutic 
dose increases systolic blood pressure, but there are no 
electrocardiographic or conduction abnormalities.  21

Common adverse effects include headache, anxiety, irri-
tability, abdominal pain, anorexia, palpitations, and 
tachycardia. Case reports indicate that abuse of pre-
scription methylphenidate by adolescents occurs at 
daily doses of 200   mg via insuffl ation  22   and ingestion.  23

Habitual IV methylphenidate abusers can tolerate sub-
stantially higher daily doses.  

  TOXICOKINETICS 

  Absorption 

 Methylphenidate is available in immediate - release and 
long - acting formulations. The gastrointestinal tract 
rapidly absorbs pharmaceutic doses of immediate -
 release methylphenidate with peak plasma concentra-
tions (C max ) occurring within 1 – 3 hours of ingestion.  24

The absorption of long - acting preparations is bimodal 
with the second peak occurring about 3 – 4 hours after 
the peak associated with immediate - release prepara-
tions. Substantial presystemic elimination of  d  -  threo  -
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ifi cation will somewhat enhance excretion; fecal 
elimination is minimal.  34   The plasma elimination of 
methylphenidate is relatively rapid with a mean elimi-
nation half - life of about 3 hours (range, 2 – 8 h) after the 
ingestion of pharmaceutic doses of methylphenidate. In 
a study of 8 boys with ADHD, the mean plasma elimina-
tion half - life was 3.33    ±    0.65 hours with a range of 2.24 –
 4.31 hours.  29   In healthy volunteer studies, the clearance 
of the inactive  threo  - ( S , S ) - ( – ) - isomer is approximately 
2 ½  times greater than the active  threo  - ( R , R ) - ( + ) - isomer. 
The plasma half - life of ritalinic acid is approximately 
3 – 5 hours with the mean plasma elimination half - life 
being slightly longer following IV administration 
(4.8    ±    0.5   h) than ingestion on an empty stomach 
(3.4    ±    0.4 hours).  25   Renal excretion of ritalinic acid 
accounts for approximately 60 – 80% of the methylphe-
nidate dose.  31   In PET studies of the brains of healthy 
volunteers after the IV administration of methylpheni-
date, the clearance of methylphenidate from the stria-
tum was signifi cantly longer (90 minutes) than the 
clearance of cocaine (20 minutes).  5   Unchanged methyl-
phenidate accounts for about 1% of the methylpheni-
date dose.  

  Maternal and Fetal Kinetics 

 There are limited data on the distribution of methylphe-
nidate during pregnancy or lactation as a result of the 
use of this drug primarily in children and adolescents. 
Limited data suggests that substantial amounts of meth-
ylphenidate are not excreted in breast milk. Evaluation 
of breast milk from a 31 - year - old woman receiving 

  Biotransformation 

 The main metabolic pathway in humans is the rapid 
de - esterifi cation of methylphenidate to an inactive 
metabolite, ritalinic acid (CAS RN: 19395 - 41 - 6,  α  -
 phenyl - 2 - piperidineacetic acid) via hydrolytic esterase 
found throughout the body. During the biotransforma-
tion of methylphenidate, the hydrolysis of the methyl 
ester linkage with the subsequent formation of ritalinic 
acid accounts for over 80% of the absorbed methylphe-
nidate dose.  31   Figure  2.2  demonstrates the biotransfor-
mation of methylphenidate. The  p  - hydroxylation of 
methylphenidate to  p  - hydroxymethylphenidate and the 
microsomal oxidation to 6 - oxomethylphenidate (lactam) 
and 5 - hydroxy - 6 - oxomethylphenidate are minor path-
ways in humans. Ritalinic acid appears in the urine 
unchanged or as 6 - oxoritalinic acid. Ethylphenidate is a 
metabolite formed in the presence of ethanol via a 
carboxylesterase - dependent transesterifi cation, similar 
to the formation of cocaethylene;  32   however, volunteer 
studies indicate that the formation of ethylphenidate 
is limited in the presence of moderate ethanol doses.  33   
The metabolism of methylphenidate is stereoselective 
with a gradual increase in the  threo  - ( + )/( – ) ratio begin-
ning about 1.5 hours after ingestion.  30   There is no 
evidence of interconversion between enantiomers of 
methylphenidate.    

  Elimination 

 The kidney eliminates less than 1% of an oral dose of 
20   mg methylphenidate dose unchanged, although acid-

       FIGURE 2.2.     Biotransformation of methylphenidate.  
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the possibility that the administration of methylpheni-
date with a selective serotonin reuptake inhibitor 
(SSRI) may increase the risk of serotonin syndrome.  43

In a study of cocaine - dependent volunteers, the coad-
ministration of methylphenidate and cocaine reduced 
some of the desired effects of cocaine (e.g.,  “ good 
effects, ”   “ desire for cocaine ” ); however, the administra-
tion of methylphenidate did not alter the pharmacoki-
netics of cocaine.  44

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Methylphenidate is a noncatecholamine sympathomi-
metic drug with both direct and indirect adrenergic 
agonist activity. Modifi cation of the side chain of the 
basic - phenylamine moiety into a heterocyclic structure 
(e.g., methylphenidate) attenuates the anorectic and 
cardiovascular effects of amphetamine, but this struc-
tural change maintains the central nervous system 
(CNS) stimulant properties. The dopamine transporter 
(DAT) recycles extracellular dopamine from perisynap-
tic regions to the interior of the neuron. Methylphenidate 
binds to presynaptic dopamine transporters, resulting 
in the reversible inhibition of dopamine reuptake 
and increased synaptic dopamine concentrations.  45

The affi nity of cocaine and methylphenidate for dopa-
mine transporters in rat striatum is similar (i.e., 
640   nmol/L and 390   nmol/L, respectively).  46   The result 
is prolonged postsynaptic and presynaptic dopamine 
receptor interactions. Depending on ionic conditions, 
the dopamine transporter functions as a mediator of 
inward - directed dopamine transport (i.e., reuptake) 
and/or outward directed dopamine transport (i.e., 
release). Methylphenidate impedes the clearance of 
dopamine from the synapse by competing with dopa-
mine for the uptake - binding site. In contrast to amphet-
amine, methylphenidate is probably not a substrate for 
entry into the cytoplasm by the dopamine transporter; 
therefore, little presynaptic dopamine release occurs 
following the administration of methylphenidate.  47   Of 
the 2 enantiomers ( d  -  and  l  -  threo  - methylphenidate) of 
methylphenidate, only the  d  -  threo  - methylphenidate 
binds signifi cantly to the dopamine transporters. 

 The distribution of methylphenidate and cocaine in 
the brain is similar. Although both cocaine and methyl-
phenidate occupy similar sites in the striatum and 
compete directly for these sites, the clearance of these 
2 drugs from these sites differs signifi cantly.  48   The clear-
ance of cocaine from the dopamine transporter is 
much more rapid than methylphenidate, and the abuse 
potential for methylphenidate is substantially less 

methylphenidate doses of 5   mg in the morning and 
10   mg at noon indicated that the infant dose was 
approximately 0.16% of the maternal dose.  35

Breastfeeding in the morning prior to the fi rst dose of 
methylphenidate probably does not transfer methyl-
phenidate to the infant because of the short elimination 
half - life of methylphenidate. In a study of a 26 - year - old 
lactating mother on 40   mg methylphenidate twice daily, 
the milk/plasma ratio of methylphenidate was 2.7 with 
a relative infant dose of 0.2% of the weight - adjusted 
maternal dose.  36

  Tolerance 

 Children treated for ADD do not usually experience the 
mood elevation or euphoria commonly present in adult 
IV methylphenidate abusers, even at the beginning of 
therapy. The development of acute tolerance during the 
slow onset of action following the ingestion of methyl-
phenidate mitigates the reinforcing effects and abuse 
potential of methylphenidate.  37   The injection of large 
doses of methylphenidate produces a rapid increase in 
synaptic dopamine concentrations that is not modulated 
by acute tolerance, and the short interval between 
administration and perceived effects enhances the 
addictive potential of the drug.  

  Drug Interactions 

 In pharmacokinetic studies, the administration of 
ethanol 30 minutes before or after racemic methylphe-
nidate increases the peak plasma concentration and the 
area under the concentration - time curve (AUC) by 
approximately 40% and 25%, respectively.  38   The  threo  -
 ( S , S ) - ( – ) - isomer and high doses of methylphenidate 
inhibit the action of monoamine oxidase. As a result, the 
concomitant use of methylphenidate and monoamine 
oxidase inhibitors potentially can cause a hypertensive 
emergency.  39   In general, stimulants may exacerbate 
symptoms of schizophrenia. Even in the absence of psy-
chotic disorders, the administration of methylphenidate 
may antagonize the central dopaminergic effects of 
haloperidol or similar antipsychotic medications.  40   A 
case report associated the coadministration of disulfi -
ram and methylphenidate with the onset of psychotic 
episode that resolved within 1 day.  41

 There are few data on drug interactions associated 
with chronic methylphenidate use. Potential interac-
tions include the inhibition of the metabolism of the 
coumarin, ethyl biscoumacetate, anticonvulsants (diphe-
nylhydantoin, primidone, phenobarbital), and tricyclic 
antidepressants.  42   However, there are inadequate  in
vivo  human data to indicate that these potential interac-
tions are clinically signifi cant. Rare case reports suggest 
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perivascular locations. A foreign body reaction develops 
manifest by birefringent talc crystals under polarized 
light. These particles produce granulomas that can cause 
widespread pulmonary vascular obstruction, pulmonary 
hypertension, biventricular enlargement, and cor pul-
monale.  54   The  α  - adrenergic properties of methylpheni-
date may enhance the effects of the pulmonary 
granulomas on the intima and muscular layers of the 
pulmonary vessels, resulting in pulmonary hypertension 
and right ventricular hypertrophy.  55   A case series of 
postmortem examination of 7 young, IV Ritalin  ®   abusers 
associated IV administration of dissolved Ritalin  ® 

tablets with the development of a symmetric, panlobular 
emphysema, particularly in the lower lobes.  56   Panlobular 
emphysema is an uncommon complication of IV abuse 
of other drugs. Microscopic examination of the lungs 
demonstrated variable amounts of talc granulomas, 
infl ammatory infi ltrates, and occlusive vascular lesions. 
There was minimal interstitial fi brosis. Talc (magnesium 
silicate) is a fi ller and lubricant in the Ritalin  ®   tablet. 
These pathologic fi ndings are similar to the histologic 
features of emphysema associated with α1  - antitrypsin 
defi ciency rather than the micronodularity, pleural 
abnormalities, and progressive massive fi brosis associ-
ated with other types of IV drug abuse.  57   Furthermore, 
obstructive lung disease is an uncommon complication 
of more common forms of IV drug abuse (e.g., heroin).  58

Pleural abnormalities and progressive massive fi brosis 
do not usually occur following chronic IV methylpheni-
date use. The postmortem examination of heart from a 
19 - year - old demonstrated microscopic foci of necrosis in 
myocardial fi bers surrounded by degenerating polymor-
phonuclear leukocytic and histocytic cells, similar to the 
cardiac lesions associated with catecholamine cardiomy-
opathy; however, contraction band necrosis was absent.  59

He had a cardiac arrest shortly after insuffl ating methyl-
phenidate and died 16 hours later after sustaining severe 
hypoxic brain damage and global myocardial ischemia. 
Traditional anatomic fi ndings of IV drug abuse were 
absent as was a history of IV drug use.   

  CLINICAL RESPONSE 

 The toxic effects of methylphenidate are an extension 
of pharmacologic effects that include agitation, halluci-
nation, psychosis, seizures, lethargy, tachydysrhythmia, 
hypertension, weight loss, and hyperthermia. Similar to 
other stimulant drugs (e.g., cocaine, methamphetamine, 
pemoline), the use of methylphenidate may exacerbate 
the tics associated with Tourette syndrome.  60   Rare case 
reports associate orofacial and extremity dyskinesias 
with the ingestion of methylphenidate.  61   These dyski-
netic movements begin soon after the ingestion of meth-
ylphenidate and resolve the same day. 

than cocaine. Therapeutic oral doses produce peak 
methylphenidate concentrations in the brain within 
60 – 90 minutes, and these concentrations result in the 
inhibition of > 50% of the dopamine transporters.  5   To a 
lesser extent, methylphenidate also binds to norepi-
nephrine transporters, resulting in increased synaptic 
concentrations of norepinephrine. The serotonin trans-
porter probably is not affected by methylphenidate.  1

Some increase in cortical acetylcholine may occur as a 
result of the indirect stimulation of cortical D 1  recep-
tors.  49   In rodent studies,  d  - methylphenidate is a rela-
tively weak substrate for the polymorphic effl ux 
transporter P - glycoprotein in the brain.  50

  Mechanism of Toxicity 

 The IV administration or insuffl ation of methylphenidate 
produces rapid increases in brain methylphenidate con-
centrations with associated euphoria. However, the 
ingestion of therapeutic doses of methylphenidate results 
in slower uptake of methylphenidate in the brain with 
signifi cantly reduced euphoric effects compared with the 
IV and nasal routes of methylphenidate administration. 
The ability of most drugs of abuse to raise dopamine 
concentrations in the nucleus accumbens correlates to 
the self - administration (i.e., reinforcing properties) of the 
drug. Psychostimulant drugs (e.g., methylphenidate) raise 
extracellular dopamine concentrations by inhibiting the 
dopamine transporter.  51   Oral therapeutic doses (0.25 –
 1   mg/kg) of methylphenidate block about 50 – 75% of the 
dopamine transporters, but the abuse potential of oral 
methylphenidate is substantially less than IV methylphe-
nidate.  52   Based on PET studies of the human brain, IV 
administration produces peak brain methylphenidate 
concentrations 8 – 15 minutes after use compared with 
60 – 90 minutes following the oral administration of meth-
ylphenidate.  5   Although IV methylphenidate produces 
rapid increases of extracellular dopamine in the brain, 
the slow elimination of methylphenidate from the brain 
reduces the reinforcing effects that lead to repeated use, 
especially compared with the rapid elimination and high 
abuse potential of cocaine.  53   This slower egress of meth-
ylphenidate from the brain may decrease drug craving 
compared with cocaine. The highest density of methyl-
phenidate uptake occurs in the striatum with lesser 
amounts in the prefrontal cortex and limbic regions.  1   The 
behavioral and cardiovascular effects of methylpheni-
date may involve more than 1 neurotransmitter.  51

  Postmortem Examination 

 The IV injection of dissolved tablets produces tiny par-
ticles of talc that migrate to the pulmonary vessels and 
pulmonary interstitium, particularly in intravascular or 
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symptoms progressed to marked tachypnea, metabolic 
acidosis, hypoxia, hypotension, and multiorgan failure 
including disseminated intravascular coagulation (DIC). 
She survived with intensive cardiorespiratory support. 

 An acute cardiomyopathy (global hypokinesis with 
left ventricular ejection fraction of 30 – 35%) and diffuse 
ST elevations in inferolateral leads developed in a 
17 - year - old adolescent after the ingestion of 1 methyl-
phenidate tablet at a party.  70   No cardiac coronary artery 
catheterization was performed. He also smoked mari-
juana and drank alcohol at this party as confi rmed on a 
urine drug screen that detected no other drugs. A case 
report associated the chronic ingestion of 60   mg meth-
ylphenidate daily for 6 months with the development of 
a cerebral lacunar infarction manifested by left - sided 
weakness without loss of consciousness.  71   A computed 
tomography (CT) scan of the brain demonstrated a 
lacunar infarction involving the head of the right caudate 
nucleus and adjacent anterior limb of the internal 
capsule; the cerebral angiography was normal.  

  Overdose 

 The symptoms of methylphenidate intoxication are 
similar to the clinical features associated with an over-
dose of other sympathomimetic drugs. Symptoms 
reported to poison control centers following excessive 
exposure to methylphenidate include agitation/anxiety, 
mydriasis, abdominal pains, vomiting, palpitations, 
tachycardia, and lethargy.  72,73   Severe symptoms are 
unusual in these case series; typically, the level of con-
scious and vital signs are normal. Methylphenidate 
overdose can produce a variety of CNS and cardiovas-
cular effects. Neurologic effects associated with methyl-
phenidate intoxication in addition to the symptoms 
listed above include restlessness, tremors, muscle twitch-
ing, hyperrefl exia, lightheadedness, euphoria, hallucina-
tion, delusions, paranoia, psychosis, and seizures.  17,20

Cardiac effects include tachycardia, dysrhythmias, 
hypertension, and chest pain. A 28 - year - old woman 
developed chest pain, ST and T wave depression in her 
inferolateral leads, and global ventricular hypokinesia 
(ejection fraction, 30%) after an overdose of methyl-
phenidate.  74   Although the troponin I was elevated, the 
serum creatine kinase and coronary angiogram were 
normal. She recovered without sequelae. Syncope 
may occur, primarily immediately after injection. Fever, 
diaphoresis, tachypnea, mydriasis, vomiting, and abdom-
inal pain also complicate methylphenidate overdose. 
Case reports associate the insuffl ation of crushed 
methylphenidate tablets with sudden loss of conscious-
ness and cardiopulmonary arrest.  59   The differential 
diagnosis of methylphenidate intoxication includes 
toxicity from the use of cocaine, methamphetamine, 

  Medical Use 

 Adverse effects associated with the therapeutic use of 
methylphenidate include headache, irritability, insom-
nia, anorexia, abdominal pain, weight loss, irritability, 
jitteriness, motor tics, anxiety, palpitations, tachycardia, 
and visual hallucinations.  62   Dose - related increases in 
blood pressure and heart rate may occur depending on 
tolerance.  63   In clinical studies, the therapeutic use of 
methylphenidate is associated with small, but clinically 
insignifi cant increases in the mean heart rate and blood 
pressure without changes in the electrocardiogram; 
minor elevations in the mean systolic blood pressure 
(< 5   mm   Hg) also may persist at least 6 months.  64   Rare 
case reports and reports from the US Food and Drug 
Administration Adverse Event Reporting System docu-
ment sudden death in adolescents on therapeutic doses 
of methylphenidate; however, the number of sudden 
deaths in the stimulant - treated children was similar to 
the general pediatric population.  65,66   In a matched 
case - control study of 564 cases of sudden death occur-
ring in children aged 7 – 19 years from 1985 – 1996, there 
was a statistically signifi cant incidence of methylpheni-
date use in the cases of sudden death when compared 
with a control group of deaths from motor vehicle acci-
dents matched within 3 years of age.  67   There was no 
analytic confi rmation of methylphenidate use; there-
fore, potential reporting bias limits conclusions regard-
ing causation.  

  Illicit Use 

 Following IV injection of crushed methamphetamine 
tablets, adverse effects include agitation, anxiety, sense 
of doom, hypoesthesias, chest pain, hypertension, 
dyspnea, tachycardia, mydriasis, elevated body tempera-
ture, and rhabdomyolysis. In addition to the typical 
complications of IV drug use (e.g., endocarditis, HIV), 
case reports indicate that long - term, intravenous 
Ritalin ®   abusers can develop severe panlobar emphy-
sema, particularly in the lower lobes.  68   These drug 
abusers develop profound obstructive lung disease 
characterized by severe hypoxia, decreased diffusing 
capacities, and radiologic evidence of hyperinfl ation. 
These severe pulmonary defi cits develop at a relatively 
young age (4 th  and 5 th  decade) similar to  α1  - antitripsinase 
defi ciency. However, case series of these patients have 
not detected this enzyme defect.  56   Multiorgan failure 
developed in a 32 - year - old Ritalin  ®   abuser, who 
increased her IV dose from 30   mg to 110   mg over 5 
months.  69   Two hours after the last dose of 110   mg 
Ritalin ®   (methylphenidate) dissolved in tap water, she 
developed nausea, vomiting, increasing dyspnea, leth-
argy, and paresthesias. Over the next 24 hours these 
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derivatization gas chromatographic/mass spectrometry 
with detection by electron impact ionization/selected 
ion monitoring allows the determination of methyl-
phenidate isomers.  79   Methods for the quantitation of 
methylphenidate in hair include liquid chromatography/
positive electrospray ionization/ mass spectrometry in 
selected ion monitoring acquisition mode  80   and gas 
chromatography/mass spectrometry with N  - methyl -
 bisheptafl uorobutyric amide derivatization and analysis 
of the perfl uorobutyryl derivatives in SIM.  81   Using 
the former method, the methylphenidate concentra-
tions ranged from 0.15 – 4.17   ng/mg in hair, with 
decreasing drug concentration in distal hair segments. 
The limit of detection was 0.02   ng/mg in hair. The meth-
ylphenidate concentrations following analysis by the 
latter method ranged from 0.073 – 1.1   ng/mg in hair, but 
the methylphenidate concentration did not correlate 
closely to the methylphenidate dose based on dividing 
samples from 17 children into low -  (10 – 15   mg daily), 
medium -  (20   mg daily), and high - dose (40 – 54   mg daily) 
groups.  

  Biomarkers 

  Blood 

 There is substantial individual variation in plasma meth-
ylphenidate concentrations in individuals given the 
same dose. In a study of 4 children receiving oral meth-
ylphenidate doses of 10 – 15   mg, the plasma methylphe-
nidate and ritalinic acid concentrations ranged from 
4 – 25    μ g/L and 80 – 250    μ g/L, respectively, 3 – 6 hours after 
ingestion.28   A fatality occurred about 1 hour after the 
IV injection of an estimated 40   mg methylphenidate. 
The methylphenidate postmortem blood level was 
2,800    μ g/L and the stomach contents (140   mL) con-
tained 1.6   mg methylphenidate.  82   The presence of small 
amounts of methylphenidate in the stomach does not 
imply the ingestion of methylphenidate because this 
drug is basic and accumulates in the acidic environment 
of the stomach. There are few data on the blood/plasma 
ratio of methylphenidate. In a study of a single patient, 
the whole blood/plasma ratio of methylphenidate was 
about 0.7 – 0.8.  34

  Urine 

 Routine urine immunoassay drug screens are relatively 
insensitive to the presence of methylphenidate. Liquid 
chromatography/electrospray ionization/tandem mass 
spectrometry is a rapid, sensitive, and highly specifi c 
method for the detection of methylphenidate and the 
metabolite, ritalinic acid in urine samples.  78

3,4 - methylenedioxymethamphetamine (MDMA), mes-
caline, psilocybin, lysergic acid diethylamide (LSD), 
phencyclidine, anticholinergic agents, pseudoephedrine, 
ephedrine, phenylpropanolamine, and caffeine.  

  Abstinence Syndrome 

 There are few clinical data on the symptoms associated 
with withdrawal from chronic abuse of methylpheni-
date. Withdrawal symptoms are probably similar to the 
abstinence syndrome associated with amphetamine 
compounds including apathy, lethargy, depression, and 
paranoia.22

  Reproductive Abnormalities 

 There is insuffi cient data on the developmental toxicity 
of chronic methylphenidate use in humans. Although 
some evidence suggests that the maternal abuse of 
methylphenidate during pregnancy reduces growth and 
increases prematurity, the lack of adequately controlled 
studies limits conclusions regarding the causal relation-
ship between methylphenidate and retarded growth. 
Therapeutic doses of methylphenidate do not increase 
the incidence of tics or movement disorders in children 
or increase the incidence of malformations in surveil-
lance studies.  75   A case series of IV pentazocine and 
methylphenidate - abusing mothers suggested that the 
IV abuse of these drugs does not produce unique tera-
togenic abnormalities, but the neonates of these mothers 
have a relatively high rate of prematurity and growth 
retardation similar to neonates of other drug - abusing 
mothers.  76   Adverse pregnancy outcomes in this series 
included low intelligence, neonatal withdrawal, and 
malformations; however, the lack of a control group and 
multiple confounders (e.g., polydrug abuse, smoking, 
maternal health) limit conclusions regarding the etiol-
ogy of these abnormalities.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques used to detect methylphenidate include 
enzyme immunoassay (ELISA), gas chromatography, 
and gas chromatography/mass spectrometric detection 
of the O  - trimethylsilyl,  N  - trifl uoroacetyl derivatives.  77

ELISA testing results in a relatively high number (i.e., 
10%) of false - positive assays. Liquid chromatography/
tandem mass spectrometry is a more rapid, specifi c 
method with a limit of quantitation for methylphenidate 
and ritalinic acid of 23    μ g/L (100   nM) and 117    μ g/L 
(500   nM), respectively.  78   Analysis of urine by chiral 
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Haloperidol is an option for the treatment of agitation, 
delirium, or hallucination associated with methylpheni-
date intoxication, when optimal benzodiazepine therapy 
does not control these abnormalities. Similar to meth-
amphetamine, the major life - threatening complications 
of acute methylphenidate intoxication include hyper-
thermia, hypertension, seizures, cardiovascular instabil-
ity, and trauma. Coma, shock, acute renal failure, severe 
hyperthermia (i.e., temperature  > 41 ° C/105.8 ° F), and 
seizures are poor prognostic indicators. Severely intoxi-
cated patients require IV access, cardiac monitoring, 
pulse oximetry, 12 - lead ECG, and supplemental oxygen. 
Respiratory depression does not usually occur during 
mild to moderate methylphenidate intoxication, but 
pulmonary edema (cardiogenic or due to acute lung 
injury) can develop during severe methylphenidate poi-
soning. Underlying pulmonary hypertension occurs in 
habitual IV methylphenidate users that may intensify 
during acute methylphenidate intoxication. 

 Most patients tolerate sinus tachycardia without 
pharmacologic intervention. Both hypertension and 
tachycardia often respond to IV benzodiazepines 
(adults: lorazepam 2   mg or diazepam 5   mg IV bolus 
titrated to effect). Core temperatures should be mea-
sured in any agitated patient. Patients with suspected 
myocardial ischemia as a result of underlying cardiac 
disease should be managed with nitrates, morphine, 
benzodiazepines, and aspirin. Hypotension may respond 
to fl uid challenges, but a vasopressor is often needed. 
Shock is a poor prognostic sign that indicates the need 
for monitoring of cardiac output to determine the 
most effi cacious combination of fl uid and vasopressors. 
There are no specifi c antidotes for methylphenidate 
intoxication, and there are no clinical data to support 
the use of methods to enhance the elimination of 
methylphenidate.      
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               HISTORY 

 Prolintane hydrochloride is a central nervous system 
(CNS) stimulant that has been marketed in Europe 
since the 1960s as an antidepressant (i.e., antifatigue), 
analeptic, and vasopressor (i.e., orthostatic hypoten-
sion) agent. The fi rst reports of prolintane abuse 
appeared in Europe during the early 2000s when pro-
lintane was identifi ed in tablets distributed at a rave 
party (i.e., all - night dancing with electronically synthe-
sized music).  1   Later reports documented the recre-
ational use of prolintane in the United States.  2

  IDENTIFYING CHARACTERISTICS 

 Prolintane (CAS RN: 493 - 92 - 5, C 15 H 23 N ) is a synthetic 
sympathomimetic amine with pharmacologic properties 
similar to d  - amphetamine. The molecular weight 
(MW) of prolintane is 217.35   g/mol, whereas the MW 
of the hydrochloride salt (CAS RN: 1211 - 28 - 5) is 
253.8   g/mol. Prolintane hydrochloride is a water - soluble 
compound that is a white powder with a melting 
point of approximately 133 o C. Figure  3.1  demonstrates 
the chemical structure of prolintane [( R , S ) - 1 - 
(α  - propylphenethyl) - pyrrolidine].    

  EXPOSURE 

 Therapeutic uses of prolintane in Africa, Europe, and 
Australia include the treatment of narcolepsy, attention 
defi cit hyperactivity disorder (ADHD), fatigue, and 
orthostatic hypotension. Prolintane is formulated with 
multivitamins including ascorbic acid and sold as an 

orange tablet (e.g.,  “ kitovit ” ) or a tonic. Proprietary 
preparations include Villescon  ®   (Boehringer Ingelheim, 
Berkshire, UK), Promotil  ®   (Boehringer Ingelheim, Paris, 
France), and Catovit  ®   (Boehringer Ingelheim, New 
South Wales, Australia). This drug is not approved for 
pharmaceutic use in the United States. Prolintane is a 
popular rave drug in Europe, but the documented 
use of prolintane in this setting in the United States is 
rare.  1   Additionally, prolintane has been implicated as a 
doping agent in athletics (e.g., cycling);  3   this compound 
is now banned by the US National Collegiate Athletic 
Association and the World Anti - Doping Agency 
(WADA).  4

  DOSE EFFECT 

 Typical adult therapeutic doses of prolintane are 10 –
 40   mg daily. In therapeutic trials, 20   mg prolintane is a 
mild stimulant equivalent to approximately 100   mg caf-
feine.  5   The use of therapeutic doses of prolintane is asso-
ciated with a subjective feeling of improved concentration 
and decreased fatigue, but there are minimal changes in 
objective measures of fatigue and mental activity.  6   The 
stimulant properties of prolintane are substantially less 
than d  - amphetamine. In a study of fatigued volunteers, 
the administration of 20   mg or 40   mg prolintane pro-
duced similar, but less intense effects than 20   mg 
d  - amphetamine.  7   These clinical effects included stimula-
tion, euphoria, anorexia, and mild elevation of systolic 
blood pressure. In experimental studies of healthy volun-
teers, prolintane has little cardiovascular activity follow-
ing the administration of a single dose of 20   mg.  8   This 
dose slightly improves some mental tasks (e.g., sign 
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psychosis.  13   Clinical effects associated with the abuse of 
prolintane include lightheadedness, insomnia, irritabil-
ity, and nervousness. Excessive use of prolintane may 
also cause hypertension, tachycardia, hyperrefl exia, 
mydriasis, hyperthermia, agitation, confusion, disorien-
tation, hallucinations, and psychosis.  

  DIAGNOSTIC TESTING 

 Analytic methods for the detection of prolintane include 
thin - layer chromatography,  14   gas chromatography with 
nitrogen - selective detection,  11   high performance liquid 
chromatography with ultraviolet detection (252   nm, 
258   nm, 264   nm),  2   gas chromatography/mass spectrom-
etry,  15   and capillary zone electrophoresis with  β  - cyclodextrin - 
modifi ed micellar electrokinetic chromatography.  16   The 
limit of detection (LOD) and lower limit of quantitation 
(LLOQ) for the latter method were 300    ±    100   ng/mL 
and 1,000    ±    100   ng/mL, respectively. Prolintane is 1 of 
14 tertiary amine stimulants detected by screening and 
confi rmation with gas chromatography/mass spectrom-
etry and liquid chromatography/tandem mass spec-
trometry.  17   The LOD in urine samples using this method 
is 10   ng/mL; this method meets WADA ’ s requirements 
for sensitivity. Following the intravenous (IV) injection 
of 0.15   mg prolintane/kg to 5 healthy volunteers, the 
mean peak plasma prolintane concentration was 
approximately 60   ng/mL.  11   Prolintane use is not usually 
detectable by routine urine immunoassay drug screens.  

  TREATMENT 

 Treatment is supportive, similar to the treatment of 
 d  - amphetamine intoxication.      
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recordings), but not others (e.g., digit span). The clinical 
signifi cance of these results on memory, learning, and 
concentration is unclear. In volunteer studies, the admin-
istration of prolintane (20 – 40   mg) increases wakefulness 
and improves performance on some perceptual and 
arithmetic tasks in fatigued individuals.  7,9    

  TOXICOKINETICS 

 The fi rst - pass effect of prolintane is large. Prolintane 
undergoes extensive oxidation and  N  - dealkylation in 
the body with the formation of at least 18 metabolites. 
The metabolism of prolintane primarily involves bio-
transformation. The major metabolic pathways are aro-
matic hydroxylation ( para  -  and  meta  - positions), lactam 
formation,  γ  - amino acid formation, heterocyclic hydrox-
ylation (3 -  and 4 - positions), and propyl hydroxylation 
at  ω  - , ( ω  - 1) - positions.  10   Oxidation of the  α  - carbon of the 
pyrrolidine ring forms the major metabolite, oxoprolint-
ane. In a study of 5 healthy volunteers receiving 0.15   mg 
prolintane/kg intravenously, the mean plasma elimina-
tion half - life was approximately 4.5 hours.  11   The urine 
pH of these volunteers was within the normal range. The 
kidney excretes minimal amounts (i.e.,  < 1 – 2%) of pro-
lintane unchanged.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Prolintane is a CNS stimulant with many pharmacologic 
properties similar to  d  - amphetamine. However, rodent 
studies indicate that prolintane enhances brain dopa-
mine turnover produced by dopamine receptor antago-
nists similar to methylphenidate and cocaine, whereas 
amphetamine and methamphetamine do not cause 
similar effects.  12    

  CLINICAL RESPONSE 

 Prolintane is a sympathomimetic amine that has psy-
chostimulant properties similar to  d  - amphetamine and 
phentermine. Adverse effects of therapeutic doses 
include nausea, vomiting, anxiety, irritability, insomnia, 
lightheadedness, headache, euphoria, palpitations, dia-
phoresis, confusion, agitation, disorientation, and acute 

       FIGURE 3.1.     Chemical structure of prolintane.  
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               HISTORY 

 The Smith, Kline, and French Company introduced 
Benzedrine ®   inhalers during the early 1930s as racemic 
amphetamine. One Benzedrine  ®   inhaler contained the 
equivalent of 250   mg of racemic amphetamine. These 
inhalers remained available as over - the - counter prod-
ucts until 1949, when Smith Kline  &  French voluntarily 
removed amphetamine inhalers from the market in 
response to reports of abuse and sudden death.  1,2   The 
Benzedrine ®   inhaler was replaced by the Benzedrex  ® 

inhaler (B.F. Ascher  &  Co., Lenexa, KS), which con-
tained 250   mg of propylhexedrine (i.e., no amphet-
amine) in a combination with 12.5   mg methanol and 
various aromatics hydrocarbons. Some airlines (e.g., 
Pan American) distributed Benzedrex  ®   inhalers in the 
1950s as decongestants to reduce discomfort resulting 
from changes in cabin pressures. The usual method of 
Benzedrine ®   and Benzedrex  ®   abuse involved the 
chewing and swallowing of the amphetamine - containing 
cotton pledget, preferably with chewing gum to reduce 
the irritant properties of the base. Occasionally, the 
strips were soaked in beverages (i.e., coffee, alcohol) or 
swallowed whole. One study of an incarcerated popula-
tion in the 1940s revealed that 25% of the inmate 
population used the inhalant material for recreational 
purposes.  3   By the mid - 1970s, the medical literature 
contained reports of both oral and intravenous (IV) 
abuse of the propylhexedrine inhalers. The abuse of 
propylhexedrine was sporadic throughout North 
America with cases reported from Dallas, Toronto, and 
San Francisco during the 1980s;  4   however, there are 
little current data on propylhexedrine abuse because 

most national US databases on drug abuse do not 
include propylhexedrine.  

  IDENTIFYING CHARACTERISTICS 

 Propylhexedrine (CAS RN: 101 - 40 - 6, MW    =    155.3   g/
mol) is anα  - adrenergic agonist with a molecular formula 
of C 21 H 10 N. This slightly water - soluble compound is a 
clear, colorless liquid that vaporizes slowly at room tem-
perature. The hydrochloride salt of propylhexedrine 
(MW    =    191.7   g/mol) is a crystalline solid with a melting 
point of approximately 127 o C/260.6 o F. Table  4.1  dis-
plays some physical properties of propylhexedrine.   

 This drug is an alicyclic aliphatic sympathomimetic 
amine structurally similar to methamphetamine. Figure 
 4.1  displays the structural similarity between propylhex-
edrine and other common aromatic sympathomimetic 
compounds including methamphetamine and the neu-
rotransmitter, epinephrine.    

  EXPOSURE 

 The primary medicinal use of propylhexedrine is the 
symptomatic relief of nasal congestion without rebound. 
Propylhexedrine is a potent α  - adrenergic sympathomi-
metic agent, which is a  “ stimulant of last resort ”  for 
abusers when more desirable stimulants are unavail-
able. However, the abuse potential of propylhexedrine 
is low compared with methamphetamine, phenmetra-
zine, or methylphenidate.  5   Most drug users prefer 
cocaine and methamphetamine to propylhexedrine, and 
propylhexedrine abuse is typically brief as the users 
rapidly lose interest in the drug.  3   The street names for 
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without sequelae 4 hours after ingestion.  8   Ingestion of 
an estimated 375   mg propylhexedrine by a 3 - year - old 
caused tremor, muscle spasticity, tachycardia, and 
insomnia that resolved without sequelae.  9    

  TOXICOKINETICS 

 Propylhexedrine penetrates the blood – brain barrier 
rapidly. In rodent studies, this drug has a large volume 
of distribution (V d     =    19.3   L/kg) after IV administra-
tion.  10   Biotransformation of propylhexedrine involves 
 N  - demethylation,  N  - oxidation, and 4 ″  - hydroxylation 
with urinary metabolites including norpropylhexedrine, 
cyclohexylacetoxime, and 4 - hydroxypropylhexedrine.  11   
The approximate elimination half - life of propylhexe-
drine after IV administration to rodents is about 2.5 
hours.  8    

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 Propylhexedrine is a potent local vasoconstrictor with 
substantially less (i.e.,  < 10%) CNS stimulating effect 
compared with dextroamphetamine sulfate. The acute 
toxicity of propylhexedrine is an exacerbation of phar-
macologic effects of this drug. The psychoactive effects 
of these compounds result from indirect agonist actions 
that cause the displacement of catecholamines from 
binding sites in the storage vesicles. 

 At least in part, the central effects of propylhexe-
drine result from alterations in the neurotransmitters, 
dopamine and norepinephrine, because of the close 
structural resemblance of amphetamine compounds to 
these neurotransmitters. Increasing the synaptic con-
centration of these neurotransmitters either by direct 
release from storage vesicles or by inhibition of reup-
take is the most likely mechanism of toxicity.  

  Postmortem Examination 

 Autopsies of individuals with a history of IV propylhex-
edrine abuse usually demonstrate foreign body granu-
lomas in the pulmonary parenchyma containing 
birefringent crystalline material along with variable 
amounts of pulmonary hypertension and right ventricu-
lar hypertrophy.  12   Histologic examination reveals diffuse 
interstitial alveolar fi brosis, pulmonary edema with 
focal intra - alveolar hemorrhage, intimal and medial 
proliferation with luminal obstruction, medial hypertro-
phy of the muscular arteries, and focal myocardial fi bro-
sis (usually without clinically signifi cant coronary artery 
stenosis).  13     

the propylhexedrine extract include Bathtub Crystal, 
Crystal, and Bathtub Crank. Abuse of propylhexedrine 
nasal inhalers involves habitual inhalation, ingestion or 
chewing of the propylhexedrine - containing cotton plug, 
or injection of an acidic solution prepared from the 
dismantled inhaler. Nasal abuse of propylhexedrine is 
uncommon. 

 Habitual use of these inhalers involves the daily use 
of the contents of 2 to 11 inhalers. Following the disas-
sembly of the inhaler, the cotton pledget is soaked in 
muriatic (hydrochloric) acid to remove the propylhex-
edrine.  4   Heating of this extract produces a brown residue 
that subsequently is redissolved in water and injected. 
Depending on the purity of the process, the resultant 
solution contains a variety of impurities including poly-
meric material, fi ne fi bers, methanol, and lavender oil. 
Some patients with previous amphetamine experience 
consider the euphoria induced by the IV injection of 
Benzedrex  ®   extracts, 15   mg of methamphetamine, and 
75   mg of phenmetrazine similar.  6   Benzedrex  ®   abuse is 
commonly associated with polydrug abuse and homo-
sexual activities.  7   Euphoria apparently does not result 
from inhalation.  

  DOSE EFFECT 

 The ingestion of a hot water extract of a cotton pledget 
containing 250   mg propylhexedrine produced anxiety, 
agitation, tremors, nausea, and diaphoresis that resolved 

  TABLE 4.1.    Physical Properties of Propylhexedrine. 

   Physical Property     Value  

  Boiling Point    205 o C/401 o F  
  log P (Octanol - Water)    3.500  
  Atmospheric OH 

Rate Constant  
  9.87E - 11   cm 3 /molecule -

 second (25 o C)  

       FIGURE 4.1.     Structural similarities of methamphetamine, 
 β  - phenylethylamine, epinephrine, and propylhexedrine.  

β
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support. There was no cardiac angiography or echocar-
diography. Pulmonary edema is a common fi nding 
among habitual IV propylhexedrine abusers presenting 
to emergency departments with dyspnea and cardiovas-
cular instability; cor pulmonale can develop in 
these patients.  11   Case reports associated the IV use of 
propylhexedrine extracts with the development of 
brainstem dysfunction including transient diplopia, 
right - internuclear ophthalmoplegia, and focal paralysis 
of the tongue.  7

  Fatalities 

 Several case reports associated cardiac arrest with the 
chronic IV administration of propylhexedrine, particu-
larly during extreme exertion (e.g., resisting arrest, 
fl eeing from an assailant or a crime scene)  20   or working 
outside.  21   These patients are frequently severely aci-
dotic, hypotensive, and unresponsive to the standard 
techniques of advanced cardiac life support. Right ven-
tricular hypertrophy and pulmonary hypertension is 
often present. A 29 - year - old man was transported to a 
hospital with abdominal pain, nausea, vomiting, and 
chest pain.  11   Shortly after arrival, he developed a seizure, 
severe metabolic acidosis, hypotension, and cardiopul-
monary arrest. He had no evidence of ischemia on the 
ECG, and the chest x - ray demonstrated right ventricu-
lar cardiomegaly and pulmonary edema.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analysis of biologic samples for propylhexedrine is 
similar to the methods used to detect methamphet-
amine and amphetamine; typically these methods 
involve gas chromatographic separation with detection 
by fl ame ionization (FID), mass spectrometry (MS), or 
nitrogen – phosphorus detection (NPD). Challenges 
associated with inadequate chromatographic resolution 
or co - elution of propylhexedrine with methamphet-
amine can be resolved by the use of selective ion 
monitoring (SIM) mode in the mass spectrometer. 
Preanalytical derivatization with heptafl uorobutyric 
anhydride or 4 - carbethoxyhexafl uorobutyryl chloride 
following chromatographic separation and MS detec-
tion in SIM mode also effectively distinguishes metham-
phetamine from propylhexedrine. Mass spectral 
fragmentation of methamphetamine includes the tropy-
lium ion (m/z 91) from phenyl ring expansion and benzyl 
carbon incorporation; the lack of a phenyl ring in pro-
pylhexedrine eliminates this ion from its mass spectrum. 
Additionally, the mass spectrum of propylhexedrine 
includes a prominent occurrence at m/z 182, which is 

  CLINICAL RESPONSE 

  Illicit Use 

 Propylhexedrine is a potent local vasoconstrictor with 
mild to moderate CNS stimulant effects. Although pro-
pylhexedrine seems structurally similar to methamphet-
amine, the substitution of a cyclohexyl ring for the 
phenyl moiety substantially reduces the desirable CNS 
effects of propylhexedrine. Mild intoxication causes 
restlessness, irritability, anxiety, mydriasis, diaphoresis, 
nausea, and tachycardia. More severe effects associated 
with serious propylhexedrine intoxication include 
hypertension, tachypnea, cardiac dysrhythmias, hyper-
pyrexia, seizures, psychosis, and coma. 

  Mental Disorders 

 A case report associated the development of an acute 
paranoid psychosis with the daily chewing of 10 – 12 pro-
pylhexedrine inhalers by 2 amphetamine abusers.  14   The 
psychosis in both of these patients resolved after the 
cessation of drug use. Initially, the propylhexedrine 
abuser can experience headache, nausea, and double 
vision followed by euphoria that lasts several hours.  4

Case reports associate deterioration of chronic para-
noid schizophrenia with the chewing of propylhexedrine 
decongestant inhalants as manifest by the onset of acute 
delusional mood and paranoid delusions.  15   Other factors 
(sleep deprivation, predrug personality, idiosyncratic 
reactions) contribute to the development of the toxic 
psychosis. Homicidal and suicidal ideations may occur 
during drug - induced psychosis.  5

  Medical Complications 

 Peripheral vascular complications of IV propylhexe-
drine abuse include local ischemia with necrosis of 
the digits requiring amputation,  16   cellulitis, sterile 
abscess, and a fatal abscess in the neck after an attempted 
central venous injection of an aqueous extract of 
propylhexedrine - containing inhalers.  17   Incidental injec-
tion of the propylhexedrine extract into a peripheral 
artery caused local vasoconstriction, infl ammation, 
infection, and necrosis manifest by intense pain, marked 
edema, blanching of the extremity, and loss of distal 
arterial pulses.  18   A case report of a 22 - year - old man 
associated the development of pulmonary edema, hypo-
tension, anterior myocardial infarction on electrocar-
diogram (ECG), accelerated junctional rhythm, and 
pericardial effusion with the ingestion of 250   mg of pro-
pylhexedrine obtained from a Benzedrex  ®   inhaler 
several hours prior to the onset of symptoms.  19   The 
patient recovered after intensive cardiorespiratory 
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with propylhexedrine respond to reassurance, a quiet 
environment, and IV benzodiazepines (lorazepam, diaz-
epam). Similar to methamphetamine, the major life -
 threatening complications of acute propylhexedrine 
intoxication include hyperthermia, hypertension, sei-
zures, cardiovascular instability, and trauma. Coma, 
shock, acute renal failure, severe hyperthermia (i.e., 
temperature > 41 o C/105.8 o F), and seizures are poor 
prognostic indicators. Severely intoxicated patients 
require IV access, cardiac monitoring, pulse oximetry, 
an ECG, and supplemental oxygen. Respiratory depres-
sion does not usually occur during mild to moderate 
propylhexedrine intoxication, but pulmonary edema 
(i.e., cardiogenic, acute lung injury) can develop during 
severe propylhexedrine poisoning. Underlying pulmo-
nary hypertension can occur in habitual IV propylhex-
edrine users. 

 Most patients tolerate sinus tachycardia without 
pharmacologic intervention unless the tachycardia 
results from right - sided heart failure. Both hypertension 
and tachycardia often respond to IV benzodiazepines 
(Adult: lorazepam 2   mg or diazepam 5   mg IV bolus 
titrated to effect). Core temperatures should be mea-
sured in any agitated patient. Patients with suspected 
myocardial ischemia should be managed according to 
the usual guidelines for myocardial ischemia including 
aspirin, antiplatelet agents, thrombolytics, primary per-
cutaneous coronary intervention, and blood pressure 
control as needed. Hypotension may respond to fl uid 
challenges, but often a vasopressor is needed. Shock is 
a poor prognostic sign that indicates the need for moni-
toring of cardiac output to determine the most effi ca-
cious combination of fl uid and vasopressors. There are 
no specifi c antidotes for propylhexedrine intoxication 
or effi cacious methods to enhance the elimination of 
propylhexedrine.  

  Supportive Care 

 Treatment for local tissue damage resulting from the IV 
administration of extracts containing propylhexedrine 
includes antibiotics, vasodilators, debridement, and local 
wound care. The presentation of serious deep infections 
in the setting of distal ischemia may be subtle; therefore, 
suspected areas of infection should be imaged with 
ultrasound or magnetic resonance imaging (MRI) and 
early drainage. Distal ischemia is usually an isolated 
problem resulting from inadvertent intra - arterial admin-
istration of propylhexedrine; there are few clinical data 
on outcomes to guide treatment of the distal ischemia. 
Therapeutic options for the treatment of ischemia 
include intra - arterial tolazoline (12 – 25   mg/limb), IV 
nitroprusside infusions (0.5 – 8    μ g/kg/min), Dextran 40 
(80   mL/h), local nerve blocks, and axillary nerve block. 

absent in the mass spectrum of methamphetamine.  22

High performance liquid chromatography/atmospheric 
pressure chemical ionization/mass spectrometry does 
not require preanalytical derivatization necessary for 
gas chromatographic analysis. This method allows the 
separation of sympathomimetic amines including pro-
pylhexedrine with limits of detection in the range of 
0.001 – 0.005   mg/L.  23

  Biomarkers 

 The blood propylhexedrine concentration in blood 
samples drawn 30 minutes after the insuffl ation of 15 
puffs from a Benzedrex  ®   inhaler by a healthy volunteer 
was 0.1   mg/L. The typical dose of Benzedrex  ®   inhaler is 
2 puffs in each nostril. A 30 - year - old man was found 
dead in his residence with multiple cotton pledgets from 
disassembled Benzedrex  ®   inhalers.  24   The postmortem 
blood propylhexedrine concentration was 30   mg/L. 
Typically, the postmortem blood samples of IV abusers 
found dead after propylhexedrine injection ranges from 
approximately 1.0 – 2.5   mg/L. The postmortem propyl-
hexedrine concentration in blood samples from 2 IV 
propylhexedrine abusers found dead was 0.3   mg/dL and 
2.0   mg/L compared with 1.6   mg/L in postmortem blood 
from an IV propylhexedrine abuser who died 3 hours 
after admission to the emergency department with 
pulseless electrical activity.  10   The propylhexedrine con-
centrations in postmortem blood samples from patients 
dying from causes other than propylhexedrine intoxica-
tion can overlap with the concentrations associated 
with fatal IV propylhexedrine intoxication. The propyl-
hexedrine concentrations in postmortem blood from 
a 23 - year - old hanging victim, a 25 - year - old with 
fatal head wounds, and a 27 - year - old man with fatal 
gunshot wounds to the chest were 2.5   mg/L, 1.1   mg/L, 
and 0.8   mg/L, respectively.  11

  Abnormalities 

 With the exception of the carbon monoxide diffusing 
capacity, pulmonary function tests are often normal in 
IV propylhexedrine abusers.  5   Pulmonary fi brosis, right 
ventricular hypertrophy, and pulmonary hypertension 
are frequent fi ndings in chronic IV propylhexedrine 
abusers.   

  TREATMENT 

  Stabilization 

 The treatment of propylhexedrine intoxication is similar 
to the treatment of methamphetamine and amphet-
amine toxicity. Most agitated patients intoxicated 
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If a compartment syndrome is suspected, compartment 
pressures should be measured to help guide the need 
for fasciotomy. Criteria for fasciotomy include 
< 30   mm   Hg difference between compartment and dia-
stolic blood pressures or obvious clinical symptoms of 
compartment syndrome (severe pain unrelieved by 
splinting, severe pain with passive stretching unrelated 
to injury).  25   Supportive care for compartment syndrome 
includes analgesics, elevation of extremities, and consid-
eration of the use of anticoagulant or antiplatelet 
drugs.  26   Although the use of prostanoids (e.g., iloprost) 
is an option for the treatment of critical distal ischemia, 
there is no conclusive evidence of the long - term effec-
tiveness and safety of different prostanoids including 
iloprost.27
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               HISTORY 

 In 1975, Hoffmann - La Roche (Roche) Pharmaceu-
ticals (Basel, Switzerland) introduced fl unitrazepam 
(Rohypnol ®  ) into European markets as a more potent 
hypnotic drug than diazepam. Case reports of fl unitraz-
epam abuse appeared in the United States in the early 
1990s despite the lack of approval of this drug for 
medical use. The fi rst US confi scation of illicit fl unitraz-
epam occurred in 1989; in 1996, the importation of fl uni-
trazepam across the US border was banned.  1   In 1995, 
the World Health Organization (WHO) recommended 
the change of fl unitrazepam from a schedule IV classi-
fi cation (small, but signifi cant risk of abuse) to a sched-
ule III (a substantial risk to public health) of the 
Convention on Psychotropic Substances based on the 
widespread abuse of fl unitrazepam by opiate abusers. In 
an attempt to reduce the abuse of fl unitrazepam in the 
late 1990s, Roche Pharmaceuticals reduced the number 
of Mexican distributors, discontinued the sale of the 
2 - mg tablet, halted direct sale of fl unitrazepam to phar-
macies, and added blue dye to the tablets.  

  IDENTIFYING CHARACTERISTICS 

 Flunitrazepam (2H - 1,4 - benzodiazepin - 2 - one, 1,3 - dihydro - 
5 - (2 - fl uorophenyl) - 1 - methyl - 7 - nitro - ) has a molecular 
formula of C 16 H 12 FN 3 O 3 . Figure  5.1  displays the chemi-
cal structure of fl unitrazepam (CAS RN: 1622 - 62 - 4), 
which is similar to the chemical structure of diazepam. 
The pKa of fl unitrazepam is 1.82; at 37 ° C, the water 
solubility decreases as the pH increases resulting in a 
decrease in solubility as the drug moves from the acidic 

environment of the stomach to the more alkaline envi-
rons of the small intestines. At body temperature, the 
water solubility of this compound is 850    μ g/mL (pH 1), 
whereas the water solubility decreases to 6    μ g/mL at pH 
7.4. Flunitrazepam is tasteless, colorless, and soluble in 
ethanol. However, reformulation of fl unitrazepam 
tablets in the late 1990s resulted in the slow dissolution 
of the tablets and a cloudy, blue - tinged solution. 
Flunitrazepam is highly lipid soluble, with rapid pene-
tration of the blood – brain barrier and fast onset of 
central nervous system (CNS) action compared with 
most other benzodiazepines. Table  5.1  lists some phys-
iochemical properties of fl unitrazepam.     

 Street names for Rohypnol  ®   include Roofi es, Rophies, 
Ropies, Ruffi ew, Ribs, Ropes, Ropers, Roches, Rochas, 
Rochas Dos (2 - mg tablet), Rophs, R - 25, R05 - 4200, 
Roach - 2s, Rubies, Forget Pills, Mexican Valium, Circles, 
Darkene, La Roche, Mind Erasers, Papas, Peanuts, Trip 
and Fall, Remember All, Wolfi es, and the Date Rape 
Drug. A variety of pharmaceutic companies market 
fl unitrazepam in some countries throughout the 
world as tablets and solutions under different trade 
names including Darkene  ®   (Bayer Schering Pharma, 
Berlin, Germany), Ilman  ®   (Demo S.A., Athens, 
Greece), Insom  ®   (Aspen Pharmacare, Johannesburg, 
South Africa), Hipnosedon  ®   (Roche), Hypnodorm  ® 

(Alphapharm, New South Wales, Australia; Teva, Petach 
Tikva, Israel), Nilium  ®   (HELP S.A. Pharmaceutical Co., 
Athens, Greece), Roipnol  ®   (Roche), Valsera  ®   (Polifarma, 
Rome, Italy), and Vulbegal  ®   (Coup Pharmaceutical 
Products S.A., Athens, Greece).  2   The tablets are crushed 
by fl unitrazepam addicts for insuffl ation or injection. 
Flunitrazepam is a pharmaceutic preparation that is 
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Institute on Drug Abuse lists fl unitrazepam as a 
 “ club drug ”  along with methamphetamine, 3,4 - 
methylenedioxymethamphetamine (ecstasy, MDMA), 
LSD ( d  - lysergic acid diethylamide), ketamine, and GHB 
( γ  - hydroxybutyrate). The use of ketamine and fl unitraz-
epam among American youth is the least prevalent drug 
among these club drugs with a lifetime use of 0.4% for 
US youth aged 16 – 23 years based on the annual National 
Survey on Drug Use and Health.  3   With the exception of 
use of this drug during sexual assault, the abuse of fl uni-
trazepam occurs primarily among multidrug users of 
club drugs, particularly women.  

  Sources 

 Flunitrazepam is a sedative - hypnotic drug available in 
many countries in Europe, Asia, Australia, and South 
America. This drug has not been approved for thera-
peutic use in the United States or Canada. Medical 
uses outside the United States include the treatment 
of insomnia, preanesthetic anxiety, and agitation. 
Flunitrazepam is marketed as 0.5 - mg and 1 - mg tablets 
as well as an injectable form. The United States banned 
the importation of fl unitrazepam in 1996, but Mexico 
and some Latin American countries remain sources for 
smuggling fl unitrazepam into the United States. An epi-

relatively pure. However, surreptitious substitution of 
other benzodiazepines (e.g., lorazepam, diazepam, clon-
azepam, bromazepam) for fl unitrazepam may occur.  

  EXPOSURE 

  Epidemiology 

 Although fl unitrazepam has never been approved 
for medical use in the United States, this compound is 
a frequently prescribed hypnotic drug in many coun-
tries, particularly in Scandinavia. The US National 

       FIGURE 5.1.     Biotransformation of fl unitrazepam.  

  TABLE 5.1.    Some Physiochemical Properties of 
Flunitrazepam. 

   Physical Property     Value  

  Melting Point    166 – 167 ° C (~331 – 333 ° F)  
  log P (Octanol - Water)    2.06  
  Water Solubility    72.8   mg/L (25 ° C)  
  Vapor Pressure    2.54E - 09   mm Hg (25 ° C)  
  Henry ’ s Law Constant    2.26E - 11 atm - m 3 /mole (25 ° C)  
  Atmospheric OH Rate 

Constant  
  6.05E - 12   cm 3 /molecule -

 second (25 ° C)  
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  DOSE EFFECT 

  Illicit Use 

 Interviews with fl unitrazepam abusers suggest that 
fl unitrazepam use is occasional in most of the polydrug 
users, but some chronic abusers ingest up to 7 – 15 tablets 
at one time, usually with alcohol.  7   Drug - facilitated 
sexual assault case reports indicate that the ingestion of 
fl unitrazepam doses as low as 1   mg can cause antero-
grade amnesia, drowsiness, and confusion within the 
immediate period after consumption of an adulterated 
drink.18   Despite these effects, case reports suggest that 
some automated tasks (e.g., driving) can be accom-
plished during the period of amnesia with some impair-
ment of psychomotor skills.  

  Medical Use 

 The usual therapeutic dose of fl unitrazepam for the 
treatment of insomnia is 1 – 2   mg at bedtime. Similar to 
other benzodiazepines, volunteer studies indicate that 
fl unitrazepam doses between 1 – 4   mg produce dose -
 dependent effects on psychomotor performance (e.g., 
reaction time, balance, hand - eye coordination), vigi-
lance, attention, and short - term memory, particularly 
explicit memory (recall/recognition of recent events and 
personal interactions).  19,20   Flunitrazepam induces 
memory loss during the time of peak effect of the drug. 
This inability to recall information occurs at the same 
doses used to promote sleep. Higher doses produce 
longer periods of memory loss, but the limited data 
to date do not indicate that the amnesic action of 
fl unitrazepam is signifi cantly greater than other potent 
benzodiazepines.  21

  Toxicity 

 Based on French poison center data, the ingestion of 
0.25 – 0.29   mg fl unitrazepam/kg was a potentially toxic 
dose of fl unitrazepam that required medical supervi-
sion.22   A review of the toxicity associated with the inges-
tion of excessive doses of fl unitrazepam suggested that 
the ingestion of single doses of 10 – 30   mg by adults pro-
duces coma, whereas the ingestion of 40 – 50   mg causes 
respiratory depression.  21   The ingestion of 40   mg fl uni-
trazepam by a 21 - month - old boy was associated with 
coma, respiratory depression, hypotonia, bradycardia, 
and hypotension.  23   Tolerance to the effects of fl unitraz-
epam is not well defi ned. The suicidal ingestion of 
100   mg fl unitrazepam by a 24 - year - old woman was asso-
ciated with sedation and hypoventilation, requiring the 
continuous infusion of the antidote, fl umazenil.  24

demic of anticholinergic poisoning (i.e., mydriasis, 
visual hallucinations, plucking behavior, agitation, 
coma) occurred when scopolamine was sold as illicit 
Rohypnol ®  .  4

  Methods of Abuse 

 Flunitrazepam produces a sense of relaxation and dis-
inhibition similar to ethanol. Certain individuals use 
fl unitrazepam to enhance the effects of ethanol or mari-
juana. The primary route of fl unitrazepam abuse is 
ingestion, particularly in combination with the abuse of 
other drugs by polydrug abusers.  5,6   The abuse of fl uni-
trazepam alone is uncommon. Other routes of fl unitraz-
epam abuse include the injection or insuffl ation of 
crushed fl unitrazepam tablets.  7,8   Flunitrazepam is a 
common drug of abuse among benzodiazepine - using 
heroin addicts.  9   Volunteer studies in methadone -
 maintained patients suggest that high doses of fl unitraz-
epam (4   mg) produce euphoria in these patients.  10

Similar to other benzodiazepines, medicinal use of fl uni-
trazepam frequently involves the chronic administra-
tion of this drug. In this setting, there is no defi nite 
evidence that the abuse of fl unitrazepam is greater than 
other potent benzodiazepines.  11

 Flunitrazepam is one of numerous drugs used to 
chemically subdue victims in a sexual assault or 
robbery.  12,13   The victim ’ s suggestibility and passivity 
after fl unitrazepam ingestion provide the opportunity 
for assault with little or no recollection by the victim. 
Anecdotal reports suggest that the victim may develop 
drowsiness after the ingestion of a drink laced with the 
drug, and then loss of memory; subsequently, the victim 
remembers awakening in a place different than the 
original location.  14   Despite widespread media attention, 
fl unitrazepam is an uncommon agent of suspected 
rapists based on the analysis of urine specimens from 
cases reported to rape treatment centers.  15,16   Ethanol 
remains the most common drug detected in samples 
collected from cases of suspected drug - facilitated sexual 
assault. In a prospective case series of 78 inner - city 
emergency department patients alleging the ingestion 
of a spiked drink, unexplained sedative drugs were 
detected in only 2 patients.  17   The mean time between 
alleged exposure and biologic sampling was 5.9 hours 
(range, 1 – 12   h). Sixty percent of the participants in the 
study had serum ethanol concentrations exceeding 
150   mg/dL. Analysis of 2,003 urine samples of suspected 
chemical assault victims referred from a US rape treat-
ment center demonstrated that alcohol and marijuana 
metabolites were present in 63% and 30% of these 
samples, respectively.  14   Flunitrazepam was detected in 
< 0.5% of these urine samples, usually in combination 
with other drugs.   
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unchanged. The plasma elimination half - life of fl unitraz-
epam is about 24 – 48 hours. Following IV administration 
of a mean fl unitrazepam dose of 21    μ g/kg (range, 14 –
 33    μ g/kg) to 12 patients undergoing anesthesia, the 
mean serum elimination half - life of fl unitrazepam was 
about 25 hours (range, 15 – 66   h).  28   In a study of 8 patients 
ingesting 2   mg fl unitrazepam daily for 28 days, the ter-
minal plasma elimination half - life was 20 – 36 hours.  26

Another study of healthy adults receiving single and 
multiple doses of fl unitrazepam, the terminal elimina-
tion half - life averaged about 13 hours and 19 hours, 
respectively.  29   The plasma elimination half - life of fl uni-
trazepam substantially exceeds the duration of action as 
a result of the rapid distribution of fl unitrazepam into 
the tissues.  

  Maternal and Fetal Kinetics 

 Flunitrazepam crosses the placenta. The fetus is consid-
ered part of the deep (3 rd ) compartment. In a study of 
pregnant women near term receiving intramuscular 
fl unitrazepam, there was no statistically signifi cant dif-
ference between maternal and fetal venous plasma con-
centrations of fl unitrazepam.  30   Although fl unitrazepam 
appears in the milk of breast - feeding mothers ingesting 
fl unitrazepam, clinical effects in the breast - feed infant 
are not expected unless high doses of fl unitrazepam are 
ingested.35

  Tolerance 

 Although tolerance to benzodiazepines develops during 
chronic administration, there are few data on tolerance 
in fl unitrazepam users.  

  Drug Interactions 

 Flunitrazepam potentially enhances the effect of other 
sedative - hypnotic drugs, ethanol, and buprenorphine. In 
volunteer studies, the combination of a morning dose of 
ethanol (0.5   g/kg body weight) and prior - evening dose 
of fl unitrazepam (2   mg) signifi cantly impaired standing 
steadiness, tracking, and reaction times when compared 
with fl unitrazepam and ethanol alone.  36

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Commercially available benzodiazepines produce ther-
apeutic effects by binding to benzodiazepine receptors 
within the γ  - aminobutyric acid A  (GABA A ) - complex. 
However, these drugs differ in their effects from phar-

  TOXICOKINETICS 

  Absorption 

 The oral bioavailability of fl unitrazepam is approxi-
mately 80 – 90%.  25   Volunteer studies indicate that the 
peak plasma concentration of fl unitrazepam occurs 
about 2 hours after ingestion of 2   mg fl unitrazepam with 
initial peak fl unitrazepam concentrations ranging from 
about 10 – 15   ng/mL.  26,27

  Distribution 

 Following the intravenous (IV) administration of 
fl unitrazepam to patients prior to anesthesia, the 
average volume of distribution at steady state is about 
2.5 – 3.5   L/kg.  28,29   Plasma protein binding is approxi-
mately 80%.  30   Distribution kinetics rather than elimina-
tion kinetics are the primary determinate of the duration 
of action of fl unitrazepam with an open 3 - compartment 
model best describing the disappearance of fl unitraze-
pam from the blood.  

  Biotransformation 

 Flunitrazepam is structurally similar to diazepam, and 
the oxidative pathways of these 2 benzodiazepines are 
similar. The biotransformation of fl unitrazepam pro-
duces many metabolites including the major metabo-
lites N  - desmethylfl unitrazepam, 3 - hydroxyfl unitrazepam, 
and 7 - aminofl unitrazepam. Existing data suggests that 
metabolites account for minor, if any effects of fl unitraz-
epam. Receptor binding studies suggest that the binding 
of desmethylfl unitrazepam is similar to fl unitrazepam, 
whereas the binding of 7 - aminofl unitrazepam is an 
order of magnitude less than fl unitrazepam.  31   There are 
inadequate human studies to determine if any of these 
metabolites are present in suffi cient concentrations to 
produce clinical or toxic effects; the main hypnotic 
effects of fl unitrazepam probably result from the parent 
compound.  In vitro  studies suggest that CYP3A4 is the 
major CYP isoform involved with the oxidation of fl uni-
trazepam to N  - desmethyl - fl unitrazepam and 3 - hydroxy -
 fl unitrazepam as displayed in Figure  5.1 .  32   Although  in
vitro  studies suggest the involvement of CYP2C19 in the 
oxidation of fl unitrazepam,  33    in vivo  studies indicate 
that the role of CYP2C19 in the formation of N  -
 desmethylfl unitrazepam and 3 - hydroxyfl unitrazepam is 
minor.  34

  Elimination 

 Flunitrazepam is almost completely metabolized with 
only small amounts of this drug appearing in the urine 
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of early memories). Most cases of anterograde amnesia 
involve the inability to remember their normal daily 
routine (e.g., driving, talking to people, work activities). 
In contrast to the loss of memory associated with 
ethanol, individuals with anterograde amnesia following 
the use of fl unitrazepam can perform complex tasks 
(e.g., driving a car). Volunteer studies suggest that 2 - mg 
doses of fl unitrazepam impair memory and prolong 
rapid eye movement (REM) latency without changing 
the percentage of REM sleep.  38   However, not all volun-
teers developed memory impairment at this dose. With 
intermediate doses (e.g., 2   mg) of fl unitrazepam, impair-
ment of explicit memory can occur without signifi cant 
changes in psychomotor sedation (e.g., reduced simple 
choice reaction times), vigilance, or attention.  39   The 
anterograde amnesia probably results, at least in part, 
from impairment of memory consolidation secondary to 
REM sleep suppression. In very high doses, fl unitraze-
pam can cause respiratory depression, usually before 
clinically signifi cant reduction in blood pressure.  

  Postmortem Examination 

 There are no specifi c pathologic features associated 
with postmortem examination of fl unitrazepam - induced 
fatalities.  40   Postmortem examination of individuals, who 
died after ingesting fl unitrazepam, demonstrates typical 
fi ndings associated with respiratory depression and 
anoxia (i.e., pulmonary and/or cerebral edema).   

  CLINICAL RESPONSE 

 The pharmacologic effects of fl unitrazepam include 
sedation, reduced anxiety, muscle relaxation, and 
increased seizure threshold. The onset of action follow-
ing ingestion is about 15 – 20 minutes and the duration 
of action of is approximately 4 – 8 hours. Adverse effects 
associated with the abuse of fl unitrazepam include leth-
argy, lightheadedness, gastrointestinal distress, psycho-
motor retardation, poor coordination, slurred speech, 
confusion, tremors, nightmares, and low blood pres-
sure.  41   Benzodiazepines (e.g., lorazepam, diazepam, 
fl unitrazepam) produce dose - dependent amnesia. 
Anterograde amnesia is associated with the administra-
tion of fl unitrazepam, particularly with doses exceeding 
4   mg; loss of memory begins 5 – 60 minutes after inges-
tion of fl unitrazepam, depending on the dose.  42

Retrograde amnesia (i.e., recalling objects prior to the 
administration of the drug) is usually preserved. 
Flunitrazepam is mostly a sedating drug. However, 
some individuals experience idiosyncratic, paradoxical 
reactions towards benzodiazepines including fl unitraz-
epam. These unexpected reactions include talkativeness, 
agitation, confusion, loss of impulse control, aggression, 

macologic (i.e., duration and onset of action) and phar-
macodynamic actions. Similar to other benzodiazepines, 
fl unitrazepam is an indirect  γ  - aminobutyric - acid 
(GABA) agonist that enhances the binding of GABA 
to postsynaptic neuronal chloride channels. This action 
opens the chloride channel of post - synaptic neurons, 
resulting in an infl ux of chloride and hyperpolarization 
of the cell along with a reduction in cell excitability. The 
enhancement of inhibitory neurotransmission in the 
brain and spinal cord causes sedation and reduced 
anxiety. Benzodiazepines potentiate GABA - mediated 
inhibition in a more selective manner than barbiturates 
and ethanol by increasing the affi nity of GABA for its 
receptor. The potency of a specifi c benzodiazepine 
compound depends on the drug concentrations at the 
receptor site as well as the degree of affi nity for the 
corresponding receptor. Flunitrazepam is highly lipo-
philic, and this drug is one of the most potent benzodi-
azepine compounds. The affi nity of fl unitrazepam for 
benzodiazepine receptors is somewhat greater than 
some (e.g., alprazolam, diazepam, and oxazepam), but 
not all (e.g., triazolam, midazolam) commercial benzo-
diazepines.  37   The rapid onset of action and the high 
potency of this drug increase the abuse liability of 
fl unitrazepam compared with other, less potent 
benzodiazepines.  

  Mechanism of Toxicity 

 The pharmacodynamic interaction of fl unitrazepam 
with the GABA A  - benzodiazepine receptor complex 
throughout the central nervous system causes ataxia, 
sedation, drowsiness, sleep, reduced anxiety, anticonvul-
sant effects, and impairment of memory. The distur-
bance of memory is dose - dependent. This impairment 
of memory probably involves the process of the consoli-
dation of information into memory storage rather 
than input or retrieval of information. The types of 
memory storage include short - term memory storage 
(primary memory), middle course memory storage (sec-
ondary memory), and long - term memory storage (ter-
tiary memory). Short - term storage includes the 
information necessary for thought processes and under-
standing. The consolidation of short - term memory into 
long - term memory occurs both as explicit memory 
( “ conscious ” ) and implicit ( “ unconscious ” ) memory. 
The former is semantic (facts, general information), epi-
sodic (events personally experienced) and autobio-
graphic (e.g., recall of names) memory, whereas implicit 
memory is the unconscious memory for automated 
tasks (i.e., actions of the normal daily routine, such as 
driving a car). As with most hypnotic - sedative drugs, the 
loss of memory associated with fl unitrazepam is primar-
ily anterograde rather than retrograde amnesia (i.e., loss 
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particularly in alcoholics. Other withdrawal effects 
include derealization (i.e., perception that external 
world is strange and dreamlike), depersonalization, 
delirium, and hallucinations. Rebound insomnia (i.e., a 
temporary worsening of sleep after discontinuation of 
hypnotic drugs) is a sensitive indicator of physiological 
dependence on benzodiazepine drugs (i.e., fl unitraze-
pam).21   In a study of 6 insomniacs receiving 2   mg fl uni-
trazepam nightly for 4 weeks, sleep latency and total 
wake time were signifi cantly increased above baseline 
for the fi rst 3 nights after discontinuation of the drug.  51

These parameters returned to baseline within 2 weeks. 
The capacity of fl unitrazepam to produce physiologic 
dependence or withdrawal symptoms after administra-
tion of an antagonist or discontinuation of treatment is 
similar to other potent benzodiazepines.  21

  Reproductive Abnormalities 

 There is no clear association between the use of fl uni-
trazepam by pregnant women and the development of 
reproductive abnormalities, including delayed neurobe-
havioral development.  52

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Screening 

 Benzodiazepine immunoassays (e.g., enzyme immuno-
assays, fl uorescence polarization immunoassays, radio-
immunoassays) are relatively specifi c, but the sensitivity 
of older immunoassay screening tests for the small 
fl unitrazepam concentrations typically present in urine 
samples after either therapeutic use or abuse is rela-
tively low. Furthermore, most benzodiazepine immuno-
assay reagents react poorly with fl unitrazepam 
metabolites (e.g., 7 - aminonitrazepam).  53   More recently 
developed immunoassays (e.g., Cozart ELISA, Cozart 
Bioscience, Oxfordshire, UK; Immunalysis ELISA, 
Immunalysis Corporation, Pomona, CA) are more sen-
sitive (i.e., 30   ng/mL) for 7 - aminofl unitrazepam than 
older immunoassays.  54   Signifi cant cross - reactivity with 
this assay occurs only with diazepam.  55   Radioreceptor 
assays lower the limit of detection to pharmacologically 
active concentrations of fl unitrazepam, but these tech-
niques do not identify specifi c compounds.  56   Although 
gas chromatography with electron capture detection 
has high sensitivity, this technique lacks specifi city 
and has poor sensitivity for fl unitrazepam metabolites 
(e.g., 7 - aminofl unitrazepam, 3 - hydroxy - fl unitrazepam). 
Rapid drug detector kits (e.g., Drink Detective  ®  , 
SureScreen Diagnostics, London) are commercially 

and violent behavior.  43,44   Individuals with increased risk 
of paradoxical reactions include elderly, children, alco-
holics, and psychiatric patients with personality or psy-
chotic disorders. 

  Illicit Use 

 In some criminals, the use of large doses of fl unitraze-
pam is associated with feelings of power, enhanced self -
 esteem, omnipotence, loss of fear and episodic memory, 
and impulsive violence, particularly when ingested with 
alcohol.45   However, the role of fl unitrazepam in produc-
ing the impulsive behavior remains unclear. Rare case 
reports associate the abuse of fl unitrazepam with a 
variety of inappropriate behavior including loss of 
impulse control, irritability, aggression, verbal hostility, 
physical assaults, and suicidal actions.  46   However, the 
causal role of fl unitrazepam in these behaviors is diffi -
cult to determine, and there is no defi nite evidence that 
fl unitrazepam is more often associated with these 
behaviors than other benzodiazepines.  47   A case report 
associated the IV administration of dissolved fl unitraz-
epam tablets into the femoral artery with the develop-
ment of distal peripheral ischemia that resolved 
following treatment with anticoagulation and intraarte-
rial urokinase and prostaglandins.  48   Flunitrazepam is 
occasionally administered during drug - facilitated sexual 
assaults and robberies as a means to induce amnesia and 
disinhibition.49

  Overdose 

 The clinical effects of an overdose of fl unitrazepam are 
similar to the toxicity of other benzodiazepines. In a 
study of children ingesting fl unitrazepam, common clin-
ical features of a fl unitrazepam overdose were related 
to alterations of consciousness, particularly drowsiness, 
agitation, and ataxia.  22   Less common effects of fl unitraz-
epam overdose include bradycardia, hypotension, coma, 
and hypotonia.  

  Abstinence Syndrome 

 Abrupt termination of the chronic use of fl unitrazepam 
causes withdrawal reactions including restlessness, agi-
tation, irritability, headache, myalgias, paresthesias, and 
confusion. This abstinence syndrome is similar to other 
benzodiazepines. In a study of 28 addicts using up to 
8 – 10   mg fl unitrazepam daily, withdrawal symptoms 
(e.g., anxiety, fear, insomnia, confusion, shivering, tachy-
cardia, involuntary movement, paresthesias, perceptual 
changes) began about 36 hours after cessation of fl uni-
trazepam use.  50   Withdrawal seizures can occur up to 
about 1 week after the cessation of fl unitrazepam use, 
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and elevated temperature. An experimental study of 
non - fl uoridated postmortem blood contaminated with 
bacteria indicated that the conversion of fl unitrazepam 
to 7 - aminofl unitrazepam is almost complete within 8 
hours at room temperature.  67   In a study of nonfl uori-
dated blood samples spiked with 0.25   mg/L fl unitraze-
pam, the fl unitrazepam concentration over 3 months 
of storage decreased by 90%, 70%, and 15%, when 
stored at room temperature, 4 ° C, and  − 20 ° C, 
respectively.  68   Flunitrazepam is relative stable when 
stored in sodium fl uoride at  − 20 ° C, but some loss 
of the 7 - aminofl unitrazepam occurs. Although 
7 - aminofl unitrazepam is more resistant than fl unitraz-
epam to bacteria and elevated temperature, degrada-
tion of this metabolite occurs during prolonged storage. 
After storage at − 20 ° C ( − 4 ° F) for 2 months and 24 
months with preservatives (1% sodium fl uoride/
potassium oxalate), the original concentration of 
7 - aminofl unitrazepam decreased 29% and 68%, respec-
tively.  67   Consequently, analysis of these samples prefer-
ably should occur within 1 week.   

  Biomarkers 

 Using sensitive methods (e.g., gas chromatography/
negative chemical ionization/mass spectrometry), volun-
teer studies indicate that 7 - aminofl untrazepam is detect-
able in hair for at least 28 days after the ingestion of 2   mg 
fl unitrazepam.  69   However, timing of the use of fl unitra-
zepam is diffi cult to determine using hair analysis. 
Flunitrazepam is less basic than 7 - aminofl unitrazepam; 
therefore, the fl unitrazepam concentrations in hair are 
lower and more diffi cult to detect than 7 - aminonitrazepam. 
Using tandem mass spectrometry, hair analysis comple-
ments rather than replaces the analysis of blood and 
urine for fl unitrazepam and associated metabolites.  70

Flunitrazepam diffuses poorly into vitreous humor, and 
the postmortem vitreous concentrations of fl unitraze-
pam are about one - third of the peripheral blood.  71

  Blood 

 The whole blood/plasma ratio of fl unitrazepam is about 
0.75 with a range of 0.65 – 0.80.  29

Therapeutic/Illicit Use.     The elimination of fl unitraz-
epam from the blood is rapid, and detection of fl unitraz-
epam in blood samples requires sensitive analytic 
methods. Peak fl unitrazepam concentrations occur 
about 2 – 4 hours after oral administration with peak 
concentrations reaching 10 – 15   ng/mL after single 2 - mg 
IV doses and 15 – 20   ng/mL after 1 month of daily 
oral dosing of 2   mg fl unitrazepam, respectively.  26,72

Flunitrazepam was detectable in whole blood samples, 

available for the detection of club drugs including fl uni-
trazepam, but the these products lack both sensitivity 
and specifi city, particularly in drinks containing tonic 
water and fruit juices.  57   Other methods for the detection 
of fl unitrazepam and other drugs of abuse in food and 
drink include lateral - fl ow immunoassay with confi rma-
tion by high - performance liquid chromatography 
coupled with quadrupole ion trap/time - of - fl ight tandem 
mass spectrometry.  58

  Confirmatory     

Methods to quantitate fl unitrazepam and associated 
metabolites in biologic samples include gas chromatog-
raphy, high performance liquid chromatography with 
ultraviolet detection (250   nm),  34   gas chromatography/
mass spectrometry,  59   high performance liquid 
chromatography/tandem mass spectrometry,  60,61   ion trap 
gas chromatography/tandem mass spectrometry,  62   liquid 
chromatography/atmospheric pressure photoionization/
mass spectrometry,  63   and micellar electrokinetic chro-
matography.  64   Gas chromatography/mass spectrometry 
with electron impact or negative chemical ionization 
detection are sensitive and specifi c confi rmatory methods 
for the quantitation of fl unitrazepam, but these methods 
do not detect polar metabolites without derivatization. 
In contrast to gas chromatography/electron impact/mass 
spectrometry and gas chromatography/negative chemi-
cal ionization/mass spectrometry, liquid chromatography/
mass spectrometry methods using atmospheric pressure 
chemical ionization or electrospray ionization are sensi-
tive, specifi c analytic methods that do not require 
derivatization. The lower limit of quantitation (LLOQ) 
for fl unitrazepam using high performance liquid 
chromatography with ultraviolet detection is about 
0.5   ng/mL, whereas the LLOQ for fl unitrazepam and 
7 - aminofl unitrazepam using gas chromatography/mass 
spectrometry is 0.1   ng/mL and 0.01   ng/mL, respectively. 
The limit of detection (LOD) for high performance 
liquid chromatography/atmospheric pressure chemical 
ionization mass spectrometry is 0.2   ng/mL for fl unitraz-
epam and 7 - aminonitrazepam and 0.1   ng/mL for  N  -
 desmethylfl unitrazepam and 3 - hydroxyfl unitrazepam.  65

Using liquid chromatography/electrospray ionization/
mass spectrometry with solid - phase extraction, the 
LOD in biologic samples for these 4 compounds was 
0.025   ng/mL, 0.25   ng/mL, 0.04   ng/mL, and 0.2   ng/mL, 
respectively.  66

  Storage 

 Flunitrazepam is relatively stable in sterile blood, 
but rapid conversion of this compound to 7 - 
aminofl unitrazepam occurs in the presence of bacteria 
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trazepam, as measured by gas chromatography/mass 
spectrometry (LOD, 2   ng/mL).  75   Using liquid 
chromatography/tandem mass spectrometry with a 
cutoff of 0.5   ng/mL, 7 - aminofl unitrazepam was 
detectable in hydrolyzed urine for 5 days in all 16 vol-
unteers receiving 0.5   mg fl unitrazepam, whereas the 
window of detection was extended to 10 days in 2 vol-
unteers.  76   The ratio of 7 - aminodesmethylfl unitrazepam/
7 - aminofl unitrazepam increased with time independent 
of dose in this study; a ratio of 0.1 suggested ingestion 
within 4 hours compared with > 72 hours for ratios 
exceeding 0.6. In a study of 10 healthy volunteers 
receiving 2   mg fl unitrazepam, 7 - aminofl unitrazepam 
was detectable for 14 days, 21 days, and 28 days in 6, 1, 
and 3 volunteers, respectively, as measured by gas chro-
matography/negative chemical ionization/mass spec-
trometry.  77   The LLOQ for 7 - aminofl unitrazepam in 
hydrolyzed urine was 10   pg/mL (0.010   ng/mL). The 
fl unitrazepam concentrations in these urine specimens 
were 2 orders of magnitude below the 7 - amino-
fl unitrazepam concentrations. In the study using liquid 
chromatography/tandem mass spectrometry, 7 of the 16 
volunteers receiving a single dose of 2   mg fl unitrazepam 
had detectable 7 - aminofl unitrazem concentrations in 
hydrolyzed urine for 10 days. The window of detection 
for 7 - aminofl unitrazepam in urine is substantially 
shorter (48 – 96   h), when using liquid chromatography 
with diode array detection, gas chromatography/mass 
spectrometry, or liquid chromatography/mass spectrom-
etry rather than gas chromatography/negative chemical 
ionization/mass spectrometry.  78   Following chronic abuse 
of fl unitrazepam, high concentrations of 3 - hydroxyfl uni-
trazepam also occur in hydrolyzed urine samples 
from these individuals. Typically, the concentration 
of total 7 - aminofl unitrazepam in urine samples is 
several fold higher than the concentration of free 
7 - aminofl unitrazepam.  79

  Driving 

 Volunteer studies indicate that the ingestion of fl uni-
trazepam at night can produce some residual effects on 
psychomotor skills involved with driving during the fol-
lowing morning and perhaps some effect on driving 
skills in the following afternoon. In a study of 20 male 
volunteers, the ingestion of 2   mg fl unitrazepam at night 
caused some detrimental effects on standing steadiness, 
tracking, choice reaction, and fl icker recognition.  36   A 
study of 29 healthy volunteers suggested that an IV 
fl unitrazepam dose of 0.03   mg/kg causes some impair-
ment of reaction times and coordination 4 hours after 
administration.72   The ingestion of ethanol at doses of 
0.5   g/kg in the morning produced synergistic effects on 
psychomotor skills. Examination of individuals under 

but not in plasma samples up to 4 hours after the oral 
administration of 2   mg fl unitrazepam, as measured by 
gas chromatography/mass spectrometry (LOD, 5   ng/
mL).73   Flunitrazepam concentrations in blood do not 
correlate to agitated or aggressive behavior. In a 
Norwegian study of drivers apprehended for suspected 
driving under the infl uence and suspects of violent 
crimes, agitation or aggressive behavior was not more 
common in the group with the highest blood fl unitraz-
epam concentration, when compared with individuals 
with therapeutic concentrations of fl unitrazepam.  80

Although the onset and duration of anterograde 
amnesia associated with the administration of fl unitraz-
epam is dose - dependent, impairment of explicit memory 
(recall/recognition of recent events and personal inter-
actions) can occur following ingestion of therapeutic 
concentrations of fl unitrazepam.  39

Overdose.     In a study of 588 blood samples collected 
from patients presenting to a French emergency depart-
ment, 7 serum samples were positive only for fl unitraz-
epam, as measured by gas chromatography/mass 
spectrometry (LOD,  ∼ 4   ng/mL).  74   The mean serum 
fl unitrazepam concentration was 284    ±    342   ng/mL with 
a range of 19 – 1,011   ng/mL. The clinical conditions of 
these patients were not described in this paper.  

Postmortem.     A study of antemortem and postmortem 
samples from 4 individuals suggests that postmortem 
diffusion of fl unitrazepam and 7 - aminofl unitrazepam 
into peripheral tissues (e.g., femoral blood) is probably 
too small to confound the interpretation of postmortem 
fl unitrazepam concentrations; the study was too small 
to provide statistical analysis.  71   However, as a result of 
the postmortem conversion of fl unitrazepam to 
7 - aminofl unitrazepam, postmortem blood concentra-
tions of fl unitrazepam alone may not accurately refl ect 
antemortem fl unitrazepam concentrations.  40   In such 
cases, the individuals typically have high concentrations 
(0.4 – 0.8   mg/L) of 7 - aminofl unitrazepam because the 
total blood concentrations of nitrobenzodiazepine com-
pounds are relatively stable during the initial postmor-
tem interval.   

  Urine 

 The duration of positive urine samples after the use of 
fl unitrazepam depends on the sensitivity of the analytic 
method, preparation techniques (e.g., enzymatic hydro-
lysis), route of exposure, interindividual variation, and 
the fl unitrazepam dose. The major metabolite, 7 - amino-
fl unitrazepam, was detectable in urine samples from 
volunteers for 3 days after the ingestion of 0.5   mg fl uni-
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doses typically require about 0.5 – 1   mg. Failure to 
respond to a total of 5   mg fl umazenil indicates that the 
altered consciousness probably is not related to benzo-
diazepine toxicity. The pediatric dose of fl umazenil is 
not well established, but IV doses of 0.01 – 0.02   mg/kg 
(maximum dose, 0.2   mg) have been administered suc-
cessfully without complications.  83   The plasma half - life of 
fl unitrazepam far exceeds the half - life of fl umazenil; 
therefore, patients responding to fl umazenil must be 
observed for 24 hours to prevent recurrence of adverse 
effects.  23   Methods to enhance elimination (e.g., hemodi-
alysis, hemofi ltration, hemoperfusion) are not effective 
for highly lipophilic and widely distributed drugs, such 
as fl unitrazepam.      
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γ  - HYDROXYBUTYRATE 
( GHB ) 

           HISTORY 

 Although Saytzeff isolated GHB in 1874,  1   the fi rst syn-
thesis of gamma hydroxybutyrate (GHB) occurred 
during the early 1960s, when Henry Laborit searched 
for an active, synthetic analogue of  γ  - aminobutyric acid 
(GABA) that readily crossed the blood – brain barrier 
and persisted longer than GABA.  2   Preliminary studies 
demonstrated the similar sedative effects of GHB and 
γ  - butyrolactone; however, animal studies in the late 
1960s revealed that the biologic and behavioral effects 
of γ  - butyrolactone resulted from the rapid conversion 
of this compound to GHB by an active lactonase.  3   Early 
uses of GHB included anesthesia and sleep - induction. 
In 1962, Blumenfeld et al reported the fi rst use of GHB 
for surgical anesthesia in humans.  4   Although GHB was 
an effective anesthetic with minimal cardiorespiratory 
depression, recognition of undesirable postoperative 
sequelae (nausea, vomiting, myoclonus, Cheyne - Stokes 
respirations), lack of muscle relaxation, and poor anal-
gesia limited the use of GHB as an anesthetic.   5   In 1964, 
Helrich et al induced sleep in healthy volunteers follow-
ing the intravenous (IV) administration of GHB at 
doses up to 9   g (100   mg/kg).  6   Before 1990, GHB was 
sold as a dietary supplement in the United States that 
was a replacement for L - tryptophan. In the United 
States, reports of enhanced growth hormone release and 

potential anabolic effects resulted in the misuse of GHB 
by body builders during the early 1990s  7  ; however, the 
lack of scientifi c support for the anabolic effects of 
GHB resulted in the subsequent reduction of GHB use 
for anabolic purposes.  8   In the 1990s, the discovery of the 
euphoric, sedative, and short - term growth hormone -
 releasing properties of GHB in the club drug and body-
building scenes resulted in the popularization of GHB 
as a substance of abuse.  9   However, case reports associ-
ated serious toxic effects (coma, seizures) with the rec-
reational use of GHB.  10,11   The US Food and Drug 
Administration (FDA) issued a recall for GHB -  and 
GBL - containing nutritional supplements in early 1999. 
The Hillory J. Farias and Samantha Reid Date - Rape 
Drug Prohibition Act of 2000 reclassifi ed GHB as a 
schedule I controlled substance as a result of reports of 
physical dependence and withdrawal following chronic 
GHB and the use of GHB for sedation and anterograde 
amnesia during drug - facilitated sexual assaults.  12   GHB 
became a controlled substance in most European Union 
member states in 2001. Amendments to the US 
Controlled Substances Act allowed the clinical develop-
ment of sodium oxybate (i.e., oral formulation of GHB) 
to proceed via a unique, bifurcated schedule. 
Subsequently, the FDA approved the use of sodium 
oxybate for the treatment of cataplexy in 2002 as a 
schedule II drug. To promote the safe use of this drug 
and to alleviate concerns over possible diversion and 
abuse following product approval, a proprietary 
restricted drug distribution system (Xyrem  ®   Success 
Program) was established. Components of the program 
include a centralized distribution and dispensing system 
with tracking of prescription shipments, a physician and 
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detection issues complicate the interpretation of studies 
of GHB use during drug - facilitated sexual assault, exist-
ing studies suggest that GHB use in this setting is 
uncommon ( < 3%), similar to the use of fl unitrazepam. 
In a systematic review of 11 studies on the involvement 
of GHB in reported sexual assaults, the range of detect-
able GHB concentrations in reported sexual assaults 
was 0.2 – 4.4%.  18   However, the short window of GHB 
detection limits conclusions regarding the prevalence of 
GHB use during drug - facilitated sexual assault.  19,20   Past 
and present medicinal uses of GHB include weight loss, 
sedation, the treatment of narcolepsy and alcohol or 
opiate withdrawal, and the induction of rapid eye move-
ment sleep and general anesthesia. The use of GHB as 
an anesthetic has been discarded because of unpredict-
able anesthetic effects and adverse reactions.  

  Sources 

 The illicit manufacture of GHB involves the heating of 
a GBL mixture alkalinized with lye. After the addition 
of acetone, the mixture is dried. The ester hydrolysis of 
γ  - butyrolactone produces clear solutions containing an 
amount of GHB equivalent to about 70% of the GBL 
weight. In a series of 418 samples seized at homosexual -
 oriented clubs in Australia, 225 samples were liquid with 
85 (37.8%) containing GHB and 140 (62.2%) contain-
ing GBL.  21   None of the samples contained 1,4 - butanediol 
(1,4 - BD). In the United States, GHB is available as 
sodium oxybate (Xyrem  ®  , Jazz Pharmaceuticals, Palo 
Alto, CA) for the treatment of cataplexy in patients 
with narcolepsy. GHB is available in Europe (Alcover  ®  , 
CT Laboratorio Farmaceutico, SRL, San Remo, Italy) 
for use as an anesthetic or for the treatment of alcohol 
or opiate withdrawal.  22   Although randomized clinical 
trials indicate that GHB is superior to placebo for the 
treatment of alcohol withdrawal, the use of GHB for 
this indication is not clearly better than benzodiaze-
pines or chlormethiazole in maintaining abstinence.  23

  Methods of Abuse 

 By the late 1990s and early 2000s, GHB was a popular 
club drug that was associated with drug - facilitated 
sexual assault.  24   The use of GHB at party settings 
appears more common among men than women, and 
the use of GHB frequently occurs in polydrug users 
(ethanol, ecstasy, methamphetamine, cocaine, ket-
amine).25,26   Although GHB has a reputation as a club 
drug, an online survey of 189 individuals using GHB at 
least once in their lifetime suggested that private homes 
are a more common venue for GHB use than night-
clubs.  27   Reports from GHB users describe the effects of 

patient registry, and compulsory educational materials 
for patients and physicians along with an initial post-
marketing surveillance program.  13   In 2005, the FDA 
extended the therapeutic use of sodium oxybate (GHB) 
to include the treatment of excessive daytime sleepiness 
in patients with narcolepsy. The treatment of cataplexy 
in adult patients with narcolepsy was approved in the 
European Union in 2005.  

  IDENTIFYING CHARACTERISTICS 

 GHB (CAS RN: 591 - 81 - 1, C 4 H 8 O 3,  MW: 104.10   g/mol) 
is an endogenous short - chain fatty acid that is an active 
metabolite of the inhibitory neurotransmitter,  γ  -
 aminobutyric acid (GABA).  14   Sodium oxybate (CAS 
RN: 502 - 85 - 2, MW: 127.09   g/mol) is the sodium salt of 
GHB that is the current oral form used to administer 
GHB therapeutically. One level teaspoon (i.e., 5   mL) of 
pure GHB weighs 4.4   g.  11   Common street names for 
GHB include Cherry Meth, Easy Lay, Everclear, G, 
George, Gina, Grievous Bodily Harm (GBH), Georgia 
Homeboy, Great Hormones at Bedtime, Goops, Growth 
Hormone Booster, Liquid Ecstasy, Liquid X, Organic or 
Nature ’ s Quaalude, Oxy - Sleep, Poor Man ’ s Heroin, 
Salty Water, Scoop, Soap, Vitamin G, Wolfi es, and 
Zonked. GHB appears on the illicit market as a clear, 
odorless, oily liquid, a crystalline powder, or a gel 
(sodium salt). The liquid form has a slightly salty taste; 
occasionally, food dyes or cinnamon are added to 
improve palatability. The colorless, odorless, highly 
water soluble properties of the liquid allows the sur-
reptitious use of GHB in the drinks of drug - facilitated 
sexual assault victims.  

  EXPOSURE 

  Epidemiology 

 Illicit GHB use in the United States declined dramati-
cally following the scheduling of GHB as a schedule I 
controlled substance; GHB exposures reported to the 
California Poison Control System decreased 76% from 
1999 ( n     =    426) to 2003 ( n     =    101).  15   Based on Drug 
Abuse Warning Network (DAWN) data, approximately 
0.3 – 0.4% of drug - related emergency department (ED) 
visits in the United States are associated with GHB or 
GHB analogues.  16   Data from the 2004 National Drug 
Strategy Household Survey indicated that the preva-
lence of GHB use was relatively low in Australia.  17

About 0.5% of Australians aged 14 years or older 
reported the use of GHB at least once in their lifetime 
and 0.1% reported recent use. The prevalence of GHB 
use was highest among 20 -  to 29 - year - olds. Although 
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ated with withdrawal following abrupt cessation of 
GHB therapy at the end of the study.  38   In a case series 
of 48 narcolepsy patients treated with 2.25 – 3   g GHB 
daily for up to 9 years, evidence of withdrawal did not 
occur.  39   The exact dose of GHB associated with with-
drawal symptoms is diffi cult to estimate because the 
origin of the GHB often is a powder obtained over the 
Internet and the patients are frequently polydrug 
abusers. The escalating use of GHB up to an estimated 
40   g daily was associated with withdrawal symptoms 
including anxiety, tremors, diaphoresis, hallucination, 
paranoia, nystagmus, impaired memory, hypertension, 
and tachycardia based on case reports.  40   Prevention of 
withdrawal symptoms may require frequent administra-
tion in the day and night. Typically, individuals ingest 
GHB doses every 2 – 4 hours during the night to prevent 
insomnia or anxiety.  

  TOXICOKINETICS 

  Absorption 

 Volunteer studies indicate that the absorption of GHB 
is rapid and capacity - limited with peak plasma GHB 
concentrations occurring < 1 hour after ingestion.  41

Peak GHB plasma concentrations occur within about 
20 – 45 minutes after the ingestion of 25 – 50   mg GHB/kg 
body weight by healthy volunteers.  42   In a study of alco-
holic patients receiving 25   mg GHB/kg twice daily for 
7 days, the mean maximum plasma GHB concentration 
was 55    ±    19   mg/L with a range from 32 – 85   mg/L.  43   The 
median time to peak plasma GHB concentration was 30 
minutes (range, 20 – 45   min). Following the oral admin-
istration of single GHB (sodium oxybate) doses of 
60   mg/kg and 72   mg/kg, the mean maximum plasma 
GHB concentrations were 113.5    ±    20.1   mg/L (range, 
90.3 – 134.7   mg/L) and 130.1    ±    10.7   mg/L (range, 122.5 –
 137.6   mg/L), respectively.  44   Figure  6.1  displays the 
time - concentration curves for GHB after the oral 
administration of a single dose of 12.5   mg/kg, 25   mg/kg, 
or 50   mg/kg to 8 healthy male volunteers. The absorp-
tion of sodium oxybate (Xyrem  ®  , Orphan Medical, 
Minnetonka, MN) in solution is also rapid with peak 
GHB concentrations occurring within 30 – 60 minutes 
after administration.  45

  Distribution 

 GHB is poorly protein bound, and the apparent volume 
of distribution is relatively small (0.4 – 0.6   L/kg). In a 
study of 8 healthy volunteers receiving a single GHB 
dose of 25   mg/kg, the mean volume of distribution was 
52.7    ±    15.0   L (range, 19.1 – 155   L).  42

GHB as similar to sedative - hypnotic or alcohol intoxi-
cation, and chronic use may cause tolerance and depen-
dence.  28   Desirable effects associated with the GHB use 
recreationally include euphoria, relaxation, loss of inhi-
bitions, increased sociability, better mood, and enhanced 
sexual awareness. Although increased sexual desire, 
arousal, and activity are often related to GHB use, the 
use of GHB is also associated with decreased sexual 
performance and impaired memory of the sexual expe-
rience.  29   Visual or auditory hallucinations and involun-
tary limb movements are not typically associated with 
GHB use. Preclinical studies of GHB suggest that the 
abuse potential of GHB is relatively low; however, 
GHB abuse is a reported complication of the treatment 
of alcohol dependence/withdrawal with GHB.  30   In a 
double - blind study of 14 volunteers with histories of 
drug abuse, measures of likelihood of abuse (e.g., ratings 
of liking, reinforcing effects) indicate that the abuse 
likelihood of GHB is lower than pentobarbital and 
greater than triazolam.  31   Memory impairment was less 
with GHB compared with pentobarbital or triazolam, 
and GHB produced signifi cantly greater adverse effects 
(e.g., nausea). A study of 12 healthy recreational users 
of GHB demonstrated that the ratings for euphoria and 
pleasurable effects following oral administration of 
40 – 60   mg GHB/kg were slightly higher than 0.7   mg 
ethanol/kg or 1.25   mg fl unitrazepam.  32

  DOSE EFFECT 

 For the treatment of narcolepsy, the standard dose of 
sodium oxybate is 4.5 – 9.0   g at bedtime. Single oral doses 
of 10   mg GHB/kg produce short - term amnesia and 
hypotonia, whereas the ingestion of 20 – 30   mg/kg causes 
drowsiness. In clinical trials, therapeutic doses of GHB 
for the induction of sleep typically range from 15 – 30   mg/
kg with doses up to 30 – 50   mg/kg producing sleep that 
is reversible by external stimulation compared with 
50 – 150   mg/kg for the treatment of alcoholics in with-
drawal.   33,34   Euphoria may occur at GHB doses used to 
induce sleep. GHB doses above 60   mg/kg are associated 
with obtundation and coma.  35   Intravenous GHB doses 
of 60 – 70   mg/kg induce sleep within 5 – 15 minutes and 
coma lasting about 1 – 2 hours followed by rapid arousal.  36

Adverse effects at these doses include nausea, vomiting, 
hypotonia, bradycardia, respiratory depression, and 
Cheyne - Stokes respiration.  37

 The typical street dose of GHB is 2 – 6   g (25 – 75   mg/
kg or approximately  ½  – 1 ¼  teaspoon of pure GHB), but 
experienced users may ingest up to 30   g.  11   Withdrawal 
symptoms usually occur in high - dose, chronic GHB 
users, whereas the administration of 50   mg GHB/kg 
daily for 6 months to alcoholic patients was not associ-
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  Biotransformation 

 The metabolism of GHB primarily involves conversion 
to succinic semialdehyde and then succinate followed 
by the conversion of succinate to carbon dioxide and 
water via the tricarboxylic acid cycle (Krebs cycle). 
Several minor pathways of GHB metabolism also exist, 
including the reduction of GHB to succinic semialde-
hyde by the mitochondrial enzyme, GHB - oxoacid -
 transhydrogenase ( d  - 2 - hydroxyglutarate transhydroge-
nase), and  β  - oxidation as displayed in Figure  6.2 .    

  Elimination 

 Elimination of GHB results primarily from biotransfor-
mation rather than renal excretion. The kidneys excrete 
 < 1 – 2% of a therapeutic GHB dose (25   mg/kg twice 
daily for 7 days) unchanged.  43   The elimination of GHB 
is rapid, but nonlinear as a result of capacity - limited 
kinetics following the administration of GHB doses 

       FIGURE 6.1.     Plasma concentrations of  γ  - hydroxybutyrate 
(GHB) following oral administration of 12.5   mg/kg (closed 
circle), 25   mg/kg (open circle), and 50   mg/kg (open triangle). 
 (Reprinted with kind permission from Springer 
Science + Business Media: European Journal of Clinical 
Pharmacology, Dose - dependent absorption and elimination of 
gamma - hydroxybutyric acid in healthy volunteers, Vol. 45, 
1993, p. 354, P. Palatini, Fig. 1A.)   
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above 50   mg/kg. Following typical therapeutic or recre-
ational doses of GHB, the plasma elimination half - life 
is approximately 20 – 30 minutes. In a study of alcoholic 
patients receiving 25   mg GHB/kg twice daily for 7 days, 
the median plasma elimination half - life was 27    ±    5 
minutes with a range of 20 – 45 minutes.  43   In a study of 6 
narcolepsy patients, the plasma elimination half - life of 
GHB was 53    ±    19 minutes following administration of 
two 3   g - doses at a 4 - hour interval.  46   Plasma GHB con-
centrations were nondetectable within approximately 
4 – 6 hours after ingestion as measured by gas chroma-
tography with mass selective detection (lower limit of 
quantitation [LLOQ],  ∼ 7   mg/L). The elimination of 
GHB following the administration of therapeutic doses 
of sodium oxybate (Xyrem  ®  ) is also rapid with an 
average plasma elimination half - life of about 40 
minutes.  45   Case reports of GHB overdoses suggest that 
zero - order or saturation (Michaelis - Menten) kinetics 
best describe the elimination of GHB following the 
ingestion of very large doses of GHB.  47    

  Drug Interactions 

 The illicit use of GHB frequently occurs with the inges-
tion of other drugs, particularly ethanol; GHB and 
ethanol share similar sedative effects. In a double - blind, 
placebo - controlled, crossover study, 16 healthy adults 
received GHB (50   mg sodium oxybate/kg) and/or 
ethanol (0.6   g/kg, estimated blood ethanol concentra-
tion 50   mg/dL). The combination of GHB and ethanol 
produced more signifi cant adverse effects (vomiting, 
decreased blood pressure, reduced oxygen saturation) 
compared with placebo or each drug alone.  48   However, 
there were minimal pharmacokinetic interactions (i.e., 
no statistically signifi cant reduction in elimination half -
 life or maximal plasma GHB concentrations). 

 Case reports suggest that concomitant use of human 
immunodefi ciency virus 1 (HIV - 1) protease inhibitors 
with GHB may exacerbate the respiratory depression 
and bradycardia associated with GHB intoxication.  49   
Valproate, phenobarbital, barbital, and chlorpromazine 
inhibit NADPH - dependent aldehyde reductase, which 
catalyze the formation of GHB from succinic semialde-
hyde;  50   however, the clinical relevance of this inhibition 
in regard to GHB concentrations and clinical effects is 
unclear.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 GHB is a natural constituent of the brain that is both a 
precursor and metabolic product of GABA. GHB 
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the mesocorticolimbic dopamine pathways. Most physi-
ologic and pharmacologic effects of exogenous GHB 
probably result from modulation of GABA B  receptors 
directly as a partial agonist and indirectly through 
GHB - derived GABA  53  ; however, drug discrimination 
studies suggest that some subtypes of the GABA A  and 
GABA B  receptors are also involved as a result of the 
differences in effect between the GABA B  receptor 
agonist, baclofen and GHB.  54   GABA B  receptors mediate 
slow inhibitory postsynaptic potentials by activation of 
calcium channels and G - protein - coupled, inwardly 
rectifying potassium channels via signaling through 
the adenylate cyclase system. GHB binding sites 
occur throughout the brain including the hippocampus, 
dentate gyrus, olfactory system, nucleus accumbens, 
septum, caudate putamen, substantia nigra, ventral teg-
mental area, pons, and the cortex with lower concentra-
tions of binding sites in the amygdala and the thalamus.  55   
Under  endogenous  conditions, GHB can increase or 
decrease neuronal activity by inhibiting the release 
of neurotransmitters located near the endogenous 
source of GHB. Volunteer studies indicate that the 

occurs in micromolar quantities (1 – 4    μ M) in all parts of 
mammalian brains and some peripheral organs (heart, 
kidney, liver, muscle, brown fat), but the highest GHB 
concentrations appear in the cytosolic and synapto-
somal fractions of the striatum, particularly in the devel-
oping brain.  51   GABA is the major precursor of GHB, 
and the GHB concentrations in the brain are approxi-
mately 0.1% of the GABA concentrations.  52   Synthesis 
of GHB occurs throughout the central nervous system 
(CNS), where GHB is released into the synaptic cleft 
from storage vesicles by potassium - dependent depolar-
ization; then, GHB uptake into the nerve terminal 
occurs. GHB synthesis primarily involves the conver-
sion of GABA to succinic semialdehyde via mitochon-
drial GABA transaminase and the subsequent reduction 
of succinic semialdehyde to GHB via cytosolic succinic 
semialdehyde reductase. 

 Although GHB is biologically active and ubiquitous 
in the CNS, the exact mechanism of action is unclear. 
Experimental evidence suggests that GHB acts as a pre-
synaptic, G - protein coupled neurotransmitter and/or a 
neuromodulator of the GABA B  receptor, particularly in 

       FIGURE 6.2.     Synthesis and metabolism of  γ  - hydroxybutyrate (GHB) with major pathways in the solid arrows and minor path-
ways in dashed arrows. GABA    =     γ  - aminobutyric acid.  55    
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mesocorticolimbic dopaminergic pathways by GHB 
receptor activation with subsequent increased dopami-
nergic activity in these pathways. However, delineation 
of the exact role of endogenous GHB as a neuromodu-
lator and neurotransmitter requires further studies.  53

  Postmortem Examination 

 Autopsies of fatalities associated with GHB are nonspe-
cifi c (e.g., pulmonary edema, visceral congestion). 
Common postmortem fi ndings include cerebral edema, 
pulmonary congestion and hemorrhage, usually in asso-
ciation with ethanol and/or other drugs and occasionally 
with evidence of aspiration.  60

  CLINICAL RESPONSE 

  Illicit Use 

 Adverse effects associated with the illicit use of GHB 
are highly variable; symptoms include euphoria, seda-
tion, memory loss, nausea, vomiting, and lightheaded-
ness. As the dose escalates, agitation, confusion, 
hallucination, loss of peripheral vision, myoclonus, bra-
dycardia, mild hypothermia, respiratory insuffi ciency, 
hypotension, and coma occur, particularly following the 
concomitant administration of other drugs. Although 
case reports associate GHB use with seizures,  11   volun-
teer studies do not document epileptiform changes on 
the electroencephalogram and random clonic move-
ments of the face and extremities occur during induction 
of anesthesia with GHB.  61   Additionally, GHB use com-
monly occurs with the use of other drugs of abuse associ-
ated with seizure activity. The onset of action following 
oral GHB administration is rapid (15 – 30   min), while the 
duration of action of GHB is relatively short. Based on 
questionnaires, the acute effects of a single recreational 
dose of GHB persists about 2 – 4 hours (range,  < 2 – 6   h).  62

The patient frequently demonstrates anterograde (i.e., 
after onset of alteration of consciousness), but not retro-
grade amnesia (i.e., prior to administration).  

  Overdose 

 Overdoses of GHB are common complications of GHB 
use as determined by questionnaires. In a cross - sectional 
survey of 76 Australian GHB users, 53% of the respon-
dents reported at least 1 overdose as defi ned by the loss 
of consciousness with inability to awaken following 
external stimulation.  63   The percentage of at least 1 over-
dose in individuals using GHB over 15 times was 75%. 
The profi le of a patient presenting to an emergency 
department with GHB intoxication is a young male, 
polydrug user (alcohol, illicit drugs) with altered con-

administration of 2.5 – 3.5   g GHB at bedtime doubles 
growth hormone secretion, primarily during the fi rst 2 
hours after sleep onset.  56   The stimulation of growth 
hormone secretion correlated to an increase in the 
amount of sleep stage IV (slow wave, nonrapid eye 
movement sleep). However, the exact mechanism of 
growth hormone release remains unclear as other neu-
rotransmitter pathways (serotonergic, cholinergic) may 
affect the increased growth hormone release associated 
with GHB administration. Additionally, the physiologic 
importance of growth hormone release remains unclear 
because there is no direct evidence that short - term ele-
vation in growth hormone increases muscle mass and 
GHB use does not increase the muscle mass of alcoholic 
patients.  8

  Mechanism of Toxicity 

 GHB is a CNS depressant with complex neuropharma-
cologic and neurophysiologic effects including altera-
tion of dopaminergic transmission in the basal ganglia.  57

The exogenous administration of GHB produces seda-
tion, and at suffi ciently high doses, anesthesia. Following 
exogenous administration, GHB produces behavioral 
effects by selective agonist activity at the GABA B  recep-
tors. These metabotropic receptors cause slow inhibi-
tory neurotransmission by hyperpolarization of the 
postsynaptic membrane via a biochemical cascade 
rather than alteration of electrical activity. Similar to 
GABA (the primary inhibitory neurotransmitter in the 
CNS), GHB binding sites are G - protein coupled recep-
tors. The binding of GHB for the GABA B  receptors is 
weak (K i     =    80 – 120    μ M); therefore, supraphysiologic 
GHB concentrations from endogenous administration 
are necessary for clinically signifi cant binding of GHB 
to GABA B  receptors.  58   The binding of GHB to postsyn-
aptic GABA B  receptors increases potassium conduc-
tance via inwardly rectifying potassium (GIRK or Kir3) 
currents. GABA B  stimulation causes multiple pre -  and 
postsynaptic effects including postsynaptic silencing, 
modulation of intracellular calcium dynamics, and inhi-
bition of neurotransmitter release. The active uptake of 
GHB from the synaptic cleft terminates GHB activity. 
Experimental in vitro  and  in vivo  animal studies indi-
cate that exogenous GHB administration affects a 
variety of neurotransmitter systems in the brain includ-
ing dopamine release and synthesis, serotonin turnover, 
increased dynorphin and enkephalin concentrations, 
noradrenergic transmission, and inhibition of glutamate 
release.  55   GHB is not an agonist at the  μ  - ,  δ  - , or  κ  - opioid 
receptors.  59   Experimental data suggests that GHB abuse 
and withdrawal may result from the inhibition of 
GABAergic neurons by stimulation of GABA B  recep-
tors and inhibition of presynaptic GABA release in 
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< 6 – 12   h) after cessation of use.  73   The symptoms associ-
ated with GHB withdrawal are highly variable, depend-
ing primarily on the daily dose and frequency of use.  74

The presentation of the GHB abstinence syndrome 
includes nausea, vomiting, anxiety, tachycardia, insom-
nia, tremor, agitation, diaphoresis, and hallucinations; 
rarely withdrawal symptoms progress to delirium, pri-
marily in severely dependent patients. In a review of 38 
published cases of GHB withdrawal, a majority of 
patients had tremor, tachycardia, anxiety, hallucinations, 
and delirium. Seizures do not usually occur during GHB 
withdrawal.73   The abstinence syndrome progresses over 
the fi rst 2 – 3 days with mild autonomic instability (dia-
phoresis, hypertension, tachycardia, tremor), anxiety, 
and hallucinations. Confusion, disorientation, agitation, 
or combative behavior may require restraint and 
sedation. Symptoms of withdrawal typically resolve 
within 3 – 12 days, but may persist up to 15 days.  75   Case 
reports suggest that insomnia, anxiety, dysphoria, and 
poor memory may persist for several months after 
withdrawal.76

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Saliva 

 GHB is detectable in saliva as determined by gas 
chromatography/mass spectrometry in selective ion 
monitoring mode after silyl derivatization.  77   The LLOQ 
was 0.5   mg/L with coeffi cients of variation ranging from 
2.1 – 12.5%. However, determination of GHB concentra-
tions in saliva probably does not extend the window of 
detection when compared with blood or urine.  78

  Screening 

 Rapid colorimetric methods are available to determine 
the presence of GHB and GBL in urine samples using 
the ferric hydroxamate test.  79   The limit of detection 
(LOD) with this method is 0.1   mg/mL in a 1 - mL urine 
sample; this test does not distinguish between GHB and 
GBL. Positive samples turn purple. More sophisticated 
qualitative methods for the detection of GHB and GBL 
include gas chromatography/fl ame ionization detec-
tion.83   This method can detect both compounds by the 
analysis of samples with and without acid hydrolysis to 
convert GHB to GBL. The LOD is 0.5   mg/L. Other 
screening methods that lack sensitivity at low, endoge-
nous GHB concentrations include   1  H nuclear magnetic 
resonance spectroscopy, micellar electrokinetic chroma-
tography, capillary zone electrophoresis with indirect 
ultraviolet absorption, and high performance liquid 

sciousness. The classical clinical features of GHB intoxi-
cation include vomiting, myoclonus, somnolence, 
obtundation, stupor, coma, bradycardia, respiratory 
depression, and hypothermia. Paradoxical excitation 
and aggressive behavior may occur. In a case series of 
104 emergency department patients with GHB intoxica-
tion, all patients had impaired consciousness and 17% 
of the cases had a Glasgow Coma Score (GCS) of 3.  64

Other clinical features of GHB intoxication reported in 
these patients included the following: vomiting, 23%; 
sinus bradycardia, 20%; agitation, 5%; myoclonus, 3%, 
and seizures, 3%. Pupil size is variable, and blood pres-
sure is typically normal despite the presence of respira-
tory insuffi ciency. Despite severe respiratory depression, 
violent agitation may occur during attempts to intubate 
the patient or to insert a urinary catheter. Hypotension 
is uncommon. In a case series of 170 patients presenting 
to an emergency department with GHB intoxication, 
hypotension was present in 6 patients (4%).  65

 The duration of the coma is relatively short with 
rapid awakening. Even deeply comatose patients 
awaken within 4 – 6 hours after ingestion.  66   Recovery 
typically is spontaneous, frequently abrupt, and often 
associated with an emergence phenomenon (myoclonic 
jerks, transient confusion, combativeness).  67   In a case 
series of 5 unconscious patients (GCS    =    3) presenting 
to an ED, the GCS remained unchanged for a median 
time of 60 minutes (range, 20 – 110   min).  68   Awakening 
from coma (GCS 3 → 15) was rapid (median, 30   min; 
range, 20 – 60   min). 

 Death following the ingestion of GHB alone is 
uncommon, and GHB - associated fatalities usually occur 
in the setting of polydrug use outside the hospital 
including abuse of sodium oxybate.  69,70   Patients with 
GHB intoxication typically survive if they arrive at the 
emergency department without anoxic brain damage.  71

Potential causes of GHB - associated deaths include aspi-
ration, respiratory depression, and traumatic injury.  

  Abstinence Syndrome 

 Withdrawal symptoms may occur following the use of 
prolonged, high - doses of GHB within 1 – 6 hours follow-
ing the cessation of GHB use. Typically, these with-
drawal symptoms develop in individuals using GHB 
every 1 – 3 hours; whereas the daily use of GHB during 
the treatment of narcolepsy is not usually associated 
with withdrawal.  72   The minimum daily GHB dose 
causing withdrawal is diffi cult to predict because of 
recall bias and the variable concentrations of GHB in 
illicit materials. The clinical features of GHB withdrawal 
are similar to ethanol and sedative - hypnotic (benzodi-
azepine, barbiturate) withdrawal, but the onset of 
symptoms (anxiety, delirium) occurs much sooner (i.e., 
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ticularly in postmortem blood samples stored > 60 days. 
In a convenience sample of 26 postmortem blood 
samples stored at 4 ° C (39.2 ° F), the mean GHB concen-
tration in containers with sodium fl uoride was 19   mg/L 
compared with a mean GHB concentration of 32   mg/L 
in containers without preservatives.  93   Analysis of these 
samples occurred within 2 months of the autopsies. At 
room temperature, the GHB concentration was approx-
imately 3 - fold higher in unpreserved containers than 
in containers with sodium fl uoride. Artifi cial production 
of GHB can occur in blood stored in yellow - top 
anticoagulant - citrate buffer tubes (trisodium citrate, 
citric acid, dextrose), whereas blood stored in purple -
 top tubes (edetate disodium acetate, EDTA) usually 
remains GHB - negative.  94   In general, postmortem blood 
preserved with sodium fl uoride (10   mg/mL) can be 
stored at either 25 ° C (room temperature, 77 ° F) or 4 ° C 
(refrigerator, 39.2 ° F) with little change in the GHB con-
centration.80   There was no signifi cant increase in GHB 
concentrations (i.e.,  < 3   mg/L) in pooled antemortem 
human serum aliquots stored for 8 months either with 
or without sodium fl uoride preservative when stored at 
4 ° C (39.2 ° F) or  − 20 ° C ( −  4 ° F).  95

 GHB is more stable in urine samples than in blood 
samples, particularly in sodium fl uoride - preserved urine 
samples stored at − 20 ° C ( −  4 ° F). The increase in GHB 
concentrations in urine samples stored over 1 year typi-
cally is below 5 – 7   mg/L, even in preserved (i.e., 1% 
sodium fl uoride) specimens stored at room tempera-
ture.  96   In urine samples stored without preservatives at 
refrigerated temperatures, the  in vitro  production of 
GHB does not usually exceed the suggested 10   mg/L 
cutoff. In a study of 100 urine samples stored for about 
1 year at room temperature with sodium fl uoride, the 
maximum GHB concentration was 7   mg/L.  97   In a study 
of endogenous GHB concentrations in pooled urine 
samples from 2 participants stored at room ( ∼ 25 ° C/77 ° F), 
refrigerator (5 ° C/41 ° F), and freezer ( − 10 ° C/14 ° F) tem-
peratures over 6 months, the greatest increase ( ∼ 400%) 
in endogenous GHB concentrations occurred at room 
temperature, whereas smaller increases occurred in 
refrigerated samples ( ∼ 140 – 200%) and frozen samples 
(∼ 100%).  98   The GHB concentrations in these samples 
were below the GHB concentrations (i.e.,  < 1   mg/L) 
typically associated with GHB use.   

  Biomarkers 

 There are few data on the GHB concentrations in vitre-
ous humor. In a case series of postmortem examinations 
with detectable concentrations of GHB, 3 cases had the 
following measurable GHB vitreous humor/femoral 
blood concentrations in mg/L (ratio): 78/97 (0.80), 
250/180 (1.39), and 280/210 (1.33).  99   The GHB concen-

chromatography with ultraviolet or ultraviolet - visible 
spectrophotometry.  80   Commercial immunoassays for 
the detection of GHB are generally unavailable.  

  Confirmatory     

High performance liquid chromatography with ultravi-
olet (254   nm) and micellar electrokinetic chromatogra-
phy techniques are generally less sensitive than gas 
chromatography/mass spectrometry.  81,82   Gas chroma-
tography/mass spectrometry methods include both the 
conversion of GHB to GBL by acid hydrolysis (lactoni-
zation) and the direct analysis of GHB after liquid - liq-
uid extraction. The latter method typically involves 
extraction with an organic solvent and derivatization to 
counter the thermal degradation and improve the chro-
matographic peak shapes of GHB with heptafl uorobu-
tyric anhydride or bis(trimethylsilyl) - trifl uoroacetamide 
(BSTFA) with 1% trimethylchlorosilane (TMCS). 
Direct methods for the quantitation of GHB include gas 
chromatography/fl ame ionization detection,  83   gas chro-
matography/mass spectrometry with silyl - derivatiza-
tion,84   gas chromatography/electron impact/mass 
spectrometry,  85   gas chromatography/mass spectrometry 
with selected - ion monitoring,   86,87   and gas chromatogra-
phy/positive ion chemical ionization/mass spectrome-
try.  88   Gas chromatography/mass spectrometry is the 
preferred method for quantitation of GHB. The LLOQ 
for the above 3 gas chromatography/mass spectrometric 
methods was 1   mg/L, 1   mg/L, and 2.5   mg/L, respectively. 
The LLOQ for gas chromato graphy/tandem mass spec-
trometry89   and liquid chromatography/tandem mass 
spectrometry90   is similar (i.e., 2.5   mg/L and 1   mg/L, 
respectively).  

  Street Sample Analysis 

 Many illicit samples of GHB may contain GBL; analysis 
of illicit samples for GHB precursors by gas 
chromatography/mass spectrometry or high perfor-
mance liquid chromatography/ultraviolet - visible spec-
trophotometry (e.g., GBL, 1,4 - butanediol, maleic 
anhydride) provides information regarding the origin of 
the samples.  91   Determination of  δ13 C - values with gas 
chromatography/combustion - isotope ratio/mass spec-
trometry is an alternative method for the identifi cation 
of drug origin and the separation of endogenous pro-
duction of GHB from external sources.  92

  Storage 

In vitro  production of GHB may occur during storage 
at ambient temperatures in unpreserved samples or in 
the presence of certain collection tube additives, par-
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there were no deaths in this series. Approximately two -
 thirds of the blood samples contained other drugs (e.g., 
ethanol, methylenedioxymethamphetamine). In a series 
of 15 unconscious patients presenting to an emergency 
department with GHB intoxication (GCS ≤ 8), the 
median plasma GHB concentration was 212   mg/L 
(range, 112 – 430   mg/L).  68   The single patient with only 
GHB detected in his blood was an 18 - year - old man with 
an initial GCS score of 6. His plasma GHB concentra-
tion on presentation was 186    μ g/mL, and he awoke 
within 1 hour of presentation. 

 In a series of 16 patients with severe GHB intoxica-
tion (GCS ≤ 8), the serum GHB concentration ranged 
from 45 – 295   mg/L (median, 180   mg/L), whereas patients 
with a GCS of 3 had serum GHB concentrations ranging 
from 72 – 300   mg/L (median, 193   mg/L).  105   The severe 
coma in these patients persisted 1 – 2 hours. Awakening 
from coma occurs relatively rapidly with relatively small 
changes in the plasma GHB concentration. The mean 
plasma GHB concentration (i.e., measured as total 
GBL) in a case series of 27 patients presenting to EDs 
in the UK with altered consciousness secondary to 
GHB use was 245   mg/L (range, 86 – 551   mg/L).  106   There 
were no reported sequelae. A 23 - year - old woman 
ingested ethanol and GHB along with smoking mari-
juana shortly before becoming unconscious.  107   She pre-
sented to the emergency department comatose 
(GCS    =    6) with normal vital signs except mild bradycar-
dia (56 bpm) and respiratory depression (8 breaths/
min). In admission blood, her serum ethanol and GHB 
concentrations were 134   mg/dL and 125   mg/L, respec-
tively. She awoke within 1 hour and left the emergency 
department against medical advice.  

Postmortem 
GHB  Production     Animal and postmortem human 
studies indicate that postmortem production of GHB 
increases as the postmortem interval increases, depend-
ing on the specifi c analytic technique, type of biologic 
sample, and storage methods. Potential sources for the 
postmortem production of GHB include the enzymatic 
conversion of succinic acid,  γ  - aminobutyric acid 
(GABA) and/or putrescine to GHB. Endogenous GHB 
concentrations in vitreous and in blood samples from 
different parts of the body are similar in postmortem 
examinations performed within 48 hours of death. In a 
study of 25 well - preserved autopsy cases (postmortem 
interval, 6 – 48   h), the highest endogenous GHB concen-
trations occurred in the femoral blood (4.6    ±    3.4   mg/L), 
whereas the lowest concentration appeared in the urine 
(0.6    ±    1.2   mg/L) as measured by headspace gas 
chromatography/fl ame ionization detection after con-
version of GHB to GBL.  108   Some differences in post-
mortem GHB concentrations may result from the use 

tration was measured after conversion of GHB to 
gamma - butyrolactone and analysis of the latter com-
pound by gas chromatography/fl ame ionization detec-
tion (LOD, 30   mg/L). Although there are few data on 
the distribution of GHB between whole blood and 
serum, the lack of protein binding and high water solu-
bility of GHB suggest that the whole blood/serum ratio 
is similar to ethanol. 

  Blood 

Therapeutic/Illicit Use.     GHB is a trace, natural con-
stituent of body fl uids along with the 2 isomers,  α  -
 hydroxybutyric acid and  β  - hydroxybutyric acid. 
Although there is no consensus on the optimal antemor-
tem GHB concentration that distinguishes between 
endogenous production and exogenous administration, 
several studies suggest that a plasma GHB cutoff of 
4 – 5   mg/L reliably identifi es the ingestion of GHB ante-
mortem.100   In a study of 240 antemortem specimens 
from individuals without known GHB exposure, the 
mean GHB concentration was 0.74   mg/L (range, 0.34 –
 5.75   mg/L). The mean endogenous GHB concentration 
in 50 serum samples from residents of a detoxifi cation 
program was 1.14   mg/L (range, 0.62 – 3.24   mg/L; median, 
0.97   mg/L).  101   There is substantial intraindividual varia-
tion in endogenous GHB concentrations over time of 
day and during the week. 

 The presence of other drugs in a majority of GHB 
intoxication complicates the correlation of plasma GHB 
concentrations to clinical effects. In a study of the use 
of GHB as an IV anesthetic, serum GHB concentrations 
correlated to clinical effects.  102   Occasional eye opening 
and spontaneous movement occurred at GHB concen-
trations ≤ 150   mg/L, whereas serum GHB concentra-
tions exceeding 260   mg/L produced profound coma. 
Blood and urine samples from patients with rare inborn 
error of metabolism (i.e., 4 - hydroxybutyric aciduria) 
may contain GHB concentrations exceeding 30   mg/L 
and 200   mg/L, respectively.  103

Overdose.     The level of consciousness during GHB -
 induced coma does not correlate well to plasma GHB 
concentrations, in part because of the frequent concomi-
tant ingestion of other drugs including ethanol, ecstasy, 
marijuana, methamphetamine, cocaine, ketamine, and 
antidepressants. Plasma GHB concentration in patients 
with GHB overdose typically exceed 100   mg/L. The 
median plasma GHB concentration in blood from a 
convenience sample of 54 patients presenting to an 
emergency department with GHB intoxication was 
103   mg/L (mean, 137   mg/L) with a range of 29 –
 490   mg/L.  104   About two - thirds of these patients were 
unconscious or unresponsive on admission to the ED; 
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scious by relatives.  115   The screen for drugs of abuse and 
ethanol was negative. The vitreous humor contained 48   mg 
GHB/L. Heart and femoral blood samples from a 22 - year -
 old woman dying after the ingestion of a single dose of 
GHB contained GHB concentrations of 648   mg/L and 
330   mg/L, respectively (heart blood/femoral blood ratio, 
1.96).116   The autopsy demonstrated no other cause of 
death and the comprehensive drug screen was negative 
with the exception of GHB. 

 In a convenience sample of 78 deaths from through-
out the United States attributed to GHB intoxication 
without co - intoxicants, the median postmortem blood 
concentration (site not specifi ed) was 347   mg/L with a 
range of 18 – 4,400   mg/L.  117   All of the cases with a medical 
history had a cardiorespiratory arrest prior to the 
arrival of the paramedics. The median GHB concentra-
tion in femoral blood samples from 18 deaths attributed 
to GHB intoxication was 235   mg/L (range, 55 –
 2,200   mg/L).  118   Although other drugs were present in 
postmortem blood samples from the vast majority of the 
samples, almost half of these cases had minor or no 
clinically signifi cant amounts of other drugs. In a case 
series of 8 autopsy cases attributed to GHB intoxication 
(along with other drugs), the mean postmortem/
perimortem GHB concentration (method not reported) 
in blood samples (source not specifi ed) was 231   mg/L 
(range, 77 – 370   mg/L). Similar to antemortem samples, 
the clinical signifi cance of postmortem GHB concentra-
tion requires careful analysis of the analytic techniques, 
storage methods, postmortem interval, and clinical 
history including resuscitation measures and survival 
times. The GHB heart/femoral blood ratio in postmor-
tem blood samples from a 38 - year - old man found dead 
at his home was 1.13 (1,052   mg/L/932   mg/L).  119

  Urine 

 Urine drug of abuse screens do not routinely detect 
GHB, and rapid immunoassays for the detection 
of GHB overdose are usually not available in the hos-
pital setting. GHB occurs in the urine as well as other 
body fl uids as a result of endogenous production. 
Proposed cutoff concentrations of GHB in urine to dis-
tinguish endogenous production from exogenous 
administration range from about 5 – 10   mg/L with a 
majority of urine specimens containing GHB concen-
trations below 1 – 2   mg/L.  120   In a convenience sample of 
119 urine specimens from GHB - free study participants, 
the maximal urinary GHB concentration was 3   mg/L,  100

whereas the maximum GHB concentration in urine 
samples from 55 participants without known exposure 
to GHB was 3.5   mg/L (median, 1.3   mg/L).  121   This study 
demonstrated substantial intra - individual variation in 
the GHB concentration in urine that is independent of 

of different analytic methods. In 20 postmortem blood 
specimens (postmortem interval not reported) from 
cases without known GHB exposure, the blood GHB 
concentrations ranged from 3.2 – 168   mg/L as measured 
by gas chromatography/fl ame ionization detection and 
gas chromatography/mass spectrometry after conver-
sion of GHB to GBL (i.e., total GBL).  109

 The exact pathway of postmortem GHB formation 
remains unclear because of the failure to detect endog-
enous precursors, 1,4 - butanediol or succinate semialde-
hyde (GABA transamination) as potential sources of 
GHB formation.  110   Although endogenous GHB concen-
trations do not correlate to the concentrations of 
common putrefactive makers (e.g., tryptamine, phenyl -
 2 - ethylamine), experimental studies suggest that 
Pseudomonas aeruginosa  species can produce GHB in 
unpreserved blood specimens.  111   In well - preserved (e.g., 
sodium fl uoride) postmortem blood and urine samples, 
the presence of GHB concentrations exceeding 30 –
 50   mg/L in blood samples or 20   mg/L in urine samples 
suggests the presence of exogenous GHB. A study of 38 
postmortem blood and 15 urine samples preserved with 
sodium fl uoride from autopsy cases unrelated to GHB 
ingestion demonstrated mean GHB concentrations of 
12.3   mg/L (range, 2 – 29   mg/L) and 4.8   mg/L (range, 
0 – 10   mg/L), respectively.  112   However, determination of 
the presence of exogenous GHB in postmortem samples 
exceeding these cutoffs requires careful analysis of the 
storage methods (e.g., preservatives), analytic tech-
niques, multiple biologic specimens (e.g., blood, urine, 
vitreous) and clinical history, particularly when examin-
ing postmortem cardiac blood. In 71 autopsy cases 
(postmortem interval, 12 – 72 hours) without known 
GHB exposure, 14 postmortem unpreserved heart 
blood samples contained GHB concentrations exceed-
ing 50   mg/L (range, 50.8 – 409   mg/L).  113   The femoral 
blood and vitreous humor samples in all these cases 
were below the 50   mg/L cutoff. The heart/femoral blood 
ratio for 5 cases in this series of presumed endogenous 
GHB production was 1.24, 1.28, 1.85, 5.65, and 24.3.  

GHB  Concentrations     Interpretation of the signifi cance 
of postmortem GHB concentrations requires analysis of 
sample storage, postmortem interval, and the correlation 
of the medical/case history to the postmortem GHB con-
centration. There are limited data on the postmortem 
redistribution of GHB with heart/femoral blood ratios 
typically ranging from about 0.5 – 2. A 35 - year - old man was 
found dead after ingesting wine and GHB at a party. The 
GHB concentrations in heart and femoral blood samples 
were 276   mg/L and 461   mg/L, respectively (heart/femoral 
blood ratio, 0.56)  114   compared with 3,385   mg/L and 
2,936   mg/L (heart/femoral blood ratio, 1.15) in a 43 - year -
 old man pronounced dead soon after being found uncon-



6 GAMMA HYDROXYBUTYRATE and RELATED DRUGS

99

comatose after ingesting a liquid confi rmed to be 
GHB.  126   He was intubated on arrival at the emergency 
department; after transfer to the intensive care unit, he 
was rapidly extubated. The GHB concentrations in his 
urine sample from admission and 6 - hours postadmis-
sion were 3,020   mg/L and 2,324   mg/L, respectively, as 
measured by gas chromatography/mass spectrometry in 
selective ion monitoring.   

  Abnormalities 

 Evaluation of serum chemistry during GHB intoxica-
tion is usually normal including normal serum 
potassium concentrations. Case reports associate elec-
trocardiographic abnormalities with GHB intoxication 
including U waves, right bundle branch block, 1 st  degree 
A - V block, and ventricular premature beats;  127   however, 
other ingested drugs may contribute to the appearance 
of these abnormalities.  

  Driving 

 Alteration of consciousness and diminution of motor 
skills (e.g., depressed consciousness, impaired balance, 
nystagmus) seriously impairs driving skills of individu-
als under the infl uence of GHB.  128,129   Typical behaviors 
of GHB - intoxicated drivers include erratic driving 
(weaving, swerving, ignoring road signs), abnormal 
behavior (falling asleep at a red light, stopping in the 
middle of the road), ataxia, confusion, disorientation, 
agitation, slurred speech, and jerking movements along 
with poor performance on fi eld sobriety tests.  130,131   The 
rapid elimination of GHB complicates the correlation 
of GHB blood concentrations to driving impairment. 
Additionally, individual responses to specifi c blood 
GHB concentrations are highly variable. In a series of 
6 individuals with similar impairment after arrest for 
driving under the infl uence (DUI), the whole blood 
GHB concentrations ranged from 16 – 350   mg/L.  132   The 
latter value was substantially higher than the postmor-
tem blood GHB concentration (174   mg/L, with 20   mg 
ethanol/dL) from a 36 - year - old man found unconscious 
and failing to respond to cardiopulmonary resuscitation 
in the emergency department. In these samples, the 
presence of substantially higher (i.e., 10 - fold) GHB con-
centrations in urine samples suggests an exogenous 
GHB source. In a case series of 185 individuals arrested 
for suspected driving under the infl uence of drugs or 
ethanol and testing positive only for GHB, the mean 
GHB concentration in venous blood samples was 
92   mg/L (median, 86   mg/L) with an upper limit of 
270   mg/L as measured by gas chromatography/fl ame 
ionization detection (LLOQ, 8   mg/L).  133   The typical 
range of time between arrest and blood sampling was 

urinary creatinine concentration and standard diets. 
Some foods (e.g., ripe guava fruit) contain relatively 
high concentrations of GHB; however, there is no clear 
evidence that these GHB concentrations produce clini-
cal effects. The urinary GHB concentrations of healthy 
volunteers and diabetics are similar; however, diabetic 
patients typically have higher concentrations of GHB 
isomers, particular during diabetic ketoacidosis.  122   Table 
 6.1  compares the range of endogenous GHB and GHB 
isomers in the urine of 30 healthy and 20 diabetic vol-
unteers. The highest concentration of GHB isomers 
occurred in a diabetic with ketoacidosis. Analysis of 50 
urine samples donated by healthy women demonstrated 
a maximum urinary GHB of 1.46   mg/L as measured by 
gas chromatography/mass spectrometry with silyl deri-
vation (LOD, 0.1   mg/L).  123   Pregnant women have a 
modestly higher urine GHB concentration when com-
pared with nonpregnant women. The mean GHB con-
centration in urine samples from 66 pregnant women 
was 0.36   mg/L compared with 0.24   mg/L in 69 nonpreg-
nant women as measured by liquid chromatography/
tandem mass spectrometry.  124   The mean urine gamma -
 butyrolactone (GBL) concentration was 4.3 - fold higher 
in pregnant women.   

 The GHB concentration in urine samples from 
patients with GHB overdoses usually exceed 1,000   mg/L. 
The mean GHB concentration (i.e., measured as total 
GBL) in urine samples from a case series of 27 patients 
presenting to EDs in the United Kingdom with altered 
consciousness secondary to GHB use was 1,732   mg/L 
(range, 5 – 5,581   mg/L).  106   There were no reported 
sequelae. The window of detection for GHB following 
typical recreational doses is approximately 12 hours 
with peak GHB urine concentrations usually occurring 
within 3 hours of ingestion as measured by gas 
chromatography/mass spectrometry. Following the 
administration of a single GHB (Xyrem  ®  ) dose of 
50   mg/kg to 16 healthy adults, the percentage of urine 
samples below  the 10 - mg/L cutoff during specifi c time 
intervals after administration were as follows: 3 – 6 hours, 
12.5%; 6 – 12 hours, 81.3%; 12 – 24 hours, 100%.  125

 Following large GHB ingestions, the urine contains 
high GHB concentrations. A 28 - year - old man was found 

TABLE 6.1.    Range of Endogenous Concentrations of 
γ  - hydroxybutyrate ( GHB ) and Associated Isomers in the 
Urine of Healthy (n    =    30) and Diabetic ( n     =    20) 
Volunteers. 122

   Substance     Healthy 
(mg/L)

   Diabetic 
(mg/L)

  GHB    0.16 – 2.14    0.17 – 3.03  
α  - Hydroxybutyric acid    0.10 – 2.68    0.14 – 124  
β  - Hydroxybutyric acid    8.51 – 34.7    4.94 – 4,520  
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  Antidotes 

 There are no specifi c antidotes for GHB intoxication, 
and naloxone should be administered only for the con-
comitant presence of opiate intoxication.  138   Experi-
mental studies and case reports indicate that fl umazenil 
does not reverse the clinical effects of GHB.  139   Although 
case reports and observational studies suggest that 
low doses of physostigmine may attenuate the coma 
associated with severe GHB intoxication,  140,141   there is 
insuffi cient scientifi c evidence to support the use of phy-
sostigmine in the treatment of γ  - hydroxybutyrate toxic-
ity.  142   Consequently, the routine use of physostigmine is 
not recommended, particularly in the setting of the fre-
quent presence of other drugs of abuse.  143

  Supplemental Care 

 The recovery from GHB intoxication is rapid as a result 
of the short plasma elimination half - life of GHB. 
Typically, patients can be discharged within 6 hours after 
ingestion following an uneventful recovery. The persis-
tence of symptoms over 6 hours after ingestion suggests 
the presence of other drugs or complications (trauma, 
hypoxia, drug overdose). The treatment of withdrawal 
symptoms typically involves the use of benzodiazepines 
(starting dose, 10 – 20   mg diazepam or 2 – 4   mg loraze-
pam), frequently in high doses (i.e., daily starting dose, 
80 – 150   mg diazepam) tapered over 7 days.  40   Baclofen is 
a GABA B  agonist that is a potentially useful for the 
treatment of benzodiazepine - resistant GHB withdrawal; 
however, there are inadequate clinical data to deter-
mine the effi cacy of this drug. 

 The Clinical Institute Withdrawal Assessment of 
Alcohol Scale may aid in the management of withdrawal 
reactions; however, there is a lack of validation of this 
scale in the treatment of GHB withdrawal. Antipsychotic 
medications are not usually administered for the treat-
ment of GHB withdrawal, in part because of concern 
about lowering the seizure threshold. Quetiapine is a 
potential alternative; however, there are few clinical 
data to assess the clinical effi cacy of this antipsychotic 
for severe GHB withdrawal. For patients with delirium 
secondary to GHB withdrawal that is unresponsive to 
high diazepam doses (i.e., 200   mg/day), the administra-
tion of pentobarbital (or chloral hydrate) in the inten-
sive care setting is a therapeutic option.  73   Therapy with 
pentobarbital begins with small doses (1 – 2   mg/kg IV) 
every 30 – 60 minutes titrated to response. Typically, sen-
sorium and tachycardia of diazepam - resistant patients 
with severe GHB withdrawal respond to pentobarbital 
within 2 – 6 hours.  144   Case reports suggest that patients 
with severe withdrawal symptoms should be monitored 
for hyperthermia and rhabdomyolysis.  145

approximately 30 – 90 minutes (i.e.,  ∼ 1 – 3 plasma elimina-
tion half - lives). Abnormalities reported by police offi -
cers included sedation, unsteady gait, slurred speech, 
irrational behavior, agitation, jerking, mydriasis, and 
spitting.  134   The reported blood GHB concentrations 
(i.e., GHB plus GBL) were similar to a smaller cases 
series of 8 individuals with only GHB in their toxicology 
screens after arrest for suspected DUI.  135   Venous blood 
samples were drawn up to 2 hours after arrest; the blood 
GHB concentration ranged from 26 – 155   mg/L, as mea-
sured by gas chromatography/mass spectrometry.   

  TREATMENT 

  Stabilization 

 The management of GHB intoxication typically involves 
stabilization of the airway, support of respirations, and 
prevention of aspiration. Because of the alteration of 
consciousness typically associated with GHB intoxica-
tion, these patients require monitoring of oxygenation 
with pulse oximetry and if needed, arterial blood gases. 
Supportive care includes supplemental oxygenation, 
suctioning and positioning for spontaneous vomiting, 
cardiac monitoring (primarily for bradycardia) and IV 
access. The mouth should be inspected for the presence 
of mucosal ulcerations suggestive of alkali burns from 
the sodium hydroxide used to synthesize GHB.  136   If 
present, the patient should be evaluated for the possibil-
ity of serious pulmonary complications from aspiration 
of alkali material. Intubation is usually unnecessary 
unless hypoventilation, hypoxemia, or the absence of a 
gag refl ex occurs. When indicated, rapid - sequence intu-
bation usually requires only paralysis with succinylcho-
line because of the sedation and amnesia associated 
with GHB intoxication.  137   The hypothermia associated 
with GHB use is typically mild and responds well to 
passive warming techniques.  

  Gut Decontamination 

 Measures for gastrointestinal (GI) decontamination 
(e.g., lavage, activated charcoal) are not routinely rec-
ommended for GHB intoxication alone because of the 
rapid absorption of GHB and potential for aspiration 
secondary to altered consciousness. The decision to use 
GI decontamination depends on the clinical severity of 
other ingested substances.  

  Elimination Enhancement 

 Measures to enhance the elimination of GHB are 
usually unnecessary because of the rapid endogenous 
elimination of GHB.  
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  EXPOSURE 

 GBL is a list I chemical under the Chemical Diversion 
and Traffi cking Act of 1988 that requires specifi c record 
keeping and reporting to the Drug Enforcement 
Administration for the import, manufacture, distribu-
tion, and export of this chemical; 1,4 - BD is not included 
in this list of controlled chemicals. In contrast to the lack 
of industrial uses for GHB, GBL and 1,4 - BD are 
common chemicals for a variety of industrial or research 
purposes including the synthesis of polybutylene tere-
phthalate resins, polyurethanes, and tetrahydrofuran. 
GBL is a constituent of some superglue removers, paint 
strippers, nonacetone nail - polish remover pads, stain 
removers, and solvents; unadulterated wine may contain 
small amounts of GBL. 1,4 - BD is a precursor for the 
industrial synthesis of GBL. The industrial grades of 
GHB analogues may contain impurities. GBL is fre-
quently substituted for GHB. In a study of 158 emer-
gency department presentations in London during 2006, 
self - reported use of GHB and GBL was about 95% and 
5%, respectively.  148   However, analysis of 225 liquid 
samples seized from club attendees in the same catch-
ment area during this period demonstrated that only 85 
(37.8%) contained GHB, whereas 140 (62.2%) con-
tained GBL. None of the samples contained detectable 
quantities of 1,4 - butanediol. 

 1,4 - butanediol is a natural trace constituent of the 
human body similar to GHB, whereas GBL is not a 
normal constituent of the body. The synthesis of GHB 
by saponifi cation of the lactone in GBL via hydroxide 
anions (sodium hydroxide) is a relatively simple process; 
whereas the complexity of the conversion of 1,4 - BD to 
GHB limits the use of this method of producing GHB. 
Processes for the synthesis of GBL include the hydro-
genation of maleic anhydride and the dehydrogenation 
of 1,4 - butanediol with acetylene and formaldehyde 
(classical Reppe process).  

   GHB  ANALOGUES 

           HISTORY 

 GHB analogues include 1,4 - butanediol (1,4 - BD),  γ  -
 butyrolactone (GBL), and  γ  - valerolactone (GVL). 
Restrictions of the sale and use of GHB during the 
1990s resulted in the use of GHB analogues (e.g., 1,4 -
 BD, GBL) as precursors and surrogates of GHB.  146   
GBL was sold over - the - counter and through the Internet 
either alone or with instructions and components for the 
home synthesis of GHB. After a FDA warning regard-
ing the health risks of  γ  - butyrolactone,  γ  - butyrolactone 
supplements were voluntarily recalled in 1999.  147   
Subsequently, 1,4 - BD products were marketed as 
replacements for  γ  - butyrolactone.  

  IDENTIFYING CHARACTERISTICS 

 There are several popular GHB analogues as displayed 
in Figure  6.3 . These analogues are distinct chemicals 
with differing toxicity and pharmacokinetic profi les. 
GBL (CAS RN: 96 - 48 - 0, C 4 H 6 O 2 ) has a molecular 
weight of 86.10   g/mol and density of 1.13   g/mL, whereas 
1,4 - BD (CAS RN: 110 - 63 - 4, C 4 H 10 O 2 ) has a molecular 
weight of 90.10   g/mol and density of 1.02   g/mL. The 
latter is a lactone - ring analogue of GHB; 1,4 - BD is an 
aliphatic alcohol.  γ  - Hydroxyvalerate (GHV ) is the 
5 - carbon analogue of GHB. Both GBL and 1,4 - BD are 
water -  and alcohol - soluble, colorless compounds. 
Common names for GBL include Blue Nitro, Blue 
Nitro Vitality, Fire Water, Gamma - G, GH Revitalize, 
Remforce, Renewtrient, Revivarant, and Revivarant - G; 
whereas street synonyms for 1,4 - BD include Blueraine, 
Dream On, Fubar, Pine Needle Oil, Rejuv@Nite, 
Somatopro, and Thunder.  146      

       FIGURE 6.3.     Chemical structures of  γ  - hydroxybutyric acid and various analogues.  
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  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Similar to GHB, GBL is a natural constituent of the 
brain that easily crosses the blood – brain barrier.  157   The 
relatively higher potencies of GBL and 1,4 - BD proba-
bly do not result from enhanced penetration of the 
blood – brain barrier by these compounds. Experimental 
studies indicate that GBL is inactive following intra-
cerebroventricular administration when compared with 
GHB; thus, the metabolic activation of GBL to GHB 
probably occurs in the periphery rather than in the 
brain. In animal studies, GBL has negligible affi nity for 
the GHB receptor. Postmortem examination of fatali-
ties associated with 1,4 - BD are usually nonspecifi c (e.g., 
pulmonary edema).  150

  CLINICAL RESPONSE 

 The clinical features of GBL and 1,4 - BD intoxication 
include CNS depression and fl uctuating levels of con-
sciousness that are indistinguishable from GHB intoxi-
cation.158,159   Consequently, there are no pathognomonic 
signs or symptoms to separate poisoning by GHB ana-
logues from GHB intoxication. Like GHB, the ingestion 
of GBL may cause coma and life - threatening respira-
tory depression.  160   Myoclonus occurs commonly during 
GHB and GHB analogue poisoning; the presence of 
myoclonic jerks may be confused with seizure activity. 
Although animal studies suggest that GBL and GHB 
produce electroencephalographic and behavioral 
changes resembling generalized absence seizures,  161

generalized seizures during intoxication with GBL or 
1,4 - BD more likely results from hypoxia, hypoglycemia, 
or the concomitant ingestion of other drugs of abuse 
(cocaine, methylenedioxymethamphetamine). The 
common effects associated with GHB analogue induced 
intoxication include nausea, vomiting, diaphoresis, bra-
dycardia, incontinence, and short duration (i.e., 4 – 6   h) 
of coma along with variable pupillary responses.  162   GHB 
and GHB analogues are not strong cardiac depressants, 
and hypotension is not usually present even in comatose 
patients unless accompanied by bradycardia. Rarely, 
case reports associate fatalities with the ingestion of 
only 1,4 - BD.  163   Potentially, caustic burns of the upper GI 
tract may occur if the sodium hydroxide used to convert 
GHL to GHB was incompletely neutralized. Limited 
animal data suggest that GBL is not carcinogenic or 
teratogenic.  164

 The clinical features of withdrawal from the chronic 
use of GHB analogues and GHB are similar including 
tremors, insomnia, confusion, anxiety, agitation, delir-
ium, hallucinations, and autonomic instability (hyper-
tension, tachycardia, diaphoresis).  165   Case reports 

  DOSE EFFECT 

 GBL and 1,4 - BD are more potent in animal studies than 
GHB based on the D 50  (dose at which the response 
decreases by 50%). In a study of rats, the D 50  for GBL, 
1,4 - BD, and GHB were 116   mg/kg, 151   mg/kg, and 
297   mg/kg, respectively.  149   A case series of adverse 
events from 1,4 - BD use associated the ingestion of 
approximately 1   g 1,4 - butanediol with diaphoresis, con-
fusion, agitation, ataxia, and myoclonus without any 
clinically signifi cant alteration in vital signs, whereas the 
ingestion of about 6 – 8   g 1,4 - BD was associated with loss 
of consciousness, urinary incontinence, vomiting, and 
mild bradycardia.  150   In this report, the estimated inges-
tions of 1,4 - BD by a man and woman found dead in 2 
separate incidents were 5.4   g and 20   g based on history 
from companions.  

  TOXICOKINETICS 

  Kinetics 

 Animal studies indicate that GBL is a prodrug that is 
rapidly and almost completely absorbed from the GI 
tract following the oral administration of low therapeutic 
doses.  151   Higher doses produce relatively lower bioavail-
ability because of capacity - limited transport. Percutaneous 
absorption of GBL is limited ( < 10%) based on rodent 
studies.  152   Animal studies indicate that the conversion of 
GBL and 1,4 - BD to GHB occurs  in vivo .  153   Limited 
human data confi rms the rapid formation of GHB fol-
lowing the administration of GBL or 1,4 - BD. In a 
doubled - blind, placebo - controlled, crossover study of 8 
healthy volunteers receiving 25   mg 1,4 - BD/kg, the mean 
time to maximum plasma concentration (T max ) of 1,4 - BD 
was 24    ±    12   min compared with the mean T max  for GHB 
of 39.4    ±    11.2   min after 1,4 - BD ingestion.  154   The latter 
Tmax  is similar to the T max  (30 – 40   min) following the 
administration of GHB. The mean plasma elimination 
half - life of 1,4 - BD was 39.3    ±    11.0   min. 

  Drug Interactions 

 Alcohol dehydrogenase catalyzes the formation of  γ  -
 hydroxybutyraldehyde and aldehyde dehydrogenase 
catalyzes the formation of γ  - hydroxybutyrate from  γ  -
 hydroxybutyraldehyde. Animal studies indicate that the 
interaction of ethanol and 1,4 - BD is complex, resulting 
from the inherent properties of this diol (pharmacody-
namic interaction) and the ethanol - induced inhibition 
of the conversion of 1,4 - BD to GHB (pharmacokinetic 
interaction).155   1,4 - BD may potentiate some of the 
behavioral effects of ethanol as well as delay and atten-
uate the formation of GHB.  156
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 Case reports associate nonspecifi c electrocardio-
graphic changes with GHB and GHB analogue intoxi-
cation including the presence of U waves, junctional 
bradycardia, widened QRS, and right bundle branch 
block.159,172

  TREATMENT 

 The management of intoxication by GHB analogues is 
supportive, similar to the management of GHB intoxi-
cation. The main life - threatening features of intoxica-
tion are respiratory depression and aspiration. In rare 
cases, intubation and mechanical ventilation may be 
necessary, but most cases of poisoning with clinically 
signifi cant altered consciousness require only continu-
ous monitoring of blood pressure, cardiac rhythm, and 
pulse oximetry along with IV access and rapid evalua-
tion of blood glucose. Similar to GHB intoxication, 
these patients may respond violently to intubation; 
therefore, rapid sequence intubation with paralytic 
agents is usually necessary to protect the airway and 
ventilate the select group of patients with severe respi-
ratory compromise. Gastrointestinal decontamination 
measures are unnecessary in patients with intoxication 
by GHB analogues only. There are no effective anti-
dotes to GHB analogue intoxication. The administra-
tion of 4 - methylpyrazole (fomepizole) potentially 
blocks the conversion of 1,4 - BD to GHB; however, 
there are inadequate clinical data to determine if the 
use of this antidote improves clinical outcome. The per-
sistence of coma 4 – 6 hours after presentation indicates 
the presence of other causes of coma beside GHB or 
GHB analogues. GHB abuse frequently occurs with the 
abuse of other drugs (ethanol, cocaine, methamphet-
amine, methylenedioxymethamphetamine). The treat-
ment of the abstinence syndrome associated with 
chronic 1,4 - BD or GBL abuse is similar to GHB with-
drawal with initial treatment with benzodiazepines and 
pentobarbital in refractory cases.  173
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  Chapter 7 

               HISTORY 

 Calvin Stevens synthesized ketamine hydrochloride at 
the Park - Davis Laboratories in 1962. Early clinical 
studies suggested that ketamine was an effective anes-
thetic agent with less toxicity, little respiratory depres-
sion at anesthetic doses, and fewer emergence reactions 
than phencyclidine.  1   During the late 1960s, ketamine 
was marketed as the dissociative anesthetic, Ketalar  ® 

(JHP Pharmaceuticals, Parsippany, NJ); this compound 
was used to treat soldiers in the Vietnam War. The abuse 
potential of ketamine was recognized in the early 1970s,  2

but reports of ketamine abuse in human and veterinary 
medicine did not appear until the early 1980s in Australia 
and in the early 1990s in the United States.  3,4

  IDENTIFYING CHARACTERISTICS 

 Ketamine is the arylcycloalkylamine compound, 
2(2 - chlorophenyl) - 2 - (methylamino) - cyclohexanone, 
which is structurally similar to phencyclidine and cyclo-
hexamine ( N  - ethyl - 1 - phenylcyclohexylamine). Figure 
 7.1  displays the chemical structure of ketamine (CAS 
RN: 6740 - 88 - 1, MW 237.75   g/mol). Ketamine is a chiral 
molecule that is available in commercial preparations 
as a racemic mixture of equal amounts of R ( − ) - ketamine 
and S ( + ) ketamine enantiomers. The latter enantiomer 
is about 2 – 4 times a more potent analgesic than R( − ) -
 enantiomer, but the R( − ) - enantiomer may contribute to 
the emergence reactions associated with ketamine anes-
thesia.5   In mice, the hypnotic effect of the  S  - ( + ) - ketamine 
isomer is approximately 1.5 times greater than the R  -
 ( − ) - ketamine isomer.  6   Ketamine is a highly lipid soluble, 

weakly basic amino compound that usually occurs in 
pharmaceutic preparations as the hydrochloride salt. 
Table  7.1  lists some physical properties of ketamine.     

 Trade names for ketamine include Ketalar  ®  , Ketaject  ® 

(Phoenix Pharmaceutical, Burlingame, CA), Ketaset  ®  , 
and Vetalar  ®  . Synonyms for ketamine on the street 
include K, Kit - Kat, Kay, Jet, Vitamin K, Special K, Super 
Acid, Super K, Super C, Special LA Coke, and 1980 
Acid. In the United States, ketamine is a Drug 
Enforcement Agency (DEA) schedule III substance 
(drugs with currently accepted medical indications and 
abuse potential for low to moderate physical depen-
dence or high psychologic dependence). The usual form 
of ketamine is a pharmaceutic liquid, but evaporation 
of this liquid crystalizes ketamine. The crystal residue is 
ground into a powder, similar in appearance to cocaine 
or heroin. Like phencyclidine, ketamine is smoked as a 
cigarette after the addition of ketamine to tobacco or 
marijuana. Because of the diffi culty manufacturing ket-
amine clandestinely, illicit ketamine is usually a pharma-
ceutic preparation diverted from legal stocks, particularly 
from veterinarian clinics. Although ketamine is occa-
sionally an adulterant of heroin, illicit stocks of ket-
amine are usually relatively pure.  

  EXPOSURE 

  Epidemiology 

 The use of ketamine in the general population is rela-
tively low with the highest prevalence of use in individu-
als (medical personnel, veterinarian professionals, club 
drug users) with direct access to this compound.  7,8   The 
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drug users.  13   Use of ketamine typically occurs in a 
carefully preplanned setting that is comfortable, famil-
iar, and secure. Frequently, this setting includes the use 
of other club drugs (e.g., ecstasy, methamphetamine) in 
a social setting (e.g., nightclubs, dance parties, rave 
parties).  14   The use of ketamine by novice users in public 
or unfamiliar settings is associated with an increased 
risk of behavioral complications; however, the effect of 
the environment diminishes as the dose of ketamine 
increases and psychedelic effects predominate over 
stimulant effects.  15   Ketamine abusers describe the 
effects of ketamine use as  “ falling into a K - hole ”  where 
physical immobilization and social detachment persists 
up to about 1 hour.  16   This experience typically involves 
spiritual journeys, disengagement with time and space, 
illusions, and fantasy interactions with famous or fi cti-
tious persons. Additionally, some ketamine abusers 
report near - death experiences manifest by altered per-
ception of time and a strong sense of detaching from 
their physical body along with a sense of peace and/or 
joy.  17   Typically, these experiences occur during the fi rst 
few uses of ketamine. Because of the short elimination 
half - life of ketamine, abusers usually administer sequen-
tial doses of this drug to maintain the psychedelic 
effects.  18   These ketamine abusers administer ketamine 
in cyclical binges similar to cocaine or methamphet-
amine abusers.  19     

  DOSE EFFECT 

  Illicit Use 

 Recreational doses are highly variable (50 – 200   mg), in 
part, because of the rapid development of tolerance to 
ketamine.  20   Typical illicit doses of ketamine are 25 –
 50   mg intramuscularly, 30 – 75   mg insuffl ation, and 75 –
 300   mg orally. The intense, dissociative experience 
persists approximately 1 hour. Case reports document 
the daily use of up to 4 – 7   g ketamine.  21   Insuffl ating 
30 – 50   mg ketamine (i.e., a small line) produces a dreamy 
state, whereas the intramuscular administration of 60 –
 125   mg results in a more intense dissociative state 
( “ K - hole ” ).  

  Medical Use 

 Ketamine is a rapidly acting, relatively safe anesthetic 
agent that is a common agent for conscious sedation in 
children. The bronchodilating properties are useful for 
the sedation of asthmatic patients requiring intubation. 
The typical anesthetic dose of ketamine for conscious 
sedation is 1 – 2   mg/kg intravenously or 4 – 5   mg/kg intra-
muscularly. Experimental uses of ketamine include the 
use of low - dose ketamine for postoperative pain relief, 

abuse of ketamine usually occurs in the setting of poly-
drug use. Although the typical pattern of ketamine use 
involves insuffl ation of ketamine as one of several club 
drugs, a subset of ketamine abusers use ketamine intra-
venously.  9   These high - risk populations include gay men, 
marginalized youth, and intravenous (IV) polydrug 
users.  10   Cross - sectional surveys of ketamine users 
suggest that the negative adverse effects (e.g., poor 
coordination, diffi culty speaking, increased body tem-
perature, blurred vision) associated with ketamine use 
reduce some of the desire to continue chronic use of 
ketamine.  11   Experimental medicinal uses of ketamine 
include the treatment of anorexia, chronic pain, and 
palliative care.  12    

  Sources 

 The typical source of illicit ketamine is diversion of legal 
human or veterinarian supplies of ketamine and, less 
often, illegal importation. Although the structure of ket-
amine appears relatively simple, the synthesis of this 
compound requires several complex steps. This process 
involves the use of numerous solvents, reagents, and 
precursors (e.g., methylamine,  o  - chlorobenzonitrile, 
cyclopentyl bromide) as well as heating in a steel pres-
sure vessel (bomb) for several days. Because of this 
complex synthetic process and the diffi culty obtaining 
these precursors, most illicit ketamine is diverted from 
pharmaceutic stocks rather than synthesized in clandes-
tine laboratories.  

  Methods of Abuse 

 The most common method of ketamine abuse is insuf-
fl ation and, less commonly, IV administration by poly-

       FIGURE 7.1.     Chemical structure of ketamine.  

  TABLE 7.1.    Some Physical Properties of Ketamine. 

   Physical Property     Value  

  Melting Point    92.5 ° C (198.5 ° F)  
  pKa    7.5  
  Molecular Weight    238   g/mol  
  log P (Octanol - Water)    3.120  
  Atmospheric OH 

Rate Constant  
  7.71E – 11   cm 3 /molecule -

 second (25 ° C/77 ° F)  
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  Biotransformation 

 The major pathway of ketamine biotransformation 
involves N  - demethylation to the active metabolite, nor-
ketamine, followed by hydroxylation to the much 
less - active metabolite, dehydronorketamine. Ring 
hydroxylation without prior N  - demethylation is a minor 
metabolic pathway. The principal cytochrome P450 
isoform responsible for the N  - demethylation of ket-
amine to norketamine is CYP3A4 with relatively minor 
contributions from CYP2B6 and CYP2C9 isoforms.  29,30

There are few studies on the potency of the active 
metabolites of ketamine. Based on animal studies, the 
anesthetic potency of ketamine is about 3 – 5 times 
greater than norketamine.  31

  Elimination 

 The plasma half - life of ketamine is about 2 – 4 hours.  32

In a study of 31 patients receiving 2   mg ketamine/kg 
intravenously, the mean plasma elimination half - life was 
79    ±    8 minutes,  33   whereas the mean elimination half - life 
of ketamine in 12 hemodynamically stable, intensive 
care patients was 4.9    ±    1.6 hours.  27   Although the phar-
macokinetics of the R  - ( − ) -  and the  S  - ( + ) - enantiomers of 
ketamine are somewhat similar, the presence of the  R  -
 ( − ) - enantiomer inhibits the clearance of the  S  - ( + ) -
 enantiomer. In a study of 10 healthy young men receiving 
an infusion of ketamine, the mean clearance of the 
S - ( + ) - enantiomer of ketamine from arterial blood was 
26.3    ±    3.5   mL/kg/min in the pure form compared with 
18.5    ±    0.7   mL/kg/min in the racemic mixture containing 
50% of each enantiomer.  34   Elimination of ketamine 
occurs primarily in the urine as a result of the renal 
excretion of the conjugated products of glucuronic acid 
and norketamine or hydroxylated metabolites (e.g., 
6 - hydroxy - norketamine) of norketamine. Renal excre-
tion of unchanged ketamine and norketamine accounts 
for < 4% of the absorbed dose of ketamine, whereas 
fecal excretion of ketamine accounts for < 5% of the 
absorbed dose.  35

  Maternal and Fetal Kinetics 

 Ketamine easily crosses the placenta, and ketamine con-
centrations in the mother and fetus are similar.  36

  Tolerance 

 Case reports suggest that both acute and chronic toler-
ance develops rapidly after the use of ketamine.  21,37,38

Anecdotal reports suggest that chronic use dulls the 
psychedelic experience associated with ketamine use as 

for regional or local anaesthesia, and for opioid - sparing 
effects.  22   The emergence reaction after ketamine admin-
istration is not dose - dependent.  

  Toxicity 

 In a case series of 9 children receiving intramuscular 
(IM) or IV ketamine doses up to 50   mg/kg, the primary 
effect was transient respiratory depression in 4 children 
and prolonged sedation up to 24 hours in all patients.  23

In another case report, the inadvertent IM administra-
tion of 10 times the normal ketamine dose (450   mg) to 
a 3 - year - old child was associated with prolonged seda-
tion and 4 episodes of desaturation relieved by supple-
mental oxygen and repositioning of the airway.  24   All 
children recovered without sequelae.   

  TOXICOKINETICS 

  Absorption 

 The bioavailability of oral ketamine is low. In a study of 
3 volunteers receiving ketamine 50   mg orally, the 
average bioavailability was approximately 18%    ±    5%, 
whereas the mean maximum ketamine concentration 
was about 42    ±    13   ng/mL at 33    ±    13 minutes after 
administration.25   For the 25 - mg nasal dose, the bioavail-
ability of ketamine was approximately 44%    ±    11%; the 
mean maximum ketamine concentration was about 
29    ±    17   ng/mL at 23    ±    10 minutes after administration. 
In a study of 32 children undergoing halothane admin-
istration and receiving 9   mg ketamine/kg intranasally, 
the mean bioavailability of ketamine was approximately 
50%.26   The mean peak concentration of ketamine in 
plasma samples was 2,104    ±    965   ng/mL at a mean time 
of 42    ±    19 minutes after intranasal administration. The 
peak norketamine concentration occurred about 2 
hours after the nasal administration of ketamine.  

  Distribution 

 In a study of 12 intensive care patients receiving ket-
amine, the mean volume of distribution was 16    ±    8.6 L/
kg, based on analysis of arterial plasma samples follow-
ing administration of analgesic doses (2   mg/kg) of IV 
ketamine.  27   Ketamine rapidly distributes into the brain 
and highly perfused tissues after IV administration with 
a distribution half - life of approximately 7 – 11 minutes. 
In vitro  studies of human serum using ultrafi ltration 
indicate that the protein binding of ketamine and nor-
ketamine at 30 ° C (86 ° F) were approximately 69% and 
60%, respectively.  28
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The affi nity of PCP for the NMDA receptor is approxi-
mately 10 - fold greater than ketamine. The administra-
tion of subanesthetic doses of ketamine to schizophrenic 
individuals produces short - term activation of psychotic 
symptoms, which are similar to their usual psychotic 
episodes.  44,45   Following anesthetic doses ( > 2   mg/kg), 
ketamine produces a dose - related increase in heart rate 
and pressure without altering stroke index.  33   Ketamine 
does not cause signifi cant respiratory depression except 
following very large doses or rapid IV administration.  

  Mechanism of Toxicity 

 The psychedelic effect of ketamine results, at least in 
part, from the disruption of the normal thalamocortical 
fi ltering of external and internal information to the 
cortex. Animal studies suggest that subanesthetic doses 
of ketamine increase dopamine D 2  receptor binding in 
the hippocampus and decrease glutamate receptor 
binding in the frontal cortex, while dopamine D 1  recep-
tor binding remains unchanged.  46   Ketamine impairs or 
antagonizes N  - methyl - D - aspartate glutamate receptor 
neurotransmission and increases glutamate release. This 
effect causes aberrant perceptual processing of auditory 
and visual association and reduced integration of aber-
rant perception in visceromotor function and the sense 
of self.  47   Additionally, the density of dopamine trans-
porters increase in the striatum, while the density of 
5 - HT transporters increase in the striatum, the hippo-
campus, and the frontal cortex. However, in a study of 
chronic ketamine abusers imaged by positron emission 
tomography, dorsolateral prefrontal cortex D 1  receptor 
availability was signifi cantly upregulated when com-
pared with healthy controls.  48   The main dopaminergic 
receptors in the human cortex are D 1 , and sustained 
reduction in prefrontal dopamine produces an upregu-
lation of prefrontal dopamine D 1  receptors. The cogni-
tive performance of these study participants was normal; 
therefore, the clinical signifi cance of this study remains 
unclear. Stimulation of dopamine release is a common 
effect of most drugs of abuse. NMDA receptors are 
densely localized in areas of the cerebral cortex and the 
hippocampus, which are important areas for executive 
function and memory. Human memory probably 
involves NMDA receptor - dependent long - term poten-
tiation as well as other processes associated with neuro-
nal learning. Preliminary clinical studies suggest some 
impairment of episodic memory (recognition of objects 
and source of information) in chronic ketamine 
abusers,  49   but the extent and type of these memory 
impairments remain undefi ned. Typically, executive 
function and attention are not affected at subanesthetic 
doses of ketamine.  

well as memories of ketamine effects.  19   Based on 
rodent studies, the chronic administration of ketamine 
induces hepatic cytochrome P450 isoenzymes.  39   Physical 
dependence does not usually develop following 
chronic ketamine abuse.  40   However, anecdotal reports 
suggest that nonspecifi c symptoms may develop with a 
few days after cessation of ketamine use including 
restless, irritability, hypervigilance, and diffi culty with 
concentration.19

  Drug Interactions 

 Because biotransformation of ketamine primarily 
involves the CYP3A4 isoform, drugs that alter this 
isoform would be expected to affect the metabolism of 
ketamine. Benzodiazepines (e.g., midazolam, loraze-
pam) attenuate the altered perception and thought pro-
cesses associated with the use of ketamine. Although 
these drugs reduce the ketamine - associated emotional 
distress, the cognitive or behavioral effects of ketamine 
are not reduced. Acute administration of diazepam 
increases the half - life of ketamine. Lamotrigine signifi -
cantly decreases ketamine - induced perceptual abnor-
malities, but lamotrigine enhances the mood elevating 
effects of ketamine. Haloperidol causes little change in 
the psychosis, perceptual changes, or euphoria associ-
ated with ketamine use. Animal studies suggest that the 
concomitant administration of ketamine (20   mg/kg) 
and caffeine (20   mg/kg) enhances locomotor activity 
and reduces coordination, whereas ketamine (200   mg/
kg) and caffeine (20 – 100   mg/kg) produces a dose -
 dependent increase in seizures and death.  41

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Ketamine is a dissociative anaesthetic with analgesic 
and amnestic properties that causes impairment of 
working and episodic memory during intoxication and 
the immediate period after the administration of ket-
amine.  42   Similar to phencyclidine (PCP), ketamine is a 
noncompetitive antagonist of the N  - methyl - D - aspartate 
(NMDA) receptor for glutamate, but the mechanism 
of action of ketamine is more complex than PCP 
because of the interaction of ketamine with many others 
receptors (opioid, noradrenaline, serotonin, muscarinic 
cholinergic). These effects also include decreased cate-
cholamine reuptake and the stereoselective inhibition 
of the dopamine transporter with the S( + ) - enantiomer 
being approximately 8 times more potent than the R( − ) -
 enantiomer (K i     =    46.9    μ M and 390    μ M, respectively).  43
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being asymptomatic on evaluation in the emergency 
department (ED).  56   The most common complaints were 
anxiety, chest pain, and palpitations with tachycardia 
being the most common physical fi nding. In contrast to 
patients intoxicated with phencyclidine, rotary nystag-
mus was rare (i.e., 3 of 20 patients). The most common 
symptoms in a retrospective study of 233 ketamine 
abusers presenting to an emergency department in 
Hong Kong were as follows: impaired consciousness, 
45%; abdominal pain, 21%; lower urinary tract symp-
toms, 12%, and dizziness, 12%.  57   The frequency of 
abnormal physical fi ndings were as follows: high blood 
pressure, 40%; tachycardia, 39%; abdominal tenderness, 
18%; and white powder in nostril, 17%. Occasional case 
reports associate cystitis (dysuria, frequency, hematuria, 
proteinuria, urgency) with chronic ketamine abuse.  58,59

 Desired effects associated with ketamine intoxica-
tion include euphoria, depersonalization, derealization, 
universal empathy, sudden insights into the nature of 
existence or oneself, and perceptual distortions (sounds, 
shapes, colorful visions, fl oating feeling, absence of time, 
body image). The  “ K - hole ”  refers to the development 
of tunnel vision during intoxication followed by the 
feeling of rising above the body like a near - death expe-
rience. Although some individuals experience recurrent 
psychoses following repeated binges on ketamine, there 
is insuffi cient evidence to support the development of 
sensitization to the behavioral effects of ketamine.  60

 The principal risk of acute ketamine intoxication is 
physical trauma resulting from a state of confusion 
including falls, burns, drowning, or motor vehicle acci-
dents. Adverse effects associated with case series of 
chronic ketamine users include perforated nasal septum 
(insuffl ation), abdominal pain, anorexia, weight loss, 
ataxia, slurred speech, dizziness, anxiety, hyperexcitabil-
ity, insomnia, confusion, and blurred vision.  61   Case 
reports associate ketamine abuse with urinary reten-
tion, hydronephrosis, and renal dysfunction.  62

  Overdose 

 There are relatively few cases of ketamine overdose 
reported in the medical literature, primarily involving 
inadvertent administration of excessive ketamine doses 
to children undergoing sedation or anesthesia. In these 
patients, the main complications are transient respira-
tory depression and prolonged sedation up to 24 hours.  23

Fatalities associated with ketamine are usually related 
to either behavioral - induced trauma or multiple - drug 
overdose.  63   In a series of 15 nonhospital - associated 
deaths with detectable postmortem concentrations of 
ketamine, 12 involved multiple drugs and 2 involved 
trauma.64   The other death resulted from natural causes 
(sarcoidosis).  

  Postmortem Examination 

 In the absence of trauma, postmortem examinations of 
patients dying of ketamine intoxication are typically 
unremarkable with nonspecifi c positive fi ndings primar-
ily involving pulmonary congestion.  50   Postmortem 
changes associated with death from respiratory depres-
sion include cerebral edema, pulmonary edema, inter-
stitial and intra - alveolar hemorrhage in the lungs, and 
hyperemia of the airways. The postmortem examination 
of a 34 - year - old woman, who died after several poison-
ing attempts with ketamine, demonstrated widespread 
fi brosis of cardiac muscle fi bers around small arteries 
along with chronic hypoxic changes in the brain.  51   These 
latter changes included hemorrhage in the internal 
capsule and cerebral edema. The causal relationship 
between ketamine and these changes is unclear.   

  CLINICAL RESPONSE 

 Ketamine is a relatively safe anesthetic agent with few 
serious side effects as a result of the lack of cardiorespi-
ratory depression in therapeutic doses. This drug pro-
duces a cataleptic state characterized by open eyes, 
staring gaze, slow nystagmus, increased salivation, and 
intact corneal and light refl exes. The major side effect is 
development of psychotic symptoms during emergence 
from ketamine anesthesia, particularly in adults and 
schizophrenic patients.  52   Rarely, laryngospasm occurs 
following dissociative sedation that may require intuba-
tion.53   The postanesthesia emergence reaction involves 
alterations in mood and body image, dissociative (extra-
corporeal) state, vivid illusions, fl oating sensation, and 
frank delirium. These vivid dreams and illusions usually 
disappear shortly after awakening. The incidence of this 
reaction ranges from about 5 – 30%, depending on risk 
factors (age > 16 years, female participants, IV ketamine 
doses > 2   mg/kg, IV administration exceeding 40   mg/
min).54   In studies of healthy young adults, subanesthetic 
doses of ketamine produce dose - related psychedelic 
effects similar to the IV administration of N , N  -
 dimethyltryptamine, manifest by alterations of mood, 
perception, body awareness, self - control, and menta-
tion.55   These effects are distinct from schizophrenia, and 
true hallucinations do not occur. In this study, the visual 
analog scales for anxiety, suspicious, and meaning were 
low compared with rating scales for reality, time, sur-
roundings, thought, sound, and being high. 

  Illicit Use 

 Based on self - reported cases of ketamine use to a US 
regional poison center, the symptoms of ketamine 
intoxication are relatively brief with one - half of cases 
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50 – 200   ng/mL, whereas analgesia begins at plasma 
ketamine concentrations > 100 – 160   ng/mL.  32,55   The maxi-
mum plasma concentrations of ketamine after the 
administration of 50   mg orally or 25   mg intranasally 
range from 30 – 50   ng/mL at 20 – 30 minutes after admin-
istration.25   Experimental studies of healthy volunteers 
indicate that subanesthetic doses (i.e., 200   ng/mL 
plasma) of ketamine causes general central nervous 
system depression, perceptual distortions, delusions of 
reference, and fl attening of affect.  77   However, true 
hallucinations do not occur, and the overall clinical 
features of ketamine intoxication do not mimic schizo-
phrenia. In a study of healthy, young men, plasma ket-
amine concentrations of 200   ng/mL were associated 
with lateral gaze nystagmus and alteration of visual 
analog scale for euphoria, feelings of unreality, percep-
tual alterations (shapes, sounds), and diffi culty control-
ling thoughts.  55   There were no signifi cant changes in 
blood pressure, heart rate, or oxygen saturation when 
compared with baseline. Plasma ketamine concentra-
tions were undetectable by high performance liquid 
chromatography within 4 – 6 hours after intranasal and 
IV administration.  25   In a study of 5 volunteers receiving 
subanesthetic doses of IV ketamine, plasma ketamine 
concentrations exceeding 70   ng/mL were associated 
with memory impairment and perceptual distortions, as 
measured by a simple memory test and questionnaire.  78

Analgesic concentrations of ketamine in plasma range 
from about 100 – 200   ng/mL, whereas plasma concentra-
tions in patients awakening from anesthesia typically 
range from approximately 600 – 1,100   ng/mL. During 
anesthesia, plasma ketamine concentrations reach 
2,000 – 3,000   ng/mL without signifi cant cardiovascular 
depression. Behavioral abnormalities do not correlate 
well to blood ketamine concentrations.  

Postmortem.     Fatalities associated with only ketamine 
use are rare. A 26 - year - old man was found dead with a 
tourniquet on his arm and syringes of ketamine near 
his body.  50   The death scene suggested that he probably 
died before the distribution phase of ketamine ended. 
The ketamine concentrations in postmortem heart and 
femoral blood were 6.9   mg/L and 1.8   mg/L, respectively 
(heart/femoral blood ratio, 3.8). There were no other 
drugs detectable in postmortem blood. A 31 - year - old 
women was found dead in her bathroom with a syringe 
and bottle of ketamine near her.  79   The postmortem 
blood sample (source not reported) contained 7   mg 
ketamine/L, and no other drugs were detected. The 
postmortem ketamine concentration in a blood 
sample (site not reported) from an 18 - year - old man 
found dead after the homicidal administration of at 
least 3 doses of IM ketamine was 27.6   mg/L.  80

High ketamine concentrations (15.2   mg/L) were also 

  Abstinence Syndrome 

 Case reports of abstinence following chronic ketamine 
abuse associated the development of intense drug 
craving, anxiety, fatigue, diaphoresis, and tremulousness 
within 8 hours after cessation of use.  21   Within 24 – 48 
hours after ketamine use ceases, lethargy, depression, 
and anorexia occur. After a period of deep sleep, the 
individual feels better with some residual weakness.  

  Reproductive Abnormalities 

 Ketamine is an anesthetic agent used during induction 
for cesarean sections as a method to reduce postopera-
tive pain.  65   Clinical studies suggest that ketamine 
increases uterine contractions.  66   However, there are few 
data on the teratogenic effect of ketamine use during 
the fi rst and second trimester of pregnancy.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques to detect ketamine and norketamine in 
biologic samples include liquid chromatography/
TurboIonSpray  ®  /tandem mass spectrometry,  67   gas chro-
matography/mass spectrometry,  68,69   liquid chromatogra-
phy/mass spectrometry in selected ion mode,  70   and high 
performance liquid chromatography with ultraviolet 
detection (220   nm).  71   The lower limit of quantitation 
(LLOQ) for ketamine and norketamine is in the range 
of 5   ng/mL, as analyzed by isocratic high performance 
liquid chromatography  72   or gas chromatography/mass 
spectrometry.  73   The limit of detection (LOD) and 
LLOQ for ketamine in urine samples analyzed by gas 
chromatography/mass spectrometry with selected - ion 
monitoring were 0.5 – 1.0   ng/mL and 1.5 – 3.0   ng/mL, 
respectively, with interassay variation  < 10%.  68,74   The 
detection limits for ketamine and norketamine were 
0.03   ng/mL and 0.05   ng/mL, respectively, as analyzed by 
ultra performance liquid chromatography/tandem mass 
spectrometry.  75   Ketamine and norketamine in plasma 
samples are stable when transported at 4 ° C (39.2 ° F) 
within 2 days and stored at − 20 ° C ( − 4 ° F) for 10 weeks.  76

The plasma concentrations of dehydronorketamine can 
change initially during refrigeration as a result of the 
rapid permeation of this compound into erythrocytes.  

  Biomarkers 

  Blood 

Therapeutic Use.     Drowsiness and perceptual distor-
tions occur with plasma ketamine concentration from 
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ejection fraction was 40% together with hypokinesia of 
the right ventricle.  

  Driving 

 There are few data on the effect of ketamine on driving 
performance. However, the administration of ketamine 
would be expected to substantially impair driving skills 
based on the cognitive impairments, perceptual distor-
tions, and thought disorders produced in volunteer 
studies after the administration of ketamine.  84   Potential 
impairments include increased distractibility, blurred 
vision, visual illusions, spatial distortions, increased 
reaction time, and impaired memory (immediate and 
delayed recall, working memory).  85

  TREATMENT 

 Treatment is supportive with careful attention to the 
evaluation and treatment of any cardiorespiratory dys-
function. Symptoms are typically brief with most patients 
discharged from the emergency department within 5 
hours of presentation.  56   The failure of symptoms to 
ameliorate after 2 hours of observations suggests 
another drug or disease process, particularly if seizures, 
hemodynamic changes, or hyperthermia are present. 
The most serious adverse effects of ketamine intoxica-
tion are respiratory depression, agitation, and rhabdo-
myolysis. Patients should be placed in a quiet 
environment with minimal external stimulation. There 
are no specifi c antidotes. The treatment of emergence 
reactions primarily involves the use of benzodiazepines 
(e.g., adults: lorazepam 1 – 2   mg, IV, titrated to effect). 
Preliminary clinical studies suggest that haloperidol 
(5   mg IM, repeated in 30 minutes if needed) is an alter-
native to benzodiazepines.  86   However, there are inade-
quate data to assess the safety or effi cacy of haloperidol 
in this setting.      
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  Chapter 8 

   METHCATHIONE 

           HISTORY 

 Methcathinone was fi rst synthesized in Germany and 
France in the late 1920s as an intermediate in the syn-
thesis of ephedrine. The optical isomers [ S ( − ) -  and  R ( + ) -
 methcathinone] were discovered in the following 
decade. Parke - Davis Pharmaceuticals obtained the 
patent for S ( − ) - methcathinone in 1957 as an analeptic; 
however, reports of adverse effects (trembling, seizures, 
incoordination, spasticity, labored respirations) in 
animal studies prevented the marketing of this drug.  1

Methcathinone was a popular drug of abuse in the 
former Soviet Union during the 1970s and 1980s with 
street names of Ephedrone, Jeff, Cosmos, and Jee 
Cocktail.2   During the early 1990s, the fi rst reports asso-
ciating atypical parkinsonism with intravenous (IV) 
administration of ephedrone (methcathinone) synthe-
sized by the oxidation of ephedrine or pseudoephedrine 
with potassium permanganate appeared in Russia. 
Subsequently, similar case reports associated IV meth-
cathinone abuse with persistent movement disorders in 
Estonia, Georgia, Latvia, Ukraine, and an Azerbaijani 
resident in Canada.  3,4   In 1992, methcathinone was added 
to the list of controlled substances in the United States,  5

followed by cathinone in 1993.  

  IDENTIFYING CHARACTERISTICS 

 Methcathinone (CAS RN: 5650 - 44 - 2, monomethylpro-
pion) is structurally similar to methamphetamine, and 

this β  - keto -  α  - methylphenethylamine compound is a 
more potent stimulant than cathinone based on animal 
studies.  6   Figure  8.1  displays the structural similarities 
between the optical isomers of methcathinone, metham-
phetamine, cathinone, and amphetamine. Methcathinone 
contains an asymmetric carbon; thus, methcathinone 
is potentially available as a racemic mixture or as 
enantiomers [ S ( − ),  R ( + )]. In rodent behavioral studies 
(locomotor stimulation, drug discrimination), the 
S ( − ) - methcathinone enantiomer is about 5 times more 
potent than the R ( + ) - enantiomer.  7   The World Health 
Organization includes methcathinone in schedule I (i.e., 
most controlled substance category as a result of high 
abuse potential) of the United Nations Convention on 
Psychotropic Substances. Although some analogs of 
methcathinone (e.g.,  N  - monoethylcathinone,  N  - mono -
n  - propylcathinone) produce stimulant effects similar to 
analogs of methamphetamine in animal studies, the 
potency of structural analogs of methcathinone are not 
necessarily predicted by structure – activity relationships 
of similar methamphetamine structural analogs.  8

Methcathinone has a distinctive pleasant smell (i.e., 
likened to pistachio ice cream), bitter taste, and dark 
color that differentiate this drug from amphetamine and 
cocaine.  1   In addition, methcathinone causes irritation of 
the mucous membranes in contrast to the anesthetic 
properties of cocaine.    

  EXPOSURE 

 Clandestine laboratories synthesize methcathinone 
easily by the oxidation of l  - ephedrine with household 
chemicals (sulfuric acid, paint thinner, acetone). 
Consequently, most illicit methcathinone contains the 
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( + ) threo - ephedrine ( d  - pseudoephedrine), ( − ) - threo -
 ephedrine ( l  - pseudoephedrine), and phenylpropanol-
amine appear in the urine along with small amounts of 
phenylpropanolamine.  10   Based on 2 trials in a single 
volunteer, about one - third of this dose appeared in the 
urine as unchanged methcathinone and about one - half 
as ephedrine (about 60%  l  - pseudoephedrine, 40%  d  -
 pseudoephedrine); phenylpropanolamine was a minor 
urinary metabolite ( < 5%). Reports from methcathinone 
users indicate that cessation of methcathinone use is 
associated with prolonged sleep, irritability, dysphoria, 
hyperphagia, and depression similar to the cessation of 
acute, high - dose amphetamine use.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Rodent studies indicate that methcathinone is a potent 
CNS stimulant with effects on the dopaminergic and 
serotonergic receptors.  11   These effects are species 
and enantiomer dependent. In mice, both  R ( + ) -  
and  S ( − ) - enantiomers produce toxic effects on dopa-
mine neurons based on reduction in dopamine, 
3,4 - dihydroxyphenylacetic acid (dopamine metabolite), 
and dopamine uptake in rat brain; the  R ( + ) - enantiomer 
is more potent than the  S ( − ) - enantiomer in these 
studies.  12   Neither enantiomer produces serotonin toxic-
ity at intraperitoneal doses ranging from 40   mg/kg every 
2 hours for 4 doses to 120   mg/kg every 2 hours for 2 
doses, then 2 doses at 4 - hour intervals. Both enantio-
mers produce dopamine depletion in the stratum of rats 
with the  S ( − ) - enantiomer slightly greater than the  R ( + ) -
 enantiomer at doses of 25   mg/kg and 50   mg/kg twice 
daily for 4 days. Only the  S ( − ) - enantiomer produces 
serotonin depletion in the hippocampus and neocortex 
of rats. Following the administration of methcathinone, 
decreased tyrosine hydroxylase and tryptophan hydrox-
ylase occur along with reductions in dopamine and sero-
tonin in the frontal cortex, neostriatum, and hippocampus. 
Additionally, methcathinone is a substrate for the dopa-
mine and serotonin transports, resulting in the uptake 
of methcathinone by dopamine and serotonin neurons.  13   
The similarity of the movement disorder associated with 
IV methcathinone abuse and chronic manganism 
suggest a role for manganese - induced neuropathy as the 
cause of this movement disorder in ephedrone addicts. 
The IV administration of ephedrone produced by oxi-
dation of ephedrine or pseudoephedrine with potassium 
permanganate releases large amounts of manganese 
into the blood following IV administration. A case series 
of 3 IV drug users reported the development of similar 
extrapyramidal disorders and postural instability fol-
lowing the chronic IV use of a solution of potassium 
permanganate, ephedrine, and acetylsalicylic acid.  14   In 

 S ( − ) - enantiomer with small amounts of the  R ( + ) -
 enantiomer as a result of spontaneous racemization of 
the  S ( − ) - enantiomer during extraction procedures. 
Abuse of methcathinone involves the use of this drug 
via the IV, pulmonary, or nasal routes. During a typical 
episode of methcathinone use, the drug user inhales the 
drug for 24 – 36 hours until the drug supply is depleted 
or the drug user is physically exhausted. Desirable 
effects reported by methcathinone during acute intoxi-
cation include intense physical stimulation, sexual 
arousal, euphoria, and tolerance for alcohol.  1   During 
binges, methcathinone users report the rapid develop-
ment of strong psychologic craving and tolerance for 
this drug.  2    

  DOSE EFFECT 

 The intranasal use (80 – 250   mg) of methcathinone pro-
duces euphoria within 10 minutes along with visual illu-
sions and hallucination followed by a 5 -  to 8 - hour period 
of feeling invincibility and increased libido.  2   Undesirable 
side effects associated with these doses include head-
ache, abdominal pain, diaphoresis, and agitation. In a 
case series of 13 male opiate addicts developing move-
ment disorders after chronic IV ephedrone (methcathi-
none) abuse, the reported daily use of ephedrone was 
8 – 20   mL 1 – 6 times daily (mean reported daily use, 
42    ±    28   mL).  9    

  TOXICOKINETICS 

 Following the ingestion of recreational doses (e.g., 
30   mg) of methcathinone, unchanged methcathinone, 

       FIGURE 8.1.     Structural and stereochemical relationships 
between the optical isomers of methcathinone, methamphet-
amine, cathinone, and amphetamine.  
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They were unresponsive to levodopa, and the neuro-
logic abnormalities remained after cessation of meth-
cathinone abuse. Progression of neurologic symptoms 
after cessation of ephedrone use occurs in up to one -
 third of these patients. Some patients improve slowly, 
but complete reversal of neurologic symptoms does not 
usually occur.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analytic methods for the quantitation of methcathi-
none and other amphetamine analogs in biologic 
samples include gas chromatography,  16   high perfor-
mance liquid chromatography with ultraviolet (UV) 
detection,17   gas chromatography/mass spectrometry 
(GC/MS),18   and liquid chromatography/electrospray 
ionization/tandem mass spectometry.  19   The lower limit 
of quantitation (LLOQ) of methcathinone using 
the latter method is 10   ng/mL with intermediate 
precision ( < 15%). The use of high performance 
liquid chromatography/atmospheric pressure chemical 
ionization/mass spectrometry allows the quantitation of 
methcathinone and other underivatized amphetamines 
in hair samples with a limit of detection (LOD) in the 
range of 0.20   ng/mg.  20   Commonly available immunoas-
says do not suffi ciently screen methcathinone from 
other amphetamine analogs.  In situ  derivatization of 
urine samples by extractive acylation with penta-
fl uoropropionic anhydride followed by rapid chroma-
tography on a microbore capillary column and MS in 
selected - ion mode allows the rapid confi rmation of 
various amphetamine analogs including methcathi-
none.  21   Methcathinone is not a metabolite of phenylpro-
panolamine or any other over - the - counter medications. 
Although methcathinone is stable for 3 days in refriger-
ated samples (2 – 4 o C/35.6 °  – 39.2 ° F) and in frozen samples 
( - 18 o C/ - 0.4 ° F) for 2 months, urine samples stored at 
2 – 4 o C (35.6 °  – 39.2 ° F) for 3 months lost about 79% of the 
methcathione.  18

  Abnormalities 

 The magnetic resonance images (MRIs) of patients with 
ephedrine - induced movement disorders demonstrate 
hyperintensity T1 - weighted signals from the globus pal-
lidus, substantia nigra, dentate nucleus, and the pontine 
tegmentum.22   The whole blood manganese concentra-
tion in samples from these patients are typically ele-
vated about 3 – 4 times above the upper reference range; 
whole blood manganese concentrations remain elevated 
months after cessation of IV methcathinone produced 
by potassium permanganate oxidation. Both the MRI 

the 2 addicts recently using this IV solution, their 
blood manganese concentrations were very high 
(2,100   ng/mL, 3,176   ng/mL), whereas the addict that did 
not use the solution for 6 months had a normal blood 
manganese concentration (2.4   ng/mL; normal  < 19   ng/
mL). The solution these drug abusers injected did not 
contain methcathinone, suggesting that the motor disor-
der does not result from methcathinone.  

  CLINICAL RESPONSE 

 Acute intoxication with methcathinone produces clini-
cal features similar to stimulant effects of amphetamine 
abuse. Reported desirable effects from the IV abuse of 
methcathinone include  “ rush, ”   “ feeling happy, ”  and 
 “ sense of fl ying ”  within 15 minutes after injection fol-
lowed by several hours of jocularity and increased alert-
ness. Reported adverse effects of methcathinone use 
include nausea, abdominal pain, facial erythema, epi-
staxis, anxiety, irritability, diffi culty concentrating, agita-
tion, paranoia, tachycardia, insomnia, and muscle 
cramps. Complications of chronic methcathinone use 
include paranoid psychosis with auditory hallucinations, 
weight loss, dehydration, tremor, agitation, personality 
changes, antisocial behavior, and depression. Case 
reports associate the development of paranoia with 
auditory hallucinations, confusion slurred speech, 
tremor, disorientation, and intermittent anxiety follow-
ing sustained, IV use of methcathinone.  2   These symp-
toms usually resolve over 24 – 36 hours. Occasionally, 
transient hypotension and bradycardia may also occur, 
but these abnormalities usually respond rapidly to sup-
portive care. 

 Case reports associate the IV abuse of methcathi-
none synthesized by the oxidation of ephedrine or 
pseudoephedrine by potassium permanganate with 
levodopa - resistant atypical parkinsonism, profound 
hypophonia, and gait disturbances.  15   In a case series of 
13 male opiate addicts developing movement disorders 
after chronic IV ephedrone (methcathinone) abuse, the 
mean time between the initiation of ephedrone abuse 
and the fi rst neurologic symptoms was 8.5    ±    3.2 months.  9

Clinical abnormalities include bradykinesias, dystonia, 
emotional lability, dysarthria, risus sardonicus, involun-
tary laughter, and retropulsion with falls backwards.  9

These patients did not typically demonstrate olfactory 
abnormalities or declines in cognitive ability with the 
exception of mild dysfunction of executive skills and 
mild depression. These patients had several clinical fea-
tures distinguishing them from patients with Parkinson 
disease including particular diffi culty walking backward, 
a symmetric motor disorder that resulted in walking on 
the fi rst metatarsal - phalangeal joints ( “ cock walk ” ), 
profoundly soft speech, and lack of a resting tremor. 
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and the blood manganese concentration may be normal 
in the presence of an obvious movement disorder (bra-
dykinesia, postural instability, slowed facial expressions, 
dysarthria, generalized dystonia).  23   Blood manganese 
concentrations do not correlate well to clinical 
symptoms.   

  TREATMENT 

 The treatment of methcathinone intoxication is sup-
portive, similar to amphetamine intoxication. The move-
ment disorders associated with IV ephedrone 
(methcathinone) abuse and potassium permanganate 
oxidation does not usually respond to the drugs (L -
 dopa, amantadine, bromocriptine, trihexyphenidyl) typ-
ically used to treat Parkinson disease. There are 
inadequate clinical data to determine if chelation of 
elevated manganese concentrations improves the 
chronic movement disorder associated with IV 
ephedrone abuse. Although the use of calcium disodium 
EDTA is associated with partial improvement in some 
patients, other patients did not improve and patients did 
not typically recover completely.  22        

  MEPHEDRONE 
(4 - METHYLMETH-
CATHINONE) 

 Mephedrone (2 - aminoethyl - 1 - tolyl - propan - 1 - one, 4 - 
methylmethcathinone) is a  β  - keto amphetamine that is 
the synthetic 4 - methyl aromatic analogue of methcathi-
none. Figure  8.2  compares the chemical structure, struc-
tural formula, and molecular weight of mephedrone and 
methcathinone. Common names include 4 - MMC, 
Bubbles, Meph, Meow Meow, Miaow, TopCat, MMCAT, 
and Crab. Limited analytic data on mephedrone samples 
purchased from the Internet suggest that these sample 
contain high concentrations of 4 - methylmethcathinone 

in a racemic mixture.  24   Mephedrone is an uncontrolled 
cathinone derivative in many countries with sympatho-
mimetic properties (tachycardia, mydriasis, blurred 
vision, agitation) similar to methcathinone. This com-
pound is a substitute for ecstasy (MDMA) in the club 
scene. Mephedrone is an illegal drug in Denmark, 
Finland, Israel, Norway, Sweden, and the United 
Kingdom. Potential postprohibition mephedrone - like 
products include the 2 - aminopentanophenone com-
pounds.  25   These monoamine oxidase inhibitors are 
marketed as Energy 1 (NRG - 1) or naphyrone (naph-
thylpyrovalerone, O - 2482), although these products 
may contain illicit mephedrone or other cathinones/
adulterants. In a study of 24 products purchased online 
from 18 UK - based websites within 6 weeks after the ban 
on mephedrone and other derivatives (3,4 - methylene-
dioxypyrovalerone, butylone), 70% of the NRG - 1 and 
NRG - 2 products contained a mixture of banned cathi-
nones.  26   Mephedrone is usually sold as a white crystal-
line or off - white – yellow powder (hydrochloride salt), 
frequently from street vendors and less often on the 
Internet as  “ bath salts. ”   27     

 The common methods of administration are inges-
tion, insuffl ation, and rarely by injection with heroin. 
Biotransformation of mephedrone involves hydroxyl-
ation at the 4 - methyl group followed by oxidation to the 
corresponding 4 - carboxy metabolite and demethylation 
of the  β  - keto group to the corresponding alcohol.  28   The 
clinical features of mephedrone overdose refl ect sympa-
thomimetic toxicity similar to cocaine and methamphet-
amine intoxication including elevated blood pressure, 
tachycardia, palpitations, mydriasis, hyperactivity, 
and agitation as well as anxiety, paresthesias, confusion, 
vomiting, chest pain, and headache.  29   Based on data on 
131 telephone enquiries to the UK National Poisons 
Information Service concerning mephedrone alone or 
in combination with alcohol, common clinical features 
reported were as follows: agitation or aggression ( n     =    32, 
24%, 95% CI: 18 – 33%), tachycardia ( n     =    29, 22%, 95% 
CI: 16 – 30%), confusion or psychosis ( n     =    18, 14%, 
95% CI: 9 – 21%), chest pain ( n     =    17, 13%, 95% 
CI: 8 – 20%), nausea ( n     =    15, 11%, 95% CI: 7 – 18%), pal-
pitations ( n     =    14, 11%, 95% CI: 6 – 18%), peripheral 

 FIGURE 8.2.     Comparison of chemical structures, structural formulas, and molecular weights of methcathinone, mephedrone 
(4 - methylmethcathinone), and methylone. 
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vasoconstriction ( n     =    10, 8%, 95% CI: 4 – 14%), head-
ache ( n     =    7, 5%, 95% CI: 2 – 11%), and seizures ( n     =    4, 
3%, 95% CI: 1 – 8%).  30   A 22 - year - old man ingested 
200   mg mephedrone purchased from an Internet sup-
plier; when he did not develop the desired effects, he 
injected 3,800   mg intramuscularly into his thighs.  31

Shortly thereafter, he developed chest pressure, diapho-
resis, blurred tunnel vision, and a feeling of being unwell. 
At the emergency department (ED), he was agitated, 
anxious, and hypertensive (blood pressure    =    177/111) 
with mydriasis. His symptoms resolved after 4 hours of 
observation and 1   mg oral lorazepam. Other complica-
tions associated with the use of mephedrone include 
hypo - osmotic hyponatremia with encephalopathy man-
ifest by altered consciousness, nausea, vomiting, and 
elevated intracranial pressure.  32   Elevation of serum 
creatine kinase and rarely, hyponatremia may occur. 
Methods of detection include GC/MS in selective ion 
monitoring mode using methamphetamine - d 14  as an 
internal standard.  33   The LOD and LLOQ with this 
method are 0.010   mg/L and 0.025   mg/L, respectively, 
with between - day accuracy ranging from 0.2 – 12.4%.  

  METHYLONE (3,4 - 
METHYLENEDIOXY-
METHCATHINONE) 

 Shulgin et al investigated the psychoactive properties 
of methylone in the 1970s; he and Jacob patented 
the drug as an antidepressant and antiparkinson 
agent in the middle 1990s. Methylone appeared as a 
designer drug of abuse in Europe and Japan in 
the middle 2000s.  34   Methylone (2 - methylamino - 1 - 
(3,4 - methylenedioxyphenyl)propan - 1 - one, 3,4 - meth-
ylenedioxymethcathinone) is the β  - ketone analogue 
of 3,4 - methylenedioxymethamphetamine (MDMA) as 
displayed in Figure  8.2 . Major metabolic pathways for 
methylone include 1) N  - demethylation of the side - chain 
to methylenedioxycathinone, and 2) demethylenation 
and O  - methylation of the hydroxyl group on the benzene 
ring to form 4 - hydroxy - 3 - methoxymethcathinone and 
3 - hydroxy - 4 - methoxymethcathinone. In rodent studies, 
the kidney excretes most of the metabolites as 
conjugates with small amounts (i.e.,  ∼ 3%) appearing 
in the urine as unchanged methylone.  35   The major 
urinary metabolite of methylone was 4 - hydroxy - 
3 - methoxymethcathinone. 

In vitro  studies indicate that methylone increases the 
concentration of monoamine neurotransmitters (sero-

tonin, norepinephrine) in the synaptic cleft by inhibition 
of the plasma monoamine reuptake transporters with 
relatively little effect on dopamine concentrations.  36   In 
contrast to MDMA, the effect of methylone on the 
vesicular monamine transporter is weak. The clinical 
effects of methylone are similar to MDMA, although 
the reported euphoric and stimulatory effects of methy-
lone are milder than MDMA. There are few data on the 
effects of methylone in humans. Expected adverse 
effects include mydriasis, diaphoresis, nausea, vomiting, 
agitation, confusion, dysphoria, tachycardia, and hyper-
tension based on structural similarity to MDMA. 
Methods for the quantitation of methylone include GC/
MS, liquid chromatography/electrospray ionization/
mass spectrometry, and gas chromatography/electron 
impact mass spectrometry.  35,37   Commercial immunoas-
says for drugs of abuse may be insensitive to the pres-
ence of methylone in the urine.  38   The use of GC/MS in 
electron impact mode allows the quantitation of methy-
lone, mephedrone, and butylone in biologic samples.  28
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  Chapter 9 

               HISTORY 

 Ecstasy (3,4 - methylenedioxymethamphetamine, MDMA) 
is a central nervous system (CNS) stimulant that is one 
of the most commonly abused drugs in the United 
States, Canada, United Kingdom, Western Europe, and 
Australia.  1   The structurally similar compound, metham-
phetamine is a common precursor of MDMA. Merck 
synthesized MDMA in 1912, and in 1914 Merck received 
a patent for MDMA as an appetite suppressant. 
However, Merck never marketed MDMA. The US mili-
tary conducted the fi rst documented animal toxicity 
studies on MDMA in the 1950s. This research was part 
of a program that investigated the effect of psychedelic 
drugs on animals and humans, presumably as substances 
that might increase the effectiveness of interrogations. 
These studies also included the administration of 
3,4 - methylenedioxyamphetamine (MDA), but not 
MDMA to human participants. The frequently refer-
enced chemist, Alexander Shulgin became a strong pro-
ponent of the use of MDMA in psychotherapy after 
rediscovering MDMA in the 1970s.  2   In addition to the 
use of MDMA as an adjunctive treatment during psy-
chotherapy, suggested therapeutic uses of MDMA 
included the treatment of Parkinson disease, posttrau-
matic stress disorder, depression, autism, and substance 
abuse.  1,2   In the mid - 1970s to mid - 1980s, some psycho-
analysts administered MDMA ( “ Adam ” ) as adjunctive 
therapy based on the belief that MDMA inhibits the 
fear response to a perceived emotional threat, which 

would allow the patient to place the emotional sequelae 
of past experiences into a more realistic perspective in 
current relationships.  3

 The use of MDMA occurs primarily in well - developed 
Western countries, particularly Western Europe, 
Australia, Canada, and the United States.  4   The fi rst 
widespread use of MDMA began in the  “ rave ”  
club scene including dance clubs and at rave parties. 
The abuse of MDMA increased despite the introduc-
tion of legal restrictions in the 1970s and 1980s that 
proscribed the use and manufacture of MDMA. Most 
countries with regulatory drug systems subsequently 
declared MDMA an illegal substance. The use of 
MDMA became illegal in the United Kingdom in 1977. 
In 1985, the US Drug Enforcement Agency (DEA) 
restricted the use of MDMA because of the growing 
abuse problem, particularly prevalent in Texas.  5

The initial restriction was temporary, based on the struc-
tural and pharmacologic similarities of MDMA to 
banned hallucinogenic amphetamines (e.g., MDA). 
Some authors proposed that MDMA represented a 
novel class of drugs, the entactogens (i.e.,  “ touching 
within ” ) that were not hallucinogenic.  6   However, the 
DEA did not accept this new classifi cation. Subsequent 
animal studies on the pharmacologic and toxicologic 
effects of MDMA on serotonergic and dopaminergic 
neurons supported the similarity between this substance 
and the banned substance MDA.  7   In 1988, the DEA 
permanently restricted the use of MDMA by classifying 
MDMA as a schedule I controlled substance. The 
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  IDENTIFYING CHARACTERISTICS 

 MDMA (CAS RN: 42542 - 10 - 9) is racemic 3 - 4 methyl-
enedioxymethamphetamine (1 - benzo[1,3]dioxol - 5 - yl -
 N - methyl - propan - 2 - amine). The molecular weight of 
MDMA is 193.242   g/mol, and the structural formula is 
C 11 H 15 NO 2 . MDMA is structurally similar to MDA and 
methamphetamine. Figure  9.1  displays the chemical 
structure of MDMA and structurally related amphet-
amine compounds. Methamphetamine - based com-
pounds (e.g., MDMA, MDA) contain substituents on 
the aromatic ring and act primarily on serotonin recep-
tors, whereas amphetamine - based compounds (e.g., 
ephedrine, phenylpropanolamine, phentermine) do not 
contain substituents on the aromatic ring and act pri-
marily on dopamine receptors at therapeutic doses.  11   
The  S ( + ) -  and  R ( − ) - enantiomers have different pharma-
cokinetics and pharmacologic effects;  12,13   however, illicit 
and therapeutic use of MDMA usually involves the 
racemic (1:1) mixture of the enantiomers. Most animal 
toxicology studies on MDMA also administer racemic 
MDMA. The  S ( + ) form of MDMA is a more potent 
inhibitor of serotonin reuptake than the  R ( − ) -
 enantiomer.  14,15   The subjective effects of MDMA cor-
relate better to the pharmacokinetic profi le of the  S ( + ) - 
enantiomer.  16   The response to MDMA enantiomers 
may vary between animal species. For example, the 
hyperthermic response to the  R ( − ) - enantiomer differs 
in non - human primates and rodents.  17     

 MDMA is a white, crystalline powder that is a 
weak base with an estimated pK a  value between 9 – 10. 
The boiling point of the free base of MDMA is too high 
to volatilize suffi cient amounts of MDMA to cause 
pharmacologic effects. The salts of MDMA are also not 
volatile, but the water solubility of these compounds 

pharmacologic classifi cation of MDMA remains con-
troversial with many authors referring to MDMA as 
an entactogen, while others classify MDMA as an 
amphetamine designer drug or a hallucinogenic 
amphetamine. 

 Illicit production of MDMA began in the mid - 1980s 
shortly after the implementation of legal restrictions in 
the United States. In the late 1990s, a large increase 
in MDMA use occurred in Western countries beginning 
in the United Kingdom and other Western European 
countries as part of the increased popularity of dance 
party and rave club scenes.  8   Illicit MDMA originated in 
the Netherlands, Belgium, and Germany. More recently, 
large increases in MDMA use appeared in the United 
States and Australia. The rates of MDMA confi scations, 
MDMA - related hospital visits, reported rates of previ-
ous and current use all increased 2 -  to 20 - fold during 
the 1990s in the United States.  6   

 Although the therapeutic use of MDMA remains 
controversial, some clinical research on the effects of 
MDMA continues. The US Food and Drug Administra-
tion (FDA) approved studies of MDMA in Parkinson 
disease in the 1990s, and in 2002 the FDA approved 
human studies of MDMA as an adjunctive treatment 
for psychotherapy in posttraumatic stress disorder.  9   This 
clinical trial began in 2004, and a similar trial com-
menced in Spain. These trials generated some contro-
versy as institutional review board (IRB) approval was 
initially withheld for over a year because of animal data 
suggesting that a Parkinson - like syndrome develops in 
primates receiving recreational doses of MDMA.  10   
However, the animal study of primates was subsequently 
withdrawn because of concern that methamphetamine 
was inadvertently substituted for MDMA during these 
experiments.  9    

       FIGURE 9.1.     Structure of 3,4 - methylenedioxymethamphetamine (MDMA), 3,4 - methylenedioxyamphetamine (MDA), amphet-
amine, and methamphetamine.  
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The clandestine manufacture of MDMA now involves 
a large number of variations of the original synthetic 
process including safrole bromination, variations of the 
Leuckart method, and reductive amination with 
various reducing agents (Al/Hg, NaBH 4 , NaBH 3 CN).  20

3,4 - Methylenedioxyphenyl - 2 - propanone (MDP - 2 - P) is 
the starting material in a Leuckart reaction and 
reductive amination. MDP - 2 - P is commonly prepared 
by 2 different synthesis methods: (1) oxidation of 
isosafrole in an acid medium, and (2) reduction of 
1 - (3,4 - methylenedioxyphenyl) - 2 - nitropropene.  21   The 
latter compound is prepared by condensation of pipero-
nal and nitroethane. The end - product of all methods is 
a racemic mixture of S ( + ) -  and  R ( − ) - MDMA.  

  Methods of Abuse 

 MDMA is nearly always consumed as tablets of 
 “ ecstasy. ”  Rarely, MDMA abuse involves other routes 
of exposure including nasal, pulmonary, rectal, and IV 
administration.29   These tablets are typically branded 
with many colors and logos; there are thousands of dif-
ferent brands of tablets. Ecstasy tablets contain widely 
varying amounts of MDMA with the usual dose ranging 
from approximately 30 – 150   mg; occasionally, other 
phenethylamine drugs (e.g., MDA, MDEA, PMA, 
MBDB) are marketed as ecstasy. Analysis of 101 con-
fi scated ecstasy tablets from nightclubs and late night 
venues in London and Swansea in 2006 demonstrated a 
mean MDMA content/tablet of 58.7    ±    22.9   mg with a 
range of 20 – 131   mg.  22   The vast majority of the tablets 
(i.e., 96%) contained  < 100   mg MDMA; there was a 
bimodal distribution of MDMA content at 20 – 40   mg 
and 60 – 80   mg. Regular users typically ingest 2 – 3 tablets 
of ecstasy, whereas the most experienced users may take 
10 – 25 tablets in a single session.  23   Although escalation 
of the MDMA dose helps maintain the positive 
drug experience in tolerant users, bingeing (i.e., taking 
multiple tablets at 1 time or repeated doses during 
an evening) is relatively uncommon among MDMA 
users.  24   Frequently, adverse effects increase during dose 
escalation. 

 Desired effects of the use of MDMA include enhance-
ment of mood, increased energy, feeling of closeness to 
others, empathy, increased sociability, mild perceptual 
disturbances (colors, sounds), sense of well - being, and 
emotional sensitivity. Structured interviews of recre-
ational MDMA users suggest that the use of MDMA is 
associated with the perception of greater satisfaction 
with sex, but sexual performance is often impaired.  25

Early studies suggested that the use of MDMA was 
self - limited and primarily limited to ingestion.  26   The 
typical pattern of MDMA abuse is occasional social use 
with only a small proportion of users ingesting MDMA 

allows administration via insuffl ation, ingestion, or 
intravenous (IV) injection.  18   MDMA hydrochloride has 
a melting point of 148 – 153 o C (298 – 307 ° F). This salt is 
soluble in water, chloroform, and alcohol, but not soluble 
in ether. Besides ecstasy, common street names for 
MDMA include XTC, E, and Adam. Figure  9.2  displays 
samples of confi scated MDMA tablets.    

  EXPOSURE 

  Epidemiology 

 Historically, MDMA has been an experimental adjunct 
to psychotherapy in the United States for a wide variety 
of disorders including depression and substance abuse. 
Most countries list MDMA as a substance with no 
approved use (e.g., Drug Enforcement Agency schedule 
I of the Controlled Substances Act in United States). 
MDMA use occurs predominantly in dance clubs and 
party venues. The use of MDMA became popular as a 
means to enhance sociability, energy, endurance, and 
sexual feelings.  

  Sources 

 Like amphetamine and MDA, MDMA is a synthetic 
drug that does not occur naturally. Alexander Shulgin 
publicized a process for synthesizing MDMA in his 
book PIHKAL  ( Phenylethylamines I Have Known and 
Loved ).  19   The initial precursor of this process was MDA 
(3,4 - methylenedioxyamphetamine), and the process uti-
lized formic acid; however, newer methods for the syn-
thesis of MDMA use nonrestricted precursor agents. 

FIGURE 9.2.     Confi scated ecstasy tablets.  (Photo courtesy of 
the US Drug Enforcement Agency)   
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prolactin, and dehydroepiandrosterone (DHEA) 
levels.  36   The administration of MDMA doses up to 
1.9   mg/kg to volunteers does not signifi cantly increase 
body temperature    > 0.4 o C above baseline.  31

  Illicit Use 

 At recreational doses, MDMA produces dose - dependent 
subjective responses that are different from classical 
stimulants or hallucinogens. Most casual users of 
MDMA typically ingest 1 – 2 tablets (i.e., about 60 –
 300   mg racemic MDMA) in a social setting (rave, 
concert, party, disco).  37,38   Tolerance to some of the effects 
of MDMA develops during chronic use, and more expe-
rienced MDMA users typically ingest larger doses than 
novice users.  23   In a survey of  > 1,000 ravers/clubbers, 
54% reported the use of ≥ 5 tablets per session, whereas 
2% reported the use of ≥ 20 tablets per session. The 
variables that potentially affect the response to MDMA 
include the dose, the presence of impurities or adulter-
ants, individual metabolic rates, ambient temperature, 
fl uid intake, strenuous exercise, cardiovascular fi tness, 
and hyperthermia.  32   The maximum tolerated dose in 
healthy individuals has not been determined.  

  Human Toxicity 

 Available data suggests that serious toxicity from the 
ingestion of MDMA is idiosyncratic rather than dose -
 related, refl ecting individual variation in the clinical 
response to MDMA. After the ingestion of 40 tablets of 
ecstasy by a 19 - year - old man, the only adverse effects 
were a heart rate of 95   bpm, mydriasis, confusion, mild 
sedation, and retrograde amnesia.  39   A 30 - year - old man 
developed coma and seizures after the ingestion of 50 
tablets of ecstasy.  40   His peak recorded core temperature 
was 38.7 o C (101.7 o F); he survived with supportive care. 
The ingestion of 1 tablet of ecstasy by a 13 - month - old 
child was associated with hypertension, tachyarrhyth-
mias, and seizures, but there was no signifi cant increase 
in body temperature.  41   The child survived with intensive 
supportive care. 

 The minimum fatal human dose is diffi cult to esti-
mate because of the wide variability of drug dose per 
tablet, concomitant ingestion of other drugs, and the 
idiopathic response of individuals to MDMA. Compared 
with the prevalence of MDMA abuse, fatalities associ-
ated with MDMA are extremely rare. Additionally, 
most of these fatalities involve the concomitant inges-
tion of other substances. However, deaths from MDMA 
ingestion alone occasionally occur in young healthy 
adults following the ingestion of recreational doses of 
MDMA.42

more frequently than weekly.  27   Within a subset of intra-
venous polydrug users, the use of IV MDMA is much 
higher. However, structured interviews of these poly-
drug users indicate that the majority of these user switch 
back from IV MDMA use to oral or intranasal routes 
of exposure.  28

 Sporadic MDMA users do not usually develop 
dependence on MDMA; psychological dependence is 
rare.  29   Although non - human primates self - administer 
MDMA, the decreasing use of MDMA by these animals 
suggests a reduction in the reinforcing properties of 
the drug following continued use.  30   The frequent use of 
MDMA is usually associated with polydrug use, and 
most of these MDMA users prefer other drugs. 
Rarely, case reports associate the abuse of MDMA with 
self - treatment for post - traumatic stress syndrome.  29

A cohort of daily users of only MDMA has not 
been identifi ed; therefore, research on the chronic 
effects of MDMA use in humans is invariably 
confounded.31

  DOSE EFFECT 

 The potency of MDMA and MDA are similar (i.e., 
effective oral dose 100 – 160   mg). There are differences 
in the potency of MDMA stereoisomers with the  S ( + ) 
isomer of MDMA (effective dose 80 – 120   mg) being 
more potent than the R ( − ) - isomer (effective dose 
300   mg).  32   Below doses of 1   mg MDMA/kg, volunteer 
studies indicate a lack of cardiovascular effects; above 
the 1   mg/kg - dose, the desired psychological effects are 
prominent along with adverse effects.  33   In a study of 13 
MDMA - na ï ve healthy volunteers, a typical recreational 
dose (1.7   mg/kg) enhanced mood and caused a sense of 
well - being along with increased emotional sensitivity.  34

These subjective effects occurred in addition to moder-
ate elevation of blood pressure. In this study, 1 partici-
pant developed transient severe hypertension (240/145 
for 20   min) that resolved without complications or 
treatment. In a double - blind crossover study of 8 volun-
teers familiar with MDMA, the administration of a 
placebo and 0.5   mg/kg of MDMA produced no discern-
ible subjective effects in a controlled laboratory setting. 
A 1.5   mg/kg oral dose of MDMA produces signifi cant 
subjective effects and increased heart rate with the 
greatest effect 1 – 2 hours after dosing. In a study of 8 
healthy volunteers, the ingestion of 1.5   mg MDMA/kg 
increased the mean peak values of the heart rate by 
28   bpm, the systolic blood pressure by 25   mm   Hg, and 
cardiac output by 2   L/min when compared with base-
line.  35   The cardiovascular effects of this MDMA dose 
were similar to the effects of dobutamine at 20 – 40    μ g/
kg/min, but MDMA had no inotropic effects. This dose 
of MDMA also signifi cantly increases plasma cortisol, 
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of pharmacokinetic data on the IV administration of 
MDMA. However, pharmacokinetic studies suggest a 
substantial fi rst - pass metabolism because the time to 
peak metabolite concentrations occurs prior to the peak 
MDMA concentration.  16   In a study of 8 healthy volun-
teers ingesting 100   mg MDMA, the mean maximum 
MDMA concentration was 222    ±    26   ng/mL at 1 – 3 hours 
after ingestion.  46   Table  9.1  lists pharmacokinetic data on 
peak concentrations and time - to - peak concentrations of 
MDMA and some of the MDMA metabolites following 
the ingestion of 100   mg MDMA by 8 healthy volunteers. 
There are few pharmacokinetic data on MDMA follow-
ing routes of exposure other than ingestion. 

 In a study of 8 healthy volunteers receiving low
dose (1   mg/kg) and high dose (1.6   mg/kg) MDMA, the 
mean peak plasma MDMA concentrations were 
161.4    ±    11.5   ng/mL and 305.7    ±    16.9   mg/mL, respec-
tively.  49   Peak subjective effects occurred 1 – 2 hours after 
ingestion with no secondary peak effects. Figure  9.3  dis-
plays the plasma MDMA concentration during the fi rst 
47 hours after ingestion of a low dose (1   mg/kg) and 
higher dose (1.6   mg/kg) of MDMA.    

  Distribution 

 MDMA distributes widely throughout the body includ-
ing the liver, kidney, lungs, and brain. MDMA binds with 
weak affi nity to albumin. Although no human data are 
available on the percentage of binding of MDMA to 
proteins, extrapolation of animal and human data from 
related amphetamine compounds suggests that the 
binding of plasma MDMA to proteins in humans is low 
(approximately 20%).  46   The volume of distribution of 
MDMA in therapeutic doses is about 6   L/kg.  16   The dis-
tribution of MDMA is stereoselective. In a postmortem 
study of the distribution of MDMA enantiomers, the 
concentration of the R ( − ) - enantiomer was slightly 

  Animal Toxicity 

 MDMA and amphetamine have similar toxicity in animal 
models. The minimal lethal MDMA dose varies with age, 
route of exposure, environmental conditions, and animal 
species. Data from animal studies demonstrated the fol-
lowing LD 50 : mice, 97   mg/kg intraperitoneal; rats, 49   mg/
kg intraperitoneal; guinea pig, 98   mg/kg intraperitoneal; 
dog, 14   mg/kg IV; and monkey, 22   mg/kg IV.  43   The LD 50s

of MDMA following ingestion are about 3 - fold higher 
than intraperitoneal administration. However, high 
ambient temperatures and strenuous activity greatly 
increase the lethal toxicity of MDMA as seen with other 
stimulants (e.g., methamphetamine).  44   The IV LD 50  of 
MDMA in adult, nontolerant monkeys maintained in 
primate chairs was approximately 15 – 20   mg/kg. Young 
monkeys (LD 50     =    5   mg/kg) and adult monkeys in open 
cages (LD 50     =    2 – 3   mg/kg) were more vulnerable, particu-
larly when hyperactivity and elevated body heat occur.  45

  TOXICOKINETICS 

 The pharmacokinetics of MDMA are nonlinear, result-
ing in a disproportionate increase in the maximum 
MDMA concentration as the dose increases.  46   Although 
there are limited human data, existing pharmacokinetic 
data suggest that the bioavailability is many times 
higher, the half - life longer and total and hepatic clear-
ance shorter with increasing doses of MDMA. The irre-
versible inhibition of CYP2D6 by MDMA and MDA 
contributes to nonlinear pharmacokinetics of MDMA 
by increasing bioavailability and reducing clearance of 
MDMA following repeat dosing.  47,48   Consequently, 
crossover pharmacokinetic studies in volunteers and 
recreational MDMA users must be interpreted cau-
tiously because of the potential inhibition of hepatic 
clearance by repeat dosing. The pharmacokinetics of 
MDMA are also stereoselective. The bioavailability (f), 
estimated volumes of distribution (V d ), and clearance 
(Cl) of the 2 MDMA enantiomers are signifi cantly dif-
ferent. V d /f was 1.5 times higher for the more potent 
S ( + ) - enantiomer; total oral clearance (Cl/f) was 2.5 
times higher for the S ( + ) - enantiomer (131 vs. 55   L/h) 
compared with the R ( − ) - enantiomer.  16

  Absorption 

 Volunteer studies indicate that peak plasma MDMA 
concentrations occur within 2 – 3 hours after the ingestion 
of 100   mg tablets.  46   As a weak base, absorption of MDMA 
probably occurs predominantly in the small intestine, and 
the amount of MDMA absorption depends on gastric 
emptying and pH. There are few data on the bioavail-
ability of MDMA following ingestion because of the lack 

TABLE 9.1.    Mean ( ±  Standard Deviation) Pharmacokinetic 
Parameters for 3,4 - methylenedioxymethamphetamine 
( MDMA ) and  MDMA  Metabolites Based on the 
Administration of 100   mg  MDMA  to 8 Volunteers).  46

   Compound     C max

 (ng/mL)  
   t max

 (Hours)  
   t 1/2

 (Hours)  

  MDMA    222.5    ±    26.1    2.3    ±    1.1    9.0    ±    2.3  
  MDA    13.1    ±    4.5    6.7    ±    2.6    24.9    ±    14.5  
  DHMA    154.5    ±    76.6    1.2    ±    0.3    13.4    ±    8.1  
  HMMA    236.7    ±    87.1    2.3    ±    0.9    11.2    ±    2.9  
  HMA    7.5    ±    4.0    8.2    ±    1.7    37.4    ±    17.9  

Abbreviations:  C max     =    peak plasma concentration; t max     =    time to peak 
plasma concentration; t 1/2     =    plasma elimination half - life; DHMA    =    4 - 
dihydroxymethamphetamine; HMMA    =    4 - hydroxy - 3 - methoxymeth-
amphetamine; MDA    =    3,4 - methylenedioxyamphetamine; HMA    =    4 - 
hydroxy - 3 - methoxyamphetamine.   
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       FIGURE 9.3.     Mean 3,4 - methylenedioxymethamphetamine 
(MDMA) plasma concentration ( n     =    8) in a double - blind, ran-
domized, controlled clinical trial following the ingestion of low 
dose (1mg/kg) and high dose (1.6   mg/kg) MDMA.  (Reprinted 
with permission from EA Kolbrich, RS Goodwin, DA 
Gorelick, RJ Hayes, EA Stein, MA Huestis, Physiological and 
subjective responses to controlled oral 3,4 - methylenedioxy-
methamphetamine administration, Journal of Clinical 
Psychopharmacology, Vol. 28, Issue 4, p. 438, copyright 2008.)   

greater than the  S ( + ) - enantiomer in the blood, while the 
concentration of the  R ( − ) - enantiomer was substantially 
greater than the  S ( + ) - enantiomer in the bile, vitreous 
humor, and urine.  50   Most of the tissues contained higher 
concentrations of  R ( − ) - enantiomer than the  S ( + ) -
 enantiomer with the exception of the liver, where the 
concentrations of the 2 enantiomers were similar.  

  Biotransformation 

 The metabolism of MDMA involves 2 main pathways 
as demonstrated in Figure  9.4 .  51   The major pathway is 
 O  - demethylenation of MDMA to 3,4 - dihydroxy-
methamphetamine (DHMA) and the subsequent  O  -
 methylation by catechol -  O  - methyltransferase (COMT) 
to 4 - hydroxy - 3 - methoxymethamphetamine (HMMA) 
and/or conjugation with glucuronide or sulfate. The 
minor pathway is  N  - dealkylation to 3,4 - methylene-
dioxyamphetamine (MDA). This pathway subseque-
ntly follows a similar metabolic pathway as MDMA 
with  O  - demethylenation to 3,4 - dihydroxyamphetamine 
(HHA) and  O  - methylation to 4 - hydroxy - 3 - methoxy-
amphetamine (HMA). A small proportion of these 

       FIGURE 9.4.     Biotransformation of 3,4 - methylenedioxymethamphetamine (MDMA) with major (thicker line) and minor (thinner 
line) pathways. DHMA    =    3,4 - dihydroxymethamphetamine; COMT    =    catechol -  O  - methyltransferase; HMMA    =    4 - hydroxy - 3 -
 methoxymethamphetamine; MDA    =    3,4 - methylenedioxyamphetamine; HHA    =    3,4 - dihydroxyamphetamine; HMA    =    4 - hydroxy - 3
 - methoxyamphetamine.  
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 The extrapolation of pharmacokinetic data from 
animals to humans is limited by the substantial variation in 
metabolism between various animal species. Although the 
metabolic pathways via CYP450 isoenzymes are similar 
between animal species, the amount of MDMA metabo-
lized by various pathways differs between animal species. 
In rats, the main metabolite is MDA compared with 
DHMA in humans.  59   Animal studies suggest that 
some potential MDMA metabolites (e.g., 2,4,5 - trihy-
droxymethamphetamine) may be neurotoxic, but the rel-
evance of these metabolites to human toxicity is unclear.  60

  Elimination 

 The kidneys excrete from 10 – 20% of a typical dose of 
MDMA unchanged in urine, depending on the dose and 
urine pH.  46   Although there are limited human data, the 
amount of urinary excretion probably decreases when 
the urine pH is alkaline. However, changes in urine pH 
probably do not signifi cantly affect the elimination half -
 life of MDMA because the relatively clearance of 
unchanged MDMA in the urine is small. The clearance 
of MDA formed from the biotransformation of MDMA 
also varies with urine pH. The average plasma elimina-
tion half - life of racemic MDMA is about 7 – 8 hours 
following ingestion of recreational doses of MDMA 
(i.e., 100   mg).  18   The elimination half - lives of the 2 enan-
tiomers of MDMA are variable and dose - related, but 
the ratio of the R ( − ) - isomer to the  S ( + ) - isomer of 
MDMA always exceeds 1 because of the relatively 
faster elimination of the S  - ( + ) - isomer. Following the 
ingestion of 100   mg racemic MDMA by healthy recre-
ational drug users, the mean plasma elimination half -
 lives of  S ( + ) - MDMA and  R ( − ) - MDMA enantiomers 
were 4.8 hours and 14.8 hours, respectively.  13   In a study 
of 8 healthy volunteers ingesting 40   mg racemic MDMA, 
the plasma elimination half - lives of  S ( + ) - MDMA and 
R ( − ) MDMA enantiomers were 3.6 hours and 5.8 hours, 
respectively.  16   During the fi rst 29 hours following the 
ingestion of MDMA by an 8 - month - old child suffi cient 
to cause seizures, tachycardia, hypertension, elevated 
body temperature (38.9 o C/102.0 ° F), and rhabdomyoly-
sis, the estimated serum elimination half - life of MDMA 
was about 6 hours.  61   The mean Cl/f values of the  S ( + ) 
enantiomer was 131   L/h (range, 51 – 276   L/h), whereas 
the mean value for the R ( − ) - enantiomer was 55   L/h 
(range, 19 – 109   L/h). In another study of recreational 
MDMA users, values for the clearance of racemic 
MDMA ranged from 26 – 800   L/h with the highest value 
occurring in only 1 individual ingesting a dose of 50   mg.  46

Renal clearance of MDMA typically ranges from 
5 – 20   L/h. Hepatic clearance is far more variable with 
values ranging from 15 – 150   L/h.  16   The main metabolites 
excreted in the urine are conjugates of HMMA, and 

metabolites undergo further N  - dealkylation, deamina-
tion, and oxidation to benzoic acid derivatives followed 
by conjugation with glycine. All the psychologically 
inactive metabolites (HMMA, DHMA, HHA, HMA, 
benzoic acid derivatives) are subsequently conjugated 
with glucuronide, sulfate, or glycine.  52

 The main CYPP450 isoenzymes involved with the 
demethylenation pathway are CYP2D6, CYP1A2, and 
CYP2B6 as demonstrated in Figure  9.4 .  53    In vitro  studies 
indicate that this pathway demonstrates biphasic kinet-
ics with high -  and low - affi nity components. CYP2D6 is 
the primary CYP450 isoenzyme involved with the low -
 affi nity component, whereas CYP1A2 and to a lesser 
extent CYP2B6 and CYP3A4 regulate the high - affi nity 
component.46   The minor pathway of  N  - dealkylation to 
MDA occurs primarily via CYP1A2 and CYP2B6 iso-
enzymes. This pathway has a maximal capacity 7 -  to 
40 - fold lower than the major demethylenation pathway 
in vitro , and the contribution of this pathway to the 
overall biotransformation of MDMA is relatively small 
compared with the demethylenation pathway. Some 
minor metabolites of MDMA are more neurotoxic in
vitro  than MDMA or MDA including  N  - methyl -  α  -
 methyldopamine (DHMA),  α  - methyldopamine (HHA), 
and their conjugates (glutathione,  N  - acetylcysteine).  54

However, the clinical signifi cance of these minor metab-
olites is equivocal because of the low concentration of 
these metabolites. Although MDA is a metabolite of 
MDMA, the concentration of MDA is probably too low 
to cause pharmacologic or toxic effects.  46

 Approximately 5 – 10% of Caucasians are  “ poor 
metabolizers ”  who lack signifi cant CYP2D6 activity. 
However, these individuals are not signifi cantly more 
susceptible to adverse effects from the ingestion of 
MDMA because this pathway has low capacity and the 
auto - inhibition of CYP2D6 by repeat dosing of MDMA 
rapidly converts  “ extensive metabolizer ”  phenotype to 
the  “ poor metabolizer ”  phenotype.  55   In a study of 
poor and extensive metabolizers of CYP2D6, the poor 
metabolizer had relatively higher concentrations of 
MDMA after the fi rst dose of 100   mg racemic MDMA, 
but all participants had similar MDMA concentrations 
following the second dose of MDMA 24 hours later.  57

CYP2D6 has a high affi nity (i.e., low K m), but this iso-
enzyme also has a low capacity for MDMA. Other 
enzymes with higher capacity (e.g., CYP1A2, CYP3A4) 
metabolize most of the MDMA in humans.  56

Consequently, the metabolism of MDMA at high 
MDMA concentrations by patients with low CYP2D6 
activity (i.e., poor metabolizer) is similar to the more 
common phenotypes.  57   Additionally, studies of fatalities 
associated with the ingestion of MDMA do not support 
an association between variations in CYP2D6 genotype 
and fatal outcome.  58
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extremely potent inhibitors of multiple CYP450 isoen-
zymes (CYP2D6, CYP2B6, CYP3A4, CYP1A2, 
CYP2C9) suggest that some of these potent inhibitors 
(e.g., ritonavir) enhance the clinical effects of MDMA  66

and these effects may be potentially fatal.  67   Case reports 
associated the ingestion of MDMA and moclobemide 
with the development of fatal serotonin syndrome.  68   A 
50 - year - old man developed severe hypertension, dia-
phoresis, agitated delirium, and hypertonicity lasting 
5 – 6 hours after the ingestion of MDMA and the nonse-
lective monoamine oxidase inhibitor, phenelzine.  69   In a 
cross - over study of 9 healthy volunteers, the concomi-
tant administration of 0.8   g ethanol/kg increased the 
mean plasma MDMA concentration approximately 
13% and the plasma ethanol concentration decreased 
9 – 15%, when compared with the administration of each 
drug alone.  70   The MDMA – alcohol combination induced 
longer lasting euphoria and well - being than MDMA or 
alcohol alone, but MDMA did not reverse the impair-
ment of ethanol on psychomotor skills. Animal studies 
suggest that the concomitant administration of caffeine 
with MDMA may potentiate the hyperthermic and car-
diovascular response to MDMA,  71,72   but there are few 
human data to determine the clinical signifi cance of this 
potential interaction. The coadministration of 100   mg 
MDMA and 16   mg tetrahydrocannabinol did not result 
in any statistically signifi cant alternation in plasma 
MDMA concentrations.  73

  Maternal and Fetal Kinetics 

 In studies of rats, MDMA and MDA easily cross the 
placenta with peak amniotic fl uid and fetal brain con-
centrations occurring within 2 hours. The pattern of 
MDMA and MDA concentrations in the amniotic fl uid 
mirrors the change in maternal plasma concentrations, 
but the peak concentrations in amniotic fl uid were 
approximately half that of maternal plasma.  74   There are 
inadequate data in humans to evaluate the pharmaco-
kinetics of MDMA during pregnancy.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 The primary physiologic effects of MDMA result from 
alterations of the release, uptake, and metabolism of neu-
rotransmitters (serotonin, dopamine, norepinephrine) 
that cause an acute increase in the intrasynaptic concen-
tration of these neurotransmitters followed by a 
period of depletion.  51   These compounds are involved 
in the control of mood, sleep, appetite, reward, 
thermoregulation, and the autonomic nervous system.  75

these metabolites account for over 50% of MDMA 
metabolites in the urine. Unchanged MDMA accounts 
for the majority of the rest of the measured excretion 
with an increasing proportion of unchanged MDMA 
appearing in the urine as the dose of MDMA increases. 
MDA and HMA conjugates accounted for less than 5% 
of total MDMA elimination.  46

  Tolerance 

 Current data indicate that chronic pharmacodynamic 
tolerance develops following the regular use of MDMA 
based on the escalation of dose ingested by more expe-
rienced ecstasy users. Anecdotally, human volunteers 
report less desired effects following repeated MDMA 
doses, and regular MDMA users usually ingest higher 
doses than na ï ve MDMA users. In a multicenter Internet 
study of 109 novice ecstasy users ( < 10 lifetime occa-
sions), 136 moderate ecstasy users (10 – 99 lifetime occa-
sions), and 37 heavy ecstasy users ( > 100 lifetime 
occasions), the number of novice and heavy users 
reportedly ingesting more than 10 tablets was 0% and 
35%, respectively.  62   Tolerance to some of the acute 
effects of MDMA occurs rapidly (i.e., within a day); the 
development of this tolerance is not related to changes 
in MDMA metabolism as the administration of repeated 
doses of MDMA is associated with reduced clearance 
(i.e., higher concentrations).  55

  Interactions 

 There are many theoretical pharmacokinetic and phar-
macodynamic interactions (e.g., inhibition of CYP2D6, 
CYP1A2, CYP3A4, and CYP2B6) in addition to acidi-
fi cation of the urine (e.g., vitamin C). However, the clini-
cal relevance of these potential interactions is 
questionable because the biotransformation of MDMA 
involves several CYP450 isoenzymes and the renal 
clearance of unchanged MDMA is low.  In vivo  studies 
of healthy volunteers indicate that inhibitors of CYP2D6 
(e.g., paroxetine) increase the plasma MDMA concen-
tration 20 – 30% compared with control volunteers, but 
pharmacodynamic effects of pretreatment with parox-
etine attenuates the physiologic and psychologic effects 
of MDMA despite these pharmacologic changes.  63

Other pharmacodynamic interactions include attenua-
tion of the clinical effects of MDMA by serotonin reup-
take inhibiting drugs (SSRIs, tricyclic antidepressants), 
which competitively inhibit the binding of MDMA to 
the serotonin transporter.  64   The risk of the serotonin 
syndrome after ingestion of MDMA increases following 
the concomitant use of stimulants (cocaine, metham-
phetamine), inhibitors of serotonin metabolism, and 
monoamine oxidase inhibitors.  65   Case reports of 
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effects associated with MDMA.  81   The affi nity of MDMA 
for the norepinephrine and dopamine transporters is at 
least 10 - fold lower than the serotonin transporter. The 
effect of MDMA on noradrenaline and dopamine release 
and the subsequent depletion of these compounds are 
less potent than the effects of MDMA on serotonin. 
MDMA binds to many receptors other than the sero-
tonin transporter in 1 – 100    μ M range including 5 - HT 1  and 
5 - HT 2,  H 1  - histaminic, M 1  -  and M 2  - muscarinic, and  α1  - , 
α2  -  and  β  - adrenergic receptors.  82   Activation of norepi-
nephrine receptors produces sympathomimetic effects 
including elevation of blood pressure, whereas the stimu-
lation of dopamine D 2  receptors probably accounts for at 
least part of the euphoria associated with MDMA.  81   In 
the rat brain, MDMA has the highest affi nity for the 
serotonin transpor ter (K i     =    0.61    μ M) and lesser affi nity 
for the α2  - adrenergic (K i     =    3.6    μ M), 5 - HT 2  (K i     =    5.1    μ M), 
H1  - histaminic (K i     =    5.7    μ M), and M 1  - muscarinic 
(Ki     =    5.8    μ M) receptors.  81   Both enantiomers of MDMA 
competitively inhibit serotonin catabolism in the brain by 
monoamine oxidase A (MAOA) and B (MAOB). Based 
on in vitro  studies of rat brain homogenates, the inhibi-
tion of MAOA and MAOB by MDMA enantiomers is 
similar. In these studies, the mean IC 50  values of  S ( + ) -
 MDMA for these 2 enzymes were 44    ±    6.06    μ M and 
370    ±    4.68    μ M, respectively, compared with 56    ±    8.24    μ M 
and 378    ±    6,29    μ M, respectively, for  R ( − ) - MDMA.  83   The 
differences in the mean IC 50  values between the 2 enan-
tiomers were not statistically signifi cant. 

  Mechanism of Toxicity 

 MDMA acts primarily as an indirect serotonergic, dopa-
minergic, and sympathomimetic drug; therefore, MDMA 
causes a very wide range of physiologic and behavioral 
effects in animals and humans. These primarily affect 
CNS functions (e.g., thermoregulation, thirst, appetite, 
sleep, motor activity, attention, aggression, sexual and 
operant behavior) and to a lesser extent, the cardiovas-
cular system. Secondary effects occur on other neu-
rotransmitters and hormones including increased 
release of acetylcholine in the CNS as well as systemic 
increases in corticosterone, prolactin, renin, aldosterone, 
oxytocin, and vasopressin.  51

 Immunohistochemical studies indicate that the 
administration of MDMA to experimental animals 
causes the apparent loss of serotonin nerve terminals. 
Biochemical studies demonstrate loss of [ 3 H] - paroxetine 
binding to the presynaptic serotonin transporter and a 
decrease in tryptophan hydroxylase activity. The most 
common manifestations of acute toxicity from MDMA 
are predictable from the pharmacologic properties of 
MDMA. Behavioral effects (e.g., increased activity, 
impaired hypothalamic homeostatic functions) result in 

In general, the response to MDMA is stronger in women 
than men including higher ratings for positive mood and 
altered perception (time, space) as assessed by standard-
ized psychometric rating scales in double - blind, placebo 
controlled clinical trials with MDMA doses ranging from 
70 – 150   mg.  76   Additionally, the increased sensitivity to 
MDMA in women is associated with more side effects 
(diffi culty concentrating, thirst, impaired balance, 
decreased appetite, jaw clenching). The overall psycho-
logic effects of MDMA largely result from the carrier -
 mediated, presynaptic release of serotonin, whereas the 
more stimulant - like euphoric effects of MDMA proba-
bly result, at least in part, from dopamine D 2  receptor 
stimulation.77   In animal studies, the administration of 
selective serotonin reuptake inhibitors blocks the 
MDMA - induced release of serotonin and dopamine 
along with reducing the behavioral effects of MDMA.  78

MDMA has a high affi nity for the presynaptic serotonin 
transporter (EC 50     =    8    μ M), and reversal of the serotonin 
uptake transporter is the main mechanism for the 
increase in the presynaptic release of serotonin. 

 Binding to the presynaptic serotonin transporter 
inhibits reuptake and increases movement of serotonin 
into the synapse. This action initially causes increased 
concentrations of serotonin and major serotonin 
metabolite, 5 - hydroxyindoleacetic acid (5 - HIAA), but 
subsequently 5HIAA concentrations decline. The 
administration of MDMA (20   mg/kg subcutaneously, 
twice daily for 4 days) to rats caused marked reductions 
(30 – 60%) in the concentration of 5HIAA in cerebral 
cortex, hippocampus, striatum, hypothalamus, and mid-
brain at 2 weeks after the cessation of MDMA admin-
istration.79   In addition, MDMA caused substantial 
reductions (50 – 75%) in the density of [ 3 H] - paroxetine -
 labeled serotonin uptake sites in these regions of the 
brain. Long - term, the administration of MDMA causes 
a signifi cant loss of serotonin and 5 - HIAA in most 
regions of the forebrain. A similar pattern in extracel-
lular serotonin concentrations occurs in animal studies. 
The administration of MDMA also causes a marked, 
irreversible inhibition of the rate - limiting enzyme tryp-
tophan hydroxylase in the synthesis of serotonin. The 
onset of this inhibition begins several hours after peak 
CNS concentrations occur, and this effect persists 
many days to weeks until the synthesis of new enzymes. 
Nonneurotoxic doses of MDMA cause a major loss of 
tryptophan hydroxylase activity for up to 2 weeks, 
whereas a neurotoxic dose decreases tryptophan 
hydroxylase activity for up to 110 days following the 
administration of MDMA.  80

 In addition to interacting with the serotonin trans-
porter site, MDMA has moderate affi nity for serotonin 
receptors. Serotonergic 5 - HT 2  receptor stimulation prob-
ably accounts for the mild hallucinogen - like perceptual 
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areas of the brain (mesencephalon, putamen, caudate, 
thalamus). The reduction in serotonin density is dose -  
and time - dependent; the changes correlate to reported 
use and slowly resolve during long - term abstinence.  86,93

Although these effects are at least partially reversible 
in some recreational MDMA, studies to date have not 
determined the full reversibility of these abnormalities. 
In a study of current MDMA users, former MDMA 
users, and controls (drug - na ï ve controls, other psychoac-
tive drugs than MDMA) using the serotonin transporter 
ligand   11  C - ( + ) - McN5652, PET scanning detected a sta-
tistically signifi cant reduction in serotonin availability in 
the mesencephalon and thalamus in the current users 
when compared with controls.  94   These changes persisted 
at least several weeks, but there was no statistically sig-
nifi cant reduction in serotonin availability in former 
MDMA users, when compared with controls. Subsequent 
re - analysis of this data using Voxel - based comparisons 
between the groups with statistical parametric mapping 
confi rmed the reduced serotonin binding potential in 
the striatum and the thalamus, but not in the neocortical 
areas of the brain of current MDMA users.  95   Depletion 
of serotonin is not necessarily synonymous with ana-
tomic damage to neurons.   

  Thermoregulation 

 In animal studies, MDMA impairs thermoregulation, 
and the administration of MDMA activates mecha-
nisms that conserve and generate heat. The animal data 
suggest that MDMA - induced stimulation of serotoner-
gic pathways at relatively warm ambient temperatures 
causes an elevation in metabolic rate and peripheral 
vasoconstriction. In male, Long - Evans rats, the admin-
istration of 30   mg MDMA/kg doubled the metabolic 
rate at room temperatures of 20 o C (68 o F), when com-
pared to the saline placebo group.  96   However, there was 
no difference in metabolic rate between these 2 groups 
at a room temperature of 10 o C (50 o F). This dose of 
MDMA caused a 3.2 o C increase in core temperature at 
an ambient temperature of 30 o C (86 o F) compared with 
no change at 20 o C (68 o F) and a 2.0 o C decrease at a room 
temperature of 10 o C (50 o F). Thus, the increased meta-
bolic rate and peripheral vasoconstriction may produce 
life - threatening elevations in core temperature at high 
ambient temperatures. 

 The effect of MDMA on body temperature is complex 
because this drug affects the release and receptor acti-
vation of all 3 major monoamine neurotransmitters 
(i.e., serotonin, dopamine, norepinephrine).  97   In animal 
studies, low environmental temperatures reduce the 
inhibition of serotonin synthesis and the neurotoxicity 
associated with the administration of MDMA, whereas 
high environmental temperatures enhance the 

mild hyperthermia, fatigue, and dehydration. The mag-
nitude of these effects is increased by high ambient 
temperatures and fl uid depletion. The psychologic 
effects of MDMA can cause acute anxiety, paranoia, 
and hyperventilation in susceptible individuals. 

  Central Nervous System 

Animal.     In animal studies, low doses of MDMA cause 
increased alertness and physical activity, increased social 
interaction, and reduced aggression. Larger doses cause 
stereotyped movements, hyperreactivity, dystonic and 
dyskinetic postures, piloerection, and salivation.  84   These 
results are consistent with subjective reports from human 
studies, where low doses of MDMA result in increased 
alertness, euphoria, increased confi dence, gregarious-
ness, enhanced mental and physical activity, and improved 
self - esteem.85   MDMA causes selective and persistent 
neurotoxic effects on central serotonergic neurons in 
laboratory animals. In these studies, the administration 
of MDMA produces persistent reductions in regional 
brain concentrations of serotonin, the rate - limiting 
enzyme (tryptophan hydroxylase) of serotonin synthesis, 
serotonin transporter, and vesicular monoamine trans-
porters up to 8 weeks after administration of MDMA.  86,87

The affi nity of MDMA is much less for the dopamine 
transporter than the norepinephrine transporter.  88   At 
single MDMA doses (10 – 20   mg/kg) typically associated 
with serotonin depletion in rats, increased markers of 
neurotoxic damage (i.e., cell death, reactive gliosis, silver 
staining) are not reliably present.  89   Immunohistochemical 
techniques document a loss of serotonin axons and axon 
terminals in MDMA - treated animals with higher doses 
of MDMA (20   mg/kg, subcutaneously, twice daily for 4 
days).90   However, extrapolation of animal data to effects 
found in humans is complicated by the following factors: 
1) animal models of MDMA - induced neurotoxicity do 
not mimic typical human patterns of ecstasy use, 2) lack 
of correlation of functional defi cits to brain imaging, 3) 
confounding variables in existing epidemiologic data 
(polydrug use, drug purity, reporting bias, premorbid 
personality abnormalities), and 4) the possible role of 
preexisting defi cits in serotonergic systems, impulse 
control, and cognition that potentially predispose indi-
viduals to the abuse of drugs (i.e., MDMA).  85,91   Animal 
studies indicate that the S(+ ) - isomer of MDMA is more 
neurotoxic than the R(− ) - isomer.  92

Human.     Clinical studies on abstinent MDMA users 
suggest the possibility of neurotoxic effects of MDMA 
on brain serotonin neurons, but the fi ndings are incon-
clusive. In current MDMA users, positron emission 
tomography (PET) scanning demonstrates alterations 
of the serotonin transporters in some serotonin - rich 
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develop in the absence of documented hyperthermia.  107   In 
some of these cases, the presence of acute, recurrent hepa-
titis in chronic MDMA users is suggestive of features of 
autoimmune hepatitis including eosinophilic infi ltration 
of the liver.  108   Typically, the severity of the liver damage 
does not correlate with the frequency or amount of 
MDMA consumption; thus, the reaction may be idio-
pathic or the result of a contaminant. 

  Postmortem Examination 

 In animal studies, the administration of lethal doses of 
MDMA produces pathologic changes resembling 
experimental hyperthermia. The results are similar in 
most fatal MDMA intoxications, although there is some 
variability due to contributory mechanisms of death 
(cerebral edema, multiorgan failure). In a case series of 
5 fatalities related to MDMA, the most common post-
mortem abnormalities occurred in the liver and ranged 
from focal hepatocyte necrosis to centrilobular necro-
sis.  109   Postmortem abnormalities in most of these cases 
were consistent with hyperthermia. Centrilobular necro-
sis of the liver is particularly common in MDMA deaths 
associated with hyperthermia. Sinusoidal congestion 
and dilation, portal and sinusoidal infl ammation, 
microvesicular fatty changes, and cholestasis may be 
present in these fatal cases. Myocardial abnormalities 
predominantly involve contraction band necrosis and 
patchy foci of necrosis with mixed infl ammatory infi l-
trates, similar to catecholamine - induced myocardial 
damage. In the brain, perivascular hemorrhage and 
hypoxic changes are consistent with generalized organ 
dysfunction, and congestion of the internal organs is 
usually present. Gross cerebral edema, focal hemor-
rhage in the brain, uncal herniation, and pituitary necro-
sis occur in cases associated with fatal hyponatremia. 
Postmortem examination of individuals who died after 
MDMA use found a relatively high incidence of cardio-
vascular disease, similar to cocaine and methamphet-
amine abusers. A retrospective review of 82 autopsy 
cases with MDMA listed as a cause of death demon-
strated the following pathology: mild atherosclerosis, 
18%; moderate atherosclerosis, 9%; severe atheroscle-
rosis, 14%; cardiomegaly, 18%; and ventricular hyper-
trophy, 7%.  110   Cerebrovascular malformations occurred 
in 4% of the cases. The median age of these cases was 
26 years (range, 17 – 58 years).   

  CLINICAL RESPONSE 

  Illicit Use 

 The adverse effects of MDMA usually result from an 
accentuation of the pharmacologic properties (i.e., sym-

hyperthermia and neurotoxicity associated with 
MDMA.98,99   Although high ambient temperatures 
enhance the effect of MDMA on core temperatures, the 
most important hyperthermic effects probably are cen-
trally mediated. Both serotonin and dopamine are 
involved in the central control of thermoregulation; 
however, these effects are primarily mediated by dopa-
mine rather than serotonin based on animal studies. In 
these studies, the hyperthermic response is blocked by 
D1  receptor antagonists, but not by serotonin 5 - HT 2
antagonists or fl uoxetine. Rodent studies suggest that 
alpha1  -  and beta 3  - adrenoreceptors modulate the hyper-
thermic response to MDMA in some animals;  100

however, alpha 1  - adrenoreceptor antagonists attenuate 
the MDMA - induced hyperthermic response to a sub-
stantially greater degree than beta 3  - adrenoreceptor 
antagonists.  101   This response is relatively small and the 
clinical signifi cance is unclear.  

  Hyponatremia 

 The administration of MDMA to healthy volunteers 
produces a slight increase in body temperature. Following 
the ingestion of 1.5   mg MDMA/kg by 14 healthy volun-
teers, the mean peripheral body temperature increased 
0.3o C; the concomitant ingestion of a 5 - HT 2A  antagonist 
(ketanserin) abolished this increase.  102   Consequently, 
other factors probably contribute to the development of 
severe hyperthermia including an idiopathic response, 
strenuous physical activity, inadequate fl uid replace-
ment, and high ambient temperatures. MDMA - induced 
hyponatremia and cerebral edema is a rare cause of 
death that is not associated with hyperthermia. 
Hyponatremia may result from the excessive consump-
tion of water while exercising vigorously during MDMA 
intoxication. Additionally, the ingestion of MDMA is 
associated with the syndrome of inappropriate secretion 
of antidiuretic hormone (SIADH). Animal studies indi-
cate that in addition to MDMA, metabolites (e.g., 
4 - hydroxy - 3 - methoxymethamphetamine, HMMA) of 
MDMA contribute to the increased secretion of antidi-
uretic hormone, arginine vasopressin.  103,104   Case reports 
of MDMA - related hyponatremia suggest that the cause 
of low serum sodium concentrations is multifactorial 
(i.e., MDMA - induced arginine vasopressin secretion, 
drug - induce thirst, ingestion of hypotonic fl uids).  105

  Hepatoxicity 

 The variable patterns of hepatoxicity following MDMA 
ingestions suggest different mechanisms of toxicity. Severe 
hepatic damage may occur during MDMA intoxication as 
a result of severe hyperthermia.  106   However, case reports 
suggest that hepatic failure in chronic MDMA users may 
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pathomimetic stimulation) of MDMA on the cardiovas-
cular and central nervous systems. Serious effects 
following MDMA use are relatively rare.  37,110   However, 
the concomitant use of other drugs of abuse (e.g., 
ethanol, cocaine, amphetamines) and adulteration of 
ecstasy tablets with other amphetamine designer drugs 
(e.g., PMA) commonly complicate the clinical presenta-
tion of MDMA users and increases the incidence of 
serious effects (e.g., delusions, delirium, acute psychosis, 
suicidal ideation, seizures, hyperthermia, hypoten-
sion).111,112   In a case series of emergency department 
(ED) visits resulting from MDMA use, the concomi-
tant use of cocaine use increased the incidence of 
panic attacks compared with the use of MDMA 
alone.  37   Similarly, the concomitant use of opiates or  γ  -
 hydroxybutyrate was more commonly associated with 
deep coma than the use of MDMA alone. Adverse 
effects associated with the recreational use of MDMA 
include bruxism,  113   trismus, anorexia, dry mouth, thirst, 
diaphoresis, blurred vision, impaired gait and balance, 
restless legs, diffi culty sleeping, mydriasis, excitement, 
tachycardia, palpitations, lethargy, poor concentration, 
incontinence, paresthesias, and other psychiatric symp-
toms.  114   With successive doses, the adverse effects 
become more common and the desired effects less 
intense. Larger doses may cause an acute panic attack 
characterized by dysphoria, agitation, and hyperventila-
tion.115,116   Dysphoria, nausea, vomiting, headache, sweat-
ing, apprehension, confusion, and tremulousness 
complicate the use of MDMA as the dose increases. 
Altered mental status is the most common abnormality 
in patients presenting to the emergency department 
following MDMA use, particularly among naive users.  37

MDMA abuse frequently is associated with minor 
movement disorders such as tics (e.g., eye blinking, 
jaw jerks, hip turning, humming, panting, muscle jerks) 
based on case reports. Table  9.2  compares the frequency 
of reported clinical abnormalities by patients presenting 
to 3 EDs with self - reported MDMA intoxication. 

  Behavioral Abnormalities 

 The recreational use of MDMA is associated with mod-
erate derealization (i.e., loss of sense that people or 
objects in your surroundings are real), but not typically 
with hallucinations. Moderate doses of MDMA gener-
ally produce effects described in positive terms by the 
recipients including a sense of closeness to others, eleva-
tion of mood, talkativeness, and less commonly, altered 
visual perceptions. In a survey of 20 psychiatrists self -
 administering MDMA, structured interviews revealed 
the following subjective effects: altered time perception, 
90%; increased communication, 85%; decreased defen-
siveness, 80%; reduced fear, 65%; reduced sense of 

TABLE 9.2.    Comparison of Reported Clinical Features of 
3,4 - methylenedioxymethamphetamine (MDMA) 
Intoxication from Emergency Department Studies in 
Zurich,37   London,  111   and Barcelona.  116

   Study Location     Zurich     London     Barcelona  

  Study Size (n)    52    48    135  
Physical Signs (%)

  Tachycardia ( > 100/min)    54    67    25  
  Bradycardia ( < 60/min)    17    NR    2  
  Hypertension (SBP 
> 160   mm Hg)  

  15    12    7  

  Hypotension 
(SBP    < 80   mm Hg)  

  4    NR    1  

  Hyperthermia ( > 38 ° C)    4    19    1  
  Hypothermia (    < 35 ° C)    11    NR    NR  
  Tachypnea ( > 20 breaths/

min)
  13    21    14  

  Loss of Consciousness    36    23    9  
  GCS    =    3    21    NR    NR  
  GCS    <    8    33    NR    NR  
  GCS    <    12    38    NR    9  
  Mydriasis    42    37    NR  
  Agitation    29    21    27  
  Confusion/Delirium    13    4    10  
  Tremor    11    2    11  
  Myoclonus    10    NR    10  
  Seizures    6    4    7  

Symptoms (%)
  Palpitations    19    21    18  
  Dizziness/Weakness/

Unwell
  15    31    6  

  Anxiety/Panic    13    23    53  
  Nausea/Vomiting    10    23    1  
  Dyspnea    8    8    NR  
  Chest Pain    8    8    1  
  Thirst    2    6    NR  
  Headache    2    12    NR  

Complications (%)
  Severe Rhabdomyolysis    6    0    1  
  Cardiopulmonary Arrest    6    0    1  
  Disseminated 

Intravascular
Coagulation

  4    0    1  

  Liver Failure    2    0    1  
  Renal Failure    2    0    0  
  Death    2    0    1  

Laboratory Abnormalities (%)
  Leukocytosis ( > 10,000/

mm3 )  
  46    NR    NR  

  Creatine Kinase 
(> 300   U/L)  

  33    NR    16  

  Elevated Serum Creatinine 
(> 105   mmol/L)  

  15    NR    NR  

  Hyponatremia 
(< 135   meq/L)  

  0    NR    NR  

Abbreviations:  SBP    =    systolic blood pressure; GCS    =    Glasgow Coma 
Scale; NR    =    not reported.   
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tracted vomiting.  130,131   Rarely, case reports associate the 
ingestion of MDMA with isolated noncardiac pulmo-
nary edema, but this complication usually occurs with 
multiorgan failure.  132

 MDMA is associated with the serotonin syndrome 
(confusion, agitation, diaphoresis, hypertonicity, hyper-
refl exia, shivering, tremor, myoclonus, diarrhea, and 
autonomic instability). The serotonin syndrome is 
similar to acute hyperthermia and multiorgan failure 
associated with MDMA toxicity, but signifi cant physical 
exertion is not required for the development of hyper-
thermia in the setting of the serotonin syndrome. Mild 
cases of serotonin syndrome resolve spontaneously, but 
severe cases require intensive care.  133

 MDMA is structurally and pharmacologically similar 
to fenfl uramine; the phentermine – fenfl uramine combi-
nation was associated with valvular heart disease fol-
lowing chronic use as anorexic agents. Like fenfl uramine, 
MDMA causes proliferation of cardiac valvular inter-
stitial cells in vitro  by activation of the 5 - HT 2B  recep-
tor.  134   A small study of MDMA abusers suggested a 
possible association between chronic MDMA use and 
valvular heart disease. In a study of 29 current and past 
MDMA users, 8 MDMA users (28%) with no other 
known risk factors had echocardiographic evidence of 
valvular lesions compared with none for the gender -  and 
age - matched controls.  135   The lesions included valvular 
stranding and regurgitation of the mitral, tricuspid, or 
aortic valves as defi ned by US Food and Drug 
Administration criteria for appetite suppressant -
 induced valvular heart disease. The valvular lesions 
detected in this study were mild to moderate compared 
with phentermine – fenfl uramine associated valvular 
disease, but the size of the study was small.   

  Overdose 

 Table  9.3  outlines the common clinical features of mild 
to severe MDMA intoxication. In a study of ecstasy -
 related admissions to Israeli EDs, the most common 
clinical features of MDMA toxicity were agitation, rest-
lessness, disorientation, shaking, elevated blood pres-
sure, headache, and loss of consciousness.  136   The most 
common serious complications of acute MDMA toxic-
ity are coma with respiratory insuffi ciency and severe 
hyperthermia ( > 41 o C/105.8 o F) with associated hyperto-
nicity, hyperrefl exia, altered consciousness, multiorgan 
failure, hepatocellular damage, rhabdomyolysis, acute 
renal failure with myoglobinuria, severe electrolyte dis-
turbance (hyponatremia, hypernatremia, hyperkale-
mia), and disseminated intravascular coagulation 
(DIC).137,138   Patients with severe hyperthermia may col-
lapse at the scene, arriving at the emergency department 
in cardiopulmonary arrest.  121   The severity and duration 

alienation from others, 60%; altered visual perception, 
50%; and reduced aggression.  117   The subjective effects 
of MDMA typically begin within 30 – 60 minutes after 
ingestion and resolve within 4 – 6 hours.  

  Mental Disorders 

 Determining the chronic effects of MDMA use is com-
plicated by the diffi culty identifying a cohort of users of 
MDMA only. Self - rating questionnaires of heavy recre-
ational ecstasy users (30 – 1,000 occasions) reveal higher 
scores for somatization, paranoid ideation, psychosis, 
anxiety, hostility, phobias, impulsiveness, altered appe-
tite, and diffi culty sleeping when compared with non -
 MDMA users.  118   Symptoms associated with chronic, 
heavy use of MDMA based on responses to question-
naires include depression, anxiety, volatility, tremors/
twitches, and weight loss.  119   Although anxiety is a fre-
quent minor side - effect of MDMA use, occasionally an 
acute panic attack occurs. Typically, this reaction resolves 
quickly with supportive care and benzodiazepines, but 
symptoms (e.g., agoraphobia) may persist for several 
months.  120   In contrast to amphetamines and metham-
phetamines, psychosis is an uncommon manifestation of 
MDMA abuse based on clinical features of patients 
presenting to EDs with MDMA intoxication.  

  Medical Complications 

 Alteration of consciousness following MDMA use is 
usually not a direct effect of MDMA, and these patients 
usually have other causes of altered mental status 
including hyponatremia, hyperkalemia, metabolic aci-
dosis, hyperthermia, seizures, or the concomitant inges-
tion of CNS depressants.  121   Rare case reports associate 
MDMA use with subarachnoid hemorrhage,  122   intrace-
rebral hematoma,  123   and cerebral venous thrombosis,  124

but underlying structural abnormalities (e.g. aneurysm, 
arteriovenous malformation) may account for some of 
these events.  125,126

 The physiologic response to recreational doses of 
MDMA includes elevated heart rate, increased blood 
pressure, and palpitations.  35   Cardiovascular complica-
tions associated with MDMA intoxication include 
hypertension, chest pain, palpitations, dyspnea, and 
atrial fi brillation.  37,127   Case reports temporally associate 
the use of MDMA with the development of an acute 
myocardial infarction both with  128   and without  129   coro-
nary thrombosis. Spontaneous pneumothorax, pneumo-
mediastinum with cervical emphysema, diffi culty 
swallowing, precordial crepitations, dyspnea, and tho-
racic pain may occur following the ingestion of MDMA 
as a result of Valsalva - type maneuvers (sustained 
respiratory muscle activity with a closed glottis) or pro-



9 METHYLENEDIOXYMETHAMPHETAMINE (ECSTASY, MDMA)

139

with cerebral edema and uncal herniation, cerebrovas-
cular events, and hepatic failure without hyperthermia.  42

Potential predisposing factors for the development of 
fatal reactions to MDMA use include use of mono-
amine oxidase (MAO) inhibitors, ingestion of other 
stimulants, preexisting cardiovascular disease, and 
strenuous activity in high ambient temperatures. 
However, fatalities from the ingestion of MDMA may 
occur in individuals who are not participating in physi-
cal activities.  144

  Abstinence Syndrome 

 Experimental studies indicate that the administration of 
multiple daily doses of MDMA does not induce classical 
manifestations of physical dependence.  145   In contrast to 
ethanol, sedatives, and opioid withdrawal, there are no 
physical symptoms that characterize MDMA with-
drawal. Symptoms that follow cessation of MDMA use 
are mild, and these effects may result from mild residual 
toxicity rather than an abstinence syndrome. Up to 
about one - third of recreational users of MDMA report 
diffi culty concentrating, myalgias, fatigue, depressive 
symptoms, and confusion the day following MDMA 
use.  85   When compared with ethanol control groups, 
increased depressive symptoms commonly occur during 
the several days following MDMA use; however, con-
founding variables (e.g., preexisting psychiatric condi-
tions) complicate the interpretation of these studies.  146

In a 9 - day study of regular MDMA users, these partici-
pants had increased scores on negative mood parame-
ters (depression, irritability, anxiety, rumination) and 
cognition (impairment of concentration and memory) 
24 hours after using MDMA, when compared with 
controls (abstinent ecstasy users). 147   The negative cogni-
tive effects resolved after 2 days, and the negative effects 
on mood persisted 3 – 4 days. Sleeping was disrupted for 
2 days.  

  Reproductive Abnormalities 

 There are few data on the reproductive effects of chronic 
MDMA abuse. A prospective follow - up study of 136 
babies exposed to ecstasy in utero  suggested that mater-
nal MDMA exposure may be associated with a signifi -
cantly increased number of congenital defects (15.4%, 
95% CI: 8.2 – 25.4), particularly the incidence of cardio-
vascular (26/1000 livebirths, 95% CI: 3 – 90) and muscu-
loskeletal (38/1000, 95% CI: 8 – 109) anomalies.  148

However, these studies are confounded by smoking, 
heavy alcohol intake, and polydrug use combined with 
a higher than expected rate of unplanned pregnancies 
that increase the risk of fetal exposure to potentially 
harmful substances.  149   Available data to date do not 

of hyperpyrexia are prognostic indicators of the risk of 
death. Few patients survive peak core temperatures 
exceeding 42 o C (107.6 o F).  139   However, a patient sur-
vived MDMA - induced hyperthermia reaching a peak 
core temperature of 42.9 o C (109.2 o F). Complications 
included seizures, rhabdomyolysis, metabolic acidosis, 
and respiratory failure.  140   Headache, myalgias, light-
headedness, paresthesias, weakness, and delirium can be 
an early symptom of hyperthermia.  121

 Although seizures occur occasionally following 
ingestion of ecstasy tablets, the development of seizures 
often indicates ingestion of tablets adulterated with 
para - methoxyamphetamine (PMA).  169   Severe liver 
disease may occur in MDMA users without hyperther-
mia.141   Although these individuals develop jaundice, 
hypoglycemia, prolonged prothrombin times, and mark-
edly elevated serum hepatic aminotransferase concen-
trations, hepatic encephalopathy does not usually 
occur.  142   Rare case reports describe orthotopic liver 
transplantation for severe hepatic encephalopathy asso-
ciated with the use of ecstasy.  143

  Fatalities 

 Death after the use of MDMA alone is very rare, and 
many deaths from ecstasy follow ingestion of tablets 
subsequently found to contain substances other than 
MDMA.110   The clinical features of lethal MDMA toxic-
ity are similar to the serotonin syndrome. Most MDMA -
 induced fatalities are associated with hyperthermia 
along with multiorgan failure, rhabdomyolysis, and DIC. 
Other causes of death include dilutional hyponatremia 

TABLE 9.3.    Symptoms by Severity of 
3,4 - Methylenedioxymethamphetamine ( MDMA ) 
Intoxication. 

   Severity     Signs and Symptoms  

  Mild    Anxiety, agitation, irritability, insomnia, 
dizziness, tremor, hyperrefl exia, mydriasis, 
fl ushing, diaphoresis, thirst, nausea, 
vomiting, pallor  

  Moderate    Confusion, delirium, hypertension, tachypnea, 
tachycardia, premature ventricular 
contractions, chest discomfort, vomiting, 
abdominal pain, profuse diaphoresis, mild 
temperature elevation, hallucinations, panic 
reaction, elevated creatine kinase  

  Severe    Hyperpyrexia ( > 40 ° C), seizures, coma, focal 
neurologic signs, shock, disseminated 
intravascular coagulation, hepatic failure, 
pulmonary edema, serious electrolyte 
imbalance (K  +       >    6.5   meq/L, 
Na +      <    125   meq/L), rhabdomyolysis, serious 
ventricular dysrhythmias 
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26   ng/mL, respectively. The LLOQ for these compounds 
in oral fl uid by GC/MS with electron impact ionization 
ranges between 5 – 25   ng/mL with a CV below 8.3%.  162

The HPLC retention data is not as precise as the data 
obtained by GC/MS methods; therefore, more interfer-
ence occurs during HPLC procedures compared with 
GC/MS. Gas chromatography/mass spectrometry with 
electron impact or chemical ionization separates 
MDMA from amphetamine, methamphetamine, and 
related amines including ephedrine, phenylpropanol-
amine, and phentermine. Gas chromatography/negative 
ion chemical ionization/mass spectrometry and HPLC 
with peroxyoxalate chemiluminescence detection are 
sensitive and accurate methods for the detection of 
MDMA in human hair.  163,164   Methods to quantify the 
concentration of R  - ( − ) -  and  S  - ( + ) - isomers of MDMA 
and MDA include negative - ion chemical ionization GC/
MS165   and gas chromatography/electron ionization/mass 
spectrometry with selective ion monitoring.  166

  Street Sample Analysis 

 The purity of MDMA tablets and the adulterants added 
to these tablets varies by year and by country. The 
purity of MDMA tablets was relatively high before the 
mid to late 1990s, when the composition of ecstasy 
tablets varied widely, even among visually similar tablets 
with the same brand.  167   In some studies of the purity of 
MDMA tablets, less than one - half of such tablets con-
tained unadulterated MDMA and many tablets 
contained other compounds.  112   These tablets may 
contain pharmaceutic preparations with little psychoac-
tive properties including acetaminophen (paracetamol), 
caffeine, carisoprodol, codeine, dextromethorphan, 
diazepam, diethylpropion, diphenhydramine, fentanyl, 
lidocaine, procaine, ephedrine, pseudoephedrine, 
and zolpidem. However, many tablets contain 
psychoactive adulterants including MDA, MDEA, 
methamphetamine, PMA,  N  - benzylpiperazine (BZP), 
1 - (3 - chlorophenyl)piperazine (mCPP), 2,5 - dimethoxy -
 4 - bromophenethylamine (2C - B), 2,5 - dimethoxy - 4 -
 bromoamphetamine (DOB), cocaine, and ketamine. In 
a study of the pharmaceutic content of tablets sold as 
ecstasy across the United States, 39% of the tablets 
contained only MDMA, 46% contained substances 
other than MDMA, and 15% were mixtures of MDMA 
and adulterants.  168   Methamphetamine, MDA, MDEA, 
caffeine and pseudoephedrine are common adulterant 
of MDMA tablets in the United States.  112   Rarely, serious 
toxins (e.g., strychnine) are adulterants of MDMA.  112

The substitution of PMA for MDMA in ecstasy tablets 
caused a number of deaths in Europe,  169   North 
America,170   and Australia.  171   The starting materials (e.g., 
anise) for synthesizing PMA are substantially less 

show strong support for a causal relationship between 
chronic MDMA use and birth defects; however, data on 
the use of MDMA during pregnancy are limited.  150

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Screening 

 Most urine drug screens do not contain MDMA - specifi c 
immunoassays (e.g., DRI Ecstasy, Microgenics Corp., 
Fremont, CA);  151   therefore, detection of this compound 
depends on the cutoffs and relative cross - reactivities 
with commercial reagents for amphetamine and meth-
amphetamine that are not specifi cally designed to detect 
MDMA. In general, immunoassays for amphetamines 
are based on antibodies derived from amphetamine or 
methamphetamine conjugates that are modifi ed at an 
amine group. Any amine - containing compound struc-
turally similar (e.g., MDMA) to amphetamine will react 
with the assay. MDMA cross - reacts at 135% with the 
ELISA (enzyme - linked immunosorbent assay) meth-
amphetamine assay (Immunalysis, Pomona, CA), but 
the cross - reactivity of MDMA with the enzyme multi-
plied immunoassay technique, EMIT II (Dade - Behring/
Siemens Healthcare Diagnostics, Deerfi eld, IL) is only 
3%.152   As a result of the variable degree of cross -
 reactivity between assays, more specifi c methods (e.g., 
high performance liquid chromatography [HPLC], gas 
chromatography/mass spectrometry [GC/MS]) are 
required to identify and quantify MDMA.  

  Confi rmatory 

 Analytic methods for the quantitation of MDMA 
include GC with nitrogen - selective detection,  153   HPLC 
with fl uorescence detection,  154   capillary electrophore-
sis,  155   liquid chromatography/electrospray ionization/
tandem mass spectrometry,  156   and GC/MS.  157   The limit 
of detection (LOD) for the latter method is 50   ng/mL.  158

In urine samples, liquid chromatography/electrospray 
ionization/mass spectrometry  159   and GC/MS  160   can 
simultaneously quantify MDMA and common metabo-
lites. The lower limit of quantifi cation (LLOQ) for the latter 
method is about 25   ng/mL. Liquid chromatography/
mass spectrometry is an alternative to GC/MS as a con-
fi rmation technique that simplifi es sample preparation 
and eliminates derivatization procedures as well as the 
hydrolysis of urine samples. The LOD using liquid 
chromatography/electrospray ionization/tandem mass 
spectrometry for methamphetamine and MDMA in 
urine samples is 8   ng/mL with a coeffi cient of variation 
(CV) between 5 – 16%.  161   The LLOQ is 28   ng/mL and 
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Pharmacology Studies.     Pharmacokinetic studies in 
volunteers indicate that the kinetics of MDMA is non-
linear.  179   MDMA doses of 50   mg and 150   mg produce 
mean peak plasma concentrations of 0.05   mg/L, and 
0.46   mg/L, respectively, about 1 – 2 hours after inges-
tion.180   The mean peak plasma MDMA concentration in 
6 healthy volunteers about 2 hours after the ingestion 
of 100   mg MDMA was approximately 0.2   mg/L.  181

These studies indicate that the central (arousal) and 
peripheral sympathomimetic effects (i.e., elevated heart 
rate and blood pressure) follow the time - profi le of 
plasma MDMA concentrations, but not necessarily the 
quantitative plasma concentration of MDMA. At the 
end of a dance party, the mean plasma MDMA 
concentra tion in 27 regular MDMA users (i.e., 1 – 12   d/
mo) was 0.31    ±    0.21   mg/L with a range up to 0.84   mg/L.  182

Individuals in this group reported the following subjec-
tive effects at the time of the blood sampling: no effect, 
22%; mild effects, 52%; and strong effects, 26%. The 
reported drug use did not correlate well to the plasma 
MDMA concentration. Although there was a small pro-
gressive increase in temperature during and after 
MDMA use, MDMA concentrations and temperature 
were not statistically correlated.  

Overdose.     The MDMA concentrations in blood 
samples from asymptomatic users and users with serious 
side effects are similar. 42,183  Consequently, the plasma 
MDMA concentration alone is not a reliable predictor 
of acute MDMA - induced medical complications. A 
17 - month - old toddler developed generalized tonic -
 clonic seizures, elevated temperature (38.5 o C/101.3 o F), 
tachycardia, and hypertension after ingesting a tablet of 
MDMA.184   The serum MDMA concentration on admis-
sion to the emergency department was 0.30   mg/L. The 
child survived without sequelae following intensive 
care. Three hours after admission for seizures, elevated 
temperature (38 o C/100.4 o F), hypertension, and tachy-
cardia, the serum MDMA concentration in blood 
samples from a 14 - month - old baby was 0.591   mg/L.  185

The child fully recovered with intensive supportive care. 
A 27 - year - old man presented to an emergency depart-
ment 6 hours after ingesting ecstasy.  128   He was agitated, 
diaphoretic, and complaining of chest pain with electro-
cardiographic evidence of an inferior myocardial infarc-
tion. His plasma MDMA concentration at admission 
was 1.1   mg/L with no detectable MDA. A 20 - year - old 
man developed seizures, marked trismus, and a tem-
perature of 38.6 o C (101.5 o F) soon after ingestion 18 
ecstasy tablets.  186   The plasma MDMA concentration 
was 4.05   mg/L. Thirteen hours following the ingestion 
of 40 tablets of ecstasy by a 19 - year - old man, the serum 
concentration of MDMA was 4.3   mg/L.  39   Clinical fea-
tures of toxicity were limited to elevated heart rate, 

expensive and more readily available than common 
starting materials (safrole, isosafrole) for MDMA.  172   In 
the Netherlands, monitoring of the illicit market between 
1993 and 2008 demonstrated a peak MDMA content in 
confi scated ecstasy of 86% between 2004 – 2006.  173   After 
that period, the purity of MDMA tablets decreased with 
the increasing adulteration of these tablets with mCPP, 
BZP, and caffeine. 

 Impurities include by - products of contaminants 
produced from unintended side reactions as well as 
by - products of reactions from the starting materials. 
A 31 - year - old man died following a massive MDMA 
overdose; his postmortem blood contained small 
amounts of 3,4 - methylenedioxy -  N , N  - dimethylamphetamine 
(MDDM or MDDA).  174   The authors of this case report 
suggested that MDDM was probably a synthetic by -
 product or contaminant in the MDMA tablets.  

 Drug profi ling involves the extraction of physical 
and/or chemical profi les from drug samples to collect 
information on the source and similarity of confi scated 
batches of drugs. Analysis of these impurities after 
extraction under alkaline conditions and GC/MS usually 
identifi es the probable method of synthesis and 
precursor agents.  21   The synthesis of MDMA produces 
highly variable constituents in the fi nal mixture as a 
result of differences in manufacturing parameters. 
Consequ ently, determination of the presence of 
organic impurities [e.g., 3,4 - methylenedioxyphenyl - 2 -
 propanone, 3,4 - methylenedioxyphenyl - 2 - propanol, 3 - 
(3,4 - methylenedioxyphenyl) - 3 - buten - 2 - one,  N  - formyl 
-N  - methyl - 3,4 - methylenedioxyamphetamine] provides 
information on the source of the MDMA tablets.  175

Analysis of the physical characteristics (e.g., diameter, 
thickness, weight, score) of the tablets resulting from 
compression of the mixed powder during the tablet -
 pressing process also provides drug intelligence on the 
source of the MDMA tablets.  176

  Storage 

 MDMA is relatively stable during most storage condi-
tions ( - 20 o C/ - 4 ° F, 4 o C/39.2 ° F, 20 o C/68 ° F). In a controlled 
study of MDMA stored at  - 20 o C ( - 4 ° F), 4 o C (39.2 ° F), 
and 20 o C (68 ° F) in urine and whole blood samples, there 
was no signifi cant loss of MDMA for 21 weeks and 5 
weeks, respectively.  177   Sample degradation limited anal-
ysis of MDMA after these times.   

  Biomarkers 

  Blood 

 Animal studies indicate that MDMA concentrates in 
erythrocytes with a mean erythrocyte/plasma ratio of 
1.48    ±    0.04, similar to MDA.  178
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concentrations from 0.48 – 10   mg/L and the range of the 
MDA concentrations was  < 0.05 – 0.15   mg/L.  190

 The MDMA concentrations in femoral blood samples 
from 9 individuals with fatal MDMA intoxication 
ranged from 1.2 – 22   mg/L; the mean and median con-
centrations were 8.4   mg/L and 4.4   mg/L, respectively.  191

None of these postmortem blood samples contained 
signifi cant concentrations of other drugs. A 22 - year - old 
man was agitated, acting bizarrely, and mumbling inco-
herently at a student club.  192   He was initially uncon-
scious with stable vital signs at the ED; he had a sudden 
cardiopulmonary arrest and could not be resuscitated. 
At postmortem examination 24 hours after death, his 
femoral blood contained the following drugs: MDMA, 
1.42   mg/L and MDA, 0.17   mg/L. A 19 - year - old woman 
died about 3 hours after ingesting MDMA despite 30 
minutes of cardiopulmonary resuscitation.  144   The post-
mortem femoral blood contained MDMA and MDA 
concentrations of 3.8   mg/L and trace, respectively. A 
19 - year - old man died of hyperthermia and multiorgan 
failure 7 hours after arriving comatose at the ED.  193   The 
concentrations of MDMA and MDA in autopsy blood 
(site not reported) were 1.09   mg/L and 0.08   mg/L, 
respectively, as measured by GC/MS. 

 MDMA concentrations in blood samples from autop-
sies may demonstrate postmortem redistribution, par-
ticularly in the presence of high MDMA postmortem 
concentrations in the liver, stomach, and lungs.  194   Case 
reports suggest heart/femoral blood ratio of MDMA 
ranging between 1.4 – 3.9.  194,195   The postmortem/serum 
perimortem MDMA ratio in blood samples from 2 
fatalities from MDMA intoxication were 1.9 for post-
mortem brachial blood and 1.1 for postmortem femoral 
blood.196   Perimortem blood was collected within 1 hour 
before death.   

  Urine 

 The kidney excretes MDMA in the urine beginning 
shortly after ingestion. Urine amphetamine immunoas-
says may detect the presence of MDMA following use 
for approximately 1 – 2 days, depending on several 
factors including the dose, duration of use, urine pH, 
hydration (i.e., urine concentration), analytic method, 
cutoffs, and individual metabolic and excretion rates. 
The sensitivity and specifi city of individual immunoas-
says varies. The cross - reactivity of MDMA with reagents 
in some urine drug screens [e.g., Abuscreen  ®   OnLine 
HS AMP/MDMA (Abbott Laboratories, Abbott Park, 
IL), CEDIA  ®   - Amp/MDMA (Microgenics Corp., 
Fremont, CA), Abbott TDx AMP/MAM: II (Abbott 
Laboratories, Abbott Park, IL)] is high ( > 90%), com-
pared with other immunoassays.  197   In a study using a 

mydriasis, confusion, lethargy, and retrograde amnesia. 
The serum MDMA concentration in a 32 - year - old 
woman 3 hours after the ingestion of MDMA was 
6.5   mg/L.  187   She was agitated, combative diaphoretic, 
hypoxic, and hyperthermic (41.6 o C/106.9 ° F). Ten hours 
after ingestion, she was hemodynamically stable and 
responsive, but agitated while intubated. She was extu-
bated 25 hours after ingestion, and she survived with 
intensive supportive care. A 30 - year - old man developed 
seizures, coma, respiratory failure, and modest elevation 
of his core temperature (38.7 o C/101.7 o F). His serum 
S ( + ) -  and  R ( − ) - MDMA concentrations 4 hours after 
ingestion were 42   mg/L and 44   mg/L as determined by 
GC/MS. He survived with supportive care. 

 A 20 - year - old presented to the emergency depart-
ment comatose with hyperthermia (43 o C/109.4 o F), 
hypotension, and hyperkalemia (7.7   meq/L).  121   His 
serum MDMA concentration at admission was 2.4   mg/L; 
he died 1 hour later. In the same case series, a 22 - year -
 old man presented to an emergency department with 
coma, hyperkalemia (6.8   meq/L), hypotension, and ele-
vated temperature (38.5 o C/101.3 o F). His serum MDMA 
concentration at admission was 0.93   mg/L; he died 58 
hours after admission.  

Postmortem.     Postmortem MDMA concentrations 
must be interpreted along with other antemortem and 
postmortem evidence because of the overlap of post-
mortem MDMA concentrations of fatal acute MDMA 
intoxication and fatalities associated with trauma during 
MDMA use. There are limited data on postmortem 
blood concentrations of MDMA. Deaths occasionally 
occur in young healthy adults following the ingestion of 
typical recreational doses of MDMA. In these cases, the 
postmortem MDMA concentrations overlap with 
MDMA concentrations from blood samples taken from 
recreational MDMA users during or after rave parties.  31

Additionally, the use of MDMA frequently occurs with 
polydrug use. In a case series of 22 deaths with positive 
postmortem MDMA concentrations, the cases were 
divided into the following 3 groups with associated 
mean MDMA concentrations: 1) co - intoxications with 
cocaine and/or opiates, 0.58   mg/L; 2) intoxications 
without cocaine or opiates, 1.04   mg/L; and 3) trauma -
 related deaths, 0.97   mg/L.  188   MDA is a metabolite of 
MDMA; MDA concentrations up to approximately 
10% to 15% of the blood MDMA concentration may 
be present following the ingestion of MDMA only.  189   In 
the above case series, the mean postmortem blood 
MDMA and MDA concentrations were 0.86   mg/L and 
0.16   mg/L, respectively. In a case series of 15 deaths 
attributed to accidental MDMA intoxication, the post-
mortem blood (site not specifi ed) contained MDMA 
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MDMA use, particularly after the ingestion of large 
amounts of water. Severe hyperkalemia usually occurs 
in association with hyperthermia, metabolic acidosis, 
rhabdomyolysis, and renal failure, but hyperkalemia 
may develop in the absence of renal dysfunction.  206

Disseminated intravascular coagulation (thrombocyto-
penia, hypofi brinogenemia, hypoprothrombinemia, 
reduced partial thromboplastin levels, elevated fi brin 
split products) can occur after MDMA use, usually in 
association with multiple organ failure, rhabdomyolysis, 
and hyperthermia. Hypoglycemia is a rare complication 
of severe MDMA intoxication. Laboratory evidence of 
hepatic failure (elevated serum hepatic aminotransfer-
ases, alkaline phosphatase, bilirubin, prolonged pro-
thrombin time, and activated partial thromboplastin 
time) may occur in the absence of hyperthermia.  106

Rhabdomyolysis may develop following MDMA use. 
Laboratory changes include elevated serum muscle 
enzymes (creatine kinase, aldolase), myoglobinuria, 
hyperbilirubinemia, hyperuricemia, hypocalcemia, 
hyperkalemia, renal failure, hyperphosphatemia, and 
hypokalemia.121,139   Acute renal failure may develop sec-
ondary to acute tubular necrosis (as a result of hypoten-
sion), rhabdomyolysis, intravascular coagulation, 
hypovolemia, or hyperpyrexia. Hypoxemia may result 
from respiratory paralysis secondary to seizures, non-
cardiac pulmonary edema, or coma.  

  Neuropsychologic 

 The heavy users have a high incidence of polydrug use 
(cocaine, lysergic acid diethylamide, amphetamine), and 
interpretation of the signifi cance of the neuropsycho-
logic scores is complicated by polydrug use as well as 
potential premorbid personality disorders. Although 
MDMA causes selective neurotoxic damage of central 
serotonergic neurones in laboratory animals,  207   the exis-
tence of neurotoxic syndrome following chronic MDMA 
abuse remains unproven as a result of issues related to 
retrospective data, methodologic fl aws, and confound-
ing (polydrug use, reporting bias, drug purity, premorbid 
personality disorders).  208   Despite substantial methodo-
logic problems, the majority of the evidence suggests 
that residual alterations of serotonergic transmission 
occur in chronic MDMA users.  209   These changes at 
least partially resolve after long - term abstinence. The 
most consistent fi ndings in heavy MDMA abuse are 
subtle, small – medium cognitive impairments,  210   particu-
larly in short - term and long - term memory (e.g., verbal 
more than visual memory) and in the speed of informa-
tion processing.  211,212   Volunteer studies suggest that 
verbal memory tasks with high cognitive complexity 
(e.g., California Verbal Learning Test, Verbal Paired 

MDMA cutoff of 0.5   mg/L urine, the false - positive per-
centage for TDx  ®   - Amp, COBAS  ®   - Amp (Roche, Nutley, 
NJ), OnLine - Amp/MDMA (Roche Diagnostics Co., 
Indianapolis, IN), and CEDIA  ®   - Amp/MDMA ranged 
between 11 – 21%, whereas the false - negative percent-
age ranged between 10 – 17%.  198   The EMIT  ®   - Amp assay 
(Dade Behring Inc., Deerfi eld, IL) has high cross -
 reactivity toward MDMA, but this assay is unlike to 
detect MDMA at concentrations below 0.5   mg/L con-
centration. The cutoff concentrations of racemic 
MDA and MDMA for the EMIT - d.a.u. monoclonal 
amphetamine/methamphetamine immunoassay is 
approximately 3   mg/L.  199   The mean urine MDMA con-
centration in 43 urine samples collected from partici-
pants 1 – 8 hours after a rave party was 19.2   mg/L with a 
range of 0.11 – 173   mg/L.  197

  Other Sampling Sites 

 The vitreous humor is an alternate sampling site for 
postmortem MDMA concentrations, particularly fol-
lowing prolonged toxicity. Animal studies indicate that 
equilibration of the vascular compartment and vitreous 
humor occurs within 1 hour of the IV administration of 
MDMA, and MDMA remains relatively stable in the 
vitreous humor despite high ambient temperatures.  200

An 18 - year - old man was found dead after a party the 
preceding evening.  201   The postmortem MDMA concen-
trations in samples from the right ventricular blood 
and the vitreous humor were 0.42   mg/L and 0.36   mg/L, 
respectively. The vitreous humor from a man found 
dead with high concentrations of MDMA (33.17   mg/L) 
in his stomach contained 1.63   mg MDMA/L, whereas 
the femoral blood contained 1.13   mg/L.  202   The concen-
trations of MDMA in urine and bile from this case were 
0.79   mg/L and 25.42   mg/L, respectively. MDMA con-
centrations in hair suggest exposure to MDMA, but 
quantitative MDMA concentrations in hair (i.e.,  > 1   ng/
mg) are not reliable measures of the cumulative use 
of MDMA.  203   The distribution of enantiomers in hair 
is similar to other tissues with most of the hair speci-
mens demonstrating a predominance of the R ( − ) -
 enantiomer.  204   However, the ratio of MDA/MDMA in 
hair samples from the hair is highly variable. In a study 
of hair from the heads of 53 chronic ecstasy users, this 
ratio varied from 1 – 110% with a mean of 12%.  205

  Abnormalities 

  Biochemical 

 Leukocytosis occurs frequently after MDMA use.  37

Dilutional hyponatremia is a potential complication of 
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the infl uence of drugs,  223   (4.7%) tested positive for 
MDMA in whole blood samples with a median MDMA 
concentration of 0.206   mg/L (Mean, 0.279   mg/L; range, 
0.011 – 2.60   mg/L).  221   In a study of 493 drivers suspected 
of driving under the infl uence (moving traffi c violations, 
sobriety checkpoints, traffi c accidents), the mean 
blood MDMA concentration was 0.23   mg/L (median, 
0.10   mg/L) with a range up to 3.5   mg/L.  222   The blood 
samples from some of these drivers contained other 
drugs as measured by GC/MS; the impairment of spe-
cifi c drivers in this series was not reported. 

 MDMA moderates the impairment in some, but not 
most driving skills associated with the ingestion of low 
to moderate doses of ethanol. In experimental studies 
on light - to - moderate MDMA users, the administration 
of a single dose of MDMA improved psychomotor per-
formance on a compensatory tracking task and in a 
weaving and an on - the - road driving task, whereas esti-
mation of time to contact in a dual attention task dete-
riorated.223   In volunteer studies, the administration of 
MDMA (100   mg) and ethanol (0.8   g/kg) produced 
longer lasting euphoria and well - being than MDMA or 
ethanol alone.  70   MDMA reversed the sedative effects of 
ethanol, but the concomitant administration of MDMA 
did not alter the feeling of drunkenness. Eighteen 
healthy volunteers participated in a double - blind, 
placebo - controlled, cross - over study involving the 
administration of MDMA doses of 0, 75, and 100   mg 
with (mean blood alcohol content [BAC]    =    0.042) and 
without alcohol.  224   Alcohol alone impaired critical 
tracking performance (critical tracking task, object 
movement estimation task) and actual driving perfor-
mance parameters (i.e., standard deviation of lateral 
position [SDLP], brake reaction time, and coherence). 
MDMA alone reduced SDLP and standard deviation of 
speed. MDMA signifi cantly moderated alcohol - induced 
impairment of road tracking performance, but MDMA 
did not modify the ethanol - induced impairments of car -
 following and laboratory task performance. In studies 
of simulated driving performance, recreational doses of 
MDMA did not dramatically alter lateral or longitudi-
nal vehicle control, but the use of multiple drugs with 
MDMA signifi cantly impaired driving performance.  225

The use of MDMA alone was associated with a 
decreased sense of risk taking. In a study of 12 healthy 
volunteers receiving 75   mg MDMA, this dose enhanced 
speed of manual movements and capacity to steer or 
track fast moving objects, including a divided attention 
task, when compared with placebo.  226   Additionally, 
there was no effect on visual search or planning. 
However, MDMA impaired the ability to perceive 
and predict motion, which is a measure of the ability 
of drivers to judge if another car would collide with 
their car.   

Associates) are more affected than low cognitive com-
plexity tasks when comparing ecstasy users and non -
 users.  213   However, the lack of a clear dose - response 
relationship and similarity of changes in polydrug con-
trols raise questions about the causal nature of this asso-
ciation.214,215   Other defi cits include increased impulsivity, 
poor problem solving, and defi cits in executive skills. 
Studies of chronic ecstasy users suggest that the most 
vulnerable cognitive function is associative memory 
performance rather than working memory or attention, 
primarily in users who also abuse amphetamines.  216

More basic cognitive tasks are usually preserved includ-
ing simple and choice reaction times, number vigilance, 
Stroop task (selective attention), and trail making 
(visuospatial ability, simple executive function).  217

  Driving 

 There are few data on the association of MDMA with 
vehicular accidents and related fatalities. Most studies 
to date indicate that the presence of MDMA is uncom-
mon in impaired drivers or accident - related fatalities.  115

MDMA is rarely ( < 1%) detected in drivers associated 
with fatal accidents, but fatal injuries may result from 
reckless behavior during MDMA intoxication, particu-
larly in association with ethanol.  218   The relationship 
between MDMA and driving is complex because of a 
number of factors including rapid tolerance, idiosyn-
cratic responses, cognitive defi cits following acute intox-
ication, and fatigue associated with strenuous activity 
during MDMA intoxication. In a case series of 6 drivers 
arrested for driving while impaired, blood samples con-
tained only MDMA and the range of MDMA concen-
trations was < 0.05 – 0.58   mg/L as measured by GC/MS.  183

The demeanor of these 6 individuals did not correlate 
to MDMA concentrations as the person with the highest 
concentration fell asleep in the police car during his 
arrest. Most of the individuals displayed muscle twitch-
ing, poor balance and coordination, mydriasis, and dia-
phoresis. In a Norwegian study of 9,013 drivers 
apprehended during 1998 and 1999 for suspicion of 
driving under the infl uence of alcohol or drugs, blood 
samples from 177 drivers (1.96%) contained detectable 
amounts of MDMA.  219   The median concentration of 
MDMA was 0.155   mg/L with a range from 0.019 –
 1.14   mg/L. Many of these drivers were multidrug users, 
but the study did not separate the drivers into a group 
of MDMA - only users. In a Swiss study of 440 living 
drivers suspected of driving under the infl uence of 
drugs, blood samples from approximately 6% of the 
drivers contained MDMA.  220   The median MDMA con-
centration for this group was 0.218   mg/L with a range 
from 0.01 – 2.48   mg/L. In a subsequent Swiss study of 
4,794 drivers apprehended for suspected driving under 
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lepticus, and the patient should be evaluated for the 
presence of these complications. Mild to moderate 
hyponatremia usually responds to fl uid restriction, but 
the use of hypertonic saline may be necessary with 
severe hyponatremia ( < 125   meq/L) associated with sei-
zures. Central pontine myelinosis (osmotic demyelin-
ation syndrome) is usually associated with rapid 
restoration of serum sodium concentrations in patients 
with chronic hyponatremia; consequently, limitations on 
sodium replacement probably do not apply to patients 
with complications from severe  hyponatremia second-
ary to acute MDMA intoxication.  

  Agitation 

 Diazepam (Adults: 5   mg IV, children: 0.1 – 0.3   mg/kg) or 
lorazepam (1 – 2   mg IV in adults) are the safest drugs to 
use for agitation. Although hypotension, seizures, respi-
ratory depression, and dystonic reactions are potential 
complications of antipsychotic drug use during MDMA 
intoxication, experimental studies on healthy volunteers 
receiving 1.5   mg MDMA/kg orally and 1.4   mg haloperi-
dol intravenously did not detect any clinically signifi cant 
adverse reactions.  227   In this study, the pretreatment of 
participants with haloperidol did not alter the physio-
logic responses (blood pressure, heart rate, body tem-
perature) to MDMA compared with MDMA alone. The 
antipsychotic drugs (e.g., droperidol) should probably 
be second - line agents. Attention to environmental 
factors (soft lighting, minimal noise, familiar faces) may 
also help alleviate agitation.  

  Hyperthermia 

 Severe hyperthermia (i.e.,  > 42 ° C/107.6 o F) is a very poor 
prognostic sign, particularly in association with multior-
gan failure (hepatic failure, DIC, hypotension, rhabdo-
myolysis, hyperkalemia, metabolic acidosis); death may 
occur within a few days. Temperatures exceeding 39 –
 40 ° C (102.2 – 104 o F) should therefore be treated aggres-
sively, while the core temperature is continuously 
monitored. Cooling should always include appropriate 
use of sedation (benzodiazepines). Other simple mea-
sures include removal of clothing, evaporative cooling 
with water applied with sponging or sprays and fans. 
Cooling blankets and ice packs may be used, but these 
measures are probably not superior to evaporative 
cooling. For refractory hyperthermia, neuromuscular 
paralysis, sedation, and mechanical ventilation may be 
necessary to reduce hypertonicity and hyperactivity. 
Immersion in an ice bath can also be used in refractory 
cases, but this approach often presents logistical prob-
lems. All vital signs should be monitored frequently and 
cooling measures continued until core temperatures are 

  TREATMENT 

  Stabilization 

 The major life - threatening complications of acute 
MDMA toxicity include hyperthermia, electrolyte 
abnormalities, cerebral edema, hypertension, seizures, 
ischemic complications, arrhythmias, hepatitis, and 
trauma. Severe hyperthermia (i.e., temperature 
> 42 o C/107.6 o F) causes multiorgan failure and DIC, 
which are very poor prognostic signs. Patients with 
serious complications require IV access and close moni-
toring of temperature and electrolytes. Continuous 
cardiac monitoring is required if the initial electrocar-
diogram (ECG) or subsequent ECG is abnormal. 
Supplemental oxygen should be given to hypoxic 
patients and those with ischemic complications. 
Respiratory complications are not usually a major 
feature of toxicity. However, respiratory depression 
with impaired consciousness may occur, particularly fol-
lowing serious CNS complications (e.g., stroke, cerebral 
edema, hyponatremia). 

 Sinus tachycardia is common and this rhythm does 
not usually require direct pharmacologic intervention. 
Both hypertension and tachycardia often respond to 
benzodiazepines (e.g., adults: lorazepam 2   mg or 
diazepam 5   mg by IV bolus, repeated as required). 
Benzodiazepines are also the most appropriate fi rst - line 
treatment for agitation not responding to simple reas-
surance. Pharmacologic agents are preferable to physi-
cal restraints in agitated patients, if possible. Core 
temperatures should also be measured frequently in any 
agitated patient, as the temperature may rise rapidly in 
response to physical activity including resistance to 
restraints. 

 Patients with suspected myocardial ischemia should 
be managed with nitrates, morphine, benzodiazepines, 
and aspirin. Hypotension may respond to fl uid chal-
lenges, but often a vasopressor is needed. Beta blockers 
may lead to increased vasoconstriction and paradoxical 
worsening of hypertension (by blocking beta 2  - mediated 
vasodilatation); in general, these drugs should be 
avoided. 

  Seizures 

 Seizures usually respond to benzodiazepines (loraze-
pam, diazepam). Therapeutic options for the treatment 
of recurrent seizures include phenobarbital and anes-
thetic agents (e.g., propofol). Sodium channel blocking 
drugs (e.g., phenytoin) are unlikely to terminate the 
seizures associated with MDMA toxicity. Hyperthermia, 
acidosis, hypoxemia, hyponatremia, and rhabdomyoly-
sis may complicate the clinical course during status epi-
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of unopposed alpha agonist adrenergic effects. Serotonin 
antagonists, such as cyproheptadine 4 – 8   mg orally 3 
times daily as needed or chlorpromazine 25 – 50   mg 
intramuscularly as needed in volume - replete patients, 
could be considered where the clinical syndrome resem-
bles severe serotonin toxicity (i.e., severe hyperthermia, 
marked hyperrefl exia with clonus).  133

  Supplemental Care 

  Ancillary Tests 

 In severe MDMA toxicity, laboratory examination 
should include complete blood count, glucose, serum 
electrolytes, creatinine, blood ureas nitrogen (BUN), 
calcium, phosphorus, uric acid, creatine kinase, hepatic 
transaminases, a full coagulation profi le (fi brin split 
products, fi brinogen, prothrombin time, partial throm-
boplastin time), and urine dipstick analysis (i.e., primar-
ily to look for a positive response to the test for blood 
that might indicate myoglobinuria). An ECG should be 
done routinely and neuroimaging should be done in 
those with impaired consciousness, severe headache, or 
neurologic signs.  

  Complications 

 Severe MDMA toxicity may be complicated by a variety 
of problems, including multiorgan failure, hyperkalemia, 
hyponatremia, hepatitis, acute renal failure, rhabdomy-
olysis, cerebrovascular accident, myocardial infarction, 
arrhythmias, DIC, and acute respiratory distress syn-
drome. These conditions should be diagnosed early; 
however, management of these conditions should follow 
usual management procedures with appropriate sup-
portive care and monitoring. There are no specifi c man-
agement considerations that relate to MDMA, except 
for the relative contraindication against using beta -
 blockers in the treatment of dysrhythmias, myocardial 
infarction, and hypertension. Hemodialysis may be 
required to correct electrolyte abnormalities in the 
presence of renal dysfunction. Patients with isolated ful-
minant acute liver failure after MDMA use may require 
liver transplantation.  106   Myoglobinuria is a frequent 
complication of serious MDMA toxicity. Although 
urinary alkalinization is frequently recommended for 
myoglobinuria, alkalinization may decrease MDMA 
clearance. Consequently, unless there is marked myo-
globinuria, generous fl uid replacement with high -
 volume urine fl ow is preferable to attempts to alter 
urine pH. Patients with mild MDMA intoxication may 
be discharged after 4 hours of observation if vital signs 
including temperature remain stable and the mental 
status returns to normal baseline.        

below 38.5 ° C (101.3 o F). If the temperature has exceeded 
41 ° C (105.8 o F) at any time, laboratory testing is required 
to detect multiorgan failure. If the hyperthermic patient 
does not respond rapidly to cooling measures, the IV 
administration of dantrolene is a therapeutic option. 
Case reports associate improvement in hyperthermia 
(42.9o C/109.2 o F and 40.2 o C/104.4 o F), hyperkalemia, and 
rhabdomyolysis with the early administration of dan-
trolene (60   mg bolus q10   min  × 3 and 1   mg/kg bolus  × 3 
over 1 hour).  140,228   However, the adjunctive role of dan-
trolene in the treatment of hyperthermia remains 
controversial.139,229

  Gut Decontamination 

 There are no data to support the use of decontamina-
tion procedures on the clinical outcome of MDMA 
intoxication. Patients with adverse effects following rec-
reational use are unlikely to have signifi cant unabsorbed 
MDMA; decontamination is not usually warranted. Gut 
decontamination might be warranted in the case of 
symptomatic  “ body packers, ”  and administration of 
activated charcoal and polyethylene glycol electrolyte 
lavage solution would be standard treatment. However, 
smuggling MDMA via body packers has not been 
reported to date.  

  Elimination Enhancement 

 MDMA is a weak base and acidifi cation of urine increases 
the clearance of unchanged MDMA. However, it is 
unlikely that alteration of the urine pH will favorably 
improve the outcome of MDMA toxicity. Adverse effects 
usually occur early after ingestion and the half - life is rela-
tively short (i.e., about 7 – 8   h). Most individuals already 
have acidic urine and systemic acidosis might increase 
cardiovascular adverse effects. There are no clinical data 
to confi rm the effi cacy of urinary acidifi cation. There are 
no clinical data to support the use of hemodialysis, peri-
toneal dialysis, multiple - dose activated charcoal, or 
hemoperfusion. The large volume of distribution (6   L/kg) 
and the high endogenous clearance of MDMA suggest 
that these measures will not cause a clinically relevant 
increase in MDMA clearance. 

  Antidotes 

 There is no specifi c antidote for MDMA intoxication. 
Benzodiazepines (and occasionally other GABA agonist 
sedative drugs, such as barbiturates and propofol) 
provide adequate pharmacologic treatment for most 
manifestations of MDMA toxicity. Beta blockers are 
considered relatively contraindicated as they may 
increase hypertension and increase ischemia as a result 
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  Chapter 10 

   PHENETHYLAMINE 
COMPOUNDS

 The term  “ phenethylamine or amphetamine ( α  - methyl 
phenethylamine) designer drugs ”  refers to drugs with 
varying stimulant and psychotomimetic properties 
that were originally synthesized to avoid legal restric-
tion by altering the structure of known illicit drugs.  1

These synthetic drugs are usually substituted 
phenethylamine analogs based on variations of the 
basic phenethylamine structure (benzene ring with 
an ethylamine group on the fi rst carbon). The 3 main 
classes of substances of abuse derived from phenethyl-
amine as identifi ed in Table  10.1  include the following: 
1) amphetamine stimulants (amphetamine, metham-
phetamine), 2) single methylenedioxy - substituted 
amphetamine entactogens (e.g., 3,4 - methylenedioxy-
amphetamine [MDA], 3,4 - methylenedioxymetham-
phetamine [MDMA], 3,4 - methylene dioxyethamphetamine
[MDEA],  N  - methyl - 1 - (1,3 - benzodioxol - 5 - yl) - 2 - butanamine 
[MBDB]), and 3) 3 - fold ring substituted phenethyl-
amine psychedelics (e.g., 2,5 - dimethoxy - 4 - bromoam-
phetamine [DOB], 2,5 - dimethoxy - 4 - ethylamphetamine 
[DOET], 4 - methyl - 2,5 - dimethoxyamphetamine [DOM], 
4 - iodo - 2,5 - dimethoxyamphetamine [DOI]). Although 
originally applied to MDMA and MBDB,  2   amphet-
amine or phenethylamine designer drugs now refer to 
other methylenedioxy - substituted amphetamine com-

pounds (e.g., MDEA, MBDB) that reportedly assist 
individuals experience a  “ touching from within. ”  The 
phenethylamine molecule is also the basic chemical 
structure for endogenous catecholamines, neurotrans-
mitters, and many therapeutic drugs (phenylpropanol-
amine, amphetamine, ephedrine).   

 The prototype psychoactive phenethylamine com-
pound is mescaline (3,4,5 - trimethoxyphenylethylamine), 
which is a natural constituent of the peyote cactus 
[Lophophora williamsii  (Lem. ex Salm - Dyck) Coult.]. 
Although mescaline was a model for the studies of 
the structure - activity relationships of hallucinogenic 
drugs,  3   most of the synthetic compounds contained the 
3 - carbon chain of amphetamine.  4   Hence, the term 
 “ designer amphetamine drugs. ”  In the early 1950s, 
Peretz et al. fi rst described the hallucinogenic properties 
of the mescaline analog, 3,4,5 - trimethoxyamphetamine 
(TMA).5   In the 1960s and 1970s, Shulgin et al. investi-
gated the clinical effects of a variety of methoxylated 
amphetamine compounds derived from mescaline.  6

He synthesized the mescaline analog, TMA from 
elemicin, and he reported that this drug produced 
changes in sensory perception at about half the usual 
dose of mescaline. Other drugs investigated by 
Shulgin et al. during the 1960s included 3 - methoxy - 4,5 -
 methylenedioxyamphetamine (derived from myristicin) 
and ethyl homologs of 2,4,5 - trimethoxyamphetamine 
(DOM, DOET).  7,8

 During the 1990s, the illicit drug market for halluci-
nogenic drugs changed considerably.  9   Newly marketed 
para  - substituted methoxy street drugs included 

PSYCHOACTIVE PHENETHYLAMINE, 
PIPERAZINE, and PYRROLIDINOPHENONE 
DERIVATIVES 

   Brandon     Wills  ,   DO, MS   
    Timothy     Erickson  ,   MD       
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TABLE 10.1.    Phenethylamine and Other Designer Amphetamine Drugs.  *    

   Chemical Type     Compound     Abbreviation; Street 
Name

   CAS RN  

Phenethylamines
  Methylenedioxy -

 Entactogens  
            

      3,4 - Methylenedioxyamphetamine    MDA; Love    4764 - 17 - 4  
      3,4 - Methylenedioxyethamphetamine    MDEA, MDE; Eve    82801 - 81 - 8  
      3,4 - Methylenedioxymethamphetamine    MDMA; Ecstasy    42542 - 10 - 9  

  3,4 - Methylenedioxy -  N  -  N  - dimethylamphetamine    MDMMA      
N  - Methyl - 1 - (1,3 - benzodioxol - 5 - yl) - 2 - butanamine    MBDB    103818 - 46 - 8  

p  - Methoxy - Series    4 - Methoxyamphetamine ( p  - methoxyamphetamine)    PMA    64 - 13 - 1  
  4 - Methoxymethamphetamine ( p  -

 methoxymethamphetamine)  
  PMMA    22331 - 70 - 0  

  Thio - Substituted    4 - Methylthioamphetamine    4 - MTA    14116 - 06 - 4  
  Dimethoxy  -  Hallucinogens              
      2,5 - Dimethoxyamphetamine    DMA    2801 - 68 - 5  
      2,5 - Dimethoxy - 4 - bromoamphetamine    DOB, 4 - Bromo - DMA, 

PBR
  32156 - 26 - 6  

      2,5 - Dimethoxy - 4 - chloroamphetamine    DOC      
      2,5 - Dimethoxy - 4 - ethylamphetamine    DOET    22004 - 32 - 6  
      4 - Iodo - 2,5 - dimethoxyamphetamine    DOI    64584 - 34 - 5  
      4 - Methyl - 2,5 - dimethoxyamphetamine    DOM (STP)    15588 - 95 - 1  
      3,4,5 - Trimethoxyamphetamine  †      TMA    1082 - 88 - 8  
  2C - Designer Series 

(2,5 - phenethylamines)
            

      2,5 - Dimethoxy - 4 - bromophenethylamine    2C - B, MFT, BDMPEA    66142 - 81 - 2  
  1 - (8 - Bromo - 2,3,6,7 - tetrahydrobenzo[1,2 - b:4,5 - b ′ ] 

difuran - 4 - yl) - 2 - aminoethane
  2C - B - fl y      

      2,5 - Dimethoxy - 4 - methyl - phenethylamine    2C - D    24333 - 19 - 5  
  4 - Ethyl - 2,5 - dimethoxy -  β  - phenethylamine    2C - E      

      2 - (2,5 - Dimethoxyphenyl)ethanamine   2C - H      
  4 - Iodo - 2,5 - dimethoxy -  β  - phenethylamine    2C - I      

      2 - (2,5 - Dimethoxy - 4 - propylhenyl)ethanamine    2C - P      
  2,5 - Dimethoxy - 4 - ethylthio -β  - phenethylamine    2C - T - 2      

      2 - [4 - (Isopropylthio) - 2,5 - dimethoxyphenyl]
ethanamine

        

  2,5 - Dimethoxy - 4 - propylthio -β  - phenethylamine    2C - T - 7    207740 - 26 - 9  
Piperazines

N  - Benzylpiperazine    BZP, A2    2759 - 28 - 6  
      1 - Piperonylpiperazine [1 - (3,4 - Methylenedioxybenzyl)

piperazine]
  MDBP    32231 - 06 - 4  

      1 - (4 - Methoxyphenyl)piperazine    MeOPP    38212 - 30 - 5  
      1 - (3 - Chlorophenyl)piperazine    mCPP    6640 - 24 - 0  
      1 - (3 - Trifl uoromethylphenyl)piperazine    TFMPP; Molly    15532 - 75 - 9  
      1 - (4 - Methoxyphenyl)piperazine    MeOPP    38212 - 30 - 5  
Pyrrolidinophenones

α  - Pyrrolidinopropiophenone    PPP    19134 - 50 - 0  
  4 ′  - Methoxy -  α  - pyrrolidinopropiophenone    MOPPP     —   
  3 ′ ,4 ′  - Methylenedioxy -  α  - pyrrolidinopropiophenone    MDPPP     —   
  4 ′  - Methyl -  α  - pyrrolidinopropiophenone    MPPP     —   
  4 ′  - Methyl -  α  - pyrrolidinohexanophenone    MPHP      —    

    *   This list is not exhaustive — there are at least 200 potential substituted phenethylamine stimulant and psychedelic drugs including fl uorinated 
derivatives.  
   †   The family of trimethylamphetamine compounds includes at least 5 other isomers of TMA including TMA - 2, TMA - 3, TMA - 4, TMA - 5, and 
TMA - 6.   
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phenethylamine compounds are usually several - fold 
more potent for the  R  ( − ) - enantiomers than for the  S  
( + ) - enantiomers.  12   Substituents often enhance potency, 
particularly bromine at the  para  position of the 
benzene ring of phenethylamine compounds.  13   
Figure  10.1  compares the chemical structures of 
various substituted amphetamine designer drugs. 
Fluoromethoxyamphetamine derivatives are not listed 
in this fi gure as these compounds are uncommon and 
little is known about their properties.  14     

4 - methoxyamphetamine (PMA) and 4 - methoxymeth-
amphetamine (PMMA) as well as the  para  - substituted 
methylthio compound, 4 - methylthioamphetamine (4 -
 MTA). The newer designer amphetamines are often 
marketed on the street as MDMA (ecstasy), but these 
compounds may also be sold as the actual compound or 
as a street drug that publicize specifi c properties.  10,11   
Table  10.1  classifi es some of the most common amphet-
amine designer drugs groups based on location and type 
of substituents. The psychotomimetic properties of 

       FIGURE 10.1.     Comparative chemical structures of phenethylamine and related hallucinogenic compounds.  
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  3,4 - Methylene-
dioxyamphetamine
( MDA ) 
 German scientists synthesized MDA in the early 1910s. 
In the late 1950s and early 1960s, MDA was patented as 
a cough suppressant, a tranquilizer, and an appetite sup-
pressant; however, MDA was never marketed for 
medical purposes.  15   During the 1970s, MDA and MDMA 
were pharmaceutical adjuncts to psychotherapy;  16

however, the US Drug Enforcement Administration 
(DEA) added both these drugs to schedule I after 
reports of the abuse of these drugs in the 1980s.  17

Some controversy surrounded this decision as a result 
of the subsequent limitations to research, primarily 
from therapists using MDMA to enhance self - 
disclosure and promote trust in patients undergoing 
psychotherapy.  18

        IDENTIFYING CHARACTERISTICS 

 Like most designer amphetamines, MDA (tenamfet-
amine, [INN]) exists as the free base or as the salt of 
various acids. These salts are water soluble; therefore, 
potential routes of administration include ingestion, 
insuffl ation, and intravenous (IV) injection.  19   The high 
boiling point and low vapor pressure of MDA and other 
methylenedioxyamphetamine designer drugs limit the 
use of these drugs via inhalation of vapors. 

 Table  10.2  lists some physiochemical properties of 
MDA. In contrast to most amphetamine designer drugs, 
the S  ( + ) - enantiomer of MDA is more potent than the 
R  ( − ) - enantiomer.  20

  EXPOSURE 

 Synthesis of MDA involves the intermediate, nitropro-
pane, which is prepared from 4 - methylthiobenzaldehyde, 
nitroethane, and  n  - butylamine.  21   Tablets sold as ecstasy 

TABLE 10.2.    Some Physiochemical Properties of 
3,4 - Methylenedioxyamphetamine ( MDA ) 

   Physical Property     Value  

  pKa Dissociation Constant    9.67 (25 ° C/77 ° F)  
  log P (Octanol - Water)    1.64  
  Water Solubility    2.25E + 04   mg/L (25 ° FC/77 ° F)  
  Vapor Pressure    1.69E - 03   mm Hg 

(25 ° FC/77 ° F)

(MDMA) usually contain a single substance, but 
analysis of street drugs sold as ecstasy may contain 
MDA or other structurally similar drugs (MDEA, PMA, 
MBDB).22

  TOXICOKINETICS 

 There are few toxicokinetic data on amphetamine 
designer drugs other than MDMA. MDA is a metabo-
lite of MDMA biotransformation in humans.  23   The 
absorption of MDA is relatively rapid with time to 
peak plasma concentrations of approximately 3 hours.  24

MDA is the parent drug of MDMA and a  N  - demethylated 
metabolite of MDMA as well as MDEA.  23   Biotrans-
formation of MDA occurs by demethylenation to the 
corresponding catecholamine via primarily CYP2D6 
based on in vitro  studies.  25   Postmortem analyses suggest 
that the bile contains signifi cant amounts of MDA.  26

There are several potential sources of drug - drug inter-
actions with amphetamine designer drugs, but the clini-
cal relevance of these potential drug interactions 
remains unclear. Although human polymorphism of 
CYP2D6 or the concomitant ingestion of CYP2D6 
inhibitors (e.g., fl uoxetine, paroxetine, quinidine) poten-
tially alters the metabolism of amphetamine designer 
drugs, there is no defi nite evidence that this potential 
effect produces clinically signifi cant effects. Theoretically, 
polymorphism of CYP2D6 may cause decreased metab-
olism of MDA and MDEA and relatively higher drug 
concentrations.  

  HISTOPATHOLOLGY AND 
PATHOPHYSIOLOGY 

 In general, animal studies indicate that phenethylamine 
designer drugs are indirect sympathomimetic agents 
that increase the release of biogenic amines by binding 
and blocking the transport of these neurotransmitters 
including serotonin, norepinephrine, and to a lesser 
extent, dopamine.  27   Modulation of serotonergic neuro-
transmission probably mediates the thermoregulatory 
and altered perceptions associated with the use of these 
drugs, whereas dopaminergic neurotransmission modu-
lates stimulant effects (e.g., muscle tone). The ability of 
these drugs to alter neurotransmitter release and clear-
ance varies with both the drug and the receptor density 
in the particular area of the brain examined.  28   MDA has 
both central stimulant effects and psychotomimetic 
properties.  29

 Substituted amphetamines are indirect sympathomi-
metics with similar pathophysiology as amphetamine 
and methamphetamine. Psychotomimetic amphetamine 
designer drugs (e.g., MDMA, MDA) affect serotonergic 
pathways more than dopaminergic pathways. There are 
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say (FPIA) amphetamine/methamphetamine II is high 
(136 – 170%);35   additionally, MDA is a minor metabolite 
of MDEA biotransformation. The cross - reactivity of the 
other MDA metabolites [3,4 - dihydroxyethylamphet-
amine (DHE), 4 - hydroxy - 3 - methoxyethylamphetamine 
(HME), 3,4 - dihydroxyamphetamine (DHA), 4 - hydroxy -
 3 - methoxyamphetamine (HMA) ranged between 
0.03% and 0.4%. The presence of MDA concentrations 
of approximately 10 – 15% of the MDMA concentration 
is consistent with MDMA metabolism to MDA;  36   these 
MDA concentrations do not necessarily indicate the 
ingestion of MDA.  37   A negative amphetamine immuno-
assay screen does not exclude the recent use of ring -
 substituted phenethylamine drugs including MDA. The 
multiplex cloned enzyme donor immunoassay (CEDIA  ® 

Amphetamines/Ecstasy, Microgenics Corp., Fremont, 
CA) has greater sensitivity and specifi city for MDA and 
other ring - substituted phenethylamine drugs.  38   At the 
500 - ng/mL cutoff, this immunoassay detects most of 
these compounds. Table  10.3  lists the cross - reactivity of 
various ring - substituted phenethylamine compounds 
with the CEDIA  ®   Amphetamines/Ecstasy assay.    

  Confi rmation 

 Methods for the confi rmation and quantitation of 
amphetamine designer drugs in biologic samples include 
thin layer chromatography, capillary electrophoresis,  39

GC/MS,  40,41   liquid chromatography/tandem mass spec-
trometry,  42   and liquid chromatography/atmospheric 
pressure chemical ionization/mass spectrometry.  43

The use of liquid chromatography/tandem mass 
spectrometry allows the detection of tryptamine, piper-
azine, pyrrolidinophenone, phenylcyclohexyl, and other 
amphetamine derivates with a limit of detection (LOD) 
ranging between 1 – 5   ng/mL. The LOD for methylene-
dioxy - amphetamine designer drugs using liquid chro-
matography/atmospheric pressure chemical ionization/

limited human data on the individual differences 
between amphetamine designer drugs other than 
MDMA; however, the pathophysiology of these amphet-
amine designer drugs is probably similar to MDMA.  

  CLINICAL RESPONSE 

 There is very little data regarding tolerance, addition, 
and abstinence following the use of amphetamine 
designer drugs including MDA. Presumably, the compli-
cations of MDA and MDMA use are similar. Muscle 
stiffness, depression, fatigue, anxiety, and diffi culty con-
centrating are common complaints within 1 to 2 days 
after use of amphetamine designer drugs like MDMA.  30

Semistructured interviews of ecstasy users indicate that 
a majority of individuals feel that they develop toler-
ance to the effects of drugs purported to be MDMA.  31

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Screening 

 The enzyme - linked immunosorbent assays (ELISA) are 
rapid methods for the detection of methylenedioxy -
 amphetamine designer drugs in the urine based on using 
d  - amphetamine equivalents as the cutoff.  32   The cross -
 reactions of MDA with urine amphetamine immunoas-
says are variable,  96   and screening biologic samples with 
chromatographic methods (e.g., liquid chromatography/
tandem mass spectrometry, gas chromatography/mass 
spectrometry [GC/MS]) is necessary to confi rm the 
presence of amphetamine designer drugs.  33   The Abbott 
Abuscreen ®   ONLINE amphetamine immunoassay 
(Abbott Laboratories, Abbott Park, IL) tested positive 
for urine MDA concentrations exceeding 3,000   ng/
mL.34   The cross - reactivity of MDA with the reagents of 
the Abbott TDx  ®   fl uorescence polarization immunoas-

TABLE 10.3.    Cross - reactivity of compounds by  CEDIA   ®   Amphetamines/Ecstasy Assay. Adapted from Reference 38. 

   Compound     Concentration (ng/mL)     Cross - reactivity (%)  

d  - Amphetamine    500    100  
d  - Methamphetamine    500    100  
  3,4 - Methylenedioxyamphetamine (MDA)    500    113  
  3,4 - Methylenedioxymethamphetamine (MDMA)    250    199  
  3,4 - Methylenedioxyethylamphetamine (MDEA)    250    207  
N  - Methyl - 1 - (3,4 - methylenedioxyphenyl) - 2 - butanamine (MBDB)    500    123  
  1 - (3,4 - methylenedioxyphenyl) - 2 - butanamine (BDB)    500    72  *    
p  - Methoxymethamphetamine (PMMA)    300    100  
p  - Methoxyamphetamine (PMA)    2,000    24  †    

    *   Concentration for a positive result, 694   ng/mL.  
   †   Concentration for positive result, 2,174   ng/mL.   
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 induced toxicity require only reassurance, a quiet envi-
ronment, and benzodiazepines as needed.  135

  Stabilization 

 Clinical features of serious intoxication with amphet-
amine designer drugs include coma, shock, acute renal 
failure, severe hyperthermia (i.e., temperature 
> 40 – 42 o C/104 – 107.6 o F), and seizures. Severely intoxi-
cated patients require IV access, cardiac monitoring, 
pulse oximetry, an electrocardiogram (ECG), and sup-
plemental oxygen. Respiratory depression does not 
usually occur during mild to moderate intoxication, but 
respiratory failure requiring intubation may develop 
during serious intoxication. All patients with altered 
consciousness should be evaluated with a rapid blood 
glucose test (e.g., Accu - Chek  ®  , Roche, Nutley, NJ). Core 
temperatures must be measured in any agitated patient 
with initiation of aggressive cooling measures (evapora-
tive cooling, ice water baths) for core temperatures 
exceeding 40 o C (104 o F). Hypotension is frequently asso-
ciated with substantial fl uid defi cits and these patients 
require aggressive fl uid resuscitation. Lidocaine and 
amiodarone are drugs of choice for stable monomor-
phic or polymorphic ventricular tachycardia, particu-
larly in patients with underlying impaired cardiac 
function. Unstable ventricular rhythms may require car-
dioversion. Although there are few data on amphet-
amine designer drugs, the administration of IV sodium 
bicarbonate is a therapeutic option for wide complex 
QRS tachycardia, similar to cocaine - induced cardiotox-
icity.  56   Shock is a poor prognostic sign that indicates the 
need for continuous invasive or noninvasive hemody-
namic monitoring to optimize the combination of fl uid 
infusion and vasopressors. 

  Hypertension/Tachycardia 

 Most patients tolerate sinus tachycardia and hyperten-
sion associated with the ingestion of amphetamine 
designer drugs without pharmacologic intervention, 
unless elevated blood pressure and/or tachycardia con-
tribute to myocardial ischemia or end organ failure. 
Both hypertension and tachycardia typically respond to 
IV benzodiazepines (adults: lorazepam 2   mg or diaze-
pam 5   mg IV bolus titrated to effect). 

 If hypertension persists and is associated with 
adverse clinical effects, the use of nitroprusside or a 
calcium channel blocker is appropriate. Although  β  -
 adrenergic blocking agents (e.g., esmolol, labetalol) can 
reduce clinically signifi cant tachycardia, these drugs 
potentially exacerbate hypertension by the vasocon-
striction caused by unopposed alpha agonist stimulation 
following blockade of the vasodilating properties of 

mass spectrometry ranges between 1 – 2   ng/mL com-
pared with 10   ng/mL for GC/MS.  44   The lower limit of 
quantitation (LLOQ) for GC/MS is 25   ng/mL. Following 
propylchloroformate derivatization and automated 
solid - phase microextraction with capillary GC, the LOD 
for MDA urine samples is about 15   ng/mL.  45   Liquid 
chromatography using derivatization with 9 - fl uorenyl-
methyl chloroformate allows the relatively rapid quan-
titation of MDA in the range of 10   ng/mL compared 
with the more time - consuming method, GC/MS.  46   The 
analysis time using liquid chromatography/tandem mass 
spectrometry for the quantitation of MDA in biologic 
materials is about 20 minutes with a LLOQ in the range 
of 2   ng/mL.  47   The use of gas chromatography/negative -
 ion chemical ionization/mass spectrometry allows the 
quantitation of the enantiomers of MDA, and MDEA 
in plasma samples with LLOQ for the latter 2 com-
pounds near 5   ng/mL.  48   Analytic methods to profi le 
samples of amphetamine designer drugs (e.g., MDA) 
include HPLC with fl uorometric detection,  49   capillary 
electrochromatography,  50   GC/MS, and thin - layer chro-
matography with solid - phase extraction.  51

 MDA is stable in serum, whole blood, and urine when 
stored under frozen conditions ( - 20 o C/ - 4 o F) for at least 
21 weeks.  52   This compound is also stable under refrig-
eration (4 o C/39.2 o F) and room temperature (20 o C/68 o F); 
however, degradation of the biologic matrix may limit 
analysis of these samples. MDA is detectable in hair 
samples utilizing liquid chromatography/atmospheric 
pressure chemical ionization/mass spectrometry with a 
LOD of 0.05   ng/mg.  53

  Biomarkers 

 Animal studies indicate that MDA concentrates in 
erythrocytes with a mean erythrocyte/plasma ratio of 
1.45    ±    0.08, similar to MDMA.  54   A case report suggests 
that the ratios of vitreous humor/femoral blood for 
MDA are relatively similar after complete absorption 
and distribution.  26   Postmortem redistribution of MDA 
may occur, particularly following prolonged postmor-
tem interval. In postmortem blood drawn over 2 days 
after death related to MDMA intoxication, samples of 
the heart and femoral blood contained MDA concen-
trations of 1.33   mg/L and 0.19   mg/L, respectively, with 
heart/femoral blood ratio of 7.  55

  TREATMENT 

 The management of intoxication with amphetamine 
designer drugs including MDA is similar to the treat-
ment of methamphetamine toxicity. The majority of 
patients presenting with amphetamine designer drug -
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hyperkalemia, metabolic acidosis, rhabdomyolysis, ele-
vated serum creatine kinase, coagulopathy).  60   Cooling 
measures include removal of clothing; cool rooms; cool 
mist spray to the skin; liberal use of fans, ice baths, and 
sedation (benzodiazepines). Ice - bath immersion pro-
duces the most rapid response, but technical diffi culties 
frequently limit the use of this modality. The use of 
hypothermic blankets or the application of ice packs 
often does not produce suffi cient cooling for these 
patients. For refractory hyperthermia, neuromuscular 
paralysis, sedation, and mechanical ventilation may be 
necessary to reduce muscle rigidity and hyperactivity. 
Vital signs should be followed closely (i.e., every 15 – 20 
min) and cooling measures continued until rectal tem-
peratures are below 38.5 ° C (101.3 o F). Several case 
reports suggest that IV dantrolene (total dose: 1 – 10   mg/
kg) may reduce muscular hyperactivity and hyperther-
mia associated with amphetamine designer drug toxicity 
in patients unresponsive to conventional measures to 
treat hyperthermia.  61,62   Although many of the clinical 
features of amphetamine designer drug intoxication 
resemble the serotonin syndrome, the use of nonselec-
tive serotonin antagonists (methysergide, cyprohepta-
dine) has not been well defi ned because of the lack of 
clinical data.  63,64   Animal studies suggest that carvedilol 
(α1  - ,  β1,2,3  - adrenergic receptor antagonist ) is a potential 
treatment for hyperthermia associated with amphet-
amine designer drugs.  65,66   However, there are inadequate 
clinical data to determine the effi cacy of this drug for 
hyperthermia in this setting.   

  Gut Decontamination 

 There are few data on the effect of decontamination 
procedures on the clinical outcome of toxicity associ-
ated with amphetamine designer drugs. Most patients 
present more than 1 hour after ingestion; the use of 
activated charcoal in these patients is not expected to 
improve outcome. Additionally, the administration of 
activated charcoal is diffi cult and aspiration is a signifi -
cant risk because many of these patients are agitated 
upon presentation to the emergency department (ED). 
In a study of mice, the administration of 1g activated 
charcoal/kg 1 minute after gavage with 100   mg 
methamphetamine/kg delayed the onset of toxicity, but 
did not alter mortality.  67

  Elimination Enhancement 

 There are few, if any clinical data on the effi cacy of 
hemodialysis, forced acid diuresis, and hemoperfusion 
during amphetamine designer drug intoxication. The 
large volume of distribution of these drugs suggests that 

beta2  - adrenergic receptors. Consequently, beta - blockers 
are usually considered only for very high heart rates 
because of concern about the development of vaso-
spasm and worsening hypertension. If beta - blockers are 
administered, then the concurrent administration of a 
vasodilator (e.g., nitroprusside) should be considered.  57

Intravenous nitroprusside (0.5 – 8  μ g/kg/min) is the drug 
of choice for hypertensive emergencies with evidence 
of end organ injury (central nervous system [CNS], 
cardiac, or renal dysfunction). Intravenous nitroglycerin 
and phentolamine (2.5 – 5   mg initial IV bolus) are alter-
natives to the use of IV nitroprusside.  

  Agitation 

 As a result of the sympathomimetic and psychotomi-
metic properties of amphetamine designer drugs, the 
patient often presents with agitation, restlessness, tachy-
pnea, and tachycardia. Treatment options for agitation 
include diazepam (Adults: 5 – 10   mg IV, Children: 0.1 –
 0.3   mg/kg), lorazepam (Adults: 1 – 2   mg IV) or mid-
azolam; these drugs should be titrated to the desired 
clinical effect.  135   Phenothiazine compounds (chlorprom-
azine) are not routinely recommended due to potential 
undesirable side effects (orthostatic hypotension, sei-
zures) even though chlorpromazine has some protective 
effects against lethal doses of MDA when administered 
prophylactically in animal models.  58,59   The presumed 
mechanism of action is dopaminergic blockade, but 
there are no human clinical data to confi rm the effi cacy 
of phenothiazine compounds in humans. Haloperidol is 
an option for the treatment of delirium in critically ill 
patients. A calm environment and familiar faces may 
also help alleviate agitation.  

  Seizures 

 Seizures are usually self - limited and respond to benzo-
diazepines (lorazepam, diazepam). Therapeutic options 
for the treatment of status epilepticus include pheno-
barbital and anesthetic agents (e.g., propofol, midazolam 
IV infusion). Hyperthermia, acidosis, hypoxemia, hypo-
natremia, or rhabdomyolysis may complicate the clini-
cal course during status epilepticus; seriously intoxicated 
patients should be evaluated for the presence of these 
complications.  

  Hyperthermia 

 Hyperthermia (i.e., core temperature  > 40 – 42 ° C/104 –
 107.6 o F) should be treated aggressively because this 
complication is frequently associated with a fatal 
outcome and signs of end - organ failure (hypotension, 
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elimination of exposure to amphetamine designer 
drugs, low - molecular - weight dextran, and considera-
tion of the use of anticoagulant or antiplatelet drugs. 
Fasciotomies are usually unnecessary unless there is 
clear evidence of high compartment pressures and asso-
ciated distal ischemia. 

 Hyponatremia may result from syndrome of inap-
propriate antidiuretic hormone hypersecretion 
(SIADH); therefore, hyponatremia may not respond to 
the IV administration of 0.9% NaCl. Fluid restriction 
after the replacement of fl uid losses is generally the 
treatment for hyponatremia secondary to SIADH. If 
severe or life - threatening hyponatremia develops, 
slow correction with 3% NaCl should be considered.  69

Alterations in the urinary sodium may require up to 24 
hours to manifest; hence, urinary sodium concentrations 
can be misleading within this period.  70

 Patients exhibiting hemodynamic compromise, end -
 organ injury, hyperthermia, cardiotoxicity, or recurrent 
seizure activity should be admitted to a monitored bed 
or intensive care setting. Stable patients who respond to 
supportive care and sedation may be observed in the 
emergency department setting and discharged with 
proper drug counseling referral if there are no signifi -
cant psychiatric issues.       

  3,4 - Methylenedioxyeth-
amphetamine ( MDEA ) 
 Alexander T. Shulgin fi rst reported the psychedelic 
effects of 3,4 - methylenedioxyethamphetamine (MDEA; 
CAS RN: 82801 - 81 - 8) in the late 1970s.  71   MDEA entered 
the street drug market in the late 1980s as a legal sub-
stitute for MDMA. However, MDEA became a DEA 
controlled schedule I drug in 1987 based on new US 
laws prohibiting analogs of controlled substances (e.g., 
MDA, MDMA). In the early 1990s, MDEA became a 
controlled substance in Germany and the Netherlands. 
Iwersen and Schmoldt reported the fi rst fatal case of 
MDEA intoxication in 1996.  72

        EXPOSURE 

 Although MDMA or ecstasy tablets usually contain a 
single substance, MDEA is one of several ring -
 substituted amphetamine compounds (e.g., MDA, 
MBDB) frequently sold as ecstasy. Analysis of 12 dif-
ferent sets containing 10 confi scated ecstasy tablets each 
demonstrated that 97% of the tablets contained a single 

these measures will not signifi cantly increase the elimi-
nation rate of these compounds. Acidifi cation of the 
urine potentially increases the incidence of rhabdomy-
olysis and renal dysfunction.  

  Antidotes 

 There are no specifi c antidotes for the complications 
associated with the ingestion of amphetamine designer 
drugs.  

  Supplemental Care 

  Ancillary Tests 

 Depending on clinical judgment and severity of poison-
ing, laboratory examination for severe intoxications 
should include complete blood count, serum tests (elec-
trolytes, calcium, phosphorus, uric acid, creatine kinase, 
hepatic transaminases, creatinine, glucose, blood urea 
nitrogen), coagulation profi le (platelet count, fi brin 
split products, fi brinogen, prothrombin time, partial 
thromboplastin time), urinalysis including myoglobin, 
arterial blood gases, chest x - ray, ECG, cardiac monitor-
ing, and appropriate diagnostic neurologic examina-
tions (i.e., computed tomography [CT], cerebral 
angiography, lumbar puncture). The use of the urine 
dipstick is a convenient method to detect the presence 
of hemoglobin or myoglobin at concentrations above 
5 – 10   mg/L.  68   After the cessation of the myoglobin for-
mation, hepatic metabolism and renal excretion clear 
plasma myoglobin within 1 – 6 hours. The presence of 
myoglobinuria suggests rhabdomyolysis, which neces-
sitates generous fl uid replacement; urinary alkaliniza-
tion is not necessary, particularly because the excretion 
of amphetamine designer drugs potentially decreases in 
alkaline urine.  

  Complications 

 Severe amphetamine designer drug intoxication may be 
complicated by acute renal failure, rhabdomyolysis, 
acute compartment syndrome, subarachnoid hemor-
rhage, intracerebral hematoma, cerebral edema with 
transtentorial herniation, disseminated intravascular 
coagulation (DIC), and adult respiratory distress syn-
drome. Laboratory examinations and repeat physical 
examinations are necessary to diagnose these condi-
tions early. Management is primarily supportive, but 
surgery may be required for intracranial lesions or com-
partment syndromes. Supportive care for compartment 
syndrome includes analgesics, elevation of extremities, 
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 Deethylation of MDEA is catalyzed predominately by 
CYP3A2/4 and to a minor extent by CYP1A2 and 
CYP2D1.80   Figure  10.2  compares the metabolic path-
ways and cytochrome P450 isoenzymes involved with 
the biotransformation of MDEA and MDA with 
MDMA. The deethylation of MDEA produces the 
active metabolite, MDA.   

R , S  - Methylenedioxyethamphetamine (MDEA) 
undergoes ring degradation by O  - dealkylation to the 
corresponding 3,4 - dihydroxy metabolites followed by 
methylation of the hydroxyl group at position 3 of the 
aromatic ring. Degradation of the side chain by  N  -
 dealkylation produces the corresponding primary 
amines, and oxidative  N  - deamination forms the sub-
stituted phenylacetone compounds that are degraded to 
the corresponding benzoic acids and conjugated 
with glycine to form substituted hippurates. Following 
ingestion of 140   mg MDEA by 9 healthy volunteers, 
the main metabolites detectable in the urine were 
3,4 - dihydroxyethylamphetamine (DHE), 3,4 - methyl-
enedioxyamphetamine (MDA), and 4 - hydroxy - 3 - me-
thoxyethylamphetamine (HME).  81   Although MDA is 
an active metabolite, there are inadequate data to deter-
mine the concentrations of MDA or other metabolites 
that are suffi cient to contribute to the clinical effects of 
MDEA. Minor metabolites included 3,4 - dihydroxyam-
phetamine (DHA), 4 - hydroxy - 3 - methoxyamphetamine 
(HMA), piperonyl acetone, 3,4 - dihydroxyphenyl 
acetone, and 4 - hydroxy - 3 - methoxyphenyl acetone. In 
this study, the peak plasma MDA concentrations (7 –
 33   ng/mL) were relatively low compared with peak 
plasma HME concentrations (67 – 673   ng/mL).  

  Elimination 

 The major urinary metabolite of MDEA is 4 - hydroxy -
 3 - methoxyethlamphetamine (HME). In the above study 
of 9 human volunteers receiving 140   mg MDEA, urinary 
HME accounted for elimination of about 32% of the 
dose during the fi rst 32 hours after ingestion.  81   The 
mean percentage of the MDEA dose excreted 
unchanged in the urine during this period was 19%.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 MDEA is an indirect serotonergic agonist, similar to 
MDMA; additionally, MDEA (and MDMA) release 
smaller amounts of dopamine and norepinephrine from 
intracellular stores. The primary site of action is prob-
ably the serotonin transporter and the presynaptic plas-
malemma where MDEA and MDMA are substrate - type 
serotonin releasers.  74   Similar to other methylenedioxy -
 substituted entactogens, direct agonist effects on the 

substance as measured by HPLC and near infrared 
spectroscopy in refl ectance mode.  73   About 47% of the 
tablets were MDMA, whereas approximately 43% 
were MDEA. The term  “ ecstasy ”  now includes other 
ring - substituted amphetamine compounds beside 
MDMA including MDEA, MDA, and MBDB. Besides 
ecstasy, street names for MDEA include Eve and 
Intellect. The typical recreational dose of MDEA is 1 – 3 
tablets with the amount ranging from 60 – 175   mg 
per tablet.  74   The frequent substitution of MDMA for 
MDEA or the adulteration of MDEA with MDMA 
complicates the interpretation of reports on the effects 
of MDEA that do not include analytic confi rmation of 
the exposure.  

  TOXICOKINETICS 

  Absorption 

 The absorption of MDEA is relatively rapid with time 
to peak plasma MDEA concentration (C max ) ranging 
between 1.5 – 3 hours.  24   In a study of 14 healthy volun-
teers receiving 100 – 140   mg MDEA hydrochloride, peak 
plasma MDEA concentrations ranged from 235 – 465   ng/
mL (mean, 332   ng/mL) 1.8 – 5.0 hours (mean, 2.9 h) after 
ingestion.75   The peak plasma MDA concentration (i.e., 
as a result of MDEA metabolism) occurred 4 – 7 hours 
(mean, 5.5   h) after ingestion with a range from 7 – 33   ng/
mL (mean, 23   ng/mL). In a study of 5 healthy volun-
teers, the mean C max  of the  R ( − ) - enantiomer of MDEA 
following the ingestion of 70   mg MDEA was greater 
than theS ( + ) - enantiomer (127    ±    34   ng/mL vs. 80    ±    30   ng/
mL) with similar mean time to maximum concentra-
tions (2.8    ±    0.9   h vs. 2.6    ±    0.6 h).  76

  Biotransformation 

 The metabolism of amphetamine designer drugs pri-
marily involves O  - demethylation and, to a lesser extent, 
N  - dealkylation.  77    In vitro  studies indicate that humans 
metabolize methylenedioxy - substituted amphetamine 
entactogens by 1) demethylenation followed by 
catechol -O  - methyl transferase - catalyzed methylation 
and/or conjugation with glucuronide or sulfate; and 2) 
N  - dealkylation, deamination, and oxidation (MDMA, 
MDA, MDEA only) to the corresponding benzoic acid 
derivatives along with glycine conjugation. The cyto-
chrome P450 isoenzymes, CYP2D1/6 or CYP3A2/4 
catalyze the demethylenation pathway along with other 
cytosolic enzymes.  N  - Dealkylation occurs via cyto-
chrome P450 isoenzymes CYP2D6 and CYP3A4 with 
lesser contributions from CYP1A2 and CYP2B6.  78

These reactions are enantioselective with a preference 
for the S  - enantiomers based on  in vitro  studies.  79    N  -
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phenethylamine psychedelics (e.g., DOB, DOM). 
Undesirable side effects following recreational use and 
during clinical trials include restlessness, muscular 
tension, agitation, bruxism, restless leg syndrome, muscle 
stiffness, headache, nausea, anorexia, insomnia, dry 
mouth, depersonalization, mydriasis, tachycardia, and 
elevated blood pressure.  74,86   There are inadequate data 
to determine the prevalence of these adverse effects in 
patients ingesting MDEA. Most individuals using 
MDEA or MDMA at dance parties do not develop 
serious clinical complications, and individual suscepti-
bility may contribute to the occurrence of fatalities after 
the use of these drugs.  87   Manifestations of serious 
MDEA intoxication include coma, seizures, hyperther-
mia, severe rhabdomyolysis, hepatorenal failure, and 
arrhythmias, similar to severe MDMA toxicity.  88   Vivid 
auditory and visual hallucinations, dysphoria, agitation, 
disorientation, and paranoia may occur following the 
ingestion of typical recreational doses (e.g., 140   mg) of 
MDEA.  89   Fatalities associated with MDEA involve 
hyperthermia, DIC, and multiorgan failure, similar to 
MDA and MDMA.  90   

 Although there are few data on single methylenedioxy -
 substituted amphetamine entactogens other than 
MDMA, there is concern about the potential neurotox-
icity of MDEA and similar compounds based on 
animal studies, clinical studies, and indirect evidence 

5 - HT 2  receptors probably account for the psychedelic 
alterations of perception. 

 The postmortem examination of fatalities from 
amphetamine designer drugs including MDEA reveals 
abnormalities related to hyperthermia, seizures, rhab-
domyolysis, DIC, and cardiac arrest associated with fatal 
intoxications involving MDEA.  82   Thus, autopsy results 
from of these patients resemble the examination of 
cases of heat stroke.  83   These histologic changes include 
evidence of coagulopathy with scattered subcutaneous 
bruises, hemorrhagic pleural effusion, epicardial pete-
chiae, pulmonary hemorrhage, hemorrhagic gastritis, 
focal pericardial hemorrhage, and renal tubular necro-
sis.  84   Other fi ndings include intracerebral hemorrhage 
and cerebral edema.  137,141   Pulmonary and cerebral con-
gestion are common postmortem fi nding in deaths 
related to overdoses. Full rigor mortis may be present 
with elevated body temperature in the period shortly 
after death.  85    

  CLINCAL RESPONSE 

 MDEA has both stimulant effects (increased endur-
ance, alertness, sexual arousal) similar to amphetamine 
as well as psychedelic effects (euphoria, perceptual 
alterations, sociability, increased sense of empathy and 
tolerance) similar to MDMA and 3 - fold ring - substituted 

       FIGURE 10.2.     Human cytochrome P450 (CYP) pathways of the biotransformation of methylenedioxyamphetamine designer 
drugs, MDMA, MDA and MDEA. Minor CYP isoenzymes are listed in parentheses.  



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

166

  Biomarkers 

  Blood 

 A 20 - year - old man was arrested for speeding and driving 
under the infl uence. His blood MDEA and ethanol 
concentrations were 0.59   mg/L and nondetectable, 
respectively.  96   The postmortem blood (source not iden-
tifi ed) from a 27 - year - old woman, who was found in 
cardiopulmonary arrest, contained a MDEA concen-
tration of 1.2   mg/L along with diazepam and caffeine.  97

A 21 - year - old man was found in cardiopulmonary 
arrest and resuscitation efforts were unsuccessful.  98

The postmortem examination demonstrated concentric 
left ventricular hypertrophy and an absence of signifi -
cant coronary atherosclerosis. The postmortem blood 
MDEA concentration (site not reported) was 2.0   mg/L 
along with 0.26   mg propoxyphene/L and 1.0   mg 
norpropoxyphene/L. A 19 - year - old man died despite 
resuscitative efforts after developing diaphoresis, agita-
tion, hallucinations, muscle spasms, respiratory failure, 
and coma.  82   A postmortem femoral blood sample con-
tained only 12   mg MDEA/L. Postmortem redistribution 
of MDEA may occur, particularly following a prolonged 
postmortem interval.  

  Urine 

 An analysis of the performance of 2 different amphet-
amine reagents (amphetamine/methamphetamine II, 
amphetamine class) utilizing the Abbott TDx ™  immuno-
assay demonstrated marked variability in the reaction 
of 22 phenethylamine compounds to the reagents 
with MDA, PMA, and MDEA demonstrating the 
highest reactivity.  99,100   At concentrations of 1   mg/L, cross -
 reactivity with other designer drugs (e.g., DOM, DOB, 
TMA, 2C - B) is unlikely. The Abbott Abuscreen  ® 

ONLINE amphetamine immunoassay tested positive for 
urine MDEA concentrations exceeding 50   mg/L.  34   In 
urine samples from 9 volunteers ingesting a single 
dose of 140   mg MDEA, the Abbott TDx  ®   fl uorescence 
polarization immunoassay (FPIA) amphetamine/
methamphetamine II was positive for 33 – 62 hours 
after ingestion, using the recommended cutoff value of 
0.3   mg/L, and confi rmation by GC/MS.  35   A negative 
amphetamine immunoassay screen does not exclude the 
recent use of amphetamine designer drugs including 
MDEA. 

  TREATMENT 

 Treatment is supportive and similar to the treatment of 
MDMA or MDA intoxication.     

from postmortem examination of chronic MDMA 
users.  91,92   Polydrug use in these individuals limits conclu-
sions regarding the potential causal role of amphet-
amine designer drugs in the development of these 
sequelae.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Similar to MDMA and 4 - substituted amphetamines 
(PMA, PMMA, PMEA, 4 - MTA), MDEA cross - reacts 
with immunoassays for amphetamines and metham-
phetamines. In a study of the Bio - Quant Direct  ®   ELISA 
kit (Bio - Quant, San Diego, CA) for amphetamine, the 
cross - reactivity of MDEA with a concentration equiva-
lent to 50   ng/mL amphetamine was 18% compared 
with MDA (282%), PMA (265%), 4 - MTA (280%), and 
MDMA (73%).  93   Following propylchloroformate 
derivatization and automated solid - phase microextrac-
tion with capillary gas chromatography, the LOD for 
MDEA in urine samples is approximately 5   ng/mL.  45

Liquid chromatography using derivatization with 9 - fl u-
orenylmethyl chloroformate allows the relatively rapid 
quantitation of MDEA in the range of 25   ng/mL com-
pared with the more time - consuming method, GC - MS.  46

The use of gas chromatography/negative - ion chemical 
ionization/mass spectrometry allows the quantitation 
of enantiomers of MDA and MDEA in plasma 
samples with LLOQ for the latter 2 compounds near 
5   ng/mL.  48   Analysis of hydrolyzed urine samples with 
GC/MS allows the quantitation of MDEA metabolites 
(HMA, HMMA) with an LLOQ in the range of 
25    μ g/L and coeffi cient of variation (CV)  < 15%.  94

Separation of MDEA from MBDB and other regioiso-
meric 3,4 - methylenedioxyphenethylamines requires 
GC/MS after formation of perfl uoroacyl derivatives, 
heptafl uorobutrylamides, and pentafl uoropropionyl-
amides.  95   MDEA is detectable in hair samples 
utilizing liquid chromatography/atmospheric pressure 
chemical ionization/mass spectrometry with a LOD of 
0.05   ng/mg.  53

 High performance liquid chromatography with UV 
detection is primarily used to analyze methylenedioxy-
amphetamine designer drugs (e.g., MDEA) in street 
samples rather than in biologic samples because of the 
low absorptivity of amphetamines.  49   MDA, MDMA, 
and MDEA are stable in serum, whole blood, and 
urine when stored under frozen conditions ( – 20 o C/ – 4 o F) 
for at least 21 weeks.  52   This compound is also stable 
under refrigeration (4 o C/39.2 o F) and room temperature 
(20o C/68 o F); however, degradation of the biologic matrix 
may limit analysis of these samples.  
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tration ranged between 0.1 and 24   mg/L as measured by 
GC/MS with trifl uoroacetic anhydride as the derivatiz-
ing agent.  113   The sensitivity of most commercial amphet-
amine immunoassays for MBDB and the metabolite, 
BDB is relatively low unless the concentrations of these 
compounds are very high.  114   The exception is sensitivity 
of the CEDIA  ®   Amphetamines/Ecstasy immunoassay 
for MBDB and BDB. The treatment of MBDB and 
MDA intoxication is similar.  

  4 - Methylthioamphetamine 
(4 -  MTA ) 
 Nichols et al. fi rst reported the synthesis of 4 - MTA in 
1992.115   Identifi cation of 4 - MTA in confi scated street 
drugs fi rst occurred in 1997; the European Union placed 
4 - MTA on the schedule I of controlled substances in 1999. 

        IDENTIFYING CHARACTERISTICS 

 This compound is the methylthio analogue of PMA and 
a sulfur (thio - substituted) analogue of amphetamine. 
Typically, 4 - MTA (C 10 H 15 NS) exists in tablets as the 
hydrochloride salt.  

  EXPOSURE 

 Street names for 4 - MTA include Flatliner, MK, and 
S5. Occasionally, tablets sold as ecstasy contain 4 - MTA.  116

Synthesis of 4 - MTA involves the Leuckart process 
and the nitropropene route.  117   Precursors of the latter 
route include 4 - methyltiobenzaldehyde, nitroethane, 
and n  - butylamine. By - products of the Leuckart 
synthesis of 4 - MTA include 4 - methylthiophenyl - 2 - pro-
panone, 4 - methylthiophenyl - 2 - propanol, and 4 - methyl-
thiobenzyl alcohol.  118    N  - alkyl homologues of 4 - MTA 
include 4 - methylthiomethampheamine, 4 - methylthio-
ethylamphetamine, 4 - methylthiodimethamhpetamine, 
4 - methylthiopropylamphetamine, and 4 - methylthiobu-
tylamphetamine; there are few data on illicit use and 
effects of these homologues.  119

  DOSE EFFECT 

 Typical doses of 4 - MTA in tablets sold on the street 
range from approximately 100 – 140   mg.  120   The ingestion 
of 6 tablets of 4 - MTA was associated with cardiac arrest 
in a 27 - year - old man.  90    In vitro  studies suggest that sub-
stantial interindividual variation in 4 - MTA may occur 
as a result of differences in individual toxicokinetics.  

N  - Methyl - 1 - (3,4 -
 methylenedioxyphenyl) - 2 -
 butanamine ( MBDB ) 
N  - Methyl - 1 - (3,4 - methylenedioxyphenyl) - 2 - butanamine 
(MBDB) is the N  - methyl homologue of BDB and the 
α  - ethyl analogue of MDMA. Illicit samples of MBDB 
contain a racemic mixture (enantiomer ratio ( − / + )    =    1). 
Analysis of illicit samples of MDMA suggest that 
MBDB is an uncommon substituent for MDMA in 
ecstasy tablets;  101   recent ecstasy tablets contain primar-
ily MDMA.  102   Analysis of confi scated ecstasy tablets in 
the United Kingdom from 1994 – 2003 indicated that 
MBDB was present in some ecstasy tablets in the late 
1990s, but not later.  103   The street name for MBDB is 
Methyl J. MBDB is a controlled substance in the United 
States and France. MBDB is a selective serotonin -
 releasing agent that is less potent than MDMA. In 
animal studies, MBDB has less dopaminergic and sero-
tonergic activity than other ring - substituted phenethyl-
amine drugs (e.g., MDMA, MDA, MDEA).  2   The 
principal metabolic pathway for the biotransformation 
of MBDB is N  - demethylation to 3,4 - methylenedioxy-
butanamine (BDB); cytochrome P450 isoenzymes 
involved in this pathway include CYP1A2, and to a 
lesser extent, CYP2D6 and CYP3A2/4.  104,105   Renal 
excretion of unchanged MBDB probably accounts for 
the majority of the elimination of MBDB.  106   The slightly 
increased renal excretion of the ( − ) isomer results in 
some reduction of the enantiomer ratios ( − / + ) during 
the elimination phase. Recommended recreational 
doses of MBDB are higher (i.e., 180 – 210   mg) than 
MDMA (80 – 150   mg).  107   Although the effect of MDMA 
and MBDB on serotonin receptors is similar, the action 
of MBDB on dopamine receptors is substantially less 
than MDMA as a result of less interaction of MBDB 
with the dopamine transporter. 

 The clinical effects of MBDB are similar, but less 
potent than MDMA. Analytic methods for the quantita-
tion of MBDB and other ring - substituted phenethyl-
amine drugs include GC/MS,  108   gas chromatography/
tandem mass spectrometry with electron impact and 
chemical ionization,  109   liquid chromatography/
electrospray ionization/tandem mass spectrometry,  110

and LC/MS.  111   The LOD and LLOQ for the latter 
method are 0.5 – 1   ng/mL and 2   ng/mL, respectively, 
along with a CV < 15%. MBDB is a relatively rare ring -
 substituted phenethylamine compound in urine drug 
screens.  112   In a convenience sample of 10 individuals 
screening positive for MBDB, the urine MBDB concen-
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and an inhibitor of monoamine oxidase A.  124,125   The 
affi nity of 4 - MTA for dopamine and norepinephrine 
receptors is low. The administration of 4 - MTA also 
causes a dose - dependent increase in plasma concentra-
tions of ACTH, corticosterone, prolactin, and renin.  126   
Animal studies suggest that 4 - MTA intoxication may 
cause hyperthermia, hypertension, and the serotonin 
syndrome.  127   The postmortem examinations of patients 
dying from 4 - MTA intoxication are typically nonspecifi c 
with the primary fi nding of visceral congestion. 
Postmortem examination of a 27 - year - old man, who col-
lapsed and died suddenly demonstrated no evidence of 
hyperthermia, cardiac anomalies, or anatomic causes of 
death.  128   The postmortem blood contained 4 - MTA and 
trace amounts of MDMA.  

  CLINICAL RESPONSE 

 The clinical effects of 4 - MTA are similar to PMA and 
MDMA with the exception that the slower onset of 
action of 4 - MTA compared with the latter 2 drugs.  116,129   
Adverse clinical effects associated with the illicit use of 
4 - MTA include headache, stomach pain, diaphoresis, 
tachycardia, and tremors. The clinical features of serious 
intoxication associated with 4 - MTA include seizures 
and respiratory failure.  129    

  TOXICOKINETICS 

 There are few toxicokinetic data on 4 - MTA in humans. 
4 - MTA undergoes limited biotransformation and sub-
stantial renal excretion of unchanged 4 - MTA occurs. 
Figure  10.3  displays the proposed metabolic pathways for 
the biotransformation of 4 - MTA including oxidative 
deamination, ring hydroxylation, and  β  - oxidation of the 
side chain.  In vitro  studies indicate that 4 - methylthioben-
zoic acid is the major metabolite via oxidative deamina-
tion.  121   Although there are few data on the cytochrome 
P450 isoenzymes involved with the metabolism of 4 - 
MTA,  in vitro  studies suggest that CYP2D6 is an impor-
tant isoenzyme in the ring hydroxylation of 4 - MTA.  122   
These studies suggest that CYP2D6 rapid metabolizers 
are more susceptible to 4 - MTA intoxication than CYP2D6 
poor metabolizers; however, the clinical signifi cance of 
this potential effect remains undetermined. Limited 
kinetic data in an intubated patient with 4 - MTA intoxica-
tion suggested that the plasma elimination half - life of 
4 - MTA during poisoning is approximately 7 hours.  123      

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 In rodent studies, 4 - MTA is a selective serotonin agonist 
(increases serotonin release, inhibits serotonin uptake) 

       FIGURE 10.3.     Proposed phase - I metabolic pathways of 4 - MTA in humans. The pathways include  β  - hydroxylation of the side 
chain (I), ring hydroxylation (II), oxidative deamination (III) followed by reduction into the corresponding alcohol (IIIa), or 
degradation of the side chain (IIIb).  
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  4 - Methoxyamphetamine and 
4 - Methoxymethamphetamine 
( PMA/PMMA ) 

        IDENTIFYING CHARACTERISTICS 

 4 - Methoxyamphetamine ( p  - methoxyamphetamine, 
PMA) tablets are illegally sold in a variety of shapes and 
sizes including white tablets with a Mitsubishi symbol 
on one side.  133   Analysis of 6 tablets found with a deceased 
man contained the logo  “ xTc ” ; analysis of the tablets 
demonstrated approximately 50   mg of PMA.  134   PMA 
tablets typically contain between 40 – 70   mg compared 
with a mean dose of about 60 – 70   mg (range, 20 – 110   mg) 
in MDMA tablets.  135,136

  EXPOSURE 

  Epidemiology 

 Epidemiologic data on PMA and  p  - methoxymetham-
phetamine (PMMA) are limited primarily to case 
reports, postmortem analysis, or drug seizures. Most epi-
demiologic data on amphetamine designer drugs refer-
ring to MDMA use rather specifi c phenethylamine 
derivatives; however, PMA and PMMA may be adulter-
ants in street samples of MDMA.  143   The abuse of the 
various phenethylamine derivatives (e.g., PMA, PMMA) 
is sporadic and probably much less common than 
MDMA. Medical reports on PMA exposure include 
street drugs purportedly sold as ecstasy in Australia,  137,138

the midwestern United States,  133   Canada,  139   Belgium,  134

and Norway.  140   Case reports from Denmark document 
fatal cases resulting from the ingestion of both PMA 
and PMMA along with other drugs of abuse.  141

  Impurities 

 There are no approved medical uses for PMA or 
PMMA. By - products of the older Leuckart synthesis 
of PMA using reductive amination include 4 - 
(4 - methoxybenzyl)pyrimidine and 4 - methyl - 5 - 
(4 - methoxyphenyl)pyrimidine.  118   Another method for 
the production of PMA using the Leuckart reaction 
involves the use of anethole (i.e., main constituent 
of anise oil). 142   Peracid oxidation converts this 
precursor to its phenyl acetone analogue. A specifi c 
impurity for the use of anethole as a precursor in 
the Leuckart synthesis of PMA is 4 - methoxyphenol. 
Other impurities in PMA synthesized from this 
process include 4 - methyl - 5 - (4 - methoxyphenyl)pyrimidine, 

  DIAGNOSTIC TESTING 

 Similar to MDMA, MDA, and other 4 - subsitituted 
amphetamines (PMA, PMMA, PMEA), 4 - MTA cross -
 reacts with immunoassays for amphetamines and meth-
amphetamines. In a study of the Bio - Quant Direct  ® 

ELISA kit for amphetamine, the cross - reactivity of 
4 - MTA with a concentration equivalent to 50   ng/mL 
amphetamine was 280% compared with MDA (282%), 
PMA (265%), and MDMA (73%).  93   4 - MTA is one of 
31 designer amphetamines, tryptamines, and pipera-
zines in serum samples detected by screening with 
liquid chromatography/tandem mass spectrometry after 
mixed - mode solid - phase extraction; the limit of detec-
tion (LOD) with this method is 2.5   ng/mL.  130   Methods 
for the quantitation of 4 - MTA include gas 
chromatography/nitrogen phosphorus detection, high 
performance liquid chromatography with diode array 
UV detection (HPLC/DAD),  123   GC/MS,  131   and liquid 
chromatography/tandem mass spectrometry.  128   The 
limit of 4 - MTA detection using GC/MS in electron ion-
ization and positive - ion chemical ionization mode is 
30   ng/mL.  132

 In a case series of 6 individuals in various stages of 
intoxication, the 4 - MTA concentrations in blood 
samples ranged from 0.43 – 2.08   mg/L.  129   The blood 
4 - MTA concentration did not correlate to the level of 
intoxication; however, the blood samples from these 
individuals also contained other drugs (e.g., marijuana). 
In a case series of 3 patients requiring assisted ventila-
tion for 4 - MTA intoxication, the plasma 4 - MTA con-
centration ranged from 0.13 – 0.76   mg/L.  123

 The postmortem femoral and right heart blood 
from a 27 - year - old man, who died suddenly, contained 
4 - MTA concentrations of 5.23   mg/L and 7.60   mg/L, 
respectively.  128   The femoral blood also contained a 
minor concentration (0.001   mg/L) of MDMA. 4 - MTA 
was the only drug detected in the postmortem blood 
of a 22 - year - old man dying about 5 hours after 
developing coma and seizures.  131   Reportedly, he had 
hot skin, diaphoresis, dyspnea, and shaking prior to 
admission. The postmortem femoral blood contained 
4.6   mg 4 - MTA/L. Analysis of perimortem blood (i.e., 
drawn during cardiopulmonary resuscitation) demon-
strated 4 - MTA concentrations of 4.0   mg/L, respectively, 
as measured by GC with nitrogen phosphorus 
detection.  

  TREATMENT 

 Treatment of 4 - MTA intoxication is supportive, similar 
to MDA and MDMA intoxication. Potential life -
 threatening effects include hyperthermia, seizures, 
coma, respiratory failure, and serotonin syndrome.     
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doses of amphetamine designer drugs suggest the occur-
rence of idiosyncratic responses.  

  TOXICOKINETICS 

In vitro  studies indicate that PMA undergoes  O  -
 demethylation to 4 - hydroxyamphetamine via CYP2D6 
(debrisoquine hydroxylase) followed by conjuga-
tion.150,151   Differences in the polymorphic expression of 
CYP2D6 account for differences in O  - demethylation 
between human subjects.  152   CYP1A2, CYP3A4, and 
catechol -O  - methyl transferase may also catalyze the 
demethylation of PMA. Animal studies indicate that the 
primary metabolite, 4 - hydroxyamphetamine, is an active 
metabolite, but the concentration of this metabolite in 
the brain after the administration of PMA is probably 
insuffi cient to contribute to PMA toxicity.  153   Alternate 
metabolic pathways of PMA biotransformation in 
animal models include oxidation to N  - hydroxy -
 paramethoxyamphetamine followed by conjugation, 
N  - hydroxylation, or deamination.  77    

 Paramethoxymeth amphetamine (PMMA) under-
goes O  - demethylation by CYP2D6 followed by 
hydroxylation, catechol -  O  - methyltransferase - catalyzed 
methylation, and then conjugation.  154   Very little para-
methoxymethamphetamine (PMMA) undergoes N  -
 demethylation to paramethoxyamphetamine (PMA).  77

p  - Methoxyethylamphetamine (PMEA) is the  N  -
 ethylated analogue of PMA that is a relatively recently 
recognized drug of abuse. Potential metabolites of 
PMEA include p  - hydroxyamphetamine (POHAP), 
p  - hydroxyethylamphetamine (POHEA), and  p  -
 methoxyamphetamine (PMA) with  O  - demethylation to 
POHEA accounting for most of the metabolites.  155

 Marked interindividual variation in the elimination 
of PMA occurs between individuals, in part as a 
result of the interindividual variation in CYP2D6 activ-
ity. Poor metabolizers of CYP2D6 excrete substantially 
increased amounts of unchanged PMA in the urine. 
In a study of 3 volunteers, the 2 volunteers who 
were extensive metabolizers of CYP2D6 excreted a 
majority of the PMA dose as the free or conjugated 
4 - hydroxyamphetamine, whereas the poor metabolizer 
of CYP2D6 excreted about 50% of the dose as 
unchanged PMA.  152   Postmortem analyses suggest that 
the bile contains signifi cant amounts of PMA.  26

 Potential drug interactions include the coadministra-
tion of CYP2D6 inhibitors. A case report associated 
fatal PMA intoxication with a modest blood PMA con-
centration (0.24   mg/L) in a patient on therapeutic doses 
of the CYP2D6 inhibitor, fl uoxetine.  22    In vitro  studies 
indicate that PMA is a weak inhibitor of multidrug 
resistance transporter, P - glycoprotein.  156

N  - ( β  - 4 - methoxyphenylisopropyl) - 4 - methoxy benzyl 
methyl ketimine, 1 - (4 - methoxyphenyl) -  N  - (2 - (4 - metho-
xyphenyl) - 1 - methylethyl - 2 - propanamine, 1 - (4 - meth-
oxyphenyl) -N  - methyl -  N  - (2 - (4 - methoxyphenyl) - 1
 - methylethyl - 2 - propanamine, and  N  - ( β  - 4 - methoxy-
phenylisopropyl) - 4 - methoxybenzaldimine. Analysis of 
PMA tablets demonstrated the presence of by - products 
of the chemical synthesis of PMA including 4 -
 methoxydimethylamphetamine, 4 - methoxyethylam-
phetamine, and 4 - hydroxymethamphetamine from the 
Leuckart process.  143   The chemical precursors of PMA 
and MDMA are different; therefore, PMA is an adulter-
ant of MDMA rather than a contaminant. Nicotinamide 
was the only adulterant in p  - methoxyamphetamine 
(PMA) samples confi scated in Australia over 6 years.  135

Substrates of the Leuckart synthesis of PMMA include 
formic acid,  N  - methylformamide, and  p  - methoxyphen-
ylacetone, whereas 4 - methoxybenzaldehyde is a sub-
strate for the synthesis of 4 - methoxyamphetamine 
(PMA).144,145    N , N  - dimethyl -  p  - methoxyamphetamine 
and N  - formyl -  p  - methoxymethamphetamine are by -
 products of this process.  

  Methods of Abuse 

 Similar to other phenethylamine compounds associated 
with club drugs, PMA and PMMA typically are ingested 
as tablets, capsules, or powder. Frequently, users believe 
they are ingesting MDMA rather than PMA or 
PMMA.146   Insuffl ation and IV injection are uncommon, 
but case reports associate fatalities with the injection of 
PMA.137,139   Typically, users ingest 1 – 2 tablets that contain 
varying amounts of the purported drug.   

  DOSE EFFECT 

 Desired effects from the ingestion of PMA or PMMA 
involve the alteration of perception. The term  “ entacto-
gen ”  refers to drugs that induce euphoria, heighten 
sexual arousal, and/or promote an empathetic disposi-
tion.135,147   There are limited data in the medical litera-
ture on the response to specifi c doses of PMA or PMMA. 
Animal studies suggest that the toxicity of PMA and 
PMMA is similar.  148   In mice, the IV LD 50  of PMA is 
about 25   mg/kg compared with 31   mg/kg for MDA 
(3,4 - methylenedioxyamphetamine).149   Several case 
series associate the ingestion of 1 – 5 tablets of PMA with 
fatalities.  22,137,146   Analysis of tablets from 4 fatal cases of 
PMA intoxication demonstrated that the amount of 
PMA in these tablets ranged between 50 – 90   mg/
tablet.137   Extrapolation of this study suggests PMA 
doses of 50   mg  –  450   mg are potentially fatal. Fatalities 
from the purported ingestion of typical recreational 
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  DIAGNOSTIC TESTING 

  Analytic Methods 

 Similar to MDMA, MDA, and other 4 - subsitituted 
amphetamines (PMMA, PMEA, 4 - MTA), PMA cross -
 reacts with immunoassays for amphetamines and 
methamphetamines. In a study of the Bio - Quant 
Direct ®   ELISA kit for amphetamine, the cross - reactivity 
of PMA with a concentration equivalent to 50   ng/mL 
amphetamine was 265% compared with MDA 
(282%), 4 - MTA (280%), and MDMA (73%).  93

4 - Methoxyamphetamine (PMA) along with other 
methylenedioxy - phenethylamine drugs are detectable 
in blood, urine, and postmortem tissue by liquid 
chromatography/sonic spray ionization/mass spectrom-
etry with a validated calibration curve in the range of 
10 – 1,000   ng/mL (blood and urine) and 20 – 2,000   ng/g 
(tissue).162   The LOD for PMA and MDA in blood and 
urine for this method is 2.5   ng/mL and 5   ng/mL, respec-
tively, based on a signal - to - noise ratio of 3. Other 
methods for the quantitation of PMA in biologic samples 
include GC/MS,  153   HPLC with fl uorescence detection,  146

and capillary electrophoresis with diode array detec-
tion.163   The LOD for the latter method is between 
50 – 60   ng/mL. PMA is detectable in hair samples 
utilizing liquid chromatography/atmospheric pressure 
chemical ionization/mass spectrometry with a LOD of 
0.20   ng/mg.  53

 Analysis of illicit drugs for the presence of synthetic 
substrates and by - products yields information about the 
source of the illicit material. Minor variations in reac-
tion conditions (e.g., molar ratio of reagents, tempera-
ture) cause characteristic concentrations of by - products. 
Compounds suggestive of the preparation of PMA from 
4 - methoxybenzaldehyde via 4 - methoxyphenyl - 2 - propa-
none using a Leuckart reductive amination include 
4 - methoxyphenol, 4 - methoxybenzaldehyde, 4 - methoxy-
phenyl - 2 - propanone, and 4 - methoxyphenyl - 2 - propanol, 
4 - methoxyphenyl - propene as detected by GC/MS after 
solid - phase extraction.  164   By - products of this older 
Leuckart synthesis of PMA include 4 - (4 - methoxyben-
zyl)pyrimidine and 4 - methyl - 5 - (4 - methoxyphenyl)
pyrimidine.  118   The absence of these by - products in illicit 
PMA tablets indicates the use of a synthetic process 
other than the Leuckart reaction.  

  Biomarkers 

 A case report suggests that the postmortem vitreous 
humor/femoral blood ratios for PMA, MDA, and 
MDMA are near unity after complete absorption and 
distribution.26   Case reports of individuals dying with 

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

In vitro  studies indicate that paramethoxyamphetamine 
(PMA) enhances the effect of serotonin more than 
MDMA.20,157   In studies of rats using  in vivo  chronoam-
perometry, PMA was a potent inhibitor of serotonin 
uptake and a relatively weak releasing agent of 
serotonin and dopamine.  158   PMA did not increase 
locomotor activity in rats, which is dependent on dopa-
mine uptake, in contrast to the effect of MDMA. 
In vitro  studies of PMA in mouse brain also indicate 
that p  - methoxyamphetamine is an inhibitor of sero-
tonin oxidation by monoamine oxidase A.  159   Other 
methylenedioxyamphetamine compounds probably do 
not share this property with PMA, and potentially the 
increase in extracellular serotonin is greater than after 
the use of MDMA. 

 Animal models suggest that paramethoxyamphet-
amine may be relatively more toxic than other substi-
tuted phenethylamine derivatives as a result of the 
greater enhancement of serotonin release and the 
delayed onset of action allowing higher doses.  149   In 
rodent studies, PMMA and PMA in equivalent doses 
produce dose - related reduction in presynpatic seroto-
nergic markers in the brain after twice - daily injections 
for 4 consecutive days.  160   Severe toxicity and fatalities 
resulting from PMA or PMMA share many similar fea-
tures with MDMA and other phenethylamine entacto-
gens (MDA, MDEA). Postmortem examination of 
PMA abusers found dead from PMA intoxication typi-
cally demonstrate evidence of hyperthermia, DIC (epi-
cardial petechiae, pulmonary hemorrhage, hemorrhagic 
peritoneal/pleural effusions), skeletal muscle edema/
necrosis, and renal tubular necrosis.  84

  CLINICAL RESPONSE 

 Case reports associate PMA and PMMA with fatalities 
despite the uncommon use of these drugs, primarily as 
an adulterant or substitute for MDMA.  140,146 ,161   Fatalities 
associated with PMA and PMMA typically involve 
hyperthermia, seizures, rhabdomyolysis, electrolyte 
abnormalities, DIC, multiorgan failure, and terminal 
dysrhythmias.  137,141   This clinical pattern resembles severe 
serotonin syndrome. Hyperthermia is the most impor-
tant prognostic factor for potentially fatal cases.  135

Serious complications include intracerebral hemor-
rhage, cerebral edema,   141   intracerebral hemorrhage 
with midline shift, 137   and tonsillar herniation. Acute 
tubular necrosis and acute renal failure may occur, par-
ticularly in association with rhabdomyolysis, myoglobin-
uria, or multiorgan failure.  84,137
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revealed pulmonary congestion and moderate 
cerebral edema with herniation; the postmortem heart 
blood sample contained p  - methoxyethylamphetamine 
(PMEA) at a concentration of 12.2   mg/L along with 
another metabolite,  p  - hydroxyethylamphetamine 
(POHEA).155   A negative amphetamine immunoassay 
screen does not exclude the recent use of PMA or 
PMMA.  

  Abnormalities 

 In case reports of confi rmed PMA intoxications, elec-
trocardiographic abnormalities include sinus tachycar-
dia, anterolateral ST depression, T wave inversion, QRS 
prolongation, atrial fi brillation, multifocal PVCs, and 
supraventricular tachycardia.  135,138   Occasional case 
reports associate severe hypoglycemia, hypocalcemia, 
and hyperkalemia with PMA intoxication (with and 
without hepatorenal dysfunction).  138,140

  TREATMENT 

 Treatment is supportive and similar to the treatment of 
MDMA or MDA intoxication.     

  2,5 - Dimethoxyamphetamine 
( DMA ) and the 2,5 - 
Dimethoxyamphetamine -
 Derived Designer Drugs 
 2,5 - Dimethoxyamphetamine (DMA) is approximately 
5 times as potent as mescaline based on human 
dosing studies;  167   DMA may be substituted for 
mescaline in illicit street drugs.  168   The dimethoxy - 
hallucinogens include 4 - methyl - 2,5 - dimethoxyamphet-
amine (DOM), 4 - iodo - 2,5 - dimethoxyamphetamine 
(DOI), 4 - chloro - 2,5 - dimethoxyamphetamine (DOC),  169

4 - bromo - 2,5 - dimethoxyamphetamine (DOB), 4 - bromo
 - 2,5 - dimethoxymethamphetamine (MDOB), and 2,4,5 - 
trimethoxyamphetamine (TMA - 2) These drugs are 
potent serotonin 5HT 2  receptor agonists. The metabo-
lism of these drugs occurs primarily by O  - demethylation 
or in case of DOM by hydroxylation of the methyl 
moiety.  170   Limited experimental clinical data suggest 
that the effects of 2,5 - dimethoxyamphetamine (DMA) 
persist approximately 7 hours after the ingestion of 
DMA doses over 75   mg. DMA has the same molecular 
weight and electron ionization mass spectra as the 
5 other positional ring isomers (2,3 - dimethoxy-

PMA and/or PMMA in their postmortem blood usually 
involve polydrug abuse. Postmortem PMA concentra-
tions in blood samples for PMA abusers dying at home 
with evidence of hyperthermia from PMA intoxication 
typically exceed 1   mg/L.  22   In a case series of 6 fatal 
PMA intoxications, the postmortem femoral blood of 2 
individuals found dead contained PMA concentrations 
of 1.7   mg/L and 4.9   mg/L, whereas the postmortem 
femoral blood of 2 individuals dying shortly after hos-
pital admission contained PMA concentrations of 
2.2   mg/L and 3.7   mg/L.  137   The postmortem blood in 
these cases also contained lesser amounts of MDMA 
and/or methamphetamine, as well as other drugs of 
abuse (cannabinoids, cocaine). In another case series, 
the PMA concentrations in postmortem peripheral 
blood of 2 men dying a few hours after hospital admis-
sion were 0.78   mg/L (0.78   mg/kg) and 3.4   mg/L 
(3.4   mg/kg).  141   These blood samples also contained 
PMMA concentrations of 0.68   mg/L and 3.3   mg/L, as 
well as MDMA and cocaine metabolites. In a case series 
of 9 fatal PMA intoxications, the postmortem PMA 
blood concentration (source unspecifi ed) ranged 
between 0.3   mg/L and 1.9   mg/L.  139   All died on the scene 
or within 3 hours of admission to the hospital. Some 
postmortem redistribution of PMA may occur. Two men 
and 1 woman presented to the emergency department 
in extremis, and they died shortly thereafter of PMA 
intoxication. The postmortem femoral blood of these 3 
individuals contained PMA concentrations of 0.6   mg/L, 
0.6   mg/L, and 1.3   mg/L.  146   The corresponding heart 
blood concentrations were 0.7   mg/L, 0.8   mg/L, and 
2.3   mg/L, respectively. Limited clinical and postmortem 
data suggest that PMA concentrations exceeding 
0.5   mg/L may be toxic,  137   but the occurrence of idio-
pathic responses and limited data on patients with PMA 
intoxication do not permit conclusions based only on 
the PMA or PMMA concentrations in postmortem 
blood samples. 

 In a case series of 8 fatal PMMA intoxications, the 
PMMA concentration in postmortem heart blood ranged 
from 1.208 – 15.824   mg/L as measured by GC/MS.  165   All 
specimens contained smaller amounts of PMA as well as 
variable amounts of other drugs (e.g., MDA, MDMA, 
ketamine, methamphetamine). Postmortem redistribu-
tion of PMMA also occurs. The postmortem PMMA and 
PMA concentrations in femoral blood from a 22 - year -
 old man who died after ingesting ecstasy were 0.85   mg/L 
and 0.61   mg/L, respectively.  166    The heart blood contained 
PMMA and PMA concentrations of 2.12   mg/L and 
1.94   mg/L, respectively, with corresponding heart/
femoral blood ratios of 2.49 and 3.18. A 27 - year - old man 
developed agitation, seizures, altered consciousness, 
hyperthermia, and cardiac arrest after ingesting an 
unidentifi ed liquid. The postmortem examination 
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amphetamine, 2,4 - dimethoxyamphetamine, 2,6 - dime-
thoxyamphetamine, 3,4 - dimethoxyamphetamine, 3,5 - 
dimethoxyamphetamine). Perfl uoroacylation of the 
amine group allows the identifi cation of the 6 regioiso-
meric dimethoxyamphetamine compounds by capillary 
GC.  171

  4 - BROMO - 2,5 - DIMETH-
OXYAMPHETAMINE 
( DOB ) 

     EXPOSURE 

 The synthesis of DOB is relatively simple. Substrates 
for the synthesis of DOB include 2,5 - dimethoxybenzal-
dehyde and hydroquinone.  13   Intermediates of the 
former process are 2,5 - dimethoxy -  β  - nitrostyrene and 
2,5 - dimethoxyamphetamine. DOB hydrochloride is 
synthesized as a white crystalline powder, but this com-
pound is sold as paper squares similar to LSD.  172   In 
Australia, DOB is frequently sold as LSD.  13   Classically, 
DOB is sold as 1 - cm 2  pieces of colored paper that are 
embossed with various fi gures (bird, beaver, unicorn). 
These pieces of paper are bonded to a thinner, nonab-
sorbent sheet, and the DOB concentration of each 
1 - cm 2  dose usually ranges between 1.4   mg and 4.6   mg.  13

As a result of the diffusion of DOB within the sheet of 
DOB during the production process, the concentration 
of DOB in individual pieces may vary depending on the 
location.  

  DOSE EFFECT 

 The ingestion of pieces with high DOB concentrations 
may cause serious toxicity.  173   DOB is approximately 
100 – 150 times as potent as mescaline based on human 
dosing studies.  167   In a volunteer study, DOB doses  ≤ 2   mg 
caused stimulation without perceptual distortion when 
administered as the hydrochloride salt.  174

  TOXICOKINETICS 

 DOB (4 - bromo - 2,5 - dimethoxyamphetamine) is another 
4 - position substituted phenethylamine that probably 
undergoes O  - demethylation followed by conjugation and 
urinary elimination.  175   There are few data on the cyto-
chrome P450 isoenzymes involved with the metabolism of 
DOB and other similar dimethoxy - phenethylamine com-
pounds; CYP2D6 probably does not contribute signifi -
cantly to the biotransformation of DOB.  176

  CLINICAL RESPONSE 

 DOB is a potent psychotomimetic compound that is the 
longest - acting substituted amphetamine. Although the 
effects DOB and LSD are similar, the onset of 
intoxication following the ingestion of DOB is slower 
and the duration of action is longer than LSD. Typically, 
the onset of action of DOB begins within 1 hour of 
ingestion and peak effects occur about 3 – 4 hours after 
ingestion; these peak effects persist 4 – 10 hours after 
ingestion, and symptoms of intoxication resolve within 
24 – 36 hours based on experimental studies by Shulgin.  13

Several case reports associated DOB with mydriasis, 
frightening visual hallucinations, dysphoria, labile emo-
tions, extreme agitation, disorientation, and seizures. 
Rare case reports associate the ingestion of DOB with 
fatalities. A 21 - year - old woman was found dead with a 
package of DOB nearby and DOB in her postmortem 
blood.177   Severe symptomatic arterial vasospasm devel-
oped after the ingestion of DOB, as confi rmed by 
angiography.  178

 Other synthetic, ring - substituted phenethylamine 
amphetamine derivatives (e.g., 2,5 - dimethoxy - 4 - chloro-
ampheteamine [DOC], 2,5 - dimethoxy - 4 - iodoamphet-
amine [DOI]) have similar toxic effects including altered 
consciousness, mydriasis, sinus tachycardia, seizures, 
temperature elevation, and increased serum creatine 
kinase based on case reports.  179

  DIAGNOSTIC TESTING 

 Methods for the identifi cation of DOB in street drug 
samples involve capillary zone electrophoresis/diode 
array detection, Fourier - transform infrared spectros-
copy (FTIR), and GC/MS.  180   Unlike lysergic acid dieth-
ylamide (LSD), 2,5 - dimethoxy - 4 - bromoamphetamine 
(DOB) is neither light nor heat sensitive; therefore, 
DOB does not require refrigeration or storage in dark 
environments.  13

 Two comatose patients were admitted to the hospital 
after the ingestion of 4 - bromo - 2,5 - dimethoxyamphet-
amine (DOB) at an unknown time prior to admission.  181

The patient with a serum DOB concentration of 
0.013   mg/L on admission survived after developing 
seizures. The other patient had a serum DOB concentra-
tion of 0.019   mg/L on admission as measured by 
GC/MS; he died 6 days later after developing seizures 
and severe metabolic acidosis (pH    =    6.6). The duration 
and temperature of storage were not reported. The post-
mortem blood (source unidentifi ed) of a 21 - year - old 
woman found dead at the scene contained 0.91   mg 
DOB/L.177
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ated with mydriasis, anxiety, and restlessness.  188   A vol-
unteer study suggested that a 4 - mg dose of racemic 
DOET produces psychedelic effects only when the par-
ticipants eyes were closed.  8   A pilot study of paid volun-
teers ingesting up to 4   mg DOET suggest the kidney 
excretes approximately 10 – 40% of the DOET dose in 
the urine within the fi rst 24 hours after ingestion.  189

  4 - Bromo - 2,5 -
 dimethoxyphenethylamine 
(2C - B) and the 
2C - Designer Series 

        HISTORY 

 Shulgin synthesized most of the known members of 
the 2C - phenethylamine series in the 1970s and 1980s 
including the production of 2C - B by elemental bromina-
tion of 2,5 - dimthoxyphenethylamine in acetic acid.  190   In 
1975, Shulgin et al. documented the sensory enhance-
ment associated with 2C - B intoxication during experi-
ments with volunteers. Ragan et al. fi rst reported 2C - B 
in illicit US street samples in 1985.  191   In the late 1990s 
and early 2000s, analysis of tablets sold in Dutch  “ smart 
shops ”  demonstrated the presence of 4 - bromo
 - 2,5 - dimethoxyphenethylamine (2C - B) and several 
other phenethylamine compounds in the 2C - series (2C -
 T - 2, 2C - T - 7).  192,193   As 2C - B became a schedule I drug, 
other members of the 2C - series appeared in illicit drug 
samples.  

  IDENTIFYING CHARACTERISTICS 

 The  “ 2C ”  refers to the 2 carbon atoms separating the 
primary amine functionality from the phenyl ring; these 
drugs also contain methoxy groups at positions 2 and 5 
of the aromatic ring and a lipophilic substituent (e.g., 
alkyl, alkylthio, halogen) in position 4 of the aromatic 
ring. Street names for 2C - B include Venus, Bromo, Erox, 
XTC, Synergy, and Nexus.  

  EXPOSURE 

 2C - B is the most common illicit drug from the 2C series 
(2C - B, 2C - I, 2C - D, 2C - E, 2C - P, 2C - T - 2, 2C - T - 7). 2C - B 
and other members of the 2C - series are frequently 
ingested with other club drugs (MDMA, ketamine, 
MBDB).  

  TREATMENT 

 Treatment is supportive, similar to the treatment of 
MDA or MDMA intoxication.    

  4 - METHYL - 2,5 - DIMETH-
OXYAMPHETAMINE 
( DOM ) 
 Methyl - 2,5 - dimethoxyamphetamine (DOM; STP, 
Serenity - Tranquility - Peace) is approximately 50 – 80 
times more potent than mescaline based on human 
dosing studies.  182   DOM in doses of 2 – 3   mg causes mild 
sympathetic stimulation, euphoria, and perceptual dis-
tortions with changes in physiologic parameters (pulse, 
blood pressure, temperature, pupil size),  183   whereas 
doses exceeding 5   mg causes excessive sympathetic 
stimulation and hallucinations based on clinical 
studies.  184   Higher doses (10 – 20   mg) of DOM produce 
unpleasant effects that limit the acceptance of this illicit 
drug.  185   Biotransformation of DOM primarily involves 
hydroxylation of the 4 - methyl moiety rather than  O  -
 demethylation of other dimethoxy - phenethylamine 
compounds (e.g., DOC, DOI, DOC). Volunteer studies 
suggest that tolerance develops to some of the dys-
phoric effects of amphetamine designer drugs. In a 
study of 5 men receiving 6   mg DOM daily for 3 consecu-
tive days, marked attenuation of subjective effects of 
DOM occurred over the 3 - day study.  186   Only 1 partici-
pant continued to experience moderately strong effects 
by the third day, whereas 4 of 5 of the participants expe-
rienced extremely intense effects on the fi rst day.  

  2,5 - DIMETHOXY - 4 -
 ETHYLAM PHETAMINE 
( DOET ) 
 2,5 - Dimethoxy - 4 - ethylamphetamine (DOET) is the 
ethyl homologue of DOM. The oral administration of 
low doses (1.5   mg hydrochloride salt) of DOET to paid 
volunteers produced mild euphoria and enhanced self -
 awareness without perceptual distortions or psychoto-
mimetic effects.  187   Subjective effects began 1 – 1.5 hours 
after ingestion with peak effects occurring about 3 – 4 
hours after ingestion. Resolution of effects occurred 
within 5 – 6 hours. Doses of DOET up to 4   mg are associ-
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  CLINICAL RESPONSE 

 The few medical data on the medical effects of 2C - B 
and other members of the 2C - B series are primarily 
from the experimental studies by Shulgin in the 
1970s.  107,190   The frequent concomitant ingestion of 
other illicit drugs complicates the interpretation of 
anecdotal reports of the effect of these entactogens. 
2C - B produces euphoria and increased sensory recep-
tiveness (auditory, olfactory, tactile, visual), whereas 
adverse reactions include frightening hallucinations, 
tachycardia, elevated blood pressure, and potentially 
hyperthermia.  

  DIAGNOSTIC TESTING 

 The cross - reactivity of 2C - B and other members of the 
2C - series with commercial amphetamine immunoassays 
is relatively low. Methods for the quantitation of 2C - B 
and other phenethylamine designer drugs include LC/
MS,  201   capillary electrophoresis coupled with electro-
spray ionization/mass spectrometry,  202   HPLC with UV 
detection,203   and GC/MS.  204,205   The LOD and LLOQ for 
2C - series phenethylamine drugs are approximately 
8 – 16   ng/mL and 27 – 53   ng/mL, respectively, with CV 
< 20% using LC/MS.  

  TREATMENT 

 The treatment of 2C - B intoxication is supportive, similar 
to MDMA and MDA toxicity.     

  Bromo - Dragonfl y 
 In 1998, Parker et al. synthesized a potent hallucinogen, 
1 - (8 - bromobenzo[1,2 - b; 4,5 - b ′ ]difuran - 4 - yl) - 2 - amino-
propane.  206   This compound (bromobenzodifuranyliso-
propylamine) is a 5 - HT 2A  agonist that is structurally 
similar to several phenethylamine compounds (e.g., 
2C - B, DOB) as demonstrated in Figure  10.4 . The name 
bromo - dragonfl y  derives from the similarity of the 
structure of this compound to a dragonfl y.  In vivo  studies 
indicate that bromo - dragonfl y demonstrate high affi nity 
for 5 - HT 2  receptors as indicated by the following K i
values: 5 - HT 2A , 0.04    ±    0.01   nM; 5 - HT 2B , 0.19    ±    0.10   nM; 
5 - HT 2C , 0.02    ±    0.01.  206   These values indicate that bromo -
 dragonfl y is a more potent ligand for the 5 - HT 2A

receptor than LSD. Bromo - dragonfl y has a single ste-
reocenter with the R  - ( − ) - enantiomer being relatively 
higher affi nity for the 5 - HT 2A  receptors than the 
S  - ( + ) - enantiomer.  207

  DOSE EFFECT 

 Anecdotal data suggests that recreational doses of 2C - B 
range from 4 – 30   mg with lower doses (4 – 10   mg) pro-
ducing entactogenic effects, whereas high doses (10 –
 20   mg) cause psychedelic and sympathomimetic effects. 
In self - reported experimental studies, psychedelic 
effects began following the ingestion of 2C - B doses 
from 8 – 10   mg, and these effects persisted approximately 
4 – 8 hours.  190   Doses of 2C - B exceeding 30   mg may cause 
frightening hallucinations, agitation, dysphoria, tachy-
cardia, hypertension, and, hyperthermia.  

  TOXICOKINETICS 

 There are few human data on the toxicokinetics of 
2C - series drugs; existing data suggest that these drugs 
primarily undergo O  - demethylation at the 2 - position 
by deamination followed by oxidation to the corre-
sponding acid or and by reduction of the 5 - position 
to the corresponding alcohol.  194   Other metabolic reac-
tions include side chain hydroxylation, sulfoxidation of 
sulfur containing 2C - compounds, and phase II reactions 
(glucuronidation, sulfation,  N  - acetylation).  In vitro
studies indicate that the metabolism of 4 - bromo - 
2,5 - dimethoxyphenethylamine (2C - B) occurs via oxida-
tive deamination by monoamine oxidase (MAO - A, 
MAO - B) followed by demethylation, or to a lesser 
extent, by oxidative deamination catalyzed by cyto-
chrome P450 isoenzymes (CYP2D6).  195,196   Most 
2C - series phenethylamine drugs have slightly greater 
affi nity for MAO - A than MAO - B. There is substantial 
interspecies variation in the biotransformation of 
2C - B as well as interindividual variation in humans. 
Major metabolites of oxidative deamination include 
2 - (4 - bromo - 2,5 - dimethoxyphenyl) - ethanol (BDMPE), 
4 - bromo - 2,5 - dimethoxyphenylacetic acid (BDMPAA), 
and 4 - bromo - 2,5 - dimethoxybenzoic acid (BDMBA). 
Urinary metabolites found in a urine sample from a 
man abusing 2C - B included BDMBA, BDMPAA, and 
4 - bromo - 2 - hydroxy - 5 - methoxyphenethylamine.  197   In 
rodent studies, the plasma elimination of 2C - B is rapid 
(i.e., t ½  about 1   h) and the volume of distribution is 
large (16   L/kg).  198

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

In vitro  studies indicate that the 2C - series phenethyl-
amine drugs act primarily at the 5 - HT 2  receptor, display-
ing agonist and antagonist activity at specifi c subreceptor 
sites.  199   2C - B also demonstrates signifi cant affi nity to 
5 - HT 1A , 5 - HT 1B , and 5 - HT 1C  serotonin receptors.  200
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  1 - Benzylpiperazine ( BZP ) 
        HISTORY 

 The Wellcome Research Laboratories synthesized  N  -
 benzylpiperazine (BZP) as an anthelminthic agent 
in 1943. Animal studies in the 1970s suggested that 
BZP had antidepressant activity, but side effects (ste-
reotypic behavior, hyperactivity) and addictive proper-
ties similar to amphetamine prevent the clinical use of 
this drug in humans.  211   BZP is an active constituent of 
rave (dance party) drugs originally marketed over the 
Internet during the late 1990s. These pills were pro-
moted as an herbal high because of the structural simi-
larity between BZP and piperine (1 - piperoylpiperidine), 
the amide of the alkaloid piperidine in black pepper. 
A variety of benzylpiperazine and  α  - pyrrolidinophenone 
compounds rapidly spread in the club drug scene as 
legal alternatives to MDMA with both stimulant and 
psychoactive properties.  212   However, the US Drug 
Enforcement Agency (DEA) added BZP and related 
drugs to schedule I in 2004 as a result of fatalities associ-
ated with the use of these drugs.  213   Australia classifi ed 
BZP as a restricted substance in 2008.  

  IDENTIFYING CHARACTERISTICS 

 BZP is a piperazine derivative that contains a 6 - mem-
bered heterocycle comprised of 2 nitrogen atoms linked 
by 2 ethyl chains. Derivatives of piperazine are constitu-
ents of many synthetic compounds including antimicro-
bials, sildenafi l, pesticides, plastics, medical radiolabeled 
tracers, and resins. In the freebase form, BZP is a pale 
yellow liquid that reacts with air and light; however, the 
hydrochloride salt is more stable. Benzylpiperazine 
tablets are sold in dosages of 125   mg BZP dihydrochlo-
ride (88   mg free base) and as mixtures of BZP and other 
piperazines [e.g., 1 - (3 - trifl uoromethylphenyl)pipera-
zine].  214   Street names for BZP and other piperazines 
include A2, Bliss, BNZ, Bolts, Charge, Exodus, Frenzy, 
Goodstuff, Grins, Herbal Ecstasy, Herbal Party Pill, 
Jumps, Kandy, Legal E, Legal X, Nemesis, Red Hearts, 
and Silver Bullet.  215   The street name  “ X4 ”  applies to a 
mixture of 4 piperazine compounds.  

  EXPOSURE 

 Piperazine designer drugs are frequently consumed as 
combinations (party pills, herbal highs) with the most 
prevalent mixture being BZP and 1 - (3 - trifl uoromethyl-
phenyl)piperazine (TFMPP).  216   BZP is frequently pro-
moted as a legal stimulant to improve vitality, energy, 
and cognition. In New Zealand, the United Kingdom, 

 Peak psychedelic effects of this compound are 
delayed up to 6 hours; adverse effects from the illicit 
use of bromo - dragonfl y based on anecdotal data 
include headache, fever, and dysphoria, particularly in 
inexperienced users. A case report associated the 
delayed onset (i.e., 8   h) of seizures, severe agitation, 
hallucinations, mydriasis, and apnea requiring intuba-
tion with the use of bromo - dragonfl y and ketamine.  208   
He recovered without sequelae after developing 
aspiration pneumonia. Recently, several deaths were 
attributed to the use of bromo - dragonfl y. An 18 - year -
 old woman was found dead in her home the morning 
after ingesting bromo - dragonfl y with her boyfriend.  209   
The postmortem examination demonstrated only 
nonspecifi c fi ndings (e.g., pulmonary edema, mild cere-
bral edema, infl ammation of the gastric mucosa, renal 
ischemic changes). Two analyses of femoral blood 
yielded bromo - dragonfl y concentrations of 4.7    ±    0.7    μ g/
kg as measured by liquid chromatography/tandem 
mass spectrometry. This concentration was approxi-
mately 8 - fold higher than the bromo - dragonfl y concen-
tration in blood from 2 men hospitalized after ingesting 
bromo - dragonfl y during a techno party as measured 
by the same analytic method (LOD, 0.2    μ g/kg). The 
bromo - dragonfl y concentrations in postmortem urine 
samples from this 18 - year - old woman before and after 
the addition of  β  - glucuronidase were 22    ±    2    μ g/kg 
and 33    ±    3    μ g/kg, respectively. This difference indicates 
the presence of the conjugation of some metabolites 
with glucuronic acid. Desorption atmospheric 
pressure photoionization is a direct analysis technique 
rapid detection of hallucinogens in illicit drug samples 
using a microchip - heated nebulizer with mass 
spectrometry.  210     

  PIPERAZINES 

 Piperazines are a broad class of chemical compounds that 
contain a piperazine moiety composed of a 6 - membered 
ring with 2 opposing nitrogen atoms. Many of these com-
pounds are biologically active with therapeutic uses as 
antidepressants, serotonin receptor antagonists/agonists, 
and as antifungal and antiviral drugs. 

       FIGURE 10.4.     Chemical structure of bromo - dragonfl y.  
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and men presenting to an emergency department with 
BZP intoxication was 3 and 4, respectively, with a range 
of 1 – 34.  217    

  TOXICOKINETICS 

 The main isoenzyme catalyzing the metabolism of 
piperazine - type designer drugs is the cytochrome P450 
isoenzyme, CYP2D6, with lesser contributions from 
CYP1A2 and CYP3A4. The biotransformation of BZP is 
limited, primarily involving hydroxylation of the aromate 
to 3 - OH - BZP and 4 - OH - BZP.  77    N  - dealkylation to pipera-
zine and the degradation of the piperazine heterocycle to 
the corresponding ethylenediamine or aniline derivative 
is another pathway.  77   Phase II reactions include partial 
glucuronidation or sulfation of the phenolic metabolites, 
methylation of the catechols, and partial acetylation of the 
aniline derivatives. Figure  10.5  displays the metabolic 
pathways of common piperazine derivatives along with 

and other European countries, piperazine - based  “ party 
pills ”  are popular dance party drugs for the induction 
of euphoria and wakefulness. Although BZP is a 
restricted, schedule I drug in the United States, BZP 
remains legal in the United Kingdom, Canada, and New 
Zealand.  

  DOSE EFFECT 

 The clinical effects of BZP and  d  - amphetamine are 
similar. In a double - blind, controlled study of 18 former 
amphetamine addicts receiving either 10   mg  d  -
 amphetamine or 100   mg BZP hydrochloride, the physi-
cal parameters (i.e., blood pressure, pulse rate, pupil 
size) of the 2 treatment groups were statistically similar 
with the exception of a slightly larger pupil size in the 
BZP group.  211   The 2 groups liked both drugs equally, but 
they disliked the placebo (lactose). The median number 
of BZP pills ingested by a convenience sample of women 

       FIGURE 10.5.     Major metabolic pathways of common piperazine derivatives. UGT    =    UDP glucuronyl transferase; SULT    =    sulfo-
transferase; COMT    =    catechol  O  - methyl transferase; BZP    =     N  - benzyl piperazine; MDBP    =    1 - (3,4 - methylenedioxybenzyl)pipera-
zine; mCPP    =    1 - (3 - chlorophenyl)piperazine; TFMPP    =    1 - (3 - trifl uoromethylphenyl)piperazine; MeOPP    =    1 - (4 - methoxyphenyl)
piperazine.  
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tonin in the hippocampus.  220    In vitro  studies indicate that 
BZP enhances the release of dopamine from the dopa-
mine transporter;  221   BZP has no effect on the release of 
serotonin from synaptosomes in these studies.  In vivo
microdialysis studies in conscious rats indicate that ben-
zylpiperazine increases the transporter - mediated effl ux 
of dopamine transporter substrate, whereas1 - (3 -
 trifl uoromethylphenyl)piperazine (TFMPP) is a selec-
tive releaser of serotonin in synaptosomes.  222   In this 
study, the combination of these 2 drugs facilitated sero-
tonin and dopamine release similar to MDMA; however, 
several of the 7 rats receiving high doses (10   mg/kg) of 
BZP and TFMPP developed seizures.  

  CLINICAL RESPONSE 

 Toxicity associated with 1 - benzylpiperazine (BZP) 
resembles a sympathomimetic toxidrome with tachycar-
dia, anxiety, agitation, mydriasis, headache, nausea, vom-
iting, palpitations, confusion, and seizures based on case 
reports.  217   Symptoms during recreational use typically 
resolve within 4 – 6 hours. Figure  10.6  displays the clinical 
features associated with a convenience sample of 88 
patients (96 visits) presenting to an Australian emer-

the cytochrome P450 isoenzymes involved with the path-
ways. The kidneys excrete a substantial amount of BZP 
unchanged along with the excretion of sulfate conjugates 
of the hydroxylated metabolites. In a study of 7 healthy 
adults ingesting 200   mg BZP, the mean maximum plasma 
concentration (C max ) was about 260    ±    19   ng/mL (range, 
222 – 344   ng/mL) with a plasma elimination half - life of 
about 5.5    ±    0.4 hours.  218   The mean time to the maximum 
plasma concentration was 75 minutes. The plasma concen-
tration of the major metabolites, 3 - OH - BZP and 4 - OH -
 BZP were relatively low (C max     =    13    ±    1   ng/mL and 7    ±    1   ng/
mL, respectively) as measured by LC/MS. Phenylpiperazine 
compounds are almost exclusively metabolized prior to 
renal excretion.  77

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 BZP has both direct and indirect sympathomimetic 
properties that produce improvement in performance 
tasks and auditory vigilance based on volunteer studies 
in healthy adults.  219   In chronically treated rats, BZP 
increases synaptic concentrations of norepinephrine in 
the hypothalamus, dopamine in the striatum, and sero-

FIGURE 10.6.     Clinical features of 1 - benzylpiperazine intoxication in a convenience sample of 88 patients presenting to an emer-
gency department.  (Reprinted with permission from P Gee, M Gilbert, S Richardson, G Moore, S Paterson, P Graha, Toxicity 
from the recreational use of 1 - benzylpiperazine, Clinical Toxicology, Vol. 46, Issue 9, p. 804, copyright 2008.)   
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mixed - mode solid - phase extraction and  p  - tolylpiperazine 
as the internal standard.  233   The LLOQ of the latter 
method is 0.05   ng/mg.  

  Biomarkers 

 An 18 - year - old woman developed a seizure after ingest-
ing 5 pills containing BZP. On arrival at the ED, she was 
agitated, but oriented (Glasgow Coma Scale [GCS]    =    15) 
with mild hypertension and sinus tachycardia 
(156   bpm).  234   Her serum sample contained only 2.5   mg 
BZP/L and no other drugs. She was discharged 12 hours 
after admission with no sequelae. There are few post-
mortem data on the piperazine compounds. Analysis of 
postmortem blood (site unreported) from a 17 - year - old 
Swedish man with a history of ecstasy and BZP (A2) 
abuse contained 1.7   mg BZP/L along with detectable 
concentrations of MDMA, MDA, and THC.  213   The case 
report did not provide clinical details. A 17 - year - old 
adolescent died after falling through a roof. The post-
mortem blood (site unreported) contained BZP and 
TFMPP concentrations of 1.39   mg/L and 0.15   mg/L, 
respectively, along with 140   mg ethanol/dL.  231

  Abnormalities 

 Potentially serious laboratory abnormalities associated 
with BZP intoxication include hypoglycemia, hypona-
tremia, and QT c  prolongation; however, ventricular dys-
rhythmias are unusual despite the presence of multiorgan 
failure.  223

  TREATMENT 

 Treatment is supportive and similar to the treatment of 
MDMA or MDA intoxication.     

meta  -
 Chlorophenylpiperazine 
( m  CPP ) 
meta  - Chlorophenylpiperazine (mCPP) is a relatively 
new synthetic drug that became a drug of abuse through-
out Europe during the mid - 2000s. Although mCPP can 
be injected or insuffl ated in powdered form, the usual 
route of abuse is oral. Street names for the multicolored 
tablets include Rolls Royce, Harlequin, Smarties, 
Rainbow, and X4. The amount of mCPP in illicit tablets 
ranges from 22 – 80   mg; these tablets may contain cocaine, 
MDMA, or the contaminant,  p  - chlorophenylpiperazine.  235

gency department with BZP intoxication confi rmed by 
the presence of BZP in plasma samples.  217   About 30% 
of the patients had plasma samples positive for only 
BZP, whereas about 57% of the patients ingested 
ethanol along with BZP. Two of the patients in this study 
survived after developing hyperthermia and multiorgan 
failure. There were no fatalities in this case series during 
the period of study. Case reports associate the use of 
BZP with seizures, hyperthermia, DIC, rhabdomyolysis, 
and hepatorenal dysfunction both as a single drug of 
abuse and in combination with MDMA.  223

 Toxic effects associated with the combination of BZP 
and TFMPP include urinary retention, nausea, vomiting, 
anxiety, insomnia, visual hallucinations, paranoia, 
depression, chest pain, and seizures based on case 
reports.  224   An intense hangover may develop from the 
use of the blended BZP and TFMPP pills. Status epilep-
ticus with severe respiratory and metabolic acidosis may 
occur following the ingestion of these combination 
pills.  225   Occasional case reports associate the use of 
piperazine - type designer drugs with cerebral edema and 
death, usually in combination with MDMA.  226

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Amphetamine immunoassays do not reliably detect 
BZP and commercial amphetamine immunoassays 
demonstrate little or no cross - reactivity with BZP, the 
BZP metabolite,  N  - benzylethylenediamine, or structur-
ally related compounds (e.g., TFMPP, MeOPP).  227   In 
an analytic study, BZP did not cross - react with a 
fl uorescence polarization immunoassay (AxSYM  ® 

amphetamine/methamphetamine II assay, Abbott 
Laboratories, Abbott Park, IL) at a BZP concentration 
of 100,000   ng/mL. The reaction of BZP to the reagent 
in an enzyme - multiple immunoassay (EMIT d.a.u.  ®  , 
Dade Behring Inc., Deerfi eld, IL) was weak with 0.4% 
and 1.3% cross - reactivity at BZP concentrations of 
300   ng/mL, and 12,000   ng/mL, respectively. Methods for 
the quantitation of piperazine designer drugs in biologic 
samples include gas chromatography/nitrogen phospho-
rous detection,  212   GC/MS in the selected - ion monitoring 
mode,  228,229   capillary electrophoresis with GC/MS,  230

HPLC/DAD,  231   and GC/MS with high performance 
liquid chromatography/electrospray ionization/mass 
spectrometry.  232   The LOD for BZP, TFMPP, and their 
main metabolites in urine samples using the latter 
method ranges between 5 – 40   ng/mL (scan mode) and 
between 0.2 – 1   ng/mL (SIM mode) following enzymatic 
hydrolysis, solid - phase extraction, and trifl uoroacetyl 
anhydride - ethyl acetate derivatization. For hair samples, 
methods of quantitation for BZP include GC/MS with 
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  CLINICAL RESPONSE 

 mCPP is a stimulant and psychedelic compound with 
effects similar to MDMA. In clinical studies of patients 
receiving 0.5   mg mCPP/kg, 3 patients developed symp-
toms of a serotonin - like syndrome.  237   Other adverse 
effects reported from clinical trials include heightened 
sensitivity toward light and noise, fear of losing control, 
shivering, lightheadedness, and anxiety.  239   Peak subjec-
tive and physiologic effects typically occur about 1 – 2 
hours after ingestion and resolve within 4 – 8 hours. The 
clinical effects associated with mCPP intoxication 
include nausea, diaphoresis, agitation, restlessness, 
myoclonus, and hypomania based on clinical studies and 
case reports. A 29 - year - old woman developed nausea, 
anxiety, agitation, and visual hallucinations a half hour 
after ingesting her third tablet of mCPP. Vital signs were 
stable and there were no ECG abnormalities. She was 
discharged after 8 hours of observation. Laboratory 
testing revealed the presence of cocaine metabolites 
and ethanol (70   mg/dL).  

  DIAGNOSTIC TESTING 

 Analytic methods for the quantitation of mCPP include 
HPLC244   and liquid chromatography/atmospheric pres-
sure chemical ionization/tandem mass spectrometry. In 
a study of 12 healthy volunteers receiving 0.4   mg mCPP/
kg, the mean peak plasma mCPP concentration was 
53    ±    35   ng/mL with a range between 12.9 and 104.6   ng/
mL.239   The presence of mCPP in biologic samples does 
not necessarily imply the ingestion of this drug because 
mCPP is a metabolite of some antidepressants (e.g., 
trazodone, etoperidone, mepiprazole, nefazodone). A 
plasma sample from a 29 - year - old woman with mCPP 
intoxication (nausea, anxiety, agitation, hallucinations) 
contained 320   ng mCPP/mL.  235   Her urine sample con-
tained 2,300   ng mCPP/mL.  

  TREATMENT 

 Treatment is supportive, similar to the treatment of 
MDMA or MDA intoxication.     

  1 - Piperonylpiperazine 
( MDBP ) 
 1 - Piperonylpiperazine (MDBP) is a relative weak inhib-
itor of serotonin uptake.  245   The primary metabolic 
pathway of 1 - piperonylpiperazine [1 - (3,4 - methylene-
dioxybenzyl)piperazine, MDBP] is demethylenation of 

mCPP is a probe for serotonin function in psychiatric 
research as well as a potential anorexic drug. Typical 
oral doses of mCPP used for clinical investigations are 
0.5   mg/kg.  236   Case reports associate clinical doses of 
mCPP with the development of a serotonin - like syn-
drome.  237   Methods for the quantitation of mCPP in bio-
logic samples include MS with separation by LC or GC. 
For hair samples, methods of quantitation for mCPP 
involve GC/MS with mixed - mode solid - phase extrac-
tion and p  - tolylpiperazine as the internal standard.  233

The LLOQ of the latter is 0.05   ng/mg. 

        TOXICOKINETICS 

 The absolute bioavailability and clearance of mCPP is 
highly variable with large interindividual differences 
that complicate the therapeutic administration of this 
drug.  238   The absolute bioavailability ranged from 12 –
 84% (mean, 39%) in a study of 12 healthy men ingesting 
0.4   mg mCPP/kg.  239   The mean time to peak mCPP 
plasma concentrations was 2.19    ±    0.70 hours with a 
range from 1.40 – 4.08 hours. The biotransformation of 
piperazine derivatives is greater for phenylpiperazine 
(mCPP, TFMPP) than benzylpiperazine derivatives 
(e.g., BZP). The major metabolic pathway for the bio-
transformation of mCPP is hydroxylation of the aro-
matic ring via the cytochrome P450 isoenzyme, CYP2D6. 
Alternate metabolic pathways involve the degradation 
of the piperazine ring to p  - hydroxy - mCPP and then 
conjugation to glucuronide or sulfate. Phenylpiperazine 
compounds are almost exclusively metabolized prior to 
renal excretion.  77   In a study of 12 healthy men, the 
plasma elimination half - life of mCPP ranged from 2.6 –
 6.1 hours after ingestion.  239   mCPP is a minor metabolite 
of nefazodone and the main active metabolite of trazo-
done;240   additionally mCPP is a metabolite of etoperi-
done and mepiprazole.  241   The co - administration of these 
drugs and mCPP increases the steady - state plasma 
mCPP concentration in poor metabolizers of CYP2D6, 
particularly in combination with the CYP2D6 inhibitor, 
fl uoxetine.  242

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The binding profi le of  m  - chlorophenylpiperazine 
(mCPP) is complex; mCPP is a central serotonin agonist 
and a vascular serotonin antagonist with affi nity for 
most serotonin receptors (1A, 1B, 1D, 2C) and for  α2  -
 adrenergic receptors. The affi nity of mCPP for 5 - HT 2C

receptor subtypes is high, whereas the affi nity of mCPP 
for serotonin 1A, 1B, and 1D receptor subtypes is sub-
stantially less. This drug is also an antagonist of 5 - HT 3
and 5 - HT 2A  receptor subtypes.  243
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azine (TFMPP) is usually ingested as a mixture with 
BZP.  251   The combination of BZP and TFMPP enables 
drug users to reproduce the dopaminergic and sero-
toninergic effects of MDMA.  252

        TOXICOKINETICS 

 The major metabolic pathways for the biotransforma-
tion of TFMPP is alteration of the aromate by hydrox-
ylation and by degradation of the piperazine moiety 
to N  - (3 - trifl uoromethylphenyl)ethylenediamine,  N  -
 (hydroxy - 3 - trifluoromethylphenyl)ethylenediamine, 
3 - trifl uoromethylaniline, and hydroxy - 3 - trifl uorometh-
ylaniline.  253   Phase II reactions included glucuronidation, 
sulfonation, and acetylation of phase I metabolites. In 
rodent and human studies,  p  - hydroxy - TFMPP (4 - OH -
 TFMPP) is the main urinary metabolite.  254,255   Studies of 
human liver microsomes indicate that the CYP2D6 is 
also the major isoenzyme catalyzing the hydroxylation 
of TFMPP along with minor contributions by CYP1A2 
and CYP3A4.  256   TFMPP is almost exclusively (i.e., 
> 98 – 99%) metabolized prior to renal excretion.  77   In a 
study of volunteers ingesting 60   mg TFMPP, the mean 
peak plasma TFMPP concentration (24   ng/mL) occurred 
about 1 ½  hours after ingestion; the mean plasma elimi-
nation half - life was 2 and 6 hours.  254    In vitro  studies 
suggest that potential drug interactions may result from 
the ingestion of TFMPP with drugs that inhibit CYP2D6, 
CYP1A2, and CYP3A4 similar to benzylpiperazine.  257

Potential drug interactions occur between BZP and 
TFMPP because of similar metabolic pathways; however, 
the clinical signifi cance of these potential interactions is 
not well defi ned.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 TFMPP is a centrally active, aryl piperazine compound 
with serotoninergic properties.  258    In vivo  microdialysis 
studies in conscious rats indicate that TFMPP is a selec-
tive releaser of serotonin in synaptosomes, whereas 
benzyl piperazine increases the transporter - mediated 
effl ux of serotonin and dopamine transporter sub-
strate.  221   The action of TFMPP on various serotonin 
receptor types is complex. Rodent studies suggest that 
5 - HT 1B , 5 - HT 1C , and possibly  σ  - receptors mediate the 
effects of TFMPP, whereas this compound does not bind 
strongly to 5 - HT 1A , 5 - HT 2 , dopaminergic, or adrenergic 
receptors.  259

  CLINICAL RESPONSE 

 The combination of BZP and TFMPP produces sympa-
thomimetic and dissociative symptoms. Clinical effects 

the methylenedioxy moiety and subsequent methyla-
tion to N  - (4 - hydroxy - 3 - methoxybenzyl)piperazine fol-
lowed by partial glucuronidation or sulfation.  246   The 
kidneys excrete a substantial amount of MDBP 
unchanged. Methods for the quantitation of MDBP in 
biologic samples include GC/MS.  247   Treatment is sup-
portive and similar to the treatment of MDMA or MDA 
intoxication.  

  1 - (4 - Methoxyphenyl)
piperazine ( M  e  OPP ) 
 The biotransformation of piperazine derivatives is 
greater for MeOPP than BZP. MeOPP and most other 
phenylpiperazine compounds are almost exclusively 
metabolized prior to renal excretion. The major meta-
bolic pathway for the biotransformation of MeOPP is 
O  - demethylation of the methoxy moiety. CYP2D6 is 
the major cytochrome P450 isoenzyme involved in 
the O  - demethylation of MeOPP.  248   In rodent studies, 
metabolites of MeOPP include 1 - (4 - hydroxy phenyl)
piperazine and 4 - hydroxyaniline.  249   Amphetamine 
immunoassays do not reliably detect MeOPP or related 
compounds (e.g., BZP, TFMPP). Methods for the quan-
titation of MeOPP in biologic samples include MS with 
separation by LC or GC. Reliable detection of MeOPP 
and related drugs (BZP, TFMPP) in urine samples 
requires GC with nitrogen phosphorus detection or GC/
MS in selected - ion monitoring mode after mixed - mode 
solid - phase extraction and derivatization with hepta-
fl uorobutyric anhydride.  229   The LLOQ for the latter 
method is 5   ng/mL. For hair samples, methods of quan-
titation for MeOPP involve GC/MS with mixed - mode 
solid - phase extraction and  p  - tolylpiperazine as the 
internal standard.  233   The LLOQ of the latter is 0.05   ng/
mg. Treatment is supportive and similar to the treatment 
of MDMA or MDA intoxication.  

  1 - (3 - trifl uoromethylphenyl)
piperazine ( TFMPP ) 
 In 2002, TFMPP was temporarily added to the schedule 
I controlled substances list under the US Controlled 
Substances Act; however, TFMPP was removed from 
this list in 2004 after further review.  250   The sale of 
TFMPP is banned in Australia, Belgium, Denmark, 
Greece, New Zealand, and Sweden. The nonselective 
serotonergic agonist, 1 - (3 - trifl uoromethylphenyl)piper-
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 p  - tolylpiperazine as the internal standard.  233   The LLOQ 
of the latter is 0.05   ng/mg.  

  TREATMENT 

 Treatment is supportive and similar to the treatment of 
MDMA or MDA intoxication.      

  PYRROLIDINO-
PHENONES 

  α  - Pyrrolidinophenone compounds along with a variety 
of benzylpiperazine compounds rapidly spread as drugs 
of abuse in the club drug scene during the late 1990s. 
These drugs gained popularity as legal alternatives to 
MDMA with both stimulant and psychoactive proper-
ties.  212   Extensive metabolism of pyrrolidinophenone 

associated with the ingestion of this combination by 3 
patients presenting to an emergency department were 
nausea, vomiting, malaise, anxiety, agitation, mydriasis, 
ataxia, clonus, and sinus tachycardia.  260   All recovered 
without sequelae with supportive care.  

  DIAGNOSTIC TESTING 

 Methods for the quantitation of TFMPP and related 
drugs (MeOPP, BZP) in urine samples include GC with 
nitrogen phosphorus detection, chiral capillary 
electrophoresis,  261   liquid chromatography/electrospray 
ionization/mass spectrometry,  254   and GC/MS.  262   The 
ranges of BZP and TFMPP concentrations in serum 
samples from 3 patients intoxicated with these drugs 
ranged from 260 – 270   ng/mL and 30 – 60   ng/mL, respec-
tively. They recovered without sequelae. Amphetamine 
immunoassays do not reliably detect TFMPP and 
related compounds (e.g., BZP, MeOPP). For hair 
samples, methods of quantitation for TFMPP involve 
GC/MS with mixed - mode solid - phase extraction and 

       FIGURE 10.7.     Major metabolic pathways of common pyrrolidinophenone derivatives. UGT    =    UDP glucuronyl transferase; 
SULT    =    sulfotransferase; COMT    =    catechol  O  - methyl transferase; ADH    =    alcohol dehydrogenase; ALDH    =    aldehyde 
dehydrogenase; PPP    =    pyrrolidinopropiophenone; MOPP    =    R,S - 4 ′  - methoxy -  α  - pyrrolidinopropiophenone; MDPPP    =    R,S - 3 ′ ,4 ′  -
 methylenedioxy -  α  - pyrrolidinopropiophenone; MPPP    =    R,S - 4 ′  - methyl -  α  - pyrrolidinopropiophenone; MPHP    =    R,S - 4 ′  - methyl -  α  - 
pyrrolidino hexanophenone.  
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derivatives occurs in humans, primarily as a result of 
hydroxylation catalyzed by the cytochrome P450 
isoenzyme, CYP2D6, and to a lesser extent by 
CYP2C19.263   Pyrrolidinopropiophenone (PPP) under-
goes ring oxidation to the corresponding lactam or deg-
radation by double dealkylation to cathinone and 
subsequent keto reduction.  246   Although 4 ′  - hydroxy - 
PPP is a common metabolite of PPP and MeOPP, 2 ″  - oxo
 - PPP is a unique metabolite of PPP biotransformation; 
therefore, the presence of this latter metabolite indi-
cates the ingestion of PPP.  264    R , S  - 3 ′ , 4 ′  - methylenedioxy -
α  - pyrrolidinopropiopenone (MDPPP) undergoes 
demethylenation of the methylenedioxy group followed 
by partial 3 ′  - methylation of the resulting catechol, oxi-
dative deamination to the corresponding diketo com-
pounds and/or hydroxylation of the pyrrolidine ring 
with dehydrogenation to the corresponding lactam; the 
main metabolite is 4 ′  - hydroxy - PPP.  265   Common metabo-
lites of R , S  - 4 ′  - methoxy -  α  - pyrrolidinopropiophenone 
(MOPPP) and MDPPP include 3 ′ ,4 ′  - dihydroxy - PPP, 
3′  - methoxy - 4 ′  - hydroxy - PPP,and 3 ′  - methoxy - 4 ′  - hydroxy -
 2 - oxo - propiophenone. In addition to CYP2D6, 
CYP2C19 is potentially involved with the O  -
 demethylenation of MOPPP and MDPPP.  77   Figure  10.7  
displays the major metabolic pathways of common pyr-
rolidinophenone compounds. Treatment is supportive 
and similar to the treatment of MDMA or MDA 
intoxication.    
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  Chapter 11 

N , N  - DIETHYL-
TRYPTAMINE ( DET ) 

N , N  - Diethyltryptamine (DET) produces psychedelic 
effects similar to dimethyltryptamine (DMT) or mesca-
line. In contrast to DMT, DET is a synthetic substance 
that has not been found in the plant kingdom.  In vitro
studies indicate that DET signifi cantly inhibits mono-
amine oxidase (I 50     =    5    ×    10  − 3 M).  1   Rodent studies suggest 
that DET is about one - half as potent as DMT following 
intraperitoneal administration as measured by altera-
tion of behavior.  2   The intravenous (IV) injection of 
10   mg DET/kg into rodents was associated with clonic 
convulsions.  3   DET undergoes 6 - hydroxylation to 
6 - hydroxy -N , N  - diethyltryptamine (6 - HDET) and  N  -
 deethylation to  N  - ethyltryptamine and indole - 3 - acetic 
acid (free and conjugated 3 - IAA). Human studies 
suggest that elimination of 6 - HDET and 3 - IAA in the 
urine account for < 20% of the administered dose of 
DET.  4   In a study of volunteers, the administration of 
1   mg DET/kg was associated with elevated blood pres-
sure, mydriasis, disinhibition, and visual distortions.  4

Adverse effects included anxiety, tremors, nausea, vom-
iting, and a feeling of unpleasantness. The intramuscular 
administration of 0.65 to 0.85   mg DET/kg to normal test 
participants produced the onset of vertigo, mydriasis, 
nausea, sweating, tremor, and elevated heart rate and 
blood pressure within 8 to 15 minutes.  3   Within 30 
minutes after injection, elation, distortions of time and 
vision, loosening of associations, and a feeling of intoxi-
cation replaced earlier effects. These effects resolved 
within 3 hours. Some volunteers experienced unpleas-
ant after - effects (e.g., mild fatigue, headache, depres-

sion, insomnia). These adverse effects resolved within 
24 hours. Treatment of DET intoxication is supportive, 
similar to the treatment of 5 - methoxy - diisopropyltrypt-
amine (5 - MeO - DIPT; Foxy) intoxication.  

  5 - METHOXY -  N ,
N  - DIISOPROPYL-
TRYPTAMINE ( FOXY ) 

 Shulgin and Carter synthesized 5 - methoxy - diisopropyl-
tryptamine (5 - MeO - DIPT) in 1980.  5   Their report docu-
mented the hallucinogenic properties of this compound 
following oral administration, similar to  N , N  - dimethyl-
tryptamine (DMT). Reports of the abuse of this hallu-
cinogen appeared in the late 1990s and early 2000s.  6   In 
2003, this compound was amended into schedule I of 
the US Controlled Substances Act; Japan banned the 
use of 5 - MeO - DIPT in 2005. 

           IDENTIFYING CHARACTERISTICS 

 5 - Methoxy - diisopropyltryptamine is one of several 
designer tryptamine compounds that also include 
5 - methoxy -α  - methyltryptamine,  α  - methyltryptamine, 
5 - methoxy -N , N  - dimethyltryptamine,  N , N  - diethyltrypta-
mine, and  N , N  - dipropyltryptamine. 5 - MeO - DIPT is a 
potent hallucinogen that is structurally related to 
DMT and bufotenine (5 - hydroxy -  N , N  - dimethyltrypt-
amine, CAS RN: 487 - 93 - 4). Popular street names for 
this synthetic substance include Foxy, Foxy Methoxy, 
and 5MEO. Synthesis of 5 - MeO - DIPT involves the 

TRYPTAMINE DESIGNER DRUGS 

Medical Toxicology of Drug Abuse: Synthesized Chemicals and Psychoactive Plants, First Edition. Donald G. Barceloux.
© 2012 John Wiley & Sons, Inc. Published 2012 by John Wiley & Sons, Inc.



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

194

conversion of 5 - methoxy indole via the corresponding 
indole - 3 - glyoxylamide. All these compounds are ago-
nists for serotonin 5 - HT 2  receptors; their hallucinogenic 
properties depend on their affi nity for these receptors.  

  DOSE EFFECT 

 The administration of oral doses of up to 6 – 10   mg 
5 - MeO - DIPT (Foxy) to healthy volunteers produced 
relaxation, mild auditory illusions (i.e., lowering of 
tone), and talkativeness that peaked about 1 – 1.5 hours 
after administration and resolved within 4 hours.  5   
Adverse effects included nausea, vomiting, diarrhea, 
muscle spasms, muscle hyperactivity, and agitation. The 
intense sensory disturbances commonly associated with 
dimethyltryptamine and psilocybin use were absent.  

  TOXICOKINETICS 

 The relatively good oral bioavailability of 5 - methoxy -
 diisopropyltryptamine is unusual among tryptamine 
compounds because of the resistance of this drug to 
degradation by gastrointestinal monoamine oxygenase.  5   
Figure  11.1  displays the metabolic pathways of 
5 - methoxy - diisopropyltryptamine biotransformation. 
As suggested by the analysis of urine from volunteers 

ingesting 5 - MeO - DIPT, the major metabolites probably 
result from demethylation (5 - hydroxy - diisopropyltrypt-
amine, 5 - OH - DIPT) and hydroxylation (6 - hydroxy - 5 -
 methoxy -  N , N  - diisopropyltryptamine, 6 - OH - 5 - MeO - 
DIPT).  7,8   Side chain degradation by  N  - deisopropylation 
to the corresponding secondary amine (5 - methoxy -  N  -
 isopropyltryptamine, 5 - MeO - NIPT) is probably a minor 
pathway, and the formation of the  N  - oxide is minimal. 
Presumed metabolites of 5 - methoxy - diisopropyltrypt-
amine include 5 - methoxy - isopropyltryptamine, 5 - 
methoxy - isopropyltryptamine -  N  - oxide, 5 - methoxy - 
indole acetic acid, and 5 - hydroxy - indole acetic acid. In 
rat liver microsomal fractions, kinetic and inhibition 
studies indicate that CYP2C11 and CYP3A2 mediates 
side - chain  N  - dealkylation, whereas CYP2D2 and 
CYP2C6 mediate the aromatic ring  O  - demethylation.  9      

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  In vitro  studies indicate that 5 - MeO - DIPT has high 
affi nity for 5 - HT 1A  receptors and somewhat less affi nity 
for 5 - HT 2A  and 5 - HT 2C  receptors; however, animal 
studies suggest that 5 - HT 2A  receptors are the important 
sites of action for the hallucinogenic effects of 5 - MeO -
 DIPT.  10    In vitro  studies also suggest that 5 - MeO - DIPT 

       FIGURE 11.1.     Metabolic pathways of 5 - methoxy - diisopropyltryptamine (5 - Meo - DIPT) in humans. 5 - Meo - DIPT is metabolized 
mainly by demethylation and hydroxylation. Most of the 6 - OH - 5 - Meo - DIPT formed by hydroxylation is excreted as its 
conjugates.  
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acts as a competitive serotonin transporter (SERT) 
inhibitor.  11   SERT belongs to the Na  +   - dependent trans-
porter family that is responsible for the uptake of sero-
tonin (5 - HT) following the release of 5 - HT into the 
synaptic cleft. The hallucinogenic effects of 5 - MeO -
 DIPT are probably mediated by multiple molecular 
targets in the serotonergic system.  

  CLINICAL RESPONSE 

 Adverse effects associated with the use of Foxy include 
nausea, vomiting, mydriasis, auditory and visual halluci-
nations, formication, tachycardia, hypertension, confu-
sion, echolalia, and paranoia based on case reports.  12,13

Tremors and seizures are rare. Other adverse effects 
associated with the recreational use of 5 - MeO - DIPT 
include restlessness, agitation, and muscle tension. Case 
reports associate the use of 5 - MeO - DIPT with rhabdo-
myolysis and transient acute renal failure.  14   Recurrent 
seizures are more common following intoxication with 
5 - methoxy -α  - methyltryptamine than with 5 - MeO -
 DIPT. The onset of action following the ingestion of 
Foxy is relatively rapid ( < 2   h) with symptoms persisting 
approximately 3 – 6 hours. Case reports suggest that 
fl ashbacks can occur following the chronic use of 
5 - methoxy -N , N  - diisopropyltryptamine.  15

  DIAGNOSTIC TESTING 

 Methods for quantifi cation of 5 - MeO - DIPT metabolites 
include liquid chromatography/mass spectrometry, liquid 
chromatography/tandem mass spectrometry, and gas 
chromatography/mass spectrometry (GC/MS). Methods 
for the simultaneous detection and quantitation of 
designer tryptamine,  β  - carboline, and other phenethyl-
amine compounds including 5 - MeO - DIPT involves 
micellar electrokinetic chromatography (MEKC),  16   GC/
MS, liquid chromatography/electrospray ionization/mass 
spectrometry, and mass spectral fragmentation.  17,18   The 
limit of detection (LOD) for DET using cation - selective 
exhaustive injection - sweep - MEKC was about 2   ng/mL. 
A 23 - year - old man presented to the emergency depart-
ment (ED) with nausea, vomiting, formication (tactile 
hallucinations), and paranoia after ingesting Foxy 3 hours 
earlier.  13   A serum sample drawn 1   h after admission to 
the emergency department contained 0.14   mg 5 - MeO -
 DIPT/L as measured by GC/MS. Analysis by GC/MS 
detected 5 - MeO - DIPT concentrations of 1.7   mg/L in a 
urine sample collected from a 21 - year - old man 4 hours 
after the ingestion of a homemade capsule containing 
5 - MeO - DIPT. He developed visual hallucinations and 
mydriasis, but his symptoms resolved by the time of the 
sample collection. 

 A 29 - year - old man developed intense agitation after 
the rectal administration of 5 - MeO - DIPT; he died a few 
hours later in the hospital. Postmortem blood (site not 
reported) contained the following concentrations: 
5 - MeO - DIPT, 0.412   mg/L; 5 - OH - DIPT, 0.327   mg/L; and 
5 - MeO - NIPT, 0.020   mg/L.  19   The urine sample from a 
21 - year - old man contained 1.7   mg 5 - MeO - DIPT/L as 
measured by GC/MS.  20   Clinical features of intoxication 
at the time of presentation included mydriasis, mild hal-
lucinations, and diffi culty moving his extremities. At the 
time of the sampling 4 hours after ingestion, the patient 
was asymptomatic. Analysis of a urine sample collected 
35 hours after the ingestion of 50   mg 5 - MeO - DIPT 
detected the presence of 5 - MeO - DIPT as measured by 
liquid chromatography/mass spectrometry (LOD, 3   ng/
mL).7   Urine drug screens used in the clinical setting do 
not commonly detect the various tryptamine designer 
drugs.  21

  TREATMENT 

 The treatment of 5 - MeO - DIPT is supportive. Life -
 threatening medical reactions following exposure to 
tryptamine compounds are extremely rare. All patients 
should be evaluated for organic disease with vital signs, 
physical examination, and a thorough history that 
includes current symptoms, premorbid function, and 
prior medical and psychiatric conditions. Vital signs 
should include an accurate rectal temperature that is 
repeated if the patient deteriorates. The sympathomi-
metic effects of tryptamines are usually mild and tran-
sient, except in patients with underlying cardiovascular 
disease. Important aspects of the management of 
tryptamine - related panic attacks include reduction of 
sensory stimulation and reassurance that the frightening 
images are drug - related, similar to the treatment of 
harmala alkaloid intoxication. Continuous interpreta-
tions of sensory misperceptions and pseudo - hallucina-
tion are necessary to reduce the anxiety associated with 
a  “ bad trip. ”       

α  - METHYLTRYPT-
AMINE ( AMT ) and
α  - ETHYLTRYPTAMINE 
( AET ) 

α  - Methyltryptamine (AMT) and  α  - ethyltryptamine 
(AET) are synthetic drugs derived from tryptamine 
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with N , N  - dimethyltryptamine (DMT) being the proto-
typical hallucinogen in this group. During the early 
1960s,  α  - ethyltryptamine (Monase  ®  , Upjohn Company) 
was marketed in the United States as an antidepressant 
and stimulant, but the drug was removed shortly after 
introduction because of the occurrence of serious blood 
disorders. Since the 1980s, AET has been sold illicitly as 
a substitute for MDMA (ecstasy).  22   Clinical trials and 
animal studies during the early 1960s evaluated the effi -
cacy of  α  - ethyltryptamine acetate (Monase  ®  ) and  α  -
 methyltryptamine as neuroleptic agents for schizophrenia 
and depression. AMT (Indopan) was marketed in the 
Soviet Union during the 1960s as an antidepressant. 
AMT was one of the hallucinogenic drugs used by 
Ken Kesey during the 1960s as recorded by Alexander 
Shulgin.23   In 2003, the US Drug Enforcement 
Administration (DEA) added α  - methyltryptamine and 
5 - methoxy -N , N  - diisopropyltryptamine (5 - MeO - DIPT, 
Foxy) to schedule I of the Controlled Substances 
Act.24,25   Previously,  α  - ethyltryptamine and  N , N  -
 dimethyltryptamine were included in this list. 

           IDENTIFYING CHARACTERISTICS 

 Both  α  - ethyltryptamine (etryptamine, CAS RN: 2235 -
 90 - 7, C 12 H 16 N 2 ) and  α  - methyltryptamine (indopan, CAS 
RN: 299 - 26 - 3, C 11 H 14 N 2  ), possess central stimulant and 
hallucinogenic activity.  26   Both optical isomers of  α  -
 ethyltryptamine are active; the stimulant properties 
reside primarily in the ( − ) - enantiomer, whereas the ( + ) 
enantiomer has hallucinogenic properties. Street names 
for α  - ethyltryptamine include Love Pearls and ET;  α  -
 methyltryptamine is known as Day Tripper and IT - 290. 
Table  11.1  lists some physiochemical properties of  α  -
 ethyltryptamine, which is a reversible monoamine 
oxidase inhibitor and monamine - releasing substance 
(i.e., serotonin, dopamine).    

  DOSE EFFECT 

  Humans 

 The administration of up to 300   mg  α  - ethyltryptamine 
acetate daily for 2 months to psychiatric inpatients and 
outpatients was associated with occasional side effects 
including facial fl ushing, headache, gastrointestinal dis-

tress, insomnia, and irritability.  27   A case report associ-
ated the ingestion of 700   mg  α  - ethyltryptamine with 
fatal hyperthermia and agitated delirium.  22

 In studies of volunteer inmates,  α  - methyltryptamine 
was a more powerful psychotomimetic agent than α  -
 ethyltryptamine with effects similar to LSD. The most 
common adverse effects associated with the ingestion 
of 20   mg  α  - methyltryptamine were mydriasis, nervous 
tension, and restlessness.  28   The most prominent effects 
following the ingestion of 150   mg  α  - ethyltryptamine by 
these volunteers were anorexia and the feeling of intoxi-
cation. The ingestion of an estimated 100   mg AMT was 
associated with agitation, confusion, disorientation, hal-
lucination, diaphoresis, mydriasis, and sinus tachycar-
dia.29   The patient recovered with supportive care.  

  Animals 

 In animal studies, the oral administration of up 30   mg 
α  - ethyltryptamine/kg body weight and up to 20   mg  α  -
 methyltryptamine/kg body weight daily for 28 days 
produced no obvious clinical effects or histologic 
abnormalities.  30   Chronic oral administration of  α  -
 methyltryptamine and  α  - ethyltryptamine in daily doses 
up to 10   mg/kg body weight for 1 year produced some 
transient salivation, muscle tension in a group of rats, 
but no histologic changes were detected.  31   The adminis-
tration of daily doses up to 30   mg  α  - ethyltryptamine/kg 
to dogs caused transient sign of intoxication, but no 
permanent changes or histologic evidence of tissue 
damage.   

  TOXICOKINETICS 

 Early pharmacokinetic studies suggest the absorption of 
AET is rapid with a relatively wide volume of distribu-
tion; intoxication may occur following ingestion as well 
as insuffl ation. AET undergoes 6 - hydroxylation to the 
inactive metabolite, 3 - (2 - aminobutyl) - 6 - hydroxyindole. 
Elimination occurs primarily via the kidney with a 
plasma half - life of approximately 8 hours.  32   In rodent 
studies, elimination of AMT occurs primarily by renal 
excretion of unchanged AMT.  33   The primary urinary 
metabolites in these studies were 2 - oxo - AMT, 6 - OH -
 AMT, 7 - OH - AMT, and 1 ′  - OH - AMT. Limited data in 
humans suggests that liver excretes little AET in the 
bile, whereas a majority of the dose of AET appears in 
the urine within 12 – 24 hours.  32

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 In rodent studies, multiple doses of AET (8    ×    30   mg/
kg/sc) produce reductions in serotonin and 5 - hydroxy-

TABLE 11.1.    Some Physiochemical Properties of 
α  - Ethyltryptamine. 

   Physical Property     Value  

  Melting Point    97 ° C (206.6 ° F)  
  log P (Octanol - Water)    2.170  
  Water Solubility    510   mg/L  
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indole acetic acid (5 - HIAA) concentrations in the hip-
pocampus and frontal cortex similar to MDMA.  34

  CLINICAL RESPONSE 

 Clinical features associated with the ingestion of AET 
or AMT include nausea, agitation, restlessness, lethargy, 
euphoria, confusion, distortion of images (color, shape), 
and visual hallucinations.  29   Mild elevations of blood 
pressure and temperature typically occur; other effects 
include mydriasis, salivation, diaphoresis, clenching of 
the jaw, and tachycardia. Depersonalization may also 
occur, but alteration of visual perception is uncommon. 
In volunteer studies, the onset of action of  α  -
 methyltryptamine is relatively slow with an onset of 
action being 3 – 4 hours and the duration of action being 
about 12 – 24 hours.  28   The onset of action of  α  -
 ethyltryptamine is about 30 – 90 minutes.  28   The duration 
of intoxication following ingestion of AET was approxi-
mately 6 hours with subsequent feelings of lethargy and 
sedation.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 A sensitive (LOD, 1   ng/mL) and selective method for 
the determination for α  - methyltryptamine and 
5 - methoxy -N , N  - diisopropyltryptamine involves extrac-
tion using Extrelut  ®   column (Merck  &  Co., Inc., 
Whitehouse Station, NJ), with an internal standard, 
bupivacaine, followed by derivatization with acetic 
anhydride and analysis by gas chromatography/electro-
spray ionization/mass spectrometry in selected ion 
monitoring.  35

  Biomarkers 

 A 19 - year - old woman became disoriented and vomited 
after ingesting α  - ethyltryptamine.  36   Later, she devel-
oped cardiac arrest; she could not be resuscitated by 
bystanders or by the paramedics. She was pronounced 
dead at the scene; postmortem examination demon-
strated pulmonary edema, generalized visceral conges-
tion, and some epicardial petechiae. Analysis of 
postmortem samples demonstrated the following α  -
 ethyltryptamine concentrations: heart blood, 5.6   mg/L; 
vitreous humor, 2.4   mg/L; bile, 22.0   mg/L; and gastric 
contents, 52.9   mg.  α  - Ethyltryptamine can cross - react 
with some immunoassays for amphetamines. Analysis of 
postmortem blood from a fatality involving hyperther-
mia after the use of α  - ethyltryptamine demonstrated 
1.1   mg  α  - ethyltryptamine/L.  22   Postmortem blood from 
the iliac vein of a young college student found unre-

sponsive after ingesting α  - methyltryptamine about 12 
hours previously contained 2.0   mg  α  - methyltrypta-
mine/L.37   The amount of  α  - methyltryptamine in the 
gastric contents was 9.6   mg.   

  TREATMENT 

 Treatment of AMT or AET intoxication is supportive, 
similar to 5 - MeO - DIPT intoxication. Although life -
 threatening medical reactions following exposure to 
tryptamine compounds are extremely rare, case reports 
associate the use of these drugs with severe hyperther-
mia. All patients should be evaluated for organic disease 
with vital signs, physical examination, and a thorough 
history that includes current symptoms, premorbid 
function and prior medical and psychiatric conditions. 
Vital signs should include accurate rectal or core tem-
peratures that are repeated if the patient deteriorates. 
As measured by rectal thermocouple, a core tempera-
ture exceeding 40.5 ° C (105 ° F) indicates the need to cool 
the patient (e.g., ice water bath, evaporative cooling) 
and to monitor vital signs every 10 – 15 minutes after 
stabilization. Ice packs and the use of hypothermic blan-
kets are alternative measures when an ice bath is not 
available. The patient should be removed when the core 
rectal temperature drops to 39 ° C (102 ° F). Less severe 
temperature elevations (38 – 40 ° C/100.4 – 104 ° F) can be 
treated by placement in a cool room, removal of clothes, 
minimization of physical activity, sedation with benzo-
diazepines as needed, tepid sponging, or evaporative 
methods (cool mist spray, fans). These patients should 
receive aggressive fl uid resuscitation to maintain ade-
quate urine output and to minimize the effects of 
rhabdomyolysis.      
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  Chapter 12 

     Patients with anorexia nervosa (i.e., purge) and bulimia 
nervosa (i.e., binge/purge) frequently experience recur-
rent episodes of attempted weight loss by calorie restric-
tion, self - induced vomiting, and/or the surreptitious use 
of pharmaceutic drugs (diuretics, syrup of ipecac, laxa-
tives). Bulimic patients couple binge eating with behav-
ior intended to promote weight loss (diuretics/laxatives/
emetics, self - induced vomiting, strenuous exercise, 
fasting), whereas anorexic patients control their dietary 
intake much more than bulimics. Both anorexic and 
bulimic patients often abuse other drugs including 
ethanol and various types of diet pills.  1   Chronic abuse 
of syrup of ipecac, diuretics, and laxatives may cause 
tolerance to the anorexic effects of the drugs along with 
a desire to increase dosing to control weight.  2   The com-
bination of dietary restrictions and abuse of over - the -
 counter preparations may result in electrolyte imbalance 
(hypokalemia, hypocalcemia, hypomagnesemia), 
protein - calorie malnutrition, and cardiac dysrhythmias.  3

The psychologic impact of this abuse is consistent with 
the pre - existing eating disorder rather than a direct 
toxic effect of the abused pharmaceutic agents. These 
patients appear preoccupied with weight - control, calorie 
intake, or continuous exercise, even with apparently 
average or thin body habitus. They hide their body 
shape with baggy clothes, and surreptitiously use fre-
quent trips to the bathroom for purging and catharsis. 
Often, they express self - defeating statements after food 
consumption and display low self - esteem, mood swings, 
and depression. A perfectionist personality frequently 
accompanies eating disorders, which may intensify after 

self - imposed escalation of dosage regimens of diuretics, 
syrup of ipecac, and/or laxatives.  

  DIURETICS 

 Classifi cation of diuretics include the following: 1) the 
loop diuretics or inhibitors of the Na + /K + /2Cl −  symporter 
(e.g., bumetanide, ethacrynic acid, furosemide), 2) inhib-
itors of the Na + /Cl −  symporter (thiazide diuretics), 3) 
carbonic anhydrase inhibitors (e.g., acetazolamide), 4) 
osmotic diuretics (e.g., glycerin, mannitol, urea), 5) 
inhibitors of renal epithelial Na +  channels (e.g., amiloride, 
triamterene), and 6) mineralocorticoid receptor antago-
nists (e.g., spironolactone). Abuse of diuretics causes net 
weight loss and multiple systemic toxicities by promot-
ing the excretion of water and electrolytes; however, 
these drugs neither prevent the absorption of food nor 
accelerate the metabolism or excretion of nutrients. The 
World Anti - Doping Agency (WADA) added diuretics 
to the list of prohibited substances in 1988. During 2008, 
diuretics accounted for 7.9% (436 cases) of all adverse 
analytic fi ndings reported by WADA laboratories with 
hydrochlorothiazide (137 cases) and furosemide (104 
cases) representing the most common abused diuretics.  4

Abuse of diuretics in the competitive sports world 
results from the use of these drugs to induce rapid 
weight loss to meet a weight category and to mask the 
administration of other doping agents by reducing urine 
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 sulfonamide - furan  “ loop ”  diuretic and saluretic for 
treatment of edema, congestive heart failure, and 
chronic renal insuffi ciency.  

  DOSE EFFECT 

 Typical daily doses of furosemide are 1 – 3   mg/kg body 
weight in children and 20 – 600   mg in adults depending 
on the severity of the underlying illness (lower doses for 
hypertension and edema, higher doses for chronic renal 
failure). A 25 - year - old woman developed syncope, 
nausea, vomiting, dizziness, hyponatremia, and hypoka-
lemia after taking 200   mg of furosemide daily for 3 days 
while fasting to reach a specifi c weight target.  8   
Interpretation of clinical data on toxicity associated 
with chronic abuse of diuretics is complicated by vari-
able intake of fl uid and electrolytes as well as the unreli-
ability of histories for the surreptitious use of diuretics 
and other drugs (diet pills, herbs, ipecac, laxatives). 
Chronic abuse of 12.5   mg furosemide/kg daily and 
375   mg 18 hours prior to admission resulted in muscle 
weakness, carpopedal spasms, myalgias, and tetany sec-
ondary to electrolyte depletion (calcium, magnesium, 
potassium).  9   Abuse of furosemide may reach 2   g daily 
for extended periods with relatively minor changes in 
serum electrolytes, depending on dietary habits and the 
extent of abuse of other weight control measures.  10    

  TOXICOKINETICS 

  Kinetics 

 Furosemide is rapidly absorbed after ingestion with 
about 60% bioavailability.  11   The volume of distribution 
is small (0.11   L/kg) with high protein binding ( ∼ 98 –
 99%). The liver conjugates about 35% of the absorbed 
dose of furosemide with glucuronic acid. The kidney 
excretes the remainder as unchanged furosemide. 
Following therapeutic doses of furosemide, the serum 
half - life averages approximately 1.5 hours, but serum 
half - life may exceed 20 hours after chronic ingestion of 
high doses of furosemide.  11   Total systemic clearance of 
furosemide is about 2   mL/min/kg body weight. 

 Furosemide crosses the placenta during the peripar-
tum period with similar furosemide concentrations in 
umbilical cord and maternal blood 8 – 10 hours after 
daily oral doses of 25 – 40   mg.   12   In general, diuretics are 
considered safe for use in lactating mothers despite the 
secretion of furosemide into breast milk.  13    

  Tolerance 

 Gradual tachyphylaxis to diuretics develops after long -
 term administration; repeat use of loop diuretics may 

drug concentrations. There is no evidence that the use 
of diuretics improves athletic performance as the dehy-
dration associated with diuretic use impairs maximal 
exercise capacity and muscular strength.  5   

  Furosemide 

        IDENTIFYING CHARACTERISTICS 

 Furosemide [5 - (aminosulfonyl) - 4 - chloro - 2 - ((furanylme-
thyl)amino)benzoic acid, C 12 H 11 ClN 2 O 5 S] is a commonly 
abused diuretic. Figure  12.1  displays the chemical struc-
ture of furosemide (CAS RN: 54 - 31 - 9). Table  12.1  lists 
some physiochemical properties of furosemide.      

  EXPOSURE 

 Although many individuals with eating disorders use 
diuretics, relatively few of these individuals continue the 
use of diuretics on a regular basis.  2   A commonly reported 
use for diuretics in these patients is the control of weight 
gain secondary to premenstrual water retention. The 
prevalence of diuretic use in patients with bulimia 
nervosa is particularly high. In a study of 275 bulimic 
women, approximately one - third of these patients 
reported the use of diuretics for weight control and 
about 10% in this series used diuretics daily.  6   Reported 
weekly diuretic use in 14 regular diuretic users ranged 
from 1 – 14 times.  7   Furosemide is a synthetic benzoic -

       FIGURE 12.1.     Chemical structure of furosemide.  

  TABLE 12.1.    Some Physiochemical Properties of 
Furosemide. 

   Physical Property     Value  

  Molecular Weight    330.7441   g/mol  
  Melting Point    295 ° C (563 ° F)  
  log P (Octanol - Water)    2.03  
  Water Solubility    73.1   mg/L (30 ° C/86 ° F)  
  Vapor Pressure    3.23E - 10   mm Hg (25 ° C/77 ° F)  
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the loop of Henle and by enhancing distal tubular potas-
sium secretion.  24

  Mechanism of Toxicity 

 Furosemide induces ototoxicity by altering the electro-
lyte composition of endolymph, and inducing edema of 
the stria vascularis, presumably by inhibition of electro-
lyte symporters similar to those found in the ascending 
limb of the loop of Henle.  25   Hyponatremia and hypoka-
lemia are common complications of furosemide abuse. 
Diminished sodium and chloride reabsorption from 
overuse or abuse of diuretics causes hyponatremia. The 
resulting increased delivery of sodium to the distal 
tubule activates the renin - angiotensin system; subse-
quently, production of aldosterone increases along with 
increased secretion of potassium and hydrogen ions into 
the distal tubule. 

 Case reports associate the rapid correction of severe 
hyponatremia in patients chronically abusing furose-
mide with central pontine myelinolysis.  26   During pro-
longed hyponatremia from chronic furosemide abuse, 
the brain minimizes cerebral edema by extruding 
osmotically active particles (e.g., amino acids, sodium, 
potassium) from the intracellular compartment. The 
rapid expansion of extracellular fl uid during the quick 
correction of chronic hyponatremia with hyperosmotic 
saline rapidly reduces brain size; damage of myelin 
sheaths subsequently occurs.  27,28   Although the central 
pons is the most sensitive area of the brain, other areas 
of the brain may undergo myelinolysis. A mutation in 
the gene (SLC12A3) for the thiazide - sensitive NaCl 
coporter in the distal convoluted tubule is responsible 
for hypokalemic metabolic alkalosis and hypomagnese-
mia associated with Gitelman syndrome that simulates 
chronic diuretic abuse.  29

  CLINICAL RESPONSE 

  Illicit Use 

 Overdoses of diuretics rarely cause acute toxicity; 
however, signifi cant dehydration and electrolyte imbal-
ance occurs following the chronic abuse of diuretics by 
patients with eating disorders. The abuse of furosemide 
is associated with signs of dehydration including thirst, 
lethargy, poor skin turgor, postural hypotension, 
syncope, dry mucous membranes, tachycardia, and 
fatigue. Delirium, rhabdomyolysis, and renal dysfunc-
tion (acute tubular necrosis) may result from severe 
dehydration and hypokalemia. Tinnitus with temporary 
or irreversible deafness may occur following chronic 
abuse of high doses of furosemide. 

initiate and perpetuate alternating diuresis and refl ex 
water retention, leading to weight fl uctuations.  14

Hypertrophy occurs in the distal tubule in response to 
elevated tubular sodium concentrations and the 
enhanced reabsorption of sodium and water. 
Coadministration of thiazide restores diuresis in thera-
peutic settings by blocking distal tubule sodium reab-
sorption.15   Diuretic abuse may involve dual diuretic 
administration when loop diuretics fail to control weight.  

  Drug Interactions 

 The concomitant administration of furosemide with cef-
tazidime increases the serum concentrations of the 
latter; however, there are few data on the clinical signifi -
cance of this potential interaction.  16   Case reports suggest 
that the administration of an aminoglycoside (e.g., gen-
tamicin) followed by furosemide may increase the risk 
of ototoxicity.  17   The concomitant administration of phe-
nytoin or phenobarbital with furosemide may decrease 
serum furosemide concentration by about 50 – 65% as a 
result of a reduction in the gastrointestinal (GI) absorp-
tion of furosemide.  18   Case reports associate the inges-
tion of chloral hydrate within 24 hours prior to the 
administration of furosemide with diaphoresis, fl ushing, 
anxiety, and hypertension similar to degreaser ’ s fl ush.  19,20

The combination of furosemide and corticosteroids may 
result in severe potassium depletion, possibly aug-
mented by steroid - induced overproduction of endoge-
nous aldosterone.  21   Potassium depletion by furosemide 
may potentiate myocardial sensitivity to digoxin toxic-
ity.  22   The concomitant administration of herbal diuretic 
preparations (e.g., licorice, gossypol) with furosemide 
may potentiate the electrolyte abnormalities associated 
with chronic furosemide abuse.  23

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Furosemide binds reversibly to the sodium - potassium -
 chloride symporter complex in the thick ascending loop 
of Henle, blocking the reabsorption of sodium and chlo-
ride; consequently, interstitial hypertonicity decreases 
along with water reabsorption. The persistence of these 
electrolytes in the lumen of the thick ascending limb 
abolishes the 10 - millivolt transepithelial potential gra-
dient, which is the driving force for calcium and magne-
sium effl ux into the interstitial space. Subsequently, 
reabsorption of calcium and magnesium decreases. 
Furosemide signifi cantly enhances urinary potassium 
excretion both by reducing potassium reabsorption in 
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several days after cessation of diuretic abuse. This tran-
sient weight gain may be associated with bloating, 
abdominal distention, and ankle edema. The perception 
of increased weight gain after cessation of diuretic use 
encourages resumption of diuretic abuse by anorectic 
and bulimic women.  

  Reproductive Abnormalities 

 Diuretics are not recommended during pregnancy, sec-
ondary to neonatal kidney and electrolyte abnormali-
ties, especially during the third trimester. The US Food 
and Drug Administration classifi es furosemide as cate-
gory C (little or no adverse animal data, no controlled 
human studies) in pregnancy.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analytic techniques for the quantitation of furosemide 
in biologic samples include high performance liquid 
chromatography (HPLC) with spectrofl uorometric 
detection,30   gas chromatography/electron capture 
negative ionization/mass spectrometry,  33   and solid -
 phase extraction followed by high pressure liquid 
chromatography/electrospray ionization/tandem mass 
spectrometry.  34   This latter method detects 35 diuretics 
and metabolites at urinary concentrations signifi cantly 
below 100   ng/mL, whereas the limit of detection (LOD)  
for gas chromatography/electron capture negative 
ionization/mass spectrometry is typically < 5 – 10   ng/mL. 
WADA established a single minimum required perfor-
mance level (MRPL) of 250   ng/mL for the detection for 
diuretics in urine by accredited laboratories, typically by 
gas chromatography/mass spectrometry (GC/MS), 
liquid chromatography/mass spectrometry (LC/MS), or 
liquid chromatography/tandem mass spectrometry with 
electrospray ionization.  35   Similar to hydrochlorothia-
zide and triamterene, the short half - life of furosemide 
limits detection of this diuretic in urine samples col-
lected 24 – 48 hours after administration.  

  Biomarkers 

 Detection of surreptitious diuretic use involves sequen-
tial measurements of urine chloride concentrations and 
the analytic confi rmation of diuretics in urine samples. 
Patients abusing diuretics typically develop hypokale-
mic metabolic alkalosis with normal urine chloride 
excretion during periods of abstinence. Wide variation 
in the urinary excretion of potassium, sodium, and chlo-
ride suggests diuretic use. Urine concentrations of these 

  Central Pontine Myelinolysis 

 Case reports associate the rapid correction of chronic 
hyponatremia secondary to anorexia nervosa and 
diuretic abuse with the development of confusion, delir-
ium, oculomotor abnormalities, dysarthria, dysphagia, 
spastic weakness, and quadriparesis or pseudobulbar 
palsy. The onset of symptoms of this disorder may occur 
several hours to a week after the correction of the serum 
sodium concentration. A 35 - year - old woman became 
severely hyponatremic (serum sodium, 91   mEq/L) and 
hypokalemic (serum potassium, 1.6   mEq/L) following 
the chronic abuse of furosemide (400   mg daily) and the 
ingestion of large volumes of water.  26   The serum sodium 
was corrected rapidly within the fi rst 32 hours 
(1   mEq/L/h); she became agitated, labile, and tremulous 
within 2 – 3 days. Four days later, she was dysphagic, 
ataxic, and dysarthric; initially, she had a fl accid quad-
riplegia that subsequently became spastic. Several 
months of physical therapy were necessary to regain her 
gait and speech. Pancreatitis, nephrocalcinosis, ureteral 
stones, and hypercalciuria may occur following long -
 standing diuretic abuse.  30

  Pseudo - Bartter Syndrome 

 Case series associate the surreptitious use of diuretics 
with hyperreninemic hypokalemic metabolic alkalosis 
in the presence of normal blood pressure and normal 
urinary excretion of sodium and chloride, similar to 
Bartter syndrome. The latter syndrome is a rare genetic 
abnormality that causes chronic hypokalemic alkalosis 
in adults. Distinguishing these 2 syndromes may be dif-
fi cult when the patient does not admit the use of diuret-
ics. In a study of 5 patients with pseudo - Bartter syndrome 
and 6 patients with Bartter syndrome, the plasma 
sodium potassium, chloride, bicarbonate, renin, and 
aldosterone concentrations of the 2 groups were similar, 
whereas the serum magnesium and uric acid concentra-
tions were greater in the pseudo - Bartter syndrome 
group.  31   Gitelman syndrome is the hypocalciuric variant 
of Bartter syndrome that causes hypomagnesemia in 
adults. This syndrome causes hypokalemic metabolic 
alkalosis and hyperreninemic hyperaldosteronism with 
normal blood pressure similar to Bartter syndrome and 
diuretic abuse.   

  Abstinence Syndrome 

 Discontinuation of chronic diuretic use may cause 
rebound edema and weight gain that requires days to 
weeks to resolve.  32   Fluid retention with paradoxical 
diuresis may be particularly prominent during the fi rst 
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be evaluated for electrolyte (sodium, potassium, chlo-
ride, magnesium, calcium) and acid – base abnormalities, 
anemia, pancreatitis, rhabdomyolysis, volume depletion, 
renal dysfunction, and electrocardiographic abnormali-
ties. Fluid replacement typically involves replacement 
of sodium and chloride losses with saline. Rare compli-
cations include cardiac dysrhythmias, hearing loss, 
hyperuricemia, and pancreatitis. Severe chronic hypo-
natremia should be corrected relatively slowly 
( < 0.55   mEq/L/h) to prevent the development of central 
pontine myelinolysis.  26   The serum sodium should be 
 < 135   mEq/L with the fi rst 48 hours of treatment; hyper-
natremia should be avoided. Peripheral edema may 
occur during the fi rst few weeks after cessation of 
diuretic abuse, which usually responds to salt restriction. 
Hospitalization may be necessary to correct hypokale-
mic metabolic alkalosis and to stop the use of diuretics 
and other methods to control weight.     

  Hydrochlorothiazide 

        IDENTIFYING CHARACTERISTICS 

 Hydrochlorothiazide [2H - 1,2,4 - benzothiadiazine - 7 -
 sulfonamide, 6 - chloro - 3,4 - dihydro - 1,1 - dioxide, 
C 7 H 8 ClN 3 O 4 S 2 ] is another commonly abused diuretic. 
Figure  12.2  displays the chemical structure hydrochlo-
rothiazide (CAS RN: 58 - 93 - 5). In conditions within the 
body, hydrochlorothiazide is moderately soluble in 
water. Table  12.2  lists some physiochemical properties 
of hydrochlorothiazide.      

  EXPOSURE 

 Hydrochlorothiazide is a synthetic compound available 
as monotherapy for the treatment of hypertension 
or edema, and more frequently in combination 
therapy with other pharmaceuticals (e.g., angiotensin 
converting enzyme inhibitors, potassium sparing diuret-
ics). This diuretic is distributed as a pill or capsule; 
however, this drug is not available commercially in a 
parenteral form.  

ions increase shortly after ingestion of diuretics, whereas 
maximum reduction in the urinary concentration of 
these ions occurs during the postdiuretic phase. 
Consequently, measurement of urinary chloride excre-
tion does not necessarily distinguish between Bartter 
syndrome and the use of furosemide because 
furosemide impairs tubular reabsorption of chloride 
similar to Bartter syndrome. Diuretic use causes con-
traction of extracellular fl uid and increases proximal 
tubule solute reabsorption. The presence of reduced 
uric acid and fractional lithium clearances (i.e., markers 
of postproximal solute delivery) along with reduced 
renal response to a standard infusion of furosemide 
separate diuretic use (pseudo - Bartter syndrome) from 
Bartter syndrome.  31    

  Abnormalities 

 The characteristic electrolyte profi le associated with 
furosemide abuse is a hyponatremic, hypochloremic, 
and hypokalemic metabolic alkalosis. However, the pre-
senting serum and urinary electrolyte abnormalities 
associated with diuretic abuse may be complicated by 
the concomitant use of laxatives, self - induced vomiting, 
or dietary restrictions. The hypokalemia associated with 
diuretic abuse may be severe (e.g., 1.3   mEq/L) in asso-
ciation with normal serum chloride concentrations and 
elevated serum bicarbonate.  36   Although serum sodium 
and magnesium concentrations are often normal, 
occasionally mild to moderate hyponatremia and hypo-
magnesemia develop along with hypokalemia.  37   
Hyponatremic hypotonic dehydration along with hypo-
kalemia following chronic furosemide abuse typically 
occurs in the setting of excessive water ingestion and/or 
the abuse of other diuretics (e.g., hydrochlorothiazide).  38   
Rarely, hyperglycemia and hyperuricemia may result 
from the chronic abuse of diuretics.  38   Excessive diuresis 
and dehydration may cause a transient decrease in glo-
merular fi ltration rate and elevation of serum blood 
urea nitrogen. A paradoxical diuresis may continue for 
several days after drug cessation. Magnetic resonance 
imaging (MRI) of the brain in patients with central 
pontine myelinolysis demonstrates ventricular dilation 
and extensive central pontine lesions. The size of the 
MRI lesion does not correlate well with the initial serum 
sodium concentration or the severity of neurologic 
abnormalities.  39     

  TREATMENT 

 Initial medical management should be directed at the 
correction of fl uid and electrolyte imbalance along with 
the restoration of a normal diet. These patients should        FIGURE 12.2.     Chemical structure of hydrochlorothiazide.  
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  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Thiazide diuretics inhibit sodium and chloride reab-
sorption in the cortical diluting segment of the proximal 
segments of the distal tubule and the distal portion of 
the ascending loops of Henle; however, hydrochloro-
thiazide does not limit the reabsorption of calcium or 
magnesium. The increased amount of sodium leaving 
the proximal tubule results in a refl ex increase in aldo-
sterone secretion that enhances sodium reabsorption 
from the distal tubule. The exchange of sodium for 
potassium causes an increased loss of potassium in the 
urine. Hydrochlorothiazide is a relatively weak diuretic 
compared with furosemide, but hydrochlorothiazide 
produces a dose - dependent loss of potassium in the 
urine that is greater than furosemide. Marked hypoka-
lemia is uncommon unless the dose of hydrochlorothia-
zide is large or the patient has Cushing syndrome. The 
inhibition of the renal tubular excretion of uric acid may 
cause an attack of gout in susceptible patients.  

  CLINICAL RESPONSE 

 Similar to furosemide, chronic abuse of hydrochloride 
may cause severe electrolyte and fl uid imbalance, 
pseudo - Bartter syndrome, and central pontine myelin-
olysis (i.e., after the rapid correction of hyponatremia). 
Complications of the therapeutic use of hydrochloro-
thiazide include hemorrhagic pancreatitis, acute gout, 
and hyperglycemia in diabetic patients.  45

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analytic techniques for the quantitation of hydrochlo-
rothiazide in biologic samples include thin layer 
chromatography (TLC),  46   high performance liquid 
chromatography (HPLC) with UV detection,  47   HPLC 
with electrochemical detection,  48   liquid chromatography/
tandem mass spectrometry,   49   and GC/MS. The LOD 
for TLC is approximately 5,000   ng/mL compared with 
300   ng/mL for GC/MS and approximately 1   ng/mL for 
liquid chromatography/tandem mass spectrometry.  50    In
vitro  studies indicate that hydrochlorothiazide concen-
trates in erythrocytes. The concentration of hydrochlo-
rothiazide is about 10 - fold higher in erythrocytes than 
plasma;51   limited pharmacokinetic data suggests that 
whole blood hydrochlorothiazide concentrations are 
about 2.5 - fold higher than plasma hydrochlorothiazide 
concentrations.  52   Degradation products of hydrochloro-
thiazide in aqueous media (e.g., 4 - amino - 6 - chloro - 1,3 -
 benzenedisulphonamide) allows the detection of 

  TOXICOKINETICS 

 The oral bioavailability of hydrochlorothiazide is rela-
tively high (i.e., about 70    ±    15%). In a study of 10 
healthy volunteers receiving 25   mg hydrochlorothiazide 
daily for 45 days, the mean time to peak hydrochloro-
thiazide concentration was 2.8    ±    0.40 hours.  40   The appar-
ent volume of distribution and mean terminal plasma 
elimination half - life vary several - fold among pharmaco-
logic studies of clinical doses of hydrochlorothiazide 
(i.e., 25 – 100   mg), at least partially as a result of differ-
ences in the postdose sampling times between studies. 
The mean apparent volume of distribution in the 
studies with longer monitoring periods are in the range 
of approximately 3 – 4   L/kg.  41   In a study of 4 healthy 
adults receiving a single dose of 100   mg hydrochloro-
thiazide and monitored for 48 hours, the mean V d  was 
3.48   L/kg.  42   The mean apparent volume of distribution 
(Vd ) was 2.58    ±    0.30   L/kg in a study of 12 healthy vol-
unteers receiving hydrochlorothiazide doses up to 
200   mg.  43   The mean terminal plasma elimination half -
 lives of the studies with longer monitoring periods are 
in the range of approximately 9 – 12 hours.  41   A study of 
12 healthy volunteers receiving a single dose of 25 –
 200   mg hydrochlorothiazide demonstrated a mean ter-
minal plasma half - life of 9.75 hours.  43   In a study of 10 
healthy volunteers receiving 25   mg hydrochlorothiazide 
daily for 45 days, the plasma elimination half - life was 
8.00    ±    2.50 hours.  40   Elimination of hydrochlorothiazide 
occurs almost exclusively by renal excretion of 
unchanged drug. Although hydrochlorothiazide is 
excreted in breast milk, case reports suggest that the 
daily ingestion of 50   mg hydrochlorothiazide by lactat-
ing mothers does not produce detectable hydrochloro-
thiazide concentration (i.e.,  < 20   ng/mL) in breast feeding 
infants.  44

TABLE 12.2.    Some Physiochemical Properties of 
Hydrochlorothiazide. 

   Physical Property     Value  

  Molecular Weight    297.7391   g/mol  
  Melting Point    274 ° C (525.2 ° F)  
  pKa Dissociation Constant    7.9  
  log P (Octanol - Water)  − 0.07  
  Water Solubility    722   mg/L (25 ° C/77 ° F) 

1,080   mg/L (37 ° C/98.6 ° F, 
pH 7.4)  

  Vapor Pressure    1.32E - 09   mm Hg 
(25 ° C/77 ° F)
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the French Royalty for dysentery; both the root and 
powder became widely available in Europe during the 
18 th  century. Pelletier isolated emetine from the mixture 
of alkaloids in extracts of ipecac, while working at the 
School of Chemistry in Paris in 1817. Later, the major 
methoxylated alkaloid retained the name emetine, 
whereas the other principal alkaloid with a free phenol 
group was named, cephaeline.  60   In 1908, Harrison fi rst 
described ipecac poisoning when his stable boy devel-
oped severe vomiting and died soon after the incidental 
ingestion of fl uid extract of ipecac (vinum ipecacua-
nha).  61   The pathology of muscle damage caused by the 
administration of emetine as an anthelminthic was 
described in the 1920s.  62   Although multiple deaths were 
attributed to the use of emetine during the fi rst half of 
the 19 th  century, the lack of suffi cient clinical details in 
these case reports limits conclusions regarding the con-
tribution of toxic myocarditis to these deaths.  63   In the 
late 1950s, dehydroemetine was introduced as a more 
effi cacious and less toxic treatment for amebiasis than 
emetine. Emetine was investigated as a chemotherapeu-
tic agent for cancer treatment in the early and mid - 19 th  
century.  64   The more potent fl uid extract of ipecac was 
removed from the US Pharmacopeia in the mid - 1960s 
because of the severe toxicity associated with use of the 
extract instead of the syrup. In the United States, the 
use of emetine for the treatment of amebiasis ceased in 
the 1960s. The use of syrup of ipecac as an emetic for 
the treatment of poisonings has declined dramatically 
over the last 2 decades.  

  IDENTIFYING CHARACTERISTICS 

  Structure 

 The active ingredients in syrup of ipecac are emetine 
(CAS RN: 483 - 18 - 1) and cephaeline (CAS RN: 483 - 17 -
 0). Figure  12.3  and Figure  12.4  display the chemical 
structures of emetine and cephaeline, respectively. Table 
 12.3  and Table  12.4  list some physiochemical properties 
of emetine (methyl cephaeline, C 29 H 40 N 2 O 4 ) and cepha-
eline (C 28 H 38 N 2 O 4 ), respectively.      

diuretic use up to 120 hours after administration when 
analyzed by liquid chromatography/tandem mass 
spectrometry.  53    

  Biomarkers 

 In a study of 10 healthy volunteers receiving 25   mg 
hydrochlorothiazide daily for 45 days, the mean peak 
plasma hydrochlorothiazide concentration was 
200    ±    40   ng/mL.  40   Limited pharmacokinetic data sug-
gests that peak hydrochlorothiazide concentrations fol-
lowing therapeutic doses are higher in elderly patients 
compared with healthy young adults. In a study of 6 
healthy young and 6 elderly volunteers receiving 25   mg 
hydrochlorothiazide daily, the mean peak plasma hydro-
chlorothiazide concentrations on day 1 were 298    ±    27   ng/
mL and 484    ±    32   ng/mL, respectively.  54   On day 8, these 
2 plasma concentrations (356    ±    18   ng/mL and 
615    ±    43   ng/mL, respectively) were not signifi cantly dif-
ferent than day 1. The mean peak plasma hydrochloro-
thiazide concentration in 4 healthy adults ingesting 
100   mg hydrochlorothiazide was about 657   ng/mL.  42    

  Abnormalities 

 The use of hydrochlorothiazide inhibits the urinary 
excretion of calcium with associated development of 
increased serum total and ionized calcium concentra-
tions.  55   Abnormalities associated with the use and 
abuse of hydrochlorothiazide include pancreatitis, 
volume contraction and alkalosis, hypokalemia, hypo-
natremia, hyperuricemia, and reduced carbohydrate 
tolerance.  56,57     

  TREATMENT 

 Treatment of complications associated with hydrochlo-
rothiazide abuse is supportive, similar to furosemide 
abuse.      

  SYRUP OF IPECAC 

           HISTORY 

 The naturalist, Georg Marggraf and the physician 
Willem Pison fi rst reported the use of ipecacuanha root 
(Rio ipecac) based on their travels in Brazil during the 
early 1900s.  58   Le Gras imported ipecacuanha root from 
South America in the latter 17 th  century as a treatment 
for fl ux (dysentery) and the ague (fever).  59   Jean - Adrien 
Helvetius used ipecacuanha root to treat members of        FIGURE 12.3.     Chemical structure of emetine.  
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majority of patients with eating disorders. In a 5 - year 
study of outpatients presenting to a suburban eating 
disorder clinic, there were 815 females (98.1%) and 16 
males (1.9%) ranging in age from 11 – 74 years.  66   Of the 
851 outpatients, 3.1% had a history of chronically 
abusing ipecac and 1.1% admitted the current abuse of 
ipecac. Anorexic and bulimic patients also use digital 
stimulation to induce vomiting. 

 The principal alkaloids in syrup ipecac are emetine 
and cephaeline; the sources of these compounds are the 
ground roots of  Psychotria ipecacuanha  (Brot.) Standl. 
( Cephaelis ipecacuanha ,  Cephaelis acuminata ,  Uragoga 
acuminata ) from the Rubiaceae family. This small peren-
nial shrub reaches 20 – 40   cm in height with opposite 
decussate leaves and white fl owers (compact cymes). 
The twisted, fragmented roots are 6 – 15   cm in diameter. 
Although the structure of cephaeline and emetine are 
similar, emetine is the focus of the majority of toxico-
logic research on syrup of ipecac because of its rela-
tively greater toxicity.  67    

  DOSE EFFECT 

  Medical Use 

 Syrup of ipecac is no longer recommended for the stan-
dard treatment of poisonings. Previous single - dosing 
recommendations were 5 – 10   mL (120 – 240   mL water) 
in children aged 6 – 12 months, 15   mL (120 – 240   mL 
water) in children aged 1 – 12 years, and 15 – 30   mL 
(240   mL water) in adolescents and adults. The dose may 
be repeated in all age groups if vomiting has not occurred 
within 20 – 30 minutes after initial administration. There 
are limited data on the threshold doses and dose 
response for muscle damage following abuse of ipecac. 
In phase I dose - ranging studies of emetine as an intra-
venous (IV) chemotherapeutic agent, severe muscle 
weakness began at cumulative IV doses of approxi-
mately 15   mg/kg.  64   The suggested emetine dose for che-
motherapy was 1.5   mg/kg intravenously weekly for a 
minimum total dose of 15   mg/kg.  

  Toxicity 

 In the older medical literature, a toxic cumulative 
emetine dose during therapeutic use was approximated 
at 20   mg/kg;  68   however, this toxic threshold is diffi cult 
to evaluate because of the potential effect of unreported 
medical conditions (e.g., parasitic infections, liver 
abscess, pneumonia, sepsis) associated with patients 
treated for amebiasis during this period. A 4 - year - old 
boy received 60   mL ipecac fl uid extract after ingesting 
commercial antacid tablets containing oil of pepper-
mint, calcium carbonate, magnesium carbonate, and 

  Form 

 Syrup of ipecac is available in liquid form. Ipecac fl uid 
extract is 14 - fold more potent than syrup of ipecac. The 
United States Pharmacopeia (USP) guidelines state 
that syrup of ipecac should contain 1.23 – 1.57   mg/mL 
total ether soluble alkaloids (minimum 90% cephaeline 
and emetine).  65   However, the content of these alkaloids 
varies with manufacturing processes; the actual content 
of cephaeline and emetine may not meet the USP stan-
dards. Typically, the amount of cephaeline exceeds the 
amount of emetine in a 30 - mL bottle of syrup of ipecac 
with a ratio ranging from approximately 1.5 – 3.   

  EXPOSURE 

 Although eating disorders occur in either gender and in 
various age groups, young women comprise the vast 

       FIGURE 12.4.     Chemical structure of cephaeline.  

  TABLE 12.3.    Some Physiochemical Properties of Emetine. 

   Physical Property     Value  

  Molecular Weight    480.6389   g/mol  
  Melting Point    74 ° C (165.2 ° F)  
  log P (Octanol - Water)    5.200  
  Water Solubility    984   mg/L (15 ° C/59 ° F)  
  Vapor Pressure    2.47E - 12   mm Hg 

(25 ° C/77 ° F)  

  TABLE 12.4.    Some Physiochemical Properties of 
Cephaeline. 

   Physical Property     Value  

  Molecular Weight    466.6123   g/mol  
  Melting Point    115.5 ° C (239.9 ° F)  
  log P (Octanol - Water)    4.890  
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receiving 30   mL syrup of ipecac as a gastric decontamina-
tion measure, the range of plasma concentrations at 30 
minutes after administration were as follows: cephaeline, 
nondetectable – 73   ng/mL; emetine, nondetectable – 68   ng/
mL.75   All patients vomited within 30 minutes after admin-
istration of syrup of ipecac. 

  Distribution 

 Volume of distribution (V d ) of emetine is probably large 
based on the prolonged excretion of emetine from the 
body during chronic use; however, determination of the 
Vd  is limited by few data on pharmacokinetics in volun-
teer studies or patients abusing syrup of ipecac.  

  Biotransformation 

 There are few  in vivo  data on the biotransformation of 
emetine and cephaeline in humans.  In vitro  studies in 
human hepatic microsomal enzyme systems indicate 
that CYP2D6 converts emetine to cephaeline and 9 -  O  -
 demethylemetine, whereas CYP3A4 catalyzes the con-
version of emetine to cephaeline, 9 -  O  - demethylemetine 
and 10 -  O  - demethylemetine.  76   In rats, cephaeline (6 ′  -  O  -
 demethylemetine) undergoes rapid conjugation with 
glucuronide (cephaeline - 6 ′  -  O  - glucuronide) and primar-
ily biliary excretion, whereas emetine is demethylated 
to cephaeline and 9 -  O  - demethylemetine before glucuron-
idation.77   The biliary excretion of emetine metabolites is 
substantially lower than cephaeline metabolites (i.e., 57% 
vs. 7% of the administered dose, respectively).  

  Elimination 

 The elimination of cephaeline and emetine from the 
plasma following absorption is relatively rapid (i.e., 
12 – 24   h), depending on the absorbed amount of these 
alkaloids. In a study of 12 volunteers receiving a single 
dose of 30   mL syrup of ipecac ( ∼ 25   mg cephaeline, 
∼ 15   mg emetine), neither alkaloid was detectable in 
plasma 6 hours after administration as measured by 
HPLC with fl uorescence detection.  73   All of these volun-
teers vomited after administration of syrup of ipecac. 
Two volunteers receiving 20   mL syrup of ipecac ( ∼ 17   mg 
cephaeline,  ∼ 10   mg emetine) did not vomit, and their 
plasma contained detectable concentrations of these 2 
alkaloids 24 hours after ingestion. The persistence of 
these alkaloids in the urine suggests that they may accu-
mulate after chronic administration, particularly if vom-
iting does not occur after use; however, there are few 
data confi rming or quantitating the accumulation of 
these alkaloids. The plasma elimination half - life of these 
2 compounds in rodent studies follows a biexponential 

magnesium trisilicate.  60   He was discharged home; he 
continued to vomit and developed diarrhea and fever. 
About 36 hours after the initial visit, he was hospitalized 
in profound shock with a heart rate of 200 beats per 
minute; he died 8 hours later. Death was ascribed to 
ipecac poisoning, but the actual cause of death was 
unclear because of multiple potential causes. 

 The surreptitious use of syrup of ipecac and the lack 
of laboratory confi rmation of chronic abuse limit the 
estimation of the cumulative toxic dose necessary to 
cause damage. Consequently, the total emetine dose 
required to produce the onset of myopathy varies widely 
(i.e., 500 – 36,000   mg).   69   The escalating weekly abuse of 
syrup of ipecac from 30 – 210   mL over 6 months by a 
19 - year - old woman was associated with moderate to 
marked muscle weakness, waddling gait, dyspnea, palpi-
tations, left atrial enlargement, and a reduced left ven-
tricular ejection fraction (40%). 70   She also had mild 
elevation of serum muscle enzymes and hepatic amino-
transferases along with normal electrolytes except mild 
hyperkalemia (5.4   mEq/L). She improved markedly 
with abstinence. A 26 - year - old woman developed mild 
generalized motor weakness, dyspnea, QT c  prolonga-
tion (480   ms), and mild global ventricular dysfunction 
(ejection fraction, 45%).  71   She admitted the use of 
approximately 1,300 – 2,000   mL syrup of ipecac, and she 
improved following cessation of ipecac use. A prospec-
tive review of cases of chronic syrup of ipecac abuse 
revealed a range of 100 – 2,000 estimated lifetime doses.  72

A severe skeletal myopathy developed in the patient 
who had ingested 2,000 doses.   

  TOXICOKINETICS 

  Absorption 

 Both emetine and cephaeline are rapidly absorbed from 
the GI tract after ingestion, but the amount absorbed is 
highly variable depending primarily on the amount of 
emesis produced by syrup of ipecac. In a study of 12 
volunteers receiving 30   mL syrup of ipecac ( ∼ 25   mg 
cephaeline,  ∼ 15   mg emetine), all volunteers vomited and 
the recovery of both alkaloids was 76    ±    14% of the 
administered dose.  73   Peak plasma alkaloid concentra-
tions occurred within 1 hour as measured by HPLC with 
fl uorescence detection. The LOD for cephaeline and 
emetine was 1   ng/mL and 2.5   ng/mL, respectively. In a 
study of 10 healthy volunteers receiving 30   mL syrup of 
ipecac (45   mg cephaeline, 13.8   mg emetine), the mean 
peak plasma cephaeline concentration was 16.5    ±    13.5   ng/
mL at 20.5    ±    10.9 minutes, whereas the mean peak plasma 
emetine concentration was 9.6    ±    4.1   ng/mL at 19.0    ±    8.1 
minutes.  74   In a study of 10 emergency department patients 
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opathies following the use of emetine as an anthelmin-
thic are rare.  86

  Muscle 

 Isolated necrotic fi bers and granular basophilic fi bers 
appear in microscopic examination of muscle biopsy 
from patients with myopathies associated with emetine 
use; however, hypertrophic fi bers are usually absent.  87

There is a predominance of type I fi bers and a slight 
decrease in the average diameter of muscle fi bers along 
with swollen core - targetoid fi bers and intracytoplasmic 
inclusion bodies in the type I fi bers. Type II - A and II - B 
fi bers occasionally may be affected.  88   Perifascicular 
atrophy and infl ammatory cell infi ltrates are usually 
absent.70   Electron microscopy reveals sarcomeric and 
sarcotubular abnormalities including Z - line streaming, 
myofi brillar disorganization, and increased lysosomal 
activity.  89   Expansion of electron dense material 
extends into the A -  and I - bands; occasionally, the 
entire sarcomere or adjacent sarcomeres become 
involved. The granular breakdown of myofi laments and 
sarcomeres results in the formation of cytoplasmic 
bodies, which include the Z - band material. These cyto-
plasmic bodies appear as central granular electron -
 dense cores of various shapes and sizes surrounded by 
electron - lucent halos containing 7 -  to 10 - nm fi laments 
and glycogen granules in the marginal zone.  90   The nec-
rotizing myopathy associated with syrup of ipecac abuse 
differs from the vacuolar myopathy associated with 
hypokalemia in bulimic patients abusing diuretics and 
laxatives. 

 There is substantial variation in the toxicity of 
emetine between animal species with dogs being par-
ticularly sensitive.  91   In rat studies, emetine causes a nec-
rotizing myopathic process with vacuolar degeneration, 
disruption of myofi brils, and fi ne cytoplasmic body for-
mation, probably as a result of direct toxicity at the 
subcellular level.  92   These pathologic changes in muscle 
are not associated with recognizable morphologic or 
physiologic alterations in the neurons innervating 
the muscle units.  93   Examination of myocardial biopsies 
from dogs administered 3.3 – 32   mg/kg over 5 – 32 days 
demonstrated partial to complete loss of mitochondrial 
cristae with the rest of the myocardial fi ne structure 
intact.94   These changes occur in both type 1 and type 2 
fi bers. Electron microscopy reveals degenerative 
changes primarily in type 1 fi bers including Z - band 
streaming, paucity of mitochondria, dense body forma-
tion in the sarcoplasm, and sarcotubular lesions.  95   The 
severity and distribution of these abnormalities increase 
with increasing exposure time. Muscle tissue exhibits 
anaerobic glycolysis with lactate formation; the loss of 

decrease with a half - life of approximately 3 – 9 hours 
(cephaeline) and 65 – 163 hours (emetine).  77

  Maternal and Fetal Kinetics 

 The P - glycoprotein transport protein on the placental 
syncytiotrophoblast prevents maternal – fetal transfer of 
emetine;78   however, forceful vomiting induced by syrup 
of ipecac may cause premature uterine contractions in 
pregnant mothers.  79   The alkaloids of syrup of ipecac are 
not known to transfer into breast milk.  

  Tolerance 

 Chronic abuse of syrup of ipecac can lead to physiologic 
tolerance, prompting the user to increase dosing to 
induce vomiting. Although tolerance to the emetic 
effects may develop, escalation of the dose of ipecac 
may cause increased adverse effects (diarrhea, tachycar-
dia, myopathy).  80

  Drug Interactions 

 There are few data on the drug interactions associated 
with the use of syrup of ipecac.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Emetine and cephaeline in syrup of ipecac irritate 
stomach epithelium; stimulation of gastric mucosal 
sensory receptors activates the vomiting center in the 
brain. These alkaloids also directly stimulate the chemo-
receptor trigger zone in the area postrema of the 
medulla.81

  Mechanism of Toxicity 

 Accumulation of emetine following chronic syrup of 
ipecac ingestion causes damage to both skeletal and 
cardiac muscle, but the injury pattern is not unique to 
emetine or the abuse of syrup of ipecac. In animal 
studies, emetine affects phase 0 depolarization, similar 
to quinidine.  82   Emetine blocks cardiac L - type calcium 
channels and fast sodium channels in vitro ,  83   suggesting 
an electrochemical contribution to the cardiotoxicity of 
emetine and the development of cardiac dysrhyth-
mias.  84,85   The use of emetine as an anthelminthic is asso-
ciated with a variety of electrocardiographic changes 
including PR and QT c  prolongation, nonspecifi c ST - T 
changes, and T - wave inversions, but serious cardiomy-
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or cold food. Old amalgams may rise above the surface 
of the tooth as a result of the erosion of the enamel. 
Self - induced vomiting may cause trauma to the dorsum 
of the dominant hand, manifest by lesions ranging from 
superfi cial ulcerations to hyperpigmented scars.  100   Other 
abnormalities of the upper GI tract include chronic 
pharyngitis, benign parotid enlargement, and esophagi-
tis.  101,102   Gastrointestinal complications of the abuse of 
ipecac include esophageal rupture (Boerhaave syn-
drome), mucosal tear at the gastroesophageal junction 
(Mallory - Weiss syndrome), hemorrhagic gastritis, 
refl ux esophagitis, and ileus.  103   Malnutrition may cause 
dermatologic abnormalities similar to dermatomyositis; 
however, the lack of infl ammation of muscle tissue on 
biopsy distinguishes emetine myopathy from dermato-
myositis.  104   Follicular hyperkeratosis may result from 
vitamin C defi ciency. Repeated vomiting from chronic 
ingestion of syrup of ipecac may cause aspiration 
pneumonitis. 

  Behavioral Abnormalities 

 Behavioral and mental status changes are not usually 
associated with emetine toxicity.  

  Medical Complications 

 In studies of emetine for the treatment of amebiasis, the 
most common adverse effects other than local pain were 
general weakness and electrocardiographic changes in 
about one - half of the patients along with precordial 
chest pain in about one - third of the patients.  105   Other 
toxic effects included diarrhea, nausea, and less com-
monly tachycardia. 

Peripheral Myopathy.     Case reports of patients with 
anorexia nervosa or bulimia nervosa associate the 
chronic abuse of ipecac with reversible myopathy, mani-
fest by proximal muscle weakness, waddling gait sec-
ondary to extensor muscle weakness in the hips, winged 
scapula, dysphagia, and weakness of the neck fl exors. 
Typically, severely affected patients have diffi culty 
arising from a chair or horizontal position, lifting their 
arm over their neck, climbing stairs, and crossing their 
legs. Often, Gower ’ s sign (standing by the patient, bring 
the hands proximally up the legs) is positive. Proximal 
muscles are more affected than distal muscles. 
Examination of mental status, cranial nerves, muscle 
bulk, coordination, and sensation are usually normal. 
Although deep tendon refl exes (DTRs) may be slug-
gish, refl exes typically are normal. The neuromuscular 
abnormalities associated with chronic abuse of syrup of 
ipecac are similar to the myopathy associated with the 

myosin ATPase and myosin dehydrogenase resolve 
spontaneously after cessation of syrup of ipecac abuse.  90

  Homeostasis 

 Repeated vomiting from chronic ingestion of syrup of 
ipecac may cause hypochloremic metabolic alkalosis 
and hypokalemia resulting from chloride depletion, 
contraction of extracellular volume, secondary hyperal-
dosteronism, increased renal tubular sodium absorp-
tion, and increased urinary excretion of potassium.  96

Metabolic alkalosis results from the loss of hydrogen 
ion from the gastric secretions and the renal tubular 
secretion of hydrogen ion with the absorption of bicar-
bonate. The transcellular potassium redistribution from 
the extracellular to the intracellular compartments 
maintains the alkalosis. Low urinary chloride refl ects 
the contraction of intravascular volume, and to a lesser 
extent, loss of chloride in gastric secretions.   

  Postmortem Examination 

 Dilated cardiomyopathy and evidence of cardiac muscle 
injury occur in cases of chronic syrup of ipecac abuse. 
In a case of Munchausen syndrome by proxy with docu-
mented postmortem cephaeline and emetine concentra-
tions, the postmortem examination of a 47 - month - old 
child revealed ascites, bilateral pleural effusions, and 
biventricular dilation.  97   The skeletal muscle examina-
tion by light microscopy was normal, but examination 
of cardiac muscle demonstrated myofi brillar degenera-
tion and myocytolysis in the outer third of the left ven-
tricular free wall without infl ammation or fi brosis. 
Electron microscopy revealed local zones of myofi bril-
lar lysis with periodic clumps of Z - band material resem-
bling cytoplasmic bodies. Rare case reports on the 
administration of emetine for amebiasis associated ther-
apeutic emetine doses with interstitial myocarditis; 
however, the contribution of emetine to these deaths is 
unclear.  98

  CLINICAL RESPONSE 

  Illicit Use 

 Clinical features of chronic ipecac abuse include diar-
rhea, vomiting, abdominal cramps, muscle stiffness and 
weakness, mild tremor, fatigue, and peripheral edema. 
Frequent vomiting may cause erosion of the tooth 
enamel (perimolysis), particularly of the posterior 
occlusal surfaces of the maxillary incisors.  99   These 
changes may result in excessive sensitivity to tempera-
ture changes in the mouth, particularly when eating hot 
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  Reproductive Abnormalities 

 Abuse of syrup of ipecac causes maternal volume deple-
tion with potential effects on fetal homeostasis, amniotic 
fl uid volume, and uterine and placental perfusion; 
however, these effects are not well reported in the 
medical literature.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques for the quantitation of emetine and cepha-
eline in biologic samples include spectrophotometry,  113

thin layer chromatography (TLC),  114   high performance 
liquid chromatography (HPLC) with fl uorescence 
detection,115   reverse - phase liquid chromatography with 
UV detection at 254   nm,  116   and HPLC with photodiode 
array detection.  117   The LOD for these 2 alkaloids in 
urine as measured by liquid chromatography with fl uo-
rescence detection was 5   ng/mL compared with 1   ng/
mL and 2.5   ng/mL for plasma samples. The LOD and 
the lower limit of quantitation (LLOQ) using liquid 
chromatography with UV detection for analyzing 
emetine was 50   ng/mL and 100   ng/mL, respectively. 
Emetine and cephaeline are stable in frozen ( − 20 ° C/ − 4 ° F) 
plasma or urine for at least 90 days.  118

  Biomarkers 

  Blood 

 Figure  12.5  displays the mean plasma cephaeline and 
emetine concentrations during the fi rst 3 hours after 
administration of 30   mL syrup of ipecac (45   mg cepha-
eline, 13.8   mg emetine) to 10 healthy volunteers.  74   A 
14 - year - old adolescent was admitted to the hospital 
with nausea, vomiting, diarrhea, and abdominal pain 
after head trauma from an automobile accident. 
Subsequently, his surreptitious use of the syrup of ipecac 
was discovered when analysis of admission blood 
yielded a serum emetine concentration of > 10 - fold 
higher than the upper limit of normal.  119   A 34 - month -
 old child was hospitalized for intractable vomiting, 
myopathy, and elevated serum creatine kinase.  120   The 
diagnosis of Munchausen syndrome by proxy was made 
after LC/MS analysis of 2 serum samples revealed 
emetine concentrations of 21   ng/mL and 26   ng/mL.   

 A 26 - year - old woman complained of dyspnea, palpi-
tations, and fatigue after consuming 3 – 4 bottles of ipecac 
syrup daily for 3 months.  121   In the hospital, she devel-
oped biventricular cardiac failure and intractable ven-
tricular fi brillation. Postmortem examination revealed 
pericardial effusions, a small pulmonary emboli, and 

administration of emetine.  106   Occasionally, these patients 
may develop mild sensory disturbances, tremors, and 
myalgias. Muscle strength typically returns to baseline 
within several weeks to 5 months.  

Cardiomyopathy.     Rarely, congestive heart failure is 
associated with anorexia nervosa and bulimia, particu-
larly during the initial phase of nutritional rehabilita-
tion.107   Although mild global left ventricular dysfunction 
and nonspecifi c electrocardiographic changes are 
common in patients with marked skeletal myopathy 
from ipecac abuse, fulminant heart failure does not 
usually occur in patients abusing ipecac. A 26 - year - old 
woman developed skeletal muscle weakness, dyspnea 
on exertion, mild basilar rales, QT c  prolongation 
(480   ms), and mild left ventricular dysfunction (ejection 
fraction, 45%) after abusing syrup of ipecac for 5 
months.  71   She did not develop any dysrhythmias, and 
she improved with cessation of ipecac use. Other cardiac 
abnormalities associated with the abuse of syrup of 
ipecac include left atrial enlargement and mitral valve 
prolapse.  70   Clinical signs of congestive heart failure 
occur rarely following the use of emetine as an anthel-
minthic, primarily following IV administration or the 
ingestion of concentrated liquid extract.    

  Fatalities 

 Sudden death is a complication of anorexia nervosa and 
bulimia (e.g., refeeding phase, liquid - protein diets, 
starvation - induced QT c  prolongation), even in the 
absence of ipecac abuse.  108,109   Although case reports 
associate sudden death with the abuse of ipecac in the 
clinical setting of anorexia nervosa and bulimia, the con-
tribution of ipecac is not clearly defi ned. Several of 
these case reports document complications (myocardi-
tis, pericarditis, pulmonary embolism, pneumonia) not 
usually associated with the alkaloids in syrup of 
ipecac.  110,111   A 17 - year - old adolescent developed gener-
alized myalgias, bilateral ankle swelling, progressive 
skeletal muscle weakness, hypotension, intractable con-
gestive heart failure, and cardiac arrest unresponsive to 
medical management.  112   Subsequently, 12 empty bottles 
of syrup of ipecac were found under her bed. The post-
mortem examination demonstrated vacuolar degenera-
tion and focal myocardial necrosis. The urine screen was 
positive for emetine, but emetine apparently was not 
detected in the postmortem blood.  

  Abstinence Syndrome 

 An abstinence syndrome has not been associated with 
the cessation of syrup of ipecac abuse.  



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

212

 dimensional echocardiography in patients with marked 
skeletal myopathy may demonstrate reduced left ven-
tricular ejection fraction, which often is asymptomatic. 

  Electrodiagnostic Studies 

 Electromyographic features of the myopathy associated 
with chronic abuse of ipecac include occasional fi brilla-
tions, complex repetitive discharges, myopathic motor -
 unit potentials, and increased insertional activity, 
particularly in proximal muscles.  69   These abnormalities 
are usually reversible after cessation of the use of syrup 
of ipecac. The amplitude of evoked action potentials 
and nerve conduction velocities are typically normal.  

  Electrocardiogram 

 The most common electrocardiographic changes in 
patients undergoing cancer treatment with emetine 
were ST - T wave abnormalities, QT prolongation, and 
premature ventricular contractions.  64,105   Electro cardio-
graphic abnormalities frequently occur in patients with 
skeletal muscle weakness and evidence of emetine tox-
icity. The changes associated with the chronic abuse of 
ipecac include non - specifi c ST - T wave changes, T - wave 
inversions, QRS and QT c  prolongation, and sinus tachy-
cardia. These changes are non - specifi c and may occur 
without laboratory evidence of electrolyte abnormali-
ties. These changes usually resolve with abstinence from 
syrup of ipecac.  

diffuse interstitial edema of the heart. As measured by 
fl uorescence spectrophotometry, emetine was detected 
in the following tissues: liver, 14    μ g/g; kidney, 7.4    μ g/g; 
blood, 2.4    μ g/g; bile, 1.9    μ g/g; pericardial fl uid, 0.7    μ g/g; 
and cerebrospinal fl uid, 0.1    μ g/g.  

  Urine 

 The kidney excretes relatively small amounts of cepha-
eline and emetine in the urine following the ingestion 
of syrup of ipecac depending in part on the amount 
expelled in the vomitus. In a study of 12 volunteers 
receiving a single 30 - mL dose of syrup of ipecac, the 
urinary excretion of cephaeline and emetine during the 
fi rst 48 hours after dosing accounted for 0.73    ±    0.30% 
and 0.79    ±    0.24%, respectively, of the administered 
dose.  73   However, these 2 alkaloids were detectable in 
urine of the volunteers for at least 2 weeks, and in 1 
individual up to 12 weeks after administration as mea-
sured by HPLC with fl uorescence detection. The urine 
emetine concentration in a child hospitalized for 
M ü nchausen syndrome by proxy was 100   ng/mL.  120   One 
week later, the urine emetine concentration declined to 
78   ng/mL.   

  Abnormalities 

 Chest X - ray may reveal aspiration pneumonitis in 
patients with chronic abuse of syrup of ipecac or 
pneumomediastinum from protracted vomiting. Two -

       FIGURE 12.5.     Mean cephaeline and emetine concentrations during fi rst 3 hours after the administration of 30   mL syrup of ipecac 
to 10 healthy volunteers.  (Reprinted with permission from EJ Scharman, MJ Hutzler, GJ Rosencrance, TS Tracy, Single dose 
pharmacokinetics of syrup of ipecac, Therapeutic Drug Monitoring, Vol. 22, Issue 5, p. 438, copyright 2000.)   
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sagrada, senna, sodium picosulfate).  123   Danthron (syn-
thetic anthraquinone) and phenolphthalein (diphenyl-
methane derivative) are banned from sale in the United 
States as a result of animal studies suggesting an 
increased risk of cancer.  124   Plant preparations (e.g., aloe, 
cascara, frangula, rhubarb, senna) contain anthranoid 
compounds, which are alternatives to other stimulant 
laxatives (bisacodyl, castor oil, phenolphthalein). The 
abuse of laxatives involves 1) patients with psychiatric 
disorders (anorexia nervosa, bulimia nervosa) who sur-
reptitiously use laxatives to lose weight, 2) individuals 
desiring a specifi c stool regimen, and 3) patients with 
Munchausen syndrome who surreptitiously abuse laxa-
tives themselves or administer laxatives to their chil-
dren (Munchausen syndrome by proxy). The Munchausen 
syndrome involves the appearance of chronic factitious 
illness resulting from a desire to manipulate and deceive 
the medical profession for secondary gain (attention, 
sympathy, removal from confl ict). 

 In a study of patients with eating disorders, laxative 
abusers demonstrated more perfectionism and avoidant 
personality features compared with nonlaxative 
abusers.  125   Laxative - abusing anorexia nervosa patients 
had high scores on the histrionic scale, whereas laxative -
 abusing bulimia nervosa patients had the higher patho-
logic scores on drive for thinness, body dissatisfaction, 
passive - aggressive and borderline personality, ineffec-
tiveness, and lack of introspection. In a study of 5,355 
young women, individuals abusing laxatives were older, 
had poor perceived health, and were less likely to seek 
treatment compared with women engaged in self -
 induced vomiting.  126   Additionally, laxative - abusing 
patients with eating disorders also display higher levels 
of depression and self - directed hostility compared with 
individuals self - inducing vomiting.  127   Stimulant laxa-
tives are the most commonly abused laxatives by indi-
viduals with eating disorders including diphenylmethane 
compounds (bisacodyl), castor oil, and anthraquinones 
(aloe, cascara, senna). 

  Bisacodyl 

        IDENTIFYING CHARACTERISTICS 

 Bisacodyl (CAS RN: 603 - 50 - 9, C 22 H 19 NO 4 ) is a diphe-
nylmethane stimulant laxative used to treat constipa-
tion and to promote bowel evacuation; this compound 
[2 - (4,4 ’  - diacetoxydiphenylmethyl)pyridine] is the acetic 
acid diester of the laxative, diphenol 2 - (4,4 ’  - dihydroxy-
diphenyl)methyl - pyridine. Table  12.5  lists some physio-
chemical properties of bisacodyl. Figure  12.6  displays 

  Blood 

 The chronic abuse of syrup of ipecac by bulimic patients 
is frequently associated with mild elevation of serum 
hepatic aminotransferases (alanine aminotransferase, 
aspartate aminotransferase), lactate dehydrogenase, 
and serum muscle enzymes (creatine phosphokinase, 
aldolase).122   Hyponatremia, hypochloremia, hypokale-
mia, hypocalcemia, and hypomagnesemia may be 
observed with chronic abuse of syrup of ipecac, particu-
larly in combination with diuretics and laxatives.    

  TREATMENT 

 Similar to the abuse of diuretics, initial medical manage-
ment should be directed at the correction of fl uid and 
electrolyte imbalance along with the restoration of a 
normal diet after an initial evaluation of the adequacy 
of respiration and cardiac function. These patients 
should be evaluated for electrolyte (sodium, potassium, 
chloride, magnesium, calcium), and acid - base abnor-
malities, muscular weakness, anemia, rhabdomyolysis, 
volume depletion, renal dysfunction, cardiomyopathy, 
and electrocardiographic abnormalities. Fluid replace-
ment typically involves replacement of sodium and 
chloride losses with saline. Rare complications include 
cardiac dysrhythmias. Vasopressors and invasive moni-
toring with central venous, pulmonary wedge pressure 
or noninvasive hemodynamic monitoring may be neces-
sary for severe hypotension associated with severe 
cardiomyopathy. 

 Severe hyponatremia should be corrected relatively 
slowly ( < 0.55   mEq/L/h) to prevent the development of 
central pontine myelinolysis. Peripheral edema may 
occur during the fi rst few weeks after cessation of 
purging behaviors, which usually responds to salt restric-
tion. Hospitalization may be necessary to correct hypo-
kalemic metabolic alkalosis and to stop the use of ipecac 
or other surreptitious methods to control weight. 
Emetine - induced myopathy is usually reversible and 
resolves spontaneously including return of normal 
cardiac function.  3

  LAXATIVES 

 The 5 major classes of laxatives include the following: 
1) lubricant (liquid paraffi n, mineral oil), 2) bulk (psyl-
lium), 3) stool softeners, 4) osmotic (lactulose, magne-
sium sulfate/citrate, sodium sulfate, sorbitol), and 5) 
stimulant (aloes, bisacodyl, buckthorn, cascara, castor 
oil, danthron, frangula, phenolphthalein, rhubarb, 
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  TOXICOKINETICS 

  Absorption 

 The absorption of bisacodyl depends on the formulation 
(e.g., enteric coated tablet, solution, drag é e, supposi-
tory). Following administration of suppositories, the 
absorption of bisacodyl is minimal despite the relatively 
prompt onset of laxative effects (15 – 60   min). In a study 
of 16 volunteers receiving a single 10   mg bisacodyl 
suppository, the mean time to maximum serum concen-
tration of the active deacetylated metabolite, bis - ( p  -
 hydroxyphenyl) - pyridyl - 2 - methane (BHPM, bisacodyl 
diphenol) was 0.67    ±    0.11 hours with a mean total 
serum BHPM concentration (free plus conjugate) of 
35.48    ±    2.60   ng/mL (range, 10 – 55   ng/mL).  128   Following 
ingestion of a solution containing 10   mg bisacodyl, the 
mean peak total bisacodyl concentration (free    +    conju-
gated) in plasma samples from 12 healthy volunteers 
was 236    ±    59   ng/mL with a mean time to peak concen-
tration of 1.7 hours.  129   Plasma BHPM concentrations 
were nondetectable in 6 of these 12 volunteers after 
administration of a single 10   mg bisacodyl suppository 
despite the rapid onset of catharsis (mean, 20    ±    10 
minutes).  

  Biotransformation 

 Endogenous esterases in the wall of the large intestine 
rapidly hydrolyze bisacodyl to the active metabolite 
[bis - ( p  - hydroxyphenyl) - pyridyl - 2 - methane, BHPM].  130   
In contrast to the formation of BHPM, bacterial action 
is necessary to convert sodium picosulfate or sennosides 
to their respective active metabolites. Following hydro-
lysis, BHPM undergoes conjugation with glucuronide 
before excretion in the urine. Glucuronidation of BHPM 
occurs in the intestinal wall rather than the liver. BHPM 
appears in the stool as the free form.  

  Elimination 

 The elimination of bisacodyl depends on the dosage 
form. In a study of 16 volunteers receiving 10   mg bisaco-
dyl suppository, urinary BHPM accounted for 3.4    ±    0.5% 
of the administered dose.  128   Following the ingestion of 
10   mg bisacodyl enteric - coated tablets by 5 healthy vol-
unteers, urinary excretion of BHPM glucuronide 
accounted for approximately 10% of the bisacodyl dose 
during the fi rst 48 hours after ingestion.  130   A majority of 
the administered dose of bisacodyl appears in the stool 
as free BHPM. Following ingestion of a solution con-
taining 10   mg bisacodyl, approximately 43    ±    15% of the 
administered dose appeared in the urine as BHPM gluc-

the chemical structure of bisacodyl. The active metabo-
lite is deacetylbisacodyl or bisacodyl diphenol (dihy-
droxydiphenylpyridyl methane, CAS RN: 603 - 41 - 8). 
Sodium picosulfate is the sulfate conjugate of bisacodyl 
that also has laxative properties.      

  EXPOSURE 

 Bisacodyl is available as pills, capsules, and rectal sup-
positories, usually as over - the - counter preparations. 
Trade names include Bisac - Evac  ®  , Correctol  ®   (Bristol -
 Myers, Squibb, Princeton, NJ), Dulcolax  ®   (Boehringer 
Ingelheim, Ingelheim am Rheim, Germany), Ex - Lax 
Ultra  ®   (Pharmaceutical Corp., East Hanover, NJ) , 
Feen - a - Mint  ®   (Schering Plough Healthcare Products, 
Memphis, TN), and Fleet Laxative  ®   (Fleet Laboratories, 
Lynchburg, VA), Typically, these preparations are 
available as 5   mg enteric coated tablets or 10   mg 
suppositories.  

  DOSE EFFECT 

 The typical therapeutic dose of bisacodyl for bowel 
evacuation prior to medical procedures or the treat-
ment of constipation is 5 – 15   mg orally or rectally. 
Thresholds for toxic doses of laxatives depend on nutri-
tional and fl uid intake, which varies signifi cantly among 
patients with eating disorders. A single therapeutic dose 
of bisacodyl may cause diarrhea; however, the cumula-
tive dose to produce dehydration and electrolyte distur-
bances is highly variable.  

  TABLE 12.5.    Some Physiochemical Properties of Bisacodyl. 

   Physical Property     Value  

  Molecular Weight    361.3906   g/mol  
  Melting Point    133.5 ° C/272.3 ° F  
  log P (Octanol - Water)    3.370  

       FIGURE 12.6.     Chemical structure of bisacodyl.  
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and submucosa of the colon and terminal ileum. 
Typically, the atrophy, thinning, and mild ulceration of 
the mucosa and muscular layers of the terminal ileum 
and ascending colon develop with normal mucosal pat-
terns usually, but not always in the remainder of the 
colon.136   In a retrospective review of a convenience 
series of 29 chronically constipated women with stimu-
lant use ( > 3 times weekly for  > 1   y) and 26 women 
without stimulant laxative use, colonic redundancy and 
dilation were common in both groups; however, loss of 
haustral folds was more common in the stimulant laxa-
tive group (27.6% vs 0%,  P     ≤    .005).  137   Loss of haustral 
markings occurred in 15 (40.5%) of the stimulant laxa-
tive users in the following locations: 1) left colon, 6 
patients, 2) right colon, 2 patients, 3) transverse colon, 5 
patients, and 4) entire colon, 2 patients. Most case 
reports of cathartic colon involve middle - aged women 
using therapeutic doses of laxatives for several decades 
prior to 1960, raising issues regarding the presence of 
preexisting abnormalities leading to laxative use and 
the potential complication of the concomitant ingestion 
of other toxins (e.g., podophyllin) as a result of the lack 
of prospective studies.  138,139   A case - control study of 11 
matched pairs of chronically constipated women did not 
detect pathophysiologically signifi cant differences in 
the electron microscopic examination of endoscopic 
biopsies of the left colon and rectum between the 
women chronic stimulant laxative use ( > 1   y) and those 
without laxative use.  140

  CLINICAL RESPONSE 

 Catharsis occurs within 1 hour of the rectal administra-
tion of therapeutic doses (i.e., 10   mg) of bisacodyl as a 
result of the direct action of the active metabolite 
(BHPM) on intestinal mucosa; however, following 
ingestion of a bisacodyl solution, the onset of catharsis 
is delayed approximately 6 hours after administration.  129

Clinical features of laxative abuse in general are non-
specifi c including abdominal and/or rectal pain, large 
volume chronic diarrhea alternating with constipation, 
bloating, nausea, vomiting, edema, myalgias, dehydra-
tion, and weight loss.  141   The typical range of bowel 
movements in healthy adults is 3 times daily to 3 times 
weekly,  123   whereas stool frequency often exceeds 10 
bowel movements daily in chronic laxative abusers. A 
majority of chronic laxative abuser report nocturnal 
bowel movements in contrast to most organic causes of 
diarrhea.142   Stool volume usually exceeds 1   L daily, and 
the stool may contain blood.  143   Additionally, these 
patients may develop peripheral edema, protein - losing 
gastroenteropathies, malabsorption, fat soluble vitamin 
defi ciencies (A, D E, K), and mild steatorrhea 

uronide compared with approximately 9    ±    3% for the 
drag é e and 3    ±    1% for the suppository.  129   In a study of 
5 healthy volunteers receiving two 5 - mg coated bisaco-
dyl tablets, the mean percentage of BHPM glucuronide 
in the urine was 10.5    ±    1.1%.  130   Analysis of bile from 
patients receiving bisacodyl indicates that the glucuro-
nide conjugate of deacetylbisacodyl, but not free bisaco-
dyl or deacetylbisacodyl appears in the bile.  131   The liver 
excretes an estimated 10 – 30% of the bisacodyl dose in 
the bile.  

  Maternal and Fetal Kinetics 

 The transfer of bisacodyl to breast milk is minimal, pri-
marily because of the poor absorption of this compound 
from the GI tract. 132

  Tolerance 

 Although some laxative abusers report the necessity of 
higher doses of laxatives to achieve the desired effects, 
the development of tolerance to the effects of stimulant 
laxatives is not well documented in humans.  133

  Drug Interactions 

 Major drug interactions between laxatives and pharma-
ceutic drugs have not been identifi ed. Stimulant laxa-
tives may increase intestinal transit, theoretically 
reducing drug absorption; however, there are insuffi -
cient data to conclude that the use of cathartics signifi -
cantly alters the absorption of pharmaceutic drugs.  134

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Following hydrolysis of bisacodyl by endogenous ester-
ases, the active metabolite (BHPM) promotes secretion 
of electrolytes and water along with stimulation of 
bowel motility by inducing low - grade endothelial 
infl ammation, mediated by activation of the cyclic AMP 
and cyclic GMP pathways. Chronic use of stimulant 
laxatives causes dehydration, hyponatremia, and hypo-
kalemia, which are exacerbated by poor mineral intake 
in patients with eating disorders.  133   Cathartic (atonic) 
colon is a historic term initially described in 1943 by 
Heilbrun from case reports of anatomic alteration of the 
colon secondary to chronic stimulant laxative use, mani-
fest by loss of haustral folds, pseudostrictures (sandglass 
formed spasms), dilated lumen, and gaping of the ileoce-
cal valve with a predilection for the terminal ilium and 
right side of the colon.  135   The major histopathologic 
changes involve mononuclear infi ltration of the mucosa 
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however, both thin layer chromatography and gas 
chromatography with fl ame ionization detection lack 
specifi city in the detection of bisacodyl and other laxa-
tives in urine samples. High performance thin layer 
chromatography (HPTLC) is the primary commercial 
screening method to determine the presence of diphe-
nolic (bisacodyl, phenolphthalein) and anthraquinone 
(cascara, senna) laxatives in biologic samples (urine, 
stool) after pretreatment of the sample with β  -
 glucuronidase and subsequent column extraction.  154,155

In a study of 11 volunteers receiving 20   mg bisacodyl 
(standard dose, 5   mg), the sensitivity and specifi city for 
detecting bisacodyl in urine samples using this method 
is 73% and 91%, respectively.  156   The positive predictive 
value of these results indicate that the false - positive rate 
is high (i.e., about 30%) when the prevalence of bisaco-
dyl use in the tested population is < 10%. The window 
of detection of bisacodyl in urine is < 24 – 48 hours after 
use when screening with HPTLC. 

 High performance liquid chromatography with UV 
spectrophotometric diode array detection (225   nm) 
identifi es bisacodyl in urine samples with a LOD of 
100   ng/mL.  157   The LOD for bisacodyl diphenol in 
urine samples using this method is 0.04    μ g/mL. Gas 
chromatography/mass spectrometry is highly specifi c 
for bisacodyl in urine after enzymatic cleavage of con-
jugates. In a study of 8 volunteers ingesting 10   mg bisac-
odyl, hydrolyzed urine samples collected 12 hours after 
ingestion from 7 volunteers were positive for bisacodyl 
as measured by GC/MS.  158   Bisacodyl was not detectable 
in urine samples collected 24 hours or 48 hours after 
ingestion. The major bisacodyl metabolite (BHPM, 
bisacodyl diphenol) is detectable in urine samples by 
HPLC with a LLOQ in the range of 0.5    μ g/mL after 
hydrolysis.  159   Maximum excretion of the urinary metab-
olite occurs on the second day after ingestion of bisaco-
dyl. In a study of 3 volunteers ingestion 10   mg bisacodyl, 
hydrolyzed urine samples collected within 48 hours 
after ingestion contained 1,000 – 5,000   ng bisacodyl 
diphenol/mL compared with 17,000   ng/mL in a random 
urine sample collected from a 43 - year - old woman sur-
reptitiously abusing bisacodyl.  159

  Biomarkers 

  Urine 

 Following the ingestion of single doses of laxatives, the 
parent compounds are detectable only for a few days 
after use. Following hydrolysis of urine samples with 
glucuronidase, bisacodyl is detectable by HPTLC up to 
32 hours after ingestion of a 5 - mg dose.  149   However, this 
method produces false - positives, and the sensitivity is 
substantially less for senna than bisacodyl.  156   Bisacodyl 

(> 10   g/24   h) as a result of chronic laxative abuse.  144,145

Rarely, case reports associate the chronic abuse of bisac-
odyl with recurrent renal stones (uric acid/ammonium 
acid urate) as a result of acidifi cation of the urine during 
chronic laxative abuse.  146   Historical case reports of 
cathartic colon primarily involve chronically consti-
pated women with long - term use of therapeutic 
doses of stimulant cathartics rather than women with 
eating disorders and stimulant laxative abuse (e.g., 
bisacodyl). 

 Clinical features of hypokalemia associated with 
laxative abuse include muscle cramps, generalized 
weakness, fatigue, headache palpitations, and abdominal 
pain (ileus). The differential diagnosis of chronic diar-
rhea includes infl ammatory bowel disease (e.g., Crohn 
disease), malabsorption syndrome, hormone - related 
secretory diarrhea (e.g., thyrotoxicosis), and primary or 
secondary lactase defi ciency. 

 The International Agency for Research on Cancer 
(IARC) and the US National Toxicology Program do 
not list bisacodyl as a suspected carcinogen. In a 26 -
 week study of p53( + / - ) mice receiving up to 8,000   mg 
bisacodyl daily by gavage, bisacodyl did not induce 
drug - related neoplasms.  147   Additionally, bisacodyl did 
not increase micronuclei in polychromatic erythrocytes 
or cause transformations in the in vitro  Syrian hamster 
embryo cell transformation assay. Although drug toler-
ance may moderate many of the GI symptoms, case 
reports associate the development of colonic ischemia 
following long - term abuse of bisacodyl susceptible 
patients.  148   Withdrawal symptoms from chronic laxative 
abuse include rebound edema, constipation, and drug 
craving.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the detection and quantitation of bisacodyl 
and BHPM (bisacodyl diphenol) in biological samples 
include high performance thin layer chromatography,  149

high performance liquid chromatography with diode 
array detection,  150   GC/MS after trimethylsilylation,  151

capillary GC/MS,  152   and GC/MS with bisphenol A as the 
internal standard and derivatization of bisacodyl diphe-
nol as a methylated compound. The LOD for BHPM 
using the latter method in serum is 5   ng/mL compared 
with 10   ng/mL for capillary GC/MS after enzymatic 
hydrolysis in the full - scan mode with a coeffi cient of 
variation < 15%, similar to GC/MS analysis of urine 
samples after trimethylsilylation.  151   Simple thin layer 
chromatography techniques can identify bisacodyl and 
bisacodyl diphenol by blue/light purple coloration after 
the addition of acetate buffer and glucuronidase;  153
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 The effect of chronic laxative abuse on serum elec-
trolytes and acid - base status is variable and multifacto-
rial as a result of differences in dietary intake and 
compensatory mechanisms. Metabolic disturbances 
associated with chronic laxative abuse include fecal 
sodium and water loss, hypokalemia, metabolic alkalosis 
with secondary hyperaldosteronism, and renal retention 
of sodium. Resulting electrolyte abnormalities include 
hyponatremia, hypokalemia, and hypochloremia. The 
amount of sodium depletion depends on stool volume, 
dietary salt intake, and the renin - angiotensin - aldoste-
rone system; however, hyponatremia does not usually 
occur because of concomitant water loss. The severity 
of the potassium defi cit depends on the severity of the 
laxative abuse, dietary potassium intake, and plasma 
aldosterone concentrations; hypokalemia may be severe 
and associated with rhabdomyolysis. Case reports indi-
cate that ventricular dysrhythmias (e.g.,  torsades de 
pointes ) may occur in the setting of hypokalemia and 
bisacodyl abuse. A 45 - year - old woman required cardio-
version for 2 episodes of torsade de pointes  while hos-
pitalized for the evaluation of chronic diarrhea and 
hypokalemia (K +     =    2.4   mEq/L).  164   Analytic testing 
revealed bisacodyl in her urine and she admitted laxa-
tive abuse. Hypokalemia facilitates the development of 
hypochloremic metabolic alkalosis.   

  TREATMENT 

  Stabilization 

 Medical management of the complications associated 
with chronic stimulant abuse including bisacodyl should 
be directed at the correction of fl uid and electrolyte 
imbalance along with the restoration of a normal diet 
after an initial evaluation of the adequacy respirations 
and cardiac function. These patients should be evaluated 
for electrolyte (sodium, potassium, chloride, magnesium, 
calcium) and acid - base abnormalities, anemia, rhabdo-
myolysis, volume depletion, renal dysfunction, cardio-
myopathy, and electrocardiographic abnormalities. Fluid 
replacement typically involves replacement of sodium 
and chloride losses with saline; initial treatment begins 
with isotonic crystalloid solutions, 1 – 2   L in the adult 
patient or 10 – 20   mL/kg in the pediatric patient, followed 
by maintenance IV infusion and concurrent treatment 
of electrolyte disturbances (hypokalemia) depending 
on renal and myocardial function. Subsequent therapy 
includes volume repletion and gradual correction of 
hyponatremia and other electrolyte disturbances. Severe 
hyponatremia should be corrected relatively slowly 
(< 0.55   mEq/L/h) to prevent the development of central 
pontine myelinolysis. Blood gas analysis may be 
necessary in more severely ill patients with acid - base 

and phenolphthalein are detectable in urine samples up 
to 4 days after the ingestion of single doses of these 
laxatives, when measured by electron beam ionization 
GC/MS with computer - controlled multiple - ion detector 
(LOD, 10 – 500   ng/mL).  151   Gas chromatography/mass 
spectrometry after enzymatic cleavage of conjugates 
followed by extractive methylation, detects bisacodyl 
and other stimulant laxatives (anthraquinone, phenol-
phthalein) and their metabolites in human urine with 
greater than 96% specifi city.  152   As measured by GC/MS, 
bisacodyl was detectable in hydrolyzed urine in 7 of the 
8 volunteers 12 hours after ingestion of 10   mg bisaco-
dyl.158   The bisacodyl concentrations in stool samples 
obtained 24 and 48 hours after ingestion were not 
detectable (level of quantitation not reported).  

  Stool 

 The daily stool weight on a Western diet does not usually 
exceed 225   g, whereas the volume and weight of the stool 
increases during laxative abuse.  160   As stool volume reaches 
3   L daily, the fecal sodium concentrations approach serum 
sodium concentrations. In secretory diarrhea secondary to 
stimulant laxative use (bisacodyl, phenolphthalein, senna), 
the stool osmolal gap is usually small ( < 30 – 40   mOsmol/L).  161

Stool osmolality below plasma osmolality suggests the 
addition of water to the stools sample; the presence of 
stool sodium concentrations exceeding plasma suggests 
the addition of urine to the stool. 

  Abnormalities 

 Diarrhea is typically defi ned as both increased fre-
quency ( > 3 stools/d) and liquidity; however, patients 
often do not consider increased frequency of defecation 
alone as diarrhea.  162   The classifi cation of diarrhea based 
on stool appearance and clinical characteristics includes 
the following: 1) watery (liquid stool without fat/blood 
cells), 2) fatty (positive Sudan stain), and infl ammatory 
(leukocytes on Wright ’ s stain or positive fecal lactofer-
rin assay).  163   Watery diarrhea is further divided into 
osmotic diarrhea (fecal osmotic gap > 50   mOsm/kg) and 
secretory diarrhea (malabsorption of fecal electrolytes). 
The clinical evaluation of chronic diarrhea ( > 4 weeks 
duration) is extensive with an infectious etiology being 
less likely than acute diarrhea (typically,  < 2 weeks dura-
tion). Table  12.6  lists the major causes of chronic diar-
rhea. Laxative abuse usually causes watery diarrhea as 
result of the abuse of osmotic laxatives (osmotic diar-
rhea) or nonosmotic laxatives (secretory diarrhea). 
Fecal leukocytes may appear following chronic laxative 
abuse in the absence of fever and bloody diarrhea; con-
sequently, the presence of fecal leukocytes does not 
exclude the diagnosis of laxative abuse.   
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       FIGURE 12.7.     Chemical structures of 3 common anthraquinone compounds in cascara.  

stitutions at C 10  in the basic anthracene ring as follows: 
anthrones, C 10  - H 2 ; anthraquinones, C 10     =    O; dianthrones, 
C 10  - additional anthracene ring. These substances occur 
as an anthranoid moiety (aglycon) linked with a sugar 
(e.g., glucose). The hydrophilic properties of these gly-
cosides limit GI absorption.    

  EXPOSURE 

 The botanic source of cascara sagrada (cascara) is the 
bark from the erect shrub,  Frangula purshiana  Cooper 
( Rhamnus purshiana  DC.). Various preparations of 
cascara include casanthranol, cascara sagrada bark, 
cascara fl uid extract, cascara sagrada extract, and cascara 
sagrada fl uid extract. Dried bark of cascara sagrada con-
tains approximately 8 – 10% hydroxyanthraquinone gly-
cosides; these hydroxyanthracene derivatives have 
hydroxy groups at the C 1  and C 8  positions and sugar 
groups at the hydroxyl moiety ( O  - glycosides) or at the 
C 10  position ( C  - glycosides). Fingerprint chromatogra-
phy by HPLC with ultraviolet (UV) and evaporative 
light scattering (ELS) detection allows the identifi cation 
and origin of botanic samples of cascara.  167   In 2002, the 
US Food and Drug Administration (US FDA) con-
cluded that cascara is not generally recognized as safe 
and effective because of the lack of information submit-
ted to the US FDA during a review of over - the - counter 
(OTC) laxatives; consequently, the US FDA banned the 
use of cascara along with aloe in OTC preparations.  168    

  DOSE EFFECT 

 The daily recommended dose for cascara for children is 
150 – 500   mg (~10.5 – 50   mg hydroxyanthracenes) and 
300 – 1,000   mg (~21 – 100   mg hydroxyanthracenes). The 
toxic dose of cascara in humans is not well defi ned. 
Although melanosis coli is indicative of cascara abuse 
over at least 4 – 12 months, patients abusing these laxa-
tives do not invariably develop this condition even after 
years of anthraquinone laxative use.  

  TOXICOKINETICS 

 Anthrone  C  - glycosides (Cascaroside A – D) in cascara are 
prodrugs. The absorption of these large molecules is 

disturbances. Rare complications of chronic laxative 
abuse include cardiac dysrhythmias ( torsade de pointes  
or simply  “ torsade ” ). The treatment of torsade includes 
IV magnesium sulfate and, if necessary, overdrive pacing.  

  Supplemental Care 

 Psychologic dependence on laxatives occurs in patients 
with eating disorders; however, physical dependence 
does not develop other than some bloating and weight 
gain following cessation of use. Supportive care for 
patients with chronic laxative abuse include high - calorie, 
high fi ber diet, gradual regularization of stools habits 
(bulk preparations, saline enemas), and potassium sup-
plements and/or potassium sparing drugs (spironolac-
tone) as needed.  165   Constipation may complicate the 
recovery period; the use of bulk - type laxatives, bran, 
regular exercise and adequate hydration are preferable 
to recurrent use of stimulant or osmotic laxatives. 
Peripheral edema during the fi rst few weeks after ces-
sation of laxative abuse usually responds to salt restric-
tion. Hospitalization may be necessary to correct severe 
electrolyte imbalance and to stop the use of laxatives or 
other inappropriate methods to control weight. Psychotic 
behavior may occur as a manifestation of pre - existing 
psychopathology associated with the eating disorder.      

  Cascara 

        IDENTIFYING CHARACTERISTICS 

 Cascara fl uid extract contains anthranoid compounds, 
primarily anthrone  C  - glycosides including cascaroside 
A [glycoside of barbaloin, 8 -  O  - ( β  - d - glucopyranosyl)
barbaloin] and the following free dihydroanthraqui-
none derivatives: aloe - emodin (CAS RN: 481 - 72 - 1), 
emodin (CAS RN: 518 - 82 - 1), and chrysophanol (chryso-
phanic acid, CAS RN: 481 - 74 - 3).  166   Cascaroside A has a 
molecular weight of 580.53   g/mol with a chemical 
formula of C 27 H 32 O 14 ; cascaroside B is the diasteroiso-
mer of cascaroside A. Figure  12.7  displays the chemical 
structures of these anthraquinone compounds. 
Anthranoid compounds refer to compounds with sub-
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gastric melanosis.  176   Pathologic changes associated with 
melanosis coli typically appear after 4 – 12 months of laxa-
tive abuse, and these abnormalities disappear over a 
similar period. Rare case reports associate the use short 
term use of cascara (3 times daily for 3 d) with the devel-
opment of portal hypertension and severe cholestatic 
hepatitis that resolved following cessation of cascara 
use.  177   The liver biopsy demonstrated moderately severe 
acute and chronic portal infl ammation including a large 
number of eosinophils suggesting an immune - mediated 
hepatitis. Experimental studies indicate that cascara lacks 
long term carcinogenic potential as defi ned by the 
absence of initiating properties and weak or absent pro-
moting activity.  178,179

  DIAGNOSTIC TESTING 

 Analytic methods for the quantitation of anthranoid 
compounds in cascara sagrada and cascara sagrada fl uid 
extract include thin layer chromatography,  180   capillary 
electrophoresis,  181   and HPLC with UV detection 
(254   nm).  166   The use HPLC with fl uorescence detection 
(excitation 435   nm and emission 515   nm) allows the 
quantitation of aloe - emodin, rhein, emodin, and chryso-
phanol in plasma samples with a LLOQ of 6.5   ng/mL, 
20   ng/mL, 40   ng/mL, and 15   ng/mL, respectively.  182   Rare 
case reports associate chronic cascara use with severe 
hypokalemia, hypocalcemia with tetany, metabolic aci-
dosis, and renal dysfunction.  183

  TREATMENT 

 Medical management of the complications associated 
with chronic stimulant abuse including cascara should 
be directed at the correction of fl uid and electrolyte 
imbalance along with the restoration of a normal diet 
after an initial evaluation of the adequacy of respira-
tions and cardiac function. Symptomatic patients should 
be evaluated for electrolyte (sodium, potassium, chlo-
ride, magnesium, calcium) and acid - base abnormalities, 
anemia, rhabdomyolysis, volume depletion, renal dys-
function, cardiomyopathy, and electrocardiographic 
abnormalities. Treatment is supportive, similar to bisac-
odyl abuse.     

  Castor Oil 

        IDENTIFYING CHARACTERISTICS 

 Castor oil (CAS RN: 8001 - 79 - 4) is a colorless to pale 
yellow viscous liquid with a slightly acrid taste and a 

limited until glucosidases in colonic bacteria catalyze the 
cleavage of the sugar moiety and the formation of free 
compounds (aglycones). In contrast to the dianthrone 
O  - glycosides (e.g., sennosides A and B in senna), bacte-
rial fl ora in the GI tract do not easily metabolize the 
anthrone C  - glycosides; therefore, the laxative response of 
different animal species to cascara varies substantially.  169

The released anthranoid aglycones (free anthrones) 
diffuse to the intestinal wall where they alter intestinal 
secretions and motility.  170   Animal studies suggest that 
some hydroxylation of these aglycones occurs after 
absorption in addition to the conjugation of the anthrone 
compounds to glucuronides and sulfates. Prolonged 
action of cascara results from the biliary excretion and 
enterohepatic recirculation of these compounds. The 
maternal use of cascara is compatible with breastfeed-
ing.  171   Most laxative abusers report the necessity of higher 
doses of laxatives to achieve the desired effects. 

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Melanosis coli is a complication of anthraquinone laxa-
tive abuse (e.g., cascara), marked by intestinal macro-
phages fi lled with a lipofuscin pigment in the lamina 
propria of the colon. Electron microscopy of these pig-
mented lesions reveals apoptosis of surface epithelial 
cells in the colon and phagocytosis of resulting apop-
totic bodies by intraepithelial macrophages. These 
macrophages migrate to the lamina propria where intra-
cellular degradation of the apoptotic bodies results in 
the formation of lipofuscin.  172   Lipofuscin pigmentation 
may spread to the submucosa and into pericolonic 
lymph nodes.  173

  CLINICAL RESPONSE 

 The onset of action of the laxative effects of cascara is 
about 6 – 8 hours. Most of the clinical features of chronic 
laxative abuse are nonspecifi c with the exception of mela-
nosis coli. Chronic anthraquinone laxative abuse (cascara, 
senna) may cause the benign condition (i.e., melanosis 
coli), manifest by the asymptomatic accumulation of dark 
brown - black discoloration (lipofuscin - like, pigment -
 laden macrophages) in the submucosa of the colon in a 
pattern similar to alligator skin. This process occurs pri-
marily following chronic ingestion of anthraquinone 
laxatives, but occasionally melanosis coli is associated 
with bisacodyl or phenolphthalein abuse as well as lead 
and mercurous chloride poisoning.  174   Extensive melano-
sis coli may be diffi cult to distinguish from infl ammatory 
or ischemic bowel disease during endoscopic visualiza-
tion. Confi rmatory diagnosis of melanosis coli is made via 
biopsy.  175   Rarely, the abuse of cascara is associated with 
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  TABLE 12.8.    Some Physiochemical Properties of Ricinine. 

   Physical Property     Value  

  Molecular Weight    164.16132   g/mol  
  Melting Point    201.5 ° C (394.7 ° F)  
  log P (Octanol - Water)     − 0.450  
  Water Solubility    2700   mg/L (10 ° C/50 ° F)  
  Vapor Pressure    4.57E - 05   mm Hg (25 ° C/77 ° F)  

a sample of castor oil contained the following fatty 
acids: 1) ricinoleic acid, 82%; 2) C 18  acids (linoleic oleic, 
stearic acids), 16%; and 3) palmitic acid, 2%.  186   This seed 
oil is a fragrance ingredient and skin - conditioning agent 
in cosmetics (e.g., emollient, surfactant), a folk remedy 
for the induction of labor, and an industrial lubricant; 
the many hydroxylated triacylglycerols in the seed oil 
are a raw material for surface coatings and polymer 
formulations. The main medicinal use of castor oil is as 
a purgative. The oil seed extract is a popular lay drug 
for the induction of labor in a nonmedical setting; 
however, there are inadequate clinical data to support 
this indication.  187   Castor oil is classifi ed by the US Food 
and Drug Administration as generally recognized as 
safe and effective for use as a stimulant laxative. Finished 
food may contain castor oil ( < 500   ppm) as a diluent, 
release/antisticking agent, or fl avoring agent; castor oil 
is also a plasticizer in rubber food containers.  184   Castor 
oil was a component of some mummifi cation balms 
detected in Egyptian mummies (e.g., Ptolemaic era, 
circa 100 BC).  188    

  DOSE EFFECT 

 The acceptable daily castor oil intake is 0.7   mg/kg body 
weight as established by the Joint Food and Agriculture 
Organization/World Health Organization Expert 
Committee.  

specifi c gravity of 0.945 – 0.965 at 25 ° C (77 ° F).  184   This 
compound is poorly soluble in water ( < 1   mg/mL at 
20 ° C/68 ° F) with a viscosity of 283 cP at 37 ° C (98.6 ° F). 
The boiling point of castor oil is 313 ° C (595.4 ° F); the 
maximum absorbance of this compound is 270   nm. 
Other names for castor oil include ricinus communis 
seed oil, castor seed oil, oleum ricini, ricinol, and 
ricinus oil. The major constituent in castor oil is the 
unsaturated fatty acid, ricinoleic acid (CAS RN: 141 - 22 -
 0, C 18 H 34 O 3 ). This C 18  aliphatic fatty acid is structurally 
similar to some dietary fats (e.g., oleic acid) and to 
hydroxylated C 18  fatty acids that occur in the gut as a 
result of enzymatic hydration of unabsorbed dietary 
fats by colonic bacteria. Ricinoleic acid is a colorless 
liquid that is insoluble in water. Table  12.7  lists some 
physiochemical properties of ricinoleic acid. Ricinine 
is a piperidine alkaloid (3 - cyano - 4 - methoxy -  N  - methyl -
 2 - pyridone, CAS RN: 524 - 40 - 3) that occurs in both 
castor beans and castor oil. Table  12.8  lists some 
physiochemical properties of ricinine. Figure  12.8  dis-
plays the chemical structures of ricinoleic acid and 
ricinine.      

  EXPOSURE 

 The seeds of  Ricinus comminus  L are the source of this 
ancient cathartic known to early Egyptians, Greeks, and 
Romans.  185   The castor bean contains ricin, ricin aggluti-
nin, and ricinine. Ricinine is a biomarker for ricin 
because both compounds share a similar plant source in 
the castor bean and leaves. Methods of extraction 
include the use of solvents or mechanical techniques 
(crushing, grinding, cold pressing). The latter process 
leaves a residue (pomace) that contains most of the ricin 
and an allergen. Ricin is water soluble and this toxin 
does not partition easily into the oil extract; however, 
castor oil does contain some ricinine. Ricinoleic acid is 
the major constituent of castor oil, accounting for about 
80 – 90% of the fatty acid content. As measured by GC, 

  TABLE 12.7.    Some Physiochemical Properties of Ricinoleic 
Acid. 

   Physical Property     Value  

  Molecular Weight    298.4608   g/mol  
  Melting Point    5.5 ° C (41.9 ° F)  
  Boiling Point    245 ° C (473 ° F)  
  Density    0.9236 (22 ° C/71.6 ° F)  
  log P (Octanol - Water)    6.190  
  Water Solubility    3460   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    2.63E - 09   mm Hg (25 ° C/77 ° F)  

       FIGURE 12.8.     Chemical structure of ricinoleic acid.  
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  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Long chain fatty acid in castor oil including ricinoleic 
acid inhibits net water and electrolyte absorption at the 
luminal surface, resulting in the secretion of electrolytes 
and water. The presence of hydroxyl groups on these 
fatty acids delays absorption and increases the purga-
tive effect by prolonging exposure of the colon to these 
compounds. Although potassium losses exceed sodium 
or chloride losses in healthy patients, the loss of electro-
lytes in the stool is typically negligible; however, laxative 
abuse increases the loss of sodium in relation to the 
potassium. Subsequently, activation of the renin –
 angiotensin – aldosterone system reduces sodium losses 
by increasing the excretion of potassium in the urine 
and stool. Electron scanning studies of the morphology 
of rabbit colon during perfusion studies with sodium 
ricinoleate suggest that this compound may cause des-
quamation of surface epithelial cells;  191   however, the 
relevance of these  in vitro  studies to doses of castor oil 
ingested by humans is unclear.  

  CLINICAL RESPONSE 

 Similar to other stimulant laxatives, adverse reactions 
associated with the abuse of castor oil include electro-
lyte and fl uid imbalance. The subcutaneous (SC) injec-
tion of a large dose (i.e., 500   mL) of castor oil by a 
28 - year - old transsexual was associated with immediate 
local pain, abdominal and chest pain, headache, vomit-
ing, tinnitus, hematuria, and jaundice.  192   She developed 
fever, tachycardia, renal failure, respiratory distress with 
pulmonary infi ltrates, hypoxemia requiring intubation, 
hepatitis, hemolysis, and thrombocytopenia. She recov-
ered from the multiorgan failure, but she required 
hemodialysis for 1 ½  months. Characteristic features of 
patients chronically abusing castor oil include very 
watery stool with a large amount of oil drops fl oating 
on the fecal surface that contain mostly ricinoleic acid. 
Castor oil and hydrogenated castor oil (castor wax) 
contain several allergens that produce a variety of aller-
gic reactions including contact dermatitis,  193   fi xed drug 
eruption,  194   and cheilitis.  195    

  DIAGNOSTIC TESTING 

 Analytic methods for the detection and quantitation of 
components in castor oil include thin layer chroma-
tography,  196   GC,  190,197   liquid chromatography/mass spec-
trometry with evaporative light scattering,  198   refractive 
index, fl ame ionization,  199   negative ion atmospheric 
pressure chemical ionization or positive ion matrix -

  TOXICOKINETICS 

 There are few clinical data on the toxicokinetics of 
castor oil and ricinoleic acid in humans. Animal studies 
indicate that pancreatic enzymes hydrolyze castor oil to 
glycerol and ricinoleic acid. Esterifi cation of ricinoleic 
acid occurs in the intestinal epithelial cells, followed by 
entry into the chyle and distribution into adipose tissue 
similar to other fatty acids.  189   Potential metabolites 
from the cyclization of a hydroxylated   β   - oxidation inter-
mediate include epoxydicarboxylic acids, primarily 
3,6 - epoxyoctanedioic and 3,6 - epoxydodecanedioic acids 
with lesser amounts of 3,6 - epoxydecanedioic acid. 
3,6 - Epoxyoctanedioic acid is a normal constituent of 
urine; however, the source of this fatty acid is unknown.  190   
Figure  12.9  displays the proposed biotransformation of 
ricinoleic acid.    

       FIGURE 12.9.     Proposed metabolism of ricinoleic acid.  
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C42 H 38 O 20 , MW: 862.7391   g/mol) and the  R , S  - isomer 
sennoside B (CAS RN: 128 - 57 - 4); these compounds 
hydrolyze to the corresponding aglycone (sennidin) and 
2 molecules of glucose.  204   The metabolite, rhein is the 
main active ingredient of senna. Senna contains a variety 
of rhein compounds including rhein - 8 - glucoside, rhein -
 8 - diglucoside, and rhein anthrone - 8 - glucoside as well as 
aloe emodin dianthrone diglucoside, aloe emodin glu-
coside, and chrysophanol glucosides. Trade names 
include Ex - Lax  ®   regular strength (Novartis Consumer 
Health, Parsippany, NJ), Senokot  ®   (Purdue Products, 
L.P., Stamford, CT), Castoria  ®  , and Black Draught.  

  EXPOSURE 

 The purgative properties of senna were known to the 
Ayurvedic and allopathic systems of medicine. The 
sources of senna are the dried leaves and fruits of Senna
alexandrina  P. Mill. (formerly,  Cassia acutifolia  or  C. 
angustifolia ). In a convenience sample of market formu-
lations of senna leaf from several commercial sources, 
the mean percentage of total sennosides was 2.15    ±    0.06% 
w/w with the following distribution: A — 0.62    ±    0.05%; 
B — 0.81    ±    0.09%; C — 0.25    ±    0.03%; and D — 0.46    ±    0.07%, 
as measured by HPTLC.  205   Senna is available as pills, 
capsules, and rectal suppositories, usually in over - the -
 counter preparations.  

  DOSE EFFECT 

 In rodent studies, the acute toxicity of the active ingre-
dients of senna (sennosides A and B) is relatively low 
compared with other fractions (rhein - 8 - glucoside, frac-
tion IV) with low laxative activity; the estimated lethal 
oral dose of these laxative drugs exceeds 5,000   mg/kg.  206

The regular use of anthracene laxatives over 4 – 12 
months is associated with the development of melanosis 
coli.141   Case reports associate the chronic abuse of senna 
tablets with fi nger clubbing, hypercalcemia, nephrocal-
cinosis, and renal dysfunction. The chronic use of 100 –
 200 Senokot  ®   tablets daily was associated with fi nger 
clubbing that resolved after cessation of use and recurred 
after resuming Senokot  ®   abuse for 2 – 3 months.  207   A 
36 - year - old woman with anorexia nervosa and a 6 - year 
history of ingesting 50 – 100 senna tablets (12.5   mg/
tablet) daily developed postural hypotension, dehydra-
tion, hypercalcemia, fi nger clubbing, hypertrophic 
osteoarthropathy, nephrocalcinosis, and renal dysfunc-
tion.208   Chronic dehydration from the senna and the 
large amount of daily calcium (i.e., calcium sennosides) 
probably accounted for the clinical features of hypercal-
cemia rather than a direct toxic effect of senna.  

 assisted laser desorption ionization,  200   and matrix -
 assisted laser desorption/ionization time - of - fl ight MS.  201

Ricinine is a biomarker for ricin formed after the inges-
tion of castor bean because both substances share the 
same plant source; additionally, ricinine is a minor con-
stituent of castor oil. The use of solid phase extraction 
followed by liquid chromatography/tandem mass spec-
trometry, LC/MS and matrix - assisted laser desorption/
ionization time - of - fl ight/mass spectrometry,  202   or iso-
cratic high performance liquid chromatography/
electrospray ionization/tandem mass spectrometry  203

allows the quantitation of ricinine in urine samples. The 
LLOQ for the latter method is 0.083   ng/mL. The initial 
urine from a 28 - year - old transsexual with multiorgan 
failure after the SC injection of an estimated 500   mL 
castor oil contained 41   ng ricinine/mL.  192   Ricinine is 
stable in human urine when stored at 25 ° C (77 ° F) or 
5 ° C (41 ° F) for 3 weeks.  

  TREATMENT 

 Medical management of the complications associated 
with chronic stimulant abuse including castor oil should 
be directed at the correction of fl uid and electrolyte 
imbalance along with the restoration of a normal diet 
after an initial evaluation of the adequacy of respira-
tions and cardiac function. Toxicity associated with the 
abuse of castor oil typically involves GI symptoms. 
Symptomatic patients should be evaluated for electro-
lyte (sodium, potassium, chloride, magnesium, calcium) 
and acid - base abnormalities, anemia, rhabdomyolysis, 
volume depletion, hepatorenal dysfunction, cardiomy-
opathy, and electrocardiographic abnormalities. 

 The SC or IV injection of castor oil has been associ-
ated with multiorgan failure similar to ricin toxicity.  192

These patients require a careful evaluation of their 
respiratory and cardiac function along with hemody-
namic monitoring in an intensive care setting for the 
development of hepatorenal failure, respiratory distress, 
hemolysis, and disseminated intravascular coagulation. 
Treatment is supportive; there are no antidotes or effec-
tive methods to enhance the elimination of the toxin(s).     

  Senna 

        IDENTIFYING CHARACTERISTICS 

 The main active ingredients in senna are dianthrone 
compounds (sennosides A – D) from the anthraquinone 
family. The most common sennosides are the highly 
hydrophilic R , R  - isomer sennoside A (CAS RN: 81 - 27 - 6, 
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  CLINICAL RESPONSE 

  Illicit Use 

 Case reports associated chronic abuse of senna tablets 
(e.g., calcium sennosides) with fi nger clubbing, hypercal-
cemia, bilateral medullary renal calcifi cations, and renal 
dysfunction.207,208   Several case reports suggest a possible 
association between the use and abuse of tea from 
senna fruits and leaves and liver dysfunction.  217   A 
77 - year - old man developed cholestasis and hepatitis 
after ingesting senna daily for 3 months.  218   The liver 
biopsy demonstrated bridging hepatocellular necrosis 
and canalicular cholestasis. Fatigue, abdominal pain, and 
jaundice resolved within 1 month of the cessation of 
senna use; the serum bilirubin and hepatic aminotrans-
ferases also returned to normal values during this 
period. There was no rechallenge. Other case reports 
document the recurrence of a toxic hepatitis following 
reintroduction of senna in a 26 - year - old nurse ingesting 
sennoside B and large amounts of folia sennae tea  219   and 
in a 28 - year - old poor metabolizer (homozygous for 
CYP2D6 * 4 variant) drinking an herbal tea from senna 
leaves.  220

  Abstinence Syndrome 

 Withdrawal symptoms from chronic laxative abuse 
include rebound edema, constipation, and drug craving. 
Abdominal cramping, constipation, bloating, mood 
swings, fatigue, and malaise may persist for several 
weeks after cessation of senna abuse. Case reports 
suggest that rebound edema and congestive heart failure 
may occur in susceptible patients within the fi rst 2 weeks 
after cessation of stimulant laxative abuse.  221

  Reproductive Abnormalities 

 Senna is generally considered safe for use during preg-
nancy with animal studies failing to demonstrate fetal 
risks when administered during pregnancy. Case - control 
studies also do not demonstrate increased risk of con-
genital malformations from the use of senna during 
pregnancy. In an analysis of the Hungarian Case - Control 
Surveillance System of Congenital Abnormalities, the 
adjusted odds ratio (OR) for the congenital abnormali-
ties for pregnant women ingestion 10 – 30   mg senna daily 
was 1.0 (95% CI: 0.9 – 1.1).  222   There were no statistically 
signifi cant associations between any congenital abnor-
mality and senna use during pregnancy, although the 
OR for neural tube defi cits was marginal (OR, 1.8, 95% 
CI: 1.0 – 3.0).  

  TOXICOKINETICS 

 The isomers sennosides A and B are natural prodrugs. 
In humans, these hydrophilic compounds pass through 
the upper intestinal tract to the lower GI tract where 
intestinal bacteria hydrolyze these dianthrone -  O  - gluco-
sides to the corresponding anthraquinone aglycone fol-
lowed by the reduction of these compounds to the 
corresponding pharmacologically active anthrone (i.e., 
rhein anthrone). Physiochemical factors and increased 
peristalsis limit the absorption of rhein anthrone by the 
large intestine; therefore, most of the rhein anthrone 
appears in the feces.  209   Rhein is the oxidized product of 
rhein anthrone. Peak rhein concentrations occur about 
3 – 5 hours and 10 – 11 hours after administration, prob-
ably as a result of the absorption of free rhein in the 
senna and the absorption of rhein after the degradation 
of sennosides.  210   The mean elimination half - life of rhein 
is about 7 hours.  210   Animal studies indicate that excre-
tion of absorbed anthraquinone aglycone compounds 
occurs in the bile and urine after conjugation to gluc-
uronide or sulfate.  211

 The transfer of senna to breast milk is minimal, pri-
marily because of the poor absorption of this compound 
from the GI tract.   132   In particular, the excretion of rhein 
in breast milk following the use of senna is small. After 
the ingestion of a senna laxative containing 15   mg sen-
nosides daily for 3 days, the concentration of rhein in 
breast milk was < 10   ng/mL in 94 of 100 breast milk 
samples from 20 lactating women.  212   The stools of the 
breastfeeding infants remained normal during maternal 
use of senna. Most laxative abusers report the necessity 
of higher doses of laxatives to achieve the desired 
effects.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Senna - based alkaloids are composed of dianthrone 
diglucosides (sennosides A and B) and an aglycone 
(rhein anthrone). Intestinal bacteria hydrolyze the glu-
cosides from the aglycone, after which both substances 
interact with infl ammatory cells in the colon.  213

Sennosides increase paracellular permeability of small 
molecules by stimulating chloride secretion, which is 
electrochemically and osmotically balanced by an effl ux 
of sodium and water via the paracellular pathway.  214

Rhein directly irritates colonic epithelial cells and indi-
rectly stimulates secretion via neurohumoral mecha-
nisms,  215   thereby enhancing intestinal transit and water 
secretion.216   The rarity of the association between hepa-
titis and chronic senna use/abuse suggests an idiopathic 
reaction.  
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 Typical laxative screens detect stimulant laxatives, but 
not osmotic laxatives. Methods to detect the abuse of 
osmotic diuretics include determination of stool osmolal 
gap, fecal sulfate (sodium sulfate containing laxatives), 
fecal phosphate (phosphate containing laxatives), and 
fecal magnesium (magnesium containing laxatives).  231

The sum of the sodium and potassium concentrations 
multiplied by 2 approximates the sum of ionic constitu-
ents in the stool; the difference between this estimation 
and the stool osmolality is the osmolal gap. The presence 
of a large stool osmolal gap and normal stool osmolality 
suggests the use of saline laxatives. The osmolar gap fol-
lowing abuse of saline cathartics usually exceeds 
100   mOsmol/L.  143   The chronic use of sodium sulfate 
(Glauber ’ s salt) or magnesium sulfate (Epsom salt) 
increases the sulfate concentration in urine. Typically, the 
daily urinary excretion of magnesium and sulfate is 
< 16   mEq and  < 60   mEq, respectively.  143   As measured by 
atomic absorption spectrophotometry, diarrheal stools 
should contain < 24   mEq magnesium/L unless the patient 
is ingesting magnesium containing compounds. 
Hypocalcemia occasionally results from chronic laxative 
abuse, particularly in association with hyperphosphate-
mia from chronic abuse of phosphorous containing 
osmotic cathartics; complications of hypocalcemia include 
tetany and osteomalacia in association with vitamin D 
defi ciency.  232

  Phenolphthalein 
 Phenolphthalein was originally a colorant for wine. 
Following absorption, limited excretion of phenolphtha-
lein occurs in the urine. Enterohepatic recirculation 
results in the excretion of phenolphthalein glucuronide 
in the bile and subsequent laxative action. Dermatologic 
changes associated with phenolphthalein use include 
Steven - Johnson syndrome, bullous photodermatitis, 
toxic epidermal necrolysis, and fi xed drug eruption with 
hyperpigmentation.233,234   Free phenolphthalein in urine 
turns pink following the addition of alkalizing agents; 
however, most phenolphthalein in urine exists as conju-
gates. These conjugated forms (sulfates, glucuronides) 
do not become pink unless the conjugates are hydro-
lyzed by β  - glucuronidase or acid hydrolysis. These 
methods are not specifi c because these procedures 
produce pink urine following the ingestion of beet ( Beta
vulgaris  L.), rhubarb ( Rheum  spp.), and bromsulfoph-
thalein. Pink discoloration in the diapers of a child with 
unexplained chronic diarrhea and weight loss suggests 
the diagnosis of M ü nchausen syndrome by proxy. 
Treatment is supportive.   

  Carcinogenesis 

 Although a retrospective study of 3,049 patients under-
going diagnostic colorectal endoscopy suggested an 
increased risk of colorectal cancer (RR, 3.04; 95% CI: 
1.18 – 4.90) in patients chronically using anthranoid laxa-
tives,  223   most experimental and epidemiologic data do 
not support a causal link between chronic laxative use 
(cascara, senna) and colorectal cancer.  224,225   The 
International Agency for Research on Cancer (IARC) 
and the US National Toxicology Program do not list 
senna as a suspected carcinogen.   

  DIAGNOSTIC TESTING 

 Analytic methods for the detection and quantitation of 
sennosides and rhein in solid samples include spectro-
photometry,  226   fl uorometry, high performance thin layer 
chromatography,  227   HPLC with UV detection,  228   ion 
pair HPLC,  229   and GC/MS after hydrolysis and extrac-
tive methylation.  152

  TREATMENT 

 Medical management of the complications associated 
with chronic stimulant abuse including senna should be 
directed at the correction of fl uid and electrolyte imbal-
ance along with the restoration of a normal diet after 
an initial evaluation of the adequacy of respirations and 
cardiac function. Symptomatic patients should be evalu-
ated for electrolyte (sodium, potassium, chloride, mag-
nesium, calcium) and acid - base abnormalities, anemia, 
rhabdomyolysis, volume depletion, hepatorenal dys-
function, cardiomyopathy, and electrocardiographic 
abnormalities. Treatment is supportive.     

  Osmotic Laxatives 
 Osmotic laxatives include lactulose, magnesium sulfate/
citrate, sodium sulfate, and sorbitol. The adult dose of 
70% sorbitol is 1 – 2   mL/kg.  2   The recommended adult 
dose of 10% magnesium citrate is 250   mL. The admin-
istration of a single, large therapeutic dose of magne-
sium sulfate (13.9   g) to 7 healthy volunteers was not 
associated with a signifi cant increase in the serum mag-
nesium concentration.  230   Magnesium and sodium 
increase intestinal water by retention as sulfate or phos-
phate ions; additionally, magnesium induces the release 
of cholecystokinin and subsequent intraluminal accu-
mulation of water and electrolytes. Lactulose increases 
the presence of osmotically active molecules in the 
colon along with fl atulence and intestinal colic. 
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  Chapter 13 

     During the late 1930s, studies involving narcoleptic 
patients demonstrated that amphetamines suppress 
appetite and promote weight loss; by the 1940s, amphet-
amines were marketed as both single therapy and com-
bination treatment for the control of appetite and loss 
of weight. Subsequently, numerous case reports associ-
ated the use of amphetamine - containing appetite sup-
pressants ( “ rainbow pills ” ) containing thyroid hormones, 
digitalis, laxatives, diuretics, and sedatives, with addic-
tive behavior, hypertension, cardiotoxicity, and death.  1

In 1961, scientists at McNeil Laboratories (Fort 
Washington, PA) synthesized the oxazoline derivative, 
aminorex; in the following year, these scientists discov-
ered the appetite suppressant properties of aminorex. 
This drug became available as an appetite suppressant 
in Switzerland, Austria, and Germany for over - the -
 counter (OTC) sale in 1965. Between 1965 and 1972, the 
incidence of primary pulmonary hypertension in these 
3 countries increased 10 - fold.  2   A majority of the new 
patients with pulmonary hypertension had taken ami-
norex for weight loss; the female to male ratio among 
these patients was 4:1. The fi rst epidemic of pulmonary 
hypertension related to appetite suppressants ended 
when aminorex was withdrawn from the market in 
1972.3   Since the 1960s, researchers have developed 
numerous structurally related amphetamine - type 
anorexiants including ephedrine, diethylpropion, phen-
termine, phenmetrazine, phendimetrazine, and phenyl-
propanolamine; however, the US Food and Drug 
Administration (FDA) has banned several diet - control 
preparations (dexfenfl uramine, fenfl uramine, phenmet-
razine, phenylpropanolamine) amid reports of serious 
adverse reactions. 

 A small proportion of patients using amphetamine -
 based appetite suppressants may escalate dosage volun-
tarily as tolerance develops to the anorectic effects; 
drug - seeking behavior may begin because of a physio-
logic addiction to amphetamine compounds. 

 Abusers of noradrenergic appetite suppressants 
usually prefer oral preparations; however, some abusers 
with highly addictive behavior may seek alternate routes 
of recreational abuse (insuffl ation, injection).  

  DIETHYLPROPION 

           IDENTIFYING CHARACTERISTICS 

 Diethylpropion (CAS RN: 90 - 84 - 6) is an  N , N  - 
diethyl cathinone analog [2 - (diethylamino) - 1 - phenyl - 1 -
 propanone] with a structural formula of C 13 H 19 NO. 
Synonyms include amfepramone,  α  - benzoyltriethyl-
amine, and propiophenone, whereas trade names include 
Adiposon, Anorex ®  (Klein - Becker, Salt Lake City, 
UT), Obesitex, Silutin, Tenuate, Tepanil, and Tylinal. 
Figure  13.1  displays the chemical structure of the 
phenylethylamine compound, diethylpropion. Diethyl-
propion displays minor sympathomimetic properties 
with stimulant activity much less than dextroamphet-
amine. The pharmaceutic preparation of diethylpropion 
is a racemate; experimental studies suggest that the ( + ) 
and ( − ) isomers of diethylpropion undergo spontaneous 
racemization at physiologic pH.  4   Under microscopic 
analysis, diethylpropion appears as very small prisms 
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ideas of reference with the chronic abuse of diethylpro-
pion by a 27 - year - old woman; she reported the use of 
50 – 100 75 - mg tablets daily (range up to 300 tablets).  13    

  TOXICOKINETICS 

 The gastrointestinal (GI) tract absorbs diethylpropion 
well, with peak plasma diethylpropion concentrations 
occurring within 2 hours.  14   Diethylpropion undergoes 
extensive biotransformation with de - alkylation being 
the main metabolic pathway. The liver metabolizes 
diethylpropion via 1)  N  - deethylation to  N  - ethyla-
minopropiophenone and aminopropiophenone, 2) car-
bonyl reduction to  N , N  - diethylnorephedrine, and 3) 
deamination to benzoic acid with subsequent conjuga-
tion to glycine and the formation of hippuric acid.  15,16   
 N , N  - Diethylnorephedrine undergoes de - alkylation to 
 N  - ethylnorephedrine. Norephedrine (phenylpropanol-
amine) is a minor metabolite of diethylpropion;  p  -
 hydroxylation is probably an insignifi cant pathway for 
the biotransformation of diethylpropion. All metabo-
lites of diethylpropion are metabolically active. The 
kidney excretes minor amounts (i.e.,  < 2%) of diethyl-
propion as unchanged drug depending on urinary pH.  17   
The terminal plasma elimination half - life of diethylpro-
pion is approximately 8 hours.  14   Limited pharmacologic 
data suggests that saturation kinetics may occur at 
supratherapeutic diethylpropion doses (e.g., 400   mg).  18    

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Augmentation of norepinephrine and dopamine activity 
in the hypothalamus suppresses appetite, mildly 
dampens olfactory and gustatory acuity, and produces 
anorexia.  19   Amphetamine compounds may increase 
levels of leptin, a satiety - signaling neuromodulator and 
decrease concentrations of the neuromodulator (neuro-
peptide Y) that stimulates hunger, decreases energy 
expenditure, and increases fat storage.  20,21   Diethylpropion 
and phentermine induce appetite suppression via similar 
mechanisms.  

  CLINICAL RESPONSE 

 Dry mouth and insomnia were the most frequent 
adverse events in a clinical trial involving the adminis-
tration of 50 - mg diethylpropion twice daily for 6 months; 
there were no signifi cant differences in blood pressure, 
pulse rate, electrocardiogram, echocardiography, or 
clinical chemistries when comparing the values at the 
end of the treatment phase with the baseline of 37 
obese, healthy volunteers.  22   Occasional case reports 

that crystalize to forms ranging from thin, elongated 
laths to long rods.  5      

  EXPOSURE 

 Diethylpropion was introduced in 1962 as an anorexiant 
for the short - term treatment of obesity in conjunction 
with diet and exercise; this sympathomimetic drug was 
an alternative to dextroamphetamine with fewer cardio-
vascular and central nervous system (CNS) side effects. 
In a meta - analysis of 13 randomized clinical trials of 
diethylpropion and weight loss, the mean weight loss of 
obese patients receiving 75   mg daily for 6 – 52 weeks was 
3.0   kg (95% CI:  − 1.6 to 11.5   kg) when compared with 
placebo (lifestyle modifi cation only).  6   The weight loss 
effect was modest and some studies did not demonstrate 
a statistically signifi cant difference between the treat-
ment and placebo groups. Diethylpropion is available as 
tablets and capsules under US Drug Enforcement 
Administration (DEA) schedule IV. 

 The abuse of diethylpropion is relatively rare;  7,8   the 
euphoria associated with diethylpropion is substantially 
less than dextroamphetamine or phenmetrazine.  9   These 
studies indicate that intravenous (IV) abuse of diethyl-
propion is unlikely because of the large number of 
tablets required to simulate the effects of dextroam-
phetamine. Most case reports of diethylpropion abuse 
involve individuals with polydrug abuse and previous 
experience with other amphetamine compounds (e.g., 
dextroamphetamine, phenmetrazine).  10   Although the 
use of diethylpropion initially may produce a feeling of 
well - being and talkativeness, the development of 
marked anxiety and agitation after 24 – 72 hours limits 
the continued use of this drug.  11    

  DOSE EFFECT 

 Diethylpropion is formulated as 25   mg tablets or cap-
sules for oral administration up to 3 times per day, or as 
75 - mg sustained - release tablets. The acute toxic dose of 
diethylpropion depends on tolerance; limited clinical 
data suggests that toxicity may develop in nontolerant 
adults at diethylpropion doses exceeding 750   mg.  12   A 
case report associated the development of anxiety, 
depression, labile mode, anorexia, insomnia, phobias, 

       FIGURE 13.1.     Chemical structure of diethylpropion.  
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in samples stored under neutral (pH    =    7) and acidic 
(pH    =    5) conditions.  32   The peak plasma diethylpropion 
concentration after a single oral dose of 400   mg is 
 ∼ 300   ng/mL 2 hours after ingestion.  18    

  TREATMENT 

 The treatment of diethylpropion is supportive, similar 
to phenylpropanolamine intoxication.      

  EPHEDRINE 

           IDENTIFYING CHARACTERISTICS 

 Ephedrine is  β  - hydroxylated methamphetamine [(1 R ,2 S ) - 
2 - methylamino - 1 - phenylpropan - 1 - ol, CAS RN: 299 - 42 -
 3],which has a structural formula of C 10 H 15 NO. 
Figure  13.2  displays the chemical structure of ephedrine. 
Table  13.1  lists some physiochemical properties of 
ephedrine.     

 Do - do tablets were OTC cough and cold prepara-
tions, which contained 222   mg ephedrine hydrochloride, 
30   mg caffeine, and 50   mg theophylline sodium glyci-
nate. Rare case reports associated the abuse of this 
medication as a substitute for amphetamine.  35    

  EXPOSURE 

 Ephedrine has less addicting potential than amphet-
amine or methamphetamine; however, occasional case 

associate the use of diethylpropion with the develop-
ment of acute psychosis, paranoia, and less - common 
affective symptoms.  23   These case reports often involve 
patients with histories of prior drug abuse, excessive 
diethylpropion use, or prior psychiatric disorders (e.g., 
depression, neurosis). Clinical features of the psychosis 
include auditory and visual hallucinations, paranoid 
delusions, feeling of infl uence (by telepathy), ideas of 
surveillance, ideas of reference, and thought broadcast-
ing.  24,25   Although most of these patients did not have a 
prior history of psychotic disorders, follow - up of some 
of these patients suggests a typical clinical course of 
chronic paranoid schizophrenia in the absence of con-
tinued diethylpropion abuse.  26   The dose, time course, 
and duration of diethylpropion use is highly variable 
with some psychotic episodes occurring within a few 
weeks of the initiation of therapeutic diethylpropion 
doses while other episodes occur within a week of the 
cessation of chronic diethylpropion use.  27,28   Abrupt dis-
continuance following chronic diethylpropion abuse 
may result in apathy, depression, lethargy, anxiety, myal-
gias, abdominal pain, and sleep disturbances marked by 
diminished rapid eye movement (REM) that requires 
several weeks to resolve. 

 Rare case reports associate the therapeutic use of 
diethylpropion with transient ischemic attacks and pos-
sible cerebral vasospasm,  29    torsade de pointes  in a patient 
with QTc prolongation (0.52   msec) and marked hypo-
kalemia (2.4   mEq/L),  30   and primary pulmonary hyper-
tension in a patient with BMPR2 gene mutation.  31   
However, the causal role of diethylpropion in the etiol-
ogy of these abnormalities is unclear because of the 
presence of multiple etiologic factors and the lack of 
known pathologic mechanisms.  

  DIAGNOSTIC TESTING 

 Analytic methods for the detection and quantitation of 
diethylpropion include gas chromatography (GC) with 
fl ame ionization,  16,32   high performance liquid chroma-
tography (LC) with UV detection (254   nm),  4   gas 
chromatography/electron impact/mass spectrometry,  15   
and GC/MS with heptafl uorobutyric derivation.  33   The 
use of high performance capillary electrophoresis with 
confi rmation by GC/MS in electron impact ionization 
mode allows the detection of diethylpropion in solid 
samples (e.g., Chinese herbs).  34   The limit of detection 
(LOD) with this method is 0.4    μ g/mL with intraday pre-
cision  < 3%. Diethylpropion is unstable in alkaline 
media and relatively stable in neutral to acidic condi-
tions. In refrigerated (4 ° C/39.2 ° F) plasma samples, 
diethylpropion was undetectable within 1 week under 
alkaline conditions (pH    =    11), whereas little deteriora-
tion in diethylpropion occurred during the same period 

       FIGURE 13.2.     Chemical structure of ephedrine.  

  TABLE 13.1.    Physiochemical Properties of Ephedrine. 

   Physical Property     Value  

  Melting Point    34 ° C (93.2 ° F)  
  Boiling Point    255 ° C (491 ° F)  
  pKa Dissociation Constant    10.252  
  log P (Octanol - Water)    1.13  
  Water Solubility    6.36E + 04   mg/L (30 ° C/86 ° F)  
  Vapor Pressure    8.30E - 04   mm Hg 

(25 ° C/77 ° F)  
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remained in normal sinus rhythm at her 1 - year follow -
 up examination.  

  TOXICOKINETICS 

 The absorption of therapeutic ephedrine doses from the 
GI tract and nasal mucosa is relatively complete (i.e., 
> 90%) with peak plasma ephedrine concentrations 
occurring within ∼ 2 hours.  45   The approximate volume of 
distribution of ephedrine is approximately 3    ±    1   L/kg. 
About 8 – 20% of the absorbed ephedrine dose under-
goes N  - demethylation to norephedrine, whereas oxida-
tive deamination of ephedrine to 1 - phenylpropan - 1,3 - diol 
followed by side - chain oxidation to benzoic acid and 
hippuric acid accounts for approximately 4 – 13% of the 
absorbed dose.  46   The liver metabolizes approximately 
4% of ephedrine to norephedrine via N  - demethylation 
and converts a minor proportion to inactive, renally 
excreted metabolites via conjugation, deamination, and 
p  - hydroxylation. The kidneys excrete the majority of 
the ephedrine dose unchanged in urine along with a 
small proportion of inactive conjugates, depending upon 
urine pH and species.  47   The plasma half - life of ephed-
rine ranges from ∼ 5.7 – 7.1 hours. 

 The combination of ephedrine and other stimulants 
(caffeine, theophylline) with a monoamine oxidase inhib-
itor (phenelzine) can produce serious drug interactions. 
A 28 - year - old woman developed hypotension, sinus 
tachycardia, neuromuscular irritability, rhabdomyolysis, 
encephalopathy, and hyperthermia after ingesting a com-
bination tablet (18.31   mg ephedrine hydrochloride, 
30   mg caffeine, 100   mg theophylline) 8 hours prior to 
admission.48   She had stopped her 60 - mg daily intake of 
phenelzine the preceding day. She recovered after a com-
plicated 3 - week hospitalization that included 17 days on 
a respirator for acute respiratory distress syndrome. 

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Ephedrine is both a direct and indirect sympathomi-
metic compound. Catecholamine reuptake complexes 
on adrenergic nerve membranes transport ephedrine 
from intercellular spaces into the nerve cell. The nerve 
cell packages ephedrine into presynaptic storage vesi-
cles together with endogenous norepinephrine, dopa-
mine, or serotonin. Ephedrine increases the alkalinity of 
the vesicle, thus lowering the threshold for action poten-
tials to induce vesicle exocytosis. As a result, incoming 
action potentials release elevated molar concentrations 
of neurotransmitters, along with ephedrine, into the 
synapse, thus characterizing the indirect sympathomi-
metic effect of ephedrine.  49   Once in the synaptic space, 
ephedrine is a weak direct agonist of postsynaptic 

reports appear in the English, Russian, and Japanese 
medical literature documenting ephedrine abuse and 
addiction, usually in polydrug abusers.  36   A 33 - year - old 
woman was admitted for an 18 - month history of ephed-
rine abuse that began with the use of 50   mg daily for 
appetite suppression.  37   Her ephedrine use escalated to 
1,500   mg daily as a result of tolerance, rebound somno-
lence and fatigue, and an inability to abstain despite her 
job loss for stealing the drug at work. On presentation 
for inpatient treatment, she was disheveled and emo-
tionally labile with poor cognition; she had a sinus 
tachycardia and normal systolic blood pressure. Her 
only other known addiction was nicotine. 

 Ephedrine is distributed as a synthetic pharmaceutic 
preparation or as a herbal dietary supplement (e.g., ma 
huang) derived from plants (e.g., central Asian ever-
green shrub,  Ephedra sinica ).  38   The typical ma huang 
preparation contains 1 – 2% total alkaloids with ephed-
rine and pseudoephedrine comprising ∼ 90% of the total 
alkaloid content;  39   however, the total ephedra alkaloid 
content may range up to 8%.  40   In a study of 35 com-
mercial oral ephedrine - based diet - control agents and 
bronchodilators, the total ephedra alkaloid content 
ranged from 5.97 – 29.3   mg per dose for administration 
1 – 3 times daily.  41   In the United States, ephedrine was 
sold as a tablet, capsule, or constituent in an intranasal 
spray until the FDA banned the commercial sale of this 
drug as an OTC agent in 2004 based on an unreasonable 
risk of illness or injury under the conditions of use rec-
ommended or suggested in labeling.  42   Clinical uses for 
ephedrine included the treatment of spinal anesthesia -
 induced hypotension, bronchoconstriction, upper respi-
ratory tract symptoms, obesity, depression, narcolepsy, 
and Stokes - Adams attacks.  43

  DOSE EFFECT 

 Maximal daily therapeutic doses of ephedrine range up 
to 120   mg. Tolerance to the effects of ephedrine devel-
ops during ephedrine abuse, resulting in reported daily 
ephedrine doses ranging up to 10 – 20 times the thera-
peutic dose. In a case series of 5 patients admitted for 
inpatient treatment of ephedrine addiction, the mean 
reported ephedrine dose was 1,450   mg with a range up 
to 2,500   mg.  37   Following the ingestion of 50 – 100   mg 
ephedrine daily for 10 days to improve athletic perfor-
mance, a 19 - year - old woman developed hemodynami-
cally stable ventricular tachycardia that was resistant to 
cardioversion and amiodarone.  44   Sixty hours after 
admission when the ingested ephedrine would be 
expected to be eliminated (no plasma ephedrine con-
centrations reported), electrophysiology studies 
revealed an reproducible ventricular tachycardia; she 
underwent successful ablation of the dysrhythmia. She 
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may result from intracerebral hemorrhagic stroke, myo-
cardial infarction, or cardiomyopathy.  63,66   These indi-
viduals often have underlying vascular disease along 
with polydrug abuse.  67   Consequently, the contribution 
of ephedrine abuse to these deaths is unclear.  

  DIAGNOSTIC TESTING 

 Methods for the quantitation of ephedrine in biologic 
samples include HPLC with UV detection,  68   HPLC with 
fl uorometry and derivatization with 9 - fl uroenylmethyl 
chloroformate,  69   liquid chromatography/tandem mass 
spectrometry,  70   and GC/MS. The lower limit of quantita-
tion (LLOQ) for ephedrine using HPLC with fl uorom-
etry is 2   ng/mL with a coeffi cient of variation in the range 
of 12% near the LLOQ. Ephedrine is stable in urine 
samples stored at 37 ° C (98.6 ° F) for 1 week and in refrig-
erated (4 ° C/39.2 ° F) and frozen ( − 20 ° C/ - 4 ° F), sterile urine 
samples for up to 2 years.  71   There was no signifi cant loss 
of ephedrine in frozen samples undergoing 3 cycles of 
freezing and thawing to room temperature. 

 Dosing for weight control at 45 – 50   mg per day results 
in steady - state ephedrine concentrations of 95 –
 135   ng/mL. The ingestion of 22   mg ( − ) - ephedrine hydro-
chloride by 10 hospital outpatients produced a mean 
peak plasma ephedrine concentration of 79.4   ng/mL 
(range, 52.7 – 138.8   ng/mL) compared with a mean peak 
plasma ephedrine concentration of 87.4   ng/mL (range, 
44.0 – 118.6   ng/mL) following the ingestion of 11   mg 3 
times daily for 2 weeks.  72   The mean peak plasma ephed-
rine concentration following the ingestion of 50   mg 
ephedrine by 16 healthy volunteers was 137. 8    ±    33.1   ng/
mL (range, 80.2 – 206.9   ng/mL).  45   After ingesting over 
twice the daily recommended dose of a combination 
tablet containing ∼ 10   mg ephedrine and 100   mg caf-
feine for 2 days, a 22 - year - old woman developed 
palpitations, nausea, tremulousness, abdominal pain, 
vomiting, S - T segment depression, and inverted 
T - waves.  73   The serum ephedrine concentration  ∼ 8 hours 
after the last dose was 150   ng/mL; the serum caffeine 
concentration was not reported. She was discharged 
after 2 days without sequelae. The postmortem blood 
ephedrine concentrations in a series of nontrauma -
 related fatalities ranged from 20 – 12,350   ng/mL with a 
blood ephedrine concentration below 490   ng/mL in 
50% of the cases.  67   A majority of these decedents also 
tested positive for other drugs (e.g., cocaine, opiates); 
therefore, the role of ephedrine in these deaths is diffi -
cult to determine. Associated morbidities included left 
ventricular hypertrophy with coronary artery disease 
(33%), hepatic steatosis (21%), and nephrosclerosis 
(17%). Limited postmortem data suggest that ephed-
rine does not undergo signifi cant postmortem 
redistribution.74

adrenergic receptors with an affi nity higher for  β  -
 receptors than for  α  - receptors.  49   Augmentation of 
peripheral norepinephrine activity mildly stimulates 
thermogenesis in brown adipose tissue.  50   In ephedrine -
 caffeine combination preparations, caffeine antagonizes 
adenosine and inhibits cellular phosphodiesterase, thus 
enhancing adipose tissue thermogenesis.  51   In the lung, 
ephedrine produces bronchodilation through stimula-
tion of bronchial β2  - adrenergic receptors.  52

 Hyperthermia from ephedrine poisoning is mediated 
in part by effects on the hypothalamus, caudate, and 
putamen.53   The combination of ma huang or ephedrine 
with caffeine enhances cardiotoxicity compared with 
ephedrine alone.  54   Chronic abuse of ephedrine may 
cause dilated left ventricular hypertrophy with impaired 
systolic function without evidence of myocardial infarc-
tion or fi brosis.  55   Hyperventilation may occur via direct 
bronchial adrenergic receptor stimulation, and via indi-
rect response to increased cardiac output induced by 
ephedrine.  56

 Patients with ephedrine intoxication may exhibit 
left ventricular hypertrophy and coronary artery disease 
in up to 33% of cases; however, ephedrine deaths are 
commonly associated with chronic stimulant abuse 
including the abuse of other drugs associated with coro-
nary disease (e.g., cocaine). Heat stroke and rhabdomy-
olysis are uncommon fi ndings in postmortem 
examinations of cases where postmortem blood samples 
contain detectable concentrations of ephedrine, when 
compared with amphetamine or methamphetamine 
abuse deaths.  57

  CLINICAL RESPONSE 

 Potential adverse effects associated with the use and 
abuse of ephedrine include mydriasis, nausea, vomiting, 
CNS hyperstimulation, headache, tremor, excess sweat-
ing, chest pain, tachycardia, palpitations, chest pain, 
hypertension, constipation, urinary retention, and 
euphoria.58,59   Case reports associate ephedrine use and 
abuse with ischemic and hemorrhagic stroke,  60   intestinal 
ischemia,61   and myocardial infarction,  62   frequently in 
patients with underlying disease (atherosclerosis, berry 
aneurysm).63   Rare case reports associate ephedrine 
abuse with emergence of bipolar symptoms  64   and para-
noid psychosis manifest by delusions, auditory halluci-
nations, and clear consciousness.  65   Some of these patients 
had predisposing factors (family history, abnormal pre-
morbid personality, polydrug abuse); the role of ephed-
rine in these cases was not well defi ned. Potentially, 
abrupt cessation of high doses of ephedrine may cause 
fatigue, depression, and suppressed REM sleep; however, 
an abstinence syndrome following ephedrine abuse is 
not well defi ned. Fatalities following ephedrine abuse 



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

238

able in the United States as a DEA schedule III drug 
in both tablet and capsule forms.  

  DOSE EFFECT 

 Typical doses of phendimetrazine for the short - term 
treatment of obesity are 35   mg tablets or capsules 3 
times per day or 105   mg sustained - release tablets.  

  TOXICOKINETICS 

 Peak serum phendimetrazine concentrations occur  ∼ 1 
hour after the ingestion of immediate - release prepara-
tions and 1 – 2 hours after the ingestion of sustained 
release preparation.  77   Phendimetrazine undergoes 
extensive biotransformation including  N  - demethylation 
to phenmetrazine  78   as well as the formation of  N  -
 hydroxyphenmetrazine and the  N  - oxide of phendimet-
razine.  79   The kidney excretes only  ∼ 10 – 30% of the 
phendimetrazine dose as unchanged drug.  78,79   The 
approximate plasma half - life of immediate - release 
phendimetrazine is approximately 2 hours, whereas the 
plasma half - life of the sustained - release preparation is 
 ∼ 9 hours.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Phendimetrazine is an indirect - acting sympathomimetic 
drug that causes mild CNS stimulation and blood pres-
sure elevation, similar to other noradrenergic appetite 
suppressants. Therapeutic doses of phendimetrazine 
cause early satiety and decreased appetite.  

  CLINICAL RESPONSE 

 Phendimetrazine and phenmetrazine are associated 
with similar physiologic and psychological effects, 
similar to other noradrenergic appetite suppressants 
including anxiety, agitation, nervousness, paranoia, psy-
chosis, and hallucinations. A case report associates the 
use of phendimetrazine, phentermine, and an unknown 
 “ thyroid ”  medication over 3 days with the development 
of diffuse peripheral arterial spasm that responded to 
nifedipine.  80   The patient remained asymptomatic 6 
months later with no further use of these medications. 
Rare case reports associate chronic phendimetrazine 
use with dilated cardiomyopathy that resolved with ces-
sation of phendimetrazine use  81   and acute interstitial 
nephritis (in combination with phentermine) that also 
resolved following cessation of these 2 drugs.  82   Rare 
case reports associate therapeutic use and abuse of 
phendimetrazine with rhabdomyolysis. A 23 - year - old 
woman developed nausea, vomiting, chest pain, myal-

  TREATMENT 

 The treatment of ephedrine intoxication is similar to the 
treatment of phenylpropanolamine toxicity.      

  PHENDIMETRAZINE 

           IDENTIFYING CHARACTERISTICS 

 Phendimetrazine is 3,4 - dimethyl - 2 - phenylmorpholine 
(CAS RN: 634 - 03 - 7, C 12 H 17 NO) as displayed in Figure 
 13.3 ; the salt, phendimetrazine tartrate is the active 
ingredient of Adipost, Bontril, Obezine, Plegine, Prelu -
 2, Statobex, and Obex - LA (South Africa). The latter 
product is a sustained release preparation (105   mg  d  -
 phendimetrazine bitartrate). Under microscopic analy-
sis, phendimetrazine appears as thin, square plates to 
square prismatic forms.  5   Phendimetrazine exists as  d  -  
and  l  - diastereoisomers.  75   Table  13.2  lists some physio-
chemical properties of phendimetrazine.      

  EXPOSURE 

 Phendimetrazine is a synthetic amphetamine derivative. 
Both phendimetrazine and phenmetrazine were intro-
duced in the 1950s as sympathomimetic weight - control 
medications inducing less euphoria, insomnia, and 
tachycardia than other amphetamine derivatives; 
however, the current use of phendimetrazine is infre-
quent. The abuse of phendimetrazine is also uncommon, 
even among drug abusers.  76   Phendimetrazine is avail-

       FIGURE 13.3.     Chemical structure of phendimetrazine.  

  TABLE 13.2.    Some Physiochemical Properties of 
Phendimetrazine. 

   Physical Property     Value  

  Molecular weight      
     Phendimetrazine    191.2694   g/mol  
     Phendimetrazine tartrate    341.3563   g/mol  
  log P (Octanol - Water)    1.700  
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  EXPOSURE 

 Phenmetrazine was introduced in the 1950s along with 
phendimetrazine as sympathomimetic weight - control 
medications with less euphoria, insomnia, and tachycar-
dia than other amphetamine anorexiants;  89   however, 
phenmetrazine was subsequently classifi ed as a sched-
ule II drug in 1971 as a result of reports of psychotic 
reactions and high addiction potential. Methods of 
phenmetrazine abuse involve both oral and IV admin-
istration. Phenmetrazine remained a popular drug of 
abuse during the 1970s that replaced amphetamine as a 
stimulant in some IV polydrug users.  90   This drug was a 
substitute for cocaine and amphetamine in heroin 
abusers; after dissolution of phenmetrazine in water, the 
solution was used to  “ cook ”  the heroin prior to injec-
tion. The use of phenmetrazine as a primary drug of 
abuse is uncommon.  91   Eventually, phenmetrazine was 
withdrawal from the US market.  

  DOSE EFFECT 

 The recommended therapeutic dose of phenmetrazine 
is 25   mg 3 times daily. The lethal dose of phenmetra-
zine is not well defi ned; the LD 50  is 15 – 20   mg/kg for 
adult monkeys and  ∼ 5   mg/kg for young monkeys. The 
chronic abuse of 750 – 900   mg daily was associated with 
the development of acute paranoid psychosis that 
resolved with hospitalization and chlorpromazine 
therapy.  92    

gias, and dark urine after ingesting 75   mg phendimetra-
zine daily for 3 days.  83   Her serum creatine phosphokinase 
(now creatine kinase, CK) peaked at 7,224 U/L on the 
second hospital day; her kidney function remained 
normal and she was discharged on the fi fth hospital day 
without sequelae.  

  DIAGNOSTIC TESTING 

 Analytic methods for the quantitation of phendimetra-
zine in biologic samples include thin layer chromatog-
raphy, gas chromatography with fl ame ionization 
detection  84   or nitrogen phosphorous detection,  85   and 
GC/MS with acetic acid derivation.  86   Phendimetrazine 
does not concentrate in erythrocytes; therefore, whole 
blood and serum concentrations of phendimetrazine are 
similar. Peak serum phendimetrazine concentrations 
following therapeutic doses of phendimetrazine range 
from  ∼ 0.05 – 0.24   mg/L, whereas peak serum phendimet-
razine concentrations associated with the ingestion of 
35   mg immediate - release phendimetrazine range up to 
0.09 – 0.10   mg/L.  77,87   A 21 - year - old man collapsed while 
working at a restaurant; resuscitation at the workplace 
and the hospital was unsuccessful.  86   Postmortem blood 
(site unspecifi ed) contained 0.3   mg phendimetrazine/L 
as measured by gas chromatography/fl ame ionization 
detection. A 38 - year - old man was found dead 4 days 
after disappearing during a desert race.  88   His postmor-
tem blood contained 0.67   mg phendimetrazine/L; no 
other drugs were detected as measured by gas 
chromatography/fl ame ionization detection.  

  TREATMENT 

 The treatment of phendimetrazine toxicity is support-
ive, similar to phenylpropanolamine intoxication.      

  PHENMETRAZINE 

           IDENTIFYING CHARACTERISTICS 

 Phenmetrazine is a synthetic morpholine amphetamine 
derivative (3 - methyl - 2 - phenylmorpholine, CAS RN: 
134 - 49 - 6). Figure  13.4  displays the chemical structure of 
phenmetrazine (C 11 H 15 NO). Phenmetrazine hydrochlo-
ride was the active ingredient of Preludin. Under micro-
scopic analysis, phenmetrazine is an elongated lath - like 
crystal in stellate arrangement.  5   Table  13.3  lists some 
physiochemical properties of phenmetrazine.      

       FIGURE 13.4.     Chemical structure of phenmetrazine.  

  TABLE 13.3.    Some Physiochemical Properties of 
Phenmetrazine. 

   Physical Property     Value  

  Molecular Weight      
     Phenmetrazine    177.2429   g/mol  
     Phenmetrazine hydrochloride    213.7038   g/mol  
  log P (Octanol - Water)    1.490  
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prevalence of synaptic catecholamines. Centrally, phen-
metrazine exerts this effect on the tuberoinfundibular 
system, leading to appetite suppression.  95   Postmortem 
examination of fatal cases of phenmetrazine are non-
specifi c, common to individuals dying from drug abuse. 
Autopsy examination of a 17 - year - old adolescent found 
dead with fresh track marks and only phenmetrazine in 
postmortem blood revealed pulmonary edema and aspi-
ration of material deep into the bronchi.  96    

  CLINICAL RESPONSE 

 Phenmetrazine is a CNS stimulant that produces clinical 
effects similar to other amphetamine - type appetite sup-
pressants. Toxic effects associated with phenmetrazine 
abuse include stereotyped activity, agitation, anxiety, 
insomnia, anxiety, and restlessness. Case reports associ-
ate phenmetrazine abuse with a psychosis similar to 
amphetamine - induced psychosis and with the exacerba-
tion of underlying schizophrenia with paranoid ide-
ations. Clinical features include auditory hallucinations, 
labile affect, agitation, elation, delusions, ideas of refer-
ence, fear, and paranoia.  97   Typically, these psychotic 
symptoms occur following the ingestion of large doses 
of phenmetrazine (i.e., 10 – 30 tablets in the setting of 
continue abuse) and resolve within 1 – 2 days of absti-
nence.  98   Case reports associate the IV administration of 
phenmetrazine with fever, diaphoresis, diffuse myalgias, 
headache, GI distress, hypotension, rhabdomyolysis, and 
intravascular coagulation.  99   This clinical pattern simu-
lates septic shock, but the blood cultures from these 
patients were negative. Fatalities associated with the 
abuse of phenmetrazine include patients with hyper-
thermia, agitation, and bizarre behavior (excited 
delirium - type clinical presentation), trauma/suicide, 
sudden death (i.e., found dead at home), and underlying 
cardiovascular disease.  100   Most of these fatalities involve 
polydrug abuse, primarily IV drug use.  

  DIAGNOSTIC TESTING 

 Analytic methods for the quantitation of phenmetra-
zine in biologic samples include gas chromatography 
with electron capture detection,  101   gas chromatography/
fl ame ionization detection,  94,102   gas chromatography/
mass spectrometry (GC/MS) with derivatization involv-
ing 2,2,2 - trichloroethyl chloroformate or isooctane and 
methyl chloroformate,  103,104   and GC/MS with selected 
ion monitoring, chemical ionization, and 4 - carbethoxy-
hexafl uorobutyryl chloride derivatization.  105   The LOD 
for phenmetrazine in urine samples using the latter 
method is 0.2   mg/L with between - run precision of  ∼ 3%. 
The LLOQ for the latter method in urine samples is 

  TOXICOKINETICS 

 Phenmetrazine is well absorbed by the GI tract with 
immediate -  and sustained - release preparations reach-
ing peak concentrations within  ∼ 2 hours and 5 hours, 
respectively.  93   This drug undergoes  p  - hydroxylation 
followed by glucuronide conjugation and oxidation 
via CYP3A and CYP2D6 to lactam metabolites 
[5 - methyl - 3 - oxo - 6 - phenylmorpholine, 3 - methyl - 2 - (4 ’  -
 hydroxy phenyl)morpholine]. Figure  13.5  displays the 
biotransformation of phenmetrazine. In a study of urine 
samples from volunteers receiving 25   mg [ 14 C] phen-
metrazine hydrochloride, lactam metabolites accounted 
for a mean 19% (range, 17 – 21%) and the total (free plus 
conjugated)  p  - hydroxylated metabolite accounted for a 
mean 22% (range, 16 – 26%) of the administered dose 
within the fi rst 24 hours.  94    N  - hydroxyphenmetrazine 
nitrone (5 – 7%) was a minor metabolite. The kidney 
excreted a mean 19% (range, 11 – 25%) as unchanged 
phenmetrazine during the fi rst 24 hours. Over 72 hours, 
a mean of 92% (range, 85 – 100%) of the administered 
dose appeared in the urine. There is substantial intra-
species variation in phenmetrazine biotransformation, 
similar to amphetamine and methamphetamine. The 
plasma elimination half - life of phenmetrazine following 
ingestion of single therapeutic doses of immediate 
release phenmetrazine is  ∼ 8 hours.  93      

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Phenmetrazine primarily blocks the reuptake of dopa-
mine and to a lesser extent, norepinephrine into presyn-
aptic adrenergic nerve cells; additionally, phenmetrazine 
inhibits monoamine oxidase, leading to an increased 

       FIGURE 13.5.     Biotransformation of phenmetrazine.  
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  PHENTERMINE 

           IDENTIFYING CHARACTERISTICS 

 Phentermine (CAS RN: 122 - 09 - 8) is an  α  - methyl 
amphetamine derivative (1,1 - dimethyl - 2 - phenylethyl-
amine, C 10 H 15 N). Figure  13.6  displays the chemical 
structure of phentermine. Trade names for this com-
pound include Adipex - P (phentermine hydrochloride, 
37.5   mg), Ionamin (15   mg and 30   mg phentermine as 
the cationic exchange resin complex), and Omnibex. 
Table  13.4  lists some physiochemical properties of 
phentermine.      

  EXPOSURE 

 Phentermine is a sympathomimetic amine approved by 
the FDA in 1959 for short - term weight loss in combina-
tion with diet and exercise. Phentermine and fenfl ura-
mine were part of the popular off - label anorexiant, 
Fen - Phen until 1997, when the FDA banned fenfl ura-
mine because of the association of this combination 
with cardiac valvular disease. Phentermine remains on 
the US market for the treatment of obesity as a single 
agent and as combination capsule with fl uoxetine.  109   
Phentermine is available as a sustained - release resin 
complex (37.5   mg) and immediate release capsules 
(15   mg, 30   mg) under DEA schedule IV. In a meta -
 analysis of 9 randomized clinical trials of phentermine 
and weight loss, the mean weight loss of obese patients 
receiving 15 – 30   mg daily for 2 – 24 weeks was 3.6   kg 

0.05   mg/L with an intraday coeffi cient of variation  < 9%. 
Ephedrine may interfere with the quantitation of phen-
metrazine by GC/MS during the derivation process as 
a result of the reaction of ephedrine and formaldehyde 
under high - temperature injection.  106   The use of gas 
chromatography/fl ame ionization detection and GC 
with electron capture detection allows comparison of 
seized drugs for the determination of common sources 
of illicit phenmetrazine samples.  107   Phenmetrazine 
cross - reacts with urinary amphetamine immunoassays 
(e.g., EMIT) only at high phenmetrazine concentrations 
(e.g.,  > 6   mg/L).  108   

 The therapeutic plasma phenmetrazine concentra-
tions range from 0.07 – 0.13   mg/L; the mean plasma 
phenmetrazine concentration following ingestion of a 
single 75   mg phenmetrazine tablet was approximately 
0.13   mg/L as measured by radioimmunoassay (tritiated 
acetic anhydride).  93   In a convenience series of 7 arrested 
drivers (car theft, drug addiction), the blood phenmet-
razine concentrations ranged from 0.2 – 4   mg/L as mea-
sured by GC/MS.  103   Most of these drivers failed fi eld 
sobriety tests. Postmortem blood from a 17 - year - old 
adolescent found dead with fresh track marks contained 
a phenmetrazine concentration of 4   mg/L, whereas a 
liver sample contained 5   mg/L as measured by GC/
MS.  96   No other drugs were detected in the postmortem 
blood. A 29 - year - old woman was found dead at her 
home with evidence of recent IV drug abuse; the post-
mortem blood (site not reported) contained 16   mg 
phenme trazine/L and no other detectable drugs.  100   A 
25 - year - old man developed hyperthermia, tachycardia, 
hypotension, and paranoid psychosis after the IV injec-
tion of phenmetrazine.  100   He died 3 hours after admis-
sion to the hospital; postmortem blood contained 5   mg 
phenmetrazine/L and no other detectable drugs as mea-
sured by GC/MS.  

  TREATMENT 

 The treatment of phenmetrazine toxicity is supportive 
with initial attention directed toward assessment and 
stabilization of respiration, circulation (myocardial isch-
emia, hypotension), and temperature, similar to phenyl-
propanolamine intoxication. Seriously intoxicated IV 
phenmetrazine abusers may develop hypotension, 
hyperthermia, agitation, and disseminated intravascular 
coagulation. The presence of hyperthermia (i.e., core 
body temperature  > 40 ° C/104 ° F) requires aggressive 
treatment of agitation with benzodiazepines and evapo-
rative cooling measures. Treatment of hypotension 
includes IV saline and vasopressor infusions (e.g., dopa-
mine) for patient unresponsive to fl uid therapy. Patients 
unresponsive to dopamine may respond to  α  - receptor 
agonists (e.g., norepinephrine).      

       FIGURE 13.6.     Chemical structure of phentermine.  

  TABLE 13.4.    Some Physiochemical Properties of 
Phentermine. 

   Physical Property     Value  

  Molecular Weight      
     Phentermine    149.2328   g/mol  
     Phentermine 

hydrochloride  
  185.6937   g/mol  

  Boiling Point    205 ° C (401 ° F)  
  log P (Octanol - Water)    1.9  
  Water Solubility    1.86E    +    04   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    0.096   mm Hg (25 ° C/77 ° F)  
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restlessness, irritability, pressured speech with fl ight of 
ideas, paranoid delusions, and auditory hallucinations 
with clear consciousness. Predisposing factors include a 
strong family history of affective disorder.  115   Repeat 
dosing of phentermine against medical advice resulted 
in the recurrence of the psychosis.  116   A 37 - year - old 
woman developed the subacute onset of severe left 
parieto - occipital headache along with left - sided facial 
and extremity numbness that resolved within 1 week.  117

She had recently begun the use of phentermine for 
weight loss; her cerebral magnetic resonance imaging 
(MRI) scan and conventional 4 - vessel cerebral angiog-
raphy were normal 7 days after the onset of symptoms. 
A 48 - year - old woman developed chest pain and a sub-
sequent witnessed cardiac arrest (ventricular tachycardia/
fi brillation) requiring defi brillation and intubation.  118

Her peak serum creatine phosphokinase (now creatine 
kinase or CK) and fraction were elevated at 716 U/L 
and 36.1 U/L, respectively; coronary angiography dem-
onstrated a left ventricular ejection fraction of 35% with 
mild diffuse nonobstructive coronary artery disease. 
Her only medication was phentermine (dose not 
reported); 5 days after admission when the expected 
phentermine concentration would be nondetectable, the 
electrophysiology study demonstrated inducible sus-
tained ventricular tachycardia. There were no reported 
plasma phentermine concentrations. Marked lethargy, 
syncope, QTc prolongation (512   msec), and polymor-
phic ventricular tachycardia developed in a 23 - year - old 
woman who ingested illicit diet pills containing phenter-
mine and chlorpheniramine based on a urine drug 
screen.119   She was successfully treated with IV magne-
sium sulfate infusion and recovered without sequelae. 
No plasma phentermine concentrations were reported. 
Another case report associated the development of 
chest pain and subsequent ventricular fi brillation 
responsive to cardioversion in a moderately obese 
37 - year - old woman on phentermine, thyroid prepara-
tion, and trichlormethiazide.  120   Her cardiac workup was 
normal including coronary angiogram and electrophysi-
ology testing with the exception of mild hypokalemia 
(2.9   meq/L). Case reports associate daily phentermine 
therapy with acute interstitial nephritis,  121   ruptured 
superior mesenteric artery aneurysm,  122   and peripheral 
vascular disease;  123   however, the role of phentermine in 
causing these diseases is unclear.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Short retention times along with poor peak shape and 
resolution complicate analysis of small molecules (e.g., 
phentermine) with GC; consequently, most quantitative 

(95% CI: 0.6 – 6.0   kg) when compared with placebo (life-
style modifi cation only).  110

  DOSE EFFECT 

 The therapeutic dose of phentermine base is 15 – 30   mg 
daily. The ingestion of approximately 560   mg phenter-
mine over 8 hours was associated with pressured speech, 
tactile and visual hallucinations, and refractory seizures; 
she recovered without sequelae after treatment with 
benzodiazepines (diazepam, lorazepam), fosphenytoin, 
propofol infusion, and supportive care in the intensive 
care unit.  111

  TOXICOKINETICS 

 When ingested as a sustained release resin, peak phen-
termine concentrations occur within ∼ 8 hours. 
Phentermine undergoes minimal p  - hydroxylation,  N  -
 oxidation, and  N  - hydroxylation, followed by conjuga-
tion.112   The approximate volume of distribution of 
phentermine is approximately 3 – 4 hours. The plasma 
half - life of phentermine in the resin complexes of phar-
maceutic preparations ranges from ∼ 19 – 24 hours; 
however, in a study of 5 adults receiving phentermine 
in an aqueous solution with urine pH < 5, the plasma 
elimination half - life was approximately 7 – 8 hours. 
Within the fi rst 24 hours, the kidney excreted 71.7 –
 83.6% of the phentermine dose unchanged with 0.7% 
p  - hydroxylated conjugates, and 5%  N  - hydroxylated and 
N  - oxidized conjugates.  112

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Phentermine is a weak sympathomimetic amine that 
induces appetite suppression similar to diethylpropion 
by increasing norepinephrine release and inhibiting 
uptake, resulting in increased sympathetic activity. 
Phentermine is also a weak monoamine oxidase (MAO) 
inhibitor that typically does not produce signifi cant 
MAO activity at therapeutic doses. In rat brain tissue, 
the IC 50  of phentermine for MAO A  and MAO B  was 
143    μ M and 285    μ M, respectively, compared with 2 nM 
and 18 nM, respectively, for the potent MAO inhibitor, 
harmaline.  113

  CLINICAL RESPONSE 

 Adverse effects associated with the therapeutic use of 
phentermine for obesity include headache, irritability, 
anxiety, insomnia, palpitations, hypertension, depres-
sion, and breathlessness.  114   Several case reports associ-
ate high doses of phentermine (60 – 90   mg daily) with the 
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methods include derivatization. Analytic methods for 
the quantitation of phentermine in biologic samples 
include gas chromatography/fl ame ionization detection 
and  N  - trifl uoroacetamide derivatization,  124   gas chroma-
tography with nitrogen phosphorus detection and 
amantadine as the internal standard,  125   GC/MS with  N  -
 trifl uoroacetamide derivatization,  126   high performance 
liquid chromatography with fl uorescence detection 
(excitation, 325   nm; emission, 430   nm),  127   ultra perfor-
mance LC/MS,  128   and GC/MS using pentafl uoropropi-
onic anhydride derivatization and  N  - propylamphetamine 
as the internal standard.  129   The LOD for the latter 
method is 500   ng/mL, whereas the LOD and LLOQ for 
gas chromatography with nitrogen phosphorus detec-
tion is 5   ng/mL and 20   ng/mL, respectively (precision 
and accuracy  < 10%). Potential interference with the 
quantitation of phentermine may occur a as result of the 
partial co - elution of phentermine (1.72   min) and meth-
amphetamine (1.81) at  m / z  150 in polydrug samples; the 
use of an optimized gradient helps alleviate this problem.  

  Biomarkers 

 Following therapeutic doses of phentermine, the plasma 
phentermine concentration varies substantially between 
individuals. Plasma phentermine concentrations do not 
correlate well to weight loss or failure to lose weight in 
obese adults. In a 20 - week study of obese adults receiving 
phentermine resinate, the mean steady - state plasma 
phentermine concentration in 13 adults with sustained 
weight loss was 203.0    ±    67.6   ng/mL compared with 
212.9    ±    114.1   ng/mL in 11 adults without signifi cant 
weight loss as measured by gas chromatography with 
nitrogen specifi c detection (LOD, 2   ng/mL).  114   Headache 
and palpitations developed in a 25 - year - old woman 
ingesting 60   mg phentermine daily during this study. She 
withdrew from the study when her steady - state plasma 
phentermine concentration was 381   ng/mL. In a study of 
21 healthy adults receiving 30   mg phentermine hydro-
chloride (24.1   mg base) daily for 14 days, the mean peak 
plasma phentermine concentration on day 14 was 
116    ±    31.7   ng/mL (range, 65.3 – 192.0   ng/mL) compared 
with 142    ±    40   ng/mL (range, 65.7 – 234   ng/mL) for the 
ingestion of the 30   mg phentermine base.  130   Phentermine 
fatalities were associated with postmortem phenter-
mine concentrations of 1,500   ng/mL and 7,600   ng/mL; 
the latter case involved a 32 - year - old man found 
dead with also 12   mg ethchlorvynol/L and 10   mg 
amobarbital/L (toxic concentration) as measured by gas 
chromatography with nitrogen phosphorus detection.  131   
Limited postmortem data suggests that phentermine 
undergoes postmortem redistribution. The central/
peripheral blood phentermine ratio from 1 postmortem 
case was 1.7:1.  74     

  TREATMENT 

 The treatment of phentermine toxicity is supportive, 
similar to phenylpropanolamine intoxication.      

  PHENYL-
PROPANOLAMINE 

           IDENTIFYING CHARACTERISTICS 

 Phenylpropanolamine (CAS RN: 14838 - 15 - 4) is the  β  -
 hydroxylated amphetamine, 1 - alpha - (1 - aminoethyl)
benzyl alcohol (norephedrine). This weakly basic com-
pound is an indirect - acting sympathomimetic amine 
that is structurally related to ephedrine. Figure  13.7  dis-
plays the chemical structure of  l  - phenylpropanolamine 
[( − ) - norephedrine, C 9 H 13 NO]. This structure has 4 
potential stereoisomers with phenylpropanolamine 
comprising the enantiomeric forms,  d  - phenylpropanol-
amine and  l  - phenylpropanolamine. The other 2 poten-
tial stereoisomers are the enantiomeric forms of the 
diastereoisomer norpseudoephedrine. Table  13.5  lists 
some physiochemical properties of phenylpropanol-
amine. Pharmaceutic preparations contain a racemic 
mixture of phenylpropanolamine hydrochloride (CAS 

       FIGURE 13.7.     Chemical structure of phenylpropanolamine.  

  TABLE 13.5.    Some Physiochemical Properties of 
Phenylpropanolamine. 

   Physical Property     Value  

  Molecular Weight      
     Phenylpropanolamine    151.2056   g/mol  
     Phenylpropanolamine 

hydrochloride  
  187.6665   g/mol  

  pKa Dissociation Constant    9.44 (20 ° C/68 ° F)  
  log P (Octanol - Water)    0.67  
  Water Solubility    1.49E + 05   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    8.67E - 04   mm Hg 

(25 ° C/77 ° F)  
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amine in combination with other decongestants for 1 to 
several days prior to the onset of symptoms. The average 
therapeutic dose of phenylpropanolamine produces a 
small, but statistically signifi cant increase in systolic 
blood pressure that is more prominent with higher 
doses, shorter administration, and immediate release 
formulations.  138,139   In a meta - analysis of 33 clinical trials 
involving 2,165 patients, the average increase in systolic 
blood pressure was 5.5   mm Hg (95% CI: 3.1 – 8.0), 
whereas the diastolic blood pressure increased an 
average of 4.1   mm Hg (95% CI: 2.2 – 6.0) with no effect 
on heart rate. The phenylpropanolamine doses ranged 
from 25 – 150   mg with the high - dose studies (n    =    7) dem-
onstrating higher posttreatment changes in systolic 
(mean pooled difference, 9.46   mm Hg; 95% CI:  − 19.17 –
 38.09) and diastolic (mean pooled difference, 6.54   mm 
Hg; 95% CI:  − 14.27 – 27.35) blood pressures than pooled 
values of the 33 trials as a whole.  

  TOXICOKINETICS 

  Absorption 

 The GI absorption of phenylpropanolamine is relatively 
good. In a study of 24 healthy male volunteers receiving 
a single dose of 25   mg phenylpropanolamine as a syrup, 
the mean calculated absolute bioavailability was 
61.9    ±    6.5% (range, 49.1 – 73.2%).  140

  Distribution 

 In a study of 24 healthy male volunteers receiving a 
single dose of 25   mg phenylpropanolamine as a syrup, 
the mean steady - state volume of distribution was 
approximately 1.7   L/kg (range, 1.5 – 2.2   L/kg). The mean 
volume of distribution following the administration of 
a single 25   mg phenylpropanolamine solution to 5 
healthy volunteers was 3.26    ±    0.75   L/kg compared with 
a steady - state volume of distribution of 4.08    ±    0.91   L/kg 
following the ingestion of a 25 - mg phenylpropanol-
amine solution every 4 hours for 7 doses.  141

  Biotransformation 

 Phenylpropanolamine undergoes minimal  p  - hydro-
xylation and conjugation in the liver with approximately 
4% of the dose excreted as urinary metabolites of 
phenylpropanolamine.  

  Elimination 

 The kidney excretes most of the absorbed dose of phen-
ylpropanolamine as unchanged drug. In a study of 16 

RN: 154 - 41 - 6). The melting point of phenylpropanol-
amine hydrochloride is 194 ° C (381.2 ° F). Most of the 
sympathomimetic activity of the racemic mixture resides 
in the l  - enantiomer.      

  EXPOSURE 

 The medical uses of phenylpropanolamine included the 
treatment of nasal congestion, priapism, and control of 
urinary incontinence. Phenylpropanolamine was a 
popular OTC treatment for upper respiratory tract 
symptoms and for weight loss (e.g., Acutrim  ®  , J.B. 
Laboratories, Holland, MI; Dexatrim  ®  , Chattem, Inc., 
Chattanooga, TN; Prolamine ™ , Super Odrinex ™ ) in 
combination with exercise and dietary restriction. The 
latter preparations frequently contained ephedrine and/
or caffeine in addition to phenylpropanolamine. In 
2000, the FDA requested drug companies to discontinue 
all OTC phenylpropanolamine - containing products 
as a result of studies demonstrating an increased risk of 
hemorrhagic stroke in women using phenylpro-
panolamine for weight - control.  132   Phenylpropanolamine 
analogs are present in certain plants; however, 
medicinal phenylpropanolamine is manufactured 
synthetically.  133

  DOSE EFFECT 

 The recommended daily dose of phenylpropanolamine 
for weight loss is 25 – 75   mg immediate - release or 75   mg 
sustained - release capsules up to a daily maximum of 
150   mg. In volunteer studies, the administration of ther-
apeutic doses of phenylpropanolamine (e.g., 75   mg sus-
tained release) does not cause euphoria or stimulant 
activity.  134   Cardiovascular and CNS complications fol-
lowing the use and abuse of phenylpropanolamine are 
rare events in comparison to the large number of indi-
viduals exposed to phenylpropanolamine. These adverse 
events are not clearly dose - related as these events occur 
following therapeutic use, abuse, and overdose. A major-
ity of hemorrhagic strokes in 2 case - control studies of 
phenylpropanolamine in appetite suppressants and 
OTC preparations involved the use of daily phenylpro-
panolamine doses    ≤    75   mg, suggesting that many of 
these complications are idiosyncratic events in suscep-
tible patients.  135,136   In a case series of 16 strokes associ-
ated with the use of phenylpropanolamine, the 
phenylpropanolamine dose ranged from 75 – 675   mg.  137

In this case series, a 19 - year - old woman developed a 
right frontal hemorrhage after intentionally ingesting 
675   mg phenylpropanolamine. She had uncontrolled 
hypertension on admission (180/110); moderate disabil-
ity remained after discharge from the hospital. Most 
patients in this case series ingested phenylpropanol-
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amine daily for 2 days while treated with methyldopa 
and oxprenolol for hypertension.  148   In the former case, 
rechallenge reproduced the same blood pressure eleva-
tions associated with indomethacin. Both these patients 
had headaches, but neither patient had clinically signifi -
cant end organ dysfunction.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Phenylpropanolamine is a prominent peripheral and 
weak CNS adrenergic stimulant. Phenylpropanolamine 
enhances the release of norepinephrine, resulting in the 
direct stimulation of α  - adrenergic receptors. Although 
phenylpropanolamine also has some α2  - adrenergic 
activity, rodent studies indicate that the anorectic effects 
of phenylpropanolamine result primarily from the stim-
ulation of α1  - adrenergic receptors in the paraventricular 
hypothalamus.  149,150   Animal studies suggest that the ano-
rectic effects of phenylpropanolamine differ from dex-
troamphetamine, which stimulates dopaminergic and 
β  - adrenergic receptors.  151   Although  in vitro  studies 
suggest that phenylpropanolamine has some dopami-
nergic activity, this dopaminergic effect is substantially 
less potent than dextroamphetamine.  152   Rodent 
studies indicate that phenylpropanolamine causes little 
presynaptic release of serotonin.  153   Peripheral stimula-
tion of α  - adrenergic receptors produces vasoconstric-
tion, reduces tissue hyperemia, edema, and nasal 
congestion, and increases nasal airway patency. 
Phenylpropanolamine blunts the release of synaptic 
norepinephrine associated with standing as a result of 
dose - dependent  α1  - agonist,  α2  - agonist, and indirect 
sympathomimetic effects.  149,154

  CLINICAL RESPONSE 

  Use/Abuse 

 Adverse effects associated with the use of phenylpropa-
nolamine include severe headache, hypertension, intra-
cranial hemorrhage, and rarely fatal strokes.  155   Most of 
these cases involve women under 30 years of age ingest-
ing therapeutic doses of phenylpropanolamine, often in 
combination with other drugs (e.g., caffeine, antihista-
mines). Cutaneous reactions include fi xed drug 
eruptions.  156

  Mental Disorders 

 Psychiatric manifestations associated with the therapeutic 
use of phenylpropanolamine include mania, paranoid 
schizophrenia, hallucinations, paranoid delusions, depres-
sion, agitation, and anxiety.  157,158   Frequently, these patients 

healthy volunteers receiving 6 doses of 25   mg phenyl-
propanolamine over 36 hours, the mean total urinary 
phenylpropanolamine excretion within 36 hours after 
the last dose was 75%.  142   The mean maximum phenyl-
propanolamine concentration in urine samples (mean 
urine pH    =    6.3    ±    0.3) was 112    ±    50   mg/L 4 hours after 
the last dose. Urinary alkalinization decreases the 
urinary clearance of phenylpropanolamine and increases 
the plasma phenylpropanolamine elimination half - life. 
Alkalization of the urine (mean pH ∼ 7.5) in 4 healthy 
male volunteers resulted in an approximate mean 
reduction of the urinary phenylpropanolamine clear-
ance of ∼ 33%, when compared with placebo (no sodium 
bicarbonate).143

 The serum half - life of phenylpropanolamine is  ∼ 3 – 4 
hours. In a study of 5 healthy volunteers receiving single 
doses of 25   mg and 100   mg phenylpropanolamine, the 
mean serum half - lives were 3.8 hours and 4.3 hours, 
respectively.  141   Following alkalization in the above study, 
the mean plasma phenylpropanolamine half - life 
increased from 4.03    ±    0.41 hours to 5.39    ±    0.34 hours.  

  Tolerance 

 There are few data on the issue of tolerance following 
the chronic use of phenylpropanolamine. Animal 
studies suggest that short term use ( < 2 weeks) of 
phenylpropanolamine does not reduce the weight loss 
associated with the administration of 20   mg  d , l  -
 phenylpro panolamine as measured by interscapular 
brown adipose tissue thermogenesis in adult male 
Sprague - Dawley rats.  144

  Drug Interactions 

 Case reports associate the ingestion of phenylpropanol-
amine by patients on monoamine oxidase inhibitors 
(MAOIs) with the development of hypertensive crisis 
similar to the association with structurally similar drugs 
(phenylephedrine, pseudoephedrine). Adverse effects 
in these case reports include malignant hypertension, 
headache, fever, and intracranial hemorrhage.  145   The use 
of other drugs (e.g., meperidine) associated with hyper-
tensive crises and MAOIs complicate the determination 
of causality in some of these cases.  146   The concomitant 
ingestion of caffeine and phenylpropanolamine may 
increase blood pressure more than the ingestion of the 
same dose of phenylpropanolamine alone; however, the 
effect is relatively small and the clinical signifi cance of 
this difference is unclear on a population basis.  139   Case 
reports associate severe hypertension in a 27 - year - old 
woman ingesting indomethacin while receiving 85   mg 
d  - phenylpropanolamine daily for several months  147   and 
in a 31 - year - old man ingesting 75   mg phenylpropanol-
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tural intracranial lesions did not confi rm the Hemorrhagic 
Stroke Project when comparing each case with 3 – 4 con-
trols matched for age, sex, and place of residence.  163   The 
OR was 0.95 (95% CI: 0.68 – 1.34,  P     =    .77).  

  Cardiovascular System 

 Phenylpropanolamine may increase blood pressure 
depending on dose and individual sensitivity. In a study 
of 37 healthy young adults receiving a single dose of 
85   mg phenylpropanolamine, 12 participants developed 
supine diastolic blood pressures exceeding 100   mm Hg 
in comparison to 4 of 34 participants receiving 50   mg 
phenylpropanolamine.  164   Although higher phenylpro-
panolamine doses are associated with higher blood 
pressure, experimental studies suggest that the serum 
phenylpropanolamine concentration does not correlate 
directly to systolic or diastolic blood pressure.  165

Furthermore, adverse effects associated with these 
blood pressure changes are typically mild. 

 Myocardial injury following the use or abuse of 
phenylpropanolamine is rare. Case reports associate 
both the ingestion of single therapeutic (50   mg) and 
overdoses (2   g with 8   g caffeine) with severe 
hypertension, ST - T wave depression, and mildly ele-
vated CK - MB fractions; symptoms included 
headache, dyspnea, nausea, blurred vision, and chest 
pain.166,167   The M - mode and 2 - dimensional 
echocardiography along with technetium pyrophos-
phate cardiac scintigraphic scanning were normal; 
all symptoms and the electrocardiographic abnormali-
ties resolved within 36 – 48 hours. Coronary angio-
graphy may be normal; cardiac isoenzymes elevations 
are typically mild and return to normal values within 
a few days.  168   The use of phenylpropanolamine as 
an appetite suppressant is not clearly associated 
with pulmonary hypertension or cardiac valvular 
disease. Associated fi ndings include ventricular extra-
systoles, ventricular tachycardia, and tingling in the 
extremities.  149

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques for the quantitation of phenylpropanol-
amine in biologic fl uids include gas chromatography 
with nitrogen specifi c detection  169   or electron capture 
detector,  170   capillary GC with trifl uoroacetic anhydride 
derivatization and electron capture detection,  171   radio-
enzymatic assay,  172   HPLC with ultraviolet detection 
(220   nm)  173   and (205   nm),  174   high performance liquid 
chromatography with postcolumn fl uorescent deriva-
tization,175   liquid chromatography with fl uorescence 

ingest several additional medications and have previous 
histories of mood disorders or family histories of psycho-
sis. In several patients, recurrent psychotic symptoms 
developed following rechallenge with phenylpropanol-
amine.  159   No single set of symptoms describes the psychi-
atric abnormalities associated with phenylpropanolamine 
use is these case series; furthermore, these abnormalities 
appear idiopathic as the dose of phenylpropanolamine 
ranges from therapeutic doses to large overdoses. 

  Medical Complications 

  Central Nervous System 

 Case reports associate the use and abuse of both diet 
pills and OTC cough and cold preparations containing 
phenylpropanolamine in the preceding 24 hours with 
the development of intracranial hemorrhages.  160,161

About one - third of these cases involve supratherapeutic 
doses of phenylpropanolamine. The vast majority of 
these intracranial lesions are hemorrhagic strokes with 
and without evidence of vasculitis; only rarely are these 
strokes ischemic. The presence of cerebral aneurysm, 
tumor, or arteriovenous malformation increases the risk 
of hemorrhage stroke following the use of phenylpro-
panolamine. Most of the hemorrhage strokes are intra-
cerebral; occasionally, subarachnoid hemorrhages occur. 
In a case series of 15 strokes associated with the use of 
phenylpropanolamine as a cough and cold preparation, 
there were 12 cases of intracerebral hemorrhage, 2 cases 
of subarachnoid hemorrhage, and 1 case of mild sub-
arachnoid combined with a small fronto - orbital hemor-
rhage.  137   Most, but not all patients presented with 
hypertension. None of these cases involved the use of 
phenylpropanolamine as an appetite suppressant. 

 The Hemorrhagic Stroke Project was a case - control 
study of 702 patients with subarachnoid or intracerebral 
hemorrhage within 30 days before enrollment that dem-
onstrated an increased risk of hemorrhagic stroke in 
women using appetite suppressants containing phenyl-
propanolamine.  135   For women using appetite suppres-
sants containing phenylpropanolamine with 3 days of 
developing symptoms of a stroke, the adjusted odd ratio 
was 16.58 (95% CI: 1.51 – 182.21;  P     =    .02). Although this 
study suggested that the use of phenylpropanolamine -
 containing OTC cough and cold preparations also were 
associated with an increased risk of stroke (adjusted 
OR    =    3.13, 95% CI: 0.86 – 11.46) this association was not 
statistically signifi cant ( P     =    .06); there was no association 
of stroke and phenylpropanolamine use in men. 
Subsequent discovery suggests that chance, recall, selec-
tion bias, and confounding may contribute to the positive 
fi ndings in this study.  162   A Mexican case - control study of 
177 patients with intracranial hemorrhage and no struc-
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course of serum phenylpropanolamine concentrations 
following the administration of a syrup containing 
25   mg, 50   mg, or 100   mg phenylpropanolamine. In a 
study of 8 healthy male volunteers receiving a single 
dose of 100   mg phenylpropanolamine, the mean 
peak serum phenylpropanolamine concentration was 
474    ±    176   ng/mL as measured by HPLC.  179   In a study of 
the effect of phenylpropanolamine on patients with 
neurogenic bladder dysfunction, the mean steady - state 
plasma phenylpropanolamine concentration in 4 
patients receiving 100   mg daily was 263   ng/mL com-
pared with 312   ng/mL in plasma samples from 5 patients 
receiving 200   mg daily.  180   The maximum plasma phenyl-
propanolamine (642   ng/mL) in this study was not asso-
ciated with adverse effects.   

 Fatal phenylpropanolamine concentrations are not 
well defi ned because of the lack of documentation of 
postmortem blood concentrations in individuals dying 
as a result of phenylpropanolamine intoxication. 
Although case reports document postmortem concen-
trations ranging from 2,000 – 48,000   ng/mL,  181   the cir-
cumstances surrounding these deaths are not well 
described and the contribution of phenylpropanolamine 
to these deaths remains unclear. In a case series of 12 
pediatric deaths with detectable phenylpropanolamine 
concentrations, the blood phenylpropanolamine con-
centration (site not reported) ranged from 40 –
 840   ng/mL.  182   Phenylpropanolamine was not an offi cial 
cause of death in any of these cases. In a study of post-
mortem redistribution, the mean heart/femoral whole 
blood ratio in 3 blood samples containing phenylpropa-
nolamine was 2.4 (range, 0.8 – 4.6).  74    

  Abnormalities 

 In a cases series of 12 patients undergoing cerebral angi-
ography after developing intracranial lesions following 
the ingestion of phenylpropanolamine, 8 patients (67%) 
had evidence of vasculitis.  137   Four of these patients had 
follow - up cerebral digital subtraction angiography with 
complete resolution of the signs of vasculitis.   

  TREATMENT 

  Stabilization 

 The treatment of phenylpropanolamine toxicity is sup-
portive with initial attention directed toward assessment 
and stabilization of respiration, circulation (myocardial 
ischemia, hypotension), and temperature. Agitation and 
combativeness may complicate the initial evaluation; 
rapid control of behavioral abnormalities may require 
benzodiazepines (Adult: lorazepam 1 – 2   mg IV or intra-
muscular [IM], or diazepam 2 – 5   mg IV); repeat doses 

detection,  176   high performance liquid chromatography/
atmospheric pressure chemical ionization/mass spec-
trometry,  177   and GC/MS. High performance liquid chro-
matography with the use of the chiral derivatizing agent, 
2,3,4,6 - tetra -  O  - acetyl -  β  - D - glucopyranosyl isothiocya-
nate to form diastereomeric thiourea derivatives fol-
lowed by reverse - phase chromatography and UV 
detection (254   nm) allows the quantitation of the enan-
tiomers of phenylpropanolamine in plasma.  178   The 
LLOQ for this method is 10   ng/mL with an interday 
coeffi cient of variation  < 5%. The LLOQ with 
high pressure liquid chromatography is 4   ng/mL with an 
interday coeffi cient of variation below 15%. The LOD 
for HPLC with UV detection (205   nm) in plasma is 
0.4   ng/mL, whereas the LOD for liquid chromatography/
atmospheric pressure chemical ionization/mass spec-
trometry is  ∼ 1   ng/mL. High performance liquid chroma-
tography with UV detection at 220   nm is less sensitive 
with a LOD for phenylpropanolamine in serum samples 
of  ∼  25   ng/mL.  

  Biomarkers 

 The mean peak serum phenylpropanolamine concen-
tration following the ingestion of a single 100   mg phen-
ylpropanolamine solution was approximately 397   ng/mL 
(range, 310 – 480   ng/mL).  141   Figure  13.8  displays the time 

       FIGURE 13.8.     Serum phenylpropanolamine Concentrations 
following the administration of a syrup containing 25   mg, 
50   mg, or 100   mg phenylpropanolamine.  (From SS Scherzinger, 
R Dowse, I Kanfer, Journal of Clinical Pharmacology, Steady 
state pharmacokinetics and dose - proportionality of phenyl-
propanolamine in healthy subjects, Vol. 30 Issue 4, p. 373, 
copyright  ©  1990 SAGE Publications, Reprinted by permis-
sion of SAGE Publications.)   

S
er

um
 c

on
ce

nt
ra

tio
n 

(n
g/

m
l)

400 25 mg Solution

50 mg Solution

100 mg Solution
350

300

250

200

150

100

50

0
0 2 4 6 8

Time (hours)
10 12 14 16



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

248

hypertension. The safest  β  - blockers in this situation are 
short - acting drugs (e.g., esmolol 500    μ g/kg/minute IV 
bolus followed by 50    μ g/kg/minute titrated to effect up to 
500    μ g/kg/min) and  β  - blockers with  α  - adrenergic block-
ing properties (e.g., labetalol 20   mg IV over 2 minutes, 
followed by 40   mg at 10 - min intervals as needed). Marked 
sustained hypertension may respond to an α  - blocking 
agent (e.g., Adult: phentolamine 1 – 10   mg IV).  

  Dysrhythmias 

 Sinus tachycardia is the most common dysrhythmia during 
phenylpropanolamine toxicity. Typically, the presence of 
sinus tachycardia without hemodynamic compromise 
does not require treatment other than benzodiazepines 
for sedation. Ventricular dysrhythmias are treated with 
standard therapeutic measures (amiodarone, lidocaine). 
The use of  β  - adrenergic blocking agents should be used 
with caution because of the potential of unopposed α  -
 adrenergic stimulation and subsequent hypertension. 

  Gut Decontamination 

 Gut decontamination measures are unlikely to benefi t 
patients presenting over 1 hour after the ingestion of 
phenylpropanolamine or patients using other routes 
of administration (injection, insuffl ation). Induction of 
emesis is contraindicated for phenylpropanolamine 
ingestion; there are inadequate data to recommend the 
use of gastric lavage following phenylpropanolamine 
ingestion. The administration of single - dose activated 
charcoal is a therapeutic option for patients presenting 
within 1 hour of ingestion, particularly for sustained -
 release products; however, there are limited clinical data 
to confi rm the effi cacy of this decontamination measure.  

  Elimination Enhancement 

 Although the urinary elimination of weakly basic drugs 
such as phenylpropanolamine increases in acidic urine, 
the risk of urine acidifi cation in this setting outweighs 
the potential benefi ts. There are no data to support the 
use of forced diuresis or hemodialysis to enhance the 
renal elimination of phenylpropanolamine.  

  Antidotes 

 There are no specifi c antidotes to phenylpropanolamine 
intoxication.  

  Supplemental Care 

 Serum electrolytes, creatinine, blood urea nitrogen, CK, 
transaminases, and myoglobin should be monitored in 

may be necessary. Continued agitation despite adequate 
benzodiazepine therapy may respond to the addition 
of butyrophenones (Adult: haloperidol 2 – 5   mg IV/IM 
or droperidol 1.25 – 5   mg IV/IM); butyrophenones 
should be used with caution in patients with elevated 
body temperature, QT c  prolongation, or seizures. 
Consequently, benzodiazepines are the drug of choice 
for sedation. Additional supportive measures as indi-
cated by the clinical situation include IV fl uid therapy, 
supplemental oxygen, electrocardiographic monitoring, 
monitoring of urine output, and intubation for respira-
tory failure. Catecholamine depletion may cause hypo-
tension in severe phenylpropanolamine intoxication. 
Treatment of hypotension includes IV saline and vaso-
pressor infusions (e.g., dopamine) for patients unrespon-
sive to fl uid therapy. Patients unresponsive to dopamine 
may respond to α  - receptor agonists (e.g., norepineph-
rine). Patients with chest pain or dyspnea should be 
evaluated for myocardial ischemia (electrocardiogram, 
cardiac enzymes) and treated with nitroglycerin, aspirin, 
and morphine as indicated. Central nervous system 
depression may indicate the presence of intracerebral 
bleeding and the need for imaging studies of the brain. 

  Hyperthermia 

 The presence of hyperthermia (i.e., core body tempera-
ture > 40 ° C/104 ° F) requires aggressive treatment of agi-
tation with benzodiazepines and evaporative cooling 
measures. These measures involve spraying or sponging 
the patient with tepid water, accompanied by evapora-
tion with an electric fan. Applying small ice packs to the 
axillae and groin may augment cooling. Intubation and 
chemical paralysis may be necessary in patients with 
severe agitation and persistent hyperthermia. Cooling 
blankets, antipyretics, ice baths, and alcohol baths are 
not typically effective for patients with core tempera-
tures above 40 ° C/104 ° F. There are inadequate clinical 
data to determine of effi cacy of dantrolene for the treat-
ment of stimulant - induced hyperthermia. Patients with 
hyperthermia should be monitored with rectal or esoph-
ageal probes, if available.  

  Hypertension 

 Patients with phenylpropanolamine generally tolerate 
elevated blood pressures as long as there is no evidence 
of end organ failure. Severe, persistent hypertension 
should be treated with the IV administration of a short -
 acting antihypertensive agent (e.g., Adults: nitroprusside 
0.3 – 10    μ g/kg/min IV; nitroglycerin 5 – 100    μ g/min IV 
titrated to effect).  β  - Adrenergic blockers should be used 
with caution because of the theoretical potential for 
unopposed α  - adrenergic stimulation and worsening 
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patients with serious phenylpropanolamine toxicity. 
Patients with hyperthermia should be monitored for the 
development of disseminated intravascular coagulation 
with complete blood count, coagulation studies, fi brino-
gen, and fi brin degradation products. Excessive muscle 
overactivity and hyperthermia may cause rhabdomyoly-
sis, hyperkalemia, and renal dysfunction. Treatment of 
patients with rhabdomyolysis (i.e., serum CK  > 1,000 –
 2,000 U/L) includes generous fl uid replacement and cor-
rection of metabolic acidosis. Alkalinization of the 
urine to prevent the renal deposition of myoglobin and 
subsequent renal damage may reduce the renal clear-
ance of phenylpropanolamine and similar phenethyl-
amine compounds. Chronic abusers of dieting agents 
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  Chapter 14 

   FENFLURAMINE WITH 
AND WITHOUT 
PHENTERMINE

           HISTORY 

 Fenfl uramine was developed in the early 1960s as an 
anorexic drug with less stimulating side effects than 
existing amphetamines. Beginning in France in 1963, 
fenfl uramine and dexfenfl uramine became a commonly 
prescribed appetite suppressants for the short - term 
treatment of obesity. Between 1963 and 1996, about 50 
million European patients received dexfenfl uramine or 
fenfl uramine as an appetite suppressant.  1   The US Food 
and Drug Administration (FDA) approved the use of 
fenfl uramine for the short - term treatment of obesity in 
1973. In 1984, Weintraub and associates proposed the 
use of the combination fenfl uramine and phentermine 
as a means to reduce the dose and adverse effects of 
these 2 drugs while maintaining weight loss from appe-
tite suppression.  2   Between 1996 and 1998, approxi-
mately 5 million US patients used prescription appetite 
suppressants (i.e., fenfl uramine, dexfenfl uramine with or 
without phentermine) with a 4:1 ratio of women to 
men.3   In the early 1990s, French investigators reported 
a cluster of 10 patients with primary pulmonary hyper-
tension and a close temporal relationship between fen-
fl uramine use and the development of exertional 
dyspnea.4   Connolly et al published the fi rst case series 

of 24 women (18 from Fargo, ND) with the development 
of valvular heart disease during the use of the combina-
tion of fenfl uramine and phentermine for 1 – 28 months. 
Most of these patients had mitral regurgitation (92%) 
and aortic regurgitation (79%); 5 patients required 
valve replacement. On September 15, 1997, the manu-
facturers of fenfl uramine and dexfenfl uramine with-
drew these medications from the US market.  

  IDENTIFYING CHARACTERISTICS 

 Fenfl uramine is a trifl uoromethyl derivative of amphet-
amine. Figure  14.1  compares the chemical structures of 
fenfl uramine, phentermine, and amphetamine. The drug 
fenfl uramine is a racemic mixture of the active dextro -
 isomer, dexfenfl uramine and the inactive isomer,  l  -
 fenfl uramine. Fenfl uramine was marketed under the 
trade name of Pondimin.    

  EXPOSURE 

  Epidemiology 

 The use of appetite suppressants is common among the 
approximately 44% of women and 29% of men in the 
United States trying to lose weight. 5   Surveys of US 
adults suggest that up to one - third of adults that use 
prescription weight loss pills are not obese.  6   Additionally, 
up to one - third of adults continued using fenfl uramine 
or dexfenfl uramine after these drugs had been with-
drawn from the US market. About 10% of the users of 
prescription appetite suppressants obtained these medi-
cations from illegitimate sources (e.g., friends, family).  
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this drug combination for  > 3 months.  11   The prevalence 
of moderate or severe mitral or aortic regurgitation was 
not statistically different in the fenfl uramine/
phentermine users and the control group (no 
fenfl uramine/phentermine use in the last 5 years). In a 
study of 1,163 fenfl uramine - phentermine users and 672 
control patients (no fenfl uramine/phentermine within 5 
years), the adjusted odds ratio of mild or more severe 
aortic regurgitation compared with controls increased 
with duration of treatment as listed in Table  14.1 .  12   
Fenfl uramine/phentermine - associated valvular disease 
primarily involved aortic regurgitation in patients 
receiving these drugs for over 6 months. The prevalence 
of moderate or severe mitral regurgitation was not sta-
tistically different between the 2 groups.   

 Many of the earlier reports on valvular heart disease 
and fenfl uramine use involved the combination of fen-
fl uramine and phentermine. In a single - center, retro-
spective cohort study designed to evaluate the prevalence 
of cardiovascular abnormalities in patients randomized 
to treatment with either fenfl uramine alone or placebo, 
there was no increased risk of valvulopathy.  13   The dura-
tion of fenfl uramine treatment was up to 3 months; the 
median posttreatment follow - up was 4.4 years (range, 
4.1 – 4.9 years).  

  Toxicity 

 The ingestion of an estimated 300   mg fenfl uramine by 
a 13 - year - old girl was associated with drowsiness, vomit-
ing, and mydriasis.  14   Her vital signs were stable and she 
recovered uneventfully. A seizure and cardiopulmonary 
arrest occurred 2 hours after the ingestion of 1,600   mg 

  Sources 

 Fenfl uramine is a serotonin - releasing drug that sup-
presses food intake centrally. The administration of fen-
fl uramine and other appetite suppressants produces 
limited weight loss (i.e., average  < 10% baseline weight) 
with a plateau in weight loss occurring by 4 – 6 months.  7   
Withdrawal of the drug typically results in return of the 
patient to the baseline weight; the administration of 
fenfl uramine does not result in permanent reduction of 
appetite.   

  DOSE EFFECT 

  Illicit/Medical Use 

 Originally, fenfl uramine was marketed as an antidepres-
sant; fenfl uramine dosages for the treatment of depres-
sion ranged up to 120   mg.  8   Subsequently, the use of 
fenfl uramine primarily involved the treatment of obesity. 
Current clinical data suggests that the prevalence of 
valvular heart disease in patient receiving fenfl uramine 
increases with increasing dose and duration of use. In a 
case series of 14 women undergoing valve replacement 
for valvular disease associated with anorexic agents, 13 
women received a mean dose of 58.5    ±    22.3   mg fenfl u-
ramine and 32.1    ±    11.4   mg phentermine daily for an 
average of 12.1    ±    7.3 month prior to presentation.  9   
None of these patients had echocardiograms prior to 
the initiation of fenfl uramine - phentermine therapy. 
Although the combination of these 2 drugs allows the 
use of lower individual doses, the combination also 
enhances pulmonary vasoconstriction and valvular 
heart disease.  10   Clinical studies suggest that the preva-
lence of valvular regurgitation increases with duration 
of therapy; however, the relationships of dose and dura-
tion of fenfl uramine use to the development of valvu-
lopathy are not well defi ned because of the presence of 
confound variables in many studies. In a multicenter, 
controlled investigation of valvular heart disease in 
fenfl uramine/phentermine users, the prevalence of 
aortic regurgitation (i.e., primarily mild aortic regurgita-
tion) occurred only in the group of patients receiving 

       FIGURE 14.1.     Chemical structures of fenfl uramine, phentermine, and amphetamine.  
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  TABLE 14.1.    Comparison of Adjusted Odds Ratios,   P   
values, and Duration of Treatment in Study by Jollis  JG  
et al.     12     

   Duration of 
Treatment (Days)  

   Adjusted 
Odds Ratio  

    P  Value  

  90 – 180    1.5    .23  
  180 – 360    2.4    .002  
  361 – 720    4.6     < .001  
   > 720    6.2     < .001  
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The latter compound undergoes biotransformation to 
 m  - trifl uoromethylbenzoic acid. Conjugation with 
glycine produces fenfl uramine diol glucuronide and the 
main urinary metabolite,  m  - trifl uoromethylhippuric 
acid. Under normal urinary pH, this latter compound 
accounts for a majority of the fenfl uramine dose excreted 
by the kidneys.  18   Figure  14.2  displays the proposed met-
abolic pathways for racemic fenfl uramine.    

  Elimination 

 Elimination of fenfl uramine results primarily from 
hepatic metabolism and the renal excretion of urinary 
metabolites. The mean plasma elimination half - life of 
 d  - fenfl uramine after the ingestion of 60   mg racemic fen-
fl uramine by 8 healthy volunteers daily for 15 days was 
19    ±    2 hours compared with 25    ±    3 hours for  l  -
 fenfl uramine.  19   The metabolite,  d  - norfenfl uramine per-
sists about 1.5 – 2 times longer in the plasma than 
 d  -  fenfl uramine. Furthermore, the mean plasma elimina-
tion half - life is longer for  l  - norfenfl uramine than  d  -
 norfenfl uramine. In the same study, the mean plasma 
elimination half - life of  l  - norfenfl uramine was 50    ±    5 
hours compared with 34    ±    4 for  d  - norfenfl uramine. 

fenfl uramine by a 17 - year - old girl.  15   She failed to respond 
to 1 hour of cardiopulmonary resuscitation and she was 
pronounced dead. The body temperature was not 
reported.   

  TOXICOKINETICS 

  Absorption 

 Radioactive tracer studies in humans indicate that the 
absorption of fenfl uramine from the gastrointestinal 
tract (GI) is relatively complete. In a study of 4 volun-
teers receiving 1   mg [ 14 C]  d , l  - fenfl uramine hydrochlo-
ride, the average recovery of radioactivity in the urine 
exceeded 90%.  16   Peak plasma concentration of fenfl u-
ramine and norfenfl uramine occur approximately 4 
hours and 4 – 6 hours after ingestion, respectively.  17    

  Biotransformation 

 Fenfl uramine undergoes de - ethylation to norfenfl ura-
mine. Subsequent potential pathways involve oxidative 
deamination to fenfl uramine ketone and  C  - oxidation to 
the fenfl uramine diol and fenfl uramine hydroxyketone. 

       FIGURE 14.2.     Proposed metabolic pathway for racemic fenfl uramine.   16     
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CI: 5.9 – 102.2); and fenfl uramine and phentermine, 26.3 
(95% CI: 7.9 – 87.1).  24   Comparisons between the groups 
was limited because the duration of treatment differed 
between the 3 groups.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Histopathology 

 The valvulopathy associated with fenfl uramine involves 
regurgitation with plaques on the valve resulting from 
the proliferation of myofi broblastic cells with myxoid 
stroma.25   Stenosis is not associated with this valvulopa-
thy. Pathologic examination of diseased valves from 
patients undergoing valve replacement demonstrate a 
glistening white appearance without the yellow discol-
oration or calcifi cation associated with rheumatic heart 
disease. The presence of thick valves with numerous 
onlays composed primarily glycosaminoglycans and 
increased vascularity and infl ammation of the underly-
ing valve helps separate fenfl uramine - induced valvular 
disease from normal and rheumatic valves.  26   Reduced 
valve mobility results from diffuse leafl et thickening 
and tethering of the chordae, particularly the posterior 
leafl et resulting in central regurgitation. Microscopic 
fi ndings include smooth muscle cell hyperplasia along 
with abundant extracellular matrix and focal prolifera-
tion and fi brosis on the surface of the leafl et without 
obvious signs of infl ammation or necrosis. The resulting 
formation of plaques has a  “ stuck - on ”  appearance 
(valve onlays) to normal - appearing underlying struc-
tures. Rare case reports also associated fenfl uramine/
phentermine use with the development of fi broprolif-
erative plaques in pulmonary arteries of patients with 
pulmonary hypertension.  27   The proliferation of smooth -
 muscle cells and fi broblasts occurs without elastic fi bers 
or destruction of underlying structures. The pathology 
associated with fenfl uramine - associated valvular heart 
disease is similar to the cardiac pathology found with 
the carcinoid syndrome and valvulopathy associated 
with ergot and methysergide.  

  Mechanism of Action 

 Fenfl uramine is a serotoninergic agent that increases 
the release of serotonin and inhibits the reuptake of 
serotonin from nerve terminals. This drug modulates the 
normal appetite by decreasing the desire to eat and the 
eating rate. In volunteer studies, 60   mg fenfl uramine 
slows the local rate of eating and eliminates the charac-
teristic decline in the rate of feeding across the course 
of a meal with a subsequent mean reduced caloric intake 

 The elimination of fenfl uramine and norfenfl ura-
mine in the urine is pH dependent. In alkaline urine 
unchanged fenfl uramine and norfenfl uramine account 
for approximately 2% of the dose excreted by the 
kidney; whereas in acidic conditions (pH  ∼ 5), unchanged 
fenfl uramine and norfenfl uramine account for approxi-
mately 35 – 50% of the dose excreted in the urine.  20

Under normal conditions with alteration of urinary pH, 
these 2 compounds accounted for 6 – 23% of the excreted 
dose. The urinary elimination half - life of fenfl uramine 
is pH - dependent. At urinary pH of 5.0, the elimination 
half - life of fenfl uramine is about 11 hours. Within the 
fi rst 24 hours after an estimated fenfl uramine overdose 
of 30   mg/kg by child, the plasma elimination half - life 
was approximately 8 – 9 hours.  21

  Tolerance 

 Although fenfl uramine is an effi cacious appetite sup-
pressant, the effectiveness of appetite suppressants 
decreases over time, particularly after 3 months.  22   In a 
34 - week, double - blind clinical trial of 121 overweight 
patients (mean body weight, 154%    ±    1.2% ideal body 
weight), the treatment group received 60   mg extended -
 release fenfl uramine plus 15   mg phentermine.  23   The 
mean initial weight loss in the treatment group during 
the fi rst 18 weeks was approximately 10%, however, 
during the last 10 weeks of the study, there was no sig-
nifi cant weight loss in the treatment group.  

  Drug Interactions 

 There are limited data on the synergistic action of phen-
termine and fenfl uramine. Although some epidemiol-
ogy studies suggest synergism, the existing studies lack 
adequate experimental design and power to yield defi n-
itive conclusions regarding the effect of the addition of 
phentermine on the prevalence of fenfl uramine - induced 
valvular disease. In a reader - blinded, controlled, multi-
center study, the prevalence rates and relative risk 
(RR) of mild or greater aortic regurgitation were 8.9% 
in the dexfenfl uramine group (RR    =    2.18; 95% CI: 1.32 –
 3.59), 13.7% in the phentermine/fenfl uramine group 
(RR    =    3.34; 95% CI: 2.09 – 5.35), and 4.1% in the 
untreated group.  11   The differences in the prevalence 
rates for the dexfenfl uramine and fenfl uramine/
phentermine groups compared with the control group 
were statistically signifi cant ( P   <  .001). In a study of 257 
obese patients with a history of appetite suppressant use 
and 239 control participants, the odds ratio (OR) for 
cardiac - valve abnormalities based on the FDA criteria 
was as follows: dexfenfl uramine only, 12.7 (95% CI: 
2.9 – 56.4); dexfenfl uramine and phentermine, 24.5 (95% 
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tional study of 5,743 fenfl uramine users examined by 
echocardiography from 1997 – 2004, 38 (0.66%) of these 
patients required cardiac surgery.  37   Of these 38 patients, 
25 had clear evidence of fenfl uramine - related valvular 
damage. Although initial case series and uncontrolled 
surveys suggested that the prevalence of cardiac valvu-
lar abnormalities ranged up to 30 – 40%,  38   acquisition 
and interpretation biases probably caused an overesti-
mation of the true prevalence of valvular disease in 
patient receiving fenfl uramine or the combination of 
fenfl uramine and phentermine. Most controlled studies 
report prevalence rates for FDA case defi nitions (mod-
erate or greater mitral regurgitation and/or mild or 
greater aortic regurgitation) in the range of 5 – 15% com-
pared with 3 – 6% in control groups.  39,40   However, the 
risk estimates vary widely between studies. Analysis of 
6 controlled cohort studies of fenfl uramine, dexfenfl u-
ramine and/or phentermine yielded a RR    =    2.32 (95% 
CI: 1.79 – 3.01,  P     <    .00001) for aortic regurgitation with 
an attributable rate of 4.9%.  41   The relative risk ratio for 
mitral regurgitation was 1.55 (95% CI: 1.06 – 2.25, 
P     =    .02) with an attributable rate of 1.0%. In contrast, 
another analysis of published studies with echocardio-
graphic assessment of cardiac valve regurgitation in 
patients exposed to fenfl uramine or dexfenfl uramine 
and suitable controls reported the following summary 
of relative risks: mild or greater aortic regurgitation, 
19.6 (95% CI: 16.3 – 23.5,  P     <    .00001); moderate or 
greater mitral regurgitation, 5.9 (95% CI: 4.0 – 8.6, 
P     <    .00001).  42

 Potential factors affecting the prevalence of valvular 
regurgitation include advancing age, obesity, gender, 
rheumatic fever, and other drugs (e.g., ergotamine, 
methylsergide). Although aortic root diameter at the 
sinuses of Valsalva is proportional to body size 
and increases with age, a population - based sample indi-
cated that the use of fenfl uramine or dexfenfl uramine 
with or without phentermine is associated with aortic 
regurgitation independent of aortic dilation or 
fi brocalcifi cation.  43

 Following cessation of fenfl uramine use, the valvu-
lopathy associated with these appetite suppressants do 
not usually progress, and many patients experience a 
regression of the valvulopathy over time.  39   Improvement 
in the regurgitation is more common than worsening of 
regurgitation; even moderate to severe mitral or aortic 
regurgitation may improve over the fi rst few years after 
cessation of fenfl uramine use, particularly in the fi rst 6 
months.  44,45   In a follow - up study of the original cohort 
of patients from Fargo, North Dakota with appetite 
suppressant - induced valvulopathy, serial echocardio-
grams were obtained a mean of about 1 year apart for 
38 patients with at least mild mitral regurgitation and 
43 patients with at least mild aortic regurgitation.  46

of 26%.  28   The mediators of serotonin - induced satiety 
include the 5 - HT 2C  and 5 - HT 1B  receptors.  29    In vitro
studies indicate that fenfl uramine and norfenfl uramine 
have low affi nity for 5 - HT 1B  receptors, moderate affi nity 
for 5 - HT 2C  receptors, and high affi nity for 5 - HT 2B

receptors.  30

  Mechanism of Toxicity 

 The pathophysiologic mechanism of fenfl uramine -
 associated valvular disease remains unknown. Potential 
mechanisms of toxicity include 1) direct vasoconstric-
tion and inhibition of nitric oxide production by valvu-
lar endocardium,  31   and 2) activation of mitogenic effects 
of the 5 - HT 2B  receptor via protein kinase cascade, 
resulting in proliferation of fi bromyxoid plaques.  32   The 
latter action may result from the effects of norfenfl ura-
mine rather than fenfl uramine because the binding of 
this active metabolite for the 5 - HT 2B  receptor if much 
greater than the parent compound, fenfl uramine.  33

Furthermore, the concentration of 5 - HT 2B  and 5 - HT 2A

receptor transcripts in heart valves is at least 300 - fold 
higher than 5 - HT 2C  receptor transcripts.  34

  Postmortem Examination 

 Autopsy fi ndings following fatal fenfl uramine overdose 
are usually nonspecifi c with the presence of pulmonary 
edema, mild cerebral congestion, and occasionally right 
ventricular dilation. Cardiac abnormalities are typically 
absent.   

  CLINICAL RESPONSE 

  Illicit/Medical Use 

 In clinical trials, adverse effects include drowsiness, 
lightheadedness, dry mouth, nausea, vomiting, diarrhea, 
and urinary frequency. These effects are dose - related 
and usually mild. 

  Valvular Heart Disease 

 Valvular regurgitation and heart disease occurs in 
patients receiving fenfl uramine or dexfenfl uramine with 
or without phentermine as well as ergot alkaloids 
(ergotamine, methysergide), dopamine agonists (per-
golide, cabergoline) and possibly 3,4 - methylnedioxy-
methamphetamine (MDMA, ecstasy).  35   Most of these 
cases involve mild or moderate valvulopathy with the 
primary long - term complication being aortic insuffi -
ciency in a minority of these individuals.  36   Valve repair 
or replacement is usually unnecessary. In an observa-



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

260

pulmonary hypertension. Review of newly diagnosed 
patients at 13 tertiary pulmonary hypertension centers 
in the United States from 1998 – 2001demonstrated an 
increased prevalence of appetite suppressant use in the 
referral consistent with prior studies, but there was no 
dramatic increase in referrals in the period of time 
immediately after the withdrawal of fenfl uramine and 
dexfenfl uramine from the US market.  51

  Overdose 

 Clinical features of fenfl uramine intoxication include 
facial fl ushing, diaphoresis, mydriasis, agitation, sinus 
tachycardia, hypertension, muscle rigidity, trismus, 
muscle fasciculations, and clonus. In serious overdoses, 
seizures, hyperthermia, coma, respiratory depression, 
intractable ventricular fi brillation, and death.  52   The 
onset of symptoms typically is rapid with serious cardio-
respiratory complications occurring within the fi rst 1 – 4 
hours after ingestion.  53   Drowsiness, sinus tachycardia, 
and mydriasis may persist 24 – 48 hours after large fen-
fl uramine overdoses.  

  Abstinence Syndrome 

 Case reports suggest that abrupt cessation of large doses 
of fenfl uramine may result in depression, insomnia, and 
anorexia reaching a maximum about 4 days after with-
drawal. In a study of 11 patients receiving 80   mg fenfl u-
ramine daily for 28 days, self - reported rating indicated 
a depression of mood following cessation of fenfl ura-
mine use.  8   Peak scores occurred 4 days after fenfl ura-
mine use stopped. A similar decline in mood developed 
in 20 patients receiving 60   mg fenfl uramine daily for 28 
days following cessation of fenfl uramine.  54   These effects 
typically are mild and resolve spontaneously.  

  Reproductive Abnormalities 

 There are few data on the reproductive outcomes of 
women using fenfl uramine and phentermine during 
pregnancy. Existing data provides no clear evidence that 
the use of these drugs during pregnancy causes adverse 
reproductive outcomes. In a controlled prospective 
cohort study of women contacting the California 
Teratogen Information Service during pregnancy, 233 
women were controls and 98 women were in the fi rst 
trimester fenfl uramine/phentermine exposure group.  55

The study detected no signifi cant difference in prema-
turity, spontaneous pregnancy loss, or the overall fre-
quency of minor or major anomalies between the 2 
groups.   

Mitral regurgitation improved by at least 1 grade in 17 
patients ( P     =    .001) and aortic regurgitation improved by 
at least 1 grade in 19 patients ( P     =    .004). No change in 
severity of mitral and aortic regurgitation occurred in 
19 and 22 patients, respectively. Two patients in each 
group experienced worsening of regurgitation by at 
least 1 grade. Regression usually occurs within 6 months 
of the cessation of drug use; typically the regression 
involves multiple affected valves rather than a single 
valve. Rare case reports associate the development of 
valvular disease several years after the discontinuation 
of prolonged treatment with fenfl uramine and dexfen-
fl uramine.  47   To date, an excess prevalence of valvular 
heart disease has not been reported for phentermine 
when used as monotherapy for obesity. 

 Clinical features of patients with valvular disease 
include atypical chest pain, murmur, palpitations, and 
evidence of congestive heart failure (peripheral edema, 
dyspnea on exertions, reduced exercise tolerance, 
orthopnea, paroxysmal nocturnal dyspnea).  

  Pulmonary Hypertension 

 Primary pulmonary hypertension (i.e., mean pulmonary 
arterial pressure > 25   mm   Hg at rest) is a rare, often fatal 
disease that is particularly common in women in their 
third or fourth decade of life. Anorexic drugs (e.g., fen-
fl uramine, dexfenfl uramine, diethylpropion) are sus-
pected factors in the development of primary pulmonary 
hypertension along with cocaine use, human immuno-
defi ciency virus, oral - contraceptive use, and aminorex 
fumarate;48   however, current data does not support a 
defi nite causal connection between fenfl uramine and 
primary pulmonary hypertension because of the pres-
ence of confounding variables and genetic susceptibility 
(e.g., germline bone morphogenetic protein receptor).  1

The prevalence of severe anorexic drug - associated pul-
monary hypertension varies substantially between 
countries with prevalence relatively low in the United 
Kingdom compared with France. Exposure to fenfl ura-
mine compounds occurred in 15 (20%) of patients with 
primary pulmonary hypertension referred to a French 
speciality center compared with 2 (4%) of 55 patients 
referred to an English Heart Lung Transplant center 
with primary pulmonary hypertension.  4,49   An additional 
patient in the latter group was exposed to diethylpro-
pion. In a retrospective review of patients referred to 
the French National Reference Center for Pulmonary 
Hypertension from 1986 – 2004, approximately 18% had 
a history of fenfl uramine use (mean, 6 months; range, 
3 – 12 months).  50   The clinical course, median survival 
rates, and genetic features of the fenfl uramine - associated 
cases were not different than the patient with idiopathic 
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were 43    ±    6   ng/mL and 16    ±    2   ng/mL, respectively, com-
pared with 67    ±    11   ng/mL for  l  - fenfl uramine and 
24    ±    3   ng/mL for  l  - norfenfl uramine.  19   Maximum con-
centrations of these 2 compounds during this study were 
65    ±    9   ng/mL and 21    ±    3   ng/mL, respectively.  

Overdose.     Case reports associated plasma fenfl ura-
mine concentrations ranging from 240 – 850   ng/mL with 
tachycardia, mydriasis, confusion, agitation, and muscle 
stiffness. A 3 ½  - year - old girl developed diaphoresis, 
facial fl ushing, muscle stiffness, mydriasis, shallow, irreg-
ular respirations, hypertension, and altered conscious-
ness after the ingestion of a large dose of fenfl uramine.  21

The plasma fenfl uramine concentration 7 ½  hours 
after ingestion was 1,140   ng/mL as measured by gas 
chromatography. At that time, the patient was improv-
ing, and the plasma norfenfl uramine concentration was 
280   ng/mL.  

Postmortem.     Case reports associate fatal fenfl uramine 
intoxication with postmortem fenfl uramine blood con-
centrations ranging from 650 – 28,000   ng/mL.  65,66   The 
case at the lower end of the range involved a severely 
hyperthermic 13 - year - old child, who died 3 ½  hours after 
ingestion of fenfl uramine. The body temperature was 
not reported in the 17 - year - old girl whose postmortem 
fenfl uramine blood concentration was 28,000   ng/mL. 
She failed to respond to 1 hour of cardiopulmonary 
resuscitation and was pronounced dead 3 hours after 
ingesting a large dose of fenfl uramine.  15   Several hours 
after ingestion, the fenfl uramine concentrations in post-
mortem liver samples typically are several fold higher 
than blood. A 36 - year - old woman was found dead, and 
autopsy examination did not reveal any anatomic causes 
of death.  67   Postmortem samples from heart blood and 
brain contained a fenfl uramine concentration of 
7.27   mg/L and 155   mg/L, respectively.    

  Abnormalities 

 The echocardiographic abnormalities associated with 
appetite suppressants are not unique. The morphology 
of these changes may mimic other diseases, presenting 
as degenerative, myxomatous, nonspecifi c, rheumatic 
valve morphology.  68

  TREATMENT 

 Treatment for fenfl uramine overdose is supportive. 
Immediate life - threatening effects include progressive 
obtundation and respiratory depression following 
severe overdose. Serious complications of fenfl uramine 
overdose usually present within the fi rst few hours of 

  DIAGNOSTIC TESTING 

   SI  Units 

    1   ng/mL    =    4.32   nM  
  1   nM    =    0.231   ng/mL     

  Analytic Methods 

 Short retention times, poor peak shapes, and low resolu-
tion complicate the analysis of small molecules, such as 
phentermine and fenfl uramine. Methods for the quanti-
tation of fenfl uramine include gas chromatography 
(GC),56   high performance liquid chromatography with 
UV detection (HPLC/UV, 210   nm),  57   isocratic HPLC/
UV with derivation by 4 - (4,5 - diphenyl - 1 H  - imidazsole -
 2 - yl)benzoyl chloride,  58   and gas chromatography/mass 
spectrometry (GC/MS) with pentafl uoropropionic 
anhydride derivatization.  59   The limit of detection (LOD) 
for the latter 2 methods is 10   ng/mL and 500   ng/mL, 
respectively. Following headspace - solid phase microex-
traction and derivations with heptafl uorobutyric acid, 
the LOD for fenfl uramine using GC/MS is 5   ng/g.  60   The 
use of chiral HPLC allows the quantitation of the enan-
tiomers of fenfl uramine and the metabolite, norfenfl u-
ramine.  61   The use of GC/MS in selected ion monitoring 
mode allows the quantitation of numerous phenylalkyl-
amine derivatives in hair samples including fenfl ura-
mine (LLOQ    =    0.02   ng/mg).  62

  Biomarkers 

  Blood 

Therapeutic.     Following the administration of thera-
peutic doses (e.g., 60   mg daily) of fenfl uramine, the peak 
plasma fenfl uramine concentrations range from about 
50 – 150   ng/mL. In a volunteer study of 5 fasting men 
receiving 60   mg fenfl uramine, the mean peak plasma 
fenfl uramine concentration was 63    ±    4.5   ng/mL at 2 – 4 
hours after ingestion as measured by gas chromatogra-
phy with fl ame ionization detection.  63   The mean peak 
plasma norfenfl uramine concentration was about 16   ng/
mL at 4 – 6 hours after ingestion. In a convenience sample 
of 13 obese adult women, the mean daily intake of fen-
fl uramine was 149    ±    24   mg between the 4 th  and 16 th

week of the study.  64   The mean plasma fenfl uramine and 
norfenfl uramine concentrations in samples drawn 
during evaluations at the study site every 2 weeks were 
239    ±    32   ng/mL and 93    ±    29   ng/mL, respectively. In a 
study of 8 healthy volunteers receiving 60   mg racemic 
fenfl uramine daily for 15 days, the mean steady state 
d  - fenfl uramine and  d  - norfenfl uramine concentrations 
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  EXPOSURE 

 Dexfenfl uramine is no longer available in the United 
States or in most global markets.  

  DOSE EFFECT 

 In a case series of 14 women undergoing cardiac surgery 
for valvular disease associated with anorexic agents, 1 
woman received dexfenfl uramine (30   mg daily for 13 
months) and phentermine (60   mg daily for 6 months, 
concomitantly).10   The estimated ingestion of 1,800   mg 
dexfenfl uramine was associated with clonus, coma, 
hypertension, sinus tachycardia, seizures, and respira-
tory failure.  69   She recovered within 48 hours after inten-
sive supportive care including endotracheal intubation.  

  TOXICOKINETICS 

  Absorption 

 The average bioavailability of dexfenfl uramine in obese 
and nonobese individuals is approximately 60% and 
70%, respectively.  70   Peak plasma concentrations of 
dexfenfl uramine occur about 3 – 5 hours after ingestion, 
whereas peak nordexfenfl uramine concentrations occur 
about 6 – 8 hours after ingestion. The peak plasma con-
centrations of nordexfenfl uramine are approximately 
one - half of the peak fenfl uramine concentrations.  

  Distribution 

 Dexfenfl uramine is highly lipophilic and has an exten-
sive volume of distribution. In a study of 10 obese vol-
unteers (mean 145    ±    13% ideal body weight) and 10 
healthy, nonobese volunteers (93    ±    8% ideal body 
weight), the steady - state volume of distribution was 
11.2    ±    6.2   L/kg and 13.7    ±    2.7   L/kg, respectively.  70   These 
fi ndings are consistent with the similar distribution of 
fenfl uramine into lean tissue and excess body fat.  

  Biotransformation 

 Dexfenfl uramine undergoes extensive hepatic metabo-
lism with fi rst - pass metabolism accounting for about 
20% of the administered dose.  71   Figure  14.3  displays 
proposed pathways for the metabolism of dexfenfl ura-
mine.  In vivo  studies indicate that the biotransformation 
of dexfenfl uramine to the active metabolite, nordex-
fenfl uramine involves CYP2D6 isoforms; however, 
CYP2D6 does not catalyze the metabolism of 
nordexfenfl uramine.  72

ingestion. These patients require cardiac monitoring, 
pulse oximetry, and careful observation for the develop-
ment of seizures and ventricular dysrhythmias. Sinus 
tachycardia, hypertension, and agitation are common 
complications of mild to moderate fenfl uramine intoxi-
cation; these effects usually require only benzodiaze-
pine therapy and a calm environment. There are few 
data on the effi cacy of decontamination procedures for 
fenfl uramine intoxication; the administration of acti-
vated charcoal is a therapeutic option if the patient 
presents to the healthcare facility within 1 hour of inges-
tion. However, there are inadequate clinical data to con-
clude the administration of activated charcoal improves 
outcome. There are no effective antidotes for the treat-
ment of fenfl uramine intoxication. 

 Treatment for appetite suppressant - associated valvu-
lopathy (fenfl uramine or dexfenfl uramine with or 
without phentermine) include discontinuation of the 
anorectic drug, cardiac physical examination, and echo-
cardiography in symptomatic patients (heart murmurs, 
associated physical fi ndings and/or symptoms). Doppler 
echocardiogram is an alternative to standard echocar-
diography in obese patients with very large body habitus.      

  DEXFENFLURAMINE 

           HISTORY 

 In 1996, the FDA approved the use of dexfenfl uramine 
as an appetite suppressant; Interneuron Pharmaceuticals 
(Lexington, MA) manufactured dexfenfl uramine and 
Wyeth - Ayerst Laboratories marketed this drug under 
the trade name, Redux. Previously, dexfenfl uramine and 
fenfl uramine were marketed extensively in Europe for 
the treatment of obesity. Both Wyeth - Ayerst Laboratories 
and their parent company American Home Products 
Corporation (Madison, NJ) agreed to voluntarily with-
draw their drugs on September 17, 1997 as a result of 
reports on the association of this drug with cardiac val-
vular insuffi ciency. The latter company also withdrew 
their drug, Pondimin (fenfl uramine).  

  IDENTIFYING CHARACTERITICS 

 Dexfenfl uramine (CAS RN: 3239 - 44 - 9) is the  d  - isomer 
of fenfl uramine that is distributed as the hydrochloride 
salt (MW 267.7   g/mol). This drug has most of the same 
anorectic properties as the racemic mixture of fenfl ura-
mine. Dexfenfl uramine was marketed under the trade 
name, Redux (Interneuron Pharmaceuticals, Inc.).  
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leafl ets, diffuse, irregular cusp thickening, lack of com-
missural fusion, and shortened and fused chordae ten-
dineae.  35   Histopathologic examination demonstrates an 
avascular collagenous matrix surrounding the valve 
with preservation of underlying valve structure along 
with proliferation of smooth muscle cells and 
myofi broblasts. 

  Mechanism of Action 

 Like fenfl uramine, dexfenfl uramine decreases the normal 
appetite by reducing the desire to eat (i.e., premeal 
hunger ratings) and decreasing the eating rate.  73   The 
other isomer of fenfl uramine,  l  - fenfl uramine, is inactive. 
Unlike fenfl uramine, dexfenfl uramine is a pure serotonin 
agonist. Selective serotonin receptor antagonist (5 - HT 1  
and 5 - HT 2 ) studies in rodents indicate that the hypopha-
gia associated with dexfenfl uramine administration 
results from 5 - HT 1B  or 5 - HT 2C  activity.  74,75    

  Elimination 

 Following oral administration, the terminal plasma 
elimination half - lives of obese and nonobese healthy 
volunteers are similar. After the ingestion of 30   mg 
dexfenfl uramine hydrochloride (25.9   mg dexfenfl ura-
mine base) by 5 obese and 5 nonobese volunteers, the 
mean terminal plasma elimination half - lives were 
16.5    ±    7.1 hours and 14.5    ±    2.6 hours, respectively.  70   The 
appearance of the dealkylated active metabolite (nor-
dexfenfl uramine) in the plasma were slower than 
dexfenfl uramine; however, this metabolite persisted 
much longer in the plasma than dexfenfl uramine.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Pathologic examination of diseased valves associated 
with dexfenfl uramine use reveals glistening white valve 

       FIGURE 14.3.     Proposed metabolic pathways of dexfenfl uramine.   72     
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increased frequency of mild aortic regurgitation in the 
dexfenfl uramine group. Studies of the valvulopathy 
associated with fenfl uramine and dexfenfl uramine have 
not detected a signifi cant difference in the prevalence 
of cardiac disease or the type of pathology following the 
use of these 2 drugs.  81   Heart murmurs associated with 
dexfenfl uramine - induced valvular disease typically are 
systolic murmurs, grade I – II/VI.  82

 Similar to fenfl uramine, short - term use (i.e.,  < 3 
months) of dexfenfl uramine is not usually associated 
with clinically signifi cant cardiac valvular disease. In a 
clinical trial prior to the discontinuation of dexfenfl ura-
mine, there was a small increase in the prevalence of 
minor degrees of aortic and mitral regurgitation follow-
ing short - term dexfenfl uramine use (mean, 72.5    ±    22.5 
days). The natural history of dexfenfl uramine and 
fenfl uramine/phentermine - associated valvular disease 
is similar including medical history, physical fi ndings, 
ejection fraction, pulmonary artery systolic pressures, 
and cardiovascular events.  83   Following cessation of 
therapy, progression of aortic valvular regurgitation is 
unlikely and regression of aortic regurgitation occurs in 
a substantial number of previously treated patients.  84   A 
follow - up study of these patients within 3 – 5 months 
after discontinuation of dexfenfl uramine no longer 
detected a difference between the treatment and 
placebo group.  85   Rare case reports associate dexfenfl u-
ramine use with severe regurgitation that requires valve 
replacement.86

  Overdose 

 Fenfl uramine and dexfenfl uramine produce similar 
effects following an overdose including mydriasis, sinus 
tachycardia, hypertension, agitation, elevated body 
temperature, muscle stiffness and rigidity, clonus, and 
hyperrefl exia.  87   The clinical features of serious intoxica-
tions include coma, seizures, respiratory failure, and 
hyperthermia.   

  DIAGNOSTIC TESTING 

 Analytic methods for the quantitation of dexfenfl ura-
mine and fenfl uramine are similar. Following the admin-
istration of therapeutic doses (e.g., 30   mg daily) of 
dexfenfl uramine, the peak plasma dexfenfl uramine con-
centrations average approximately 20   ng/mL. In a study 
of 18 healthy, young adults, the mean concentrations 
of dexfenfl uramine following single 15   mg and 30   mg 
doses of fenfl uramine were 10.04    ±    3.36   ng/mL and 
23.46    ±    6.51   ng/mL, respectively.  88   In a study of 8 healthy 
volunteers receiving 30   mg dexfenfl uramine daily for 15 
days, the mean steady state  d  - fenfl uramine and  d  -

  Mechanism of Toxicity 

 Dexfenfl uramine inhibits neuronal serotonin reuptake 
via inhibition of the serotonin transporter, increased 
release of serotonin, and the subsequent stimulation of 
serotonin receptors.  76   Inhibition of the serotonin trans-
porter also occurs in smooth muscle cells, pulmonary 
endothelium, and platelets. In isolated tissue prepara-
tions, dexfenfl uramine causes pulmonary vasoconstric-
tion by the inhibition of potassium channels and 
membrane depolarization, and increases the resistance 
in pulmonary arteries by an infl ux of extracellular 
calcium into the smooth muscle cells. The major metab-
olite, nordexfenfl uramine produces a relatively greater 
degree of vasoconstriction in these preparations than 
dexfenfl uramine.  77   Activation of 5 - HT 2  receptors by 
nordexfenfl uramine causes the infl ux of extracellular 
calcium and the release of calcium from the sarcoplas-
mic reticulum of the pulmonary artery smooth muscle 
cells, resulting in pulmonary constriction. The develop-
ment of drug - induced valvular disease probably involves 
a complex interaction between various factors including 
serotonin transporter, serotonin, 5HT 2B  receptors, and 
individual susceptibility with subsequent activation of 
protein kinases and potentiation of transforming growth 
factor β .  35

  CLINICAL RESPONSE 

  Illicit/Medical Use 

 In clinical trials, common adverse effects include diar-
rhea, malaise, dry mouth, and somnolence.  78   These 
symptoms typically are transient and mild. Similar to 
fenfl uramine, the use of dexfenfl uramine is associated 
with an increased prevalence of valvular regurgitation 
compared with control populations (no appetite sup-
pressant use).  79   The prevalence of cardiac valvular 
disease in patients receiving dexfenfl uramine varies 
between studies as a result of the presence of methodo-
logic differences including ages of groups, concomitant 
treatment with phentermine, prior treatment with other 
appetite suppressants, dose, duration of treatment, and 
time since discontinuation of treatment. In a study of 
172 dexfenfl uramine patients, 172 unexposed controls 
matched for age, sex, and body mass index, and 68 
unmatched participants (51 dexfenfl uramine patients, 
17 controls), the prevalence of FDA - grade regurgitation 
in the dexfenfl uramine patients was 7.6% compared 
with 2.1% for controls (OR    =    3.82,  P     =    .01). The preva-
lence of FDA - grade regurgitation in other studies of 
dexfenfl uramine patients ranged from 6.9% ( P     =    NS)  80

to 17% ( P     <    .01),  24   when compared with unexposed 
controls. This difference resulted primarily from the 
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of sibutramine ( N  - {1 - [1 - (4 - chlorophenyl)cyclobutyl] - 3 -
 methylbutyl} -  N , N  - dimethyl amine) hydrochloride 
monohydrate.    

  EXPOSURE 

 Sibutramine had been the most commonly used appe-
tite suppressant until withdrawal from the US and 
European markets in 2010. The primary action of 
sibutramine is satiety. Similar to fenfl uramine and 
dexfenfl uramine, sibutramine reduces food intake and 
appetite in humans. In a double - blind, placebo -
 controlled, 14 - day study of obese participants, 30   mg 
sibutramine reduced caloric intake by 23% at day 7 and 
by 26% on day 14 compared with placebo.  91   The World 
Anti - Doping Agency (WADA) added sibutramine to 
the list of prohibited substances in 2006. Some  “ herbal ”  
weight loss products (e.g., Chinese slimming capsules, 
Chinese slimming tea) may contain sibutramine, which 
may be added without listing the content of sibutramine 
on the label.  92,93   

 Postmarketing surveillance suggests that the abuse 
potential of sibutramine is substantially less than phen-
termine. In a study of 8,780 questionnaires completed 
on intake to 58 drug abuse treatment programs, the 
percentage of respondents indicating that they knew of 
the use of sibutramine to  “ get high ”  was 0.9% compared 
with 2.8% for phentermine ( P     <    .001). Experimental 
human studies indicate that sibutramine lacks the 
amphetamine - type abuse liability when administered 
acutely. In a volunteer study comparing 25   mg and 
75   mg sibutramine with 20   mg  d  - amphetamine and 
placebo, 25   mg sibutramine produced subjective effects 
indistinguishable from placebo.  94   The 75   mg sibutra-
mine dose was poorly tolerated as a result of unpleasant 
side effects (e.g., anxiety, confusion, decreased vigor) in 
contrast to the positive mood associated with 20   mg 
 d  - amphetamine.  

  DOSE EFFECT 

 Sibutramine is a selective monamine reuptake inhibitor 
with established effi cacy in weight loss along with 
modifi cation of lifestyle and diet. At therapeutic doses 

 norfenfl uramine concentrations were 45    ±    5   ng/mL and 
19    ±    3   ng/mL, respectively.  19   Maximum concentrations 
of these 2 compounds during this study were 70    ±    5   ng/
mL and 26    ±    5   ng/mL, respectively. Echocardiographic 
changes of cardiac valves associated with dexfenfl ura-
mine or fenfl uramine are similar. Thickening of the val-
vular leafl ets and subvalvular apparatus occurs with 
variable degrees of leafl et retraction and reduced leafl et 
mobility. In more severe cases, variable degrees of val-
vular regurgitation appear but signifi cant obstruction is 
not usually present.  

  TREATMENT 

 Treatment is supportive.      

  SIBUTRAMINE 

           HISTORY 

 Sibutramine originally was developed as an antidepres-
sant in the 1980s,  89   later the use of this compound was 
limited to the treatment of obesity as a result of the 
ability of sibutramine to decrease food intake and 
increase satiety. In 1997, the FDA approved the use of 
sibutramine for the long - term treatment of obesity, and 
by 2001 this drug was marketed in Italy, United Kingdom, 
and Australia. In 2002, sibutramine was withdrawn from 
the Italian market because of 2 deaths and 50 adverse 
events (e.g., tachycardias, dysrhythmias, hypertension) 
reported in sibutramine users. The European Committee 
for Proprietary Medicinal Products assessed the risk -
 benefi t ratio of sibutramine and this drug subsequently 
was reinstated in Italy. Similar assessments by the FDA 
and Health Canada resulted in favorable conclusions 
regarding the safety of sibutramine; however, sibutra-
mine was withdrawn from the US markets in 2010 when 
the Sibutramine Cardiovascular Outcomes Trial 
(SCOUT) demonstrated an increased risk of nonfatal 
myocardial infarction and nonfatal stroke in patients 
with preexisting cardiovascular disease receiving 
sibutramine compared with placebo.  90   Sibutramine was 
withdrawn from Europe in early 2010.  

  IDENTIFYING CHARACTERISTICS 

 Sibutramine (CAS RN: 106650 - 56 - 0, C 17  - H 26 ClN) is a 
tertiary amine compound with an asymmetrical carbon 
as demonstrated in Figure  14.4 . Meridia ®  (Abbott 
Laboratories, Abbott Park, IL) and Reductil ®  (Abbott 
Laboratories) are trade names for the racemic mixture 

       FIGURE 14.4.     Chemical structure of sibutramine. Asterisk 
denotes stereocenter.  
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abolic pathways for the biotransformation of sibutramine. 
 In vitro  studies indicate that CYP2B6 is the primary 
catalyst for the  N  - demethylation of sibutramine to M1 
and M2.  96   Although CYP2C19, CYP3A4, and CYP 3A5 
catalyze the formation of M1 at high substrate concen-
trations ( > 5    μ M), the contribution of these isoforms to 
sibutramine metabolism probably is minor because 
these high substrate concentrations are not usually 
present following therapeutic doses. The demethylation 
of sibutramine to M1 and M2 is rapid with M2 being the 
major metabolite in human plasma. Following the inges-
tion of 15   mg sibutramine by 12 young volunteers, the 
mean peak plasma M1 concentration was 3.2    ±    1.3   ng/
mL at 2.5    ±    0.9 hours after ingestion compared with 
7.8    ±    1.8   ng/mL at 3.2    ±    1.4 hours for M2.  97      

  Elimination 

 The main urinary metabolites are the carbamoyl gluc-
uronides formed from M1 and M2 along with their 
hydroxylated analogs.  98   The kidney excretes little 
unchanged sibutramine in the urine; M1 and M2 are 
minor metabolites in the urine. The elimination of 
sibutramine in similar in young adults and the elderly. 
The mean plasma elimination half - lives in 12 young 
and 12 elderly adults following the ingestion of 15   mg 

(10 – 20   mg daily), sibutramine reduces food intake by 
increasing satiety and attenuates the fall in metabolic 
rate associated with weight loss. A meta - analysis of 
sibutramine with lifestyle modifi cation reported a mean 
pooled difference in weight loss of 4.45   kg (95% CI: 
3.62 – 5.29   kg) at 12 months, when compared with placebo 
(lifestyle modifi cation only).  95    

  TOXICOKINETICS 

  Absorption 

 The absorption of sibutramine is rapid with bioavail-
abilities in the range of 75%. Sibutramine undergoes 
extensive fi rst - pass metabolism.  

  Biotransformation 

 Sibutramine is a tertiary amine that undergoes exten-
sive biotransformation in the liver to the active amine 
metabolites, M1 (mono - desmethyl sibutramine, nors-
ibutramine) and M2 (di - desmethyl sibutramine, nor -
 norsibutramine). These demethylated metabolites are 
hydroxylated on the cyclobutane ring or the isopropyl 
chain, followed by conjugation with glucuronide to inac-
tive metabolites. Figure  14.5  displays the proposed met-

       FIGURE 14.5.     Proposed main pathways for the biotransformation of sibutramine. The reaction order indicated for hydroxylation 
and glucuronidation in pathways I and II is tentative.   98     
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  Drug Interactions 

 Potential drug interactions include the concomitant use 
of CY3A4 inhibitors (e.g., ketoconazole, erythromycin) 
and highly protein - bound drugs (e.g., warfarin, phenyt-
oin); however, there are few clinical data and the clinical 
signifi cance of these potential interactions is unclear. 
Additionally, sibutramine inhibits the reuptake of sero-
tonin; the concomitant administration of selective sero-
tonin reuptake inhibitors and monoamine oxidase 
inhibitors (MAOIs) potentially increases the risk of 
serotonin syndrome.  101

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Sibutramine is a selective inhibitor of the presynaptic 
reuptake of serotonin, norepinephrine, and to a lesser 
extent, dopamine.  102,103   The rise in plasma dopamine is 
small compared with the increase in plasma norepi-
nephrine.  In vivo  studies in rodents with monoamine 
receptor antagonists indicate that hypophagia associ-
ated with sibutramine involves α1  - adrenergic,  α2 -

 adrenergic, 5 - HT 2A , 5 - HT 2C  receptors.  104   In rodent 
studies, sibutramine increases energy expenditure (i.e., 
thermogenesis) with M2 being much more potent than 
the parent compound, sibutramine.  105,106   Sibutramine 
has little affi nity for the 5 - HT 2A  receptor. This drug 
inhibits norepinephrine reuptake at least 10 - fold more 
than serotonin reuptake.  107

  Mechanism of Toxicity 

 Sibutramine - induced inhibition of norepinephrine 
reuptake potentially increases blood pressure and 
heart rate. The therapeutic use of sibutramine may 
cause a slight increase in blood pressure in both normo-
tensive and hypertensive patients, particularly during 
the initial phase of treatment. A meta - analysis of 21 
placebo - controlled, double - blind, randomized trials 
of sibutramine demonstrated an increase in systolic 
(1.6    ±    10   mm   Hg) and diastolic (1.8    ±    7   mm   Hg) blood 
pressures in treated patients. The large standard devia-
tion resulted from the interaction of the direct effect of 
sibutramine on blood pressure and weight - loss induced 
reduction of blood pressure. In studies of high - risk 
obese older women with cardiovascular disease and dia-
betes mellitus, the therapeutic use of sibutramine is 
associated with small median increases in pulse rate and 
small median decreases in systolic and diastolic blood 
pressure.  108   Elevation of blood pressure in obese patients 
treated with sibutramine does not usually result in 

sibutramine were 19.0    ±    5.4 hours and 22.4    ±    6.2 hours, 
respectively.  97   Case reports suggest that the elimination 
of sibutramine and the metabolites is nonlinear follow-
ing a sibutramine overdose. Figure  14.6  displays the 
plasma concentrations of sibutramine and reactive 
metabolites (M1, M2) beginning 25 hours after a sibutra-
mine overdose (23   mg/kg) by a 4 - year - old girl.    

  Tolerance 

 In short - term studies, tolerance does not develop to the 
hypophagia induced by sibutramine. Follow - studies of 
initial responders indicate that response to sibutramine 
remains after 10 months of therapy. In a randomized, 
double - blind, placebo - controlled study of 36 obese men 
and women, the amount food consumed following 
15   mg sibutramine daily for 14 days was approximately 
16% less than placebo.  99   After a 10 - month, open - label 
treatment with 15   mg sibutramine and dietary advice, 
mean weight loss in responders was signifi cantly less 
than nonresponders (11.8    ±    6.2   kg vs. 6.8    ±    2.7   kg, 
respectively,  P     <    .05). The Sibutramine Trial of Obesity 
Reduction and Maintenance (STORM) trial detected 
little evidence of tolerance to the use of sibutramine 
over the 24 months of treatment.  100

FIGURE 14.6.     Plasma concentrations of sibutramine (solid 
square), mono - desmethyl sibutramine (M1, solid circle), and 
di - desmethyl sibutramine (M2, solid inverted triangle) follow-
ing a sibutramine overdose by a 4 - year - old girl.  (Reprinted 
with permission from F Bucaretchi, EM de Capitani, SM 
Mello, R Lanaro, RF Barros, LCR Fernandes, JL Da Costa, S 
Hyslop, Serotonin syndrome following sibutramine poisoning 
in a child, with sequential quantifi cation of sibutramine and 
its primary and secondary amine metabolites in plasma, 
Clinical Toxicology, Vol. 47, Issue 6, p. 599, copyright 2009.)   
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(e.g., cardiac potassium channel subunit mutation).  120   In 
clinical studies of sibutramine, small increases in heart 
rate and systolic blood pressure occur in the treatment 
group compared with baseline; however, these changes 
are balanced by reduction in BMI.  121   Additionally, some 
clinical trials suggest that the use of sibutramine in 
patients with cardiovascular disease increases the risk 
of adverse cardiac events. In a study of 10,744 over-
weight or obese patients with preexisting cardiovascular 
disease, the risk of a primary outcome event was 11.4% 
in the sibutramine group compared with 10.0% in the 
placebo group (hazard ratio [HR], 1.16; 95% CI: 1.03 –
 1.31;  P     =    .02).  90   Although the rates of cardiovascular 
deaths were similar in the 2 groups, the rates of nonfatal 
myocardial infarction in the sibutramine and placebo 
groups were 4.1% and 2.6%, respectively (HR, 1.28; 
95% CI: 1.04 – 1.57;  P     =    .02).  

  Behavioral Abnormalities/Mental Disorders 

 Psychiatric complications associated with sibutramine 
therapy are rare, primarily involving patients with preex-
isting psychiatric disorders. Case reports associate the 
development of acute delirium in a patient with delu-
sional disorder on sibutramine for 2 weeks,  122   acute psy-
chosis in an adolescent with Kleine - Levin syndrome,  123

panic attacks in women with a history of a stable panic 
disorder,  124   an affective psychosis (agitation, irritability, 
hugging strangers) in a woman without a history of abuse 
or psychiatric disorders,  125   and a manic episode in a 
patient with a bipolar disorder following the initiation of 
sibutramine therapy.  126   Other case reports associated the 
development of acute psychosis in patients without prior 
documented psychiatric disorders.  127,128   A 26 - year old 
woman developed catatonia and psychosis while taking 
excessive doses of sibutramine (up to 60   mg daily) and 
following a restrictive diet.  129   Symptoms included mutism, 
fl at affect, immobility, paranoid ideations, and auditory 
hallucinations. She improved dramatically following the 
cessation of sibutramine and the administration of ris-
peridone. The psychosis resolved within 1 month of ces-
sation of sibutramine therapy. The use of sibutramine is 
not associated with hepatotoxicity in clinical trials. 

  Overdose 

 There are few data on the clinical effects of sibutramine 
during an overdose. The clinical features of sibutramine 
intoxication probably are an exacerbation of the phar-
macologic properties of this drug. A case report 
associated the development of serotonin syndrome 
(diaphoresis, tachycardia, hypertension, agitation, 
insomnia, incoordination, hypertonia, hallucinations) 

cessation of treatment, and blood pressure typically is 
controlled with the usual antihypertensive agents.  109

  CLINICAL RESPONSE 

  Illicit/Medical Use 

 Common adverse effects associated with the therapeu-
tic use of sibutramine include anorexia, nausea, 
constipation, dry mouth, headache, palpitations, tachyar-
rhythmias, and insomnia.  110,111   In a retrospective review 
of California Poison Control System data on sibutra-
mine exposures, the most common clinical features of 
symptomatic individuals were tachycardia, chest pain, 
agitation, irritation, dizziness, vertigo, nausea, and vom-
iting.  112   Most of the reported exposures to sibutramine 
were unintentional; 40% of the 62 exposures were 
asymptomatic. 

  Valvular Disease 

 To date, an increased prevalence of cardiac valvulopa-
thy has not been associated with the use of sibutramine. 
In a double - blind, placebo - controlled, parallel - arm 
study of 210 obese type II diabetic patients, the preva-
lence of left - sided cardiac valve dysfunction was similar 
for the sibutramine group (2.3%, 3/133) and the placebo 
group (2.6%, 2/77).  113   The duration of the study was 12 
months with a 12 - month open - label extension. In a 
study of 106 obese patients with minimal tricuspid 
regurgitation on echocardiographic examination, there 
was slight, statistically signifi cant increase in systolic 
blood pressure and heart rate at follow - up compared 
with baseline.  114   There was no statistically signifi cant 
difference in aortic or mitral valve function, and no 
signifi cant increase in pulmonary artery pressures. The 
mean duration of follow - up was 24 months.  

  Dysrhythmias/Myocardial Infarction 

 Case reports and drug monitoring programs document 
a variety of adverse cardiac effects in patients receiving 
sibutramine including atrial fi brillation, supraventricu-
lar tachycardia, QT c  prolongation,  115    torsade de pointes , 
ventricular tachycardia, myocardial infarction in a 
women with normal coronary arteries,  116   QT c  prolonga-
tion with ventricular fi brillation and cardiac arrest in a 
women with normal coronary arteries,  117   cardiomyopa-
thy,  118   and heart block.  119   However, a causal connection 
between sibutramine and these events was not clearly 
established. In some of these case reports, QT prolonga-
tion and ventricular dysrhythmias occurred in suscep-
tible patients with predisposing genetic abnormalities 
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  Biomarkers 

 In a study of fasted volunteers, mean peak plasma con-
centrations of sibutramine and the major metabolite, 
M2 were 2.98    ±    1.63   ng/mL and 7.65    ±    1.22   ng/mL, 
respectively.  142   The time to mean peak plasma concen-
trations were 1.14    ±    0.29 hours and 3.75    ±    1.78 hours, 
respectively. There are few data on the blood concentra-
tions associated with sibutramine intoxication. Following 
ingestion of 10   mg sibutramine hydrochloride (8.37   mg 
free sibutramine), the hydroxylated metabolites are 
detectable for up to 60 hours as measured by GC/MS 
(LOD, 10   ng/mL).  136

  Abnormalities 

 Rare case reports document severe hyponatremia with 
sibutramine therapy, manifest by headache, nausea, gen-
eralized weakness, and confusion.  143   Although the etiol-
ogy of the hyponatremia was ascribed to syndrome of 
inappropriate antidiuretic hormone (SIADH), there 
were no measurements of antidiuretic hormone concen-
trations. Severe hypoglycemia and coma developed in a 
patient receiving sibutramine for obesity and lorazepam 
for insomnia.  144

  TREATMENT 

 Treatment is supportive.      
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  Chapter 15 

               HISTORY 

 The use of drugs to enhance physical performance has 
occurred since the beginning of recorded time. Ancient 
Greeks ate mushrooms and sesame seeds to enhance 
performance, and Roman gladiators used stimulants to 
increase endurance.  1   In modern sports, documentation 
of the abuse of performance - enhancing drugs appeared 
in the early 1900s, when athletes ingested stimulants 
(cocaine, amphetamines, ephedrine, strychnine) to alle-
viate fatigue and increase focus.  2   Anabolic - androgenic 
steroids (AASs) are now the most common illicit drugs 
used to enhance performance at the modern Olympic 
Games along with stimulants, primarily by weightlifters 
and athletes in track and fi eld.  3   The AASs are a group 
of synthetic derivatives of testosterone with both 
skeletal muscle - building (anabolic) and masculinizing 
(androgenic) effects. In 1889, physiologist Charles E. 
Brown - Sequard reported improvement in a variety of 
his body functions (strength, intellect, force of urine 
stream) following the injection of an extract of testicles 
from the dog and guinea pig. The primary natural male 
hormone, testosterone was fi rst isolated from the testis 
of bulls in 1935 by David et al.  4   Butenandt  5   and Ruzicka  6

independently synthesized testosterone in the same 
year, and both chemists received the Nobel Prize in 1939 
for their work. Most of the AASs were developed during 
the 1950s when chemists attempted unsuccessfully to 
separate the anabolic and androgenic properties of 
these testosterone derivatives.  7   Nandrolone, the 19 - nor 
analog of testosterone was the fi rst anabolic steroid with 
suffi cient dissociation of androgenic and anabolic prop-

erties to justify introduction into clinical practice during 
the 1950s.  8   Dr. John Ziegler, an American physician -
 weightlifter, administered AASs to 3 future American 
weightlifting champions after learning of the success of 
AAS - using Russian weightlifters at the 1954 World 
Championships.  9   In 1958, the US Food and Drug 
Administration (FDA) approved the use of methandro-
stenolone (Dianabol) for the treatment of hypogonad-
ism, resulting in the increased availability of this steroid. 
By the mid - 1960s, the use of AASs to enhance perfor-
mance in sports spread, particularly among weightlifters 
and other strength athletes. An estimated one - third of 
the US Track and Field athletes in the 1968 pre - Olympic 
training camp were using AAS.  10   From 1966 until the 
collapse of the German Democratic Republic (GDR) 
in 1990, hundreds of East German physicians and scien-
tists performed doping research and administered pre-
scription drugs as well as unapproved experimental 
drug preparations to adult and adolescent athletes of 
both sexes.  11

 In 1963, the Council of Europe defi ned doping in 
sports as a result of the death of a Danish cyclist at the 
1960 Olympics, the death of a UK cyclist at the Tour de 
France, and the prevalence of potentially life - threatening 
drugs in sports. 2 In 1964, the International Olympic 
Committee (IOC) unanimously voted to ban doping in 
sports. By 1967, the IOC established a Medical 
Commission with responsibilities to prohibit doping, to 
develop the Olympic Movement Anti - Doping Code, 
and to formulate a list of prohibited substances. In 1974, 
the IOC banned the use of AASs and testing for AASs 
by immunoassay screening and gas chromatography/

ANABOLIC - ANDROGENIC STEROIDS 

 IV   Ergogenic Agents and Supplements     
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 based) and at least 30 anabolic - androgenic steroid com-
pounds. Table  15.1  lists the common oral and injectable 
anabolic - androgenic steroids. Abuse of other forms of 
AASs includes the use of buccal (Striant), sublingual 
(tetrahydrogestrinone), and transdermal (testosterone 
cream) preparations; these short - acting preparations 

mass spectrometry confi rmation began in 1976.  12   In 
1984, the use of testosterone was also banned. From the 
1960s through the 1980s, the German Democratic 
Republic established a systematic doping program for 
thousands of their athletes that included the use of par-
enteral preparations of epitestosterone propionate to 
avoid detection of illicit AASs.  11   

 In 1988, the IOC stripped Ben Johnson of his Olympic 
gold medal and world record in the 100 - meter dash for 
using an AAS. In the same year, the distribution or pos-
session of AASs with intent to distribute without a valid 
prescription became a felony, when US Federal Food, 
Drug and Cosmetic Act (FFDCA) was amended as part 
of the Anti - Drug Abuse Act. In 1990, the Anabolic 
Steroids Control Act defi ned an AAS as any drug or 
hormonal substance chemically and pharmacologically 
related to testosterone (other than estrogens, progestins, 
and corticosteroids) that promotes muscle growth. 
These synthetic compounds became DEA schedule III 
drugs as defi ned by the US Controlled Substances Act. 
Later, this act was amended by the Anabolic Steroid 
Control Act of 2004; on January 20, 2005, the amended 
Controlled Substance Act added both anabolic steroids 
and prohormones to the list of controlled substances, 
making possession of the banned substances a federal 
crime. In response to continuing demand for illicit 
AASs, designer AAS appeared as a means to avoid 
detection of these illicit drugs. An example was the syn-
thesis of tetrahydrogestrinone from the palladium -
 charcoal catalyzed hydrogenation of gestrinone by the 
Bay Area Laboratory Cooperative, an American nutri-
tional supplement company. However, analyses and 
legal action resulted in the banning of several athletes 
as a result of the use of these synthetic steroids. 
Subsequently, major league baseball revamped their 
AAS policy calling for a 50 - game ban for fi rst - time 
offenders (up from 10 days), a 100 - game penalty for 
second - time offenders (up from 30 days), and a lifetime 
ban for a third positive test. Previously, a baseball 
player could be suspended for life only after the fi fth 
positive test.  

  IDENTIFYING CHARACTERISTICS 

 Steroids are organic molecules with a tetracyclic ring 
system; all steroids with the exception of retinoic acid 
are derived from cholesterol. There are 4 major classes 
of natural steroid hormones (androgens, corticoids, 
estrogens, progestogens) with testosterone being the 
principal male androgenic steroid. AASs are synthetic 
compounds similar in chemical structure to testosterone 
(MW 288   g/mol). Figure  15.1  displays the chemical 
structures of common AASs. There are 3 major classes 
of AASs (oral, injectable oil - based, injectable water -

       FIGURE 15.1.     Chemical structures of some common 
anabolic - androgenic steroids including testosterone. The com-
pounds in the upper table are for parenteral administration, 
whereas the 6 compounds in the lower portion of the fi gure 
are for oral use. The 4 rings of the testosterone molecule are 
labeled A – D as indicated in the structure at the top.   122     
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 Testosterone (CAS RN: 58 - 22 - 0, 17 - beta -
 hydroxyandrost - 4 - en - 3 - one) is the prototype for all 
AASs. Figure  15.2  displays modifi cations of the basic 
testosterone structure. Modifi cation of testosterone 
during the synthesis of AASs involves the following 
three methods: alkylation of the 17 β  - hydroxyl group, 
esterifi cation at the 17 α  - position, or modifi cation of the 
steroid nucleus to enhance anabolic properties. Although 
all currently available anabolic steroids have andro-
genic properties, the anabolic properties are greater for 
synthetic AASs than for testosterone. Some structural 
modifi cations improve bioavailability and prolong the 
duration of action, whereas other modifi cations reduce 
anabolic effects while enhancing androgenic effects. 
Esterifi cation at the 17 β  - hydroxy position increases 
lipophilic and androgenic properties while improving 
intramuscular bioavailability. In general, alkylation of 
the 17 α  - hydroxy position retards hepatic degradation 
and improves oral bioavailability, but these compounds 
typically are less potent than 17 β  - esters.  13   Weaker for-
mulations of AASs are often marketed as prohormones 
in dietary supplements, particularly dehydroepiand-
rosterone (DHEA), 19 - norandrostenediol, androstene-
dione, 19 - norandrostenedione, 1 - testosterone, and 
prostanozol.  14   The lack of the 17 α  - alkyl moiety results 
in extensive fi rst - pass metabolism, and the anabolic 
effect of DHEA and androstenedione are limited by 
their weak binding to the androgen receptor despite 
some conversion to testosterone. The effect of these 
AASs are substantially greater on women than men 
because of the relatively larger increase in testosterone 
in the former. Tetrahydrogestrinone (THG; 13 - ethyl - 17 -
 hydroxy - 18,19 - dinor - 17 α  - pregn - 4,9,11 - trien - 3 - one), 
norbolethone (CAS RN: 1235 - 15 - 0; 13 - ethyl - 17 -
 hydroxy - 18,19 - dinor - 17 α  - pregn - 4 - en - 3 - one) and madol 

are typically testosterone - based. The advantage of the 
buccal, sublingual, and transdermal preparations is the 
rapid clearance within 1 week after even large doses 
compared with 2 – 14 days for oral preparations and 4 
weeks for water - soluble parenteral preparations. 
Nonsteroidal selective androgen receptor modulators 
(SARMs) are experimental substances (e.g., bicyclic 
hydantoin, analogues of aryl propionamide, quinoline, 
tetrahydroquinoline) that may offer better dissociation 
of the biologic and anabolic effects of steroids; although 
these substances are not routinely available, the World 
Anti - Doping Agency (WADA) added these substances 
to the prohibited list in 2008. Up - to - date information on 
the list of banned substances is available on the WADA 
Web site ( http://www.wada - ama.org/en/ ).     

  TABLE 15.1.    Common Oral and Injectable 
Anabolic - Androgenic Steroids. 

   Oral AAS     Injectable AAS  

  Ethylestrenol    Boldenone undecylenate  
  Fluoxymesterone    Clostebol  
  Mesterolone    Drostanolone propionate  
  Metandienone    Isocaproate, decanoate  
  Metenolone    Methenolone enanthate  
  Methandrostenolone    Nandrolone decanoate  
  Methyltestosterone    Nandrolone phenpropionate  
  Methenolone acetate    Testosterone cypionate  
  Mibolerone    Testosterone enanthate  
  Norethandrolone    Testosterone propionate  
  Oxandrolone    Trenbolone  *    
  Oxymetholone    Trenbolone acetate  †    
  Stanozolol  †        
  Testosterone undecanoate      

    *   Veterinary steroid.  
    †    Intramuscular use less common.   

       FIGURE 15.2.     Basic structure of testosterone with an overview of structure – activity relationships.   51     
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with doping are testosterone and nandrolone based on 
WADA data  24   and retrospective autopsy data.  25   In 2006, 
34 WADA - accredited laboratories analyzed almost 
200,000 urine samples with positive fi ndings in approxi-
mately 2%.  26   Of the positive samples, AASs accounted 
for 45% of the adverse fi ndings with the most common 
AASs being testosterone, nandrolone, stanozolol, and 
methandienone.  

  Sources 

 Anabolic - androgenic steroids were developed to treat 
hypogonadism, a condition in which the testes do not 
produce suffi cient testosterone for normal growth, 
development, and sexual functioning. Clinical studies 
suggest that the use of AASs (e.g., nandrolone) or tes-
tosterone improves lean body mass in patients with mild 
to moderate cachexia secondary to chronic illness (e.g., 
human immunodefi ciency virus [HIV]).  27   The use of tes-
tosterone and AAS has not been effective for the treat-
ment of the catabolic states associated with severe burns 
or muscle - wasting diseases. Historical uses of AASs 
include anemia, hereditary angioedema, metastatic 
breast cancer, protein defi ciencies following trauma or 
severe infections, and certain psychiatric disorders 
(involutional psychoses, depression).  28

  Origin 

 In the United States, AASs are DEA schedule III drugs 
of the Controlled Substances Act. The primary sources 
for illicit AASs in the United States are manufacturing 
facilities in Mexico.  23   Traffi ckers from the United States 
enter Mexico and purchase AASs at pharmacies in Baja, 
California, where AASs are available by prescription. 
They subsequently smuggle the AASs back into the 
United States. Other sources of illicit AAS in the United 
States include Russia, Poland, Hungary, Spain, Italy, 
Greece, Canada, and the Netherlands as well as some 
clandestine labs in the United States. The diversion of 
legitimate pharmaceutic preparations provides a much 
smaller portion (i.e., 10 – 15%) of illicit AASs compared 
with other illicit sources.  29   Information on the adminis-
tration and procurement of AASs is widely available on 
the Internet.  30

  Impurities 

 There are few data on the purity of illicit samples of 
AASs as a result of the lack of regulation. Consequently, 
there are no assurances that the chronic AAS abuser 
knows the dose or type of AAS. The diffi culty determin-
ing doses used by AAS abusers limits the ability of 

(17 α  - methyl - 5 α  - androst - 2 - en - 17 β  - ol) are designer 
anabolic steroids, which were synthesized to avoid 
detection during use.  15,16   However, THG is a nonspecifi c 
androgen agonist that binds many steroid hormone 
receptors, particularly the glucocorticoid receptors.  17

  EXPOSURE 

  Epidemiology 

 Data on the actual prevalence of AAS use are limited 
by recall and reporting biases associated with illicit drug 
use. Many studies of AASs use focus on adolescents. In 
a nationwide study of 3,403 12th - grade male students in 
46 private and public US high schools during the 1980s, 
6.6% of the respondents admitted to ever using AASs 
based on their response to questionnaires.  18   The indi-
vidual participation rate was low (50.3%). Almost 40% 
of the respondents admitted to the administration of 5 
or more cycles of AASs. Further studies performed at 
local and statewide levels have confi rmed similar fi nd-
ings indicating that 3 – 12% of high school male adoles-
cents use AASs at some time in their lives. These studies 
indicate that about one - third of the high school students 
use AASs for appearance rather than athletic perfor-
mance. In 1999, the National Institute on Drug Abuse 
Monitoring the Future study indicated that approxi-
mately 2.7% of US 8th and 10th graders and 2.9% of 
12th graders admitted to the use of AASs at least once.  19

For 10th graders, the prevalence of AAS use increased 
to 2.7% in 1999 from 2.0% in 1998. For all 3 grades, the 
1999 levels represented a signifi cant increase from 1991, 
when 1.9% of 8th graders, 1.8% of 10th graders, and 
2.1% of 12th graders admitted AAS use at least once. 
The data on adolescent use of AAS in 2004 and 1999 
were similar with 2.5% of 12th graders reporting the use 
of AASs at least once.  20   Risk factors for the use of AASs 
among adolescents include male sex, participation in 
strength - related sports, and use of other illicit drugs.  21

In college and professional athletics, the prevalence of 
AAS abuse is less defi ned because of the ramifi cation 
of AAS use. However, the prevalence of AAS use 
among these groups is probably substantially higher 
than high school students, particularly in football players 
and male track and fi eld athletes.  22   Between 1972 and 
2000, there were 29 athletes disciplined for positive 
AAS drug tests.  3   However, the abuse of AASs is prob-
ably more widespread among these athletes because of 
the diffi culty detecting all AAS use and the small 
number of doping charges compared with the number 
of positive drug tests. Current trends suggest that most 
AAS abusers are nonathletes using these drugs for cos-
metic purposes.  23   The most common steroids involved 
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  DOSE EFFECT 

 The dose of AAS used by athletes depends on individ-
ual needs and the athletic requirements of the particular 
sport. Endurance athletes use AAS doses near or slightly 
below physiologic replacement concentrations (i.e., 
about 7   mg testosterone daily) as a means to block 
catabolism, while sprinters typically use 1.5 – 2 times 
replacement concentrations.  29   Traditional strength ath-
letes use much higher doses (i.e., 10 – 100 times replace-
ment concentrations) to  “ bulk up. ”  Generally, the dose 
of AASs is lower in women than men. 

 Data from human test participants indicate that AAS 
produce a dose - dependent and sex - dependent increase 
in lean body mass and strength, but the changes are 
highly variable and relatively small without an accom-
panying conditioning and strength program.  37   The 
administration of AAS to men participating in weight 
training consistently produces increased strength when 
compared with controls (i.e., weight training alone).  28

The endogenous testosterone production during male 
adolescence produces a sex differential in lean body 
mass similar to the increment in lean body mass caused 
by the administration of exogenous AAS to adults.  38

However, different androgen - dependent processes have 
different testosterone dose - response relationships. In a 
study of 61 eugonadal men receiving a long - acting 
gonadotropin - releasing hormone agonist to suppress 
endogenous testosterone secretion, changes in leg press 
strength, leg power, thigh and quadriceps muscle 
volumes, hemoglobin, and insulin - like growth factor 1 
(somatomedin C) positively correlated to testosterone 
concentrations.  39   Changes in fat mass and plasma high -
 density lipoprotein (HDL) cholesterol were negatively 
correlated to the testosterone dose. 

 Although adverse effects following AAS administra-
tion are usually dose related, there are few data on the 
long - term physiologic effects of chronic AAS use, par-
ticularly in women. In addition to dose and duration of 
use, long - term toxicity depends on the age of initiation, 
gender, steroid structure, and concurrent illicit use of 
other drugs. The daily production of testosterone in 
healthy men is about 4 – 10   mg compared with about 
1   mg in healthy women.  40   Psychotic symptoms associ-
ated with AAS abuse typically occur in individuals using 
> 1   g testosterone weekly, but the development of psy-
chologic changes is highly variable. In a randomized, 
placebo - controlled, crossover trial of 56 healthy men 
aged 20 – 50 years, the administration of testosterone 
cypionate for 6 weeks in doses increasing to 600   mg/wk 
caused little psychologic change in most participants 
(i.e., 84%).  41   The regimen produced mild hypomania in 
12% and marked hypomania in 4% of the men.  

studies to elucidate the effect of AAS abuse. Frequently, 
illicit samples of AASs do not contain declared ingre-
dients or concentrations of ingredients. Analysis of 
70 products confi scated from illegal sources demon-
strated 17 (35.4%) of the 48 steroidal compounds did 
not contain labeled ingredients as measured by liquid 
chromatography/tandem mass spectrometry, gas 
chromatography/mass spectrometry with nitrogen phos-
phorus detection, gel electrophoresis, and immunologi-
cal tests.  31   Visual inspection did not distinguish original 
products from counterfeits.   

  Methods of Abuse 

 The pattern of AAS abuse among athletes is quite vari-
able, and the dosing intervals are not usually regular. 
These patterns include stacking, tapering, plateauing, 
cycling, and pyramiding. Many AAS abusers are poly-
drug users including the abuse of traditional recre-
ational drugs and misuse of prescription drugs.  32   Athletes 
typically administer AAS intramuscularly (IM) with or 
without oral preparations in cycles lasting 6 – 12 weeks 
with periods of abstinence between these cycles as a 
means to reduce adverse effects.  29   The abuse of trans-
dermal patches, sublingual tablets, dermatologic gels, 
and nasal sprays is rare. In an attempt to maximize 
anabolic gains and minimize side effects, some AAS 
users start with low doses at the beginning of a cycle and 
then steadily increase the dose until a gradual  “ taper-
ing ”  phase at the end of a cycle (i.e.,  “ pyramid ”  regimen). 
Frequently, these athletes use more than 1 steroid simul-
taneously (i.e.,  “ stacking ” ) or use several AASs in over-
lapping patterns to avoid the development of tolerance 
(i.e.,  “ plateauing ” ). In an Internet study of 207 weight-
lifters and bodybuilders using AASs, the steroid regi-
mens included a mean of 3.1 agents with cycles ranging 
from 5 – 10 weeks and AAS doses 5 – 29 times above 
physiologic replacement doses.  33   Often these athletes 
ingest other drugs (i.e.,  “ array ” ) as a means to reduce 
adverse effects and enhance the effect of AASs. These 
additional medications include human chorionic gonad-
otrophin, anti - acne drugs, oral hypoglycemic agents, 
analgesics, ketoconazole shampoo, stimulant amino 
acids, erythropoietin, aminoglutethimide, diuretics, and 
estrogen antagonists.  34   The abuse of AASs continues, in 
part, because of the effectiveness of these regimens with 
training programs and the perceived diffi culty detecting 
AAS use, particularly in weightlifters.  35   Commonly 
abused steroid supplements (i.e., precursors of testos-
terone and related hormones) include androstenedione 
and DHEA. The latter compound is an endogenous 
hormone secreted by the adrenal cortex in response to 
adrenocorticotropin (ACTH).  36
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men receiving long - acting gonadotropin - releasing 
hormone agonist to suppress endogenous testosterone 
secretion, the mean nadir testosterone concentrations 
ranged from 2.53 – 23.7   ng/mL following weekly injec-
tions of testosterone enanthate doses of 25 – 600   mg for 
20 weeks.  39

  Distribution 

 Anabolic - androgenic steroids are bound in the plasma 
to sex - hormone - binding globulins. Although testoster-
one is highly protein bound (i.e., 98%) in plasma, the 
binding of AAS to sex - hormone - binding globulins is 
highly variable based on animal studies.  44

  Biotransformation 

 The metabolism of endogenous testosterone involves 
the conversion to the estrogenic compound, estradiol 
via steroid aromatase and the androgenic compound, 
5α  - dihydrotestosterone via 5 α  – steroid - reductase. Com-
paratively, the biotransformation of AASs is quite 
complex.45   Table  15.2  lists the principal urinary metabo-
lites of common AASs. The initial and rate - liming step 
in testosterone metabolism is reduction of the C4 - C5 
double bond on the A ring with 5 α  - reductase and 5 β  -
 reductase. Hydroxylation of testosterone by CYP450 
isoenzymes results in the formation of a variety of minor 
urinary metabolites of testosterone. Single - dose human 
excretion studies indicate that 6 -  β  - hydroxylation is also 
a minor pathway for the biotransformation of bolde-
none (17 β  - hydroxyandrosta - 1,4 - dien - 3 - one) and 17 α  -
 methyltestosterone.  46   However, 6 β  - hydroxylation of the 
B - ring is the major metabolic pathway for 4 - chloro - 1,2 -
 dehydro - 17 -  α  - methyltestosterone, methandienone, and 
fl uoxymesterone because the presence of a C1 - C2 double 

  TOXICOKINETICS 

 Most of the data on the kinetics of testosterone and 
AASs is derived from the pharmacokinetics of these 
compounds in animals or in hypogonadal males receiv-
ing therapeutic doses of AASs.  42   There are few data on 
the toxicokinetics of AASs in individuals abusing AASs 
at doses up to 10 – 100 times the therapeutic dose. 

  Absorption 

 Despite the rapid absorption of testosterone, the sys-
temic bioavailability of oral testosterone is low as a 
result of extensive fi rst - pass hepatic metabolism. 
Structural modifi cations of testosterone produce syn-
thetic testosterone derivative (anabolic - androgenic ste-
roids), which increase bioavailability and prolong the 
duration of action. Alkylation of the 17 -  α  position of 
testosterone produces oral AAS, whereas esterifi cation 
of the 17 -  β  position results in injectable AAS (e.g., lipid -
 soluble cypionate or enanthate). The duration of action 
of these esters depends on the rate of absorption from 
the site of administration as determined by the chain 
length of the acid moiety and the formulation. Hydrolysis 
of these esters in vivo  prolongs the duration of action 
compared with testosterone. Anabolic - androgenic ste-
roids can diffuse across the skin and mucous mem-
branes, allowing other delivery modes including 
transdermal patches, nasal sprays, and buccal tablets. 
Following oral administration of 120   mg testosterone 
undecanoate, volunteer studies indicate that plasma 
concentrations of testosterone are detectable for about 
1 – 6 hours after administration using gas chromatography/
tandem mass spectrometry.  43   There are dramatic indi-
vidual variations (i.e., 10 - fold) in the peak total plasma 
testosterone concentrations. In a study of 61 eugonadal 

TABLE 15.2.    Major Urinary Metabolites of Common Anabolic Androgenic Steroids. 

   Compound     Major Urinary Metabolite  

  17 α  - Alkyl Esters ( Oral )  
  Methandienone    17 α  - Methyl - 5 β  - ( α ) - androstan - 3 α ,17 β  - diol; 17 α  - methyl - 5 β  - androst - 1 - en - 3 α ,17 β  - diol; 

17α  - methyl - 1,4 - androstadien - 6 β ,17 β  - diol - 3 - one  
  17 α  - Methyltestosterone    17 α  - Methyl - 5 β  - ( α ) - androstan - 3 α ,17 β  - diol  
  Oxandrolone    17 - Epimer   * 

  Oxymesterone    17 α  - Methyl - 5 - androstan - 3,4,17 - triol isomers  
  Stanozolol    3 ′  - Hydroxystanozolol, 4 β  - hydroxystanozolol  
  17 β  - OH Esters ( Parenteral )  
  Boldenone    5 β  - Androst - 1 - en - 17 β  - ol - 3 - one  
  Drostanolone    2 α  - methyl - 5 α  - androstan - 3 - ol - 17 - one  
  Methenolone    18 - Hydroxylated and several metabolites  
  Nandrolone (19 - nortestosterone)    19 - Norandrosterone (19 - noretiocholanolone)  

    *   Urinary excretion of unchanged oxandrolone also occurs.   
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  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Testosterone is both an active hormone and a prohor-
mone for the formation of the more active androgen, 
5α  - dihydrotestosterone (DHT) via 5 α  - reductase. Figure 
 15.3  displays the synthesis and metabolism of testoster-
one and other endogenous steroids. The production of 
testosterone occurs predominantly (i.e., 95%) in the 
Leydig cells of the testes and, to a lesser, extent in 
the adrenal glands. The secretion of androgens from the 
adrenal cortex is insuffi cient to maintain male sexuality. 
Women also secrete small amounts of testosterone from 
the ovaries and adrenal glands including DHEA and 
androstenedione. Testosterone acts as an androgen 
either directly by binding to the androgen receptor or 
indirectly by conversion to DHT. This latter compound 
binds more avidly to the androgen receptor than testos-
terone. Dihydrotestosterone amplifi es the action of 
androgen and conveys specifi c function to the androgen -
 androgen receptor complex.  51   The conversion of testos-
terone to DHT is especially important for the appearance 
of virilization in female AAS users because high levels 
of 5 α  - reductase activity in the male accessory sex glands 
limits the effect of DHT. Activation of the intracellular, 
ligand - dependent androgen receptor complex by testos-
terone and AAS results in the production of RNA, 
DNA, and the subsequent enhancement of protein syn-
thesis including increased amounts of actin and myosin 
in skeletal muscles. The androgen receptor belongs to 
the nuclear receptor family that contains a DNA -
 binding domain, a ligand - binding domain, and at least 2 
transcriptional activation domains. The enzyme, aroma-
tase controls the androgen/estrogen ratio by catalyzing 
the conversion of testosterone to estradiol in other 
tissues (e.g., adipose tissue, brain). Anabolic - androgenic 
steroids (e.g., methandienone, nandrolone, stanozolol) 
with the most potent anabolic effects also possess the 
relatively greatest androgenic effects. The interactions 
of AAS with the androgen receptors in various tissues 
vary between compounds in this group, and these varia-
tions account for differences in the anabolic and andro-
genic effects of these compounds. The use of AAS 
increases skeletal muscle mass and strength when used 
in combination with intensive strength training and 
high - protein, high - calorie diets.  52

 Endogenous testosterone is responsible for sexual 
maturation at all stages of development throughout the 
life of males. Increased AAS plasma concentrations 
suppress gonadotropin - releasing hormone, endogen-
ous testosterone secretion, luteinizing hormone, and 
follicle - stimulating hormone by a negative - feedback 

bond in the former 2 steroids and the C9 α  - fl uorine 
atom in the latter compound blocks A - ring reduction. 
Metabolic changes (e.g., 12 - hydroxylation) of AASs 
at the C - ring are minor. D - ring metabolism by the 
enzymatic oxidation of 17 β  - hydroxysteroid dehydroge-
nase to form the corresponding 17 - keto steroid is a 
major metabolic pathway for testosterone and all 
AASs with secondary 17 β  - hydroxy groups (e.g., bolde-
none, clostebol, drostanolone, mesterolone, metheno-
lone, nandrolone, norclostebol, stenbolone).  47   The 
main urinary metabolites of testosterone are androste-
rone (3 α  - hydroxy - 5 α  - androstan - 17 - one), etiocholano-
lone (3 α  - hydroxy - 5 β  - androstan - 17 - one), epiandro sterone
(3β  - hydroxy - 5 α  - androstan - 17 - one), 5 α  - androstane - 3 α ,
17β  - diol, and 5 β  - androstane - 3 α ,17 β  - diol.    

  Elimination 

 In individuals without AAS use, only small amounts 
(i.e., about 1%) of endogenous testosterone appears 
unchanged in the urine. Phase II conjugation reactions 
couple AASs and associated metabolites with gluc-
uronic acid or sulfate before excretion in the urine. The 
vast majority (i.e., about 90%) of the absorbed dose of 
testosterone appears in the urine as glucuronide or 
sulfate conjugates. In a study of 8 hypogonadal males, 
the terminal elimination half - lives of 500   mg and 
1,000   mg IM doses of testosterone undecanoate were 
18.3    ±    2.3 days and 23.7    ±    2.7 days, respectively.  48   The 
mean residence times were 21.7    ±    1.1 days and 23.0    ±    0.8 
days, respectively. Not all anabolic steroids undergo 
phase II reactions. Unconjugated AASs in human urine 
include oxandrolone, fl uoxymesterone, 4 - chloro - 1,2 -
 dehydro - 17 α  - methyltestosterone, and formebolone 
along with metabolites of oxandrolone, methandienone, 
and stanozolol.  45   There is very limited (i.e., about 5%) 
enterohepatic recirculation of testosterone.  

  Maternal and Fetal Kinetics 

 Anabolic - androgenic steroids readily cross the placenta. 
Abnormal urogenital virilization occurs in females sec-
ondary to prenatal exposure to exogenous or endoge-
nous androgens. In rodent studies, the parenteral 
administration of testosterone on gestational days 14 – 18 
causes urogenital sinus elongation in a female mouse 
fetus.  49

  Drug Interactions 

 There are few data on the drug interactions of 
AASs. Rare case reports associate enhancement 
of anticoagulant effects with the use of AASs (e.g., 
oxymetholone).50
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  Mechanism of Toxicity 

 Most of the adverse effects following the use of AASs 
result from the enhancement of normal physiologic 
response to testosterone by either direct receptor 
agonist activity or suppression of steroid biosynthesis. 
In general, toxic effects associated with AAS abuse 
involve the following: 1) anabolic side effects, 2) 
enhanced androgenic effects, 3) estrogenic side effects, 
4) antiandrogenic effects from the suppression of the 
hypothalamus – pituitary – adrenal/gonadal axes, 5) hepa-
totoxicity, and 6) neuropsychiatric effects.  53   Methodologic 
issues limit the determination of the toxic effects of 
illicit AAS use including the extraordinary doses and 

mechanism. Endogenous androgens stimulate RNA 
polymerase, resulting in an increased production of 
protein. These proteins are responsible for normal male 
sexual development, including the growth and matura-
tion of the prostate, seminal vesicle, penis, and scrotum. 
During puberty, androgens cause a sudden increase 
in growth and development of muscle along with 
redistribution of body fat and deepening of the voice. 
Continued endogenous testosterone secretion produces 
increased hair (beard, body hair), fusion of the epiphy-
ses, termination of growth, and the maintenance of sper-
matogenesis. Testosterone also affects the formation 
of erythropoietin, the balance of calcium, and blood 
glucose concentrations.  

       FIGURE 15.3.     Biochemical synthesis and metabolism of endogenous steroids. The administration or formation of testosterone 
causes a downregulation of luteinizing hormone and a reduction in the endogenous formation of steroids via a negative feedback 
mechanism. GnRH    =    gonadotropin releasing hormone; LH    =    leuteinizing hormone; P450scc    =    cholesterol - side - chain - cleavage 
enzyme; 3 β  - HSD    =    3 β  - hydroxysteroid dehydrogenase; 17 β  - HSD    =    17 β  - hydroxysteroid dehydrogenase; DHEA    =    dehydroepi-
androsterone; 5 α  - DHT    =    5 α  - dihydrotestosterone.  
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Case reports associate the chronic use of anabolic ste-
roids with sudden death and contraction band necrosis 
in the myocardium.  61   In these cases, no other cause of 
death was apparent, but the role of chronic, high - dose 
anabolic steroid use in these deaths remains unclear. 
Athletes with certain genetic mutations and structural 
abnormalities may be particularly vulnerable to the use 
of anabolic steroids including athletes with accessory 
AV pathways, latent structural heart diseases (dilated 
cardiomyopathy, arrhythmogenic right ventricular dys-
plasia type II, myocarditis, segmental arrhythmogenic 
ventricular cardiomyopathy, coronary artery anoma-
lies), latent Brugada syndrome, mutations of the long 
QT syndrome genes, and other genetic mutations of ion 
channels (cardiac ryanodine receptor gene defects, 
calsequestrin gene defects).  62,63   Pathologic evidence of 
some of these abnormalities may not appear on post-
mortem examination. The use of diuretics to mask the 
use of anabolic steroids may predispose these athletes 
to serious ventricular dysrhythmias from hypokalemia 
and dehydration.  

  Liver 

 Cholestatic jaundice with intrahepatic cholestasis and 
variable degrees of hepatocellular necrosis on liver 
biopsy is the most commonly reported serious patho-
logic abnormality of the liver associated with AASs 
abuse.  64   Rarely, case reports associate the presence of 
multiple, dilated liver cysts fi lled with blood in the liver 
(peliosis hepatitis) with chronic use of AASs.  65   The 
pathogenesis of peliosis hepatis is unknown. Other 
pathologic abnormalities of the liver detected in the 
autopsy of AAS abusers include focal nodular hyper-
plasia and adenomas.  66,67

  Reproductive System 

 Although the same androgen receptor mediates both 
the anabolic and androgenic effects of steroids, the spe-
cifi c structural characteristics of individual AASs deter-
mines the balance between anabolic and androgenic 
effects. Masculinization results from the presence of 
high doses of AASs in women. The aromatase cyto-
chrome P450 (CYP19) enzyme complex converts testos-
terone to estradiol, which binds to the estrogen receptor. 
Although this conversion usually accounts for a small 
percentage of testosterone biotransformation at physi-
ologic doses, excess amounts of testosterone increase 
the formation of estradiol. Gynecomastia is a conse-
quence of excessive estradiol concentrations in chronic 
male AAS abusers that result from the peripheral con-
version of excess testosterone to estradiol. Drugs used 
by male AAS abusers to prevent the feminizing effects 

types of AASs used by athletes compared with medical 
use, reporting bias of self - reports, the paucity of well -
 documented pathologic fi ndings, and the lack of well -
 defi ned postmortem markers of AAS use.  53   Most 
medical data on the toxic effects of AAS abuse involve 
case reports rather than epidemiologic studies. 
Pathologic abnormalities from AAS abuse are best -
 documented in the cardiovascular system, reproductive 
system, liver, and serum lipids. Animals studies suggest 
that AAS can cause dysplasia of collagen fi brils and 
decreased tensile strength, and potentially the use of 
these drugs could cause disruption of connective tissue.  54

  Cardiovascular System 

 Potential adverse effects of AAS on the cardiovascular 
system include atherogenesis, thrombosis, vasospasm, 
myocarditis, concentric left ventricular hypertrophy, 
myocardial fi brosis, hypertrophic cardiomyopathy with 
ventricular dysrhythmias, and direct myocardial injury.  55

However, the contribution of AAS use to these poten-
tial adverse cardiovascular effects remains unclear.  56

Chronic AAS use enhances hepatic triglyceride lipase 
activity, resulting in reduction of high - density lipopro-
teins and elevation of low - density lipoproteins.  57,58

Although these changes are reversible within several 
months of cessation of AAS use, chronic AAS use theo-
retically increases the risk of cardiac disease.  30   Potentially, 
the chronic abuse of AAS enhances coagulability and 
thrombosis, but the clinical importance of this potential 
adverse effect also remains unclear. Studies of chronic 
AAS abuse in weightlifters suggest that some anabolic -
 androgenic steroid - using weightlifters have accelerated 
activation of their hemostatic system as evidenced by 
increased generation of both thrombin and plasmin. 
A study of AAS - positive steroid using weightlifters 
indicated that these individuals had a higher percentage 
of abnormally high plasma thrombin – antithrombin 
complexes along with elevated plasma concentrations 
of prothrombin fragment 1, antithrombin II, and protein 
S, when compared with non - AAS - using controls.  59

Additionally, the plasma concentrations of tissue plas-
minogen activator and its inhibitor were lower in AAS 
users than in controls. 

 Clinical studies on bodybuilders suggest that chronic 
AAS use impairs vascular reactivity independent of the 
smooth muscle hypertrophy and vascular stiffness asso-
ciated with bodybuilding.  60   Anabolic - androgenic ste-
roids decrease the production of cyclic guanosine 
monophosphate (cGMP) by inhibiting guanylyl trans-
ferase. As a result, AASs potentially inhibit the ability 
of nitric oxides to relax smooth muscles in the coronary 
arteries resulting in coronary artery vasospasm and 
potentially sensitizing AAS users to sudden death.  55
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lipids.  64,73   The use of AAS produces an unfavorable 
change in the blood lipid profi le (i.e., elevated low -
 density lipoprotein, reduced high - density lipoprotein) 
with potentially increased risk of coronary heart disease; 
although confl icting, some data suggest left ventricular 
hypertrophy may persist after cessation of AAS use as 
a result of elevated blood pressure during use.  74,75   Other 
potential adverse effects include glucose intolerance 
(i.e., increased peripheral insulin resistance), hyperinsu-
linism, behavioral and mood changes, cerebrovascular 
accidents, prostate abnormalities, edema, and immune 
dysfunction. Most physiologic changes associated with 
AAS use are reversible within several months of the 
cessation of AAS use.  29

  Behavioral Abnormalities 

 Individual behavioral and psychiatric responses to 
chronic AAS abuse are extremely variable, depending 
on pre - existing psychiatric conditions, personality, and 
type and dose of AAS. Case reports and some epidemi-
ology studies associate chronic AAS use with changes 
in behavior, mood, and somatic perceptions in a small 
subset of chronic AAS abusers.  76,77   Psychiatric complica-
tion associated with chronic AAS use include mania, 
aggression, and agitation, but no large - scale epidemio-
logic studies have confi rmed a causal relationship 
between chronic AAS abuse and severe psychiatric 
complications (e.g., psychosis).  78,79   Depression may 
occur, particularly in the immediate period after cessa-
tion of use, along with fatigue, decreased libido, insom-
nia, anorexia, and headaches.  80,81   Studies suggest that 
male AAS users have more frequent and prolonged 
periods of anger, aggression, irritability, and hostility 
than nonusers.  82,83   Multivariate models based on data 
from the National Longitudinal Study of Adolescent 
Health ( N     =    6,823) indicate that young men using 
anabolic - androgenic steroids report greater involve-
ment in violent behaviors than nonusers after control 
for the effects of key demographic variables, previous 
violent behavior, and polydrug use.  84   In a study of 2 sets 
of male monozygotic twins with only 1 twin using AASs, 
the use of AASs was associated with anxiety, hostility, 
aggressiveness, and paranoid ideations as determined 
by comparing responses to a Symptoms Check list - 90 
and the Hostility and Direction of Hostility 
Questionnaire.  85   Behavioral abnormalities include dis-
tractibility, delirium, delusions, irritability, paranoia, 
impulsivity, insomnia, hostility, anxiety, agitation, aggres-
sion, violence, and mood lability.  86,87   These behavioral 
effects are dose dependent with effects ranging from 
mild effects (increased confi dence, enhanced self -
 esteem, euphoria) to serious behavioral abnormalities 

of estradiol include the use of aromatase inhibitors (e.g., 
anastrozole, aminoglutethimide) and drugs that block 
estrogen receptor (clomiphene, tamoxifen).   

  Postmortem 

 Concentric left ventricular myocardial hypertrophy is a 
common pathologic fi nding following the chronic use of 
AAS. A 21 - year - old, previously healthy weightlifter col-
lapsed during a bench press workout, and paramedics 
found him in ventricular fi brillation. For the preceding 
several months, he used parenteral AASs (nandrolone, 
19 - nortestosterone). Postmortem fi ndings included 
marked cardiac hypertrophy, regional myocardial fi bro-
sis, and focal myocardial necrosis along with hepato-
splenomegaly and renal hypertrophy.  68   There was no 
evidence of recent myocardial infl ammation. Other 
autopsies of AAS abusers have not demonstrated 
cardiac hypertrophy, but histologic examination of 
cardiac tissue also detected focal myocardial necrosis. 
The postmortem examination of 2 cases of sudden death 
in 2 previously healthy chronic AAS abusers (i.e., body-
builders) demonstrated focal myocardial necrosis (con-
traction band necrosis) without evidence of signifi cant 
coronary artery disease or myocardial hypertrophy.  61

Other pathologic changes associated with cardiac arrest 
in previously healthy athletes following AAS use (e.g., 
oxymesterone) include hypertrophic cardiomyopathy, 
acute cellular necrosis,  69   interstitial fi brosis, and myocar-
ditis.  70   Typically, there is no evidence of coronary throm-
bosis in these cases of sudden death. However, evidence 
of recent (i.e., 2 weeks) myocardial infarction may occur 
in these cases without evidence of coronary artery 
disease.  71   Rarely, the abuse of androgenic - anabolic ste-
roids are associated with the development of blood -
 fi lled cysts (peliosis) involving the liver, spleen, bone 
marrow, lymph nodes, and lung. A 29 - year - old body-
builder was found dead at home; an autopsy demon-
strated peliosis of the lung with the left pleural cavity 
fi lled with blood.  72

  CLINICAL RESPONSE 

  Illicit Use 

 There are limited data on the short - term complication 
of AAS use with most data involving case reports. The 
long - term health effects of chronic AAS abuse are not 
well defi ned because of the diffi culty studying illicit drug 
use and the highly variable dosages involved with AAS 
abuse. Clinical and laboratory studies indicate that the 
administration of AASs causes physiologic changes, pri-
marily in the liver, reproductive system, and serum 
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eralized weakness, diaphoresis, anxiety, and dyspnea.  94

The electrocardiogram revealed rapid atrial fi brillation 
and the echocardiogram indicated an early cardiomy-
opathy. He had gynecomastia, and he admitted to the 
recent injection of anabolic steroids. Although there is 
no direct evidence that AASs are thrombogenic in 
humans, case reports suggest a possible causal relation-
ship between AAS use and thrombogenic events (e.g., 
massive pulmonary embolus, cerebral thrombosis, car-
diomyopathy with congestive heart failure, biventricular 
thrombi, hepatorenal dysfunction).  95,96   Studies on the 
association between chronic AAS use and hypertension 
or left ventricular hypertrophy are inconsistent.  97

Central Nervous System.     Several case reports asso-
ciated chronic AAS abuse with the development of 
seizures, ischemic midbrain lesions with residual dys-
function (hemiparesis, aphasia, dysarthria),  98   and 
thrombotic strokes,  99   but the causal link between cere-
brovascular accidents and chronic AAS abuse is 
unproven. A 34 - year - old bodybuilder developed an 
acute right hemiparesis and dysarthria after using 
various AAS for 4 years.  100   He had a simple partial 
seizure. At discharge, he had mild motor weakness in 
the right upper extremity with no sensory changes. A 
21 - year - old man developed a generalized tonic - clonic 
seizure left - sided hemiparesis after using 6 – 8   mg ethyl-
estrenol daily for 6 weeks.  101   Angiography demonstrated 
an occlusion of the right anterior cerebral and right 
middle cerebral arteries. In a retrospective cohort study 
of 248 patients testing positive for the presence of AAS 
in connection with receiving medical care, the incidence 
of unspecifi ed convulsions was increased in the AAS -
 positive group (RR    =    53.9, 95% CI    =    7.0 – 415.7) when 
compared with controls (i.e., patients testing negative 
for AAS at the same institution).  102   One of the AAS -
 positive patients with seizures died. However, there are 
few data from cohort or case - control studies to confi rm 
the causal link between AAS abuse and seizures.  

Immune System.     Anabolic - androgenic steroids are 
potentially immunosuppressive based on a study sug-
gesting that chronic AAS abuse reduces immunoglobu-
lins (i.e., IgA), increases natural killer cell activity, and 
increases mitogen response to staphylococcal anti-
gens.  103   There were no signifi cant differences in T - cell 
subsets among steroid users and nonusers in this study. 
However, the clinical relevance of these potential immu-
nosuppressive effects is unclear. Sporadic case reports 
associated infectious complications from the parenteral 
use of AASs including local abscess at the site of injec-
tion,104   septic arthritis,  105   HIV,  106   and hepatitis,  107   usually 
as a result of sharing contaminated needles.  

(mood swings, grandiose thinking, paranoia, impulsivity, 
hostility, violence, and antisocial behavior).  80

  Mood Disorders 

 The true prevalence of these neuropsychiatric disorders 
is diffi cult to determine, but relatively few individuals 
develop these adverse effects; they are found primarily 
in high - dose chronic AAS abusers. In a study of 88 
AAS - using athletes and 68 nonusers, the incidence of 
major mood disorders (mania, hypomania, major 
depression) was signifi cantly more frequent ( P     <    .01) in 
steroid users compared with nonusers.  88   Additionally, 
these mood disorders were more frequent ( P     <    .001) in 
current AAS users than in abstinent AAS users.  

  Medical Complications 

Cardiopulmonary.     Several case reports associate the 
chronic use of AAS with serious cardiovascular compli-
cations including acute myocardial infarction, cardiac 
arrest, and hypertrophic cardiomyopathy without sig-
nifi cant cardiac valvular or coronary artery disease.  68,70

Case reports associate chronic AAS abuse with myocar-
dial infarctions in young men with and without evidence 
of coronary artery occlusion; the presence of coronary 
artery disease in these athletes occurs despite the lack 
of known risk factors for coronary artery disease.  89,90

The development of an acute myocardial infarction was 
associated with high - dose AAS abuse (e.g., 6 weeks 
daily, 2 years intermittently) by a 44 - year - old recre-
ational bodybuilder with diffuse coronary artery disease 
and multiple myocardial risk factors including polycy-
themia, smoking, and family history of early coronary 
artery disease.  91   Left ventricular hypertrophy is a 
common structural abnormality in bodybuilders with 
AAS abuse. A study of 21 bodybuilders with reported 
AAS abuse suggests that concentric hypertrophy of 
the left ventricular wall and impaired diastolic 
function are common complications of steroid abuse.  92

Echocardiographic studies of these athletes demon-
strated increased left ventricular posterior wall thick-
ness and end - diastolic volumes as well as decreased 
ratios of ventricular end - diastolic diameter to body 
mass. A case report of 2 previous healthy bodybuilders 
associated sudden cardiac death with chronic AAS 
abuse.  61   There was evidence of focal myocardial necro-
sis without clinically signifi cant coronary artery disease, 
but the role of chronic AAS abuse in the cardiac arrest 
remains unclear. Ventricular dysrhythmias are not com-
monly associated with chronic AAS abuse. Several case 
reports associate persistent atrial fi brillation with 
chronic AAS use.  93   A 22 - year - old man developed gen-
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epiphyseal plates during chronic AAS use can stunt 
bone growth.  120

Skin.     The most common dermatologic effects of AAS 
abuse are alopecia, male pattern baldness, and hirsut-
ism, particularly in women. Other adverse dermatologic 
effects include keloid formation, sebaceous cysts, com-
edones, seborrheic furunculosis, folliculitis, striae, and 
acne. A common triad of chronic AAS abuse is the 
combination of acne, striae, and gynecomastia. 
Hyperplasia of the pilosebaceous glands and increased 
sebum production cause a high incidence of acne in 
chronic AAS abusers. These effects become prominent 
about 1 month after initiation of AAS abuse, depending 
on the dose and frequency of use.  121   Gynecomastia in 
males is a common adverse effect of chronic AAS abuse. 
These effects are not readily reversible, particularly in 
adolescents.  122   Adverse effects in women following 
chronic AAS use include masculinization (male pattern 
baldness, hirsutism), acne, oily skin, and breast atrophy.  123

The virilizing effects of AAS use by women are similar 
to the clinical features of the virilizing syndrome associ-
ated with congenital adrenal hyperplasia and adrenal 
carcinoma.    

  Reproductive Abnormalities 

 All AASs suppress gonadotropin secretion and there-
fore suppress endogenous testicular function. Adverse 
effects of AASs on the male reproductive system include 
reduced hormone levels (gonadotrophic hormones, 
endogenous testosterone, sex - hormone - binding globu-
lin), impotence (erectile dysfunction),  124   alterations in 
sperm morphology, and reductions in sperm count, 
sperm motility, and the size of the testicles.  125   These 
changes are not responsive to the administration of 
human chorionic gonadotropin, and resolution of the 
alterations in sperm count occurs several months after 
cessation of AAS use with some individuals requiring 
up to 30 weeks of abstinence.  126   Although chronic AAS 
abuse produces hypogonadism, decreased serum testos-
terone and impaired spermatogenesis, these changes are 
reversible within a few months to 1 year following ces-
sation of AAS use.  127,128   Abnormalities of the female 
reproductive system following chronic AAS abuse 
include menstrual irregularity, deep voice, increased 
libido, and increased clitoris size along with elevated 
sex - hormone - binding globulin. Anabolic - androgenic 
steroids are contraindicated in pregnant women (i.e., 
Pregnancy Category X) with potential effects including 
masculinization of the female fetus, clitoral hypertrophy 
of the female fetus, decreased birth weight, and prema-
ture bone maturation.  126

Liver.     Case reports associate AAS abuse with hepatic 
enlargement, peliosis hepatis, serious cholestatic jaundice 
[2,17 - dimethyldihydrotestosterone (methasterone)],  108,109

and hepatorenal failure, particularly following the use 
of oral 17 α  - alkylated AAS (e.g., methandrostenolone, 
methyltestosterone, oxymetholone, oxandrolone, stano-
zolol).66,110   Typically, non - 17 - alkylated anabolic steroids 
are not associated with hepatocellular damage.  111

Jaundice typically resolves several months after cessa-
tion of AAS use, and liver transplantation is not usually 
necessary. Case reports also associate the use of high 
doses of AAS with the development of hepatocellular 
necrosis. A 26 - year - old male bodybuilder reportedly 
used testosterone enanthate (500   mg IM twice weekly), 
stanozolol (40   mg orally/day), and methylandrostene-
diol (30   mg/day orally for 5 weeks). He subsequently 
developed evidence of severe hepatitis with hepatic dys-
function that required a prolonged hospitalization.  112

Peliosis hepatis is a rare illness characterized by blood -
 fi lled spaces within the hepatic parenchyma that typi-
cally occurs in association with a variety of chronic 
wasting diseases (e.g., tuberculosis, malignancy). This 
condition has been associated with both the chronic use 
of pharmacologic doses of AAS and the chronic, inter-
mittent abuse of AAS by bodybuilders.  65   The appear-
ance of peliosis hepatis is not related to the dose of AAS 
or duration of use.  66   Some athletes using AAS take 
polyunsaturated phospholipids and vitamin B complex 
(Compound N) to reduce the elevation of hepatic ami-
notransferases often associated with the use of AAS;  113

however, there are inadequate data to determine the 
effi cacy of this combination supplement.  

Musculoskeletal System.     The use of supraphysio-
logic doses of testosterone increases muscle mass and 
maximal voluntary strength in a dose - dependent 
manner, but there is no defi nitive evidence that testos-
terone improves performance in endurance events.  114,115

Rare case reports associate a general necrotizing myop-
athy with the chronic use of AAS. A 23 - year - old man 
developed diffuse myalgias and severe rhabdomyolysis 
with anuria.  116   Although he developed a viral upper 
respiratory tract infection 1 week prior to the develop-
ment of rhabdomyolysis, muscle biopsy and serum 
testing revealed no evidence of infl ammation or immune 
disease. He had a history of chronic AAS abuse. Other 
case reports associate localized rhabdomyolysis of the 
deltoid muscles with chronic AAS injections in the same 
location.117   There are few data in the medical literature 
regarding the effect of chronic AAS abuse on the func-
tion of connective tissue. Several case reports associate 
the chronic abuse of AAS with disruption of connective 
tissues including spontaneous rupture of ligaments and 
muscles.  118,119   In adolescents, premature closure of the 
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trometry is approximately 25 – 50   pg/mL.  137,138   Other 
methods for the detection of AAS in urine samples 
include micellar electrokinetic capillary chromatogra-
phy, high performance liquid chromatography, capillary 
gas chromatography, and liquid chromatography with 
electrochemical detection.  139,140   Analysis by liquid chro-
matography/electrospray/tandem mass spectrometry 
with simultaneous acquisition of precursor ion scan 
(m / z  105, 91, 77) allows the detection of prohormones 
derived from nutritional supplements even in the pres-
ence of impurities and/or degradation products in 
unconjugated urine samples.  141   Liquid chromatography/
tandem mass spectrometry is more specifi c than radio-
immunoassay for the quantitation of testosterone and 
dihydrotestosterone with the latter method typically 
reporting higher concentrations as a result of interfering 
serum steroids.  142   Compared with gas chromatography/
mass spectrometry, liquid chromatography/tandem 
mass spectrometry after double extraction by solid -
 phase extraction allows the quantitation of AASs (e.g., 
nandrolone) without the hydrolysis and derivatization 
steps.  143   Measurements of testosterone and dihydrotes-
tosterone in fl uoride - containing blood tubes (e.g., gray -
 top) are usually approximately 15 – 20% lower than 
blood collected in plain containers (e.g., red - top). 

 The diagnosis can be confi rmed by one of several 
tests, depending upon the compound to be tested. 
Storage of urine samples at 37 ° C (98.6 ° F) for several 
days results in the deconjugation of most steroid glu-
curonide and sulfate compounds.  144   Anabolic - androgenic 
steroids are not thermally labile, but small elevations of 
testosterone may result from the contamination of urine 
samples with Candida albicans . However, these changes 
are unlikely to cause false - positive tests.  145

  Biomarkers 

 Human urinary steroid profi les contain several statisti-
cally stable parameters, including the testosterone/
epitestosterone ratio, and testosterone metabolites 
(androsterone, etiocholanolone, 5 β  - androstane - 3 α ,17 β  -
 diol, 5 α  - androstane - 3 α ,17 β  - diol).  137   Testosterone is one 
of the few compounds in athletic drug - testing programs 
that have a threshold. Analytic methods cannot distin-
guish between testosterone administered exogenously 
and testosterone produced endogenously. Initially, these 
programs used a testosterone to epitestosterone ratio of 
6:1,146   but now the WADA lowered the ratio to 4. 
Individuals using testosterone suppress the production 
of both testosterone and epitestosterone, resulting in 
replacement with only testosterone and elevated 
testosterone/epitestosterone ratio. The distribution of 
this ratio for both male and female athletes is approxi-
mately log - normal with a mean of about 1.0.  147

  Carcinogenesis 

 Rarely, case reports associate chronic  oral  AAS abuse 
with the development of hepatocellular adenomas, 
which usually regress along with minor elevations of 
serum hepatic aminotransferase concentrations after 
cessation of AAS abuse.  129   These tumors are not malig-
nant, but occasionally surgical removal is necessary 
because of liver dysfunction or intrahepatic bleeding.  130

Other case reports associate chronic AAS abuse with 
the following cancers: kidney,  131   prostate (adenocarci-
noma),132   testes (leiomyosarcoma),  133   and liver (hepato-
cellular carcinoma, angiosarcoma).  134,135   However, there 
are inadequate data (i.e., cohort or case - control studies) 
to causally link chronic AAS use with cancer.   

  DIAGNOSTIC TESTING 

 Most clinical laboratories in healthcare facilities do not 
routinely perform analysis of urine samples for AASs. 
Clinically, abuse of AASs is suspect in male bodybuild-
ers and weightlifters with small testes, low sperm counts, 
high hematocrit and hemoglobin values, and low serum 
sex - hormone - binding globulin concentrations. The pres-
ence of hirsutism, balding, and acne in a women athlete 
also suggests the use of AASs. 

  Analytic Methods 

 Analysis of steroids is a complicated process because of 
the large number of compounds (i.e.,  > 7,000), thermal 
lability, poor volatility, and low UV extinction coeffi -
cients. Because of the rapid metabolism of AAS, detec-
tion times for determining the use of these drugs 
increase by analyzing urine samples for AAS metabo-
lites, primarily by gas chromatography/mass spectrom-
etry (GC/MS). Increasing useful, newer analytic methods 
to supplement gas chromatography/mass spectrometry 
include liquid chromatography/mass spectrometry and 
carbon isotope mass spectrometry for the detection of 
testosterone. Confi rmation of AAS use involves the 
comparison of the electron impact mass spectrum with 
GC retention times of the trimethylsilyl derivatives of 
the steroid and/or the corresponding metabolites to 
synthesized or isolated reference standards. Analytic 
methods for qualitative and/or quantitative determina-
tions of AAS typically employ gas or liquid chroma-
tography combined with electron, chemical, or 
atmospheric pressure ionization followed by analyses 
using quadrupole, ion trap, linear ion trap, or hyphen-
ated techniques.  136   The 2 common atmospheric - pressure 
ionization modes are electrospray ionization and 
atmospheric - pressure chemical ionization. The limit of 
detection for liquid chromatography/tandem mass spec-
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norandrosterone, and only very rarely do nondoping 
urine samples contain norandrosterone concentrations 
above the IOC - accredited laboratory cutoff of 2   ng/mL 
when corrected for urine specifi c gravity.  2   Both noran-
drostenedione and norandrostenediol are dietary sup-
plements available in the United States, but all major 
sports organizations prohibit the use of these supple-
ments. Potentially, these substances could be acciden-
tally ingested by individuals, who subsequently could 
test positive for norandrosterone.  

  Abnormalities 

 Although some studies of athletes who chronically use 
AASs demonstrate asymptomatic elevation of serum 
hepatic aminotransferases,  66   most longitudinal studies 
of these athletes do no report changes in the common 
liver enzymes.  159   When present, the elevations of liver 
enzymes resolve without evidence of permanent patho-
logic changes following cessation of AAS use. Rarely, 
case reports associate evidence of severe hepatocellular 
necrosis (e.g., elevated serum hepatic aminotransfer-
ases, hyperbilirubinemia, hypoprothrombinemia) with 
chronic, intermittent AAS abuse.  112

 The total cholesterol concentration remains rela-
tively unchanged during AAS use, but the concentra-
tions of low density lipoprotein and apolipoprotein B 
increase about 30 – 50%, while the concentrations of 
high - density lipoprotein and apolipoprotein A1 decrease 
about the same amount.  157,158   There is substantial varia-
tion in the effect of different AAS on the cholesterol 
profi le.  159,160   These alterations typically resolve within 
about 5 months after cessation of steroid use.   

  TREATMENT 

 The treatment of acute or chronic AAS abuse is sup-
portive, and there are no specifi c measures directed to 
the medical complication of AAS abuse. There are no 
clinical data to guide the treatment of AAS overdose 
including the effi cacy of decontamination measures. The 
acute symptoms associated with AAS typically are tran-
sitory (nausea, vomiting) and should respond to general 
treatment regimens (antiemetics). The most important 
aspect of treating AAS abuse is the cessation of AAS 
use.  161   Coordination of efforts to stop the use of AAS 
may benefi t from therapy with a psychiatrist or an 
addiction specialist as well as medical treatment by an 
endocrinologist for the endocrine effects associated 
with chronic AAS abuse.  162   The treatment of agitation 
during AAS use and agitation during the use of other 
substances of abuse is similar; treatment includes the 
administration of benzodiazepines (lorazepam) and 

Limitations of this ratio result from the effects of micro-
bial degradation, excessive ethanol consumption, phar-
macogenetic factors, pathologic conditions, and 
alteration of the ratio during puberty.  148   This ratio 
returns to baseline after cessation of testosterone use, 
whereas the ratio remains elevated for the rare athlete 
with a naturally increased ratio. Serial testing of the 
testosterone/epitestosterone ratio over at least 1 month 
after an event help determine the use of doping if the 
individual coeffi cient of variation exceeds 60% in 3 or 
more urine samples during this period. 

 Efforts to escape detection include the administra-
tion of epitestosterone or human chorionic gonadotro-
pin to increase epitestosterone concentrations to 
produce a more favorable ratio; thus, the WADA estab-
lished a threshold of 200   ng/mL for urinary epitestos-
terone to detect attempts to alter this ratio.  149   The ratio 
of testosterone to luteinizing hormone is also high (i.e., 
> 30) in the urine of men using testosterone as a result 
of the testosterone - induced suppression of the secretion 
of luteinizing hormone.  150   This ratio is not useful in 
women. An alternative method for the detection of 
doping with AASs involves analysis of the ratio of the 
2 stable carbon isotopes,  13 C/ 12 C with gas chromatography/
combustion/isotope - ratio mass spectrometry. Exogenous 
testosterone or precursors contain less 13 C than endog-
enous homologues; consequently, urinary steroids with 
low 13 C/ 12 C ratios indicate pharmaceutic sources.  151

Urinary reference ranges for the 13 C/ 12 C ratio require 
correction for diet.  152   Similarly, recommended con-
fi rmatory procedure for the detection of 5 α  -
 dihydrotestosterone (DHT) abuse in male athletes uses 
the DHT/epitestosterone ratio in urine.  153   These ratios 
exceed reference standards within 24 hours of IM injec-
tion of DHT and return to baseline values within 1 
month of the cessation of DHT use. Case reports suggest 
that the ingestion of AAS - contaminated meat (e.g., clo-
stebol) can produce false - positive test results for AAS 
abuse.  154

 Norandrosterone is a human urinary metabolite of 
nandrolone (19 - nortestosterone) that occurs naturally 
in trace amounts, particularly in pregnant women.  155   In 
a study of 30 healthy men without a history of AAS use, 
the range of the urinary excretion rates were 0.03 –
 0.25    μ g/24 hours or 0.01 – 0.32   ng/mL in nonfractionated 
24 - hour urine. To account for interindividual variabi-
lity and the log - normal distribution, a threshold of 
19 - norandrosterone endogenous concentration of 2   ng/
mL was established that represented the geometric 
mean plus 4 standard deviations. The maximum noran-
drosterone concentration in this group of urine samples 
was 0.63   ng/mL with a mean concentration of 0.078   ng/
mL.156   Almost all (i.e., about 95%) urine samples from 
healthy men have nondetectable concentrations of 
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  Chapter 16 

   CLENBUTEROL 

           HISTORY 

 In 1972, the International Olympic Committee (IOC) 
banned the use of β2  - agonists including clenbuterol 
because of concern about the stimulant properties of 
this class of drug. During the next several decades, the 
approach of the IOC to the use of inhaled β2  - agonists 
by athletes changed in response to information on the 
prevalence of asthma in elite athletes and the lack of 
anabolic effects of inhaled β2  - agonists.  1   The prevalence 
of the use of inhaled β2  agonists by athletes is similar to 
nonathletes from the same  country, but  β2  - agonist use 
by athletes varies by sport with the use being high in 
endurance athletes. During the Sydney and Athens 
Olympic games, the use of inhaled  β2  - agonists by cyclists, 
triathletes, and swimmers exceeded 11% compared with 
< 2% for weightlifters, boxers, and wrestlers.  2   Similarly, 
the prevalence of β2  agonists by cross - country skiers and 
speed skaters at the Salt City Winer Olympic games 
exceeded 10.5% compared with < 3% for alpine skiing 
and bobsledding athletes.  3

 Clenbuterol was marketed primarily as a veterinary 
drug to treat asthma in large animals and to improve 
muscle mass and muscle/fat ratios in meat - producing 
animals.  4   During the 1980s, bodybuilders and power ath-
letes began using clenbuterol as an anabolic agent. In 
addition, the illicit use of clenbuterol to increase muscle 

mass and reduce fat in food - producing and show animals 
occurred during the late 1980s.  5   During the early 1990s, 
several outbreaks of clenbuterol toxicity occurred as a 
result of the consumption of veal and beef contami-
nated as a result of the illicit feeding of animals with 
clenbuterol.6   The increased use of clenbuterol by body-
builders and power athletes resulted in the addition of 
this β2  - agonist to the World Anti - Doping Agency 
(WADA) list of prohibited drugs. Two athletes compet-
ing in fi eld events were disqualifi ed for clenbuterol use 
during the Barcelona Olympic Games in 1992.  1   This 
drug is also prohibited by the Association of Offi cial 
Racing Chemists.  

  IDENTIFYING CHARACTERISTICS 

 Clenbuterol (CAS RN: 37148 - 27 - 9) or 4 - amino -  α  - [(tert -
 butylamino)methyl] - 3,5 - dichlorobenzyl alcohol has a 
structure similar to other phenethanolamine β  -
 adrenergic agonists as displayed in Figure  16.1 . This 
colorless microcrystalline powder is soluble in 
water, ethanol, and methanol; the molecular weight is 
313.65   g/mol. Beta 2  - adrenergic agonists contain various 
substitutions to prevent degradation and to increase 
selectivity for the β2  - adrenergic receptor. Clenbuterol is 
structurally similar to albuterol, differing from the latter 
by the presence of 2 chlorine atoms and an amine 
group on the benzene ring. These changes purportedly 
enhance oral absorption, beta 2  - adrenergic receptor 
activity, and resistance to inactivation by catechol -  O  -
 methyl transferase.  7

CLENBUTEROL and SALBUTAMOL 
(ALBUTEROL) 

   James     Rhee  ,   MD   
    Timothy     Erickson  ,   MD       
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involve veal, bovine liver, or beef with clenbuterol con-
centrations exceeding 0.1    μ g/kg.  13,14    

  Methods of Abuse 

 The usual route for the abuse of clenbuterol is ingestion 
as a result of the high oral bioavailability of clenbuterol. 
Consequently, the administration of clenbuterol paren-
terally offers no signifi cant increase in bioavailability. 
Additional drugs used by athletes to enhance the effects 
of clenbuterol and reduce side effects include niacin, 
pseudoephedrine, ephedrine, and phenyl propanolamine.  15     

  DOSE EFFECT 

 The recommended adult human dose of clenbuterol in 
the treatment of asthma is 20 – 40    μ g orally twice daily 
or 20    μ g by inhalation given at 8 - hour intervals.  16   There 
are limited published data on the toxic effects of supra-
therapeutic doses of clenbuterol. In a controlled clinical 
study of 5 patients with depression, the ingestion of 
100 – 150    μ g clenbuterol daily for 3 weeks was associated 
with tremor, restlessness, and agitation in all 5 patients.  17   
The range of a typical  “ anabolic ”  dose of clenbuterol for 
athletes is about 60 – 100    μ g daily for 6 – 12 weeks.  18   A 
case report documented the use of much larger doses of 
clenbuterol (e.g., 1,575    μ g daily for 1 ½  months) in com-
bination with anabolic steroids.  19   This bodybuilder 
developed myocardial fi brosis, ventricular hypertrophy, 
and reduced left ventricular ejection fraction (i.e., 40%).  

  TOXICOKINETICS 

  Kinetics 

 In a study of 9 healthy male volunteers, peak plasma 
clenbuterol concentrations (i.e., about 0.3   ng/mL) 
occurred 2 – 3 hours after the ingestion of a single dose 
of 20    μ g clenbuterol.  20   The bioavailability of a single 
dose is relatively high (i.e., about 70 – 80%). The systemic 
absorption of clenbuterol via inhalation is substantially 
less than the oral route.  In vitro  studies indicate that 
clenbuterol is highly protein bound (50 – 98%);  21   the 
volume of distribution is also relatively large. 

 There is evidence of multiple metabolites following 
hepatic metabolism of clenbuterol, but the structures of 
these me olites have not been elucidated. The main 
metabolite is probably a 4 - mono - nitro compound and a 
secondary metabolite formed by dechlorination.  22   

 In volunteer studies, renal excretion of unchanged 
clenbuterol accounts for about 30% of the absorbed 
dose of clenbuterol.  20   Biliary excretion and renal excre-
tion of conjugated metabolites (i.e., mostly sulfates) 
account for the remainder of clenbuterol elimination. 

 Clenbuterol is not available as a pharmaceutic prepa-
ration in the United States for human use. In some 
European and South American countries, clenbuterol is 
available in tablets (10    μ g, 20    μ g) and as a powder for 
formulating solutions of varying clenbuterol concentra-
tions. Commercial parenteral preparations are also 
available.  

  EXPOSURE 

  Epidemiology 

 The prevalence of abuse of clenbuterol or other beta -
 agonists is not well - documented. According to the 
WADA in 2004,  β  2  - adrenergic agonists accounted for 
11.5% of all the  “ adverse analytic fi ndings, ”  defi ned as 
 “ a report from a laboratory or approved testing entity 
that identifi es in a specimen the presence of a prohib-
ited substance or its metabolites or markers (including 
elevated quantities of endogenous substances) or evi-
dence of the use of a prohibited method.  8    

  Sources 

 Clenbuterol is not approved by the US Food and Drug 
Administration (FDA), but this drug is approved for the 
treatment of asthma in some Southern European and 
South American countries. This drug is approved as oral 
syrup for the treatment of bronchoconstriction in horses, 
and illicit sources of clenbuterol in the United States 
include diversion of veterinary medicine and illegiti-
mate importation. Clenbuterol is the only  β  - agonist 
approved in the European Union (EU) for the treat-
ment of nonfood animals including chronic obstructive 
pulmonary disease in horses and the control of parturi-
tion in cattle and sheep.  9   The use of clenbuterol for 
improvement of the muscle/fat ratio (repartition agent) 
or muscle mass (anabolic agent) is not approved in the 
EU.  10   Some dietary supplements marketed through the 
Internet may contain clenbuterol.  11   

 Sources of poisoning with clenbuterol include food 
poisoning and the contamination of heroin. Several case 
series report the occurrence of clenbuterol toxicity fol-
lowing the ingestion food contaminated with clen-
buterol.  12   Typically, these outbreaks of food poisoning 

        FIGURE 16.1.     Chemical structure of clenbuterol.  
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doses would be expected to produce adverse effects 
associated with excessive β2  - adrenergic stimulation. 

 Although not well studied in humans, existing data 
do not support improvements in muscle mass or athletic 
performance in healthy adults using clenbuterol.  31   In 
animal studies, the administration of clenbuterol 
increases the rate of muscle protein deposition and 
independently promotes lipolysis. Skeletal and cardiac 
muscle hypertrophy, but not hyperplasia occur in ani-
mal - feed clenbuterol.  32   The increase in protein synthesis 
results primarily from inhibition of protein degradation 
rather than increases in protein synthesis.  23   These animal 
studies do not demonstrate any alteration of plasma 
testosterone, insulin, or growth hormone concentra-
tions; furthermore, the anabolic effects may diminish 
with prolonged treatment.  

  Mechanism of Toxicity 

 Toxicity from  β2  - adrergic agonists results from excessive 
β2  stimulation along with loss of  β2  - selectivity following 
a supratherapeutic dose. Stimulation of  β2  - adrenergic 
receptors promotes smooth muscle relaxation, activate 
glycogenolysis in the liver, and increases potassium 
uptake in skeletal muscle. Tachycardia is a common 
manifestation of toxicity secondary to β2  - adrergic ago-
nists. Mechanisms for the development of tachycardia 
during an overdose include the following: 1) refl ex 
tachycardia from β2  - adrenergic mediated peripheral 
vasodilation, 2) direct stimulation of the  β1  - adrenergic 
receptors, and 3) activation of  β2  - adrenergic receptors 
in the right atrium and left ventricle. Beta 2  - adrenergic 
receptors stimulate the sodium - potassium ATPase 
pump and cause an intracellular shift of potassium 
into the cells, resulting in a relative hypokalemia. 
Hyperglycemia results from increased glycogenolysis, 
primarily in the liver. Intracellular sequestration of 
magnesium and phosphorus also occurs, resulting in 
hypomagnesemia and hypophosphatemia.  33

 Long - term animal studies suggest the possibility that 
the chronic administration of β2  - adrenergic agonists alter 
the structure of the heart. The administration 2   mg 
clenbuterol/kg daily to rats for 16 – 18 weeks caused 
cardiac hypertrophy when compared with controls (no 
clenbuterol).34   The structural changes included an 
increased absolute heart mass of approximately 19% and 
an increased heart mass/body mass ratio of about 20%. 

  CLINICAL RESPONSE 

  Illicit Use 

 Clinical data on the acute and chronic toxicity of clen-
buterol use by athletes is limited. Adverse effects of 

The plasma elimination half - life of clenbuterol is 
approximately 25 – 39 hours.  14

  Tolerance 

 Adrenergic receptor desensitization occurs within 
approximately 2 weeks in rodents following the admin-
istration of clenbuterol.  23   Tolerance to  β2  - agonists results 
from the down - regulation of  β2  - receptors following 
daily exposure,  24,25   but this tolerance is rapidly revers-
ible within about 3 days following cessation of use.  26

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Beta - adrenergic agonists activate  β  - adrenergic recep-
tors located throughout the body. The  β1  - adrenergic 
receptor subtype occurs in the myocardium, and stimu-
lation of these receptors cause inotropic and chrono-
tropic effects. Beta 2  - adrenergic receptors throughout 
the body are located in smooth muscle (lung, gastroin-
testinal tract, uterus, vascular system), skeletal muscle, 
hepatocytes, and the myocardium. Selective  β2  -  adren-
ergic agonists stimulate the β2  - adrenergic receptors by 
the following mechanisms: 1) directly activating the  β2  -
 receptor (albuterol), 2) transport into a membrane 
depot (formoterol), and 3) interacting with a receptor -
 specifi c auxiliary binding site (salmeterol).  27

 Stimulation of the  β2  - adrenergic receptor results in 
activation of intracellular adenylyl cyclase and the 
increased conversion of adenosine triphosphate (ATP) 
to cyclic 3 ′ 5 ′  - adenosine monophosphate (cAMP). cAMP 
is a major second messenger that activates intracellular 
protein kinases and ultimately produces biologic effects. 
These effects include bronchodilation, skeletal muscle 
arteriolar dilation, splanchnic venodilation, insulin 
secretion, decreased gut motility, hepatic gluconeogen-
esis, skeletal muscle glycogenolysis, skeletal muscle 
potassium uptake, and mast cell silization. 

 In animal models, the chronic administration of clen-
buterol decreases fat deposition, reduces protein break-
down, and stimulates hypertrophy of skeletal muscles, 
particularly type II fi bers.  28,29   The injection of rats with 
clenbuterol at a dose of 1   mg/kg daily for 15 days 
reduced epididymal fat pad mass (mean, 39%) while 
increasing body weight (mean, 9%), protein content 
(mean, 8%) and water content (mean, 7%) compared 
with controls.  30   These changes persisted at least 9 days 
after termination of treatment. However, the doses used 
in these animal studies are much higher than the doses 
recommended for humans, and the use of these high 
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sistent sign of β2  - adrenergic toxicity.  42   Clenbuterol does 
not typically cross the blood - brain barrier; therefore 
seizures do not usually occur during an clenbuterol 
overdose. This drug is an adulterant of heroin and 
cocaine, and the insuffl ation of a white powder contain-
ing clenbuterol has been associated with the acute onset 
of chest pain, palpitations, tremors, headache, nausea, 
vomiting, and subsequently pulmonary edema with 
respiratory failure.  43

  Food Poisoning 

 Outbreaks of clenbuterol toxicity have occurred in 
Europe (Spain, France, Italy, Portugal) and China follow-
ing the consumption of clenbuterol - contaminated food, 
primarily liver from ruminants. In a study of 4 cases of 
food poisoning involving clenbuterol - contaminated 
bovine liver, bovine muscle, and lamb meat in Portugal, 
the most common symptoms were tachycardia, tremors, 
nausea, and stomach pains as demonstrated in Table 
 16.1 .  44   Random samples of contaminated meat contained 
approximately 1   mg clenbuterol/kg. 

 In a series of 15 patients with clinical features of food 
poisoning after consuming clenbuterol - contaminated 
veal, the onset of symptoms (palpitations, headache, 
tachypnea, tremors) occurred between 0.5 – 3 hours after 
eating.  12   Symptoms resolved within 3 – 5 days.   

  DIAGNOSTIC TESTING 

 The diagnosis of  β2  - adrenergic agonist toxicity in the 
acute setting is based on the presence of the clinical 
features of excessive β  - adrenergic stimulation. Analytic 
methods confi rm the presence of excessive amounts of 
β  - adrenergic agonist, usually in urine samples. 

β2  - agonists include headache, muscle tremor, muscle 
cramps during intense exercise, and palpitations.  35

Similarly, toxicity associated with clenbuterol -
 adulterated heroin includes palpitations, tachycardia, 
hypotension, tremor, anxiety, diaphoresis, nausea, 
vomiting, hypokalemia, hypophosphatemia, and hyper-
glycemia.36   Rare case reports associate anabolic regi-
mens including clenbuterol use with serious cardiac 
events. An acute myocardial infarction (peak creatine 
kinase 1,060   IU/L) occurred in an otherwise healthy 
26 - year - old bodybuilder using both anabolic steroids 
(testosterone propionate, cypionate, enanthate, meth-
androstenolone, stanozolol) and clenbuterol.  37   He 
stopped using anabolic steroids and started using clen-
buterol about 4 weeks before his myocardial infarction. 
His coronary angiogram was normal. Another case 
report associated the development of a non - Q wave 
myocardial infarction with the use of clenbuterol by a 
17 - year - old male bodybuilder.  38   He reported the use of 
clenbuterol 40   mg daily for 2 weeks; then a 2 - day hiatus 
prior to the onset of retrosternal chest pain. He denied 
the use of anabolic steroids. Echocardiography demon-
strated hypokinesis of the apex along with mild left 
ventricular hypertrophy, and an angiogram 5 days after 
admission was normal. There are few data on the effect 
of the chronic administration of β2  - adrenergic drugs in 
humans at doses illicitly used by athletes; therefore, the 
clinical signifi cance of these animal studies is unclear.  

  Overdose 

 The clinical features associated with overdoses involv-
ing clenbuterol are characteristic of β2  - adrenergic ago-
nists. Clenbuterol is a long - acting drug that produces 
prolonged β2  - stimulation during an overdose including 
headache, dizziness, lightheadedness, tinnitus, muscle 
weakness, tremor, diaphoresis, nausea, vomiting, anxiety, 
agitation, chest pain, palpitations, sinus tachycardia 
(135 – 160   bpm), hypotension, hypokalemia, hypophos-
phatemia, metabolic acidosis, and hyperglycemia.  39,40

The most common manifestation of clenbuterol toxicity 
are tachycardia, agitation, and hypokalemia. Sinus 
tachycardia is the most common dysrhythmia associated 
with clenbuterol intoxication, and signs of intoxication 
can persist up to about 24 hours.  33   A 31 - year - old man 
developed palpitations, dyspnea, and a supraventricular 
tachycardia (ventricular rate    =    254   bpm) after the 
ingestion of clenbuterol hydrochloride.  41   About 16 
hours after ingestion, an electrocardiogram revealed 
atrial fi brillation with a ventricular rate of 125 – 147   bpm; 
later, he was cardioverted to a normal sinus rhythm. 
Serious ventricular dysrhythmias do not usually occur 
during clenbuterol intoxication. Mydriasis is an incon-

 TABLE 16.1.    Incidence of Toxic Effects Associated with 
the Consumption of Clenbuterol - Contaminated Meat by 50 
Patients.   44

   Clinical Effect     Number     % of Total  

  Tachycardia    41    82  
  Distal tremors    38    76  
  Nausea    37    74  
  Stomach ache    34    68  
  Diarrhea    25    50  
  Temperature 
> 37.5 ° C (99.5 ° F)  

  18    36  

  Headache/dizziness    18    36  
  Myalgias/weakness    11    22  
  Hypertension    9    18  
  Vomiting    9    18  
  Dry mouth/voice change    5    10  
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  TREATMENT 

 The treatment of clenbuterol toxicity is similar to the 
treatment of other β2  - adrenergic agonists with manage-
ment focused on symptomatic and supportive care. The 
principal difference between clenbuterol and other β2  -
 adrenergic agonists is potency and duration of action. 
The clinical features of clenbuterol toxicity persist much 
longer (e.g., half - life 25 – 39 hours) than salbutamol 
(half - life 3 – 6 hours). Patients with signs of clenbuterol 
toxicity should be monitored closely for dysrhythmias 
and hypotension secondary to vasodilation with an elec-
trocardiogram, cardiac monitoring, and frequent vital 
signs. These patients should also be evaluated for the 
presence of metabolic and electrolyte abnormalities. 

  Gut Decontamination 

 The administration of activated charcoal to alert patients 
who ingest clenbuterol within 1 hour prior to presenta-
tion is a therapeutic option,  57   but there are no clinical 
data to confi rm the clinical effi cacy of activated charcoal 
on the outcome of clenbuterol intoxication.  

  Antidotes 

 Case reports suggest that  α  -  and  β  - adrenergic antago-
nists are potential  antidotes for  β  - adrenergic agonist 
toxicity, particularly following the development of a 
clinically signifi cant tachydysrhythmia or hypotension 
unresponsive to intravenous (IV) fl uid therapy.  58

However, there are no specifi c IV  β2  - blockers. Typically, 
noninvasive cardiac monitoring in patients with tachy-
cardia, lactic acidosis, and hypotension demonstrate low 
systemic vascular resistance with high cardiac output. 
Nonselective β  - adrenergic antagonists should not be 
administered prematurely or indiscriminately because 
excessive use of these drugs in the setting of a clenb-
uterol overdose may cause a serious deterioration in the 
vital signs as a result of unopposed α  - adrenergic stimu-
lation. Although case reports suggest that  β  - adrenergic 
antagonist can be administered to asthmatic patients 
judiciously,  59   these drugs must be administered cau-
tiously to patients with a history of bronchospasm or 
chronic obstructive pulmonary disease. Theoretically, 
the initial use of a short - acting  β  - adrenergic antagonist 
is advantageous [e.g., esmolol drip, IV metoprolol (5   mg 
initial IV bolus to adults)] to quickly reverse any adverse 
effects from the use of these drugs. If the patient 
responds to initial doses of a short - acting  β  - adrenergic 
antagonist and no adverse effects occur, a longer - acting 
β  - adrenergic antagonist (e.g., propranolol 0.5 – 1   mg 
intravenously) can be administered to control clinically 

  Analytic Methods 

 Immunoassays (e.g., enzyme - linked immunosorbent 
assay [ELISA]) are available to screen for the presence 
of clenbuterol, but cross - reactivity with salbutamol 
and mabuterol limits the specifi city of these tests.  45   For 
confi rmation of the presence of clenbuterol, analytic 
methods include capillary electrophoresis,  46   high 
performance liquid chromatography with ultraviolet 
detection,47   liquid chromatography/electrospray 
ionization/mass spectrometry,  48,49   gas chromatography/ 
electrospray ionization/tandem mass spectrometry,  50

and gas chromatography/mass spectrometry.  51   Gas 
chromatography/mass spectrometry is a sensitive 
method for the analysis of clenbuterol in urine samples 
with a detection limit in the range of 0.02   ng/mL.  52   For 
capillary electrophoresis with laser - induced fl uores-
cence, the limit of detection (LOD) for clenbuterol in 
biologic samples is about 0.7   ng/mL.  53   The LOD for 
clenbuterol and salbutamol with liquid chromatography/
electrospray tandem mass spectrometry is near 0.1 –
 0.5   ng/mL.  54,55   Using liquid chromatography/tandem 
mass spectrometry with ion trap technology, the LOD 
and LLOQ of clenbuterol in liver samples were 0.11    μ g/
kg and 0.21    μ g/kg, respectively.  56

  Biomarkers 

 Following the ingestion of 80    μ g clenbuterol by healthy 
volunteers, peak plasma concentration of clenbuterol 
occurred about 2.5 hours after ingestion.  21   In this 
study, the peak plasma clenbuterol concentration was 
about 5   ng/mL compared with a steady - state plasma 
clenbuterol concentration of 0.6   ng/mL following the 
ingestion of 40    μ g clenbuterol twice daily for 4 days. 
A 28 - year - old woman developed tremulousness, 
vomiting, palpitations, sinus tachycardia, hyperglycemia, 
hypokalemia, and hypomagnesemia after ingesting a 
powder containing clenbuterol.  33   Three hours after her 
ingestion, her serum clenbuterol concentration was 
2.93   ng/mL as measured by liquid chromatography/
mass spectrometry.  

  Abnormalities 

 Laboratory abnormalities associated with  β2  - adrenergic 
overdose include hypokalemia, hypophosphatemia, 
hypomagnesemia, hyperglycemia, and metabolic acido-
sis. The severity of hypokalemia correlates to serum 
clenbuterol concentration. The differential diagnosis of 
the triad of hypokalemia, hyperglycemia, and hyperlac-
tatemia includes theophylline and caffeine toxicity as 
well as β  - adrenergic agonist overdose.   
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asthma by athletes using  β  2  - agonists. Accepted evidence 
includes positive bronchoconstrictor response, positive 
methacholine challenge, positive bronchodilator 
response, and confi rmatory medical records.  

  IDENTIFYING CHARACTERISTICS 

 Albuterol (CAS RN: 18559 - 94 - 9) is the offi cial generic 
name in the United States, whereas salbutamol (CAS 
RN: 35763 - 26 - 9) is the name recommended by the 
World Health Organization. Figure  16.2  displays the 
chemical structure of salbutamol (albuterol). Salbutamol 
is a racemic mixture of 2 enantiomers:  S ( + ) -  and  R ( − ) -  
salbutamol. The  R ( − ) has most of the pharmacological 
activity, whereas the  S ( + ) enantiomer is inactive.  60      

  EXPOSURE 

 The IOC permits the use of salbutamol in athletes with 
documented asthma or exercise - induced asthma after 
the approval of a therapeutic use exemption by an inde-
pendent medical panel. This  β  2  - agonists is the only one 
approved by WADA with the following limitation: 1) 
the use of only the inhalant is permitted as salbutamol 
is both a stimulant and an anabolic agent when admin-
istered orally, 2) the maximum permitted use is 
1,600    μ g/24 hours, and 3) the presence of urine salbuta-
mol concentrations exceeding 1,000   ng/mL is presumed 
evidence of salbutamol abuse.  61   The IOC requires docu-
mented evidence of bronchoconstriction prior to the 
use of these  β  2  - agonists. All oral  β  2  - agonists are prohib-
ited. Although salbutamol is available in inhaled form, 
the lack of anabolic effects by this route limits the abuse 
of this  β  2  - adrenergic agonist.  

  DOSE EFFECT 

 Although inhaled dose of salbutamol typically do not 
cause ergogenic or anabolic effects, the oral administra-
tion of salbutamol to non - asthmatic individuals can 
improve muscle strength, anaerobic power and endur-
ance. However, the typical oral dose used for ergogenic 
effects is 10 – 20 - fold higher than the maximal therapeu-
tic dose of inhaled salbutamol (800 – 1,600    μ g daily).  62    

signifi cant symptoms of intoxication. Metabolic abnor-
malities (e.g., hypokalemia, hyperglycemia, hypomagne-
semia) resolve with improvement in clinical symptoms; 
therefore, only supportive care is necessary for these 
metabolic abnormalities.  

  Supplemental Care 

 Most patients with tachycardia and hypotension sec-
ondary to  β  - adrenergic agonist intoxication respond to 
supportive care with IV saline and vasopressors usually 
are not required. Hypokalemia typically results from an 
intracellular shift of potassium rather than a loss of 
extracellular potassium. Consequently, the total body 
burden of potassium is not reduced during  β  - adrenergic 
agonist poisoning; therefore, potassium supplements 
should be administered cautiously as small potassium 
infusions only in the setting of severe or symptomatic 
hypokalemia. Aggressive treatment of this relative 
hypokalemia potentially can cause hyperkalemia 
when the  β  - adrenergic agonist activity of these drugs 
resolve. The hypomagnesemia, hypophosphatemia, and 
hyperglycemia do not usually require therapy, unless 
severe abnormalities occur. Seizures are uncommon 
during  β  - adrenergic agonist toxicity, and IV benzodiaz-
epines are the anticonvulsants of choice. If seizures 
occur, other sources of seizures should be considered 
including toxicity by other sympathomimetic agents or 
theophylline.       

  SALBUTAMOL 
(ALBUTEROL) 

           HISTORY 

 In 1972, the International Olympic Committee (IOC) 
banned the use of  β  2  - agonists because of concern about 
the stimulant properties of this class of drug. During the 
next several decades, the approach of the IOC to the 
use of inhaled  β  2  - agonists by athletes changed in 
response to information on the prevalence of asthma in 
elite athletes and the lack of anabolic effects of inhaled 
 β  2  - agonists.  1   In 1993, the Medical Commission of the 
International Olympic Committee re - introduced the 
notifi cation requirement for inhaled  β  2  - agonist and 
limited the use of inhaled  β  2  - agonists to salbutamol and 
terbutaline. Inhaled formoterol was added to this 
list in 2001. During that year, the IOC established the 
Independent Asthma Panel to oversee the required sub-
mission of evidence of asthma or exercise - induced 

       FIGURE 16.2.     Chemical structure of salbutamol 
(albuterol).  
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64.2%    ±    7.1% and 12.0%    ±    3.1%, respectively. The 
values resulting from the administration of salbutamol 
by these 2 routes were signifi cantly different ( P     <    .001). 
In a study of asthmatic patients ingesting 3 H - salbutamol, 
approximately 76% (range, 65 – 84%) of the dose was 
excreted over 3 days in the urine with a majority of the 
excretion occurring in the fi rst 24 hours as measured by 
total radioactivity.  69   During this period, the feces con-
tained about 4% of the absorbed dose (range, 1 – 7%). 
In a study of 10 healthy volunteers, the mean urinary 
elimination half - lives of salbutamol following ingestion 
(4   mg) and inhalation (400    μ g) were 5.7 hours    ±    1.4 
hours and 6.1 hours    ±    2.1 hours, respectively.  64

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 There are limited data on anabolic effects and physical 
performance parameters following the doses of β2  ago-
nists typically used to treat asthma. In a study of 12 
healthy volunteers receiving 16   mg sustained - release, 
oral  salbutamol daily for 3 weeks, quadriceps strength 
increased 12%    ±    3% compared with placebo.  70   However, 
the effect was variable as there was no change in grip 
strength in either hand during the trial. Most double -
 blind, controlled clinical trials do not demonstrate a 
statistically signifi cant improvement in physical perfor-
mance of atopic or non - atopic athletes treated with 
therapeutic  doses of  inhaled   β2  - agonists including salbu-
tamol and terbutaline, even at supratherapeutic doses 
up to 1200    μ g daily.  62   A double - blind, placebo - controlled 
study of 7 nonasthmatic, elite cyclists demonstrated no 
ergogenic benefi t of a therapeutic dose of inhaled sal-
butamol.71   Measures of physical performance included 
maximum heart rate, endurance sprint time, peak power, 
and total work. 

 In contrast to the lack of ergogenic effects following 
the therapeutic use of inhaled  salbutamol, the adminis-
tration of oral  doses of salbutamol has been associated 
with improved strength and endurance during intense 
submaximal exercise. A randomized, placebo - controlled, 
double - blind study of 8 recreational, nonasthmatic ath-
letes demonstrated increased endurance during intense 
submaximal exercise (cycling) following the administra-
tion of oral salbutamol 12   mg daily for 3 weeks.  72   The 
cycling time was signifi cantly increased ( P     <    .05) after 3 
weeks of salbutamol administration (30.5   min    ±    3.1   min) 
compared with placebo (23.7   min    ±    1.6   min). In a 
double - blind randomized cross - over study of 16 non-
asthmatic men, the mean endurance times on a cycle 
ergometer for the placebo and treatment (i.e., 4   mg sal-
butamol) groups were 3,039    ±    1,031 seconds and 
3,439    ±    1,287, respectively. The difference was not sta-
tistically signifi cant ( P     =    .19).  73   However, following the 

  TOXICOKINETICS 

  Absorption/Distribution 

 In contrast to the high bioavailability of clenbuterol, the 
average absorption of salbutamol is about 50% of an 
oral dose. In a study of 10 healthy volunteers ingesting 
4 salbutamol doses of 4   mg divided over 24 hours, the 
mean systemic bioavailability was 50%    ±    4%.  63   The 
mean bioavailability of salbutamol in 10 healthy volun-
teers following inhalation of 400    μ g and the ingestion of 
4   mg was 57.4%    ±    14.9% and 63.3%    ±    10.9%, respec-
tively.  64   In 10 healthy volunteers receiving IV salbuta-
mol, the mean V d  was 156   L    ±    38   L.  63

  Biotransformation 

 Salbutamol metabolism occurs in the intestine and liver 
almost exclusively by conjugation with sulfate at the 
phenolic group. The active  R ( − ) - enantiomer undergoes 
a higher rate of conjugation with sulfur than the inactive 
S ( + ) - enantiomer; therefore, the kidneys excrete a rela-
tively larger portion of free S ( + ) in the urine after inges-
tion than after inhalation. The free  S ( + )/ R ( − ) ratio is 
close to unity during the fi rst hour after inhalation of 
salbutamol because of the lack of salbutamol biotrans-
formation in the lung.  65   Following oral administration 
the free S ( + )/ R ( − ) ratio typically exceeds 2.5 as a result 
of the higher conjugation of the active R ( − ) - enantiomer. 
Because of the variable ingestion of inhaled salbutamol, 
the free S ( + )/ R ( − ) ratio  > 2.5 alone is not suffi cient evi-
dence of the ingestion of salbutamol.  66   There are few 
data on the potential saturation of the sulfate pathway 
following the ingestion of high doses of salbutamol.  

  Elimination 

 The plasma half - life of salbutamol (albuterol) is sub-
stantially less than clenbuterol with a mean half - life of 
about 3 – 6 hours.  67   The kidneys excrete salbutamol as a 
mixture of unchanged drug and conjugated metabolites,  
primarily as sulfates. Experimental studies in healthy 
volunteers indicate that urine salbutamol concentra-
tions depend on the route of exposure with oral or 
subcutaneous administration of salbutamol producing 
higher and more prolonged urine salbutamol concentra-
tions than inhalation.  68   The ratio of free/conjugated 
drug depends on the route of administration. Following 
the oral administration of 16   mg salbutamol divided 
over 24 hours, the mean urinary excretion of unchanged 
salbutamol and the sulfate conjugate was 31.8%    ±    1.9% 
and 48.2%    ±    7.3%, respectively.  63   Following IV admin-
istration of salbutamol, the mean urinary excretion of 
unchanged salbutamol and the sulfate conjugate was 
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respectively. Rare case reports associate the use of high 
doses of salbutamol (albuterol) with elevated serum con-
centrations of creatine kinase, primarily following inges-
tion and less often with inhaled doses.  83

  Biomarkers 

Plasma.     Peak plasma concentrations of salbutamol 
following the ingestion of therapeutic doses (4 – 8   mg) by 
healthy volunteers range from 10 – 18   ng/mL.  63   Following 
the ingestion of an estimated 320   mg salbutamol, a 
16 - year - old asthmatic developed tremor, hypokalemia, 
and sinus tachycardia.  74   Her plasma salbutamol concen-
tration about 2 hours after ingestion was 449   ng/mL. She 
recovered without sequelae. The whole blood/plasma 
ratio of salbutamol is approximately 1. Following the IV 
administration of salbutamol to healthy volunteers, the 
mean whole blood/plasma ratio was 0.96    ±    0.13.  63

Urine.     Both the total and free salbutamol concentra-
tions and the ratio of S ( + ) -  and  R ( − ) - enantiomers are 
useful biomarkers for distinguishing oral and therapeu-
tic (inhaled) use of salbutamol. The World Anti - Doping 
Agency established urine total (free plus glucuronides) 
salbutamol concentration exceeding 1,000   ng/mL in 
urine samples (uncorrected for urine specifi c gravity) as 
an indication of the potential oral use of salbutamol. In 
experimental studies of healthy volunteers receiving 
200 – 800    μ g salbutamol via inhalation, peak urine non-
sulfonated salbutamol concentrations up to about 
900   ng/mL occurred approximately 1 hour after admin-
istration.84   Several factors besides individual variation 
in biotransformation of salbutamol can cause false -
 positive results using the WADA criteria including 
the administration of high doses (e.g., 800 – 1,000    μ g 
over 3 hours prior to competition) and dehydration.  85,86

Immunoassays (e.g., ELISA) measure total salbutamol 
concentrations in urine samples, whereas gas 
chromatography/mass spectrometry detects nonsul-
fated (unconjugated) salbutamol. 

 The conjugation rate of the  S ( + ) - enantiomer is higher 
than the R ( − ) - enantiomer following oral salbutamol 
administration when compared with inhalation of sal-
butamol. The  S ( + )/ R ( − ) ratio usually exceeds 2.5 after 
oral use of salbutamol compared with < 2.5 following 
inhalation of salbutamol.  87   However, some false - positive 
results occur, probably as a consequence of swallowing 
some of the dose of inhaled salbutamol.    

  Abnormalities 

 Laboratory abnormalities associated with  β2  - adrenergic 
overdose include hypokalemia, hypophosphatemia, 
hypomagnesemia, hyperglycemia, and metabolic acido-

exclusion of 4 athletes with adverse effects, the mean 
endurance of the salbutamol group was statistically dif-
ferent ( P     <    .05) than the placebo group.  

  CLINICAL RESPONSE 

 Similar to clenbuterol, the clinical features associated 
with overdoses involving salbutamol are characteristic 
of β2  - adrenergic agonists including headache, diaphore-
sis, tremor, anxiety, lightheadedness, tinnitus, nausea, 
vomiting, chest pain, palpitations, tachycardia, hypoten-
sion, hyperglycemia, metabolic acidosis, hypokalemia, 
and hypophosphatemia. Serious ventricular dysrhyth-
mias do not usually occur during salbutamol intoxica-
tion despite the presence of hypokalemia.  74   Rare case 
reports temporally associate the therapeutic use of 
inhaled or IV salbutamol with the development of myo-
cardial injury in patients without evidence of coronary 
artery obstruction.  75

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Immunoassays (e.g., ELISA) are available to screen for 
the presence of salbutamol, but this technique demon-
strates cross - reactivity with other  β2  - adrenergic agonists 
including clenbuterol.  76   Analytic methods to quantify 
salbutamol in biologic samples in addition to liquid 
chromatography/thermospray/tandem mass spectrome-
try include high performance liquid chromatography 
with fl uorometric detection,  77   liquid chromatography/
electrospray ionization/mass spectrometry in selected 
ion monitoring with nadolol as the internal standard,  78

capillary electrophoresis with ultraviolet detection 
(205   nm),  79   and gas chromatography/mass spectrome-
try.  80   The latter method requires extraction (liquid - liquid, 
solid - phase) and derivatization. Analysis of urine with 
ultraperformance liquid chromatography/tandem mass 
spectrometry and electrospray ionization in positive ion 
mode, the lower limit of quantitation (LLOQ) for salbu-
tamol is about 0.2   ng/mL with intraassay precision 
and accuracies < 8.4%.  81   In comparison, the LLOQ fol-
lowing analysis by liquid chromatography/electrospray 
ionization/mass spectrometry is 10   ng/mL with an accu-
racy of    ±    2.6%. Using solid - phase extraction and 
derivatization with N  - methyl - trimethylsilytrifl uoroaceta
mide, the LOD and LLOQ for salbutamol using gas 
chromatography/mass spectrometry were 30   ng/mL and 
111   ng/mL, respectively.  82   In this study, the stability of 
free salbutamol in urine samples was relatively stable 
over 60 days in frozen storage ( − 18 ° C/ − 0.4 ° F) and in 
refrigeration (4 ° C/39.2 ° F). The estimated loss of free 
salbutamol over this period was 2 – 4% and 8 – 12%, 
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sis.  88,89   The severity of hypokalemia correlates to serum 
salbutamol concentration.  33

  TREATMENT 

 The treatment of clenbuterol and salbutamol toxicity is 
similar. The clinical features of clenbuterol toxicity 
persist much longer (e.g., half - life 25 – 39 hours) than 
salbutamol (half - life 3 – 6 hours).      
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  Chapter 17 

               HISTORY 

 Erythropoietin stimulation is one of several methods of 
blood doping. Broadly defi ned, blood doping refers to 
the practice of increasing the oxygen - carrying capacity 
of blood to enhance oxygen delivery to working muscles 
and tissues with the expectation of improving endur-
ance and athletic performance. Originally, the term 
referred to the use of autologous or allogenic blood 
transfusions by athletes; however, the term currently is 
applied to several other methods that increase the red 
blood cell count or oxygen - carrying capacity including 
the following: 1) use of blood substitutes (modifi ed 
hemoglobin solutions, perfl uorochemicals, allosteric 
effectors of hemoglobin), and 2) artifi cial stimulation of 
erythropoiesis (recombinant erythropoietin, gene 
therapy, erythropoietin mimetics).  1   Additional methods 
used by some athletes to increase red cell mass include 
stimulation of endogenous erythropoietin (living and 
training at high altitude, sleeping in altitude tents).  2

Blood doping is common in endurance athletes (e.g., 
cycling, cross - country skiing, distance running, rowing, 
triathlon). The use of blood products as means to 
enhance strength and resistance to disease dates back 
at least to the work of Fuster in 1865 as well as later 
research during the 19 th  century conducted by Deschiens, 
Catillon, Adrian, and Richet.  3   At the beginning of the 
20th  century, several pharmaceutical companies devel-
oped blood products derived from animal blood for use 
in humans. However, interest in these products faded 

after the Second World War with the discovery of anti-
biotic therapy. 

 Since the 1960s and 1970s, blood transfusions have 
been a popular method to enhance endurance by 
increasing hemoglobin, aerobic capacity or maximal 
oxygen uptake (VO 2   max ), and time to exhaustion at 95% 
VO 2 max . After the 1984 Summer Olympic Games, the US 
Olympic Committee disclosed the use of blood transfu-
sions by 7 of 24 members of the US Olympic cycling 
team during training for the Summer Olympics.  4

However, at that time there was no Olympic ban on the 
use of these blood products. Shortly thereafter, the 
International Olympic Committee banned all forms of 
blood doping defi ned as the administration of blood, 
red blood cells (RBCs), artifi cial oxygen carriers, or 
related blood products to an athlete.  5

 In 1906, Paul Carnot, Professor of Medicine at the 
Sorbonne in Paris and his research assistant research, 
Mlle. C. Defl andre postulated the existence of a humoral 
factor (h é mopo ï  é tine) that controlled erythropoiesis.  6,7

They discovered an increase in erythrocytes in rabbits 
after several days of injecting serum from anemic 
rabbits; however, lack of confi rming studies dampened 
interest in this area of research for 5 decades. In 1948, 
Bonsdorff and Jalavisto proposed the replacement of 
the term h é mopo ï  é tine by erythropoietin to limit this 
term to red cell production.  8   Research in the 1950s con-
fi rmed the production of this humoral factor in response 
to anemia and hypoxia.  9,10   Isolation of native human 
erythropoietin did not occur until 1977. In 1983, Fu -
 Kuen Lin and a research team at Amgen, Inc. (Thousand 
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acid residue produces the 165 - amino acid hormone.  17

Two disulfi de bonds in the human erythropoietin mol-
ecule join cysteine residues at positions 29 and 33 and 
at 7 and 161. The presence of  N  - linked carbohydrate 
chains with terminal sialic acids limits the hepatic clear-
ance of EPO. The structure of EPO is similar to growth 
hormone, prolactin, granulocyte colony - stimulating 
factor, and interleukin 6.  18

 The term  “ epoetin ”  refers to recombinant human 
erythropoietin (rHuEPO, CAS RN:   113427 - 24 - 0) that 
has an amino acid sequence homologous to endogenous 
erythropoietin. Although the amino acid sequences of 
rHuEPO and EPO are identical, rHuEPO has micro -
 heterogeneities and minor differences in the glycosyl-
ation pattern compared with EPO.  19,20   The addition of 
Greek letters to epoetin delineates differences in the 
carbohydrate moieties between different epoetin mol-
ecules (e.g., alpha, beta, delta, omega). As a result of 
these differences in composition, the beta isoform is 
slightly more basic than the alpha form. 

 Darbepoetin alfa is a hyper - glycosylated erythropoi-
etin analogue that is biochemically distinct from recom-
binant human erythropoietin (rHuEPO). In contrast to 
the 3 N  - linked carbohydrate chains in rHuEPO, darbe-
poetin alfa contains 5 N  - linked carbohydrate chains 
with a resultant carbohydrate content of 51% compared 
with 40% for rHuEPO.  21   Darbepoetin alfa has a molec-
ular weight of 37.1   kDa and contains up to 22 sialic acid 
molecules compared with a maximum of 14 sialic acid 
residues in rHuEPO. Newer EPO analogues include 
protein conjugates (synthetic erythropoiesis protein) 
that contain precision - length, monodisperse, negatively 
charged polymers instead of oligosaccharides.  22

Continuous erythropoietin receptor activator (CERA) 
incorporates a long polymer chain that substantially 
extends the erythropoietic activity of this molecule.  23

Oral HIF - 1 α  stabilizers (e.g., FG - 2216) are currently 
under investigation as substitutes for rHuEPO.  24

  Form 

 Blood doping involves a variety of techniques that 
increase oxygen transport in the blood. Table  17.1  lists 
various techniques and substances used to alter oxygen -
 carrying capacity.   

 Recombinant human erythropoietin (rHuEPO) 
mimics endogenous erythropoietin (EPO) and stimulates 
the production of erythrocytes similar to EPO. Both 
endogenous EPO and rHuEPO are compendiums of 
different isoforms. Endogenous erythropoietin has 
a net negative charge based on the presence of 8 – 14 sialic 
acid residues. The net negative charge of rHuEPO differs 
from EPO based on the number of sialic acid residues. 
Darbepoetin alfa (new erythropoiesis - stimulating 

Oaks, CA) cloned the gene for human erythropoietin, 
the endogenous hormone responsible for stimulating 
RBC production. Subsequently, recombinant human 
erythropoietin (rHuEPO) was developed for the treat-
ment of certain types of anemia and released in Europe 
in 1987. The US Food and Drug Administration (FDA) 
approved the use of Epogen ®  for the treatment of 
anemia in patients with end - stage renal disease in 1989 
as a means to improve survival, cognitive function, and 
the quality of life for renal patients.  11

 During the fi rst year of the release of rHuEPO in 
Europe, 5 Dutch cyclists died of unknown causes.  12   This 
cluster of deaths raised concerns about the use of ergo-
genic aids including rHuEPO. The International Olympic 
Committee (IOC) banned the use of rHuEPO as an 
ergogenic aid in 1990,  13   but deaths of cyclist from causes 
(e.g., pulmonary embolism, myocardial infarction, 
stroke) associated with rHuEPO use continued during 
the 1990s.  5   During this period, the popularity of blood 
transfusion among endurance athletes decreased dra-
matically. The abuse of rHuEPO to improve athletic 
performance continued into the 2000s, particularly in 
elite and nonprofessional endurance athletes (e.g., 
cycling, marathon running, cross - country skiing).  14   Four 
athletes lost their medals at the Salt Lake City 2002 
Winter Olympics after testing positive for the hyper -
 glycosylated erythropoiesis - stimulation protein, darbe-
poetin alpha, which has a prolonged terminal half - life 
that allows less frequent dosing than rHuEPO. 

 Following implementation of reliable tests to screen 
for EPO - stimulating substances, the use of blood trans-
fusions by endurance athletes has increased substan-
tially.  15   Other potential methods used by athletes to 
increase oxygen transport and endurance capacity 
include intermittent transient hypoxia, other erythro-
poiesis - stimulating substances (continuous erythropoi-
esis receptor activator, erythropoiesis - mimetic peptides 
such as hematide), EPO gene therapy, or mimetics 
(hypoxia - inducible transcription factors pathway), allo-
steric effectors of hemoglobin (RSR - 13, RSR - 4), and 
blood substitutes (e.g., modifi ed hemoglobin - based 
oxygen carriers, perfl uorochemicals).  16

  IDENTIFYING CHARACTERISTICS 

  Structure 

 Endogenous human erythropoietin (EPO, CAS 
RN:   11096 - 26 - 7) is a 165 - amino acid, 30.4 - kDa glycopro-
tein derived from the cleavage of a 27 - amino acid leader 
sequence from a 193 - amino acid transcript of chromo-
some 7 (7q11 - 22). Subsequently, glycosylation of 4 
amino acids (Asn24, Asn38, Asn83, Ser126) and the loss 
of the carboxyl - terminal arginine from the 166 - amino 
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ranges from about 3 – 7%.  14   In a study of 1,015 Italian 
athletes, the prevalence of blood doping was 7% based 
on interviews.  26   The type of blood doping was not speci-
fi ed in the report. The use of rHuEPO is probably much 
less common among young noncompetitive athletes 
compared with other ergogenic aids (anabolic -
 androgenic steroids). In a study of 571 Danish general 
practitioners, none of these physicians reported the use 
of rHuEPO among their patients; almost all of the 
reported use of ergogenic aids in this population 
involved androgenic - anabolic steroids.  27

  Sources 

 Renal interstitial cells adjacent to the proximal tubules 
secrete most (i.e., 90%) of endogenously produced EPO 
in response to hypoxia or reduced erythrocyte concen-
trations.  28   The liver accounts for most of the remaining 
production of EPO with small amounts of EPO synthe-
sized in the brain.  29   Recombinant human erythropoietin 
is produced from mammalian cell lines after insertion 
of the human erythropoietin gene. The nomenclature 
for epoetin uses epoetin with a Greek letter to differ-
entiate the same amino acid sequence with varying gly-
cosylation patterns. Different cell lines produce these 
different isoforms that also vary in pharmacokinetics.  30

The sources of epoetin alfa and epoetin beta are recom-
binant DNA from Chinese hamster ovary cells after the 

protein [NESP]) is an analogue of EPO that also stimu-
lates erythropoiesis. Erythropoietin mimetics are 
peptide and nonpeptide molecules that simulate the 
action of EPO on dimerizing EPO receptors. Epoetin 
alfa is available as a solution in the following concentra-
tions: 2,000 units/mL, 4000 units/mL, 10,000 units/mL, 
and 20,000 units/mL, whereas darbepoetin alpha is 
available in 0.025   mg/mL, 0.04   mg/mL, 0.06   mg/mL, and 
0.2   mg/mL solutions.   

  EXPOSURE 

  Epidemiology 

 The World Anti - Doping Agency (WADA) bans blood 
doping including blood transfusions, methods to enhance 
or transport oxygen, and erythropoiesis - stimulating 
agents (erythropoietin, darbepoetin alpha, hematide).  25

DNA - recombinant human erythropoietin has been 
administered to patients with chronic renal failure and 
anemia since the late 1980s. By the middle of the 1990s, 
rHuEPO was the drug of choice for endurance athletes 
seeking to improve performance, including cyclists in 
the Tour de France.  14   The advantages of rHuEPO 
include ease of use, effi cacy, and the absence of the risks 
associated with blood transfusions. In addition, detec-
tion of rHuEPO is technically diffi cult. The estimated 
prevalence of rHuEPO by elite endurance athletes 

TABLE 17.1.    Blood Doping Techniques and Substances. 

   Technique     Substances     Forms  

  Blood transfusion    Autologous blood, allogeneic blood      
  Blood substitutes    Perfl uorocarbons    Perfl ubron emulsion  
      Hemoglobin - based oxygen carriers    PolyHeme ® , HemoLink ™ , Hemopure ®   
  Recombinant human EPO 

(rHuEPO)
  Epoetin alfa    Epogen ® , Eprex ® , Epoxitin ® , Epypo ® , 

Erypo ® , Espo ® , Globuren ® , Procrit ®   
      Epoetin beta    Epogin ® , Marogen ® , NeoRecormon ® , 

Recormon ®   
      Epoetin delta    Dynepo ™   
      Epoetin gamma      
      Epoetin omega    Epomax ® , Hemax ®   
  Other erythropoiesis - stimulating 

substances
  Darbepoetin alpha 
 Continuous erythropoiesis receptor 

activator (CERA) 
 Erythropoietin - mimetic peptide  

  Aranesp ®  

 Hematide ™   
  Allosteric hemoglobin 

modulators
  RSR - 13 
 RSR - 4  

  Efaproxiral  

  Supplementation    Iron, cobalt chloride      
  Alteration of inspired oxygen    Hypoxic gas mixtures      
      Supplemental oxygen      
      Artifi cial altitude facilities      
  Gene regulation    Hypoxia inducible factor (HIF) pathway      
  Gene doping    Human erythropoietin gene transfection      
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ness and the abuse of these substances when compared 
with packed erythrocytes.  39   Additionally, these artifi cial 
substances are easily detected by routine laboratory 
tests and visual changes of the blood.   

  DOSE EFFECT 

  Medical Use 

 The FDA approved the use of rHuEPO for the treat-
ment of anemia associated with chronic renal failure, 
zidovudine - treated HIV, cancer patients on chemother-
apy, and the reduction of allogenic blood transfusions in 
anemic patients undergoing elective surgery with a high 
risk for perioperative blood loss. Anemia of chronic 
renal failure and chemotherapy - induced anemia 
associated with nonmyeloid malignancies are also an 
indication for darbepoetin alpha. Other uses of 
erythropoiesis - stimulating agents include treatment of 
critical care patients exhibiting severe anemia, blood 
loss, reduced red cell life span, impaired iron availability, 
and inhibition of erythropoiesis by infl ammatory 
cytokines.  40   There are no FDA - approved uses of 
erythropoiesis - stimulating agents in healthy individuals 
or athletes. 

 The dose of erythropoiesis - stimulating agent depends 
on the indication and age beginning with an initial dose 
and titrating to desired effect (e.g., Hg    =    10 – 12   g/dL, 
avoidance of transfusions). A typical adult dose of 
epoetin alfa is 50 – 300   U/kg 3 times a week by IV or SC 
routes; however, higher doses may be required. The 
response to epoetin alfa varies with underlying disease, 
dose, and dosing regimen. The administration of 500    μ g/
kg epoetin alfa 3 times weekly to 5 anemic renal dialysis 
patients resulted in a mean increase of 10 percentage 
points in the hematocrit after 3 weeks of therapy.  41   The 
baseline mean hematocrit of this group was 19    ±    3%. A 
dose - dependent increase in hemoglobin occurs within 
2 – 6 weeks of administration of EPO drugs. In a study 
of healthy volunteers given single SC doses of rHuEPO 
(epoetin alfa) ranging from 300 – 2,400   IU/kg, the mean 
percentage of reticulocytes began increasing 3 – 4 days 
after administration and the maximum response 
occurred 8 – 11 days after administration.  42   Saturation of 
the response to rHuEPO occurred at doses above 
1,800   IU/kg. The reticulocyte count returned to baseline 
22 days after administration. The response was linear up 
to 1,800   IU/kg, but above that dose the dose - response 
curve fl attens. Multiple, smaller rHuEPO doses (e.g., 
150   IU/kg 3 times weekly) produced more modest 
(1 – 2% reticulocytes), sustained responses. Overall, 
stimulation of a reticulocyte response was more effec-
tive following repeated SC administration of rHuEPO 
than the equivalent dose as a single injection. Following 

insertion of the human erythropoietin gene. Epoetin 
delta is derived from genetically engineered human 
fi brosarcoma cell lines, whereas the source of epoetin 
omega is baby hamster kidney cells. Murine C127 cells 
are the source for epoetin gamma. Darbepoetin alfa is 
a glycosylated analog of rHuEPO produced by DNA 
technology in Chinese hamster ovary cells that binds to 
the erythropoietin receptor similar to endogenous EPO, 
resulting in a longer elimination half - life than endoge-
nous EPO. Due to the illicit demand and the high cost 
of these drugs, there is an underground market for 
stolen or counterfeit EPO products.  31   Additionally, 
human and animal blood has also been falsely marketed 
as EPO to unsuspecting athletes carrying an additional 
risk of viral infection (e.g., hepatitis C, human immuno-
defi ciency virus [HIV]).  32,33

  Methods of Abuse 

 Routes of illicit rHuEPO use include intravenous (IV), 
intramuscular (IM), and subcutaneous (SC) administra-
tion. The poor oral bioavailability of rHuEPO limits the 
use of this route of administration based on animal 
studies.  34   The athlete using blood doping seeks a com-
petitive advantage to improve athletic performance. The 
use of rHuEPO increases oxygen - carrying capacity of 
the blood, improves endurance, and enhances self -
 esteem, particularly in endurance athletes attributing 
their self - worth to their athletic performance. Psychologic 
studies of endurance athletes suggest that the adminis-
tration of rHuEPO produces a signifi cant increase in 
their physical condition and their commitment to train-
ing.  35   The perception of improved physical condition 
causes a hedonic link to endurance training and the use 
of rHuEPO. 

 The use of transfusions involves either the infusion 
of autologous blood (i.e., recipient and donor the same) 
after recovery of the recipient/donor from the effects of 
previously collected blood or the allogeneic transfusion 
of blood collected from a cross - matched donor to the 
recipient.36   Although allogeneic transfusion can be 
detected in the recipient by erythrocyte genotyping, 
autologous transfusions are much more diffi cult to 
detect.37   The typical autologous blood transfusion 
involves the withdrawal of 1 – 4 units of blood (450 –
 1800   mL) several weeks before competition.  38   The 
plasma is reinfused immediately, and the erythrocytes 
are either refrigerated or frozen. Subsequently, the 
erythrocytes are infused 1 – 7 days before endurance 
events. The average increase in hemoglobin and time to 
exhaustion at 95% VO 2   max  using typical blood doping 
is approximately 7% and 34%, respectively.  12   The 
decreased responsiveness of Hb - based oxygen carriers 
and perfl uorocarbons to 2,3 - DPG limits the effective-
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of these agents by athletes; potentially, therapeutic 
doses used in anemic patients may cause adverse effects 
(e.g., stroke, myocardial infarction, congestive heart 
failure, hypertension, embolism) following abuse of 
these agents by athletes or other individuals. The injec-
tion of a single dose of rHuEPO probably does not 
produce toxicity with the exception of short - term eleva-
tion of serum hepatic aminotransferases following very 
high doses. In a clinical study, the inadvertent adminis-
tration of 318,000   U erythropoietin on the second day 
of a 3 - day course of 33,000   U daily was associated with 
an approximate 10 - fold increase in the serum alanine 
aminotransferase and aspartate aminotransferase that 
resolved over 3 months.  51   The hemoglobin increased 
about 1   g/dL over the admission value; the hemoglobin 
return to preadmission level within 3 months. Healthy 
volunteers have tolerated 2,400   U/kg as a single dose 
without complications.  42

 The effects of erythropoiesis - stimulating drugs 
require multiple injections over a prolonged period. The 
risks of adverse effects increases with Hb    >    12 – 13   g/dL 
and/or with a high rate of hemoglobin increase (i.e.,
> 1   g/dL per 2 - week period). The maximum dosage of 
these agents has not been determined. In patients with 
end - stage renal disease, no direct toxicity was detected 
with larger doses of 1,500   U/kg 3 times weekly for 3 – 4 
weeks based on pharmaceutical company data.  52   Doses 
of up to 8    μ g/kg weekly and 15    μ g/kg every 3 weeks have 
been administered to cancer patients for up to 12 – 16 
weeks without complications.  46   A 42 - year - old man with 
acquired immunodefi ciency syndrome (AIDS) inadver-
tently injected himself with 10,000   U rHuEPO daily for 
several weeks.  53   Subsequently, he developed polycythe-
mia (hematocrit 77%) along with confusion, abdominal 
pain, and foot pain. He recovered after erythropheresis 
with mild skin loss over his toes. The inadvertent admin-
istration of 384,000   U rHuEPO over 3 days to 2 patients 
with acute myocardial infarctions was associated with 
modest elevation of serum hepatic aminotransferase 
concentrations that resolved over 3 months.  51   The hemo-
globin concentrations increased approximately 1   g/dL, 
and then returned to baseline in 3 months.   

  TOXICOKINETICS 

  Absorption 

 The participants in most pharmacokinetic studies on 
rHuEPO are patients with chronic renal disease, and 
there are limited data on the pharmacokinetics of this 
substance in healthy volunteers or in elite athletes. The 
average bioavailability of SC epoetin alfa ranges from 
approximately 14 – 40%.  54,55   The mean bioavailability of 

the SC administration of 10 – 500   IU/kg epoetin beta in 
monthly doses to 16 healthy volunteers, the maximum 
reticulocyte count occurred about 3 – 4 days after 
administration.43

 The initial adult dose of darbepoetin alfa is 0.45 –
 2.25    μ g/kg IV or SC once weekly, depending on the 
underlying cause of the anemia, followed by smaller 
weekly doses unless higher doses are necessary to 
produce the desired response. Less frequent doses (e.g., 
every 2 – 3 weeks) may be suffi cient depending on the 
indication. Doses of erythropoiesis - stimulating agents 
are modifi ed at monthly intervals to maintain an accept-
able hemoglobin level without hemoglobin concentra-
tions exceeding 12   g/dL or increasing  > 1   g/dL in 2 
weeks.  44   The recommended target hemoglobin concen-
tration for therapeutic indications should not exceed 
12   g/dL. Volunteer studies indicate that the use rHuEPO 
is not associated with elevated blood pressure in anemic 
chronic renal failure patients with the target hemoglo-
bin of < 12   g/dL.  45   In clinical trials, an increase in hemo-
globin greater than approximately 1g/dL in 2 weeks 
was associated with a higher frequency of cardiac 
arrest, strokes, seizure, worsening hypertension, fl uid 
overload, congestive heart failure, and acute myocardial 
infarction.46

  Experimental Studies 

 Limited data from the study of healthy students and 
endurance athletes suggest that the administration of 
moderate doses of rHuEPO can modestly increase 
oxygen - carrying capacity.  47,48   A review of these studies 
indicated the SC administration of rHuEPO in doses of 
60 – 232   U/kg weekly for 4 – 6 weeks produces the follow-
ing increases: 1) hemoglobin, 9 – 14%; 2) hematocrit, 
11 – 19%; and 3) VO 2max  (aerobic capacity, maximal 
oxygen uptake), 7 – 9%; and enhanced endurance perfor-
mance (time to exhaustions on a standard work load), 
9 – 17%.14   An estimated 1   g/dL increase in hemoglobin 
in an athlete with an exercise cardiac output of 25   L/
min would increase oxygen transport about 335   mL/min 
(i.e., about 8% increase above normal VO 2max  of 
4,000   mL O 2 /min).  49   The response of the hematocrit to 
rHuEPO was more modest in other studies. In a study 
of 11 healthy male students (mean age, 26    ±    6 year) 
receiving 2,000   U rHuEPO/thrice weekly for 6 weeks, 
the mean hematocrit increased ( P     <    .05) from an initial 
value of 43    ±    2% to 45    ±    2% at the end of the study.  50

  Toxicity 

 There are limited data on toxic doses of erythropoiesis -
 stimulating agents associated with the clandestine use 



17 ERYTHROPOIETIN STIMULATION and OTHER BLOOD DOPING METHODS

311

  Elimination 

 The elimination of rHuEPO probably follows nonlinear 
saturation kinetics (i.e., Michaelis - Menten).  64   The elimi-
nation of rHuEPO primarily results from biotransfor-
mation with renal excretion of unchanged rHuEPO 
accounting for a small portion ( < 5%) of the total elimi-
nation. Over the fi rst 24 hours after administration of 3 
different doses of rHuEPO (10   U/kg, 100   U/kg, 500   U/
kg) to 10 healthy volunteers, the overall mean percent-
age of rHuEPO excreted unchanged in the urine was 
1.74%    ±    1.04%.  65   In this study, the clearance of rHuEPO 
was nonlinear in doses ranging between 10   U/kg and 
500   U/kg intravenously, and Michaelis - Menten elimina-
tion kinetics described best the elimination kinetics of 
rHuEPO. The serum half - life of rHuEPO directly cor-
relates to sialic acid - containing carbohydrate content of 
the molecule as well as the dose and route of administra-
tion.66   In a study of healthy volunteers receiving 50 U 
rHuEPO/kg, the mean half - life was 4.5    ±    0.9 hours fol-
lowing IV administration compared with 25    ±    12 hours 
after SC administration.  56   Similarly, the mean plasma 
half - life of EPO following IV doses of    <    100   IU/kg was 
approximately 5 hours.  54   Studies in healthy volunteers 
suggest that the terminal half - life of epoetin beta is 
slightly longer (i.e., about 20%) than epoetin alfa when 
administered in equivalent doses.  67   The renal clearance 
of rHuEPO uncorrected for bioavailability averages 
about 48 – 50   mL/h/kg.  64   Assuming a bioavailability of 
35% the corrected renal clearance of rHuEPO is about 
17   mL/h/kg. 

 The addition of 2 sialic acid - containing carbohydrate 
chains to darbepoetin alpha compared with rHuEPO 
prolongs the serum half - life of darbepoetin alfa in 
patients with chronic kidney disease or cancer.  68

Following the IV administration of a 100   U/kg - dose to 
adult patients with end - stage renal disease, the mean 
serum half - lives of rHuEPO and darbepoetin alpha 
were 8.5    ±    2.4 hours and 25.3    ±    2.2 hours, respectively.  58

The SC administration of darbepoetin alfa to these 
patients increased the mean serum half - life to 48.8    ±    5.2 
hours. After SC administration of rHuEPO to athletes, 
the serum erythropoietin concentration returns to base-
line values about 7 days after administration compared 
with 4 days in the urine.  69

  Maternal and Fetal Kinetics 

 Hematopoiesis occurs independently in maternal and 
fetal circulations in response to endogenous erythropoi-
etin. The human placenta forms a barrier to endogenous 
and recombinant erythropoietin, thus allowing the use 
of recombinant erythropoietin (rHuEPO) in the 

rHuEPO after the SC administration of 50   U/kg to 6 
healthy volunteers was 36%    ±    23%.  56   In a single - dose 
pharmacokinetic study of rHuEPO in pediatric patients 
with chronic renal disease, the bioavailability of rHuEPO 
following SC administration of 40   U rHuEPO/kg was 
approximately 40%.  57   The time to peak concentration 
for epoetin alfa administered SC ranges from about 
5 – 24 hours. Following the administration of single doses 
of rHuEPO (300   IU/kg to 2,400   IU/kg) to healthy vol-
unteers, the time to peak rHuEPO concentration ranged 
from 15.6    ±    5.8 hours to 28.8    ±    7.8 hours.  42   The peak 
EPO concentration ranged from 429    ±    86   mIU/mL 
(300   IU/kg dose) to 6,819    ±    764   mIU/mL (2,400   IU/kg 
dose). 

 Following SC administration, the mean bioavailabil-
ity of darbepoetin alfa and rHuEPO in adults are similar. 
In a study of 11 peritoneal dialysis patients, the mean 
bioavailability of darbepoetin alfa after the SC admin-
istration of about 100   U/kg was approximately 37%.  58

In a study of pediatric patients with chronic kidney 
disease, the mean bioavailability of darbepoetin alfa 
was slightly higher (i.e., 54%) compared with the adult 
patients and patients receiving rHuEPO.  59   Subcutaneous 
darbepoetin alpha reaches peak concentration within 
34 – 54 hours after administration.  60

  Distribution 

 rHuEPO and darbepoetin alfa are rapidly distributed 
with similar volumes of distribution (V d ). Following the 
IV administration of 100   U/kg to 11 peritoneal dialysis 
patients, the mean V d  of rHuEPO and darbepoetin alfa 
were 48.7    ±    2.1   mL/kg and 52.4    ±    2.0   mL/kg, respec-
tively.  58   The volume of distribution of these 2 com-
pounds approximates the plasma volume.  61

  Biotransformation 

 Epoetin and darbepoetin alpha undergo extensive liver 
metabolism, desialation and clearance via the hepatic 
galactose pathway.  54   The galactose binding proteins in 
hepatic cells rapidly clear erythropoietin from the cir-
culation. Erythropoietin contains  N  - glycans and  N  -
 acetyllactosamine repeats. The sialic acid of recombinant 
erythropoietin is probably necessary for this glycopro-
tein hormone to circulate without degradation, and the 
desialation of erythropoietin allows the recognition of 
these galactose - terminated glycoproteins by receptors 
on the cell surface of hepatocytes.  62,63   Subsequent endo-
cytosis and lysosomal digestion of the asialo -
 erythropoietin result in the clearance of erythropoietin 
from the blood.  



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

312

trolled by the main regulator of oxygen homeostasis, 
hypoxia inducible factors (e.g., HIF - 1, HIF - 2, HIF - 3). 
These heterodimeric proteins are transcription factors 
that modulate a variety of genes in response to relative 
low - oxygen conditions. HIF - 1 is the primary factor, con-
sisting of 2 subunits, HIF - 1 α  and HIF -  β . Both HIF - 1 α
and HIF -  β  are necessary to generate an active transcrip-
tion complex in conjunctions with coactivators (e.g., 
p300/CREB).74   HIF - 1 α  resides in the cytoplasm where 
oxygen - dependent degradation occurs as a result of the 
hydroxylation by prolyl 4 - hydroxylases. HIF - 1 β  resides 
in the nucleus away for the action of these enzymes. 
Under hypoxic conditions, HIF - 1 α  survives to penetrate 
the nucleus and forms a heterodimer with HIF - 1 β . 

 Endogenous human erythropoietin binds to the 
homodimeric erythropoietin receptor on the surface of 
colony - forming unit - erythroid cells (CFU - E), pro -
 erythroblasts, and basophilic erythroblasts in the red 
bone marrow, initiating cellular transcription and dif-
ferentiating these cells into mature red blood cells.  54

Activation of erythropoietin receptors on the earliest 
committed erythroid progenitor cells (i.e., erythroid 
burst - forming units) initially increases proliferation of 
these cells along with the ability of the progenitor 
cells to survive and reach the reticulocyte stage. 
Conformational changes in specifi c domains on the 
EPO receptor also cause autophosphorylation and acti-
vation of the Janus kinase 2 pathway with subsequent 
signal transduction. Hematide is a small molecule analog 
of EPO that also binds to this receptor, but the structure 
of this dimeric erythropoietin - mimetic peptide is unre-
lated to the sequence of endogenous EPO. Animal 
studies suggest that the increase in red cell mass is asso-
ciated with a reduction in the contribution of anaerobic 
metabolism to overall energy production, as a result of 
increased muscle glycogen and free fatty acids along 
with a decrease in lactate.  75

 Erythropoietin modulates a spectrum of cellular pro-
cesses in addition to progenitor stem cell development, 
including cellular integrity and angiogenesis. Down-
regulation of EPO synthesis results from a variety of 
mechanisms including hyperoxia, increased catabolism 
by an expanded erythroid progenitor cell pool, blood 
hyperviscosity, renal disease, transfusion - dependent 
anemia, and the cytokines synthesis secondary to infl am-
matory, infectious, and neoplastic disorders.  

  Mechanism of Toxicity 

 Most research on the pathophysiology of the adverse 
effects of rHuEPO involve medical use rather than the 
illegitimate use during blood doping with very limited 
research on normal volunteers. Furthermore, differ-
ences in cardiovascular dynamic between renal failure 

treatment of maternal pregnancy and postpartum 
anemia.70   There are few data on the excretion of epoetin 
alfa or darbepoetin alfa into breast milk.  

  Tolerance 

 There are few data on the specifi c factors that limit the 
hematologic response of some renal dialysis patients to 
the chronic administration of rHuEPO.  11   Although the 
therapeutic effects of erythropoietin are dose - dependent 
at low dose, increased biologic response in humans is 
not typically observed following the administration of 
doses exceeding 300   U/kg 3 times weekly.  71

  Drug Interactions 

 Preliminary data in patients with cancer suggest that con-
current chemotherapy may infl uence the pharmacokinet-
ics of epoetin and darbepoetin alfa.  21   Patients on iron 
preparations for iron - defi ciency anemia require monitor-
ing while on EPO therapy. A functional iron defi ciency 
developed in 13 of 18 patients with chronic EPO therapy. 
The decreased heme synthesis exceeded the ability of the 
reticulocyte to release iron to transferrin, and a relative 
iron defi ciency develops as a result of the drop in the 
reticulocyte count and transferrin saturation.  41

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Oxygen stores in the body are relatively low compared 
with the oxygen requirements of the body. The basal 
oxygen consumption rate is 4   mL/kg/min compared 
with total body oxygen stores of 20   mL/kg (i.e., 5 minutes 
of basal oxygen needs).  72   The ability of the tissues to 
meet oxygen demands depends in part on the number 
of erythrocytes (red cell mass). The kidneys and to a 
lesser extent, the liver and brain secrete the glycopro-
tein, erythropoietin (EPO), which increases the number 
of circulating erythrocytes (red cell mass) and thus 
oxygen delivery to muscle tissue.  73   Endogenous human 
erythropoietin is the primary regulator of red blood cell 
formation. The red cell mass is constant in a specifi c 
individual; however, this mass varies up to about 10% 
between healthy individuals of the same age and gender. 
Endogenous human erythropoietin couples long - term 
oxygen requirements to erythrocyte and hemoglobin 
production by acting on the early erythroid progenitor 
cells (erythroid burst - forming units, erythroid colony -
 forming units, pronormoblasts) in the bone marrow to 
stimulate growth and prevent apoptosis. This hormone 
is the paradigm of oxygen - related genes that are con-
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port in the brain. Adverse side effects of chronic 
rHuEPO use potentially result from this increased vis-
cosity and the impairment of oxygen delivery.  78   In con-
trolled clinical studies of chronic renal failure patients 
with anemia, comparison of traditional hemoglobin 
targets (10 - 12   g/dL) to increased rHuEPO (epoetin 
alfa) doses resulting in hemoglobin  > 13   g/dL suggested 
that higher doses caused increased cardiovascular 
events and signifi cant increases in hypertension.  79   
However, the risk of death and cardiovascular events 
(congestive heart failure, myocardial infarction, stroke) 
may vary with comorbidity among these patients. A 
reanalysis of this (CHOIR) study using Cox regression 
indicated that there was an increased risk of cardiovas-
cular events following high compared with low - dose in 
subgroups without heart failure or diabetes mellitus, but 
not in the subgroup with congestive heart failure or 
diabetes mellitus.  80   Consequently, factors in addition to 
blood viscosity affect the risk of adverse cardiovascular 
events. Furthermore, the relative importance of blood 
viscosity and these other factors may vary between 
healthy individuals, patients with renal disease, and ath-
letes using erythropoiesis - stimulating agents.    

  Hypertension 

 Elevation of arterial blood pressure is a suspected cause 
of the excess cardiovascular events associated with high 
doses of erythropoiesis - stimulating agents. In normal 
individuals, the use of erythropoiesis - stimulating agents 
is associated with an increase in the average mean arte-
rial pressure at rest (e.g., 6   mm   Hg following 5,000   U for 
15 weeks to maintain hematocrit near 50%)  81   and an 
increase mean systolic blood pressure (i.e., 14   mm   Hg) 
during submaximal exercise at 200   W after 6 weeks of 
20 – 40   U rHuEPO/kg thrice weekly to maintain the 
hematocrit near 50%.  82   The effect of rHuEPO on blood 
pressure in normal individuals is independent of red 
blood cell volume. Neither rHuEPO therapy or blood 
transfusions increase total blood volume because the 
associated increase in red blood cell volume is accom-
panied by quantitatively similar decrease in plasma 
volume.  83   In healthy adults, the use of rHuEPO 
produces blood pressure elevation, whereas transfu-
sions to the same hematocrit produces no increase in 
blood pressure over baseline (i.e., pretreatment).  84   
Consequently, the hypertension associated with 
rHuEPO therapy is independent of blood viscosity.  

  Thrombosis 

 In general, partial correction of anemia to subnormal 
levels (e.g., 36%) in uremic patients does not cause 
adverse effects with the exception of hypertension 

patient and athletes limits extrapolation of data from 
anemic chronic renal failure patients to healthy adults. 
The administration of rHuEPO enhances endothelial 
activation and platelet reactivity and increases systolic 
blood pressure during submaximal exercise in healthy 
adults.  76   These effects potentially increase the risk for 
thromboembolic events (myocardial infarction, stroke, 
pulmonary embolism, deep vein thrombosis), ischemia, 
hypertension and hypertensive encephalopathy, conges-
tive heart failure, and hyperviscosity syndromes. 
Potentially, mechanisms for the adverse cardiovascular 
effects of chronic rHuEPO misuse include increased 
blood viscosity, hypertension, and the vasoconstrictive 
properties of erythropoietin.  77   Additionally, the 
increased hematocrit and dehydration associated with 
intense exercise may reveal previously undetected car-
diovascular abnormalities in some athletes. 

  Blood Viscosity 

 Oxygen transport capacity does not necessarily increase 
as the hematocrit increases. In normal individuals as the 
hematocrit increases above 40%, the relative oxygen 
transport capacity of the blood decreases due to increas-
ing blood viscosity. Figure  17.1  displays the relationship 
between hematocrit, blood viscosity, and oxygen trans-

       FIGURE 17.1.     Correlation of oxygen transport in the brain to 
hematocrit and blood viscosity.  (Reprinted from the American 
Journal of Emergency Medicine, Vol. 11, KR Brown, W Carter 
Jr., GE Lombardi, Recombinant erythropoietin overdose, 
p. 620, Copyright 2003, with permission from Elsevier.)   
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  CLINICAL RESPONSE 

  Medical Use 

 Identifi cation of complications associated with the 
medical use of rHuEPO is complicated by the adminis-
tration of these drugs to patients with severe chronic 
diseases. In early dose - fi nding clinical studies primarily 
in patients with chronic renal failure, adverse effects 
associated with the long - term use of rHuEPO included 
arterial hypertension, iron defi ciency, thromboembo-
lism (e.g., renal thrombosis),  44   mesenteric ischemia,  53

hypertensive encephalopathy with seizures (i.e., often 
with history of seizure disorders),  90   fl u - like syndrome 
varicose veins, myalgias, arthralgias, headache, and 
hyperkalemia.91,92   Hypertension and seizures do not 
usually occur in patients on short - term therapy with 
erythropoiesis - stimulating agents (e.g., autologous 
blood transfusions). Cardiovascular complications (e.g., 
ischemic chest pain, unstable angina, and myocardial 
infarctions) associated with rHuEPO therapy also occur 
primarily in patients with end stage renal disease.  93,94

Adverse dermatologic effects in these patients include 
pruritic papules,  95   angioedema/anaphylaxis (i.e., second-
ary to gelatin),  96   and local pain at the injection site.  97

Rarely, case reports of patients with chronic renal 
disease associated the use of rHuEPO with the forma-
tion of neutralizing anti - EPO antibodies and the devel-
opment of red cell aplasia. 98

 Several malignant cell lines express EPO and EPO 
receptor mRNA that respond to hypoxic stimuli by 
increasing the secretion of EPO.  In vitro  studies suggest 
that EPO may stimulate the proliferation of neoplastic 
cells and protect these cells from apoptosis;  99   however, 
there are currently no data to indicate that there is an 
increased risk of cancer in patients treated with rHuEPO. 
There are no specifi c adverse effects uniquely associ-
ated with rHuEPO therapy. Extrapolation of the fre-
quency and type of adverse effects in these clinical 
studies of rHuEPO to healthy adults and elite athletes 
is limited by differences in predisposing factors (e.g., 
blood viscosity, vascularity, risk factors for thromboem-
bolism) and the lack of data on healthy individuals. 

  Cardiovascular 

 Approximately 20 – 30% of chronic renal failure patients 
treated with epoetin alfa develop hypertension or wors-
ening of existing hypertension.  100   The change in blood 
pressure is usually associated with an excessive (i.e., 
hemoglobin    >    12 – 13   g/dL) or a rapid rise in hematocrit. 
In a case series of anemic renal dialysis patients, 1 
patient developed hypertensive encephalopathy with 

during the fi rst 8 weeks of therapy.  50   However, the risk 
of thrombotic events increases as the hematocrit exceeds 
normal levels. Potential mechanisms of toxicity include 
enhanced thrombogenesis secondary to endothelial 
activation and increased platelet reactivity.  38   An eleva-
tion of the red cell mass causes a reduction in cerebral 
blood fl ow. Changes in cerebral blood fl ow potentially 
increase the risk of thrombosis, transient ischemic 
attacks, cerebral vascular accidents, cerebral ischemia, 
and altered mental status.  79

  Vascular - Dependent Mechanisms 

 Animal and  in vitro  data suggest that rHuEPO may 
cause arterial vasoconstriction by both endothelium -
 dependent and endothelium - independent impairment 
of arterial vasodilation.  83   Potential mechanisms include 
changes in nitrous oxide production and the production 
of vascular endothelin and endothelial prostanoids.  85,86

Neither of these mechanisms account for all of the vaso-
constriction associated with the use of rHuEPO.  

  Immune Reactions 

 Rarely, case reports associated chronic rHuEPO therapy 
with a severe, progressive, normocytic, normochromic 
anemia of sudden onset with almost complete absence 
of erythroid precursor cells in the bone marrow.  87   This 
pure red cell aplasia is associated with the development 
of antibodies to this product. Although most of the 
original cases involved the use of epoetin alpha outside 
the United States, subsequent case reports associated 
pure red cell aplasia with all commercial formulations 
of EPO.  88   The clinical features of red cell aplasia also 
occur in malnutrition, other drug reactions, and a variety 
of other infectious, malignant, and autoimmune dis-
eases. In all cases of red cell aplasia associated with 
erythropoiesis - stimulating agents, neutralizing antieryth-
ropoietin antibodies are present. Although pure red cell 
aplasia usually occurs after the production of neutral-
izing antierythropoietin antibodies, not all patients with 
these antibodies will develop anemia.  89   Thus, the exact 
mechanism of the formation of these antibodies is 
unconfi rmed. Subsequently, these antibodies cross - react 
and inactive endogenous EPO.   

  Postmortem Examination 

 Pathologic fi ndings associated with erythropoietin pri-
marily involve the effects of increased viscosity including 
cerebral ischemia and thrombosis, myocardial thrombosis, 
cardiac muscle damage, and deep venous thrombosis. 
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rHuEPO potentially cause serious morbidity related to 
hyperviscosity or immune reactions (red cell aplasia, 
allergic reactions). Case reports associated the excessive 
use of rHuEPO with polycythemia, altered mental 
status, mesenteric ischemia, myalgias, and arthralgias. 
Following the inadvertent administration of high doses 
of rHuEPO, a 42 - year - old man with AIDS developed 
confusion, abdominal pain, and pain in his feet.  53   The 
hemoglobin on presentation was 23.2   g/dL with a hema-
tocrit of 77.1%. His symptoms resolved after treatment 
including IV fl uids, phlebotomy, and 2 sessions of eryth-
ropheresis. The only sequelae involved minor skin loss 
over his toes.  

  Fatalities 

 Blood doping is a suspected cause of sudden death in 
young athletes, particularly in cyclists. The chronic abuse 
of rHuEPO by elite cyclists is an alleged cause of several 
deaths from cardiovascular complications.  106,107   Between 
1987 and 1990, 19 Belgian and Dutch cyclists died of 
uncertain causes suspected to be related to the use of 
rHuEPO.  108   However, there are few data on the clinical 
features or pathologic abnormalities present in these 
athletes during the period leading up to their deaths.  

  Abstinence Syndrome 

 There is no abstinence syndrome associated with chronic 
rHuEPO therapy or abuse. However, animal studies 
suggest that after cessation of chronic rHuEPO therapy, 
inhibition of endogenous erythropoietic activity may 
persist, leading to the development of rebound anemia 
several weeks after treatment ends. Recovery of eryth-
ropoietic activity typically follows the occurrence of 
rebound anemia by 2 months after cessation of treat-
ment.109   Some factors favoring thrombosis also remain 
elevated after cessation of rHuEPO therapy. In a study 
of renal dialysis patients treated with rHuEPO, factor 
VIII von Willebrand factor antigen and fi brinogen 
remain elevated after the cessation of rHuEPO therapy, 
and a signifi cant increase in the concentration of 
D - dimer occurred.  110

  Reproductive Abnormalities 

 The FDA lists epoetin and darbepoetin alfa in Pregnancy 
Category C.  22   The administration of epoetin alfa at 5 
times the typical human dose (500   U/kg) to pregnant 
rats was associated with an increased incidence of 
decreased body weight, delayed eye opening, and 
decreased caudal vertebrae in offspring based on phar-
maceutical company data.  52   Darbepoetin alpha studies 

peak blood pressure of 220/140   mmHg during rHuEPO 
therapy.  101   The patient recovered uneventfully after 
reduction of hemoglobin concentration and antihyper-
tensive therapy. In a study of 1,598 end - stage renal 
failure patients on chronic darbepoetin alfa therapy, the 
percentage of adverse effects were as follows: hyperten-
sion, 23%, hypotension, 22%; peripheral edema, 11%; 
cardiac dysrhythmias, 10%; vascular access thrombosis, 
8%; angina, 8%; and congestive heart failure, 6%.  102

  Central Nervous System 

 Adverse neurologic effects associated with the medical 
use of rHuEPO include headache, dizziness, confusion, 
visual disturbances, cerebral ischemia, transient isch-
emic attacks, cerebral vascular accidents, and seizures.  103

A case report associated the onset of venous thrombosis 
of the sagittal and transverse sinuses with the therapeu-
tic use of rHuEPO by a 37 - year - old end - stage renal 
disease patient.  104   The patient complained of headache, 
and he recovered uneventfully following treatment with 
heparin and analgesics.   

  Illicit Use 

 There are few clinical data on the medical complication 
of EPO abuse; expected complications are similar to the 
complications associated with high - dose, therapeutic 
use, particularly cardiovascular and thrombotic events 
including hypertension. Potentially, life - threatening 
cerebral and cardiac thrombotic events may occur 
during the dehydration and plasma contraction associ-
ated with heavy exercise in elite athletes using rHuEPO. 
A 62 - year - old man developed polycythemia (hemato-
crit, 70.4%) after the surreptitious injection of 
rHuEPO.  105   Subsequently, he developed worsening 
hypertension, exacerbation of chronic lung disease, and 
new - onset angina. His clinical abnormalities included 
labored breathing, cyanosis, diaphoresis, hypotension, 
tachycardia, and acidosis. Respiratory failure required 
endotracheal intubation with mechanical ventilation, IV 
hydration, and serial phlebotomies. He refused to 
divulge the amount of rHuEPO injected.  

  Overdose 

 Based on limited clinical data, healthy individuals toler-
ate large, single doses of rHuEPO without complica-
tions. In a clinical study of rHuEPO, 2 patients with 
myocardial infarctions inadvertently received about 10 
times the intended dose of 33,000   U on the second of 3 
days of therapy; the patients remained asymptomatic.  51

Repeated, prolonged supratherapeutic doses of 
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ability to recognize EPO transgenes and gene transfer 
vectors. 

  Indirect Methods 

 These methods disclose abnormal stimulation of eryth-
ropoietic activity by comparing various hematologic 
parameters in peripheral blood with baseline or popula-
tion norms. Indirect methods for the detection of 
rHuEPO use include macrocytic hypochromic erythro-
cytes, serum soluble transferrin receptor concentration 
(sTfr), and a combination of 5 biomarkers of enhanced 
erythropoiesis (hematocrit, reticulocyte percentage, 
macrocytic erythrocyte percentage, serum EPO, sTfr). 
Often, the combination of indirect measures of EPO use 
is called a blood passport; both the International Ski 
Federation and the International Cycling Union use 
blood passports to detect blood doping. Changes in 
these parameters may persist up to 4 weeks after cessa-
tion of rHuEPO use based on rHuEPO injections 3 
times weekly for up to 8 weeks.  121   However, use of less 
frequent injections of rHuEPO (e.g., 60 – 65   IU/kg body 
weight once weekly) decreases the sensitivity of these 
indirect methods to detect EPO use.  122

Individual Tests.     The use of macrocytic erythrocyte 
percentage as a marker of rHuEPO administration is a 
specifi c, but insensitive technique. In a study of 20 
amateur athletes receiving 30   U rHuEPO/kg every 
other day for 45 days, the use of 0.6% macrocytic eryth-
rocytes as the cutoff detected about 50% of the indi-
viduals using rHuEPO.  123   The percentage of macrocytic 
erythrocytes in blood samples from the 240 elite ath-
letes in the control group did not exceed this cutoff 
value (i.e., no false - positives). Analytic methods for the 
detection of serum soluble transferrin receptor (sTfr) 
include enzyme - linked immunosorbent assay (ELISA), 
immunoturbidimetry, and a nephelometric technique.  124

This substance is released primarily from erythropoietic 
progenitors; thus, this test is an indirect marker of 
erythropoiesis.  

 ON / OFF  Model.     The Australian Institute of Sport and 
the Australian Sports Drug Testing Laboratory devel-
oped 2 mathematical models for the detection of 
rHuEPO use based on Fischer ’ s discriminant analysis of 
changes in indirect makers of hematopoiesis during the 
administration of rHuEPO to recreational athletes.  125

The ON model is a screening test to determine the need 
to collect urine samples for the detection of rHuEPO 
use. This model utilizes 5 erythrocyte and serum param-
eters (hematocrit, reticulocyte count, percentage mac-
rocytic erythrocytes, serum EPO, serum sTfr) to screen 
for the current use of rHuEPO. This model is highly 

demonstrated decreased weight in animal models, but 
no evidence of teratogenetic effects were reported in 
the pharmaceutical company data.  111   Case reports 
suggest that rHuEPO is an effective therapy for preg-
nant patients with severe anemia and renal failure.  112

Complications typically associated with rHuEPO therapy 
were not reported in the neonates or mothers.  112,113

Treatment with rHuEPO and IV iron increases the 
mother ’ s capacity to donate blood for autologous and 
intrauterine transfusions.  114

  DIAGNOSTIC TESTING 

  Analytic Methods 

 The effects of rHuEPO continue after the elimination 
of rHuEPO; however, there is no single, long - term bio-
marker of rHuEPO use. Direct testing for rHuEPO 
during competition is impractical because of the complex 
biotransformation and rapid elimination half - life (i.e., 
3 – 4 days) of rHuEPO.  115   The strategy approved by the 
International Olympic Committee (IOC) for the detec-
tion of rHuEPO use in athletes involves both indirect 
testing for the effects of rHuEPO and direct testing for 
the presence of rHuEPO by isoelectric focusing and 
double immunoblotting.  116   These methods separate 
rHuEPO from endogenous EPO based on differences 
in the pattern and extent of glycosylation. There are no 
direct screening methods for the detection of oxygen 
carriers, and the best screening method for the detection 
of hemoglobin - based oxygen carriers is direct visualiza-
tion of plasma discoloration. The detection limit for this 
technique is < 1% hemoglobin - based oxygen carrier in 
plasma.117   The presence of elevated plasma hemoglobin 
concentrations alone are not suffi cient proof of blood 
doping because 1) hemolysis of erythrocytes during 
extreme exercise, and 2) storage increases the plasma 
hemoglobin concentration. The standard cyanmethemo-
globin method does not distinguish between endoge-
nous hemoglobin and hemoglobin - based oxygen 
carriers. Confi rmatory methods for the detection of 
hemoglobin - based oxygen carriers include electropho-
resis, size - exclusion high performance liquid chroma-
tography, and liquid chromatography/tandem mass 
spectrometry.  118   The detection of perfl uorocarbons 
requires specifi c, expensive analyzers and fl ow -
 measuring devices.  119   Methods to detect the presence of 
the plasma volume expander, dextran in urine samples 
include liquid chromatography/tandem mass spectrom-
etry.  120   The assay limit of detection (LOD) was 3.8    μ g/
mL and the lower limit of quantitation (LLOQ) was 
12.5    μ g/mL. Conventional laboratory techniques do not 
typically detect gene doping because the detection of 
gene doping requires molecular techniques with the 
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 Second - generation models (ON - he, ON - hes, OFF - he, 
OFF - hes) based on standard discriminant analysis are 
more sensitive than original models, particularly for the 
detection of the cessation of rHuEPO use and low 
rHuEPO doses during maintenance regimens.  130   These 
second - generation models use hemoglobin, reticulocyte 
percentage, serum erythropoietin, and serum transferrin 
receptor concentrations rather than volume - dependent 
parameters (i.e., macrocytic erythrocytes). The incorpo-
ration of volume - independent blood parameters allows 
increased storage and transport times between sample 
collection and analysis. Longitudinal monitoring of ath-
letes (e.g., hemoglobin, reticulocyte percentage) sub-
stantially improves the detection of rHuEPO use weeks 
after injections cease, particularly when compared with 
historical values.  131   Blood samples refrigerated for up to 
24 hour at 4 o C are suitable for the determination of 
indirect hematologic parameters associated with 
rHuEPO use.  132   Third - generation models use the ath-
lete ’ s baseline values (hemoglobin, hematocrit, reticulo-
cyte count, third - generation OFF score) rather than 
population - derived thresholds to reduce within - subject 
variability.  121     

  Direct Methods 

  Immunoassays.     Most standard immunoassays do not 
distinguish endogenous EPO from recombinant forms 
of erythropoietin. Immunoassays for the analysis of 
serum EPO include chemiluminescent immunoassay 
(CHEM) and ELISA. The LOD and LLOQ are lower 
for CHEM than ELISA. In an interlaboratory 
validation study of these 2 immunoassays, the LOD for 
CHEM was 0.2   mIU/mL compared with 0.6   mIU/mL 
for ELISA.  133   The LLOQ for CHEM and ELISA 
were 0.5   mIU/mL and 2   mIU/mL, respectively. The 
erythropoiesis - mimetic peptide, hematide does not 
cross reaction with EPO antibodies; thus, conventional 
tests for rHuEPO do not detect the misuse of this 
drug.  134    

  Electrophoresis.     The International Olympic 
Committee Medical Commission (WADA technical 
document TD2007EPO) approved the use of isoelectric 
focusing with double immunoblotting and chemilumi-
nescence detection as the confi rmation of rHuEPO in 
urine samples from participating athletes. The second 
blotting step ( “ double - blotting ” ) is necessary to avoid 
nonspecifi c binding of the secondary antibody and keep 
interfering urinary proteins on the fi rst membrane.  135   
Isoelectric focusing in a horizontal slab - gel containing 
carrier ampholytes in a pH ranging from 2 – 6 separates 
discrete isoforms of endogenous and recombinant EPO 
based on mass and charge differences in the  N  -  and 

sensitive during the last 2 weeks of rHuEPO administra-
tion and a few days after cessation; however, the sensitiv-
ity drops dramatically a few days after stopping the 
injection of low to moderate doses of rHuEPO.  126   False -
 positives occur rarely. The OFF model uses 3 indirect 
markers (hematocrit, percentage macrocytic erythro-
cytes, serum EPO) to detect the recently (i.e., last 14 
days) discontinuation of rHuEPO use; this model is more 
sensitive than the ON model during the later stages of 
rHuEPO use up to the last few days prior to cessation. 

 The OFF model is the only model to detect rHuEPO 
use  > 1 week after cessation of use. Figure  17.2  displays 
the sensitivity of the ON and OFF models in relation to 
the time of rHuEPO use. The OFF model did not com-
pletely separate rHuEPO use from controls; therefore, a 
confi rmatory test (e.g., isoelectric patterning) is required 
to confi rm recent rHuEPO use. The sensitivity of the 
OFF model up to 3 weeks after cessation of use was 
67 – 72% with no false - positive tests.  127   Some adjustment 
of the ON -  and OFF - model scores for training modalities 
is necessary because studies of male endurance athletes 
training at high altitudes demonstrate moderately higher 
ON - model scores compared with training at sea level.  128   
However, physical fi tness, training workloads, and sport 
do not substantially alter the indirect serum biomarkers 
for the detection of rHuEPO use.  129     

       FIGURE 17.2.     Sensitivity of ON and OFF models for the 
detection of rHuEPO use. The shaded area represents the 
period of enhanced performance.  162   Scenario A: period of 
rapid increase in rHuEPO concentration before performance 
enhancement; Scenario B: steady - state rHuEPO use - high 
dose; Scenario C: steady - state rHuEPO use - low dose; Scenario 
D: period of increasing OFF model scores while ON model 
scores decrease; Scenario E: postadministration period with 
elevated OFF model scores.  (Reprinted with permission from 
R Kazlauskas, C Howe, G Trout, Strategies for rhEPO detec-
tion in sport, Clinical Journal of Sport Medicine, Vol. 12, Issue 
4, p. 234, copyright 2002.)   
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in the linear mode is primarily an off - line method. 
Dynepo ™  (erythropoietin - delta; Shire Pharmaceuticals, 
Dublin, Ireland) has no distinct glycosylation pattern 
that distinguishes this substance from endogenous EPO 
by direct EPO testing. Although the addition of prote-
ases to urine samples dramatically reduces the sensitiv-
ity of these assays, direct tests for protease activity are 
available to detect sample manipulation.    

  Biomarkers 

  Blood 

 In a given individual, the plasma EPO concentration is 
relatively constant; however, there is about a 2 - fold 
variation among individuals independent of gender, age, 
and red cell mass.  145   The effects of rHuEPO continue 
after the elimination of rHuEPO; therefore, analysis of 
blood primarily involves the detection of indirect bio-
markers that suggest rather than confi rm rHuEPO use. 
Increases in the hemoglobin and hematocrit begin about 
2 – 6 weeks after the administration of rHuEPO. 
Elevation of serum EPO suggests the use of rHuEPO, 
but standard analytic techniques do not discriminate 
between endogenous EPO and rHuEPO. Both short -
 term aerobic exercise and endurance training do not 
signifi cantly alter the serum erythropoietin (EPO) con-
centration.146   In a study of 46 long - distance runners 
during a training period, the mean serum EPO concen-
trations of the endurance runners (19.7    ±    5.5   U/L) and 
sedentary controls (19.7    ±    9.2   U/L) were not statisti-
cally different, as measured by radioimmunoassay.  147

There was no statistically signifi cant difference in the 
serum EPO concentration of a subset (17) of these 
endurance runners, when comparing the mean serum 
EPO before and after a 6 - hour race. The mean serum 
EPO concentration was signifi cantly lower ( P     <    .05) in 
a group 15 male triathletes than in a group of 45 male 
long - distance runners.  148   However, there were no signifi -
cant differences in the mean serum EPO concentration 
in female and male athletes in various sports when com-
pared with sedentary controls. Data on the effect of 
circadian rhythms on the serum EPO concentration are 
confl icting with some studies demonstrating no effect  149

and other studies indicating lower serum EPO concen-
tration in the morning and higher concentrations in the 
evening.  150

 The serum sTfr concentration depends on the ery-
throid proliferation rate and cellular iron demands. 
Suggested threshold for detection of rHuEPO use based 
on a 200   U/kg dosing regimen was a serum sTfr concen-
tration exceeding 10    μ g/mL.  151   The ratio of sTfr/serum 
ferritin depends on the amount of rHuEPO adminis-
tered. In the same study using the 200   U/kg dosing 

O  - glycans of the isoforms. rHuEPO is less anionic than 
endogenous EPO; 136   the slightly greater number of sialic 
acid residues in the glycosylated side chains of the 
rHuEPO molecule compared with endogenous EPO 
also allows the separation of these 2 molecules using the 
isoelectric patterning method in a pH gradient electrical 
fi eld.  137   The use of rHuEPO by athletes suppresses the 
production of endogenous EPO, resulting in a continu-
ous shift to the recombinant IEF - profi le depending on 
the serum half - life and the dose of rHuEPO. Some atyp-
ical isoelectric focusing patterns result from the partial 
desialylation, which potentially causes false - negative 
(but not false - positive) results.  138   To reduce false - positive 
results, a positive test requires detection of at least 3 
consecutive bands with 2 - fold greater intensity than 
those in the acidic region.  39   The use of electrophoresis 
to detect rHuEPO in urine samples is limited by expense 
and the short detection interval (i.e.,  < 24 – 48 hours after 
the last injection).  139   The unique gene activation tech-
nology used to produce epoetin delta limits the effec-
tiveness of current analytic techniques used to detect 
rHuEPO use.  38   The use of isoelectric focusing tech-
niques requires precautionary measures to prevent 
EPO degradation by endogenous proteases in urine.  137

Alternate electrophoretic methods for the detection of 
rHuEPO in urine samples include sodium dodecyl 
sulfate - polyacrylamide gel electrophoresis and 
2 - dimensional (2D) electrophoresis. The former method 
separates proteins based on their apparent molecular 
mass; an upstream immunoaffi nity purifi cation step 
allows the detection of EPO isoforms.  140   The 2D elec-
trophoretic method combines separation by charge (iso-
electric focusing) and by molecular mass (sodium 
dodecyl sulfate - polyacrylamide gel electrophoresis), 
resulting in greater resolution than either method 
alone.  141

Mass Spectrometry.     Mass spectrometric methods for 
the detection of rHuEPO and darbepoetin alpha in 
urine samples include liquid chromatography/mass 
spectrometry,  142   electrospray ionization mass spectrom-
etry (ESI/MS) with separation by either high perfor-
mance liquid chromatography or capillary 
electrophoresis,  143   and matrix - assisted laser desorption/
ionization mass spectrometry applying a high - resolution 
time - of - fl ight mass analyser in the linear mode.  144   The 
use of enzymes (e.g., trypsin) to cleave the intact glyco-
proteins allows more detailed structural characteriza-
tion of EPO isoforms, when analyzing the subsequent 
peptides/glycopeptides or glycans with a high - resolution 
time - of - fl ight mass analyser in the linear mode or elec-
trospray ionization mass spectrometry.  73   The latter 
method can be operated either on - line or off - line, 
whereas a high - resolution time - of - fl ight mass analyser 
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mia. The inadvertent administration of 384,000   U 
rHuEPO over 3 days was associated with modest eleva-
tion of serum hepatic aminotransferase concentrations, 
but no liver dysfunction developed.  51

  TREATMENT 

  Stabilization 

 The treatment for excessive use of erythropoiesis -
 stimulating agents is supportive including withdrawal 
from these agents and close monitoring for the develop-
ment of ischemic (angina, myocardial infarction, con-
gestive heart failure, mesenteric ischemia) and 
thrombotic (cerebral embolism/infarction, deep vein 
thrombosis, pulmonary embolism) complications. There 
are no known antidotes for overdoses of erythropoiesis -
 stimulating agents. 

  Polycythemia 

 Life - threatening ischemic and thrombotic complica-
tions frequently occur when the hematocrit exceeds 
60%. Patients presenting with a hematocrit above this 
level require emergent phlebotomy along with fl uid 
replacement or in very emergent situations, erythro-
pheresis (i.e., selective removal of erythrocytes with 
reinfusion of the remaining portion of the blood) in 
suffi cient amounts to decrease the hematocrit to levels 
near 55%. The ultimate hematocrit target over the fi rst 
week of therapy is < 45% while maintaining intravascu-
lar volume.  53   In a patient with a hematocrit of 72% 
following an inadvertent overdose of rHuEPO, phle-
botomy and 2 sessions of erythropheresis removed 
898   mL and 640   mL red blood cells, respectively.  53

Reducing his hematocrit below 45% resolved his symp-
toms of abdominal pain, confusion, and peripheral isch-
emia. Repeat phlebotomy or erythropheresis may be 
necessary in the fi rst 4 – 5 days after cessation of 
erythropoiesis - stimulating agents because of the con-
tinuing presence of erythropoiesis - stimulating agents 
during this period. In less urgent, asymptomatic patients, 
phlebotomy (500   mL with fl uid replacement) may 
suffi ce every other week.  

  Hypertension 

 Hypertension is a common adverse effect associated 
with erythropoiesis - stimulating agents that is multifac-
torial (e.g., preexisting hypertension, rapid increase in 
hematocrit, low baseline hematocrit, genetic predisposi-
tion, high - dose therapy). The elevation in blood 
pressure usually responds to conventional therapy 
including reduction and/or discontinuation of 

regimen, statistical analysis indicated a threshold value 
for the sTfr/serum ferritin ratio of 403 compared with 
153 for a 50   U/kg dosing regimen.  48   In contrast to the 
serum sTfr, the sTfr/serum ferritin ratio is independent 
of the hematocrit. The use of the sTfr/serum protein 
ratio has the advantage of being unaffected by the 
administration of iron supplements that are commonly 
used by endurance athletes on rHuEPO. The serum sTfr 
remains elevated for about 1 week after cessation of 
rHuEPO use compared with about 2 weeks for the sTfr/
serum protein ratio.  152   However, these values return to 
baseline before the ergogenic effect of rHuEPO ceases. 
Therefore, the use of sTfr or ratios involving sTfr is most 
useful for out - of - competition testing.  

  Urine 

 The typical concentration of EPO in the urine of non-
athletes is about 1   IU/L (10   pg/L), whereas the upper 
limits of elite male and female athletes is 13.5   IU/L and 
7.7   IU/L, respectively.  137   Isoelectric focusing differenti-
ates between rHuEPO, endogenous EPO, and darbepo-
etin alpha, but not Dynepo ™  (erythropoietin - delta).  153

The sensitivity of this method decreases dramatically 
more than 3 days after use of rHuEPO, whereas the 
longer half - life of darbepoetin alpha allows detection 
up to about 1 week.  14   In a study of volunteers receiving 
epoetin alfa 3 times weekly at a dose of 50   IU/kg for 3 
weeks, the sensitivity of isoelectric focusing was 100% 
and about 50% for urine samples collected 3 days and 
7 days, respectively, after cessation of the injections.  154

Case reports suggest that the use of microdoses of 
rHuEPO (i.e.,  < 10% of initial doses) as a maintenance 
dose reduces the detection interval for rHuEPO in the 
urine.  155   The detection interval for darbepoetin alfa in 
urine samples is substantially longer than most forms of 
rHuEPO. In a study of 3 healthy men, darbepoetin alfa 
was detectable in urine samples for up to 7 days after 
the injection of 40    μ g (60   IU), as measured by isoelec-
tric focusing.  156   Case reports suggest that false - positive 
results for epoetin beta occur rarely under conditions of 
extreme exercise following the analysis of postexercise, 
highly concentrated, protein - rich urine using isoelectric 
focusing.  157   Additional tests to identify false - positive 
results include indirect markers of altered erythropoi-
esis or 2D electrophoresis.  158

  Abnormalities 

 Abuse of rHuEPO can decrease endogenous EPO pro-
duction, depress reticulocytosis, and cause anemia.  159

Blood abnormalities associated with chronic rHuEPO 
use include thrombosis (increased D - dimer), refractory 
anemia (decreases reticulocyte count), and hyperkale-
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absence of kidney transplantation, the treatment of 
pure red blood cell aplasia usually involves prednisone 
(1   mg/kg/d starting dose).  88

  References 

     1.       Gaudard   A  ,   Varlet - Marie   E  ,   Bressolle   F  ,   Audran   M  . 
 Drugs for increasing oxygen and their potential use in 
doping: a review .  Sports Med   2003 ; 33 : 187  -  212 .  

     2.       Wehrlin   JP  ,   Zuest   P  ,   Hallen   J  ,   Marti   B  .  Live high - train low 
for 24 days increases hemoglobin mass and red cell 
volume in elite endurance athletes .  J Appl Physiol   2006 ;
 100 : 1938  –  1945 .  

     3.       Bonnemain   B  .  When blood and meat were drugs .  Rev 
Hist Pharm (Paris)   2003 ; 51 : 611  –  624 . [French]  

     4.       Klein   HG  .  Blood transfusion and athletics. Games people 
play .  N Engl J Med   1985 ; 312 : 854  –  856 .  

     5.       Mottram   DR  .  Banned drugs in sport. Does the 
International Olympic Committee (IOC) list need updat-
ing?   Sports Med   1999 ; 27 : 1  –  10 .  

     6.       Jelkmann   W  .  Erythropoietin after a century of research: 
younger than ever .  Eur J Haematol   2007 ; 78 : 183  –  205 .  

     7.       Lappin   TR  ,   Rich   IN  .  Erythropoietin  –  the fi rst 90 years . 
 Clin Lab Haematol   1996 ; 18 : 137  –  145 .  

     8.       Bonsdorff   I  ,   Jalavisto   E  .  A humoral mechanism in anoxic 
erythrocytosis .  Acta Physiol Scand   1948 ; 16 : 150  –  170 .  

     9.       Ribatti   D  .  Erythropoietin, the fi rst century .  Leuk Res  
 2008 ; 32 : 1169  –  1172 .  

     10.       Jacobson   LO  ,   Goldwasser   E  ,   Fried   W  ,   Plzak   L  .  Role of 
the kidney in erythropoiesis .  Nature   1957 ; 179 : 633  –  634 .  

     11.       Tong   EM  ,   Nissenson   AR  .  Erythropoietin and anemia . 
 Semin Nephrol   2001 ; 21 : 190  –  203 .  

     12.       Tokish   JM  ,   Kocher   MS  ,   Hawkins   RJ  .  Ergogenic aids: a 
review of basic science, performance, side effects, and 
status in sports .  Am J Sports Med   2004 ; 32 : 1543  –  1553 .  

     13.       Scott   J  ,   Phillips   GC  .  Erythropoietin in sports: a new look 
at an old problem .  Curr Sports Med Rep   2005 ; 
4 : 422  -  426 .  

     14.       Wilber   RL  .  Detection of DNA - recombinant human 
epoetin - alfa as a pharmacological ergogenic aid .  Sports 
Med   2002 , 32 : 125  –  142 .  

     15.       Robinson   N  ,   Giraud   S  ,   Saudan   C  ,   Baume   N  ,   Avois   L  , 
  Mangin   P  ,   Saugy   M  .  Erythropoietin and blood doping .  Br 
J Sports Med   2006 ; 40 ( suppl 1 ): i30  –  i34 .  

     16.       Borrione   P  ,   Mastrone   A  ,   Salvo   RA  ,   Spaccamiglio   A  , 
  Grasso   L  ,   Angeli   A  .  Oxygen delivery enhancers: past, 
present, and future .  J Endocrinol Invest   2008 ;
 31 : 185  –  192 .  

     17.       Romanowski   RR  ,   Sytkowski   AJ  .  The molecular structure 
of human erythropoietin .  Hematol Oncol Clin N America  
 1994 ; 8 : 885  –  894 .  

     18.       Bazan   JF  .  A novel family of growth factor receptors: a 
common binding domain in the growth hormone, prolac-
tin, erythropoietin and IL - 6 receptors, and the p75 IL - 2 

erythropoiesis - stimulating agents, antiplatelet therapy, 
standard antihypertensive agents (beta - blockers, vaso-
dilators), and fl uid removal (diuretics or dialysis in 
patients with end - stage kidney disease).  160,161   ACE -
 inhibitors and calcium antagonists are options to beta -
 blockers and vasodilators as choices for an 
antihypertensive agents. Rarely, hypertensive encepha-
lopathy complicates the use of rHuEPO in patients with 
end - stage renal disease. Other than the reduction of 
elevated hemoglobin concentrations as outlined in the 
Stabilization section, the treatment of hypertensive 
encephalopathy in these patients is similar to standard 
therapy for hypertensive encephalopathy including the 
IV use of nitroprusside (initial infusion rate 0.1    μ g/kg/
min titrated to desired end point with typical average 
infusion 0.5 – 8    μ g/kg/min) or, in cases with coronary 
ischemia, nitroglycerin (10 – 20    μ g/min increased by 
5 – 10    μ g/min every 5 – 10 minutes until desired response).   

  Gut Decontamination 

 Decontamination measures are unnecessary because 
of the poor oral bioavailability of erythropoiesis -
 stimulating agents.  

  Elimination Enhancement 

 The large molecular weight of erythropoiesis - stimulating 
agents limits the effi cacy of extracorporeal methods of 
removal. Hemodialysis for complications following the 
use of erythropoiesis - stimulating agents primarily 
involves the correction of fl uid and electrolyte balance 
in patients with chronic renal disease. Plasmapheresis 
theoretically could reduce the circulating erythropoiesis -
 stimulating agents, but there are no clinical data to 
support the routine use of plasmapheresis.  

  Supplemental Care 

 The presence of severe vomiting or diarrhea indicates 
the need to monitor fl uid/electrolyte balance and evalu-
ate the patient for mesenteric ischemia. Asymptomatic 
patients with elevated hematocrit from chronic use of 
erythropoiesis - stimulating agents require monitoring of 
hematocrit and blood pressure for at least 1 week after 
cessation of therapy. Patients with pure red cell aplasia 
usually require regular packed red blood cell transfu-
sions until the anemia resolves and the antierythropoi-
etin antibodies disappear. In cases of pure red blood cell 
aplasia related to drugs other than erythropoiesis -
 stimulating agents, the anemia typically remits within 
1 – 2 weeks; however, there are inadequate data to deter-
mine the course of pure red blood cell aplasia in indi-
viduals abusing erythropoiesis - stimulating agents. In the 



17 ERYTHROPOIETIN STIMULATION and OTHER BLOOD DOPING METHODS

321

     34.       Maitani   Y  ,   Hazama   M  ,   Tojo   Y  ,   Shimoda   N  ,   Nagai   T  .  Oral 
administration of recombinant human erythropoietin in 
liposomes in rats. Infl uence of lipid composition and size 
of liposomes on bioavailability .  J Pharm Sci   1996 ; 85 : 
440  –  445 .  

     35.       Ninot   G  ,   Connes   P  ,   Caillaud   C  .  Effects of recombinant 
human erythropoietin injections on physical self in 
endurance athletes .  J Sports Sci   2006 ; 24 : 383  –  391 .  

     36.       Cristani   A  ,   Boldrini   E  ,   Amateis   E  ,   Arioli   D  .  [Blood 
Doping 2.]   Recenti Prog Med   2005 ; 96 : 1  –  3 . [Italian]  

     37.       Lippi   G  ,   Banfi    G  .  Blood transfusions in athletes. Old 
dogmas, new tricks .  Clin Chem Lab Med   2006 ;  44 : 
1395  –  1402 .  

     38.       Lippi   G  ,   Franchini   M  ,   Salvagno   GL  ,   Guidi   GC  . 
 Biochemistry, physiology, and complications of blood 
doping: facts and speculation .  Crit Rev Clin Lab Sci   2006 ; 
43 : 349  –  391 .  

     39.       Elliott   S  .  Erythropoiesis - stimulating agents and other 
methods to enhance oxygen transport .  Br J Pharmacol  
 2008 ; 154 : 529  –  541 .  

     40.       Baginski   S  ,   Korner   R  ,   Frei   U  ,   Eckardt   KU  .  [Anemia and 
erythropoietin in critically ill patients.]   Zentralbl Chir  
 2003 ; 128 : 487  –  492 . [German]  

     41.       Eschbach   JW  ,   Egrie   JC  ,   Downing   MR  ,   Browne   JK  , 
  Adamson   JW  .  Correction of anemia of end stage renal 
disease with recombinant human erythropoietin: results 
of a phase I and phase II clinical trial .  N Eng J Med   1987 ; 
316 : 73  –  78 .  

     42.       Cheung   WK  ,   Goon   BL  ,   Guilfoyle   MC  ,   Wacholtz   MC  . 
 Pharmacokinetics and pharmacodynamics of recombi-
nant human erythropoietin after single and multiple sub-
cutaneous doses to healthy subjects .  Clin Pharmacol Ther  
 1998 ; 64 : 412  –  423 .  

     43.       Flaharty   KK  ,   Caro   J  ,   Erslev   A  ,   Whalen   JJ  ,   Morris   EM  , 
  Bjornsson   TD  ,   Vlasses   PH  .  Pharmacokinetics and eryth-
ropoietic response to human recombinant erythropoietin 
in healthy men .  Clin Pharmacol Ther   1990 ; 47 : 557  –  564 .  

     44.      National Kidney Foundation .  DOQI clinical practice 
guidelines for anemia of chronic disease 2000   Am J 
Kidney Dis   2001 ; 37  ( suppl ): S182  –  S238 .  

     45.       Verbeelen   D  ,   Bossuft   A  ,   Smitz   J  .  Hemodynamics of 
patients with recombinant human erythropoietin .  Clin 
Nephrol   1989 ; 31 : 6  –  11 .   

     46.       Markham   A  ,   Bryson   HM  .  Epoetin alfa: a review of its 
pharmacodynamic and pharmacokinetic properties and 
therapeutic use in nonrenal applications .  Drugs   1995 ; 
 49 : 232  –  254 .  

     47.       Balsom   PD  ,   Ekblom   B  ,   Sjodin   B  .  Enhanced oxygen avail-
ability during high intensity intermittent exercise 
decreases anaerobic metabolite concentrations in blood . 
 Acta Physiol Scand   1994 ; 150 : 455  –  456 .  

     48.       Audran   M  ,   Gareau   R  ,   Matecki   S  ,   Durand   F  ,   Chenard   C  , 
  Sicart   MT  , et al.  Effects of erythropoietin administration 
in training athletes and possible indirect detection in 
doping control .  Med Sci Sports Exerc   1999 ; 31 : 639  –  645 .  

receptor beta - chain .  Biochem Biophys Res Commun  
 1989 ; 164 : 788  –  95 .  

     19.       Lah   J  ,   Prislan   I  ,   Krzan   B  ,   Salobir   M  ,   Francky   A  ,   Vesnaver  
 G  .  Erythropoietin unfolding: thermodynamics and its 
correlation with structural features   Biochemistry  
 2005 ; 44 : 13883  –  13892 .  

     20.       Storring   PL  ,   Tiplady   RJ  ,   Gaines Das   RE  ,   Stenning   BE  , 
  Lamikanra   A  ,   Rafferty   B  ,   Lee   J  .  Epoetin alfa and beta 
differ in their erythropoietin isoform compositions and 
biological properties .  Br J Haematol   1998 ; 100 : 79  –  89 .   

     21.       Zamboni   WC  ,   Stewart   CE  .  An overview of the pharma-
cokinetic disposition of darbepoetin alfa .  Pharm-
acotherapy   2002 ; 22 : 133S  –  140S .  

     22.       Pascual   JA  ,   Belalcazar   V  ,   de   Bolos   C  ,   Gutierrez   R  ,   Llop  
 E  ,   Segura   J  .  Recombinant erythropoietin and analogues: 
a challenge for doping control .  Ther Drug Monit   2004 ; 26 :
 175  –  179 .  

     23.       Macdougall   IC  .  CERA (Continuous Erythropoietin 
Receptor Activator): a new erythropoiesis - stimulating 
agent for the treatment of anemia .  Curr Hematol Rep  
 2005 ; 4 : 436  –  440 .  

     24.       Hsieh   MM  ,   Linde   NS  ,   Wynter   A  ,   Metzger   M  ,   Wong   C  , 
  Langsetmo   I  , et al.  HIF prolyl hydroxylase inhibition 
results in endogenous erythropoietin induction, erythro-
cytosis, and modest fetal hemoglobin expression in rhesus 
macaques .  Blood   2007 ; 110 : 2140  –  2147 .  

     25.      World Anti - Doping Agency . Available at  http://
www.wada - ama.org/Documents/World_Anti - Doping_
Program/WADP - Prohibited - list/WADA_Prohibited_
List_2010_EN.pdf . Accessed 7/10/2011.  

     26.       Scarpino   V  ,   Arrigo   A  ,   Benzi   G  ,   Garattini   S  ,   La   Vecchia   C  , 
  Bernardi   LR  , et al.  Evaluation of prevalence of “doping” 
among Italian athletes .  Lancet   1990 ; 336 ( 8722 ): 
1048  –  1050 .  

     27.       Keld   DB  ,   Hahn   T  .  [Use of anabolic androgenic steroids, 
growth hormone and erythropoietin by patients in 
general practice]   Ugeskr Laeger   2006 ; 168 : 3121  –  3124 . 
[Danish]

     28.       Porter   DL  ,   Goldberg   MA  .  Physiology of erythropoietin 
production .  Semin Hematol   1994 ; 31 : 112  –  121 .  

     29.       Lacombe   C  ,   Mayeux   P  .  The molecular biology of eryth-
ropoietin .  Nephrol Dial Transplant   1999 ; 14 ( Suppl 2 ):
 S22  –  S28 .  

     30.       Deicher   R  ,   Horl   WH  .  Differentiating factors between 
erythropoiesis- stimulating agents: a guide to selection for 
anaemia of chronic kidney disease .  Drugs   2004 ; 64 : 
499  –  509 .  

     31.       Spalding   BJ  .  Black marketing biotechnology: Athletes 
abuse EPO and HGH .  Biotechnology (NY)   1991 ;  9 :
 1050  –  1053 .  

     32.       Schumacher   YO  ,   Schmid   A  ,   Dinklemann   S  ,   Berg   A  , 
  Northoff   H  .  Artifi cial oxygen carriers - the new doping 
threat in endurance sports .  Int J Sports Med   2001 ; 22 : 
566  –  571 .  

     33.       Schumacher   YO  ,   Ashenden   M  .  Doping with artifi cial 
oxygen carriers — an update .  Sports Med   2004 ; 34 : 
141  –  150 .   



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

322

     64.       Varlet - Marie   E  ,   Gaudard   A  ,   Audran   M  ,   Bressolle   R  . 
 Pharmacokinetics/pharmacodynamics of recombinant 
human erythropoietins in doping control .  Sports Med  
 2003 ; 33 : 301  –  315 .  

     65.       Veng - Pedersen   P  ,   Widness   JA  ,   Pereira   LM  ,   Peters   C  , 
  Schmidt   RL  ,   Lowe   LS  .  Kinetic evaluation of nonlinear 
drug elimination by a disposition decomposition analysis. 
Application to the analysis of the nonlinear elimination 
kinetics of erythropoietin in adult humans .  J Pharm Sci  
 1995 ; 84 : 760  –  767 .  

     66.       Egrie   JC  ,   Dwyer   E  ,   Browne   JK  ,   Hitz   A  ,   Lykos   MA  . 
 Darbepoetin alfa has a longer circulating half - life and 
greater in vivo  potency than recombinant human eryth-
ropoietin .  Exp Hematol   2003 ; 31 : 290  –  299 .  

     67.       Halstenson   CE  ,   Macres   M  ,   Katz   SA  ,   Schnieders   JR  , 
  Watanabe   M  ,   Sobota   JT  ,   Abraham   PA  .  Comparative 
pharmacokinetics and pharmacodynamics of epoetin alfa 
and epoetin beta .  Clin Pharmacol Ther   1991 ; 50 :
 702  –  712 .  

     68.       Marsden   JT  .  Erythropoietin - measurement and clinical 
applications .  Ann Clin Biochem   2006 ;  43 : 97  –  104 .  

     69.       Souillard   A  ,   Audran   M  ,   Bressolle   F  ,   Gareau   R  ,   Duvallet  
 A  ,   Chanal   JL  .  Pharmacokinetics and pharmacodynamics 
of recombinant human erythropoietin in athletes. Blood 
sampling and doping control .  Br J Clin Pharmacol  
 1996 ; 42 : 355  –  364 .  

     70.       Huch   R  ,   Huch   A  .  Erythropoietin in obstetrics .  Hematol 
Oncol Clin North Am   1994 ; 8 : 1021  –  1040 .  

     71.       Eschbach   JW  ,   Kelly   MR  ,   Haley   NR  ,   Abels   RI  ,   Adamson  
 JW  .  Treatment of the anemia of progressive renal failure 
with recombinant erythropoietin .  N Eng J Med   1989 ;
 321 : 158  –  163 .  

     72.       Spivak   JL  .  Erythropoietin use and abuse: when physiol-
ogy and pharmacology collide .  Adv Exp Med Biol   2001 ; 
502 : 207  –  224 .  

     73.       Reichel   C  ,   Gmeiner   G  .  Erythropoietin and analogs . 
 Handb Exp Pharmacol   2010 ; 195 : 251  –  294 .  

     74.       Jelkmann   W  .  Molecular biology of erythropoietin .  Intern 
Med   2004 ; 43 : 649  –  659 .  

     75.       Lavoie   C  ,   Diguet   A  ,   Milot   M  ,   Gareau   R  .  Erythropoietin 
(rHuEPO) doping: effects of exercise on anaerobic 
metabolism in rats .  Int J Sports Med   1998 ; 19 : 281  –  286 .  

     76.       Stohlawetz   PJ  ,   Dzirlo   L  ,   Hergovich   N  ,   Lackner   E  , 
  Mensik   C  ,   Eichler   HG  , et al.  Effects of EPO on platelet 
activity and thrombopoiesis in humans .  Blood   2000 ; 95 : 
2983  –  2989 .  

     77.       Gauthier   J  .  [Cardiovascular effects of doping] .  Ann 
Cardiol Angeiol (Paris) .  2001 ; 50 : 293  –  298 . [French]  

     78.       Corrigan   B  .  Beyond EPO .  Clin J Sport Med .  2002 ; 
12 : 242  –  244 .  

     79.       Singh   AK  ,   Szczech   L  ,   Tang   KL  ,   Barnhart   H  ,   Sapp   S  , 
  Wolfson   M  ,   Reddan   D  ,  CHOIR Investigators .  Correction 
of anemia with epoetin alpha in chronic kidney disease . 
 N Eng J Med   2006 ; 355 : 2085  –  2098 .  

     80.       Szczech   LA  ,   Barnhart   HX  ,   Sapp   S  ,   Felker   GM  ,   Hernandez  
 A  ,   Reddan   D  , et al.  A secondary analysis of the CHOIR 

     49.       Williams   MH  ,   Branch   JD  .  Ergogenic aids for improved 
performance . In:   Garrett   WE  ,   Kirkendall   DT  , eds. 
 Exercise and sport science .  Philadelphia, PA :  Lippincott, 
Williams and Wilkins ;  2000 : 373  –  384 .  

     50.       Clyne   N  ,   Berglund   B  ,   Egberg   N  .  Treatment with recom-
binant human erythropoietin induces a moderate rise in 
hematocrit and thrombin antithrombin in healthy sub-
jects .  Thromb Res   1995 ; 79 : 125  –  129 .  

     51.       Shin   D - H  ,   Kwon   Y - I  ,   Choi   S - I  ,   Park   U - S  ,   Lee   J  ,   Shin   J - H  , 
et al.  Accidental ten times overdose administration of 
recombinant human erythropoietin (rh - EPO) up to 
318,000 units a day in acute myocardial infarction: report 
of two cases .  Basic Clin Pharmacol Toxicol   2006 ; 98 : 
222  –  228 .  

     52.      Product Information .  Epogen, epoetin alfa .  Thousand 
Oaks, CA :  Amgen ;  1999 .   

     53.       Hoffman   RS  ,   Cobrin   G  ,   Nelson   LS  ,   Howland   MA  . 
 Erythropoietin overdose treated with emergent erythro-
pheresis   Vet Hum Toxicol   2002 ; 44 : 157  –  159 .  

     54.       Hughes   RT  ,   Cotes   PM  ,   Oliver   DO  ,   Pippard   MJ  ,   Royston  
 P  ,   Stevens   JM  , et al.  Correction of the anaemia of chronic 
renal failure with erythropoietin: pharmacokinetic 
studies in patients on haemodialysis and CAPD .  Contrib 
Nephrol   1989 ; 76 : 122  –  130 .  

     55.       Macdougall   IC  .  An overview of the effi cacy and safety of 
novel erythropoiesis stimulating protein .  Nephrol Dial 
Transplant   2001 ; 16 : 14  –  21 .  

     56.       Salmonson   T  ,   Danielson   BG  ,   Wikstrom   B  .  The pharma-
cokinetics of recombinant human erythropoietin after iv 
and sc administration to healthy subjects .  B J Clin 
Pharmacol   1990 ; 29 : 709  –  713 .  

     57.       Evans   JH  ,   Brocklebank   JT  ,   Bowmer   CJ  ,   Ng   PC  . 
 Pharmacokinetics of recombinant human erythropoietin 
in children with renal failure .  Nephrol Dial Transplant  
 1991 ; 6 : 709  –  714 .  

     58.       Macdougall   IC  ,   Gray   SJ  ,   Elston   O  ,   Breen   C  ,   Jenkins   B  , 
  Browne   J  ,   Egrie   J  .  Pharmacokinetics of novel erythropoi-
esis stimulating protein compared with epoetin alfa in 
dialysis patients .  J Am Soc Nephrol   1999 ; 10 : 2392  –  2395 .  

     59.       Lerner   G  ,   Kale   AS  ,   Warady   BA  ,   Jabs   K  ,   Bunchman   TE  , 
  Heatherington   A  , et al.  Pharmacokinetics of darbepoetin 
alfa in pediatric patients with chronic kidney disease . 
 Pediatr Nephrol   2002 ; 17 : 933  –  937 .  

     60.       Overbay   DK  ,   Manley   HJ  .  Darbepoetin - alpha: a review 
of the literature .  Pharmacology   2002 , 22 : 889  –  897 .  

     61.       Heatherington   AC  ,   Dittrich   C  ,   Sullivan   JT  ,   Rossi   G  , 
  Schueller   J  .  Pharmacokinetics of darbepoetin alfa after 
intravenous or subcutaneous administration in patients 
with non - myeloid malignancies undergoing chemother-
apy .  Clin Pharmacokinet   2006 ; 45 : 199  –  211 .  

     62.       Fukuda   MN  ,   Sasaki   H  ,   Lopez   L  ,   Fukuda   M  .  Survival of 
recombinant erythropoietin in the circulation: The role 
of carbohydrates .  Blood   1989 ; 73 : 84  –  89 .  

     63.       Briggs   DW  ,   Fisher   JW  ,   George   WJ  .  Hepatic clearance of 
intact and desialylated erythropoietin .  Am J Physiol  
 1974 ; 227 : 1385  –  1388 .  



17 ERYTHROPOIETIN STIMULATION and OTHER BLOOD DOPING METHODS

323

     94.       Dhar   R  ,   Stout   CW  ,   Link   MS  ,   Homoud   MK  ,   Weinstock   J  , 
  Estes   NA   3rd  .  Cardiovascular toxicities of performance -
 enhancing substances in sports .  Mayo Clin Proc   2005 ; 
80 : 1307  –  1315 .  

     95.       Harwick   N  ,   King   CM  .  Generalized eczematous reaction 
to EPO .  Dermatitis   1993 ; 28 : 123 .  

     96.       Schroder - Kolb   B  .  [Cutaneous reactions to treatment with 
recombinant human erythropoietin.]   Derm Beruf 
Umwelt   1990 ; 38 : 12  –  13 . [German]  

     97.       Minuto   F  ,   Barreca   A  ,   Melioli   GJ  .  Indirect evidence of 
hormone abuse .  Proof of doping? Endocrinol Invest  
 2003 ; 26 : 919  –  923 .  

     98.       Bennett   CL  ,   Cournoyer   D  ,   Carson   KR  ,   Rossert   J  , 
  Luminari   S  ,   Evens   AM  , et al.  Long - term outcome of 
individuals with pure red cell aplasia and anti -
 erythropoietin antibodies in patients treated with recom-
binant epoetin: a follow - up report from the Research on 
Adverse Drug Events and Reports (RADAR) Project . 
 Blood   2005 ; 106 : 3343  –  3347 .  

     99.       Yasuda   Y  ,   Fujita   Y  ,   Matsuo   T  ,   Koinuma   S  ,   Hara   S  ,   Tazaki  
 A  , et al.  Erythropoietin regulates tumour growth of 
human malignancies .  Carcinogenesis   2003 ; 24 : 1021  –  1029 .  

  100.       Maschio   G  .  Erythropoietin and systemic hypertension . 
 Nephrol Dial Transplant   1995 ; 10 ( Suppl 2 ): S74  –  S79 .  

  101.       Winearls   CG  ,   Oliver   DO  ,   Pippard   MJ  ,   Reid   C  ,   Downing  
 MR  ,   Cotes   PM  .  Effect of human erythropoietin derived 
from recombinant DNA on the anemia of patients main-
tained by chronic haemodialysis .  Lancet   1986 ; 2 ( 8517 ): 
1175  –  1178 .  

  102.       Lindberg   J  .  Darbepoetin alfa: a new therapy for the man-
agement of anaemia associated with chronic kidney 
disease .  Expert Opin Biol Ther   2002 ; 2 : 977  –  984 .  

  103.       Beccari   M  .  Seizures in dialysis patients treated with 
recombinant erythropoietin. Review of the literature and 
guidelines for prevention .  Int J Artif Organs   1994 ; 17 :
 5  –  13 .  

  104.       Finelli   PF  ,   Carley   MD  .  Cerebral venous thrombosis asso-
ciated with epoetin therapy .  Arch Neurol   2000 ;  57 :
 260  –  262 .  

  105.       Brown   KR  ,   Carter   W     Jr ,  Lombardi   GE  .  Recombinant 
erythropoietin overdose .  Am J Emerg Med   1993 ; 
11 : 619  -  621 .  

  106.       Scheen   AJ  .  [Pharma - clinics: Doping with erythropoietin 
or the misuse of therapeutic advances] .  Rev Med Liege  
 1998 ; 53 : 499  –  502 . [French]  

  107.       Noakes   TD  .  Tainted glory – doping and athletic perfor-
mance .  N Engl J Med   2004 ; 351 : 847  –  849 .  

  108.       Eicher   ER  .  Better dead than second .  J Lab Clin Med  
 1992 ; 120 : 359  –  360 .  

  109.       Piron   M  ,   Loo   M  ,   Gothot   A  ,   Tassin   F  ,   Fillet   G  ,   Beguin   Y  . 
 Cessation of intensive treatment with recombinant 
human erythropoietin is followed by secondary anemia . 
 Blood   2001 ; 97 : 442  –  448 .  

  110.       Taylor   JE  ,   Belch   JJ  ,   McLaren   M  ,   Henderson   IS  ,   Stewart  
 WK  .  Effect of erythropoietin therapy and withdrawal on 

trial shows that comorbid conditions differentially affect 
outcomes during anemia treatment .  Kidney Int   2010 ; 77 : 
239  –  46 .  

     81.       Lundby   C  ,   Thomsen   JJ  ,   Boushel   R  ,   Koskolou   M  ,   Warberg  
 J  ,   Calbet   JA  ,   Robach   P  .  Erythropoietin treatment ele-
vates haemoglobin concentration by increasing red cell 
volume and depressing plasma volume .  J Physiol   2007 ; 
578 : 309  –  314 .  

     82.       Berglund   B  ,   Ekblom   B  .  Effect of recombinant human 
erythropoietin treatment on blood pressure and some 
haemotological parameters in healthy men .  J Intern Med  
 1991 ;  229 : 125  –  130 .   

     83.       Krapf   R  ,   Hulter   HN  .  Arterial hypertension induced by 
erythropoietin and erythropoiesis - stimulating agents 
(ESA).  Clin J Am Soc Nephrol   2009 ; 4 : 470  –  480 .  

     84.       Celsing   F  ,   Svedenhag   J  ,   Pihlstedt   P  ,   Ekblom   B  .  Effects of 
anaemia and stepwise - induced polycythaemia on 
maximal aerobic power in individuals with high and low 
haemoglobin concentrations .  Acta Physiol Scand   1987 ; 
129 : 47  –  54 .  

     85.       Wilcox   CS  ,   Deng   X  ,   Doll   AH  ,   Snellen   H  ,   Welch   WJ  .  Nitric 
oxide mediates renal vasodilation during erythropoietin -
 induced polycythemia .  Kidney Int   1993 ; 44 : 430  –  435 .  

     86.       Carlini   RG  ,   Dusso   AS  ,   Obialo   CI  ,   Alvarez   UM  ,   Rothstein  
 M  .  Recombinant human erythropoietin (rHuEPO) 
increases endothelin - 1 release by endothelial cells . 
 Kidney Int   1993 ; 43 : 1010  –  1014   

     87.       Casadevall   N  ,   Nataf   J  ,   Viron   B  ,   Kolta   A  ,   Kiladjian   JJ  , 
  Martin - Dupont   P  , et al.  Pure red - cell aplasia and 
antierythropoietin antibodies in patients treated with 
recombinant erythropoietin .  N Engl J Med   2002 ; 
346 : 469  –  475 .  

     88.       Pollock   C  ,   Johnson   DW  ,   Horl   WH  ,   Rossert   J  ,   Casadevall  
 N  ,   Schellekens   H  , et al.  Pure red cell aplasia induced by 
erythropoiesis- stimulating agents .  Clin J Am Soc Nephrol  
 2008 ; 3 : 193  –  198 .  

     89.       Kharagjitsingh   AV  ,   Korevaar   JC  ,   Vandenbroucke   JP  , 
  Boeschoten   EW  ,   Krediet   RT  ,   Daha   MR  ,   Dekker   FW  ; 
 NECOSAD Study Group .  Incidence of recombinant 
erythropoietin (EPO) hyporesponse, EPO - associated 
antibodies, and pure red cell aplasia in dialysis patients . 
 Kidney Int   2005 ; 68 : 1215  –  1222 .  

     90.       Edmunds   ME  ,   Walls   J  ,   Tucker   B  ,   Baker   LR  ,   Tomson   CR  , 
  Ward   M  , et al.  Seizures in haemodialysis patients treated 
with recombinant human erythropoietin .  Nephrol Dial 
Transplant   1989 ; 4 : 1065  –  1069 .  

     91.       Singbartl   G  .  Adverse events of erythropoietin in long -
 term and in acute/short - term treatment .  Clin Investig  
 1994 ; 72 ( Suppl 6 ): S36  –  S43 .  

     92.       Novak   BL  ,   Force   RW  ,   Mumford   BT  ,   Solbrig   RM  . 
 Erythropoietin - induced hypertensive urgency in a 
patient with chronic renal insuffi ciency. Case report and 
review of the literature .  Pharmacotherapy   2003 ;  23 : 
265  –  269 .   

     93.       Scheen   AJ  .  [Pharma - clinics. Doping with erythropoietin 
or the misuse of therapeutic advances.]   Rev Med Liege  
 1998 ; 53 : 499  –  502 . [French]  



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

324

rect biomarker of recombinant human erythropoietin 
misuse in sport .  J Immunol Methods   2004 ; 295 : 89  –  99 .  

  125.       Parisotto   R  ,   Wu   M  ,   Ashenden   MJ  ,   Emslie   KR  ,   Gore   CJ  , 
  Howe   C  , et al.  Detection of recombinant human eryth-
ropoietin abuse in athletes utilizing markers of altered 
erythropoiesis .  Haematologica   2001 ; 86 : 128  –  137 .  

  126.       Delanghe   JR  ,   Bollen   M  ,   Beullens   M  .  Testing for recom-
binant erythropoietin .  Am J Hematol   2008 ; 83 : 237  –  241 .  

  127.       Parisotto   R  ,   Gore   CJ  ,   Emslie   KR  ,   Ashenden   MJ  ,   Brugnara  
 C  ,   Howe   C  , et al.  A novel method utilizing markers of 
altered erythropoiesis for the detection of recombinant 
human erythropoietin abuse in athletes .  Haematologica  
 2000 ; 85 : 564  –  572 .  

  128.       Sharpe   K  ,   Hopkins   W  ,   Emslie   KR  ,   Howe   C  ,   Trout   GJ  , 
  Kazlauskas   R  , et al.  Development of reference ranges in 
elite athletes for markers of altered erythropoiesis . 
 Haematologica   2002 ; 87 : 1248  –  1257 .  

  129.       Abellan   R  ,   Ventura   R  ,   Pichini   S  ,   Palmi   L  ,   Bellver   M  , 
  Olive   R  , et al.  Effect of physical fi tness and endurance 
exercise on indirect biomarkers of recombinant erythro-
poietin misuse .  Int J Sports Med   2007 ;28: 9  –  15 .  

  130.       Gore   CJ  ,   Parisotto   R  ,   Ashenden   MJ  ,   Stray - Gundersen   J  , 
  Sharpe   K  ,   Hopkins   W  , et al.  Second - generation blood 
tests to detect erythropoietin abuse by athletes . 
 Haematologica   2003 ; 88 : 333  –  344 .  

  131.       Sharpe   K  ,   Ashenden   MJ  ,   Schumacher   YO  .  A third gen-
eration approach to detect erythropoietin abuse in ath-
letes .  Haematologica   2006 ; 91 : 356  –  363 .  

  132.       Lippi   G  ,   Salvagno   GL  ,   Solero   GP  ,   Franchini   M  ,   Guidi  
 GC  .  Stability of blood cell counts, hematologic parame-
ters and reticulocytes indexes on the Advia A120 hema-
tologic analyzer .  J Lab Clin Med   2005 ; 146 : 333  –  340 .  

  133.       Abellan   R  ,   Ventura   R  ,   Pichini   S  ,   Remacha   AF  ,   Pascual  
 JA  ,   Pacifi ci   R  , et al.  Evaluation of immunoassays for the 
measurement of erythropoietin (EPO) as an indirect bio-
marker of recombinant human EPO misuse in sport .  J 
Pharm Biomed Anal   2004 ; 35 : 1169  –  1177 .  

  134.       Thevis   M  ,   Thomas   A  ,   Kohler   M  ,   Beuck   S  ,   Schanzer   W  . 
 Emerging drugs: mechanism of action, mass spectrome-
try and doping control analysis .  J Mass Spectrom   2009 ; 
44 : 442  –  460 .  

  135.       Lasne   F  .  Double - blotting: a solution to the problem of 
nonspecifi c binding of secondary antibodies in immunob-
lotting procedures .  Methods Mol Biol   2009 ; 536 : 213  –  219 .  

  136.       Wide   L  ,   Bengtsson   C  ,   Berglund   B  ,   Ekblom   B  .  Detection 
in blood and urine of recombinant erythropoietin admin-
istered to healthy men .  Med Sci Sports Exerc   1995 ; 
27 : 1569  –  1576 .  

  137.       Lasne   F  ,   Martin   L  ,   Crepin   N  ,   de   Ceaurriz   J  .  Detection of 
isoelectric profi les of erythropoietin in urine: differentia-
tion of natural and administered recombinant hormones . 
 Anal Biochem   2002 ; 311 : 119  –  126 .  

  138.       Belalcazar   V  ,   Gutierrez Gallego   R  ,   Llop   E  ,   Segura   J  , 
  Pascual   JA  .  Assessing the instability of the isoelectric 
focusing patterns of erythropoietin in urine . 
 Electrophoresis   2006 ; 27 : 4387  –  4395 .  

blood coagulation and fi brinolysis in hemodialysis 
patients .  Kidney Int   1993 ; 44 : 182  –  190 .  

  111.      Product Information .  Aranesp, darbepoetin alfa . 
 Thousand Oaks, CA :  Amgen ;  2001 .  

  112.       Scott   LL  ,   Ramin   SM  ,   Richey   M  ,   Hanson   J  ,   Gilstrap   LC  
 3rd  .  Erythropoietin use in pregnancy: two cases and a 
review of the literature .  Am J Perinatol   1995 ; 12 : 22  –  24 .  

  113.       Braga   J  ,   Marques   R  ,   Branco   A  ,   Goncalves   J  ,   Lobato   L  , 
  Pimentel   JP  , et al.  Maternal and perinatal implications of 
the use of human recombinant erythropoietin .  Acta 
Obstet Gynecol Scand   1996 ; 75 : 449  –  453 .  

  114.       Lydaki   E  ,   Nikoloudi   I  ,   Kaminopetros   P  ,   Bolonaki   I  , 
  Sifakis   S  ,   Kikidi   K  , et al.  Transfusion. Serial blood dona-
tions for intrauterine transfusions of severe hemolytic 
disease of the newborn with the use of recombinant 
erythropoietin in a pregnant woman alloimmunized with 
anti - Ku .  Transfusion   2005 ; 45 : 1791  –  1795 .  

  115.       Kazlauskas   R  ,   Howe   C  ,   Trout   G  .  Strategies for rhEPO 
detection in sport .  Clin J Sport Med   2002 ; 12 : 229  –  235 .  

  116.       Diamanti - Kandarakis   E  ,   Konstantinopoulos   PA  , 
  Papailiou   J  ,   Kandarakis   SA  ,   Andreopoulos   A  ,   Sykiotis  
 GP  .  Erythropoietin abuse and erythropoietin gene 
doping: detection strategies in the genomic era .  Sports 
Med   2005 ; 35 : 831  –  840 .  

  117.       Goebel   C  ,   Alma   C  ,   Howe   C  ,   Kazlauskas   R  ,   Trout   G  . 
 Methodologies for detection of hemoglobin - based 
oxygen carriers .  J Chromatogr Sci   2005 ; 43 : 39  –  46 .  

  118.       Varlet - Marie   E  ,   Ashenden   M  ,   Lasne   F  ,   Sicart   MT  ,   Marion  
 B  ,   de   Ceaurriz   J  ,   Audran   M  .  Detection of hemoglobin -
 based oxygen carriers in human serum for doping analy-
sis: confi rmation by size - exclusion HPLC .  Clin Chem  
 2004 ; 50 : 723  –  731 .  

  119.       Audran   M  ,   Connes   P  ,   Varlet - Marie   E  .  [Oxygen blood 
transport and doping] .  Bull Acad Natl Med   2003 ; 187 : 1669  –
  1679 . [French]  

  120.       Guddat   S  ,   Thevis   M  ,   Schanzer   W  .  Identifi cation and 
quantifi cation of the plasma volume expander dextran in 
human urine by liquid chromatography - tandem mass 
spectrometry of enzymatically derived Isomaltose . 
 Biomed Chromatogr   2005 ; 19 : 743  –  750 .  

  121.       Sharpe   K  ,   Ashenden   MJ  ,   Schumacher   YO  .  A third gen-
eration approach to detect erythropoietin abuse in ath-
letes .  Haematologica   2006 ; 91 : 356  –  363 .   

  122.       Borno   A  ,   Aachmann - Andersen   NJ  ,   Munch - Andersen   T  , 
  Hulston   CJ  ,   Lundby   C  .  Screening for recombinant human 
erythropoietin using [Hb], reticulocytes, the OFFhr score, 
Off z score and Hbz score: status of the blood passport . 
 Eur J Appl Physiol   2010 ; 109 : 537  –  543 .  

  123.       Casoni   I  ,   Ricci   G  ,   Ballarin   E  ,   Borsetto   C  ,   Grazzi   G  , 
  Guglielmini   C  , et al.  Hematological indices of erythro-
poietin administration in athletes .  Int J Sports Med  
 1993 ; 14 : 307  –  311 .  

  124.       Abellan   R  ,   Ventura   R  ,   Pichini   S  ,   Sarda   MP  ,   Remacha   AF  , 
  Pascual   JA  , et al.  Evaluation of immunoassays for the 
measurement of soluble transferrin receptor as an indi-



17 ERYTHROPOIETIN STIMULATION and OTHER BLOOD DOPING METHODS

325

  151.       Bressolle   F  ,   Audran   M  ,   Gareau   R  ,   Baynes   R  ,   Guidicelli  
 C  ,   Gomeni   R  .  Population pharmacodynamics for moni-
toring epoetin in athletes .  Clin Drug Invest   1997 ;  14 :
 233  –  242 .  

  152.       Birkeland   KI  ,   Stray - Gundersen   J  ,   Hemmersbach   P  , 
  Hallen   J  ,   Haug   E  ,   Bahr   R  .  Effect of rhEPO administra-
tion on serum levels of sTfR and cycling performance . 
 Med Sci Sports Exerc   2000 ; 32 : 1238  -  1243 .   

  153.       Lopez - Soto - Yarritu   P  ,   Diez - Masa   JC  ,   Cifuentes   AJ  ,   de  
 Frutos   M  .  Improved capillary isoelectric focusing method 
for recombinant erythropoietin analysis .  J Chromatogr A  
 2002 ; 968 : 221  –  228 .  

  154.       Breidbach   A  ,   Catlin   DH  ,   Green   GA  ,   Tregub   I  ,   Truong   H  , 
  Gorzek   J  .  Detection of recombinant human erythropoi-
etin in urine by isoelectric focusing .  Clin Chem   2003 ; 
49 : 901  –  907 .  

  155.       Ashenden   M  ,   Varlet - Marie   E  ,   Lasne   F  ,   Audran   M  .  The 
effects of microdose recombinant human erythropoietin 
regimens in athletes .  Haematologica   2006 ; 91 : 1143  –  1144 .  

  156.       Lamon   S  ,   Robinson   N  ,   Mangin   P  ,   Saugy   M  .  Detection 
window of darbepoetin - alpha following one single sub-
cutaneous injection .  Clin Chem Acta   2007 ; 379 : 145  –  149 .  

  157.       Beullens   M  ,   Delanghe   JR  ,   Bollen   M  .  False - positive 
detection of recombinant human erythropoietin in urine 
following strenuous physical exercise .  Blood   2006 ; 
107 : 4711  –  4713 .  

  158.       Khan   A  ,   Grinyer   J  ,   Truong   ST  ,   Breen   EJ  ,   Packer   NH  . 
 New urinary EPO drug testing method using two -
 dimensional gel electrophoresis .  Clin Chim Acta   2005 ; 
358 : 119  –  130 .  

  159.       Cazzola   M  .  A global strategy for prevention and detec-
tion of blood doping with erythropoietin and related 
drugs .  Haematologica   2000 ;  85 : 561  –  563 .  

  160.       Sunder - Plassmann   G  ,   Horl   WH  .  Effect of erythropoietin 
on cardiovascular diseases .  Am J Kidney Dis   2001 ; 38 
( Suppl 1 ): S20  –  S25 .  

  161.       Luft   FC  .  Erythropoietin and arterial hypertension .  Clin 
Nephrol   2000 ; 53 ( Suppl 1 ): S61  –  S64 .  

  162.       Kazlauskas   R  ,   Howe   C  ,   Trout   G  .  Strategies for rhEPO 
detection in sport .  Clin J Sport Med   2002 ; 12 : 229  –  235 .   

  139.       De   Frutos   M  ,   Cifuentes   A  ,   Diez - Masa   JC  .  Differences in 
capillary electrophoresis profi les of urinary and recom-
binant erythropoietin .  Electrophoresis   2003 ; 24 : 678  –  680 .  

  140.       Kohler   M  ,   Ayotte   C  ,   Desharnais   P  ,   Flenker   U  ,   L ü dke   S  , 
  Thevis   M  , et al.  Discrimination of recombinant and 
endogenous urinary erythropoietin by calculating rela-
tive mobility values from SDS gels .  Int J Sports Med  
 2008 ; 29 : 1  –  6 .  

  141.       Khan   A  ,   Grinyer   J  ,   Truong   ST  ,   Breen   EJ  ,   Packer   NH  . 
 New urinary EPO drug testing method using two -
 dimensional gel electrophoresis .  Clin Chim Acta   2005 ; 
358 : 119  –  130 .  

  142.       Breymann   C  .  Erythropoietin test methods .  Baillieres 
Best Pract Res Clin Endocrinol Metab   2000 ; 14 : 135  –  145 .  

  143.       Neus ü ss   C  ,   Demelbauer   U  ,   Pelzing   M  .  Glycoform char-
acterization of intact erythropoietin by capillary 
electrophoresis- electrospray - time of fl ight - mass spec-
trometry .  Electrophoresis   2005 ; 26 : 1442  –  1450 .  

  144.       Stubiger   G  ,   Marchetti   M  ,   Nagano   M  ,   Reichel   C  ,   Gmeiner  
 G  ,   Allmaier   G  .  Characterisation of intact recombinant 
human erythropoietins applied in doping by means of 
planar gel electrophoretic techniques and matrix - assisted 
laser desorption/ionization linear time - of - fl ight mass 
spectrometry .  Rapid Commun Mass Spectrom   2005 ; 
19 : 728  –  742 .  

  145.       Spivak   JL  .  The clinical physiology of erythropoietin . 
 Semin Hematol   1993 ; 30 : 2  –  11 .  

  146.       Robinson   N  ,   Saugy   M  ,   Mangin   P  .  Effects of exercise on 
the secondary blood markers commonly used to suspect 
erythropoietin doping .  Clin Lab   2003 ; 49 : 57  –  62 .  

  147.       Remacha   AF  ,   Ordonez   J  ,   Barcelo   MJ  ,   Garcia - Die   F  ,   Arza  
 B  ,   Estruch   A  .  Evaluation of erythropoietin in endurance 
runners .  Haematologica   1994 ; 79 : 350  –  352 .  

  148.       Weight   LM  ,   Alexander   D  ,   Elliot   T  ,   Jacobs   P  .  Erythropoietic 
adaptations to endurance training .  Eur J Appl Physiol 
Occup Physiol   1992 ; 64 : 444  –  448 .  

  149.       Roberts   D  ,   Smith   DJ  .  Erythropoietin does not demon-
strate circadian rhythm in healthy men .  J Appl Physiol  
 1996 ; 80 : 847  –  851 .  

  150.       Wide   L  ,   Bengtsson   C  ,   Birgegard   G  .  Circadian rhythm of 
erythropoietin in human serum .  Br J Haematol   1989 ; 
72 : 85  –  90 .  



326326

Medical Toxicology of Drug Abuse: Synthesized Chemicals and Psychoactive Plants, First Edition. Donald G. Barceloux.
© 2012 John Wiley & Sons, Inc. Published 2012 by John Wiley & Sons, Inc.

  Chapter 18 

               HISTORY 

 In the late 1920s, Zondek and Ascheim discovered a 
hormone in the urine of pregnant women that simulated 
some of the effects of pregnancy in immature female 
mice.  1   Various modifi cations of their assay based on bio-
logic activity were developed as a means to diagnose 
pregnancy until the introduction of immunoassays in 
the 1970s.  2   Screening for the abuse of human chorionic 
gonadotropin (hCG) in athletic events began in the 
early 1980s, when urine screens from some elite athletes 
demonstrated abnormally large concentrations of hCG. 
The International Olympic Committee (IOC) banned 
the use of hCG in 1987. The Medical Commission of the 
IOC introduced testing for peptide hormones and ana-
logues in 1989, including hCG and related releasing 
factors (adrenocorticotropic hormone, human growth 
hormone, erythropoietin). This testing involved immu-
noassay screens rather than confi rmatory methods of 
analysis (i.e., gas chromatography/mass spectrometry). 
Only men are tested for hCG because of the lack of 
effect of this compound on muscle mass and athletic 
performance in women. In 1999, an initiative by the IOC 
resulted in the Lausanne Declaration on Doping in 
Sport and the formation of the World Anti - Doping 
Agency (WADA) to provide scientifi c research, educa-
tion, and monitoring of the use of doping agents in 
sports; WADA now supervises the implementation of 
the World Anti - Doping Code including the use of hCG 
and other doping agents by elite athletes. This private 

Swiss law agency is funded both by the IOC and world 
governments.  

  IDENTIFYING CHARACTERISTICS 

  Structure 

 Human chorionic gonadotropin (hCG, CAS RN:   9002 -
 61 - 3) is a highly glycosylated, endogenous hormone that 
belongs to a family of dimeric, structurally similar gly-
coprotein hormones (thyroid stimulating hormone, fol-
licle stimulating hormone, leuteinizing hormone). 
Human chorionic gonadotropin consists of a α  - subunit 
of hCG (hCG α , MW: 14   kDa and a  β  - subunit (hCG β , 
23.5   kDa). HCG α  is part of leuteinizing hormone, 
follicle - stimulating hormone, and thyroid - stimulating 
hormone in addition to hCG; therefore, the biologic 
specifi city of these hormones resides in hCG β . 
Luteinizing hormone (LH) and hCG have similar affi ni-
ties for the same target cell receptors in the Leydig cells 
and similar structure with the exception that hCG has 
an additional 29 - amino acid residues at the C - terminal 
region containing 4 antigenically distinct,  O  - linked sialic 
acid capped glycosylation sites. The highly glycosylated 
β  - carboxy terminus on hCG facilitates detection by spe-
cifi c immunoassays or mass spectrometry. Various forms 
of aberrant glycosylation are common in tumor - derived 
hCG. 

 The blood and urine contain a variety of isoforms, 
fragments, and degradation products of hCG in addition 
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(hCGh) decreases to a few percent after 10 weeks of 
pregnancy.  6   The various forms of hCG produce differ-
ences in antigenicity. The substantial variation of hCG 
forms in sialic acid (charge), carbohydrate, and peptide 
structure dramatically affect the recognition of hCG in 
urine by commercial hCG assays based on the sandwich 
principle.  7

  Form 

 Human chorionic gonadotropin is available for exoge-
nous administration in various prescription formula-
tions as either purifi ed hCG derived from the urine of 
pregnant women or by production through recombinant 
DNA technology. 

  Recombinant 

 Ovidrel  ®   (choriogonadotropin alfa; Serono Laboratories, 
Inc., Randolph, MA) is a subcutaneous (SC) prepara-
tion of recombinant hCG (rhCG) that consists of non-
covalently linkedα  -  and  β  - subunits similar to endogenous 
hCG. The primary amino structures of the  α  - subunit of 
rhCG and endogenous hCG are identical, whereas the 
glycoform pattern differs slightly between recombinant 
and endogenous forms in the extent of branching and 
sialylation of oligosaccharides. The glycosylation pat-
terns of the β  - subunits of rhCG and endogenous hCG 
are also very similar, but not identical. Thus, the antige-
nicity of rhCG is not identical to the forms of hCG 
derived from the urine of pregnant women. Furthermore, 
the core fragment, hCG β cf accounts for much of the 
immunoreactivity in urine of pregnant women with the 
exception of the fi rst 5 – 7 weeks of pregnancy when hCG 
is the predominant form.  

  Purifi ed  HCG  

 Pregnyl  ®   (Organon International, Roseland, NJ) is an 
injectable, highly purifi ed preparation of hCG obtained 
from the urine of pregnant women. This preparation 
contains equal amounts of hCG isoforms and the core 
fragment (hCG β cf) that is available in sterile, lyophi-
lized 10   mL - vials for intramuscular administration. 
Other pharmaceutic sources of hCG derived from preg-
nant women include Profasti  ®   (Serono Laboratories, 
Inc., Randolph, MA) and Novarel  ®   (Ferring Phar-
maceuticals Inc., Suffern, NY). Each vial contains either 
5,000   IU or 10,000   IU, and administration of the lyophi-
lized powder requires reconstitution with a diluent. The 
urine from athletes using commercial hCG preparations 
derived from the urine of pregnant women contains 
little hyperglycosylated hCG (hCGh) that normal 
appears primarily in early pregnancy.    

to the pure hormone. The heterogeneity of hCG forms 
in biologic fl uids (intact hCG, free subunits, fragments 
or nicked forms) result from production and metabolic 
processes as well as degradation during storage (e.g., 
nicked forms of hCG). Although hCG β  has some 
growth - promoting activity in  in vitro  studies of cancer 
cells,  3   the function of free hCG subunits including hCG β
remains unclear. Table  18.1  lists the descriptions of 
intact hCG and related molecules. Most free subunits of 
hCG lack biologic activity under normal physiological 
conditions. The free  β  - subunit (hCG β ) is a 22 - kDa poly-
peptide consisting of 145 amino acid residues with 4 
O  - linked and 2  N  - linked carbohydrate chains. The core 
fragment (hCG β cf) of hCG β  is a 10 - kDa 2 - chained 
polypeptide linked by disulfi de bonds. This core frag-
ment lacks several sequences present in whole hCG β ; 
production of hCG β cf probably results from the proteo-
lytic degradation of hCG and hCG β  by the kidney. 
About one - half of the hCG immunoreactivity in urine 
results from hCG β cf; however, most commercial hCG 
assays do not detect this core fragment.  4   The free  α  -
 subunit (hCG α ) is a glycosylated 14 - kDa polypeptide 
consisting of 92 amino acid residues and 2 N  - linked 
carbohydrate chains. The serum concentration of hCG α
is substantially higher than hCG β  with the latter com-
pound accounting for about 1% of the total hCG.  5

Partially degraded forms of hCG (hCGn) and hCG β
(hCGβ n) also occur in the serum and urine as a result 
of the spontaneous cleavage of amino acids at various 
positions between amino acids 44 – 48. The hCG pro-
duced in early pregnancy and by trophoblastic cancers 
is highly glycosylated, but the hyper - glycosylated hCG 

TABLE 18.1.    Nomenclature for Human Chorionic 
Gonadotropin ( h  CG ) and  h  CG  - Related Molecules.   27

   Molecule     Symbol     Description  

  Intact hCG    hCG    Purifi ed hCG without nicked 
forms or free subunits 

  Nicked hCG    hCGn    Partially degraded hCG with 
missing peptide bonds in 
hCGβ 40 – hCG β 50 region  

α  - Subunit of 
hCG

  hCG α     Purifi ed hCG α  - subunits 
without intact dimeric hCG 
or other related molecules 

β  - Subunit of 
hCG

  hCG β     Purifi ed hCG β  - subunits without 
intact dimeric hCG or other 
related molecules  

  Nicked 
β  - Subunit of 
hCG

  hCG β n    Partially degraded hCG β  with 
peptide bonds in hCG β 40 –  
hCGβ 50 region  

β  - Core 
fragment of 
hCG

  hCG β cf    Residues hCG β  - 6 to hCG β  - 40 
joined by disulfi de bonds to 
hCGβ  - 55 to hCG β  - 90  

Abbreviations:  hCG    =    Human chorionic gonadotropin.   
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to improve performance. The administration of hCG 
often occurs with the mistaken belief that the use of 
hCG will help avoid the detection of anabolic steroid 
use by reducing the testosterone/epitestosterone ratio. 
The administration of hCG stimulates the endogenous 
production of both testosterone and epitestosterone 
without increasing the urinary T/E ratio above normal 
values. This hormone is also administered with cycles of 
anabolic steroids in an attempt to prevent reduced sper-
miogenesis and testicular atrophy. The abuse of hCG by 
female athletes is unlikely because hCG has negligible, 
if any, stimulation of blood testosterone concentrations 
in healthy young women; therefore, the use of hCG by 
women does not improve athletic performance.   

  DOSE EFFECT 

  Medical Use 

 Therapeutic use of the gonadotropins, LH and chorionic 
gonadotropin, is uncommon and primarily involves the 
stimulation of steroid production by the gonads. 
Recommended doses of purifi ed hCG for prepubertal 
cryptorchidism include 5,000 USP Units (IU) every 
second day for 4 injections or 500 USP Units 3 times 
weekly for 4 – 6 weeks with an increase to 1,000 USP 
Units 3 times weekly for 4 – 6 weeks if the response is 
inadequate. Dosage regimens for hypogonadotropic 
hypogonadism include 500 – 1,000 USP Units 3 times a 
week for 3 weeks, followed by the same dose twice a 
week for 3 weeks or 4,000 USP Units 3 times weekly for 
6 – 9 months. The latter dose is reduced to 2,000 USP 
Units 3 times weekly for an additional 3 months, if 
needed. For many years, purifi ed urinary hCG (uhCG) 
has been administered to induce the fi nal maturation of 
follicles and to support the luteal phase of the cycle in 
women. The dose of uhCG for the induction of ovula-
tion and pregnancy in anovulatory, infertile woman 
without primary ovarian failure is 5,000 – 10,000 USP 
Units 1 day following the last dose of menotropins. The 
dose of 250    μ g rhCG (Ovidrel  ®  ) has similar effi cacy for 
infertile women as 5,000 – 10,000 USP Units uhCG. 
There are no common off - label uses of hCG in routine 
clinical medical practice; the use of hCG to treat obesity 
lacks validation by clinical data.  

  Illicit Use 

 Anecdotal data suggests that steroid abusers often use 
once monthly injection of 2,500 - 5,000   IU of hCG during 
an anabolic steroid cycle.  12   During the last 2 weeks of 
the anabolic steroid cycle, the dose of hCG typically 
increases to 10,000 – 20,000   IU divided into 2 – 4 injec-
tions. Other athletes inject 500 – 1,000   IU daily during a 

  EXPOSURE 

  Epidemiology 

 Human chorionic gonadotropin is listed as a prohibited 
drug by WADA.  8   Abuse of hCG in male power athletes 
usually results from the use of this hormone to stimulate 
testosterone production before competition or to 
prevent testicular atrophy/shutdown after prolonged 
courses of testosterone and anabolic androgenic ste-
roids.  9   Human chorionic gonadotropin is an attractive 
alternative to LH because the latter hormone is sup-
plied in small doses and has a much shorter plasma 
half - life compared with hCG. There are inadequate data 
on the prevalence of hCG use among amateur or elite 
athletes to determine the extent of hCG use among 
these athletes. The main medical indication for the 
administration of hCG is the restoration of endogenous 
testosterone production and normalization of blood tes-
tosterone concentrations in gonadotropin - defi cient men 
(e.g., delayed male puberty).  

  Sources 

 The primary natural sources of hCG are the syncytio-
trophoblastic cells of the growing placenta and the 
developing embryo. Other sources in addition to the 
normal placenta include trophoblastic disease (hydati-
form mole, choriocarcinoma), ectopic pregnancy, 
gonadal cancers (ovarian, testicular, extragonadal tera-
toma), and nontrophoblastic tumors. Medical uses for 
hCG include prepubertal cryptorchidism, selected
cases of hypogonadotropic hypogonadism in men, 
and the induction of ovulation and pregnancy in the 
anovulatory, infertile woman with secondary ovarian 
failure. There are numerous Internet sources for phar-
maceutic preparations of hCG; however, there are inad-
equate data to determine the source of hCG as an 
ergogenic aid.  

  Methods of Abuse 

 Illicit use of hCG by male power athletes usually 
involves the use of hCG to stimulate testosterone 
production, to reduce testicular atrophy during anabo-
lic androgenic steroid use, and/or to normalize 
the testosterone/epitestosterone (T/E) ratio after the 
administration of anabolic androgenic steroids.  10,11

The latter 2 effects are the most common reasons for 
the abuse of hCG because hCG is more expensive and 
less effi cient than testosterone and anabolic androgenic 
steroids for the enhancement of muscle strength. Some 
male athletes use pharmaceutic preparations of hCG to 
stimulate testosterone production before competition 
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ing 10,000   IU hCG IM, the mean serum hCG concen-
tration was 204.2   IU/L (range, 51 – 644   IU/L) 12 hours 
after administration.  16   Peak serum concentrations of 
LH following IM or SC injections of 5,000   IU are 
approximately 20   IU/L 1 day after administration.  4      

  Distribution 

 In a study of 6 women and 6 healthy men receiving 
250    μ g r - hCG IV, the mean steady - state volume of dis-
tribution of rhCG was 6.7    ±    1.2   L.  13   During the same 
study, the steady - state volume of distribution in 12 sub-
jects receiving 5,000   IU of hCG (urine - derived) intra-
venously was 6.6    ±    2.6   L.  

  Biotransformation/Elimination 

 There are limited data on the biotransformation and 
elimination of hCG; the kinetics of hCG is complex, 
depending on the formulation, analytic techniques, and 
phase of pregnancy. Human chorionic gonadotropin 
undergoes proteolytic degradation both in the liver and 
the kidney. Hepatic metabolism accounts for about 80% 
of the elimination of endogenous hCG, whereas the 
kidney excretes about 20% of the hCG dose, primarily 
as subunits (e.g., hCG β cf) and nicked forms.  17   The elimi-
nation half - lives of endogenous hCG, purifi ed uhCG, 
rhCG, and hCG subunits vary substantially. The serum 
half - life of intravenous (IV) purifi ed hCG is biphasic 
with an average rapid phase of about 5 – 6 hours and a 
slow phase of approximately 24 – 36 hours as measured 
by radioimmunoassay.  18,19   As measured by immunofl uo-
rometric assays, the clearance of hCG in serum samples 
from 6 women 3 weeks postpartum followed a 
3 - component model with reported median half - times of 
about 3 ½  hours, 18 hours, and 53 hours. The clearances 
of hCG subunits (hCG α , hCG β ) are more rapid than 
purifi ed hCG following IV administration with hCG α  
cleared more rapidly than hCG β . The serum elimination 
half - lives in the former study were about  ¼  hour and 
1 ¼  hours for hCG α , and approximately  ¾  hour and 4 
hours for hCG β . In the study using immunofl uorometric 
assays to detect hCG in postpartum women, the half -
 lives of hCG α  were substantially shorter than hCG β  
and purifi ed hCG. The median reported half - times of 
hCG α  were about  ½  hour, 6 hours, and 22 hours com-
pared with approximately 1 hour, 24 hours, and 194 
hours for hCG β . The mean serum elimination half - life 
of hCG was 1.56    ±    0.12 days after the IM injection of 
10,000   IU of equal amounts of hCG and hCG β cf 
(Pregnyl  ®   ) to nonpregnant women, as measured by 
radioimmunoassay.  15   In a study of 404 women receiving 
10,000   IU hCG IM, the mean serum half - life of hCG 

cycle. There are few data on hCG doses associated with 
acute or chronic toxicity, in part because of the lack of 
reporting of illicit hCG use.   

  TOXICOKINETICS 

  Absorption 

 Based on volunteers studies, the bioavailability of hCG 
is slightly greater after intramuscular (IM) injection 
than SC injection and greater in nonobese than obese 
women. Typically, the absolute bioavailability via IM 
and SC routes ranges from approximately 40 – 50%. In a 
study of 6 men and 6 women, the mean absolute bio-
availability of 125    μ g rhCG IM was 0.47    ±    0.11 com-
pared with 0.39    ±    0.11 for subjects receiving the same 
dose subcutaneously.  13   A study of 12 nonobese and 12 
obese women (body mass index    ≥    28   kg/m 2 ) compared 
the area under the plasma concentration - time curve 
(AUC) from zero to infi nity after IM and SC injection 
of the 2 groups.  14   In nonobese women and obese women, 
the mean AUC was approximately 24% and 58% higher, 
respectively, following IM than SC injection. Figure  18.1  
demonstrates the plasma hCG concentrations after IM 
and SC injection of 10,000   IU hCG into obese and non-
obese women. Following IM injection of 10,000   IU of 
equal amounts of hCG and hCG β cf (Pregnyl  ®  ) into 
nonpregnant women, peak serum concentrations of 
approximately 200 – 300   IU hCG/L occurred about 1 day 
after administration.  15   In a study of 404 women receiv-

       FIGURE 18.1.     Plasma human chorionic gonadotropin con-
centrations following intramuscular or subcutaneous injection 
in obese and nonobese women.  (Reprinted from CCW Chan, 
EHY Ng, MMY Chan, OS Tang, EYL Lau, WSB Yeung, P Ho, 
Bioavailability of hCG after intramuscular or subcutaneous 
injection in obese and non - obese women, Human Reproduction, 
2003, Vol. 18, p. 2295, by permission by Oxford University 
Press.)   
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of testosterone in women, but there is no regulation of 
testosterone by estradiol as occurs in men by a homeo-
static negative feedback mechanism. In addition to the 
very low endogenous blood testosterone concentrations 
in women, hCG does not stimulate testosterone produc-
tion as both hCG and LH increase the secretion of 
testosterone by the Leydig cells in men. Consequently, 
hCG in women causes no signifi cant androgenic 
response to high concentrations of hCG including the 
massive concentrations of hCG produced by the pla-
centa during pregnancy.  

  CLINICAL RESPONSE 

 There are few data on the ergogenic effect of the sup-
raphysiologic doses of hCG on muscle mass or strength 
in women or men. Furthermore, there is no clear evi-
dence in the published literature that the use of hCG 
increases strength or improves endurance in athletes. 
Although hCG does initially increase the serum testos-
terone concentration, there are inadequate data to 
determine if the increased testosterone concentrations 
persist and result in improved strength and/or athletic 
performance. The expected side effects associated with 
the misuse of hCG and anabolic steroids are similar 
with the exception of more gynecomastia following 
hCG use. The administration of hCG to men increases 
spermatogenesis despite anabolic steroid - induced sup-
pression of gonadotropin secretion in the presence of 
continued high serum estradiol concentrations. The 
administration of exogenous testosterone to normal 
men markedly increases blood testosterone and estra-
diol concentrations while suppressing gonadotropin, 
testicular testosterone, and sperm production. Case 
reports suggest that in the setting of profound symptom-
atic hypogonadotrophic hypogonadism secondary to 
anabolic steroid abuse, the administration of hCG stim-
ulates the production of testosterone by the testes.  25   In 
a study of 5 healthy men receiving 200   mg testosterone 
weekly, the IM administration of 5,000   IU hCG 3 times 
weekly normalized the sperm count as assessed by 
sperm concentrations, motility, and morphology.  26

Although the use of hCG attenuated some of the reduc-
tion in spermatogenesis, some studies suggest that this 
regimen transiently impairs semen quality. In a study of 
18 healthy male power athletes using massive doses of 
anabolic androgenic steroids, there was a signifi cant 
positive correlation between the use of hCG during the 
steroid cycle and the presence of morphologically 
abnormal spermatozoa.  12   Additionally, there was a con-
comitant decrease in sperm mobility. The overall effect 
of hCG on male reproduction is unclear. There are no 
data on hCG overdoses in the medical literature.  

was approximately 48 hours.  16   The terminal serum half -
 life of hCG and rhCG is similar. For healthy subjects 
receiving 125    μ g rhCG IM and SC, the mean serum 
elimination half - life was 26.6    ±    6.5 hours and 28.3    ±    5.8 
hours, respectively, as measured by immunoradiometric 
assay (MAIAclone ™ , Serono Biodata, Italy).  13

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Both purifi ed urinary hCG and rhCG are potent, long -
 acting analogs of LH that produce sustained and dose -
 dependent increases in blood testosterone concentrations 
by stimulating the secretion of testosterone from Leydig 
cells. The biologic action of hCG and LH on the surface 
receptors of the Leydig cells in the testes are similar, but 
the plasma half - life of hCG is substantially longer than 
LH. In men, the administration of hCG produces a con-
sistent, sustained increase in plasma testosterone con-
centrations. Stimulation of testosterone secretion 
following the injection of hCG is rapid with a 50% 
increase in plasma testosterone concentration occurring 
within 2 hours of the IM administration of 6,000   IU 
hCG.  20   Maximum increases in plasma testosterone con-
centrations following single IM injections of hCG occur 
about 2 – 4 days after the administration of hCG, and the 
elevation of testosterone concentrations persists up to 
6 days.  21   A single IV dose of 125    μ g rhCG or an IM dose 
of 6,000   U uhCG approximately doubles the serum tes-
tosterone concentration within about 2 – 4 days after 
administration.13,22

 Large doses of hCG increase the production of aro-
matase activity in the Leydig cells and subsequently 
increase the secretion of estradiol by the aromatization 
of testosterone. Rising estradiol concentrations partially 
suppress CYP17 activity (17 -  α  - hydroxylase/17,20 - lyase) 
and the hCG - induced increase in testosterone synthesis 
by a negative feedback mechanism.  23   There is no direct 
correlation between concentrations of hCG and testos-
terone in the blood; the testosterone concentration has 
a biphasic pattern after hCG administration.  10   A study 
of 40 men over the age of 60 years with partial androgen 
defi ciencies (i.e., blood testosterone  < 15   nmol/L) dem-
onstrated that twice weekly SC injections of 5,000   IU 
rhCG increased body weight and lean body mass 
approximately 1   kg and 2   kg, respectively, over 3 
months.  24   These changes were not associated with 
increased shoulder/knee strength, enhanced physical 
activity, or improvements in coordination or gait. 

 In young, healthy women, limited data suggest that 
hCG causes no clinically signifi cant change in the blood 
testosterone concentration.  11   The ovaries, adrenal gland, 
and some extraglandular sources produce small amounts 
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urinary hCG reactivity decreased over 10% after 5 days 
of storage at room temperature and 70% after 90 days 
of storage at room temperature.  33   Freezing at  – 20 o C 
( – 4 o F) causes rapid loss of immunoreactivity.  

  Biomarkers 

  Blood 

 Serum samples from men and nonpregnant women 
contain small amounts of hCG: men  < 60 years have 
< 1.3   IU/L; men  > 60 years have  < 2.3   IU/L; premeno-
pausal women have < 1.0   IU/L); and postmenopausal 
women have < 4.8   IU/L.  31   In nonpregnant women, the 
upper reference limit increases during menopause from 
3   IU/L (8.6   pmol/L) to around 5   IU/L (15.5   pmol/L) 
with values in healthy women ranging up to 8 – 10   IU/L.  15

The upper reference ranges for men below and above 
50 years of age are approximately 0.7   IU/L (2.1   pmol/L) 
and 2   IU/L (6.1   pmol/L), respectively, with occasional 
concentrations ranging up 3 – 4   IU/L. Following IM 
injection of 10,000   IU of equal amounts of hCG and 
hCGβ cf (Pregnyl  ®  ) to nonpregnant women, the serum 
hCG concentration remained above the upper refer-
ence range for 7 – 11 days. The serum hCG concentration 
increases in several conditions besides pregnancy 
including gestational trophoblastic disease, testicular 
cancer, and other tumors (e.g., biliary, pancreatic). In 
men and nonpregnant women, the administration of 
estrogen and progestogen lowers the serum hCG by 
approximately 50%, whereas the administration of 
gonadotropin - releasing hormone causes about a 3 - fold 
increase in serum hCG.  

  Urine 

 The World Anti - Doping Agency requires a limit of detec-
tion of 5   IU/L for hCG in urine samples from athletes; 
published recommended limits for the cutoff of positive 
samples range from 10 – 25   IU/L.  34,35   However, WADA 
has not set recommendations regarding assay specifi city 
other than to require that the hCG assay be positive in 2 
different assays. Substantial variation occurs in results of 
hCG concentrations between various immunoassays as a 
result of a difference in reactivity between these assays 
and various isoforms/degradation products of hCG. 
Although current urine hCG immunoassays are sensitive 
within WADA guidelines, quantitative data from differ-
ent immunoassays of hCG are not directly comparable.  33

Most commercial hCG assays measure hCG and hCG β
together, but the results are expressed in IU/L based on 
hCG units. These immunoassays refl ect molar concentra-
tions of protein rather than bioactivity. There is 

  DIAGNOSTIC TESTING 

  Conversion Factors 

 Standardization of assays for a heterogeneous analyte 
(e.g., hCG) is diffi cult because hCG is a family of 
closely related molecules (e.g., intact hCG, hCG β , 
hCGα , hCGn, hCG β n, hCG β cf) rather than a single 
species.  27   Table  18.1  lists the nomenclature and descrip-
tion of the family of hCG molecules. Equating micro-
grams of rhCG to levels of biologic activity of uhCG is 
complicated by the issues related to mass units, molar 
conversions, purity of the substance, and standardiza-
tion of biologic activity, particularly the end point used 
to determine bioactivity. The standard dose of urinary 
hCG is 5,000   IU of bioactivity. As measured by  in vitro
testosterone production by the Leydig cell method, the 
median biopotency of uhCG was 14,100   IU/mg (95% 
CI: 12,500 – 16,000   IU/mg).  28   Using an  in vivo  seminal 
vesicle weight method in male rats, the median biopo-
tency for uhCG was 15,400   IU/mg (95% CI: 14,200 –
 16,800   IU/mg) in 1 study, and 10,300   IU/mg (95% CI: 
8,360 – 12,600   IU/mg) in another study.  28   The estimated 
potency of 250    μ g rhCG is approximately 6,500   IU 
uhCG.  29

  Analytic Methods 

 Radioimmunoassay (RIA) was the original assay for 
hCG, but cross - reaction with LH limits the use of con-
ventional RIA methods.  30   Concentrations of hCG in 
serum and urine samples are highly dependent on the 
specifi c assay as a result of differences in assay design 
and specifi city for the different forms of hCG and asso-
ciated fragments. Degradation of LH during storage 
increases the cross - reactivity of this compound with 
monoclonal antibodies for hCG.  31   The use of soft ioniza-
tion techniques allows the quantitation of large biologic 
molecules (e.g., hCG) including matrix - assisted laser 
desorption and ionization time of fl ight and electro-
spray ionization. The concentrations (1    μ mol/L) of 
urinary proteins are about 1,000 - fold lower than plasma, 
whereas the hCG concentration ( < 10   pmol/L) in urine 
samples from healthy men is > 100,000 - fold lower than 
plasma proteins. Thus, analysis of hCG in urine requires 
extraction by immunopurifi cation followed by reduc-
tion, alkylation, and digestion with trypsin.  4   Quantitation 
results from the detection of nonglycosylated forms by 
mass spectrometry. Gonadotropins are much less stable 
in urine than in serum, and hCG is somewhat more 
stable than LH. Both hCG and LH are stable in storage 
at 4 o C (39.2 o F) with 0.02% azide.  32   Storage of urine 
samples at room temperature substantially reduces 
hCG immunoreactivity. An  in vitro  study indicated that 
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 ama.org/Documents/World_Anti - Doping_Program/
WADP - Prohibited - list/WADA_Prohibited_List_2010_
EN.pdf . Accessed 2011 February 18.  

     9.       Jarow   JP  ,   Lipshultz   LI  .  Anabolic steroid - induced hypogo-
nadotropic hypogonadism .  Am J Sports Med   1990 ; 
18 : 429  –  431 .  

  10.       Kicman   AT  ,   Brooks   RV  ,   Cowan   DA  .  Human chorionic 
gonadotropin and sport .  Br J Sports Med   1991 ;  25 : 73  –  80 .  

  11.       Handelsman   DJ  .  Clinical review: the rationale for banning 
human chorionic gonadotropin and estrogen blockers in 
sport .  J Clin Endocrinol Metab   2006 ; 91 : 1646  –  1653 .  

  12.       Karila   T  ,   Hovatta   O  ,   Seppala   T  .  Concomitant abuse of 
anabolic androgenic steroids and human chorionic gonad-
otrophin impairs spermatogenesis in power athletes .  Int J 
Sports Med   2004 ; 25 : 257  –  263 .  

  13.       Trinchard - Lugan   I  ,   Khan   A  ,   Porchet   HC  ,   Munato   A  . 
 Pharmacokinetics and pharmacodynamics of recombinant 
human chorionic gonadotrophin in healthy male and 
female volunteers .  Reprod Biomed Online   2002 ; 4 : 
106  –  115 .  

  14.       Chan   CC  ,   Ng   EH  ,   Chan   MM  ,   Tang   OS  ,   Lau   EY  ,   Yeung  
 WS  ,   Ho   P - C  .  Bioavailability of hCG after intramuscular 
or subcutaneous injection in obese and non - obese women . 
 Human Reprod   2003 ; 18 : 2294  –  2297 .  

  15.       Stenman   U - H  ,   Unkila - Kallio   L  ,   Korhonen   J  ,   Alfthan   H  . 
 Immunoprocedures for detecting human chorionic gonad-
otropin: clinical aspects and doping control .  Clin Chem  
 1997 ; 43 : 1293  –  1298 .  
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levels of hCG after 10,000 - IU hCG injection do not reduce 
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 1998 ; 15 : 583  –  586 .  

substantially more heterogeneity in hCG forms in urine 
than in the serum.  36   After the IM administration of 
10,000   IU of equal amounts of hCG and hCG β cf, the 
urine concentrations of hCG β cf dropped below the 
upper reference limit 2 – 3 days earlier than hCG.  15   In a 
study of urine samples from 1,400 athletes, the median 
concentration of hCG was 0.8   IU/L with a range of 
0 – 24   IU/L.  37   As measured by Serono MAIAclone IRMA 
(Serono Diagnostics, Fleet, UK), only 3 of the data points 
exceeded 5.0   IU/L. The median hCG concentration in 
urine samples from 120 healthy adults was 0.4   IU/L with 
a range of nondetectable to 4.6   IU/L. In a study of 5,663 
male athletes, the mean hCG concentration in spot urine 
samples was 0.56   IU/L with a range of nondetectable to 
43.03   IU/L.  38   The limit of detection as measured by mic-
roparticle enzyme immunoassay (Abbot IM x ®   system, 
Abbott Park, IL) was 0.21   IU/L. Statistical evaluation of 
the data indicated a far outside value of 2.28   IU/L with 
a suggested upper limit of 5   IU/L. Recommended refer-
ence ranges for total hCG in urine for menstruating 
women and men < 50 years of age are 13.6   pmol/L and 
8.0   pmol/L, respectively.  4

 Although hCG and LH are biologically similar, cross -
 reactivity of highly specifi c monoclonal antibodies typi-
cally is < 1%.  39   The administration of hCG produces up 
to 2 -  to 3 - fold increases in plasma testosterone concen-
trations, but only minor changes in the urinary 
testosterone/epitestosterone ratio because hCG stimu-
lates the production of both testosterone and epitestos-
terone.  40   Using immunoassays and a urine hCG 
threshold of 5   IU/L, experimental studies in healthy 
young men suggest that the urine remains positive for 
hCG about 1 week following a single injection of a 
750    μ g rhCG dose, whereas the false - negative rate on 
postinjection day 8 for a 250    μ g rhCG dose was 5 out of 
12 (42%) injections.  41   The use of nandrolone decanoate 
by the subjects did not alter these results. The use of 
hCG substantially alters the testosterone/leuteinizing 
hormone ratio in spot urine samples because of the fall 
in LH secretion secondary to the negative feedback 
from increasing testosterone concentrations. Potentially, 
use of the testosterone/leuteinizing hormone ratio is a 
method for the detection of illicit hCG use in sports.  41

  TREATMENT 

 There are no reported unique treatments for complica-
tions resulting from the chronic use of hCG. Treatment 
is supportive after cessation of hCG use.      
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  Chapter 19 

   HUMAN GROWTH 
HORMONE

           HISTORY 

 The presence of a substance (growth hormone) secreted 
by the anterior pituitary was discovered in the 1920s, 
when experimental zoologists demonstrated a growth -
 maintaining compound in the anterior lobe of amphib-
ian brains.  1   In 1929, Putnam et al produced the disease 
associated with excessive growth hormone secretion 
(acromegaly) in an English bulldog following the daily 
injection of a sterile aqueous extract of bovine anterior 
pituitary glands for 14 months.  2   Pituitary dwarfi sm is 
associated with inadequate production of the peptide 
hormone, hGH that is secreted by the somatotroph cells 
located in the anterior pituitary gland. In the 1930s, 
scientists began searching for an exogenous source of 
growth hormone to treat human dwarfi sm;  3   however, Li 
and Evans did not isolate growth hormone from bovine 
pituitary glands until 1944.  4   By the early 1950s, suffi cient 
amounts of bovine and ovine pituitary extract were 
available to conduct clinical studies on the use of nonpri-
mate pituitary extracts for the treatment of pituitary 
dwarfi sm. Ultimately, these clinical trials demonstrated 
that nonprimate pituitary extracts are inactive in 
humans.  5   Virilization and premature epiphyseal closure 
complicated the subsequent use of testosterone and 

chorionic gonadotropin to treatment of pituitary dwarf-
ism in children. Li and Papkoff fi rst purifi ed hGH in 
1956.6   During the early 1960s, clinical trials by the 
Pituitary Hormone Committee of the UK Medical 
Research Council began using injections of extracts 
from acetone - preserved human cadaveric pituitary 
glands for the treatment of children with short stature 
from growth hormone defi ciencies. The National 
Hormone and Pituitary Program was the main source 
of hGH in the United States beginning in 1963, resulting 
in the administration of pituitary - derived hGH to thou-
sands of US children. Substantial numbers of these chil-
dren grew to near normal adult height, particularly 
when treated early with adequate doses of the extract.  7

However, these trials were halted in 1985 because of 
the discovery of the transmission of a rare, fatal 
disease characterized by the rapid progression of 
dementia (Creutzfeldt - Jacob disease) in several US and 
British patients following injection of infectious prions 
present in cadaveric pituitary glands administered 
during the 1960s and 1970s. Contaminated cadaveric 
hGH was the most common iatrogenic cause of 
Creutzfeldt - Jacob disease with 139 cases reported by 
2000.8   A long - term cohort study of 1,908 UK patients 
treated with pituitary growth hormone between 1959 
and 1985 revealed that 6 patients died of Creutzfeldt -
 Jacob disease.  9

 During the early 1980s, the development of recombi-
nant growth hormone (rhGH) using recombinant tech-
nology resulted in the replacement of human pituitary 
extracts with rhGH for those children with growth 
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  IDENTIFYING CHARACTERISTICS 

  Structure 

 About 70 – 75% of circulating hGH (Somatropin, CAS 
RN:   12629 - 01 - 5) is a 191 - residue, 22   kDa peptide, 
whereas about 5 – 10% occurs as a 20   kDa isoform as a 
result of alternative mRNA splicing. Dimers and oligo-
mers of hGH also occur in the plasma along with acidic, 
acylated, deaminated, and fragmented forms. 
Recombinant hGH (rhGH) occurs only as a 22   kDa 
peptide. The binding of hGH to the 2 different growth 
hormone - binding proteins increases the heterogeneity 
of hGH isoforms in plasma.  17   The practical consequence 
of the wide variation in hGH isoforms is the substantial 
variation in the affi nity of different immunoassays for 
the natural isoforms and fragments of hGH. Recombinant 
human growth hormone occurs only in the 22   kDa - form 
that allows differentiation of exogenous hGH use by 
examining the ratio of 22   kDa -  and non - 22   kDa - forms.  

  Form 

 Human growth hormone is available in injectable 
forms derived from recombinant technology including 
Genotropin ®   (Pfi zer, New York, NY), Norditropin  ® 

(Novo Nordisk, Inc., Princeton, NJ), Nutropin  ® 

(Genentech, South San Francisco, CA), Humatrope  ® 

(Eli Lily, Indianapolis, Indiana), Serostim  ®   (Serono, Inc., 
Rockland, MA), and Saizen  ®   (Serono, Inc., Rockland, 
MA). These commercial recombinant forms of hGH 
have the following 2 origins: 1) modifi ed  Escherichia 
coli  strain (Genotropin  ®  , Norditropin  ®  , Nutropin  ®  , 
Humatrope ®  ), and 2) mammalian cell line (mouse C127) 
(Serostim ®  , Saizen  ®  ). The molecular weight of the rhGH 
is 22.125   kDa, identical to the 22   kDa - form of endoge-
nous hGH. As a result of the popularity of hGH as an 
antiaging agent, all - natural supplements have been for-
mulated as a low - cost method to stimulate the endog-
enous secretion of hGH. These naturopathic preparations 
contain a variety of amino acids ( l  - arginine,  l  - isoleucine, 
l  - glutamine,  l  - glycine,  l  - lysine,  l  - tyrosine,  l  - valine) 
that are available as capsules, pills, powders, and 
nasal sprays. Somatrem ( N  - methionyl - human growth 
hormone) was the fi rst biosynthetic form of growth 
hormone that contained an extra methionyl amino acid 
on the N  - terminus (i.e., 192 amino acid residues). The 
commercial form of somatrem was Protropin  ® 

(Genentech), but manufacture of this form by Genentech 
ceased in 2004. Sustained release preparations of rhGH 
are now available for the treatment of growth hormone 
defi ciencies that allow injections every 1 – 2 weeks 
instead of daily injections.  18,19

hormone defi ciencies. The US Food and Drug 
Administration (FDA) approved the clinical use of 
rhGH (Protropin ® , Genentech, South San Francisco, 
CA) for the treatment of growth hormone defi ciency in 
1985. In 1987, Leung et al elucidated the amino acid 
sequence of the growth hormone receptor, demonstrat-
ing a new class of transmembrane receptors.  10   Later that 
year, Abdel - Meguid et al determined the 3 - dimensional 
crystalline structure of porcine GH, which is similar to 
hGH.11   In 1996, the FDA approved the use of rhHG for 
the treatment of wasting or cachexia in patients with 
acquired immunodefi ciency syndrome (AIDS). 

 The use of hGH in athletics for the enhancement of 
size, athletic performance, and muscle strength began in 
the 1980s, particularly among swimmers, cyclists, and 
competitive bodybuilders. Although this substance was 
initially promoted for strength disciplines (e.g., football, 
baseball), the lipolytic actions of hGH was attractive to 
endurance athletes as a means to reduce fat mass. This 
hormone was touted as an expensive, fashionable new 
athletic drug by the steroid guru, Dan Duchaine.  12

Growth hormone was promoted as an anabolic agent 
that had synergistic effects with anabolic steroids. Ben 
Johnson, the former Canadian sprinter and world record 
holder in the 100 meter dash, admitted using a regimen 
including hGH after his gold medal was revoked follow-
ing a positive steroid test at the 1988 Seoul Olympic 
Games. These regimens gained popularity because of 
the diffi culty detecting the use of hGH. In 1996, the 
International Olympic Committee launched the Human 
Growth Hormone 2000 project with the goal of devel-
oping reliable screening tests for the use of hGH,  13   but 
the search for sensitive tests for hGH remains compli-
cated. Recombinant human growth hormone (rhGH) 
was confi scated at a variety of elite athletic events 
including the 1998 World Swimming Championships 
and the Tour de France.  14   The 1994 World Aquatic 
Championship breast stroke silver medalist, Yuan Yuan 
was sent home from the 1998 World Aquatic 
Championships in Perth, Australia when she was caught 
trying to smuggle 13 vials of hCG into Australia. As a 
result of the diffi culty detecting rhGH use more than a 
day after cessation of rhGH use, the fi rst athlete disci-
plined for rhGH use occurred in 2010. A UK rugby 
player, Terry Newton tested positive for hGH in a blood 
sample, and he received a 2 - year ban for using rhGH 
ostensibly to increase muscle mass.  15   Since the early 
1990s, growth hormone has also been promoted as an 
antiaging drug. During this time, human studies sug-
gested that growth hormone - defi ciencies in elderly 
patients accounted for reduction in lean body mass, 
increases in fat mass, and thinning of the skin.  16   However, 
currently there is no clear evidence that the use of hGH 
improves longevity or the quality of life.  
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tion of the hGH gene into the genome of mammalian 
or E .  coli  cell lines produces large quantities of 22   kDa -
 hGH in cell cultures. Subsequently, rhGH is isolated and 
purifi ed for parenteral administration. These parenteral 
preparations contain preservatives including benzyl 
alcohol,  m  - cresol, and phenol.  27

  Methods of Abuse 

 The administration of hGH usually involves the subcu-
taneous (SC) or intramuscular (IM) injection of phar-
maceutic preparations diverted from legal sources. 
Typically, the use of hGH is part of a regimen that 
includes anabolic steroids.   

  DOSE EFFECT 

 The mean daily secretion of hGH in adults is about 0.5   mg. 

  Medical Use 

 Indications for hGH primarily involves children with growth 
hormone defi ciency and growth retardation. These condi-
tions include pituitary dwarfi sm, short bowel syndrome, 
chronic renal insuffi ciency, Ullrich - Turner syndrome, and 
Prader - Willi syndrome. Approved US indications for the 
treatment of adults include HIV - associated wasting or 
cachexia, short bowel syndrome, and certain types of hGH 
defi ciencies.   28   Over 90% of adults with growth hormone 
defi ciency have pituitary disease, primarily from a pituitary 
adenoma or the treatment of a tumor.  29

 The recommended dose of hGH depends on the 
medical condition, gender, and age, titrated to response 
(e.g., normalization of plasma IFI - I concentrations in 
adults) and the presence of side effects.  30   In children 
with growth hormone defi ciency, the usual daily doses 
range from 5 – 25    μ g/kg body weight.  31   In general, the 
daily dose of rhGH in GH - defi cient adults is smaller 
than doses in children, typically beginning as 150 – 300    μ g 
and titrated up to 1   mg (3   IU). High - dose regimens in 
growth hormone - defi cient children use up to 80    μ g/kg. 
Although the use of SC rhGH is approved for use in 
adult cachexia, there is no clear benefi t from the use of 
rhGH in these patients.  32   Off - label uses of rhGH include 
the treatment of obesity, osteoporosis (70    μ g/kg/week 
divided in 3 subcutaneous injections for 12 months), 
muscular dystrophy, and infertility, but there are inad-
equate clinical data to support of effi cacy and safety of 
rhGH for these uses.  31

  Illicit Use 

 Athletes anecdotally use hGH in doses substantially 
higher (i.e., up to 5 – 15 times) higher than the medical 

  EXPOSURE 

  Epidemiology 

 Although doping with hGH is a signifi cant issue in elite 
sports based on seizures and anecdotal reports, determi-
nation of the prevalence of hGH abuse is complicated by 
the diffi culty developing reliable commercial assays and 
detecting hGH use more than a day after cessation of 
hGH. Additionally, the physiologic increases in bone and 
collagen turnover during normal puberty limit studies to 
determine the prevalence of hGH use in adolescent ath-
letes as detected by the marker method.  20   Despite the fact 
that the ergogenic effects of systemic administration of 
rhGH by athletes and bodybuilders remain unproven, 
the lack of accurate detection methods contributes to 
the prevalence of rhGH abuse by sports personnel.  21

Frequently, the use of rhGH is part of a multiple drug 
regimen that includes anabolic steroids. In an anonymous 
self - administered questionnaire of 100 athletes attending 
4 gymnasiums for weight training, 12% of the athletes 
admitted the use of hGH, usually in addition to anabolic 
steroids and other ergogenic  drugs.  22   The use of hGH 
extends to young adolescents. Based on an anonymous 
questionnaire of 432 adolescents in 2 suburban Chicago 
high schools, 11 males (5%) and 1 female admitted to the 
past or present use of hGH.  23   This study indicated that 
adolescent hGH users often also abuse anabolic steroids. 
Although many press articles during the 2000 Olympic 
Games suggested that rhGH was a popular performance -
 enhancing drugs among athletes, the lack of confi rmatory 
laboratory data limits conclusions regarding the preva-
lence of rhGH use among elite athletes.  24

  Sources 

 Endogenous hGH is an anabolic peptide hormone 
secreted by the anterior pituitary gland. The original 
products available for hGH replacement were derived 
from the pituitary glands of human cadaver; however, 
the human use of cadaver - derived hGH was halted 
during the 1980s after documentation of the transmis-
sion of the prion - medicated spongiform encephalopa-
thy (Creutzfeldt - Jakob disease) with this type of hGH 
preparation. Pituitary - derived hGH (cadaveric growth 
hormone) is available on the Internet and may be sold 
illicitly as rhGH with a risk of developing Creutzfeldt -
 Jakob disease.  25,26   Cadaveric growth hormone contains 
the full range of growth hormone isoforms; therefore, 
cadaveric growth hormone is indistinguishable from 
endogenously derived growth hormone. Somatrem and 
rhGH are polypeptide hormones produce by recombi-
nant DNA technology. Pharmaceutic preparations of 
rhGH are derived from recombinant technology; inser-
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from approximately 50 – 70%; there are inadequate 
pharmacokinetic data to determine the bioavailability 
of supratherapeutic hGH doses used in sports doping. 
Intranasal absorption of physiologic amounts of hGH 
requires the presence of a permeability enhancer (e.g., 
didecanoyl -l  - alpha - phosphatidylcholine, sodium tauro -
 24,25 - dihydrofusidate) in the product formulation. In a 
study of 16 healthy young adults without known aller-
gies, the mean peak serum hGH concentration was 
28.22    ±    20.85   ng/mL following intranasal application of 
6   IU (2   mg) hGH (8% didecanoyl -  l  - alpha - phosphati-
dylcholine) with a mean t max  of 54.5    ±    30.5 minutes.  39

  Distribution 

 The estimated volume of distribution for hGH in healthy 
adults receiving therapeutic doses of hGH is    <    1   L/kg; 
as a peptide, hGH probably distributes into extracellu-
lar water. In an Australian study of 6 healthy young 
adults receiving 0.2   IU bio - hGH/kg/day subcutaneously 
for 5 days, the mean volume of distribution was reported 
as 77.7    ±    22.8   L with mean body weights of 81.1    ±    
4.3   kg.  36   The mean volume of distribution of the central 
compartment in a study of 14 healthy men receiving 
8.64   IU rhGH (Saizen  ®  ) as a single SC injection was 
0.35   L/kg (95% CI: 0.28 – 0.42   L/kg).  40   Animal studies 
indicate that hGH can penetrate the blood – brain barrier 
and enter the central nervous system despite the absence 
of a specifi c transport system for hGH.  41

doses used to supplement children with short stature or 
adults with wasting diseases. These supratherapeutic 
doses of hGH typically range from 2   mg 3 times weekly 
to over 5   mg daily.  33,34   Cycles typically continue 6 – 12 
weeks, usually in combination with anabolic steroids in 
power sports and erythropoietin in endurance sports. A 
common dose of hGH for body building is 16   mg/week 
divided in 3 doses subcutaneously.  

  Toxicity 

 There are few data reported on the toxicity of hGH 
following administration of specifi c doses of hGH. A 
minimum toxic dose for hGH has not been established; 
side effects occur with therapeutic doses. The IM LD 50

in a mouse and rat model exceeds 40   IU/kg ( ∼ 15   mg/
kg). The administration of porcine growth hormone in 
doses up to 1   IU/kg/day for 14 weeks to dogs was associ-
ated with the development of diffuse glomerulosclerosis 
(thickening of the glomerular basal lamina, diffuse 
increase of the mesangial matrix) morphologically 
similar to diabetic nephropathy.  35

  TOXICOKINETICS 

  Absorption 

 Absorption of hGH depends on several factors includ-
ing the formulation, site of injection, and delivery 
method (SC, IM); prolonged absorption may result from 
depots of hGH in SC or IM tissue. Following SC admin-
istration of rhGH, peak serum hGH concentrations 
occur within approximately 3 – 6 hours. In a study of 6 
healthy adults, the SC administration of hGH (bio - hGH 
0.2   U/kg) produced a mean hGH concentration of 
106    ±    10   mIU/L at 3.3    ±    0.5 hours after administra-
tion.36   In a study of 6 subjects receiving 1.2   IU rhGH 
(Genotropin ® , Pfi zer, New York, NY) subcutaneously, 
mean maximum serum hGH concentrations of 
5.56    ±    0.91   mIU/L (95% CI: 3.79 – 7.33   mIU/L) occurred 
about 4.75 hours (95% CI: 2.25 – 5.75 hours) after admin-
istration.37   The SC injection of 0.3   IU rhGH (Norditropin, 
Novo Nordisk Pharma, Tokyo, Japan)/kg to 12 healthy 
adults resulted in a mean peak hGH concentration of 
approximately 180    μ g/L about 4 hours (range 3 – 5 hours) 
after administration.  38   Figure  19.1  displays the changes 
in serum growth hormone within 24 hours after SC 
administration of single rhGH doses of 0.075   IU/kg, 
0.15   IU/kg, and 0.3   IU/kg as well as after the 7 th  daily 
dose of 0.3   IU/kg. The mean bioavailability (AUC sc /
AUC iv ) of rhGH in this study was approximately 63% 
(95% CI: 55 – 71%) as a result of degradation at the site 
of injection. Typically, the bioavailability of subcutane-
ously injected hGH in high therapeutic doses ranges 

FIGURE 19.1.     Serum growth hormone concentrations after 
single subcutaneous rhGH doses of 0.075   IU/kg, 0.15   IU/kg, 
and 0.3   IU/kg, as well as after the 7 th  daily dose of 0.3   IU/kg. 
 (Reprinted with permission from T Tanaka, Y Seino, K 
Fujieda, Y Igarashi, S Yokoya, K Tachibana, Y Ogawa, 
Pharmacokinetics and metabolic effects of high - dose growth 
hormone administration in healthy adult men, Japan Endocrine 
Journal, Vol. 46, p. 607, copyright 1999.)   
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tissues throughout the body primarily mediated by GH -
 induced secretion of a another peptide hormone, insulin -
 like growth factor (IGF). Growth hormone is the most 
abundant pituitary hormone. The human pituitary gland 
secretes hGH in multiple, short (i.e., 20 – 30 minute) 
secretory bursts following a circadian rhythm (e.g., daily 
GH peak occurs at night within the fi rst hour of sleep) 
as a result of alternating secretion of growth hormone -
 releasing hormone and growth hormone. Secretory 
hGH rates fall asymptotically to zero between the pul-
satile release of hGH. There is marked individual varia-
tion in the secretion of endogenous growth hormone. In 
a study of 12 healthy men, the mean endogenous 
production of hGH during a 24 - hour period was 
0.25    ±    0.033   mg/m 2 .  45   During this 24 - hour period, pro-
duction of 67% of the hGH occurred within a 4.4 - hour 
period and 95% of the hGH production occurred within 
an 8.8 - hour period. Amino acids (e.g., ornithine,  l  -
 arginine, tryptophan,  l  - lysine) increase hGH through an 
unknown mechanism; naturopathic products containing 
these amino acids are available to promote the secretion 
of growth hormone.  49   However, there are inadequate 
data to support the effi cacy of these natural products. 

  Physiology 

 The somatotrope cells of the anterior pituitary secrete 
hGH (somatotropin) in response to a variety of factors 
including growth hormone - releasing factor (somatore-
lin, CAS RN:   83930 - 13 - 6), somatostatin (inhibitory), and 
ghrelin. The source of the latter is the stomach and to a 
lesser extent, hypothalamus. Other factors affecting the 
pulsatile release of hGH from the pituitary include 
exercise, stress, sleep, low calorie diet, estrogen, and 
androgen. Somatorelin is a peptide amide that causes 
the release of growth hormone from the anterior pitu-
itary gland, whereas somatostatin is a hormone found 
in the pancreas and hypothalamus that inhibits the 
release of hGH. Hypoglycemia, high temperature, 
deep sleep, and stress increase hGH secretion; 
carbohydrate - rich diets, obesity, and  β  - adrenergic ago-
nists decrease hGH secretion. The release of hGH 
during exercise is dose - related with more intense 
exercise causing larger releases of hGH, particularly 
anaerobic exercise.  50   Exercise stimulates the secretion 
of hGH up to 5 -  to 10 - fold, whereas starvation reduces 
hGH secretion. Ageing is associated with declining 
hGH secretion. In a study of 21 healthy subjects aged 
21 – 71 years, the production of hGH decreased by a 
mean of 14% per decade.  51

 The effects of hGH binding to specifi c growth hormone 
receptors found on every cell of the body are primarily 
anabolic and lipolytic including enhancement of amino 
acid uptake, promotion of renal and hepatic gluconeogen-

  Biotransformation/Elimination 

 Biotransformation of hGH occurs primarily by metabo-
lism in the liver, kidney, and peripheral tissues with only 
small amounts (i.e.,  < 0.01%) of hGH excreted unchanged 
by the kidneys based on rodent studies.  42   The renal 
tubules reabsorb most of the hGH fi ltered by the glom-
eruli. The clearance of hGH depends on several vari-
ables including hGH concentrations, body composition, 
insulin, growth hormone - binding protein, and IGF -
 binding protein - 1. The effect of age on hGH clearance 
is minimal.  43   The mean clearance of SC somatropin in 
growth - hormone - defi cient adult patients is approxi-
mately 0.3   L/h/kg. The plasma elimination half - life of 
rhGH following IV infusion is very short (i.e., about 15 
minutes).44   The estimated mean plasma half - life of hGH 
in 12 healthy adults was 17    ±    1.7 minutes.  45   Although 
the plasma half - life of hGH and rhGH is similar follow-
ing IV administration, the terminal serum elimination 
half - life of rhGH following SC administration is 2 – 4 
hours following single SC injections as a result of pro-
longed absorption and distribution.  40   Serum hGH con-
centrations are not usually detectable within 20 – 24 
hours after SC injection of therapeutic doses (e.g., up to 
0.3   IU/kg) of rhGH.  38,46   Recombinant hGH probably 
does not degrade into the 20 - kDa isoform.  

  Maternal and Fetal Kinetics 

 There are few data on maternal and fetal kinetics of 
rhGH including excretion into breast milk.  

  Drug Interactions 

 An  in vivo  study of healthy elderly men indicated that 
the administration of rhGH induces CYP1A2 and, to a 
lesser extent, inhibits CYP2C19.  47   There was no effect on 
CYP2D6 or CYP3A4. Based on this study, drug interac-
tions between rhGH and drugs requiring CYP1A2 are 
possible, but there are no clinical data to determine the 
clinical relevance of these potential interactions. 
Interactions with other CYP450 isoenzyme are unlikely. 
In vitro  studies indicate that the administration of rhGH 
does not alter the effi cacy of antiretroviral drugs.  48

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Growth hormone (GH) is a peptide hormone secreted 
by the somatotrope cells in the anterior pituitary in a 
pulsatile fashion, producing anabolic and anticatabolic 
effects by affecting the function of a wide range of 
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changes in body composition, muscle strength, and 
somatotropic function occur during the normal aging 
process. Supplementation of elderly patients with rhGH 
does not increase body weight, but hGH reduces fat 
mass and increases lean body mass.  55   Although older 
adults increase muscle strength as a result of resistance 
exercise training, these strength gains stabilize after 
several months, and subsequent improvement in muscle 
strength is modest despite continued training. Although 
hGH induces protein anabolic effects in healthy adults, 
there is little evidence that supraphysiologic hGH doses 
produce protein anabolic effects in addition to the 
effects of exercise in healthy adults with normal hGH 
concentrations.  56   Supplementation with rhGH does not 
augment the response to strength training in elderly 
men.  57   In acromegaly, muscle mass increases, but these 
muscles are relatively weak compared with normal mus-
culature. The use of rhGH by GH - defi cient patients 
improves aerobic exercise capacity (i.e., maximal oxygen 
consumption while exercising at maximum capacity, 
VO 2max ), but hGH does not increase muscle mass or 
strength beyond the expected norms for healthy adults 
of the same age and gender.  58    

  Athletes 

 There is substantial evidence that hGH supplementa-
tion increases lean body mass in athletes, particularly in 
men co - administering testosterone. In a meta - analysis 
of 9 clinical studies (mean duration, 4 weeks), the mean 
increases in muscle mass in the hGH - treated group was 
2.1   kg (95% CI: 1.3 – 2.9   kg) compared with controls (no 
treatment).  59   However, the increase in lean body mass 
probably results from extracellular fl uid accumulation 
rather than increased muscle mass. In a study of 30 
healthy, young adults receiving 0.1 or 0.2   IU   rhGH/kg, 
the mean increases in the pooled treatment group com-
pared with placebo were as follows: body weight, 2.7%; 
fat free mass, 5.3%; total body water, 6.5%; and extra-
cellular water (ECW), 9.6%.  60   The mean intracellular 
water of the treatment and placebo groups was not 
statistically different. As intracellular water refl ects 
muscle mass, the results suggest that extracellular water 
and fl uid retention accounts for the increase in lean 
body mass. Consequently, hGH has little anabolic effect. 
Short - term use of hGH does not increase the incorpora-
tion of amino acids into skeletal muscle protein or 
reduce the catabolism of whole body protein in experi-
enced weightlifters.  61   

 There are no well - controlled studies demonstrating 
convincing evidence that hGH doses used in clinical 
studies improve aerobic exercise capacity or increase 
muscle strength in power athletes with highly lean 
body mass.  62,63,64   Evaluation of anecdotal reports of 

esis, stimulation of protein synthesis, and increased fat 
resorption. The stimulation of lipolysis and lipid oxidation 
results in the increased formation of free fatty acids and 
ketone bodies; the indirect anabolic effects on protein 
storage are less dramatic.  52   Figure  19.2  displays a sche-
matic representation of the metabolic actions of growth 
hormone. Binding to the GH receptors activates the tyro-
sine kinase, Janus kinase 2, and the Janus kinase/signal 
transducers and activators of transcription (JAK/STAT) 
pathway, resulting in cellular proliferation, differentiation, 
and migration, reduced apoptosis, regulation of metabolic 
pathways, and cytoskeletal reorganization.  53   These effects 
are primarily mediated by insulin - like growth factor I 
(IGF - 1). Other effects of hGH include enhancement of 
bone and collagen turnover and the regulation of selective 
aspects of metabolic function (e.g., lipolysis, body compo-
sition). The anabolic effects of hGH are independent of 
the actions of testosterone. Growth hormone receptors 
are glycosylated transmembrane glycoproteins that occur 
in many tissues (e.g., liver). Human growth hormone con-
tains 2 binding sites that form a dimer when attached to 
the GH receptor. Binding of hGH to hepatic receptors 
causes the secretion of anabolic somatomedins (e.g., 
IGF - 1).    

  Adolescents and Adults 

 Peak GH secretion occurs during the prepubertal 
growth spurt and after the mid - 20s with GH secretion 
decreasing about 14% every decade.  54   Detrimental 

       FIGURE 19.2.     Schematic representation of the metabolic 
actions of growth hormone (GH), which directly stimulated 
lipolysis. Protein storage results from the breakdown of 
protein, stimulation of protein synthesis, and inhibition of 
hepatic amino acid degradation.  (Reprinted from Clinical 
Nutrition, Vol. 28, N Moller, MH Vendelbo, U Kampmann, B 
Christensen, M Madsen, H Norrelund, JO Jorgensen, Growth 
hormone and protein metabolism, p. 599, Copyright 2009, with 
permission from Elsevier.)   
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chronic hGH use by healthy subjects on the risk of 
increased morbidity and/or mortality from cardiovascu-
lar disease. Chronic hGH decreases high - density lipo-
protein (HDL), which is a risk factor for coronary heart 
disease.  70   Chronic growth hormone  defi ciency  is associ-
ated with impaired cardiac performance, reduced left 
ventricular systolic function, dilated cardiomyopathy, 
and congestive heart failure.  71   Growth hormone excess 
(acromegaly) is associated with an increased risk of 
hypertension, cardiomyopathy, cardiovascular disease, 
diabetes mellitus, osteoporosis, and impotence.   

  CLINICAL RESPONSE 

  Medical Use 

 Adverse effects of hGH during medical use include 
insulin resistance, pre -  and postpubertal gynecomastia, 
arthralgias, edema, headache, erectile dysfunction, low -
 grade fevers, and carpal tunnel syndrome.  72,73   In clinical 
trials using hCG to treat GH - defi cient adult patients, 
the most common side effects are edema, arthralgias, 
and myalgias. The large muscle mass associated with 
acromegaly is associated with myopathy and relative 
weakness.  74   Case reports associate sudden death with 
the early treatment phase of Prader - Willi syndrome 
with growth hormone,  75,76   but the presence of other 
potential complicating factors (e.g., pneumonia, sleep 
apnea, pulmonary hypertension) limit conclusions 
regarding the causal role of hGH. Complications of 
treating familial short stature with rhGH include non-
ketotic hyperglycemia,  77   hypothyroidism, benign intra-
cranial hypertension,  78   and acute pancreatitis.  79   In 
patients with GH defi ciency, replacement therapy with 
rhGH improves mood and sense of well - being. Clinical 
studies indicate that withdrawal of rhGH treatment 
from adults with severe GH defi ciency produces detri-
mental psychologic effects manifest by fatigue, pain, 
irritability, and depression.  80   Rarely, case reports associ-
ated the development of hypersensitivity reactions 
(pruritus, urticaria) with rhGH therapy, particularly 
with the use of somatrem.  81,82

  Illicit Use 

 The abuse of hGH in athletes typically involves the use 
of supraphysiologic doses of this compound in cycles 
with other ergogenic aids. In addition, determining the 
long - term safety of hGH use is diffi cult as a result of 
problems associated with collecting clinical data on off -
 label and illicit uses of hGH. Many adverse effects from 
supraphysiologic doses of hGH result from fl uid reten-
tion. Case reports associate the use of high doses of 

improvement in strength or endurance following use of 
hGH are diffi cult to evaluate because hGH is usually 
part of a regimen that includes other ergogenic agents. 
Although the use of hGH increases IGF - 1, maximum 
strength during concentric contraction of biceps and 
quadriceps muscles does not increase in these athletes 
following hGH use.  65   In a study of 96 recreational ath-
letes receiving 2   mg   rhGH daily for 8 weeks, muscle 
strength as measured by dead lift dynamometer and 
muscle power as assessed by jump height were not sig-
nifi cantly different between the treatment and placebo 
groups.  66   The addition of rhGH to a group receiving 
testosterone (250   mg   IM weekly) in this study did not 
improve these muscle parameters over the effects of 
testosterone alone. Similarly, there was no signifi cant 
difference between placebo and treatment groups on 
aerobic exercise capacity as measured by VO 2max . 
Anaerobic capacity assesses the ability to generate rela-
tively high power output over a brief duration from 
anaerobic energy sources (phosphocreatine degrada-
tion, glycogenolysis). The Wingate test (30 - second all -
 out sprint capacity) is a measure of anaerobic capacity. 
In the above study of recreational athletes, the 8 - week 
course of rhGH increased anaerobic capacity (Wingate 
test) an average of about 6% (95% CI: 0.8 – 10.5%) in 
men with the addition of testosterone increasing the 
benefi t to an average of approximately 8% (95% CI: 
3.0 – 13.6%) compared with the placebo group. Some 
limitations of these studies include the small number of 
study subjects, the use of doses below the suprathera-
peutic doses of hGH covertly used by many athletes, 
and the lack of power of these studies to detect the small 
differences (i.e., 0.5 – 1%) in physical performance that 
separate Olympic champions from their competitors. 
Additional limitations include the extrapolation of ran-
domized clinical trials with the power to detect differ-
ences of 20 – 30% to elite competition where 1% 
difference in performance separates gold medal winners 
from other top performers.  67

  Mechanism of Toxicity 

 Human growth hormone is the main stimulus for the 
release of IGF - 1. The effects of hGH are primarily 
mediated by the action of IGF - 1; consequently, the 
adverse effects of hGH and IFG - I are expected to be 
similar to diseases associated with growth hormone 
excess (i.e., acromegaly with fl uid retention, hyperten-
sion, cardiomyopathy, and diabetes mellitus).  68   Normal 
hGH levels are an important factor in the development 
and function of the cardiovascular system.  69   Although 
hGH improves muscle and cardiac function in hGH -
 defi cient patients, there are few data on the effects of 
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  DIAGNOSTIC TESTING 

  Conversion Factors 

    1 0 37IU mg= .  

   1 2 7027mg IU= .    

  Analytic Methods 

 The IOC classifi es hGH in prohibited class E; therefore, 
the use of hGH by athletes is doping. However, detec-
tion of hGH use is diffi cult as a result of wide individual 
variation in hGH secretion, analytic problems separat-
ing exogenous and endogenous hGH, and the relatively 
short half - life of rhGH; most infractions result from the 
confi scation of ampules. 

  Screening 

 The detection of exogenous hGH is complicated by the 
presence of endogenous hGH. Radioimmunoassay 
(RIA) and immunoradiometric assays (IRMA) detect 
whole hGH isoforms, whereas immunofunctional assay 
methods (IFA) detect only biologically active hGH iso-
forms. Consequently, the hGH concentrations by IFA 
are about 27 – 30% lower than determinations by RIA 
or IRMA because of the interference by GH - binding 
protein and the inclusion of several different molecular 
forms of hGH by the latter methods.  87   IFA is an ELISA 
method that incorporates 2 binding sites of the trans-
membrane growth hormone receptor. Nonfunctional 
isoforms do not bind to the growth hormone - binding 
protein; therefore, these isoforms of hGH are not 
detected by this method. However, the presence of 
isoform fragments, which contain binding sites for anti-
bodies, can cause overestimation of the serum hGH 
concentration when high concentrations of rhGH are 
present.  88    

  Confirmatory    

 Practical analytic methods to separate exogenous rhGH 
use from endogenous hGH based on serum or urine 
hGH concentrations are not well studied. Analysis by 
sodium dodecyl sulfate/polyacrylamide gel electropho-
resis with tandem mass spectrometry allows the quanti-
tation of hGH isoforms including the 20 and 22   kDa 
isoforms, 9 and 12   kDa fragments, and glycosylated 
23   kDa GH variants.  89   The direct measurement of 
22   kDa - /20   kDa - hGH isoforms is a potential biomarker 
of hGH abuse as this ratio increases following the 

rhGH with the development of entrapment syndromes 
(e.g., carpel tunnel syndrome) manifest by paresthesias 
and dysesthesias of the hands and feet.  83,84   Other com-
plaints associated with the use of rhGH include myal-
gias, arthralgias, myositis, peripheral edema, diaphoresis, 
fatigue, and lightheadedness. Chronic use of supraphysi-
ologic doses of hGH are associated with the clinical 
features of acromegaly, an insidious, chronic debilitating 
disease associated with soft tissue and bony overgrowth 
as a result of growth hormone excess. Complications of 
chronic hGH use involve slipped capital femoral epiph-
ysis, premature physial closure, coarse facial features, 
voice change, hypercalcemia and renal stones, enlarge-
ment of facial bones, increased skull circumference, 
macroglossia, myopathy, congestive heart failure, car-
diomegaly, goiter, impotence, insulin resistance, and dia-
betes mellitus. Dermatologic changes during chronic 
rhGH use include increased skin viscosity, oily skin, 
enhancement of melanocytic (nonmalignant) nevi, and 
local complications of parenteral drug use.  85   Case -
 control studies suggest an increased risk of prostate 
cancer in subjects with elevated serum IGF - 1 concen-
trations,  86   but there is no direct evidence that the doses 
of rhGH used by athletes increase the risk of prostate 
cancer.  

  Overdose 

 There are inadequate clinical data to evaluate the effects 
of a massive overdose of hGH.  

  Abstinence Syndrome 

 An abstinence syndrome associated with cessation of 
the chronic use of rhGH in healthy subjects is not well 
defi ned. Physiologically, the administration of exoge-
nous hGH suppresses the secretion of endogenous 
hGH, but there are few data on the clinical and patho-
logic effects of chronic suppression of hGH secretion. 
In patients with severe growth hormone defi ciencies, 
withdrawal of rhGH therapy results in fatigue, pain, 
irritability, and depression. However, the effects of 
hormone defi ciency are diffi cult to separate from a true 
withdrawal syndrome.  

  Reproductive Abnormalities 

 There are no well - controlled studies of reproductive 
abnormalities associated with the use of rhGH in 
healthy subjects. The FDA classifi es rhGH in pregnancy 
category B (fetal harm possible, but unlikely) and soma-
trem in pregnancy category C (lack of animal and 
human studies).   
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cise. The 2 main investigative methods for detecting 
hGH abuse are 1) the isoform method, the detection of 
altered endogenous pituitary hGH isoforms, and 2) the 
marker method, the measurement of hGH - dependent 
proteins (i.e., GH - dependent biomarkers including IGF, 
IGF - binding proteins, and collagen peptides).  94   The 
latter peptides include osteocalcin, the marker of bone 
resorption ( C  - terminal telopeptide of type I collagen, 
ICTP), and the marker of connective tissue synthesis 
(N  - terminal propeptide of type III procollagen, PIIIP). 
These tests are an alternative to the direct analysis of 
hGH, but the cut - off concentrations of these tests for 
hGH abuse are not well defi ned.  95,96   Table  19.1  lists the 
characteristics of the biomarkers chosen to detect hGH 
abuse by the GH - 2000 Project. In general, these bio-
markers are unaffected by injury and do not display 
diurnal variation.  97

Isoform Method.     Recombinant growth hormone con-
sists only of the 22 - kDa isoform, whereas endogenous 
hGH contains several different isoforms. The circulating 
isoforms of endogenous hGH are the 191 amino acid 
22 - kDa and 20 - kDa variants with several other minor 
monomeric size variants. The former isoform accounts 
for about 50 – 70% of the circulating hGH compared 
with 5 – 15% for the latter isoform. The 20 - kDa isoform 
lacks 15 amino acids (residues 32 – 46) of the 191 amino 
acid sequence of the 22 - kDa isoform. Administration of 
rhGH suppresses the secretion of endogenous hGH by 
the pituitary as a result of a negative feedback system. 
Consequently, abnormally high serum concentrations of 
the 22 - kDa isoform suggest the use of rhGH.  98   In studies 
of normal children and children with hGH defi ciency, 

administration of 22   kDa isoforms (rhGH).  90   Other 
methods to detect hGH misuse require analysis of spe-
cifi c biomarkers from the GH/IGF - 1 axis and bone 
markers because these specifi c variables are sensitive to 
exogenous rhGH rather than changes in endogenous 
hGH related to exercise. The detection of hGH abuse 
with only 1 parameter is diffi cult, and analysis of several 
different serum marker may be necessary (e.g., IGF - 1, 
IGFBP - 3, ALS,  N  - terminal propeptide of pro - collagen 
III [PIIINP], C - terminal cross - linked telopeptide of 
type I collagen [ICTP], osteocalcin, leptin).  91   ICTP and 
PIIINP are GH - dependent peripheral markers of bone 
and collagen turnover, respectively. Reference ranges 
for each marker in each gender are available, but these 
reference ranges have not been formally accepted by 
governing bodies for the detection of hGH abuse in 
sports.   92,93

  Biomarkers 

  Blood 

 Blood sampling is necessary to detect hGH abuse 
because of the low concentration of hGH and related 
peptides in urine samples. Direct measurement of hGH 
as a means of detecting hGH abuse is complicated by 
the diurnal variation in hGH secretion and the increase 
in serum hGH in response to exercise. In a study of 17 
physically fi t men exercised to exhaustion, the mean 
serum total growth hormone increased from a baseline 
value of 5.2    ±    2.2   mIU/L to 72.8    ±    10.9   mIU/L at the 
termination of exercise.  14   The administration of rhGH 
increased the pre - exercise serum total growth hormone 
and markedly attenuated the response of hGH to exer-

TABLE 19.1.    Characteristics of Growth Hormone - Dependent Markers.   97

   Marker     Source     Physiologic Role     Disappearance 
Half - Time (h)  

   Effect Acute 
Exercise  

  Insulin - like growth factor I (1GF - 1)    Liver    Mitogenic protein    89.5  + 20%  
  Insulin - like growth factor binding 

protein II (IGFBP - 2)
  Liver    Regulates lGF - 1 bioavailability 

and action  
      No change  

  Insulin - like growth factor binding 
protein III (IGFBP - 3)

  Liver    Regulates lGF - 1 bioavailability 
and action  

  176  + 18%  *    , † 

  Acid labile subunit (ALS)    Liver    Regulates lGF - 1 bioavailability 
and action  

  119  + 21%  *    , † 

  Type III procollagen (P - III - P)    Soft Tissue    Marker of soft tissue formation    693  + 5%  
  Osteocalcin (OC)    Bone    Marker of bone formation    770    No change  
  C - terminal propeptide of type I 

procollagen (PICP) 
  Bone    Marker of bone formation    433  + 14%   † 

  Type I collagen telopeptide (ICTP)    Bone    Marker of bone resorption    248  + 10%  

    *   Affected by ethnicity.  
    †    Affected by gender.   
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a means of detecting hGH abuse. Although hGH is 
offi cially banned by the IOC, there is no offi cial limit for 
hGH in the urine.   

  Abnormalities 

 Case reports associate both hyperglycemia and hypo-
glycemia with the use of rhGH as part of a regimen for 
body building.  107,108   In patients with hypopituitarism, 
supplementation with 6 – 25    μ g/kg/day up to a maximum 
of 1.48   mg for 6 months increased fasting serum glucose, 
total serum cholesterol, and the peripheral conversion 
of T4 to T3.  109   The short - term administration of 0.2   IU/
kg daily for 5 consecutive days to 6 healthy adults pro-
duced statistically signifi cant increases in fast serum 
glucose, free fatty acids, and serum T 3 .  36   During this 
experiment, a marked reduction in urinary sodium exac-
tion occurred. Potential blood abnormalities associated 
with chronic hGH use include hypernatremia, hyper-
phosphatemia, and elevated alkaline phosphatase as 
well as abnormalities suggestive of hypothyroidism. 
Abnormal lipid profi les may occur during chronic hGH 
use including elevated serum cholesterol and triglycer-
ide concentrations, but these changes are not specifi c to 
hGH use. In a volunteer study of 12 healthy, young 
adults, the SC injection of 0.3   IU rhGH/kg daily for 1 
week was associated with an increase in the serum tri-
glyceride concentration when compared with baseline.  38

Case reports associate hematuria with the therapeutic 
use of rhGH.  18

  TREATMENT 

 There are inadequate clinical data on the treatment of 
toxicity associated with the chronic use of rhGH to deter-
mine the effi cacy of specifi c aspects of clinical manage-
ment other than cessation of illicit hGH use. The 
treatment of adverse effects associated with chronic 
rhGH use is supportive. Primary attention should be 
directed at identifying and correcting any serum 
electrolyte, lipid, or glucose abnormalities. Hypo-
thyroidism is a rare complication of the therapeutic use 
of rhGH, and thyroid function should be evaluated when 
suggested by the clinical presentation. Human growth 
hormone use typically occurs in combination with other 
ergogenic aids (anabolic steroids, erythropoietin); there-
fore, these patients should be evaluated for complications 
of anabolic steroid and erythropoietin use including a 
complete blood count (CBC). There are no antidotes for 
rhGH, and the rapid clearance of this compound limits 
the usefulness of any extracorporeal methods for removal. 
Referral to an endocrinologist may be necessary for com-
plicated cases of chronic hGH use. 

the administration of rhGH (22 - kDa variant) increases 
the 22 - kDa/20 - kDa hGH ratio.  95   This ratio increases 
because the serum concentration of 22   kDa increases, 
whereas the serum concentration of the 20 - kDa variant 
remains low to undetectable. In adults, the usefulness of 
this ratio as a screening test is limit by the short time 
(i.e., about 3 hours after injection) available for analysis 
of this ratio, unless depot hGH is administered. A con-
fi rmation test is required of all positive samples because 
of the variable affi nity of different immunoassays for 
the variety of hGH isoforms. The isoform method does 
not detect the use of cadaveric, pituitary - derived growth 
hormone.  99   Exercise increases the serum concentration 
of the 22 - kDa isoform;  100   therefore, post - race testing 
may reduce the sensitivity of this screening test. Based 
on studies in children with short stature receiving rhGH, 
endogenous hGH secretions returns to baseline within 
48 hours after administration.  101

Marker Method.     The anabolic effects of hGH pro-
duces several proteins, and alterations in the serum con-
centration or ratios of these proteins suggests the use of 
endogenous hGH. These proteins include IGF - 1, IGF 
binding proteins, and markers of bone and collagen 
turnover. 

 The potential advantage of these biomarkers (e.g., 
IGF - 1, PIIIP) is the extended window of detection, 
which reaches several weeks compared with a 1 – 2 days 
for the ratio of hGH isoforms.  87   During the medical use 
of rhGH, IGF - 1 is the most common biochemical 
marker of hGH use. Potential bone and soft tissue bio-
markers, which change with exogenous hGH adminis-
tration, include procollagen III terminal peptide (PIIIP), 
osteocalcin, and bone alkaline phosphatase.  102   Although 
endurance exercise transiently activated bone and col-
lagen turnover, the administration of rhGH produces a 
substantially greater increase than endurance exercise 
alone.  103   Currently, no 1 biomarker provides suffi cient 
sensitivity and specifi city to allow the use of a single test; 
the normal gender -  and age - specifi c reference limits of 
these compounds in athletes currently are under 
study.  104,105   Immunoassays of the blood from athletes 
indicate that some variation in IGF - binding proteins 
and ICTP occurs between elite athletes, recreational 
athletes, and sedentary individuals as well as some dif-
ferences between the type of elite athlete (e.g., swim-
ming, gymnastics, weightlifting).  106

  Urine 

 The very short elimination half - life of hGH and the low 
concentrations (i.e.,  < 0.1%) of this compound in urine 
samples limits the practicality of using urine samples as 
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reduction, mood, mental acuity, bone density, immune 
balance, and aging.  113   None of these claims are sup-
ported by clinical studies. IGF - 1 appears on the World 
Anti - Doping Agency list of prohibited substances.  114

  TOXICOKINETICS 

 IGF - 1 circulates in the blood bound to a family of highly 
specifi c IGF - binding proteins (IGFBP - 1 through 
IGFBP - 6), with about 80% of the circulating IGF - 1 
bound to a ternary complex consisting of IGF - 1, IGFBP -
 3, and an 85   kDa glycoprotein acid - labile subunit 
(ALS).115   The free fraction of IGF - 1 is negligible ( < 1 –
 5%). In the serum, GH - dependent IGFBP - 3 binds 
approximately 90% of IGF - 1 even though IGF - 2 
occupies most of the binding sites on IGFBP - 3.116   The 
binding of free IGF - 1 markedly prolongs the serum 
IGF - 1 half - life. The serum elimination half - lives of 
bound IGF - 1 (binary, ternary complexes) and IGFBP - 3 
are about 16 – 20 hours, whereas the half - life of free 
IGF - 1 is only a few minutes based on tracer studies in 
healthy volunteers.  117   Peak serum IGF - 1 concentrations 
after the SC administration of 40    μ g rhIGF - 1/kg to 
healthy volunteers occurs about 7 hours after adminis-
tration with the trough serum IGF - 1 concentration was 
increased by a mean of 277    ±    50   ng/mL from baseline.  118

The volume of distribution of IGF - 1 is relatively low 
(0.20 – 0.36   L/kg).  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Human growth hormone stimulates the release of IGF -
 1, primarily from the liver. As growth hormone secre-
tion falls with aging, serum IGF - 1 concentrations also 
decline along with decreases in muscle mass and 
increases in fat mass.  119   IGF - 1 mediates the effect of 
hGH including activation of tyrosine kinase, Janus 
kinase 2, the Janus kinase/signal transducers, and activa-
tors of transcription (JAK/STAT) pathway, resulting 
in cellular proliferation, differentiation and migration, 
reduced apoptosis, regulation of metabolic pathways, 
and cytoskeletal reorganization.  120   Insulin and nutri-
tional status also modulate IGF - 1 synthesis. The ana-
bolic effects of both growth hormone and IGF - 1 are 
probably mediated through the induction of amino acid 
transporters in the cell membrane. 

 The actions of IGF - 1 and insulin on carbohydrate 
metabolism, lipid formation, and protein synthesis are 
similar, but not identical. Insulin, IGF - 1, and growth 
hormone act synergistically in regulating protein syn-
thesis as displayed in Figure  19.3 . Together these hor-
mones effi ciently store nutrients during the postprandial 
period while minimizing protein breakdown. IGF - 1 

  INSULIN - LIKE 
GROWTH FACTOR 

           IDENTIFYING CHARACTERISTICS 

 Somatomedin C (CAS RN:   67763 - 96 - 6) is a synonym for 
the 70 - amino acid, 7.65   kDa peptide, insulin - like growth 
factor I (IGF - 1). This single chain polypeptide with 3 
cross - linking disulfi de bridges is structurally similar to 
proinsulin.110   Insulin - like growth factor II (IGF - 2, CAS 
RN:   67763 - 97 - 7) is another somatomedin compound. 
IGF - 1 and IGF - 2 are straight chain polypeptides con-
sisting of 70 and 67 amino acid residues, respectively. 
IGF - 2 is an important fetal growth factor, whereas 
IGF - 1 is primarily an adult HG factor that mediates 
many of the anabolic effects of growth hormone. IGF - 1 
circulates in the plasma as a 150   kDa complex formed 
by the IGF peptide, IGF binding protein III (IGFBP - 3), 
and the acid - labile subunit (ALS). Minor amounts of 
IGF - 1 are bound as 45   kDa - binary complexes contain-
ing IGFBP - 1, IGFBP - 2, IGFBP - 3, or IGFBP - 5.  

  EXPOSURE 

 Unlike growth hormone, there is no readily available 
natural source of IGF - 1; therefore, the source of IGF - 1 
is recombinant human DNA technology (rhIGF - 1). The 
following 2 pharmaceutic preparations of IGF - 1 are 
available for the treatment of growth disorders in chil-
dren: 1) Increlex  ®   (recombinant human IGF - 1; Tercica, 
Brisbane, CA); and 2) Iplex  ®   (mecasermin rinfabate; 
INSMED Incorporated, Richmond, VA).  111   The latter 
product is recombinant human IGF - 1 in equal molar 
concentration with the major binding protein, IGFBP - 3 
that together form a ternary complex in blood with the 
acid - labile subunit. Increlex  ®   contains rhIGF - 1 alone. 
Potential medical uses for rhIGF - 1 include the treat-
ment of growth disorders, severe insulin resistance 
(Rabson - Mendenhall syndrome), osteopenia, and burns. 

 The prevalence of doping with IGF - 1 is diffi cult to 
determine, in part because of the complicated analytic 
processes required to detect IGF - 1 use. The abuse of 
IGF - 1 is probably much less common than the abuse of 
hGH, but abuse of rhIGF - 1 is expected to increase as 
improvements in the detection of hGH use occur.  112

Suspected use of rhIGF - 1 by athletes involves use as an 
anabolic and lipolytic agent either alone or in combina-
tion with hGH and anabolic androgenic steroids. 
Purported benefi ts of rhIGF - 1 use include improve-
ments in muscle growth, tissue and ligament repair, skin 
rejuvenation, sexual function, energy, endurance, fat 
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amounts of IGF - 1 and methods for analyzing urinary 
IGF - 1 are complex and lengthy; therefore, blood is 
the preferred sample for analyzing IGF - 1 and related 
biomarkers (e.g., PIIIP). The serum concentration of 
IGF - 1 is relatively stable during the day with little 
change during exercise,  123   and this marker increases 
several fold after administration of exogenous hGH. 
Almost all (99%) IGF - 1 in the blood is bound to binding 
proteins (IGFBP - 1 to IGFBP - 6), and total IGF - 1 is 
typically measured because free IGF - 1 is less responsive 
to exogenous hGH administration. Serum concentra-
tions of IGF - 1 are relatively high compared with 
other peptide hormones, reaching up to about 800   ng/
mL. The major determinants of variability in serum 
IGF - 1 concentrations are age and gender with ethnicity 
and sport type having relatively minor infl uences. Based 
on cross - sectional studies of elite athletes, age accounts 
for a majority (i.e., about 80%) of the variability in 
serum IGF - 1 concentrations with a signifi cant negative 
correlation with age for both IGF - 1 and collagen 
markers.  124   The contribution of gender was smaller than 
age. The infl uence of ethnicity on serum IGF - 1 concen-
trations is relatively minor; a study of 1,085 elite athletes 
of a variety of different ethnicities demonstrated 
statistically signifi cant differences only between 
Afro - Caribbeans (i.e., about 20% lower) and white 
Europeans.  125

 Methods for the quantitation of IGF - 1 in biologic 
media include high performance liquid chromatography/
electrospray ion trap/mass spectrometry,  126   ultra high 
performance liquid chromatography/tandem mass 
spectrometry in selected reaction monitoring,  127   and 
liquid chromatography/tandem mass spectrometry with 
immunoaffi nity purifi cation.  128   rhIGF - 1 has an identical 
amino acid sequence as endogenous IGF - 1; thus, 
separation techniques based on electrical charge 
differences (e.g., electrophoresis) do not distinguish 
between rhIGF - 1 and endogenous IGF - 1. The use of 
sodium dodecyl sulfate or strong acids with ethanol 
allows the determination of total IGF - 1 by cleaving 
the noncovalent bond between IGF - 1 and the IGF - 1 
binding proteins 3 and 5. Smaller IGF - 1 binding pro-
teins (e.g., 1 and 4) do not bind as well as other IGF - 1 
binding proteins; consequently, some of IGF - 1 bound to 
these smaller binding proteins are not extracted during 
this process.  129   Potential abnormalities following the 
chronic use of IGF - 1 include hypoglycemia and ele-
vated serum hepatic aminotransferases based on clinical 
studies.  

  TREATMENT 

 Treatment is supportive.      

mediates the side effects of hGH; the adverse effects of 
IFG - I and hGH are similar (e.g., acromegaly).  68

Production of IGF - 2 also occurs in the liver, kidney, and 
peripheral target tissues in response to the secretion of 
hGH. Although IGF - 1 has potential effects on competi-
tive athletes similar to rhGH (e.g., reduced glycogen 
breakdown during endurance activities, reduced muscle 
breakdown during power or sprinting events), there are 
inadequate clinical data to determine if these effects 
result in improved athletic performance.    

  CLINICAL RESPONSE 

 There are few data on the adverse effects associated 
with the use of rhIGF - 1 by athletes. Adverse effects 
reported in studies of rhIGF - 1 for insulin - resistant dia-
betes mellitus and growth hormone defi ciency in chil-
dren include headache, myalgias, fl uid retention, jaw 
pain, tonsillar hypertrophy, alteration of facial features, 
and hypoglycemia.  121,122

  DIAGNOSTIC TESTING 

 IGF - 1 is the most common biochemical marker of the 
medical use of rhGH; the methodology for detecting 
rhIGF - 1 abuse is based on the analytic methods devel-
oped for the detection of exogenous rhGH use. These 
methods are based on GH - sensitive biomarkers rather 
than the measurement of pituitary GH isoforms because 
the ratio of endogenous GH isoforms is unaffected by 
IGF - 1 administrations and IGF - 1 exists as a single 
isoform in humans. The kidney excretes very small 

FIGURE 19.3.     Synergistic interactions of insulin - like growth 
factor I (IGF - 1), growth hormone, and insulin on protein 
regulation.  (Reprinted from Endocrinology and Metabolism 
Clinics of North America, Vol. 39, I Erotokritou - Mulligan, 
RIG Holt, Insulin - like growth factor I and insulin and their 
abuse in sport, p. 36, Copyright 2010, with permission from 
Elsevier.)    
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  Chapter 20 

     Ergogenic aids are techniques or regimens that increase 
performance capacity, improve the effi ciency to perform 
work, or enhance the ability to recover from exercise. 
Diet has been part of Olympic training at least since 
Roman and Greek times, and diets used for ergogenic 
purposes included various combinations of dried fi gs, 
moist cheese, wheat, meat, white bread sprinkled with 
poppy seeds, fi sh and pork, along with the limited use 
of wine.  1   The US Food and Drug Administration (FDA) 
defi nes a dietary supplement as follows: 1) a product 
(other than tobacco) intended to supplement the diet 
that bears or contains 1 or more of the following dietary 
ingredients: a vitamin, mineral, amino acid, herb or 
other botanical; 2) a dietary substance for use to supple-
ment the diet by increasing the total dietary intake; or 
3) a concentrate, metabolite, constituent, extract, or 
combination of any ingredient described previously. In 
general, nutritional supplements are not produced 
under the same strict quality control measures as phar-
maceutic drugs. The FDA monitors structure/function 
claims under the Dietary Supplement Health Education 
Act of 1994, but the FDA does not routinely monitor 
the quality of these supplements with the same scrutiny 
as pharmaceutic drugs. 

 The potency and composition of nutritional supple-
ments may vary substantially between different sources. 
Additionally, nutritional supplements may contain adul-
terants not listed on the label. The World Anti - Doping 
Agency (WADA) does not ban dietary supplements or 
caffeine.  2   However, nutritional supplements may contain 
prohibited stimulants (e.g., ephedrine, sibutramine) or 
anabolic androgenic steroids (androstenedione, dehy-
droepiandrosterone) that are not listed on the labels. 

The latter compounds in these intentionally faked 
products include both classic anabolic steroids (bolde-
none, dehydrochloromethyl - testosterone, methandie-
none, oxandrolone, stanozolol) and newer designer 
steroids (e.g., androstatrienedione, methasterone, pros-
tanozol).3   Androstenedione (CAS RN: 63 - 05 - 8) and 
dehydroepiandrosterone (DHEA, CAS RN: 2283 - 82 - 1) 
are popular endogenous steroid precursors that are 
weak androgenic compounds; the body converts DHEA 
to androstenedione, which subsequently is converted to 
testosterone or estrone.  4

 Currently, there are a large number ( > 250) of dietary 
supplements being used as ergogenic aids, but there are 
few data on the ergogenic properties of most of these 
compounds. In a meta - analysis of dietary supplements, 
6 of these supplements had more than 2 studies that met 
the criteria for inclusion in the meta - analysis.  5   Of these 
6 supplements, only creatine and, to a lesser extent,  β  -
 hydroxy -  β  - methylbutyrate demonstrated statistically 
signifi cant increases in net lean mass and strength.  

  CREATINE 

           HISTORY 

 Chevreul originally discovered creatine in the late 1830s, 
and Liebeg confi rmed the existence of creatine in 1847.  6

However, creatine was not isolated until the early 1900s.  7

In 1926, Chanutin suggested that creatine was associ-
ated with skeletal muscle anabolism.  8   However, the use 

NUTRITIONAL SUPPLEMENTS 
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variety of sources including health food stores, grocery 
stores, and pharmacies. Creatine is a component of 
many protein supplements, sport drinks, and energy 
bars that is also available as capsules and tablets. 
Each gram of creatine monohydrate provides 0.879   g 
creatine.   

  EXPOSURE 

 The liver, kidneys, and pancreas produce endogenous 
creatine by the methylation of guanidinoacetic acid 
from dietary sources of arginine and glycine.  6   The diet 
is the exogenous source of creatine (3 – 7   g/kg), particu-
larly meat, fowl, and fi sh. The typical US diet provides 
about 1 g creatine daily; endogenous creatine produc-
tion and the diet are about equal sources of creatine for 
the human body. Clinical trials on the ergogenic effects 
of creatine supplementation use doses about 3 -  to 12 -
 fold higher than the daily dietary intake of creatine.  10   
Exogenous and endogenous sources account for approx-
imately equal amounts of creatine in the body. 

 Creatine is a nonessential, legal food supplement that 
is regulated in the United States as a food supplement 
rather than a drug. Although creatine is a natural con-
stituent of fi sh and meat, most creatine in dietary sup-
plements is produced synthetically by reacting sarcosine 
(CAS RN: 107 - 97 - 1) with cyanamide (CAS RN:   420 - 04 -
 2). Potential contaminants of the manufacturing process 
include creatinine, dicyandiamide, dihydrotriazine, and 
trace metals (e.g., arsenic).  11   Creatine monophosphate 
is a very common nutritional supplement used primarily 
as a method to increase strength and power; this sub-
stance is the most widely marketed nonsteroidal, non-
stimulant ergogenic aid.  12   In a survey of 674 high school 
athletes from Georgia and Tennessee, 16% of these ath-
letes used creatine to enhance athletic performance 
based on responses to questionnaires distributed by 
their athletic trainers or coaches.  13   In this study, creatine 
use increased with age and was more prevalent among 
male than female athletes (23% vs. 2%, respectively). 
Frequently, adolescents used creatine supplements at 
dosages exceeding standard recommendations. In a 
study of the use of complementary medicine and dietary 
supplements by the US adolescent population, 4.7% of 
the participants reported they ever used creatine sup-
plements on the survey.  14   The use of creatine by college 
athletes probably is probably at least several times 
higher than adolescent athletes.  15    

  DOSE EFFECT 

 The common dose of creatine is an initial oral loading 
dose of 15 – 20   g daily for 5 – 7 days followed by a 
maintenance dose of 3 – 5   g daily for up to 6 months.  16   

of creatine as an ergogenic aid did not begin until the 
1970s, when athletes from the Soviet Union and the 
Eastern bloc countries used creatine supplementation 
to enhance performance. The use of creatine by athletes 
in the United States and United Kingdom did not begin 
until the early 1990s.  9   During the 1992 Barcelona 
Olympics, high profi le athletes associated improved per-
formance in power and sprint events with the use of 
creatine supplements. Creatine is not listed on WADA ’ s 
list of banned substances.  

  IDENTIFYING CHARACTERISTICS 

  Physiochemical Properties 

 Creatine ( α  - methyl guanidino acetic acid, CAS RN: 57 -
 00 - 1) is a nitrogenous organic acid composed of 3 amino 
acids (arginine, glycine, methionine) that is formed 
endogenously by methylation of guanidinoacetic acid 
found primarily in muscle. Figure  20.1  displays the 
chemical structure of creatine (C 4 H 9 N 3 O 2 ). Creatine 
salts (e.g., glycinate, citrate, malate, ethyl ester, pyru-
vate) are relatively water soluble and easily dissolved in 
sports drinks or gels. In contrast, creatine monohydrate 
must be consumed soon after dissolved in solution to 
avoid precipitation. Table  20.1  lists some of the physio-
chemical properties of creatine.      

  Form 

 Creatine supplements appear commercially in several 
forms as a result of the relatively poor solubility of 
creatine monohydrate compared with some creatine 
salts. Creatine monohydrate is the most common form 
of creatine supplements, available as a powder from a 

       FIGURE 20.1.     Chemical structure of creatine.  

  TABLE 20.1.    Some Physical Properties of Creatine. 

   Physical Property     Value  

  Melting Point    303 ° C (577.4 ° F)  
  log P (Octanol - Water)     − 3.720  
  Water Solubility    1.33E + 04   mg/L (18 ° C/64.4 ° F)  
  Vapor Pressure    7.90E - 04   mm Hg (25 ° C/77 ° F)  
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dopamine and γ  - aminobutyric acid (GABA). Several 
factors increase creatine uptake into muscle including 
exercise, insulin, catecholamines, insulin - like growth 
factor 1 (IGF - 1), and simultaneous ingestion with car-
bohydrates, probably as a result of insulin - induced 
enhancement of creatine transport into muscle.  22,23   The 
volume of distribution is probably near total body water 
(i.e., about 45   L).  24   Protein binding of creatine in plasma 
is negligible ( < 10%) as a result of the hydrophilic prop-
erties of creatine.  25

  Biotransformation 

 Animal studies indicate that creatine undergoes spon-
taneous (i.e., nonenzymatic) degradation in the blood 
almost exclusively to creatinine.  26,27   Increasing the stores 
of creatine in muscle elevates serum creatinine concen-
trations.  18   Metabolism of creatine to methylamine is a 
minor pathway.  28   Formaldehyde is a potential metabo-
lite of methylamine as a result of the enzymatic action 
of semicarbazide - sensitive amine oxidase; however, the 
extent of formation is probably small.  29   Figure  20.2  dis-
plays the synthesis, metabolism, and phosphorylation of 
creatine.    

  Elimination 

 Clearance of creatine involves biotransformation to cre-
atinine, renal fi ltration, and irreversible uptake into 
skeletal muscle.  18   In a study of 6 healthy volunteers, the 
mean terminal plasma elimination half - life of creatine 
after a single dose (71   mg/kg) and 4 doses daily for 6 
days was 2.0    ±    0.68 hours and 2.7    ±    0.63 hours, respec-
tively.  19   Urinary excretion accounts for the loss of about 
2 grams of creatine daily, primarily as creatinine. The 
elimination rate of creatine in the urine is not well 
defi ned following creatine supplementation, but the 
renal clearance of free creatine in patients without sup-
plementation is probably near the glomerular fi ltration 
rate. With increasing supplementation, the amount of 
creatine in the urine increases. Although the percentage 
of clearance by metabolism to creatinine, renal elimina-
tion of creatine, and skeletal muscle uptake; the latter 
mechanism probably accounts for most of the clearance 
of creatine during creatine supplementation.  18   Total cre-
atine concentrations return to baseline values within 1 
month after cessation of creatine supplementation.  30

During this period, urinary creatinine concentrations 
are elevated.  

  Maternal and Fetal Kinetics 

 There are few data on the maternal fetal kinetics of 
creatine.   

Anecdotally, higher daily maintenance doses (e.g., 10   g) 
are used, but there are few medical data on the dose 
effect of these regimens. Because of concern about 
reduced response to creatine and a slow decrease in 
muscle creatine during maintenance dosing, creatine 
regimens frequently include a 4 - week wash - out period 
following 8 – 10 weeks of maintenance dosing.  17   The 
observed safe level of creatine for chronic supplementa-
tion in healthy adults is approximately 5   g/day based on 
risk assessment.  10

  TOXICOKINETICS 

  Absorption 

 The absorption of oral doses of creatine probably 
involves active transport (i.e., with sodium -  and chloride -
 dependent transporters) similar to the uptake of amino 
acids and peptides by transporters.  18   There are inade-
quate pharmacokinetic data to determine the absolute 
bioavailability of creatine. The dissolution rate and solu-
bility may limit the bioavailability of the capsules and 
chewable tablets formulations of creatine. The bioavail-
ability of creatine is probably < 100% as a result of the 
potential for saturation of the active transport process 
and degradation of creatine in the gut.  18   The absorption 
of creatine may be dose - dependent. Creatine is not 
subject to fi rst - pass metabolism. Peak plasma concen-
trations of creatine usually occur within 2 – 3 hours after 
ingestion. In a study of 6 healthy volunteers, the mean 
peak plasma creatine after the ingestion of 71   mg cre-
atine monohydrate/kg was 102.1    ±    11.2   mg/L at 
1.9    ±    0.88 hours after administration.  19   The steady - state 
plasma concentration of creatine after administration of 
71   mg/kg 4 times daily for 6 days was 97.4    ±    13.0   mg/L.  

  Distribution 

 Although uptake of creatine occurs in a variety of cells 
(erythrocytes, nervous tissue, spermatozoa, retina), the 
main site of creatine absorption is skeletal muscle.  20

Therefore, skeletal muscle contains most of the creatine 
in the body; in muscle, creatine exists as either the free 
or phosphorylated form in a ratio of approximately 2:3 
depending on muscle fi ber type. The average pool of 
creatine is about 2   g/kg, and the storage capacity of 
skeletal muscle is fi nite.  21   About 95% of creatine is dis-
tributed to skeletal muscle; the remaining occurs in the 
heart, brain, and testes. Creatine enters the muscle cell 
in the free form against a concentration gradient as a 
result of the action of the sodium - dependent trans-
porter, creatine transporter - 1. The creatine transporter 
is specifi c for creatine, but the chemical structure of the 
creatine transporter is similar to the transporters for 
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maximal exercise in muscle cells along with maintaining 
the adenosine triphosphate/adenosine diphosphate 
ratio in both skeletal muscle and brain tissue that is 
critical for normal cellular function. During physical 
activity, phosphocreatine maintains adenosine triphos-
phate (ATP) concentrations by donating a phosphate to 
adenosine diphosphate (ADP). Short - term creatine 
supplementation (20   g daily for 5 – 7 days) increases 
total creatine content in the muscles of healthy young 
adults by about 10 – 30% and phosphocreatine stores in 
muscle by approximately 10 – 40%.  32   Creatine supple-
mentation does not increase muscle glycogen content at 
rest or after exhaustive exercise.  33   In the brain, similar 
creatine supplementation protocols increase creatine 
and phosphocreatine concentrations about 9% and 4%, 
respectively, as measured by nuclear magnetic reso-
nance spectroscopy.  34,35   

 The use of creatine probably increases the energy 
available for maximal force of dynamic or isotonic con-
tractions, particularly in less - trained individuals.  36   The 
benefi t of creatine depends on the study group with the 
greatest gains in nonelite athletes, and volunteer studies 

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 The skeletal muscles contain over 95% of the total cre-
atine in the human body. The primary ergogenic effect 
of creatine supplementation involves improvement in 
repeated short bouts (i.e.,  < 1 minute) of high - intensity, 
repetitive physical activity rather than endurance 
events.  31   During these activities (e.g., sprinting, jumping, 
cycling), the amount of phosphocreatine stored in the 
muscle determines the amount of energy available 
based on the rephosphorylation of adenosine diphos-
phate (ADP) to adenosine triphosphate (ATP). Beside 
repeated short bouts of high - intensity physical exercise, 
creatine supplementation increases maximal force or 
strength of both dynamic and isotonic contractions. 
There is little evidence to support the use of creatine to 
improve isometric muscular performance or endurance 
activities.  16   Creatine, in the phosphorylated form 
(phosphocreatine) helps buffers hydrogen ions during 

       FIGURE 20.2.     Synthesis, metabolism, and phosphorylation of creatine. Enzymes for the chemical reactions include the following: 
1) arginine   :   glycine amidino - transferase, 2) guanidinoacetate  N  - methyltransferase, 3) creatine kinase, and 4) none — spontaneous 
conversion.  28    
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muscle strength in disease states (e.g., atherosclerosis, 
congestive heart failure, neuromuscular diseases).  47,48

Although some studies suggest that creatine supple-
mentation improves performance of older adults and 
sleep - deprived young adults on some cognitive and psy-
chomotor tests,  49   6 weeks of creatine supplementation 
(0.03   g/kg/d) did not improve cognitive function in 
healthy, rested young adults.  50   Neuropsychologic testing 
included simple reaction time, code substation, logical 
reasoning symbolic, running memory, Sternberg memory 
recall, and mathematical processing.  

  Mechanism of Toxicity 

 There are limited data on the potential of creatine sup-
plementation to cause chronic toxicity. Most reported 
data on toxicity is derived from clinical studies on 
healthy adults or patients with muscle wasting. There 
are inadequate data to determine the mechanism of 
toxicity of permanent adverse effects, if any, associated 
with the use of creatine supplementation at standard 
doses.   

  CLINICAL RESPONSE 

 In most open label studies and randomized clinical trials 
to date, creatine supplements were associated with 
infrequent and relatively minor side effects, when 
reported.10   However, not all studies specifi cally report 
measuring adverse effects or other safety outcomes. A 
few case reports document more severe effects (e.g., 
renal dysfunction, atrial fi brillation, rhabdomyolysis), 
but the precise role of creatine in the causation of these 
abnormalities is unclear. Side effects most commonly 
associated with the use of creatine supplements based 
on anecdotal reports include gastrointestinal (GI) dis-
tress, muscle cramps, and renal dysfunction.  51   Currently, 
there are no clinical data to indicate that creatine sup-
plementation causes liver dysfunction. 

  Gastrointestinal Distress 

 The most common adverse effect associated with creatine 
supplementation in clinical trials evaluating the effect of 
creatine supplementation on athletic performance is GI 
distress (nausea, vomiting, diarrhea), particularly if ingested 
during exercise.  52,53   In a placebo - controlled trial of creatine 
monohydrate in patients with amyotrophic lateral sclero-
sis, 3 of 175 patients in the treatment group ceased using 
creatine because of severe GI complaints (diarrhea, vomit-
ing) compared with none in the placebo group.  54   Most 
clinical studies on creatine supplementation do not report 
a signifi cant incidence of adverse effects as compared with 
baseline.  55   In a 28 - day study of elite college football players 

are inconsistent regarding the positive effects of cre-
atine on athletic performance.  37   In the positive studies, 
short - term creatine supplementation improves single -
 effort sprint performance about 1 – 5% and maximal 
power (peak power, total work)/strength (maximal 
force or strength) about 5 – 15%.  32   Up to approximately 
30% of individuals do not respond to creatine supple-
mentation.38   In a study of National Collegiate Athletic 
Association division I players with at least 1 year of 
college football experience, creatine supplementation 
did not increase strength gains compared with a control 
group (placebo).  39   However, a study of red - shirt fresh-
men indicated that creatine supplementation produces 
a statistically signifi cant increase in strength, peak 
torque (300 °  knee fl exion only), and anaerobic capacity 
as assessed by the Wingate protocol, when compared 
with placebo (sodium phosphate monohydrate) and 
control (no supplementation).  40   All participants under-
went 4 weeks of resistance training. Body fat, global 
muscle strength, and extracellular fl uid did not demon-
strate statistically signifi cant differences between these 
groups. In a study of healthy young adults, postexercise 
supplementation with protein - carbohydrate (10   g 
casein, 75   g glucose) produced similar increases in 
strength after a resistance exercise training program, 
when compared with creatine - carbohydrate (10   g cre-
atine, 75   g glucose) supplementation.  41   However, mean 
total body mass increased more ( P     <    .05) for creatine -
 carbohydrate group ( + 4.3   kg, 5.4%) compared with 
protein - carbohydrate group ( + 1.9   kg, 2.4%). The increase 
in body mass results primarily from increased intracel-
lular water in muscle cells rather than an increase in 
protein synthesis or decrease in muscle proteolysis. The 
results of creatine supplementation on muscle mass 
and muscle performance in older men ( > 60 years) is 
equivocal.42

 Creatine does not prevent myalgias or muscle break-
down that follows intense exercise, and there is little 
evidence that creatine supplementation increases iso-
metric muscular exercise.  43   Additionally, there is little 
evidence that creatine loading improves the adverse 
effects of neuromuscular fatigue on power output. Five 
days of creatine loading (20   g dicreatine citrate/day) 
had minimal effect on the electromyographic fatigue 
threshold as measured in the vastus lateralis of the right 
thigh of 16 college - age men performing a discontinuous 
cycle - ergometer exercise.  44

 The mechanism of action of creatine is not well 
defi ned. Possible mechanisms of action include increased 
phosphocreatine - enhanced rephosphorylation of ade-
nosine diphosphate, buffering of pH changes, increased 
diffusion of high - energy phosphates into myosin heads, 
and increased muscle hypertrophy.  45,46   There is equivo-
cal evidence that creatine supplementation improves 
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months by a 42 - year - old bodybuilder treated with met-
formin for his diabetes mellitus.  64

  Cardiovascular 

 Cardiovascular effects are not usually associated with 
the use of creatine supplementation. A case report of a 
30 - year - old man associated the development of atrial 
fi brillation with the loading phase of creatine supple-
mentation.65   Although there was no other obvious cause 
of this dysrhythmia, the causal link between atrial fi bril-
lation and creatine supplementation is unclear.  

  Carcinogenesis 

 Creatine is not considered a carcinogen. Nitrosation of 
creatine to the animal carcinogen,  N  - nitrososarcosine, 
probably does not occur to any clinical signifi cant extent 
based on pharmacology studies.  66   Although creatine 
supplementation potentially stimulates the production 
and renal excretion of methylamine and formaldehyde, 
there are inadequate data to determine if this enhanced 
production increases the risk of cancer.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Creatine supplementation interferes with serum and 
urine creatinine measurements as a result both of 
increased daily excretion of creatinine from the degra-
dation of creatine and analytic interference of creatine 
with some creatinine assays. In addition to creatine and 
bilirubin, the presence of ascorbic acid in biological 
samples interferes with enzymatic methods for deter-
mining creatinine concentrations.  67   The effect of cre-
atine on creatinine determination depends on the 
specifi c method, and the presence of creatine can either 
falsely increase or decrease the serum creatinine con-
centration. Inulin clearance is an alternative to the use 
of creatinine to evaluate kidney function, but there are 
no human data on the use of inulin in the setting of 
creatine supplementation. A liquid chromatography 
method with ultraviolet detection is available for the 
determination of creatine in commercial products.  68

Methods to determine creatine in biologic samples 
include isocratic high performance liquid chromatogra-
phy.  25   The lower limit of quantitation for creatine with 
this assay is about 5   mg/L.  

  Abnormalities 

 Clinical studies on the use of creatine supplements indi-
cate that creatine supplementation causes no signifi cant 

receiving phosphorus and creatine (15.75   g) supple-
mentation daily, there were no complaints of GI 
symptoms.  56

  Muscle 

 Based on responses to questionnaires, the most common 
adverse effects associated with creatine supplementa-
tion in high school athletes were muscle cramps, 
increased thirst, and stomach cramps.  13   However, there 
was no control group to determine the effect of physical 
exercise alone on the development of these symptoms. 
Follow - up studies up to 5 years suggest that supplemen-
tation with common doses of creatine up to 80   g daily 
does not alter hepatic or renal function.  57,58   In the above 
28 - day study on elite athletes, there were no complaints 
of excess muscle cramps.  56   Volunteer studies suggest 
that creatine supplementation can increase anterior 
compartment pressures of the lower leg during the 
period immediately after exercise.  59   However, the clini-
cal signifi cance of this increase remains unclear. 
Rhabdomyolysis and an acute quadriceps compartment 
syndrome developed in a weight lifter on long - term, 
high - dose creatine supplementation (25   g daily for 1 
year).60   The chest x - ray demonstrated cardiomegaly, 
pulmonary venous congestion and bilateral effusions, 
attributed to pulmonary edema secondary to iatrogenic 
fl uid overload. There were no laboratory tests for other 
ergogenic aids.  

  Renal Dysfunction 

 Clinical studies indicate that creatine supplementation 
does not alter glomerular fi ltration rate, glomerular per-
meability, or renal tubular reabsorption, when taken in 
standard doses (20   g/d for 5 days,  < 5   g thereafter) by 
healthy young adults.  51,61   Several case reports suggest 
that creatine supplementation may decrease renal func-
tion in patients with preexisting renal disease. A 25 - year -
 old man had normal renal function while receiving 
cyclosporin for focal segmental glomerular sclerosis; 7 
weeks of creatine supplementation at 2   g/day was asso-
ciated with a decrease in creatinine clearance from 
93   mL/min prior to supplementation to 54   mL/min after 
supplementation.62   The creatinine clearance returned to 
baseline values after cessation of creatine supplementa-
tion. Another case report associated creatine supple-
mentation (10   g daily 6 weeks prior to surgery) with the 
development of nonoliguric renal dysfunction and rhab-
domyolysis immediately after arthroscopic knee 
surgery.  63   These 2 patients responded to medical therapy 
and they did not develop any permanent sequelae. A 
case report associated the development of lactic acido-
sis and acute renal failure with the use of creatine for 2 
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that is a precursor of cholesterol. Leucine is an 
important amino acid and precursor for protein synthe-
sis and energy metabolism in the muscle. Figure  20.3  
displays the chemical structure of HMB. Table  20.2  
displays some physical properties of  β  - hydroxy -  β  - 
methylbutyrate.      

  EXPOSURE 

  β  - Hydroxy -  β  - methylbutyrate is a popular  “ anticata-
bolic, ”  ergogenic agent that is usually part of a training 
supplementation program designed to improve strength 
and increase lean muscle mass.  73   Products containing 
HMB include fat burners, muscle builders, and recovery 
enhancers. This compound is a natural constituent of 
citrus, catfi sh, and breast milk. Both nonprimate animals 
and humans produce HMB endogenously. The FDA 
lists this compound as a nutritional supplement rather 
than a drug. HMB is not listed on WADA ’ s list of banned 
substances or any other sporting organizations. HMB is 
an investigative supplement for the improvement of 
nitrogen balance in both hospitalized and nonhospital-
ized elderly patients. In a double - blind controlled study 
of 77 elderly participants receiving a supplement con-
taining HMB,  l  - arginine, and  l  - lysine for 1 year, the lean 
mass in the treated group increased 1.2% ( P     =    .05) com-
pared with controls receiving an iso - nitrogenous supple-
ment.  74   However, there was no decrease in the reduction 
of handgrip and leg strength between the 2 groups over 
the 1 - year study.  

  DOSE EFFECT 

 The typical dose of HMB is 3 – 5   g daily alone or as part 
of a regimen of other supplements and/or exercise 
program at bedtime or before training. In a rodent 
study, the no - observed - adverse - effect level (NOAEL) 
was 5% calcium HMB (3.49   g/kg body weight males, 
4.16   g/kg body weight females) in the diet.  75   There was 

long - term changes in measures of renal function in young 
healthy adults.  61   Although creatine supplementation ini-
tially increases serum and urine creatinine concentra-
tions during use, follow - up studies of athletes using 
creatine supplementation do not indicate that the use of 
these supplements permanently alters serum measure-
ments of liver, kidney, or muscle function. Both serum 
and urine creatinine concentrations increase during cre-
atine supplementation, resulting in no signifi cant change 
in urine creatinine clearance. In a study of healthy young 
participants receiving a loading dose of creatine (20   g 
daily for 5 days) followed by a maintenance dose (3   g 
daily for 9 weeks), there were no clinical signifi cant 
changes in serum markers of hepatorenal function or 
muscle damage during the study.  69   These serum markers 
included sodium, potassium, urea, creatinine alkaline 
phosphatase, alanine aminotransferase, bilirubin, cre-
atine kinase, albumin, and  γ  - glutamyl transferase. A study 
of 116 National Collegiate Athletic Association Division 
1A college football players did not detect clinically sig-
nifi cant difference in a number of urinary and blood 
markers of liver, kidney, and muscle function when com-
paring athletes with and without creatine supplementa-
tion (daily maintenance creatine doses of 5 – 10   g for up 
to 21 months).  70   The biomarkers included serum creatine 
kinase, serum electrolytes, hepatic aminotransferases, 
serum alkaline phosphatase, hemoglobin, and serum uric 
acid. Creatine supplementation was associated with a sta-
tistically signifi cant increase in the magnetic resonance 
pool of creatine in the deep frontal cerebral white matter 
in some,  71   but not all studies.  72   The reason for the differ-
ences (e.g., dosage, duration of treatment, analytical 
method, study group) are unclear.   

  TREATMENT 

 There are few data on the treatment of toxicity associ-
ated with creatine use. Any adverse effects associated 
with the use of creatine typically resolve with cessation 
of use and respond to supportive care.      

   β  - HYDROXY -  β  -
 METHYLBUTYRATE 
( HMB ) 

           IDENTIFYING CHARACTERISTICS 

  β  - Hydroxy -  β  - methylbutyrate ( β  - hydroxyisovaleric acid, 
CAS RN:   625 - 08 - 1) is a metabolic product of leucine 

       FIGURE 20.3.     Chemical Structure of  β  - hydroxy -  β  -
 methylbutyrate (HMB).  

  TABLE 20.2.    Some Physical Properties of 
 β  - Hydroxy -  β  - Methylbutyrate. 

   Physical Property     Value  

  Melting Point     − 80 ° C ( − 112 ° F)  
  log P (Octanol - Water)     − 0.020  
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Most  α  - ketoisocaproate undergoes metabolism in the 
mitochondria by  α  - ketoisocaproate dehydrogenase. 
Additionally, production of HMB results from the 
hydration of methylcrotonyl - CoA by crotonase, particu-
larly in patients with 3 - methylcrotonyl - CoA carboxyl-
ase or biotin defi ciencies. Figure  20.4  displays the 
formation of HMB from leucine and from methylcrotonyl -
 CoA. The major metabolic pathway of HMB is proba-
bly conversion to  β  - hydroxy -  β  - methylglutaryl - CoA and 
then to mevalonate or acetoacetyl - CoA.  77   There are no 
data on the maternal - fetal kinetics of HMB.    

a statistically signifi cant increase in inorganic phosphate 
in male animals in the 5% feeding group, but the effect 
was not considered adverse.  

  TOXICOKINETICS 

 Transamination of leucine produces  α  - ketoisocaproate. 
The action of the cytosolic enzyme,  α  - ketoisocaproate 
dioxygenase, on this latter compound forms  β  - hydroxy -
  β  - methylbutyrate (HMB). This reaction accounts for 
about 5% of the oxidation of leucine in animal studies.  76   

       FIGURE 20.4.     Formation of  β  - hydroxy  β  - methylbutyrate ( β  - hydroxyisovaleric acid). 1    =    Branched chain amino acid transami-
nase; 2    =    branched chain ketoacid dehydrogenase; 3    =    isovaleryl - CoA dehydrogenase; 4    =    enoyl - CoA hydratase; 5    =     β  -
 methylcrotonyl - CoA carboxylase; 6    =     β  - methylglutaconyl - CoA hydratase; 7    =    cytosolic  α  - ketoisocaproate oxygenase.  95    
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more than conditioned athletes.  73   In a 4 - week study of 
athletes training 3 times weekly, the upper body strength 
increased more ( P     =    .008) in the HMB supplementation 
group (7.5    ±    0.6   kg) compared with the placebo group 
(5.2    ±    0.6   kg).  84   However, in a double - blind, placebo -
 controlled study of 35 college football players, there 
were no statistically signifi cant differences in muscle 
strength (power cleans, squats, bench press) or lean 
body mass between the HMB supplementation group 
(3   g daily for 4 weeks) and the placebo group.  85   Most 
studies do not demonstrate signifi cant difference in lean 
body mass before and after HMB supplementation.  81,86

 Intense exercise often causes delayed - onset muscle 
membrane damage. Short - term supplementation with 
HMB probably does not reduce the symptoms associ-
ated with strenuous exercise. Although some clinical 
studies suggest that HMB supplementation for 6 weeks 
decreases muscle damage associated with prolonged 
exercise as assessed by serum biomarkers (creatine 
kinase, lactate dehydrogenase), other studies do not 
demonstrate improvement in measures of exercise -
 induced muscle damage including delayed - onset muscle 
soreness, knee extensor range of motion, serum creatine 
kinase activity, and isometric muscle function.  87   A study 
of nonresistance - trained individuals demonstrated no 
benefi t from short - term HMB supplementation (40   mg/
kg daily for 6 days prior to exercise) on symptoms asso-
ciated with eccentric muscle damage secondary to a 
bout of 24 maximal isokinetic eccentric contractions of 
the elbow fl exors, when compared with placebo.  88

Assessment measures included muscle soreness, upper 
arm girth, and torque measures. Similar negative results 
occurred in a study of college football players receiving 
10 days of HMB supplementation (3   g daily) during 
preseason training.  89

  CLINICAL RESPONSE 

 To date, limited data from short - term studies (i.e., up to 
8 weeks) have not demonstrated serious adverse effects 
following the use of HMB. The incidence of side effects 
associated with HMB supplementation in clinical 
studies is low. In short - term studies, the administration 
of 3   g HMB daily for up to 8 weeks does not adversely 
affect surrogate markers of tissue health and function.  90

The long - term effects of HMB supplementation are 
unknown.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques to detect HMB include high performance 
liquid chromatography,  91   gas chromatography/mass 

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The mechanism of action of HMB is not well defi ned. 
Clinical studies suggest that this mechanism is different 
from creatine as a result of the additive effect of HMB 
when added to regimens including creatine and resis-
tance training.  78   Potential mechanisms of action include 
the following: 1) promoting muscle growth and cell 
integrity by enhanced production of membrane precur-
sors (i.e., cholesterol) and 2) improving recovery time 
by decreasing muscle catabolism and excretion of 
3 - methylhistidine. Cholesterol enhances membrane fl u-
idity and reduces stretch rupture in the muscle fi bers. In 
the cytosol,  β  - hydroxy -  β  - methylglutaryl - coenzyme A 
forms from HMB, and subsequently cholesterol is pro-
duced from fatty acid β  - oxidation and/or glycolysis via 
β  - hydroxy -  β  - methylglutaryl - coenzyme A. 

 Most clinical studies on HMB supplementation are 
limited by small sample size, specifi c populations (e.g., 
auto immunodefi ciency syndrome [AIDS] patients), 
and unique settings. The existing studies suggest the 
potential  for modest enhancement of strength in resis-
tance trained athletes, primarily in lower extremities.  79

The increase in strength measures is variable with some 
studies demonstrating no clear improvement in strength 
following HMB supplementation. A meta - analysis of 9 
studies of HMB supplementation during resistance 
training estimated the average net weekly increase in 
strength gain over about 5 weeks was 1.4% (95% CI: 
0.41 – 2.39%).5   In a study of 34 resistance - trained men 
receiving 3   g HMB daily for 9 weeks, 1 - repetition 
maximum leg extension strength increased 9.1% (90% 
CI:    ±    7.5%) between baseline and the end of the study.  80

The effect of HMB supplementation on upper body 
strength (bench press, biceps preacher curl) was insig-
nifi cant. Another meta - analysis of 9 studies of both 
trained and untrained participants demonstrated little 
benefi t of daily HMB supplementation over an average 
of 5    ±    2 weeks for trained athletes.  81   For untrained par-
ticipants, there were small benefi ts for average lower 
body strength (mean    ±    90% CI    =    9.9    ±    5.9%) with neg-
ligible changes in upper body strength (2.1    ±    5.5%). 

 Improvements in lean body mass occur following the 
use of HMB in certain participants including the elderly  82

and patients with muscle wasting diseases (i.e., in com-
bination with l - glutamine and  l - arginine).  83   However, 
the benefi ts of HMB supplementation in athletes is less 
clear. In the above meta - analysis of 9 studies, HMB 
supplementation during resistance training increased 
the average net weekly gain in lean mass over about 5 
weeks ∼ 0.28% (95% CI: 0.13 – 0.42%).  5   Benefi ts of HMB 
supplementation depends on the fi tness level of the 
athlete with untrained athletes probably benefi ting 
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improve strength. Although chromium has an essential 
role in maintaining carbohydrate and lipid metabolism 
(e.g., insulin signalling),  98   most studies on chromium do 
not demonstrate that chromium picolinate is an effec-
tive ergogenic aid including a lack of improvement in 
body composition,  99,100   lean muscle mass,  101   muscle 
strength,102   and exercise capacity.  103   There are few 
adverse effects associated with the administration of 
chromium picolinate doses up to 1   mg daily in random-
ized clinical trials; the use of chromium picolinate at 
these doses does not alter glucose metabolism in healthy 
participants.  104,105   However, case reports associate exces-
sive use of chromium picolinate with systemic contact 
dermatitis (several weeks of diet supplements contain-
ing chromium picolinate),  106   rhabdomyolysis (1.2   mg 
over 2 days for bodybuilding),  107   and hepatorenal dys-
function (1.2 – 2.4   mg daily for 4 – 5 months to enhance 
weight loss).  108   Other trace minerals (e.g., vanadyl 
sulfate) lack effi cacy as ergogenic aids for improving 
body composition or athletic performance.  109

 The addition of sodium bicarbonate to the body 
buffers the acidosis associated with anaerobic glycolysis. 
Theoretically, sodium bicarbonate enhances perfor-
mance when the exercise is suffi cient to cause signifi cant 
acidosis in the muscles along with adenine nucleotide 
loss. Although some studies suggest that the ingestion 
of sodium bicarbonate or citrate (300   mg/kg) up to 1 – 3 
hours before short - term, high - intensity exercise 
improves performance (e.g., power output),  110,111   there 
is no clear or consistent pattern of improvement between 
studies.  112   Adverse GI effects (vomiting, diarrhea) and 
the need for large volumes to buffer the lactic acidosis 
limit the usefulness of this supplement for improving 
athletic performance.  113
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  Chapter 21 

               HISTORY 

 Wine has been part of the human diet and culture for 
over 6,000 years. According to the Bible (Genesis 
Chapter IX, Verse 20), Noah established the fi rst vine-
yard soon after the Ark rested safely on dry land. The 
oldest chemical evidence for the use of wine is the pres-
ence of the calcium salt of tartaric acid on a pottery jar 
recovered from a mud - brick building in Iran that dates 
back to 5,400 – 5,000 BC.  1   Large quantities of this chemi-
cal were present only in grapes and in terebinth tree 
resin used as a bacteriostatic agent for ancient wines. 
The domestication of the wine grape ( Vitis vinifera  L.) 
probably occurred in southern Caucasus, and winemak-
ing spread southward to Palestine, Syria, Egypt, and 
Mesopotamia.2   By the third millennium BC, wine was 
used for sacramental purposes in Egypt, but the con-
sumption of wine by the Egyptian population did not 
occur for about 2,000 more years. The Old Testament 
contains many references to the physical, psychological, 
and social consequences of alcohol abuse including 
descriptions of Noah becoming intoxicated.  3

  IDENTIFYING CHARACTERISTSICS 

 Ethanol or ethyl alcohol is a relatively simple aliphatic 
alcohol (i.e., saturated hydroxylated carbon) with the 
structure of CH 3  - CH 2  - OH. Ethyl alcohol (C 2 H 5 OH, CAS 
RN 64 - 17 - 5) is a clear, colorless liquid with a sweet odor 
having a molecular weight of 46   g/mol and a boiling point 
of 78.5 ° C (173.3 ° F) at atmospheric pressure. The density 
of ethanol at room temperature (15 ° C/59 ° F) is 0.789; 

therefore, a 10% v/v solution is equivalent to a 7.89% w/v 
solution. Ethanol is slightly less polar than water; conse-
quently, ethanol easily crosses cell membranes and dif-
fuses into tissues. The odor threshold of pure ethanol is 
about 80   ppm in air with the minimum identifi able odor 
threshold of about 350   ppm.  4

  EXPOSURE 

  Epidemiology 

 The medical consequences of acute and chronic ethanol 
consumption are a ubiquitous part of modern culture as 
a result of the relationship between ethanol intoxication 
and a variety of adverse health effects.  5   A study of 
European mortality rates suggests a positive association 
between the blood alcohol concentration (BAC) in 
drivers and fatal traffi c accidents in central and southern 
Europe as well as between ethanol consumption, work -
 related accidents, and other nontraffi c - related accidents 
in northern Europe.  6   Every year about 40,000 persons 
in the United States die as a result of motor vehicle 
collisions. Approximately 17% of the drivers involved 
in fatal crashes had a BAC exceeding 100   mg/dL, 
whereas about 6% of these drivers had a BAC between 
10 – 99   mg/dL.  7   The relative risk of involvement in a car 
crash by a driver under the age of 21 with a positive 
BAC is greater than predicted from the additive risk of 
the BAC and age.  8   Overall, the percentage of alcohol -
 related fatal traffi c accidents decreased from 57% in 
1982 to 42% in 2000 as defi ned by anyone involved in 
the accident having a BAC exceeding 10   mg/dL. Hence, 

ETHANOL

  V   Ethanol     
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  Products 

 Ethylene from the cracking of petroleum hydrocarbons 
is the major source of ethanol for use in commercial 
products other than alcoholic beverages. The alcoholic 
beverage industry does not usually use synthetic ethanol 
for the production of alcoholic beverages as a result of 
the impurities present in the production of ethanol from 
ethylene. Commercial uses of ethanol include solvents 
for resins, fats and oils, synthesis of denatured alcohol, 
constituent of pharmaceuticals and cosmetics, chemical 
intermediate, and fuel additives. Ethanol is a constituent 
of many over - the - counter (OTC) medications and 
household products including hand sanitizers.  18

  Beverages 

 Drinking patterns vary between countries as defi ned by 
a single beverage type accounting for > 50% of the per 
capita alcohol consumption. Beer - drinking countries 
include New Zealand, Ireland, Australia, Scotland, 
England, Canada, Belgium, Denmark, and 
Czechoslovakia. Prominent wine - drinking countries are 
Bulgaria, Switzerland, Italy, Spain, France, Portugal, and 
Greece. Distilled spirits traditionally have been the 
major source of ethanol consumption in Norway, 
Sweden, Finland, Poland, Romania, Yugoslavia, and the 
United States.  19   Overall, the per capita ( > 15 years of 
age) alcohol consumption decreased in the United 
States from 2.76 gallons in 1981 to 2.21 gallons in 1994.  20

However, the decline did not affect ethnic groups 
equally with the decline being greater in the white pop-
ulation than in African Americans or Hispanics.  21   The 
natural fermentation of carbohydrates with yeast pro-
duces the ethanol present in alcoholic beverages with 
maximum concentrations of about 14 – 15%, whereas the 
production of ethanol concentrations exceeding 14 –
 15% by volume requires distillation. This process 
involves the evaporation of ethanol from the solution 
by heating and then collecting the ethanol contained in 
the distillate by cooling the steam produced. 

 Alcoholic beverages contain volatile and nonvolatile 
fl avor compounds. Volatile compounds include aliphatic 
carbonyl compounds, alcohols, monocarboxylic acids 
and related esters, heterocyclic and aromatic com-
pounds, hydrocarbons, terpenic compounds, and nitro-
gen -  and sulfur - based compounds.  22   The nonvolatile 
component of alcoholic beverages contains tannic and 
polyphenolic substances, inorganic salts, dibasic and tri-
basic carboxylic acids, and unfermented sugars. Most 
alcoholic beverages contain byproducts of the fermen-
tation or distillation process called congeners (e.g.,  n  -
 propyl,  n  - butyl, isoamyl alcohols). Collectively, these 

an alcohol - related accident does not necessarily indi-
cate a causal relationship between ethanol use and the 
accident. The French population has the highest per 
capita ethanol consumption in the world. The relative 
risk of total mortality adjusted for age, smoking habits, 
and body mass index for men consuming > 5 alcohol 
drinks/day was 1.9 (95% CI: 1.1 – 3.5) compared with the 
control group (i.e., men consuming  < 2 alcohol drinks/
day).9   There was no signifi cant increased risk of prema-
ture death in Frenchmen consuming  < 5 alcohol drinks/
day when compared with the control group. 

 Alcohol dependence is one of the most common psy-
chologic disorders in the United States, affecting about 
20% of men and about 8% of women during some part 
of their lives.  10   In the United States, an estimated 620,000 
emergency department visits occur yearly as a result 
alcohol abuse or dependence.  11   Overall, the mortality 
rate of chronic alcohol - dependent patients is at least 
several times higher than the general population.  12   The 
use of ethanol increases the risk of suicide both in 
alcohol - dependent and nondependent individuals, par-
ticularly with alcohol dependence and completed 
suicide.  13   The overall lifetime risk of suicide in alcohol -
 dependent patients is about 2 – 3%, and the likelihood 
of suicide is approximately 60 – 120 times higher in an 
alcohol - dependent patient than in a patient without 
psychiatrically defi nable illness.  14   Thus, alcohol abuse 
and dependence are contributing factors in about 25% 
of suicides. Furthermore, acute ethanol use is more 
common in emergency department patients attempting 
suicide than in control groups of emergency department 
patients presenting for illness or injuries (e.g., work-
place accidents, domestic animal bites, recreational acci-
dents) traditionally not associated with ethanol use.  15

  Sources 

 Commercial products containing ethyl alcohol include 
after - shaves lotions, beverages, colognes, medicinal 
liquids (antitussives, liniments, rubbing alcohol), mouth-
washes, perfumes, and solvents.  16   The production of 
ethanol beverages involves fermentation when certain 
yeasts convert carbohydrates and water into ethanol 
and carbon dioxide. Different types of alcoholic bever-
ages result from different types of fermenting ingredi-
ents. Fruits with high sugar contents (e.g., grapes, berries, 
apricots) are the fermenting ingredients for wine. The 
production of beer uses starch from cereal grains, 
whereas winemakers use sugar from grapes. When the 
ethanol concentration reaches 15% (v/v), most yeast 
die; therefore, the production of hard liquor (bourbon, 
gin, vodka, whiskey) requires a distillation process after 
the fermentation is completed.  17
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congeners are called fusel oils. Additives and contami-
nants of alcoholic beverages that are present in minor 
amounts include sulfur dioxide, cadmium, nitrosamines, 
urethane, and mycotoxins (e.g., afl atoxins, ochratoxin A, 
zearalenone).  22   The concentration of ethanol in bever-
ages is usually defi ned by ethanol volume in volume of 
solution (i.e., % v/v). Aqueous ethanol is approximately 
21% lighter than water (i.e., specifi c gravity    =    0.79) as 
defi ned in Equation  21.1 . Therefore, an ethanol concen-
tration defi ned by % v/v must be multiplied by 0.79 (i.e., 
reduced 21%) to determine an equivalent weight per 
volume (% w/v). Alternately, the proof of an ethanol 
concentration is divided by 2 and then multiplied by 
0.79 to determine the % w/v.

     
Ethanol w v Ethanol v v

Ethanol (Proof

( / ) ( / ) ( . )

/ ) ( .

= ×
= ×

0 79

2 0 79))
   

 (Equation 21.1)   

 Although the amount of ethanol in a drink varies with 
glass size and confi guration as well as ethanol content, 
standard US drink equivalents typically are defi ned as 
follows: 1) 12 - oz beer, 5% v/v; 2) 5 - oz glass of wine, 12% 
v/v; and 3) mixed or straight drink containing 1.5   oz, 
40% ethanol (80 proof).  23   Consequently, the standard 
(US) drink contains about 14   g ethanol. 

  Beer.     Types of beers include lagers (European pilsner, 
Oktoberfest, bocks, Australian lagers, American lagers) 
and ales (amber ale, bitter, mild, pale ale, brown ale, 
hefeweizen, stout, porter, barley wine). The production 
of ales involves the action of top fermenting yeast on 
malted barley, hops, water and yeast at temperatures 
between 16 – 21 ° C (60.8 – 69.8 ° F). During the production 
of lagers, the bottom fermenting yeast produce beer by 
initial fermentation at 4 – 16 ° C (39.2 – 60.8 ° F) and then a 
secondary fermentation at temperatures  < 4 ° C ( < 39.2 ° F). 
The exception is steam beer, which is brewed at higher 
temperatures. Ice beers use the same fermentation 
process, but the chilling of the beer to near freezing 
temperatures and the removal of ice crystals produces 
higher ethanol content. American lagers are typically 
highly carbonated and are brewed with barley malt and 
rice, corn, or wheat. Light beers contain fewer calories 
and slightly lower (i.e., about 15% lower) ethanol 
content than standard lager beers. The production pro-
cesses for regular and nonalcoholic beers are similar 
with the exception that vacuum evaporation at the end 
of the brewing process removes most of the ethanol in 
nonalcoholic beer. By legislation, nonalcoholic beers 
contain  < 0.5% v/v ethanol; therefore, consumption of 
unrealistically large quantities of light beer are neces-

sary to produce intoxication from the ingestion of non-
alcoholic beers. The major fl avoring compounds in beer 
typically include carbonyl compounds (i.e., primarily 
acetaldehyde), aliphatic ketones (e.g., acetone), alcohols 
(e.g., glycerol), volatile acids (e.g., acetic acid), lactic 
acid, esters (e.g., ethyl acetate), amines, phenols (e.g., 
cresol, 4 - vinylphenol), and aromatic acids (e.g., benzoic 
acid). Formaldehyde, methanol, and oxalic acid are 
minor constituents of beer. 

 The ethanol content of beer varies both by type and 
by brand with the average beer containing about 4 – 5% 
ethanol by volume. Analysis of about 50 North American 
and European beers demonstrate the following median 
ethanol content for specifi c types of beer: 1) low - alcohol, 
2.3% v/v, 2) light beers, 4.2% v/v, 3) regular beers, 4.7% 
v/v, and 4) malt liquors/ales, 6.15% v/v.  24   In a study of 
113 lagers, the median ethanol concentration was 5.00 
% v/v (range, 4.02 – 15.66% v/v).  25   The median ethanol 
concentration of 256 ales was 5.25% v/v (range, 2.29 –
 12.69% v/v). Table  21.1  lists the measured ethanol 
content of samples from American and other beers.  26      

  Wine.     Wine contains over 500 compounds in addition 
to ethanol and water with about one - third of the com-
pounds being esters.  2   The primary ingredients respon-
sible for the taste of wine are aromatic compounds 
including fusel alcohols, volatile acids, and fatty acid 
esters. Acetal (1,1 - diethoxyethane) is a major constitu-
ent of the volatile compounds in wine, whereas beer 
contains small amounts of this volatile acid.  22   Glycerol 
and 2,3 - butanediol are the principal alcohols in wine. 
Acetic acid and acetaldehyde are the primary acidic and 
aldehyde components of the volatile portion of wine, 
respectively. The principal ester of aliphatic monocar-
boxylic acids is ethyl acetate with concentrations higher 
in red wine than in white wine. Phenolic compounds 
(fl avonoids) including phenol and  m  - cresol are minor 
constituents of white wine, but these compounds con-
tribute to the taste and quality of red wines. The ethanol 
content of wines varies from about 8 – 14% with an 
average ranging from approximately 10 – 13%, whereas 
the ethanol content of fortifi ed wines is somewhat 
higher (about 15 – 25%). Japanese sake (rice wine) con-
tains about 10 – 20% ethanol content with an average of 
approximately 15% depending on the variety.  

  Distilled Spirits.     The distillation process alters the 
concentration of volatile compounds by reducing the 
concentration of low - boiling and high - boiling com-
pounds. Like wine, acetaldehyde is the major carbonyl 
compound in distilled spirits. Acrolein is the only unsat-
urated aldehyde found in unaged whisky distillates. 
Some spirits (e.g., vodka) contain few fl avoring agents 
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TABLE 21.1.    Measured Ethanol Content in American and Other Beers.  (Adapted from Reference 26.)  

   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Abbaye De Saint Landelin 
Blond Abbey Ale  

  NA    5.98    Ale    Les Brasseurs de Gayant, France  

  Adelscott Smoked Malt 
Liquor

  8.45    6.27    Malt Liquor    Brasserie et Maltere Du Pecheur, 
France  

  Admiralty Ale Eagles Roost 
Pale Ale  

  12    5.65    Ale    Aviator Ales, Washington  

  Admiralty Ale Seafarer Amber 
Ale

  12    5.00    Ale    Aviator Ales, Washington  

  Admiralty Ale Summer 
Sojourn Ale  

  12    5.25    Ale    Aviator Ales, Washington  

  Alaskan Amber Alt Style Beer    12    5.44    Ale    Alaskan Brewing  &  Bottling Co., 
Arkansas

  Alaskan Frontier American 
Amber Ale  

  12    5.32    Ale    Alaskan Brewing  &  Bottling Co., 
Arkansas

  Alaskan Pale Golden Ale    12    5.32    Ale    Alaskan Brewing  &  Bottling Co., 
Arkansas

  Amstel Light Beer    12    3.61    Light    Amstel Brouwerij B. V., Holland  
  Anchor Liberty Ale    12    5.70    Ale    Anchor Brewing Co., California  
  Anchor Our Special Ale 

Christmas 1997  
  12    5.28    Ale — Seasonal    Anchor Brewing Co., California  

  Anchor Steam Beer    12    5.09    Lager    Anchor Brewing Co., California  
  Asahi Draft Beer    12    4.91    Lager    Asahi Breweries Ltd, Japan  
  Augsburger Golden Beer    12    5.09    Lager    Augsburger Brewing Co., Minnesota  
  Aviator Harvest Pale Ale    12    4.68    Ale    Aviator Ales, Washington  
  Aviator India Pale Ale    12    5.12    Bitter    Aviator Ales, Washington  
  Bacardi Bahama Mama    12    3.20    Malt Beverage    Bacardi  &  Co. Ltd., California  
  Bacardi Calypso Berry    12    3.20    Malt Beverage    Bacardi  &  Co. Ltd., California  
  Bacardi Key Lime    12    3.04    Malt Beverage    Bacardi  &  Co. Ltd., California  
  Bacardi Pina Colada    12    3.04    Malt Beverage    Bacardi  &  Co. Ltd., California  
  Bacardi Strawberry Daiquiri    12    3.10    Malt Beverage    Bacardi  &  Co. Ltd., California  
  Bachelor Bitter    12    5.06    Bitter    Deschutes Brewery Co., Oregon  
  Bass Pale Ale    12    5.38    Ale    Bass Brewers Ltd., England  
  Bateman ’ s Salem Porter    16.9    5.57    Porter    George Bateman and Son, England  
  Bavarian Schweizerhof - Brau        5.28    Lager    Privatbrauerei Franz Joseph Sailer, 

Germany
  Beartooth Raspberry Lager    12    4.37    Fruit    Beartooth Brewing Co., Minnesota, 

USA
  Beck ’ s    12    5.22    Lager    Braueri Beck  &  Co., Germany  
  Beck ’ s Dark    12    5.22    Lager    Braueri Beck  &  Co., Germany  
  Belhaven Scottish Ale    16.9    3.70    Ale    Belhaven Brewing Co., Scotland  
  Belhaven St. Andrews Ale 

 “ Scotland ”   
  16.9    4.33    Ale    Belhaven Brewing Co., Scotland  

  Belle - Vue Framboise    12.67    5.25    Lambic    Brewery Belle - Vue, Belgium  
  Belle - Vue Gauze    12.67    5.32    Lambic    Brewery Belle - Vue, Belgium  
  Bell - Vue Kriek    12.67    4.91    Lambic    Brewery Belle - Vue, Belgium  
  Bert Grant ’ s Amber Ale    12    4.72    Ale    Yakima Brewing  &  Malting Co., 

Washington  
  Bert Grant ’ s Apple Honey Ale    12    4.18    Fruit    Yakima Brewing  &  Malting Co., 

Washington  
  Bert Grant ’ s Celtic Ale    12    2.92    Ale    Yakima Brewing  &  Malting Co., 

Washington  
  Bert Grant ’ s Hefeweizen    12    4.62    Hefeweizen    Yakima Brewing  &  Malting Co., 

Washington  
  Bert Grant ’ s Imperial Stout    12    6.68    Stout    Yakima Brewing  &  Malting Co., 

Washington  
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Bert Grant ’ s India Pale Ale    12    5.03    Bitter    Yakima Brewing  &  Malting Co., 
Washington  

  Bert Grant ’ s Perfect Porter    12    3.64    Porter    Yakima Brewing  &  Malting Co., 
Washington  

  Bert Grant ’ s Scottish Ale    12    4.68    Ale    Yakima Brewing  &  Malting Co., 
Washington  

  Bert Grant ’ s Winter Ale    12    6.36    Ale — Seasonal    Yakima Brewing  &  Malting Co., 
Washington  

  Big Fog Amber Lager    12    6.84    Lager    The Great Northern Brewing Co., 
Montana

  Big Rock Black Amber Ale    11.5    7.25    Ale    Big Rock Brewery, Canada  
  Big Rock Buzzard Breath Ale    11.5    5.32    Ale    Big Rock Brewery, Canada  
  Big Rock Grasshopper Wheat 

Ale
  12    4.94    Hefeweizen    Big Rock Brewery, Canada  

  Big Rock Magpie ale brewed 
with rye  

  11.5    5.51    Ale    Big Rock Brewery, Canada  

  Big Rock McNally ’ s Ale    11.5    7.79    Ale    Big Rock Brewery, Canada  
  Big Rock Warthog Ale    11.5    4.81    Ale    Big Rock Brewery, Canada  
  Bird Creek Anchorage Ale    12    5.19    Ale    Bird Creek Brewery, Arkansas  
  Bird Creek Denali Style Ale    12    5.25    Ale    Bird Creek Brewery, Arkansas  
  Bird Creek Iliamna Raspberry 

Style Wheat  
  12    4.59    Fruit    Bird Creek Brewery, Arkansas  

  Bird Creek Old 55    12    4.91    Ale    Bird Creek Brewery, Arkansas  
  Black Label Carling ’ s    12    4.68    Lager    G. Heileman Brewing Co., Michigan  
  Blue Moon Abbey Ale    12    5.35    Ale    Blue Moon Brewing Co., Ohio  
  Blue Moon Belgian White    12    5.32    Ale    Blue Moon Brewing Co., Ohio  
  Blue Moon Nut Brown Ale    12    5.00    Ale    Blue Moon Brewing Co., Ohio  
  Blue Moon Raspberry Cream    12    5.63    Fruit    Blue Moon Brewing Co., Ohio  
  Boddingtons Pub Ale Draught    14.9    5.19    Ale    Strangeways Brewery, England  
  Bohemia    12    4.68    Lager    Cerveceria Cuauhtemoc 

Moctezuma, Mexico  
  Bokrijks Kruikenhier    29.4    7.59    Beer    Br. Sterken ’ s Meer, Belgium  
  Bos Keun Special Paasbier    12    6.04    Lager —

 Seasonal  
  DDB 8160, Belgium  

  Boulder Amber Ale    12    4.74    Ale    Rockies Brewing Co., Colorado  
  Boulder Brown Ale    12    4.52    Ale    Rockies Brewing Co., Colorado  
  Boulder Cliffhanger Ale    12    4.62    Ale    Rockies Brewing Co., Colorado  
  Boulder ESB extra special 

bitter
  12    5.13    Bitter    Rockies Brewing Co., Colorado  

  Boulder Extra Pale Ale    12    5.16    Ale    Rockies Brewing Co., Colorado  
  Boulder Porter    12    5.00    Porter    Rockies Brewing Co., Colorado  
  Boulder Stout    12    5.92    Stout    Rockies Brewing Co., Colorado  
  Brasal    11.5    5.63    Lager    Brasserie Brasal Brewing, Canada  
  Brasal Bock    11.5    6.90    Bock    Brasserie Brasal Brewing, Canada  
  Bridgeport Black Strap Stout    12    5.60    Stout    Bridgeport Brewing Co., Oregon  
  Bridgeport Blue Heron Amber 

Ale
  12    5.06    Ale    Bridgeport Brewing Co., Oregon  

  Bridgeport ESB Extra Special 
Bitter

  12    5.63    Bitter    Bridgeport Brewing Co., Oregon  

  Bridgeport India Pale Ale    12    5.13    Bitter    Bridgeport Brewing Co., Oregon  
  Bridgeport Porter    12    5.35    Porter    Bridgeport Brewing Co., Oregon  
  Budweiser    12    4.76    Lager    Anheuser - Busch Brewing Co., 

Missouri
  Budweiser Ice    12    5.30    Ice    Anheuser - Busch Brewing Co., Missouri  

(Continued)
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Budweiser Ice Light    12    5.41    Light    Anheuser - Busch Brewing Co., 
Missouri

  Budweiser Light    12    4.15    light    Anheuser - Busch Brewing Co., 
Missouri

  Bull Ice    16    8.16    Ice    The Stroh Brewery Co., Michigan  
  Burton Ale Double Diamond    12    5.44    Ale    Burton Brewery, England  
  Busch Beer    12    5.38    Lager    Anheuser - Busch Brewing Co., 

Missouri
  Busch Ice    12    5.82    Ice    Anheuser - Busch Brewing Co., 

Missouri
  Captains City Coupe ’ s Success 

Cream Ale  
  22    4.49    Ale    Captains City Brewery Inc., 

Washington  
  Carlsberg Elephant    12    6.68    Lager    Carlsberg Bryggerierne, Denmark  
  Cascade Golden Ale    12    4.05    Ale    Deschutes Brewery, Oregon  
  Chapeau Exotic Lambic    12.7    3.42    Lambic    Chapeau, Belgium  
  Chapeau Fraises Lambic    12.7    2.97    Lambic    Chapeau, Belgium  
  Chapeau Kriek Lambic    12.7    3.29    Lambic    Chapeau, Belgium  
  Chapeau Peche Iambic    12.7    3.96    Lambic    Chapeau, Belgium  
  Chung Hua Beer    12    5.28    Lager    Chung Hua Beer Co. LTD, China  
  Coors Banquet Beer    12    4.87    Lager    Coors Brewing Co., Colorado  
  Coors Light    12    4.11    Light    Coors Brewing Co., Colorado  
  Corona Extra Beer    12    4.46    Lager    Cerveceria Modelo, Mexico  
  Crested Butte Red Lady Ale    12    4.72    Ale    Crested Butte Brewery  &  Pub, 

Colorado
  Crested Butte White Buffalo 

Peace Ale  
  12    4.91    Ale    Crested Butte Brewery  &  Pub, 

Colorado
  Cutter Non - Alcohol Brew    12    0.47    Nonalcoholic    Coors Brewing Co., Colorado  
  Deschutes Black Butte Porter    12    5.47    Porter    Deschutes Brewing Co., Oregon  
  Dos Equis XX Beer    12    4.34    Lager    Cerveceria Moctezuma, Mexico  
  Dragon Stout    12    7.15    Stout    Desnoes - Goeddes, Jamaica  
  Dubuque Star Big Muddy Red    12    5.47    Ale    Dubuque Star Brewing Co., Iowa  
  Dubuque Star River Town 

Brown
  12    5.06    Lager    Dubuque Star Brewing Co., Iowa  

  Duvel Belgian Ale (Green)    25.4    7.34    Ale    Moortgat Breweries, Belgium  
  Duvel Belgian Ale (Red)    11.2    8.04    Ale    Moortgat Breweries, Belgium  
  Ename Dubbel Abbey Ale    11.2    7.31    Ale    Abdij Sint - Salvator Ename Annd, 

Belgium
  Ename Tripel Abbey Ale    11.2    8.48    Ale    Abdij Sint - Salvator Ename Annd, 

Belgium
  Fischer Hoopla Bitter    22    5.03    Bitter    Brasserie et Malterie Du Pecheur, 

France  
  Fischer La Belle 

Strasbourgeoise
  22    4.97    Porter    Brasserie et Malterie Du Pecheur, 

France  
  Fish Brewing Co. India Pale 

Ale
  12    5.06    Bitter    Fish Brewing Co., Washington  

  Fish Brewing Co. Mudshark 
Porter  

  12    6.08    Porter    Fish Brewing Co., Washington  

  Foster ’ s Lager    12    4.94    Lager    Carlton and United Breweries, 
Australia  

  Foster ’ s Special Bitter    25.4    5.63.    Bitter    Carlton and United Breweries, 
Australia  

  Full Sail Amber Ale    12    6.02    Ale    Full Sail Brewing Co., Oregon  
  Full Sail Equinox ESB extra 

special bitter  
  12    5.82    Bitter    Full Sail Brewing Co., Oregon  

  Full Sail India Pale Ale    12    6.93    Bitter    Full Sail Brewing Co., Oregon  

TABLE 21.1. (Continued)
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Full Sail Nut Brown Ale    12    5.50    Ale    Full Sail Brewing Co., Oregon  
  Full Sail Oktoberfest    12    5.28    Lager —

 Seasonal  
  Full Sail Brewing Co., Oregon  

  Full Sail Very Special Pale 
Golden Ale  

  12    5.79    Ale    Full Sail Brewing Co., Oregon  

  Full Sail Wassail Winter Ale    12    6.99    Ale    Full Sail Brewing Co., Oregon  
  Fuller ’ s London Pride 

Imported Pale Ale  
  16.9    4.52    Ale    Griffi n Brewery Fuller ’ s, England  

  George Killian ’ s Irish Red Ale    12    5.03    Ale    Coors Brewing Co., Colorado  
  George Killian ’ s Wilde Honey    12    5.57    Fruit    Unived Ltd, Colorado  
  Golden Gate Original Ale    12    5.25    Ale    Golden Pacifi c Brewing Co., 

California
  Golden Promise Organically 

Produced Ale  
  16.7    5.00    Ale    Caledonian Brewing Co., Scotland  

  Gordon Biersch Marzen 
Smooth Auburn Lager  

  12    5.41    Lager    Gordon Biersch Brewing Co., 
California

  Gordon Biersch Pilsner Crisp 
Golden Lager  

  12    5.28    Lager    Gordon Biersch Brewing Co., 
California

  Grimbergen Double Belgian 
Special Dark Abbey Ale  

  12    6.08    Ale    N.V. Br Alken - Maes Kontidr, 
Belgium

  Grimbergen Triple Belgian 
Amber Abbey Ale  

  12    8.89    Ale    N.V. Br Alken - Maes Kontidr, 
Belgium

  Grolsch Amber Beer    12    4.91    Ale    Grolsch Bierbrouweri, Holland  
  Grolsch Lager Beer    16    5.13    Lager    Grolsch Bierbrouweri, Holland  
  Guiness EX Stout    12    6.08    Stout    St. James Gate Brewery, Ireland  
  Guiness Pub Draught    14.9    4.18    Stout    St. James Gate Brewery, Ireland  
  Hair of the Dog Adam    12    10.28    Ale    Hair of the Dog Brewing Co., Oregon  
  Hair of the Dog Golden Rose    12    9.21    Ale    Hair of the Dog Brewing Co., 

Oregon
  Hales Moss Bay Extra    12    3.99    Ale    Hale ’ s Ale Brewing Co., Washington  
  Hales Pale Ale    12    4.49    Ale    Hale ’ s Ale Brewing Co., Washington  
  Hamm ’ s    12    4.75    Lager    Pabst Brewing Co., Wisconsin  
  Harp Imported Lager Beer    12    5.00    Lager    Harp Brewery, Ireland  
  Haystack Black    12    4.74    Ale    Portland Brewing Co., Oregon  
  Heineken Lager Beer    12    5.06    Lager    Heineken Brouwerijen, Holland  
  Henry Weinhard ’ s Amber Ale    12    5.28    Ale    Blitz - Weinhard Brewing Co., 

Oregon
  Henry Weinhard ’ s Porter    12    5.13    Porter    Blitz - Weinhard Brewing Co., 

Oregon
  Henry Weinhard ’ s Private 

Reserve Beer  
  12    4.78    Lager    Blitz - Weinhard Brewing Co., 

Oregon
  Henry Weinhard ’ s Private 

Reserve Dark Beer  
  12    5.09    Lager    Blitz - Weinhard Brewing Co., 

Oregon
  Henry Weinhard ’ s Private 

Reserve Light  
  12    3.92    Light    Blitz - Weinhard Brewing Co., 

Oregon
  Hite    2    4.19    Lager    Chosun Brewery, Korea  
  Hoegaarden Original White 

Ale
  12    4.94    Ale    Brouwerij De Kluis, Belgium  

  Humbolt Red Nectar Ale    12    4.87    Ale    Humbolt Brewing Co., California  
  Hurricane Malt Liquor    40    5.63    Malt Liquor    Anheuser - Busch Brewing Co., 

Missouri
  Icehouse    12    5.25    Ice    Miller  &  Plank Road Brewing Co., 

Wisconsin  
  Icicle Creek Winter Ale    12    5.47    Ale — Seasonal    Portland Brewing Co., Oregon  

(Continued)
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Jubelale    12    6.46    Ale — Seasonal    Deschutes Brewery, Oregon  
  Kokanee    11.5    4.91    Lager    Columbia Brewing Co. Labatt, 

Canada
  Labatt Blue    11.5    4.97    Lager    Labatt Breweries, Canada  
  Lagunitas Dog Town Pale Ale    12    5.28    Ale    Laqunitas Brewing Co., California  
  LaRossa Moretti Birra    12    6.52    Lager    Birra Moretti, Italy  
  Latrobe American Pale Ale    12    5.06    Ale    Latrobe Brewing Co., Pennsylvania  
  Latrobe Bavarian Black    12    4.62    Lager    Latrobe Brewing Co., Pennsylvania  
  Latrobe Bohemian Pilsner    12    4.68    Lager    Latrobe Brewing Co., Pennsylvania  
  Liefmans Frambozenbier    12.7    4.65    Fruit    Brouwerij Liefmans, Belgium  
  Lowenbrau Dark Special Beer    12    4.68    Lager    Miller Brewing Co., Wisconsin  
  Lowenbrau Special Beer    12    4.75    Lager    Miller Brewing Co., Wisconsin  
  Lucky    12    4.53    Lager    General Brewing Co., Washington  
  MacGillivrays Australian 

Original Two Dogs Lemon 
Brew

  12    4.34    Malt Beverage    Kirin Brewery Co., Japan  

  Mackeson XXX Stout    12    4.43    Stout    Whitbread PLC, England  
  MacTarnahan ’ s Scottish Style 

Amber Ale  
  12    5.19    Ale    Portland Brewing Co., Oregon  

  Mad River Jamaica Red Ale    12    6.68    Ale    Mad River Brewing Co., California  
  Mad River John Barleycorn 

7.75 – 9.25
  12    10.41    Barley Wine    Mad River Brewing Co., California  

  Mad River Steelhead Extra 
Pale Ale  

  12    6.67    Ale    Mad River Brewing Co., California  

  Mad River Steelhead Extra 
Stout

  12    6.65    Stout    Mad River Brewing Co., California  

  Maes Pils    12    4.87    Lager    Mae Waarloos, Belgium  
  Maredsous Blonde Abbey Ale    11.2    6.61    Ale    Moortgat Breweries, Belgium  
  Maritime Pacifi c Flagship Red 

Ale
  12    5.95    Ale    Maritime Pacifi c Brewing Co., 

Washington  
  Maritime Pacifi c Islander Pale 

Ale
  12    6.20    Ale    Maritime Pacifi c Brewing Co., 

Washington  
  Maritime Pacifi c Jolly Roger 

Christmas Ale 96  
  NA    8.58    Ale — Seasonal    Maritime Pacifi c Brewing Co., 

Washington  
  Maritime Pacifi c Jolly Roger 

Christmas Ale 97  
  12    9.62    Ale — Seasonal    Maritime Pacifi c Brewing Co., 

Washington  
  Maritime Pacifi c Nightwatch 

Dark Ale  
  12    5.63    Ale    Maritime Pacifi c Brewing Co., 

Washington  
  McMullen ’ s Anniversary 

Porter  
  NA    5.00    Porter    Hertfordshire Family Brewers, 

England
  McMullen ’ s Oatmeal Ale    NA    5.03    Ale    Hertfordshire Family Brewers, 

England
  McMullen ’ s Original Bitter    16.7    4.97    Bitter    Hertfordshire Family Brewers, 

England
  Mendocino Black Hawk Stout    12    5.25    Stout    Mendocino Brewing Co., California  
  Mendocino Red Tail Ale    12    6.17    Ale    Mendocino Brewing Co., California  
  Michelob    12    5.25    Lager    Anheuser - Busch Inc., Missouri  
  Michelob Amber Bock    12    4.87    Bock    Anheuser - Busch Inc., Missouri  
  Michelob Golden Pilsner All 

Malt Beer  
  12    4.49    Lager    Anheuser - Busch Inc., Missouri  

  Michelob Hefeweizen Wheat 
Beer Premium Brewed  

  12    4.59    Hefeweizen    Anheuser - Busch Inc., Missouri  

  Michelob Honey Lager    12    4.24    Lager    Anheuser - Busch Inc., Missouri  
  Michelob Light Beer    12    4.34    Light    Anheuser - Busch Inc., Missouri  
  Michelob Pale Ale Dry Hopped    12    4.78    Ale    Anheuser - Busch Inc., Missouri  
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Michelob Porter All Malt    12    4.49    Porter    Anheuser - Busch Inc., Missouri  
  Michelob Winter Brew Spiced 

Ale
  12    5.79    Ale — Seasonal    Anheuser - Busch Inc., Missouri  

  Mickey ’ s Malt Liquor    12    5.66    Malt Liquor    G. Heileman Brewing Co., Michigan  
  Miller Genuine Draft Beer    12    4.62    Lager    Miller Brewing Co., Wisconsin  
  Miller Genuine Draft Light 

Beer
  12    4.08    Light    Miller Brewing Co., Wisconsin  

  Miller High Life    12    4.59    Lager    Miller Brewing Co., Wisconsin  
  Miller Lite    12    3.99    Light    Miller Brewing Co., Wisconsin  
  Milwaukee ’ s Best Beer    12    4.43    Lager    Miller Brewing Co., Wisconsin  
  Milwaukee ’ s Best Ice    12    5.76    Ice    Miller Brewing Co., Wisconsin  
  Milwaukee ’ s Best Light Beer    12    4.05    Light    Miller Brewing Co., Wisconsin  
  Mirror Pond Pale Ale    12    4.87    Ale    Deschutes Brewing Co., Oregon  
  Mississippi Mud    32    5.16    Porter    Memphis Brewing Co., New York  
  Molson Canadian Beer    12    5.09    Lager    Molson Breweries of Canada, 

Canada
  Molson Golden Ale    12    5.06    Ale    Molson Breweries of Canada, 

Canada
  Molson Ice    12    5.69    Ice    Molson Breweries of Canada, 

Canada
  Moosehead Canadian Lager 

Beer
  12    4.62    Lager    Moosehead Brewery, Canada  

  Moretti Birra Friulana    12    4.84    Fruit    Birra Moretti; S.P.A., Italy  
  Mrs. Pucker ’ s Lemon Malt 

Beverage
  12    4.87    Malt Beverage    Mrs. Puckers, Minnesota  

  Murphy Irish Stout Pub 
Draught

  16    3.73    Stout    Murphy ’ s Brewing Co., Ireland  

  Natural Ice Beer    12    5.60    Ice    Anheuser - Busch Brewing Co., 
Missouri

  Natural Light    12    4.15    Light    Anheuser - Busch Brewing Co., 
Missouri

  Negra Modelo    12    5.79    Ale    Cerveceria Modelo S.A., Mexico  
  Newcastle Brown Ale    12    4.49    Ale    Newcastle Breweries Ltd., England  
  North Coast Blue Star Wheat 

Beer
  12    4.59    Hefeweizen    North Coast Brewing Co., 

California
  North Coast Old No. 38 Stout    12    5.22    Stout    North Coast Brewing Co., 

California
  North Coast Old Rasputin 

Russian Imperial Stout 
  12    8.89    Stout    North Coast Brewing Co., 

California
  North Coast Red Seal Ale    12    5.47    Ale    North Coast Brewing Co., 

California
  North Coast Scrimshaw Pilsner 

Style Beer  
  12    4.02    Lager    North Coast Brewing Co., 

California
  North Coast Traditional Bock    22    6.77    Bock    North Coast Brewing Co., 

California
  Northstone Amber Ale    12    4.81    Ale    Miller  &  Plank Road Brewery, 

Wisconsin  
  Norwester Hefeweizen    12    5.12    Hefeweizen    Nor ’ Wester Brewing Co., Oregon  
  Obsidian Stout    12    6.30    Stout    Deschutes Brewing Co., Oregon  
  O ’ Doul ’ s Non - Alcohol Brew    12    0.20    Nonalcoholic    Anheuser - Busch Brewing Co., 

Missouri
  Old Knucklehead    12    9.02    Barley Wine    Bridgeport Brewing Co., Oregon  
  Old Milwaukee    12    4.62    Lager    Stroh ’ s Brewing Co., Michigan  
  Old Peculier    12    5.82    Ale    T & R Theakston Ltd., England  

(Continued)
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Olde English 800 Ice    12    7.97    Ice    Pabst Brewing Co., Wisconsin  
  Olde English 800 Malt Liquor    12    7.69    Malt Liquor    Pabst Brewing Co., Wisconsin  
  Olde English 800 Special 

Reserve Mixed Fruit  
  22    6.11    Fruit    Pabst Brewing Co., Wisconsin  

  Olympia Beer    12    4.65    Lager    Pabst Brewing Co., Wisconsin  
  One - Eyed Jack Alcohol 

Lemon Brew 
  12    5.16    Malt Beverage    The Thickhead Beverage Co., New 

Jersey  
  One - Eyed Jack Raspberry 

Brew
  12    5.06    Malt Beverage    The Thickhead Beverage Co., New 

Jersey  
  Oregon Honey Beer    12    4.81    Fruit    Portland Brewing Co., Oregon  
  Oregon Original Hop Harvest 

Ale
  12    5.95    Ale    Oregon Ale and Beer Co., Oregon  

  Oregon Original India Pale 
Ale

  12    5.89    Bitter    Oregon Ale and Beer Co., Oregon  

  Oregon Original Nut Brown 
Ale

  12    5.41    Ale    Oregon Ale and Beer Co., Oregon  

  Oregon Original Raspberry 
Wheat  

  12    5.47    Fruit    Oregon Ale and Beer Co., Oregon  

  Paulaner Hefe - Weizen    16.9    5.54    Hefeweizen    Paulaner Brewing, Germany  
  Paulaner Oktoberfest Marzen 

amber
  16.9    5.80    Ale    Paulaner Brewing, Germany  

  Paulaner Premium Pils extra 
dry

  12    4.90    Lager    Paulaner Brewing, Germany  

  Pete ’ s Wicked Ale    12    4.94    Ale    Pete ’ s Brewing Co., California  
  Pete ’ s Wicked Amber Ale    12    5.06    Ale    Pete ’ s Brewing Co., California  
  Pete ’ s Wicked Honey Wheat    12    4.97    Hefeweizen    Pete ’ s Brewing Co., California  
  Pete ’ s Wicked Mardi Gras    12    5.06    Ale — Seasonal    Pete ’ s Brewing Co., California  
  Pete ’ s Wicked Summer Brew    12    4.56    Ale — Seasonal    Pete ’ s Brewing Co., California  
  Pete ’ s Wicked Winter Brew    12    5.32    Ale — Seasonal    Pete ’ s Brewing Co., California  
  Pike Pale Ale    12    5.38    Ale    The Pike Brewing Co., Washington  
  Pike Street Stout    12    5.73    Stout    The Pike Brewing Co., Washington  
  Pilsner Urquell    12    4.56    Lager    Pilsner Urquell, Czechoslovakia  
  Poorter    25.4    6.61    Porter    Sterkens, Belgium  
  Portland Summer Pale Ale    12    4.87    Ale — Seasonal    Portland Brewing Co., Oregon  
  Pyramid Apricot Ale    12    4.91    Fruit    Pyramid Hart Brewing Co., 

Washington  
  Pyramid Best Brown    12    5.16    Ale    Pyramid Hart Brewing Co., 

Washington  
  Pyramid Hefeweizen    12    5.00    Hefeweizen    Pyramid Hart Brewing Co., 

Washington  
  Pyramid Pale Ale    12    4.94    Ale    Pyramid Hart Brewing Co., 

Washington  
  Pyramid Porter    12    5.85    Porter    Pyramid Hart Brewing Co.,  
  Pyramid Scotch Ale    12    6.90    Ale    Pyramid Hart Brewing Co., 

Washington  
  Pyramid Snow Cap Ale    12    7.50    Ale — Seasonal    Pyramid Hart Brewing Co., 

Washington  
  Pyramid Wheaten Ale    12    4.80    Ale    Pyramid Hart Brewing Co., 

Washington  
  Rainier    12    4.91    Lager    Rainier Brewing Co., Washington  
  Rainier Ale    12    7.47    Ale    Rainier Brewing Co., Washington  
  Rainier Ice    12    5.30    Ice    Rainier Brewing Co., Washington  
  Rainier Light    12    4.18    Light    Rainier Brewing Co., Washington  
  Red Dog    12    4.81    Lager    Miller Brewing Co.  
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Red Hook Ballard Bitter IPA    12    7.02    Bitter    Red Hook Ale Brewery, Washington  
  Red Hook Black Hook Porter    12    5.28    Porter    Red Hook Ale Brewery, Washington  
  Red Hook Blond Ale    12    5.28    Ale    Red Hook Ale Brewery, Washington  
  Red Hook Double Black Stout    12    7.34    Stout    Red Hook Ale Brewery, Washington  
  Red Hook Extra Special Bitter    12    5.60    Bitter    Red Hook Ale Brewery, Washington  
  Red Hook Winterhook    12    5.70    Ale    Red Hook Ale Brewery, Washington  
  Red River Valley Honey 

Brown Ale  
  12    4.97    Ale    Northern Plains Brewing Co., 

Minnesota
  Red Wolf Red Lager Beer    12    5.28    Lager    Anheuser - Busch Brewing Co., 

Missouri
  Rogue Ale    12    4.24    Ale    Oregon Brewing Co., Oregon  
  Rogue American Amber Ale    12    4.91    Ale    Oregon Brewing Co., Oregon  
  Rogue Dead Guy Ale    22    6.65    Ale    Oregon Brewing Co., Oregon  
  Rogue Golden Ale    22    4.94    Ale    Oregon Brewing Co., Oregon  
  Rogue Imperial Stout    7    10.22    Stout    Oregon Brewing Co., Oregon  
  Rogue McRogue Scotch Ale    7    7.09    Ale    Oregon Brewing Co., Oregon  
  Rogue Oregon Golden Ale    12    4.65    Ale    Oregon Brewing Co., Oregon  
  Rogue Shakespeare Stout    22    5.09    Stout    Oregon Brewing Co., Oregon  
  Rogue Younger ’ s Special 

Bitter
  12    4.15    Bitter    Oregon Brewing Co., Oregon  

  Rogue - XS Old Crustacean    7    10.51    Barley Wine    Oregon Brewing Co.. Oregon  
  Rogue - XS Smoke Ale    7    5.79    Ale    Oregon Brewing Co., Oregon  
  Rolling Rock Extra Pale 

Premium Beer  
  12    4.65    Ale    Latrobe Brewery, Pennsylvania  

  Royal Oak Pale Ale    11.5    4.59    Ale    Eldridge Pope  &  Co. Plc  
  Samuel Adams Boston Ale    12    4.56    Ale    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Boston Lager    12    5.13    Lager    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Cranberry 

Lambic
  12    5.35    Lambic    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Cream Stout    12    4.78    Stout    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Golden Pilsner    12    5.19    Lager    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Honey Porter    12    5.32    Porter    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Octoberfest    12    5.98    Lager —

 Seasonal  
  Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Scotch Ale    12    5.82    Ale    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Triple Bock    12    15.66    Bock    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams White Ale    12    5.32    Ale    Boston Beer Brewing Co., 

Massachusetts
  Samuel Adams Winter Lager    12    6.77    Seasonal    Boston Beer Brewing Co., 

Massachusetts
  Samuel Smith ’ s India Pale Ale    18.7    5.09    Bitter    The Old Brewery Tadcaster, 

England
  Samuel Smith ’ s Nut Brown 

Ale
  18.7    5.20    Ale    The Old Brewery Tadcaster, 

England
  Samuel Smith ’ s Oatmeal Stout    18.7    5.06    Stout    The Old Brewery Tadcaster, 

England

(Continued)
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Samuel Smith ’ s Winter Ale 
Welcome  

  18.7    6.20    Ale — Seasonal    The Old Brewery Tadcaster, 
England

  Sapporo Black Stout Draft    22    5.44    Stout    Sapporo Beer, Japan  
  Saxer ’ s Jackfrost Winter 

Dobbelbock
  12    7.56    Bock    Saxer Brewing Co., Oregon  

  Saxer ’ s Lemon Lager    12    3.96    Lager —
 Seasonal  

  Saxer Brewing Co., Oregon  

  Schell Doppel Bock Beer    12    6.36    Bock    August Schell Brewing Co., 
Minnesota

  Schell German Style Pale Ale    12    5.16    Ale    August Schell Brewing Co., 
Minnesota

  Schell Schmaltz ’ s Alt Dark Ale    12    5.47    Ale    August Schell Brewing Co., 
Minnesota

  Schmidt ’ s Ice    12    5.92    Ice    G. Heilman Brewing Co., Michigan  
  Schmidt ’ s Premium Beer    12    4.56    Lager    G. Heilman Brewing Co., Michigan  
  Schmidt ’ s Premium Beer Light    12    4.05    Light    G. Heilman Brewing Co., Michigan  
  Seagrams Fuzzy Navel 

Flavored Malt Beverage 
  12    3.80    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Margarita Flavored 
Malt Cooler  

  12    3.86    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Peach Daiquiri 
Flavored Malt Beverage 

  12    3.80    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Pineapple Pina 
Colada Flavored Malt 
Beverage

  12    4.30    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Ruby Red 
Seabreeze fl avored malt 
beverage

  12    3.96    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Strawberry Daiquiri 
fl avored malt beverage  

  12    4.08    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Wild Berries 
Flavored Cooler  

  12    3.83    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Wild Black Cherry 
Flavored Cooler  

  12    3.92    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Wild Kiwi 
Strawberry Flavored Cooler  

  12    4.02    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Wild Mango 
Flavored Cooler  

  12    3.80    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Wild Orange 
Strawberry Passion Flavored 
Cooler

  12    3.83    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Wild Tropical Fruits 
Flavored Cooler  

  12    3.64    Malt Beverage    Seagrams Beverage Co., Indiana  

  Seagrams Wild Watermelon 
Flavored Cooler  

  12    3.61    Malt Beverage    Seagrams Beverage Co., Indiana  

  Sharp ’ s Non - Alcohol Brew    12    0.37    Nonalcoholic    Miller Brewing Co., Wisconsin  
  Sheaf Stout    25.6    5.79    Stout    Carleton  &  United, Australia  
  Sierra Nevada Celebration Ale    12    7.15    Ale    Sierra Nevada Brewing Co., 

California
  Sierra Nevada Pale Ale    12    5.57    Ale    Sierra Nevada Brewing Co., 

California
  Sierra Nevada Porter    12    5.66    Porter    Sierra Nevada Brewing Co., 

California
  Snake Eyes Alcohol Black 

Cherry Drink  
  22    4.46    Malt Beverage    Schoeling Brewing Co., Ohio  
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Snake Eyes Alcohol Lemon 
Drink

  22    4.37    Malt Beverage    Schoeling Brewing Co., Ohio  

  Snake Eyes Alcohol Passion 
Punch Drink  

  22    4.52    Malt Beverage    Schoeling Brewing Co., Ohio  

  Spanish Peaks Black Dog Ale    12    5.32    Ale    Black Dog Brewing Co., Wisconsin  
  Spanish Peaks Black Dog 

Sweetwater Wheat Ale  
  12    3.92    Ale    Black Dog Brewing Co., Wisconsin  

  Spanish Peaks Black Dog 
Yellowstone Pale Ale  

  12    5.60    Ale    Black Dog Brewing Co., Wisconsin  

  Spanish Peaks Honey 
Raspberry Ale  

  12    4.59    Fruit    Black Dog Brewing Co., Wisconsin  

  Spanish Peaks Peaches and 
Cream

  12    4.13    Fruit    Black Dog Brewing Co., Wisconsin  

  Spanish Peaks Porter    12    4.65    Porter    Black Dog Brewing Co., Wisconsin  
  St Ides Special Brew Berry    20    6.01    Malt Beverage    St. Ides Brewing Co., Michigan  
  St. Ides Premium Malt Liquor    20    7.40    Malt Liquor    St. Ides Brewing Co., Michigan  
  St. Ides Special Brew Mixed 

Fruit malt Beverage  
  20    5.76    Malt Beverage    St. Ides Brewing Co., Michigan  

  3t. Ides Special Brew Passion    20    5.66    Malt Beverage    St. Ides Brewing Co., Michigan  
  St. Ides Special Brew 

Pineapple - Coconut Malt 
Beverage

  20    5.89    Malt Beverage    St. Ides Brewing Co., Michigan  

  St. Pauli Girl Beer    12    5.03    Lager    St. Pauli, Germany  
  Steel Reserve    40    8.42    Malt Liquor    Steel Brewing Co., Minnesota  
  Steinlager    11.2    4.91    Lager    Unibev Ltd, New Zealand  
  Storm    17    9.56    Malt Liquor    Lancaster Brewing Co., England  
  Stroh ’ s Beer    12    4.81    Lager    Stroh ’ s Brewing Co., Michigan  
  Sun Devil Alcohol Lemon 

Drink
  12    4.91    Malt Beverage    Sun Devil  

  Tecate    12    4.52    Lager    Cerveceria Cuahtemoc, Mexico  
  Thames Festive Ale    17    7.72    Ale — Seasonal    Thames America Trading Co., 

England
  Thames Welsh Ale    17    5.25    Ale    Thames America Trading Co., 

England
  Thames Welsh Bitter Ale    17    4.18    Bitter    Thames America Trading Co., England  
  Thomas Brau Non - Alcoholic    12    0.47    Nonalcoholic    Paulander Brewing, Germany  
  Thomas Hardy ’ s Ale    11.2    12.69    Ale    Eldridge Pope  &  Co., England  
  Thomas Kemper Amber Lager    12    4.62    Lager    Thomas Kemper Brewing Co., 

Washington  
  Thomas Kemper Bohemian 

Dunkel Lager  
  12    5.32    Lager    Thomas Kemper Brewing Co., 

Washington  
  Thomas Kemper Hefeweizen    12    4.94    Hefeweizen    Thomas Kemper Brewing Co., 

Washington  
  Thomas Kemper Honey 

Weizen  
  12    4.97    Ale    Thomas Kemper Brewing Co., 

Washington  
  Thomas Kemper Weizenberry    12    4.97    Fruit    Thomas Kemper Brewing Co., 

Washington  
  Thomas Kemper Winterbrau    12    6.30    Ale — Seasonal    Thomas Kemper Brewing Co., 

Washington  
  Three Finger Jack Roasted 

Red
  12    4.97    Lager    Saxer Brewing Co., Oregon  

  Three Finger Jack Stout    12    4.97    Stout    Saxer Brewing Co., Oregon  
  Three Finger Jack Summer    12    5.44    Lager —

 Seasonal  
  Saxer Brewing Co., Oregon  
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   Brand     Fluid Ounces     Measured Alcohol 
(% v/v)  *    

   Classifi cation     Manufacturer  

  Tri - Motor Amber Ale    12    4.97    Ale    Lang Creek Brewery, Montana  
  Tsingtao Beer    12    4.62    Lager    Tsingtao Beer, China  
  Watney ’ s Cream Stout    12    4.34    Stout    Watney Truman LTD, England  
  Weinhard ’ s Blue Boar 

Hefeweizen
  12    4.91    Hefeweizen    Blitz - Weinhard ’ s Brewery, Oregon  

  Weinhard ’ s Blue Boar Ice Ale    12    6.01    Ice    Blitz - Weinhard ’ s Brewery, Oregon  
  Weinhard ’ s Blue Boar Pale 

Ale
  12    4.68    Ale    Blitz - Weinhard ’ s Brewery, Oregon  

  Weinhard ’ s Blue Boar Red 
Lager

  12    4.97    Lager    Blitz - Weinhard ’ s Brewery, Oregon  

  Whistler Black Tusk Ale    12    5.57    Ale    Whistler Brewing Co., Canada  
  Whistler Mother ’ s Pale Ale    12    5.26    Ale    Whistler Brewing Co., Canada  
  Whistler Premium Lager    12    5.16    Lager    Whistler Brewing Co., Canada  
  Widmer Amberbier    12    5.70    Ale    Widmer Brother ’ s Brewing Co., 

Oregon
  Widmer Blackbier    12    6.55    Ale    Widmer Brother ’ s Brewing Co., 

Oregon
  Widmer Czech Pilsner    12    5.00    Lager    Widmer Brother ’ s Brewing Co., 

Oregon
  Widmer Hefeweizen    12    4.88    Hefeweizen    Widmer Brother ’ s Brewing Co., 

Oregon
  Widmer Vienna    12    5.19    Ale    Widmer Brother ’ s Brewing Co., 

Oregon
  Widmer Widberry Black 

Raspberry
  12    4.68    Fruit    Widmer Brother ’ s Brewing Co., 

Oregon
  Widmer Winternacht    12    6,58    Ale —  

Seasonal
  Widmer Brother ’ s Brewing Co., 

Oregon
  Yakima Honey Wheat    12    4.94    Hefeweizen    Rainier Brewing Co., Washington  
  Yakima Red    12    5.47    Ale    Rainier Brewing Co., Washington  
  Younger ’ s Tartan Special    12    4.37    Ale    Scottish  &  Newcastle Breweries Plc, 

Scotland
  Young ’ s Oatmeal Stout    18.7    4.87    Stout    The Ram Brewery, England  
  Young ’ s Old Nick Ale    18.7    6.77    Ale    The Ram Brewery, England  
  Young ’ s Ram Rod Pale Ale    18.7    4.84    Ale    The Ram Brewery, England  
  Young ’ s Special London Ale    12    5.76    Ale    The Ram Brewery, England  
  Zig Zag    12    4.91    Lager    Portland Brewing Co., Oregon  
  Zima    12    4.97    Malt Beverage    Zima Beverage Co., Tennessee  

Abbreviation:  NA    =    not available.  
   *   Approximate ethanol concentration. Actual ethanol concentration may change over time.   
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and these spirits consist principally of ethanol and water. 
In contrast, whisky, cognac, brandy, and rum usually 
contain many volatile fl avoring compounds. Methanol 
is a minor constituent of commercial alcoholic bever-
ages with the exception of some brandies produced 
from stone fruits (e.g., cherries, plums, apricot) that 
contain methanol concentrations ranging up to 10   g/L.  22

Small quantities of volatile compounds including 
acetone, isopropanol, acetaldehyde,  n  - propanol, ethanol, 
and methanol appear in the blood.  27   Acetic acid, and to 
a lesser extent decanoic acid, are the major constituents 
of the acid component in distilled beverages. Distilled 

spirits typically contain ethanol volumes of 40 – 50% 
(80 – 100 proof).     

  DOSE EFFECT 

  Acute 

 Although the reported lethal ethanol dose is 5 – 8   g/kg 
for adults and 3   g/kg for children, acute toxicity varies 
because of the occurrence of hypoglycemia, drug inter-
actions, and tolerance. The American Academy of 
Pediatrics arbitrarily established a serum ethanol con-
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on the water content of individual tissues; the volume 
of distribution is equivalent to total body water. Factors 
that affect total body water also affect the distribution 
of ethanol. Elimination of ethanol occurs almost exclu-
sively by metabolism with only about 2 – 10% of the 
ethanol dose excreted in the breath, sweat, and urine. 
Because elimination depends on the hepatic oxidation 
of ethanol by enzymes (alcohol dehydrogenase, alde-
hyde dehydrogenase), elimination rates vary consider-
ably depending on the allelic variants of the genes 
encoding these enzymes. 

  Absorption 

 The gastrointestinal (GI) tract is the major route of 
absorption with about 20% of the absorbed ethanol 
dose entering the systemic circulation by passive diffu-
sion through the stomach and the remainder through 
the duodenum and other parts of the small intestine. 
The potential for ethanol toxicity via the pulmonary and 
dermal routes is limited by the high water solubility and 
low lipid solubility of ethanol. Experimental studies 
indicate that the estimated fraction of ethanol removed 
from ambient air containing 10 – 15   mg ethanol/L via 
inhalation is approximately 55 – 65%.  29,32   Because of the 
rapid rate of ethanol metabolism ( ∼ 7 – 8   g/h) and the 
sensory irritation caused by high ambient air concentra-
tions of ethanol, the pulmonary route of ethanol expo-
sure usually produces very low blood ethanol 
concentrations.  29,33   The low oil - water partition coeffi -
cient of ethanol signifi cantly limits the diffusion of 
ethanol through the keratin layer of intact skin; there-
fore, dermal absorption is not a signifi cant route of 
exposure to ethanol.  34

  Physiology of Gastrointestinal Absorption 

 There is no active transport system for ethanol; conse-
quently, the GI tract absorbs ethanol by passive diffu-
sion along a concentration gradient according to Fick ’ s 
law. A variety of physiologic factors affect the rate of 
ethanol absorption from the GI tract including the fol-
lowing: 1) the concentration of ethanol in contact with 
mucosal surfaces, 2) the time the ethanol remains in 
contact with the mucous membranes, 3) the amount of 
blood fl ow to the area of contact, and 4) the surface area 
available for ethanol absorption. The absorption of 
ethanol is slow from the stomach compared with the 
duodenum. During normal conditions, the stomach 
absorbs < 10 – 20% of an ethanol dose with a majority of 
the ethanol passing into the intestines.  29   The small intes-
tine extracts about 80% of an oral ethanol dose because 
of its large surface area and effi cient exchange mecha-
nisms provided by the microvilli. Although the colon is 

centration of 25   mg/dL as the maximum safe concentra-
tion for a single dose of alcohol - containing medication,  16

but most central nervous system (CNS) effects (e.g., 
muscular incoordination, behavioral changes, reaction 
times) occur at serum ethanol concentrations above 
100   mg/dL. For example, the ingestion of 40   mL of a 
10% ethanol solution produces a serum ethanol concen-
tration of approximately 25   mg/dL in an average - sized 
6 - year - old child. Chronic alcohol abusers develop a 
marked tolerance to ethanol, even at blood ethanol con-
centrations considered potentially fatal to nontolerant 
individuals (i.e., 500   mg/dL).  28   Ambient ethanol concen-
trations in air exceeding 20   mg/L are highly irritating 
with easily recognizable odors that limit exposure to 
ambient air concentrations of ethanol capable of pro-
ducing CNS effects.  29

  Chronic 

 The Royal College of Physicians (UK) recommends a 
weekly limit of 21 units (168   g) of ethanol for men and 
14 units (112   g) for women.  30   One unit equals 8   g ethanol 
according to the British system. A 360   mL - bottle of beer 
contains about 1.25 units (10   g), a 750   mL - bottle of wine 
contains about 7 – 10 units (55 – 80   g), and a bottle of hard 
liquor contains about 30 units (240   g). Consumption of 
> 21 units ethanol weekly does not necessarily produce 
medical effects, but the ingestion  > 50 units weekly in 
men and > 35 units in women signifi cantly increases the 
risk of harm. Social drinkers typically drink  < 2 – 3 units 
of ethanol daily, and these individuals do not become 
intoxicated. Heavy drinkers regularly drink  > 6 units 
ethanol daily without obvious harm. Problem drinkers 
develop physical, social, family, fi nancial, and occupa-
tional problems as a result of their drinking behavior, 
but evidence of ethanol dependence may be absent. 
Ethanol dependence occurs in individuals who compul-
sively drink daily, develop tolerance, and exhibit signs 
of withdrawal following the cessation of drinking. These 
individuals continue to drink despite clear evidence of 
harm.   

  TOXICOKINETICS 

 There is substantial variation in the absorption, distribu-
tion, and metabolism of ethanol as a result of genetic 
and environmental factors.  31   Absorption of ethanol fol-
lowing oral ethanol doses occurs primarily in the small 
intestine, where the rate of absorption depends on a 
variety of factors including stomach contents, rate of 
ingestion, composition of the food, rate of gastric emp-
tying, and the timing of food consumption in relation to 
ethanol ingestion. Ethanol is a small, polar molecule 
that distributes evenly throughout the body depending 
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of the variance in ethanol kinetics, particularly during 
the absorptive phase.  42   The rate of increase in the blood 
ethanol concentration during the absorptive phase 
depends on the drinking pattern, the type of beverage 
(beer, wine, hard liquor), gastric contents (fasting vs. 
fed), type (liquid, solid) and composition (fat, carbohy-
drate, protein) of food, and changes in GI motility. 
Factors that delay and reduce peak ethanol concentra-
tions relative to the fasting state include high volumes, 
high protein diet, trauma, gastric surgery, and reduced 
bowel motility. Such factors may delay absorption to 
such an extent that peak blood ethanol concentrations 
occur several hours after consumption. Additionally, 
there is substantial variation in peak BAC and the time 
to reach peak BAC between individuals and in the same 
individual at different times. In a study of healthy vol-
unteers given low doses (0.3   g/kg) of ethanol, the coef-
fi cient of variation (i.e., standard deviation as a 
percentage of the mean) for intravolunteer and inter-
volunteer peak BAC during the fed state was 38% and 
34%, respectively.  43   The corresponding values of the 
coeffi cient of variation for the time to peak BAC 
were 70% and 52%, respectively. Laboratory studies 
suggest that heavy smoking may reduce peak ethanol 
concentrations by delaying gastric emptying. In a study 
of 8 current cigarette smokers ingesting a 400 mL -
 radiolabeled nutrient test meal containing 0.5   g ethanol/
kg, the mean peak ethanol concentration decreased 
approximately 20% when comparing smoking (4 ciga-
rettes for fi rst hour) with baseline (no smoking for 1 
week).44   The smoking cessation was associated with an 
average 50% decrease in gastric emptying. 

Food.     The presence of food in the stomach before or 
shortly after ethanol ingestion is the single most impor-
tant determinate of ethanol absorption.  45   The ingestion 
of food with ethanol reduces and delays the peak 
ethanol concentration by prolonging the retention of 
ethanol in the stomach, where ethanol absorption is 
much slower than in the duodenum.  46   The consumption 
of ethanol with a meal reduced the mean blood ethanol 
concentration about 25 – 35% compared with the fasting 
state as well as delaying the mean time to reach the peak 
BAC by approximately 1.5 – 2 hours after drinking 
ceased.47,48   In 1 study, the peak BAC was approximately 
50% higher following a high fat diet than after a high 
protein diet.  48   High carbohydrate and high sucrose 
diets produced intermediate BAC. Consumption of 
food prolongs ethanol absorption past the peak BAC, 
which defi nes the time at which the rate of absorption 
equals the rate of distribution/elimination.  49   Eating 
during drinking may delay complete absorption for 4 – 6 
hours.  

capable of absorbing ethanol, little absorption occurs in 
the colon because of the small amount of ethanol 
remaining in the intestinal tract during transit through 
the colon.  

  First - Pass Metabolism 

 The ingestion of ethanol produces lower blood 
ethanol concentrations and smaller areas under the 
concentra tion - time curves compared with the intrave-
nous (IV) infusion of an equivalent dose of ethanol. The 
difference between these 2 routes of exposure is the 
result of fi rst - pass metabolism. Depending on hepatic 
blood fl ow, the blood ethanol concentration, and the 
absorption rate of ethanol, the average amount of 
ethanol removed during fi rst - pass metabolism is approx-
imately 20%.  35   At low doses (0.15   g/kg) of ethanol, fi rst -
 pass metabolism occurs primarily in the liver with 
metabolism in the gastric mucosa accounting for about 
2% of the ethanol dose.  36   Delayed gastric emptying 
increases the fi rst - pass metabolism of ethanol in the 
stomach, whereas the slower absorption of ethanol into 
the small intestine enhances hepatic fi rst - pass metabo-
lism.37   First - pass metabolism is greater in fed individuals 
with low ethanol doses, intact gastric mucosa, and after 
chronic ethanol consumption.  38   Fasting and gastrectomy 
signifi cantly decrease the fi rst - pass metabolism of 
ethanol. Furthermore, the extent of fi rst - pass metabo-
lism in women is variable and concentration - dependent. 
In a small study of 6 men and 6 women given a 60 - minute 
IV infusion of 0.3   g ethanol/kg  and  an equimolar dose of 
deuterium - labeled ethanol/kg orally or intraduodenally, 
there was limited (i.e.,  < 10%) fi rst - pass metabolism and 
minor gender - related differences for dilute solutions of 
ethanol (i.e., 5%).  39   The ethanol content of this solution 
and beer is similar. However, the ingestion of drinks 
containing higher ethanol concentrations reduced fi rst -
 pass metabolism more in women than in men. Baraona 
et al also demonstrated that fi rst - pass metabolism of oral 
ethanol was signifi cantly lower in women than in men 
(35.6± 7.4   mg/kg and 72.9 ± 8.9   mg/kg, respectively), when 
administered as a concentrated ethanol solution (i.e., 
40% ) similar to whisky.  40   There were no statistically 
signifi cant gender differences in fi rst - pass metabolism 
when ethanol was administered as a dilute ethanol solu-
tion (i.e., 5%). The smaller amount of fi rst - pass metabo-
lism in the stomach (i.e., reduced gastric alcohol 
dehydrogenase activity) increases the bioavailability of 
ethanol in women compared with men.  41

  Determinants of Absorption 

 Studies of ethanol kinetics in twins indicate that short -
 term environmental factors account for a large portion 
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 Hispanic Caucasians, the ingestions of 450   mL of beer 
delayed gastric emptying more in the Mexican American 
group than in non - Hispanic Caucasians.  57   However, 
there was no statistically signifi cant difference in the 
blood ethanol concentrations. Because of the wide vari-
ation of BAC between participants, the use of nomo-
grams based on mean  kinetic data, gender, and body 
weight may seriously underestimate or overestimate the 
BAC.  58

  Rate of Absorption 

 The rate of ethanol absorption in the GI tract is a fi rst -
 order process that depends on the speed of gastric emp-
tying.  59   Factors that delay gastric emptying decrease the 
rate of ethanol absorption. In healthy, fasting adults 
receiving single ethanol doses in pharmaceutic studies, 
about 80 – 90% of ethanol absorption occurs within 
30 – 60 minutes. However, there is substantial variation 
between individual participants even when comparing 
fasting participants.  60   Consequently, accurately estimat-
ing the exact time of reaching the peak blood ethanol 
concentrations at the end of the absorptive phase is dif-
fi cult because of wide interindividual and intraindivid-
ual variation in gastric emptying, portal blood fl ow, and 
intestinal transit time. In a study of 24 healthy volun-
teers administered ethanol in the fed and fasting state, 
the interindividual variability as measured by the coef-
fi cient of variation for the area under the concentration -
 time curve (AUC) of ethanol was 44% and 21%, 
respectively.  43   Intraindividual variability for the fed and 
fasted state as measured by the coeffi cient of variation 
for AUC of ethanol was 35% and 22%, respectively. 

 Ethanol consumption in social settings typically 
involves divided - dose drinking, and the blood ethanol 
concentrations during this type of drinking produces 
slower and stepwise increases in blood ethanol concen-
trations compared with the ingestion of a single bolus 
dose in experimental settings. In most social situations 
without substantial food consumption, the peak blood 
ethanol concentrations occur within approximately 1 
hour after the cessation of drinking,  61   and volunteer 
studies suggest that the time to peak effect of ethanol 
occurs earlier than peak BAC. In a study of 40 fasted 
volunteers, the mean time to peak BAC was 24 minutes 
earlier than the self - reported peak ethanol effect as 
measured by a psychological scale on ethanol effects.  62

The menstrual cycle has a minor effect on ethanol phar-
macokinetics, including variations in body composition 
and gastric emptying.  63

  Distribution 

 Because ethanol is highly water soluble, ethanol 
distributes into tissues based on the water content. The 

Beverage.     Both the dose of ethanol and the type of 
beverage (e.g., ethanol concentration) impact the shape 
of the blood ethanol curve. There is substantial variation 
in blood ethanol concentrations between individuals 
drinking the same beverage as well as among individu-
als drinking the same amount of ethanol from different 
alcoholic beverages. In a study of 6 volunteers fasted 
at least 2 hours, the consumption of equivalent doses 
of ethanol as beer and wine produced mean peak blood 
ethanol concentrations about 20% below peak 
blood ethanol concentration from an equivalent amount 
of ethanol as hard liquor.  50   Alcoholic beverages are 
hyperosmolar; therefore, these beverages delay gastric 
emptying until the osmolarity of the gastric content 
approaches isotonicity. Consequently, the time to peak 
ethanol concentration for the same concentration of 
ethanol is longer for larger volumes compared with 
smaller volumes of ethanol. In a study of fasting, healthy 
adult men, the mean time to peak ethanol concentra-
tions following the ingestion of 0.5   g/kg and 1.0   g/kg was 
29.3 minutes (range, 9 – 114 minutes) and 52.0 minutes 
(range, 12 – 166 minutes).  51   In a study of 83 healthy, 
fasted volunteers given 0.68 g ethanol/kg as neat whiskey, 
77% and 97% of the volunteers had peak blood ethanol 
concentration about 45 minutes and 75 minutes, respec-
tively, after the end of a 30 - minute drinking episode.  52

The peak ethanol concentrations ranged from 52 –
 136   mg/dL. Maximum rates of ethanol absorption 
occurred following the ingestion of beverages contain-
ing 10 – 30% ethanol (v/v). The large volume associated 
with dilute ethanol solutions limits the contact of ethanol 
with the intestinal mucosa, and higher concentrations of 
ethanol probably delay gastric emptying by irritating 
the gastric mucosa.  53   The consumption of dilute beer 
(i.e.,  < 1%) does not usually produce blood ethanol con-
centrations that cause impairment as a result of fi rst -
 pass metabolism of dilute ethanol solutions and the very 
large volumes needed to reach high blood ethanol 
concentrations.  54

 In the fasted state, the ingestion of low doses of con-
centrated beverages (e.g., whiskey) produces equal or 
higher blood ethanol concentrations than more diluted 
ethanol beverages (e.g., beer), whereas the reverse 
occurs following the consumption of these beverages 
within 1 hour of a standard meal. In a study of 10 men 
given 0.3   g ethanol/kg as whiskey or beer 1 hour after a 
standard meal, the mean peak BAC was approximately 
36% higher for the beer - drinking group compared with 
the whiskey - drinking group (i.e., approximately 31   mg/
dL and 23   mg/dL, respectively).  55   The consumption of 
wine and sherry during the postprandial period yielded 
intermediate results between beer and whiskey when 
consumed 1 hour after a standard meal.  56   In a study of 
11 fasted Mexican Americans and 11 fasted, non -
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therefore individuals with higher fat content contain 
relatively less total body water than lean individuals. For 
example, women have a slightly smaller V D  because they 
have less water and more fat than men with of an equiv-
alent body weight. The consumption of 45   g of ethanol 
daily for 3 weeks increased the V D  in men from 0.73 to 
0.88   L/kg, but this pattern of ethanol consumption did 
not affect the mean V D  (0.7   L/kg) in women.  71   In a study 
of 6 men and 4 women, the average V D  for the women 
and men was 0.63 (range, 0.54 – 0.71) and 0.69 (range, 
0.63 – 0.76), respectively.  72   Consequently, women usually 
attain higher BAC compared with men given the same 
dose of ethanol and the same body weight, although the 
time to peak BAC is similar for both sexes.  73   Experimental 
studies indicate that the anthropometric equation for 
calculating total body water and the body mass index 
are more reliable methods for calculating peak BAC 
than body weight alone.  74,75   In a study of ethanol kinet-
ics in men and women, the mean body water as a per-
centage of body weight was 65    ±    2% and 51    ±    2%, 
respectively.  76   Higher peak BAC concentrations occur 
in the elderly compared with younger individuals given 
the same dose of ethanol because of the lower lean body 
mass and the decreased volume of distribution that 
accompanies the aging process.  77   The volume of distri-
bution for ethanol is smaller if the concentration - time 
profi le is based on the plasma or serum ethanol concen-
tration rather than whole blood.  78

  Protein Binding 

 Ethanol does not bind to plasma proteins or tissue, and 
as a result, the volume of distribution correlates closely 
to the total amount of water in the body.  78   Ethanol also 
does not interfere with the binding of other compounds 
to plasma proteins.   

  Biotransformation 

 The main metabolic pathways for ethanol in humans 
involve alcohol dehydrogenase and the microsomal -
 ethanol oxidizing system. Although early studies sug-
gested that ethanol oxidation occurs with catalase, the 
lack of hydrogen peroxide necessary for this reaction 
limits the use of this pathway for ethanol oxidation in
vivo . The most important pathway in the biotransforma-
tion of ethanol is catalyzed by alcohol dehydrogenase. 
The end products of ethanol oxidation by this pathway 
are water and carbon dioxide. In the human brain and 
other tissues, fatty acid ethyl esters are nonoxidative 
metabolites of ethanol.  79

ingestion of equivalent doses of ethanol produces higher 
ethanol concentrations in obese than in lean individuals 
of the same weight because adipose tissue contains only 
10 – 30% water.  64   The administration of ethanol accord-
ing to the total body water rather than body weight 
limits the effect of age and sex on peak blood ethanol 
concentrations. The highest initial concentrations of 
ethanol occur in tissues with a large ratio of blood fl ow 
to tissue mass (e.g., brain, lungs, kidney, liver). During 
the absorption and distribution phase, substantial differ-
ences (up to 50 – 100%) occur in ethanol concentrations 
between the arterial and venous blood.  65   During the 
absorption phase, the ethanol concentration typically is 
slightly higher (i.e., about 10 – 20   mg/dL) in the arterial 
blood than in venous blood, and the magnitude of the 
arteriovenous difference depends partly on the rate of 
ethanol absorption and muscular activity. Rapid absorp-
tion exaggerates the difference, whereas slow absorp-
tion minimizes the arteriovenous difference. During the 
postabsorptive phase, the venous BAC slightly exceeds 
(i.e., 2 – 10   mg/dL) arterial and capillary BAC, particu-
larly following the ingestion of moderate doses of 
ethanol.66   The ethanol concentration in capillary blood 
more closely resembles the ethanol concentration in 
arterial blood rather than venous blood.  67

 In a study of fasted volunteers ingesting 0.8   g ethanol/
kg, the mean capillary BAC exceeds the venous BAC 
during the absorptive phase, but the capillary - venous 
difference decreased when ethanol absorption slowed 
during the later part of the absorptive phase.  68   The 
capillary - venous difference 30 minutes and 60 minutes 
after the start of drinking was 13.6    ±    7.8   mg/dL and 
3.3    ±    6.9   mg/dL, respectively. Between 90 – 360 minutes 
after drinking started (i.e., postabsorptive phase), the 
venous BAC exceeded the capillary BAC by a mean of 
5.8    ±    3.4   mg/dL. During the IV infusion of 0.4   g ethanol/
kg to 13 healthy men over 30 minutes, arterial ethanol 
concentrations exceeded the venous ethanol concentra-
tion by about 10   mg/dL with mean values of 
94.8    ±    2.06   mg/dL and 84.7    ±    1.54   mg/dL, respectively.  69

The blood ethanol concentrations decreased rapidly 
after the infusion ceased with a mean apparent distribu-
tion half - life of 7 – 8 minutes. The arteriovenous ethanol 
difference was small (1 – 2   mg/dL) by 5 – 10 minutes after 
the infusion stopped. 

  Volume of Distribution 

 Ethanol distributes into tissue in direct proportion to 
the water content, and thus the V D  of ethanol refl ects 
total body water. The V D  of ethanol varies between 
individuals based on obesity, sex, and age.  70   Adipose 
tissue contains less water than lean body tissue, and 
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characteristic ethanol sensitivity reactions (elevated 
heart rate, intense facial fl ushing, erythema, diaphore-
sis) as a result of acetaldehyde accumulation.  83

 Conversion of ethanol to acetaldehyde by alcohol 
dehydrogenase involves the re - oxidation of NADH to 
NAD +  ; this reaction is the rate - limiting step of ethanol 
metabolism. Both alcohol dehydrogenase (ADH) and 
aldehyde dehydrogenase (ALDH) require NAD + , which 
reduces the hepatic NAD/NADH ratio during ethanol 
oxidation. The shift in this redox state of the liver to a 
more reduced potential causes profound metabolic 
abnormalities in heavy drinkers and alcohol abusers. 
The fi nal step of this pathway is conversion of acetate 
to acetyl CoA and then to CO 2  and H 2 O via the Krebs 
cycle. Inhibitors of ALDH include prunetin (5,4 ′  - 
dihydroxy - 7 - methoxyisofl avone, CAS RN: 552 - 59 - 0) 
and daidzin (CAS RN: 552 - 66 - 9). The latter compound 
is the major active principle in extracts of radix puer-
ariae , a traditional Chinese medication that suppresses 
the ethanol intake of Syrian golden hamsters and selec-
tively inhibits ALDH2.  84

  Microsomal Ethanol - Oxidizing System ( MEOS ) 

 The microsomal ethanol - oxidizing system (MEOS) is 
located in the smooth endoplasmic reticulum, and this 
pathway requires oxygen and reduced nicotinamide 
adenine dinucleotide phosphate (NADPH). The major 
cytochrome P450 enzyme involved in this reaction is 
CYP2E1, which has a K m  of 12 – 16   mM (55 – 75   mg/dL).  80

This microsomal enzyme is an important part of the 
metabolism of ethanol when large doses ( > 100   g daily) 
are ingested over long periods.  85   During the oxidation 
of ethanol via this inducible pathway, a signifi cant loss 
of energy occurs along with an increased formation of 
acetaldehyde. Chronic ethanol consumption induces the 

  Alcohol Dehydrogenase ( ADH ) 

 The main route of ethanol elimination is hepatic oxida-
tion by alcohol dehydrogenase (ADH) with the cofac-
tor nicotinamide adenine dinucleotide (NAD + ) acting 
as a hydrogen acceptor during the oxidation of ethanol 
to acetaldehyde. ADH resides in the cytosol (soluble 
cell fraction) of hepatocytes, and this pathway becomes 
saturated at relatively low concentrations of ethanol. 
There is signifi cant polymorphism of ethanol - metab-
olizing enzymes including ADH, aldehyde dehydroge-
nase (ALDH), and CYP2E1. ADH is a dimeric molecule 
controlled by at least 7 human ADH genes and subunits 
as defi ned in Table  21.2 . This variability produces gene 
products with different K m  values. For example, the K m
of ADH1 and ADH2 are 30    μ M and 3    μ M, respec-
tively.  80   The Michaelis constant ( Km ) is the concentra-
tion at which the rate of the enzyme reaction is half the 
enzyme ’ s maximum rate ( Vmax ); K m  is an approximation 
of the affi nity of the enzyme for the substrate. Pyrazole, 
4 - methylpyrazole, other pyrazole derivatives, and 
monosubstituted formamide compounds inhibit ADH1 
and ADH2 isoenzymes.  81,82   The latter selective 
inhibitors include N  - benzylformamide (ADH1B * 1), 
N  - 1 - methylheptylformamide (ADH1C * 2), and  N  -
 heptylformamide (ADH1B * 1, ADH4). There are also 
several molecular forms of aldehyde dehydrogenase 
(ALDH) involved with the oxidation of acetaldehyde. 
ALDH1 is the cytosolic enzyme with limited catalytic 
effi ciency that is distributed throughout the body includ-
ing the brain. ALDH2 is the mitochondrial enzyme 
present in the liver and stomach. This enzyme possesses 
high catalytic effi ciency (low K m ) for acetaldehyde oxi-
dation, and ALDH2 is the primary enzyme responsible 
for the in vivo  oxidation of acetaldehyde. Asian popula-
tions with a defi cient ALDH2 phenotype demonstrate 

TABLE 21.2.    Nomenclature for Alcohol Dehydrogenase Genes and Subunits.   31

   ADH Class     Nomenclature     Former Name     Subunit Name     Effi ciency   † 

  I    ADH1A    ADH1  α   Low  
  ADH1B * 1    ADH2 * 1  β1   High  
  ADH1B * 2    ADH2 * 2  β2   High  
  ADH1B * 3    ADH2 * 3  β3   Low  
  ADH1C * 1    ADH3 * 1  γ1   High  
  ADH1C * 2    ADH3 * 2  γ2   High  

  II    ADH2    ADH4  π   Low  
  III    ADH3    ADH5  χ   Very Low  
  IV    ADH4    ADH7  σ   High  
  V    ADH5    ADH6    NA    NA  

   Abbreviation: NA    =    not applicable.  
    †    Ethanol catalytic effi ciency.   
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and ethyl sulfate concentrations in urine samples were 
2.3    ±    0.9 hours and 1.2    ±    0.5 hours, respectively.  96   Eleven 
hours after the start of drinking, 11 of 13 volunteers still 
had detectable quantities of ethyl glucuronide (lower 
limit of quantitation [LLOQ], 0.45    μ mol/L) in their 
urine compared with 2 of 13 volunteers for ethyl sulfate 
(LLOQ, 0.79    μ mol/L). 

  Widmark Equation 

 In 1932, Widmark developed a mathematical equation 
for the elimination of ethanol from the bloodstream 
based on Lord Mellanby ’ s observation that the rate of 
ethanol oxidation was constant during ethanol metabo-
lism.  97   Figure  21.1  displays the graphical representation 
of the Widmark curve as defi ned by the Widmark equa-
tion. The basis of this equation is a 1 - compartment 
model with zero - order kinetics characterized by a con-
stant rate of ethanol elimination per unit time. Equation 
 21.2  describes the Widmark equation

      A pr Ct t= +( )β     (Equation 21.2)  

where  A     =    absorbed dose of ethanol (g);  p     =    body 
weight (kg);  r     =    Widmark factor that represents the 
apparent volume of distribution as a fraction of body 
weight (kg/kg);  C t      =    concentration of ethanol in blood 
at time  t  (mg/g blood);  β     =    slope of apparent linear 
decline of the concentration - time profi le of ethanol [mg 
ethanol/(g blood    ×    minutes)]; and  t     =    time after oral 
dosing (minutes).   

hepatic cytochrome CYP2E1 up to 4 – 10 times depend-
ing on the ethanol dose and duration of drinking.  86   
Immunoblot analysis of human liver microsomes indi-
cate that the CYP2E1 content is approximately 4 - fold 
higher in currently - drinking alcohol abusers than in 
nondrinkers.  87   The induction of CYP2E1 occurs rela-
tively quickly in moderate drinkers. In a volunteer study 
using the chlorzoxazone test to measure CYP2E1 induc-
tion during the daily ingestion of 40   g ethanol (i.e., 
about 3 standard drinks), CYP2E1 activity increased 
within 1 week and continued to increase over the 4 - week 
study.  88   After cessation of drinking, CYP2E activity 
decreased within 3 days and returned to baseline value 
within approximately 1 week. MEOS includes other 
cytochrome P450 enzymes, primarily CYP1A2 
(K m     =    24   mM) and CYP3A4.  89   The MEOS pathway 
becomes more important as the blood ethanol concen-
tration rises  90   because the velocity constant ( K m  ) is 4 – 5 
times higher for the MEOS than for alcohol dehydro-
genase. Inhibitors of CYP2E1 include pyrazole com-
pounds, diallyl sulfi de, and chlormethiazole.  

  Catalase 

 In the peroxisomes, catalase oxidizes ethanol in the 
presence of a hydrogen peroxide - generating system.  91   
However, the peroxidase - catalase system is a minor 
pathway under physiologic conditions  in vivo  because 
of the lack of availability of hydrogen peroxide.  92     

  Elimination 

 Metabolic pathways located primarily in the liver 
account for about 90 – 95% of the overall elimination of 
ethanol. Most of the remainder of an ethanol dose is 
excreted unchanged into the urine, breath, saliva, and 
sweat. The urinary excretion of unchanged ethanol is 
relatively small compared with biotransformation, and 
the portion of unchanged ethanol in the urine accounts 
for about 0.5 – 2.5% of the absorbed ethanol dose.  93   
The kidney excretes a small fraction (i.e., 0.02%) of the 
ethanol dose as ethyl  β  - glucuronide as a result of the 
conjugation of ethanol with uridine 5 ′  - diphospho - gluc-
uronic acid in the presence of uridine 5 ′  - diphospho -
 glucuronosyltransferase.  94   Formation of minor amounts 
of ethyl sulfate also occurs after ingestion of ethanol as 
a result of the activity of sulfotransferases. Substantial 
interindividual variations in the formation of these 2 
compounds result from considerable polymorphisms in 
the genes coding uridine 5 ′  - diphospho - glucuronosyl-
transferases (UGT1A1, UGT2B7) and sulfotransfer-
ases.  95   In a study of 13 healthy volunteers receiving 
moderate doses of ethanol (mean, 0.51    ±    0.17   g/kg), the 
mean times from ingestion to peak ethyl glucuronide 

       FIGURE 21.1.     Theoretical blood ethanol curve based on 
Widmark equation. BAC    =    blood ethanol concentrations; 
BrAC    =    breath ethanol concentration; 1    =    absorption phase; 
2    =    plateau; 3    =    diffusion - equilibration; 4    =    elimination (post-
absorptive) phase with slope of  β .  
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male and 10 fasting female volunteers, who ingested 
cognac brady over a short drinking time.  97   There was 
considerable variation in the  r  factor between individu-
als with a mean value of 0.68 (range, 0.51 – 0.85) and 0.55 
(range, 0.47 – 0.64) for men and women, respectively. In 
an experimental study using direct measurements of 
total body water, the mean distribution factor  r  was 
0.75    ±    0.05 (range, 0.60 – 0.82) for men and 0.66    ±    0.05 
(range, 0.52 – 0.72) for women.  101   These fasting partici-
pants did not consume food for at least 2 hours prior to 
the consumption of beer or wine over a 2.5 - hour drink-
ing period. The uncertainty in the calculation of total 
body water is about  ± 10 – 20%, when using a V D  of 0.7 
and 0.6 for men and women, respectively. Equation  21.5  
estimates the blood ethanol concentration at time  t  
during the postabsorptive phase, assuming complete 
absorption and distribution of the ethanol dose,

        C Ct t= −0 β     (Equation 21.5)  

where  C  0     =    extrapolated, theoretical maximum blood 
ethanol concentration at the start of drinking,  Ct     =    blood 
ethanol concentration at time  t  during the postabsorp-
tive phase,  β     =    elimination rate, and  t     =    time during 
postabsorptive phase.  

  Postabsorptive Elimination 

  Model.     The hepatic elimination of ethanol from the 
body occurs primarily by capacity - limited (i.e., concen-
tration independent) metabolic processes except at very 
low or very high concentrations in blood where the 
elimination rate is more concentration - dependent.  102   A 
zero - order elimination operates during a large portion 
of the blood - concentration time profi le as a result of 
the saturation of ADH after the absorption of a few 
drinks. Overall, elimination of ethanol resembles a 
1 - compartment; the Michaelis - Menten kinetic model 
describes the concentration - dependent kinetics at very 
high and very low ethanol concentrations in blood, 
whereas concentration - independent (zero - order) kinet-
ics best describe the BAC over the middle of the blood 
ethanol curve. Suggested values for the Michaelis -
 Menten parameters include an average K  m   (Michaelis 
constant) of 9 – 11   mg/dL and a V  m   (maximal ethanol 
rate velocity) of 22   mg/dL serum water/hour at ethanol 
levels  < 300   mg/dL.  103   Equation  21.6  defi nes Michaelis -
 Menten kinetics where C equals the concentration of 
blood ethanol.

    − = +dC dt V C K Cm m/ /( )     (Equation 21.6)   

 Consequently, when the blood ethanol concentration is 
large compared with K m  (11   mg/dL), the rate of ethanol 

 Widmark calculated the  β  value from the relatively 
linear slope of the blood ethanol decay curve between 
the end of the absorption/distribution phase and the 
curvilinear portion near the end of the blood ethanol 
curve. The factor  β  is the rate of decline of blood ethanol 
concentration during the postabsorptive phase of the 
blood ethanol curve that occurs about 1 – 3 hours after 
ingestion. The average value for  β  was 16   mg/dL/h with 
considerable variation between individuals and a slightly 
increased slope for women.  98   Widmark defi ned the  r  
value as the ratio of total body ethanol and the blood 
ethanol concentration. Because of the close relationship 
between ethanol concentration and the water content 
in tissues throughout the body, the Widmark factor  r  
corresponds to the ratio of total body water and the 
water content of blood. To calculate the extrapolated, 
theoretical maximum concentration of alcohol in blood 
 C  0 . Equation  21.3  is rearranged as follows:

    

C

A

0 =

=

Absorbed dose of ethanol g

reduced body mass kg

( )/

( )

/(pp r× )
   

 (Equation 21.3)   

 This equation assumes instantaneous and complete 
absorption (e.g., during rapid infusion) and distribution 
without elimination.  99   The use of this equation often 
overestimates the maximum blood ethanol concentra-
tion because of the reduction in bioavailability of 
ethanol after ingestion by several factors (e.g., ingestion 
of food, low ethanol - containing beverages). In addition, 
the use of the traditional average  r  values of 0.7 for men 
and 0.6 for women tends to overestimate C 0  if calculated 
according to Equation  21.3 . In German - speaking coun-
tries, a 10 – 30% minimum resorption defi cit is used to 
adjust C 0  for this apparent loss of ethanol.  100   The use of 
total body water calculations improves the accuracy of 
the Widmark equation when applied to a specifi c indi-
vidual because the blood water content is relatively 
constant except in certain conditions (e.g., anemia, poly-
cythemia, pregnancy). 

 To calculate the  r  value, Widmark estimated the 
blood ethanol concentration at time zero ( C  0 ) by using 
the  β  slope to draw a straight line through  C t   to give  C  0 , 
the intercept on the y - axis at time zero. Equation  21.4  
defi nes the calculation of the distribution volume of 
ethanol corresponding to the Widmark  r  factor.

       r A pC= / 0     (Equation 21.4)   

 The Widmark (distribution) factor was a dimensionless 
ratio used to correct the body weight for total body 
water based on drinking experiments with 20 fasting 



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

386

Dose Response.     There are limited data on the dose -
 response curve for ethanol metabolism following large 
doses of ethanol. However, the ethanol elimination rate 
usually increases when the blood ethanol concentration 
exceeds 200 – 300   mg/dL. In a study of 14 nonrandomly 
selected alcoholic patients presenting with ethanol 
intoxication (C max     =    336    ±    114   mg/dL), the mean elimi-
nation rate was 21.9    ±    7.2   mg/dL/h with a range of 
6 – 36   mg/dL/h.  112   The chronic ethanol use by these 
patients was not reported; therefore, this elimination 
rate may not refl ect the ethanol elimination rate for 
nontolerant individuals. Two days later, these 14 patients 
ingested a test dose of 0.5   g ethanol/kg that produced a 
Cmax     =    42    ±    11   mg/dL. The mean elimination rate was 
33% lower (14.6    ±    4.8   mg/dL/h) than the ethanol elimi-
nation rate during the acute intoxication phase. The 
mean serum elimination rate of 103 patients presenting 
to the emergency department with acute ethanol intoxi-
cation (mean serum ethanol concentration, 299   mg/dL) 
was 20.43    ±    6.86   mg/dL/h with a range of approximately 
10 – 34   mg/dL/h.  113   Similarly, the chronic ethanol use of 
these patients was not reported. Case reports document 
an ethanol half - life of approximately 4 hours at blood 
ethanol concentrations exceeding 700   mg/dL, which 
suggest fi rst - order kinetics at such high blood concen-
trations.  114,115   The BAC declines at a near - constant rate 
near the lower end of the blood ethanol curve until the 
BAC reaches about 3   mM (10 – 15   mg/dL); thereafter, 
fi rst - order kinetics is a better description of the 
concentration - time profi le.  116

General Population.     The average rate of ethanol elim-
ination following ingestion of typical doses of ethanol 
by moderate drinkers is approximately 15 – 16   mg/dL/h 
with a range of 8 – 25   mg/dL/h.  117,118   Blood ethanol con-
centrations decrease more rapidly (e.g., 23 – 43   mg/dL/h) 
at concentrations above 200 – 300   mg/dL compared with 
the elimination rate at blood concentrations below this 
concentration, perhaps because of induction of the 
microsomal ethanol - oxidizing system.  119,120   Children 
have higher metabolic rates than adults as a result of 
larger liver weight/kg body weight and potentially faster 
rates of ethanol elimination. Although there is a lack of 
controlled clinical trials in children for ethical reasons, 
case series document ethanol elimination rates during 
ethanol intoxication ranging up to 28   mg/dL/h.  121   Several 
studies suggest that the ethanol elimination rate is 
slightly faster in women compared with men. In 
studies involving apprehended drunken drivers and vol-
unteers, the mean ethanol elimination rate in women 
averaged about 12 – 18% higher than the elimination 
rate in men for BAC in the range of 100 – 200   mg/dL.  122,123

Experimental studies indicate that the time during the 

elimination is equal to V m . During the postabsorptive 
phase of the BAC curve, ethanol elimination resembles 
zero - order kinetics; however, the elimination rate is not 
entirely linear, particularly during the immediate 
postabsorptive phase.  104   Assuming K m     =    9.5   mg/dL and 
Vm     =    22.8   mg/kL/h, the estimated ethanol elimination 
rate at BAC of 50   mg/dL and 300   mg/dL is about 
19.1   mg/dL/h and 22.1   mg/dL/h, respectively. The esti-
mated ethanol elimination rate is substantially less 
at lower BAC (e.g., 11.7   mg/dL/h at BAC    =    10   mg/dL). 
Alternate routes of elimination of ethanol (e.g., 
breath, urine) contribute relatively more to overall 
ethanol elimination when the BAC is very high 
(> 300   mg/dL).  

Rate.     Ethanol elimination occurs almost exclusively 
by hepatic metabolism with unchanged parent drug 
excreted in the urine, breath, and sweat accounting for 
about 1 – 10% of the ethanol dose.  35,77,105   The rate - limiting 
step during ethanol oxidation is the conversion of 
ethanol to acetaldehyde by alcohol dehydrogenase in 
the cytosol. There is substantial polymorphism of this 
enzyme, leading to racial and ethnic variations in ethanol 
pharmacokinetics. Although individual variation has 
the greatest impact on ethanol elimination rate, other 
factors (chronic ethanol consumption,  106   initial ethanol 
concentration and point on blood - alcohol curve,  107

gender, day - to - day variation  108  ) also alter the rate of 
ethanol disappearance from the blood.  17,69   The ingestion 
of ethanol immediately after a meal increases the mean 
ethanol elimination rate slightly, but the rate of increase 
is somewhat variable. Volunteer studies using oral doses 
of ethanol suggest that the effect of food on the ethanol 
elimination rate is small (1 – 3   mg/dL/h), but these oral 
studies do not separate the effect of food on absorption 
and elimination.  80   The increase in the ethanol elimina-
tion rate following food consumption is slightly greater 
(i.e., up to about 1 – 4   mg/dL/h) in breath alcohol clamp-
ing studies than in oral studies.  109   Age alone does not 
alter the elimination rate of ethanol signifi cantly.  77

Neither does the administration of IV fl uids increase the 
rate of ethanol elimination. A study of 10 volunteers 
administered 0.81   g ethanol/kg did not detect a statisti-
cally signifi cant difference in elimination rates with and 
without the rapid infusion of 1   L normal saline (0.9% 
NaCL).110   During experimental studies producing peak 
BAC of 120   mg/dL in blood, the rate of ethanol clear-
ance rate was approximately 10% faster in plasma com-
pared with whole blood.  111   The blood fl ow to the liver 
represents about 20 – 25% of the cardiac output, and 
factors (e.g., trauma) that reduce hepatic blood fl ow can 
theoretically reduce the clearance rate of ethanol from 
the bloodstream. 
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stantially less than later in life.  128   Nomograms are avail-
able to determine the time between consumption of 
alcohol and nondetectable ethanol concentrations in 
breast milk.  129   The risks associated with drinking ethanol 
while breastfeeding are not well defi ned. Potential 
adverse effects include altered sleep patterns, decreased 
milk intake, hypoglycemia, and slowed motor develop-
ment. Limited clinical data are confl icting with some 
studies demonstrating impaired motor development in 
1 - year - old infants breastfeed by drinking, lactating 
mothers,  130   while other studies of 18 - month infants 
failed to duplicate these fi ndings.  131

  Tolerance 

  Acute 

 Acute (within - session) tolerance refers to the greater 
effect of a specifi c blood ethanol concentration on the 
ascending portion of the blood ethanol curve compared 
with the effect of the same ethanol concentration on the 
descending portion of the curve. Mellanby fi rst described 
acute tolerance in 1919,  132   and the Mellanby effect is 
associated with the phenomena of acute tolerance. 
Acute tolerance is a complex phenomenon that depends 
on a variety of factors including the dose of ethanol, 
speed of drinking, rate of absorption, and prior experi-
ence with ethanol as well as the measure of outcome.  133

The presence of chronic tolerance interferes with the 
expression of acute alcohol tolerance. Generally, the 
occurrence of acute tolerance is greater in light drinkers 
than in moderate or heavy drinkers,  134   especially for 
more complex cognitive tasks (e.g., learning, recall, 
coding) rather than simpler motor performance (e.g., 
pursuit rotor).  135   Although the results of human studies 
on acute tolerance are inconsistent,  136,137,138   impairment 
of information processing tasks displays less variation 
between the ascending and descending BAC curve than 
pure motor skills (e.g., pursuit rotor task), when tested 
at moderate BAC ( ≤ 100   mg/dL).  139   In a study of social 
drinkers, peak self - reported intoxication levels were sig-
nifi cantly lower and occurred earlier for heavy drinkers 
than for light or moderate social drinkers.  140   Self -
 reported responses to questions using the alcohol scale 
of the Addiction Research Centre Inventory were less 
on the descending limb than on the ascending limb of 
the blood - alcohol curve for all types of social drinkers.  

  Chronic 

 Chronic (between - session) tolerance refers to the 
reduced effect of a specifi c blood ethanol concentration 
following repeated use compared with the effect of the 

menstrual cycle does not affect the ethanol elimination 
rate in women.  124

Chronic Heavy Ethanol Use.     Chronic ethanol con-
sumption generally increases the elimination rate of 
ethanol from blood compared with the general popula-
tion, primarily as a result of the induction of CYP2E1 
from the microsomal ethanol oxidizing system. The 
change in ethanol elimination rate for alcohol abusers 
typically involves an increase of < 60 – 100%, but the 
increase is variable from individual to individual with 
the ethanol elimination rate exceeding 30 – 40   mg/dL/h 
in a few individuals. In a series of 81 chronic alcohol 
abusers arrested while driving with a BAC  > 400   mg/dL, 
the mean clearance rate of ethanol from whole blood 
was 23    ±    0.01   mg/dL/h with a range of 13 – 61   mg/dL/h.  125

Three consecutive hourly blood samples were drawn 
from a convenience sample of 21 drivers arrested with 
very high blood ethanol concentrations (mean, 405   mg/
dL; range, 271 – 518   mg/dL).  126   The mean blood ethanol 
elimination rate for this group was 33   mg/dL/h (range, 
20 – 62   mg/dL/h). The mean ethanol elimination rate was 
about 23   mg/dL/h (range, approximately 20 – 29   mg/
dL/h) in a case series of 8 alcohol abusers with serum 
ethanol concentrations ranging from 200 – 400   mg/dL.  85

In the detoxifi cation ward, the ethanol elimination rate 
was remeasured at serum ethanol concentrations of 
approximately 50   mg/dL. At this concentration, the 
mean elimination rate decreased on average by 49% to 
give a mean of 16   mg/dL/h. Substantial increases in the 
ethanol elimination rate occur following chronic ethanol 
use over more than several weeks. After the administra-
tion of 45   g ethanol daily for 3 weeks to volunteers 
without a history of alcohol abuse, the plasma ethanol 
elimination rate did not change signifi cantly compared 
with control values before the beginning of the study.  71

  Maternal and Fetal Kinetics 

 Because ethanol distributes into total body water, 
ethanol diffuses into the placenta and breast milk.  127   The 
average water content of breast milk and blood are 
87.5% and 85%, respectively. Although ethanol rapidly 
distributes into breast milk, the concentration in breast 
milk is close to the mother ’ s BAC; further dilution into 
the total body water of the neonate results in relative 
low ethanol concentrations compared with the mother. 
The concentration of ethanol in a breastfeeding child 
depends on the mother ’ s BAC, the volume of breast 
milk consumed, and the drinking time. Only a small 
fraction of the maternal blood ethanol concentration 
can be measured in the blood of the neonate; however, 
the rate of ethanol elimination in the neonate is sub-
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the blood and adverse effects (e.g., nausea, vomiting). 
Case reports suggest that certain other drugs produce a 
disulfi ram - like reaction, possibly by inhibiting the 
enzyme aldehyde dehydrogenase. These include metro-
nidazole, sulfonamides, cefamandole, cefoperazone, 
griseofulvin, hypoglycemic agents, the mushroom 
Coprinus atramentarius  (Bull.) Fr., and some industrial 
chemicals (amides, oximes, carbamates, dithiocarbamate 
compounds, thiram derivatives).  149,150

  Gastric Motility and  ADH  Secretion 

 The daily administration of 1,200   mg cimetidine and 
300   mg ranitidine did not alter the ethanol elimination 
rate in volunteers given 45   g ethanol daily for 3 weeks.  71

Many drugs that decrease hydrochloric acid and pepsin 
secretion (e.g., cimetidine, cisapride, erythromycin) 
accentuate the delay in gastric emptying produced by 
food, but the overall effect of BAC depends on the 
individual drug.  151   For example, ranitidine affects intrin-
sic cholinergic mechanisms in addition to H 2  - blocking 
effects; therefore, the overall effect of ranitidine on 
BAC is minor. Consequently, the weight of the evidence 
suggests that the interaction of H 2  - blocking agents with 
ethanol is unlikely to affect BAC at concentrations 
associated with impairment of psychomotor skills.  152

Proton pump inhibitors (e.g., omeprazole) probably 
do not have an effect on ethanol pharmacokinetics.  153   In 
a study of 12 healthy men ingesting 0.80   g ethanol/kg 
body weight on an empty stomach, pretreatment for 7 
days with ranitidine, cimetidine, or omeprazole did not 
alter the pharmacokinetics of ethanol compared with 
controls.  154

  Pharmacodynamic Effects 

 Common direct interactions involve sedation following 
the concomitant ingestion of CNS depressants and 
ethanol. The pharmacokinetic interaction between 
acute ethanol ingestion and single doses of benzodiaz-
epines are complex, depending on the dose, timing of 
ingestion, and chronic use of ethanol and/or other drugs. 
Most fatalities resulting from the ingestion of ethanol 
and benzodiazepines involve triazolam.  155   Impairment 
of psychomotor performance may occur following the 
ingestion of ethanol with older, sedating antihistamines, 
tricyclic antidepressants, and benzodiazepines.  152   The 
specifi c interaction varies depending on the pharmaco-
dynamic properties of the particular drug involved.  

  Caffeine 

 The interaction of caffeine and ethanol is complex, and 
this interaction depends on a number of variables 

same concentration in alcohol - naive individuals. Chronic 
tolerance involves both metabolic (pharmacokinetic) 
and functional (pharmacodynamic) processes. 
Functional tolerance implies resistance to ethanol 
effects at the cellular level, whereas metabolic tolerance 
refers to changes in duration of ethanol effects that 
result from alterations of absorption, distribution, and 
elimination.141   Functional tolerance to the CNS effects 
of ethanol may occur without proportional increases in 
the elimination rate of ethanol from the body.  142   The 
clinical effects of high BAC may not be obvious in 
patients, who chronically consume large amounts of 
ethanol. In a study of alcohol abusers presenting volun-
tarily to a detoxifi cation center, 24% of the patients with 
serum ethanol concentrations exceeding 200   mg/dL did 
not demonstrate clinical signs of ethanol intoxication.  28

Although all patients with serum ethanol concentra-
tions exceeding 350   mg/dL demonstrated some signs of 
ethanol intoxication, some of these individuals also had 
normal speech, stable gait, or adequate verbal compre-
hension. The development of chronic tolerance is dose -
 dependent with high ethanol doses producing more 
rapid appearance of chronic tolerance.  143   The dose -
 response curve for the development of functional toler-
ance to the effects of ethanol is not well defi ned. 
Experimental studies suggest that small changes in the 
performance of psychomotor tasks begin about 1 week 
after chronic administration of ethanol, depending on 
the ethanol dose.  144   Following heavy continuous ethanol 
use, experimental studies of alcohol abusers with a 
history of withdrawal suggest that impairment of some 
psychomotor skills in this group begins at higher BAC 
compared with the general population.  145

  Drug Interactions 

 The effect of chronic ethanol consumption is diffi cult to 
predict because of the multitude of pharmacokinetic 
and pharmacodynamic effects of ethanol use. Prolonged 
ethanol intake induces CYP2E1, whereas acute ethanol 
use inhibits the metabolism of drugs (warfarin, barbitu-
rates, phenytoin, rifampin) that require the CYP2E1 
isoenzyme.  146   Although chronic ethanol consumption 
decreases the metabolism of carbamazepine, fewer side 
effects occur because of the increased tolerance to the 
CNS side effects of carbamazepine.  147   There is no clear 
evidence that OTC medication (e.g., H 2  - receptor antag-
onists, acetaminophen, aspirin) alter ethanol metabo-
lism or cause higher ethanol - blood concentrations.  148

  Disulfi ram - like Reactions 

 Disulfi ram blocks the metabolism of acetaldehyde to 
acetate, leading to an accumulation of acetaldehyde in 
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  Mechanism of Toxicity 

  Acute 

 Ethanol is a CNS depressant that selectively depresses 
the reticular activating system. The mechanism of action 
probably involves interference with ion transport (i.e., 
sodium fl ux) at the cell membrane rather than at syn-
apses, similar to the action of general anesthetic agents. 
The frontal lobes are sensitive to low ethanol concentra-
tions, resulting in alteration of thought and mood before 
changes in vision (occipital lobe) and coordination (cer-
ebellum). Preferential suppression of inhibitory 
(GABA) neurons probably causes the excitation seen 
at low ethanol concentrations. Ethanol is a vasodilator 
that produces decreased preload, afterload, and sys-
temic vascular resistance in healthy adults after acute 
ingestion.166   Chronic ethanol consumption is associated 
with dilated cardiomyopathy (alcoholic cardiomyopa-
thy) characterized by cardiomegaly, reduced myocardial 
contractility, myocardial fi brosis, and disruption in the 
myofi brillary architecture. Potential toxins (ethanol, 
acetaldehyde) may directly contribute to this cardiomy-
opathy by enhancing catecholamine concentrations and 
reactive oxygen species; however, other potential mech-
anisms (oxidative stress, protein - acetaldehyde adduct 
formation, accumulation of fatty acid ethyl esters, modi-
fi cation of lipoprotein and apolipoprotein particles) 
may also contribute to the development of alcohol 
cardiomyopathy.  167

  Chronic 

 Chronic alcohol abuse produces profound metabolic 
changes as a result of alterations in the cellular redox 
state resulting from a decreased NAD + /NADH ratio. 
These changes include 1) shift from pyruvate to lactate 
that results in lactic acidosis, 2) elevation of serum uric 
acid from reduced clearance, 3) alteration of lipid 
metabolism with accumulation of hepatic triglycerides, 
4) reduced gluconeogenesis, 5) depressed protein syn-
thesis, and 6) reduced active bone resorption and forma-
tion resulting from inhibition of bone remodeling by a 
mechanism independent of calciotropic hormones.  168

Addiction.     Although the specifi c gene associated with 
alcohol dependence has not been identifi ed, epidemio-
logic studies on alcohol dependence (twin, adoption) 
suggest that genetic factors account for up to about one -
 half of the risk of alcohol dependence.  169   First - degree 
relatives of alcohol abusers have an approximate 3 -  to 
4 - fold increased risk of alcohol dependence and the 
risk of alcohol dependence increases another 2 - fold 
for identical twins.  170   Alcohol sensitivity is related to 

including type of task, BAC, portion of the BAC curve, 
the dose of caffeine, and the timing of the ingestion of 
these 2 compounds.  156,157   Although caffeine increases 
alertness and reduces reaction time when ingested 
alone, the ingestion of caffeine and ethanol does not 
completely antagonize impairment of psychomotor 
skills, even at low BAC.  158   In a study of 15 healthy, 
young adults, the mean brake latency during testing in 
a driving simulator for the ethanol limb (75 – 85   mg/dL) 
and the caffeine (400   mg) and ethanol limb increased 
17% and 11% compared with controls (no drugs).  159

Additionally, caffeine does not reverse the subjective 
effects of ethanol.  160   Most of these studies do not simu-
late the situation where an intoxicated individual drinks 
coffee and then drives shortly thereafter. However, 
existing data suggest that the ingestion of caffeine will 
not ameliorate ethanol - induced impairment of driving 
skills.  161

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 There are no specifi c ethanol receptors in the CNS. 
However, ethanol affects endogenous opiates and 
several CNS receptors including γ  - aminobutyric acid 
(GABA), dopamine, and glutamate.  162   Ethanol alters 
the function of several ligand - activated ion channels 
including N  - methyl - D - aspartate (NMDA), serotonin 
(5 - HT 3 ), glycine, and  γ  - aminobutyric acid type A 
(GABA A ) receptors.  163   Ethanol activates the inhibitory 
chloride infl ux mediated by the GABA A  receptors; 
this property contributes to the anxiolytic and 
sedative properties as well as to the impairment of coor-
dination associated with ethanol use.  In vitro  studies 
indicate that action of ethanol on GABA A  receptors 
is more complex than benzodiazepines with indivi-
dual receptor subtype sensitivity to ethanol varying 
substantially between different neurons in the brain 
(e.g., in hippocampus); these studies suggest that 
modulation of the GABA A  receptors does not account 
for all of the effect of ethanol on the brain.  164

Furthermore, ethanol increases GABAergic neuro-
transmission through indirect effects including the 
presynaptic release of GABA, elevation of endogenous 
GABAergic neuroactive steroids, and dephosph-
orylation of GABA A  receptors promoting increases in 
GABA sensitivity.  165   Ethanol inhibits the function of 
the excitatory NMDA type of glutamate receptor as 
well as interacting with serotonin and dopamine recep-
tors to increase dopamine in the reward centers of the 
brain.  
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inadequate amounts of the active form of thiamine 
(diphosphate ester of thiamine); initially these changes 
are reversible. However, the continuing lack of ade-
quate thiamine stores produces the chronic form of the 
disease (Korsakoff psychosis), which is characterized by 
loss of short - term memory and diffi culty processing new 
information. The Wernicke - Korsakoff syndrome refers 
to these 2 entities. Thiamine defi ciency disrupts several 
thiamine - dependent enzyme complexes [i.e., pyruvate 
dehydrogenase complex, transketolase (pentose phos-
phate pathway), 2 - oxoglutarate or  α  - ketoglutarate 
dehydrogenase (Krebs cycle)] resulting in damage to 
the myelin sheaths, inhibition of glucose and lipid 
metabolism, decreased branched chain amino acid pro-
duction, and increased lactic acid production (See 
Figure  21.2 ).  175   Thiamine defi ciency leads to decreased 
concentrations of the coenzyme thiamine pyrophos-
phate, causing alterations in the metabolism and the 
membrane structure of the nervous system. Ethanol 
interferes with active GI transport of thiamine and 
chronic liver disease reduces thiamine activation and 
storage.  176   Symmetrical pathologic changes occur in 
anterior cerebellum (vermis), periaqueductal region, 
fl oor of the fourth ventricle, mammillary bodies, and the 
paraventricular portions of the anterior medial nuclei, 
thalamus, and medial dorsal nuclei.  177   Patients with 
acute Wernicke encephalopathy have edema in these 
areas on T2 - weighted late - echo sequences during mag-
netic resonance imaging (MRI),  178   whereas MRI studies 
demonstrate atrophy of the mammillary bodies and 
thalamus on sagittal cuts in patients with Korsakoff syn-
drome as a result of the loss of surrounding gray matter 
nuclei.179   Modest volume defi cits also occur in the 
medial septum/diagonal band of Broca as well as in the 
cerebellar hemisphere, anterior superior vermis, and 
pons. The lack of the Wernicke - Korsakoff syndrome in 
most thiamine - defi cient alcohol abusers suggests genetic 
susceptibility to the development of this syndrome.    

Marchiafava - Bignami Disease.     This rare disease 
results from the necrosis and demyelination of the 
corpus callosum, particularly the medial zone.  180   Patients 
are usually middle - age male alcohol abusers with poor 
nutrition and heavy consumption of ethanol over 10 – 20 
years.  181   The course of the illness may be acute or chronic 
with signs of severe global dementia, seizures, alteration 
of conscious progressing to coma and death. MRI 
studies demonstrate T1 hypointensities and T2 hype -
 intensities in the corpus callosum, centrum semiovale, 
and other periventricular white matter.  179

Polyneuropathy.     A polyneuropathy commonly occurs 
in alcohol abusers, particularly in association with nutri-
tional defi ciencies (i.e., thiamine). However, the clinico-

pharmacogenetic variation in the ability to rapidly 
remove acetaldehyde during ethanol metabolism 
through the enzymatic action of aldehyde hydrogenase, 
primarily ALDH2. Individuals with the biologic inactive 
form of ALDH2 (ALDH2 * 2) develop increased heart 
rate, facial fl ushing, and nausea after ethanol ingestion 
as a result of the decreased ability to reduce aldehyde 
concentrations. Less than 10% of Japanese alcohol 
abusers are heterozygotes for the inactive form of alde-
hyde hydrogenase (ALDH2 * 2), whereas the prevalence 
of ALDH2 * 2 heterozygotes in the general Japanese 
population is approximately 40%.  171

Withdrawal.     Although the exact mechanism of with-
drawal remains poorly defi ned, tolerant patients develop 
a compensatory physiologic state that opposes the 
depressant actions of ethanol. The withdrawal of ethanol 
leads to unopposed compensatory mechanisms, which 
are clinically manifested as autonomic hyperexcitability. 
The chronic ingestion of ethanol inhibits NMDA recep-
tors leading to upregulation, reduces excitatory glutama-
tergic transmission, and excites GABA A  receptors 
resulting in downregulation.  172   During abstinence from 
prolonged ethanol use, enhancement of NMDA receptor 
function, reduced transmission at GABA receptors, and 
dysregulation of the dopaminergic system contribute to 
the clinical features of ethanol withdrawal.  173   Although 
hypomagnesemia and hypokalemia may also contribute 
to clinical effects, changes of electrolyte concentrations 
in plasma or in cerebrospinal fl uid do not cause delirium 
tremens (DTs).  174   Proposed compensatory mechanisms 
accounting for the hyperadrenergic state include a 
decreased affi nity for the inhibitory transmitter (GABA), 
false transmitter formation, decreased prostaglandin E 
synthesis, and increased Na/K - ATPase activity. Ethanol 
itself does not exhibit proconvulsant properties. Etiologies 
of seizures during alcohol withdrawal include cerebral 
trauma (subdural or epidural hematoma), alcohol - related 
metabolic brain disorder, intracranial hemorrhage or 
infarct, CNS infection, and precipitation of idiopathic or 
posttraumatic epilepsy as well as alcoholic withdrawal 
seizures. Alterations in the number and function of 
NMDA (e.g., NR1, NR2B subtypes) and GABA A  recep-
tors probably contribute to the occurrence of seizures 
during ethanol withdrawal. 

Wernicke Encephalopathy and Korsakoff Psychosis.   
Wernicke encephalopathy is an acute neuropsychiatric 
condition that results from biochemical changes second-
ary to inadequate stores of intracellular thiamine 
(vitamin B 1 ). The body stores little thiamine; depletion 
occurs within 2 – 3 weeks of reduced thiamine intake. 
These changes involve impairment of carbohydrate 
metabolism and nerve cell conduction resulting from 
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tration by increasing the formation of NADH and shift-
ing the redox potential to favor lactate formation. 
Additionally, chronic ethanol consumption and malnu-
trition impairs the elimination of lactate by limiting the 
availability of cofactors necessary for gluconeogenesis. 
The inducible microsomal ethanol - oxidizing system 
(MEOS) produces acetaldehyde, which can enhance the 
formation of oxygen radicals and toxic metabolites from 
other xenobiotics.  183   

 Alcohol - induced ketosis reduces the capacity of the 
kidney to excrete uric acid, producing a secondary 
hyperuricemia. Increasing amounts of NADH restricts 
lipid oxidation and promotes fatty acid synthesis and 
accumulation, resulting in increased formation of keto-
acids,  β  - hydroxybutyrate, and acetoacetate.  184   The hypo-
glycemia associated with ethanol intoxication in young 
children appears related primarily to the inhibition of 
hepatic gluconeogenesis.  185   In the presence of signifi cant 
depletion of hepatic glycogen stores (i.e., secondary to 
starvation or fasting), alcohol impairs hepatic gluconeo-
genesis, probably by reducing the intracellular NAD  +  /
NADH ratio. Consequently, life - threatening hypoglyce-
mia may occur in alcohol abusers.    

  Postmortem Examination 

     Alcohol - Related Liver Injury.     The earliest and 
most common hepatic response to ethanol abuse is the 
asymptomatic accumulation of fat in the liver cells with 
minimal elevation of serum hepatic transaminases.  186   
Occasionally, the severe form of fatty liver disease 
mimics extrahepatic obstructive jaundice with dark 
urine, acholic stools, and mild to moderate elevation of 
serum hepatic transaminases. Long - term ethanol use 

pathologic features of these 2 neuropathies are distinct.  182   
Alcoholic neuropathy is a painful, slowing progressive, 
sensory - dominant polyneuropathy affecting primarily 
superfi cial sensation. Sural nerve biopsies demonstrate 
predominately small - fi ber loss of axons with segmental 
demyelination and remyelination resulting from widen-
ing of consecutive nodes of Ranvier. In contrast, thiamine -
 associated polyneuropathy (i.e., beriberi neuropathy) 
manifests an acute, motor - dominant polyneuropathy 
affecting both superfi cial and deep sensation. These clini-
cal effects are associated with large - fi ber axonal loss and 
subperineurial edema. The combination of chronic 
alcohol abuse and thiamine defi ciency obscures the clini-
copathologic differences between alcoholic neuropathy 
and thiamine - defi ciency neuropathy.  

  Metabolic Disturbances.     The oxidation of ethanol 
by the alcohol dehydrogenase pathway causes the loss 
of hydrogen and the concomitant reduction of NAD  +   to 
NADH. The formation of large amounts of reducing 
equivalents disrupts redox homeostasis and produces 
metabolic alterations including hyperlactacidemia and 
hypoglycemia, particularly during reduced carbohy-
drate intake by alcohol abusers. During glycolysis, 
glucose is converted to pyruvate. Under normal aerobic 
metabolism, acetyl CoA is formed from pyruvate, and 
acetyl CoA enters the Krebs cycle where the end prod-
ucts are ATP, water, and carbon dioxide. The accumula-
tion of NADH during ethanol metabolism favors the 
conversion of pyruvate to lactate by the enzymatic 
action of lactate dehydrogenase. Elimination of lactate 
involves the regeneration of glucose in the liver via 
gluconeogenesis, which involves the cofactors biotin 
and thiamine. Ethanol increases serum lactate concen-

       FIGURE 21.2.     Pathophysiology of brain damage from Wernicke encephalopathy. (1) Thiamine - dependent enzymes, (2) pyruvate 
dehydrogenase complex, and (3)  α  - ketoglutarate dehydrogenase complex.  (Reprinted from AD Thomson, CCH Cook, R Touquet, 
JA Henry, The Royal College of Physicians report on alcohol: guidelines for managing Wernicke’s encephalopathy in the accident 
and emergency department, 2002, Vol. 37 Issue 6, p. 516, by permission of Oxford University Press.)   
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  Intoxication 

Acute.     The most common symptoms in children and 
young adolescents under medical supervision for 
ethanol intoxication were coma and vomiting.  119   The 
rapid ingestion of ethanol by adolescents increases the 
risk of the rapid onset of coma and hypothermia in cold 
environments. Although ethanol intoxication causes 
vomiting and diuresis by inhibiting antidiuretic hormone, 
dehydration is uncommon in patients without other 
causes. Initially, ethanol produces exhilaration that pro-
gresses to loss of restraint, behavioral abnormalities, 
loquaciousness, slurred speech, ataxia, gait disturbances, 
irritability, drowsiness, stupor, coma, and respiratory 
depression as the ethanol dose increases. Other clinical 
features of ethanol intoxication include fl ushed face, 
dilated pupils, excessive sweating, nausea, vomiting, and 
rarely, alcohol - induced urticaria.  191   The ingestion of 
ethanol can produce dysrhythmias (e.g., atrial fi brilla-
tion) in nontolerant binge drinkers as well as in chronic 
alcohol abusers, but dysrhythmias are not a common 
complication of ethanol intoxication. Seizures during 
acute ethanol intoxication are rare without the presence 
of underlying intracranial pathology.  192   Common com-
plicating factors associated with acute ethanol intoxica-
tion include concurrent trauma (e.g., subdural 
hematoma) and underlying medical diseases (liver, 
kidney, heart) as well as the use of other drugs and toxic 
alcohol substitutes (i.e., methanol, ethylene glycol). 
There is no direct evidence that acute ethanol intoxica-
tion predisposes or causes sleepwalking or related 
disorders.  193

Visible or Obvious.     Visible or obvious intoxication 
refers to a series of observable actions and behaviors 
that are consistent with gross impairment of cognitive 
and motor abilities following the ingestion of ethanol or 
other drugs. This impairment involves 1) diminished 
inhibitions (inappropriate response to social and/or 
environmental cues), 2) psychomotor impairment 
(slurred or slow speech, poor coordination, unsteady 
gait), and 3) cognitive impairment (poor concentration/
memory, forgetfulness, diffi culty performing simple 
tasks, inability to follow directions).  194   Observational 
instruments are available to assess the presence and 
level of alcohol intoxication; however, the reliability of 
observation alone in detecting moderately elevated 
BAC (100 – 140   mg/dL, 0.1 – 0.14 % w/v) is relatively low. 
Items in these observational instruments include the 
smell of alcohol, fi ne motor control (dropping or diffi -
culty handling objects), gross motor control (stumbling, 
diffi culty walking, falling), slurred speech, change in 
volume or pace of speech, sleepiness or decreased alert-
ness, conjunctival erythema, sweating and change in 

transforms stellate cells into collagen - producing 
myofi broblast - like cells that cause fi brosis around 
central veins and venules (i.e., terminal hepatic 
venules).187   Even after decades of ethanol abuse, only a 
fraction of heavy ethanol users develop alcoholic hepa-
titis characterized as infl ammatory necrosis of the liver. 
Histologic changes of alcoholic hepatitis include bal-
looning and disarray of the hepatocytes in the perivenu-
lar area, lymphocytic and polymorphonuclear infi ltration 
of the parenchyma and portal areas, steatosis, cholesta-
sis, necrosis, and fi brosis.  186   Mallory bodies (i.e., irregular 
hyaline cytoplasmic inclusions) are diagnostic features 
of alcoholic hepatitis, but these inclusion bodies are not 
present in all cases of alcoholic hepatitis. Cirrhosis dis-
torts the normal architecture of the liver by the forma-
tion of fi brous bands between the central and portal 
zones that may develop in the absence of overt alcoholic 
hepatitis.  188   As cirrhosis advances, irregular nodules and 
perivenular fi brosis impair blood fl ow from the sinu-
soids, producing postsinusoidal portal hypertension. 
Eventually, portal hypertension causes splenomegaly, 
increasing hepatomegaly, esophageal and gastric varices, 
and GI hemorrhage.  

Alcohol - Related Sudden Death.     Sudden death 
occurs in chronic alcohol abusers, particularly in those 
alcohol abusers that drink heavily over several days 
without adequate dietary intake. Although postmortem 
examination demonstrates diseases (e.g., GI hemor-
rhage, cardiovascular disease, trauma, hepatorenal 
failure) that account for death in a majority of these 
cases, a cause of death is not apparent in some cases.  189

The most common histologic abnormality in these cases 
is the presence of extensive microvesicular fatty drop-
lets in hepatocytes along with varying amounts of mac-
rovesicular fatty change.  190   Metabolic disturbances (e.g., 
metabolic acidosis, ketoacidosis, hypoglycemia, hyper-
ammonemia), renal dysfunction, hypothermia, and 
cardiac arrhythmias probably contribute to the occur-
rence of alcohol - related sudden death.     

  CLINICAL RESPONSE 

  Use 

 Ethanol is a selective CNS depressant in low doses, 
whereas high ethanol doses cause global depression of 
consciousness. The degree of neurologic impairment 
depends on a number of variables, including genetic 
factors, absolute amount ingested, tolerance, rate, and 
direction of blood ethanol elevation, simultaneous 
ingestion of other drugs and alcohol products, trauma, 
underlying nutritional status, and complications of 
chronic alcohol abuse. 
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ing 150   mg/dL (range, 125 – 175   mg/dL) met this criteria 
compared with 84% in individuals averaging 200   mg/dL 
(range, 175 – 225   mg/dL), as measured by the analysis of 
oxalated blood samples using the potassium dichromate 
method. With the same criteria for occasional drinkers 
and nondrinkers, 4 of 8 (50%) individuals with BAC 
averaging 100   mg/dL (range, 75 – 125   mg/dL) were con-
sidered intoxicated compared with 4 of 7 (57%) in the 
range of 125 – 175   mg/L and all 5 individuals in the 175 –
 225   mg/dL range.  203

Hangover.     Although a hangover shares some of the 
adverse effects associated with acute alcohol with-
drawal, a hangover is probably a separate entity that has 
a different, albeit poorly understood etiology.  204

Although relatively uncommon in alcohol abusers, an 
alcoholic hangover occurs frequently in mild to moder-
ate ethanol users as a result of binge drinking. Common 
symptoms include a variety of affective, biologic, and 
physiologic effects including general misery, malaise, 
headache, anorexia, tremulousness, dizziness, dry mouth/
thirst, fatigue, nausea, diarrhea, poor concentration, 
decreased attention, irritability, anxiety, and decreased 
sleep (rapid - eye - movement [REM] and total sleep 
time).205,206   There is substantial interindividual and intra-
individual variability in the severity of a hangover. 
Symptoms develop as the BAC declines substantially, 
reaching maximum effects when the BAC falls to zero; 
resolution of symptoms occurs within 12 – 24 hours after 
ethanol consumption ends. The consumption of alco-
holic beverages (e.g., wine, brandy, whiskey, tequila, 
dark liquors) that contain relatively high concentrations 
of congeners (e.g., fusel oil, acetaldehyde, ethyl acetate) 
increases the severity of a hangover compared with 
alcoholic beverages with no congeners (e.g., vodka); 
however, ethanol consumption is a stronger determi-
nant of hangover than congener content.  207,208   Medical 
and social factors that increase the severity of a hang-
over include sleep deprivation, poor food consumption, 
dehydration, increased physical activity during acute 
ethanol intoxication, and poor physical conditioning.  209

The etiology of a hangover remains unclear;  210   sleep 
deprivation and dehydration do not account for all the 
effects of a hangover.  211   The evidence for impairment of 
psychomotor skills, memory, and attention during an 
alcohol hangover in nonalcohol abusers is confl icting as 
a result of methodologic differences between studies 
(e.g., differences in timing of testing between controls 
and drinking study participants, documentation of zero 
blood ethanol concentrations, matching baseline skills, 
sleep deprivation, and personality differences between 
study participants and controls).  212,213   For crew members 
of civilian aircraft, the US Federal Aviation 
Administration prohibits the use of ethanol within 8 

respiratory pattern.  195   None of these items is uniquely 
associated with visible intoxication; therefore, the com-
bination of items must be interpreted together with the 
circumstances surrounding the actions. Some behaviors 
associated with visible intoxication also occur in sober 
individuals; consequently, observational instruments do 
not usually include behavioral changes (e.g., boisterous, 
argumentative, confrontational, obnoxious) in the eval-
uation of individuals for visible intoxication. 

 The ability of observers to reliably determine visible 
intoxication in an individual is limited until the BAC is 
high ( > 150   mg/dL), regardless of the experience of the 
evaluator.  196   In a study of videos containing moderate 
drinkers seated in a chair, experienced police offi cers 
were unable to reliably determine if individuals were 
too intoxicated to be served another drink or to drive 
until the BAC exceeded 150   mg/dL.  197   This study was an 
observational study that did not allow the police offi cers 
to smell the odor of ethanol or to conduct a fi eld sobri-
ety test. Other studies using college counselors and 
college students also indicate that the determination of 
alcohol impairment is diffi cult without specifi c testing 
(e.g., BAC, fi eld sobriety test) unless the BAC is rela-
tively high ( > 150   mg/dL). 

 Although the likelihood of visible intoxication 
increases with the BAC, not all individuals with the 
same BAC are visibly intoxicated. Factors affecting the 
clinical appearance of ethanol intoxication at a given 
BAC include chronic tolerance, the phase on the BAC 
curve (acute tolerance), fatigue, hangover, drinking 
habits, the environment, culturable norms on acceptable 
behavior, personality, age, ingestion of other drugs, 
underlying disease states, and general health.  198,199,200   A 
review of experimental data dating back to the 1930s 
concluded that visible signs of intoxication are present 
in a majority of individuals with BAC exceeding 150   mg/
dL, and almost all individuals with BAC exceeding 
200   mg/dL are visibly intoxicated, regardless of toler-
ance.  194   However, a few exceptional individuals do not 
display visible signs of intoxication despite a BAC well 
above 200   mg/dL as a result of chronic ethanol abuse.  201

Therefore, the determination of visible intoxication is 
not based on the BAC alone, but requires observation 
of the individual for visible signs of impaired motor and 
cognitive abilities. 

 The defi nition of what specifi cally (i.e., number and 
type of observable signs and symptoms) constitutes 
visible intoxication is not well defi ned, even for court 
proceedings. In a study of patients seeking admission for 
alcohol dependence, the criteria for visible signs of 
intoxication were gross gait abnormalities (staggering, 
swaying, reeling) plus 2 of the following signs: speech 
abnormality, fl ushed face, dilated pupils, or alcoholic 
odor on breath.  202   About 50% of the individuals averag-
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  3)     Recurrent legal problems associated with ethanol 
use (e.g., disorderly conduct, driving while 
intoxicated).  

  4)     Continued ethanol abuse despite recurrent legal, 
social, or medical problems.    

 The presence of symptoms of tolerance, withdrawal, 
and compulsive use of ethanol suggests the diagnosis of 
ethanol dependence rather than ethanol abuse. However, 
some patients with alcohol dependence do not develop 
clinically signifi cant signs of alcohol withdrawal, and 
only about 5% of alcohol - dependent patients develop 
severe complications (grand mal seizures, DTs). Patients 
with alcohol dependence devote substantial time to 
obtaining and consuming alcoholic beverages; this com-
pulsive behavior persists despite serious adverse psy-
chologic and physical effects (e.g., blackouts, liver 
disease, depressions).  219

 Early detection of alcohol abuse and dependence 
requires a careful medical and psychosocial evaluation 
to prevent the serious health effects associated with this 
disease. To promote early detection, the National 
Council on Alcoholism assembled data in 1972 that 
divided criteria for alcohol dependence into the follow-
ing 2 areas with major and minor categories:  221   Track I: 
Physiological and Clinical, and Track II: Behavioral, 
Psychological, and Attitudinal. Each criterion was 
weighted to grade the degree of implication for the 
presence of alcohol dependence that the specifi c sign or 
symptom suggested. Depending on the overall evalua-
tion, there were 3 diagnostic categories:

   1)     Diagnostic Level 1 (Defi nite) .      A person who fi ts 
this criterion must be diagnosed as an alcohol 
dependent (e.g., withdrawal seizures, delirium 
tremens, alcoholic hepatitis, serious disruption of 
interpersonal relationships).  

  2)     Diagnostic Level 2 (Indicative) .      In a person who 
satisfi es this criterion, the diagnosis of alcohol 
dependence should be strongly suspected.  

  3)     Diagnostic Level 3 (Possible) .      These manifesta-
tions may arouse the suspicion of alcohol depen-
dence, but other evidence is needed to confi rm the 
diagnosis of alcohol dependence.    

 The diagnosis of alcohol dependence requires 1 or 
more major criteria or the presence of several minor 
criteria in both Tracks I and II. However, the use of this 
set of criteria and diagnostic levels is relatively complex 
compared with the DSM - IV - TR  defi nitions, and use of 
the National Council on Alcoholism criteria results in 
some overlap between various diagnostic levels and 
major/minor criteria. 220

hours of fl ying or a BAC of  ≥ 0.4% w/v during fl ight. 
There is no clear evidence that currently popular inter-
ventions for the prevention or treatment of a hangover 
are effi cacious including the use of propranolol, glucose, 
fructose, ethanol, borage ( Borago offi cinalis  L.), and 
prickly pear [ Opuntia fi cus  -  indica  (L.) P. Mill.].  214

  Behavioral Abnormalities 

 The existence of alcohol idiosyncratic intoxication (i.e., 
pathologic intoxication) is highly controversial.  215   The 
Diagnostic and Statistical Manual of Mental Disorders, 
3rd  Edition  ( DSM - III ) listed a syndrome (291.40) involv-
ing marked behavioral changes (usually aggressive) fol-
lowing ethanol doses that are usually insuffi cient to 
produce intoxication.  216   The behavioral changes fre-
quently involve combative, irrational behavior that 
results in both property damage and personal injury 
followed by amnesia. The defi nition of this syndrome 
did not include aggressive behavior associated with 
marked intoxication.  217   Because of lack of medical data 
to support the existence of this syndrome, pathologic 
intoxication was no longer included as a separate diag-
nosis in DSM - IV .  218   The  DSM - IV - TR  includes clinically 
signifi cant maladaptive behavioral and psychologic 
changes (e.g., inappropriate sexual or aggressive behav-
ior, mood lability, impaired judgment, impaired social or 
occupational functioning) with other signs of acute 
alcohol intoxication (e.g., slurred speech, incoordina-
tion, unsteady gait, nystagmus, impairment of cognition, 
memory, and consciousness).  219   There is no category for 
this type of behavior without the usual signs of acute 
ethanol intoxication.  

  Mental Disorders 

Alcohol Abuse and Dependence.     Alcohol abuse 
and dependence is a chronic, often progressive and fatal 
disorder characterized by impaired control over ethanol 
use and preoccupation with drinking despite serious 
adverse social and physical consequences.  220   The  DSM -
 IV - TR  defi nes alcohol abuse as a maladaptive pattern 
of ethanol use during the last year that is manifest by 
clinically signifi cant impairment in at least one of the 
following areas:  219

   1)     Recurrent ethanol use resulting in a failure to 
fulfi ll major obligations at work, school, or home 
(e.g., absenteeism, poor work performance, sus-
pension, neglect of children or household duties).  

  2)     Recurrent ethanol use that causes physically haz-
ardous behavior (e.g., driving while intoxicated, 
operating machinery while impaired).  
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Korsakoff syndrome on this type of memory is variable. 
Implicit memory (i.e., response to priming and percep-
tuomotor memory) usually remains intact. Confabulation 
and decreased initiative also occur, but otherwise 
impairment of sensorium is minimal. Although some 
improvement in memory and learning occurs over years 
in 75% of abstinent Korsakoff patients, the remainder 
does not improve and may require long - term institu-
tional care.  223   The improvement occurs much more 
slowly than resolution of the acute clinical features of 
Wernicke encephalopathy.  224

 Alcoholic pellagra encephalopathy is a neurologic 
condition associated with niacin defi ciency and 
chronic ethanol abuse. Clinical features of this disease 
include confusion, oppositional hypertonus and myoc-
lonus, hallucinations, insomnia, tremor ataxia, inconti-
nence, peripheral neuropathy, seizures, anxiety, and 
de pression.225

  Medical Complications 

 The complications of ethanol abuse are protean as out-
lined in Table  21.3 . Polydrug use and alcohol substitutes 
(methanol, ethylene glycol) may complicate the diagno-
sis of ethanol abuse/dependence. Nutritional defi cien-
cies (e.g., B 1 , B 6 , B 12 , Zn) produce a variety of diseases 
including alcoholic beriberi and Wernicke encephalopa-
thy. A substantial portion of abstinent alcohol abusers 
exhibit cognitive dysfunction after detoxifi cation, par-
ticularly in visuospatial abilities, perceptual - motor inte-
gration, abstract reasoning, short - term memory, and 
mental fl exibility.  226   Although most of the improvement 
in cognitive function occurs in the fi rst several months 
of abstinence, some of these cognitive defi cits may 
improve over a 2 - year period.  227

Cardiomyopathy.     An idiopathic (nonischemic), dilated 
cardiomyopathy occurs in chronic alcohol abusers.  228

The onset of alcoholic cardiomyopathy begins after con-
suming at least 7 – 8 standard drinks daily for over 5 
years. The average duration of heavy drinking for these 
patients is approximately 15 years.  229   Clinical features of 
alcoholic cardiomyopathy include dilated left ventricle, 
fatty infi ltration in the perivascular region, the intraven-
tricular septum and the liver, atrophy of the myocytes, 
normal or reduced left ventricular wall thickness, and 
increased left ventricular muscle mass. Symptoms range 
from none to the typical symptoms associated with 
severe congestive heart failure (New York Heart 
Association Class IV).  230   There are no specifi c criteria 
or laboratory abnormalities that separate alcoholic car-
diomyopathy from other causes of cardiomyopathy. 
Consequently, the diagnosis of alcoholic cardiomyopa-
thy is a diagnosis of exclusion based on a history of 

Wernicke Encephalopathy and Korsakoff 
Psychosis.     The Wernicke - Korsakoff syndrome refers 
to an acute or subacute neurologic disorder (i.e., 
Wernicke encephalopathy) that progresses to a chronic 
memory disorder called Korsakoff psychosis (amnestic -
 confabulatory psychosis with relative preservation of 
other intellectual function), when the underlying thia-
mine defi ciency is not treated promptly. The classical 
signs of Wernicke encephalopathy are confusion, ataxia, 
and ophthalmoplegia, but the classic triad occurs only 
in a small portion of patients with Wernicke encepha-
lopathy.  222   Typically, Wernicke encephalopathy occurs 
along with signs of alcohol withdrawal (e.g., tremor, 
hypotension, hypothermia, obtundation), but some 
alcohol abusers may develop this illness without obvious 
withdrawal symptoms.  223   The most reversible signs of 
the Wernicke encephalopathy are ocular abnormalities, 
including diplopia, blurred vision, nystagmus (bidirec-
tional), and lateral gaze palsy. The latter sign is the 
most common; the palsy may be asymmetrical. Gait 
ataxia results from a polyneuropathy (decreased deep 
tendon refl exes and sensation) as well as from CNS 
dysfunction. 

 The term alcoholic cerebellar degeneration refers to 
the gait disturbances when these neurologic abnormali-
ties occur with relatively little dysfunction of speech, 
upper motor movement, or ocular motility. The patho-
logic gait disturbances of alcoholic cerebellar degenera-
tion and Wernicke encephalopathy are clinically 
indistinguishable. Other abnormalities associated with 
thiamine - defi cient states include cardiac failure and GI 
distress (nausea, vomiting, abdominal pain). Thiamine 
defi ciency produces Wernicke encephalopathy, the 
common underlying neuropathologic cause of most cog-
nitive impairment in chronic alcohol abusers. Wernicke 
encephalopathy is also associated with other medical 
conditions causing nutritional deprivation (malignancy, 
hyperemesis gravidarum, intestinal obstruction). 
Changes in mental status occur in > 90% of patients with 
Wernicke encephalopathy, and the cognitive abnormali-
ties of Korsakoff syndrome are the least responsive to 
treatment. Approximately 80% of surviving patients 
with Wernicke encephalopathy develop Korsakoff syn-
drome characterized by retrograde (inability to recall 
information) and anterograde (inability to assimilate 
new information) amnesia. Memory is usually divided 
into working memory (information held seconds while 
allocating resources) and secondary memory (informa-
tion held on a semipermanent or permanent basis). 
Episodic memory involves recalling memories from the 
past; this type of secondary memory is severely affected 
in these patients, often the amnesia extends 20 – 30 
years.  224   Semantic memory involves the learning and 
recall of facts, concepts, and language; the effect of 
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nifi cant. In chronic alcohol abusers with preexisting 
heart disease and a history of dysrhythmias, the acute 
ingestion of moderate ethanol doses (e.g., 90   mL of 80 -
 proof whiskey) may produce atrial or ventricular dys-
rhythmias including ventricular tachycardia and atrial 
fl utter/fi brillation.  238   Heavy drinking is associated with 
hypertension, particularly during withdrawal.  239   The 
elevation of blood pressure is relatively mild following 
the daily consumption of 2 – 3 drinks per day.  240

  Abstinence Syndrome 

 This hyperadrenergic syndrome of physical dependence 
ranges from mild tremor and anxiety to hallucinations 
and seizures, particularly in regular heavy drinkers after 
a 5 -  to 10 - year latency period. These individuals fre-
quently demonstrate high tolerance to the acute effects 
of ethanol and to other drugs. The severity of the syn-
drome depends on individual susceptibility (i.e., genetic 
variability) as well as ethanol dose during the period 
immediately before the cessation of drinking.  241,242

Consequently, substantial differences in withdrawal 
symptoms occur in alcohol abusers consuming similar 
amounts of ethanol. A period of binge drinking for 
several days to a week by a heavy drinker frequently 
precedes the onset of withdrawal symptoms. In a study 
of heroin addicts confi ned to a closed ward, mild with-

heavy alcohol abuse. Sudden death may occur in chronic 
alcohol abusers with cardiomyopathy despite the 
absence of histologic evidence of coronary artery throm-
bosis or a recent myocardial infarction.  231,232   Heavy beer 
drinkers also may develop alcoholic cardiac beriberi.  

Dysrhythmias.     Ischemic heart disease is the most 
common natural cause of out - of - hospital death in 
alcohol dependent men, and sudden cardiac death con-
tributes signifi cantly to the excess mortality in chronic 
alcohol abusers even several years after detoxifi ca-
tion.233   Dysrhythmias are particularly common during 
and immediately after alcohol withdrawal.  234   Heavy 
drinking of ethanol can induce arrhythmias (e.g., atrial 
fi brillation, ventricular dysrhythmias) in chronic alcohol 
abusers without underlying cardiovascular disease or 
electrolyte imbalance, particular during withdrawal.  235,236

In a prospective study of sudden cardiac death in 
England, Wales, and Scotland, the unadjusted risk of 
sudden death was increased several fold in heavy drink-
ing ( > 6 drinks daily) men without preexisting ischemic 
heart disease compared with occasional or light drink-
ers without preexisting ischemic heart disease.  237

Adjustment for age, social class, smoking, and systolic 
hypertension reduced the mean relative risk of sudden 
death in heavy drinking men to about 1.7, but the dif-
ference between the 2 groups was not statistically sig-

TABLE 21.3.    Diseases Associated with Excessive Ethanol Consumption. 

   Organ System     Disease/Disorder  

  Skin/Musculoskeletal    Pellagra, nutritional stomatitis, cheilosis, scabies, alopecia, myopathy  
  Trauma    Automobile accidents, rib fractures, pneumothorax, chronic subdural hematoma, suicide  
  Blood    Hemolysis, anemia, Zieve syndrome (jaundice, hyperlipidemia, hemolytic anemia)  
  Neurologic System    Acute intoxication, dementia, seizures, Wernicke encephalopathy, Korsakoff psychosis, stroke, 

subarachnoid hemorrhage, amblyopia, alcoholic withdrawal/delirium tremens, central pontine 
myelinolysis, cerebral atrophy, cerebellar degeneration, polyneuropathy, Marchiafava - Bignami 
disease, peripheral motor/sensory neuropathy  

  Respiratory    Tuberculosis, pneumonia, atelectasis, chronic obstructive pulmonary disease from heavy long - term 
smoking

  Cardiovascular    Cardiomyopathy, hypertension, congestive heart failure, arrhythmias, beriberi  
  Reproduction  Male : hypogonadism, male impotence, reduced testosterone concentrations, erectile dysfunction, 

loss of libido, impaired spermatic function, small testes, scant pubic hair 
Females : infertility, sexual dysfunction, loss of secondary sexual characteristics, menstrual 

irregularities, fetal alcohol syndrome  
  Metabolic/Endocrine    Malnutrition, vitamin B defi ciencies, diabetes mellitus, hypoglycemia, hyperglycemia, excessive 

lactate, hyperuricemia, alcoholic ketoacidosis, hypophosphatemia, electrolyte disorders, 
hypomagnesemia, hypercholesterolemia, hypertriglyceridemia  

  Gastrointestinal    Esophagitis, diffuse esophageal spasm, Mallory - Weiss tear, esophageal perforation with 
mediastinitis, gastrointestinal cancer, erosive gastritis, peptic ulcer, diarrhea, upper 
gastrointestinal bleeding, pancreatitis, pancreatic pseudocyst  

  Liver    Fatty infi ltration, alcoholic hepatitis, cirrhosis, liver failure  
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drawal symptoms (tremulousness, nausea, diaphoresis, 
insomnia) occurred in 4 volunteers after discontinuance 
of alcohol after about 2 – 4 weeks of daily intoxication.  243

Of the 6 volunteers who drank heavily for 1 ½  – 3 months, 
withdrawal symptoms were more severe. Two of these 
inpatients had seizures, 2 had hallucinations, and 3 
patients had delirium. One of the latter patients required 
treatment for DTs. In a study of 10 alcohol abusers with 
a prior history of withdrawal, the administration of pro-
gressive increasing daily doses of 86 - proof whiskey 
(maximum 40 ounces) over 24 days produced with-
drawal symptoms in 8 of 10 volunteers following cessa-
tion of drinking.  244

 Structured, withdrawal severity assessment scales 
(Clinical Institute Withdrawal Assessment Scale -
 Revised, Alcohol Withdrawal Scale)  245,246   are available 
to objectively quantify the severity of withdrawal. Table 
 21.4  outlines the scoring used for the Clinical Institute 
Withdrawal Assessment for Alcohol (CIWA - Ar) Scale. 
A CIWA - Ar score below 15 indicates mild withdrawal, 
whereas scores between 16 and 20 indicate moderate 
withdrawal symptoms.  247   Severe withdrawal is consis-
tent with scores above 20. High total scores on the 
Alcohol Use Disorders Identifi cation Test (AUDIT) 
suggest an increased risk of the development of with-
drawal symptoms. A total score of  ≥ 27 was sensitive 
(0.92), but not specifi c (0.24) for the necessity of medica-
tion for the treatment of withdrawal symptoms during 
the hospitalization of 55 patients at an inpatient addic-
tion treatment unit. 248

  Minor Abstinence Syndrome 

 The earliest and most common manifestations of alcohol 
withdrawal are generalized tremulousness, irritability, 
and GI distress (nausea, vomiting, anorexia) that 
develop within about 6 – 8 hours after the cessation of 
drinking. Other clinical features of the abstinence syn-
drome include diaphoresis, tachycardia, agitation, 
hyperexcitability, preoccupation with personal misery, 
muscular weakness, headache, insomnia, fl ushed facies, 
and conjunctival injection. Although most patients are 
asymptomatic within 72 hours, some symptoms persist 
for a week.  

  Alcohol Dependent Hallucinosis 

 Disordered perception occurs in about one fourth of 
tremulous alcohol abusers typically within 24 – 36 hours 
after cessation of drinking. This disorder of perception 
ranges from disturbing dreams to illusions and halluci-
nations (visual, auditory). The patient usually remains 
fully oriented.  

  Seizures (Rum Fits) 

 Seizures associated with ethanol usually occur during 
periods of abstinence preceded by binge drinking; the 
etiology of these seizures is multifaceted and complex.  249

Less than 10% of alcohol abusers develop seizures 
during withdrawal. The occurrence of seizures during 
the withdrawal phase is an indication of serious alcohol 
addiction with the potential for the development of 
DTs. Although seizures rarely develop after hallucina-
tions, about one third of alcohol abusers with with-
drawal seizures develop DTs. Most of these seizures are 
single, generalized, tonic - clonic seizures that occur with 
a peak incidence of 24 hours after the cessation of 
drinking and a range of about 6 – 48 hours.  250   The occur-
rence of focal seizures suggests the presence of concur-
rent lesions (e.g., hemorrhage, infection, metabolic 
abnormalities, illicit drug use, trauma, neoplastic lesions, 
cerebrovascular diseases). Multiple seizures may occur 
within several hours, but only about 3% of hospitalized 
alcohol abusers develop status epilepticus.  177

  Delirium Tremens 

 Symptoms of DTs typically develop 3 – 5 days after cessa-
tion of ethanol and rarely symptoms occur during the fi rst 
2 weeks of abstinence. Prodromal symptoms include 
sleep disturbances, restlessness, anxiety, and GI distress. 
Seizures occur in approximately one third of patients 
with DTs, and seizures almost always precede the devel-
opment of DTs.  177   Prominent features of DTs include 
agitation, confusion, disorientation, delusions, hallucina-
tions (visual, tactile), and autonomic hyperactivity (fever, 
sweating, tachycardia, dilated pupils, hypertension, and 
piloerection). The average duration of the acute psycho-
sis is about 3 days.  251   Delirium tremens represents a true 
medical emergency with a 5 – 10% mortality rate. Alcohol 
dependent patients with a previous history of DTs, con-
comitant medical illness (infection, metabolic disease, 
trauma), and chronic alcohol - related illness are high - risk 
candidates for the development of DTs. 

  Reproductive Abnormalities 

 Heavy abuse of alcohol during the prenatal period pro-
duces a wide range of facial abnormalities, cognitive 
dysfunction, and neurodevelopmental delay.  252   In 1973, 
Jones and Smith described the fetal alcohol syndrome 
as the pattern of anomalies associated with children 
born to alcohol dependent mothers.  253   The fetal alcohol 
syndrome is a combination of intrauterine or postnatal 
growth retardation, CNS dysfunction (reduced head cir-
cumference, developmental delay, mental retardation), 
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TABLE 21.4.    Clinical Institute Withdrawal Assessment for Alcohol ( CIWA  -  A  r ) Scale.   245,246

   Clinical Effect     Question/ Observation     Scoring     Score  

  Nausea and 
Vomiting  

  Ask  “ Do you feel sick to your 
stomach? Have you vomited? ”   

     0     No nausea and no vomiting  
  1     Mild nausea with no vomiting  
  4     Intermittent nausea with dry heaves  
  7     Constant nausea, frequent dry heaves, and vomiting     

  Tremor    Arms extended and fi ngers spread 
apart.  

     0     No tremor  
  1     Not visible, but can be felt fi ngertip to fi ngertip  
  4     Moderate, with patient ’ s arms extended  
  7     Severe, even with arms not extended     

  Paroxysmal 
Sweats

         0     No sweat visible  
  1     Barely perceptible sweating, palms moist  
  4     Beads of sweat obvious on forehead  
  7     Drenching sweats     

  Anxiety     “ Do you feel nervous? ”        0     No anxiety, at ease  
  1     Mildly anxious  
  4     Moderately anxious, or guarded, so anxiety is inferred  
  7     Equivalent to acute panic states as seen in severe 

delirium or acute schizophrenic reactions 
  Agitation           0     Normal activity  

  1     Somewhat more than normal activity  
  4     Moderately fi dgety and restless  
  7     Paces back and forth during most of the interview, or 

constantly thrashes about     
  Tactile 

Disturbances
  Have you any itching, pins and 

needles sensations, burning 
sensations, numbness or do you feel 
bugs crawling on or under your 
skin? ”   

     0     None  
  1     Very mild itching, pins and needles, burning or 

numbness
  2     Mild itching, pins and needles, burning or numbness  
  3     Moderate itching, pins and needles, burning or 

numbness
  4     Moderately severe hallucinations  
  5     Severe hallucinations  
  6     Extremely severe hallucinations  
  7     Continuous hallucinations     

  Auditory 
Disturbances

  Are you more aware of sounds 
around you? Are they harsh? Do 
they frighten you? Are you hearing 
anything that is disturbing to you? 
Are you hearing things you know 
are not there? ”   

     0     Not present  
  1     Very mild harshness or ability to frighten  
  2     Mild harshness or ability to frighten  
  3     Moderate harshness or ability to frighten  
  4     Moderately severe hallucinations  
  5     Severe hallucinations  
  6     Extremely severe hallucinations  
  7     Continuous hallucinations     

  Visual 
Disturbances

  Does the light appear to be too 
bright? Is its color different? Does 
it hurt your eyes? Are you seeing 
anything that is disturbing to you? 
Are you seeing things you know 
are not there? ”   

     0     Not present  
  1     Very mild sensitivity  
  2     Mild sensitivity  
  3     Moderate sensitivity  
  4     Moderately severe hallucinations  
  5     Severe hallucinations  
  6     Extremely severe hallucinations  
  7     Continuous hallucinations     

  Headache, 
Fullness in 
Head

   “ Does your head feel different? Does 
it feel as if there is a band around 
your head? ”  Do not rate for 
dizziness or lightheadedness. 
Otherwise, rate severity.  

     0     Not present  
  1     Very mild  
  2     Mild  
  3     Moderate  
  4     Moderately severe  
  5     Severe  
  6     Very severe  
  7     Extremely severe     
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mothers develop fetal alcohol syndrome. The incidence 
of fetal alcohol syndrome is about 4% among heavy 
drinkers.  258   The safe level of ethanol use during preg-
nancy is not clearly established, in part because of the 
variable defi nition of heavy drinking and the averaging 
of drinking behavior among groups in most epidemio-
logic studies on fetal alcohol syndrome. However, most 
of the serious teratologic effects of ethanol result from 
alcohol abuse rather than casual ethanol consumption. 
There is no conclusive evidence that the ingestion of 
≤ 83   g ethanol/weekly (low - moderate ethanol consump-
tion) during pregnancy causes adverse fetal effects (e.g., 
miscarriage, stillbirth, intrauterine growth restriction, 
prematurity, reduced birth weight, birth defects).  259

 Fetal alcohol syndrome is a diagnosis of exclusion. 
There are 2 sets of diagnostic criteria for the evaluation 
of children with suspected fetal alcohol syndrome 
including the 1996 Institute of Medicine (IOM) criteria 
and the highly - detailed Washington criteria  260   as well as 
a combination of the IOM criteria and the 4 - Digit 
Diagnostic Code.  261   The IOM criteria developed the fol-
lowing 5 categories: fetal alcohol syndrome with con-
fi rmed maternal alcohol exposure, fetal alcohol 
syndrome without confi rmed maternal alcohol expo-
sure, partial fetal alcohol syndrome with confi rmed 
maternal alcohol exposure, alcohol - related birth defects, 
and alcohol - related neurodevelopmental disorder. 
Although no specifi c parameters were originally estab-
lished for each diagnostic category, recommended revi-

and facial dysmorphology (short palpebral fi ssures, 
abnormal philtrum, thin upper lip) in children with 
known exposure in utero  to alcohol.  254,255   Table  21.5  lists 
the birth abnormalities associated with the fetal alcohol 
syndrome. Functional abnormalities associated with 
facial hypoplasia include dental malocclusions and 
malalignments as well as eustachian tube dysfunction. 
The degree of craniofacial abnormalities correlates to 
the persistence of cognitive dysfunction and growth 
retardation.254   The alcohol - related neurodevelopmental 
disorder is applied to individuals born to mothers using 
moderate to heavy doses of ethanol who do not have 
the characteristic facial abnormalities associated with 
fetal alcohol syndrome. These individuals have more 
subtle neurobehavioral defi cits than individuals with the 
fetal alcohol syndrome, particularly in the sequential 
manipulation of information linking environmental 
input with information retrieved from memory (i.e., 
working memory).  256   Sustained attention, focusing of 
attention in the presence of distractions and execution 
of appropriate responses are less affected.   

 There is no single mechanism responsible for the 
wide array of fetal abnormalities associated with mater-
nal alcohol abuse. Risk factors include maternal age, 
socioeconomic status, ethnicity, genetic/metabolic 
factors, smoking, diet, and multiple - drug dependence.  257

The risk of the recurrence of the fetal alcohol syndrome 
in alcohol dependent mothers is high when the mother 
continues to drink, but not all children born to these 

TABLE 21.5.    Abnormalities Associated with Fetal Alcohol Syndrome.   *    

   Category     Abnormalities  

  Facial Anomalies    Short palpebral fi ssures, small eye opening, premaxillary zone changes (fl at, thin upper lip, fl at 
midface, fl attened philtrum, low nasal bridge, short nose)  

  Growth Retardation    Low birth weight, poor weight gain, disproportional height - to - weight ratio  
  Neurodevelopmental    CNS anomalies (small head size, structural brain abnormalities), performance defi cits (fi ne and gross 

motor movement, visual - spatial tasks, tandem gait, eye - hand coordination, intelligence)  

    *   The partial fetal alcohol syndrome label applies to children born to alcohol dependent mothers when these children manifest only some 
components of facial anomalies along with complex cognitive and behavioral abnormalities (learning defi cits, behavioral problems, memory and 
attention diffi culties, poor school performance).   

   Clinical Effect     Question/ Observation     Scoring     Score  

  Orientation 
and
Clouding of 
Sensorium

   “ What day is this? Where are you? 
Who am I? ”   

     0     Oriented and can do serial additions  
  1     Cannot do serial additions or is uncertain about date  
  2     Disoriented for date by no more than 2 calendar days  
  3     Disoriented for date by more than 2 calendar days  
  4     Disoriented for place and/or person     

          Total CI WA - Ar score  *  :      

    *   Maximum possible score 67.   

TABLE 21.4. (Continued)
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of 80% (w/w), and the plasma density of 1.027   g/L is 
based on a plasma water content of 92% (w/w).]

   1 1 100‰ = =mg mL mg dL/ /   

 [Promile ( o /oo) means part per thousand; this measure is 
commonly used in Germany, Poland, Netherlands, 
Lithuania, and Latvia.]  

  Volume/Volume 

     80 40 proof v v= % /    

  Mass/Mass 

    

1

1 1 055

mg ethanol g whole blood

mg ethanol g whole blood g

/

/ .

=
×   whole blood mL

mg mL

/

. /= 1 055

     Air 

     1 1 88 3ppm mg m= . /  

    1 531 mg L ppm/ =     

  Analytic Methods 

  Techniques 

 Currently, gas chromatography (GC) with a fl ame ion-
ization detector using either a direct injection technique 
or headspace sampling is the reference method of choice 
for ethanol determinations, particularly for legal pur-
poses.  266   Headspace analysis measures the blood ethanol 
concentration in the equilibrated vapor phase above the 
liquid sample within a closed container maintained at 
constant temperature (50 ° C/122 ° F or 60 ° C/140 ° F). This 
procedure has relatively good specifi city for ethanol; the 
presence of other alcohols (e.g., methanol, isopropanol) 
or acetone does not usually interfere with the quantita-
tive determination of ethanol using this method.  267   The 
precision of this method is high with interlaboratory 
coeffi cients of variation ranging from about 3 – 5% and 
within laboratory  < 1%.  268   Total uncertainty (random 
plus systemic errors) using this method of alcohol deter-
mination ranges from  ∼ 4 – 6%.  269   Typically, BAC below 
10   mg/dL is reported as negative because ethanol con-
centrations below this value are near the limit of quan-
titation for head space GC.  270   

 Although GC is the reference method of choice for 
ethanol analysis, enzymatic ethanol assays are less costly 
and useful as more rapid screening methods. These 
enzymatic assays use the oxidation of ethanol to acetal-
dehyde by alcohol dehydrogenase with the concurrent 

sions provide more specifi c details.  262   The presence of 
short palpebral fi ssures ( ≤ 3%), smooth or fl attened 
groove between lip and nose called the philtrum (4 or 
5 on the 5 - point Likert scale of the lip - philtrum guide) 
and thin vermillion border of the upper lip (4 or 5 on 
the 5 - point Likert scale) is highly suggestive of fetal 
alcohol syndrome.  261    

  Carcinogenesis 

 The International Agency for Research on Cancer lists 
ethanol as a known human carcinogen (Group 1) as a 
result of epidemiologic studies causally relating alcohol 
drinking to increased incidences of cancers of the oral 
cavity and pharynx (2 -  to 5 - fold), larynx (2 -  to 5 - fold), 
esophagus (2 -  to 4 - fold), and liver (2 -  to 3 - fold).  263   Both 
chronic alcohol consumption and heavy cigarette 
smoking are strong risk factors for the development of 
upper aerodigestive tract cancers including the orophar-
ynx, hypopharynx, larynx, and esophagus.  264   The epide-
miologic data for a causal relationship between alcohol 
consumption and breast, colon, or stomach cancer is 
inconclusive. There is no direct relationship between 
lung cancer and ethanol consumption. Most of the sta-
tistically signifi cant associations between ethanol and 
cancer involve patients with high alcohol consumption 
( > 35 drinks/week).  265   These associations persist follow-
ing adjustment for smoking, and there is no indication 
that the causal effect is dependent on type of beverage. 
Although there are insuffi cient data on the carcinoge-
nicity of ethanol in animals, a metabolite (acetaldehyde) 
of ethanol is a known animal carcinogen.   

  DIAGNOSTIC TESTING 

  Conversion Factors 

   SI  Units 

    1 0 217mg dL mmol L/ . /=  

   100 21 7mg dL mmol L/ . /=  

   1 4 606mmol L mg dL/ . /=    

  Mass/Volume 

    0 1 100. % / / w v mg dL=   

 [100   mg/dL (whole blood)    =    94.8   mg/100   g    =    0.948   
g/kg, assuming the relative density of 1   mL whole 
blood    =    1.055   g. Typically, the relative whole blood 
density of 1.055   g/L is based on a blood water fraction 
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reaction leading to false high ethanol results. The dichro-
mate solution remains bright orange in the absence of 
ethanol and these other compounds. 

 Enzyme immunoassays (DRI  ®   EtG immunoassay, 
Thermo Fisher Scientifi c, Waltham, MA) are available for 
the detection of ethyl glucuronide in urine samples with 
lower limits of quantitation < 0.1   mg/L.  275   Cutoffs typi-
cally are set at 0.5   mg/L to increase specifi city. Case 
reports suggest that cross - reaction of this assay with 
chloral hydrate or metabolites (trichloroethyl glucuro-
nide) may occur.  276   Detection of ethyl glucuronide in hair 
requires high sensitivity (pg/mg range), such as achieved 
by liquid chromatography/tandem mass spectrometry or 
gas chromatography/mass spectrometry (GC/MS). The 
limit of detection (LOD) for ethyl glucuronide in a 100 -
 mg hair sample using liquid chromatography/tandem 
mass spectrometry after solid - phase extraction was 
51   pg/mg.  277   Analysis of the same sample size by gas 
chromatography/electron impact/mass spectrometry 
after derivatization with pentafl uoropropionic anhydride 
produces a LOD of 25   pg/mg with interassay precision 
< 7%.  278   Using gas chromatography/negative chemical 
ionization/tandem mass spectrometry following solid -
 phase extraction and derivatization with perfl uoropenta-
noic anhydride, the LOD and lower limit of quantitation 
(LLOQ) for ethyl glucuronide in a 30 - mg hair sample are 
3   pg/mg and 8.4   pg/mg, respectively. The bias (trueness) 
is < 15% and  < 20% at the LLOQ. 

  Serum/Whole Blood Ratio 

Ethanol.     Plasma and serum ethanol concentrations 
are essentially identical; therefore, these values are 
interchangeable.  279   However, the ethanol concentra-
tions in serum and plasma averages at least 11 – 14% 
higher than the corresponding concentrations in whole 
blood samples from healthy individuals.  280   In a study of 
235 healthy volunteers administered ethanol orally, the 
mean ratio of serum ethanol/whole blood ethanol was 
1.14    ±    0.04 with a range of 1.04 – 1.26 as measured by 
head - space GC.  281   Consequently, blood samples from 
healthy individuals with a plasma or serum ethanol con-
centration > 100   mg/dL reliably predicts a whole blood 
ethanol concentration exceeding 80   mg/dL. 

 The ethanol content of whole blood is a weighted 
average of the ethanol concentrations in plasma as well 
as various blood elements including erythrocytes, leuko-
cytes, and platelets. Medical conditions (e.g., hypovole-
mic shock, dialysis, anemia, pregnancy, hyperlipidemia, 
dehydration) alter intracellular fl uid balance and these 
conditions lower the ratio of plasma or serum ethanol 
to whole blood ethanol.  280   In a study of duplicate blood 
samples from 211 emergency department patients con-
taining serum ethanol concentrations up to 622   mg/dL, 

reduction of nicotinamide adenine dinucleotide (NAD + ) 
to NADH. The generation of NADH increases the 
absorbance at 340   nm that correlates to the ethanol 
concentration in the sample, whereas oxidized NAD +

does not absorb UV light at 340   nm. Other substances 
(e.g., methanol, isopropanol, formaldehyde) that use 
NAD as a coenzyme to generate NADH potentially 
interfere with the enzymatic assays for ethanol. However, 
the ADH enzyme from yeast is more specifi c; addition-
ally, the very slow oxidation of methanol at room tem-
perature limits the interference of methanol in forensic 
and clinical practice. Elevated serum lactate and lactate 
dehydrogenase (LDH) also produce falsely elevated 
serum ethanol concentrations when analyzed by enzy-
matic methods. Although standard blood collection 
techniques use nonalcohol containing skin antiseptics, 
experimental studies indicate that the type of antiseptic 
does not signifi cantly alter the results from blood 
ethanol determinations when using current enzymatic 
methods. In a study of 50 emergency department 
patients presenting with suspected ethanol intoxication, 
there was no statistically signifi cant difference in the 
serum ethanol concentration between paired samples 
using 70% isopropanol or povidone - iodine impregnated 
cotton swabs as measured with the DuPont automatic 
clinical analyzer (ACA).  271   An experimental study using 
100% ethanol as a skin preparation and the same clini-
cal analyzer did not demonstrate an increased serum 
ethanol concentration unless the ethanol - containing 
sponge directly contaminated the needle during with-
drawal.272   The cross - reactivity of isopropanol with 
ethanol using the ACA was 3.9%. Consequently, the 
type of skin - cleansing agent used during collection of 
blood specimens should not affect the results of ethanol 
measurements determined with the ACA, when the 
correct phlebotomy technique is used. 

 Techniques for the qualitative determination of 
ethanol in urine specimens include adding volumes 10% 
potassium dichromate in 50% sulfuric acid to an equal 
volume of urine.  266   In a strongly acidic potassium dichro-
mate solution, reduction of the yellow - orange chromic 
ion to the chromous ion changes the solution to blue -
 green; a green color indicates a positive test for alcohol. 
The Widmark method and modifi ed Widmark methods 
(Cavett, Southgate and Carter) are based on the colori-
metric changes associated with acidifying potassium 
dichromate solutions.  273   Older methods for the determi-
nation of ethanol concentrations include the use of the 
Conway cell where ethanol diffuses from the biologic 
fl uid in the outer chamber to an acid dichromate solu-
tion in the inner compartment.  274   The change in the 
color of the reduced solution is analyzed spectrophoto-
metrically. The presence of methanol, formaldehyde, 
and paraldehyde, but not acetone, interfere with this 
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containers should contain small air - space to minimize 
evaporation of the ethanol. Temperature, fl uoride con-
centration, tightness of the seal, and length of storage 
are the most important variables in loss of ethanol 
during storage.  288,289   The loss of ethanol from whole 
blood samples is minimal when stored at 4 ° C (39.2 ° F) 
in sealed containers with 1% sodium fl uoride. The 
average monthly loss of ethanol from unopened whole 
blood samples stored at 4 ° C (39.2 ° F) with 1% sodium 
fl uoride averaged about 0.2 – 0.3% per month over 1 
year.  290   The ethanol loss was independent of initial BAC 
in the samples. Even at ambient temperature, the loss 
of ethanol from preserved samples over the course of 1 
year at ambient temperatures is usually small ( < 10%).  291

In unopened blood specimens containing 0.36% w/v 
sodium fl uoride and stored at room temperature, the 
mean loss of ethanol over 3.0 and 6.75 years was 19   mg/
dL and 33   mg/dL, respectively.  292

 One study compared the change in ethanol concen-
trations of 32 paired, refrigerated samples of postmor-
tem whole blood and vitreous humor.  293   The former was 
stored in 50 - mL polypropylene tubes containing sodium 
fl uoride as a preservative and potassium oxalate as an 
anticoagulant, whereas the vitreous humor was stored 
in 10 - mL gray - top Vacutainer tubes containing 20   mg 
potassium oxalate and 25   mg sodium fl uoride. Over 5 – 6 
years the average reduction in ethanol concentration in 
the postmortem blood samples was 48% (absolute 
range, 10 – 290   mg/dL) compared with an average decline 
in ethanol concentration in vitreous humor samples of 
9% (absolute range 0 – 40   mg/dL). 

 Frequent opening of the container increases the loss 
of ethanol. Following the inoculation of whole blood 
samples with 150   mg/dL ethanol, the loss of ethanol 
averaged about 10 – 20% during the month of storage at 
ambient temperatures despite the presence of 1% 
sodium fl uoride.  294   The containers were opened 16 times 
during the 35 days of the study. The serum concentra-
tions of ethanol were not signifi cantly different over the 
course of the study. Microbial action in a blood speci-
men usually reduces the ethanol concentration in the 
sample. Strains of  Serratia marcescens  and  Pseudomonas
species are capable of metabolizing ethanol in blood 
samples containing 1% sodium fl uoride stored at room 
temperature. 

 The production of ethanol in well - preserved blood 
samples is unlikely. In a study of BAC in blood samples 
preserved with sodium fl uoride/potassium oxalate and 
stored at 4 ° C (39.2 ° F) for 1 year, signifi cant increases in 
BAC did not occur in any of the samples.  295   Production 
of ethanol in nonpreserved, antemortem blood speci-
mens may occur as a result of the fermentation by 
microbes, particularly in diabetic individuals with high 
blood glucose concentrations. Fermentation (i.e., the 

the mean serum/whole blood ethanol ratio was 1.16 
(95% CI: 1.14 – 1.17).  282   There were several outliers 
resulting in a range of serum/whole blood ethanol ratios 
from 0.88 – 1.59. In a study of 17 hospitalized patients 
receiving IV ethanol, the mean plasma/whole blood 
ratio was 1.10 with a range of 1.03 – 1.24.  280   Consequently, 
a single serum ethanol concentration can correspond to 
a range of whole blood concentrations, and the conver-
sion of a single serum ethanol concentration to a cor-
responding whole blood ethanol concentration requires 
the use of a range (e.g., 1.10 – 1.18) covering individuals 
with variable distribution of water between blood 
components.  

Ethyl Glucuronide/Sulfate.     Analysis of whole 
blood measures the total amount of a substance in 
blood, whereas serum excludes the erythrocytes and 
leukocytes. In contrast to serum, plasma does not contain 
fi brinogen; however, fi brinogen is not known to bind 
drugs and therefore plasma and serum concentrations 
for ethyl glucuronide and ethyl sulfate are almost identi-
cal as noted above for ethanol. In a study of 13 serum 
and whole blood samples from patients admitted for 
ethanol detoxifi cation, the median serum/whole blood 
ratio of ethyl glucuronide was 1.69 (range, 1.33 – 1.90), 
whereas the median ratio for ethyl sulfate was 1.30 
(range, 1.08 – 1.47).  283

  Storage 

Ethanol.     Optimum storage conditions for the deter-
mination of postmortem ethanol concentrations include 
the collection of blood in an air - tight container contain-
ing 1 – 2% w/v sodium or potassium fl uoride, particularly 
if analysis occurs more than a few days after autopsy. 
Signifi cant variation in BAC from living individuals 
does not usually develop in blood specimens collected 
within 14 days of analysis, regardless of the storage con-
ditions.  284   In a study of whole blood, plasma, and serum 
stored with and without preservatives at room tempera-
ture and under refrigeration (4 ° C/39.2 ° F), there was no 
statistically signifi cant difference between type of col-
lection tube or the storage condition during the 10 - day 
study.  285   The blood ethanol concentration ranged from 
60 – 90   mg/dL. The loss of ethanol from preserved, well -
 sealed samples stored at ambient temperatures is also 
small during the fi rst month of storage.  286   However, loss 
of ethanol may occur during long - term storage of blood 
samples, particularly when multiple aliquots are 
removed from the container. Mechanisms of ethanol 
loss from stored samples include diffusion from the air 
(headspace) inside improperly sealed containers, 
ethanol metabolism by microorganisms, and tempera-
ture - dependent ethanol oxidation reactions.  287   Specimen 
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tion phase). Variation in the ratio of liver to blood 
ethanol concentrations is relatively large. Postmortem 
analysis of 71 cases with a blood ethanol concentration 
≥ 40   mg/dL demonstrated a mean liver/heart blood ratio 
(±  SD) of 0.56    ±    0.30 (range, 0 – 1.40).  308

  Breath 

 The ethanol in expired air occurs almost exclusively as 
a result of the diffusion of ethanol from the bronchial 
circulation to conducting airways rather than from the 
alveoli.309   Portable methods of breath ethanol detection 
provide rapid, simple, and noninvasive ways of estimat-
ing the arterial ethanol concentrations based on the 
ethanol concentration in expired air and a blood/breath 
ratio ranging from 2,000 – 2,300. The standard conversion 
value in the United States for forensic purposes is 
2,100:1. The estimation of the blood/breath ethanol 
ratio depends on the extrapolation of Henry ’ s law, 
which determines partition of a chemical between the 
liquid and gas phases at equilibrium based on constant 
pressure and temperature in a closed system. However, 
Henry ’ s law provides only an estimation of the concen-
tration of ethanol in blood from the vapor phase because 
the lungs are not a closed system. Consequently, the 
actual ratio varies substantially between individuals and 
within individuals as a result of a variety of physiologic 
factors (e.g., temperature, humidity, breathing pattern, 
etc.) that affect the equilibrium of ethanol between end -
 tidal gas and the blood in the bronchial circulation.  310

Additionally, the blood/breath ratio is lower during the 
absorption phase compared with the postabsorption 
phase. In the absorptive phase, the breath/blood ethanol 
concentration is a better measure of arterial ethanol 
concentrations and exposure of the brain to ethanol 
than venous ethanol concentrations. To minimize the 
effects of physiologic variables, sampling techniques 
require the use of breath samples obtained from deep 
expiration after at least 15 minutes of breathing ambient 
air of normal temperature. 

Physiologic Variables.     In volunteer studies, hyper-
ventilation decreases the BrAC, whereas breath holding 
increases the BrAC.  311   Increasing body temperature dis-
torts the BrAC curve upward compared with the BAC. 
During an experimental study, the core body tempera-
ture of 9 male volunteers increased a mean of about 
2.5 ° C.  312   The average increase of the BrAC above the 
BAC was approximately 8.6%/ ° C increase in core body 
temperature. Similar volunteer experiments on reduc-
ing the core body temperature indicated that the BrAC 
curve was displaced downward an average of 6.8%/ ° C.  313

Thus, alterations of core temperature change the likeli-
hood of detecting ethanol concentrations, which exceed 

metabolic conversion of glucose to ethanol) by most 
microbes is inhibited by 1% sodium fl uoride with the 
exception of Candida albicans .  296   Experimental studies 
suggest that fermentation processes following direct 
inoculation or contamination with C. albicans  depend 
on ambient storage temperatures. Under refrigerated 
conditions, no ethanol was formed from fermentation 
during 6 months of storage in blood samples preserved 
with 1% sodium fl uoride and inoculated with  C. albi-
cans .  297   Experimental studies indicate that the storage 
of urine in 1% sodium fl uoride at 0 ° C (32 ° F) prevents 
the formation and loss of ethanol from the urine 
sample.  298,299

Ethyl Glucuronide.     Ethyl glucuronide remains 
fairly stable in urine samples in air - tight containers, 
when stored at 4 ° C (39.2 ° F) for 5 weeks; however, 
storage at room temperature in ventilated vials during 
this period resulted in some loss (mean, 37.5%; range, 
30 – 80%) of ethyl glucuronide from the samples.  300   At 
the end of the study period, ethanol was no longer 
detectable in samples stored at room temperature in 
ventilated vials. There was no ethyl glucuronide forma-
tion in postmortem samples of blood or liver spiked 
with 100   mg/dL ethanol. False - negative results may 
occur in the analysis of ethyl glucuronide in heavily 
putrefi ed samples, particularly when stored at room 
temperature without preservatives.  301   The use of preser-
vatives (chlorhexidine, potassium fl uoride) improves 
the stability of ethyl glucuronide in samples stored at 
room temperature for 1 week.  302   Although ethyl sulfate 
is relatively stable in storage, experimental studies 
suggest that extreme conditions (e.g., putrefaction) for 
1 week may cause some bacterial degradation of ethyl 
sulfate.  303

  Biomarkers 

 Ethanol diffuses into a variety of body fl uids including 
the aqueous portion of the blood, bile, urine, saliva, 
cerebrospinal fl uid, vitreous humor, and bone marrow.  304

Saliva is an alternative sample for the determination of 
ethanol, but studies on the correlation of saliva to blood 
are confl icting. In a study of volunteers ingesting 0.72   g 
ethanol/kg body weight, the mean saliva/blood ethanol 
ratio during  the postabsorptive phase was 1.077 (95% 
CI: 1.065 – 1.088).  305   Experimental studies suggest that 
the salivary ethanol concentration correlates better to 
capillary blood than to venous blood.  306   Analysis of vit-
reous humor samples helps confi rm the validity of blood 
ethanol samples because postmortem vitreous humor is 
relatively resistant to putrefaction processes.  307   Analyses 
of these specimens also provide information about the 
status of ethanol absorption (i.e., absorptive vs. elimina-
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mean blood/breath ratio was 2,448    ±    540 (95% CI: 
1,836 – 4,082).324   Although the mean elimination rates in 
venous blood and breath samples were statistically dif-
ferent, the absolute differences were small (i.e., 
0.157    ±    0.021   mg/g/h and 0.161    ±    0.021   mg/g/h, respec-
tively). There was no statistical difference in the blood/
breath ethanol ratio between men and women. The 
dynamics of ethanol exchange in the conducting airways 
produce a positively sloped plateau in the breath ethanol 
concentration that contributes to the dependence of 
breath ethanol concentrations on breathing pattern. At 
a constant fl ow rate, the breath ethanol concentration 
increases as an individual exhales into the breath ana-
lyzer. Consequently, ethanol breath measurements are 
approximations of the actual BAC. 

 The coeffi cient of variation for the blood/breath ratio 
ranges from approximately 9 – 19% as a result of both 
analytic and biologic factors.  325   The variability of the 
blood/breath ratio is substantially greater during the 
absorptive phase compared with the postabsorptive 
phase,  326   and the interindividual variation in BrAC is 
too large to accurately determine ethanol elimination 
rates between successive samples.  327   The breath ethanol 
measurement depends on instrumental, biologic, and 
procedural factors, and the variability increases as the 
blood ethanol concentration increases.  328   Interfering 
substances identifi ed in the breath of drinking drivers 
with Intoxilyzer 5000S ™  and Intoxilyzer 4011AS - A ™
usually involve high concentrations of toluene, acetone, 
isopropanol, or methyl ethyl ketone.  329,330   Typically, the 
Intoxilyzer 5000S ™  aborts the evidential breath test 
when these substances appear in the breath samples 
above a certain threshold value. Modern infrared instru-
ments can distinguish ethanol from acetone and if 
necessary correct the result or abort the test.  331   Variability 
in the blood/breath ratio indicates that breath ethanol 
concentrations should be reported as such, and not 
as blood ethanol concentrations. Studies of populations 
of drivers suspected of driving under the infl uence 
suggest that the Intoxilyzer 5000S ™  tends to underesti-
mate the actual venous BAC. In a study of drivers 
arrested for operating a motor vehicle while intoxicated 
(mean BAC, 180   mg/dL, range, 0 – 338   mg/dL), the 
breath ethanol concentration was higher by> 0.01   g/210   L 
than the corresponding BAC ( < 1 hour sampling 
difference) in approximately 67% of the samples.  332

Only 2% of the samples contained a breath ethanol 
concentration > 0.01   g/210   L lower than the correspond-
ing BAC. There are few data on the correlation of breath 
ethanol concentrations to BAC in populations with 
BAC  < 80 – 100   mg/dL. In many social situations, peak 
BrAC occurs within 0.45 – 1 hour of the cessation of 
drinking.  333

legal limits. At these core temperatures (i.e.,    ±    2.5 ° C), 
the ethanol clearance did not change signifi cantly. 

 Variables impacting on the accuracy of a BrAC mea-
surement include tests performed with 15   min of the use 
of alcohol or alcohol - containing medications or prod-
ucts.  314,315,316   Other factors include arteriovenous differ-
ences in ethanol concentrations during the absorption 
phase, recent belching or vomiting, inadequate end 
expiratory specimen (i.e., poor cooperation), presence 
of obstructive pulmonary disease (FEV 1<  2L, FVC 
< 2.6   L),  317   and poor technique or maintenance.  318

Experimental studies suggest that the presence of gas-
trointestinal refl ux disease (GERD) does not signifi -
cantly alter the BrAC curve during the postabsorptive 
phase.  319   Swallowing ethanol - containing products 
including beverages is unlikely to produce falsely high 
BrAC values when  > 15 minutes elapses between the 
ingestion and the testing. In a study of volunteers swal-
lowing 10   mL of diluted gin (20% v/v ethanol), about 
7% of the breath samples were positive as measured by 
the Intoxilyzer 5000 ™  (CMI, Inc., Owensboro, KY) in 
tests performed 10 minutes after ingestion.  320   The range 
of positive samples was 0.007 – 0.024 g% (7 – 24   mg 
ethanol/dL). Potential interfering substances include 
volatile compounds with enough vapor pressure to 
diffuse across the alveolar membrane and absorb infra-
red light at the same wavelength regions as ethanol; 
these substances include acetone, ether, isopropanol, 
methyl ethyl ketones, toluene, and methanol. Newer 
machines in the Intoxilyzer ™  series (e.g., 5000EN) 
display an  “ interferent ”  message that appears with 
aborting of the test when the interferent concentration 
exceeds 0.01   g/210   L. However, case reports indicate 
that some interference may occur without detection. 
A 47 - year - old intoxicated, suicidal man was found in 
a public park with a breath ethanol concentration 
of 0.288   g/210   L breath as analyzed by an Intoxilyzer 
5000™  EN.  321   Analysis of his blood in the emergency 
department demonstrated a methanol concentration of 
589   mg/dL and no detectable ethanol. The presence 
of ether in expired air may interfere with the analysis 
of BrAC, when analyzed by machines using a single 
wavelength of 9.5    μ m to determine the presence of 
ethanol.322

Blood/Breath Ratio.     The mean blood/breath ratio of 
ethanol is approximately 2,400 – 2,450. In a study of 799 
drivers apprehended for driving under the infl uence, the 
mean of the time - adjusted blood/breath ratio was 
2,407    ±    213 (95% CI: 1,981 – 2,833) as measured by the 
Intoxilyzer 5000S ™ .  323   In a similar study using the 
Intoxilyzer 5000S ™  in 18 healthy volunteers adminis-
tered 0.4 – 0.65   g ethanol/kg over 20 – 30 minutes, the 
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tions of 400 – 500   mg/dL in these patients may not cause 
serious CNS depression or vital sign abnormalities.  338   In 
a series of 204 consecutive patients presenting to an 
emergency department with serum ethanol concentra-
tions > 400   mg/dL (mean, 467   mg/dL, range, 400 – 719   mg/
dL), 88% of the patients were oriented to person, place, 
and time.  339   Although none of the 4 patients with serum 
ethanol concentration > 600   mg/dL were alert and ori-
ented, neither did any of these patients require mea-
sures of advanced cardiac life support (intubation, 
vasopressors).   

 Gross intoxication involves obvious impairment of 
perception, psychomotor tasks, motor coordination, 
reaction time, cognition, and judgment. These impair-
ments usually produce easily observable signs of 
intoxication including stumbling, falls, breaking of 
objects, poor execution of motor tasks, increased laugh-
ter, agitation, and quarreling.  340   Typically, individuals 
displaying these signs have serum ethanol concentra-
tions > 150 – 200   mg/dL. However, many chronic drinkers 
with a serum ethanol concentration within this range 
can adequately perform simple and even moderately 
complex tasks, particularly if the tasks are not pro-
longed. Estimation of the serum ethanol concentration 
is diffi cult both for the drinking individual and the 
observer. In a study of 161 volunteers with BAC ranging 
from 0 – 295   mg/dL as measured by gas chromatography 
with fl ame ionization detector, only 31% of the partici-
pants estimated their actual BAC within 20   mg/dL.  341

There was a tendency for individuals with low BAC to 
overestimate their actual BAC and for individuals with 
a high BAC to underestimate their BAC. Experimental 
studies suggest that observers tend to underestimate the 

  Antemortem Blood 

 Although yeasts (e.g.,  Candida albicans ) readily produce 
ethanol in vitro , the endogenous production of clinically 
signifi cant quantities of ethanol in healthy adults is 
unlikely. In healthy adults and adults with diabetes, 
hepatitis, and cirrhosis, the typical range of ethanol in 
venous blood from endogenous ethanol production is 
about 0 – 0.08   mg/dL.  334   Consequently, the endogenous 
ethanol concentration in these conditions does not 
cause impairment. Rare case reports document the 
presence of BAC  > 80   mg/dL in Japanese individuals 
with serious yeast infections.  335   These individuals 
probably have genetic defects (e.g., aldehyde dehydro-
genase - 2) that cause the formation of higher concentra-
tions of ethanol and acetaldehyde in the gut. Signifi cant 
concentrations of endogenous ethanol can occur in chil-
dren with short bowel syndrome. The formation of clini-
cally signifi cant concentrations of ethanol during rectal 
or vaginal candidiasis in healthy adults is highly unlikely. 

Acute Clinical Effects.     Ethanol consumption pro-
duces a dose - related depression of consciousness, and 
the BAC correlates generally to clinical signs, depending 
on several factors including the presence of tolerance, 
trauma, hypoglycemia, drug interactions, and preexist-
ing diseases.  336,337   Table  21.6  correlates clinical symptoms 
with the BAC (whole blood) in a population without a 
history of substantial ethanol use. Signs of ethanol 
intoxication are less prominent in chronic drinkers com-
pared with nondrinkers or occasional drinkers.  203   The 
clinical presentation of a tolerant patient at a given 
BAC is less predictable, and serum ethanol concentra-

TABLE 21.6.    Correlation of Blood Ethanol Concentration with Acute Clinical Effects in Individuals without History of Heavy 
Ethanol Use.   266

   BAC  *       Clinical Stage     Signs and Symptoms  

  10 – 50    Sobriety    Behavior normal with observable effects. Minimal changes potentially present by special 
testing.  

  30 – 120    Euphoria    Mild euphoria with increased sociability, loquaciousness, self - confi dence. Some decreased 
inhibitions and diminution of attention and judgment. Reduced performance on complex 
psychomotor tests.  

  90 – 250    Excitement    Emotional instability with decreased inhibitions, loss of critical judgment, impairment of 
memory and comprehension. Some loss of muscular coordination, increased reaction time, 
and decreased sensory response.  

  150 – 300    Confusion    Disorientation, mental confusion, dizziness, exaggerated emotional states (fear, anger, grief), 
disturbance of vision (diplopia, distortion of forms and motion), reduced pain sensation, 
impaired balance and coordination, slurred and/or incoherent speech.  

  270 – 400    Stupor    Apathy, marked decreased responsiveness, marked lack of muscular coordination with 
inability to stand, incontinence, impaired consciousness (lethargy, stupor).  

  350 – 500    Coma    Unconsciousness, depressed refl exes, respiratory depression, aspiration.  
> 450 – 500    Death    Respiratory insuffi ciency.  

    *   Whole blood ethanol concentration in mg/dL.   
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  Estimating Blood Ethanol Concentration.     
Calculation of the serum ethanol concentration based 
on the serum osmolality or the presence of an osmolal 
gap  approximates  the blood ethanol concentration.  349   
However, the presence of other, potentially unmeasured 
solutes limits the accuracy of these determinations, par-
ticularly in trauma patients.  350   Accurate estimation of 
blood ethanol concentrations based on antegrade or 
retrograde extrapolation requires the acceptance of 
several assumptions about elimination rates, status of 
absorption/distribution, and an accurate measurement 
of the blood ethanol concentration. 

  Antegrade (Forward Estimation).     The accuracy of 
forward estimations of BAC depends on the presence 
of the following factors: 1) the forward estimate of the 
BAC at time  “ t ”  occurs during the postabsorptive phase, 
2) known clearance rate or range of clearance rates that 
probably includes the true clearance rate, 3) there is 
100% availability of the dose of ethanol, 4) the meta-
bolic rate is constant from the beginning of drinking, 
and 5) the true volume of distribution is known. 
Under these conditions Equation  21.7  defi nes the BAC 
at time  t ,

    BAC BAC tt = − ×0 60( )β     (Equation 21.7)  

where  BAC t      =    blood alcohol concentration (mg/dL) at 
time  t  since drinking started;  BAC  0     =    theoretical BAC 
(mg/dL) at time 0 if total dose of ethanol is distributed 
instantaneously throughout total body water;  β  60     =    blood 
alcohol clearance rate (mg/dL/h);  t     =    time between start 
of drinking and time in question (h). 

 The theoretical BAC 0  is equivalent to the C 0  defi ned 
by Widmark and illustrated in Figure  21.1 . This value 
represents the theoretical BAC if the entire dose was 
absorbed and distribution in total body water, which is 
the volume of distribution (V D ) into which the dose of 
ethanol diffuses. Consequently, the value of BAC 0  
depends on the ethanol dose, the amount of fi rst - pass 
metabolism, age, gender, total body water, and the frac-
tion of water in the blood as defi ned by Equation  21.8 ,

     BAC D TBW Fw0 100= × ×/     (Equation 21.8)  

where  D     =    dose of ethanol (g);  TBW     =    total body water 
volume (L),  F w      =    fraction of water in the blood (v/v). 

 The ethanol elimination rate in whole blood samples 
from healthy, nontolerant adults typically ranges from 
about 8 – 25   mg/dL/h with a mean of approximately 15 –
 16   mg/dL. The actual rate may vary during the descend-
ing portion of the blood alcohol curve as a result of 
environmental factors and prevailing ethanol concen-
tration. Sources of error in the forward and backward 

BAC, and that there is substantial variation between 
observers.  342   

 Chronic ethanol users often do not demonstrate signs 
of gross ethanol intoxication even when the serum 
ethanol concentration is 200 – 400   mg/dL. In particular, 
recognizing chronic alcohol abusers with a serum ethanol 
concentrations  > 150 – 200   mg/dL is frequently diffi cult for 
trained health professionals (physicians, alcohol counsel-
ors) despite the use of observation instruments (e.g., 
alcohol symptoms checklist).  343   In a study of 110 consecu-
tive admissions to a detoxifi cation unit, patients were 
evaluated for intoxication based on measures of vision, 
pupil size, speech, verbal comprehension, coordination, 
and the ability to dress.  28   There was no clinical evidence 
of intoxication in 24% of 54 patients with a serum ethanol 
concentration  > 200   mg/dL. Although none of the 26 
patients with serum ethanol concentrations  > 300   mg/dL 
exhibited normal responses to all fi eld sobriety tests, 11 
patients had normal speech and 6 patients had normal 
gait. In a study of 76 emergency department patients that 
admitted to recent ethanol ingestion and were released 
after minor trauma, the mean blood ethanol concentra-
tion was 268   mg/dL with a range of 120 – 540   mg/dL as 
measured by gas chromatography.  344   The criteria for 
release was whether the patient was ambulatory, ori-
ented, able to calculate change for money, had no obvious 
neurologic abnormalities, and was capable of assuming 
his or her own care. 

 A serum ethanol concentration exceeding 450 –
 500   mg/dL is usually considered a potentially fatal con-
centration in individuals without a history of chronic 
ethanol use, depending on the presence of supportive 
care. A 30 - month - old child with an initial blood ethanol 
concentration of 455   mg/dL after ingestion up to 16   oz 
of wine was comatose when admitted to the emergency 
department and evaluated by the clinical laboratory 
(method not reported).  345   The victim survived without 
intubation and recovered without sequelae. Two case 
reports document the presence of high serum ethanol 
concentrations (1,121   mg/dL, 1,510   mg/dL) in patients 
with slight confusion.  346   Both these patients were alert 
and able to respond to questions. Several patients were 
deeply comatose with serum ethanol concentrations 
ranging from 700 – 1,500   mg/dL; these patients survived 
without sequelae.  114,115,347   These chronic ethanol abusers 
survived without sequelae. 

 Death occurs from respiratory depression at ethanol 
concentrations in blood samples exceeding 500   mg/dL. 
Alcohol dependence is common in fatalities associated 
with BAC exceeding 300   mg/dL.  348   Chronic alcohol 
abusers may exhibit few clinical signs of intoxication at 
ethanol concentrations in blood from 300 – 450   mg/dL, 
and these patients may survive ethanol concentrations 
exceeding 500   mg/dL if they do not aspirate.  338    
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include the phase of the blood alcohol curve during the 
time in question, the elimination rate during the time in 
question, the time of the last drink, the type of sample 
(serum, whole blood, breath), interindividual variation 
in the elimination rate, the time of reaching the peak 
BAC, and any short - term fl uctuations in the elimination 
rate.  65   The accurate estimation of the BAC at a time 
prior to the collection of a blood sample requires the 
presence of several of the following conditions: 1) the 
time of the estimated BAC and the blood sample must 
occur during the postabsorptive phase of the blood 
alcohol curve, 2) the ethanol elimination rate must be 
known or estimated as a range of probable values, and 
3) the time of the sample and the estimated BAC must 
occur during the linear declining phase of the elimina-
tion curve (i.e., BAC    =    20 – 200   mg/dL). In general, 
studies of healthy, fasted volunteers indicated that the 
blood alcohol curve is linear over the period 2 – 7 hours 
after rapid consumption of ethanol.  357   However, the 
onset of the postabsorptive phase varies with a variety 
of factors including food, medications, drinking pattern, 
and physiologic abnormalities (see Toxicokinetics -
 Absorption). Attempted back extrapolation of the BAC 
during a period of continuing ethanol absorption (i.e., 
the absorption and distribution phases) causes serious 
errors in the estimation of the BAC.  358

  Timing of Postabsorptive Phase.     Most absorption of 
ethanol in fasted  individuals occurs within 60 minutes of 
starting to drink; therefore, the mean peak ethanol 
usually occurs within 1 hour after the cessation of drink-
ing, particularly after a period of heavy drinking. 
However, some absorption may occur after reaching the 
peak ethanol concentrations. Drinking scenarios during 
experimental settings frequently differ from those 
encountered during real - world social situations. Factors 
that affect the timing of the postabsorptive phase 
include the dose and concentration of ethanol, the rate 
of consumption, the timing and type of food consumed 
near the time of drinking, age, weight, sex, and race. In 
an experimental study of 54 beer - drinking participants, 
who drank variable amounts of beer as fast as possible 
(range, 20 – 103 minutes) beginning about 3 hours after 
a light meal, the mean peak BAC was about 132   mg/dL 
(range, 52 – 254   mg/dL), and the mean time between the 
cessation of drinking and the peak BAC was approxi-
mately 1 hour with a range of about 0.3 – 2 hours.  359,360

Consequently, the postabsorptive phase usually begins 
about 1 – 2 hours after drinking ceases in individuals, 
who have not consumed a meal within several hours 
before drinking starts. The peak blood ethanol concen-
tration may also occur within approximately 1 hour of 
cessation of drinking of relatively small quantities of 
beer. The ingestion of 660   mL of light beer (about 3% 

estimation of the BAC involve inaccurate elimination 
rates, variability in the onset of the postabsorptive 
phase, and inappropriate values of V D . Determination 
of the onset of the postabsorption phase depends on a 
number of variables including the type of beverage, the 
drinking history, and the consumption of food. When the 
drinking pattern involves the ingestion of a few drinks 
at the end of a drinking binge over a period of hours, 
the delayed absorption of the last few drinks probably 
does not alter the estimation of the already high BAC.  351

The V D  depends on total body water, which varies with 
body habitus, sex, and age.  352   Compared with other 
tissues, ethanol is relatively excluded from fat with a 
fat - water partition coeffi cient of 0.018. The volume of 
distribution (i.e., total body water) decreases with age 
and obesity, resulting in relatively higher blood ethanol 
concentrations for the same dose at a given body weight 
compared with younger individuals with ideal body 
weights. 

 In general, 1 ounce of 80 - proof liquor (e.g., 1 glass of 
wine, 1 shot of whiskey, 1 can of beer) raises the blood 
ethanol concentration about 20 – 25   mg/dL for 100% 
bioavailability of the ethanol dose. Factors affecting the 
extrapolation of the blood ethanol concentration after 
a specifi c amount of ethanol include an accurate time of 
consumption, time for complete absorption, variability 
of test method (i.e., typically    ±    5%), time between inci-
dent and withdrawal of the blood sample, storage and 
collection methods, variability in volume of distribution, 
and position on the blood alcohol curve (i.e., greater on 
ascending than descending portion).  353   There are few 
clinical data on the effect of trauma and blood loss on 
the blood alcohol curve. The rapid alteration of fl uids in 
the intravascular space during hemorrhagic shock theo-
retically increases the whole blood ethanol concentra-
tion as the intravascular water content increases relative 
to the erythrocyte content.  354   However, serum ethanol 
concentrations do not vary substantially. Although 
trauma potentially can reduce ethanol metabolism by 
reducing hepatic blood fl ow, studies so far have not 
detected major changes in the blood alcohol curve as a 
result of infusion of fl uids during the resuscitation of 
multiple trauma victims except during periods of severe 
hypotension or poor hepatic perfusion.  355   In a volunteer 
study of 10 individuals ingesting ethanol to produce 
BAC of 105 – 210   mg/dL, the removal of 200 – 500 mL 
blood (4.5 – 8.7% total blood volume) did not alter the 
blood alcohol curve when compared with the same indi-
viduals under control conditions.  356

Retrograde Extrapolation (Back Estimation).     Esti-
mating blood ethanol concentrations at a time prior to 
analysis requires careful evaluation of a number of 
factors that affect the blood ethanol curve. These factors 
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20   mg/dL (range, 10 – 36   mg/dL). At least 2% of the 
drivers were not in the postabsorptive phase of 
the blood alcohol curve based on rising BAC between 
the 2 blood samples. Compared with this study, the 
mean ethanol elimination rates in whole blood from 
healthy, fasted volunteers during experimental studies 
using BAC near 100   mg/dL are lower (11 – 17   mg/dL/h) 
with substantially lower upper ranges (i.e.,  < 30   mg/
dL/h).111,117,365   Low elimination rates calculated from 2 
blood samples suggests that the sampling occurred near 
the peak of the blood - alcohol curve, which may be on a 
plateau as a result of delayed gastric emptying (e.g., 
after food). The elimination rate of ethanol is nonlinear 
at very low BAC (i.e.,  < 10 – 20   mg/dL).  116

  Alcohol Dependence 

 Recall bias produces substantial underreporting of 
ethanol consumption. Despite careful sampling and 
assessment of ethanol intake, surveys based on self -
 reported history account for only about 40 – 60% of the 
known ethanol consumption of a country or region.  366

No laboratory test is reliable enough to support the 
diagnosis of alcohol dependence without confi rmation 
from other sources.  367   Questionnaires depend on the 
awareness and willingness of the patient to acknowl-
edge the negative effects of drinking, and the question-
naire and serum biomarkers of excessive ethanol 
consumption probably detect ethanol abuse in overlap-
ping populations.  368   Consequently, questionnaires used 
in combination with biomarkers (MCV/GGT, CDT/
GGT) may be the most sensitive tests for the detection 
of excessive drinking. 

 Serum ethanol concentrations are not sensitive tests 
for the detection of alcohol abuse.  369   Popular question-
naires on the detection of alcohol dependence include 
CAGE, MAST (Michigan Alcoholism Screening Test), 
and AUDIT (Alcohol Use Disorders Identifi cation 
Test — World Health Organization). Common biochemi-
cal markers of ethanol abuse include gamma glutamyl -
 transferase (GGT), aspartate aminotransferase (AST), 
and erythrocyte mean cell volume (MCV). Newer bio-
markers of excessive ethanol use include serum mito-
chondrial AST, carbohydrate - defi cient transferrin 
(CDT), serum 5 - hydroxytryptophol, acetaldehyde 
adducts, and  β  - hexosaminidase. Of these newer markers, 
only the serum CDT offers some limited advantages 
over older biomarkers because of much higher 
specifi city. 

Questionnaires.     Both the CAGE questionnaire 
(Table  21.7 ) and the Brief Michigan Alcoholism 
Screening Test (Table  21.8 ) are useful screening tests for 
covert alcohol abusers, particularly in young, male 

w/v ethanol) by 9 volunteers produced a mean time to 
peak capillary ethanol concentration of approximately 
32 minutes (range 30 – 50 minutes).  361   Because ethanol 
absorption continues after peak BAC, retrograde 
extrapolation of the BAC to the period within 2 hours 
after drinking stops produces considerable variation 
with the true BAC, even in fasted individuals.  104

Therefore, retrograde extrapolation should be limited 
to the portion of the blood alcohol curve 2 hours after 
the cessation of drinking. Cross - sectional studies suggest 
that a majority of drivers with BAC exceeding 100   mg/
dL are in the postabsorptive phase at the time of the 
accident. In a study of 129 fatalities, about 67% of the 
drivers were in the postabsorptive phase at the time of 
the accident based on a urine/blood ethanol ratio 
exceeding 1.2.  362

Elimination Rate.     The accuracy and precision of retro-
grade and antegrade extrapolations depend on the 
assumed rate of ethanol elimination from blood. In a 
study of healthy fasted volunteers, the use of the actual 
mean plasma elimination rate (18.6   mg/dL/h) to extrap-
olate plasma ethanol concentrations during the postab-
sorptive phase produced small mean errors, but there 
was substantial interindividual variation in the differ-
ence between estimated and actual plasma ethanol con-
centrations ( - 28   mg/dL to  + 21   mg/dL).  357   The use of 
bracketing plasma elimination rates (15   mg/dL/h, 
23.8   mg/dL/h) produced large mean errors between 
estimated and actual plasma ethanol concentrations as 
well as large interindividual variations in the retrograde 
extrapolations. Consequently, calculations involving ret-
rograde extrapolation should include a suffi ciently 
broad range of elimination rates (e.g., 10 – 25   mg/dL) 
that likely includes the individual ’ s elimination rate as 
well as a mean rate of elimination (13 – 17   mg/dL/h). 
Although there are theoretical reasons for assuming 
that the ethanol elimination rate decreases during 
trauma and shock, there are limited clinical data to 
support this notion. A German study did not detect 
substantial changes in the ethanol elimination rate 
between patients with traumatic intracranial lesions and 
patients with torso injuries.  363   However, this study did 
not separate patients by the severity of shock. 

 Ethanol elimination rates of selected populations 
(e.g., suspected drunk drivers) and the general popula-
tion may differ because of the relative overrepresenta-
tion of alcohol abuse in the former group. In a study of 
drivers apprehended in the Netherlands for driving 
under the infl uence, the mean elimination rate (whole 
blood) for drivers with BAC  < 250   mg/dL was approxi-
mately 21   mg/dL/h with a range of 11 – 57   mg/dL/h.  364

For the subset of 197 drivers with an initial BAC ranging 
from 50 – 99   mg/dL, the mean elimination rate was 
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patients in a general hospital psychiatric ward. However, 
these questionnaires are less - sensitive tests for the 
detection of alcohol dependence in the general com-
munity or in populations containing large numbers of 
female or elderly patients.  370   Both the CAGE and 
MAST questionnaires involve abnormal past drinking 
behavior (morning drinking, alcohol - related problems), 
but these 2 questionnaires probably cover different 
aspects of unsafe drinking as refl ected in the fact that 
persons testing positive on one questionnaire frequently 
do not test positive on the other.  371   In addition to abnor-
mal drinking behavior, the AUDIT questionnaire (Table 
 21.9 ) includes the level and frequency of recent (i.e., 
past year) ethanol consumption as well as adverse con-
sequences of drinking. The AUDIT questionnaire was 
designed to identify heavy drinkers, and this question-
naire specifi cally seeks information about alcohol con-
sumption, alcohol - related problems, adverse psychologic 
reactions, and symptoms of dependence over the past 
year.  372   Any positive response to the 4 questions on the 
CAGE questionnaire indicates the need for a more 
detailed clinical assessment for alcohol dependence. The 
major criticism of the CAGE questionnaire is lack of 

TABLE 21.7.     CAGE  Questionnaire.   *    

  1.    Have you ever felt you should  C ut down on your 
drinking?

  2.    Have people  A nnoyed you by criticizing your 
drinking?

  3.    Have you ever felt bad or  G uilty about your drinking?  
  4.    Have you ever had a drink fi rst thing in the morning 

to steady your nerves or to get rid of a hangover 
( E ye - opener)?

    *   One positive answer indicates the need for follow - up, whereas 2 or 
more affi rmatives indicates alcohol dependence.   

TABLE 21.8.    Brief Michigan Alcoholism Screening Test ( MAST ) Questionnaire.   *    

   Question     Yes  - Points     No  - Points  

  Do you feel you are a normal drinker?    0    2  
  Do friends or relatives think you are a normal drinker?    0    2  
  Have you ever attended a meeting of Alcoholics Anonymous?    5    0  
  Have you ever lost friends or girlfriends/boyfriends because of drinking?    2    0  
  Have you ever gotten into trouble at work because of drinking?    2    0  
  Have you ever neglected your obligations, your family, or your work for 2 or 

more days in a row because you were drinking?  
  2    0  

  Have you ever had delirium tremens (DTs) or severe shaking, or heard voices 
or seen things that weren ’ t there after heavy drinking?  

  2    0  

  Have you ever gone to anyone for help about your drinking?    5    0  
  Have you ever been in a hospital because of drinking?    5    0  
  Have you ever been arrested for drunk driving or driving after drinking?    2    0  

    *   Score  ≥ 6 suggests the diagnosis of alcohol - use disorder.   

TABLE 21.9.    Alcohol Use Disorders Identifi cation Test 
( AUDIT ) Questionnaire.   *    

     1.     How often did you have a drink containing alcohol in 
the past year?  

  2.     How many drinks containing alcohol did you have on a 
typical day when you were drinking in the past year?  

  3.     How often did you have 6 or more drinks on one 
occasion in the past year?  

  4.     How often during the last year have you found that you 
were not able to stop drinking once you had started?  

  5.     How often during the last year have you failed to do 
what was normally expected from you because of 
drinking?

  6.     How often during the last year have you needed a fi rst 
drink in the morning to get yourself going after a heavy 
drinking session?  

  7.     How often during the last year have you had a feeling of 
guilt or remorse after drinking?  

  8.     How often during the last year have you been unable to 
remember what happened the night before because you 
had been drinking?  

  9.     Have you or someone else been injured as a result of 
your drinking?  

  10.     Has a relative or friend or doctor or other health care 
worker been concerned about your drinking or 
suggested you cut down? 

    *   Responses are rated 0 to 4: 0    =    never, 1    =    less than monthly, 
2    =    monthly, 3    =    weekly, and 4    =    daily or almost daily. Almost all 
alcohol abusers score 10 or above. The maximum score is 40.   

specifi city for individuals highly concerned about the 
health and religious implications of ethanol use as well 
as the failure to detect recent heavy drinking, particu-
larly in women and in the elderly.  373,374   The sensitivity 
and specifi city of the CAGE questionnaire for the 
detection of excessive ethanol consumption ranges from 
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alcohol dependence.  386   The sensitivity of the serum 
GGT as a marker for alcohol dependence drops sub-
stantially ( < 25 – 50%) when screening patients in the 
primary care setting where the population contains 
large numbers of women and healthy young ( < 30 years 
of age) male, episodic drinkers.  387,388   The serum GGT 
rarely increases in persons under the age of 30 years 
despite their heavy consumption of ethanol. The pres-
ence of drug interactions, obesity, medications (barbitu-
rates, anticonvulsants, anticoagulants), and hepatobiliary 
disease limits the specifi city of the serum GGT.  389   The 
serum half - life of the GGT is about 2 – 4 weeks, and the 
serum GGT returns to normal in alcohol abusers during 
the fi rst 2 months of abstinence.  387   Potential confound-
ers of detecting alcohol dependence by elevated con-
centrations of GGT include obesity and smoking.  390

Serum Carbohydrate - defi cient Transferrin ( CDT ).   
Carbohydrate - defi cient transferrin (CDT) is a compo-
nent of serum transferrin with an abnormally high iso-
electric point that results from changes in the 
carbohydrate composition of these chains in the pres-
ence of chronic ethanol consumption. In general, this 
biomarker has similar sensitivities as other serum bio-
markers of chronic ethanol consumption, but CDT is 
somewhat more specifi c than GGT.  391   The serum CDT 
has a high sensitivity (80%) and specifi city (80 – 95%) 
for detecting alcohol dependence in men, but the sensi-
tivity of this test for detecting heavy drinking ( > 60   g/
day) in the general population and in women is rela-
tively low (12 – 45%).  392   The specifi city of serum CDT for 
alcohol abuse is relatively high with some rare hepatic 
diseases (hepatocellular carcinoma, chronic hepatitis C, 
chronic active hepatitis, primary biliary cirrhosis) and 
the genetic d - variant of transferrin - limiting specifi c-
ity.  393   In general, the use of CDT for the detection of 
alcohol dependence in the general population does not 
offer an advantage over the use of GGT, particularly in 
women. The main advantage of using the serum CDT 
over serum GGT is the monitoring of patients for 
increased ethanol consumption during abstinence or in 
the detection of alcohol dependence in patients with 
liver disease, particularly changes of the baseline GGT 
in men.  367   Elevation of the CDT requires at least the 
average daily intake of > 4 – 6 drinks over the preceding 
1 – 2 weeks.  394   In large, multicenter, community - based 
populations, the CDT is probably not signifi cantly better 
than the GGT in detecting high -  or intermediate - risk 
alcohol consumption, particularly in women.  395

Serum Aminotransferases ( AST ,  ALT ).     Although ele-
vation of the serum aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) often occurs in 
alcohol abusers, the sensitivity of these tests for the 

about 60 – 95% and 40 – 95%, respectively, depending on 
the particular population assessed.  367,375,376   For example, 
the CAGE questionnaire is relatively insensitive in 
primary care populations containing large numbers of 
Caucasian women.  377   The original MAST questionnaire 
contained 25 questions, and there are several modifi ca-
tions including the Brief MAST (Table  21.8 ). The sensi-
tivity of the original MAST questionnaire for the 
detection of alcohol dependence ranges up to 85%,  378

but the length of the questionnaire limits the clinical 
usefulness of this test for the general practitioner. The 
sensitivity and specifi city of the AUDIT questionnaire 
ranges from about 80 – 95%.  379

Blood Tests.     Laboratory markers of excessive ethanol 
consumption potentially help identify alcohol depen-
dent patients. However, no laboratory marker is reliable 
enough alone to diagnosis alcohol dependence, and the 
diagnosis of alcohol dependence requires the combina-
tion of physician interview, questionnaire, and biomark-
ers.  380   Typically, these biomarkers indicate prolonged 
heavy ethanol consumption ( ≥ 5 standard drinks/day for 
5 days or more/week); these markers usually return to 
normal values within several weeks of abstinence. The 
usefulness of biomarkers (GGT, CDT, MCV) remains 
controversial because of the low correlation of bio-
markers to alcohol consumption and the wide range of 
normal values in the nondrinking population.  381   Both 
the CDT and GGT are sensitive markers for the exces-
sive use of alcohol, although GGT is less specifi c than 
CDT.  382   The BAC alone is not a sensitive screening test 
for alcohol dependence or problem drinking. In a cross -
 sectional study of 86 drinking drivers, a BAC  > 150   mg/dL 
identifi ed only approximately one - third of problem 
drinkers in the sample.  383

Gamma - Glutamyl Transferase ( GGT ).     Gamma -
 glutamyl transferase is a membrane - bound enzyme that 
catalyzes the transfer of the γ  - glutamyl moiety of gluta-
thione to peptide acceptors. GGT is a sensitive marker 
of ethanol - induced liver damage in the absence of 
biliary stasis, but specifi city of this biomarker is limited 
by elevation of GGT in some patients with pancreatitis, 
prostate disease, diabetes mellitus, obesity, other liver 
disease, or use of some drugs (anticoagulants, antiepi-
leptics).384   Although the serum GGT does discriminate 
between alcohol - induced liver disease and other hepatic 
disease, about 75% of established alcohol abusers have 
elevated serum GGT concentrations with a range of 
60 – 90% depending on the comparison population.  385

The initial elevation of serum GGT in chronic ethanol 
abusers results from enzyme induction rather than 
hepatic damage; therefore, the serum GGT may be the 
only hepatic enzyme elevated during the early stages of 
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LLOQ in the range of 0.05   ng/mg (LOD, 0.025   ng/
mg).405   In general, studies of alcohol abusers and teeto-
talers suggest that the mean ethyl glucuronide concen-
tration in hair correlates to the daily intake of ethanol; 
however, the range of ethyl glucuronide concentrations 
is relatively large.  406,407   Although external contamina-
tion and differences in melanin content are unlikely to 
affect ethyl glucuronide concentrations in hair, some 
differences occur in the deposition of ethyl glucuronide 
in hair at different sites on the body. Analysis of paired 
hair samples suggest that higher ethyl glucuronide con-
centrations may occur in pubic hair and sites other than 
scalp hair when compared with scalp hair samples.  408,409

  Postmortem Samples 

 Ethanol distributes into tissues antemortem based on 
water content. Therefore, postmortem changes in 
ethanol concentrations may result from changes in 
blood water content. Under certain conditions during 
decomposition, postmortem production of ethanol may 
also occur. A number of factors affect the postmortem 
redistribution of ethanol including the postmortem 
interval between death and sampling ( > 10 hours), 
ambient temperature, the presence of microorganisms 
in the body, chest and abdominal trauma, location and 
quality of the sample collection, diffusion of ethanol 
from the stomach to pericardial fl uid, and diffusion of 
aspirated ethanol into cardiac blood.  410   Several of these 
factors increase the concentration of ethanol in chest 
fl uid; therefore, the ethanol concentration in fl uid drawn 
from the chest cavity does not reliably refl ect the BAC 
at the time of death.  411

Blood.     Case series of postmortem examination of 
fatalities in alcohol abusers indicate that alcohol and 
drugs are common causes of death in addition to natural 
causes (coronary artery disease, pneumonia, intracra-
nial lesions, trauma).  412   Based on postmortem examina-
tion and toxicologic analysis of 73 alcohol abusers, 
death was attributed to the following causes: nonethanol -
 related drugs, 19%; alcohol/drug combination, 15%; 
acute ethanol intoxication, 8%; and alcoholic ketoaci-
dosis, 7%.  413   The causes of death for the other alcohol 
abusers in these data were not attributed to drugs or 
ethanol. The presence of postmortem ethanol does 
not necessarily imply the chronic use or abuse of 
ethanol.414   Postmortem ethanol concentrations poten-
tially result from several sources including ethanol 
administration during the period immediately before 
death, diffusion from the stomach or aspirated vomitus 
after death, or from the postmortem formation of 
ethanol. The concentration of ethanol necessary to 
cause death depends on several factors including 

detection of heavy ethanol consumption is relatively 
low (25 – 60% and 15 – 40%, respectively).  367,396   The 
amount of AST and ALT elevation depends on the 
extent of hepatic damage and the timing of ethanol 
intake. Acute ethanol consumption (3 – 4   g/kg body 
weight) may increase the concentration of these 2 
markers within 1 – 2 days after ingestion by healthy indi-
viduals. The AST/ALT ratio  > 1.5 – 2.0 is highly suggestive 
of alcoholic hepatitis, particularly if these enzymes do 
not exceed 400   IU/L.  397

Mean Corpuscular Volume ( MCV ).     The increases in 
the MCV correlates to the amount and frequency of 
ethanol consumption, but generally the ingestion of 
> 60   g ethanol daily for  > 1 month is necessary to increase 
the MCV above the reference range.  398   The MCV is less 
sensitive (i.e., 40 – 50%) than GGT in alcohol abusers, 
particularly in the primary care setting.  399   However, a 
variety of diseases increase the MCV including hemo-
lysis, vitamin defi ciencies (B 12 , folic acid), hypothyroid-
ism, nonalcoholic liver disease, smoking, and medications 
(anticonvulsants, azathioprine, zidovudine). The pres-
ence of both elevated concentrations of GGT and MCV 
increases the likelihood of alcohol dependence. Some 
individuals may ingest large doses of ethanol ( > 60   g/
day) for a prolonged period without developing altera-
tion of the MCV or hepatic aminotransferases.  400

Hair.     Fatty acid ethyl esters (FAEE) are minor, non-
oxidative metabolites of ethanol biotransformation. 
These compounds are formed by the etherifi cation of 
fatty acids or fatty acyl - CoA by fatty acid ethyl ester 
synthase or acyl CoA/ethanol  O  - acyltransferase, respec-
tively; almost all tissue contains FAEE synthase activity. 
The dominant fatty acid ethyl ester is ethyl oleate fol-
lowed by ethyl palmitate with substantially lower con-
centrations of ethyl myristate and ethyl stearate. These 
compounds are eliminated from blood within 24 hours.  401

Several studies suggest that the concentration of fatty 
acid ethyl esters in scalp hair is a biomarker of chronic 
ethanol consumption. In studies of chronic alcohol 
abusers and teetotalers, the total concentrations of these 
4 FAEE in scalp hair above 1   ng/mg indicated chronic 
excessive ethanol consumption, whereas  ≤ 0.4   ng/mg 
indicates abstinence.  402,403   However, there is large inter-
individual variation in the deposition of FAEE in hair, 
and drinking histories do not correlate well to the con-
centrations of these compounds in hair samples. 
Furthermore, the use of cosmetic products (deodorants, 
hair spray, hair lotion) with very high concentrations of 
ethanol may produce false - positive tests (i.e., 
FAEE    >    1   ng/mg hair).  404

 Ethyl glucuronide is detectable by high performance 
liquid chromatography/tandem mass spectrometry with 
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concentration in heart blood.  420   However, postmortem 
diffusion of gastric ethanol during decomposition or 
direct contamination from a ruptured stomach can 
falsely elevate the ethanol concentration in transtho-
racic fl uid and heart blood, particular in deaths occur-
ring shortly after a period of heavy ethanol 
consumption.421   In a retrospective study of 6,000 post-
mortem cases, 8 of the 19 cases with BAC  > 500   mg/dL 
in heart blood resulted from truncal trauma, aspiration, 
or postmortem contamination.  422

Ethanol Production.     Fermentation of glucose by 
certain fungi as well as decomposition of protein by 
specifi c bacteria leads to production of ethanol, particu-
larly in anatomic sites with high glucose content (e.g., 
liver, blood, muscle). Many postmortem blood samples 
contain large amounts of bacteria or yeast as contami-
nants, whereas microbial contamination is less common 
in the intact vitreous humor.  423   Many yeast ( Candida
albicans, Saccharomyces cerevisiae ), gram - positive bac-
teria ( Bacillus  spp.,  Staphylococcus aureus ,  Streptococcus
faecalis ,  α  -  and  β  - hemolytic  Streptococcus ,  Clostridium
perfringens ) and gram - negative bacteria ( Escherichia 
coli ,  Proteus vulgaris, Pseudomonas  spp ., Enterobacter
spp., Klebsiella pneumoniae ) are capable of fermenting 
carbohydrates (primarily glucose), lactate, glycerol, and 
amino acids in human blood to form ethanol.  424   Other 
carbohydrate substrates for postmortem ethanol forma-
tion include galactose, maltose, sucrose, and lactose. 
The combination of abundant bacteria, high glucose 
concentrations, insuffi cient preservatives, and prolonged 
postmortem interval are a factor that favors postmor-
tem formation of ethanol. In postmortem blood 
samples from a 40 - year - old diabetic (vitreous glucose, 
996   mg/dL) stored at 4 ° C (39.2 ° F) in 0.21% potassium 
fl uoride, the blood ethanol concentration increased 
from 40   mg/dL on storage day 2 to 350   mg/dL on day 
10.425

 Little ethanol production occurs in corpses stored at 
low temperature, but the rise in ethanol concentration 
of putrefying blood reaches a peak within 5 – 15 days of 
storage without preservatives at room temperature in 
association with a rapid decrease in blood glucose con-
centration.426   Blood ethanol produced by postmortem 
decomposition does not usually exceed 50 – 70   mg/dL 
unless the body is in advanced stages of putrefaction 
and/or high glucose concentrations are present along 
with ethanol - producing microorganisms.  427,428   Analysis 
of samples from 130 bodies in various stages of putre-
faction demonstrated endogenous production of ethanol 
in 23 bodies.  429   The blood ethanol concentration ranged 
up to 220   mg/dL with 83% of the samples containing 
≤ 70   mg/dL. In another study of 286 bodies in various 
stages of putrefaction, the highest ethanol concentra-

tolerance, genetic susceptibility, and the presence of 
other CNS depressants. In postmortem blood samples 
from patients dying of acute ethanol intoxication in the 
absence of the detection of other drugs or causes of 
death, the majority of the blood ethanol concentrations 
range from approximately 300 – 450   mg/dL.  415,416   The 
determination of acute ethanol intoxication as the cause 
of death requires careful evaluation of the events sur-
rounding death including evidence of asphyxiation, 
aspiration, and hypothermia. Average postmortem 
blood ethanol concentrations of alcohol abusers dying 
of chronic ethanol abuse are substantially lower (i.e., 
median,  ∼ 150   mg/dL) than the blood ethanol concentra-
tion from fatal, acute ethanol intoxication (360   mg/dL). 
Deaths in chronic alcohol abusers are usually the result 
of the presence of serious underlying medical diseases 
(e.g., cardiomyopathy, hepatitis, cirrhosis, liver failure, 
pancreatitis).417

 Factors to consider when evaluating postmortem 
ethanol concentrations include the site and method of 
sample collection, time after death and condition of 
body during sample collection, storage conditions and 
preservatives (e.g., sodium fl uoride), condition of the 
sample (desiccation, evidence of putrefaction including 
smell, color, fl uidity, and consistency), and analytic pro-
cedures (method, time interval between collection and 
analysis).418   Both water content and ethanol concentra-
tions in blood samples tend to decrease after death, 
particularly with long postmortem intervals.  419   In living 
humans, the average water content of fresh whole blood 
is about 80% w/w (84% w/v assuming a density of 
1.05   g/mL for whole blood) with the average for men 
being slightly less than women because of the lower 
female hematocrit.  270   Ethanol is hydrophilic; therefore, 
this substance distributes easily into total body water 
with relatively small differences between sampling sites 
after distribution is complete. However, some differ-
ences in postmortem ethanol concentrations between 
different sampling sites will occur as a result of differ-
ences in water distribution from postmortem redistribu-
tion (clotting, collapsed vessels). Because ethanol 
distributes to a greater extent into serum than into red 
blood cells, the ethanol concentration in blood samples 
will vary depending on the hematocrit. Hemorrhagic 
shock increases the blood water content and therefore 
the blood ethanol concentration as a result of the infl ux 
of extracellular fl uid and rapid equilibrium of alcohol 
between liquid and solid parts.  410   However, the correc-
tion factor is relatively small (i.e., 80%    ×    normal body 
water/existing water content). Trauma also potentially 
complicates the interpretation of intrathoracic ethanol 
specimens, particularly extensive GI trauma (e.g., avia-
tion accidents). The ethanol concentrations in a major-
ity of transthoracic samples approximate  the ethanol 
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fatty acids, and these compounds are present in the 
blood for up to approximately 24 hours after the inges-
tion of ethanol. The presence of  > 10,000   pmol fatty acid 
ethyl esters/g liver helps confi rm the antemortem inges-
tion of ethanol.  436

Ethanol Diffusion.     In general, case series of postmor-
tem ethanol specimens indicate that the mean ethanol 
concentration is similar between different sites in the 
body (e.g., femoral, heart blood, central veins, aorta).  437,438

However, on an individual basis there can be substantial 
variation between different sampling sites, particularly if 
ethanol is present in the stomach at the time of death.  439

Large variations ( > 50%) between postmortem ethanol 
concentrations in femoral and central (e.g., heart, aorta, 
chest) samples develop most often when the stomach 
contains an ethanol concentration > 500 – 800   mg/dL or 
aspiration of stomach contents has occurred.  440   These 
conditions usually result from the ingestion of ethanol 
within 1 hour of death. Potential contamination of heart 
blood with ethanol results from inadvertent puncture of 
the stomach depending on the presence of high concen-
trations of ethanol in the stomach and diffusion of 
decomposing chest fl uid from sources near the stomach. 
In a study of multiple sampling sites in 61 cadavers, there 
was > 25% variation in the blood ethanol concentration 
between different sampling sites in 33% of the cadavers, 
particularly when the ethanol concentration in the 
stomach exceeded 500   mg/dL.  441   Pleural or pericardial 
samples may contain ethanol concentrations up to 
190   mg/dL higher than those of the corresponding 
femoral blood samples because ethanol can diffuse from 
the stomach into the pericardium.  442   The presence of 
ethanol concentrations in blood below 50   mg/dL suggests 
that the gastric diffusion of ethanol is relatively small, 
particularly in peripheral samples.  443   Postmortem blood 
circulation patterns may alter the ethanol concentration 
both in peripheral and central sampling sites as a result 
of changes in water content.  441   Additionally, collection 
techniques may account for some of the differences 
between collection sites. The collection of low volume -
 blood samples in fl uoride - containing containers usually 
produces lower blood ethanol concentrations when com-
pared with companion specimens of larger volume speci-
mens unless special techniques are employed (e.g., 
saturation of the blood sample with excess sodium chlo-
ride) when measured by headspace gas chromatogra-
phy.  438   Fatalities from drowning in sea water can 
exacerbate differences in postmortem ethanol concentra-
tions between right heart or femoral blood and left heart 
blood as a result of changes in tonicity of blood in the 
lungs and GI tract, particularly after antemortem and 
postmortem aspiration.  444

tion attributable only to putrefactive production of 
ethanol was 70   mg/dL, but the ethanol concentration 
from the combination of endogenous production and 
exogenous ethanol ranged up to 160   mg/dL.  430   A study 
of 27 decomposed bodies (9 slight, 9 moderate, 9 severe), 
the endogenous ethanol concentration in postmortem 
samples from the chest cavity averaged 31   mg/dL with 
a range of 8 – 76   mg/dL.  431

 Abnormal distribution of ethanol between blood 
sampling sites suggests the possibility of postmortem 
ethanol formation, whereas relative similarity of ethanol 
concentrations between various postmortem sampling 
sites supports the absence of signifi cant amounts of 
postmortem ethanol formation. The presence or absence 
of volatiles (e.g.,  n  - propanol, isopropanol,  n  - butanol, 
isobutanol, acetone, acetaldehyde) alone does not 
provide suffi cient information to determine the origin 
of ethanol in postmortem samples or to exclude endog-
enous formation of ethanol.  432   In a study of 62 human 
bodies with water content ranging from 62 – 86% (mean, 
72%), the postmortem blood ethanol concentration 
increased 0.01   g/kg for each 1   mg/kg increase in the 
postmortem concentration of n  - propanol.  410   Most 
embalming fl uids contain methanol rather than ethanol, 
but the use of ethanol by the embalmer can contaminate 
postmortem fl uids (e.g., vitreous humor).  433   Methanol 
is not usually formed postmortem by microbial synthe-
sis.  270   Postmortem blood samples from individuals 
with poorly controlled diabetes should be interpreted 
cautiously (i.e., with vitreous humor samples) because 
of the potential of microorganisms to transform 
high concentrations of blood glucose into ethanol. 
Postmortem fermentation of glucose to ethanol is highly 
variable, in part because many microorganisms also 
consume ethanol. The presence of ethyl glucuronide in 
the liver helps confi rm the antemortem consumption of 
ethanol. 

 Fluoride ion, mercuric ion, and cold storage inhibit 
the formation of ethanol in tissue by microorganisms. 
The addition of 1% sodium fl uoride to tissues from fatal 
airplane accidents prevented the formation of ethanol 
in tissue stored at 4 ° C (39.2 ° F) and 25 ° C (77 ° F) for 96 
hours.  434   Within 24 hours of death, little ethanol is 
formed even at room temperature. No blood specimen 
from bodies refrigerated within 4 hours of death and 
stored up to 28 hours contained ethanol concentrations 
exceeding 10   mg/dL.  435   Criteria suggestive for endoge-
nous ethanol production include the following: 1) pres-
ence of ethanol only in blood or chest fl uid samples, 2) 
atypical distribution of ethanol among several body 
fl uids, 3) reliable historical information, and 4) the pres-
ence of high concentrations of other low - molecular -
 weight alcohols ( n  - butanol,  n  - propanol).  430   Fatty acid 
ethyl esters are esterifi cation products of ethanol and 
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blood samples, regression analysis suggested that a vit-
reous humor ethanol concentration > 150   mg/dL was 
necessary to predict a blood ethanol concentration of 
80   mg/dL with 95% certainty.  453   In a study of 706 foren-
sic necropsies, the median femoral blood/vitreous humor 
ratio was 0.847 (95% CI: 0.52 – 1.63).  452

 The blood/vitreous humor ratio depends on the 
phase of the blood ethanol curve at the time of death. 
During the early absorption phase (urine/blood ethanol 
ratio < 1.20), the blood/vitreous ratios demonstrate large 
variation as the ethanol content of vitreous fl uid lags 
behind the ethanol concentration in blood. A urine/
blood ethanol ratio of < 1.2 suggests that death occurred 
during the early absorption phase, whereas a urine/
blood ethanol ratio > 1.33 indicates that death occurred 
during the elimination phase.  454   Using the urine/blood 
ethanol ratio of < 1.2 as indicating the early absorptive 
phase, the blood/vitreous humor ethanol ratio during 
this period in 200 postmortem specimens averaged 
1.21    ±    0.45 (range, 0.84 – 3.07).  455   During the late absorp-
tion and elimination phase (urine/blood ethanol ratio 
> 1.20), the mean blood/vitreous ethanol ratio was 
0.84    ±    0.15 (range, 0.43 – 1.21). A blood/vitreous ethanol 
ratio exceeding unity suggests that death occurred 
during the absorptive phase.  454   However, both the stan-
dard deviation (0.57) and the range (0.71 – 3.7) were 
large for the blood/vitreous humor ethanol ratio, and 
this range overlapped the range (0.32 – 1.28) for the late 
absorptive and elimination phases. Consequently, the 
blood/vitreous humor ethanol ratio helps confi rm the 
phase of ethanol distribution, but this ratio alone does 
not prove when death occurred in relation to the blood 
alcohol curve.  

Ethyl Glucuronide.     In general, the concentration of 
ethyl glucuronide in vitreous is lower than urine and 
blood.456   Because vitreous is relatively protected from 
bacterial contamination, the presence of ethyl glucuro-
nide in vitreous is an aid to determine the occurrence 
of antemortem drinking, depending on the time and 
amount of drinking prior to death. However, both 
false - positive and false - negatives may occur,  301,457   and 
the vitreous ethyl glucuronide concentration must be 
interpreted along with the BAC, ethyl sulfate, the 
medical history, and the circumstances surrounding the 
death.   

Urine.   
Urine/Blood Ethanol Ratio.     Compared with ethanol 
biotransformation, the urinary excretion of unchanged 
ethanol is relatively small with renal excretion of 
unchanged ethanol accounting for about 0.5 – 10% of the 
ethanol dose. The ingestion of ethanol produces a tem-
porary increase in urine fl ow, and volunteer studies indi-

Vitreous Humor.     The use of vitreous humor for post-
mortem ethanol analysis helps distinguish endogenous 
from exogenous ethanol sources because microbial infi l-
tration of the vitreous humor occurs late in the time 
course of the putrefaction process, provided that the 
globe remains intact.  429   Anatomically, the vitreous 
humor is relatively protected from trauma. This clear, 
serous fl uid demonstrates good chemical stability 
because of the protected position of the vitreous humor 
and the relative resistance to postmortem ethanol 
formation. 

Ethanol.     Typically, the BAC is less than the concentra-
tion of ethanol in vitreous humor unless death occurred 
before steady - state equilibrium of ethanol, postmortem 
ethanol formation developed in blood, or the sample 
was contaminated internally by trauma or externally by 
ethanol.445   The absence of ethanol in vitreous humor 
specimens and the presence of ethanol in postmortem 
blood samples suggest the postmortem formation of 
ethanol. In a retrospective review of nonpreserved spec-
imens from 347 cases, almost all (99%) of blood samples 
with BAC  > 50   mg/dL had detectable quantities of 
ethanol in vitreous humor samples.  446   The highest BAC 
with a nondetectable concentration of ethanol in vitre-
ous humor was 120   mg/dL. The presence of other putre-
factive products (e.g.,  n  - propanol,  n  - butanol) in the 
vitreous helps confi rm the endogenous postmortem 
production of ethanol.  447   Factors other than endogenous 
ethanol formation that account for substantial differ-
ences (postmortem blood    >    vitreous ethanol concentra-
tions) include contamination of the blood sample prior 
to collection, diffusion of ethanol from the stomach into 
surrounding tissue, and the ingestion of large doses of 
ethanol immediately prior to death.  448

Blood/Vitreous Ethanol Ratio.     Based on the ratio of 
water content between blood and vitreous, the theoreti-
cal ethanol blood/vitreous ratio is approximately 0.79, 
assuming full distribution of ethanol at the time of death 
and the absence of postmortem ethanol formation or 
diffusion.419   Early forensic literature suggested a con-
version factor for the blood/vitreous humor ethanol 
ratio ( ±  SD) ranging from 0.72    ±    0.09  449   to 1.01    ±    0.04.  450

Correlation of the blood ethanol concentration to the 
vitreous humor ethanol concentration decreases as the 
blood ethanol concentration exceeds 200   mg/dL even 
during the postabsorptive phase.  451   Although analysis of 
vitreous humor samples helps confi rm the presence of 
exogenous sources of ethanol in the blood, the variation 
of the vitreous/blood ratio is too large to accurately 
predict blood ethanol concentrations from vitreous 
humor samples alone.  452   In a study of 349 cases involv-
ing the collection of postmortem vitreous humor and 
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difference between the calculated and actual BAC. 
Consequently, the main value of postmortem UAC is 
the determination of the likelihood of postmortem 
ethanol changes in blood. Postmortem fermentation 
occurs much later in the bladder than in the blood as 
long as the urine does not contain high concentrations 
of glucose (i.e., as in diabetes). A large discrepancy 
between the BAC and UAC suggests postmortem 
ethanol formation, particularly if death occurred during 
the postabsorptive phase (i.e., low ethanol concentra-
tions in gastric contents).  467

Ethyl Glucuronide.     The rapid elimination of ethanol 
results in the disappearance of ethanol within 12 hours 
in the plasma and slightly longer in the urine. Ethyl 
glucuronide is a potential biomarker of recent ethanol 
ingestion that remains measurable in urine samples 
longer than ethanol.  468,469   However, back - extrapolation 
of urine ethyl glucuronide concentrations to blood 
ethanol concentrations or levels of impairment is inac-
curate. Hence, urine ethyl glucuronide concentrations 
indicate prior ethanol exposure rather than the ethanol 
dose or impairment. This minor, nonoxidative metabo-
lite of ethanol is a nonvolatile, acidic, water - soluble sub-
stance that forms during phase II reactions by uridine 
diphosphate - glucuronosyltransferase (UGT).  In vitro
studies indicate that multiple UGT isoforms catalyze 
the addition of glucuronic acid to ethanol with UGT1A1 
and UGT2B7 being the 2 most prevalent isoforms;  470

however, the involvement of multiple UGT isoforms 
limits the forensic consequence of polymorphism with 
UGT1A1.471   In a study of 10 male volunteers receiving 
0.5   g ethanol/kg, the median excretion of ethyl glucuro-
nide over about 2 days was 0.017% of the administered 
dose.  472   Pharmacokinetic studies indicate that ethyl 
glucuronide does not accumulate in urine following 
repeated dermal or oral exposures. In a study of 9 
female volunteers receiving 0.4   g ethanol/kg twice daily 
for 8 days, no signifi cant accumulation of ethyl glucuro-
nide occurred in urine samples.  473

  Detection Times.     Urinary ethyl glucuronide concen-
trations are detectable within 1 hour after ethanol inges-
tion and for at least 6 – 10 hours and longer after blood 
ethanol concentrations are undetectable depending on 
the ethanol dose, urine specifi c gravity, individual varia-
tion, timing of previous drinking, and the sensitivity of 
the test (i.e., cutoff concentrations).  474   Volunteer studies 
indicate that detection of ethyl glucuronide in oral fl uid 
is only a few hours longer than ethanol; therefore, analy-
sis of ethyl glucuronide in urine is superior to oral fl uid 
for detection of ethanol use.  475   In a volunteer study, 
the peak urine concentration of ethyl glucuronide 
occurred about 2 – 3.5 hours after the peak ethanol 

cate the maximum diuresis in healthy adults occurs 
during the absorptive phase (i.e.,  < 1 – 2 hours after drink-
ing ceases).  93   Based on comparative water content, the 
urine/blood ethanol ratio is about 1.23 – 1.33.  458,459   The 
actual ratio depends on the average BAC during the 
time of the collection of the urine in the bladder. 

Fresh – Voided Specimens.     The accuracy of estimating 
the BAC from the UAC in antemortem samples is con-
troversial. For the estimation of BAC, the fi rst voided 
specimen is discarded and a second urine sample 
obtained 30 – 60 minutes after emptying the bladder. The 
ethanol concentration in this second void is used to 
estimate the BAC using a UAC/BAC ratio of 1.3.  460

Generally, during the postabsorptive phase, the urine 
ethanol concentration exceeds the BAC. Therefore, a 
urine/blood ethanol ratio ≥ 1.3 in a fresh - voided speci-
men indicates that drinking occurred at least 1 – 2 hours 
prior to the collection of the fresh - voided sample.  461

 The validity of this estimate depends, in part, on the 
phase of ethanol absorption. Although wide variation 
exists between individuals, volunteer studies in healthy 
adults suggest, but do not prove, that a UAC/BAC ratio 
< 1.0 – 1.2 indicates continuing ethanol absorption.  462   A 
UAC/BAC  > 1.3 suggests the sample was obtained 
during the postabsorptive phase. The combination of 
UAC/BAC  > 1.3 and decreasing UAC in 2 successive 
urine samples indicates that the ingestion of ethanol 
within 1 – 2 hours of the sample is unlikely. The postsam-
pling formation of ethanol in urine complicates the 
interpretation of the UAC/BAC ratio in diabetics and 
in patients with urinary tract infections.  463,464   Incomplete 
emptying of the bladder also complicates the interpreta-
tion of the UAC/BAC ratio, depending on the amount 
of urinary retention. Correction of the urine sample for 
dilution using the urine creatinine or specifi c gravity is 
not necessary because experimental studies indicate 
that the urine creatinine does not correlate to the UAC 
or to the UAC/BAC ratio.  458

Postmortem Specimens.     Postmortem urine samples 
represent pooled bladder specimens; therefore, the 
postmortem urine ethanol concentrations (UAC) do 
not necessarily correlate to the BAC at the time of 
death. Although the average urine/blood ratio of ethanol 
in autopsy cases frequently average about 1.3:1, the 
range is usually large; therefore, correlations between 
postmortem BAC and urine ethanol concentrations is 
usually low.  465   Analysis of UAC and BAC obtained 
simultaneously from postmortem specimens demon-
strated a mean UAC/BAC ratio of 1.28 (95 % CI: 0.36 –
 2.20).  466   Using a urine/heart blood conversion factor of 
1.28, only 44% of the 148 autopsy cases had  < 20   mg/dL 
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false - positive as well as false - negative reactions.  481,482

The former occurs following exposure to ethanol -
 containing products or after bacterial or yeast contami-
nation that produces ethyl glucuronide, particular when 
the sample contains E .  coli  and glucose.  483   Case reports 
indicate that false - positive results may result from the 
absorption of ethanol from mouthwash or ethanol -
 containing hand sanitizer.  484   In a study of 9 volunteers, 
gargling 4 ounces of 12% ethanol - containing mouth-
wash over 15 minutes, 39 urine samples were collected 
during the fi rst 24 hours after gargling.  485   Twenty of 
these urine samples had ethyl glucuronide concentra-
tions over 50   ng/mL and 12 samples contained ethyl 
glucuronide concentrations exceeding 100   ng/mL. In a 
drinking study of 12 volunteers ingesting 1   g or 3   g 
ethanol, the maximum ethyl glucuronide concentration 
in urine normalized to creatine was 320   ng/mL and 
1,530   ng/mL, respectively.  486   The estimated ingestion of 
ethanol in food and nonalcoholic beverages is < 1   g com-
pared with 1 – 2   g for ingesting 10 – 20   mL of mouthwash 
containing 12% ethanol. There was substantial interin-
dividual variation in the urinary excretion of ethyl gluc-
uronide during this study. Following repetitive daily 
dermal exposure to hand sanitizer (60% ethanol) by 9 
adults, the ethyl glucuronide concentrations in 88 fi rst -
 morning void urine samples ranged from  < 10 – 114   ng/
mL.487   False - negative results may occur as a result of the 
hydrolysis of ethyl glucuronide by strains of β  -
 glucuronidase - containing  E. coli  that contaminate urine 
samples. Additionally, the sensitivity of this biomarker 
decreases signifi cantly in dilute urine when substantial 
amounts of water are ingested within 1 hour of sam-
pling.  488   False - negative results may occur during analysis 
of dilute urine samples (e.g., urine creatinine  < 25   mg/
dL); normalization of the urine ethyl glucuronide to 
urine creatinine (e.g., 100   mg/dL) eliminates the effect 
of urine dilution on the sensitivity of the urine ethyl 
glucuronide analysis.  489

  Postmortem.     The presence of ethyl glucuronide in 
postmortem urine suggests recent ethanol consumption, 
but does not necessarily prove that a person died with 
a high blood ethanol concentration. Ethyl glucuronide 
is stable in urine samples stored at room temperature 
at least 4 days. Although  in vitro  formation of ethanol 
occurs as result of the fermentation of glucose, 
particularly in those with diabetes, formation of ethyl 
glucuronide does not result from glucose fermenta-
tion.490   This biomarker along with increased ratio of 
5 - hydroxytryptophol/5 - hydroxyindole - 3 - acetic acid can 
help to distinguish recent ethanol ingestion from post-
mortem ethanol artifacts.  491,492   Case reports suggest that 
ethyl glucuronide (and ethyl sulfate) does not form 
during the putrefaction process; these compounds may 

concentration.476   The presence of  ≥ 100   ng ethyl 
glucuronide/mL indicates ethanol exposure within the 
previous 3 – 4 days. 

 Nineteen volunteers were divided into low dose (1.4 
standard drinks), medium dose (2.9 standard drinks), 
and high dose (4.3 standard drinks) groups.  477   At 24 -
 hours postingestion, all urine samples were positive for 
ethyl glucuronide in the high - dose group, whereas ethyl 
glucuronide was not detectable in the urine samples 
from the low - dose group as measured by liquid 
chromatography/tandem mass spectrometry (cutoff, 
100   ng/mL). All urine samples obtained 48 hours after 
ethanol ingestion contained no detectable amounts of 
ethyl glucuronide. In a study of volunteer students 
ingesting an average of about 9 standard drinks based 
on questionnaire data, 100% were positive for ethyl 
glucuronide in urine samples 40 hours after the last 
drink, 77% of the urine samples were positive for ethyl 
glucuronide at 54 hours, and 18% at 78 hours after the 
last drink as measured by liquid chromatography/
tandem mass spectrometry (cutoff, 100   ng/mL).  478   The 
students ingested ethanol in various drinks (wine, beer, 
spirits) over a 6 - hour meeting; ethanol was nondetect-
able in all blood samples 15 hours after the last reported 
drink. Ethyl glucuronide was not detectable in all urine 
samples at 103.5 hours postingestion. In general, the 
elimination half - lives of ethyl glucuronide in social and 
heavy drinkers are similar, depending on renal function. 
In a study of 16 alcohol abusers admitted to an alcohol 
withdrawal clinic, the median elimination half - life of 
ethyl glucuronide in their blood samples was 3.3 hours 
(range, 2.6 – 4.3 hours).  479   In a study of 32 alcohol depen-
dent patients undergoing detoxifi cation with initial 
breath ethanol concentrations from 100 – 340   mg/dL, the 
median time for urinary ethyl glucuronide concentra-
tions to drop below the cutoff ( < 0.5   mg/L) was 78 hours 
(range,  ∼ 40 – 130 hours).  480   The median urinary detection 
time for ethyl glucuronide after the estimated zero 
ethanol concentration was 66 hours (range,  ∼ 30 – 110 
hours) compared with 56 hours (range,  ∼ 30 – 70 hours) 
for the urine concentration adjusting for relative dilu-
tion. The cutoffs were 0.5   mg/L and 0.5   mg/g creatinine, 
respectively.  

  Sensitivity/Specifi city.     The presence of ethyl glucuro-
nide in the urine is not a unique biomarker of recent 
ethanol ingestion as a result of the high sensitivity of 
this biomarker to trivial quantities of ethanol. Small 
quantities of ethyl glucuronide (i.e.,  < 120   ng/mL) may 
appear in the urine as a result of unrecognized ethanol 
exposure (e.g., mouthwash, nonalcoholic wine, cough 
medication, cosmetics, etc.) or endogenous ethanol 
metabolism. The presence of ethyl glucuronide must be 
interpreted cautiously because of the occurrence of 
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40   mg/dL was 0.56    ±    0.30 (range, 0 – 1.40).  308   The presence 
of ethanol in the liver in the absence of detectable concen-
trations of ethanol in the vitreous humor and the urine 
suggests postmortem ethanol formation. 

Bile.     The gallbladder in relatively well protected from 
trauma and this organ usually remains free of contami-
nation, even in violent deaths. In general, the postmor-
tem blood and bile concentrations are similar.  499

Typically, mean postmortem blood/bile ratio is about 
0.92 – 1.10. In a study of autopsied cases without thoracic 
or GI trauma, 19 paired heart blood and bile samples 
yielded a mean blood/bile ratio of 1.09 (range, 0.56 –
 1.54).  422   A study of ethanol concentrations in 33 cadav-
ers demonstrated a mean heart or aorta blood/bile ratio 
of 1.01    ±    0.19 (range, 0.44 – 1.40).  304   In a study of speci-
mens from 189 cadavers, the mean heart or aorta blood/
bile ratio was 1.03 (range, 0.32 – 2.91).  500   The wide varia-
tion in the blood/bile ratio for ethanol concentration 
limits the reliability of the extrapolation of bile ethanol 
concentrations to blood ethanol concentrations. The 
correlation of ethanol concentrations in simultaneous 
blood and bile samples improves when the blood ethanol 
concentration exceeds 100   mg/dL.  501   Bile ethanol con-
centrations exceeding 175   mg/dL suggest that blood 
ethanol concentrations exceed 150   mg/dL, whereas bile 
ethanol concentrations below 50   mg/dL usually corre-
late to blood ethanol concentration below 100   mg/dL. 
Extrapolation of blood/bile ratios for determining blood 
ethanol concentrations improves substantially when 
death occurs immediately (i.e., 30 minutes) after an inci-
dent and no drinking occurred shortly (i.e., 30 minutes) 
before the incident. The presence of high ethanol con-
centrations in bile compared with other sampling sites 
(e.g., blood) suggests that death occurred rapidly after 
ethanol ingestion.  502,503   The presence of a substantially 
lower postmortem ethanol concentration in blood than 
in bile also suggests the possibility of metabolism of 
blood ethanol shortly before death. However, there are 
inadequate data to determine the ethanol time -
 concentration curve for bile after ethanol ingestion.    

  Abnormalities 

  Acute Ingestion 

 The acute ingestion of large doses of ethanol produces 
an increase in serum osmolality along with a fall in the 
concentration of plasma vasopressin and an increase in 
free water clearance. In a volunteer study of 6 men 
ingesting 3.3   L of beer over 3 hours, the changes in 
water balance included a small decrease in the plasma 
concentrations of urea and creatinine as well as a mild 
rise in plasma potassium.  504   Under these experimental 

persist for years in mummifi ed corpses (i.e., without 
preservation) despite some postmortem hydrolysis 
during the putrefaction process.  493

  Serum Ethanol/ Ethyl Glucuronide Ratio.     In a study 
of 10 male volunteers consuming 0.5   g ethanol/kg body 
weight in a fasted state, the median peak serum ethanol 
ethyl glucuronide concentrations occurred about 4 
hours (range, 3.5 – 5.0 hours) after ingestion, whereas the 
median peak ethanol in blood was 1 hour (range, 0.5 – 2.0 
hours).472   The blood ethanol/ethyl glucuronide ratio as 
measured in g/L and mg/L, respectively, was  > 1 for the 
fi rst 3.5 hours after drinking (range 2.5 – 3.5). Thus, a 
ratio above 1 suggests drinking    <    3.5 hours before sam-
pling, whereas a ratio less than 1 suggests drinking    >    2.5 
hours before sampling. The ingestion of multiple doses 
of ethanol complicates the interpretation of this ratio.   

Ethyl Sulfate.     Ethyl sulfate is another minor, water -
 soluble metabolite of ethanol that is a potential bio-
marker of ethanol ingestion; this metabolite is formed 
during phase II reactions by sulfotransferase (SULT). 
The median times of occurrence and ranges for ethyl 
sulfate and ethyl glucuronide concentrations in urine 
following ethanol consumption are similar.  480   Ethyl 
sulfate is less susceptible to postsampling formation 
than ethyl glucuronide but there is less kinetic data for 
ethyl sulfate compared with ethyl glucuronide.  494

Serotonin Metabolites.     Ethanol alters serotonin metab-
olism by 1) decreasing the reduction of the intermediate 
serotonin metabolite, 5 - hydroxyindole - 3 - acetaldehyde 
(5 - HIAL) to 5 - hydroxyindole - 3 - acetic acid (5 - HTOL) 
and 2) increasing the oxidation of 5 - HIAL to 
5 - hydroxytryptophol (5 - HIAA).  495   The ratio, 5 - HTOL/5 -
 HIAA, remains elevated 5 – 15 hours after the elimina-
tion of ethanol from the body depending on the ethanol 
dose.  496   Consequently, a 5 - HTOL/5 - HIAA ratio exceed-
ing 15   pmol/nmol is not defi nitive proof of the presence 
of ethanol at the time of death. A 5 - HTOL/5 - HIAA 
ratio below 15   pmol/nmol indicates that the consump-
tion of ethanol is unlikely within about 24 hours prior 
to the collection of the urine sample.  497   This change in 
the 5 - HTOL/5 - HIAA ratio is probably not affected by 
the use of selective serotonin reuptake inhibitors or the 
consumption of serotonin rich foods.  498

Liver.     At equilibrium, the ethanol concentration is lower 
in liver tissue than in blood as a result of the relatively 
lower water content of the liver. In a case series of 10 
deaths attributed to acute ethanol intoxication, the liver/
blood ratio was 0.60    ±    0.056 (range, 0.54 – 0.72).  502   The 
average liver/heart blood ratio in 71 postmortem samples 
that contained heart blood concentrations exceeding 
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measures for the presence of selected osmotically active 
constituents rather than estimates of serum ethanol 
concentrations. A discrepancy between serum osmolal-
ity and serum ethanol concentration suggests, but does 
not confi rm, the presence of other osmotically active 
solvents. In the absence of an increased osmolal gap, 
ethanol is an unlikely cause of coma and other causes 
of coma should be considered (e.g., subdural hematoma, 
stroke, another CNS depressant drug). Nonethanol -
 related causes for elevated osmolal gaps include the 
presence of fructose, glycerin, IVP dye (diatrizoate), 
mannitol, propylene glycol, sorbitol, and alcoholic keto-
acidosis.  510   Occasionally, alcoholic ketoacidosis may 
cause a high anion gap metabolic acidosis and markedly 
increased serum osmolal gap in the absence of detect-
able concentrations of ethanol.  511   This metabolic pattern 
may be misdiagnosed as ethylene glycol or methanol 
poisoning in chronic alcohol abusers as a result of the 
formation of high concentrations of acetone and other 
ketone bodies (acetoacetate,  β  - hydroxybutyrate) during 
alcoholic ketoacidosis.  

  Hypoglycemia.     Ethanol - induced hypoglycemia occurs 
during ethanol intoxication, particularly in children under 
the age of 5 years,  512   but this laboratory abnormality is a 
relatively uncommon occurrence.  513,514   In a study of 143 
children under the age of 14 years admitted for acute 
alcohol intoxication, 12% of the children developed 
hypoglycemia.  515   The vast majority of these children were 
under 5 years of age. The severity of the hypoglycemia is 
not necessarily related to the quantity of alcohol ingested. 
Clinically signifi cant hypoglycemia is rare during ethanol 
intoxication in older children, and the biochemical distur-
bances associated with ethanol intoxication in children 
aged 11 – 16 years old and adults are similar. In a series of 
268 children (8 – 16 years) hospitalized for ethanol intoxi-
cation, there were no cases of severe hypoglycemia.  516   
Other laboratory abnormalities associated with ethanol 
intoxication in adolescents include mild hypokalemia and 
mild respiratory acidosis.  517     

  Chronic Ethanol Abuse 

 Alcohol dependence and alcohol dependent liver 
disease produce a variety of laboratory abnormalities 
including hypoalbuminemia, mild to moderate serum 
hepatic aminotransferase elevation, hyperbilirubinemia 
(primarily unconjugated), low BUN, and a prolonged 
prothrombin time depending on the severity of hepatic 
impairment.  186   Hypoalbuminemia results from protein 
malnutrition, malabsorption, albuminuria, loss into the 
peritoneal space, and impaired hepatic production. 
Typically, serum electrophoresis demonstrates a 
decrease in the albumin and prealbumin along with a 

conditions, there was no hypoglycemia or signifi cant 
increase in serum transaminase, creatine kinase, or  γ  -
 glutamyl transferase. Acute ethanol ingestion by itself 
does not usually produce dehydration or electrolyte 
imbalance, and the presence of laboratory abnormali-
ties consistent with dehydration indicates the presence 
of a condition (e.g., reduced fl uid intake, vomiting, pan-
creatitis) other than acute ethanol intoxication.  505   

  Serum Osmolality.     Osmolality (osmoles per kilogram 
solvent) and osmolarity (osmoles per liter of solution) 
are the number of particles dissolved in solution, and the 
osmolal gap is a rapid approximation of the unmeasured, 
osmotically active constituents.  506   Equation  21.9  approxi-
mates the serum osmolarity (O C ) based on the concentra-
tions of sodium, glucose, and blood urea nitrogen (BUN) 
in traditional units including correction of the serum 
water fraction (i.e., assumed to be 93% in healthy indi-
viduals). The correction factor for traditional units is the 
BUN concentration in mg/dL divided by 2.8 and the 
glucose concentration in mg/dL divided by 18,
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 (Equation 21.9)  

where  O C      =    Calculated osmolarity. 
 The measured osmolality (O M ) is normally about 

270 – 290   mOsm/kg H 2 O, and the difference between the 
measured osmolality and the calculated osmolality is 
the osmolal gap. Freezing point depression is the method 
of choice for the determination of osmolality because 
the vapor pressure method underestimates the contri-
bution of volatile alcohols.  507,508   Equation  21.10  calcu-
lates the osmolal gap (O G ), which usually ranges from 
10 – 15   mOsm/kg H 2 O depending on the variability of 
the reference ranges and coeffi cients of variation for the 
specifi c laboratory instruments.  509  

       O O OG M C= −     (Equation 21.10)   

 The presence of an elevated osmolal gap suggests the 
presence of signifi cant concentrations of osmotically 
active compounds (ethylene glycol, propylene glycol, 
methanol, ethanol, isopropanol, acetone). The ingestion 
of ethanol causes an increase in the osmolal gap. For 
each milligram of ethanol per deciliter, the osmolal gap 
rises by about 0.22   mOsm. An ethanol concentration of 
100   mg/dL raises the osmolal gap approximately 
22   mOsm/kg H 2 O, whereas serum ethanol concentra-
tions of 300   mg/dL result in an osmolal gap of about 
66   mOsm/kg H 2 O. Serum osmolal gaps are screening 
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prior withdrawal seizures, multiple previous detoxifi ca-
tions, and high total ethanol consumption. The electro-
encephalogram helps separate alcohol withdrawal 
seizures from epilepsy. The typical pattern in the former 
is a normal low - amplitude recording, whereas general-
ized spike and wave points occur with epilepsy.  524

However, the predictive value of a normal electroen-
cephalogram in this setting is limited.   

  Driving 

 Driving involves a variety of behavioral and psychomo-
tor tasks including perception (visual acuity, depth per-
ception, glare recovery), divided attention, information 
processing, sensory and motor skills (coordination, reac-
tion time, steering, tracking, maintenance of speed, and 
braking), and judgment. Driving is a monotonous task 
interrupted by unpredictable demands on decision -
 making and reactions. The threshold of impairment, as 
defi ned by changes from baseline measurements of psy-
chomotor testing, depends on the type of testing and the 
specifi c body function tested as well as the BAC. Because 
driving is a complex task, no single psychomotor test 
provides valid information to determine the causal role 
of ethanol in driving accidents. All behavioral skills are 
not equally impaired by the same dose of ethanol, and 
there are gender differences in some psychomotor skills 
(choice reaction time, tracking).  525   In general, tests of 
simple sensory and motor tasks (e.g., visual acuity, bright-
ness thresholds, tracking, braking) demonstrate little 
impairment at BAC  < 80 – 100   mg/dL, particularly in expe-
rienced drinkers with good psychomotor skills.  58,526

Psychomotor testing indicates impairment at BAC 
< 100   mg/dL on complex tasks (e.g., processing and acqui-
sition of information, performance on divided - attention 
tasks, judgment). However, biologic differences between 
individuals cause some overlap in performance measures 
at different ethanol concentrations.  527   The magnitude of 
the decrements in performance on psychomotor tests 
depends on a variety of factors, including the type of test, 
the specifi c BAC, and the phase of the BAC curve. In 
general, impairment is greater on the ascending than the 
descending BAC curve (i.e., Mellanby effect), but the 
differences are usually relatively small ( < 20%) and not 
all cognitive tasks are similarly affected.  528,529   Above a 
BAC of 100   mg/dL impairment of almost all driving skills 
occurs, and the relative risk of an accident increases dra-
matically when the BAC reaches or exceeds this 
concentration.530

  Sensory, Motor, and Cognitive Tasks 

 Driving involves a variety of behavioral and psychomo-
tor skills that are sensitive to the effects of ethanol, but 

broad elevation of the β  -  and  γ  - globulins and occasion-
ally elevation of IgA, IgG, and IgM. Failure of the pro-
thrombin time to respond to vitamin K indicates serious 
hepatic damage.  518   Even during alcoholic hepatitis, the 
elevation of hepatic aminotransferase concentrations is 
usually mild to moderate ( < 10 times normal), and a 
> 10 - fold increase in these enzymes suggests another 
cause (viral, drug, toxin).  519   The serum AST is typically 
elevated to a greater degree than the ALT with a ratio 
of approximately 1.5 – 2.0 in alcoholic liver disease. The 
presence of an AST/ALT ratio  < 1 suggests, but does not 
necessarily indicate another cause of hepatocellular 
disease.  520   Common electrolyte disorders, particularly in 
alcoholic cirrhosis, include hyponatremia, hypokalemia, 
hypophosphatemia, and hypomagnesemia. Hyper-
uricemia occurs following acute ethanol intoxication as 
well as long - term ethanol abuse.  521

 Metabolic acidosis in an alcohol abuser may also be 
associated with uremia, diabetic ketoacidosis, lactic aci-
dosis, alcoholic ketoacidosis, or fructose therapy. 
Alcoholic ketosis (acetoacetate,  β  - hydroxybutyrate) 
typically occurs in a alcohol dependent patients, who 
stops drinking after a heavy binge.  β  - Hydroxybutyrate 
is usually elevated disproportionally to acetoacetate, 
and the nitroprusside reaction may not be strongly posi-
tive despite large amounts of ketones because this reac-
tion is relatively insensitive to β  - hydroxybutyrate. The 
ketosis is not usually severe, and a metabolic acidosis 
may not be present. Patients with alcoholic ketoacidosis 
usually have low or nondetectable concentrations of 
ethanol, normal or low blood glucose, urinary ketones, 
and normal or moderately elevated urea and creatinine, 
whereas alcohol dependent patients with lactic acidosis 
typically have elevated serum ethanol concentrations 
along with an increased risk of sepsis, seizures, thiamine 
defi ciency, or severe impaired liver function.  522   The met-
abolic acidosis with ethylene glycol, methanol, or paral-
dehyde occurs after the elimination of ethanol from the 
blood and the restoration of alcohol dehydrogenase 
function. A hypochloremic metabolic alkalosis may 
result from volume depletion and loss of hydrochloric 
acid from vomiting. Anemia occurs commonly in alcohol 
dependent patients, and mild macrocytosis (mean cor-
puscular volume 100 – 110) develops in about one - half of 
alcohol dependent patients after several months of 
heavy drinking.  523   Causes of anemia in alcohol abusers 
include anemia of chronic disease, folate defi ciency, sid-
eroblastic anemia, and GI bleeding.  

  Withdrawal 

 Risk factors for alcohol - related seizures include hypo-
glycemia, electrolyte disturbances, intracranial hemor-
rhage, CNS infection, illicit drug use, isoniazid toxicity, 
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3.9 seconds to read a highway sign with 6 - inch letters; 
whereas the time to read the sign decreases to 1.95 
seconds and 0.78 seconds when the baseline visual 
acuity is 20/40 and 20/100, respectively.  536   Substantially 
more illumination is necessary at night to read these 
signs as 20/40 vision during the day is equivalent to 
20/100 at night; the effect of ethanol on visual acuity is 
relatively greater under twilight conditions compared 
with daytime lighting conditions.  537

Visual Acuity.     Visual acuity is the ability to resolve fi ne 
detail. Although visual acuity depends on a variety of 
variables (e.g., luminance, pupil size, eye movements, 
accommodation, chromatic aberrations, contrast, 
motivation/attention), experimental studies typically 
measure visual acuity in high - contrast environments. 
Dynamic visual acuity task determines the number of 
correct responses to the detection of the direction of a 
broken circle on a moving screen. Within 1 second of 
the target sweep, the participant must indicate the ori-
entation of the missing arch from the circle. The visual 
near point is the distance at which an individual begins 
to lose focus on a visual cue (e.g., card). In general, low 
to moderate doses of ethanol (BAC  < 100   mg/dL) do not 
substantially impair optometric visual function (e.g., 
visual acuity, color vision, dark adaption, perception of 
motion, accommodation, peripheral vision).  538   In exper-
imental studies, minor decrements in visual acuity 
occurred in individuals with BAC 100 – 125   mg/dL.  539

Some loss of near vision (accommodation, convergence) 
occurs as the BAC increases above 100 – 125   mg/dL.  532

Experimental studies suggest that low doses of ethanol 
(< 70   mg/dL) do not signifi cantly alter the perception of 
velocity.  540   At BAC concentrations in the range of 80 –
 100   mg/dL, lighting conditions do not affect driving 
skills associated with simulated driving tests.  541   Motion 
parallax is the ability to recover depth from retinal 
motion generated by observer translation. The visual 
perception of depth depends on motion parallax to 
determine the relative positions and direction of obsta-
cles in the visual fi eld. In a repeat measures within -
 participants study of 15 paid volunteers, the average 
observer threshold for motion parallax was signifi cantly 
higher ( P     =    .004) in the intoxicated state compared with 
the sober state.  542   The mean BrAC at the beginning of 
testing was 0.085% (range, 0.07 – 0.14%). However, there 
was wide interparticipant variability with no difference 
in the threshold for motion parallax for the intoxicated 
and sober states in 5 participants. Depth perception as 
measured by thresholds for binocular stereopsis was 
unaffected in this study, whereas perception of depth 
from motion parallax that relies on slow eye movements 
was affected. 

there are limited data on which impairments (e.g., reac-
tion times, tracking errors, psychomotor skills, vigilance, 
perceptual speed) cause an increase in the risk of vehic-
ular accidents. Typically, the ethanol - related accidents 
involve a single vehicle leaving the road. Intoxicated 
drivers are also frequently involved in rear - end and 
head - on crashes. These types of crashes suggest the 
presence of reduced alertness, decreased attentiveness, 
and impaired tracking abilities. Driving is primarily a 
monotonous visuomotor task with visual input account-
ing for about 90% of information received by the 
driver.  531   Correlating a BAC to a specifi c level of impair-
ment is complicated by the wide range of BAC and 
individual variation in most studies; however, there is a 
progressive impairment with increasing BAC. Modest 
impairment in some psychomotor tasks does correlate 
selectively to BAC  < 100   mg/dL; above this range, the 
number of tasks and degree of impairment progres-
sively increases. 

Vision.     Ethanol intoxication has negative effects on 
visual perception and eye movements at BAC concen-
trations up to 100   mg/dL, primarily involving central 
information processing rather than sensory receptors.  532

Not all visual functions are equally sensitive to the 
effects of ethanol in the range of 80 – 100   mg/dL. In 
general, ethanol concentrations near this range decrease 
contrast sensitivity modestly (10 – 20%), but visual acuity, 
color vision, accommodation (near vision), and percep-
tion of motion are relatively unaffected.  533   Studies on 
the effect of ethanol in this range on stereoacuity (i.e., 
smallest detectable difference in images presented to 
both eyes) and binocular vision (i.e., ability to use both 
eyes to fuse slightly dissimilar objects) is inconsistent. A 
variety of environmental factors add to the visual 
impairment caused by ethanol including weather (fog, 
rain, snow, dust, fog), illumination during twilight or 
night, local obstructions (foliage, buildings, cars, curves 
in the road), objects in the car (dirty windshield), and 
speed. The latter effects result from the reduction of 
peripheral visual input as the driver looks progressively 
ahead as the speed of the car increases.  534   As the BAC 
increases above 100   mg/dL, the number of impaired 
visual functions and the degree of impairment increases. 
There are limited data on the effect of BAC in the range 
of 125   mg/dL and above because of ethical constraints. 
Existing data indicates that most visual functions are 
impaired signifi cantly in this range including visual 
acuity, eye movements, depth perception and distance 
judgment, glare recovery, and peripheral vision; however, 
there is some interindividual variation.  535   The baseline 
visual acuity also affects the visual fi eld and the indi-
vidual ’ s ability to detect objects ahead of the vehicle. An 
individual with 20/20 vision driving at 60 mph requires 
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dividual variation (e.g., 215% change in 1 participant) 
with the reduction generally higher at higher spatial 
frequencies. The effect of ethanol on glare recovery is 
variable with some studies demonstrating decrements 
while other studies indicated some enhancement of 
glare recovery scores.  

Depth Perception/Binocular Vision.     Gain is the ratio 
of eye velocity to target velocity; maintaining fi xation 
on a moving target requires a gain near 1. Inhibition of 
slow eye movements results in the necessity of recruit-
ing fast eye movements to maintain fi xation. Ethanol 
reduces the gain of slow eye movements as well as the 
slowing of the initiation and the velocity of saccadic eye 
movements.  550   By requiring the visual system to recruit 
fast eye movements to generate a  “ catch - up saccade, ”  
jerky eye movements develop during ethanol intoxica-
tion, as exhibited by horizontal gaze nystagmus. Saccadic 
eye movements are quick jumps of the eye (20 – 700 ° /
sec) in response to a visual target stimulus jumping 
3 – 25 ° . Measured variables include saccade latency, 
maximum saccade velocity, saccade amplitude, and 
saccade overshoot. Smooth pursuit eye movements 
measure the ability of an individual to match velocity of 
the eye with the velocity of a visual target stimulus that 
moves at a rate of 1 – 30 ° /s as measured by the ratio of 
eye velocity to target velocity. BAC near 100   mg/dL 
decreases smooth - pursuit eye movement and increases 
the number of catch - up saccades.  551   Individuals still rec-
ognize exciting and relevant areas of visual scenes, but 
there is a reduction of visual exploration. Distance judg-
ment and depth perception depends on sensory feed-
back from ocular muscles that control binocular 
convergence. In general, moderate ethanol doses (80 –
 100   mg/dL) cause some esophoria (i.e., tendency for 
inward deviation of eyes) for far viewing and somewhat 
less exophoria (i.e., tendency for outward deviation of 
the eyes) for near viewing.  552,553   The effect of these 
changes on driving skills has not been established.  

Fusion/Diplopia/Accommodation.     Under normal cir-
cumstances, adjustment (i.e., vergence) of ocular muscles 
focuses the sensory input from both eyes on the respec-
tive retinas in a similar pattern that allows fusion of the 
2 images. Failure of this fusion causes diplopia. The near 
point and far point of fusion are the minimum and 
maximum viewing distances, respectively, at which 
fusion occurs. Fusion latency is the time required to 
attain fusion. Laboratory studies of healthy volunteers 
suggest that moderate doses of alcohol that produce 
BAC in the range of 80 – 100   mg/dL reduce the near and 
far point of fusion as well as increase the fusion 
latency, particularly at maximum viewing distances.  554

 The critical fusion frequency (CFF) test determines 
the threshold (i.e., highest frequency) at which an indi-
vidual ceases to perceive the fl ickering of a fl ashing light 
and sees the fl ashing light as a continuous source; the 
critical fl icker frequency test requires judgment about 
whether the frequency of a fl ickering light is increasing 
or steady. Reduction in critical fusion frequency (CFF) 
suggests impairment of visual temporal processing. CFF 
is the temporal analogue of spacial resolution acuity. 
Visual acuity and CFF provide information about the 
detection of fi ne detail and rapidly changing targets. The 
critical fl icker fusion test is relatively insensitive to BAC 
< 100   mg/dL.  

Contrast/Glare Recovery.     Contrast sensitivity involves 
distinguishing spatially distinct differences in luminance 
over a range of different spatial frequencies; in contrast 
to visual acuity, contrast sensitivity measures visual 
process in low - contrast situations. The testing of con-
trast sensitivity involves the use of a series of light and 
dark bars (i.e., grating pattern) with modulating lumi-
nance profi les. Contrast sensitivity is the reciprocal of 
the lowest detectable level of contrast; higher values 
mean greater contrast sensitivity. Experimental studies 
suggest that the consumption of ethanol delays light 
adaptation and reduces contrast sensitivity after intense 
light exposure,  543,544   but the dose response of this effect 
is not well defi ned.  545   In general, changes in contrast 
sensitivity are relatively small to nondetectable at BAC 
below 80 – 100   mg/dL, depending on testing of static or 
dynamic conditions.  546   In a crossover, controlled study 
of 20 individuals studied with and without ethanol, the 
mean contrast sensitivity for stationary sine wave 
grating decreased about 8% under white light condi-
tions.  547   The projected ethanol concentration during 
testing was 80   mg/dL, but no confi rmation of ethanol 
concentrations was reported. 

 In a crossover study of 12 healthy volunteers, the 
reduction in contrast sensitivity in the intoxicated state 
was about 2 ½  times greater during the testing of moving 
gratings of high spatial frequency ( - 0.29 log - unit) than 
for stationary gratings ( - 0.11 log - unit); for the moving 
gratings, the reduction was  < 10 – 15% of baseline.  548   The 
estimated BAC was 100   mg/dL based on the ingestion 
of 1.4   mL 95% grain ethanol/kg body weight, but the 
actual BAC was not measured. The estimated mean 
BAC was 88   mg/dL; the estimated BAC correlated to 
the dynamic contrast sensitivity, but not the static con-
trast sensitivity. Pearson and Timney reported larger 
decrements in stationary contrast sensitivity.  549   In their 
crossover study of 6 paid graduate students, the mean 
reduction in stationary contrast sensitivity over all 
spatial frequencies was 43% . The measured BrAC for 
this group was 60   mg/dL. There was substantial interin-
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the range of 80   mg/dL impair the ability to dissociate 
attention from gaze. 

 Driving is a divided attention task involving 1) a 
tracking task that maintains the vehicle in the proper 
lane and direction, and 2) a search and recognition task 
that monitors the driving environment for vital informa-
tion on vehicles, pedestrians, traffi c signals, and hazard-
ous events. Negotiating a turn is a classic divided 
attention task requiring an accurate estimation of the 
degree of curvature and precise tracking of the curved 
portion of the road. Because maintaining the vehicle in 
the correct position is a continuous task, ethanol -
 impaired drivers tend to focus on steering and miss 
important cues in the periphery of the driving environ-
ment.561   Divided attention tasks require individuals to 
perform 2 tasks simultaneously (e.g., central tracking 
and peripheral visual search). Sustained attention tasks 
require maintaining attention to a single source of infor-
mation for an unbroken period. Sustained attention 
tasks are less sensitive to ethanol than selective atten-
tion tasks that involve attention to 1 source of informa-
tion and the exclusion of another.  562

Simple Motor Tasks.   
Reaction Times.     Reaction times vary from individual to 
individual as well as with the type of task and the level 
of attention (fatigue) over different sensory areas.  563   For 
example, alcohol increases reaction time for foot 
responses (e.g., braking) relatively more than for hand 
responses (e.g., steering).  564   Theoretically, reaction times 
are divided into perception time (i.e., time from the pre-
sentation of the stimulus until movement) and move-
ment time (i.e., time from start of movement until a 
defi ned motor end point). Reaction times slow as the 
BAC increases above 80 – 100   mg/dL. In general, 
increased reactions times in this range are< 10%, whereas 
large increases ( > 40 – 50%) occur at BAC above 150   mg/
dL.565   Choice reaction times typically are slower than 
simple reaction times, depending on the complexity of 
the task; ethanol diminishes the difference between 
these 2 tests as the BAC increases above 125 – 150   mg/dL. 

  Simple.     Reaction times measure the speed of a 
response to an auditory or visual stimulus, and these 
tests involve components of attention and motor coor-
dination. Tests of simple reaction time measure mostly 
perception because the length of time required for the 
motor component is minimal compared with the time 
required for sensory input. To simulate real driving situ-
ations, brake time represents the time from the presen-
tation of a stimulus (e.g., auditory, visual) to the time 
the foot touches the brake pedal. Simple reaction times 
are an important component of braking; the braking 

Accommodation typically is not affected by BAC 
< 100   mg/dL.   

Hearing.     There are limited data on the effects of 
ethanol consumption on hearing. Existing data are 
confl icting, probably as a result of differences in 
ethanol dose, experimental design, and/or duration 
of ethanol exposure. One volunteer study indicated that 
ethanol reduces the auditory threshold at all frequen-
cies tested (250 – 8,000   Hz) beginning 30 minutes after 
the ingestion of 250   mL beer (estimated peak BAC 
25   mg/dL).  555   However, the effect of ethanol at higher 
frequencies was smaller and the duration shorter than 
lower frequencies. All effects of ethanol on auditory 
threshold resolved within 480 minutes. Another volun-
teer study demonstrated increased auditory threshold 
for low frequencies (monaural and binaural 200   Hz, 
monaural only 400   Hz) following the ingestion of 
ethanol (estimated peak BAC approximately 60 – 80   mg/
dL).556   In this study, the effects of ethanol on detection 
thresholds were greater on lower frequencies (200   Hz, 
400   Hz) than higher frequencies (800   Hz, 1,600   Hz, 
3,200   Hz). Additionally, monaural stimuli were more 
affected by ethanol than binaural stimuli. A study of 8 
healthy volunteers receiving moderate doses of ethanol 
suffi cient to cause mild clinical intoxication (BAC not 
reported) did not detect any effect of ethanol consump-
tion on pure - tone auditory thresholds.  557   There was a 
temporary reduction in distortion product otoacoustic 
emissions (i.e., sounds emitted in response to 2 simulta-
neous tones of different frequencies) at high frequen-
cies, but not at low frequencies. These studies suggest 
that the effect of ethanol on hearing is a central effect 
rather than a peripheral one.  

Vigilance and Attention.     Vigilance is a state of read-
iness to detect and respond to unpredictable and rare 
events. Vigilance tasks (e.g., continuous reaction times) 
require the ability to concentrate attention on a task for 
a prolonged period. Vigilance is relatively resistant to 
the effects of ethanol.  558   Volunteer studies indicate that 
ethanol intoxication impairs cognitive control of atten-
tion by limiting the ability to voluntarily allocate and 
use attention in a variety of tasks.  559   The spatial distribu-
tion of visual tasks is probably affected by ethanol con-
sumption as well as the diffi culty of the task. In a 
volunteer study using mean BrAC concentrations equal 
to 80    ±    10   mg/dL, participants in the alcohol group had 
diffi culty disengaging attention from the center of their 
visual fi eld; they fi xed their attention more diffusely in 
the center when compared with the control group.  560

This experiment suggests that ethanol concentrations in 
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adults faster than adults near retirement).  568   The inter-
action between speed and accuracy in these tests refl ects 
rates of information processing. Signifi cant decrements 
(i.e.,  > 10 – 15%) in choice reaction times does not usually 
occur below BAC 80 – 100   mg/dL unless the task is very 
diffi cult.  530   In a study requiring the selection of the 
appropriate key after a visual display of 5 choices, the 
IV infusion of ethanol suffi cient to produce a BAC of 
80   mg/dL caused a statistically signifi cant ( P     <    .01) 
increase in reaction time compared with placebo (no 
ethanol).576   The mean choice reaction time increased 
0.12 seconds, which corresponds to traveling an addi-
tional 13 feet at a speed of 70   mph.   

Tracking.     Steering is classically a skill requiring senso-
rimotor coordination to keep an object on a path, and 
a tracking task that uses hand – eye – limb coordination 
necessary to steer. The effect of ethanol on tracking 
tasks depends on the type of tracking test. Adaptive 
tracking requires individuals to match the movement of 
a stimulus with an index. The diffi culty level is adjusted 
to the ability of the individual. Pursuit tracking requires 
individuals to maintain a control index in a constant 
position relative to a moving index. Compensatory 
tracking entails the maintenance of an index on a pre-
determined position while a forcing function continu-
ously moves the index off target. This test is analogous 
to driving on a racetrack with a lateral incline. Critical 
tracking is an unstable compensatory tracking task that 
becomes increasingly diffi cult as the forcing function 
gradually increases in magnitude. Pursuit tracking tasks 
are more sensitive to the effects of ethanol compared 
with compensatory tracking. Simple tasks of tracking 
are relatively resistant to the effects of ethanol < 100   mg/
dL,577   whereas tests simulating evasive maneuvers 
required for emergency situations are much more sensi-
tive to the effects of ethanol.  578

  Driving Courses and Simulators 

 Driving simulators rely on sensorimotor skills (e.g., 
tracking) along with some judgment. The effects of 
ethanol on performance in driving simulators are vari-
able depending on the task as well as age, health, and 
baseline psychomotor abilities. Ageing is associated 
with some loss of visual acuity, reduced peripheral 
vision, response slowing, increased reaction time, decline 
in ability to divide attention, and diffi culty with problem -
 solving and perceptual speed.  579   In a study comparing 
the driving skills of older (mean age 69    ±    5.2 years) and 
middle - aged (36    ±    5.8 years) individuals on a driving 
simulator, the older drivers demonstrated greater 
driving impairments in speed control and braking.  580

reaction to an unexpected obstacle in the driving path 
is an example of simple reaction time.  530   In general, the 
motor response is more rapid to an auditory stimulus 
than to a visual stimulus.  566   The average braking time 
(i.e., time between presentation of visual stimulus and 
movement of foot to the brake pedal) in simulated 
driving situation is about 0.6 – 0.8 seconds with substan-
tial interindividual variation.  567,568   Experimental studies 
of simple reaction times indicate that decrements in 
response times are small ( < 10 – 15%) in individuals with 
BAC of 80 – 100   mg/dL,  539,569,570,571   whereas large decre-
ments occur when the BAC exceeds 150   mg/dL.  530   The 
consumption of ethanol increases both simple reaction 
times and perceptual speed.  572   Under laboratory condi-
tions with a fairly high degree of expectancy, the mean 
brake reaction time ranges from approximately 0.45 –
 0.60 seconds with perception time accounting for most 
of the total brake reaction time.  573   In a Swedish study 
of 321 drivers using their own cars, the median brake 
reaction time to an anticipated  auditory stimulus on a 
road was 0.66 seconds with a wide range (i.e., 0.3 – 2.0 
seconds).573   A road block was established by police on 
a local road, and police requested that the driver par-
ticipate in a braking study. The test group represented 
all 321 drivers stopped by police. There were no mea-
surements of ethanol concentrations. 

 A randomized, placebo - controlled study of 18 healthy 
adults using a driving simulator set to approximately 
84   ft/s (i.e., 55 – 60   mph) measured the mean brake latency 
as represented by the time between the appearance of a 
road hazard and the time the participant touched the 
brake pedal.  574   The mean brake latency increased from 
about 0.6 seconds under placebo conditions to approxi-
mately 0.7 seconds with a BrAC of 90   mg/dL. At a speed 
of 60   mph, this difference in the reaction time means that 
the car traveled about 10 feet further under the latter 
condition. The average brake latency commonly cited by 
the US National Highway Traffi c and Safety Administration 
(NHTSA) is 0.75 seconds.  575

  Choice.     Simple reaction time measures 1 behavioral 
response to a stimulus, whereas choice reaction time 
tasks use multiple stimuli and response possibilities. 
Therefore, performance on choice reaction tasks places 
a greater information processing load on individuals 
than simple reaction tasks, depending on the diffi culty 
and the familiarity of the individual with the tasks. 
Complicated choice reaction tests measure information 
retrieval time from short - term memory, and choice 
reaction tests are more sensitive to ethanol than simple 
reaction tasks.  564   There are minor differences ( < 10 – 12%) 
in choice reaction times between sexes (i.e., men are 
faster than women) and age categories (i.e., young 
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motives.  584   The effect of ethanol on these traits and the 
increased risk of driving accidents are not well defi ned. 
In a study of 20 female volunteers administered a risk -
 taking paradigm as part of a randomized, double - blind, 
2 - period laboratory study, testing 45 minutes after the 
ingestion of 0.7 g ethanol/kg did not increase risk 
taking.  585   The mean blood ethanol concentration was 
65    ±    10.5   mg/dL; therefore, almost all of these volun-
teers had a BAC below 80   mg/dL. The effect of acute 
ethanol intoxication on executive function and decision 
making is not well defi ned. Experimental studies suggest 
that doses of ethanol producing mean blood ethanol 
concentrations near 70   mg/dL (i.e., as estimated by 
breath analysis) affect executive function by subtly 
impairing the ability to use emotional signals (gains, 
losses, probabilities) while making risky decisions.  586

Measuring the effect of acute ethanol intoxication on 
impulsivity is complicated by disagreement on the defi -
nition of impulsivity (e.g., outcome of the decision, the 
load placed on working memory, other measures).  

Motor Vehicle Accidents.     The consumption of 
alcohol is a major factor in both fatal and nonfatal inju-
ries from motor vehicle accidents. Studies of alcohol use 
in patients requiring hospital care after nonfatal acci-
dents indicate that the incidence of alcohol use is high 
in this population, ranging from  ∼ 23 – 66%.  587   Alcohol 
involvement is also relatively greater in single - vehicle 
accidents and those crashes occurring on weekends.  588

Frequently, alcohol - related, single - vehicle accidents 
occur during the negotiation of a curve, which demands 
attention divided between estimation of the degree of 
curvature and precise tracking of the curved path.  589   The 
major difference between alcohol - related and 
nonalcohol - related single - vehicle crashes on rural 
Australian roads was road alignment. The percentages 
of alcohol - related and nonalcohol - related, single - vehicle 
accidents occurring on a curve were 50% and 36%, 
respectively. 

 The Fatal Accident Reporting System (FARS) of the 
US National Highway Traffi c Safety Administration 
(NHTSA) collects yearly data on all fatal crashes (i.e., 
death within 30 days) that occur on public roadways and 
involve a motor vehicle in transport. A fatal crash is 
considered alcohol - related if  any  of the following 3 con-
ditions occur: 1) the investigating offi cer determines 
that at least 1 driver was drinking, 2) the BAC is  > 10   mg/
dL, or 3) the police offi cer cites an involved driver for 
driving while intoxicated. When any of these 3 condi-
tions occur, the accident is presumed to be alcohol -
 related without determining actual fault based on 
accident analysis. The term drinking refers to any sign 
of alcohol consumption by a driver, including BAC 
below the legal limit of intoxication for driving. Because 

The older drivers drove slower, spent more time nego-
tiating left turns, had more inappropriate braking, made 
fewer appropriate full stops, had more speed variability, 
and had more crashes. However, the older men were no 
more sensitive to ethanol intoxication (BAC  > 80   mg/
dL) than middle - age drivers in regards to driving per-
formance, awareness of intoxication, and judgment. 

 Drivers with BAC in the range of 70 – 100   mg/dL 
demonstrate some increase in braking time and steering 
errors in response to changes in angulation of the simu-
lated roadway.  530   Generally, the most consistent changes 
in drivers using driving simulators with BAC of 70 –
 100   mg/dL involve information processing, decision -
 making, and judgment as manifest in speed and braking 
parameters. Limitation of closed - course driving involves 
the use of low speeds and the lack of unpredictable road 
hazards. Tests of driving in closed course conditions 
usually measure braking time, steering errors, and other 
control maneuvers, as well as subjective changes in 
driving behavior. Some adaption to the effects of ethanol 
on driving skills under closed - course conditions may 
occur following the chronic use of ethanol. In a study of 
light, intermediate, and heavy drinkers, the percentage 
of participants in each group with evidence of impair-
ment at a mean BAC of 79   mg/dL was 68%, 47%, and 
40%, respectively.  623

  Culpability Studies 

 Although the consumption of ethanol is a major risk 
factor for collisions, the consumption of ethanol per se 
is not a necessary or suffi cient cause of automobile acci-
dents. Many fatal accidents and most nonfatal accidents 
are not associated with the use of ethanol by the driver. 
However, the risk of involvement increases dramatically 
as the BAC exceeds 80 – 100   mg/dL, and the relative risk 
of involvement in a crash exceeds 20 when the BAC 
increases above 150 – 200   mg/dL.  58   Sharp increases in the 
risk of a fatal accident for more experienced drinkers 
do not occur until the BAC increases above 100   mg/
dL.581   Although the relative risk of a fatal accident 
increases substantially in the range of 80 – 100   mg/dL, 
many drivers with a BAC  > 80   mg/dL do not crash.  582   In 
general, the use of alcohol is relatively more common 
in single - vehicle accidents.  583

Human Factors.     Factors that affect the relative risk of 
driving accidents include personality, mood, stress, 
fatigue, and marital status. Personality traits that predis-
pose an individual to an increased risk of auto accidents 
include impulsiveness, overt hostility or aggression, low 
frustration tolerance, feelings of discontent, depression, 
irritability, emotional instability, and thrill - seeking 
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motorists. Severe head injury is the most common cause 
of death, and falls from bicycles cause more head inju-
ries than limb or spinal trauma.  596   Age is also a variable 
for fatal bicycle accidents. In a retrospective study, bicy-
clist error accounted for 79% and 55% of the fatal 
bicycle accidents in the age groups  < 10 - years - old and 
10 – 19 - years - old, respectively, whereas motorist error 
accounted for 63% of the fatal bicycle accidents among 
bicyclists 20 – 44 - years - old.  597   In general, the relative risk 
of a fatal bicycle accident increases with age  > 44, night -
 time bicycle riding, and male gender.  598   Night - time fatal-
ity rates are approximately triple the day - time fatality 
rates after adjustment for mileage.  599   Exclusive of 
alcohol - related accidents, reduced visibility during dark 
hours contributes to the relative increase in fatalities for 
pedestrians and pedal cyclists. Analysis of FARS data 
from 1980 – 1990 demonstrated that about 12% of the 
fatal pedestrian/pedal cycle collisions involved a drink-
ing driver, whereas approximately 44% of all other fatal 
accidents involved a drinking driver.  600

 The FARS reporting system includes only bicyclists 
who die on a public road after a collision with a motor 
vehicle. This data system does not include fatal bicycle 
accidents when the accident occurs on private property 
or when a motor vehicle is not involved. A review of the 
FARS data between 1987 – 1991demonstrated that of the 
1,711 fatal bicycle accidents reported in the 15 and over 
age group, an estimated 32% of the bicyclists had been 
drinking and 23% were legally intoxicated.  601   There are 
few data on the BAC of motor vehicle drivers involved 
in fatal bicycle accidents. In an unmatched case - control 
study of injured bicyclists who arrived at a hospital 
within 6 hours of injury, the risk of injury was approxi-
mately 10 times higher for bicyclists with BAC  > 100   mg/
dL when compared with sober controls.  602

Pedestrians.     Pedestrians provide lower contrast and 
smaller obstacles compared with vehicles. During 1999, 
approximately 4,400 pedestrians died within 30 days of 
an accident involving a motor vehicle based on FARS 
data.591   Of these fatalities, the percentage with BAC 
10 – 99   mg/dL and  ≥ 100   mg/dL was 7% and 34%, respec-
tively. In a study of injured pedestrians presenting to a 
trauma center, 30% had detectable BAC and about 
22% had a BAC  > 100   mg/dL.  603

  Standardized Field Sobriety Tests ( SFST  s ) 

 Police offi cers use fi eld sobriety tests to help assess 
whether or not a driver is impaired and to give probable 
cause for an arrest. In 1977, Burns and Moskovitz con-
ducted laboratory tests to determine which fi eld sobri-
ety tests were the most sensitive indicators of impairment 
(i.e., BAC  > 100   mg/dL).  604   The horizontal gaze nystag-

a BAC is not available for many drivers involved in fatal 
crashes, the NHTSA uses a statistical method to esti-
mate missing BACs.  590

 In 1999, approximately 36,000 vehicle occupants and 
about 6,000 nonmotorists (pedestrians/pedal cyclists) 
died within 30 days of a motor vehicle accident.  591   Since 
1982, there has been a steady decline in the number of 
fatal accidents associated with ethanol.  592   Between 1981 
and 1999, the percentage of all fatal accidents involving 
at least 1 drinking driver (i.e .,  BAC  > 10   mg/dL) declined 
from 57% to 38%. During this period, the percentage 
of fatally injured motor vehicle occupants with no 
detectable alcohol increased from 43% to 62%, whereas 
the percentage of dead occupants with BAC 10 – 99   mg/
dL and ≥ 100   mg/dL decreased from 11% to 8% and 
46% to 30%, respectively. According to 1999 FARS 
data, the percentage of all drivers in fatal accidents with 
BAC 10 – 99   mg/dL and  ≥ 100   mg/dL was 23% and 17%, 
respectively. Drinking drivers were overrepresented 
during the evening and night hours (6:00 pm  – 5:59  am ). 
During the evening hours, the percentage of drivers 
with BAC 10 – 99   mg/dL and  ≥ 100   mg/dL was 40% and 
31%, respectively, compared with 10% and 6%, respec-
tively, during the daytime. The percentage of drinking 
drivers (BAC  ≥ 10   mg/dL) involved in fatal accidents 
peaks from midnight to 3 am . During this period, the 
percentage of drinking drivers in single - vehicle and 
multiple - vehicle accidents was 77% and 70%, respec-
tively, compared with 14% and 8%, respectively, for the 
period between 9 am  and noon. Analysis of FARS data 
and the 1996 National Roadside Survey of Drivers indi-
cates that the relative risk of involvement in a fatal, 
single - vehicle accident decreases with age and female 
gender.  593   At a BAC of 90   mg/dL, the relative risk of a 
fatal single - vehicle crash varied between 11.4 ( ≥ 35 years 
old) to 51.9 (male driver, age 16 – 20 years). With few 
exceptions, women and older drivers had lower relative 
risk of involvement in fatal, single - vehicle crashes com-
pared with men and younger drivers. However, the use 
of alcohol among young female drivers is increasing 
compared with earlier data.  594   Among fatally injured 
drivers, heavy drinkers are overrepresented compared 
with social drinkers. In a study of fatal traffi c accidents 
in Texas, the mean BAC values for drivers judged to be 
responsible or not responsible for the accident were 
190   mg/dL and 150   mg/dL, respectively.  595

Pedal Cycles.     The etiology of serious bicycle crashes 
is multifactorial. Potential factors include environmen-
tal causes (night - time riding, rain, time during the day), 
adverse road conditions (pot holes, traffi c congestion, 
poor visibility, areas of construction), bicycle - related 
factors (speed, use of helmets, poor decisions regarding 
traffi c), and the sharing of transportation routes with 
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standardized fi eld sobriety test; similar results occurred 
following the use of HGN test along with A to Z alpha-
bet recital and rapid, alternate hand clapping for detec-
tion of elevated BAC during boating.  611

Horizontal Gaze Nystagmus ( HGN ).     Of the ocular 
signs (conjunctival erythema, eyelid lag, slow pupillary 
light refl ex, convergent pupils) associated with ethanol 
intoxication, HGN correlates best to BAC. The HGN 
measures the angle of gaze from the sagittal plane to 
the onset of rapid jerking movements (saccades) of the 
eye while visually tracking an object horizontally. As the 
BAC increases, the movement of the eyes becomes 
jerky as a succession of irregular saccades replaces 
smooth pursuit movements.  612   The amplitude of the 
rapid, jerking movements in the direction of gaze 
increases with increased deviation from the midline. 
Although HGN correlates roughly to BAC, HGN is  not
a direct measure of impairment because the presence of 
saccadic eye movements does not impair vision. The 
main value of the HGN is a screening test to detect 
high BAC rather than an indicator of impairment. 
Consequently, the HGN test does not eliminate the 
necessity of determining the BAC by standard labora-
tory methods. 

 At a BAC of 100   mg/dL, the onset of nystagmus 
usually begins at approximately 40 °  laterally from the 
midline.  608   The angle of onset of nystagmus decreases as 
the BAC increases,  613   and the onset of nystagmus at 45 °  
may occur at BAC  < 80   mg/dL.  614   Consequently, the pres-
ence of a positive HGN test by itself does not necessarily 
imply a BAC  > 80   mg/dL. In an experimental setting 
involving 20 healthy volunteers, BAC in the ranges of 
40 – 60   mg/dL and 80 – 100   mg/dL were associated with the 
onset of nystagmus at 45 – 50 ° , whereas BAC in the range 
of 100 – 120   mg/dL was associated with the onset of nys-
tagmus at 35 – 40 ° .  615   The coadministration of the equiva-
lent of 2 – 4 cups of coffee (i.e., up to 500 mg caffeine) did 
not alter the angle of onset of nystagmus. 

mus, the walk - and - turn, and the one - leg stand test were 
the 3 most sensitive tests for the assessment of impair-
ment based on BAC  > 100   mg/dL. A follow - up of the 
original work of Burns and Moskovitz by Stuster and 
Burns concluded that the fi eld sobriety tests were 91 –
 94% accurate in estimating BAC    <    80   mg/dL or  > 80   mg/
dL in drivers arrested for suspected driving under the 
infl uence.  605   The preferred method of analyzing the 
BAC during this study was breath testing (i.e., BRAC), 
but the participants had the choice of testing their 
ethanol concentration by analysis of their blood or urine 
samples. The report did not contain a distribution of 
these 3 methods of testing the BAC during the study. 
The data from these studies are heavily weighted to very 
high measured blood alcohol concentrations (MBAC), 
and reanalysis of the data indicate that the accuracy of 
the fi eld sobriety tests depend on the MBAC, particu-
larly in the MBAC range of 0.04 – 0.12%.  606   Table  21.10  
demonstrates the traditional statistics of test perfor-
mance for symmetrical ranges around the MBAC of 
0.08% (80   mg/dL). Although the accuracy of determin-
ing whether the MBAC is above or below 0.08% is 91% 
for the whole range of MBAC from 0 – 0.33%, the accu-
racy is much less when the sample contains only MBAC 
below 0.12%.   

 Although these fi eld sobriety tests are sensitive for 
determining if the MBAC is  ≥ 80   mg/dL, the results of 
this and other studies  607,608   indicated that these tests lack 
specifi city below MBAC  < 100 – 120   mg/dL.  609   In these 2 
studies, about 32 – 47% of the participants judged 
impaired by the fi eld sobriety tests had MBAC  < 100   mg/
dL. In addition, there is substantial variation in test -
 retest and interrater reliability, depending on the scoring 
criteria and the training of the offi cers. Scoring systems 
are available to increase reliability based on a standard-
ized scoring system involving a maximum of 6 points for 
the horizontal gaze nystagmus (HGN), 5 points for the 
one - leg stand, and 9 points for the walk - and - turn.  610   The 
HGN test accounted for most of the sensitivity of the 

TABLE 21.10.    Reanalysis of National Highway Traffi c Safety Administration 1998 Report on the Standardized Field Sobriety 
Test Battery at Various Breath Ethanol Ranges.   606

   MBAC  *       Number     Accuracy 
 (%)  

   Sensitivity 
 (%)  

   Specifi city 
(%)

   PPV 
 (%)  

   NPV 
 (%)  

  0.07% - 0.09%    36    72    96    36    70    83  
  0.06% - 0.10%    65    75    95    44    73    85  
  0.05% - 0.11%    97    79    97    55    75    92  
  0.04% - 0.12%    135    82    95    63    79    90  

Abbreviations:  MBAC    =    measured blood alcohol concentration in g%, where 0.1   g%    =    100   mg/dL; Accuracy    =    percentage of cases correctly 
classifi ed as above or below MBAC 0.08%; PPV    =    positive predictive value; NPV =  negative predictive value.  
   *   The follow - up study (Reference  605 ) used breath alcohol concentrations preferentially, but measurements of blood and urine also were accepted. 
The study did not report the distribution of these 3 types of ethanol measurements.   
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tasks involving sensorimotor coordination (e.g., fi nger -
 to - nose, Romberg test) demonstrate the greatest degree 
of resistance to the effects of ethanol consumption by 
chronic ethanol consumption.  622,623

Odor.     Although pure ethanol is relatively odorless, 
alcoholic beverages (i.e., beer, wine, spirits) contain a 
variety of high aroma compounds at concentrations as 
low as 1 – 10 ng/L; fractionation of aroma extracts of 
Spanish wine with high pressure liquid chromatography 
identifi ed over 70 aroma compounds.  624   Detection of the 
odor of alcohol is highly subjective, depending on a 
variety of factors in addition to the BAC including 
the sensitivity of the evaluator ’ s odor perception, the 
type of beverage, recent ingestion of a meal, and the 
presence of aromatic compounds in the beverage. 
Experimental data suggests that the odor threshold of 
alcoholic beverages is in the range of 60 – 80   mg/dL; 
however, the odor of ethanol is not necessarily present 
in individuals with blood ethanol concentrations exceed-
ing older or newer levels of legal intoxication. In a study 
of 562 drinking adults evaluated by physicians trained 
to detect ethanol intoxication, the odor of ethanol was 
detected in 33% of participants with blood ethanol 
between 61 – 80   mg/dL compared with slightly less than 
50% of participants with blood ethanol in the range of 
140   mg/dL.  625

 The presence of an odor of alcohol is an indication 
of recent alcohol consumption, but the strength of the 
odor is not an accurate measure of the BAC or impair-
ment. Although breath odor is frequently cited by 
police offi cers in alcohol - related traffi c cases, there is 
little scientifi c data to support the use of odor as a 
means of estimating blood alcohol concentration or 
impairment. In a pilot study of the cues used by offi cers 
to detect drivers under the infl uence of alcohol, 75 vol-
unteers were either controls (no alcohol) or they drank 
suffi cient alcohol over 1.5 – 2 hours to produce a BAC 
ranging from 50 – 150   mg/dL.  626   After a 30 - minute 
waiting period, the participants drove a car over a closed 
course to a check - point where offi cers examined the 
participants for various cues including the odor of 
alcohol on their breath. For controls, the false - positive 
rate was 7%; for participants with a BAC 50 – 100   mg/dL 
and BAC 100 – 150   mg/dL, the false - negative rates were 
61% and 39%, respectively. Moskowitz et al studied the 
ability of 20 experienced police offi cers to detect an 
alcohol odor on the breath of 14 individuals with blood 
alcohol concentrations ranging from 0 – 0.13% (0 –
 130   mg/dL).  627   After a 30 - minute waiting period, the 
individuals were placed behind a screen and asked to 
blow into a tube next to the offi cer. For controls, the 
false - positive rate was 17 – 23%. When asked to catego-
rize a detected odor into 1 of 3 concentrations ( < 40   mg/

 The 6 - point scoring system of HGN includes a point 
for the following signs in each eye: 1) onset of nystag-
mus before 45 °  (40 °  between 12  pm  and 5  am ), 2) moder-
ate, rapid, and distinct nystagmus in the direction of 
gaze when eye moves as far as possible laterally (end -
 position nystagmus), and 3) eye cannot follow a moving 
object smoothly.  610   End - position nystagmus occurs in 
the normal nondrinking population, particularly in a 
fatigued individual.  616   Nonpeer - reviewed, pilot studies 
indicated that about 80% of individuals with scores > 4 
have a BAC exceeding 100   mg/dL,  608   but there are few 
peer - reviewed data on the predictive value of total test 
scores from the general population. During ethanol 
intoxication, the ocular fi ndings are usually similar in 
both eyes. Visual acuity does not affect HGN; therefore, 
glasses are usually removed prior to testing.  617   Hard 
contacts may limit lateral movement of the eye and 
other fi eld sobriety tests are used for individuals wearing 
hard contacts. Other conditions associated with nystag-
mus include high refractive errors, myasthenia gravis, 
multiple sclerosis, cerebellar atrophy, congenital nystag-
mus, M é ni è re disease, cataracts, corneal lesions, 
encephalitis, poliomyelitis, stroke, sedative - hypnotic 
medications, and other drugs of abuse (e.g., phencycli-
dine, opiates, marijuana).  618   There are few data on the 
effect of various medications (e.g., sedatives, anticonvul-
sants, analgesics) on the presence of HGN. Under 
normal conditions, nystagmus occurs at extreme lateral 
gaze, and the presence of mild, endpoint nystagmus 
does not indicate ethanol intoxication.  609   Chronic 
alcohol abusers may not demonstrate HGN at BAC 
> 100   mg/dL.  619   The accuracy of the HGN test is unal-
tered by the position (i.e., standing, sitting, supine) of 
the individual during testing.  620

Divided Attention Tasks.     Other sobriety tests require 
divided attention during mental and physical tasks. The 
walk - and - turn test requires the individual to stand on a 
line in a heel - to - toe position while listening to instruc-
tions. The individual then takes 9 steps in a heel - to - toe 
fashion, pivots, and returns along the same straight line 
also in a heel - to - toe fashion. The one - leg stand is a 
balance task that requires individuals to stand with arms 
at their side while extending 1 foot 6 inches off the 
ground. The individual must maintain that position 
while counting for 30 seconds without extending the 
arms or losing balance.  

Body Sway.     Along with the fi nger - to - nose test, body 
sway is a simple test (Romberg test) of sensorimotor 
coordination. These tests classically are part of the fi eld 
sobriety tests administered by police personnel. The 
Romberg test is relatively sensitive to BAC exceeding 
100   mg/dL  621   Compared with other psychomotor tests, 
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data to support the use of activated charcoal in cases of 
ethanol poisoning. In general, decontamination mea-
sures do not alter the clinical course of drug ingestions, 
when initiated > 1 – 2 hours after ingestion. A study of 
volunteers administered ethanol did not detect a statis-
tically signifi cant difference ( P     =    .08) in peak concentra-
tions or time - to - peak concentrations when comparing 
volunteers receiving superactivated charcoal prior to 
ethanol with the same volunteers ingesting only 
ethanol.629   However, animal studies indicated that the 
concomitant administration of charcoal with 95% 
ethanol reduces ethanol concentrations at 1, 2, and 3 
hours to 62%, 73%, and 82% of control values, respec-
tively.  630   There are no data on the effi cacy of cathartics 
following ethanol ingestions. Asymptomatic children 
who ingest an ethanol - containing product and remain 
symptom free for 1 – 2 hours do not require 
decontamination.  

  Elimination Enhancement 

 Although hemodialysis increases ethanol clearance by 
3 -  to 4 - fold, supportive care is usually suffi cient to 
prevent serious complications. Potential indications for 
hemodialysis include blood ethanol concentrations 
> 500   mg/dL with deteriorating vital signs or poor 
hepatic function with the failure of supportive care. The 
IV administration of fructose or saline are not clinically 
effective methods for increasing the elimination of 
ethanol from the blood.  631

  Antidotes 

 There are inadequate clinical data to support the use of 
naloxone during ethanol intoxication, and the effi cacy 
of naloxone for the reversal of an ethanol - induced 
coma is equivocal. Although rare case reports associate 
the reversal of ethanol - induced coma by naloxone, 
there are no well - controlled studies that confi rm the 
usefulness of naloxone in ethanol - induced coma. A vol-
unteer study composed mostly of alcohol abusers did 
not detect a signifi cant reversal of the clinical features 
of ethanol intoxication following the administration of 
naloxone.  632

  Supplemental Care 

 Supportive care includes close observation of ventila-
tion, replacement of nutritional defi ciencies (magne-
sium, thiamine [vitamin B 1 ], ribofl avin [vitamine B 2 ], 
pyridoxine [vitamin B 6 ], nicotinamide, vitamins K and 
C), correction of dehydration, electrolyte and acid - base 
imbalance, and evaluation for underlying illness and 
withdrawal symptoms. Poorly nourished alcohol abusers 

dL, 40 – 80   mg/dL,  > 80   mg/dL), the correct responses 
ranged from 19 – 35%. Consequently, the odor strength 
estimates were poorly correlated to BAC.     

  HEALTH SURVEILLANCE 

 Exposure of workers to ambient air concentrations of 
ethanol does not usually produce blood ethanol concen-
trations high enough to cause impairment. Exposure of 
a healthy volunteer to 1,900   mg/m 3  (UK occupational 
exposure limit) for 3 hours produced a blood ethanol 
concentration below the LOD ( < 0.2   mg/dL).  33

  TREATMENT 

  Stabilization 

 Acute ethanol intoxication usually responds to support-
ive care with special attention to prevention of aspira-
tion, monitoring of respirations, and replacement of 
fl uid and electrolytes as necessary. All obtunded patients 
should be rapidly evaluated for the adequacy of oxygen-
ation (pulse oximetry, arterial blood gases [ABGs]), 
circulation, and serum glucose (e.g., Accu - Chek  ®  , Roche 
Diagnostics, Indianapolis, IN). If rapid measures of 
blood glucose are not available, 50   mL 50% dextrose in 
water (D 50 W) should be administered intravenously 
after blood samples are drawn. Other drugs of immedi-
ate importance in obtunded, alcohol dependent patients 
include naloxone (0.4 – 0.8   mg IV titrated up to 2   mg IV, 
if no effect) for suspected opioid use and thiamine 
(100   mg IV). Hypothermia may complicate the course 
of acute ethanol intoxication; depending on severity, 
warming measures should include passive rewarming 
(blanket) and active rewarming (warm humidifi ed 
oxygen, warmed IV fl uids, heating blanket). A severe 
metabolic acidosis may occur in alcohol dependent 
patients as a result of alcoholic ketoacidosis and primary 
lactic acidosis (hypoxia, hypoperfusion).  628   Management 
includes IV fl uid therapy, sodium bicarbonate for pH 
< 7.1, correction of underlying abnormalities, and treat-
ment of associated conditions (trauma, GI bleeding, 
hepatorenal failure, encephalopathy). Evidence of 
trauma in the alcohol dependent patient indicates the 
need for cervical immobilization, cervical x - rays, and a 
careful search for cervical and cerebral trauma. A com-
puted tomography (CT) scan of the head is usually nec-
essary in alcohol dependent patients with altered 
consciousness and evidence of head trauma.  

  Gut Decontamination 

 The rapid absorption of alcohol limits the effectiveness 
of decontamination measures, and there are few clinical 
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the risk of relapse to drinking. Clinical trials indicate 
that naltrexone and acamprosate are more effective 
than placebo in reducing the risk of relapse to heavy 
drinking,  636   but there are inadequate data to conclude 
that these drugs substantially enhance complete absti-
nence even when administered with cognitive –
 behavioral therapy.  637,638   The effi cacy of disulfi ram, 
lithium, and serotonergic agents to maintain abstinence 
in alcohol abusers is unproved. 

  Common Abstinence Syndrome 

 Symptoms of alcohol withdrawal typically begin about 
8 hours after substantial reduction in drinking, peak on 
day 2, and decrease signifi cantly by day 4 – 5.  639   Although 
clonidine, carbamazepine, beta blockers, and neurolep-
tics all reduce the symptoms associated with alcohol 
withdrawal, benzodiazepines are the drugs of choice for 
alcohol withdrawal, particular for the treatment of DTs 
and seizures.  640   All benzodiazepines appear equally effi -
cacious in the amelioration of withdrawal symptoms. 
Longer - acting benzodiazepines (e.g., diazepam) produce 
a smoother withdrawal from alcohol and reduce the 
incidence of seizures, but these agents may cause overse-
dation. The dosage of benzodiazepines should be indi-
vidualized depending on the severity of withdrawal 
symptoms, previous history of serious complications 
during withdrawal, comorbid illness, and the specifi c 
benzodiazepine selected. Mild withdrawal (CIWA - Ar 
scores < 8 – 10) may be managed with supportive care 
without pharmacologic intervention, whereas patients 
with higher scores benefi t from benzodiazepine 
administration.640

 Therapeutic regimens for alcohol withdrawal include 
fi xed - schedule, front - loading, and symptom - based 
schedules. Candidates for fi xed - schedule therapy include 
patients who require treatment because of the potential 
for serious withdrawal symptoms (seizures, DTs) as well 
as patients with concurrent illness, particularly if the 
patient is pregnant (see Table  21.11 ). The front - loading 
regimen is an alternative to the fi xed - schedule regimen 
that delivers high doses of mediation early in the course 
of withdrawal rather than over 3 days. A symptom -
 based regimen is appropriate for symptomatic patients 
(AIWA - Ar  ≥ 8 – 10), and this regimen usually delivers 
less medication over a shorter period compared with the 
fi xed regimens.  641   Short - acting oxazepam (i.e., half - life, 
∼  8   h) may be safer than diazepam in patients with 
severe liver or lung disease (15 – 60   mg every 6 – 8   h). 
Carbamazepine (600 – 800   mg in divided doses on day 1 
tapered over 7 days to 200   mg) is an alternative to 
lorazepam, particularly for patients with severe under-
lying liver disease.  642   Gabapentin is also an alternative 
to lorazepam. In a study of 100 individuals seeking 

require high, initial doses (i.e., at least 200   mg) of par-
enteral thiamine diluted in 100   mL of saline over 30 – 60 
minutes, particularly when these patients receive IV 
glucose.  633   Oral thiamine does not adequately replace 
depleted stores of thiamine.  223   Laboratory evaluation of 
the seriously ill alcohol dependent patients includes the 
following tests: electrolyte depletion abnormalities 
(potassium, magnesium, phosphorus, calcium), ECG 
abnormalities (dysrhythmias, cardiomyopathy, hyper-
tension), arterial blood gases (metabolic acidosis, hypox-
emia secondary to aspiration pneumonia), urinalysis 
(myoglobin, unusual crystals such as calcium oxalate), 
serum amylase or lipase (pancreatitis), chest x - ray (aspi-
ration pneumonia, pulmonary tuberculosis, congestive 
heart failure), blood glucose (hypoglycemia/
hyperglycemia), complete blood count with red cell 
indices for anemia, coagulopathies (prothrombin time 
and platelet count for hepatic dysfunction), and serum 
creatinine (renal function). Patients with alcoholic keto-
acidosis should be hydrated with 5% dextrose (IV saline 
may paradoxically worsen acidosis) as well as potas-
sium, magnesium, and phosphate supplementation as 
needed.522

  Withdrawal Syndromes 

 Standard supportive care for alcohol withdrawal 
includes general nursing care in a quiet environment, 
monitoring of vital signs, reassurance, reality orienta-
tion, hydration, and the administration of thiamine. The 
usual initial dose of thiamine to prevent Wernicke 
encephalopathy is at least 50 – 100   mg intravenously. 
Nutritionally defi cient alcohol dependent patients 
receiving glucose should also receive thiamine, but the 
urgent administration of glucose for hypoglycemia 
should not be withheld pending thiamine administra-
tion.634   In otherwise healthy alcohol - dependent patients 
undergoing withdrawal, the minimum oral dose of thia-
mine during detoxifi cation is 300   mg/day.  635   For patients 
with a high risk of developing Wernicke encephalopa-
thy, larger doses of thiamine (i.e., 250 mg thiamine intra-
muscularly or intravenously daily for 3 – 5 days) are 
recommended. The value of the prophylactic use of 
multivitamins and other B vitamins remains unproven. 
Patients with CIWA - Ar scores  ≤ 10 and normal menta-
tion (i.e., no hallucination or disorientation) usually 
require only supportive care unless comorbid illness is 
present. Treatment for alcohol dependence after acute 
withdrawal and detoxifi cation involves maintaining the 
patient in remission and developing a lifestyle 
compatible with long - term abstinence. Traditional 
approaches include psychosocial intervention 
(Alcoholics Anonymous, counseling) and pharmaceutic 
adjuncts (naltrexone, acamprosate, disulfi ram) to reduce 
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magnesemia). Disposition options for patients with a 
single withdrawal seizure vary from discharge from the 
emergency department observation unit after 6 – 12 
hours to hospital admission for at least 24 hours depend-
ing on the severity of the withdrawal symptoms and the 
presence of concurrent illness. The consensus recom-
mendations from a European panel on alcohol - related 
seizures included hospital admission of all of these 
patients for at least 24 hours.  648

  Delirium Tremens 

 Although initially overhydration may occur during alco-
holic withdrawal as a result of the relative increase in 
the secretion of antidiuretic hormone, serious dehydra-
tion may result from the presence of diaphoresis, hyper-
thermia, tachypnea, and vomiting. Fluid requirements 
may approach 5   L within 24 hours.  649   Supportive care 
includes the correction of magnesium and phosphorus 
defi ciencies as required by serum analysis, administra-
tion of IV thiamine before the administration of IV 
glucose (unless hypoglycemic), and a quiet well - lit room 
with reassurance and reorientation. Parenteral magne-
sium is not required unless indicated by low serum mag-
nesium concentrations. Patients with impending DTs 
should be observed in an intensive care setting with 
frequent monitoring of vital signs and physical restraints 
as needed. Risk factors for the development of DTs 
should be evaluated including hypothermia, hypoglyce-
mia, electrolyte imbalance, pancreatitis, thiamine defi -
ciency, alcoholic ketoacidosis, GI bleeding, cerebral 
trauma, and chronic liver disease. High doses of benzo-
diazepines are necessary to ameliorate the symptoms 
associated with DTs. The use of benzodiazepines should 
be started early to limit the progression of withdrawal. 
Intravenous diazepam is effective in 5 -  to 10 - mg loading 
dose followed by 5   mg every 5 – 10 minutes until the 
patient is calm and lightly sedated.  650   Large doses of 
benzodiazepines may be necessary to calm the patient. 
The administration of large benzodiazepine doses based 

outpatient treatment of alcohol withdrawal, gabapentin 
(400   mg 3 times a day [tid]    ×    3 days, then 400   mg twice 
daily [bid]) was at least as effective as lorazepam (2   mg 
tid    ×    3 days,then 2   mg bid) as measured by the Clinical 
Institute Withdrawal Assessment for Alcohol — Revised 
(CIWA - Ar) scale.  643   There was no statistically signifi -
cance difference between these 2 groups in self - reported 
side effects. Clonidine and beta - blockers are adjunctive 
agent for the treatment of mild to moderate withdrawal 
symptoms (e.g., tachycardia, hypertension, tremor), 
whereas preliminary data suggests that the glutamate 
release inhibitor, lamotrigine, and the AMPA/kainate 
receptor inhibitor, topiramate may improve the dys-
phoric mood and reduce the severity of withdrawal in 
combination with benzodiazepines.  644

  Alcohol Dependent Hallucinosis 

 Treatment involves primarily protection from harm and 
maintenance of a supportive environment. If behavior 
disturbances threaten the patient, physical restraint 
combined with benzodiazepines and the possible addi-
tion of haloperidol (2 – 5   mg intramuscularly or 5 – 10   mg 
orally) may be necessary.  

  Alcohol Dependent Seizures 

 Most seizures are brief and self - limited, and therapy 
primarily involves protection from harm and support of 
the airway. Intravenous diazepam or lorazepam are the 
anticonvulsants of choice, and prophylactic or long - term 
phenytoin therapy is not usually indicated.  645   Although 
hypomagnesemia often occurs in alcohol abusers under-
going withdrawal, routine supplementation of benzodi-
azepines with magnesium does not reduce the severity 
or frequency of seizures or delirium.  646   The administra-
tion of phenytoin does not prevent the recurrence of 
seizures during alcohol withdrawal.  647   Recurrent sei-
zures require evaluation for concurrent illness (e.g., 
intracranial hemorrhage, infection) and electrolyte 
imbalances (e.g., hypoglycemia, hypokalemia, hypo-

TABLE 21.11.    Benzodiazepine Therapy for Alcohol Withdrawal. 

   Regimen     Drug     Dose  

  Fixed - Schedule    Chlordiazepoxide    Day 1: 50 – 100   mg orally every 6 hours  *   
 Day 2 – 3: 25 – 50   mg orally every 6 hours  

  Front - Loading    Diazepam    20   mg orally every 2 hours until symptoms resolve   † 

  Symptom - Based    Chlordiazepoxide    25 – 100   mg orally every hour while symptomatic   † 

  Delirium Tremens    Diazepam    10   mg intravenously, then 5   mg every 5 minutes until awake and 
calm

    *   Additional 25 – 100   mg every 1 – 2 hours as needed for severe tremor or autonomic dysfunction. A dose may deleted if the patient is sleeping or 
resting comfortably.  
    †    CIWA - Ar  ≤ 8.   
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vasodilation, facial fl ushing, hypotension, tachycardia, 
tachypnea, palpitations, anxiety, headache, nausea, and 
vomiting.  654,655   Management of the ethanol - disulfi ram 
reaction involves monitoring of blood pressure and 
cardiac rhythm, support of blood pressure [IV infusion 
of saline with pressor support (e.g., dopamine) as 
needed], and antihistamines.  656   4 - Methylpyrazole 
(Antizol ® , Paladin Labs, Dover, DE) is a potentially 
useful antidote for the ethanol - disulfi ram reaction 
because of the blockade of ethanol metabolism into 
acetaldehyde.  657   However, there are few clinical data on 
the effi cacy of 4 - methylpyrazole during the ethanol -
 disulfi ram reaction.       
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  Chapter 22 

               HISTORY 

 In 1938 at Sandoz Laboratories, Arthur Stoll and Albert 
Hoffman synthesized LSD from the ergot alkaloid, 
lysergic acid during their search for an analeptic drug 
similar to nikethamide.  1   The ergot alkaloid was a hydro-
lysis product of the fungus,  Claviceps purpurea  (Fr.) Tul., 
which commonly infects grains. Historically, ergot 
alkaloids were the active ingredient in the visionary 
Eleusinian rite of classical times, the epidemic ergotism 
(St. Anthony ’ s fi re) of the Middle Ages, and some New 
World religious rites (ololiuqui). A group of ergot alka-
loids rather than lysergic acid diethylamide (i.e., LSD) 
probably was the biologic source for these mind - altering 
effects.  2   Lysergic acid diethylamide is abbreviated  LSD
rather than LAD  because the German word for acid is 
saeure . LSD had little analeptic or oxytocic activity, and 
Hoffman abandoned his research on LSD for 5 years. 
In 1943 after renewing his research on the compound, 
Hofmann inadvertently discovered its psychotropic 
properties (intense kaleidoscopic colors, images of 
extraordinary vividness); he decided to verify the effects 
of LSD by intentionally ingesting 250    μ g LSD.  3

Subsequently, he developed vertigo, agitation, unpleas-
ant visual illusions, and synesthesias. He returned to 
normal the following day. Subsequent research con-
fi rmed that  d  - lysergic acid diethylamide is the only 1 of 
4 isomers derived from lysergic acid that has powerful 
mind - altering properties. 

 Publication of the experiences of Stoll and Hoffman 
with LSD initiated the experimental use of LSD on 
animals, healthy volunteers, and psychotic patients by 
psychiatrists and other researchers.  4   During the 1950s 
and 1960s, unpleasant reactions eventually limited the 

use of LSD in clinical experiments. Later in life, Hoffman 
admitted that he spent far too much of his research time 
on LSD.  5   In 1954, Gaddum and Hameed reported that 
LSD antagonized the effect of serotonin on peripheral 
tissues in animal bioassays.  6   Of 8 ergot compounds, LSD 
was the most potent presynaptic serotonin antagonist. 
Later studies demonstrated that LSD was best described 
as a mixed 5 - HT 2 /5 - HT 1  receptor partial agonist. 

 During the 1950s, the self - administration and the 
administration of LSD to volunteer house staff and psy-
chiatric patients was associated with changes in body 
ideation, visual illusions, loss of concentration, feelings 
of irresponsibility, and occasional severe adverse effects 
(schizophrenia - like behavior, bad trip).  7   In 1957, the 
Canadian research psychologist, Humphry Osmond 
introduced the word, psychedelic ( “ mind - manifesting ” ) 
as a term to describe hallucinogenic drugs (e.g., LSD, 
mescaline) that provide clear, euphonious effects uncon-
taminated by other associations. Illegal use of LSD 
increased dramatically in the 1960s, and the US Drug 
Enforcement Administration (DEA) added LSD to the 
list of schedule I controlled substances in 1966. Medical 
uses in the 1950s included the treatment of alcoholism, 
psychoneurosis, sexual abnormalities, autism in chil-
dren, sociopathy, and analgesia in terminal patients, but 
controlled clinical trials did not confi rm the effi cacy of 
LSD when compared with psychotherapy alone.  

  IDENTIFYING CHARACTERISTICS 

  Structure 

 LSD (CAS RN: 50 - 37 - 3) is the semisynthetic diethylam-
ide derivative of the ergot alkaloid, lysergic acid (CAS 

LYSERGIC ACID DIETHYLAMIDE ( LSD ) 

  VI   Lysergic Acid Diethylamide     
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line, peyote, dimethyltryptamine, harmaline) that 
produce thought, mood, and perceptual changes rarely 
experienced except in dreams, fl ashbacks, or acute psy-
choses. Although the perceptual alterations associated 
with LSD may be similar to hallucinations associated 
with psychotic disorders, LSD intoxication is not usually 
associated with the delirium (i.e., alteration in con-
sciousness with cognitive changes) present during a psy-
chotic disorder. In contrast to the psychotic patient, 
most LSD users retain insight into their altered percep-
tions, and they understand the drug - induced origin of 
these altered perceptions of reality.  10      

  Terminology 

 The offi cial US Pharmacopoeia name for LSD is lyser-
gide. Other synonyms include delysid, LSD - 25,  N , N  -
 diethyl -  d  - lysergamide, and 9,10 - didehydro -  N , N  - diethyl 
- 6 - methylergoline - 8 -  β  - carboxamide. Street names include 
acid; blotter acid; paper acid; orange or purple wedges; 
yellow, blue, brown, or green caps; blue, pink, or yellow 
drops; white lightning; purple haze; California sunshine; 
sunshine; window panes; beast; microdots; the ghost; or 
hawk.  

  Form 

 LSD is a white, crystalline compound. Previously, a 
popular form of LSD use involved the use of tiny, round 
tablets (microdots) that were impregnated with LSD. 
Now a more popular form of LSD use involves spraying 
or basting of the drug on colorful sheets of blotting 
paper that are dried, perforated, and sold as blotter 
paper, postage stamps, or squares of gelatin (window-
pane acid; Figure  22.2 ). These forms of LSD may be 
blank or imprinted with characteristic designs (e.g., Bart 
Simpson, Beavis and Butthead, Felix the Cat, Tasmanian 
Devil).  11       

RN: 82 - 58 - 6), that is structurally similar to nikethamide 
as displayed in Figure  22.1 . LSD does not occur natu-
rally.  8   As lysergic acid has 2 asymmetric carbon atoms 
(C5, C8), 4 possible stereoisomers exist ( d  -  and  l  - lysergic 
acid and  d  -  and  l  - isolysergic acid). Of the 4 isomers, only 
the  d  - LSD analogs (e.g.,  d  - LSD) are active psychedelic 
drugs. Most LSD derivatives are less potent psychoto-
mimetic agents than LSD.  d  - Lysergic acid amide (CAS 
RN: 478 - 94 - 4, ergine or lysergamide) is a naturally 
occurring compound that is a structurally similar ergot 
alkaloid to LSD. This compound has about one tenth 
the hallucinogenic activity of the semisynthetic  d  - LSD.  9   
Only LSD derivatives substituted at the N6 position are 
nearly as potent as the parent compound.    

  Physiochemical Properties 

 LSD is a colorless, tasteless, odorless compound that is 
water -  and alcohol - soluble. The molecular weight of 
LSD is 323.44   g/mol with a molecular formula of 
C 20 H 25 N 3 O.  d  - LSD crystallizes from benzene or isopro-
pyl ether in the form of pointed prisms with a melting 
point of 80 – 85 ° C (176 – 185 ° F). The tartrate salt of LSD 
is stable; LSD usually occurs in solution as either the 
free base or the tartrate salt. Rapid decomposition of 
LSD occurs following exposure to sunlight. LSD is one 
of several common drugs of abuse that cause hallucina-
tions (see Table  22.1 ). Psychedelic is a poorly defi ned 
term that commonly refers to drugs (e.g., LSD, mesca-

       FIGURE 22.1.     Chemical structure of lysergic acid diethylam-
ide (LSD).  

  TABLE 22.1.    Commonly Abused Drugs Causing Hallucinations. 

   Class     Common Drugs of Abuse  

  Indole Alkaloids    Bufotenine, dimethyltryptamine, harmine, ibogaine, LSD, psilocin, psilocybin  
  Phenylethylamine Compounds    Mescaline,  p  - methoxyamphetamine (PMA), methylenedioxyamphetamine (MDA), 

2,5 - dimethoxy - 4 - amphetamine (STP), 3,4 - methylenedioxymethamphetamine 
(MDMA), 2,5 - dimethoxy - 4 - methylamphetamine (DOM)  

  Cannabinoids  *      Marijuana  
  Piperidines   †       Atropine, hyoscine, hyoscyamine, ketamine, phencyclidine, dextromethorphan  

    *   Although hallucinations may occur during cannabis intoxication, the effects of cannabis are substantially different than classic hallucinogens and 
cannabis is usually discussed separately from hallucinogens.  
    †    Although included in some classifi cations of hallucinogens, these drugs are more dissociative agents that reduce or block sensory input to the 
conscious part of the brain.   
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Christmas vine [ Turbina corymbosa  (L.) Raf. or  Rivea
corymbosa ] and Hawaiian baby wood rose or elephant 
creeper ( Argyreia nervosa  (Burm. f.) Bojer] contain  d  -
 lysergic acid amide (ergine).  15,16   Minor indole alkaloids 
in these plants include d  - isolysergic acid amide (iso-
ergine), chanoclavine, elymoclavine, lysergol, seto-
clavine, and agroclavine. LSD is a semisynthetic drug 
that is frequently imported into the US illicitly. The 
Federal Controlled Substances Act classifi es LSD as a 
schedule I drug (high abuse potential, no medical uses 
in the United States), whereas the LSD precursors 
lysergic acid and d  - lysergic acid amide (ergine) are 
DEA schedule III drugs. 

 Typically, samples of illicit LSD are relatively pure, 
and adulteration has been uncommon since the 1970s. 
Prior to that time, substitutions for LSD included meth-
amphetamine, PCP, and caffeine. Of all illicit drugs, LSD 
is probably the least adulterated with the validity rate 
for LSD analysis being almost 90% in some studies of 
street samples.  17   Although there are 4 stereoisomers of 
LSD as a result of the asymmetric carbon atoms at posi-
tions 5 and 8, only the  d  - LSD isomer is an active psy-
chedelic drug.  9   Most illicit samples of LSD are racemic 
mixtures of all 4 stereoisomers. Diethylamine is a poten-
tial contaminant of illicit LSD synthesis. The epimer, 
iso  - LSD and the metabolite,  iso  -  nor  - LSD are inactive. 
These synthetic compounds are byproducts of the illicit 
preparation of LSD; consequently, the presence of  iso  -
 LSD in urine is an indication of LSD use as detected by 
gas chromatography/mass spectrometry or liquid 
chromatography/electrospray ionization/tandem mass 
spectrometry.  18,19

  EXPOSURE 

  Epidemiology 

 The popularity of LSD peaked during the mid - 1960s; 
then use declined during the 1970s and 1980s. However, 
the illicit use of LSD began increasing again during the 
1990s, particularly in midwestern and western United 
States among middle - class Caucasian high school and 
college students. In general, the highest risk of using 
psychedelic drugs occurs during the transition from 
adolescence to adulthood.  12   According to the National 
Institutes of Drug Abuse (NIDA) 1993 nationwide 
survey, the percentage of 8th - , 10th - , and 12th - grade 
students with a history of experimenting with LSD was 
3.5%, 6%, and 10%, respectively.  13   Updates of this 
survey indicate that LSD use among these 3 grades 
declined sharply from about 2001 to 2005; since that 
time, annual prevalence rates remained relatively stable 
ranging from 1.3 – 2.7% in these 3 grades. LSD is an 
inexpensive drug that is popular at rave parties along 
with other psychedelic drugs [e.g., MDMA (Ecstasy; 
Adam), MDA (Love drug; Eve), methamphetamine 
(Meth)].14

  Sources 

 Lysergic acid and diethylamine are precursors used in 
the synthesis of d  - lysergic acid diethylamide. Lysergic 
acid occurs naturally in grain parasitized by the fungus 
Claviceps purpurea . The seeds from the heavenly blue 
morning glory ( Ipomoea violacea  L.), ololiuqui or 

FIGURE 22.2.     Confi scated blotters 
containing lysergic acid diethylamide 
(LSD).  (Photo courtesy of the US Drug 
Enforcement Agency).   
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  Distribution 

 After an IV dose of 2   ug LSD/kg to 5 volunteers, the 
estimated V d  of LSD correlated to extracellular water 
(i.e.,  ∼ 0.25   L/kg) as measured by fl uorometry.  23   About 
90% of LSD in plasma is protein - bound.  

  Biotransformation 

 There are limited data on the metabolites of LSD in 
humans, but  in vitro  studies indicate that  N  - demethylation 
(N  - demethyl - LSD),  N  - deethylation ( N  - desethyl - LSD), 
and hydroxylation (13 - OH - LSD, 14 - OH - LSD) are the 
common metabolic pathways in humans.  N  - demethyl -
 LSD is probably a minor metabolite (i.e., 1 – 2 %).  24

Potential metabolites of LSD include  N  - demethyl - LSD 
(nor  - LSD), 13 - OH - LSD, 14 - OH - LSD, lysergic acid eth-
ylamide (LAE),  iso  - LAE, 2 - oxo - LSD, and 2 - oxo - 3 -
 hydroxy - LSD.  25,26   Figure  22.3  demonstrates the structure 
of LSD and major metabolites.  iso  - LSD is a contami-
nant of illicit LSD synthesis rather than a part of the 
biotransformation of LSD. Studies in animals suggest 
that the major metabolic route is hydroxylation of the 
phenyl ring to form phenols, which are subsequently 
conjugated as glucuronides and excreted in the bile. De -
 ethylation and demethylation probably are minor meta-
bolic pathways in rats.  27

  Elimination 

 The plasma elimination half - life of LSD in humans is 
about 2 – 3 hours with substantially shorter half - lives in 
some experimental animals (mice, monkeys, cats).  28

Intravenous LSD doses of 2    μ g/kg to 5 volunteers pro-
duced plasma LSD concentrations ranging from about 
4 – 6   ng/mL 1 – 2 hours after administration to  < 1   ng/mL 
8 hours after administration as measured by fl uorome-
try.  29   The kidney excretes small amounts (i.e.,  < 1% of 
the absorbed dose) of unchanged LSD in the urine. The 
urinary elimination half - life of the  N  - demethyl - LSD 
metabolite is somewhat longer (i.e., 8 – 10 hours vs. 4 – 6 
hours) compared with unchanged LSD.  24   Renal excre-
tion of hydroxylated metabolites (13 - OH - LSD, 14 - OH -
 LSD) occurs after conjugation with glucuronic acid. 
Preliminary studies indicate that the metabolite, 2 - oxo -
 3 - hydroxy - LSD is not conjugated with glucuronide 
prior to renal excretion.  30   Animals studies suggest that 
biliary excretion accounts for most of the elimination of 
LSD from the body.  

  Tolerance 

 Tolerance to the behavioral effects of LSD occurs 
rapidly in both humans and animals.  31   Although a 

  Methods of Abuse 

 The preferred route of LSD administration is almost 
always orally with intravenous (IV), pulmonary, and 
nasal routes rarely used. Typically, the pattern of LSD 
use is intermittent rather than intense and sustained, in 
part refl ecting the rapid development of tolerance with 
chronic use. LSD users are frequently polydrug abusers 
(e.g., alcohol, amphetamines, marijuana), but the use of 
sedative - hypnotics and opiates occurs less frequently in 
LSD users than in other polydrug users. Although the 
use of LSD may become the focal point of the user ’ s 
lifestyle, physical withdrawal symptoms do not occur 
following abrupt cessation of use.   

  DOSE EFFECT 

 The administration of LSD produces dose - dependent 
changes in mentation, perception, emotion, arousal, and 
self - image. LSD is a potent, perception - altering drug 
that is approximately 3,000 – 5,000 times more powerful 
than mescaline on a weight - for - weight basis. The 
minimal, clinically perceptible adult oral dose is approx-
imately 25    μ g with optimal psychedelic doses ranging 
from 100 – 500    μ g, depending on tolerance. The usual 
street dose varies between 50 – 300    μ g and averages 
about 100 – 150    μ g. Single oral doses of 30    μ g/kg produce 
an intense depersonalization and derealization experi-
ence lasting up to 24 hours.  10   Flashbacks and acute 
anxiety attacks can reoccur in experienced LSD users 
without the ingestion of additional doses of LSD. Fatal 
doses of LSD for humans are not well defi ned on a clini-
cal basis. There is substantial interspecies variability in 
the susceptibility of animal to LSD with the LD 50

ranging approximately 500 times between the Asiatic 
elephant (0.1   mg/kg or 300 mg intramuscular [IM])  20

and mice (46   mg/kg).  

  TOXICOKINETICS 

  Absorption 

 LSD easily crosses the mucosa of the gastrointestinal 
tract and nose with clinically signifi cant concentrations 
of the drug appearing in the blood within 15 – 20 
minutes.  21   Following the ingestion of 2    μ g LSD/kg, peak 
plasma concentrations as measured by a spectrofl uoro-
metric method occurred in 30 – 75 minutes with heavy 
meals reducing and slightly delaying the peak plasma 
LSD concentration.  22   There are few data on the absorp-
tion of LSD by the lungs, but smoking is not a popular 
form of LSD abuse, probably as a result of the degrada-
tion of LSD during heating.  
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  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Although the exact mechanism of action of LSD has not 
been identifi ed, animal studies indicate that central sero-
tonin receptors (5HT) mediate the acute discriminative 
stimulus effects of LSD, particularly the 5HT 2A  recep-
tor.  38,39   LSD is probably best described as a mixed 
5HT 2 /5HT 1  receptor partial agonist.  40   This compound 
binds to 5HT 1A  and to G - protein coupled 5 - HT 2  receptor 
subtypes in areas of the hippocampus, corpus striatum, 
cerebral cortex, and, to a much lesser extent, cerebellum.  41   
The partial agonist action of LSD on these receptors 
results from LSD - stimulated phosphoinositide hydrolysis 
at these receptor sites, particularly at the postsynaptic 
5 - HT 2A  receptor.  42,43   Although stimulation of the 5 - HT 2A  
receptor is a necessary prerequisite for the hallucinogenic 
effects of LSD, the biochemical and signaling pathways 
responsible for these effects remain undetermined.   44   LSD 
also interacts as a mixed agonist/antagonist with central 
dopamine D 1  and D 2  receptors,  45   but the clinical signifi -
cance of this interaction is unclear. The cause of hallucino-
gen persisting perception disorder ( fl ashbacks ) also has 
not been determined, but the use of benzodiazepines to 
treat this disorder suggests that the mechanism of toxicity 
involves receptors (e.g., inhibitory GABA) other than, or 
in addition to, serotonin receptors.  

300 -  μ g LSD dose produces typical psychotomimetic 
reactions in adults without recent LSD use, subsequent 
daily 100 -  μ g doses cause minimal reactions after the 
second dose.  9   Tolerance typically develops after a few 
days of daily use, but acute tolerance disappears within 
3 – 4 days of the cessation of LSD use.  32   In animal models, 
cross - tolerance develops to LSD following the adminis-
tration of psilocybin and mescaline,  33,34   but not with 
 d  - amphetamine.  35    

  Drug Interactions 

 In a study of 32 experienced LSD users, structured inter-
views using a standardized questionnaire indicated a 
subjective decrease in the response of 88% (28 partici-
pants) to LSD following the administration of selective 
and nonselective serotonin reuptake inhibiting antide-
pressant drugs (fl uoxetine, paroxetine, sertraline, trazo-
done) for at least 3 weeks.  36   In this study, an additional 
participant receiving fl uoxetine for only 1 week had an 
increased response to LSD. In contrast to selective sero-
tonin reuptake inhibitors, the chronic administration of 
tricyclic antidepressants and lithium was associated with 
an enhanced response of volunteers to LSD, whereas 
decreases in the subjective response to LSD was 
reported after the chronic use of monoamine oxidase 
inhibitors.  37     

       FIGURE 22.3.     Lysergic acid diethylam-
ide and major metabolites. LSD    =    lyser-
gic acid diethylamide; LAE    =    lysergic 
acid ethylamide.  132    
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incidences of adverse reactions occur in individuals 
unaware of the administration of LSD;   47   however, 
adverse reactions may occur despite the frequent use of 
LSD without complications.  48   The differential diagnosis 
of a patient with perceptual illusions and mydriatic 
pupils includes the administration of atropine, scopol-
amine (Jimson weed), psilocybin mushrooms, phenc-
yclidine (PCP), cocaine, and amphetamine - related 
psychedelic drugs (MDMA, MDA, DOM). The sympa-
thomimetic effects are generally much more prominent 
after the use of cocaine or amphetamine than with LSD. 
In contrast to PCP intoxications, nystagmus is usually 
absent with pupils typically being dilated during LSD 
intoxication. The prominent signs of anticholinergic 
poisoning (atropine, scopolamine) include dry, fl ushed 
skin, dry mucous membranes, urinary retention, and 
reduced bowel sounds (i.e., gastrointestinal hypomotil-
ity). These clinical features are typically absent during 
LSD intoxication. 

  Behavioral Abnormalities 

 Acute anxiety and acute panic attacks are common 
adverse reactions to LSD intoxication, particularly after 
the accidental ingestion of LSD by children.  49   The inges-
tion of 50 – 150    μ g LSD by a 2 - year - old child produced 
tachycardia, tachypnea, diaphoresis, visual illusions, and 
acute anxiety that resolved within 1 day without resid-
ual effects.  50   Similar symptoms (anxiety, hyperrefl exia, 
perceptual distortion) occurred in a middle - aged woman 
following the accidental ingestion of LSD.  51   A 2 - mg 
LSD ingestion in a 2 - year - old child caused mydriasis 
and ataxia followed by arefl exic catatonia, mild hyper-
tension, tachycardia, and tachypnea.  52   Although myal-
gias and muscle tremor developed later, all symptoms 
resolved within 48 hours. 

 Behavioral complications of LSD use typically 
involve accidental trauma as a result of aggressive 
behavior during panic attacks, suicide attempts during 
depressive states,  53   reckless behavior during recurrent 
fl ashbacks, and self - infl icted trauma (e.g., solar macu-
lopathy,  54   self - enucleation  55  ). Although homicides occur 
during and after LSD intoxication,  56,57   multiple - drug 
use, bias, and premorbid personality confound the causal 
link between LSD use and murder, particularly when 
goal - directed planning and delayed gratifi cation occur 
during LSD - induced psychosis.  58   Amnesia does not 
usually occur during LSD intoxication. Predicting 
behavior is diffi cult because of the number of variables 
(e.g., setting, expectation, underlying personality, emo-
tional stress) that affect behavior in addition to the dose 
of LSD. Intoxicated LSD users are usually quiet, passive, 
and withdrawn, but hostility may develop. Sociability 

  CLINICAL RESPONSE 

  Illicit Use 

 Following the ingestion of 1 - 2    μ g LSD/kg, psychedelic 
effects typically begin within approximately 30 – 90 
minutes with peak effects in 1.5 – 2.5 hours, although 
some sympathomimetic effects (e.g., tachycardia, pilo-
erection, tremor, fl ushing) may occur slightly earlier 
(i.e., 10 – 15 minutes).  2   Pupillary dilation is a consistent, 
very prominent sign associated with LSD use that often 
measures 8   mm in diameter.  10   Pulse rate, body tempera-
ture, and respirations increase slightly during intoxica-
tion, but the blood pressure usually remains normal.  46

Peripheral sympathomimetic effects of LSD include 
uterine contraction, piloerection, and bronchoconstric-
tion (i.e., high LSD doses). Parasympathomimetic 
effects (e.g., nausea, vomiting, salivation, lacrimation) 
occur occasionally. 

 The administration of LSD causes changes in arousal, 
cognition, and self - image as well as alterations of sensory 
cues.  10   There is considerable variability in the interindi-
vidual and intraindividual response to LSD depending 
on the set. The main psychologic experience during LSD 
intoxication involves alterations of perception (sound, 
color intensity, crossover of sensory modalities) and 
cognition (decreased attention, unusual associations, 
less abstract thought), euphoria, subjective slowing of 
time, distortion of body image, and loss of physical 
boundaries (i.e., depersonalization). Afterimages 
become prolonged, with fl at surfaces assuming depth 
and fi xed objects undulating. Although visual illusions 
are common at therapeutic doses, the individual usually 
retains the ability to discriminate between these altered 
perceptions and reality. Hyperacusis and amplifi cation 
of background noise occur occasionally; however, the 
presence of true auditory hallucinations suggests an 
underlying psychosis. The blending of sensory inputs 
(i.e., synesthesias or seeing sounds/hearing colors) is 
relatively rare. 

 Alteration of thought processing during LSD intoxi-
cation includes the loosening of associations, alteration 
of body image, feeling of rapid aging, concrete thinking, 
and depersonalization. The individual usually remains 
oriented, but the development of paranoia or ideas of 
persecution can cloud judgment. Weakness and insom-
nia may develop after resolution of the acute effects of 
LSD. Psychomimetic effects begin declining about 4 
hours after ingestion depending on dose; these symp-
toms usually disappear within 6 – 12 hours. 

 Adverse physiologic reactions following LSD use 
include nausea, headache, diaphoresis, general weak-
ness, impaired concentration, and exhaustion. Higher 
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tion disorder (HPPD) is an uncommon, persistent, 
distressing, spontaneous, pervasive condition that causes 
an unpleasant dysphoria months rather than days after 
the cessation of LSD use.  66   The diagnosis of this disor-
der requires the onset of this perceptual disorder after 
LSD use and the exclusion of other similar disorders 
(visual epilepsy, migraine, dementia, schizophrenia, 
delirium, hypnopompic hallucinations).  67   This phenom-
enon involves the experience of one or more perceptual 
symptoms from prior LSD experiences that causes sig-
nifi cant distress and/or impairment of social functioning. 
HPPD often occurs in patients with no prior history of 
psychiatric disease. These patients are usually aware 
of these debilitating illusions, and they frequently seek 
psychiatric care. The clinical course of HPPD is highly 
variable ranging from subtle perceptual disturbances to 
severe, debilitating images with associated anxiety and 
depression. These clinical features may resolve sponta-
neously or progress to a chronic relapsing syndrome.  68

  Medical Complications 

 Several case reports suggest that neurologic complica-
tions (e.g., seizures,  69   headache with small - artery occlu-
sive changes,   70   occlusion of internal carotid artery  71  ) 
may develop after recreational doses of LSD. However, 
a causal link between these complications and the use 
of LSD remains unproven because of the confounding 
of multiple - drug abuse and biases associated with case 
reports.   

  Overdose 

 Several case reports indicate that hyperthermia may 
complicate large ingestions of LSD along with rhabdo-
myolysis, renal failure, and hypotension.  21,72   All LSD 
overdose patients in these case reports recovered without 
medical or psychiatric sequelae after supportive care that 
included ventilatory support. Neuroleptic malignant syn-
drome (NMS) - like clinical features developed in a 
21 - year - old man admitted to the hospital with coma, 
bilateral extrapyramidal rigidity, and rhabdomyolysis.  73

The serum LSD concentration (69.9   ng/mL) drawn 24 
hours after admission confi rmed the ingestion of massive 
amounts of LSD. Deaths associated with medical conse-
quences of LSD intoxication are rare, and these case 
reports are not well - documented.  74   A 25 - year - old man 
died within 24 hours after ingesting LSD secondary to 
hyperpyrexia (41.6 o C/106.9 o F), hypotension, renal failure, 
rhabdomyolysis, and liver necrosis.  75   Analysis of ante-
mortem blood confi rmed a high LSD concentration 
(14.4   ng/mL). The presence of respiratory depression 
during massive LSD overdose suggests that death may 
occur following the use of very large LSD doses.  21

and sexual drives frequently are diminished. Moods are 
labile, ranging from euphoria to depression.  

  Mental Disorders 

 Psychiatric complications associated with LSD use 
include psychosis, persistent or recurrent major affec-
tive disorders (i.e., depression), deterioration of under-
lying psychiatric illness, acute panic or paranoid 
reactions, disruption of normal function (i.e., burnout), 
and posthallucinogen perceptual disorder (i.e., fl ash-
backs). Depressive and schizophrenic patients may 
decompensate, and susceptible schizophrenics may 
develop prolonged hallucinations.  59   Severe depression 
and intense loneliness may occur within the 24 - hour 
period after the psychomimetic effects of LSD resolve.  14

Acute Psychosis.     A drug - induced schizophreniform 
reaction may develop in patients vulnerable to both 
substance abuse (e.g., LSD) and psychosis.  60   In a study 
of 52 patients with LSD - associated psychosis and 29 
matched fi rst - break schizophrenics, the LSD patients 
were fundamentally similar to the schizophrenics in 
genealogy, phenomenology, and clinical features except 
the prominence of alcohol abuse in their parents.  61

Whether LSD hastens the onset of chronic undifferenti-
ated schizophrenia remains unclear. In a matched, con-
trolled study of 37 chronic schizophrenics with and 
without LSD use prior to the onset of schizophrenia, 
retrospective chart review did not detect a difference in 
the 2 groups in regard to the age of onset of symptoms 
or the age of fi rst admission to a psychiatric hospital.  62

Flashbacks and Hallucinogen Persisting Perception 
Disorder ( HPPD ).     Flashbacks are pseudo - hallucina-
tions that typically involve false perception of move-
ment (i.e., stationary objects in motion), color fl ashes, 
intensifi cation of colors, halos around objects, comet -
 like trailing images, moving and shimmering objects, 
and reappearance of kaleidoscopic, brightly - colored 
geometric patterns. These visual alterations, time distor-
tions, and changes in body image recur in experienced 
LSD users during periods of abstinence. Flashbacks are 
usually benign, spontaneous, recurrent, transient occur-
rences that do not cause emotional distress. The impaired 
color perception may persist in chronic LSD users for 2 
years after cessation of LSD use.  63   Both physiologic 
(e.g., fatigue, driving, sepsis, electrolyte disorders, heavy 
ethanol consumption) and emotional stress can precipi-
tate fl ashbacks.  64,65

 More frightening fl ashbacks involve the sudden 
appearance of hideous apparitions (e.g., Satan) or the 
distortion of people ’ s body images. In contrast to rela-
tively benign fl ashbacks, hallucinogen persisting percep-
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very low urine concentrations (i.e.,  < 1   ng/mL) of 
unchanged parent LSD, limiting the detection of this 
compound by various screening methods. Fluorometric 
and thin - layer chromatographic methods of LSD detec-
tion are relatively insensitive. Radioimmunoassay is a 
sensitive method of detection (i.e., limit of detection 
[LOD], 0.020   ng/mL), but this procedure is time con-
suming and uses radioactive material. Commercial 
immunoassays for LSD are rapid, relatively low cost 
analytic procedures for the detection of LSD, but these 
assays do not provide the specifi city and quantitative 
capabilities of gas chromatography/mass spectrometry 
or liquid chromatography/mass spectrometry. Simple, 
non - isotope immunoassays have been developed on 
automated analyzers to screen urine samples for LSD 
including microplate enzyme immunoassay (EIA),  89

EMIT, microparticle - based immuno assay (OnLine  ®  ),  90

and cloned enzyme donor immunoassay (CEDIA).91

These immunoassays cross - react with LSD metabolites 
depending on the individual assay;  92,93   confi rmation 
techniques are necessary to separate LSD and LSD 
metabolites.  94,95   The cross - reactivity of EIA with  nor  -
 LSD was 16 – 28% depending on the  nor  - LSD concen-
tration.88   Cross - reactions with ergot alkaloids (e.g., 
ergonovine, ergotamine, dihydroergocristine, dihydro-
ergotamine) are relatively minor, but some commonly 
used medications may cause false - positive results with 
LSD immunoassays as a result of cross - reactivity. 
Potential medications that may produce false - positive 
results with LSD immunoassays include amitriptyline, 
bupropion,96   fentanyl, haloperidol, metoclopramide, 
sertraline, and ambroxol.  97,98   Common adulterants (e.g., 
ascorbic acid, bleach, salt, apple juice, vinegar, liquid 
soap) do not usually produce false - negative results on 
immunoassays, but false positive results for LSD may 
occur.  99   The current US Department of Defense cutoff 
for positive confi rmation of LSD in positive screening 
assays in urine is 0.020   ng LSD/mL, whereas the cutoff 
for screening LSD in urine is 0.050   ng/mL. LSD is not 
often included in urine drug abuse screens.  

  Confirmatory    

 Low volatility, instability at high temperatures, and the 
high adsorptive capacity of LSD for chromatographic 
columns complicate the analysis of LSD by chromato-
graphic methods. Derivatization of LSD is necessary to 
prevent sample loss during chromatography as a result 
of irreversible adhesion of LSD to the column.  100

Analytic methods for the confi rmation of LSD in bio-
logic fl uids include radioimmunoassay, high perfor-
mance liquid chromatography coupled with fl uorometric 
detection,101   high performance liquid chromatography/
mass spectrometry, and gas chromato graphy/mass 

  Abstinence Syndrome 

 The chronic use of LSD is not associated with symptoms 
or signs of withdrawal; the  Diagnostic and Statistical 
Manual of Mental Disorders  ( DSM - IV - TR ) does not list 
a LSD - dependence syndrome.  66   There are few data on 
the neuropsychologic effects of chronic LSD use, in part 
because of the frequent use of other drugs of abuse and 
the diffi culty controlling various confounding variables 
including premorbid cognitive function, personality, and 
previous drug use.  76   Existing data suggest that any 
changes are subtle and there are few, if any, long - term 
neuropsychologic defi cits attributable to chronic LSD 
use.  32   Affective abnormalities following LSD use include 
exhaustion, profound depression, loss of motivation, 
and emotional lability.  

  Reproductive Abnormalities 

 There is no clear evidence that LSD is teratogenic.  77

Case reports associate the illicit maternal use of LSD 
during pregnancy with rare congenital abnormalities 
including anophthalmia (absence of ocular tissue),  78

true limb aplasia (absence of entire limb bud),  79   and 
multiple cerebral and cerebellar malformations.  80

Uncontrolled studies of women using LSD during preg-
nancy suggest elevated incidences of spontaneous abor-
tions81   and major congenital abnormalities  82   compared 
with national averages. However, the potential presence 
of a number of confounders (e.g., ingestion of other 
illicit drugs, infectious diseases, poor maternal nutrition) 
preclude a defi nitive correlation between LSD and the 
occurrence of human birth defects. 

 At normal recreational doses, there are no unequivo-
cal data to indicate that LSD is a mutagen.  83    In vitro
human and experimental animal studies are inconsis-
tent, and the data from the 1960s and 1970s indicate that 
LSD is, at most, a weak mutagen.  84,85   Chromosomal 
studies in LSD users are also inconsistent. Elevated 
chromosomal abnormalities occurred in the leukocytes 
of LSD users, but these changes were not dose - related.  86

Studies of lymphocytes from 50 hospitalized psychiatric 
patients administered LSD did not demonstrate a sta-
tistically signifi cant elevation of chromosomal abnor-
malities when compared with matched controls.  87,88

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Screening 

 Identifi cation of LSD in biologic fl uids is a diffi cult task. 
The rapid and extensive metabolism of LSD produces 
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deterioration under lighted conditions depends on the 
wavelength, light intensity, and exposure time.  111   The 
loss of LSD from spiked samples stored at 4 o C and 
 - 20 o C under dark conditions was minimal over 2 weeks, 
whereas the loss of LSD from samples stored at room 
temperature under normal fl uorescent lights in clear 
vials was approximately 50% over 2 weeks.  112   Under 
experimental conditions, loss of LSD from spiked 
samples stored in polyethylene bottles at room tem-
perature in light and dark conditions was limited to 
10%.109   The LSD metabolite, 2 - oxo - 3 - hydroxy lysergic 
acid diethylamide is relatively stable up to 2 months 
under refrigerated and frozen conditions, but some 
deterioration occurs if the sample is stored at or above 
room temperature.  113

  Biomarkers 

  Blood 

Experimental/Illicit Use.     Typically, the LSD concen-
tration in blood following the ingestion of recreational 
LSD doses is in the low ng/mL range.  114   Peak plasma 
LSD concentrations following the IV administration of 
2    μ g/kg are approximately 6 – 7   ng/mL within about 30 
minutes; the LSD concentration decreases to nonde-
tectable concentrations in about 8 hours.  29   In 5 patients 
presenting to an urban emergency department with 
bizarre, agitated behavior after ingesting LSD, the 
serum LSD concentrations 2 – 10 hours after ingestion 
ranged from 1.3 – 1.8   ng/mL as measured by high perfor-
mance liquid chromatography with fl uorescent detec-
tion.115   This method is not specifi c for LSD because of 
the interference of other compounds with fl uorescent 
properties. The LSD concentration did not correlate to 
adverse effects (agitation, fl ashbacks).  

Overdose.     Plasma LSD concentrations ranged from 
4 – 6   ng/mL 1 – 2 hours after the IV administration of 
2    μ g/kg,   23   and up to 8.8   ng/mL 2 hours after the inges-
tion of 160    μ g of LSD as measured by a less - specifi c 
fl uorometric method.  116   A massive LSD overdose 
occurred following the insuffl ation of LSD by 8 patients 
who presented to an emergency department 15 minutes 
later.  21   On admission to the emergency department, 2 
patients were comatose, vomiting, and displaying promi-
nent sympathomimetic signs. Analysis of blood samples 
demonstrated admission LSD plasma concentrations of 
6.6   ng/mL and 11.6   ng/mL. Another patient had vomit-
ing, catatonia, and hyperrefl exia with fi xed dilated 
pupils; the admission plasma LSD concentration of the 
latter patient was 16.0   ng/mL.  

Postmortem.     In blood samples from a 25 - year - old 
man, who died 16 hours after hospital admission, the 

spectrometry (GC/MS).  102   These techniques are tar-
geted toward LSD rather than LSD metabolites; there-
fore, immunoassays, which cross - react with LSD 
metabolites, may detect LSD use longer than these con-
fi rmatory procedures as a result of the inclusion of 
parent LSD as well as cross - reacting metabolites.  90

Methods that do not require derivatization include 
liquid chromatography/electrospray ionization/tandem 
mass spectrometry and immunoaffi nity chromatogra-
phy/high performance liquid chromatography/mass 
spectrometry.  103   The lower limit of quantitation (LLOQ) 
for LSD and iso  - LSD in whole blood samples was 
0.01   ng/mL, as measured by liquid chromatography/
tandem mass spectrometry.  104   This method also quanti-
tates the metabolite, 2 - oxo - 3 - hydroxy - LSD in urine 
samples. Atmospheric pressure matrix - assisted laser 
desorption/ion trap/mass spectrometry is a relative easy 
and rapid method that is a good quantitative measure 
of LSD when interference from high - background ions 
is eliminated.  105   These analytic procedures are highly 
sensitive. The LLOQ and LOD for LSD using gas chro-
matography/tandem mass spectrometry and an internal 
ion trap detector were 0.080   ng/mL and 0.020   ng/mL, 
respectively.  106   Established cutoff limits for RIA proce-
dures are usually near 0.50   ng/mL, although actual 
detection limits may be slightly lower (0.25   ng/mL). 
Analysis of urine samples for 2 - oxo - 3 - hydroxy - LSD 
increases the detection window for LSD because this 
metabolite is usually present in substantially higher 
urinary concentrations compared with LSD,  iso  - LSD, 
and nor  - LSD.  107   In this study, the mean ratio of 2 - oxo -
 3 - hydroxy - LSD/LSD was approximately 15. LSD pos-
sesses a native fl uorescent chromophore (fl uorophore) 
and HPLC with fl uorescence detection is a sensitive 
method of detecting LSD. However, this method is not 
specifi c because of interference from other fl uorescent 
compounds absorbing at similar wavelengths. The use 
of ultra performance liquid chromatography/tandem 
mass spectrometry allows the detection of LSD and 
LSD metabolites ( N  - demethyl - LSD, iso - LSD, 2 - oxo - 3 -
 hydroxy - LSD) in blood with an LOD of 0.005 – 0.010   ng/
mL.108   The LLOQ in blood or urine for LSD and  iso  -
 LSD is 0.020   ng/mL and 0.050   ng/mL, respectively, 
similar to other LSD metabolites.  

  Storage 

 LSD is unstable under prolonged exposure to heat, 
alkaline conditions, and ultraviolet light irradiation. 
Proper storage of LSD typically involves the use of 
amber glass or nontransparent polyethylene containers. 
Frozen samples of LSD are stable for at least 3 
months.  109,110   However, LSD is photosensitive, and rapid 
deterioration of LSD occurs in sunlight. The amount of 
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the effects of multiple drug use and the absence of data 
on premorbid cognitive and personality function. A 
review of the limited EEG and neuropsychologic testing 
data on chronic LSD users in the 1960s and 1970s dem-
onstrated few, if any, long - term neuropsychologic defi -
cits attributable to LSD use.  75,124   The cognitive effects of 
LSD complicate the interpretation of neuropsychologic 
testing of individuals given LSD acutely.  

  Driving 

 There are few data on the effects of LSD on driving 
skills. Case series of polydrug abusers suggest that pro-
longed afterimages, visual illusions, and alteration of 
cognition and judgment may occur while driving under 
the infl uence of psychedelic drugs including LSD.  125

However, the prevalence of these effects and the exact 
role of LSD remain unclear.   

  TREATMENT 

  Stabilization 

 Life - threatening medical reactions to LSD intoxication 
are extremely rare. All patients should be evaluated for 
organic disease with vital signs, physical examination, 
and a thorough history that includes current symptoms, 
premorbid function, and prior medical and psychiatric 
conditions. Vital signs should include an accurate rectal 
temperature that is repeated if the patient deteriorates. 
The sympathomimetic effects of LSD are usually mild 
and transient, except in patients with underlying cardio-
vascular disease or very large overdose. Laboratory 
investigations in patients with severe LSD intoxication 
to exclude organic disease include complete blood 
count, serum electrolytes, hepatic aminotransferases, 
creatinine and creatine kinase, urinalysis, and urine for 
drugs of abuse as well as computed tomography of the 
brain if neurologic disease is suspected. Seizures may 
occur in patients using LSD, but the causal link between 
LSD use and seizures is not well delineated. Therefore, 
these patients should be evaluated for other causes of 
seizures; benzodiazepines are fi rst - line drugs for the 
treatment of agitation and persistent seizures.  

  Gut Decontamination 

 The usual methods of decontamination (e.g., activated 
charcoal) are almost always unnecessary because of the 
rapid absorption of LSD and the relatively small 
amounts of the ingested drug. Additionally, the use of 
decontamination measures complicate the treatment of 
agitated patients.  

postmortem LSD concentrations was 4.8   ng/mL as mea-
sured by radioimmunoassay.  117   Details of the clinical 
course were not reported; however, the coroner con-
cluded that the man died from LSD intoxication. The 
antemortem plasma was 14.8   ng/mL. No other drugs 
were detected as analyzed by radioimmunoassay, high 
performance liquid chromatography, and GC/MS.   

  Urine 

 Following ingestion, the kidneys excrete small amounts 
of LSD rapidly in urine; therefore, the concentration of 
LSD usually decreases below the confi rmation cutoff 
(0.200   ng/mL) within 12 – 24 hours following the inges-
tion of a recreational dose (50 – 100    μ g) of the drug.  118

Lowering the detection limit to 0.010   ng/mL with ion 
trap GC/MS can extend the detection time to approxi-
mately 72 hours after ingestion of a 50    μ g recreational 
dose of LSD.  119   Some metabolites of LSD appear in 
higher concentrations than LSD, and analysis directed 
toward the detection of these urinary metabolites may 
extend the detection time to 96 hours. Following the 
ingestion of 4    μ g LSD/kg by volunteers, 2 - oxo - 3 -
 hydroxy - LSD remained  > 0.200   ng/mL for 48 hours and 
above the LOD for 96 hours as measured by gas 
chromatography/tandem mass spectrometry with solid -
 phase extraction. Current immunoassays for LSD do 
not signifi cantly cross - react with 2 - oxo - 3 - hydroxy -
 LSD.  30   In a series of 49 urine specimens from workplace 
drug testing programs that were positive for LSD by 
screening immunoassay, the mean ratio of 2 - oxo - 3 -
 hydroxy - LSD/LSD was approximately 24 with a range 
of 0.03 – 136.  120   Analysis of urine samples by radioim-
munoassay demonstrated LSD concentrations ranging 
from 1.5 – 55   ng/mL within 24 hours after the ingestion 
of LSD doses of 200 – 400    μ g.  121

  Abnormalities 

 Experimental doses of LSD produce laboratory evi-
dence of a nonspecifi c stress reaction (i.e., leukocytosis, 
eosinophilia).10   Rhabdomyolysis may occur, particularly 
in severely agitated, restrained patients  73   or in unre-
strained patients.  122   After LSD administration, the 
amplitude of the electroencephalogram (EEG) tracings 
decreases with alpha rhythms disappearing and low -
 voltage fast or desynchronized discharges predominat-
ing, particularly the slower frequencies. The rhythmic 
after - discharges associated with photo - evoked poten-
tials are suppressed, but the clinical signifi cance of these 
changes is unclear.  123   There are inadequate clinical data 
on the chronic effects of LSD use on neuropsychologic 
testing, in part because of the diffi culty controlling for 
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leptic malignant syndrome. There are few published 
data on the use of droperidol, midazolam, ziprasidone, 
or newer generation antipsychotic drugs (aripiprazole, 
olanzapine, quetiapine, risperidone) for the treatment 
of LSD - induced agitation. Patients sedated for agitation 
should be observed closely for respiratory depression. 

 All patients requiring the continued use of restraints 
should have the fi rst voided urine specimen sent 
for myoglobin and urinalysis. A positive dipstick test 
for hematuria in the absence of microscopic evidence of 
red blood cells suggests myoglobinuria and the need for 
generous fl uid replacement along with sedation as 
required by the mental status of the patient. If the 
patient does not respond to reassurance and regain 
control over the frightening thoughts, 24 - hour hospital-
ization may be necessary. Follow - up to a mental health 
facility is important to assess the need for further 
therapy.  

  Acute Psychotic Reactions 

 Most visual hallucinations are actually illusions rather 
than true hallucinations, and these patients understand 
that what they are seeing is drug - induced. Haloperidol 
has been administered successfully in the setting of 
LSD - induced psychotic reactions,  127   but there are no 
clinical data to compare haloperidol with other antipsy-
chotic drugs including the newer antipsychotic drugs.  

  Hallucinogen Persisting Perception Disorder 
( HPPD ) 

 The treatment of benign fl ashbacks is similar to the 
treatment of acute panic attacks. Reassurance that 
the fl ashbacks diminish with time frequently reduces 
the anxiety associated the occurrence of fl ashbacks. 
Avoidance of stress, antihistamines, fatigue, ethanol, and 
other drugs of abuse helps reduce the recurrence of 
fl ashbacks.  128   The treatment of HPPD often requires 
drug therapy depending on the severity of the anxiety 
and social disruption caused by pervasive perceptual 
disturbances. Treatment modalities include psychother-
apy, identifi cation of triggers, benzodiazepines, and 
other drugs (clonidine, perphenazine, clonazepam).  129

Case series of HPPD patients suggests that high potency 
benzodiazepines (e.g., clonazepam 2   mg/day for 2 
months) are more effective than low potency benzodi-
azepines (e.g., alprazolam) for the treatment of HPPD.  130

In this case series, the improvement continued after 
tapering the patients off clonazepam over 1 month. 
Older medical literature suggests that haloperidol is an 
option for the treatment of HPPD.  131

  Elimination Enhancement 

 As the volume of distribution is large, there are no clini-
cal data to support the use of methods to enhance the 
elimination of LSD.  

  Antidotes 

 There is no specifi c antidote for LSD intoxication.  

  Supplemental Care 

 Occasionally, peripheral vascular ischemia and lower 
extremity gangrene is associated with LSD use that does 
not respond to conventional treatment including IV 
heparin, nicardipine, methylprednisolone, and topical 
nitroglycerin. A case report documented restoration of 
normal luminal caliber and prompt reperfusion of LSD -
 induced extensive lower extremity vasospasm in a pre-
viously healthy 19 - year - old woman.  126   Acute renal 
failure secondary to LSD - induced rhabdomyolysis is 
one of the few indications for hemodialysis after LSD 
intoxication. 

  Acute Panic Attack 

 Reassurance that the frightening images are temporary 
and illusory along with reduction of sensory stimulation 
are the most important aspects of the management of 
LSD - related panic attacks.  47   The patient should be 
placed in a safe, quiet environment, preferably with a 
familiar person who can provide constant reassurance 
(i.e., “talkdown”). This person should reorient the 
patient by interpreting the anxious feelings while 
attempting to restore a sense of control and well - being 
to the patient overwhelmed with frightening visions and 
emotions. Continuous interpretations of sensory misper-
ceptions and pseudo - hallucination are necessary to 
reduce the anxiety associated with a  “ bad trip ” .  11   This 
 “ talkdown ”  period typically lasts 8 – 12 hours, and during 
that time the patient may move in the room as long as 
the patient does not display destructive behavior. 
Restraints should be avoided if possible, but impulsive 
and potentially dangerous actions should be controlled 
as necessary to prevent destructive behavior. Diazepam 
(5   mg IV every 1 – 2 hours, adult) or lorazepam (1 – 2   mg 
IV every 1 – 2 hours) are the drugs of choice for sedation, 
particularly for restrained patients. Haloperidol (2 – 5   mg 
IM, adult) may be administered as a second - line drug if 
the above measures fail to calm the patient and contin-
ued agitation represents an substantial medical risk 
unless the patient has symptoms consistent with neuro-
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  Chapter 23 

     In 1864, Adolf von Baeyer fi rst synthesized barbituric 
acid as a product of the condensation of malonic acid 
(acid derivative of apples) and urea (component of 
animal excrement). Barbituric acid does not produce 
central nervous system (CNS) depression, but the addi-
tion of alkyl or aryl groups at C5 confers sedative hyp-
notic properties to these drugs. Conrad and Guthzeit 
synthesized the fi rst barbituric acid derivative, diethyl-
barbituric acid (barbital, veronal, malonal, Gardenal) in 
1881.1   In the prebarbiturate era of the latter half of the 
19th  century, the common hypnotic drugs included bro-
mides, scopolamine, chloral hydrate, paraldehyde, and 
morphine; Fischer and von Mering published the fi rst 
scientifi c report on the hypnotic properties of barbital 
in 1903.  2   This compound became the fi rst barbiturate 
introduced into clinical practice as a hypnotic by the 
German companies, E. Merck (Darmstadt) and F. Bayer 
and Company (Elberfeld) in 1904. During the 20 th

century, modifi cation of the barbituric acid molecule 
resulted in over 2,500 barbiturate derivatives with about 
50 of these compounds introduced into clinical prac-
tice.  3   In 1911, Horlein synthesized phenobarbital; the 
following year, F. Bayer and Company introduced this 
drug into clinical practice as Luminal  ®  . Following World 
War I, the US Congress passed the Trading with the 
Enemy Act of 1917 that allowed the manufacture of 
patented German products by American subsidiaries of 
German companies by the modifi cation of the generic 
name. Diethylbarbituric acid became barbital in the 
United States, whereas this compound was barbitone in 
the United Kingdom. Thus, the nomenclature of barbi-
turates persisted as differences in the 2 endings,  -  al  and 
 -  one . Alfred Hauptmann serendipitously discovered the 
anticonvulsant properties of phenobarbital in 1912, 

when he administered this barbiturate to epileptic 
patients as a sedative for sleep.  4   In the early 1920s, 
Klaesi introduced the use of barbiturates as a treatment 
for psychotic patients by the induction of deep, pro-
longed sleep as means to facilitate communication 
between the patient the psychotherapist.  5   Between the 
1920s and the mid - 1950s, barbiturates became the major 
sedatives and hypnotics in clinical practice.  3   By 1930, the 
use of phenobarbital superseded the use of bromides as 
anticonvulsants despite reports of tolerance and with-
drawal seizures. In 1923, Schonle and Moment at Eli 
Lilly Company synthesized amobarbital (Amytal  ®  , 
Eli Lilly Company, Indianapolis, IN); 6 years later, 
Schonle synthesized secobarbital (Seconal  ®  ). Both of 
these drugs had similar pharmacologic properties as the 
earlier synthesized barbiturate, butalbital, Volwiler 
and Tabern synthesized pentobarbital (Nembutal  ®  , 
Abbott Laboratories, Abbott Park, IL) and thiopental 
(Pentothal ®  ) in 1930. The latter barbiturate was a sulfur 
derivative of pentobarbital that became a popular intra-
venous (IV) anesthetic.  6

 Although many barbiturates were synthesized during 
the early 20 th  century, only a few barbiturates became 
widely used as sedative hypnotics, anticonvulsants, and 
anesthetics. Pharmacologic differences in the duration 
of action allows a practical categorization of the 
common barbiturates into the following: 1) short -  and 
intermediate - acting: hypnotics; 2) long - acting: anticon-
vulsants, anxiolytics, treatment of withdrawal symptoms; 
and 3) ultrashort - acting: induction of anesthesia for 
minor operation and procedures. Table  23.1  displays 
identifying data for common barbiturates.   

 Other uses of barbiturates included treatment of 
essential tremor (primidone) and headache (i.e., in 
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Monroe died of a barbiturate overdose. In that same 
year, President Kennedy convened a special drug -
 dependence committee to investigate the extent of the 
barbiturate dependence, estimated at that time to 
involve 250,000 barbiturate addicts in the United States. 
The introduction of chlorpromazine in 1952 and chlor-
diazepoxide in 1960 led to the development of more 
effi cacious and safer alternatives to barbiturates. 
Currently, barbiturates are alternatives for the treat-
ment of epilepsy, insomnia, preoperative sedation, 
sedative - hypnotic withdrawal, gastrointestinal (GI) 
functional disorders, and migraine headaches (i.e., as 
combination formulations).  

  AMOBARBITAL 

           IDENTIFYING CHARACTERISTICS 

 In general, increased lipophilicity is associated with 
more rapid onset of action, shorter duration of effect, 
and greater hypnotic properties. Table  23.2  lists some 
physiochemical properties of amobarbital. Street names 
for amobarbital include Amys, Birds, Blues, Blue Angels, 
Blue Birds, Blue Bullets, Blue Clouds, Blue Devils, Blue 
Dolls, and Blue Heaven. Figure  23.1  displays the chemi-
cal structure of amobarbital.      

  EXPOSURE 

  Epidemiology 

 Epidemiologic data indicate that the prevalence of 
amobarbital abuse began declining in the 1960s and 
1970s as benzodiazepines began replacing barbiturates 
as preferred sedative hypnotic drugs. The yearly aver-
age US emergency department visits for amobarbital 
misuse/abuse reported by DAWN (Drug Abuse Warning 
Network) decreased from 1,945 in the late 1970s to 439 

combination with other analgesics). Sodium amobarbi-
tal and sodium pentobarbital ( “ truth serum ” ) were 
adjuncts during narcoanalysis to allow increased inter-
action of catatonic and schizophrenic patients with their 
therapists, particularly during the treatment of these 
patients during the 1930s and 1940s.  7   Following World 
War II, the use of amobarbital interviews was a popular 
method to express repressed feelings, particularly for 
aiding soldiers with posttraumatic stress from combat 
experiences.  8   In contrast to hypnosis, amobarbital inter-
views could be administered to all patients rather than 
only those individuals susceptible to hypnosis. 

 Smith, Kline,  &  French introduced Dexamyl  ®   (amo-
barbital, dextroamphetamine) as an antidepressant in 
the 1930s. The abuse of this combination (street name: 
goofballs) became widely publicized in the 1970s and 
early 1980s when Dr. George C. Nichopoulos was 
indited (but not convicted) for prescribing this drug and 
other narcotics to Elvis Presley and Jerry Lee Lewis. 
Dexamyl ®   was withdrawn from the US market in 1981. 
Short -  (pentobarbital, secobarbital) and intermediate -
 acting (amobarbital, butalbital) barbiturates are more 
frequently associated with drug abuse than the long -
 acting (phenobarbital) barbiturates based on admis-
sions to drug treatment centers in the 1970s.  9   Typically, 
the short -  and intermediate - acting barbiturates have 
half - lives ranging from 10 – 50 hours. 

 Peak US production of barbiturates occurred in the 
late 1940s and 1950s prior to the introduction of benzo-
diazepines. Dependence on barbiturates ( “ Veronal 
habit ” ). was recognized soon after the introduction 
of fi rst commercial barbiturate, barbitone (Veronal). 
Despite the synthesis of over 2,500 derivatives of barbi-
turic acid, no barbiturate eliminated the problems of 
dependence and fatalities associated with barbiturate 
overdose. Although barbiturates were not included in 
the US Dangerous Drugs Act of 1920, the Poisons Rules 
in 1935 required a prescription for barbiturates. Well -
 documented reports of barbiturate dependence did not 
appear until the 1950s.  10   By the 1960s, barbiturate abuse 
was a well - recognized problem.  10   In 1962, Marilyn 

TABLE 23.1.    Classifi cation of Common Barbiturates. 

   Class     Barbiturate     Trade Name     Chemical Name     CAS Number  

  Ultrashort    Thiopental    Pentothal    5 - ethyl - 5 - (1 - methylbutyl) - thiobarbituric acid    76 - 75 - 5  
  Short    Pentobarbital    Nembutal    5 - ethyl - 5 - (1 - methylbutyl) - barbituric acid    76 - 74 - 4  
      Secobarbital    Seconal    5 - allyl - 5 - (1 - methylbutyl) - barbituric acid    76 - 73 - 3  
  Intermediate    Amobarbital    Amytal    5 - ethyl - 5 - isopentylbarbituric acid    57 - 43 - 2  
      Butalbital      *      5 - allyl - 5 - isobutylbarbituric acid    77 - 26 - 9  
  Long    Phenobarbital    Luminal    5 - ethyl - 5 - phenylbarbituric acid    50 - 06 - 6  

    *   Butalbital is usually marketed as a variety of proprietary preparations with several other drugs (e.g., caffeine, aspirin, acetaminophen, or codeine).   
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  DOSE EFFECT 

 The adult therapeutic dose of amobarbital ranges from 
50 – 150   mg with doses up to 500   mg for narcoanalysis 
and adjunctive therapy during anesthesia. Predicting 
toxicity based on the estimated amobarbital dose is 
complicated by several variables including tolerance, 
time of supportive care in relation to the ingestion, and 
concomitant administration of other CNS depressants 
(e.g., ethanol, sedative hypnotic drugs). The ingestion of 
2 – 3   g amobarbital is potentially fatal in nontolerant 
individuals. The ingestion of 20   g amobarbital by a 
52 - year - old man was associated with coma, apnea, hypo-
tension, and hypothermia.  13   He survived with intensive 
supportive care. Barbiturate - dependent patients usually 
ingest supratherapeutic doses of barbiturates, but the 
daily dose frequently fl uctuates. Daily amobarbital 
doses exceeding 800   mg are associated with dependence 
and withdrawal upon cessation of use.  14   A 54 - year - old 
woman gradually increased her consumption of amo-
barbital over 13 years with some fl uctuation. At the time 
of her admission to a detoxifi cation unit, her daily amo-
barbital consumption was 1,800   mg with reported 
maximum daily intake up to 3   g.  15    

  TOXICOKINETICS 

  Kinetics 

 The GI absorption of amobarbital is almost complete 
with no signifi cant fi rst - pass metabolism.  16   The rate -
 limiting factors for amobarbital absorption are drug 
dissolution and dispersal. Distribution of barbiturates 
depends on lipid solubility, protein binding, and the 
extent of ionization. The average protein binding is 
approximately 55 – 60%. The liver metabolizes most of 
the amobarbital dose; amobarbital undergoes almost 
complete biotransformation to 3 ′  - hydroxyamobarbital 
via  C  - hydroxylation and to  N  - hydroxyamobarbital via 
 N  - hydroxylation as demonstrated in Figure  23.2 .  17   
Oxidation of amobarbital to 3 ′  - hydroxyamobarbital 
accounts for approximately one - half of the amobarbital 
dose. Minor urinary metabolites include  N , N  ’  - dimethyl-
amobarbital and 5 - (3 ′  - carboxybutyl) - 5 - ethylbarbituric 
acid.  18   There is substantial interspecies variation in 
the metabolism of amobarbital with the virtual absence 
of diol metabolite in humans and the absence of 
amobarbital -  N  - glucoside in animals (dog, rodents, 
guinea pig, hamster).  19     

 The average serum elimination half - life of amobar-
bital is approximately 24 hours with substantial interin-
dividual variation.  20,21   In a study of 7 healthy men and 9 
healthy women receiving 3.54   mg amobarbital/kg intra-
venously, the mean serum elimination half - life was 

in the mid - 1980s.  11   During these times, drug misuse/
abuse related deaths reported by DAWN medical exam-
iner facilities in the United States also decreased from 
294 to 65. Both amobarbital and secobarbital were 
among the prescription drugs with the highest reported 
drug - related deaths per dispensed prescriptions during 
the 1970s and 1980s. Currently, the estimated emergency 
department visits related to barbiturate misuse/abuse 
are approximately 5% (i.e., about 11,000) of the emer-
gency department visits related to benzodiazepine 
misuse/abuse, based on DAWN data.  12   These rates have 
been relatively stable over the last few years.  

  Sources 

 Tuinal  ®   (Eli Lilly) was a commonly abused barbiturate 
for sedative and euphoric effects, particularly during the 
1960s and 1970s. This drug combination contained equal 
amounts of amobarbital and secobarbital in total barbi-
turate doses of 50   mg, 100   mg, and 200   mg.  

  Methods of Abuse 

 Typically, amobarbital abuse results from the ingestion 
of excessive doses of amobarbital. Occasionally, amo-
barbital is injected; however, the irritancy of barbitu-
rates frequently causes skin ulcers. Rapid acting 
barbiturates (amobarbital, pentobarbital, secobarbital) 
are more common drugs of abuse than the long - acting 
barbiturates (barbital, phenobarbital).   

       FIGURE 23.1.     Chemical structure of amobarbital.  

  TABLE 23.2.    Some Physiochemical Properties of 
Amobarbital. 

   Physical Property     Value  

  Melting Point    157 ° C (314.6 ° F)  
  pKa    7.84  
  log P (Octanol - Water)    2.07  
  Water Solubility    603   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    2.17E - 11   mm   Hg (25 ° C/77 ° F)  
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and short - acting barbiturates (pentobarbital, secobarbi-
tal) induces hepatic microsomal enzymes and increases 
the elimination rate of barbiturates.  15,29   A pharmacoki-
netic study compared the dose of Tuinal  ®   necessary to 
produce toxicity (drowsiness, slurred speech, ataxia, 
nystagmus) in 9 patients admitted to a detoxifi cation 
unit for Tuinal  ®   addiction with healthy medical students 
and volunteer medical staff.  30   The mean toxic dose of 
the Tuinal  ®   abusers was about 58% higher than the 
controls. Induction of CYP450 enzymes occurs in a few 
days and pharmacodynamic tolerance develops over 
weeks to months, depending on the dose. Cross - tolerance 
of barbiturates with alcohol and benzodiazepines also 
occurs.  

  Drug Interactions 

 Similar to other barbiturates, amobarbital induces 
CYP450 isoenzymes. Following the daily ingestion of 
200   mg amobarbital for 3 weeks, the average half - life 
of antipyrine decreased about 35% (CYP1A2).  31   The 
metabolism of antipyrine involves at least 10 cyto-
chrome P450 isoenzymes including CYP1A2, CYP2A6, 
CYP3A4, CYP2B6, CYP2C8, CYP2C9, CYP2C18, 
CYP2C19, CYP2D6, and CYP2E1.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Barbiturates are CNS depressants that suppress neuro-
nal excitability, impulse conduction, and the release of 
neurotransmitters. These compounds potentiate the 
inhibitory effects of  γ  - aminobutyric acid (GABA) in the 
CNS to cause cognitive and motor impairment charac-
teristic of CNS depression. The GABA A  receptor is a 
pentameric transmembrane chloride ion channel that 
binds GABA as well as barbiturates, benzodiazepines, 
and ethanol. Barbiturates enhance the binding of 
GABA to the chloride channel receptors, and these 
drugs promote, rather than displace, the binding of ben-
zodiazepines to these receptors. Only the GABA A   α  -  
and  β  - subunits rather than the  γ  - subunit are necessary 
for the clinical effects of barbiturates.  32   Short -  and 
intermediate - acting barbiturates have similar mecha-
nisms of action, binding to the picrotoxin allosteric site 
on the GABA receptor - ionophore complex and directly 
activating the GABA - related chloride channels to 
enhance presynaptic chloride conductance. These drugs 
prolong the opening of the chloride channels, whereas 
benzodiazepines increase the frequency rather than the 
duration of chloride channel opening. Barbiturates also 
depress voltage - activated calcium currents and reduce 
glutamate - induced polarization mediated by the  α  -
 amino - 3 - hydroxy - 5 - methylisoxazole - 4 - propionic acid 

approximately 21 hours (mean, 22.7    ±    1.6 hours; women, 
20.0    ±    1.0 hour).  22   In 4 mothers at term receiving 200 
amobarbital daily during the last month of pregnancy, 
the plasma amobarbital elimination half - life ranged 
from 8.4 – 19.3 hours, whereas the fi fth mother had a 
prolonged elimination half - life (70.2 hours).  23   Similar 
variation, but more prolonged elimination occurs in the 
neonates.  24   In a study of 36 healthy individuals receiving 
a single therapeutic dose of amobarbital, the mean 
clearance of amobarbital was 36.7    ±    10.0   mL/minute.  16   
Over the fi rst 48 hours, 3 ′  - hydroxyamobarbital accounted 
for about 34% of the administered dose. Limited phar-
macologic studies suggest that 3 ′  - hydroxyamobarbital 
may exhibit some CNS activity.  25   The kidney excretes 
very small amounts of amobarbital in the urine 
unchanged, even in overdose; little amobarbital appears 
in the bile.  26   In a study of 5 volunteers receiving 200   mg 
sodium amobarbital, the percentage of the amobarbital 
dose excreted in the urine over 6 days ranged from 
about 34 – 49% compared with 1 – 3% as unchanged amo-
barbital measured by gas chromatography.  27   The esti-
mated average amobarbital half - life in blood was 25 
hours following nonfatal amobarbital poisoning mea-
sured by ultraviolet spectrophotometry.  28    

  Maternal and Fetal Kinetics 

 Amobarbital crosses the placenta and the amobarbital 
concentration in cord and maternal serum are similar.  

  Tolerance 

 Tolerance to barbiturates results from both pharmaco-
kinetic and pharmacodynamic effects. In both humans 
and animals, the chronic administration of amobarbital 

       FIGURE 23.2.     Biotransformation of amobarbital.  
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appear on pressure points within the fi rst 24 hours of 
coma and progress to bullae within 2 – 3 days. Resolution 
occurs spontaneously in 1 – 2 weeks in the absence of 
local complications.    

  Abstinence Syndrome 

 Considerable interindividual variation occurs in the 
clinical features of barbiturate withdrawal including 
the abstinence syndrome associated with amobarbital. 
The severity of the withdrawal reaction following ces-
sation of chronic barbiturate use relates directly to the 
duration and intensity of barbiturate use. Some patients 
develop only weakness and anxiety, whereas other 
patients progress to delirium, multiple seizures, hyper-
thermia, and acute psychosis. Minor symptoms follow-
ing discontinuation of amobarbital, short - acting, or  
other intermediate - acting barbiturates begin 8 – 36 hours 
after the last dose including anxiety, lightheadedness, 
tachycardia, diaphoresis, coarse tremor, generalized 
weakness, insomnia, anorexia, visual hallucinations, and 
nightmares. Other effects include hyperrefl exia, pos-
tural hypotension, vomiting, and autonomic hyperactiv-
ity. Maximum effects occur within 24 – 48 hours after 
the last dose. Serious effects following the abrupt cessa-
tion of barbiturate use include hyperpyrexia, delirium, 
fl orid hallucinations, and seizures. Convulsions may 
occur 1 – 5 days after the last dose; in contrast to with-
drawal from ethanol, seizures during barbiturate with-
drawal frequently are multiple. Psychosis with visual 
hallucinations may develop following these seizures, 
manifest by agitation, insomnia, tremors, confusion, 
delusions, disorientation, and hallucinations. The delir-
ium typically lasts < 5 days and a period of prolonged 
sleep ensues.  14   Withdrawal symptoms resolve over 2 – 15 
days, depending on the severity of the withdrawal 
reaction.  

  Reproductive Abnormalities 

 There are limited human data on the teratogenicity and 
fetotoxicity of amobarbital; previous studies on amo-
barbital and congenital abnormalities are inconsistent. 
The US Food and Drug Administration (FDA) lists 
amobarbital in category D (positive evidence of human 
fetal risk). In a convenience sample of 9 children born 
to mothers attempting suicide with amobarbital during 
the fi rst trimester, there were no congenital abnormali-
ties or evidence of fetal growth retardation.  36   A retro-
spective study of prescription drug use during pregnancy 
and congenital abnormalities detected a statistically sig-
nifi cant increase in major malformation (6.9%) in neo-
nates born to mothers ingesting amobarbital during the 
fi rst trimester, when compared with controls.  37

(AMPA) receptors.  33   Barbiturates are cardiorespira-
tory depressants that cause apnea by decreasing the 
respiratory drive and diaphragmatic movements. 
Autopsy fi ndings of individuals dying from amobarbital 
intoxication are nonspecifi c with features primarily of 
asphyxia.  

  CLINICAL RESPONSE 

  Illicit Use 

 In general, barbiturates produce clinic effects similar to 
ethanol intoxication, manifest by dysarthria, ataxia, nys-
tagmus, lightheadedness, impaired cognition, poor judg-
ment, loss of inhibitions, and confusion. Similar to 
short - acting and other intermediate - acting barbiturates, 
amobarbital produces CNS and cardiorespiratory 
depression. Apnea occurs early in the course of severe 
amobarbital intoxication.  

  Overdose 

 Hypotension and hypothermia may complicate large 
overdoses of amobarbital. Alteration of consciousness 
ranges from drowsiness to coma with unstable vital 
signs. Reed et al  34  classifi ed barbiturate coma into 5 
stages as defi ned in Table  23.3 . Pupils typically are con-
stricted early in the course of coma; in the later stages 
of coma, pupil dilate. The clinical features of stage 4 
barbiturate coma include nonreactive pupils, loss of 
brainstem refl exes (corneal, oculovestibular), absent 
deep tendon refl exes, and evidence of pathologic refl exes 
(e.g., Babinski sign). This clinical pattern is nonspecifi c; 
severe intoxications with other sedative hypnotics 
(meprobamate, glutethimide, ethchlorvynol, methaqua-
lone) and hypoxic encephalopathy produce similar fi nd-
ings including benzodiazepines. Skin bullae are another 
nonspecifi c fi nding in barbiturate coma. Blanching, ery-
thematous lesion are intra -  or subepidermal lesions that 

TABLE 23.3.    Reed Classifi cation of Barbiturate Coma.    34

   Stage  *       Clinical Features  

  0    Stuporous, responsive to verbal command  
  1    Responsive to painful stimuli, unresponsive to 

verbal stimuli  
  2    Unresponsive to verbal and painful stimuli, 

refl ects intact, vital signs stable  
  3    Unresponsive, arefl exic, stable vital signs  
  4    Unresponsive, arefl exic, unstable vital signs  

    *   Patients in stage 4 coma are not always arefl exic and patients in stage 
3 coma may be arefl exic without changes in the vital signs.  35
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amobarbital being relatively stable in the mildly acidic 
conditions present in most postmortem blood samples. 
Amobarbital is relatively stable in unpreserved blood 
and liver tissue at 4 ° C (39.2 ° F) and 25 ° C (77 ° F) for 2 – 3 
months at pH 6.4 – 7.0. Under these storage conditions, 
amobarbital decreased to 76    ±    5% and 77    ±    9%, respec-
tively, over 2 months of storage.  48

  Biomarkers 

 After barbiturate poisoning, the liver typically contains 
the highest barbiturate concentration followed by 
kidney, spleen, and brain.  47

  Blood 

Therapeutic/Recreational Doses.     Twelve hours after 
the IV administration of 250   mg amobarbital/70   kg to 6 
healthy volunteers, the mean amobarbital concentration 
was 2.49    ±    0.24   mg/L as measured by gas chromato-
graphy/fl ame ionization detection.  25   The mean serum 
amobarbital concentration 30 minutes after the injec-
tion of 3.54   mg amobarbital/kg to 6 healthy volunteers 
was 5.14    ±    0.11   mg/L.  22   The mean plasma amobarbital 
concentration in 5 patients a half - hour after receiving 
600   mg amobarbital over the preceding 3 hours was 
8.7   mg/L, declining to 6.6   mg/L 4 hours later.  49   All of 
these patients demonstrated signs of drug effect (seda-
tion, unsteady gait, poor balance, and coordination) at 
the time of initial testing. In a study of newly admitted 
patients to a psychiatric ward with anxiety, the mean 
dose of sodium amobarbital administered to 23 patients 
was 463   mg (range, 286 – 657   mg). After 7 days of treat-
ment, the mean plasma amobarbital concentration was 
4.11    ±    0.30   mg/L (range, 1.68 – 7.06   mg/L). There was no 
accumulation of amobarbital over the 7 - day study; the 
response to treatment did not correlate with plasma 
amobarbital concentrations.  

Overdose.     In a case series of 3 amobarbital overdoses 
requiring intubation and ventilatory support, the 
maximum serum amobarbital concentrations ranged 
from 40 – 67   mg/L as measured by gas chromatography.  50

The duration of coma ranged from 44 – 59 hours. As mea-
sured by UV spectrophotometry, blood amobarbital 
concentrations of 20 – 25   mg/L are associated with light 
coma (refl exes present) and 55 – 60   mg/L with severe 
intoxication (comatose with unstable vital signs).  28   A 
23 - year - old woman presented with coma, absent corneal 
and gag refl exes, mild hypothermia, and dilated right 
pupil with increased tone in her left arm.  51   There were 
no imaging studies reported, and she recovered after 40 
hours of coma. The admission blood amobarbital con-
centration was 63   mg/L (method not reported).  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Screening for barbiturates in blood involves enzyme -
 multiplied immunoassay technique (EMIT  ®   tox Serum 
Barbiturates, Siemens Healthcare Diagnostics, Deerfi eld, 
IL) and fl uorescence polarization immunoassays (FPIA) 
including ADx serum barbiturates (Abbott Diagnostics, 
Abbott Park, IL) and COBAS INTEGRA 700 
Barbiturates (Roche Diagnostic Systems, Somerville, 
NJ). Positive cutoffs for these methods are 3   mg/L, 
2   mg/L, and 0.2   mg/L, respectively. The cross - reactivity 
of these assays vary with the type of barbiturate because 
the antibodies are raised against secobarbital.  38   Conse-
quently, this assay is highly sensitive to secobarbital, but 
the cross - reactivity to amobarbital is about 18%.  39

Methods for the quantitation of amobarbital in 
biologic samples include ultraviolet (UV) spectropho-
tometry, thin layer chromatography, gas chromatogra-
phy, high performance liquid chromatography, gas 
chromatography/mass spectrometry (GC/MS), and 
liquid chromatography/electrospray/mass spectrome-
try.  40   The lower limit of quantitation (LLOQ) of amo-
barbital in serum using the latter method is 0.5   mg/L 
with an interday coeffi cient of variation of  < 7%. The 
LLOQ for GC/MS with addition of formic acid to the 
carrier gas is 0.1   mg/L,  41   whereas the use of liquid 
extraction with methyl -  tert  - butyl ether/chloroform and 
alkylation to the N  - ethyl derivative results in a LLOQ 
near 0.05   mg/L (coeffi cient of variance,  ∼ 5 – 6%).  42   Both 
N  - hydroxyamobarbital and 3 ′  - hydroxyamobarbital are 
detectable in urine with GC/MS combined with on -
 column methylation and pyrolysis.  43   Micellar liquid 
chromatography with UV detection allows the direct 
inject of plasma samples without preanalytic derivatiza-
tion.44   The limit of detection (LOD) for amobarbital in 
biologic samples ranges from 0.2 – 0.4   mg/L. Thermal 
instability of N  - hydroxyamobarbital limits the detection 
of this metabolite by gas chromatography. In urine 
samples, GC/MS allows the detection of amobarbital in 
the presence of other barbiturates (butalbital, pentobar-
bital, secobarbital) with limits of detection in the range 
of 0.01 – 0.02   mg/L.  45   Micellar liquid chromatography 
allows the analysis of complex matrices without extrac-
tion. Limits of detection for amobarbital using this 
method with UV detection is approximately 0.07   mg/L.  46

Barbiturates including amobarbital are relatively stable 
in pH - neutral biologic specimens, even after chemical 
fi xation with formalin. Substantial amounts of amobar-
bital are detectable in liver tissue and in formalin at 
least 20 months after death.  47   The postmortem stability 
of barbiturates in blood and tissues depends on pH with 
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Hemodynamic monitoring (echocardiography, Swan -
 Ganz catheter) may be necessary in patients with 
stage 4 coma and hemodynamic instability. Hypogly-
cemia occurs in a substantial portion of comatose 
patients with barbiturate intoxication; all patients 
should be evaluated with point of care testing and 
glucose and thiamine administered as indicated. Severe 
hypothermia may occur in deeply comatose patients 
during severe amobarbital intoxication; these patients 
may require prolonged cardiopulmonary resuscitation 
as a result of persistent ventricular fi brillation unre-
sponsive to defi brillation. In rare cases, thoracotomy, 
internal cardiac massage, and direct rewarming of the 
mediastinum is necessary to increase the body tempera-
ture suffi ciently to allow successful defi brillation.  57

Other than hypothermia - associated dysrhythmias, bar-
biturate poisoning is usually not complicated by rhythm 
disorders.  

  Gut Decontamination 

 In general, if the patient presents within 1 – 2 hours of 
ingestion, the administration of a single dose of acti-
vated charcoal (1   g/kg body weight) is a therapeutic 
option; however, there are inadequate data on the clini-
cal outcome of this intervention.  In vitro  studies suggest 
that the adsorption of amobarbital to activated charcoal 
is limited ( < 51   mg/g activated charcoal at pH 1.3 and 
37 ° C) and lower than other barbiturates (secobarbital, 
124   mg/g; pentobarbital, 103   mg/g).  58   The actual adsorp-
tion of amobarbital during overdose is probably lower 
as a result of the presence of mucous, bile acids, food, 
and altered GI motility.  

  Elimination Enhancement 

 There are limited data on the use of artifi cial means to 
enhance the elimination of amobarbital; however, exist-
ing data suggest that the elimination of amobarbital 
with these methods is very limited. Charcoal hemoper-
fusion for 3.5 hours at 200   mL/minute removed 4% of 
the estimated dose of amobarbital from the blood of a 
comatose, hypotensive 54 - year - old man with amobarbi-
tal intoxication.  59   Dialysis for 31.5 hours in a 52 - year - old 
man with severe amobarbital intoxication removed only 
about 3% of the estimated amobarbital dose; he 
remained intubated for 24 hours after hemodialysis  
ended.13   Forced diuresis is contraindicated in barbitu-
rate overdose because of the lack of effi cacy and the 
potential for fl uid overload and pulmonary edema. 
Multiple - dose activated charcoal (MDAC) enhances 
the elimination of phenobarbital, but there are inade-
quate data on the effi cacy of MDAC for the treatment 
of life - threatening amobarbital poisoning.  60

Postmortem     In a series of 55 cases involving amobar-
bital as the cause of death, the postmortem blood con-
centrations (site and analytic method not specifi ed 
[NOS]) ranged from 13 – 96   mg/L.  52   The report did not 
include the presence or absence of other drugs other 
than a comment that amobarbital poisoning was the 
cause of death. In a convenience series of 17 fatalities, 
the lowest amobarbital concentration in postmortem 
blood attributed to the cause of death was 27   mg/L by 
UV spectrophotometry.  53   The report did not include 
sample site, clinical details, or the presence of other 
drugs in postmortem specimens. The mean postmortem 
amobarbital concentration in blood samples (site NOS) 
from 6 deaths attributed to amobarbital intoxication 
was 47   mg/L (range, 29 – 68   mg/L).  54   In this case series, 
the mean postmortem liver concentration of amobarbi-
tal was 219   mg/kg (range, 106 – 580   mg/kg). In postmor-
tem blood (site NOS) from 4 amobarbital - related 
fatalities, the mean amobarbital concentration was 
41   mg/L (range, 25.5 – 78.5   mg/L) compared with a mean 
of 4.2   mg/L (range, 1.1 – 8.4   mg/L) for amobarbital con-
centrations in 11 non - drug related fatalities.  55   The 
amobarbital - related fatalities were single - drug fatalities 
with the exception of ethanol, nicotine, and caffeine. The 
distribution of amobarbital to bone is relatively small 
compared with blood, liver, and kidney; however, amo-
barbital does persist in bone for prolonged periods. 
Remnants of the skeleton from a 33 - year - old psychiatric 
patient were found 1 ½  years after her disappearance.  56

The concentrations of amobarbital in the skeletal rem-
nants were as follows: rib 9.3   mg/kg; sternum, 25.6   mg/kg; 
and vertebra, 9.2   mg/kg.    

  Abnormalities 

 Rhabdomyolysis with subsequent acute renal dysfunc-
tion may complicate prolonged barbiturate - induced 
coma, manifest by elevated serum creatine kinase, 
urinary myoglobin, and increasing serum creatinine. 
Additionally, hypoglycemia may occur during amobar-
bital intoxication.   

  TREATMENT 

  Stabilization 

 Amobarbital is a CNS depressant that may cause respi-
ratory and cardiovascular depression during severe 
intoxications. Patients should be evaluated for the pres-
ence of hypoxia and respiratory insuffi ciency; intubation 
and ventilatory support may be necessary in severe 
cases. Hypotension initially is treated with IV fl uids, but 
vasopressors (dopamine, norepinephrine) may be nec-
essary in patients unresponsive to saline infusion. 
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  Antidotes 

 There are no antidotes for barbiturate intoxication.  

  Supplemental Care 

 Barbiturate withdrawal requires pharmacotherapy and 
hospital admission. Oral loading with phenobarbital 
is a technique developed in the 1970s for the treat-
ment of barbiturate withdrawal. The dose is 120   mg 
phenobarbital/hour until at least 3 of the following 
effects occur: nystagmus, dysarthria, ataxia, drowsiness, 
or emotional lability. Table  23.4  provides a rating scale 
for the evaluation of these 5 signs. Hourly phenobarbital 
loading terminates when the score is ≥ 8. These signs are 
evaluated each time before the next loading dose along 
with frequent vital signs and level of consciousness. In 
a study of 21 barbiturate addicts (daily consumption, 
0.5 – 4   g), the mean phenobarbital loading dose was 23.4 
± 7.1   mg/kg with a median postloading phenobarbital 
concentration of 35.9   mg/L (range, 13.2 – 71.6   mg/L).  61

Most of these patients were polydrug users (e.g., alcohol, 
diazepam, methaqualone, amphetamines). Discharge or 
rehabilitation usually can occur 48 hours after pheno-
barbital loading begins. Patients becoming intoxicated 
at ≤ 7   mg/kg (i.e., about 500   mg) phenobarbital are prob-

TABLE 23.4.    Rating Scale for Oral Phenobarbital Loading.    69

   Category     Sign     Score  

  Nystagmus    Absent    0  
  Present on lateral gaze only    1  
  Easily elicited and sustained    2  
  Coarse, sustained    3  

  Dysarthria    Absent    0  
  Minor slurring over some words    1  
  Moderate slurring    2  
  Severe slurring, unintelligible    3  

  Ataxia    Absent    0  
  Mildly unsteady on tandem gait    1  
  Moderately unsteady on regular gait    2  
  Needs support on regular gait    3  

  Drowsiness    Alert    0  
  Awake but drowsy    1  
  Asleep but roused easily    2  
  Asleep and diffi cult to arose    3  

  Emotional lability    Normal, same as before loading    0  
  Some mood change    1  
  Obvious mood change    2  
  Uninhibited, mood swings    3  

Note.  Score each of the 5 categories before loading and before each hourly dose. 
Discontinue phenobarbital loading when the score is ≥ 8. Vital signs are repeated 
frequently until the patient is alert.   

ably not physically dependent and do not require full 
phenobarbital loading.  62   High - dose oral diazepam (10 –
 20   mg/h until reduction in withdrawal symptoms or 
appearance of toxic effects) is an alternative to oral 
phenobarbital loading, similar to the treatment of 
ethanol withdrawal; however, there are inadequate 
clinical data to compare the effi cacy of phenobarbital 
loading and benzodiazepine use in barbiturate 
withdrawal.         

  BUTALBITAL 

           IDENTIFYING CHARACTERISTICS 

 Butalbital (5 - allyl - 5 - isobutylbarbituric acid, CAS 
RN: 77 - 26 - 9) is a white odorless powder that is 
slightly soluble in cold water and soluble in boiling 
water. This compound is also soluble in alcohol and 
alkaline solutions of hydroxides and carbonates. Figure 
 23.3  displays the chemical structure of butalbital. 
Table  23.5  lists some physiochemical properties of 
butalbital.      
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lousness, and auditory hallucinations occurred in a 
59 - year - old man after cessation of butalbital use.  68   He 
had ingested up to 1,500   mg butalbital daily in the pre-
ceding 2 years. In another series of 18 butalbital abusers 
admitted to a detoxifi cation unit, the mean daily con-
sumption of butalbital tablets was 13.4 (range, 8 – 20).  69   
The sedative dose of butalbital in nontolerant individu-
als is 50 – 100   mg; the hypnotic dose is 100 – 200   mg. 
Predicting toxicity based on the estimated butabarbital 
dose is complicated by several variables including toler-
ance, time of supportive care in relation to the ingestion, 
and concomitant administration of other CNS depres-
sants (e.g., ethanol, sedative hypnotic drugs).  

  TOXICOKINETICS 

 Absorption of butalbital is rapid with peak butalbital 
concentrations in the blood occurring within 1 hour of 
ingestion. The volume of distribution is approximately 
0.8   L/kg; protein binding of butalbital in the blood is 
relatively small (i.e., 26%). Butalbital undergoes almost 
complete metabolism by the liver, primarily by C5 oxi-
dation. The major metabolites are 5 - isobutyl - 5 - (2,3 -
 dihydroxypropyl)barbituric acid and 5 - allyl - 5 - (3 - hydroxy -
 2 - methyl - 1 - propyl)barbituric acid. There are limited 
and somewhat inconsistent pharmacokinetic data on 
the serum elimination half - life of butalbital. This drug 
is an intermediate - acting barbiturate with a biologic 
half - life in the range 30 – 40 hours based on renal excre-
tion, similar to pentobarbital and secobarbital. In a 
study of 5 healthy volunteers receiving 100   mg butal-
bital in combination with aspirin and caffeine, the mean 
plasma elimination half - life of butalbital was 61 hours 
(range, 35 – 87.5 hours).  70    

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Butalbital is a CNS depressant that suppresses neuronal 
excitability, impulse conduction, and the release of neu-
rotransmitters, similar to other barbiturates including 
amobarbital. The mechanism of action and toxicity is 
similar to amobarbital (see Amobarbital Histopathology 
and Pathophysiology).  

  CLINICAL RESPONSE 

 As with other barbiturates, the clinical features of butal-
bital are similar to ethanol intoxication and include cog-
nitive impairment, dysarthria, ataxia, unsteady gait, 
slurred speech, sedation, poor attention, emotional 
lability, and inappropriate judgment. Clinical effects 
associated with chronic butalbital abuse include nausea, 
restlessness, irritability, asthenia, impaired memory 

  EXPOSURE 

 Fiorinal  ®   (Novartis, Basel, Switzerland) is a capsule con-
taining 330   mg acetylsalicylic acid (ASA), 40   mg caf-
feine, and 50   mg butalbital. Other Fiorinal  ®   preparations 
may substitute acetaminophen for ASA or may add 
codeine. Many Fiorinal  ®   abusers use the preparation 
containing codeine and also abuse other drugs (benzo-
diazepines, opioids, sedative hypnotics). The FDA 
approved butalbital - containing medications for the 
treatment of tension headache, but not for migraine 
headaches; however, patients with migraine headaches 
frequently receive prescriptions for these medications.  63   
A meta - analysis of placebo - controlled trials of patients 
with episodic tension - type headaches indicated that 
butalbital compounded with aspirin, acetaminophen, 
and/or caffeine is effi cacious;  64   however, there are inad-
equate data to determine the effectiveness of this com-
bination for migraine headache.  65   Abuse of butalbital 
typically involves the chronic ingestion of butalbital -
 containing medication; however, abuse of suppositories 
occurs as a result of the rapid absorption of these prepa-
rations and the higher concentrations of butalbital 
(150   mg vs. 50   mg) in suppositories.  66    

  DOSE EFFECT 

 In a case series of 29 Fiorinal  ®   abusers admitted to a 
detoxifi cation unit, the mean daily intake of butalbital 
was 700   mg (i.e., 14 capsules) with a range of 300 –
 1,500   mg.  67   The mean loading phenobarbital dose for 
this cohort was 1,120   mg, which indicated moderate 
dependence. Disorientation, agitation, insomnia, tremu-

       FIGURE 23.3.     Chemical structure of butalbital.  

  TABLE 23.5.    Some Physiochemical Properties of Butalbital. 

   Physical Property     Value  

  Molecular Weight    224.3   g/mol  
  Melting Point    138.5 ° C (281.3 ° F)  
  log P (Octanol - Water)    1.870  
  Water Solubility    1700   mg/L (25 ° C/77 ° F)  
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  Biomarkers 

 The whole blood/plasma ratio of butalbital is near unity. 
In a study of 5 healthy volunteers receiving 100   mg 
butalbital in combination with 80   mg caffeine and 
660   mg ASA, the mean whole blood/plasma ratio was 
0.987 (range, 0.763 – 1.148).  70   The mean peak butalbital 
concentration of 2.14   mg/L occurred at 2 hours with the 
butalbital concentration declining to 1.39   mg/L at 30 
hours after ingestion. In postmortem blood (site NOS) 
from 3 butalbital - related fatalities, the mean butalbital 
concentration was 13.8   mg/L (range, 1.9 – 31   mg/L) com-
pared with a mean of 7.1   mg/L (range, 1.6 – 22   mg/L) for 
butalbital concentrations in 8 nondrug - related fatali-
ties.  55   The butalbital - related fatalities were single - drug 
fatalities with the exception of ethanol, nicotine, and 
caffeine. 

 Large doses of butalbital may cross react with some 
urine immunoassays reportedly specifi c for phenobarbi-
tal (e.g., EMIT  ®   2000 Phenobarbital Assay, Syva Co., 
San Jose, CA).  76

  TREATMENT 

 The treatment of butalbital is supportive. This drug is a 
CNS depressant that may cause respiratory and cardio-
vascular depression during severe intoxication. The 
treatment of acute butalbital intoxication is similar 
to other barbiturates (See Amobarbital Treatment). 
Common clinical practice of patients chronically using 
butalbital containing analgesics is to taper the dose by 
1 tablet every 2 – 3 days, when daily use is  < 10 tablets 
daily. Supervised withdrawal is usually necessary when 
the daily consumption exceeds 10 tablets or outpatient 
withdrawal is unsuccessful as a result of medical or psy-
chiatric conditions. For the use of phenobarbital loading 
for prevention of barbiturate withdrawal, the conver-
sion ratio of 30   mg phenobarbital to 100   mg butalbital 
converts to 300   mg phenobarbital for patients ingesting 
20 50 -mg butalbital tablets daily.      

  PENTOBARBITAL 

           IDENTIFYING CHARACTERISTICS 

 Pentobarbital [5 - ethyl - 5 - (1 - methylbutyl) - barbituric acid, 
CAS RN: 76 - 74 - 4] is a racemate; the stereocenter is in 
the 2 - position. Table  23.6  lists some physiochemical 
properties for pentobarbital. Figure  23.4  displays the 
chemical structure of pentobarbital. Street names for 

and concentration, depression, and neurotic behavior. 
Chronic daily headaches (i.e., rebound headaches) are 
a complication of the misuse of butalbital - containing 
analgesics. The clinical features of withdrawal from 
chronic butalbital abuse is similar to other barbiturate 
abstinence syndromes with agitation, tachycardia, and 
diaphoresis within ∼ 48 hours after the last dose.  71

Other clinical effects include insomnia, anorexia, hyper-
refl exia, tremor, hypertension, and seizures. In contrast 
to ethanol withdrawal, seizures often are multiple 
and occur later (i.e.,  > 48 hours) during the abstinence 
syndrome. Depending on the duration and magnitude 
of butalbital use, the clinical course may progress to 
visual hallucinations, delirium, and acute psychosis. 
Neonatal abstinence syndrome may occur in children 
born to mothers abusing butalbital.  72   Clinical features 
of this syndrome include jitteriness, irritability, rhinitis, 
muscle jerks, nystagmus, dysconjugate gaze, and poor 
feeding.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for quantitation of butalbital in biologic fl uids 
include UV spectrophotometry, gas chromatography 
with fl ame ionization or electron capture detection, 
micellar electrokinetic capillary chromatography,  73   solid 
phase extraction with high performance liquid chroma-
tography and UV detection at 220   nm,  74   and gas 
chromatography/mass spectrometry (GC/MS). The 
limits of quantitation for butalbital in blood and urine 
using GC/MS are similar to amobarbital (0.050   mg/L 
and 0.020   mg/L, respectively) with a coeffi cient of vari-
ance near 8 – 9%,  42   whereas the LLOQ for high perfor-
mance liquid chromatography and UV detection is 
3.75   mg/L.  74

 Barbiturates including butalbital are relatively stable 
in pH - neutral biologic specimens, even after chemical 
fi xation with formalin; however, barbiturates diffuse 
out of tissue into surrounding formalin solutions 
during storage. The recovery rate of butalbital from 
liver tissue fi xed in formalin and stored for 6 months 
was about 22% of the initial value at autopsy.  75

Substantial amounts of butalbital diffused from the 
tissue to the formalin during storage. The surrounding 
formalin contained approximately 66% of the original 
butalbital concentration in the liver at autopsy for 
a total recovery of about 88%. The postmortem stability 
of barbiturates in blood and tissues depends on pH 
with butalbital being relatively stable in the weakly 
acidic conditions usually present in postmortem blood 
samples.  
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  Methods of Abuse 

 The abuse liability of pentobarbital is greater than most 
other prescription hypnotic drugs based on reinforce-
ment, actual abuse, memory impairment, toxicity, and 
animal studies.  77   Heroin addicts use IV barbiturates as 
a substitute for heroin when heroin is unavailable; occa-
sionally, both drugs are abused together.  78     

  DOSE EFFECT 

 The adult IV hypnotic dose of pentobarbital is initially 
100   mg, followed by repeat doses up to 200 – 500   mg 
total dose with close observation and monitoring of vital 
signs. The IV dose in children is 1 – 3   mg/kg to a maximum 
of 100   mg until asleep. The loading dose for barbiturate 
coma is 5 – 10   mg/kg given slowly over 1 – 2 hours with 
close monitoring of blood pressure and oxygen satura-
tion. The initial maintenance infusion is 1   mg/kg/hour 
with an increase to 2 – 3   mg/kg/hour as required for the 
desired clinical endpoint. The pentobarbital dose that 
produces intoxication depends on tolerance. Ingestion 
of 400   mg pentobarbital daily may cause inebriation 
initially, but signs of intoxication disappear with daily 
dosing over 2 – 3 weeks based on studies of healthy vol-
unteers with histories of narcotic violations.  79   In these 
studies, cessation of 400   mg pentobarbital daily for 90 –
 360 days is not usually associated with abstinence symp-
toms, whereas all 18 men in a study at an addiction 
center ingesting 900 – 2,200   mg pentobarbital daily for 
over 30 days developed symptoms of withdrawal. 
Delirium developed in 12 of these men; 14 men had 
withdrawal seizures. Thirty milligrams of phenobarbital 
is equivalent to 100   mg pentobarbital. 

 Predicting toxicity based on the estimated pentobar-
bital dose is complicated by several variables including 
tolerance, time of supportive care in relation to the 
ingestion, and concomitant administration of other CNS 
depressants (e.g., ethanol, sedative hypnotic drugs). The 
ingestion of 2 – 3   g pentobarbital is potentially fatal. A 
24 - year - old woman was unresponsive to verbal or physi-
cal stimulation with stable vital signs (stage 3 coma) 
after the ingestion of an estimated dose of 3,500   mg 
pentobarbital, whereas a 20 - year - old woman was apneic 
after an estimated ingestion of 5,000   mg pentobarbital.  80   
Both women survived with supportive care. Their medi-
cation history was not reported, but no other drugs were 
detected in their blood.  

  TOXICOKINETICS 

 The GI absorption of pentobarbital is relatively rapid, 
similar to secobarbital. The volume of distribution (V d ) 

pentobarbital include Nebbie, Nembie, Yellow Bullet, 
Yellow Doll, Yellow Football, and Yellow Jacket. 
Propylene glycol is a constituent of IV preparations of 
both pentobarbital and phenobarbital.      

  EXPOSURE 

  Epidemiology 

 Similar to amobarbital and secobarbital, epidemiologic 
data indicate that the prevalence of pentobarbital abuse 
began declining in the 1960s and 1970s as benzodiaze-
pines began replacing barbiturates as preferred sedative 
hypnotic drugs. The yearly average US emergency 
department visits for pentobarbital misuse/abuse 
reported by the DAWN network decreased from 678 in 
the late 1970s to 195 in the mid - 1980s.  11   During these 
times, drug misuse/abuse related deaths reported by 
DAWN medical examiner facilities in the United States 
also decreased from 214 to 52.  

  Sources 

 Pentobarbital (Nembutal) is available as an injectable 
solution of 50   mg/mL for sedation and the induction of 
barbiturate coma. This preparation contains 40% pro-
pylene glycol and the pH is adjusted to 9.5. This drug is 
also available as a veterinary drug for euthanasia; addi-
tionally, pentobarbital is a drug of choice for assisted 
suicide.  

       FIGURE 23.4.     Chemical structure of pentobarbital.  

  TABLE 23.6.    Some Physiochemical Properties of 
Pentobarbital. 

   Physical Property     Value  

  Melting Point    129.5 ° C (265.1 ° F)  
  pKa    8.11 (25 ° C/77 ° F)  
  log P (Octanol - Water)    2.1  
  Water Solubility    679   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    3.02E – 10   mm   Hg (25 ° C/77 ° F)  
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hypotension following the ingestion of high doses. 
During the 1960s and 1970s, pentobarbital and secobar-
bital accounted for a large percentage of serious drug 
intoxications.  88   Clinically signifi cant hypothermia may 
complicate severe pentobarbital intoxication, particu-
larly following prolonged exposure during pentobarbital -
 induced coma. These patients may survive without 
clinically signifi cant sequelae despite prolonged ven-
tricular fi brillation and cardiopulmonary resuscitation 
during the period of severe hypothermia.  89   Prolonged 
use of pentobarbital and phenobarbital infusions for 
barbiturate coma may cause propylene glycol toxicity, 
manifest by lactic acidosis, refractory hypotension, 
hyperosmolality, hemolysis, and renal failure.  90   The 
abstinence syndrome associated with pentobarbital is 
similar to other short - acting (i.e., secobarbital) and 
intermediate - acting (e.g., amobarbital, butalbital) 
barbiturates.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the quantitation of pentobarbital in bio-
logic samples include gas chromatography with 
fl ame ionization detection,  91   liquid chromatography/
electrospray/mass spectrometry,  40   and GC/MS.  45,92   The 
LOD for pentobarbital in serum using the latter 2 
methods is 0.50   mg/L. The LLOQ for pentobarbital in 
blood and urine using GC/MS is similar to amobarbital 
(0.050   mg/L and 0.020   mg/L, respectively) with a coef-
fi cient of variance near 7 – 9%.  42   Pentobarbital is detect-
able in hair following solid phase microextraction and 
gas chromatography/chemical ionization/tandem mass 
spectrometry; LOD and LLOQ with this method are 
0.07   ng/mg and 0.1   ng/mg, respectively.  93   Pentobarbital 
is relatively stable in unpreserved blood and liver tissue 
at 4 ° C (39.2 ° F) and 25 ° C (77 ° F) for 2 – 3 months at pH 
6.4 – 7.0. Under these storage conditions, pentobarbital 
did not deteriorate over 2 months of storage.  48   Increasing 
degradation of proteins to amines results in a more 
alkaline environment in the decaying body compared 
with the fi rst 24 hours after death.  In vitro  studies 
indicate that pentobarbital is relatively stable in form-
aldehyde solutions (37%) present in embalming prepa-
rations. Over 1 month, degradation of pentobarbital in 
37% formaldehyde solution at pH 7 and 9.5 was < 13% 
and 30%, respectively. Substantial amounts of pento-
barbital are detectable in liver tissue and in formalin at 
least 20 months after death.  47   Storage of plasma con-
taining pentobarbital at − 20 ° C ( − 4 ° F) resulted in 
minimal degradation (2.5%) of the pentobarbital as 
measured by gas chromatography with fl ame ionization 
detection.94

of pentobarbital is relatively small (0.8 – 1   L/kg) with 
protein binding of approximately 65%. Pharmacokinetic 
studies indicate that protein binding varies between 
the two enantiomers. In a study of 7 healthy volunteers 
receiving 100   mg racemic pentobarbital, the mean 
protein binding of the R  -  and  S  - enantiomers were 
63.4% and 73.5%, respectively.  81   The V d  of the  R  -
 enantiomer was approximately 13% larger than the 
S  - enantiomer with a mean volume of distribution (V d ) 
of 1.24    ±    0.55   L/kg and 1.11    ±    0.52   L/kg, respectively. 
The liver metabolized almost all of the pentobarbital 
dose, primarily to 3 ′  - hydroxypentobarbital and 
N  - hydroxypentobarbital. 

 The kidney excretes very little ( < 1%) of the pento-
barbital dose as parent drug.  82   The terminal plasma half -
 life of pentobarbital following therapeutic doses is 
about 20 – 30 hours.  83   The estimated average pentobarbi-
tal half - life in blood was 20 hours following nonfatal 
pentobarbital poisoning, as measured by UV spectro-
photometry.  28   Some differences exist in the clearance of 
enantiomers of pentobarbital. In a study of 7 volunteers 
receiving 100   mg racemic pentobarbital, the median 
clearance of the ( R ) - enantiomer was about 25% higher 
than the ( S ) - enantiomer (43   mL/min and 33   mL/min, 
respectively).81

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Pentobarbital interacts with the GABA receptor -
 ionophore complex, binding the  γ  - aminobutyric acid 
type A (GABA A ) receptor. Electrophysiologic studies 
suggest that pentobarbital and other barbiturates 
exert at least some of their CNS effects by increasing 
the mean channel open time of the chloride ion 
channel in the GABA receptor - ionophore complex.  84,85

Aliphatic - substituted barbiturates (e.g., pentobarbital, 
secobarbital) signifi cantly enhance GABA receptor -
 coupled responses in comparison to the lack of res-
ponses with phenyl - substituted barbiturates (e.g., 
phenobarbital).86   At low micromolar concentrations, 
pentobarbital potentiates GABA A  - evoked responses, 
whereas high micromolar concentrations open the 
GABA A  receptor downstream of the middle of the M2 
domain.87   At millimolar concentrations, pentobarbital 
reduces the response of the GABA A  receptor. 
Pentobarbital is a CNS and cardiovascular depressant 
similar to other short - acting and intermediate - acting 
barbiturates.  

  CLINICAL RESPONSE 

 Similar to other short - acting and intermediate - acting 
barbiturates, pentobarbital produces coma, apnea, and 
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  Biomarkers 

 The mean plasma pentobarbital concentration in 5 
patients a half - hour after receiving 600   mg pentobarbi-
tal over the preceding 3 hours was 3.0   mg/L, declining 
to 2.0   mg/L approximately 8 hours later.  49   All of these 
patients demonstrated signs of intoxication (sedation, 
unsteady gait, poor balance, and coordination) during 
the study. McCarron et al. evaluated 1,140 cases of 
short - acting barbiturate intoxication and correlated 
an intoxication score with serum barbiturate con-
centrations as measured by UV spectrophotometry.  95

Ultraviolet spectrophotometry does not distinguish 
between the parent barbiturate and metabolites; there-
fore, this method is not as specifi c as GC/MS. Table  23.7  
outlines the results of their work. This table provides a 
broad guideline for the interpretation of serum pento-
barbital and secobarbital concentrations, depending on 
tolerance and the concomitant ingestion of other CNS 
depressants. A 24 - year - old woman was comatose with 
stable vital signs (Reed State 3 coma) after ingesting 
pentobarbital.80   Her serum pentobarbital concentration 
was 13.6   mg/L 4 hours after ingestion with no other 
drugs detected as measured by high performance liquid 
chromatography and GC/MS. In the same series, a 
mildly hypotensive, comatose 31 - year - old woman had a 
serum pentobarbital concentration of 29.82   mg/L 12 
hours after pentobarbital ingestion. She also had no 
other drugs detected in her serum. In 2 comatose 
patients with pentobarbital intoxication, the maximum 
serum pentobarbital concentrations were 26   mg/L and 
27   mg/L as measured by gas chromatography.  50   The 
duration of coma was 43 hours and 27 hours, respec-
tively; neither patient required intubation and ventila-

TABLE 23.7.    Correlation of Serum Pentobarbital and Secobarbital Concentrations with Clinical Effects in Nonbarbiturate 
Dependent Individuals.    95

   Clinical Stage     Clinical Features     Serum Concentration (mg/L)  *    

  Alert    No signs of CNS depression  < 6  
  Drowsy    CNS depression between alert and stuporous    8    ±    2  
  Stuporous    Markedly sedated, responsive to verbal or tactile stimuli    14    ±    3  
  Coma 1    Responsive to painful stimuli, unresponsive to verbal or tactile stimuli, 

stable vital signs  
  18    ±    2  

  Coma 2    Unresponsive to verbal or painful stimuli, stable vital signs    22    ±    2  
  Coma 3    Unresponsive to all stimuli or abnormal response to painful stimuli, 

abnormal spontaneous respirations (slow, shallow, or rapid) and/or low 
blood pressure with adequate perfusion  

  26    ±    2  

  Coma 4    Unresponsive to all stimuli or abnormal response to painful stimuli, 
apnea or inadequate respirations and/or inadequate blood pressure  

  34    ±    6  

Abbreviation:  CNS    =    Central nervous system.  
   *   Tolerance reduces the response to the listed serum concentration, whereas concomitant ingestion of CNS depressants (e.g., ethanol, other sedative 
hypnotic drugs) increases the response at a given concentration.   

tory support. As measured by UV spectrophotometry, 
blood pentobarbital concentrations of 15 – 25   mg/L are 
associated with light coma (refl exes present) and 
> 35   mg/L with severe intoxication (comatose with 
unstable vital signs).  28

 In a convenience series of 15 cases of death associ-
ated with pentobarbital intoxication, the lowest pento-
barbital concentration in postmortem blood was 
12   mg/L by UV spectrophotometry.  53   The report did not 
include sample site, clinical details, or the presence of 
other drugs in postmortem specimens. In a series of 43 
cases involving pentobarbital as the cause of death, the 
postmortem blood (site, analytic method NOS) ranged 
from 12 – 88   mg/L.  52   The peripheral postmortem pento-
barbital concentrations in 2 men found dead after delib-
erately ingesting veterinary pentobarbital sodium were 
8.6   mg/L and 27   mg/L.  96   Stomach samples from these 
two cases contained high concentrations of pentobarbi-
tal (4.3   g and 1.27   g, respectively). The report did not 
include the presence or absence of drugs other than 
pentobarbital. Propylene glycol is a diluent for iv pen-
tobarbital preparations that is usually present in post-
mortem blood of individuals dying of pentobarbital 
intoxication from IV preparations.  97

  TREATMENT 

 The treatment of pentobarbital intoxication is support-
ive, similar to the treatment of amobarbital poisoning. 
The main life - threatening complication are CNS and 
cardiopulmonary depression. Dysrhythmias are uncom-
mon during pentobarbital intoxication, and the pres-
ence of QTc prolongation suggests the presence of 
other drugs (e.g., tricyclic antidepressants).  80   In general, 
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diazepines began replacing barbiturates as preferred 
sedative hypnotic drugs. The yearly average US emer-
gency department visits for secobarbital misuse/abuse 
reported by the Drug Abuse Warning Network (DAWN) 
decreased from 3,626 in the late 1970s to 927 in the mid -
 1980s.  11   During these times, drug misuse/abuse related 
deaths reported by DAWN medical examiner facilities 
in the United States also decreased from 463 to 123. 
Both secobarbital and amobarbital were among the pre-
scription drugs with the highest reported drug - related 
deaths per dispensed prescriptions during the 1970s and 
1980s. Secobarbital is a schedule II drug in the United 
States, marketed as 100   mg capsules. Abuse of secobar-
bital usually involves the ingestion of secobarbital 
tablets, although occasionally secobarbital causes the 
death of IV drug abusers.  100    

  DOSE EFFECT 

 In a study at an addiction research center, the daily 
ingestion of 400   mg secobarbital for 1 year did produce 
symptoms of withdrawal, whereas minor withdrawal 
symptoms developed after the daily ingestion of 600   mg 
pentobarbital for 4 weeks including weakness, tremor, 
nausea, vomiting, anxiety, and insomnia.  101   More serious 
withdrawal symptoms occurred after the daily ingestion 
of 800   mg secobarbital for over 1 month. Thirty milli-
grams of phenobarbital is equivalent to 100   mg secobar-
bital. Secobarbital and pentobarbital produce addiction 
and the abstinence syndrome at equivalent doses.  79   

 Predicting toxicity based on the estimated secobarbi-
tal dose is complicated by several variables including 
tolerance, time of supportive care in relation to the 
ingestion, and concomitant administration of other CNS 
depressants (e.g., ethanol, sedative hypnotic drugs). The 
ingestion of 2 – 3   g secobarbital is potentially fatal in 
nontolerant individuals. The ingestion 1,750   mg seco-
barbital by a 47 - year - old woman was associated with 
hypotension, respiratory failure, and death 3 days after 
ingestion.  88   The report did not include a medication 
history. Studies of chronically intoxicated healthy 
adults indicate that some individuals remain ambula-
tory despite daily secobarbital or pentobarbital doses 
of 2.2   g.  

the rate of removal of short -  and intermediate - acting 
barbiturates is slow and the total recovery of pentobar-
bital in the dialysate is small compared with the absorbed 
dose. Estimated clearance of pentobarbital during 
hemodialysis and hemoperfusion is about 20 – 40   mg/
min and 50 – 120   mL/min compared with a calculated 
clearance of 7.6   mL/min during 48 hours of continuous 
venovenous hemodiafi ltration for a fatal pentobarbital 
intoxication.  98   The removal of pentobarbital in this fatal 
case was about 15% of the estimated pentobarbital 
dose. During hemodialysis of a 21 - year - old woman with 
severe pentobarbital and secobarbital overdose, the cal-
culated clearance of pentobarbital and secobarbital was 
26.6   mL/min with estimated removal of 1.3 – 3.6   mg/
min.  99   She underwent prolonged dialysis (68 hours) with 
some deterioration in her clinical condition following 
the temporary cessation of dialysis. There are no anti-
dotes for pentobarbital poisoning.      

  SECOBARBITAL 

           IDENTIFYING CHARACTERISTICS 

 Secobarbital (5 - allyl - 5 - (1 - methylbutyl) - barbituric acid, 
CAS RN: 76 - 73 - 3) is a highly lipophilic compound hyp-
notic drug that is marketed as seconal (secobarbital 
sodium, CAS RN: 309 - 43 - 3). Table  23.8  lists some phys-
iochemical properties of secobarbital (quinalbarbitone). 
Street names for secobarbital include Blues  &  Reds, 
M  &  Ms, Pinks, Reds  &  Ripple (R  &  R), Red Birds, Red 
Bullets, Reds, Seccy, and Seggy. Figure  23.5  displays the 
chemical structure of secobarbital.      

  EXPOSURE 

 Similar to amobarbital and pentobarbital, epidemio-
logic data indicate that the prevalence of secobarbital 
abuse began declining in the 1960s and 1970s as benzo-

       FIGURE 23.5.     Chemical structure of secobarbital.  

  TABLE 23.8.    Some Physiochemical Properties of 
Secobarbital. 

   Physical Property     Value  

  Molecular Weight    238   g/mol  
  Melting Point    100 ° C  
  pKa    7.8  
  log P (Octanol - Water)    1.97  
  Water Solubility    550   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    3.36E - 10   mm   Hg (25 ° C/77 ° F)  
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cardiorespiratory and CNS depressant. Postmortem 
fi ndings are nonspecifi c with signs of asphyxia.  

  CLINICAL RESPONSE 

 All short -  and intermediate - acting barbiturates produce 
clinical effects similar to ethanol intoxication, mani-
fest by dysarthria, ataxia, nystagmus, lightheadedness, 
impaired cognition, poor judgment, loss of inhibitions, 
and confusion. Complications of serious secobarbital 
intoxication include apnea, hypotension, and hypother-
mia. The abstinence syndrome associated with secobar-
bital is similar to other short - acting (e.g., pentobarbital) 
and intermediate - acting (e.g., amobarbital, butalbital) 
barbiturates.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the quantitation of secobarbital include 
gas chromatography with fl ame ionization detection,  91

high performance liquid chromatography,  108   gas 
chromatography/mass spectrometry (GC/MS),  45   and 
GC/MS in selective ion monitoring mode with barbital 
as the internal standard.  109   The LOD for secobarbital in 
serum using the latter method is 0.5   mg/L. The LLOQ 
for secobarbital in blood and urine using GC/MS is 
similar to amobarbital (0.050   mg/L and 0.020   mg/L, 
respectively) with a coeffi cient of variance near 5 – 7%.  42

Analysis of the overall precision of GC/MS with solid 
phase extraction demonstrates a coeffi cient of variation 
in the range of 2%.  110   Micellar liquid chromatography 
allows the analysis of complex matrices for secobarbital 
without extraction. The LOD for secobarbital using 
this method with UV detection is approximately 
0.064   mg/L.  46   Secobarbital is relatively stable in unpre-
served blood and liver tissue at 4 ° C (39.2 ° F) and 25 ° C 
(77 ° F) for 2 – 3 months at pH 6.4 – 7.0. Under these 
storage conditions, secobarbital concentrations in 
samples stored at 4 ° C and 25 ° C decreased 91    ±    12% 
and 97    ±    16%, respectively over 2 months of storage.  48

Substantial amounts of secobarbital are detectable in 
liver tissue and in formalin at least 20 months after 
death.47   Typically, immunoassays (e.g., enzyme multi-
plied immunoassay technique, fl uorescence polarization 
immunoassay) are very sensitive to secobarbital because 
the antibodies for these tests usually are raised against 
secobarbital.38

  Biomarkers 

 The typical therapeutic serum concentration of secobar-
bital is 1 – 2   mg/L with toxic symptoms appearing in most 

  TOXICOKINETICS 

  Kinetics 

 The GI absorption of secobarbital is relatively rapid. 
Following ingestion of 3.3   mg secobarbital/kg by 6 
healthy men, the peak whole blood secobarbital concen-
tration occurred between 2 – 4 hours after ingestion; the 
mean whole blood secobarbital concentration at 3 hours 
was 2.01   mg/L.  102   The mean volume of distribution in 7 
medical students and staff volunteers was 1.66   L/kg.  103

Volunteer studies suggest that the major urinary metab-
olite of secobarbital include 5 - (2 ′ ,3 ′  - dihydroxypropyl) -
 5 - (1 ′  - methylbutyl) - barbituric acid, 5 - allyl - 5 - (3 ′  - hydroxy 
- 1 ′  - methylbutyl) - barbituric acid, and 5 - allyl - 5 - (1 ′  - methyl
 - 3 ′  - carboxypropyl) - barbituric acid.  104   The elimination 
half - life for secobarbital is relatively long. In a study 
of medical students and staff volunteers, the mean 
biologic half - life was 19.3 hours.  103   The calculated bio-
logic half - life in a study of 6 healthy men was 28.9 
hours.  102

  Drug Interactions 

 The drug interactions of secobarbital are similar to 
other short -  and intermediate - acting drugs including the 
synergistic action of other CNS depressants on the clini-
cal effects of secobarbital. In healthy volunteers receiv-
ing 2   mg secobarbital/kg and 0.2   mg morphine/kg 
intravenously, both drugs alone caused ventilatory 
depression compared with baseline; the combination 
caused greater and more prolonged reduction in 
arterial oxygenation than either drug alone.  105   At 5 
minutes after IV administration, the mean arterial 
oxygen saturations were as follows: morphine 
alone, 86.6    ±    7.27   mm   Hg ( P     <    .05); secobarbital alone, 
90.1    ±    6.21   mm   Hg ( P  not signifi cant); and morphine/
secobarbital together, 80.7    ±    10.64   mm   Hg ( P     <    .01). 
Rodent studies indicate that chronic ethanol consump-
tion of ethanol does not produce cross - reactivity with 
highly lipid soluble barbiturates (e.g., secobarbital) 
based on responses to hypothermia, tilt - lane, and 
rotarod.106    In vitro  studies indicate that secobarbital is a 
selective inactivator of CYP2B1.  107

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Similar to other short and intermediate acting barbitu-
rates, secobarbital interacts with the GABA receptor -
 ionophore complex, binding the  γ  - aminobutyric acid 
type A (GABA A ) receptor and increasing the mean 
channel open time of the chloride ion channel in the 
GABA receptor - ionophore complex. Secobarbital is a 
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patients with secobarbital concentrations exceeding 
8   mg/L. The mean plasma secobarbital concentration in 
5 patients a half - hour after receiving 600   mg secobarbi-
tal over the preceding 3 hours was 4.3   mg/L, declining 
to 3.4   mg/L approximately 8 hours later.  49   All of these 
participants demonstrated signs of intoxication (seda-
tion, unsteady gait, poor balance, and coordination) 
during the study. As measured by UV spectrophotom-
etry, blood secobarbital concentrations of 12 – 17   mg/L 
are associated with light coma (refl exes present) and 
35   mg/L with severe intoxication (comatose with unsta-
ble vital signs).  28   Serum concentrations of secobarbital 
and pentobarbital produce similar clinical effects as out-
lined in Table  23.7 . 

 The highest secobarbital concentrations following 
fatal overdose occur in the blood, liver, and brain.  111   In a 
series of 108 cases involving secobarbital as the cause of 
death, the postmortem blood (site, analytic method NOS) 
ranged from 11 – 60   mg/L.  52   The report did not include the 
presence or absence of other drugs other than a comment 
that secobarbital poisoning was the cause of death. In 
postmortem blood (site NOS) from 16 secobarbital -
 related fatalities, the mean secobarbital concentration 
was 17.6   mg/L (range, 6.2 – 37   mg/L) compared with a 
mean of 5.5   mg/L (range, 1.3 – 21   mg/L) for secobarbital 
concentrations in 12 nondrug - related fatalities.  55   The 
secobarbital - related fatalities were single - drug fatalities 
with the exception of ethanol, nicotine, and caffeine. 
Animal studies suggest that substantial postmortem 
redistribution of secobarbital occurs after death.  112

  TREATMENT 

 Secobarbital is a CNS depressant that causes respira-
tory and cardiovascular depression during severe intoxi-
cation. The treatment of secobarbital intoxication is 
similar to other barbiturates (e.g., amobarbital). Similar 
to other barbiturates, hourly phenobarbital loading is an 
option for the treatment of secobarbital withdrawal. In 
a case series of 7 patients undergoing detoxifi cation for 
secobarbital abuse, the mean phenobarbital loading 
dose was 31.7    ±    15.0   mg/kg with a mean total phenobar-
bital dose of 1,560    ±    830   mg.  113
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  Chapter 24 

               HISTORY 

 Similar to other older sedative - hypnotic drugs (e.g., 
methaqualone, meprobamate, glutethimide), ethchlor-
vynol was introduced as a safer, nonaddictive substitute 
for barbiturates during the 1950s. However, the abuse 
potential and toxicity of these sedatives were well rec-
ognized during the 1960s and 1970s. During the late 
1970s, Drug Abuse Warning Network (DAWN) data 
indicated that ethchlorvynol use was associated with 
over 300 deaths yearly.  

  IDENTIFYING CHARACTERISTICS 

 Ethchlorvynol is a tertiary alcohol (1 - chloro - 3 - ethylpent -
 1 - en - 4 - yn - 3 - ol, CAS RN: 113 - 18 - 8) as displayed in 
Figure  24.1 . The aspirate from the gastric lavage of 
patients with ethchlorvynol overdoses frequently is 
pink. Table  24.1  lists some physiochemical properties of 
ethchlorvynol.      

  EXPOSURE 

 Ethchlorvynol (Placidyl, Abbott Laboratories, Abbott 
Park, IL) is a sedative - hypnotic drug for the short - term 
treatment of insomnia. This seldom used drug has been 
replaced by other, more effective drugs. Product formu-
lations include gelatin capsules in strengths ranging 
from 100 – 750   mg. Based on data from the American 
Association of Poison Control Centers, ethchlorvynol 
exposure is relatively rare in the United States with no 
fatalities and few exposures reported in 2009.  1   Although 
ethchlorvynol abuse typically involves the excessive 
ingestion of prescription drugs, occasionally drug 

abusers inject the liquid capsular contents of ethchlor-
vynol capsules.  2

  DOSE EFFECT 

 The typical adult dose of ethchlorvynol is 500 – 750   mg. 
Mild to moderate ethchlorvynol intoxication begins 
with ingestions in the 4 – 10   g range. The response to 
ethchlorvynol is variable depending on a number of 
factors including tolerance and the concomitant inges-
tion of other central nervous system (CNS) depressants. 
The ingestion of 30 – 50   g ethchlorvynol was associated 
with prolonged coma, respiratory insuffi ciency, and 
hypotension.3   Case reports associated survival after 
intensive supportive care and prolonged coma following 
the estimated ingestion of 80 – 125   g ethchlorvynol.  4

  TOXICOKINETICS 

  Absorption 

 Following the ingestion of therapeutic doses of eth-
chlorvynol, gastrointestinal (GI) absorption is rapid 
with peak serum ethchlorvynol concentrations occur-
ring about 1 – 1.5 hours after ingestion. In a small study 
of healthy volunteers, the peak serum ethchlorvynol 
concentration occurred about 1 hour after the ingestion 
of 500   mg and 750   mg.  5   The ingestion of fatty foods 
delays ethchlorvynol absorption.  

  Distribution 

 The initial distribution half - life of ethchlorvynol after 
therapeutic doses is about 1 – 3 hours with a relatively 
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centrations based on animal studies. In a study involving 
5 pregnant mongrel dogs, the oral administration of 
300   mg ethchlorvynol/kg produced rapid equilibration 
of ethchlorvynol concentrations in maternal and fetal 
blood ranging from 3.5 – 6.5   mg/L with amniotic and 
chorionic fl uid concentrations about 20 – 25% of the 
maternal blood concentration.  10    

  Tolerance 

 Tolerance develops following the chronic, excessive use 
of ethchlorvynol. A review of cases of chronic ethchlor-
vynol abuse reported daily ethchlorvynol consumption 
ranging from 1 – 4   g.  11    

  Drug Interactions 

 Ethchlorvynol does not induce hepatic microsomal 
enzymes and hepatic dysfunction does not alter eth-
chlorvynol metabolism. Porphyria is a contraindication 
for ethchlorvynol use because ethchlorvynol increases 
 γ  - aminolevulinic acid production. Ethanol increases the 
sedative effect of ethchlorvynol similar to other CNS 
depressants.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Ethchlorvynol is a CNS depressant similar to barbitu-
rates and ethanol, but the mechanism of action is not 
well defi ned. Experimental studies suggest that eth-
chlorvynol rather than diluents is responsible for the 

large volume of distribution (i.e., 4   L/kg). This highly 
lipophilic drug distributes widely into fatty tissues. The 
sedative effects disappear in 3 – 5 hours as ethchlorvynol 
distributes into peripheral tissues. A rebound increase 
in serum ethchlorvynol concentrations can develop 
7 – 10 hours after ingestion as a result of the redistribu-
tion of ethchlorvynol from peripheral stores. Ethch-
lorvynol is approximately 50 – 60% protein bound.  

  Biotransformation 

 The liver probably is the primary site of ethchlorvynol 
metabolism; however, the exact pathway of ethchlor-
vynol metabolism remains poorly defi ned. A potential 
metabolite includes 1 - chloro - 3 - ethynylpent - 1 - en - 3,4 -
 diol from the hydroxylation of C4.  6    

  Elimination 

 The kidney excretes small amounts (i.e.,  < 0.1%) of a 
therapeutic ethchlorvynol dose unchanged in the urine.  5   
The initial serum elimination half - life of ethchlorvynol 
after a therapeutic dose is relatively rapid (i.e., about 
6 – 8 hours), but a slow  β  - elimination phase results from 
a biphasic elimination pattern and the delayed release 
of ethchlorvynol from tissue stores as demonstrated in 
Figure  24.2 . During acute ethchlorvynol intoxication, 
the serum elimination half - life may increase substan-
tially (20 – 100 hours).  7,8   The serum elimination half - life 
of ethchlorvynol in an obese, hypothyroid man chroni-
cally using ethchlorvynol was 78 hours with a total body 
clearance of 9.92   mL/min.  9   Renal clearance of ethchlor-
vynol is relatively small.    

  Maternal and Fetal Kinetics 

 Ethchlorvynol rapidly crosses the placenta, producing 
equilibration of maternal and fetal ethchlorvynol con-

       FIGURE 24.1.     Chemical structure of ethchlorvynol.  

  TABLE 24.1.    Some Physiochemical Properties of 
Ethchlorvynol. 

   Physical Property     Value  

  Melting Point     < 25 ° C ( < 77 ° F)  
  Boiling Point    174 ° C (345.2 ° F)  
  log P (Octanol - Water)    1.650  
  Vapor Pressure    0.1   mm   Hg (29 ° C/84.2 ° F)  

       FIGURE 24.2.     Mean serum ethchlorvynol concentrations 
in mg/L following therapeutic doses: single 200   mg ( ° ), 
single 500   mg ( • ), single 750   mg ( ■ ).5 The analytic method was 
gas chromatography with electron capture detection. 
 (Reprinted from LM Cummins, YC Martin, EE Scherfl ing, 
Serum and urine levels of ethchlorvynol in man, Journal of 
Pharmaceutical Sciences, 1971, Fig. 2, p. 262, permission by 
John Wiley & Sons.)   
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of withdrawal symptoms during the fi rst several days of 
a neonate born to a mother using high doses of eth-
chlorvynol during pregnancy.  17   Symptoms included mild 
hypotonia, poor suck and Moro refl exes, and poor grasp 
followed by jitteriness and irritability. The pregnancy 
was complicated by toxemia.  

  Reproductive Abnormalities 

 There are few data on the effects of maternal ethchlor-
vynol use and reproductive abnormalities, but animal 
data do not suggest that ethchlorvynol is a signifi cant 
teratogen. A study of female rats exposed to ethchlor-
vynol doses of 20   mg/kg and 80   mg/kg did not demon-
strate signifi cant differences in the gross anatomy or 
histology of various organs of the offspring, when com-
pared with the offspring of control rats without eth-
chlorvynol exposure.  18

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the detection of ethchlorvynol include 
spectrophotometry,  19,20   high performance liquid chro-
matography,  21   and gas chromatography.  22   Detection 
limits for these analytic procedures are in the range of 
1   mg/L.  23   Some loss of ethchlorvynol can occur during 
storage. A case report documents the loss of approxi-
mately 22% of the initial postmortem blood ethchlor-
vynol concentration of 66   mg/L following storage for 90 
days at 0 ° C (32 ° F).  24

  Abnormalities 

 The chest x - ray in patients with pulmonary edema 
following ethchlorvynol poisoning typically demon-
strates diffuse bilateral alveolar densities without 
cardiomegaly.  

  Biomarkers 

  Blood 

Overdose.     Interpretation of serum ethchlorvynol 
concentrations requires consideration of a variety of 
factors including tolerance, concomitant ingestion of 
other CNS depressants, coexisting disease, and individ-
ual variability. Typically, therapeutic concentrations of 
ethchlorvynol range from about 2 – 8   mg/L with toxicity 
developing when the serum ethchlorvynol concentra-
tion exceeds 20   mg/L. In pharmacokinetic studies of 
healthy volunteers, the mean peak serum ethchlorvynol 
concentration following ingestion of 500   mg and 750   mg 

pulmonary edema associated with ethchlorvynol intoxi-
cation.12   Postmortem fi ndings during examination of 
individuals found dead following ethchlorvynol over-
dose are nonspecifi c with pulmonary and visceral con-
gestion along with cerebral edema. Massive pulmonary 
edema may be present at autopsy.  13

  CLINICAL RESPONSE 

  Illicit Use 

 The clinical features of chronic ethchlorvynol abuse are 
similar to chronic ethanol abuse. Symptoms associated 
with chronic abuse of ethchlorvynol include ataxia, dys-
arthria, diplopia, blurred vision, generalized weakness, 
tremor, toxic amblyopia, and central scotomata.  11

Clinical effects begin within 15 – 30 minutes.  

  Overdose 

 The clinical features of mild ethchlorvynol overdose are 
similar to sedative - hypnotic drug overdose with symp-
toms ranging from slurred speech, ataxia, and nystag-
mus to lethargy. In addition, a relative bradycardia and 
excessive salivation often occurs following ethchlor-
vynol overdose.  3   Symptoms of intoxication also include 
a mint - like taste, dry cough, and pungent odor on the 
breath. Severe ethchlorvynol intoxication produces a 
prolonged deep coma, hypothermia, respiratory depres-
sion, bullae, and hypotension. Serious complications of 
ethchlorvynol intoxication include aspiration pneumo-
nia, respiratory arrest, and pulmonary edema. Although 
pulmonary edema occurs more commonly after the 
injection of ethchlorvynol capsules, occasional case 
reports associated large ethchlorvynol overdose with 
the development of noncardiogenic pulmonary edema 
24 – 48 hours after ingestion.  2,14   Prolonged coma during 
ethchlorvynol intoxication may cause an ischemia -
 induced peripheral neuropathy. The presence of a 
pink gastric aspirate with prolonged coma, hypotension, 
and a relative bradycardia suggests ethchlorvynol 
poisoning.  

  Abstinence Syndrome 

 Heavy, chronic use of ethchlorvynol may cause an absti-
nence syndrome following abrupt cessation similar to 
other sedative - hypnotic drugs and delirium tremens. 
Clinical features of withdrawal include agitation, confu-
sion, disorientation, delirium, tremor, hypertension, 
tachycardia, hallucinations, and seizures that begin from 
3 – 15 days after cessation of use.  15,16   Symptoms usually 
resolve in 3 – 8 days, but occasionally symptoms may 
persist longer.  11   Case reports associate the development 
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sary as a result of the lack of clinical data to support the 
use of aggressive decontamination measures in these 
patients. Theoretically, the administration of activated 
charcoal more than 1 – 2 hours after ingestion may 
decrease ethchlorvynol absorption in comatose patients 
with decreased gastrointestinal motility, but there are 
inadequate data to indicate that the administration of 
activated charcoal at this time improves clinical outcome. 
Gastric lavage in comatose patients is a therapeutic 
option, particularly with delayed gastric emptying. 
However, there are few data on the effi cacy of gastric 
lavage in ethchlorvynol overdose. Syrup of ipecac is not 
recommended because of the lack of effi cacy and the 
potential for aspiration.  

  Elimination Enhancement 

 The renal clearance of ethchlorvynol during resin hemo-
perfusion for ethchlorvynol intoxication is high (140 –
 170   mL/min),  28   but there are few data on the effect of 
resin hemoperfusion on the clinical outcome of eth-
chlorvynol intoxication. Substantial rebound of eth-
chlorvynol from peripheral stores may signifi cantly 
increase the serum ethchlorvynol concentrations within 
6 – 8 hours after treatment. Factors to consider for the 
use of resin hemoperfusion include failure to respond 
to supportive measures, life - threatening complications 
associated with prolonged coma, and serum ethchlor-
vynol concentrations that exceed 150   mg/L. Although 
hemodialysis reduces the plasma ethchlorvynol half - life, 
the effect of hemodialysis on the clinical outcome of 
ethchlorvynol intoxication is unclear, in part because of 
relatively high protein binding and the large redistribu-
tion from tissue to blood. Three hours of hemodialysis 
removed 3   g (i.e., about 3 – 5% of the total dose) of an 
estimated 80 – 125   g ingestion of ethchlorvynol.  29   The 
estimated clearance of ethchlorvynol during hemodialy-
sis for 2 patients with ethchlorvynol poisoning was 
46   mL/min and 82   mL/min.  3   Forced diuresis is contrain-
dicated because of the limited excretion of ethchlor-
vynol and the tendency of ethchlorvynol intoxication to 
cause pulmonary edema.  

  Antidotes 

 There is no antidote.  

  Supplemental Care 

 Baseline laboratory tests during ethchlorvynol intoxica-
tion include complete blood count and serum electro-
lytes, glucose, and creatinine as well as chest x - ray and 
pulse oximetry. Hemodynamic monitoring may be nec-
essary for patients with hypotension unresponsive to 

ethchlorvynol was approximately 6.5   mg/L and 8   mg/L, 
respectively.  5

 Serious toxicity potentially develops when serum 
ethchlorvynol concentrations exceed 50   mg/L. Serum 
ethchlorvynol concentrations do not necessarily corre-
late to the clinical presentation because of the factors 
listed above. A 33 - year - old, hypothyroid, obese man 
with a history of drug abuse and chronic ethchlorvynol 
use (i.e., prescribed dose, 1   g daily for 2 years) was ori-
ented, lethargic, and responsive to verbal command.  9

His initial serum ethchlorvynol concentration was 
70   mg/L. Survival occurred in patients treated with 
intensive supportive care despite the presence of 
peak serum ethchlorvynol concentrations exceeding 
200   mg/L.  25

Postmortem.     In a series of 4 postmortem cases involv-
ing only ethchlorvynol, the ethchlorvynol concentration 
in postmortem blood samples ranged from 29 – 94   mg/L 
with a mean of 55   mg/L as measured by UV spectro-
photometry.  7   Case reports indicate that high postmor-
tem concentrations of ethchlorvynol occur in the liver 
and bile compared with the blood and urine.  26,27   The 
ethchlorvynol concentration in a postmortem blood 
sample from a chronic ethchlorvynol abuser found dead 
was 66   mg/L as measured by gas chromatography with 
a hydrogen fl ame detector.  24

  Driving 

 There are few data on the effect of ethchlorvynol and 
driving skills; however, the CNS depressant properties 
indicate that abuse of ethchlorvynol would impair 
driving skills.   

  TREATMENT 

  Stabilization 

 As for all sedative - hypnotic overdoses, stabilization 
requires careful evaluation of the level of consciousness 
and the adequacy of respirations. Seizures may occur 
during withdrawal from ethchlorvynol along with rest-
lessness, agitation, and delirium. All patients with altered 
levels of consciousness should be evaluated rapidly for 
serum glucose concentrations and hypoxemia.  

  Gut Decontamination 

 The administration of activated charcoal is appropriate 
for patients with ethchlorvynol overdose presenting < 1 
hour after ingestion. However, most patients present to 
a health care facility > 1 hour after ethchlorvynol inges-
tion, and gut decontamination measures are not neces-
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fl uid therapy. Prolonged coma is characteristic of serious 
ethchlorvynol intoxication and potential complications 
include pulmonary edema, respiratory arrest, and 
pneumonia.       
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  Chapter 25 

               HISTORY 

 In 1954, glutethimide (Doriden ® ) was introduced into 
the US market as a safe substitute for barbiturates. 
Within 1 year, the fi rst report of glutethimide poisoning 
appeared in the medical literature.  1   Subsequent experi-
ence with glutethimide indicated that the severity of the 
abuse potential and withdrawal symptoms were similar 
to those of barbiturates; chronic abuse of glutethimide 
resulted in tolerance, dependence, and an abstinence 
syndrome. During the 1980s, the combination of codeine 
and glutethimide ( “ packs ”  or  “ loads ” ) gained popular-
ity as an aphrodisiac and an oral substitute for heroin. 
In 1991, glutethimide was given a US Drug Enforcement 
Administration schedule II classifi cation in response to 
an upsurge in the prevalence of diversion, abuse, and 
glutethimide - associated fatalities. Today, there is limited 
medical use of glutethimide in the United States.  

  IDENTIFYING CHARACTERISTICS 

 Glutethimide (CAS RN:   77 - 21 - 4, C 13 H 15 NO 2 ) is struc-
turally related to phenobarbital and thalidomide as dis-
played in Figure  25.1 . The IUPAC name for glutethimide 
is 2 - ethyl - 2 - phenylglutarimide (3 - ethyl - 3 - phenyl - 2,6 -
 piperidinedione). The poor water solubility and high 
pKa (9.2) of glutethimide limits the gastrointestinal 
(GI) absorption of glutethimide, particularly during an 
overdose. Table  25.1  lists some physiochemical proper-
ties of glutethimide. The molecular weight of this highly 
lipophilic drug is 217   g/mol.     

 Slang terms for the combination of glutethimide and 
codeine include Loads and Pancakes and Syrup (codeine 

cough syrup). Other street names for glutethimide are 
D ’ s, CB, CD, Eight ’ s, Four Doors, Glue, Hits, and Sets.  

  EXPOSURE 

 Exposure to glutethimide is very limited in the United 
States. The American Association of Poison Control 
Centers ’  National Poison Data System Annual Report 
did not list any exposures to glutethimide in 2009.  2

Glutethimide is a sedative - hypnotic drug used for the 
treatment of anxiety and insomnia. Other potential uses 
include essential tremor.  3   The 250 -  and 500 - mg dosages 
are white tablets. Glutethimide is available as a generic 
drug or under the trade name Doriden  ®   (USV 
Pharmaceutical, Mumbai, India). A synonym for glu-
tethimide in France and Belgium is Doridene  ®  . 

 The combination of glutethimide and codeine report-
edly produces euphoria similar to intravenous (IV) 
heroin. Typical oral doses involved with the abuse of 
glutethimide are 1   g glutethimide and 240   mg codeine.  4

Desired effects from the use of this combination is the 
relatively long - lasting effects (i.e., up to 8 hours), the 
avoidance of the complications of IV drug use, and rela-
tively low cost of the ingredients. However, the combi-
nation is highly addictive, and the rapid development of 
tolerance leads to escalating doses and fatalities.  5

  DOSE EFFECT 

 The usual adult hypnotic dose of glutethimide is 250 –
 500   mg with a range up to 1,500   mg. Mild to moderate 
toxicity may develop when the glutethimide dose 
exceeds 3 – 7   g. The ingestion of glutethimide doses 

GLUTETHIMIDE
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in the urine including 4 - hydroxy - 2 - ethyl - 2 - phenyl-
glutarimide (4 - hydroxyglutethimide, major metabolite), 
2 - (1 - hydroxyethyl) - 2 - phenylglutarimide, and 2 - ethyl - 2 -
 (4 - hydroxyphenyl)glutarimide.  9   Minor urinary metabo-
lites include 2 - (2 - hydroxyethyl) - 2 - phenylglutarimide, 
2 - (2 - hydroxyethyl)glutarimide, and dihydroxyl metabo-
lites [e.g., 4 - hydroxy - 2 - (1 - hydroxyethyl) - 2 - phenylglu-
tarimide, 2 - ethyl - 2 - (3,4 - dihydroxyphenyl)glutarimide].  10   
Racemic glutethimide undergoes stereoselective metab-
olism. Hydrolysis of the glutarimide ring of the  d  - enan-
tiomer forms 4 - hydroxyglutethimide, whereas hydrolysis 
of the  l  - enantiomer results in the release of acetalde-
hyde from  α  - phenyl glutarimide. Peak concentrations of 
the metabolite, 4 - hydroxyglutethimide occurred about 
24 hours after ingestion of 13.5   mg racemic glutethi-
mide/kg by 3 volunteers.  11   Although some glutethimide 
metabolites (e.g., 4 - hydroxyglutethimide, phenyl -  γ  -
 butyrolactone) demonstrate pharmacologic activity in 
animals,  12   these metabolites are not defi nitely associated 
with human toxicity.  13,14   Peak plasma concentration of 
4 - hydroxyglutethimide occur substantially after the 
resolution of the sedative effects of glutethimide as 
demonstrated in Figure  25.2 .    

 > 10 – 20   g or 150 – 300   mg/kg are potentially lethal as a 
result of CNS depression.  6   A variety of factors deter-
mine the lethality of a specifi c dose, and survival 
after the ingestion of 42.5   g occurred with intensive 
treatment.  7    

  TOXICOKINETICS 

  Absorption 

 The poor water solubility of glutethimide results in 
erratic and delayed GI absorption. Following the inges-
tion of 500   mg glutethimide by healthy volunteers, the 
peak plasma glutethimide concentrations ranged from 
about 3 – 7   mg/L at 1 – 6 hours after ingestion.  8    

  Distribution 

 Glutethimide is highly lipophilic, resulting in relatively 
high glutethimide concentrations in brain and adipose 
tissue after ingestion. The apparent volume of distribu-
tion is about 2.7   L/kg following therapeutic doses of 
glutethimide. The initial distribution phase into tissues 
is relatively rapid with a distribution half - life of about 
4 hours, whereas the terminal elimination half - life is 
longer (i.e., about 12 hours). Glutethimide is approxi-
mately 50% protein bound in blood.  

  Biotransformation 

 Glutethimide (2 - ethyl - 2 - phenylglutarimide) undergoes 
extensive metabolism in the liver to both conjugated 
and unconjugated metabolites that the kidney excretes 

       FIGURE 25.1.     Chemical structure of glutethimide.  

  TABLE 25.1.    Some Physiochemical Properties of 
Glutethimide. 

   Physical Property     Value  

  Melting Point    84 ° C (183.2 ° F)  
  pKa Dissociation Constant    9.2  
  log P (Octanol - Water)    1.9  
  Water Solubility    999   mg/L (30 ° C/86 ° F)  
  Vapor Pressure    1.49E – 09   mm   Hg (25 ° C/77 ° F)  

       FIGURE 25.2.     Mean plasma concentrations (mg/L) of glu-
tethimide and glutethimide metabolites for 3 subjects ingest-
ing 13.5   mg/kg body weight glutethimide. Glutethimide ( • ), 
4 - hydroxyglutethimide ( ° ), conjugated 4 - hydroxygluthethimide 
( ■ ),  iso  - (1 - hydroxyethyl)glutethimide ( � ).  (Reprinted from 
KA Kennedy, LJ Fischer, Quantitative and stereochemical 
aspects of glutethimide metabolism in humans, Drug 
Metabolism and Disposition, Vol. 7, p. 321, copyright 1979.)   
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  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Glutethimide is a CNS depressant similar to phenobar-
bital, but glutethimide does not possess anticonvulsant 
properties. Glutethimide has prominent anticholinergic 
properties, manifest during glutethimide intoxication 
by mydriasis, paralytic ileus, and urinary retention. 
Cardiovascular depression and shock are relatively 
more common during severe glutethimide intoxication 
than during similar stages of coma after poisoning by 
other older sedative - hypnotic drugs. Postmortem exam-
ination of patients dying from glutethimide intoxication 
usually demonstrates nonspecifi c fi ndings including 
visceral congestion, cerebral edema, and pulmonary 
edema.6

  CLINICAL RESPONSE 

  Overdose 

 The clinical features of glutethimide intoxication are 
similar to other sedative - hypnotic drugs (ethchlorvynol, 
meprobamate, methaqualone) except the frequent 
occurrence of fl uctuating levels of coma and prominent 
anticholinergic signs. Serious complications of glutethi-
mide overdose include coma, papilledema, cerebral 
edema, pulmonary edema, seizures, hypotension, and 
respiratory arrest.  19,20   Although respiratory depression 
is less severe following glutethimide ingestion com-
pared with equivalent doses of barbiturates, hypoten-
sion occurs at an earlier stage of coma than a similar 
stage of barbiturate intoxication.  6   Anticholinergic symp-
toms are often prominent with mydriasis being the most 
common sign. Thick, tenacious secretions, ileus, urinary 
retention, and warm, dry skin may occur. Temperature 
abnormalities include hypothermia followed by ele-
vated body temperatures. Hepatic dysfunction, visceral 
hemorrhage, and renal dysfunction are uncommon 
manifestations of glutethimide intoxication. Factors 
associated with poor outcome during glutethimide 
intoxication include age > 60 years,  21   high - grade coma, 
large glutethimide ingestion ( > 10   g), plasma glutethi-
mide level exceeding 30   mg/L, and concomitant inges-
tion of other CNS depressants.  

  Abstinence Syndrome 

 Abrupt withdrawal of glutethimide following chronic 
use of high doses may produce an abstinence syndrome 
similar to other sedative - hypnotic drugs (e.g., mepro-
bamate, methaqualone, ethchlorvynol). Clinical features 
of withdrawal from glutethimide include nausea, vomit-
ing, anxiety, sleep disturbances, and seizures.  

  Elimination 

 The kidney excretes minimal unchanged glutethimide 
in urine with the vast majority (i.e., 98%) of the glutethi-
mide dose appearing in the urine as conjugated metabo-
lites.  11   The major glutethimide metabolites in the urine 
are the glucuronic acid conjugates of hydroxy metabo-
lites (e.g., 4 - hydroxyglutethimide, [1 - hydroxyethyl] - 
glutethimide). The estimated unaided renal clearance 
of glutethimide is about 0.5 – 11   mL/min. In therapeutic 
doses, the elimination half - life of glutethimide is 
approximately 8 – 12 hours. The elimination half - life can 
increase substantially during serious glutethimide poi-
sonings. In a patient with coma, respiratory failure, 
and hypotension, the plasma elimination half - life of glu-
tethimide was about 13 hours with a peak plasma 
glutethimide concentration of 41   mg/L.  13   In a case series 
of 38 glutethimide poisonings, the mean serum elimina-
tion half - life was approximately 40    ±    5 hours; 
however, each calculation was based on only 2 measure-
ments and there was no confi rmation that the glutethi-
mide samples were drawn during the postabsorption 
phase.  15   Additionally, the presence of hypotension in 
some of these patients may have prolonged the serum 
half - life. A majority of the glutethimide metabolites 
undergo enterohepatic recirculation and slow urinary 
excretion.  

  Maternal and Fetal Kinetics 

 Glutethimide easily crosses the placenta to develop 
similar glutethimide concentrations in maternal and 
fetal blood. Relatively small amounts of the unchanged 
glutethimide occur in breast milk,  8   and breastfeeding 
following the occasional use of a single dose of glutethi-
mide probably is safe for the infant.  16

  Drug Interactions 

 Glutethimide induces hepatic microsomal enzyme for-
mation. Rodent studies indicate that the administration 
of glutethimide with codeine potentiates and prolongs 
the analgesic effect of codeine by increasing the plasma 
morphine concentration and reducing the plasma con-
centration of the inactive metabolite, morphine - 3 - gluc-
uronide.  17   Similar to other sedative - hypnotics, the 
congestion of ethanol and glutethimide synergistically 
depresses the CNS. In a volunteer study, the concomi-
tant administration of ethanol and glutethimide 
increased the blood ethanol concentration while 
reducing the plasma glutethimide concentration when 
compared with the administration of ethanol and glu-
tethimide separately.  18
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relates better to serum glutethimide and 4 - hydroxy - 2 -
 ethyl - 2 - phenylglutarimide concentrations rather than 
serum glutethimide alone.  28   However, there are inade-
quate data to determine the exact contribution of any 
active glutethimide metabolite to the clinical features of 
glutethimide intoxication. Fatalities can occur when the 
serum glutethimide concentration exceeds 30 – 100   mg/L. 
A case report associated coma, hypotension, and apnea 
with a peak plasma glutethimide concentration of 
41   mg/L as measured by GC/MS.  13

Postmortem.     In a case series of 3 fatalities involving 
only glutethimide, the postmortem blood glutethimide 
concentration ranged from 29 – 60   mg/L as measured 
by a spectrophotometric method that included the 
4 - hydroxyglutethimide metabolite.  27   Reviews of fatali-
ties following the combined use of glutethimide and 
codeine indicate that these two drugs potentiate respi-
ratory depression. Consequently, death occurs at lower 
concentrations of these 2 drugs than the postmortem 
concentrations detected following overdose fatalities 
resulting from these drugs alone. In a case series of 16 
deaths resulting from the use of glutethimide and 
codeine, the postmortem blood glutethimide concen-
tration ranged from 0.7 – 61   mg/L (mean, 12.7   mg/L), 
whereas the postmortem blood codeine concentrations 
ranged from 0.07 – 2   mg/L (mean, 0.6   mg/L).  29   In another 
case series of 5 fatal poisonings involving only glutethi-
mide and codeine, the postmortem blood glutethimide 
and codeine concentrations ranged from 7.2 – 22.1   mg/L 
(mean, 14.5   mg/L) and 0.29 – 1.99   mg/L (mean, 1   mg/L), 
respectively.  30   Although the distribution of glutethimide 
is relatively low in bone compared with bile, blood, and 
the liver, bone samples (sternum, ribs) are alternative 
biologic samples for the qualitative detection of glu-
tethimide in previously interred corpses.  31

  Abnormalities 

 Although the frequency and reactivity of an electroen-
cephalogram (EEG) correlate positively with the degree 
of brainstem depression during glutethimide overdose,  12

complete clinical recovery is possible despite the 
absence of EEG activity when anoxic brain damage is 
not present.  32

  Driving 

 A double - blind study of healthy volunteers ingesting an 
evening dose of 250   mg glutethimide did not detect dec-
rements in psychomotor performance (i.e., choice reac-
tion time, coordination test, divided attention task) 
when tested the following morning.  33

  Reproductive Abnormalities 

 Limited data on glutethimide in pregnancy does not 
suggest that this drug is fetotoxic or teratogenic in ther-
apeutic doses. In a study of 33 glutethimide overdoses 
in pregnant women, 16 delivered live infants.  22   Three of 
these infants had congenital abnormalities (fetal alcohol 
syndrome, pectus carinatum, atrial septal defect type II). 
Compared with 16 matched siblings, there was no sig-
nifi cant difference in congenital abnormalities, cogni-
tion, or behavior. The birth weight of the exposed infants 
was higher than controls as a result of a relatively longer 
gestation period.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the quantitation of glutethimide in biologic 
samples include gas chromatography with fl ame ioniza-
tion detection (limit of detection [LOD], 0.2   mg/L)  23,24

and gas chromatography/mass spectrometry (GC/MS).  10

Analysis of biologic samples with gas chromatography/
fl ame ionization detection detects both glutethimide 
and the active metabolite, 4 - hydroxy - 2 - ethyl - 2 -
 phenylglutarimide with a LOD of approximately 
0.2   mg/L and 0.5   mg/L, respectively.  25   Separation of glu-
tethimide enantiomers by high performance liquid 
chromatography (HPLC) on cellulose tris(4 -
 methylbenzoate) as the chiral stationary phase followed 
by detection with HPLC allows the determination of 
the stereoselectivity of the metabolites formed by 
glutethimide enantiomers.  26

  Biomarkers 

  Blood 

Overdose.     Serum glutethimide concentrations do not 
always correlate to clinical effect because of the pres-
ence of other drugs, tolerance, underlying medical 
disease, individual variability, and the metabolism of 
glutethimide to a possibly active metabolite. Variations 
in the depth of coma do not correlate well to serum 
glutethimide or to serum 4 - hydroxyglutethimide con-
centrations. Therapeutic serum glutethimide concentra-
tions range from about 2 – 6   mg/L, whereas toxic serum 
glutethimide concentrations range from 10 – 80   mg/L. 
Case reports associate serum glutethimide concentra-
tions near 25   mg/L with altered consciousness and 
responsiveness only to painful stimuli.  27   Coma may 
persist despite low serum glutethimide concentrations; 
case reports suggest that the level of consciousness cor-
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fusion should be limited to potentially severe intoxica-
tions. Forced diuresis is contraindicated because of the 
propensity to produce pulmonary edema.  

  Antidotes 

 There is no antidote.  

  Supplemental Care 

 Baseline laboratory tests include a complete blood 
count, serum electrolytes, serum glucose, and measures 
of renal and hepatic function. Chest x - rays and monitor-
ing of oxygen saturation are necessary during moderate 
and severe glutethimide intoxication to detect pneumo-
nia and pulmonary edema.       
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  Chapter 26 

               HISTORY 

 The development of meprobamate began with the syn-
thesis of mephenesin as a disinfectant for Gram - negative 
bacteria in the mid - 1940s. Discovery of the muscle 
relaxant properties of mephenesin in animals led to the 
introduction of this drug as an alternative to tubocura-
rine during light anesthesia; however, the low potency, 
short duration of action, and the limited effect on supra-
tentorial structures resulted in attempts to modify the 
structure of mephenesin. In 1951, Ludwig and Piech 
reported that meprobamate was an effective alternative 
to mephenesin as a muscle relaxant.  1   Shortly thereafter, 
the selective action of meprobamate on anxiety was 
discovered and this drug soon became a popular seda-
tive.  2   This drug was the fi rst anxiolytic agent and along 
with chlorpromazine initiated the age of psychopharma-
cology. In the late 1950s, meprobamate was adminis-
tered to neurotic patients as a less toxic replacement for 
the sedative effects of barbiturates, chloral hydrate, bro-
mides, ethanol, opium, and paraldehyde. The fi rst report 
of meprobamate poisoning appeared in 1956.  3   Although 
initially marketed as a safe sedative - hypnotic with low 
abuse potential, later reports of serious overdose and 
addiction indicated that the adverse effects of mepro-
bamate were similar to other sedative - hypnotics.  4   In a 
French case series of 141 meprobamate intoxications 
published in 1968, the mortality rate was 5%, resulting 
primarily from cardiogenic shock.  5

  IDENTIFYING CHARACTERISTICS 

 Meprobamate (CAS RN: 57 - 53 - 4, C 9 H 18 N 2 O 4 ) is a car-
bamic acid ester of a glycol (2 - methyl - 2 n  - propyl - 1,3 -
 propanediol dicarbamate) as displayed in Figure  26.1 .   

 Table  26.1  lists some physiochemical properties of 
meprobamate.    

  EXPOSURE 

 Exposure to meprobamate is limited in the United 
States; however, the exposures reported to American 
Association of Poison Control Centers for meprobam-
ate are higher than the combined exposures to the other 
3 older sedative - hypnotic drugs (ethchlorvynol, gluteth-
imide, methaqualone).  6   The American Association of 
Poison Control Centers ’  National Poison Data System 
Annual Report listed 42 exposures and no fatalities 
associated with the use of meprobamate in 2009. 
Meprobamate occurs in a variety of preparations in 
doses of 200   mg and 400   mg including distribution in 
the United States under the trade names Equanil  ® 

(Wyeth, Madison, NJ) and Miltown  ®   (Wallace 
Laboratories, El Segundo, CA). Meprobamate remains 
available in France, primarily as an adjunctive treatment 
for alcohol withdrawal despite the lack of clinical data 
to support this indication. 

 Behavioral studies suggest that the abuse potential 
of meprobamate is similar to benzodiazepines, but less 
than barbiturates. In a behavioral study of 9 men with 
histories of drug abuse housed on a residential research 
ward, meprobamate had similar abuse potential as 
lorazepam when compared in a within - subject, double -
 blind study.  7   Meprobamate produced subjective ratings 
of drug liking and monetary street value similar to 
lorazepam, but there was no placebo - control in this 
study. A study of 14 recreational drug users with histo-
ries of prior sedative - hypnotic drug use compared the 
behavioral and pharmacologic effects of triazolam 
(0.5   mg), meprobamate (2,400   mg), and butabarbital 

MEPROBAMATE 
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remained in the stomach of a woman during the post-
mortem examination; she died of respiratory arrest after 
initially regaining consciousness following a large mep-
robamate overdose.  11   Forty hours after the ingestion of 
an estimated meprobamate dose of 36   g, gastrotomy 
removed approximately 25   g meprobamate from the 
stomach of a 56 - year - old woman.  12    

  Distribution 

 The volume of distribution of meprobamate is relatively 
small (0.75   L/kg) with limited plasma protein binding 
(i.e., 10 – 20%). Arterial - venous differences in the plasma 
meprobamate concentration may develop during mep-
robamate overdose. In a study of 35 meprobamate 
intoxications, the mean plasma meprobamate concen-
tration in femoral arterial blood samples was about 10% 
higher ( P     <    .01) than in plasma venous samples.  13   Case 
reports of the meprobamate concentrations in various 
postmortem tissues suggest that meprobamate distrib-
utes preferentially into muscle, heart, and bile with rela-
tively low concentrations in the brain.  14    

  Biotransformation 

 Meprobamate undergoes biotransformation in the liver 
by  N  - glucuronidation of the parent drug and by oxida-
tion of the propyl side - chain to hydroxymeprobamate. 
The latter metabolite is probably inactive. Meprobamate 
is a metabolite and prodrug of the muscle relaxant, 
carisoprodol.  

  Elimination 

 The kidney excretes about 10% of a therapeutic dose 
of meprobamate unchanged in the urine. The unaided 
renal clearance of meprobamate is about 5 – 30   mL/min. 
The serum elimination half - life of meprobamate is 
approximately 8 – 12 hours following the administration 
of therapeutic doses of meprobamate to healthy volun-
teers,  15   but a case report suggests that the elimination 
half - life may increase during an overdose.  16   However, 
the propensity of meprobamate to form concretions 
during an overdose complicates the interpretation of 
such increases in serum half - life during meprobamate 
intoxication.  

  Maternal and Fetal Kinetics 

 Meprobamate crosses the placenta and produces similar 
maternal and fetal meprobamate concentrations follow-
ing the maternal use of meprobamate. Meprobamate is 
excreted in breast milk.  

(400   mg) in a double - blind, crossover, placebo -
 controlled study. Meprobamate was indistinguishable 
from placebo on the euphoria and abuse potential 
scales. Based on behavioral economics analysis, the 
ranking of abuse potential was butabarbital    >    triazolam    
≥    meprobamate.  

  DOSE EFFECT 

 The usual adult therapeutic dose is 600 – 1,600   mg 
daily in 3 – 4 divided doses up to a daily maximum of 
2,400   mg. Meprobamate doses in the range of 6 – 10   g 
produce ataxia and transient hypotension, whereas the 
ingestion of 10 – 20   g causes signifi cant hypotension and 
respiratory insuffi ciency.  8   The ingestion of 30 – 40   g mep-
robamate produced profound coma, hypotension, and 
respiratory failure.  9    

  TOXICOKINETICS 

  Absorption 

 Although the ingestion of large doses of meprobamate 
may delay GI absorption, peak meprobamate concen-
trations following the administration of therapeutic 
doses typically occur about 2 – 4 hours after ingestion.  10   
Low water solubility, stability in acid solutions, and 
reduced gut motility contribute to the formation of 
drug masses and the subsequent delay in absorption 
and serious toxicity. Approximately 25   g meprobamate 

       FIGURE 26.1.     Chemical structure of meprobamate.  

  TABLE 26.1.    Some Physiochemical Properties of 
Meprobamate. 

   Physical Property     Value  

  Conversion Units    1   mg/L    =    0.22    μ mol/L 
 1    μ mol/L    =    4.55   mg/L  

  Melting Point    105 ° C (221 ° F)  
  log P (Octanol - Water)    0.7  
  Water Solubility    4700   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    3.05E - 03   mm   Hg (25 ° C/77 ° F)  
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 hypnotic drugs including phenobarbital. Symptoms 
range from nystagmus, dysarthria, ataxia, and confusion 
to deep coma, hypotension, apnea, and pulmonary 
edema. Serious complications of meprobamate over-
dose include profound hypotension, shock, hypother-
mia, and respiratory failure. Because of depressed 
myocardial contractility during meprobamate intoxica-
tion, cardiogenic pulmonary edema may develop, par-
ticularly following the administration of substantial 
amounts of IV fl uids.  23   In a review 57 meprobamate 
overdoses from the fi les of a clinical laboratory, the most 
common physical signs associated with meprobamate 
intoxication were dysarthria (21%) and hypotension 
(18%) followed by tachycardia, ataxia, miosis and 
mydriasis, nystagmus, respiratory depression, hallucina-
tion, seizures, dysconjugate gaze, and hypothermia.  16

Fluctuating levels of consciousness may result from the 
delayed release of meprobamate from concretions in 
the stomach; sudden deterioration may occur after 
initial improvement because of the release of mepro-
bamate from these concretions. Hypotension usually 
correlates to the depth of coma, but occasionally hypo-
tension develops during the lighter stages of coma. 
Convulsions are more common in the recovery phase of 
meprobamate overdose compared with other sedative -
 hypnotic drug overdoses.  

  Abstinence Syndrome 

 Case reports suggest that the chronic use of high mep-
robamate doses causes withdrawal symptoms following 
the abrupt cessation of use. The clinical features of mep-
robamate withdrawal are similar to barbiturate with-
drawal, particularly when the daily dose of meprobamate 
ranges from 3 – 6   g. Signs of withdrawal of patients 
ingesting high doses of meprobamate include insomnia, 
nausea, vomiting, tremors, anxiety, muscle twitching, 
headache, ataxia, delirium, and seizures.  24   The absti-
nence syndrome is much less common in patients ingest-
ing daily meprobamate doses below 1.6   g; however, a 
50 - year - old man chronically using meprobamate (i.e., 
estimated 1,200   mg meprobamate daily for 3 years) 
developed hypertension, sweating, agitation, incoherent 
behavior, and hallucinations in the hospital 4 days 
after cessation of use.  25   Although fatalities can occur 
during meprobamate withdrawal, the contribution of 
meprobamate withdrawal to these deaths is not 
well - defi ned.  26

  Reproductive Abnormalities 

 There are few data on the effect of meprobamate on 
human reproduction, and there is no defi nite evidence 
that meprobamate use during pregnancy is teratogenic. 

  Tolerance 

 Animal studies suggest that chronic use of meprobam-
ate causes tolerance to the behavioral effects of mepro-
bamate, similar to other sedative hypnotic drugs.  17

  Drug Interactions 

 Sedative - hypnotics, antipsychotics, opioids, and ethanol 
synergistically increase the central nervous system 
depressant effects of meprobamate. Chronic induction 
of hepatic CYP450 isoenzymes (e.g., ethanolism) 
reduces the serum half - life of meprobamate by increas-
ing meprobamate elimination,  18   whereas acute adminis-
tration of ethanol decreases the meprobamate 
metabolism.19   In a study of 4 alcohol abusers and 4 
nonabusers, the administration of ethanol for 1 month 
under metabolic ward conditions (i.e., up to 46% of the 
caloric intake) reduced the mean serum half - life of 
meprobamate for these 2 groups from 16.7    ±    2.5 hours 
to 8.1    ±    1.5 hours and 13.7    ±    1.0 hour to 8.2    ±    0.3 hour, 
respectively.  20   The administration of meprobamate to 
patients with acute porphyria is contraindicated because 
meprobamate increases the concentration of S  -
 aminolevulinic acid.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Meprobamate is a CNS depressant that inhibits spinal 
refl exes and produces limited muscle relaxation. 
Following the ingestion of high dose of meprobamate, 
depressed cardiac contractility and slightly reduces 
systemic vascular resistance may cause hypotension, 
typically before respiratory depression.  21   An echocar-
diographic study of hypotensive patients during mepro-
bamate intoxication demonstrated hypokinesis of the 
heart manifest by a low cardiac index and increased 
diastolic fi lling pressures (dilated inferior vena cava).  22

The mechanism of cardiac toxicity during meprobamate 
poisoning remains unclear. Postmortem fi ndings follow-
ing fatal meprobamate intoxication are nonspecifi c (i.e., 
pulmonary edema, visceral congestion).  11

  CLINICAL RESPONSE 

 Adverse effects associated with the medical use of mep-
robamate include drowsiness, headache, weakness, par-
esthesias, blurred vision, and GI upset. 

  Overdose 

 Meprobamate produces a clinical picture of CNS 
depression that is similar to those of other sedative -
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presence of other drugs, tolerance, underlying medical 
disease, and individual variability. Therapeutic serum 
concentrations of meprobamate range from approxi-
mately 10 – 20   mg/L with toxic effects occurring in non-
tolerant individuals when the serum meprobamate 
concentration approaches 30 – 50   mg/L. Serum mepro-
bamate concentrations in the range of 80 – 120   mg/L are 
associated with signifi cant alteration of consciousness, 
whereas serum meprobamate concentrations in the 
range of 150 – 200   mg/L produce deep coma and hemo-
dynamic instability. Although the level of consciousness 
does not always correlate to the serum meprobamate 
concentration,16   most patients regain consciousness 
when the meprobamate concentration decreases below 
50   mg/L. A 2 - year - old child was unconscious, respond-
ing only to painful stimuli after ingesting meprobamate 
tablets that produced a peak plasma meprobamate con-
centration of 170   mg/L.  38   The patient regained con-
sciousness when the plasma meprobamate concentration 
was 144   mg/L. The serum meprobamate concentration 
helps guide management, but these concentrations must 
be interpreted along with clinical features because of a 
variety of factors affecting response including tolerance. 
For example, a serum meprobamate concentration of 
67   mg/L was associated with lethargy and responsive-
ness to verbal stimuli in a nontolerant individual, 
whereas a tolerant individual was alert when his serum 
meprobamate concentration was 82   mg/L as measured 
by a spectrophotometric method that did not include 
meprobamate metabolites.  39

Postmortem.     Analysis of postmortem blood samples 
for cases involving meprobamate often demonstrates 
the presence of other drugs, particularly ethanol. In a 
series of 19 cases demonstrating meprobamate in post-
mortem blood samples, the mean whole blood mepro-
bamate concentrations was 182   mg/L with a range of 
41 – 397   mg/L.  40   Only 2 cases involved  only  mepro-
bamate (68   mg/L, 168   mg/L) as measured by gas 
chromatography/mass spectrometry with solid phase 
extraction. In a case series of 12 fatalities involving only 
meprobamate intoxication, the meprobamate concen-
trations in postmortem blood samples ranged from 
142 – 342   mg/L (mean, 226   mg/L) as measured by colo-
rimetry.  41   In blood samples from 10 fatalities involving 
both meprobamate and ethanol, the blood meprobam-
ate concentration ranged from 43 – 155   mg/L with a 
mean of 117   mg/L.    

  Abnormalities 

 The development of cardiac dysrhythmias and brady-
cardia are rare during meprobamate intoxication.  

An epidemiologic study of 1,870 children of mothers 
using meprobamate during pregnancy did not detect an 
increased incidence of fetal demise or abnormalities in 
these children up to the age of 4 years.  27   In a case series 
of 42 infants born to mothers ingesting an overdose of 
meprobamate during pregnancy, 7 infants had congeni-
tal abnormalities compared with 4 congenital abnor-
malities in matched siblings (OR    =    1.7; 95% CI: 
0.5 – 4.9).28   Of the 14 mothers ingesting an overdose of 
meprobamate during the fi rst trimester, 2 infants had 
minor congenital abnormalities (undescended testes, 
congenital hip dysplasia).   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analytic methods for the determination of meprobam-
ate concentrations in biologic fl uids include thin layer 
chromatography,  29   liquid chromatography/tandem mass 
spectrometry with [ 13 C -  2 H 3 ] - meprobamate as the inter-
nal standard,  30   gas chromatography with liquid - liquid  31

or liquid - solid extraction,  32   and gas chromatography 
with electron impact mass spectrometry.  33   The limit of 
detection (LOD) for meprobamate using gas chroma-
tography with fl ame ionization detection or liquid 
chromatography/tandem mass spectrometry is approxi-
mately 1   mg/L.  30,34   For gas chromatography/mass spec-
trometry with carisoprodol as the internal standard, the 
LOD and lower limit of quantitation (LLOQ) for mep-
robamate are 0.58   mg/L and 1.93   mg/L, respectively.  35

Meprobamate is unstable at high temperatures and dis-
plays no useful UV spectrum.  

  Biomarkers 

 A study of healthy volunteers receiving single therapeu-
tic doses of meprobamate (400   mg, 800   mg, 1,200   mg) 
indicated that meprobamate is detectable in hair 
samples beginning about 4 – 5 days after ingestion with 
peak concentrations occurring about 7 – 9 days after 
exposure.  36   Meprobamate was not detectable in most 
hair samples 2 weeks after exposure. There are inade-
quate data to determine the dose and time of ingestion 
based on meprobamate concentrations in hair samples. 
Bile is an alternative postmortem sampling site with 
meprobamate concentrations exceeding 53   mg/L con-
sistent with potentially fatal overdoses.  37

  Blood 

Overdose.     Serum meprobamate concentrations do 
not always correlate to clinical effects because of the 
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of activated charcoal at this time improves clinical 
outcome. Gastric lavage in comatose patients is a thera-
peutic option, particularly when delayed gastric empty-
ing and the formation of drug concretions are suspected. 
However, there are few data on the effi cacy of gastric 
lavage in meprobamate overdose. Syrup of ipecac is not 
recommended because of the potential for aspiration 
and the lack of effi cacy. Fluctuating vital signs or level 
of consciousness suggests the presence of co - ingestants 
or continued meprobamate absorption from drug con-
cretions and therefore, the need for endoscopy.  44

  Elimination Enhancement 

 There are few clinical data to compare the clinical 
outcome of various methods of enhancing the elimina-
tion of meprobamate during overdose. Case reports 
indicate that the use of hemoperfusion substantially 
increases the clearance of meprobamate from the blood. 
In a series of 4 cases of severe meprobamate intoxica-
tion treated with hemoperfusion, the renal clearance of 
meprobamate ranged from about 150 – 220   mL/min with 
the clearance slightly higher for resin cartridges com-
pared with charcoal cartridges.  45,46,47   Hemodialysis also 
increases the clearance of meprobamate, but the clear-
ance rates are several times less than the clearance 
rates during hemoperfusion. In a patient with hypoten-
sion, coma, and respiratory failure after a meproba-
mate overdose (serum meprobamate concentration, 
500   mg/L), the clearance rate for meprobamate during 
hemodialysis was about 62    ±    10   mL/min.  9   Continuous 
arteriovenous hemoperfusion (CAVHP) with coated 
activated charcoal is an alternative to hemoperfusion 
and hemodialysis that does not require a pump. The 
technique of CAVHP is similar to arteriovenous hemo-
fi ltration with the exception that a carbon cartridge 
replaces the hemofi lter. Case reports indicate that 
despite low mean arterial blood pressure (i.e., about 
50   mm   Hg), CAVHP can achieve meprobamate clear-
ance rates of about 50   mL/min.  48   Following hemody-
namic stabilization, the clearance rates of CAVHP are 
similar (i.e., 170 – 210   mL/min) to the clearance achieved 
by charcoal or resin hemoperfusion. Unaided renal 
clearance of meprobamate is approximately 5 – 30   mL/
min. Factors involved with the decision to use methods 
to enhance meprobamate elimination include lack of 
response to supportive care and massive meprobamate 
ingestion (30 – 40   g) or serum meprobamate concentra-
tions of 100 – 200   mg/L with hemodynamic instability. 

 A case report suggests that the use of serial activated 
charcoal (50   g every 6 hours for 5 doses) reduces the 
serum half - life of meprobamate during mild to moder-
ate meprobamate intoxication, but there are inadequate 

  Driving 

 There are limited data on the effect of meprobamate on 
driving skills. Based on the pharmacologic similarity of 
meprobamate and barbiturates, the ingestion of sub-
stantial doses of meprobamate would be expected to 
impair coordination and slow reaction times. In a study 
of drivers arrested for driving under the infl uence with 
only carisoprodol/meprobamate present in blood 
samples, inappropriate driving behaviors included 
weaving, driving slowly, swerving, erratic lane changes, 
and impacts with both stationary and moving objects.  42

Meprobamate is a metabolite of the muscle relaxant, 
carisoprodol.   

  TREATMENT 

  Stabilization 

 Similar to other sedative - hypnotic overdoses, stabiliza-
tion requires careful evaluation of the level of con-
sciousness, oxygenation (pulse oximetry, arterial blood 
gases), and hemodynamic stability (rhythm, blood pres-
sure). Hypotension may occur with minimal alteration 
of consciousness, but fl uid overload must be avoided 
because of the depressant effects of meprobamate on 
myocardial contractility. Vasopressors are a therapeutic 
option for patients unresponsive to initial fl uid replace-
ment (i.e., 2   L of normal saline); however, hemodynamic 
monitoring (e.g., Swan - Ganz catheter, echocardiogra-
phy) may be necessary to guide the management of 
fl uids and vasopressors, particularly in the presence of 
hypotension and hypokinesis of the heart (reduced 
left ventricular ejection fraction, cardiac index). Case 
reports of severe meprobamate intoxication monitored 
by Swan - Ganz catheter indicate that severe meprobam-
ate intoxication produces myocardial depression and 
vasodilation rather than noncardiac pulmonary edema.  43

  Gut Decontamination 

 The administration of activated charcoal is appropriate 
for patients with meprobamate overdose presenting 
< 1 – 2 hours after ingestion. However, most patients 
present to a health care facility > 1 – 2 hours after mep-
robamate ingestion, and these patients frequently 
require no gut contamination measures as a result of the 
lack of clinical data to support the use of aggressive 
decontamination measures. Theoretically, the adminis-
tration of activated charcoal more than 1 – 2 hours after 
ingestion can decrease meprobamate absorption in 
comatose patients with decreased GI motility, but there 
are inadequate data to indicate that the administration 
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kinetic and clinical data to verify the effi cacy of serial 
activated charcoal during meprobamate intoxication.  49

The relatively small volume of distribution suggests that 
rebound increases in blood meprobamate concentra-
tions following the use of measures to enhance elimina-
tion are unlikely, and the presence of such increases 
suggests the presence of continuing meprobamate 
absorption (i.e., bezoar). Forced diuresis is contraindi-
cated during meprobamate intoxication because of the 
propensity of meprobamate toxicity to cause pulmonary 
edema. Peritoneal dialysis is much less effective than 
hemodialysis.  

  Antidotes 

 There is no antidote.  

  Supplemental Care 

 Baseline laboratory tests for severe meprobamate 
ingestion include a complete blood count, serum elec-
trolytes, glucose, creatinine, chest x - ray, and arterial 
blood gases. Frequent vital signs are necessary during 
the initial stages of meprobamate intoxication because 
of the occurrence of hypotension during the early 
stages of coma. Fluctuating vital signs or coma may 
indicate a drug mass and gastroscopy should be consid-
ered. Pulmonary complications of meprobamate intoxi-
cation include pulmonary edema and aspiration 
pneumonia. Chronic meprobamate users may develop 
an abstinence syndrome 1 – 4 days after the cessation of 
meprobamate use.       

  References 

     1.       Ludwig   BJ  ,   Piech   E  .  Some anticonvulsant agents derived 
from 1,3 - propanediol .  J Am Chem Soc   1951 ; 74 :
 5779  –  5781 .  

     2.       Ramchandani   D  ,   Lopez - Munoz   F  ,   Alamo   C  . 
 Meprobamate — tranquilizer or anxiolytic? A historical 
perspective .  Psychiatr Q   2006 ; 77 : 43  –  53 .  

     3.       Allen   AG  ,   Black   AV  .  Near - fatal case of intoxication with 
meprobamate treated with electro - stimulation and levar-
terenol .  Ohio Med   1956 ; 52 : 1303 .  

     4.       Greenblatt   DJ  ,   Shader   RI  .  Meprobamate: a study of irra-
tional drug use .  Am J Psychiatry   1971 ; 127 : 1297  –  1303 .  

     5.       Gaultier   M  ,   Fournier   E  ,   Bismuth   C  ,   Rapin   J  ,   Fr é javille   JP  , 
  Gluckman   JC  .  [Acute poisoning by meprobamate. 
Apropos of 141 cases] .  Bull Mem Soc Med Hop Paris  
 1968 ; 119 : 675  –  705 . [French]  

     6.       Bronstein   AC  ,   Spyker   DA  ,   Cantilena   LR   Jr  ,   Green   JL  , 
  Rumack   BH  ,   Giffi n   SL  .  2009 Annual Report of the 
American Association of Poison Control Centers ’  National 



26 MEPROBAMATE

503

  37.       Fanton   L  ,   Bevalot   F  ,   Gustin   MP  ,   Paultre   CZ  ,   Le   Meur   C  , 
  Malicier   D  .  Interpretation of drug concentrations in a 
alternative matrix: the case of meprobamate in bile .  Int J 
Legal Med   2009 ; 123 : 97  –  102 .  

  38.       Dennison   J  ,   Edwards   JN  ,   Volans   GN  .  Meprobamate over-
dosage .  Hum Toxicol   1985 ; 4 : 215  –  217 .  

  39.       Bailey   DN  ,   Shaw   RF  .  Interpretation of blood glutethimide, 
meprobamate and methyprylon concentrations in nonfa-
tal and fatal intoxications involving a single drug .  J Toxicol 
Clin Toxicol   1983 ; 20 : 133  –  145 .  

  40.       Gaillard   Y  ,   Billault   F  ,   Pepin   G  .  Meprobamate overdosage: 
a continuing problem. Sensitive GC - MS quantitation after 
solid phase extraction in 19 fatal cases .  Forensic Sci Int  
 1997 ; 86 : 173  –  180 .  

  41.       Felby   S  .  Concentrations of meprobamate in the blood and 
liver following fatal meprobamate poisoning .  Acta 
Pharmacol Toxicol   1970 ; 28 : 334  –  337 .  

  42.       Logan   BK  ,   Case   GA  ,   Gordon   AM  .  Carisoprodol, mepro-
bamate, and driving impairment .  J Forensic Sci   2000 ; 
45 : 619  –  623 .  

  43.       Eeckhout   E  ,   Huyghens   L  ,   Loef   B  ,   Maes   V  ,   Sennesael   J  . 
 Meprobamate poisoning, hypotension and Swan - Ganz 
catheter .  Intensive Care Med   1988 ; 14 : 437  –  438 .  

  44.       Davis   RN  ,   Rettmann   JA  ,   Christensen   B  .  Relapsing altered 
mental status secondary to a meprobamate bezoar .  J 
Trauma   2006 ; 61 : 990  –  991 .  

  45.       Freund   LG  .  Severe meprobamate intoxication treated by 
hemoperfusion over Amberlite resin .  Artif Organs   1981 ; 
5 : 80  –  81 .  

  46.       Jacobsen   D  ,   Wiik - Larsen   E  ,   Saltvedt   E  ,   Bredesen   JE  . 
 Meprobamate kinetics during and after terminated hemo-
perfusion in acute intoxications .  Clin Toxicol   1987 ; 
25 : 317  –  331 .  

  47.       Hoy   WE  ,   Rivero   A  ,   Marin   MG  ,   Rieders   F  .  Resin hemo-
perfusion for treatment of massive meprobamate over-
dose .  Ann Intern Med   1980 ; 93 : 455  –  456 .  

  48.       Lin   J - L  ,   Lim   P - S  ,   Lai   B - C  ,   Lin   W - L  .  Continuous arterio-
venous hemoperfusion in meprobamate poisoning .  Clin 
Toxicol   1993 ; 31 : 645  –  652 .  

  49.       Hassan   E  .  Treatment of meprobamate overdose with 
repeated oral doses of activated charcoal .  Ann Emerg 
Med   1986 ; 15 :  73  –  76 .   

  24.       Haizlip   TM  ,   Ewing   JA  .  Meprobamate habituation. A con-
trolled clinical study .  N Engl J Med   1958 ; 258 : 1181  –  1186 .  

  25.       George   WK  ,   Stubb   JB  .  Meprobamate withdrawal syn-
drome .  Tex State J Med   1965 ; 61 : 48 .  

  26.       Swanson   LA  ,   Okada   T  .  Death after withdrawal of mepro-
bamate .  JAMA   1963 ; 184 : 780  –  781 .  

  27.       Hartz   SC  ,   Heinonen   OP  ,   Shapiro   S  ,   Siskind   V  ,   Slone   D  . 
 Antenatal exposure to meprobamate and chlordiazepox-
ide in relation to malformations, mental development and 
childhood mortality .  N Engl J Med   1975 ; 292 : 726  –  728 .  

  28.       Timmermann   G  ,   Acs   N  ,   Banhidy   F  ,   Czeizel   AE  .  A study of 
teratogenic and fetotoxic effects of large doses of mepro-
bamate used for a suicide attempt by 42 pregnant women . 
 Toxicol Ind Health   2008 ; 24 : 97  –  107 .  

  29.       McConnell   DT  .  Thin layer chromatographic identifi cation 
of thirteen medicinally important carbamates .  J 
Chromatogr  1967 ; 29 : 283  –  287 .  

  30.       Delavenne   X  ,   Gay - Montchamp   JP  ,   Basset   T  .  HPLC MS/
MS method for quantifi cation of meprobamate in human 
plasma: application to 24/7 clinical toxicology .  J Chromatogr 
B   2011 ; 879 : 215  –  218 .  

  31.       Trenque   T  ,   Lamiable   D  ,   Millart   H  ,   Vistelle   R  ,   Choisy   H  . 
 Gas chromatographic determination of meprobamate in 
human plasma .  J Chromatogr   1993 ; 615 : 343  –  346 .  

  32.       Gaillard   Y  ,   Gay - Montchamp   JP  ,   Ollagnier   M  .  Gas chro-
matographic determination of meprobamate in serum or 
plasma after solid - phase extraction .  J Chromatogr  
 1992 ; 577 : 171  –  173 .  

  33.       Kintz   P  ,   Mangin   P  .  Determination of meprobamate in 
human plasma, urine, and hair by gas chromatography and 
electron impact mass spectrometry .  J Anal Toxicol  
 1993 ; 17 : 408  –  410 .  

  34.       Trenque   T  ,   Lamiable   D  ,   Millart   H  .  Gas chromatographic 
determination of meprobamate in human plasma .  J 
Chromatogr  1993 ; 615 : 343  –  346 .  

  35.       Daval   S  ,   Richard   D  ,   Souveine   B  ,   Eschalier   A  ,   Coudore   F  . 
 A one - step and sensitive GC - MS assay for meprobamate 
determination in emergency situations .  J Anal Toxicol  
 2006 ; 30 : 302  –  305 .  

  36.       Kintz   P  ,   Tracqui   A  ,   Mangin   P  .  Pharmacological studies on 
meprobamate incorporation in human beard hair .  Int J 
Leg Med   1993 ; 105 : 283  –  287 .  



504504

Medical Toxicology of Drug Abuse: Synthesized Chemicals and Psychoactive Plants, First Edition. Donald G. Barceloux.
© 2012 John Wiley & Sons, Inc. Published 2012 by John Wiley & Sons, Inc.

  Chapter 27 

   METHAQUALONE 

           HISTORY 

 Methaqualone originally was developed during the 
investigation of antimalarial drugs in India during the 
early 1950s.  1   The fi rst experimental studies of the hyp-
notic properties of methaqualone began in 1956,  2   and 
the fi rst controlled clinical trials comparing methaqua-
lone with barbiturate hypnotic drugs were published in 
1961.3   In 1959, methaqualone was introduced in Japan 
as a nonprescription drug; the following year, this drug 
was introduced in the British market as an alternative 
to barbiturate sedative hypnotic drugs.  4   Methaqualone 
abuse and an associated abstinence syndrome (delirium, 
seizures) was fi rst reported in Japan soon after the 
introduction of this drug.  5   In 1965, Rohrer introduced 
methaqualone into the United States market as a 
Drug Enforcement Administration (DEA) schedule V 
drug (i.e., unlimited prescription refi lls) under the 
brand name Quaalude ™ . Methaqualone was marketed 
as a safe hypnotic drug with low abuse potential, rapid 
onset of sleep induction, and few adverse effects. 
However, methaqualone quickly gained popularity as a 
 “ street aphrodisiac. ”  By the early 1970s, methaqualone 
was recognized as major drug of abuse, particularly on 
college campuses in combination with ethanol ( “ luding 
out ” ).6   The United Nations listed methaqualone under 
the UN Convention on Psychotropic Substances, leading 
to the banning of methaqualone in most member 
countries. Methaqualone use in the United Kingdom 
was restricted by the British Drug Prevention of Misuse 

Act in 1971. The DEA reclassifi ed this drug as a sched-
ule I drug in 1975. Subsequently, the legal production 
of methaqualone ceased in the United States. The oral 
abuse of methaqualone decreased in Western countries 
since the late 1980s; however, illicit production of 
methaqualone continues, particularly in South Africa 
where smoking methaqualone is a popular form of drug 
abuse.  7

  IDENTIFYING CHARACTERISTICS 

 Methaqualone is a structurally unique sedative - hypnotic 
drug (Fig.  27.1 ), being a 2,3 - bisubstituted quinazalone 
[CAS RN: 72 - 44 - 6, 2 - methyl - 3 -  o  - tolyl - 4 - (3H) - quinazoli-
none]. This drug is a slightly water soluble, highly lipo-
philic, weak acid with a pKa of 2.4. Table  27.1  lists some 
physiochemical properties of methaqualone. Street 
names for methaqualone include Wallbanger, Quads, 
Ludes, Sopers, Mandies, Dr. Jekyll and Mr. Hyde Drug, 
Love Drug, and Soapers. Trade names for methaqua-
lone include Quaaludes, Sopor, Mequin, and Mandrax 
(methaqualone and diphenhydramine). A case report 
associated a severe necrotizing cystitis manifest by 
dysuria, frequency, and suprapubic pain with contami-
nation of illicit methaqualone by o  - toluidine during the 
clandestine production of methaqualone.  8

  EXPOSURE 

 Although legal production of methaqualone ceased in 
the United States, the American Association of Poison 
Control Centers ’  National Poison Data System Annual 
Report listed 4 exposures and no fatalities associated 
with the use of methaqualone in 2009.  9

METHAQUALONE and RELATED 
COMPOUNDS



27 METHAQUALONE and RELATED COMPOUNDS

505

Methods to identify routes of illicit methaqualone syn-
thesis include analysis of precursors and by - products by 
gas chromatography/mass spectrometry and infrared/
nuclear magnetic resonance.   13,14   Both the licit and illicit 
manufacturing of methaqualone produce similar 
isomers; therefore, analysis of methaqualone enantio-
mers does not help determine the origin of an illicit 
methaqualone sample.  

  Methods of Abuse 

 The ingestion of 300 – 450   mg methaqualone with wine 
(luding out) previously was a popular college pastime. 
Common methods of methaqualone abuse in South 
Africa involve smoking a mixture of crushed methaqua-
lone tablets and cannabis called  witpyp  or white pipe, 
usually in a male - dominated, communal setting.  15,16   
Desired effects of methaqualone abuse include 
euphoria, diminished proprioception, a sense of well -
 being, ataxia, paresthesias, reduced inhibitions, and 
increased libido. The popularity of methaqualone as an 
illicit drug results, in part, from the perception that 
methaqualone enhances intimate and interpersonal 
relations through reduction of inhibitions. In a question-
naire of recruited methaqualone users, the percentage 
of respondents reporting increased libido, enhanced 
body sensations, paraesthesias, and desire for sexual 
intercourse was substantially higher than the percent-
age of respondents expecting these effects prior to 
drug use.  17   Almost all of these respondents used mari-
juana concurrently with methaqualone and about 
one - half ingested alcohol with the methaqualone. 
Approximately 52% of these respondents were stu-
dents. Comparative trials indicate that methaqualone 
produces more euphoria and less sedation compared 
with benzodiazepines (e.g., lorazepam, alprazolam, 
diazepam).  18     

  DOSE EFFECT 

 In volunteer studies, the ingestion of 200   mg methaqua-
lone is associated with euphoria and sedation.  19   Typical 
 “ street ”  doses of methaqualone associated with eupho-
ria, paraesthesias, and relaxation range from about 
150 – 500   mg. Chronic methaqualone abusers may use up 
to 2   g methaqualone daily. Methaqualone doses ranging 
from 500 – 1,000   mg cause dizziness, gastrointestinal 
distress (GI), ataxia, anxiety, and fatigue, whereas 
methaqualone doses between 1,000 – 2,000   mg produce 
increased hyperrefl exia and myoclonus. Ingestion of 
 > 2   g methaqualone causes serious central nervous 
system (CNS) toxicity. A 23 - year - old man was somno-
lent and poorly responsive to painful stimuli 2 days after 

  Sources 

 Methaqualone is a sedative - hypnotic drug that has been 
banned in most countries as a result of the abuse poten-
tial of this drug. However, illicit production of meth-
aqualone continues in the Middle East, south and 
central Asia, southern Africa, and particularly in South 
Africa. Clandestine laboratories synthesize methaqua-
lone and methyl derivatives of methaqualone.  10   Methods 
of illicit methaqualone synthesis involve 1) preparation 
of  N  - acetyl anthranilic acid from anthranilic acid 
and acetic anhydride followed by condensation with  o  -
 toluidine to form methaqualone with phosphorus tri-
chloride as a dehydrating agent, and 2) refl uxing 
anthranilic acid,  o  - toluidine, and acetic acid (or acetic 
anhydride) with polyphosphoric acid as a dehydrating 
agent. The presence of 2 - methyl - 3 - ( o  - carboxyphenyl) - 4 -
 quinazolinone indicates the former synthetic process, 
whereas the presence of  o  - methyl acetanilide indicates 
the use of the latter synthetic process. Other less 
common synthetic processes include the cyclization of 
 o  - acylamino ( N  - substituted) benzamide compounds.  11   
Despite the synthesis of numerous quinazolinone deriv-
atives of methaqualone for CNS depressant and anti-
convulsant properties, no currently used anticonvulsant 
contains the 4(3H) - quinazolinone ring system.  12   
Previous pharmaceutic formulations of methaqualone 
included methaqualone base (150 - mg and 300 - mg 
tablets), methaqualone hydrochloride (200 - mg and 400 -
 mg capsules), and combination tablets (e.g., Mandrax, 
250   mg methaqualone, 25   mg diphenhydramine). 

  TABLE 27.1.    Some Physiochemical Properties of 
Methaqualone. 

   Physical Property     Value  

  Melting Point    120 ° C (248 ° F)  
  log P (Octanol - Water)    4.330  
  Water Solubility    4.730   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    1.16E - 07   mm   Hg (25 ° C/77 ° F)  

       FIGURE 27.1.     Chemical structures of methaqualone and 
related compounds.  
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methaqualone, 3 ′  - hydroxymethaqualone, 4 ′  - hydroxy-
methaqualone, 6 ′  - hydroxy methaqualone, and 2 - 
hydroxy methaqualone) as demonstrated in Figure  27.2 . 
Although the specifi c isoenzymes involved with the bio-
transformation of methaqualone have not been identi-
fi ed, CYP2D6 and CYP2C19 isoenzymes are probably 
not involved in this metabolic process.  30   The hydroxyl-
ated metabolites are inactive. Dihydroxy, dihydrodiols, 
and hydroxymethoxy derivatives of methaqualone 
probably are minor metabolites.    

  Elimination 

 The kidney excretes  < 1 – 3% of an absorbed dose of 
methaqualone unchanged in the urine. Most of the 
methaqualone metabolites appear in the urine as gluc-
uronide conjugates.  31   The terminal elimination follow-
ing single therapeutic doses of methaqualone is relatively 
long (i.e., 20 – 40 hours).  32   In a study of 7 healthy men 
(mean age, 36 years), the elimination of methaqualone 
from the plasma was biphasic with an initial and termi-
nal mean plasma elimination half - life of 0.9 hours and 
16 hours, respectively.  33

  Maternal and Fetal Kinetics 

 In rodents, methaqualone crosses the placenta; 1.5 hours 
after maternal ingestion, the methaqualone concentra-
tion in fetal brain and liver is lower than corresponding 
maternal tissue.  34   The renal clearances of some drugs 
increase during the third trimester of pregnancy as a 
result of increased renal blood fl ow and glomerular fi l-
tration rates. In a convenience sample of 10 pregnant 
women in the third trimester of pregnancy, the mean 
half - life of methaqualone was 4.36    ±    0.84 hours com-
pared with 6.18    ±    0.92 hours in 13 nonpregnant women.  35

  Tolerance 

 Animal studies indicate that tolerance develops in 
rodents after daily administration of methaqualone. The 
daily intraperitoneal administration of 30   mg meth-
aqualone to female rats produced tolerance to the 
effects of methaqualone on the Rotorod test as well 
as cross - tolerance to the effects of phenobarbital.  36

Tolerance to methaqualone also occurs in observational 
studies of polydrug users, but the degree of tolerance is 
not well - defi ned in these studies.  37

  Drug Interactions 

In vitro  studies indicate that administration of diphen-
hydramine with methaqualone produces a dose - related 
inhibition of methaqualone metabolism.  38   The combina-

ingesting an estimated 4 – 5   g methaqualone during a 
suicide attempt.  20   Within 2 days, he became comatose 
with respiratory failure secondary to noncardiogenic 
pulmonary edema. He recovered completely after 6 
days of intubation and ventilatory support. Estimation 
of the fatal dose of methaqualone is complicated 
by various factors including tolerance, concomitant 
drug ingestion, baseline health of the patient, and 
reporting bias. Although case reports associate death 
with the ingestion of 8 – 20   g methaqualone, survival can 
occur with intensive supportive care following the inges-
tion of methaqualone doses in the range of 20 – 25   g.  

  TOXICOKINETICS 

  Absorption 

 The GI tract rapidly adsorbs therapeutic doses of meth-
aqualone with peak methaqualone concentrations 
occurring about 1 – 2 hours after ingestion.  21,22   In a study 
of 7 healthy volunteers administered 300   mg methaqua-
lone, the average peak plasma methaqualone concen-
tration was about 3   mg/L 2 hours after ingestion as 
measured by gas chromatography with fl ame ionization 
detection.23   Ingestion of 450   mg methaqualone/hour for 
4 doses produced a peak serum methaqualone concen-
tration of 9   mg/L 3 hours after administration of the last 
dose.  24   Based on neuropsychologic testing of healthy 
volunteers, the maximum effect of methaqualone occurs 
before peak methaqualone concentrations and the 
duration of action is < 4 hours despite persistent plasma 
methaqualone concentrations.  25   Ethanol does not sig-
nifi cantly delay methaqualone absorption in human 
volunteers.  

  Distribution 

 Methaqualone is highly lipophilic with a large volume 
of distribution (2.4 – 6.4   L/kg). The initial distribution 
phase into peripheral tissues is relatively rapid with an 
initial distribution half - life of 2 – 4 hours. Methaqualone 
is highly protein bound (75 – 90%).  26

  Biotransformation 

 Methaqualone undergoes metabolism in the liver to  N  -
 oxide and hydroxylated metabolites.  27   There is substan-
tial interindividual variability in C  - oxidation by 
P450 cytochrome isoenzymes and the formation of 
hydroxylated metabolites of methaqualone that are 
subsequently excreted in the urine as glucuronide 
conjugates.  28,29   Volunteer studies indicate that extensive 
biotransformation by CYP450 isoenzymes produce 
at least 5 major hydroxylated metabolites (2 ′  - hydroxy-
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methaqualone doses also increases the propensity for 
spontaneous hemorrhage by prolongation of the pro-
thrombin and partial thromboplastin times and reduc-
tion in factors V and VII.  

  CLINICAL RESPONSE 

 Dermatologic effects associated with the medicinal use 
of methaqualone include fi xed drug eruption, diaphore-
sis, erythema multiforme, bromhidrosis, and urticaria.  41   

  Illicit Use 

 Ingestion of  “ street ”  doses of methaqualone (i.e., 150 –
 500   mg) classically produces euphoria with marked par-
esthesias followed by a period of deep relaxation. Sleep 
usually follows the initial period of euphoria. The inges-
tion of higher doses of methaqualone causes GI distress 
(nausea, vomiting, diarrhea), dry mouth, lightheaded-
ness, anxiety, restlessness, loss of coordination, blurred 
vision, fatigue, myoclonus, and painful hyperacusis.  

  Overdose 

 Methaqualone is a CNS depressant, which produces 
toxic effects ranging from GI distress, drowsiness, ataxia, 
slurred speech, and paresthesias to agitation, convul-
sions, and coma. Mild methaqualone intoxication 

tion of methaqualone and diphenhydramine is a fre-
quently abused drug combination. Ethanol consumption 
slightly increases blood methaqualone concentrations 
during elimination and methaqualone produces rela-
tively greater impairment of cognitive and psychomotor 
tasks when combined with ethanol.  39     

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Methaqualone is a sedative - hypnotic drug with euphori-
ant properties.  4   In contrast to hyporefl exia and muscu-
lar depression associated with other sedative - hypnotic 
drugs, high doses of methaqualone produce selective 
depression of polysynaptic spinal refl exes with subse-
quent hypertonia and muscle hyperactivity. Hypotension 
usually results from myocardial depression. Although 
hypotension and respiratory insuffi ciency occurs during 
serious methaqualone intoxication, the occurrence of 
hypotension and respiratory insuffi ciency is relatively 
less common during methaqualone intoxication com-
pared with most other older sedative - hypnotic over-
doses. Pulmonary edema is usually noncardiogenic, 
resulting from increased capillary permeability.  In vitro  
studies of animal and human platelets indicate that 
methaqualone signifi cantly inhibits the primary phase 
of adenosine diphosphate (ADP) - induced aggregation 
as well as platelet adhesiveness.  40   The ingestion of toxic 

       FIGURE 27.2.     Major hydroxylated metabolites of methaqualone.  59    
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  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the determination of methaqualone con-
centrations include immunoassays, ultraviolet (UV) 
spectrophotometry, gas chromatography with fl ame ion-
ization, nitrogen phosphorus or electron capture detec-
tion, and gas chromatography/mass spectrometry (GC/
MS).50   The limit of detection (LOD) for gas chromatog-
raphy with nitrogen phosphorus detection is near 
0.020   mg/L,  51   whereas the lower limit of quantitation 
(LLOQ) for GC/MS ranges from about 0.050 –
 0.100   mg/L.  52   Under some gas chromatographic condi-
tions, thermal conversion of the methaqualone -  N  - oxide 
metabolite, which represents about 5 – 9% of methaqua-
lone metabolites, increases the apparent concentration 
of methaqualone.  53   Gas chromatography/mass spec-
trometry effectively separates the structurally similar 
methaqualone compounds (nitromethaqualone, meclo-
qualone) from methaqualone.  54   Ultraviolet spectropho-
tometry does not separate unchanged methaqualone 
from metabolites; therefore, this method measures total 
methaqualone (methaqualone plus metabolites).  55

  Biomarkers 

  Blood 

 Interpretation of the serum methaqualone concentra-
tions requires careful evaluation of the clinical setting 
and the physical evidence of intoxication. Blood meth-
aqualone concentrations do not correlate well to the 
clinical response because of the presence of tolerance, 
concomitant ingestion of other respiratory depressant 
drugs, and the time since drug ingestion.  56   Deep coma 
and respiratory failure may occur in patients following 
large ingestions of methaqualone despite the presence 
of relatively low serum methaqualone concentrations 
and high concentrations of metabolites.  20   The therapeu-
tic range of methaqualone is 1 – 5   mg/L. In a study of 7 
healthy men receiving 300   mg methaqualone hydro-
chloride, the mean peak plasma methaqualone concen-
tration was 2.12    ±    0.44   mg/L 3 hours after ingestion.  33

Toxicity is associated with methaqualone concentra-
tions exceeding 10 – 30   mg/L. In a retrospective review 
of 60 cases of methaqualone intoxication, serum meth-
aqualone concentrations associated with CNS depres-
sion exceeded 9   mg/L.  57   Serious intoxication can occur 
when the serum methaqualone concentrations exceeds 
25 – 30   mg/L, particularly at serum methaqualone con-
centration > 80   mg/L. There are few data on the meth-
aqualone concentrations in postmortem blood samples 

produces clinical features similar to barbiturate intoxi-
cation including blurred vision, loss of coordination, 
nystagmus, dilated pupils, salivation, and mild CNS 
depression. More serious complications of methaqua-
lone overdose include delirium, coma, respiratory 
depression, increased risk of aspiration with salivation 
and spontaneous vomiting, seizures, and prominent 
pyramidal signs (myoclonus, hyperrefl exia, hypertonic-
ity). In contrast to most of the older sedative - hypnotic 
drugs, increased muscle tone frequently occurs during 
severe methaqualone intoxication,  42   and muscular 
hyperactivity may be severe enough to require paralytic 
agents and respiratory support.  43   Although tachycardia 
is a common feature of methaqualone intoxication, car-
diovascular collapse is uncommon except following very 
large ingestions of methaqualone. Hypotension occurs 
less commonly in comatose patients compared with 
other older sedative - hypnotics drugs.  44   The ingestion of 
large doses (i.e., 4 – 5   g) of methaqualone can produce 
respiratory failure and noncardiogenic pulmonary 
edema several days after ingestion.  20   Spontaneous 
bleeding (e.g., subconjunctival hemorrhage, retinal 
hemorrhage, GI hemorrhage) may develop during 
severe methaqualone intoxication as a result of throm-
bocytopenia and hypoprothrombinemia.  44,45   Skin lesions 
developing during serious methaqualone poisoning 
include bullae, purpura, and petechiae.  

  Abstinence Syndrome 

 The methaqualone withdrawal syndrome resembles the 
clinical features of ethanol and barbiturate withdrawal. 
Case reports indicate that the daily ingestion of 1.5 – 2   g 
methaqualone for several months produces withdrawal 
symptoms within 1 – 5 days after cessation of methaqua-
lone use. The most common features of methaqualone 
withdrawal include headache, tremulousness, anorexia, 
nausea, vomiting, abdominal pain, and insomnia.  46

Other clinical effects of the abstinence syndrome 
range from restlessness, confusion, and hyperrefl exia to 
visual hallucination, seizures, and delirium.  47   Brief 
muscle twitches, sudden diffuse muscle jerks, and 
tonic - clonic seizures developed in a 20 - year - old woman 
5 days after stopping the daily ingestion of 300   mg 
methaqualone.  48

  Reproductive Abnormalities 

 There are few data on reproductive abnormalities in 
pregnant women ingesting methaqualone. In rodent 
studies, fetal abnormalities occur at methaqualone doses 
(e.g.,  > 25   mg/kg/d) that cause maternal toxicity.  49
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samples drawn from Swiss drivers arrested for suspected 
driving while impaired (50 of the 440 blood samples 
contained no detectable drugs).  63   The methaqualone 
concentrations ranged from 0.15 – 2.36   mg/L.   

  TREATMENT 

  Stabilization 

 As for all sedative - hypnotic overdoses, stabilization 
requires careful evaluation of the level of consciousness 
and the adequacy of respirations. Patients with meth-
aqualone intoxication frequently have a sinus tachycar-
dia, but hypotension is relatively rare. Seizures may 
occur during withdrawal from methaqualone along with 
restlessness, agitation, and delirium. All patients with 
altered levels of consciousness should be evaluated 
rapidly for serum glucose concentrations and hypoxia 
(e.g., pulse oximetry).  

  Gut Decontamination 

 The administration of activated charcoal is appropriate 
for patients with methaqualone overdose presenting 
< 1 – 2 hours after ingestion. However, most patients 
present to a health care facility > 1 – 2 hours after meth-
aqualone ingestion, and these patients frequently 
require no gut contamination measures as a result of the 
lack of clinical data to support the use of aggressive 
decontamination measures. Theoretically, the adminis-
tration of activated charcoal more than 1 – 2 hours after 
ingestion can decrease methaqualone absorption in 
comatose patients with decreased GI motility, but there 
are inadequate data to indicate that the administration 
of activate charcoal at this time improves clinical 
outcome. Syrup of ipecac is not recommended because 
of the potential for aspiration and the lack of demon-
strated effi cacy.  

  Elimination Enhancement 

 Case reports indicate that hemodialysis reduces plasma 
methaqualone concentrations, but there are few data on 
the effect of hemodialysis on clinical outcome during 
methaqualone intoxication. Hemodialysis produces 
mean methaqualone clearance of approximately 29   mL/
min during severe methaqualone intoxication, whereas 
the mean clearance during peritoneal dialysis was sub-
stantially lower (i.e., about 7   mL/min).  64   The clearance 
of methaqualone is superior following hemoperfusion 
(e.g., 179   mL/min) compared with hemodialysis (e.g., 

from individuals dying of methaqualone toxicity. 
Analysis of postmortem blood samples from a 62 - year -
 old man found dead after a massive, intentional inges-
tion of toquilone compositum (methaqualone and 
diphenhydramine) demonstrated a methaqualone con-
centration of 800   mg/L.  58

  Urine 

 The Roche Abuscreen ONLINE ™  (Roche Diagnostics, 
Indianapolis, IN) and the Syva EMIT II ™  (Syva Co., 
San Jose, CA) are sensitive methods for the detection 
of methaqualone in the urine.  59   Because of the minimal 
excretion of unchanged methaqualone in the urine, the 
sensitivity of these immunoassays depends on the high 
cross - reactivity of the reagents for the conjugated 
metabolites of methaqualone.   

  Abnormalities 

 Laboratory abnormalities associated with methaqua-
lone intoxication include thrombocytopenia, prolonged 
prothrombin time/international normalized ratio, and 
transient elevation of serum hepatic aminotransferases. 
Nonspecifi c ST - T wave changes and sinus tachycardia 
are the most common electrocardiographic changes 
seen during methaqualone intoxication; serious cardiac 
abnormalities are rare.  42

  Driving 

 There are limited data on the effects of methaqualone 
on driving skills. Analyses of blood samples submitted 
by law enforcement offi cers for suspected driving under 
the infl uence in Switzerland indicate that the use of 
methaqualone by impaired drivers is relatively uncom-
mon (i.e.,  < 5%).  60   Ingestion of methaqualone can 
produce sedation, loss of motor coordination, and 
slowing of motor responses. A double - blind study of 
healthy volunteers ingesting an evening dose of 250   mg 
methaqualone and 25   mg diphenhydramine did not 
detect decrements in psychomotor performance (i.e., 
choice reaction time, coordination test, divided atten-
tion task) when tested the following morning.  61   In a 
series of 536 drivers arrested for driving under the infl u-
ence and testing positive only for methaqualone, the 
median blood methaqualone concentration was about 
4   mg/L with a range of 1 – 9   mg/L as measured by ana-
lytic methods that excluded methaqualone metabo-
lites.  62   Blood methaqualone concentrations above 
2   mg/L were frequently associated with obvious intoxi-
cation (i.e., staggering, drowsiness, and slurred speech). 
Methaqualone was detected in 3 of 440 ( < 1%) blood 
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transformation, primarily by hydroxylation.   67   The major 
metabolite of mecloqualone in the urine is 3 - (2 - chloro -
 4 - hydroxyphenyl) - 2 - methyl - 4[3 H ] - quinazolinone. 
Minor metabolites include 3 - ( o  - chlorophenyl) 
- 2 - (hydroxymethyl) - 4[3 H ] - quinazolinone and 3 - ( o  -
 chlorophenyl) - 6 - hydroxy - 2 - methyl - 4[3 H ] - quinazoli-
none. Approximately one - half of the dose of 
mecloqualone is eliminated within 2 days and 80% 
within 5 – 6 days, primarily in the urine as conjugates.  68

The kidney excretes very small amounts (i.e.,  < 2 – 3%) 
of unchanged mecloqualone in the urine. The molecular 
weight and lack of a strong anionic group suggest that 
mecloqualone has very limited enterohepatic recircula-
tion. Analytic methods for the separation and detection 
of quinazolinone compounds include thin layer chroma-
tography, gas liquid chromatography, nuclear magnetic 
resonance, and gas chromatography/mass spectrome-
try.  54,67   Ultraviolet spectra identify the quinazolinone 
nucleus, but UV spectroscopy is incapable of distin-
guishing between methaqualone, methaqualone metab-
olites, nitromethaqualone, or mecloqualone.  

  NITRO-
METHAQUALONE 

 Nitromethaqualone [CAS RN:   340 - 52 - 3, 2 - methyl - 3 - (2 ’  -
 methoxy - 4 ’  - nitrophenyl) - 4(3H) - quinazolinone] is a non -
 barbiturate hypnotic drug (Parnox  ®  ) introduced in Europe 
in 1967.  69   In a study of 2 healthy volunteers, peak plasma 
nitromethaqualone concentrations were 65   ng/mL at 2 
hours and 135   ng/mL at 1.5 hours after the ingestion of 
25   mg of this drug as measured by gas chromatography 
with electron capture detection.  70   Based on volunteer 
studies the most important unconjugated metabolite of 
nitromethaqualone biotransformation is 2 - methyl - 3 - (2 ′  -
 methoxy - 4 ′ aminophenyl) - 4(3H) - quinazolinone as a result 
of the reduction of the nitro group to the corresponding 
amino derivative.  69   Excretion of this metabolite occurs 
partially in the acetylated form.  o  - Demethylation followed 
by reduction of the nitro group is a minor metabolic 
pathway in humans. Cleavage of the quinazolinone nucleus 
results in formation of 2 - methoxy - 4 - nitroaniline. Volunteer 
studies indicate that biotransformation is the primary 
route of elimination with minimal excretion of unchanged 
nitromethaqualone in the urine.  69   This study suggests that 
extensive enterohepatic circulation results in the pro-
tracted excretion of nitromethaqualone metabolites. 
Analytic methods for quantitation of nitromethaqualone 
include gas chromatography with electron capture 
detection.70

29   mL/min), but clinical response is limited perhaps 
because of the large volume of distribution, high protein 
binding, and large tissue stores of methaqualone during 
methaqualone intoxication. Blood methaqualone levels 
> 40   mg/L suggest the need for hemoperfusion. Forced 
diuresis is contraindicated because of the propensity of 
methaqualone to cause pulmonary edema.  

  Antidotes 

 There is no antidote.  

  Supplemental Care 

 Most methaqualone overdoses require only supportive 
care. Baseline laboratory tests for severe methaqualone 
poisoning include a complete blood count, platelets, 
prothrombin time, electrolytes, glucose, creatinine, liver 
function tests, pulse oximetry, and an electrocardiogram. 
Patients with moderate to severe methaqualone over-
doses require observation for the development of aspi-
ration pneumonia and pulmonary edema. Because of 
the association of thrombocytopenia and reduced pro-
thrombin times following methaqualone overdoses, 
these patients also should be observed for the develop-
ment of spontaneous hemorrhage (e.g., GI, retinal). 
The treatment for persistent hemorrhage during meth-
aqualone intoxication includes platelet packs, vitamin 
K, and fresh - frozen plasma as indicated by diagnostic 
testing. Muscular hyperactivity may require muscle 
relaxants (e.g., diazepam, lorazepam), but these patients 
should be carefully observed for the development of 
respiratory depression. Withdrawal symptoms may 
develop 1 – 5 days after cessation of methaqualone use. 
There are inadequate clinical data on specifi c therapeu-
tic options for the treatment of methaqualone addiction; 
typically, benzodiazepines (e.g., diazepam) are fi rst - line 
drugs used for the treatment of methaqualone 
dependence.  65

  MECLOQUALONE 

 Mecloqualone (CAS RN:   340 - 57 - 8, 2 - methyl - 3 - ortho -
 chlorophenyl - 4(3H) - quinazolinone) is a chlorinated 
homologue of methaqualone; mecloqualone is also a 
drug of abuse. The DEA lists both methaqualone 
and mecloqualone (Nubarene) as schedule I drugs. 
Clandestine laboratories synthesize mecloqualone and 
methyl derivatives of methaqualone as well as meth-
aqualone.  66   Mecloqualone undergoes extensive bio-
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  Chapter 28 

               HISTORY 

 Buprenorphine was fi rst developed as an analgesic with 
low addiction potential based on animal studies and 
marketed under the trade name Temgesic  ®   (Schering -
 Plough, Kenilworth, NJ). This drug was available as a 
pre - anesthetic medication and as an analgesic for mod-
erate to severe pain in dosages of 0.2   mg. Since 1987, 
buprenorphine has been marketed in France as an anal-
gesic. During the early 1980s in England and Australia, 
reports documented the intravenous (IV) abuse of anal-
gesic preparations of buprenorphine,  1   while reports 
from Scotland documented the IV abuse of illegally 
diverted buprenorphine as a heroin substitute during 
the late 1980s, frequently in combination with benzodi-
azepines.  2   In 1996, a high - dose sublingual formulation 
under the trade name Subutex  ®   (Reckitt - Benckiser, 
Slough, United Kingdom) became available in France 
for the treatment of opioid addiction. A buprenorphine 
transdermal delivery system was released in Europe 
during 2001 for the treatment of chronic pain at release 
rates of 35    μ g/h, 52.5    μ g/h, and 70    μ g/h over 72 hours 
corresponding to daily buprenorphine doses of 0.8   mg, 
1.2   mg, and 1.6   mg, respectively. The US Food  &  Drug 
Administration (FDA) approved the use of sublingual 
buprenorphine for the treatment of opioid addiction in 
2002. Although buprenorphine is a relatively safe drug, 
case series soon associated fatalities with the illicit use 
of buprenorphine and benzodiazepines including the 
use of this combination in drug - facilitated sex crimes.  3,4

Abuse of buprenorphine preparations for the treatment 
of opioid dependence continues both in patients under-
going buprenorphine maintenance treatment and in 
untreated opioid addicts.  5

  IDENTIFYING CHARACTERISTICS 

 Buprenorphine is a highly lipid soluble, semisynthetic 
opioid (Fig.  28.1 ) that is derived from thebaine. The 
source of this latter alkaloid is the opium poppy,  Papaver 
somniferum  L. Buprenorphine is structurally related to 
morphine. In rodent antinociceptive assays (writhing, 
tail pressure), parenteral buprenorphine is about 25 – 40 
times more potent than morphine, whereas oral 
buprenorphine is approximately 7 – 10 times more potent 
than morphine.  6   Buprenorphine is a partial agonist at 
μ  - opioid receptors and a weak antagonist at  κ  - opioid 
receptors. The slow dissociation of buprenorphine from 
μ  - opioid receptors results in a prolonged duration of 
action. Table  28.1  lists some physiochemical properties 
of buprenorphine.    

  EXPOSURE 

  Epidemiology 

 Both the intentional and accidental ingestion of 
buprenorphine has increased as the clinical use and 
availability of this drug has increased. In a review of all 
pediatric admissions ( < 18 years of age) to a Maine 
medical center from 1999 to 2009, the number of chil-
dren admitted for buprenorphine toxicity tripled the 
last 5 years of the study compared with the fi rst 5 years.  7

The admissions included 6 adolescents (3 suicidal inges-
tions, 3 recreational ingestions). Overall, the prevalence 
of abuse of sublingual buprenorphine is relatively low 
compared with methadone and heroin.  8   Although 
experimental use of buprenorphine occurs among poly-
drug users, the use of buprenorphine as a primary drug 
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buprenorphine is available in the following two sublin-
gual preparations: (1) Subutex  ®   — oval, white tablet in 
2   mg (embossed B2) and 8   mg (embossed B8) dosages, 
and (2) Suboxone  ®   —  hexagonal orange tablet in 2   mg 
buprenorphine/0.5   mg naloxone (embossed N2) and 
8   mg buprenorphine/2   mg naloxone (embossed N8) 
dosages. Because the bioavailability of oral naloxone is 
poor, the ingestion of the combination of buprenor-
phine and naloxone produces pharmacologic effects 
primarily related to buprenorphine. However, the injec-
tion of dissolved tablets of the buprenorphine/naloxone 
can cause opioid withdrawal symptoms.  14   Most abuse of 
buprenorphine results from the illicit diversion of phar-
maceutic preparations of buprenorphine. Consequently, 
the abuse of buprenorphine typically involves relative 
pure preparations without signifi cant contaminants or 
additives. Of the 33 individuals regularly using buprenor-
phine in an Australian study of currently injecting drug 
users, about two - thirds obtained their buprenorphine 
through prescription, and the remainder of this sub-
group obtained this drug illicitly (i.e., friends, street pur-
chase).  12   Another Australian study suggests that the 
prevalence of the diversion of buprenorphine sublin-
gual preparations is higher than the diversion of liquid 
preparations of methadone.  15    

  Methods of Abuse 

 Consistent with the  μ  - opioid receptor agonist proper-
ties of buprenorphine, this drug has abuse potential 
although this potential is relatively low compared with 
full  μ  - opioid agonists (e.g., heroin, methadone). Typically, 
the abuse of buprenorphine involves the IV injection of 
pharmaceutic preparations marketed for analgesia.  16   
However, abuse also occurs as a result of the illicit 
diversion and IV use of buprenorphine during buprenor-
phine drug maintenance treatment programs. In an 
Australian study of currently injecting drug users, the 
primary abusers (i.e., 10% of the cohort) injected 
buprenorphine approximately 10 times per week as a 
less - expensive alternative to heroin.  12   The abuse of 
buprenorphine in opioid - dependent addicts participat-
ing in treatment programs is limited by the addition of 
naloxone to the buprenorphine. This combination pro-
duces withdrawal symptoms following the IV injection 
of the combination drug in some, but not all, addicts.  17,18   
In a study of opioid - dependent volunteers, the intra-
muscular administration of up to 16   mg buprenorphine 
and 4   mg naloxone produced dose - related increases 
on indices of opioid antagonist effects consistent 
with naloxone - precipitated withdrawal that resolved 
relatively quickly;  14   the IV use of buprenorphine/
naloxone combination is frequently associated with dys-
phoria ( “ bad experience ” ) in contrast to the use of 

of abuse is relatively uncommon depending on the pop-
ulation studied. In a study of  > 1,000 prescription opioid 
abusers, buprenorphine was the preferred drug of abuse 
in  < 3% of this convenience sample.  9   A cross - sectional 
survey of 343 French IV drug users attending commu-
nity pharmacies, vending machines, and needle exchange 
programs to obtain equipment indicated that  ∼ 34% of 
the polydrug users occasionally injected buprenorphine, 
whereas  ∼ 24% injected only buprenorphine within the 
last 6 months.  10   A cross - sectional study of 404 individu-
als in a French buprenorphine maintenance therapy 
program indicated that about one - half of these opioid 
addicts had injected buprenorphine during their life-
time and about two - thirds of this group used illicit IV 
buprenorphine since joining the buprenorphine mainte-
nance program.  11   In a fi eld - recruited Australian cohort 
of 316 currently injecting drug users, 33 (10%) of the 
users reported the regular injection of buprenorphine, 
whereas 101 (32%) of this cohort reported the injection 
of buprenorphine within the preceding 3 months.  12   A 
survey of 350 needle exchangers reported the use of 
buprenorphine by 89% of injecting heroin abusers and 
24% of injecting amphetamine abusers.  13   The reported 
use of buprenorphine by heroin addicts was primarily 
related to self - detoxifi cation of the treatment of with-
drawal, whereas the use of buprenorphine for euphoria 
was more common in IV amphetamine users.  

  Sources 

 Buprenorphine is synthesized from the opiate alkaloid, 
thebaine, during a 7 - step process. In the United States, 

  TABLE 28.1.    Physiochemical Properties of Buprenorphine. 

   Property     Value  

  CAS Number    52485 - 79 - 7  
  Molecular Formula    C 29 H 41 NO 4   
  pKa    8.31  
  log P (Octanol - Water)    4.98  
  Water Solubility     0.636   mg/L (25 ° C/77 ° F)  

       FIGURE 28.1.     Chemical structure of buprenorphine.  
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when compared with control (placebo) values.  26   The 
response to buprenorphine was dose - dependent, and 
the maximal effect on these respiratory parameters was 
about 40 – 60% of control (placebo) values at a buprenor-
phine dose of 1   mg/kg. The respiratory depression did 
not increase with doses above 1   mg/kg, and the admin-
istration of up to 10   mg buprenorphine/kg body 
weight did not cause clinically signifi cant respiratory 
depression. 

 The sublingual administration of buprenorphine in 
doses of 13.2 – 39.0    μ g/kg/day in 3 divided doses to neo-
nates of opioid – addicted mothers is a treatment for neo-
natal abstinence syndrome.  27   Children ingesting  > 4   mg 
buprenorphine usually develop clinical effects of opioid 
intoxication. The ingestion of an estimated buprenor-
phine (Subutex  ®  ) dose of 4   mg by a 4 - year - old girl was 
associated with bilateral miosis and slight restlessness 
that resolved by the next day without complications.  28

A 20 - month old boy developed lethargy, cyanosis, and 
respiratory depression after the ingestion of 12   mg 
buprenorphine (0.97   mg/kg).  29   Any child ingesting 
> 2   mg buprenorphine or any child  < 2 years of age 
ingesting more than a taste should be evaluated in the 
emergency department for central nervous system 
(CNS) and respiratory depression.  30

  TOXICOKINETICS 

  Absorption 

 The oral bioavailability of buprenorphine is low as a 
result of a large fi rst - pass effect; however, the bioavail-
ability of sublingual doses is substantially higher than 
oral doses.  31   The systemic bioavailability of oral 
buprenorphine is about 15% compared with about 30 –
 55% for sublingual doses of buprenorphine, depending 
on the formulation of the sublingual preparation (i.e., 
liquid vs. tablet).  32   Sublingual buprenorphine tablets 
require 2 – 10 minutes to completely dissolve in the 
mouth. Although pharmacokinetic studies suggest that 
the bioavailability of buprenorphine sublingual tablets 
is 40 – 50% less than liquid - fi lled sublingual formula-
tions,  33   pharmacodynamic studies with positron emis-
sion tomography (PET) scanning indicate that the 
equivalent doses of these two formulations produce 
similar binding to μ  - opioid receptors.  34   In a study of 5 
postoperative patients receiving 0.4   mg buprenorphine 
and 5 patients receiving 0.8   mg buprenorphine sublin-
gually, the mean systemic bioavailability was about 
55%.35   The mean bioavailability of sublingual and 
buccal doses of 4   mg buprenorphine in 6 healthy volun-
teers was approximately 51% and 28%, respectively.  36

There is substantial variability in the time to maximum 
buprenorphine plasma concentration following sublin-

buprenorphine alone.  19   Similar doses of sublingual 
buprenorphine and naloxone did not cause withdrawal 
symptoms. As a result of the relatively mild euphoria 
associated with IV buprenorphine use compared with 
IV doses of heroin, the concomitant use of other drugs 
by IV drug abusers is frequent, particularly benzodiaz-
epines.  20   Insuffl ation is an alternative route of buprenor-
phine abuse by injecting heroin users.  13

  DOSE EFFECT 

 The fi nal daily sublingual maintenance dose of 
buprenorphine/naloxone for the treatment of opioid 
dependence ranges from 4   mg buprenorphine/1   mg nal-
oxone to 24   mg buprenorphine/6   mg naloxone with a 
typical target dose of 16   mg buprenorphine/4   mg nalox-
one.  21   The usual dose adjustment of the 4:1 formulation 
involves the increment or decrement of 2   mg/0.5   mg or 
4   mg/1   mg. At doses below 12   mg, buprenorphine pro-
duces clinical effects similar to opioid agonists (e.g., 
methadone, morphine). The typical parenteral dose of 
buprenorphine for analgesia is 0.2 – 0.6   mg with the 
duration of action being about 6 hours. Because 
buprenorphine is a partial μ  - opioid receptor agonist, the 
maximal effects of buprenorphine are less than full 
agonist (e.g., heroin, methadone). In general, high 
buprenorphine doses produce fewer adverse effects 
than heroin or methadone. Additionally, high doses of 
buprenorphine produce more prolonged pharmacologic 
effects rather than more serious adverse reactions.  22   The 
subcutaneous administration of 2   mg buprenorphine to 
10 healthy volunteers with histories of opioid abuse 
produced miosis and mild euphoria without signifi cant 
changes in body temperature, blood pressure, respira-
tion, or heart rate.  23   The administration of sublingual 
buprenorphine doses up to 32   mg to healthy volunteers 
produced miosis, sedation, positive mood, and respira-
tory depression.  24   However, there are no dose - related 
increases in the severity of these symptoms with higher 
buprenorphine doses despite increasing plasma 
buprenorphine concentrations. The administration of 
IV buprenorphine in doses up to 16   mg to nondepen-
dent opioid abusers are associated with varying degrees 
of a positive mood, minimal increase in systolic blood 
pressure, and no signifi cant change in heart rate or 
oxygen saturation (no capnometry measurements).  25

Most side effects were mild except the development of 
severe vomiting in one patient. At doses above 12   mg, 
buprenorphine produces little additional opioid effects, 
and the dose - response curve for the  μ1  - opioid agonist 
effect fl attens. The administration of 0.001 – 10   mg 
buprenorphine/kg body weight to rhesus monkeys 
produced a reduction in respiratory responses (respira-
tory rate, minute volume, tidal volume) to 5% CO 2 , 
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urinary excretion accounts for the rest of the elimina-
tion of buprenorphine from the body.  44   Urinary elimina-
tion of buprenorphine results from the excretion of 
inactive glucuronide conjugates of buprenorphine and 
norbuprenorphine. Very little free buprenorphine 
appears in the urine.  45   There is substantial variation in 
the elimination half - lives of buprenorphine and norbu-
prenorphine both between different individuals and 
between different routes of administration. Mean elimi-
nation half - life of buprenorphine following the IV 
administration of 1.2   mg buprenorphine to 5 nondepen-
dent heroin users was 3.2 hours (range, 1.6 – 8.2 hours) 
compared with a mean of 27.7 hours (range, 5.2 – 49 
hours) following the sublingual administration of 4   mg 
buprenorphine.  36   In a study of 11 male heroin - dependent 
volunteers participating in a research study, the mean 
steady - state elimination half - life of sublingual buprenor-
phine and norbuprenorphine was 42 hours and 57 hours, 
respectively.  46

  Maternal and Fetal Kinetics 

 Buprenorphine crosses the placenta during pregnancy, 
and the drug is excreted in breast milk. Case reports 
suggest that serum buprenorphine concentrations in the 
fetus can exceed maternal serum buprenorphine con-
centrations.  47   These reports also suggest that the excre-
tion of buprenorphine in breast milk is low enough to 
produce minimal effects in breast - feeding infants, par-
ticularly after the fi rst month when CYP3A4 activity 
reaches 30 – 40% of adult values. Breastfeeding does not 
prevent the mild abstinence syndrome associated with 
infants born to mothers in buprenorphine maintenance 
programs, and cessation of breastfeeding from mothers 
in these programs does not induce abstinence symptoms 
in these infants.  

  Tolerance 

 Studies of chronic pain patients receiving long - term 
buprenorphine therapy via transdermal patches suggest 
a low incidence of tolerance.  48

  Drug Interactions 

 Case reports on fatalities associated with the IV use of 
buprenorphine and benzodiazepines suggest the possi-
bility that these two types of drugs produce synergistic 
respiratory depression.  49   This interaction is probably 
pharmacodynamic rather than pharmacokinetic because 
the lack of signifi cant alteration of fl unitrazepam metab-
olism in the presence of buprenorphine.  50   Drugs that 
inhibit (ketoconazole, nefazodone, protease inhibitors) 

gual administration. In a study of postoperative patients 
receiving low (0.4   mg, 0.8   mg) sublingual doses of 
buprenorphine, the mean time to peak to plasma 
buprenorphine concentration was about 3.3 hours 
(range, 1.5 – 6 hours).  36   The average peak plasma 
buprenorphine concentration for this sublingual dose 
was about 3.3   ng/mL with an approximate range of 
1.9 – 7.2   ng/mL, whereas the average maximum buprenor-
phine plasma concentration after buccal administration 
of 4   mg buprenorphine was 1.98   ng/mL (range, 0.25 –
 3.9   ng/mL). Peak subjective effects of buprenorphine 
occur after peak plasma concentrations of buprenor-
phine due to a lag in CNS penetration.  37

  Distribution 

 Buprenorphine is highly protein bound (i.e., 96%), pri-
marily to α  -  and  β  - globulins.  38   The volume of distribu-
tion of buprenorphine is relatively large. In a study of 
nondependent heroin users receiving 1.2   mg buprenor-
phine intravenously, the mean V d  was 335   L (range, 
125 – 771   L).  36

  Biotransformation 

 Buprenorphine undergoes extensive biotransformation 
in the liver by oxidative N  - demethylation. The primary 
P450 enzymes involved in the biotransformation of 
buprenorphine are CYP3A4 and, to a lesser extent, 
CYP2C8 isoenzymes as determined by in vitro  human 
liver microsome studies.  39   The main metabolite of 
buprenorphine is desalkyl - buprenorphine (norbu-
prenorphine).40   Norbuprenorphine is an active metabo-
lite with 1/50 th  the analgesic potency of buprenorphine 
based on the tail fl ick test in rats following IV adminis-
tration of buprenorphine and norbuprenorphine.  41

Buprenorphine and norbuprenorphine undergo exten-
sive phase II metabolism catalyzed by uridine diphos-
phate glucuronyltransferase 1A1 (buprenorphine), 
uridine diphosphate glucuronyltransferase 2B7 
(buprenorphine), and uridine diphosphate glucuronyl-
transferase 1A3 (norbuprenorphine).  42

  Elimination 

 Animal studies indicate that a majority of the orally 
administered dose of buprenorphine appears in the 
feces as a result of biliary excretion. After IV adminis-
tration of 100    μ g [ 3 H]buprenorphine/kg body weight to 
bile duct - cannulated rats, the bile contained over 90% 
of the administered radioactivity within 48 hours after 
dosing.  43   In humans, biliary excretion of buprenorphine 
and buprenorphine glucuronide conjugates account for 
about 80% of the elimination of buprenorphine, whereas 
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screens for opioids.  55   However, buprenorphine may 
not be as effective as methadone in opioid – dependent 
individuals requiring high doses (80 – 100   mg) of 
methadone.  

  Mechanism of Toxicity 

 Buprenorphine is a partial  μ  - opioid receptor agonist 
and a weak κ  - opioid receptor antagonist that is a rela-
tively safe drug because of the diminished μ1  -  and  μ2  -
 opioid agonist actions at high doses. In animal studies, 
buprenorphine has κ  - opioid antagonist activity.  56   The 
role of κ  - opioid receptor in opioid toxicity is unclear, 
but some κ  - opioid agonist produce dysphoria. Some 
respiratory depression does occur at low doses of 
buprenorphine. In a study of 10 patients in an intensive 
care unit, the IV administration of 0.4   mg buprenor-
phine caused a signifi cant reduction in mean ventilation 
rate and an increase in mean arterial P a CO 2  without 
altering the heart rate, P a O 2 , or pH.  57   Although the 
partial μ  - opioid agonist activity of buprenorphine 
provides a margin of safety, the concomitant administra-
tion of other CNS depressants (e.g., opioids, ethanol, 
benzodiazepines) can produce serious respiratory 
dysfunction.  

  Postmortem Examination 

 Postmortem examination of fatalities associated with 
buprenorphine usually demonstrates nonspecifi c fi nd-
ings of prolonged asphyxiation including pulmonary 
edema, deep cyanosis, and congestion of multiple 
organs.  58

  CLINICAL RESPONSE 

 Adverse effects of buprenorphine are typical of the 
effects associated with opioids including constipation, 
nausea, vomiting, and dizziness.  59   Case reports associate 
the onset of acute icteric hepatitis with buprenorphine 
treatment of opioid addicts with hepatitis C virus -
 positive serology.  60   There were no signs of liver failure, 
and the jaundice resolved with reduction or elimination 
of the buprenorphine dose. Delayed hypersensitivity 
reactions may occur following the use of transdermal 
buprenorphine manifest by generalized skin eruptions 
and pruritic erythematous plaques.  61

  Illicit Use 

 In general, buprenorphine intoxication produces less -
 severe respiratory depression than heroin overdose, but 

or induce (carbamazepine, phenytoin, rifampicin) 
CYP3A4 potentially decrease or enhance the N  -
 dealkylation of buprenorphine. The protease inhibitors 
(ritonavir, indinavir, and saquinavir) are extensively 
metabolized by CYP3A4 isoenzymes,  51   and the selec-
tive serotonin reuptake inhibitors (fl uoxetine, fl uvox-
amine) are CYP3A4 inhibitors in vitro .  52   Potentially, the 
concomitant administration of these drugs could alter 
buprenorphine metabolism, but the clinical signifi cance 
of this potential interaction is unclear. A case report 
associated the development of the serotonin syndrome 
(clonus, agitation, altered mental status, confusion) 
following ingestion of Suboxone ®  (buprenorphine/
naloxone) by a 54 - year - old insulin - dependent diabetic 
on doxepin and amitriptyline.  53   He recovered after intu-
bation and treatment with cyproheptadine.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Treatment with sublingual buprenorphine decreases 
opioid self - administration by humans and animals along 
with reducing drug - seeking behavior and craving (i.e., 
motivational measures).  54   The clinical effectiveness of 
buprenorphine results from the binding of this drug to 
μ  - opioid receptors, thereby decreasing the availability 
of the μ  - opioid receptor to other opioids while alleviat-
ing opioid withdrawal symptoms. The slow dissociation 
of buprenorphine from the μ  - opioid receptor results in 
a long duration of action, whereas the partial agonist 
effect of buprenorphine causes low intrinsic activity 
and a plateau in the opioid effects at high doses. 
Buprenorphine has a high affi nity for  μ  - opioid recep-
tors. In a study of 5 heroin - dependent volunteers, 
buprenorphine in daily doses of 2   mg, 16   mg, and 32   mg 
decreased mean whole - brain  μ  - opioid receptor avail-
ability by 41%    ±    8%, 80%    ±    2%, and 84%    ±    2%, 
respectively, relative to placebo as measured by PET 
scanning with 11 C - carfentanil.  34   Analysis occurred 4 
hours after the last buprenorphine dose in areas of the 
prefrontal cortex, anterior cingulate, thalamus, amyg-
dala, nucleus accumbens, and caudate. This study 
indicated that buprenorphine rather than the norbu-
prenorphine metabolite binds to the μ  - opioid receptors. 
The administration of buprenorphine displaces other 
opioids (e.g., heroin, methadone) from  μ  - opioid recep-
tors as well as blocking the clinical effects of opioids. 
Clinical studies suggest that daily doses of 8 – 12   mg 
buprenorphine sublingually are more effective than 
daily doses of 20 – 35   mg methadone as measured by the 
risk of discontinuing treatment and positive urine drug 
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  Abstinence Syndrome 

 The repeated administration of buprenorphine to 
opioid - dependent individuals produces or maintains 
physical dependence on opioids; single doses of 
buprenorphine block μ  - opioid receptors for over 24 
hours.  67   In a study of 8 opioid - dependent patients on a 
residential ward, the daily administration of 8   mg 
buprenorphine sublingually prevented the development 
of opioid withdrawal symptoms.  68   Withdrawal symp-
toms developed in these patients following the intra-
muscular administration of 3   mg naloxone/70   kg body 
weight. As a partial agonist of the  μ  - opioid receptor, the 
withdrawal associated with cessation of buprenorphine 
therapy is milder in intensity and later in onset than 
heroin withdrawal. Similarly, in highly opioid dependent 
patients, the administration of buprenorphine usually, 
but not always causes milder withdrawal symptoms 
compared with naloxone.  69   Subjective symptoms and 
physiologic signs of opioid withdrawal did not develop 
within 72 hours of the cessation of buprenorphine treat-
ment in 8 buprenorphine - maintained, opioid - dependent 
patients.  70   Withdrawal from buprenorphine begins more 
slowly than during heroin withdrawal with peak symp-
toms occurring about 5 days after cessation of buprenor-
phine.  71   A majority of neonates born to mothers on 
chronic buprenorphine maintenance will develop neo-
natal abstinence syndrome.  72   Compared with infants 
born to mothers in methadone maintenance programs, 
neonatal abstinence symptoms are similar or less severe 
in neonates of mothers in buprenorphine maintenance 
programs.  73   Analysis of differences in the neonatal 
abstinence syndrome associated with these 2 heroin 
substitutes is complicated by the continued abuse of 
opioid drugs among these mothers. The neonatal absti-
nence syndrome associated with buprenorphine gener-
ally appears within 12 – 48 hours, peaks at approximately 
72 – 96 hours, and lasts for 120 – 168 hours.  74

  Reproductive Abnormalities 

 There are few data on the effects of maternal buprenor-
phine treatment during pregnancy on birth outcomes 
and abstinence syndrome in their neonates. A case 
report on 2 women conceiving on buprenorphine did 
not reveal any abnormal birth outcomes, such as preg-
nancy complications, prematurity, low birth weight, or 
poor neurodevelopmental progress.  75   In a case series 
of 31 infants with mothers on buprenorphine mainte-
nance treatment, neonatal withdrawal syndrome devel-
oped in 13 cases (42%) and 8 of these babies required 
opioid treatment.  76   A study of 27 full - term neonates 
born to mothers receiving buprenorphine during their 

the coadministration of CNS depressant drugs (e.g., ben-
zodiazepines) with buprenorphine can result in serious 
respiratory insuffi ciency.  62   Complications of the paren-
teral use of crushed buprenorphine tablets include the 
formation of coagulation necrosis and sterile abscess 
around the injection site.  63   Cellulitis and phlebitis are 
potential complications of the parenteral use of crushed 
buprenorphine tablets as a result of the low water solubil-
ity of buprenorphine and the injection of mouth fl ora and 
saliva from illicitly diverted pharmaceutic preparations 
of buprenorphine. High doses of buprenorphine can pre-
cipitate prolonged, opioid withdrawal in opioid - dependent 
individuals. A case report associated the development of 
severe opioid withdrawal with the parenteral administra-
tion of 11 crushed, 8   mg - tablets of buprenorphine.  64

There was no signifi cant respiratory depression; the with-
drawal symptoms persisted 4 days. A case report tempo-
rally associated the development of a diffuse, symmetrical 
cystic leukoencephalopathy with the IV injection of 
crushed buprenorphine tablets dissolved in water.  65   The 
patient developed bilateral pyramidal dysfunction with 
spastic quadriparesis, hypertonia, hyperrefl exia, and sus-
tained clonus along with diffuse leukoencephalopathic 
changes in the periventricular, deep, and subcortical 
white matter of the frontal and parietal lobes. The cere-
bellum and brainstem were normal. In contrast to metha-
done, buprenorphine is not usually associated with 
prolongation of the QTc interval.  66

  Overdose 

 In a retrospective review of 54 buprenorphine over-
doses in children < 6 years of age reported to the 
Research Abuse, Diversion, and Addiction - Related 
Surveillance System, the most common clinical feature 
of accidental exposure to buprenorphine was drowsi-
ness or lethargy (55%), followed by vomiting (21%), 
miosis (21%), respiratory depression (7%), agitation or 
irritability (5%), pallor (3%), and coma (2%).  30   The 
onset of symptoms was typically within 1 hour (range, 
20 minutes to 3 hours). In general, accidental exposure 
was well - tolerated by young children; however, signifi -
cant CNS and respiratory depression occasionally 
occurs. A case series of 5 toddlers documented the 
development of respiratory and CNS depression follow-
ing the accidental ingestion of buprenorphine.  29   The 
clinical features of buprenorphine in these toddlers 
were classic of opioid overdose, including miosis, respi-
ratory depression and somnolence. One child in this 
series developed apnea within 5 hours after ingestion, 
and the paramedics intubated the child in the fi eld. 
The report did not indicate that this child received 
naloxone.  
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(CEDIA). These assays have low cross - reactivity with 
other opioids and with the norbuprenorphine metabo-
lite.  90   With the latter CEDIA method, the sensitivity and 
specifi city of the assay for buprenorphine in 176 unadul-
terated urine samples from patients receiving buprenor-
phine was 100% and 87.5%, respectively, as confi rmed 
by liquid chromatography/mass spectrometry.  91   The 
cutoff for buprenorphine in these urine samples was 
5   ng/mL. The LLOQ for buprenorphine and the gluc-
uronide conjugate in urine samples is 5   ng/mL as 
measured by liquid chromatography/tandem mass spec-
trometry compared with 25   ng/mL for norbuprenor-
phine and the related glucuronide conjugate.  92   Intraassay 
and interassay imprecision with this method is < 17%. 
Following hydrolysis by  β  - glucuronidase, liquid - liquid 
extraction at basic pH, and derivatization by  N  - methyl
 -  N  - ( tert  - butyl - dimethylsilyl)trifl uoroacetamide, the LLOQ 
for buprenorphine and norbuprenorphine in urine 
samples were 1   ng/mL and 2   ng/mL, respectively, using 
GC/MS in electron impact mode.  93

  Storage 

 In general, analysis of blood for buprenorphine concen-
trations should occur within 2 weeks of sampling unless 
the sample is frozen. Buprenorphine glucuronides are 
relative stable in refrigerated and frozen samples; 
however, some degradation occurs after about 3 weeks 
of storage at 4 ° C (39.2 ° F). About 82% of the original 
buprenorphine concentration remained in the whole 
blood sample after 3 weeks of refrigerated storage,  86

whereas approximately the same amount remained in a 
spiked blood sample after 1 year of refrigerated storage 
in another study.  94

  Biomarkers 

  Blood 

Therapeutic/Illicit Use.     There is substantial individ-
ual variability in the serum buprenorphine concen-
trations following sublingual administration of 
buprenorphine. In a study of 14 volunteers receiving 
8   mg buprenorphine sublingually, the peak serum 
buprenorphine concentration ranged from 1 – 5   ng/mL.  32

The mean peak plasma concentrations of buprenor-
phine in 5 opioid - dependent patients receiving daily 
buprenorphine doses of 2   mg, 16   mg, and 32   mg were 
approximately 0.5 – 1   ng/mL, 5 – 6   ng/mL, and 13 – 14   ng/
mL, respectively.  34   In a study of volunteers receiving a 
sublingual tablet of 8   mg buprenorphine and 2   mg nal-
oxone, detectable concentrations of buprenorphine and 
norbuprenorphine appeared in the plasma up to 24 
hours after administration as measured by liquid 
chromatography/electrospray ionization/tandem mass 

pregnancy did not detect biochemical evidence (cord 
artery serum erythropoietin, cardiac troponin T, S100) 
of asphyxia when compared with substance - abusing and 
healthy pregnant women.  77   All 27 infants had normal 
Apgar scores and normal cord blood pH. In general, the 
neonatal abstinence syndrome is milder in neonates 
born to mothers on buprenorphine than methadone. In 
a double - blind, double - dummy, fl exible - dosing, ran-
domized, controlled study of 58 pregnant women on 
buprenorphine and 73 on methadone, the neonates of 
the former group required less morphine (mean, 1.1   mg 
and 10.4   mg, respectively;  P     <    .009) and shorter dura-
tion of treatment (mean, 4.1 days and 9.9 days, respec-
tively;  P     <    .003).  78

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Method 

 Methods to quantitate buprenorphine and norbup-
renorphine in biologic matrices include immunoas-
says,  79,80   gas chromatography with electron capture 
(lower limit of quantitation [LLOQ], 0.1   ng/mL),  81

high performance liquid chromatography with fl uo-
rescence detection,  82   high performance liquid 
chromatography with electrochemical detection,  83   gas 
chromatography/mass spectrometry (GC/MS),  84

liquid chromatography/mass spectrometry,  85   and liquid 
chromatography/tandem mass spectrometry.  86   The 
LLOQ for the latter method for buprenorphine and nor-
buprenorphine is in the range of 0.2   ng/L to 0.5   ng/L,  87

whereas the LLOQ for buprenorphine and norbuprenor-
phine using GC/MS ranges from 0.2   ng/mL (selective 
solid - phase extraction by Bond Elut Certify columns and 
quadrupole mass detector working in El selected ion 
monitoring mode)  88   to 4   ng/mL [selective ion monitoring 
mode with N , O  - bis(trimethylsilyl)trifl uoroacetamide 
containing 1% trimethylchlorosilane as the derivatizing 
reagent].89   The use of liquid chromatography/tandem 
mass spectrometry eliminates the need for pre - analytic 
hydrolysis of glucuronide conjugates. These conjugates 
often have low volatility and require hydrolysis and 
derivatization when GC/MS is used. 

 The precision of radioimmunoassay methods depends 
on the ability of the assay to distinguish between 
buprenorphine and norbuprenorphine. Some early 
radioimmunoassay methods for buprenorphine lacked 
specifi city, but newer mass spectrometric methods are 
able to separate these 2 compounds. Sensitive non -
 isotopic immunoassays for the detection of buprenor-
phine include enzyme - linked immunosorbent assays 
(ELISA) and cloned enzyme donor immunoassays 
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other drugs of abuse.  58,96   A 25 - year - old drug addict was 
found dead with buprenorphine tablets nearby. 
Postmortem examination of the blood demonstrated 
buprenorphine and norbuprenorphine concentrations 
of 3,300   ng/mL (3.3   mg/L) and 400   ng/mL (0.4   mg/L), 
respectively, in addition to high concentrations of the 
fl unitrazepam metabolite, 7 - aminofl unitrazepam.  97   The 
bile also contained buprenorphine (2,035   mg/L) and 
norbuprenorphine (536   mg/L) at concentrations a thou-
sand times greater than blood.   

  Urine 

 Buprenorphine and the de - alkylated metabolite, norbu-
prenorphine are excreted in urine, almost exclusively as 
glucuronide conjugates. Most immunoassays used to 
screen urine for drugs of abuse do not reliably detect 
buprenorphine. Evaluation of 16 urine samples pre-
treated with glucuronidase from 16 patients in bup-
renorphine maintenance programs revealed total 
buprenorphine and norbuprenorphine concentrations 
ranging from 31 – 1,080   ng/mL and 48 – 2,050   ng/mL, 
respectively, as measured by liquid chromatography/
electrospray ionization/tandem mass spectrometry.  98   
The total buprenorphine and norbuprenorphine con-
centrations in urine samples from 33 suspected abusers 
ranged from 2.3 – 796   ng/mL and 5.0 – 2,580   ng/mL, respec-
tively. Maximum buprenorphine and norbuprenorphine 

spectrometry.  95   Figure  28.2  demonstrates the plasma 
buprenorphine and norbuprenorphine concentrations 
over 24 hours after sublingual administration of placebo, 
2   mg, 16   mg, and 32   mg buprenorphine doses. During 
daily buprenorphine maintenance, steady - state plasma 
buprenorphine concentrations exceeding 0.7   ng/mL are 
associated with minimal withdrawal symptoms, when 
the blood samples are drawn immediately prior to the 
daily buprenorphine dose.  46      

  Overdose.     Four hours after the ingestion of 4   mg 
buprenorphine by a 4 - year - old girl, the serum buprenor-
phine and norbuprenorphine concentrations were 
0.64   ng/mL and 7.7   ng/mL, respectively.  28   At that time, 
she was alert and slightly restless with stable vital signs 
and miosis. The child was discharged the following day 
with no sequelae.  

  Postmortem.     Most fatalities associated with buprenor-
phine involve multiple drugs; deaths associated only 
with buprenorphine are rare. In a case series of 117 
postmortem blood samples positive for buprenorphine, 
only 1 case involved buprenorphine as a sole agent; 
postmortem examination of this case revealed pulmo-
nary aspiration. The mean buprenorphine concentration 
in these cases was about 10 – 12   ng/mL. Typically, fatali-
ties associated with buprenorphine involve multiple 
drugs, commonly benzodiazepines, antidepressants, and 

       FIGURE 28.2.     Mean ( ± SEM) buprenorphine and norbuprenorphine concentrations over 24 hours following doses up to 32   mg. 
(Reprinted by permission from Macmillan Publishers Ltd.: Neuropsychopharmacology, MK Greenwald, C Johanson, DE Moody, 
JH Woods, MR Kilbourn et al., Effects of buprenorphine maintenance dose on [mu] - opioid receptor availability, plasma concen-
trations, and antagonist blockade in heroin - dependent volunteers, Vol. 28, Issue 11, p. 2006, Fig. 4, copyright 2003.)  
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istration of naloxone. Young children typically tolerate 
accidental exposure to buprenorphine without serious 
toxic effects; however, occasionally signifi cant CNS and 
respiratory depression occurs. Because of the prolonged 
duration of action, asymptomatic patients with signifi -
cant exposure to buprenorphine should be observed at 
least 6 hours after ingestion for evidence of CNS or 
respiratory depression.  

  Gut Decontamination 

 Decontamination measures are usually unnecessary, 
unless indicated by the concomitant ingestion of other 
substances. The administration of activated charcoal is 
a therapeutic option in alert patients presenting within 
1 hour of an overdose, but there are inadequate data to 
determine the effect of this therapeutic measure on 
clinical outcome.  

  Elimination Enhancement 

 Although there are few data on methods to enhance the 
elimination of buprenorphine, the large volume of dis-
tribution and high protein binding likely limit the effec-
tiveness of any measure to enhance the elimination of 
buprenorphine.  

  Antidotes 

 Naloxone is the antidote of choice for buprenorphine 
intoxication. Although buprenorphine overdose pro-
duces an opioid syndrome similar to heroin and metha-
done, limited data on the use of naloxone for 
buprenorphine overdose suggests that buprenorphine 
intoxication is less responsive to naloxone than heroin 
or methadone intoxication.  103   The relatively high affi nity 
of buprenorphine for the μ  - opioid receptor potentially 
limits the effectiveness of naloxone.  104   Additionally, 
benzodiazepines are frequently co - ingested with 
buprenorphine;103   the effect of benzodiazepines is not 
affected by the administration of naloxone. Because of 
the mixed agonist - antagonist  μ  - opioid receptor activity 
of buprenorphine, optimization of the naloxone dose 
depends on the buprenorphine dose. In a study of 16 
healthy volunteers, an IV naloxone dose of 0.8   mg did 
not reverse the respiratory depression from 0.2   mg 
buprenorphine as measured by ventilation (L/min).  105

Increasing naloxone doses (2 – 4   mg) given over 30 
minutes produced full reversal of the depression in ven-
tilation; however, high naloxone doses (i.e.,  > 5 – 7   mg) 
reversed the decline in ventilation associated with effec-
tive, lower naloxone doses. Similarly in a placebo -
 controlled, single - blind study of volunteers, the IV 
administration of 0.3   mg buprenorphine/70   kg body 

concentrations occurred 1 hour and 1.5 hours, respec-
tively, after administration. 

 Eighteen healthy volunteers received a single dose of 
0.4   mg buprenorphine sublingually, and urine samples 
were collected for 96 hours postingestion. As measured 
by cloned enzyme donor immunoassay (CEDIA), the 
mean time of continuous positive results for buprenor-
phine (5   ng/mL cutoff) in urine samples was 9 hours 
(range, 4 – 24 hours).  99   The mean detection time for 
urinary buprenorphine in this study following analysis 
by liquid chromatography/tandem mass spectrometry 
was 76 hours (range, 23 – 96 hours). The mean time for 
the norbuprenorphine/buprenorphine ratio to exceed 1 
was approximately 7 hours. Four hours after the inges-
tion of 4   mg buprenorphine by a 4 - year - old girl, the 
urine buprenorphine and norbuprenorphine concentra-
tions were 173   ng/mL and 419   ng/mL, respectively.  28

  Driving 

 Experimental studies in opioid - dependent volunteers 
in buprenorphine maintenance programs suggest that 
single therapeutic doses of buprenorphine cause a slight 
impairment in gross psychomotor performance, but 
these buprenorphine doses cause little impairment of 
more complex cognitive functions when administered to 
opioid - dependent individuals.  14   The administration of 
sublingual buprenorphine in doses up to 32   mg caused 
little impairment on most neuropsychologic tests of psy-
chomotor speed (digit symbol substitution, trail - making 
A and B), time perception, conceptual fl exibility (trail -
 making A and B), focused attention, and working 
memory with the exception of mild impairment of long -
 term memory.  100   The IV infusion of buprenorphine to 
non - opioid - dependent subjects causes some impair-
ment on performance in neuropsychiatric testing of 
visual information processing, psychomotor speed, 
choice reaction time, eye - hand coordination, and atten-
tion, when compared with baseline values.  101,102

  TREATMENT 

  Stabilization 

 The management of buprenorphine intoxication is 
similar to the treatment of other opioids. Respiratory 
depression and pulmonary aspiration are the most 
common serious complications of buprenorphine over-
dose. Patients should be evaluated for the adequacy of 
respiration and monitored for the development of 
hypoxia with pulse oximetry and arterial blood gases as 
indicated by clinical examination. Intubation should be 
considered in patients with inadequate ventilation, 
when respirations do not improve following the admin-
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  Chapter 29 

               HISTORY 

 In 1958, dextromethorphan was approved in the United 
States as a nonaddictive, safe antitussive, over - the - coun-
ter (OTC) replacement for codeine - containing cough 
preparations. The fi rst tablet form of dextromethorphan, 
Romilar ®  , was removed from the US OTC market in 
the 1970s as a result of abuse.  1   Sporadic episodes of 
dextromethorphan abuse occurred in Australia during 
the 1960s  2   and in Sweden during the 1980s. In the early 
1990s, dimenhydrinate and cyclizine were popular, non-
prescription drugs of abuse among US teenagers.  3   The 
anticholinergic properties of these drugs produce tachy-
cardia, mild hypertension, and hallucinations similar to 
dextromethorphan when ingested in excessive doses. 
During the middle 1990s, caffeine - containing products 
were popular drugs of abuse among teenagers; later in 
the 1990s, dextromethorphan became a popular OTC 
drug of abuse. In 1990, abuse of Robitussin DM by Utah 
teenagers caused the Utah State Board of Pharmacy to 
restrict direct access of the public to dextromethorphan. 
Since the 1980s, abuse of dextromethorphan - containing 
cough and cold preparation has been relatively common 
among teenagers as a  “ poor man ’ s PCP. ”   4   Analysis of 
reports to US poison control centers indicate that dex-
tromethorphan abuse among this age group increased 
signifi cantly in the late 1990s.  3,5

  IDENTIFYING CHARACTERISTICS 

  Physiochemical Properties 

 Figure  29.1  displays the chemical structure of dextro-
methorphan (CAS RN: 125 - 71 - 3,  d  - 3 - methoxy -  N  - meth-

ylmorphine). This poorly water soluble, white, 
crystalline substance is the dextrorotatory isomer 
of the opioid, levorphanol (3 - hydroxy -  N  - methyl mor-
phinan). Levorphanol is the levorotatory isomer of 
racemic 3 - hydroxy -  N  - methylmorophinan (Dromoran). 
Levorphanol has signifi cant respiratory depressant, 
analgesic, and addictive properties.  6   In contrast to levor-
phanol, dextromethorphan does not stimulate opioid 
receptors, resulting in the absence of analgesia or respi-
ratory depression at therapeutic doses. Volunteer studies 
indicate that dextromethorphan is an effective antitus-
sive agent that does not cause euphoria, respiratory 
depression, or physical dependence to the extent mor-
phine does.  7,8   Other narcotic morphinan derivatives 
include butorphanol, codeine, levallorphan, and mor-
phine. Commercial dextromethorphan preparations do 
not contain the ( S ) - enantiomer.    

  Terminology 

 Street names for dextromethorphan - containing medica-
tions include the following Coricidin  ®   (skittles, red hots, 
red devils, triple C) and Robitussin DM  ®   (ro - bowing, 
robo - copping). Other street names for dextrometh-
orphan include Dex, DXM, and poor man ’ s PCP 
(phencyclidine).  

  Form 

 Abuse of dextromethorphan usually involves the inges-
tion of cough and cold formulations (i.e., gel capsules, 
tablets, liquid), which contain other active ingredients 
including antihistamines (e.g., 2 – 4   mg chlorpheniramine 
maleate) and analgesics (325 – 500   mg acetaminophen). 

DEXTROMETHORPHAN
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Pharmaceuticals, Titusville, NJ; Coricidin HBP  ®  , Merck 
 &  Co., Whitehouse Station, NJ, Vicks Formula 44 - D  ®  , 
Proctor  &  Gamble). Some liquid dextromethorphan 
preparations contain ethanol concentrations up to 
approximately 25%. A novel use of this property is the 
treatment of drug and alcohol abuse as a means to 
decrease withdrawal symptoms during acute detoxifi ca-
tion and to inhibit the conditioned reactions associated 
with drug - seeking behavior.  13   

 Pure dextromethorphan powder is available on the 
Internet along with extraction procedures for the manu-
facture of concentrated dextromethorphan powder 
from Coricidin HBP ™  Cough  &  Cold tablets.  14   
Experienced dextromethorphan abusers use several 
extraction techniques to eliminate unwanted products 
(e.g., ethanol, guaifenesin, saccharin, propylene glycol, 
coloring agents, sweeteners) present in combination 
cold preparations. These methods include single - phase 
acid - base extraction with sodium hydroxide into a 
powder (Crystal Dex) and the two - phase ( “ Agent 
Lemon, DXemon Juice ” ) method with ammonia that 
forms a liquid.  15   The product of the former method is 
the free - base, crystalline form of dextromethorphan 
( “ Crystal Dex ” ), whereas the latter method produces 
liquid dextromethorphan hydrocitrate (DXemon Juice, 
Agent Lemon). This latter method avoids the use of lye 
and fl ammable solvents.  

  Methods of Abuse 

 Ingestion is the primary route of dextromethorphan 
abuse. Rarely, case reports associate dextromethorphan 
abuse with insuffl ation.  16     

  DOSE EFFECT 

  Illicit Use 

 Chronic abusers of dextromethorphan - containing prod-
ucts frequently talk about several levels or plateaus 
during the ingestion of escalating doses of dextrometh-
orphan. During the fi rst plateau, ingestion of approxi-
mately 100 – 200   mg dextromethorphan produces mild 
stimulant effects, whereas mild hallucinations develop 
during the second level following the ingestion of about 
200 – 400   mg dextromethorphan.  17   Dysphoria can occur 
if dextromethorphan doses exceed 200 – 250   mg. The 
third plateau is the  “ out of body ”  experience associated 
with dextromethorphan doses of 300 – 600   mg; the inges-
tion of doses    >    600   mg are associated with complete 
disassociation (similar to ketamine). Tolerance develops 
to the euphoriant properties of dextromethorphan, and 
chronic abusers can consume 700 – 1,500   mg daily.  18   A 
case report documented the daily use of 720   mL of 

Dextromethorphan is available in these medications as 
the hydrobromide salt, and chronic abuse of large quan-
tities of dextromethorphan hydrobromide increases in 
the serum bromide concentration. Because the abused 
dextromethorphan - containing drugs are pharmaceutic 
preparations, these preparations do not usually contain 
unknown additives or contaminants.   

  EXPOSURE 

  Epidemiology 

 Dextromethorphan is an ingredient in more than 100 
OTC cough and cold preparations in the United States. 
The abuse of this compound has been recognized since 
the 1960s; however, abuse of dextromethorphan did not 
increase signifi cantly until the late 1990s when this com-
pound became a popular drug of abuse with teenagers.  9   
Between 1999 and 2004, there was a 10 - fold increase in 
the number of cases of dextromethorphan abuse 
reported to the California Poison Control System, pri-
marily in the 9 -  to 17 - year - old age group.  10   Similar 
trends occurred in the data from the American 
Association of Poison Control Centers (AAPCC) and 
the Drug Abuse Warning Network (DAWN) databases 
with the highest frequency among 15 -  and 16 - year - olds. 
In 2008, the US Substance Abuse and Mental Health 
Services Administration (SAMHSA) reported that 
approximately 5% of youth aged 12 – 25 years used OTC 
cough and cold preparations for recreational purposes 
with females overrepresented in the 12 – 17 year old 
groups and males overrepresented in the 18 – 25 year old 
group.  11   In Korea, zipeprol (CAS No. 34758 - 84 - 4) is 
another centrally acting cough suppressant that is 
abused with dextromethorphan for stronger hallucino-
genic effects, predominantly by teenagers.  12    

  Sources 

 Dextromethorphan hydrobromide (10 – 30   mg) is 
present in OTC cough and cold preparations as an anti-
tussive (e.g., NyQuil  ®  , Proctor  &  Gamble, Cincinnati, 
OH; Robitussin - DM  ®  , Pfi zer Pharmaceuticals, New 
York, NY; Tylenol - DM  ®  , Ortho - McNeil - Jansson 

       FIGURE 29.1.     Chemical structure of dextromethorphan.  
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kg should be referred to an emergency department for 
evaluation, whereas patients asymptomatic  > 4 hours 
after ingestion can be observed at home.  26

  TOXICOKINETICS 

  Absorption 

 Dextromethorphan is rapidly absorbed from the gastro-
intestinal (GI) tract. As a result of high fi rst - pass metab-
olism, the concentration of dextromethorphan in the 
plasma is small compared to the active metabolite, dex-
trorphan.27   Following ingestion of dextromethorphan, 
maximal serum dextromethorphan concentrations 
occur within about 2 – 3 hours, whereas peak serum con-
centrations of dextrorphan occur within approximately 
1.5 – 3 hours.  28,29

  Distribution 

 Limited data suggest that the volume of distribution 
of dextromethorphan is relatively large (i.e., about 
5 – 6   L/kg).  

  Biotransformation 

 The metabolism of dextromethorphan is extensive 
based on analysis of urinary metabolites in volunteers 
receiving the drug orally.  30   Metabolic pathways include 
O , N  - demethylation,  O , N  - acetylation, and hydroxyl-
ation of the phenyl ring with further oxidation. 
Biotransformation of dextromethorphan results in the 
formation of the active metabolite, dextrorphan, through 
CYP2D6 - mediated  O  - methylation and, to a much lesser 
extent, to 3 - methoxymorphinan via CYP3A - mediated 
N  - demethylation. Both of these metabolites are further 
demethylated to 3 - hydroxymorphinan. Dextrorphan 
has anticonvulsant, sedative, and antitussive properties, 
as well as an affi nity for the phencyclidine site of the 
ligand - gated channel of the  N  - methyl D - aspartate 
(NMDA) receptor complex. The affi nity of dextrorphan 
and ketamine for this receptor is similar.  31   Polymorphism 
in the expression of the gene for CYP2D6 results 
in substantial individual variability in the biotrans-
formation of dextromethorphan to dextrorphan. 
Approximately 7 – 10% and  < 1% of the Caucasian and 
Asians populations, respectively, have defi ciencies of 
CYP2D6 as an autosomal - recessive trait; therefore, 
these individuals have limited capacity to metabolize 
dextromethorphan to dextrorphan. In a study of 5 
extensive dextromethorphan metabolizers receiving a 
single oral dose of 30   mg dextromethorphan hydrobro-
mide, the major plasma metabolites were conjugated 
dextrorphan and conjugated 3 - hydroxymorphinan.  32

Tussin DM  ®   (10 – 15   mg dextromethorphan/5   mL) with 
daily peak use up to about 1,200   mL (i.e., 2,400 – 3,600   mg 
dextromethorphan).19   Another case reported associated 
the development of agitation and hallucinations with 
the chronic ingestion of 3 – 4 bottles of Robitussin DM  ® 

daily for 2 years.  20   The estimated dextromethorphan 
dose in 3 bottles was 2,160   mg (31   mg/kg body weight). 
In a retrospective review of 47 patients admitted to an 
adolescent inpatient psychiatric unit for depression and/
or psychosis related to Coricidin HBP  ®   abuse, the 
number of tablets used per episode ranged from 2 – 42 
with 14% of the patients abusing this product daily.  21

Individual sensitivity to dextromethorphan may vary as 
a result of pharmacogenetic differences. The ingestion 
of an estimated 600   mg dextromethorphan hydrobro-
mide within the 12 hours prior to presentation was asso-
ciated with the development of altered consciousness, 
seizure, mydriasis, and nystagmus.  22   Phenotyping of this 
patient demonstrated that he was CYP2D6 defi cient 
(i.e., poor metabolizer of dextromethorphan compared 
with extensive metabolism of dextromethorphan in 
normal individuals).  

  Medical Use 

 Dextromethorphan is a centrally acting, nonopioid anti-
tussive drug. Recommended dosages are 60 – 120   mg 
daily in 3 – 4 divided doses for adults and children over 
12 years of age. Dextromethorphan does not possess 
expectorant activity, and there are relatively few placebo 
controlled clinical trials on the effi cacy of dextrometh-
orphan as an antitussive agent. As measured by parent 
questionnaires on the cough - related symptoms during a 
3 - day upper respiratory tract illness in their children, 
there was no statistically signifi cant difference in the 
mean cough and composite symptoms between the dex-
tromethorphan, codeine, and placebo groups.  23

 The administration of a single dose of 2   mg 
dextromethorphan/kg body weight produced mild crav-
ings as measured by a self - rated visual analog scale in 
detoxifi ed alcohol abusers, but not in non - alcohol 
abusers.  24   In a study of opioid addicts on methadone 
therapy, dextromethorphan (480   mg daily) was associ-
ated with mild elevation of blood pressure, heart rate, 
temperature, and plasma bromide concentration, but 
none of these effects were clinically signifi cant.  25   The 
most common adverse effects associated with the 
highest doses were drowsiness and sleepiness.  

  Toxicity 

 Most exposures to dextromethorphan in children do not 
result in clinically signifi cant symptoms. Patients acci-
dently ingesting more than 7.5   mg dextromethorphan/
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half - life of dextromethorphan following the administra-
tion of single therapeutic doses of dextromethorphan to 
subjects with normal CYP2D6 concentrations is about 
3 – 4 hours. In a study of 4 poor metabolizers receiving a 
single dose of 30   mg dextromethorphan, the mean 
plasma elimination half - life of dextromethorphan was 
approximately 29 hours.  32   The concentration of dextro-
methorphan in plasma from 5 extensive metabolizers 
was near the level of detection; therefore, the plasma 
half - life of dextromethorphan in the 5 extensive 
metabolizers could not be calculated. A majority of 
dextrorphan excreted in the urine appears as free 
dextrorphan.  34    

  Maternal and Fetal Kinetics 

 There are no data on the placental transfer of dextro-
methorphan, although the low molecular weight (i.e., 
about 271   g/mol) suggests that some placental transfer 
of dextromethorphan occurs.  

  Tolerance 

 As with most opioids, tolerance develops after the 
long - term abuse of dextromethorphan. Case reports 

Free dextrorphan concentrations were about 100 - fold 
less than conjugated dextrorphan. The rapid glucuroni-
dation of dextrorphan results in very small amounts of 
free dextromethorphan in the plasma. Dextrorphan 
glucuronide does not cross the blood – brain barrier. In 
contrast to extensive metabolizers, dextromethorphan 
was the major component in the blood after the admin-
istration of the same dextromethorphan dose to poor 
metabolizers, while the plasma concentrations of conju-
gated dextrorphan was 5 – 10 times less than plasma dex-
tromethorphan concentrations.    

  Elimination 

 In a study of 265 unrelated Swiss participants, 9% were 
poor metabolizers of dextromethorphan and 91% were 
extensive metabolizers as defi ned by an antimode at a 
metabolic ratio of 0.3.  33   The plasma elimination half - life 
and the amount of dextromethorphan and dextrorphan 
excreted in the urine depend on the CYP2D6 pheno-
type. Urinary excretion of dextrorphan following the 
ingestion of a single 25 mg - dose of dextromethorphan 
was  < 6% in all poor metabolizers compared with about 
50% in the extensive metabolizers (i.e., the most 
common phenotype). The typical plasma elimination 

       FIGURE 29.2.     Biotransformation of dextromethorphan.  17   The biologic activities of 3 - methoxymorphinan and 3 - hydroxymorphinan 
are unknown. All biologic activity attributed to dextromethorphan resides in dextrorphan.  
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  Mechanism of Toxicity 

 The binding affi nity (K i ) of the ion channel of the 
NMDA receptor complex for dextromethorphan is 
about 3,500   nM compared with 222   nM and 42   nM for 
dextrorphan and phencyclidine, respectively.  24   Although 
dextromethorphan binds to NMDA receptors in animal 
studies, these animal studies suggest that dextrorphan, 
but not dextromethorphan, has phencyclidine - like prop-
erties.  41   NMDA receptors open distinctive membrane 
channels characterized by voltage - dependent Mg ++

blockade and high permeability to calcium ions.  42

Activation of NMDA receptors initiate calcium -
 calmodulin mediated activation of nitric oxide synthase. 
The active metabolite, dextrorphan, antagonizes these 
actions, resulting in the enhancement of excitatory neu-
rotransmission and dissociative experiences. Animal 
studies indicate that dextrorphan and dextrometh-
orphan cause a pronounced enhancement of 
5 - hydroxytryptamine (5 - HT) - induced head - twitch 
response (HTR) in intact mice, but the clinical rele-
vance of this effect is unclear.  43   Although a pilot study 
suggested that extensive metabolizers of dextrometh-
orphan have an increased risk of abuse as a result of the 
positive subjective effects of dextrorphan,  44   there are 
inadequate data to conclude that extensive metaboliz-
ers are overrepresented in samples of dextrometh-
orphan abusers.  

  Postmortem Examination 

 The postmortem fi ndings in individuals dying from dex-
tromethorphan intoxication are nonspecifi c, and similar 
to opioid poisoning. Postmortem examination of 2 teen-
agers found dead after ingestion dextromethorphan 
demonstrated cerebral edema, pulmonary edema, and 
frothy foam in the major airways without evidence of 
trauma or antecedent natural disease.  45

  CLINICAL RESPONSE 

 As an antitussive, dextromethorphan has a wide margin 
of safety. Adverse drug reactions to therapeutic doses 
of dextromethorphan are infrequent and mild with rec-
reational abuse of dextromethorphan being the most 
important drug safety issue associated with this drug.  46

In a study of the neuroprotective effects of dextro-
methorphan, 181 neurosurgical patients received 212 
courses of oral dextromethorphan in doses ranging up 
to 400   mg.  47   Adverse effects included nystagmus (64%), 
nausea and vomiting (27%) distorted vision (27%), 
feeling  “ drunk ”  (27%), ataxia (27%), and dizziness 
(27%). Some patients experienced dysphoria and visual 
hallucinations. 

document the ingestion of escalating doses of dextro-
methorphan despite the development of adverse effects 
(e.g., constipation, insomnia, weight gain, psychosis) and 
disruption of personal life. Over 6 months, the ingestion 
of dextromethorphan by a 38 - year - old woman increased 
from the occasional use of 3 ounces to 40 ounces daily 
despite the presence of hallucination, paranoia, and 
delusional beliefs.  19   Cessation of dextromethorphan use 
was associated with withdrawal symptoms (i.e., vomit-
ing, diarrhea, myalgias, restlessness, night sweats, insom-
nia, anxiety).  

  Drug Interactions 

 Case reports indicate that the most serious drug interac-
tion with dextromethorphan is the development of the 
serotonin syndrome during concomitant therapy with 
monoamine oxidase or selective serotonin reuptake 
inhibitors, particularly following the ingestion of high 
doses of dextromethorphan.  35,36   Clinical effects associ-
ated with the serotonin syndrome include signs of 
autonomic instability (hypertension, hyperpyrexia, dia-
phoresis, tachycardia), muscular hypertonicity (tremor, 
clonus, myoclonus, hyperrefl exia), and mental status 
changes (agitation, disorientation, confusion). In con-
trast to the bradykinesia and idiopathic reactions associ-
ated with neuroleptic malignant syndrome, serotonin 
syndrome frequently is dose - related and associated with 
hyperkinesia, clonus, and hyperrefl exia. A case report 
associated the development of serotonin syndrome fol-
lowing abuse of dextromethorphan by a bipolar patient 
on fl uoxetine and lithium.  37   As a weak serotonin reup-
take inhibitor, dextromethorphan potentially may inter-
act with meperidine, tramadol, or propoxyphene to 
produce serotonin syndrome when ingested with mono-
amine oxidase inhibitors.  38   Several case reports associ-
ate the development of altered consciousness (coma, 
delirium) with the combined use of dextromethorphan 
with CYP2D6 inhibitors (amitriptyline, methadone), 
particularly in poor CYP2D6 metabolizers.  39,40

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The prodrug, dextromethorphan is converted to dex-
trorphan (CAS No: 125 - 73 - 5), which raises the thresh-
old for the cough refl ex in the medulla oblongata. The 
latter compound is a semisynthetic morphine derivative 
that modulates glutamatergic neurotransmission by 
noncompetitive antagonism of N  - methyl -  d - aspartate 
(NMDA) receptors. These receptors are 1 of 3 types of 
ionotropic glutamate receptors, which are the primary 
excitatory neurotransmitter in primates. 
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Dextromethorphan intoxication does not simulate 
classic opioid overdose because this drug lacks strong 
μ  - opioid agonist properties. Miosis and respiratory 
depression are not a prominent part of dextrometh-
orphan intoxication, which may cause excitation rather 
than sedation in children.  46   Case reports associate the 
acute ingestion of dextromethorphan with dystonic 
reactions (opisthotonus, ataxia, bidirectional nystag-
mus),56   psychosis,  57   and the serotonin syndrome (tachy-
cardia, diaphoresis, mydriasis, clonus, hypertonia, 
confusion, fever).  58

 Dextromethorphan is often formulated in combina-
tion with other drugs (e.g., antihistamines, deconges-
tants, expectorants) as part of cough and cold 
preparations. Consequently, the clinical presentation of 
intoxication associated with these preparations does not 
necessarily refl ect the classic clinical features of dextro-
methorphan overdose. Some of these clinical effects 
also occur following antihistamine intoxication includ-
ing tachycardia, hypertension, mydriasis, urinary reten-
tion, lethargy, agitation, hallucination, and coma. 
Fatalities due to dextromethorphan intoxication are 
very rare.  

  Abstinence Syndrome 

 A psychologic dependence develops in some patient 
abusing dextromethorphan over periods ranging from 
months to years. These patients describe an acute 
euphoria following dextromethorphan use along with 
intense craving, insomnia, depression, and dysphoria 
after cessation of use. Hallucinations and fl ashbacks can 
occur within the fi rst few days after the cessation of 
chronic dextromethorphan abuse.  59   Other clinical fea-
tures of withdrawal from dextromethorphan include 
diarrhea, myalgias, restlessness, insomnia, night sweats, 
chills, and anxiety.  19   Clinical observations suggest that 
chronic use of dextromethorphan does not produce a 
classic opioid - like withdrawal syndrome (goosefl esh, 
yawning, rhinorrhea, lacrimation, arthralgias, tremors, 
psychomotor agitation);  60   however, minor withdrawal 
symptoms (nausea, diaphoresis, tachycardia, hyperten-
sion) may develop within 24 hours and resolve within 2 
days without treatment.  61

  Reproductive Abnormalities 

 Dextromethorphan is a common antitussive agent for 
pregnant women. Limited existing data do not indicate 
that the therapeutic use of dextromethorphan during 
the fi rst trimester increases the risk of fetotoxicity or 
congenital malformations. In a study of 128 women 
ingesting dextromethorphan during the fi rst trimester, 
there was no statistically signifi cant increase of major 

  Illicit Use 

 Symptoms associated with dextromethorphan abuse 
include euphoria, altered time perception, lightheaded-
ness, increased perceptual awareness, hallucinations 
(visual, auditory, tactile), paranoia, visual disturbances, 
and disorientation. Visual hallucinations involve the 
appearance of moving swirls and patches of color while 
the eyes are closed.  14   Case reports indicate that the 
abuse of dextromethorphan - containing formulations 
produces nausea, vomiting dizziness, tachycardia, and 
hypertension along with central nervous system effects 
(e.g., nystagmus, ataxia, mydriasis, euphoria, lethargy, 
hallucinations, agitation, seizure, coma). 

 Dextromethorphan is formulated in cough and cold 
preparations as the hydrobromide salt. Bromide poison-
ing is unlikely in episodic, recreational abusers of dex-
tromethorphan hydrobromide. However, chronic, heavy 
abuse of dextromethorphan may cause chronic bromism 
presenting with negative anion gap, headache, weakness, 
lethargy, and altered consciousness.  48   Other clinical 
effects associated with chronic bromide intoxication 
include apathy, slurred speech, tremulousness, nystag-
mus, ataxia, hallucinations, weight loss, acneform rash, 
and behavioral changes. The differential diagnosis of 
nystagmus, ataxia and altered mental status includes 
phencyclidine, lithium, methanol, and anticonvulsant 
(phenytoin, carbamazepine) intoxication, sedative -
 hypnotic withdrawal, and thiamine depletion (Wernicke -
 Korsakoff syndrome). Additionally, chronic 
dextromethorphan abuse occurs with formulations that 
include antihistamines (e.g., chlorpheniramine) with 
anticholinergic effects. Case reports associated dextro-
methorphan abuse with mania,  49   serotonin syndrome in 
combination with fl uoxetine  50   or chlorpheniramine,  51

and psychosis.  52   Serotonin syndrome may occur during 
dextromethorphan abuse in patients on therapeutic 
doses of selective serotonin reuptake inhibitors (e.g., 
sertraline, escitalopram).  53

  Overdose 

 Although accidental ingestion of dextromethorphan is 
a common event, there are few reports of serious toxic-
ity in children following accidental exposure to dextro-
methorphan; incidental exposures in children may cause 
mild lethargy, but are typically asymptomatic.  54   Clinical 
effects commonly associated with mild dextrometh-
orphan overdose include ataxia, drowsiness, hyperten-
sion, tachycardia, diaphoresis, mydriasis, vomiting, 
bidirectional nystagmus, hyperexcitability, and unsteady 
gait.17,55   The clinical features of dextromethorphan 
overdose may simulate the dissociative states 
associated with ketamine or phencyclidine overdose. 



29 DEXTROMETHORPHAN

533

limited human data on the plasma/whole blood 
ratios of dextromethorphan; however, rodent data 
suggests that the plasma dextromethorphan concen-
tration is approximately two - thirds the whole blood 
concentration.74

  Biomarkers 

  Blood 

Therapeutic.     The serum dextromethorphan concen-
trations after oral dextromethorphan doses are rela-
tively low with typical therapeutic concentrations 
ranging from 0.0005 – 0.0059   mg/L. The mean peak 
serum dextromethorphan concentration 2 ½  hours after 
administration of 20   mg dextromethorphan to 12 
healthy volunteers was 0.0018    ±    0.0022   mg/L when 
measured as the free dextromethorphan base by gas 
chromatography.  28   In 181 neurosurgical patients 
receiving oral dextromethorphan doses ranging from 
0.8 – 9.64   mg/kg (400   mg), the maximum serum dextro-
methorphan and dextrorphan concentrations were 
1.514   mg/L and 0.501   mg/L, respectively. Adverse effects 
were mild.  47   Figure  29.3  demonstrates the mean plasma 
concentration of the active metabolite, dextrorphan 
after the ingestion of 60   mg dextromethorphan in 3 
Finnish pharmaceutic cough preparations. In compari-
son, the mean peak plasma concentrations of the parent 
compound, dextromethorphan in this study ranged 
from about 0.002 – 0.008   mg/L with a mean concentra-
tion of approximately 0.0042 – 0.005   mg/L. Brain dextro-
methorphan concentrations were up to 68 - fold higher 
than serum dextromethorphan concentrations. In a 
patient with classic signs of serotonin syndrome follow-
ing the ingestion of 480   mg dextromethorphan and 
64   mg chlorpheniramine, the serum dextromethorphan 
concentration in an admission blood sample was 
0.93   mg/L.  58

Postmortem.     In a case series of 6 infant deaths with 
detectable dextromethorphan concentrations in post-
mortem blood, the dextromethorphan concentrations 
ranged from 0.10 – 0.95   mg/L.  75   There were insuffi cient 
data to separate therapeutic and potentially fatal dex-
tromethorphan concentrations in these cases. In a case 
series of 8 fatalities involving dextromethorphan, the 
postmortem dextromethorphan concentration ranged 
from 7.4 – 33.55   mg/L.  76   However, the case series did not 
report specifi c information on the presence of other 
drugs or clinical histories. The heart blood of 2 teenagers 
found dead after abusing dextromethorphan contained 
dextromethorphan concentrations of 1.89   ng/mL and 
3.23   mg/L.  45   One of these teenagers had a therapeutic 
concentration of diphenhydramine in his postmortem 

malformation above the expected baseline rate of 1 – 3%, 
when compared with pregnant women matched for age, 
alcohol use, smoking, and upper respiratory tract infec-
tion not treated with dextromethorphan.  62   Birth weights 
and minor malformations were also similar in the two 
groups. A surveillance study of pharmacy records and 
pregnancy outcomes in 59 women using dextrometho-
rphan during the fi rst trimester demonstrated similar 
fi ndings.  63   Dextromethorphan is not generally recog-
nized as teratogenic when used therapeutically during 
pregnancy (US Food  &  Drug Administration [FDA] 
pregnancy category C).   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analytic techniques for the quantitation of dextro-
methorphan and the active metabolite, dextrorphan 
include high performance liquid chromatography 
(HPLC) with fl uorescence detection,  64   HPLC with 
ultraviolet detection,  65   gas chromatography with fl ame 
ionization detection,  66   and gas chromatography/mass 
spectrometry (GC/MS).  67   Most of these methods lack 
the ability to determine the dextromethorphan/
dextrorphan ratio. Newer methods provide more accu-
rate determinations of these analytes. The lower limit of 
quantitation (LLOQ) of dextromethorphan and dex-
trorphan is 0.002   mg/L and 0.25   mg/L, respectively, fol-
lowing solid - phase extraction of acidifi ed hydrolyzed 
urine samples and analysis by liquid chromatography/
atmospheric pressure chemical ionization/tandem 
mass spectrometry.  68   The LLOQ for dextromethorphan 
and metabolites (dextrorphan, 3 - methoxymorphinan, 
3 - hydroxymorphinan) in plasma using ultra perfor-
mance liquid chromatography/tandem mass spectrom-
etry is near 0.0001   mg/L.  69   The use of capillary 
electrophoresis on cyclodextrin phases allows the sepa-
ration of dextromethorphan enantiomers.  70   Analysis of 
urine or oral fl uid samples with enzyme - linked immu-
nosorbent assay (ELISA) and GC/MS allows the deter-
mination of dextromethorphan and dextrorphan 
concentrations with a limit of detection (LOD) and 
LLOQ of 0.001   mg/L and 0.01   mg/L, respectively.  71   The 
intraday precision was < 5% and the extracted drugs 
were stable at room temperature for at least 48 hours. 
The LLOQ for dextromethorphan and dextrorphan in 
blood samples using dried blood spots technology and 
HPLC/tandem mass spectrometry is about 0.0002   mg/L.  72

Analysis of cough and cold preparations with HPLC 
with diode - array UV detection (220   nm) allows the 
quantitation of various ingredients including dextro-
methorphan, pseudoephedrine, pheniramine, guaifene-
sin, pyrilamine, and chlorpheniramine.  73   There are 
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40   mg doses of dextromethorphan did not produce posi-
tive results in urine samples from 20 adults, when tested 
6 hours after ingestion by the EMIT  ®   opioid screen 
(Syva Company, San Jose, CA).  79   Occasionally, the 
ingestion of high doses of dextromethorphan produce 
false - positive results on urine screens for phencyclidine 
by immunoassay.  80,81   Confi rmation of the presence of 
dextromethorphan in biologic samples requires analysis 
by more - specifi c methods (e.g., GC/MS).   

  Abnormalities 

 Mild elevation of serum bromide concentrations may or 
may not occur following the chronic ingestion of large 
doses of dextromethorphan hydrobromide - containing 
formulations.  49   Standard clinical laboratory analytic 
tests do not distinguish between chloride and bromide. 
Therefore, the ingestion of bromide produces a false 
elevation in the serum chloride concentrations as well 
as a decreased anion gap. A common biomarker for 
bromide toxicity is a negative anion gap resulting from 
pseudo - elevation of the serum chloride used to calcu-
late the anion gap. For example, Coricidin HBP Cough 
 &  Cold tablets contain 6.9   mg bromide, and the inges-
tion of 8 – 16 tablets results in the ingestion of 55 – 110   mg 
bromide. The acceptable daily intake of bromide is 
about 1   mg/kg body weight; consequently, the occa-
sional ingestion of this dose of dextromethorphan 
hydrobromide probably would not produce chronic 
bromism. The bromide concentration in a serum sample 
from a 39 - year - old man with a manic state and a history 
of frequent consumption of 1,500   mg dextrometh-
orphan hydrobromide - containing bottles of cough syrup 
was 3.4   mEq/L.  49   The serum bromide concentration in 
a 56 - year - old man with chronic symptoms of bromism 
(lethargy, weakness, alteration of consciousness) was 
4.0   mEq/L. Analysis of serum chemistry demonstrated 
a spurious elevation of chloride and a decreased anion 
gap. He had consumed 60 – 120   mL of a cold preparation 
containing dextromethorphan bromide daily for 4 – 5 
years prior to admission to the hospital for loss of con-
sciousness.  82   A rare case report suggests that dextro-
methorphan overdose may cause QTc prolongation. A 
27 - year - old man developed QTc prolongation (i.e., 514 
msec after potassium repletion) after ingesting 1,920   mg 
dextromethorphan and ethanol.  83   His previous QTc fol-
lowing an ethanol binge (no dextromethorphan) was 
432 msec.  

  Driving 

 In a study of 13,439 blood samples submitted to the 
Wisconsin State Laboratory of Hygiene from drivers 
suspected of impairment, blood samples from 108 

blood. Femoral blood samples from the postmortem 
examination of an 18 - year - old girl found dead in a 
lavatory with dextromethorphan in her possession 
demonstrated dextromethorphan and dextrorphan 
concentrations of 9.2   mg/L (9.2    μ g/g) and 2.9   mg/L 
(2.9    μ g/g), respectively, resulting in a dextromethorphan/
dextrorphan ratio of 3.17.  77   She attempted suicide 2 
weeks prior to this event and she left a suicide note at 
that time. In the same report, the dextromethorphan/
dextrorphan ratio in femoral blood from a 27 - year - old 
man found dead in his bed was 2.20. 

 A 19 - year - old was found unresponsive after abusing 
dextromethorphan; he was pronounced dead by para-
medics after unsuccessful cardiopulmonary resuscita-
tion. His postmortem iliac blood and vitreous humor 
contained dextromethorphan concentrations of 
1.3   mg/L and 0.7   mg/L, respectively (iliac blood/vitreous 
ratio, 1.86).   

  Urine 

 Routine urine toxicology immunoassays do not typi-
cally detect the therapeutic use of dextromethorphan as 
a result of the low cross - reactivity of dextromethorphan 
and dextrorphan with opioid and phencyclidine immu-
noassays; detection of dextromethorphan use by ELISA 
requires specifi c immunoassays for dextromethorphan 
and dextrorphan.  78   The ingestion of single, 20   mg, and 

       FIGURE 29.3.     Dextrorphan concentrations after ingestion of 
3 Finnish cough preparations containing 60   mg dextrometho-
rphan.  (Reprinted from M Silvasti, P Karttunen, H Tukiainen, 
P Kokkonen, U H ä nninen, S Nyk ä nen, Pharmacokinetics of 
dextromethorphan and dextrorphan: a single dose comparison 
of three preparations in human volunteers, International 
Journal of Clinical Pharmacology and Therapeutic Toxicology, 
Vol. 25, p. 495, copyright 1987.)   
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of naloxone did not alter the course of the dystonic 
reaction. Laboratory assessment of patients with mod-
erate to severe dextromethorphan intoxication includes 
serum electrolytes, acid - base status, serum creatine 
kinase, urine myoglobin, serum hepatorenal function, 
urinalysis, and urine drug of abuse screen if required by 
the clinical presentation. Many dextromethorphan -
 containing formulations contain acetaminophen or 
salicylates. Serum acetaminophen and/or serum salicy-
late concentrations should be analyzed if the product 
may contain these drugs or if the patient ingested the 
drug with suicidal intent. Interpretation of the serum 
acetaminophen and salicylate concentrations requires a 
history of the time and chronicity of ingestion because 
dextromethorphan abuse frequently involves multiple 
ingestions during the period just prior to presentation.       
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  Supplemental Care 
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  Chapter 30 

               HISTORY 

 Paul Janssen and his coworkers synthesized fentanyl in 
1960 during their search for analgesics more potent than 
morphine and meperidine.  1   In 1968, fentanyl was the 
fi rst of the 4 - anilinopiperidine series of opioid agonists 
introduced into the United States as a synthetic intra-
venous (IV) anesthetic/analgesic under the trade name 
Sublimaze ®  (fentanyl, Janssen - Cilag Ltd, Australia) and 
Innovar ®   (fentanyl and droperidol, Janssen - Cilag USA, 
Titusville, NJ). The latter combination has been discon-
tinued. The rapid onset, short duration of action, and 
high clinical potency (i.e., about 50 – 100 times more 
potent than morphine) led to the acceptance of fentanyl 
as a commonly used drug for preanesthetic sedation, 
postsurgical analgesia, and conscious sedation proce-
dures. Fentanyl produces clinical effects (e.g., miosis, 
bradycardia, respiratory depression, and euphoria) 
similar to natural opiates. Riley et al. synthesized 
3 - methylfentanyl from 4 - anilino - 3 - methylpyridine in 
1973. In 1979, a powerful, synthetic drug called China 
White appeared in the illicit drug market; this drug was 
associated with sudden respiratory arrest and death in 
opioid addicts.  2   After extensive analysis, the US 
Department of Justice Special Testing and Research 
Laboratory identifi ed the drug as the fentanyl deriva-
tive,  α  - methylfentanyl.  3   Later, even more powerful 
designer opioids appeared in the illicit drug market 
(e.g.,  p  - fl uoro fentanyl, 3 - methyl fentanyl), which are 
about 2,000 times more potent than morphine. The illicit 
use of 3 - methyl fentanyl caused at least 100 deaths in 
California and Pennsylvania during the 1980s.  4,5   Fentanyl 
derivatives were also involved in the illegitimate admin-
istration of doping agents to race horses.  6   Epidemics 

of fatal 3 - methylfentanyl poisonings continue in the 
Russian Federation, Ukraine, and Estonia.  7

  IDENTIFYING CHARACTERISTICS 

 Fentanyl and fentanyl derivatives are synthetic opioid 
analgesics that bind primarily to μ  - opioid receptors;  8

there are over 200 fentanyl derivatives.  9   Figure  30.1  dis-
plays the chemical structures of fentanyl and common 
fentanyl analogues. 3 - Methyl fentanyl [ N  - (3 - methyl - 1 -
 (2 - phenylethyl) - 4 - piperidinyl) -  N  - phenylpropanamide, 
CAS RN: 42045 - 86 - 3] is a highly lipid soluble, tertiary 
amine with a molecular formula of C 23 H 30 N 2 O. The high 
potency of fentanyl analogues results from the rapid 
diffusion of these compounds into the brain as well as 
the high affi nity of these drugs for  μ  - opioid receptors 
when compared with morphine. There are substantial 
differences in the potency of the stereoisomers of these 
drugs. The relative potency of  cis  - ( + ) - isomer and  trans  -
 ( ± ) - isomer of 3 - methylfentanyl to morphine is approxi-
mately 7,000 -  and 1,000 - fold, respectively, based on the 
tail withdrawal test in rats.  10   Radioreceptor assays indi-
cated that cis  - 3 - methylfentanyl is the active isomer of 
this compound with high affi nity (K i     =    0.24   nM) for the 
μ  - opioid receptor.  11

  Terminology 

 China White refers to 3 - methyl fentanyl and  α  - methyl 
fentanyl as well as to a very pure form of white heroin, 
often from Southeast Asia. Other street names for these 
drugs include China Girl, Persian White, Egg White, 
Crocodile, Dragon, 999, and Synthetic Heroin.  

FENTANYL ANALOGUES 
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California and Pennsylvania.  15,16   Diffi culty diluting this 
potent drug and the general preference of the opioid -
 dependent population for heroin accounts for the inter-
mittent use of  cis  - 3 - methylfentanyl.  17    

  Sources 

 Illicitly synthesized fentanyl analogues for street use 
include  α  - methyl fentanyl,  p  - fl uorofentanyl (CAS 
RN: 90736 - 23 - 5, 4 - fl uorofentanyl), 3 - methyl fentanyl, 
 α  - methyl acetylfentanyl, acryl  α  - methylfentanyl, 
benzylfentanyl (CAS RN: 1474 - 02 - 8), and  α  - methyl -  β  -
 hydroxylfentanyl as well as thienyl and hydroxy 
derivatives of 3 - methylfentanyl. These derivatives are 
typically available through the same distribution 
channels as heroin. Because of the high potency of fen-
tanyl and fentanyl analogues, dilution of these illicit 
drugs is diffi cult. As a result of the potency of fentanyl 
and fentanyl analogues, most samples of illicit fentanyl 
and fentanyl analogues analyzed by law enforcement 
agencies contain up to 99% lactose and other fi ller 
materials.  18   Analysis of confi scated samples of  p  -
 fl uorofentanyl demonstrated large variability in the 
dose of this illicit analogue with the  p  - fl uorofentanyl 
content ranging from 33.8 – 408.7    μ g/tablet (0.14 –

  Form 

 The physical appearance of fentanyl and fentanyl ana-
logues is similar to some types of heroin; the range of 
colors of heroin range from pure white (Persian White) 
and off white (China White) to light tan (Synthetic 
Heroin) and light brown (Mexican Brown). The cost 
and packaging of fentanyl analogues and light - colored 
heroin are also similar. Fentanyl derivatives mix poorly 
with diluents (e.g., lactose) and adulterants, resulting in 
potentially dangerous, nonuniform distribution of the 
active drug.  12     

  EXPOSURE 

  Epidemiology 

 Retrospective analysis of data from the Drug Abuse 
Warning Network (DAWN) suggests that opioid anal-
gesics are a small part of drug abuse despite the increas-
ing medicinal use of opioids (including fentanyl).  13   
Occasional fatalities result from the abuse of fentanyl 
both by IV injection and insuffl ation,  14   as well as fatali-
ties from the use of 3 - methyl fentanyl as an additive in 
heroin and/or cocaine during sporadic epidemics in 

       FIGURE 30.1.     Chemical struc-
tures of fentanyl and related 
compounds.  

α
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  Distribution 

 The initial distribution half - life of fentanyl is 1 – 2 minutes 
following the IV administration of high - dose (60    μ g/kg) 
fentanyl for surgical anesthesia.  23   The short duration of 
action of fentanyl analogues results from redistribution 
from opioid receptors rather than biotransformation. 
The high lipophilicity of fentanyl and fentanyl ana-
logues suggests that these drugs accumulate in adipose 
tissue; the volume of distribution of these drugs increase 
in obesity.  24

  Biotransformation 

 Fentanyl and illicit fentanyl analogues undergo exten-
sive biotransformation, primarily by oxidative  N  -
 dealkylation to the inactive nor - metabolite.  In vitro
studies indicate that CYP 3A4 catalyzes the N  -
 dealkylation of fentanyl to the nor - metabolite.  25,26   Minor 
pathways include amide hydrolysis to the despropionyl 
metabolite and hydroxylation of the piperidine ring, the 
phenyl rings, or the propionyl side chain.  

  Elimination 

 Metabolism accounts for over 90% of the elimination 
of fentanyl with most studies indicating that the kidney 
excretes < 4 – 10% of the absorbed therapeutic dose of 
fentanyl as unchanged drug.  27

  Maternal and Fetal Kinetics 

 The high lipid solubility of fentanyl analogues suggests 
that these compounds easily diffuse across the placenta 
following IV administration to the mother.  

  Tolerance 

 There are few clinical data on tolerance to fentanyl 
analogues. Like heroin, tolerance develops to some, but 
not all, of the clinical effects of opioids including (respi-
ratory depression, nausea, analgesia, and sedation).   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 Although fentanyl derivatives are structurally unrelated 
to opioids, these drugs exhibit similar pharmacologic 
and toxicologic properties including a high affi nity for 
the μ  - opioid receptor. Binding to  μ  - opioid receptors 
causes analgesia, sedation, euphoria, respiratory depres-
sion, and hypotension as well as tolerance and physical 

 1.57%).  19   Caffeine was a common adulterant in these 
formulations.  

  Methods of Abuse 

 Abuse of fentanyl analogues primarily involves the IV 
administration of these drugs, often as a substitute for 
heroin and usually administered at about the same fre-
quency as heroin. Most habitual heroin users prefer 
heroin to fentanyl derivatives as a result of the intense 
 “ rush ”  associated with IV heroin use as opposed to the 
longer, quieter euphoria associated with fentanyl deriv-
atives.  20   Occasionally, fentanyl analogues are insuffl ated, 
chewed, or applied to the oral mucosa with fatal effects.   

  DOSE EFFECT 

 The sedative and analgesic dose following the IV admin-
istration of fentanyl is approximately 50 – 100    μ g. The 
potency of  p  - fl uorofentanyl and fentanyl is similar, but 
the potency of  cis  - 3 - methylfentanyl is substantially 
greater than fentanyl.  21   There are few clinical data on 
the dose response of illicit fentanyl analogues; in general, 
fatal street doses are diffi cult to predict. Animal 
studies suggest that the potencies of illicit fentanyl ana-
logues are between the potencies of fentanyl and 
3 - methylfentanyl.10

  TOXICOKINETICS 

 Fentanyl is a potent, short - acting opioid analgesic with 
a large apparent volume of distribution, extensive fi rst -
 pass hepatic metabolism, a relatively short plasma elimi-
nation half - life, and extensive biotransformation. There 
are limited data on the toxicokinetics of fentanyl ana-
logues, but the toxicokinetics of these compounds is 
probably similar (but not necessarily identical) to 
fentanyl. 

  Absorption 

 The usual route of fentanyl analogue exposure is by IV 
because extensive fi rst - pass hepatic metabolism substan-
tially reduces the oral bioavailability of fentanyl analogues. 
Following IV administration, serum fentanyl concentra-
tions fall rapidly within 5 minutes. The substantial pulmo-
nary absorption of fentanyl suggests that inhalation is a 
potential route of exposure to fentanyl analogues depend-
ing on the effi ciency of the delivery system.  22   The systemic 
pharmacokinetic parameters of the inhaled fentanyl is 
similar to IV administration (including onset of action). 
The dermal absorption of fentanyl analogues depends on 
their octanol water partition coeffi cient, which varies 
among fentanyl derivatives. 
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assay, gas chromatography, liquid chromatography/
atmospheric pressure ionization/tandem mass spec-
trometry (lower limit of detection [LLOQ], 0.003 –
 0.027   mg/L),  32   and gas chromatography/mass spec-
trometry (GC/MS).  21   The latter method can detect nor -
 metabolites of fentanyl and fentanyl analogues with 
a sensitivity of 2   ng/mL.  33   Liquid chromatography/
tandem mass spectrometry allows the quantitation of 9 
fentanyl compounds and 16 opioids commonly used 
medicinally and abused by drug addicts. This method 
has LLOQ in the range of approximately 0.1 – 2   ng/mL. 
The limit of detection (LOD) for  cis  - 3 - methylfentanyl 
using liquid chromatography/tandem mass spectrome-
try is approximately 0.1   ng/mL.  34   Using liquid chroma-
tography/tandem mass spectrometry with electrospray 
ionization in positive ionization mode, the LLOQ for 
fentanyl, norfentanyl, and 3 - methylfentanyl is about 
0.1   ng/mL.  35   The use of liquid chromatography on a 
reversed - phase column and a gradient consisting of ace-
tonitrile and ammonium acetate at pH 3.2 along with 
tandem mass spectrometry (quadrupole/linear ion/
trap mass spectrometer with a turbo ion spray inter-
face in positive mode using multiple reaction monitor-
ing) allows the detection of illegal fentanyl analogs.  36

Using this technique, the LLOQ for  cis  -  and  trans  - 3 -
 methylfentanyl,  α  - methylfentanyl, and  p  - fl uorofentanyl 
is approximately 0.1   ng/mL with a bias of 2 – 5%. Iso-
lation of fentanyl from biologic matrices involves liquid/
liquid and/or solid - phase extraction with ethyl acetate, 
n  - butyl chloride or heptane/isoamyl as solvents.  8   Ana-
lysis of a postmortem blood sample stored frozen for 
16 months after the death of a 28 - year - old man from a 
opioid overdose demonstrated the presence of 3.1   ng/
mL α  - methylfentanyl.  37

  Biomarkers 

 The presence of small amounts of fentanyl analogues in 
the stomach does not necessarily imply ingestion of 
these drugs because of the excretion of these substances 
into the acid milieu of the stomach. The aqueous solu-
bility of fentanyl increases exponentially with decreas-
ing pH. 

  Blood 

 Fatalities from illicit or surreptitious fentanyl analogue 
use typically involves younger drug addicts dying at 
their home with multiple drugs (e.g., benzodiazepines, 
methadone, morphine or 6 - acetyl morphine, oxyco-
done) present in postmortem blood, when compared 
with deaths from therapeutic fentanyl use.  38   Tolerance, 
postmortem redistribution, interindividual variation in 
response, and the presence of multiple drugs complicate 

withdrawal.  In vitro  studies suggest that  μ  - ,  κ  - , and  δ  -
 opioid receptor selectivity between fentanyl and fen-
tanyl analogues vary. A study in cloned human opioid 
receptors demonstrated that μ  -  and  δ  - opioid receptor 
selectivities of fentanyl and p  - fl uorofentanyl were 
similar, but  κ  - opioid selectivity was greater for  p  -
 fl uorofentanyl than fentanyl.  28

  Postmortem Examination 

 Postmortem examination of fatalities following over-
doses of fentanyl analogues are nondiagnostic (e.g., vis-
ceral congestion, pulmonary edema), except for the 
presence of stigmata of IV drug use (recent puncture 
wounds, chronic active hepatitis, human immunodefi -
ciency virus [HIV], adenopathy).  29   Death following fen-
tanyl injection occurs rapidly as refl ected in the lower 
postmortem lung weights compared with fatal heroin 
overdose.  30   Bronchopneumonia and aspiration of gastric 
contents are uncommon postmortem fi ndings.   

  CLINICAL RESPONSE 

  Overdose 

 Fentanyl analogues produce typical symptoms of opioid 
overdose manifest by respiratory depression, bradycar-
dia, hypotension, nausea, vomiting, and hypothermia. 
Seizures occur rarely during fentanyl intoxication, typi-
cally resulting from hypoxia rather than drug effect.  31

Death results from respiratory depression and subse-
quent cardiopulmonary arrest. Frequently, the use of 
illicit fentanyl analogues produces a very rapid death, 
and the victim may be found with the needle still in his 
or her arm. Most fatalities occur in known IV drug 
abusers, and most of these individuals are polydrug 
users (e.g., morphine, cocaine, diazepam, amphetamine, 
codeine, methadone).  

  Abstinence Syndrome 

 Tolerance and physical dependence following the habit-
ual use of fentanyl, fentanyl analogues, and opioids are 
clinically similar. Like other opioids, fentanyl analogues 
cause downregulation of opioid receptors following pro-
longed exposure. This property produces tolerance and 
reduction in the inhibitory pathways during withdrawal.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 The most common methods for the detection of 
fentanyl and fentanyl derivatives are radioimmuno-
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tent hypoventilation after doses of naloxone exceeding 
2 – 4   mg. The treatment of overdoses of fentanyl ana-
logues requires the administration of naloxone doses 
suffi cient to reverse respiratory depression. High doses 
of naloxone may be necessary to reverse large over-
doses of the potent opioid receptor agonist action of 
fentanyl derivatives, but all overdoses of fentanyl ana-
logues respond to adequate doses of naloxone when 
administered before the onset of irreversible damage 
from respiratory depression and hypoxia.  4   Lack of 
response to an adequate dose of naloxone indicates 
hypoxic brain damage or a diagnosis other than opioid 
intoxication (e.g., head trauma, sepsis, meningitis, aspi-
ration pneumonia). If pulmonary signs or symptoms 
(e.g., cough, tachypnea, pink frothy sputum, rales) 
develop, the patient should undergo a chest x - ray to 
detect radiographic fi ndings of pulmonary edema and/
or aspiration pneumonia. 

  Pulmonary Edema 

 A majority of patients with opioid - induced pulmonary 
edema require only oxygen supplementation. In a case 
series of 27 patients with pulmonary edema after resus-
citation from heroin overdose, 9 patients required 
mechanical ventilation with extubation usually occur-
ring within 24 hours after intubation. However, severe 
hypoxia can develop following the administration of 
naloxone for fentanyl analogue overdose as a result 
of the occurrence of pulmonary edema.  43   Patients 
with other complications (e.g., aspiration pneumonia) 
in addition to pulmonary edema may require intuba-
tion including pressure - cycled ventilation for longer 
periods.  

  Hypotension 

 Hypotension from fentanyl analogue intoxication 
usually responds to fl uids and naloxone.   

  Gut Decontamination 

 There are few clinical data to guide gut decontamina-
tion therapy during fentanyl analogue intoxication. 
Methods to prevent absorption of fentanyl are not nec-
essary as abuse of fentanyl and fentanyl analogues is 
usually via injection or inhalation.  

  Elimination Enhancement 

 Methods to enhance elimination (e.g., hemodialysis) are 
not indicated unless renal failure and hyperkalemia 
complicate acute fentanyl analogue intoxication, usually 
as a result of rhabdomyolysis.  

the interpretation of postmortem fentanyl concentra-
tions. Limited data on the postmortem redistribution of 
fentanyl analogues suggest that postmortem redistribu-
tion is variable, but likely signifi cant based on postmor-
tem data on fentanyl.  39

  Urine 

 Routine urine drug screens do not typically detect fen-
tanyl and fentanyl analogues. The poor cross - reactivity 
between fentanyl analogues and opioid antigens in 
urine drug screens results from the lack of structural 
similarity, low urinary fentanyl concentrations, and the 
absence of morphine as a fentanyl analogue metabolite. 
The concentration of the nor - metabolites of fentanyl 
analogues may be higher in urine samples than the 
parent drug. The cross - reactivity of fentanyl analogues 
with immunoassays designed to detect fentanyl and nor -
 fentanyl is variable; the lower limit of detection ranges 
from 0.25 – 0.5   ng/mL.  40

  TREATMENT 

  Stabilization 

 The classic presentation of fentanyl analogue intoxica-
tion is similar to heroin overdose including evidence of 
IV drug use and altered consciousness along with 
depressed respiratory rate and miotic pupils. Abuse of 
fentanyl analogues also occurs by insuffl ation and inha-
lation. The onset of symptoms after fentanyl analogue 
overdose is usually more rapid than heroin overdose. 
Although miosis develops during acute fentanyl ana-
logue intoxication, the presence of severe hypoxia and 
metabolic acidosis may alter the pupil size. Initial treat-
ment involves the assessment of ventilation and perfu-
sion. Patients with adequate ventilation and oxygen 
saturations above 91 – 92% can be observed with cardio-
respiratory monitoring until a normal level of con-
sciousness returns. Patients with inadequate ventilation 
require bag - value - mask ventilation with 100% oxygen 
and the administration of naloxone 0.2 - 0.4   mg IV. 
Although the rate of subcutaneous absorption of nalox-
one is slower than the IV route, diffi culty obtaining IV 
access may result in similar onset of action via these 2 
routes of administration, at least in the prehospital 
setting.  41   Endotracheal administration of naloxone is an 
option to parenteral use of this antidote.  42

 If no improvement occurs within 3 – 5 minutes, addi-
tional doses (1 – 2   mg) of naloxone should be adminis-
tered parenterally. Criteria for endotracheal intubation 
include inability to ventilate with bag - valve - mask, poor 
oxygenation (i.e., oxygen saturation  < 90%) despite ade-
quate ventilation and supplemental oxygen, and persis-
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  Antidotes 

 Naloxone, a pure opioid antagonist, is the antidote of 
choice for acute fentanyl analogue intoxication. The 
initial dose of naloxone usually should not exceed 0.4 –
 0.8   mg IV because of the risk of producing withdrawal 
in opioid - dependent patients. Larger doses of naloxone 
(e.g., 2 – 4   mg) may then be administered if the clinical 
response is inadequate. After restoration of adequate 
ventilation, repeat doses of naloxone may be necessary 
for recurrent, clinically signifi cant hypoventilation, par-
ticularly following large doses of fentanyl analogues. 
Fentanyl analogues are usually relatively short - acting. 
Mild sedation can recur after the administration of nal-
oxone following fentanyl analogue intoxication, in part 
as a result of the formation of the naloxone metabolite, 
6 -α  - naloxol, which has agonistic and antagonistic effects 
on opioid receptors. Although  μ  - opioid receptors 
mediate respiratory depression, stimulation of both  μ  -  
and κ  - opioid receptors causes sedation. Hence, persis-
tent κ  - opioid stimulation by 6 -  α  - naloxol can cause 
recurrence of sedation, but recurrence of respiratory 
depression does not usually occur.  

  Supplemental Care 

 Laboratory testing in patients with prolonged coma 
from acute fentanyl analogue intoxication include anal-
ysis of the blood for complete blood count, electrolytes, 
creatinine, hepatic aminotransferases, and creatine 
kinase. The presence of rhabdomyolysis (serum creatine 
kinase > 1000   IU) indicates the need for generous fl uid 
replacement and monitoring of renal function; urinary 
alkalinization probably should not be considered 
because of the lack of proven effi cacy as well as the 
potential to increase the penetration of the central 
nervous system and prolong the urinary elimination of 
the drug.       
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  Chapter 31 

               HISTORY 

 The opium poppy is one of the oldest known medicinal 
plants. Although the exact time and place of discovery 
is unknown, the opium poppy probably originated in 
Asia minor.  1   Sumerian clay tablets in cuneiform script 
fi rst described the cultivation of the opium plant about 
3000 BC. The Sumerian term for opium was  gil  (happi-
ness), and the opium poppy was called the joy plant ( gil
hul ). The Assyrians also collected poppy juice in earthen 
pots during the early morning by scraping the poppy 
capsule with an iron scoop. The Persian conquerors of 
Assyria and Babylonia as well as the ancient Egyptians 
continued the cultivation of the opium poppy, although 
the Egyptians restricted opium use to cults that included 
magicians, priests, and warriors.  1   The writings of 
Hippocrates (460 – 377 BC) mentioned the use of poppy 
juice in wine. Opium and hemlock was a common lethal 
concoction for the execution of condemned Greeks; the 
Romans continued the use of opium as a medicinal 
agent and as a poison. Paracelsus (1493 – 1541) popular-
ized the use of opium in various mixtures (e.g., lauda-
num) as an analgesic in Europe during the early 16 th

century. Later in the 17 th  century, Thomas Syndenham 
introduced tincture of opium (i.e., laudanum) into 
Britain as a treatment for plague. 

 Filling a pacifi er with opium poppy seeds was a 
popular European custom in the 19 th  century for quiet-
ing a noisy baby; several case reports during the middle 
19th  century attributed poisoning and death of infants to 
the use of syrup of poppies.  2,3   In 1874, 100 years follow-
ing the discovery of morphine, a London researcher, 

C.R. Wright synthesized heroin (diacetylmorphine, dia-
morphine) along with a series of acetylated morphine 
derivatives by boiling anhydrous morphine with acetic 
anhydride.  4   This compound was originally formulated as 
a cough suppressant. William Osler fi rst described 
heroin - induced pulmonary edema in 1880.  5   In the latter 
part of the 19 th  century, Felix Hoffman of the Bayer 
Company isolated heroin. Shortly thereafter, the Bayer 
company began marketing heroin as a cough suppres-
sant and pain remedy with the expectation that acetyla-
tion of the morphine molecule would reduce adverse 
effects. The addictive potential of heroin was not recog-
nized until the early 20 th  century. The International 
Opium Commission was founded in 1909; by 1914, 34 
nations had agreed to decrease opium production. The 
Harrison Narcotic Act of 1914 restricted the use of 
heroin in the United States. The International Narcotics 
Control Board of the United Nations now regulates the 
cultivation of opium poppies with India being the only 
country involved in the legal international trade of 
opium. 

 By the 1920s, the illicit use of heroin, primarily via 
the nasal route, was associated with crimes in many 
eastern US cities. Heroin smoking with porcelain bowls 
and bamboo tubes originated in Shanghai during the 
1920s; this technique spread across East Asia and to the 
United States over the next decade.  6   In 1931, an expert 
report from the League of Nations recommended 
replacing the medical use of heroin with other opioids 
because of the abuse potential of heroin and the avail-
ability of alternatives.  7    “ Chasing the dragon ”  (i.e., inhal-
ing vapors released by heating heroin on aluminum foil 
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  IDENTIFYING CHARACTERISTICS 

  Structure 

 Heroin (diacetylmorphine) is a prodrug, which under-
goes rapid hydrolysis in the body fi rst to 
6 - monoacetylmorphine (6 - MAM) and then to mor-
phine, especially at alkaline pH. Figure  31.1  demon-
strates the chemical structure of heroin and other major 
alkaloids potentially in illicit heroin.    

  Physiochemical Properties 

 The high lipid solubility of heroin allows the rapid dis-
tribution of the drug into the central nervous system 
(CNS). The pK a  of heroin is 7.6; at physiologic pH, 
approximately 55% of the drug is ionized and the 
remainder is accessible for membrane - transport. The 
smokable form of heroin (i.e., heroin base) contains 
about 91% of the mass of the hydrochloride salt of 
heroin used for intravenous (IV) administration. 

 Pyrolytic products from the heating of heroin result 
from oxidation, de - acetylation, transacetylation,  N  -
 demethylation,  O  - methylation, and ring cleavage of 
heroin. Methanol - dichloromethane extraction and gas 
chromatography/mass spectrometry (GC/MS) analysis 
of residues from aluminum foils previously used for 
street heroin smoking of extracts of residues identify 
about one - half of the compounds in the residues includ-
ing 6 - MAM, 6 - acetylcodeine, papaverine, meconine, 
diacetylmorphine, 4 ′  - acetoxyacetanilide, 4 ′  - methoxy-
acetanilide, hydrocotarnine, thebaol (degradation 
product of thebaine), triacetin, caffeine, cocaine, and 
paracetamol.10

 During heating, the thermal decomposition of heroin 
base is much less than heroin hydrochloride. In a study 
using an experimental device to heat heroin to 200 ° C 
(392 ° F) , the loss of heroin base and heroin hydrochlo-
ride during volatilization was 11% and 72%, respec-
tively.  11   The heating of diacetylmorphine base and 
diacetylmorphine hydrochloride up to 310 ° C (590 ° F) 
for about 25 minutes caused the thermal degradation 
of about 30% and 70% of these compounds, respec-
tively.  10   6 - Monoacetylmorphine is the major degrada-
tion product of these 2 compounds among a variety 
of degradation products.  12   6 - Monoacetylmorphine, 
6 - acetylcodeine, and morphine were relatively stable 
under these conditions.  

  Terminology 

 The term  opiate  traditionally refers to opioid - receptor 
(OR) binding drugs extracted from the opium 
poppy ( Papaver somniferum  L.) including codeine and 

with a fl ame) was a refi nement of heroin smoking that 
originated near Hong Kong in the 1950s. This form of 
heroin abuse spread to other parts of Southeast Asia, 
and over the next 20 years, to the Indian subcontinent 
and parts of Europe. During the early 1980s, case reports 
associated the development of spongiform leukoen-
cephalopathy with the practice of  “ chasing the dragon. ”   8

Except in the United Kingdom, diacetylmorphine 
(heroin) is not approved for therapeutic use; heroin 
abuse continues to occur in cyclical patterns depending 
on availability and illicit drug preferences. Heroin use 
increased dramatically in the early 1970s, but subse-
quently declined until availability again increased the 
use of heroin in the late 1980s and early 1990s. Currently, 
heroin use is increasing, particularly in adolescents 
using more concentrated heroin formulations, initially 
via nasal insuffl ation.  9

  BOTANICAL DESCRIPTION 

 The opium poppy plant is one of the approximately 100 
plant species in the poppy family. The taxonomy of the 
poppy family is complex; there are a variety of subspe-
cies and strains as a result of the cultivation of these 
plants over thousands of years. There are several varia-
tions of opium poppy plant and related cultivars as a 
result of the extensive cultivation of this single plant 
species over many years. Typically, the Indian variety 
(album ) has white fl owers with white seeds, whereas the 
European variety ( nigrum ) has purple fl owers and slate 
gray seeds.  1   The Asia minor variety ( glabrum ) has 
purple fl owers with purplish - black seeds.

Common Name :      Opium poppy  
Scientifi c Name :    Papaver somniferum  L.  
Botanical Family :      Papaveraceae (poppy)  
Physical Description :      These plants are annual herbs 

with erect stems and alternate, simple, clasping, 
toothed leaves. The solitary, terminal fl owers have 
showy petals that vary in color from white to 
purplish - red depending on the cultivars. The fruit 
is a capsule with an expanded disc at the top that 
disperses minute seeds. The dried milky exudate 
of the unripe seed capsule contains morphine. A 
poppy plant produces one crop (i.e., 5 – 8 capsules) 
over a 3 -  to 5 - month period in sunny, rich, moist 
areas without frost. In northern India, sowing of 
seeds begins in November (i.e., late fall, early 
winter); fl owering occurs from April to May with 
capsules maturing in May or June.  

Distribution and Ecology :      Legal cultivation of poppy 
plants occurs principally in northern India 
(Madhya Pradesh, Rajasthan, Uttar Pradesh)     
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  EXPOSURE 

  Epidemiology 

 The estimated number of dependent heroin users among 
the general Australian population is approximately 7 
per 1000 people aged 15 – 54 years.  13   This prevalence is 
similar to that of the United Kingdom and within the 
range (i.e., 3 – 8 heroin addicts/1000 people) of other 
European countries. The typical gender distribution of 
heroin users reveals a male/female ratio of approxi-
mately 7:3.  14   In the United States, there are an estimated 
200,000 current heroin users (12 years and older) as 
defi ned by heroin use within the last month.  15   The esti-
mated lifetime prevalence of heroin use is approxi-
mately 3 million (i.e., about 1.4% of Americans). 
Epidemiologic data indicates that heroin dependence 
and heroin - related emergency department visits 
increased substantially within the last 10 – 20 years in 
Europe, Australia, and the United States along with 

morphine. Opioid is a broader term that includes opium -
 derived drugs and synthetic substances (fentanyl, 
propoxyphene) with morphine - like activity as well as 
substances with OR antagonist activity.  “ Cheese ”  is a 
tan powder suitable for insuffl ation that is composed of 
black tar heroin cut with acetaminophen and diphen-
hydramine to a concentration of approximately 8% 
heroin.  

  Form 

 Heroin is sold in aluminum foil and wax - paper enve-
lopes. A bag (single dose) of heroin typically contains 
about 100   mg diacetylmorphine with the purity histori-
cally ranging from about 1 – 10%. Recently, the purity of 
heroin in illicit samples has signifi cantly increased. Illicit 
heroin varies in chemical and physical appearance 
depending on the origin of the drug. Figure  31.2  displays 
confi scated Asian brown and white heroin; Figure  31.3  
shows confi scated Mexican black tar heroin.     

       FIGURE 31.1.     Chemical structures 
of heroin and related compounds.  
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 Before the 1990s, most heroin transported to the 
US originated in Southeast Asia with the amount of 
heroin in street samples ranging from approximately 
1 – 10%. In the last 10 years of US drug traffi cking, less -
 expensive, undiluted forms of heroin replaced the 
more dilute Southeast Asian heroin, particularly in the 
eastern United States. A large portion of Southwest 
Asian heroin is now consumed in western Europe, 
Pakistan, and Iran. Mexican brown heroin has been 
transported from Mexico to the Southwest United 
States for many decades. Black tar heroin and, to a 
lesser extent brown powdered heroin from Mexico are 
prominent forms of heroin in the western United States. 
Black tar heroin is a viscous to hard black substance 
that originates in the mountainous regions of Northern 
Mexico (Durango, Sinaloa, Sonora) and in areas south-
west of Mexico City. 

  Origin/Composition 

Opium.     Opium is the air - dried, white exudate extracted 
from the poppy plant that contains at least 40 alkaloids 
in addition to morphine including codeine, thebaine, 
narcotine (phthalideisoquinoline noscapine), papaver-
ine, and minor alkaloids (aporphine, benzophe-
nanthridine, protoberberine, tetrahydroprotoberbine, 
tetrahydroisoquinoline). Pharmaceutic preparations of 
opium contain about 10% morphine, 5 – 20% water, 
20% sugars, and simple organic acids (fumaric, 
meconic, lactic, oxaloacetic).  1   Meconic acid occurs in 
various species in the genus,  Papaver ; the presence of 
this dibasic acid is not limited to the opium poppy 
plant. According to 2008 US Drug Enforcement Agency 
statistics, the wholesale purity of Mexican heroin was 
40% compared with 57% for South American heroin.  20

The average purity of heroin from different sources 
changes annually. For example, the highest average 
purity in 2000 occurring in South American heroin 
(48%) followed by Southwest Asian heroin (35%) and 
Mexican heroin (21%). Compared with Southwest 
Asian heroin, black tar heroin is much less refi ned 
due to the production processes (e.g., use of kerosene 
rather than acetone). The purity of black tar heroin 
(i.e., average 35%, range, 20 – 80%) is substantially 
greater than Southwest Asian heroin.  21

Opium Poppy Seeds.     Figure  31.4  displays an opium 
poppy fi eld. The seeds from the opium poppy plant are 
commonly used in foods. Poppy seeds from  Papaver 
somniferum  contain signifi cant amounts of morphine 
and codeine. Although thebaine is typically not present 
in opioid pharmaceutic preparations, this compound 
is present in poppy seeds and found in heroin users 
as measured by GC/MS.  22   The content of morphine 

heroin - related deaths.  16,17   Although fatal heroin over-
doses occur in both sexes, the typical heroin - related 
fatality involves 25 -  to 34 - year - old male polydrug 
abusers.  18

  Sources 

 Heroin is available illegally in the Black Market and 
legally in the United Kingdom under strict controls. 
Government - regulated opium is grown on farms pri-
marily in India, and to a lesser extent in Turkey and 
Australia; some diversion of this opium to clandestine 
heroin production probably occurs.  19   Previously, most 
US illicit heroin was a white powder derived from Asian 
opium that was processed in France. Now, major sources 
of illicit US heroin include South America (Colombia), 
Mexico, Southeast Asia (Myanmar, Burma, and to a 
lesser extent, India), and Southwest Asia/Middle East 
(Afghanistan, and to a lesser extent, Pakistan, Iran, 
Lebanon).20

FIGURE 31.2.     Confi scated Southwest Asian brown and 
white heroin. The latter is also produced in Southeast Asia. 
 (Photo courtesy of the US Drug Enforcement Agency)   

FIGURE 31.3.     Confi scated Mexican black tar heroin.  (Photo 
courtesy of the US Drug Enforcement Agency)   
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tion of opium in water that contains lime. After pouring 
the resultant solution over a coarse fi lter, the addition 
of ammonium chloride precipitates the morphine base. 
This solution is fi ltered, washed with water, and mixed 
with charcoal and an acid (hydrochloric acid, sulfuric 
acid). The subsequent precipitate is dried and contains 
purifi ed morphine.   

 The second phase of heroin production involves the 
acetylation of the morphine that uses acetic anhydride 
and organic bases along with heat. Alternative chemi-
cals to acetic anhydride include ethylidene diacetate 
and acetyl chloride. Two acetylation methods include 
the reaction of morphine with acetic anhydride and the 
acid - catalyzed cross - condensation of morphine with 
acetic acid. The latter method is slightly less effi cient 
(i.e.,  < 83%) than the former method as a result of the 
production of more monoacetylmorphine at the 6 -  and 
3 - positions (i.e., 6 - MAM, 3 - MAM). The treatment of 
morphine at room temperature with a mixture of tri-
fl uoroacetic anhydride (TFAA) and acetic acid also 
produces slightly less heroin and more 6 - MAM and 
3 - MAM than the traditional acetic anhydride method. 
In an experimental study comparing the TFAA method 
with the traditional acetic acid method, the yields were 
as follows: heroin (76.1% vs. 83.55%); 3 - MAM (6.9% vs. 
0.75%); and 6 - MAM (7.13% vs. 0.63%), respectively.  27

Another method ( “ homebake ” ) involves the conver-
sion of codeine to heroin by the conversion of codeine 
to morphine by O  - demethylation with pyridine fol-
lowed by acetylation with an anhydride. The homebake 
method is much less effi cient than the former 2 methods, 
resulting in the conversion of 2   g codeine to only 50 –
 200   mg heroin. 

and codeine in processed poppy seeds varies widely 
depending on the origin of the poppy seeds, variety, time 
of harvest, external contamination during harvest, 
harvest technology, and food - processing techniques.  23

Morphine content in poppy seeds may decrease up to 
90% during food processing as a result of washing, 
grinding, and baking.  24,25   Analysis of 3 samples of 
poppy seeds confi scated by the Singapore Central 
Narcotics Bureau contained total morphine and total 
codeine concentrations ranging from 58.4 – 62.2    μ g/g 
seeds and 28.4 – 54.1    μ g/g seeds, respectively.  26

Washing the seeds in water for 5 minutes with constant 
agitation followed by decantation of the aqueous layer 
removed slightly less than half of the free morphine and 
codeine.     

  Production Processes 

 Heroin is the diacetylmorphine product derived from 
the extraction, acetylation, and crystallization of mor-
phine from opium (i.e., dried sap of the opium poppy). 

 Opium harvest involves 2 steps: 1) the incision 
(scoring) of the pod allowing the white latex (raw opium 
gum) to fl ow externally where the latex hardens, and 2) 
collection of the dark, solidifi ed latex the following 
morning by scraping the solidifi ed latex off the pod. 
Figure  31.5  displays the collection of the white latex 
from the opium poppy. The latex is kneaded together 
into balls or stored in perforated pots; the material is 
then air - dried. More modern techniques involve drying 
and processing the entire plant (opium  “ straw ” ). The 
clandestine preparation of heroin requires the separa-
tion of morphine from opium, typically by the dissolu-

FIGURE 31.4.     Opium poppy fi eld.  (Photo courtesy of the US 
Drug Enforcement Agency)   FIGURE 31.5.     Opium harvest: Collection of raw opium gum 

from the poppy.  (Photo courtesy of the US Drug Enforcement 
Agency)   
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cardia, palpitations, hypokalemia, hyperglycemia, 
hypotension, chest pain, myocardial injury, and lactic 
acidosis.  35,36   Clenbuterol is a veterinary  β2  - adrenergic 
receptor agonist used illicitly by body builders to 
enhance muscle mass. Another case series reported the 
development of tremor, hyperrefl exia, myalgia, muscle 
spasm, and elevated serum creatine kinase after the 
insuffl ation or injection of clenbuterol - adulterated 
heroin; however, the cause (i.e., clenbuterol or an 
unidentifi ed contaminant) of these effects is unclear.  37

In a study of 106 drug - related deaths during 2007, clen-
buterol was detected in 12 cases (11%) as measured by 
GC/MS in full - scan mode (limit of detection [LOD], 
2.5   ng/mL).  38

  Profi ling 

 Impurity profi ling of illicit drugs is an intelligence - gath-
ering tool to support and complement the work of law -
 enforcement agencies. Heroin signature programs 
(HSP) analyze seized heroin samples to determine drug 
traffi cking and distribution intelligence. The extraction 
of morphine from opium is never complete; therefore, 
heroin contains variable amounts of codeine, papaver-
ine, noscapine, and meconine. The chemical composition 
of heroin depends on the original composition of the 
opium, morphine extraction methods, acetylation pro-
cedures, addition of different solvents (acetone, acetic 
acid), purifi cation processes, and the amounts of heroin 
base and hydrochloride salt.  39,40   The type of contami-
nants and plant chemicals identify the source and 
manufacturer of the opium.  41,42   For example, enforce-
ment agencies use analysis of phenanthrene (morphine, 
codeine, thebaine) and benzyl isoquinoline (papaverine, 
noscapine) compounds as profi les for the source of 
the heroin. Using data on principal alkaloids (e.g., total 
codeine, acetyl codeine, papaverine, noscapine, 6 - 
monoacetylmorphine) analyzed by capillary gas 
chromatography, high performance liquid chromato-
graphy, or GC/MS, HSP identifi es the geographic origin 
of seized heroin samples by the following: Southwest 
Asia, presence of large quantities of papaverine and 
noscapine; Southeast Asia, absence of papaverine and 
noscapine; Mexican heroin, unique profi le; and South 
American heroin, high purity and low acetyl codeine 
content.43,44   Tasmanian opium accounts for about 25% 
of the world ’ s legal supply of opium straw based on the 
development of a cultivar,  Papaver somniferum  Norman. 
This cultivar has relatively high concentrations of the-
baine and relatively low concentrations of codeine and 
morphine compared with Papaver somniferum  L. 
Additionally, this cultivar contains relatively high con-
centrations of the thebaine metabolite, oripavine; 
unique markers in heroin derived from oripavine in 

 Heroin purifi cation involves the separation of the 
diacetylmorphine as a free base in alkaline medium with 
subsequent crystallization as the hydrochloride salt 
after redissolving the crude heroin in acetone and 
hydrochloric acid. The mixture is fi ltered and precipi-
tated with sodium carbonate. To form heroin base 
instead of the hydrochloride salt of heroin, the purifi ca-
tion process involves the use of boiling water that con-
tains citric acid and activated charcoal followed by 
precipitation with sodium carbonate.  

  Impurities 

 Heroin is a semisynthetic opioid derived from morphine 
extracted from the opium poppy plant. Illicit synthesis 
of heroin does not produce a pure substance due to the 
presence of other alkaloids extracted from the opium 
poppy plant along with morphine. The synthetic process 
also creates other compounds. During the acetylation 
stage of heroin production, some opiate alkaloids (e.g., 
codeine) are converted to acetyl derivatives (i.e., acetyl 
codeine), whereas other opiate alkaloids (e.g., papaver-
ine, noscapine) remain unchanged. In general, street 
drugs (e.g., heroin) contain a variety of impurities 
including substituents, contaminants, diluents, and adul-
terants.  28   Substitution involves the complete replace-
ment of heroin with another drug. Contaminants are 
unintentional byproducts of the manufacturing process 
of heroin. Substances (i.e., diluents, adulterants) added 
to illicit drug after the completion of the manufacturing 
process are termed additives. Potential additives in illicit 
heroin include caffeine, lactose, glucose, paracetamol, 
clenbuterol, scopolamine, phenobarbital, quinine, man-
nitol, procaine, sucrose, methaqualone, piracetam, and 
lidocaine.  29,30   Diluents are inert substances with physical 
characteristics (e.g., taste, form, texture, color) similar to 
the illicit drug (i.e., heroin) that are intentionally added 
to reduce the drug concentration while maintaining 
bulk substance mass. Common diluents of white heroin 
include sucrose, starches, quinine, and mannitol. 
Adulterants are pharmacologically active ingredients 
that are added to the illicit drug (e.g., heroin) to enhance 
(e.g., phenobarbital) or antagonize (e.g., caffeine) the 
effect of drug without the knowledge of the user. 
Although the quinine content of a bag of heroin may 
exceed 300   mg, lethal serum concentrations of quinine 
are not usually present postmortem following fatal 
heroin overdoses, perhaps as a result of the degradation 
of quinine during preparation of the illicit drug for 
injection.31,32,33   The use of scopolamine as an adulterant 
of heroin caused an epidemic of severe anticholinergic 
toxicity among heroin users in the latter 1990s.  34   The IV 
injection of clenbuterol - adulterated heroin was associ-
ated with nausea, chest pain, agitation, anxiety, tachy-
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shot ” ), upper arm, and neck ( “ pocket shot ” ). 
Subcutaneous injection ( “ skin popping ” ) is a method of 
administration designed to avoid the scarring ( “ track 
marks ” ) associated with IV drug abuse.   

  DOSE EFFECT 

 Because of tolerance, the typical street dose of heroin 
varies substantially between addicts. The initial dose of 
heroin to produce euphoria is usually a few milligrams, 
but tolerance quickly increases the dose required to 
produce euphoria. The typical single dose of heroin in 
drug - dependent individuals is approximately 150 –
 200   mg with a highly dependent heroin abuser using 
500 – 750   mg/day.  

  TOXICOKINETICS 

  Absorption 

 Although the absorption of heroin from various sites 
(e.g., mucosa, lungs, rectum, vagina, soft tissue) is excel-
lent, the preferred route for most heroin addicts is IV 
administration. Inhaling heated vapors of heroin (i.e., 
chasing the dragon) is the most effi cient drug - delivery 
method for non - IV routes of administration with bio-
availability of approximately 35 – 45%.  46

  Intravenous 

 In experimental studies of IV infusions of diacetylmor-
phine to heroin addicts, maximal venous concentrations 
of diacetylmorphine occurred about 3 minutes after ces-
sation of the infusion.  48   Approximately 4 – 6 minutes 
after the infusion, diacetylmorphine concentrations 
were similar in arterial and venous samples. In a study 
of 4 heroin addicts administered 12   mg heroin via the 
intramuscular and nasal routes, peak serum diacetyl-
morphine concentrations occurred about 5 minutes 
after administration via both routes.  49   Maximum plasma 
concentrations developed approximately 45 – 90 minutes 
after the administration of heroin.  

  Pulmonary 

 Experimental studies indicate that popular forms of 
smoking heroin deliver absorbed morphine doses 
ranging from approximately 20% ( ack ack ) to about 
40% (chasing the dragon) of the external morphine 
dose.  50   In a study of 10 heroin addicts smoking heroin 
in doses ranging from 25 – 100   mg per session, the bio-
availability of heroin ranged from about 35 – 45% as 
measured by total urinary morphine concentrations.  46   A 
study of 9 heroin addicts stabilized in a heroin treatment 

Papaver somniferum  Norman include 3 - acetyl -  N  -
 acetyldesthebaine, 3 - acetyl - 6 - methoxy - 4,5 - epoxyphen-
anthrene, 3,4 - diacetyl - 6 - methoxyphen anthrene,and 3,4,6 - 
methoxy - 5 - [2( N  - methylacetamido)]ethylphenanthrene.  45

 Similar HSP techniques also provide information 
regarding the method of heroin synthesis. Standard 
HSP analysis uses acetic anhydride as the principle 
acetylating agent. Specifi c markers indicate the use of 
other acetylating agents including 1 - chloroheroin 
(acetyl chloride) and 3 - [1 - (1 - carboxymethoxyethyl)] - 
6 - acetylmorphine (ethylene diacetate). Specifi c 
markers for the trifl uoroacetic anhydride method 
include bis  - trifl uoroacetylmorphine, 3 - trifl uoroacetyl - 
6 - acetylmorphine, 3 - acetyl - 6 - trifl uoroacetylmorphine, 
and trifl uoroacetylcodeine.  27

  Methods of Abuse 

 In the past decades, most heroin transported to the 
United States originated in Southeast Asia as the street 
content of heroin ranged from approximately 1 – 10%; 
the preferred route of heroin abuse was IV injection. 
Over the last decade, the increased availability of high -
 purity heroin resulted in the increasing use of insuffl a-
tion and smoking as an alternative to IV heroin. 
Although the risk of HIV infection associated with IV 
drug use was avoided, the use of larger quantities of the 
drug via snorting resulted in more rapid progression to 
heroin addiction. In parts of Asia, smoking is the most 
common route of heroin abuse. Methods of smoking 
heroin include the inhalation of heroin fumes (i.e., 
chasing the dragon) and smoking tobacco cigarettes 
dipped in heroin (i.e.,  ack ack ) with IV heroin adminis-
tration. Chasing the dragon involves the heating of 
heroin powder on aluminum foil and the inhalation of 
the vapor with a straw or pipe. The molten heroin moves 
around the foil during heating, and inhalation of the 
vapor requires movement of the straw or pipe accord-
ingly. This method of delivery is highly effi cient.  46

 Preparation of heroin for injection typically involves 
mixing the drug with water, lemon juice, or other liquids. 
The solution is heated on a spoon or other utensil until 
the powder dissolves; then, the solution is fi ltered 
through a cotton ball or cigarette fi lter and drawn into 
a syringe. Although addicts use all areas of the skin for 
IV access, the site of injection varies with the duration 
and intensity of IV drug use. The antecubital fossa and 
forearms are the common starting sites following in 3 – 4 
years by the upper arms and hands.  47   After 6 years, use 
of veins in the neck, foot, and legs are necessary to 
achieve IV access. By 10 years, the toes, fi ngers, and 
groin are the remaining sites of injection. Injection into 
major vessels is an alternative to poor peripheral venous 
access including attempts to inject into the groin ( “ groin 



31 HEROIN and THE OPIUM POPPY PLANT

553

nides.  59   Similar to morphine, approximately 20 – 40% of 
heroin binds to serum albumin.  60

  Biotransformation 

 Heroin is a prodrug that undergoes rapid hydrolysis to 
the metabolite, 6 - monoacetylmorphine (6 - MAM), 
either spontaneously or by serum cholinesterases; then, 
6 - MAM undergoes further deacetylation to morphine 
followed by glucuronidation primarily in the liver and 
kidneys to morphine - 3 - glucuronide and morphine - 6 -
 glucuronide. Figure  31.6  displays the biotransformation 
of heroin. Pilot studies indicate that diacetylmorphine 
(heroin) is detectable only shortly after IV administra-
tion; oral or rectal administration of heroin do not typi-
cally produce detectable amounts of diacetylmorphine.  61

Pharmacologically active metabolites of heroin include 
6 - MAM, morphine, and morphine - 6 - glucuronide 
(M6G), whereas morphine - 3 - glucuronide (M3G) is 
inactive. However, M6G is a minor metabolite of diace-
tylmorphine (heroin) metabolism; therefore, morphine 
is the major active metabolite of heroin biotransforma-
tion in the human body. A small observational study of 
8 current IV heroin users suggests that the M6G/M3G 
ratio may be higher in IV heroin abusers using heroin 
than in opioid - na ï ve volunteers administered IV mor-
phine.  62   Other minor metabolites of heroin metabolism 
include the 3 - ether sulfate of morphine and normor-
phine.  63   Codeine is not a metabolite of heroin or mor-
phine biotransformation,  64   but codeine often appears in 
blood samples from heroin abusers as a result of the 
deacetylation of acetyl codeine. This latter compound is 
an opiate alkaloid that is a constituent of opium, and 
therefore present in heroin. Peripheral tissues (e.g., 
human erythrocyte acetylcholinesterase) probably 
account for a substantial portion of the deacetylation of 
diacetylmorphine and 6 - MAM to morphine.  65

  Elimination 

 The conversion of heroin (3,6 - diaceytlmorphine) to 
6 - MAM occurs almost instantaneously with peak 
6 - MAM concentrations in plasma occurring almost 
simultaneously with peak diacetylmorphine concentra-
tions. In a study of 8 heroin addicts, the kinetic profi le of 
heroin was linear in IV doses up to 210   mg.  48   In a study 
of 11 chronic pain patients, the mean elimination t 1/2  of 
IV heroin from the blood was 3.0    ±    1.3 minutes.  53   The 
plasma elimination half - life of 6 - MAM is slightly longer 
(i.e., mean, 5 – 20 min) than heroin. Following the initia-
tion of a 7 - hour infusion of 10   mg heroin/hour, analysis 
of the urine collected over the subsequent 40 hours 
indicated the presence of a mean of about 45% of the 
administered dose (i.e., 70   mg) divided as follows: free 

program indicated that the bioavailability of heroin fol-
lowing inhalation is substantially less than following IV 
administration.51   In this double - blind randomized study 
using 67%, 100%, and 150% of their regular heroin 
maintenance dose (maximum single dose, 450   mg), the 
mean bioavailability of heroin via inhalation was 52% 
(95% CI: 44 – 61%).  

  Gastrointestinal 

 Volunteer studies indicate that the gastrointestinal (GI) 
absorption of heroin (diacetylmorphine) is good with 
maximum mean morphine bioavailability ranging 
from 64 – 72%.  52   Extensive fi rst - pass deacetylation of 
heroin results in negligible concentrations of heroin 
and 6 - monoacetylmorphine (6 - MAM) in the blood 
following the oral administration of heroin, except fol-
lowing massive GI absorption during body packing. 
Consequently, in volunteer studies, detectable concen-
trations of heroin and 6 - MAM do not usually occur 
after the oral administration of heroin.  53   Some 
saturation of fi rst - pass metabolism may occur in chronic 
heroin users, allowing increased bioavailability of 
oral heroin when compared with heroin - na ï ve 
individuals.  54

  Nasal insuffl ation 

 Although the pharmacokinetic profi les of heroin via 
nasal and intramuscular administration are similar, the 
relative potency of intranasal heroin is approximately 
one - half of the potency of intramuscular heroin. 
Following intranasal administration of 12   mg heroin via 
the intranasal route, peak plasma heroin and 6 - MAM 
concentrations occurred about 5 minutes and 5 – 10 
minutes, respectively, after administration.  55

  Distribution 

 Heroin rapidly crosses the blood – brain barrier and into 
the CNS. Following the IV administration of heroin, 
animal studies indicate that heroin metabolites (i.e., 
6 - MAM) rapidly enter the brain.  56   The volume of distri-
bution of heroin ranges from about 60 – 100   L.  57

Following deacetylation of heroin to morphine, mor-
phine distributes widely into the liver, lungs, kidney, and 
brain. Parts of the brain with high concentrations of 
opioid receptors include the thalamus and the brain-
stem. Morphine easily traverses the blood – brain barrier, 
but autopsy studies suggest the distribution of morphine 
following heroin injection is not consistent between dif-
ferent regions of the brain.  58   The apparent volume of 
distribution for morphine is approximately 3 – 5   L/kg 
compared with about 0.3   L/kg for morphine glucuro-
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specimen with concentrations ranging from 0.05 –
 0.24   mg/L. Morphine - 3 - glucuronide is the main urinary 
metabolite.  

  Maternal and Fetal Kinetics 

 Passive diffusion is the major mechanism of transport 
of drugs from maternal blood to the fetus. For lipid 
soluble drugs (e.g., heroin) with molecular weights 
below 600   g/mol, there is no signifi cant barrier to the 
transfer of the drug through the placenta.  69   In pharma-
cokinetic studies in primates, heroin diffuses into breast 
milk and also crosses the placenta.  70    

  Tolerance 

 The development of tolerance to the clinical effects of 
heroin is dramatic with a few mg of heroin producing 

morphine, 4.2%; conjugated morphine, 38.3%; 6 - MAM, 
1.3%; and unchanged heroin, 0.1%.  66   The excretion of 
total morphine in urine is highly variable between indi-
vidual subjects. In a study of 8 subjects given 3 – 12   mg IV 
heroin HCl and 4 subjects administered 3.5 – 13.9   mg 
heroin base via inhalation, the total morphine concen-
tration in urine samples as a percentage of the adminis-
tered heroin dose ranged from 12.8 – 88.5% with a median 
of 51%.  67   This variability resulted from large variations 
in the biotransformation and renal excretion of metabo-
lites as well as the route of exposure. 

 The biotransformation of heroin to metabolites is 
virtually complete prior to renal excretion. Following 
intramuscular administration of 6   mg heroin to healthy 
volunteers, peak urine concentrations of total morphine 
occurred about 3 – 4 hours after administration with 
peak values ranging from 3.31 – 12   mg/L.  68   Peak concen-
trations of 6 - MAM occurred in the fi rst voided 

       FIGURE 31.6.     Biotransformation of heroin, morphine, and codeine.   126     
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G - protein - coupled receptors involving 7 transmem-
brane - spanning domains.  73   In addition, these receptors 
have an extracellular N  - terminal domain, an intracel-
lular C  - terminal tail, and 3 extracellular and 3 intracel-
lular loops connecting the 7 transmembrane helical 
domains. Opioid receptors share about 60% of their 
structure with the greatest homology in the transmem-
brane helices and the greatest diversity in extracellular 
loops and the N  and  C  termini.  74   Activation of the 
opioid receptors results in the formation of GTP from 
GDP and the separation of the G - protein  α  and  βγ
subunits. This interaction decreases adenylyl cyclase 
activity causing a reduction in infl ux across voltage -
 gated Ca 2+  channels and stimulation of G protein - acti-
vated inwardly rectifying K +  channels and phospholipase 
Cβ . The subsequent hyperpolarization of the cell stops 
the transfer of afferent nociceptive signals. Activation 
of theμ  - opioid receptor produces calcium infl ux through 
the NMDA receptor ion - channel complex, resulting in 
stimulation of various calcium - dependent, second mes-
senger systems. These  μ  - opioid receptors are distributed 
throughout the brain, where they mediate analgesic and 
addictive effects.   

 The  μ  - opioid receptor also displays spontaneous 
agonist - independent (basal) G protein coupling that 
causes basal signaling activity in the absence of opioid 
agonists.  75   The opioid receptors are further divided into 
subtypes ( μ1,   μ2,   δ1,   δ2,   κ1,   κ2 ). Mu 1  receptors account for 
the analgesic effects of heroin, whereas  μ2  receptors 
mediate respiratory depression, miosis, euphoria, physi-
cal dependence, and delayed GI motility associated with 
heroin intoxication. Stimulation of  κ  - opioid receptors 
cause analgesia, miosis, respiratory depression, and dys-
phoria. Delta - opioid receptors are associated with spinal 
analgesia. The  σ1  -  receptor is not an opioid receptor.  76

  Mechanism of Toxicity 

  Central Nervous System 

 Heroin produces respiratory depression, and prolonged 
hypoxia causes postanoxic encephalopathy. The etiol-
ogy of heroin - induced spongiform encephalopathy 
remains unclear. The suspected toxin is a thermal deg-
radation product or products of the heating of heroin 
on aluminum foil. Analysis of residues from aluminum 
foil do not support triethyl tin as the etiologic agent 
even though this compound can cause similar neuro-
logic lesions.  77

  Respiratory System 

 Respiratory depression following heroin intoxication 
results from suppression of brainstem respiratory 

clinical effects in drug - na ï ve individuals, whereas illicit 
use of heroin by drug addicts typically involves the 
injection of up to 750   mg heroin. Experimental studies 
suggest that signs of physical dependence in human sub-
jects develop after the infusion of heroin 4 times daily 
for 2 – 3 days.  71   Tolerance develops to some, but not all 
of the clinical effects of opioids including heroin. 
Tolerance develops to respiratory depression, nausea, 
analgesia, and sedation, but constipation and miosis 
continue to occur despite tolerance to other opioid 
effects. These processes result primarily from pharma-
codynamic rather than pharmacokinetic changes.  

  Drug Interactions 

 Heroin interacts synergistically with other CNS depres-
sants, particularly ethanol.  72   Several drugs (benzodiaz-
epines, chloramphenicol, tricyclic antidepressants, 
zidovudine) competitively inhibit the glucuronidation 
of morphine by UGT2B7 in vitro , but the clinical sig-
nifi cance of this interaction is unclear.  57

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Heroin is an agonist of the endogenous opioid system 
with effects on the G - protein - coupled  μ  - ,  κ  - , and  δ  -
 opioid receptors in the brain and spinal cord as well as 
the nociception (NOR) receptors in the peripheral 
nervous system. All opioid receptors have endogenous 
ligands (enkephalins, endorphins). In general, agonists 
of the μ  -  (MOP) and  δ  -  (DOP) opioid receptors are 
analgesic and rewarding, whereas agonists of  κ  -  (KOP) 
opioid receptors are dysphoric. Table  31.1  summarizes 
the pharmacologic effects of these opioid receptors. 
These receptors belong to the large superfamily of 

Table 31.1.    Pharmacologic Effects of Opioid Receptors. 

   Opioid Receptor     Pharmacologic Effect  

  Mu ( μ )    Analgesia (supraspinal), euphoria, 
drowsiness, cognitive impairment, 
respiratory depression, reduced 
gastrointestinal mobility (nausea, 
vomiting, constipation), lowered 
body temperature, miosis, 
tolerance, addiction  

  Kappa ( κ )    Analgesia (spinal), sedation, miosis, 
mild respiratory depression, miosis, 
dysphoria, diuresis, drug aversion  

  Delta ( δ )    Analgesia, dysphoria, hallucination, 
delusions
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opioid tolerance.  82   Downregulation is the reduction of 
the number of ligand - binding sites. Downregulation 
of opioid receptors probably is not solely responsible 
for the development of tolerance to morphine and 
heroin.73

  Postmortem Examination 

 Heroin is a CNS depressant that causes respiratory 
arrest and hypoxia following the injection of excessive 
doses. A wide variety of neuropathologic changes occurs 
in the postmortem examination of brain specimens 
from heroin abusers. The primary fi ndings in fatalities 
following the injection of heroin involve infectious pro-
cesses that result from bacterial emboli, mycoses, or 
HIV - 1 (human immunodefi ciency virus 1) infections.  83

Other complications include cerebral edema and neu-
ronal damage secondary to prolonged heroin - induced 
respiratory depression and cerebral strokes as a result 
of thromboembolism, vasculitis, or septic emboli. 
Autopsies of 18 heroin addicts dying following snorting 
or smoking of heroin demonstrate nonspecifi c fi ndings 
of congestion, edema, and occasionally aspiration of 
gastric contents, but the complications (e.g. HIV, hepa-
titis, needle marks) of IV heroin use were absent.  84

Rarely, a toxic spongiform leukoencephalopathy is asso-
ciated with inhaling heroin via chasing the dragon. 
Postmortem examination usually reveals the character-
istic spongiform degeneration of the white matter along 
with edema of the myelin sheaths and a vacuolating 
myelinopathy of the oligodendroglia. Electron micros-
copy demonstrates that vacuolization in the oligoden-
droglia forms between the myelin lamellae by splitting 
at the intraperiod lines.  77   Vascular congestion, ischemic 
changes, and infl ammation of the axons is usually absent, 
and there is relative sparing of subcortical U - fi bers. 
Pathologic abnormalities in the postmortem examina-
tion of hearts from heroin - related deaths include myo-
cardial fi brosis, myocarditis, and contraction bands. 
These abnormalities do not correlate well to morphine 
or 6 - MAM concentrations in postmortem blood 
samples.  85

  CLINICAL RESPONSE 

  Illicit Use 

  Intoxication 

 Heroin is a highly lipophilic drug that rapidly penetrates 
the blood – brain barrier; injection of heroin produces an 
intense euphoria ( rush ) within 1 – 3 minutes followed by 
a period of tranquility ( nod ) that persists up to 1 hour. 
The heroin addict may compare the intense pleasure 

centers, primarily via decreases in the ventilatory 
response to carbon dioxide. Heroin - related pulmonary 
edema is associated with pulmonary congestion, alveo-
lar edema, pulmonary hemorrhages, and respiratory 
insuffi ciency that usually develops following a heroin 
overdose. The cause of the increased permeability of the 
alveolar capillary membranes remains unclear. Typical 
hemodynamic variables during heroin - related pulmo-
nary edema include normal pulmonary capillary pres-
sure, normal or increased cardiac output, and moderately 
elevated pulmonary artery pressure.  78   Potential mecha-
nisms include hypoxia - induced increase of pulmonary 
capillary permeability, anaphylactic shock, depressed 
myocardial contractility, centrally induced respiratory 
depression, and direct toxic effects on the alveolar capil-
lary membranes. Although pulmonary edema occurs 
during other opioid overdoses (propoxyphene, codeine, 
methadone),79,80   similar degrees of hypoxia occur fol-
lowing barbiturate overdoses without the development 
of pulmonary edema. In a case - control study of 23 acute 
heroin fatalities and 12 cases of sudden cardiac death 
with acute cardiac pulmonary edema, immunohistologic 
investigation of epithelial and endothelial basal laminae 
with IgE did not detect a signifi cant difference between 
the two groups.  81   Although defects of the basal laminae 
of the alveoli were found in both groups, the poor cor-
relation between IgE - positive cells and heroin use did 
not suggest an anaphylactic etiology.  

  Tolerance 

 Potential mechanisms for the development of tolerance 
and withdrawal include receptor desensitization, endo-
cytosis, functional antagonism, and downregulation of 
receptors. Receptor desensitization (e.g., phosphoryla-
tion of G - protein - coupled receptors followed by binding 
of regulatory proteins called β  - arrestins) involves 
the alteration of functional coupling of a receptor to the 
G - protein/second messenger - signaling pathway, whereas 
endocytosis (internalization) is the translocation of 
receptors from the cell surface to an intracellular com-
partment. Extended use of opioids (e.g., heroin) that 
bind to the μ  - opioid receptor result in physical depen-
dence and withdrawal. Chronic use of morphine hyper-
sensitizes norepinephrine receptors in the locus ceruleus, 
resulting in anxiety, sleep disturbances, and hyperactiv-
ity following reduction of chronic morphine doses. 
Functional antagonism results from the opioid - induced 
stimulation of the intracellular protein kinase C, which 
phosphorylates the N  - methyl - D - aspartate (NMDA) 
receptor. This effect causes increased Ca 2+  infl ux and 
functional antagonism. NMDA receptor antagonists 
(ketamine, magnesium, dextromethorphan) and inhibi-
tors of nitric oxide synthase attenuate the effects of 
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Prominent clinical features of this disease are progres-
sive motor restlessness, apathy, and cerebellar ataxia. 
The neurologic defi cits are frequently irreversible and 
the clinical course progresses to death. Rarely, resolu-
tion of the white matter lesions may occur along with 
clinical improvement, but periventricular necrosis may 
develop.  93   In a case series of 47 cases of heroin 
pyrolysate - induced spongiform leukoencephalopathy, 
the clinical presentation of these cases was associated 
with 3 stages as outlined in Table  31.2 .  8   Rarely, case 
reports associate the development of spongiform leuko-
encephalopathy with IV heroin use in the absence of 
hypoxic episodes.  94   Changes in mental status character-
ized the encephalopathy manifest by neurobehavioral 
changes ranging from forgetfulness and poor attention 
span to dementia, coma, and death.  95   In contrast to 
Alzheimer ’ s disease, language and perception are 
usually preserved. Cerebellar signs are frequently more 
prominent than cognitive changes. Muscle strength 
also remains normal, but marked ataxia may cause an 
unsteady gait.    

Stroke.     Cerebral complications of IV heroin use 
include hemiplegias, aphasias, hemianopsias, and hemi-
pareses.  96   Potential causes of these complications include 
cerebral vasculitis with secondary thrombus formation, 
bacterial or fungal emboli from endocarditis, hypoxic 
encephalopathy with infarct, acute transverse myelitis, 
and necrotizing angiitis with rupture of arterial aneu-
rysms. Infarction of the globus pallidus occurred follow-
ing the insuffl ation of a large dose of heroin that 
produced respiratory failure, hypotension, seizures, and 
hypoxic encephalopathy.  97

Respiratory System.     Common respiratory complica-
tions of heroin overdose include acute lung injury, 
aspiration pneumonia, and hypoxia. Heroin - related 
noncardiogenic pulmonary edema is an infrequent pul-
monary complication (i.e., 1 – 2%) of overdoses from the 

and warmth associated with the rush to sexual orgasm. 
The effects of heroin resolve within 3 – 5 hours. The 
addict often injects several times in a day; otherwise, the 
unpleasant signs and symptoms of opioid withdrawal 
begin. Heroin addicts are usually polydrug abusers;  112

consequently, the concomitant administration of other 
drugs of abuse may modify the classic features of heroin 
intoxication.  

  Medical Complications 

Central Nervous System.     Neurologic complications 
of nonfatal heroin overdoses include acute and sub-
acute peripheral mono -  and polyneuropathies as a 
result of prolonged pressure necrosis and compartment 
syndromes.  86   Rare case reports also associate the use of 
IV heroin or heroin insuffl ation with the development 
of the clinical features of sensorimotor peripheral neu-
ropathy without evidence of compression injury or 
infl ammation.  87   However, most of these cases also had 
evidence of rhabdomyolysis and dramatic elevations of 
serum creatine kinase concentrations. Case reports 
associate a variety of neurologic conditions with IV 
heroin abuse including spinal cord vasculitis, cerebral 
vascular accidents, cerebral vasculitis, Brown - Sequard 
syndrome, neurogenic bladder polyradiculoneuropathy, 
and transverse myelitis.  88   Infectious neurologic compli-
cations of IV heroin use include bacterial meningitis, 
mycotic aneurysm, mycotic and bacterial brain abscesses, 
subdural abscess, and epidural abscess. Case reports 
document the development of wound botulism with the 
use of parenteral forms of heroin, particularly with the 
subcutaneous (SC) injection of black tar heroin.  89   Rare 
case reports associate wound botulism with nasal insuf-
fl ation.  90   The classical clinical manifestation of botulism 
includes cranial nerve palsies with bulbar dysfunction 
(dysarthria, ophthalmoplegia, diminished gag refl ex, 
ptosis) and a symmetrical, descending paralysis (head, 
chest, upper extremity, lower extremities) in an afebrile 
patient with a clear sensorium and normal sensation. In 
severe cases, the muscle weakness progresses to respira-
tory failure. Blurred vision, diplopia, lethargy, lighthead-
edness, and dry mouth are early symptoms of botulism.  91

Frequently, these patients have local wound infections 
following SC injection of the heroin. Heating heroin 
does not inactivate clostridial spores. 

Leukoencephalopathy.     Spongiform leukoencephalop-
athy is a rare disease characterized by spongiform 
degeneration of white matter following inhalation of 
heroin vapors via chasing the dragon; this method is one 
of several etiologies of this nonspecifi c neurologic 
disease.  8   Although less common, spongiform leukoen-
cephalopathy also occurs after insuffl ation of heroin.  92

Table 31.2.    Stages of Heroin - Induced Encephalopathy. 

   Stage     Clinical Effects  

  I    Ataxia, akathisias, apathy, soft (pseudobulbar) 
speech, paucity of movements, memory loss, 
inattention

  II    Choreoathetoid movements, myoclonus, 
tremor, spastic paresis, increasing ataxia  

  III    Hyperpyrexia, paresis,  “ stretching spasms, ”  
hyperventilation, mydriasis, decerebrate 
posturing, dementia, akinetic mutism, altered 
consciousness
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glomerular sclerosis, variable focal and diffuse intersti-
tial nephritis, membranoproliferative glomerulonephri-
tis, and PAS - positive mesangial deposits (IgA, IgG, IgM, 
C1q, C3).  107   Progression to end - stage renal disease typi-
cally occurs within a few months to a few years. The 
exact role of heroin, adulterants, hepatitis B and C, and 
HIV in the etiology of this disease remains unclear. As 
the purity of heroin increased substantially during the 
1990s, the incidence of heroin - associated nephropathy 
dramatically decreased.  108

Musculoskeletal System.     Acute rhabdomyolysis 
associated with life - threatening hyperkalemia, hypocal-
cemia, and myoglobinuric renal failure may develop 
after prolonged limb compression secondary to heroin -
 induced coma. Typical clinical manifestations of heroin -
 induced rhabdomyolysis are muscle pain and swelling.  109

A compartment syndrome may complicate cases of 
heroin - induced rhabdomyolysis as a result of severe 
limb swelling. Vascular insuffi ciency can cause periph-
eral neuropathies and transverse myelitis. Infectious 
complications of IV drug use include osteomyelitis, 
septic arthritis, infectious sacroiliitis, and Pott disease 
(i.e., vertebral osteomyelitis secondary to tuberculosis 
or other infectious agents).  

Immune System.     HIV infection and opportunistic 
infections are common complications of the IV use of 
heroin, particularly in heroin addicts who share needles 
(e.g.,  “ shooting galleries ” ).  110   Common complications of 
HIV infection includes oral candidiasis, candida -  or 
cytomegalovirus - induced esophagitis, and  Pneumocystis
carinii  pneumonia. Other opportunistic infections 
include disseminated tuberculosis, atypical mycobacte-
ria, histoplasmosis, viral pneumonia, disseminated 
herpes zoster or simplex, and cryptococcal encephalitis. 
Dermatologic diseases include Kaposi sarcoma and 
cutaneous herpes infections.  

Skin.     Acute cutaneous complications of chronic IV 
heroin abuse include cutaneous infections, necrotizing 
fasciitis, necrotizing ulcers (e.g., levamisole - contaminated 
heroin), thrombophlebitis, intra - arterial injection, and 
mycotic aneurysm.  111   Edema, peripheral ischemia, 
and compartment syndrome may result from emboli 
and vasoconstriction. Hypopigmented or hyperpig-
mented scars result from chronic IV drug abuse includ-
ing linear cords ( “ railroad tracks ” ) and irregular round 
or oval scars ( “ pop scars ” ). The latter is frequently asso-
ciated with the simultaneous injection of heroin and 
cocaine ( “ speedballing ” ). Tattoos ( “ shooting tattoos ” ) 
are often used to hide skin discolorations that result 
from the deposition of debris in SC tissue.    

IV, and rarely, intranasal administration of heroin.  98   This 
syndrome involves the development of diffuse pulmo-
nary infi ltrates and hypoxia (oxygen saturation  < 90% 
with respiratory rate > 12/min) following resuscitation 
from a clinically apparent heroin overdose. The respira-
tory insuffi ciency occurs independent of bronchospasm, 
pneumonia, or pulmonary embolism. Symptoms of 
respiratory distress are usually apparent within 1 hour 
of naloxone reversal of heroin - induced coma and respi-
ratory depression.  99,100   The hypoxia typically resolves 
within 24 – 48 hours when other pulmonary complica-
tions are absent. Clinical manifestations of heroin -
 related pulmonary edema in addition to hypoxia include 
cough, pink frothy sputum, tachypnea, and diffuse rales. 
Case reports indicate that rarely severe bronchospasm 
may develop following the IV administration of 
heroin.101   Although heroin may contain additives that 
produce hypersensitivity reactions, case reports indicate 
that pure heroin can cause acute allergic reactions inde-
pendent of the direct release of histamine.  102   Other pul-
monary complications of IV heroin use include septic 
emboli, lung abscess, pneumonia, and talc - induced pul-
monary hypertension.  

Gastrointestinal Tract.     Heroin body packers may 
develop intestinal obstruction with perforation and fatal 
peritonitis. Urine drug screens in these patients may be 
negative despite the presence of intestinal obstruction 
secondary to the multiple bags of heroin.  103   Other com-
plications of IV heroin use include hepatitis B, hepatitis 
C, and chronic active hepatitis.  

Kidney.     Renal failure may occur as a result of rhab-
domyolysis and myoglobin - induced acute tubular 
necrosis from prolonged pressure necrosis of the limbs 
during heroin - induced coma. Several renal diseases are 
associated with the IV use of heroin including glomeru-
lonephritis associated with chronic infections (viral, 
bacterial, fungal), immune - complex - mediated glomeru-
lonephritis associated with bacterial or fungal endocar-
ditis, HIV - associated nephropathy, and secondary 
amyloidosis.  104   Case - control studies indicate that heroin 
users have an increased risk of end - stage kidney disease 
when adjusted for age, sex, race, socioeconomic status, 
and history of hypertension or diabetes.  105   Case series 
from the early 1970s reported a heroin - associated 
nephropathy that initially was recognized as a complica-
tion of IV heroin abuse in the eastern United States. 
This disease occurred primarily among black men aged 
18 – 45 years.  106   Heroin - associated nephropathy is a 
nephrotic syndrome that is manifest by massive protein-
uria, azotemia, hypertension, renal atrophy, and anemia. 
Renal biopsies usually demonstrate focal and segmental 
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goose fl esh, restlessness, insomnia, irritability, myalgias, 
anorexia, yawning, abdominal cramps, vomiting, diar-
rhea , and feverishness. In contrast to patients experi-
encing ethanol withdrawal, withdrawal from heroin 
does not typically cause seizures (except in neonates), 
dysrhythmias, delirium tremens, or death. The physical 
symptoms of heroin withdrawal typically begin about 
4 – 6 hours after the heroin injection, peak within about 
24 – 48 hours, and persist up to 7 – 14 days.  123

  Reproductive Abnormalities 

 Although there is little evidence for the teratogenic 
effects of heroin use, obstetrical complications result 
from the maternal use of heroin.  124   Complications of 
heroin use by pregnant heroin addicts during labor 
and delivery include premature rupture of membrane, 
neonatal sepsis, pre - eclampsia, placenta previa hemor-
rhage, abruptio placentae, and vaginal hemorrhage. 
Respiratory depression may occur in the neonate. After 
birth, withdrawal symptoms occur in almost all infants 
born to addicted mothers including hyperactivity, hyper-
irritability, coarse tremors, poor feeding, and poor 
weight gain. Other symptoms of heroin withdrawal 
include sneezing, yawning, sweating, vomiting, and 
diarrhea. Seizures also occur in some infants. The dif-
ferential diagnosis of seizures in infants from heroin -
 dependent mothers include hypoglycemia, hypocalcemia, 
and hypomagnesemia.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 As with most opioid analyses, analysis of heroin in bio-
logic samples requires both screening technologies (e.g., 
thin - layer chromatography, immunoassays) and confi r-
matory techniques (e.g., GC/MS, liquid chromatography/
mass spectrometry). The extraction of whole blood with 
organic solvents yields only free morphine, whereas the 
same extraction after glucuronide hydrolysis yields both 
free (unconjugated) and conjugated morphine. Although 
acid hydrolysis of glucuronides is faster and more effec-
tive than hydrolysis with β  - glucuronidase, 6 - monoacetyl 
morphine is unstable under these conditions.  125

Confi rmation techniques usually require extraction of 
opioids from biologic matrices either by solid - phase 
extraction (SPE) or liquid - liquid extraction. Most 
methods now use SPE. Some current radioimmunoas-
say (RAI) methods are highly specifi c for free morphine 
with low cross - reactivity to other opioids and morphine 
glucuronides. 

  Overdose 

 The classic triad of opioid overdose is the combination 
of abnormal mental status, substantially decreased 
respiratory rate, and miotic pupils. In a study of patients 
with heroin intoxication treated in an urban emergency 
department, this triad demonstrated 92% sensitivity 
and 76% specifi city for the diagnosis of acute heroin 
intoxication; the response to naloxone did not increase 
the sensitivity for detecting heroin overdose.  16   Most 
heroin overdoses occur in experienced users in combi-
nation with other drugs (benzodiazepines, ethanol, can-
nabis); repeat overdoses are common in some heroin 
addicts.  112   Complications include acute respiratory dis-
tress syndrome, pulmonary aspiration, hypoxic enceph-
alopathy, sepsis, shock, and death.  113   Most heroin 
overdoses are relatively benign if the patient receives 
supportive care. Other clinical manifestations of serious 
opioid intoxication include cyanosis, hypotension, hypo-
thermia, and bradycardia.  

  Fatalities 

 Acute heroin intoxication is a major cause of death 
among IV heroin addicts along with HIV.  114   Most deaths 
following the IV administration of heroin occur as a 
result of hypoxia in regular, dependent users within 1 – 3 
hours after injection.  115,115   Immediate death following 
heroin administration is less common than death within 
3 hours of administration. In a study of 152 heroin -
 related deaths in Australia, only 14% were associated 
with instantaneous death following IV heroin adminis-
tration.116   The exact cause of heroin - related overdose 
deaths is unclear, but risk factors include loss of toler-
ance, concomitant drug use, and the presence of sys-
temic diseases.  117   The use of naltrexone is probably not 
a risk factor for fatal heroin overdose.  118   Heroin users 
often are polydrug users, administering tranquilizers, 
cocaine, and ethanol in addition to heroin.  119,120   Although 
autopsy studies suggest that multiple - drug use is a major 
risk factor for adverse effects of acute heroin intoxica-
tion including death, data from a prospective cohort 
study of heroin overdose patients during the late 1990s 
did not detect an increased number of complications in 
heroin overdose with and without multidrug use.  121

Rarely, fatal anthrax is associated with heroin abuse.  122

  Abstinence Syndrome 

 Acute opioid withdrawal from heroin typically involves 
autonomic hyperactivity with early signs including 
tachycardia and hypertension. Symptoms include lacri-
mation, rhinorrhea, diaphoresis, mydriasis, tremor, 
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ture (e.g., 20 ° C/68 ° F) and to a lesser extent during 
refrigeration (e.g., 4 ° C/39.2 ° F). Freshly collected and 
refrigerated blood samples stored in sodium fl uoride 
containing M3G produce minimal amounts of free mor-
phine, but increased storage time, room temperature, 
light, and the present of high concentrations of bacteria 
(e.g., during putrefaction) cause the hydrolysis of 
M3G to free morphine, particularly in liver tissue.  133

During prolonged interment, case reports indicate that 
morphine glucuronides are slowly converted to free 
morphine in buried corpses, particularly after 3 – 4 
years.  134   Consequently, the free morphine/morphine 
glucuronide ratio varies depending on the degree of 
putrefaction and the collection site, when compared 
with the ratio at the time of death. Heroin remains 
detectable in corpses after embalming, particularly in 
bile and liver samples.  135   6 - Monoacetylmorphine is 
stable in frozen urine samples up to at least 2 years,  136

but 6 - MAM undergoes deacetylation to morphine at 
room temperature with the rate of conversion being 
pH - dependent.   

  Biomarkers 

 Heroin is excreted in saliva transiently following IV 
administration. In a study of 2 volunteers, heroin 
remained detectable (i.e.,  > 0.001   mg/L) in saliva for  ∼ 1 
hour.  137

  Bile 

 Postmortem concentrations of morphine and morphine 
glucuronides in bile are typically substantially higher 
than blood with the bile/blood morphine ratio averag-
ing up to ∼ 100 – 150. In a case series of 5 postmortem 
examinations with morphine concentrations in both bile 
and femoral blood (cause of death not specifi ed), the 
mean morphine concentration in femoral blood was 
0.74   mg/L (range, 0.201 – 1.71   mg/L) compared with 
40.86   mg/L (range, 0.477 – 181   mg/L) in bile.  138   The pres-
ence of high concentrations of morphine in bile suggests 
chronic heroin use; morphine concentrations may persist 
in bile following heroin use after blood morphine con-
centrations are nondetectable as a result of enterohe-
patic cycling. A 44 - year - old heroin addict died in the 
hospital 144 hours after his last heroin injection.  139   The 
postmortem bile concentration of morphine was 
21.3   mg/L, whereas morphine was not detectable in 
postmortem blood or urine specimens as measured by 
GC/MS.  

  Blood 

 Morphine distributes relatively evenly between plasma 
and erythrocytes.  140   In a study of 20 heroin - related 

  Methods 

Screening.     Although a variety of methods are avail-
able to detect opioids in body fl uids, including thin - layer 
chromatography, gas chromatography with fl ame ion-
ization or electron capture detection and liquid chroma-
tography, immunologic methods are the initial screening 
test of choice. Immunoassays reliably detect opioids and 
metabolites in urine specimens above the cutoff speci-
fi ed by Federal Workplace Drug Testing Programs.  126   In 
general, urine opioid immunoassays are highly sensitive 
for compounds (e.g., 6 - monoacetylmorphine, codeine, 
dihydrocodeine) that demonstrate structural similarity 
to morphine, whereas more structurally dissimilar com-
pounds (e.g., fentanyl, meperidine, methadone, oxyco-
done) are less reactive. The ingestion of some cough 
syrups (e.g., ethyl morphine), codeine - containing com-
pounds, and paregoric may cause innocent positive 
opioid drug screens as a result of the presence of opioid 
compounds.  

Confirmatory.     Although a number of methods exist to 
quantify opioids and their metabolites, liquid chroma-
tography (LC) does not require pretreatment of the 
analytes of heroin or heroin metabolites. When used 
with mass spectrometry (MS) as a detector for liquid 
chromatography, this analytic method (LC/MS) can sep-
arate the lipophilic and hydrophilic analytes of heroin 
and heroin metabolites in biologic fl uids.  127   Isotope -
 dilution GC/MS or LC/MS are the methods of choice for 
the quantitation of opioids (6 - monoacety lemorphine, 
morphine, codeine) in biologic fl uids.  128   Although acidic 
hydrolysis is more rapid and technically easier than enzy-
matic hydrolysis for the determination of total (free plus 
conjugated) opioid compounds, acid hydrolysis of urine 
samples destroys biomarker (i.e., 6 - MAM) for heroin 
use.  126   Specifi c analytic techniques for the determination 
of 6 - MAM in urine include gas chromatography/elec-
tron impact/mass spectrometry, which has a LOD near 
0.001   mg/L.  129   Analytic methods for the detection of 
codeine and acetyl codeine as biomarkers of illicit heroin 
use include liquid chromatography/atmospheric pres-
sure chemical ionization/mass spectrometry  130   and liquid 
chromatography/tandem mass spectometry (LLOQ, 
0.005   mg/L, interassay CV  < 20%).  131

  Storage 

 In experimental studies, morphine and morphine gluc-
uronide metabolites are stable in spiked fresh blood and 
plasma samples up to 6 months when stored at − 20 ° C 
(− 4 ° F), 4 ° C (39.2 ° F), and 20 ° C (68 ° C).  132   Studies indi-
cate that elevated free morphine concentrations develop 
in postmortem samples as a result of hydrolysis of mor-
phine glucuronides, particularly M3G at room tempera-
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Postmortem.   
Concentrations.     Heroin is a diester compound that is 
rapidly hydrolyzed to 6 - MAM and subsequently to mor-
phine. Postmortem morphine concentrations vary widely 
in fatal heroin intoxication as a result of a variety of 
factors including tolerance, the time between exposure 
and death, use of supportive care, loss of tolerance from 
a period of opioid abstinence, and coadministration of 
other drugs. As a result of these factors, there is fre-
quently an overlap between morphine concentrations in 
fatal and nonfatal heroin intoxications; consequently, all 
postmortem morphine and morphine glucuronide con-
centrations must be interpreted in relation to associated 
clinical and anatomic factors in the case. Although 
morphine - 6 - glucuronide (M6G) is biologically active, 
the major glucuronide metabolite of morphine is 
morphine - 3 - glucuronide (M3G), which is inactive as an 
opioid and does not cross the blood – brain barrier. There 
are inadequate data to determine the time of death 
based on the M3G/M6G ratio. Consequently, interpreta-
tion of fatal free (unconjugated) morphine concentra-
tions in postmortem blood samples is more reliable than 
total morphine concentrations (free or unconjugated 
plus conjugated morphine). In a study of 87 heroin only -
 related deaths, the median free morphine and total 
morphine concentrations in postmortem heart blood 
samples were 0.170   mg/L (range, nondetected to 
2.80   mg/L) and 1.032   mg/L (range, 0.034 – 4.66   mg/L), 
respectively, as analyzed by GC/MS with solid - phase 
extraction.145   By comparison, the median free morphine 
concentration in 5 survivors with no other drugs in their 
blood was 0.065   mg/L (range, 0.028 – 0.093   mg/L). Free 
morphine concentrations in postmortem blood exceed-
ing 0.20 – 0.30   mg/L are often fatal. 

 When present, 6 - MAM concentrations in postmor-
tem samples of femoral blood are usually approximately 
one order of magnitude lower than free morphine con-
centrations.  85   Concentrations of 6 - MAM and morphine 
do not correlate well to the time between heroin admin-
istration and death.  85   Factors that favor immediate 
death after heroin administration include detectable 
concentrations of 6 - MAM in postmortem blood, high 
free morphine concentrations ( > 0.5 mg/L), high ratio 
(> 0.5 – 0.6) of free to total morphine, and low urinary 
concentrations of 6 - MAM and free morphine.  146   The 
morphine glucuronides (M3G, M6G)/morphine ratio 
increases as the time between administration and blood 
sampling increases, depending on individual pharmaco-
kinetic parameters (e.g., elimination half - lives, volumes 
of distribution).  147   This ratio is not dependent on dose. 
The presence of low free morphine concentrations 
(< 0.2   mg/L) in postmortem blood, total blood morphine 
> 1.0   mg/L, and ratios of free morphine/morphine 
glucuronides and free morphine plus M6G/M3G in 

deaths, the plasma total morphine concentration was 
higher than total whole blood morphine concentration 
in 17 of the 20 cases.  141   These cases included deaths both 
immediately after injection and within a few hours of 
injection. 

Illicit Use.     Heroin has a very short elimination half -
 life in the blood, and most blood samples from heroin 
users do not contain detectable amounts of heroin. The 
heroin metabolite, 6 - monoacetylmorphine (6 - MAM) 
has a slightly longer mean half - life of 5 – 20 minutes; 
6 - MAM is detectable in blood samples for up to 1 – 2 
hours after heroin administration depending on the 
dose, analytic method, route of administration, and fre-
quency of heroin use. Because of a variety of factors 
including tolerance, there is substantial overlap in the 
morphine concentration in functioning heroin addicts 
and in blood samples from heroin - related fatalities. Data 
from case series indicate that some serum samples from 
heroin addicts in police custody contain total morphine 
concentrations that exceed the median total morphine 
concentration in series of postmortem whole blood 
samples from heroin - related fatalities.  142   In a study of 
100 current heroin abusers using heroin within the last 
24 hours, the median total morphine concentration in 
blood samples was about 0.090   mg/L (range, 0.050 –
 1.45   mg/L) compared with 0.350   mg/L (range 0.080 –
 3.20   mg/L) in postmortem blood from 39 heroin - related 
deaths.  143   Although the median postmortem concentra-
tion of total morphine in the 39 heroin - related fatalities 
was substantially higher than the current heroin users, 
approximately 7% of the blood samples from the current 
heroin users contained total morphine concentrations 
exceeding the median postmortem total morphine con-
centration (0.35   mg/L) of the 39 heroin - related deaths. 

 Acetyl codeine is an impurity that is present in opium 
and in almost all heroin samples, but this compound is 
not present in pharmaceutical preparations of diacetyl-
morphine. Deacetylation of this compound in the human 
body produces codeine. Therefore, acetyl codeine and, 
to a lesser extent, codeine are biomarkers for the use of 
illicit heroin, and detectable amounts of codeine com-
monly occur in the blood samples from heroin users. 
Analysis of plasma samples from impaired drivers 
testing positive for 6 - MAM indicate that a morphine/
codeine ratio greater than unity suggests recent heroin 
use.  144   In contrast to the recent injection of heroin, the 
morphine/codeine ratio in plasma is usually less than 
unity following the recent ingestion of codeine. The 
volumes of distribution for the morphine glucuronides 
are approximately 1/10 of the volume of distribution for 
morphine; therefore, the estimation of absorbed dose 
based on the total morphine concentration in blood is 
inappropriate.  
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surrounding the site of the fatal injection.  155   The inter-
pretation of the signifi cance of free morphine concen-
trations requires consideration of storage methods 
and the time interval between death and analysis 
because of the hydrolysis of M3G under some storage 
conditions.  132

  Hair 

 Hair analysis for illicit drugs potentially provides long -
 term information about drug use. Heroin and 6 - MAM 
are frequently detectable in hair samples from regular 
heroin users. However, there are limited data on the 
length of time heroin and 6 - MAM remain detectable in 
hair samples and on the amount of heroin necessary to 
produce positive hair samples for heroin or 6 - MAM. 
Following regular heroin use, 6 - MAM concentrations in 
hair samples predominate over heroin and morphine 
concentrations.  156   However, the dose of administered 
heroin does not correlate to heroin or 6 - MAM concen-
trations in hair samples collected from the proximal 
root zone (i.e., about 100 days of hair growth).  157   The 
presence of morphine/codeine hair ratios > 5:1 for low -
 morphine concentrations ( < 1   ng/mg hair) or  > 2:1 for 
morphine hair concentrations ( > 1   ng/mg) suggests the 
use of heroin or morphine.  158   A number of variables 
complicate the interpretation of the heroin dose based 
on 6 - MAM concentration in hair or route of exposure 
based on the heroin/6 - MAM ratio including site of sam-
pling, technique, and distance from skin.  159   Highly alka-
line extractions may degrade heroin and 6 - MAM to 
morphine.  160

  Stomach 

 Postmortem stomach morphine concentrations are not 
reliable measurements to distinguish between the IV 
and oral administration of heroin, probably as a result 
of postmortem diffusion of morphine from bile in the 
duodenum to the stomach following the hydrolysis of 
conjugated morphine present in the bile. In a study of 
29 fatal IV heroin overdoses, the mean total morphine 
concentrations in blood and stomach contents was 
0.60   mg/L and 1.16   mg/L (mg/kg), respectively.  161

Detectable morphine concentrations were present in 
the stomach contents of all 29 cases; the total morphine 
concentrations in stomach contents were higher than 
total blood morphine in 83% of the cases.  

  Urine 

6 - Monoacetylmorphine.     Analysis of urine samples 
documents exposure to illicit drugs, but the concentra-
tion of specifi c drugs in the urine do not correlate to 

postmortem blood < 1 suggest delayed death (i.e.,  > 3 
hours).148   Codeine frequently occurs in the postmortem 
blood samples of heroin - related fatalities because 
codeine is a metabolite of acetyl codeine formed during 
heroin synthesis. The morphine/codeine ratio in post-
mortem blood samples is wide, but the ratio is always 
> 1 after use of codeine alone; a morphine/codeine ratio 
< 1 indicates a source of codeine in addition to heroin.  

Redistribution.     A several - fold difference in morphine, 
morphine - 3 - glucuronide, and morphine - 6 - glucuronide 
postmortem blood concentrations may occur between 
different sampling sites depending in part on the time 
between injection and death, chemical stability of mor-
phine conjugates, hemoconcentration, diffusion between 
different compartments, and incomplete distribution of 
the drug.  149,150   In a study of 32 morphine - related deaths 
(i.e., mostly IV administration of heroin), the postmor-
tem free morphine concentration in peripheral and 
central sites did not vary signifi cantly with time based 
on an average time between death and autopsy < 36 
hours as measured by a specifi c radioimmunoassay for 
free morphine.  151   However, morphine concentrations 
were consistently higher (i.e., average about double) in 
heart blood compared with femoral or iliac sites. In this 
study, the difference between morphine concentrations 
in central and peripheral samples usually increased as 
the blood morphine concentration increased, particu-
larly when morphine concentrations in heart blood 
exceeded 0.30   mg/L. However, there were relatively few 
samples and no statistically analysis of the trend. 
Similarly, in a postmortem study of 21 cases with 
matched postmortem admission and autopsy blood 
specimens, there was no statistically signifi cant differ-
ence between matched samples for concentrations of 
free morphine, total morphine, M3G, or M6G.  152   The 
mean postmortem interval was 59 hours. The total mor-
phine concentration in postmortem samples from the 
femoral vein and the femoral artery is usually similar. 
In a study of 44 suspected heroin - related deaths with 
detectable postmortem morphine concentrations, the 
mean free morphine concentration in femoral vein 
samples was 0.17   mg/L (95% CI: 0.12 – 0.22   mg/L) com-
pared with 0.20   mg/L (95% CI: 0.13 – 0.27 in femoral 
artery samples.  153   In a study of 50 individuals dying of 
heroin overdose soon after injection based on urine free 
morphine concentrations < 0.025   mg/L, the mean heart 
to peripheral blood ratio was 1.4 (range, 0.4 – 6.9).  154   The 
ratio of free morphine in peripheral and heart blood 
does not predict the time between heroin administra-
tion and death. Although the metabolism of heroin is 
too rapid to detect increased concentrations of heroin 
metabolites in the veins near the injection site, mor-
phine concentrations may remain elevated in the tissue 
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Free and Total Morphine.     In 1998, the Federal 
Workplace Drug Testing Program changed urine 
screening and confi rmation cutoff concentrations for 
opioid testing from 0.300   mg morphine/L to 2.000   mg 
morphine/L. In addition, positive urine samples require 
the presence of 6 - MAM in concentrations  ≥ 0.001   mg/L 
as measured by GC/MS. Although this new cutoff 
decreases detection times, these requirements were nec-
essary to reduce the innocent positive rates for individu-
als ingesting poppy seed - containing foods. Detection 
times in urine for heroin use via IV and pulmonary 
routes are similar.  170   In volunteer studies, the adminis-
tration of 3 – 12   mg heroin hydrochloride via inhalation 
or injection resulted in similar detection times (i.e.,  ∼ 12 
hours) as determined by immunoassay screening and 
confi rmation by the 2.000   mg/L cutoff for morphine and 
0.001   mg/L cutoff for 6 - MAM.  171   The median detection 
time (i.e., time to last positive sample) for total mor-
phine after inhalation and IV administration of ∼ 12   mg 
heroin for the low cutoff (0.300   mg/morphine/L) and 
the high cutoff (2.000   mg/L) was about 34 hours (range, 
10.7 – 53.5   h) and about 8 hours (range, 2.3 – 22.3   h), 
respectively.  67   Changes in urine osmolality can cause 
fl uctuations above and below the cutoff, resulting in 
positive screens following negative results. Following 
intramuscular (but not inhalation or IV) administration 
of heroin, the detection time for free morphine in the 
urine is substantially shorter than for total morphine. In 
a study of healthy volunteers administered 3   mg -  and 
6   mg - doses of heroin intramuscularly, the mean detec-
tion time for the 0.300   mg/L cutoff of free and total 
morphine in urine samples was about 3 ½  hours and 8 
hours, respectively.  68   Although the intranasal route of 
heroin use produces ∼ 50% of the potency of an intra-
muscular dose, the pharmacokinetic profi les of the two 
routes of exposure are similar. Using larger heroin doses 
(i.e., 6   mg and 12   mg) than the previous study, detection 
times for total urine morphine by immunoassay and 
GC/MS confi rmation at the 0.300   mg morphine/L -  and 
2.000   mg/L - cutoff concentrations were about 24 – 36 
hours and < 12 hours, respectively.  172   However, the detec-
tion times for 6 - MAM were highly variable and short 
with detection times for the ≥ 0.010   mg/L - cutoff averag-
ing about 2 – 3 hours (range, 0 – 6.5 hours) following intra-
nasal administration. Most commercial opioid 
immunoassays (e.g., Emit  ®   d.a.u. ™  Opiate Assay, Syva 
Company; TDx  ®   Opiates, Abbott Laboratories, Abbott 
Park, IL; Abuscreen  ®   Radioimmunoassay for morphine, 
Roche Diagnostic Systems, Inc., Nutley, NJ) detect both 
free and conjugated morphine as well as free and con-
jugated codeine. These tests do not distinguish between 
free and conjugated drug, but codeine use is usually 
associated with total codeine concentrations exceeding 
total morphine concentrations.  173   The Coat - A - Count  ® 

blood concentrations or to impairment. Urine immuno-
assays are the most common screening methods for the 
detection of opioids. Heroin is not usually detectable in 
urine as a result of the rapid hydrolysis of this drug. 
Hydrolysis of heroin produces 6 - monoacetylmorphine 
(6 - MAM), which is a specifi c biomarker of heroin use.  162

Although 6 - MAM has a short half - life in the blood, this 
compound is present in urine samples for at least several 
hours (i.e., fi rst voided urine specimen) after the use of 
heroin as measured by GC/MS.  163   The CEDIA Heroin 
Metabolite Immunoassay (Microgenics ™ , Fremont, 
CA) is a specifi c immunoassay for 6 - MAM with a confi r-
mation rate of 98% in a study or 525 samples from a 
criminal justice drug - testing program.  164   Cross - reactivity 
with opioid analgesics occurred only at high concen-
trations including morphine at 10   mg/L, oxycodone at 
61   mg/L, codeine at 60   mg/L, hydromorphone at 10   mg/L, 
hydrocodone at 60   mg/L, and pentazocine at 35   mg/L. 
The cutoff for 6 - MAM was 0.01   mg/L. In contrast, mor-
phine is the target analyte for the CEDIA DAU opioid 
assay with cross - reactivity with other structurally similar 
opioids including 6 - MAM (81%), codeine (125%), 
hydrocodone (48%), and hydromorphone (57%).  165

 The detection time for 6 - MAM and total morphine 
depends on a variety of factors including the LLOQ of 
the analytic method, the specifi c cutoff, the heroin dose, 
the time since the bladder was emptied, rate of urine 
formation, and frequency of heroin use. Additionally, 
there is substantial interindividual variation in the 
excretion of total morphine after the administration of 
similar doses of heroin. Consequently, following the 
chronic use of heroin, the occurrence of a positive urine 
opioid drug screen within 24 hours following a negative 
opioid drug screen does not necessarily imply the use 
of heroin between the two specimens.  166   If the urine 
sample is collected immediately after heroin use, the 
urine sample may contain 6 - MAM without detectable 
amounts of some morphine metabolites (e.g., M3G).  167

As a result of individual pharmacogenetics, certain 
heroin - using individuals may escape detection when 
urine screening involves only the detection of morphine 
at the current cutoff.  168

Acetyl codeine.     Acetyl codeine is one of the alka-
loids present in opium; therefore, this compound occurs 
in almost all (i.e., about 95%) of heroin samples. The 
plasma elimination half - life of acetyl codeine is about 4 
hours with < 1% appearing in urine unchanged.  169   Peak 
urine concentrations occur ∼ 2 hours after heroin admin-
istration. Using GC/MS with a LLOQ of 0.0002   mg/L, 
acetyl codeine was detectable for about 8 hours after 
administration. The coadministration of heroin and 
codeine may result in the formation of detectable con-
centrations of acetyl codeine.  
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  Vitreous Humor 

 In general, postmortem vitreous humor samples contain 
substantially lower (i.e., 2 -  to 3 - fold) morphine concentra-
tions than postmortem blood samples following fatal 
heroin overdoses.  184   In a case series of 10 heroin - related 
deaths, the mean free morphine concentration in vitreous 
samples as measured by radioimmunoassay was 
0.08    ±    0.04   mg/L compared with 0.32    ±    0.17   mg/L in blood 
(site not specifi ed).  185   However, the 6 - MAM concentra-
tion is usually higher in vitreous humor than in blood 
during postmortem examination of heroin - related 
deaths.  186   In a study of 25 deaths associated with heroin 
use, vitreous samples from all 25 cases had detectable con-
centrations of 6 - MAM, whereas only 13 of 25 blood 
samples were positive for 6 - MAM.  187   The mean 6 - MAM 
vitreous humor/blood ratio in these 13 samples was 11.3 
(range, 1.7 – 27). The wide range of values and the lack of 
data limits correlation of postmortem vitreous humor to 
blood concentrations following fatal heroin intoxication. 
Furthermore, there is a lack of correlation between 6 - MAM 
concentrations in urine, vitreous humor, and cerebrospi-
nal fl uid.  188   Postmortem cerebrospinal fl uid typically 
contains slightly higher concentrations of morphine com-
pared with vitreous humor, but the morphine concentra-
tions are substantially less than postmortem blood.  189

Because hydrolysis of 6 - MAM continues in blood after 
death, analysis of 6 - MAM in vitreous humor and cere-
brospinal fl uid samples provide an alternative to urine 
samples for the postmortem detection of heroin use. 

  Abnormalities 

  Blood 

 Numerous laboratory abnormalities occur in IV drug 
addicts resulting from a variety of diseases including hepa-
titis, osteomyelitis, cutaneous abscesses, thrombocytope-
nia, septicemia, endocarditis, tetanus, botulism, tuberculosis, 
malaria, renal dysfunction, and HIV infections. Laboratory 
manifestations of heroin - induced rhabdomyolysis include 
hyperkalemia, hypocalcemia, metabolic acidosis, and 
increased serum creatinine concentrations. A 5 - fold 
increase in serum creatine kinase concentrations without 
evidence of cardiac and cerebral damage indicates the 
presence of rhabdomyolysis. Elevation of serum and urine 
myoglobin concentrations also suggests the presence of 
muscle injury, but the rapid clearance of serum myoglobin 
limits the usefulness of this laboratory abnormality as a 
measure of ongoing muscle injury.  190

  Cardiac 

 Acute heroin overdose is associated with nonspecifi c 
electrocardiographic changes (e.g., nonspecifi c ST - T 

Morphine in Urine immunoassay (Siemens Medical 
Solutions Diagnostics, Los Angeles, CA) is much more 
specifi c for free morphine with little cross - reactivity 
with morphine glucuronides or codeine.  174   Total mor-
phine concentrations in postmortem urine samples from 
heroin addicts found dead after IV heroin use may be 
undetectable despite β  - glucuronidase or acid hydrolysis 
as a result of death prior to the excretion morphine and 
morphine metabolites in the urine.  175

Cross - Reactivity/False - Positive Urine Opioid 
Screens.     A few compounds cross - react with common 
opioid urine screening assays including rifampin (i.e., 
kinetic interaction of microparticles in solution 
method)176   and some quinolone compounds (gatifl oxa-
cin, levofl oxacin, ofl oxacin).  177,178   Innocent positive 
opioid urine screens following ingestion of poppy seeds 
results from the detection of small amounts of opiates; 
however, recent reductions in the morphine content of 
poppy seeds used in foods (e.g., pretreatment of seeds 
with washing and grinding) and the higher total mor-
phine cutoff have decreased the risk of innocent posi-
tive opioid screens, particularly following the ingestion 
of poppy seed buns.  25   The ingestion of poppy seeds from 
1 – 2 bagels can potentially produce a positive urine drug 
screen for opioids up to 24 hours after ingestion 
depending  on the cutoff.  23   In a study of 3 volunteers 
consuming as many poppy seeds as possible within 
approximately 1 hour, the urine drug screen was posi-
tive (2.000   mg/L cutoff) up to 4 hours after ingestion in 
all 3 volunteers and up to 8 hours in one volunteer.  179

Peak urine concentrations of opioids occur within 6 – 8 
hours of ingestion. However, poppy seeds do not contain 
the synthetic chemical, 6 - MAM,  180   and the ingestion of 
poppy seed - containing food typically does not produce 
detectable amounts of free morphine in serum 
samples as analyzed by GC/MS before hydrolysis.  181

There is substantial variation in the content of codeine 
and morphine in different poppy seeds as well as sub-
stantial interindividual variation in urinary excretion of 
codeine and morphine. Consequently, the presence of a 
positive urine drug screen after ingesting poppy seeds 
is highly variable. Other opiates present in poppy seeds 
based on thin - layer chromatography include thebaine, 
papaverine, and narcotine.  182   Thebaine is not usually 
present in the urine of heroin abusers, whereas the 
consumption of poppy seeds typically produces low 
concentrations of thebaine detectable in urine up to 
36 hours, depending on the dose and individual 
excretion profi le.  183   The absence of thebaine in a 
urine sample positive for opioids does not exclude the 
possibility of poppy seed ingestion, particularly 
when the urine sample is collected 12 – 24 hours after 
consumption.   
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elinating diseases. Demyelination does not typically 
occur in heroin - induced toxic leukoencephalopathy. 
The pathologic process of this encephalopathy involves 
disruption of cellular metabolism, mitochondrial dys-
function, and loss of neurons with gliosis manifest by 
increased lactic acid and myo - inositol, normal to slightly 
decreased choline, normal lipid peak, and decreased  N  -
 acetyl aspartate and creatine.   200   The reduction of choline 
and N  - acetyl aspartate suggests the presence of axonal 
injury.  

  Pulmonary 

 Radiographic abnormalities following heroin overdose 
include pulmonary edema, aspiration pneumonia, pul-
monary emboli, cardiomegaly, cardiac failure from val-
vular disease, and rarely hyperaeration from 
bronchospasm. Heroin - related pulmonary edema typi-
cally presents with diffuse, bilateral, fl uffy infi ltrates that 
appear symmetric. Occasionally, unilateral or lobar infi l-
trates may appear, and the pulmonary edema may shift 
rapidly from lobe to lobe and from one lung to the 
other.  201   Radiographic evidence of pulmonary edema 
usually resolve within 24 – 48 hours. Other pulmonary 
complications of IV drug use include bronchopneumo-
nia and lung abscesses.   

  Driving 

 In blood samples from 5 drivers arrested for driving 
under the infl uence, the median free and total morphine 
concentrations were 0.065   mg/L (range, 0.028 –
 0.093   mg/L) and 0.918   mg/L (range, 0.230 – 1.451   mg/L), 
respectively.  132   No other drugs were detected in these 
blood samples. The presence of 6 - MAM indicates the 
recent use of heroin. When 6 - MAM is detected in urine 
samples from drivers suspected of driving under the 
infl uence, urine concentrations of free morphine usually 
exceed 1   mg/L. Analysis of 212 6 - MAM - positive urine 
specimens from drivers apprehended for driving under 
the infl uence of drugs, 92% of these specimens con-
tained morphine concentrations exceeding 1   mg/L as 
measured by isotope - dilution gas chromatography/mass 
spectrometry.  202   In an experimental study of 10 heroin 
addicts, the administration of 25   mg, 50   mg, and 100   mg 
doses of heroin via inhalation produced a dose -
 dependent decrease in the simple reaction time as dem-
onstrated in Figure  31.7 .  46   The decline in simple reaction 
times began about 30 minutes after inhalation with peak 
reduction occurring about 30 – 60 minutes after inhala-
tion began.   

 Experimental studies in heroin addicts receiving up to 
95   mg IV daily in an observation ward demonstrated that 
the IV administration of heroin reduced activity and 

wave changes, sinus tachycardia, right atrial enlarge-
ment), frequently related to hypoxia.  191   More serious 
dysrhythmias (atrial fi brillation, ventricular tachycar-
dia) occur occasionally in the absence of adulterated 
heroin (e.g., quinine) usually as a result of acute hypoxia. 
In contrast to methadone, unadulterated heroin is not 
usually associated with QT c  prolongation or torsade de 
pointes. In a study of 15 patients admitted to methadone 
treatment program after using heroin within the previ-
ous 4 hours, 2 patients had increased QT c  intervals as 
defi ned by Ashman - Hull criteria.  192   Seven additional 
patients had bradycardia or tachycardia. By compari-
son, QT c  prolongation was present in 14 (34%) of the 
41 patients on methadone in the treatment program.  

  Encephalopathy 

 Spongiform leukoencephalopathy differs from other 
encephalopathies by the histopathologic hallmark of 
vacuolar degeneration of cerebral white matter. Electron 
microscopy of the white matter demonstrates fl uid 
entrapment between the myelin lamellae and an absence 
of demyelination. Heroin - induced toxic leukoencepha-
lopathy is a bilateral, symmetrical disease primarily of 
white matter; therefore, magnetic resonance imaging 
(MRI) is the noninvasive diagnostic study of choice 
because of superior resolution of white matter com-
pared with computerized tomography (CT).  193,194   The 
head CT scan is usually normal until late in the course 
of this disease. The lesions typically involve the white 
matter of cerebellum, cerebrum, and midbrain with 
selective involvement of the corticospinal tract, the soli-
tary tract, and the lemniscus medialis.  195   Characteristic 
abnormalities on T2 - weighted MRI include symmetric 
hyperintense lesions of the cerebellar and occipital 
white matter, corpus callosum, internal capsule, and the 
medial lemniscus of the brain stem.  196,197   Gray matter is 
typically preserved with occasional involvement of deep 
gray matter.  198

 The lack of involvement of the cerebellum in a clini-
cally normotensive patient suggests a diagnosis other 
than heroin - induced toxic leukoencephalopathy, as 
spongiform toxic leukoencephalopathy excluding cere-
bellar and brainstem involvement is a rare complication 
of the IV or nasal use of heroin.  92   Changes in the frontal 
lobe are usually minimal to mild. T1 - weighted scans 
demonstrate corresponding hypointensities, and IV 
gadolinium does not usually enhance the lesions.  94

Restricted diffusion in the cerebral white matter on 
diffusion - weighted images helps distinguish heroin -
 induced toxic leukoencephalopathy from other enceph-
alopathies.  199   MR spectroscopy may help differentiate 
heroin leukoencephalopathy from other encephalopa-
thies associated with drug abuse (e.g., cocaine) or demy-
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inability to ventilate with bag - valve - mask, poor oxygen-
ation (i.e., oxygen saturation    < 90%) despite adequate 
ventilation and supplemental oxygen, and persistent 
hypoventilation after doses of naloxone exceeding 
2 – 4   mg. If patients with acute heroin intoxication 
ingested oral opioid compounds, larger doses of nalox-
one or a naloxone drip may be required. Otherwise, the 
lack of an adequate response to naloxone indicates 
hypoxic brain damage or another diagnosis (head 
trauma, sepsis, meningitis, aspiration pneumonia). If pul-
monary signs or symptoms (e.g., cough, tachypnea, pink 
frothy sputum, rales) of pulmonary edema develop, the 
patient should receive a chest x - ray to detect pulmonary 
complications of acute heroin intoxication including 
acute pulmonary edema and aspiration pneumonia. 

 A majority of patients with heroin - associated pulmo-
nary edema require only oxygen supplementation. In a 
case series of 27 patients with pulmonary edema after 
resuscitation from heroin overdose, about one - third of 
the patients required mechanical ventilation; most of 
these patients were extubated within 24 hours. Patients 
with other complication (e.g., aspiration pneumonia) in 
addition to pulmonary edema may need intubation 
including pressure - cycled ventilation for longer periods. 
Hypotension from heroin intoxication usually responds 
to fl uids and naloxone unless sepsis is present.  

  Gut Decontamination 

 Methods to prevent absorption of heroin are not usually 
necessary unless the patient is a body packer (See 
Supplemental Care, Body Packing).  

  Elimination Enhancement 

 Methods to enhance elimination (e.g., hemodialysis) are 
not indicated for heroin intoxication. The use of dialysis 
is limited to the presence of renal failure and hyperka-
lemia, usually as a result of rhabdomyolysis.  

  Antidotes 

 Naloxone, a pure narcotic antagonist, is the antidote of 
choice for acute heroin intoxication. The initial dose of 
naloxone usually should not exceed 0.4 – 0.8   mg IV 
because of the risk of producing withdrawal in opioid -
 dependent patients. Larger doses of naloxone should be 
titrated to effect when the clinical response is inade-
quate. After restoration of adequate ventilation, repeat 
doses of naloxone are necessary only for recurrent, 
clinically signifi cant hypoventilation. Mild sedation may 
recur after the administration of naloxone following 
heroin intoxication, in part as a result of the formation 
of the naloxone metabolite, 6 -  α  - naloxol, which pos-

responsiveness to ambient stimuli.  203   However, there was 
no statistically signifi cant decline in performance on 
pursuit rotor testing when compared to testing during 
the daily administration of one IV dose of 8   mg heroin.   

  TREATMENT 

  Stabilization 

 The classic hallmarks of heroin intoxication include evi-
dence of heroin use and altered consciousness along 
with depressed respiratory rate and miotic pupils. 
Although pinpoint pupils usually occur during acute 
heroin intoxication, the presence of severe hypoxia and 
metabolic acidosis may alter the pupil size. Initial treat-
ment of acute heroin intoxication involves the assess-
ment of ventilation and perfusion. Patients with 
adequate ventilation and oxygen saturations    > 91 – 92% 
can be observed with cardiac monitor and pulse oxim-
etry (capnography if available) until normal level of 
conscious returns. Patients with inadequate ventilation 
require bag - value - mask ventilation with 100% oxygen 
and the administration of naloxone 0.2 – 0.4   mg IV. 
Although the rate of SC absorption of naloxone is 
slower than the IV route, diffi culty obtaining IV access 
may result in similar onset of action via these two routes 
of administration, at least in the prehospital setting.  204   
Atomized intranasal naloxone is available in some 
emergency settings. 

 If no improvement occurs within 3 – 5   min, additional 
doses (0.4   mg) of naloxone should be administered par-
enterally titrated to the maintenance of adequate ven-
tilation. Criteria for endotracheal intubation include 

       FIGURE 31.7.     Mean decline in simple reaction times of 5 
volunteer addicts administered various doses of heroin via 
inhalation.  (Reprinted from European Neuropsy-
chopharmacology, Vol. 11, Issue 3, VM Hendriks, W van den 
Brink, P Blanken, IJ Bosman, JM van Ree, Heroin self - admini-
stration by means of  ‘ chasing the dragon ’ : pharmacodynamics 
and bioavailability of inhaled heroin, p. 250, copyright 2001, 
with permission from Elsevier.)   
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constipating agents (loperamide, diphenoxylate) prior 
to transport with unaided passage of the packets being 
delayed 1 – 2 days to 2 – 3 weeks.  209

 The radiologic detection of heroin packets depends 
on the number, density, air - packet interface, size, and 
position in the GI tract. Plain abdominal x - rays are 
usually sensitive to the presence of heroin packets by 
demonstrating oval or round soft tissue densities high-
lighted by a gas halo or direct visualization of the packets. 
Case reports suggest that the use of contrast - enhanced 
plain abdominal radiography or contrast - enhanced CT 
increases the sensitivity and specifi city of abdominal 
imaging for the detection of heroin packets.  210   There are 
few data on the sensitivity and specifi city of CT for the 
detection of heroin packets. In a study of 124 body 
packers who passed heroin packets, noncontrast abdom-
inal and pelvic CT detected heroin packets in all 124 
body packers, whereas 2 of the 42 body packers undergo-
ing abdominal plain x - rays had false - negative results.  211

However, case reports suggest that contrast - enhanced 
CT may miss a single packet of heroin, particularly 
homogeneous isodense packets.  212   The latter packets 
have Hounsfi eld units (HU) in the range of  − 40 to 30   HU 
compared with water (0 – 20   HU) and soft tissue (40 –
 60   HU). Altering the typical window width and level 
settings for abdominal CT imaging to 600 – 800   HU and 
− 150 to 300   HU, respectively, improves the sensitivity of 
noncontrast CT for the detection of isodense packets.  211

Opium packets are less dense than heroin packets, typi-
cally in the range of 150 – 200   HU. In a preliminary study 
of 12 opium body packers, noncontrast CT detected 
packets in all 12 body packers.  213   The density of these 
packets ranged from 127 – 300   HU. The use of contrast -
 enhanced plain abdominal radiography may interfere 
with subsequent imaging of the abdomen with CT scans. 

 There are few data on the sensitivity of ultrasound 
for the detection of packets of illicit drugs, but in general, 
both ultrasound and MRI are not sensitive techniques 
for the detection of heroin packets in the GI tract.  214   The 
progress of the packets along the GI tract can be 
monitored by the use of amidotrizoate - meglumine 
(Gastrografi n, 0.9   mL/kg) and plain abdominal fi lms 
taken at least 5 hours after ingestion of the contrast if 
CT scans of the abdomen are not indicated.  215

 The lack of sensitivity and specifi city of urine drug 
screens for the detection of body packing limits the 
usefulness of the urine drug screen for determining the 
presence of heroin packets in the GI tract. Heroin 
packets are frequently not accessible to endoscopy and 
the risk of breakage limits the usefulness of this removal 
technique. Oral feeding should be restricted until the 
packets pass into the large intestine. Depending on the 
size of the packets, the use of syrup of ipecac may be 
complicated by esophageal obstruction.  216   Alternatives 

sesses agonistic and antagonistic effects on opioid 
receptors. Although  μ  - opioid receptors mediate respira-
tory depression, both  μ  -  and  κ  - opioid receptors mediate 
sedation. Hence, persistent  κ  - opioid stimulation by 6 -  α  -
 naloxol may cause recurrence of sedation, but not respi-
ratory depression.  

  Supplemental Care 

 Laboratory testing in patients with prolonged coma 
from acute heroin intoxication include analysis of the 
blood for complete blood count (CBC), electrolytes, 
creatinine, hepatic aminotransferases, and creatine 
kinase. The presence of rhabdomyolysis (serum creatine 
kinase > 1,000   IU) indicates the need for generous fl uid 
replacement with monitoring of renal function and 
serum potassium. Urine alkalinization is occasionally 
recommended in the older medical literature, but the 
effi cacy of this method is unclear. 

  Acute Intoxication 

 Complications of an IV heroin overdose are usually 
clinically apparent soon after treatment begins with nal-
oxone. Based on retrospective studies, patients requir-
ing observation for > 3 – 4 hours had intoxication by other 
drugs (ethanol, methadone, propoxyphene) or medical 
problems (e.g., pneumonia, pulmonary edema, hypoxic 
encephalopathy).205   Clinical characteristics of patients 
with an adequate response to naloxone and stable 
medical condition include Glasgow Coma Scale of 15, 
heart rate 50 – 100 beats/min, temperature 35.0 – 37.5 ° C 
(95 – 99.5 ° F), oxygen saturation  > 92%, and respiratory 
rate 10 – 20 breaths/min.  206   Consequently, following an 
IV heroin overdose, patients with normal mental status 
and normal physical examination 4 hours after the 
administration of naloxone may be discharged.  

  Body Packing 

 Figure  31.8  outlines a treatment plan for heroin body 
packers. In contrast to body packers (swallowers, couri-
ers, mules, internal carriers), body stuffers swallow small 
amounts of loosely wrapped drugs, usually to avoid 
arrest by police. Typically, body packers carry about 1   kg 
of heroin divided into 50 – 100 packets of about 10   g 
each.207   Although previous packets were loosely 
wrapped, current smuggling of illicit drugs involves an 
automated process that densely packs the drug into a 
latex sheath (condom, balloon) covered with several 
layers of latex and sealed with a hard wax coating.  208

These processes also use aluminum foil, carbon paper, 
plastic food wrap, or other material to alter the radioden-
sity of the packet. Frequently, the body packers ingest 
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 enhanced plain abdominal radiography should be done 
after decontamination measures and following the 
passage of 2 or 3 stools without packets. Multiple stools 
devoid of packages or an absence of symptoms after 24 
hours of observation are reasonable endpoints for 
observation of these patients. Rare patients may have 
retained packets despite negative abdominal imaging.  211    

  Addiction 

 Medical detoxifi cation of heroin addicts involves the 
substitution of long - acting agonists (methadone, 
buprenorphine) or  α  2  - adrenergic agonists (clonidine, 
lofexidine) for heroin as well as psychosocial treat-
ments (behavioral modifi cation, counselling, family 
therapy).  218,219   Chronic heroin use produces relative 
endogenous opioid defi ciencies as a result of downregu-

to the use of whole bowel irrigation include the admin-
istration of bisacodyl suppositories (Dulcolax  ®  , 
Boehringer Ingelheim Pharmaceuticals, Ridgefi eld, 
CT), activated charcoal mixed with 3% sodium sulfate 
cathartic, and phosphosoda enemas after passage of the 
packets into the large intestine.  217   Oil - based laxatives 
are not recommended because of the potential of these 
laxatives to reduce the tensile strength of the packets. 
There are theoretical concerns that the administration 
of polyethylene glycol solution can increase the GI 
absorption of heroin either by solubilizing heroin 
released from packets or suspending the heroin in solu-
tion and increasing the surface area; however, there are 
inadequate clinical data at the present time to deter-
mine the clinical signifi cance of these concerns or the 
effi cacy of these 2 regimens. Confi rmation of the elimi-
nation of packets by contrast - enhanced CT or contrast -

       FIGURE 31.8.     Treatment algorithm for heroin body packers.  * Contrast - enhanced abdominal computed tomography or contrast -
 enhanced plain abdominal radiography. IV    =    intravenous; PO    =    oral; NG    =    nasogastric.  210    

∗
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ate withdrawal. Typically, the lowest dose of methadone 
effective for maintaining a heroin addict is about 60   mg 
with the dose usually increased gradually to 80 – 120   mg/
day.  222   In general, a trough (i.e., 24 - h postdose) serum 
methadone concentration of 0.4   mg/L correlates to ade-
quate methadone dosing, although symptoms of with-
drawal may occur in some heroin addicts despite 
maintenance doses that produce serum methadone con-
centrations near these trough concentrations.  223

 A major problem with brief opioid detoxifi cation 
programs is the extremely high rate of relapse to illicit 
heroin use. Although maintenance therapy with naltrex-
one is effective in a minority of highly motivated heroin 
addicts, poor compliance with this regimen limits the 
effi cacy of naltrexone in most opioid addicts.  224   The 
daily dosage of methadone administered to pregnant 
women ranges from 10 – 90   mg with a mean of about 
50   mg. Approximately 60% of infants born to women 
on methadone maintenance demonstrate opioid with-
drawal with the severity of these symptoms depending 
on the maternal methadone dose.  222   Mixed agonist -
 antagonists (e.g., nalbuphine, butorphanol, pentazocine) 
should be avoided because of the potential of these 
drugs to cause opioid withdrawal symptoms. The admin-
istration of rifampin, carbamazepine, isoniazid, bar-
biturates, and phenytoin also reduce the plasma 
methadone concentrations; therefore, the use of these 
two drugs with stable methadone doses may precipitate 
opioid withdrawal. Although dysrhythmias do not 
usually occur in patients treated with methadone, a case 
series of 3 patients administered    > 600   mg daily  225   and 
a case series of 17 patients (i.e., mean daily dose 
397    ±    283   mg)  226   associated torsade de pointes with 
high - dose methadone therapy. All these patients had 
markedly prolonged QTc intervals (mean 615    ±    77   msec 
for series of 17 patients), and most of these patients had 
predisposing factors (coronary heart disease, hypokale-
mia, bradycardia) for the development of dysrhythmias. 
Because of the long half - life of methadone, withdrawal 
symptoms from the abrupt cessation of methadone 
treatment beings within 36 – 72 hours. Peak symptoms 
methadone withdrawal peak about 4 – 6 days after ces-
sation of treatment, and the withdrawal symptoms 
resolve over the subsequent 10 – 12 days.  

Buprenorphine.     Buprenorphine is probably more 
effective than clonidine for the treatment of heroin 
addiction; the use of buprenorphine may offer some 
advantages over methadone. A Cochrane review of 
buprenorphine and methadone suggested that the 
severity of heroin withdrawal during the use of 
buprenorphine and methadone was similar, but symp-
toms resolved more quickly with buprenorphine and 
patients were more likely to complete withdrawal 

lation of opioid production. This opioid defi ciency 
creates an intense craving that causes a preoccupation 
with obtaining opioids rather than pursuing more pro-
ductive interests. Methadone relieves these narcotic 
cravings. Levomethadyl acetate (LAAM) is also an 
alternative to methadone and buprenorphine for the 
treatment of heroin addiction, but the concerns about 
the cardiotoxicity (i.e., torsade de pointes) associated 
with high doses of LAAM limits the use of this agent.  220

Although ultrarapid or anesthesia - assisted opioid 
withdrawal and antagonist induction procedures are 
promoted as relatively symptom - free alternatives to 
more traditional methods of withdrawal, there are inad-
equate data to justify the risks associated with these 
procedures. A randomized clinical trial of 106 healthy 
(American Society of Anesthesiologists physical 
status I or II) treatment - seeking, heroin - dependent 
patients compared 1) anesthesia - assisted, rapid opioid 
detoxifi cation/naltrexone induction; 2) buprenorphine -
 assisted, rapid opioid detoxifi cation/naltrexone induc-
tion; and 3) clonidine - assisted opioid detoxifi cation with 
delayed naltrexone induction.  221   The mean withdrawal 
scores were similar between the 3 groups, and the treat-
ment retention rates at 12 weeks were not statistically 
different between the 3 groups (20%, 24%, 9%, respec-
tively). There were 3 potentially life - threatening adverse 
events during the anesthesia procedure. 

Methadone.     Methadone is a long - acting  μ  - opioid 
receptor agonists that produces peak blood concentra-
tions in about 2 – 4 hours with a serum elimination half -
 life of about 24 – 36 hours. Opioid withdrawal frequently 
complicates the hospitalization of opioid - dependent 
addicts for medical illnesses. During inpatient opioid 
detoxifi cation programs, heroin addicts usually receive 
an initial daily methadone dose of 5 – 20   mg orally in 
5 - mg increments depending on the severity of the with-
drawal symptoms and the size of the heroin habit; sub-
sequently, an additional 5 – 10   mg methadone is added as 
required to control abstinence symptoms and until a 
stabilizing dose is reached. Typically, control of absti-
nence symptoms in hospitalized heroin addicts respond 
to daily methadone doses of 10 – 40   mg; however, some 
highly dependent heroin users require substantially 
higher doses. Because of the long duration of action and 
the diffi culty determining the appropriate methadone 
dose based on history, the methadone dose during the 
fi rst 24 – 48 hours must be titrated carefully. After about 
2 – 3 days, the methadone dose is tapered  ∼ 5   mg/day or 
20% per day. Adverse effects associated with metha-
done use include constipation, irregular menstrual 
periods, decreased libido, weight gain, and diaphoresis. 
For maintenance programs, daily methadone doses 
begin at 25 – 35   mg with adjustment of the dose to allevi-
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buprenorphine are equally effi cacious as daily dosing 
schedules.  232   In a pilot study of 30 heroin users, there 
was no statistically signifi cant difference in the Clinical 
Opiate Withdrawal Scale between the high - dose 
buprenorphine regimen (8   mg, 8   mg, 8   mg, 4   mg, and 
2   mg on days 1 – 5, respectively) and the low - dose 
regimen (2   mg, 4   mg, 8   mg, 4   mg, and 2   mg on days 1 – 5, 
respectively).233   Both regimens were superior to cloni-
dine without serious treatment - related adverse events. 

 The slow release of buprenorphine from opioid 
receptors results in a long duration of action. A 
buprenorphine dose of 8   mg sublingual is equivalent to 
an oral methadone dose of 60   mg for the treatment of 
opioid - dependent patients. Advantages of buprenor-
phine over methadone include milder withdrawal symp-
toms, longer duration of action, lack of QT c  prolongation, 
and lower risk of serious overdose.  234   Clinical studies 
suggest that buprenorphine and buprenorphine -
 naloxone have similar effi cacy to moderate doses of 
methadone when used as maintenance therapy for 
opioid dependence,  235   and buprenorphine - assisted with-
drawal from heroin has similar effi cacy in specialty 
clinics and primary care settings.  236   Buprenorphine is 
probably more effective than clonidine for the reduc-
tion of opioid withdrawal symptoms with less adverse 
effects.  237   There are limited data on adverse effects (e.g., 
insomnia, vomiting, headache) following excessive 
doses of buprenorphine. Although there are case reports 
of deaths associated with buprenorphine use,  238   these 
fatalities usually occur following the concomitant use 
of high doses buprenorphine and other drugs (e.g., 
benzodiazepines).  

Ameliorating Agents.     Other medications for the 
treatment of the symptoms of heroin withdrawal include 
antiemetics, oxazepam (30 – 60   mg every 6 hours) for 
muscle spasms, nonsteroidal antiinfl ammatory drugs for 
myalgias, benzodiazepines for insomnia, and clonidine 
for symptoms of excessive sympathomimetic stimula-
tion. Clonidine is an  α  - adrenergic agonist that effec-
tively blocks much of the autonomic symptoms 
associated with opioid withdrawal by decreasing norepi-
nephrine secretion in the locus coeruleus. This drug does 
not alleviate the subjective symptoms of anxiety, muscle 
cramps, insomnia, or drug craving as much as reducing 
doses of methadone. A review of the 24 studies of 1,631 
opioid addicts concluded that opioid withdrawal follow-
ing clonidine and reducing doses of methadone are 
similar; however, adverse effects (hypotension, dizzi-
ness, dry mouth, lack of energy) was higher with cloni-
dine than reducing doses of methadone.  239   A typical 
dose of clonidine is 0.1 – 0.2   mg orally every 4 – 6 hours 
for mild to moderate withdrawal with careful monitor-

treatment with buprenorphine.  227   However, there are 
limited data comparing these 2 treatments and more 
studies are needed to confi rm these preliminary obser-
vations. Buprenorphine is a partial opioid agonist -
 antagonist that requires sublingual administration 
because of poor oral bioavailability. This drug is a partial 
μ  - opioid receptor agonist and a weak  κ  - opioid receptor 
antagonist that has less depressant effects on respiration 
and no signifi cant effect on the QT c  interval. As the dose 
of buprenorphine increases, this drug behaves more like 
an antagonist; withdrawal symptoms can occur, particu-
larly in highly dependent, heroin addicts (i.e.,  > 60   mg 
methadone/daily). The opioid - antagonist activity limits 
the maximal analgesic effects as well as respiratory 
depression associated with buprenorphine use. In the 
United States, the approved sublingual drug is marketed 
as Suboxone  ®   (Reckitt Benckiser, Berkshire, UK) in 
2   mg and 8   mg tablets combined with naloxone 0.5   mg 
and 2   mg, respectively. Because the absorption of oral 
naloxone is poor, the presence of naloxone does not 
cause withdrawal reactions following sublingual admin-
istration, whereas the presence of naloxone theoreti-
cally limits diversion of the tablets for IV abuse. The 
administration of buprenorphine is a treatment both for 
opioid detoxifi cation and for the maintenance of opioid -
 dependent users. Clinical studies suggest that the use of 
buprenorphine - naloxone for the treatment of heroin 
addiction is more effi cacious than rapid detoxifi cation 
based on lower opioid use and higher retention rate in 
the treatment program.  228   The typical dose of buprenor-
phine for detoxifi cation from opioids is 8 – 12   mg sublin-
gually daily for 5 – 7 days with some studies using 
buprenorphine doses as small as 12   mg intramuscularly 
in 8 divided doses over 24 hours.  229   Limited data in 
neonates suggest that buprenorphine may be an alter-
native to methadone or barbiturates for the neonatal 
abstinence syndrome at doses of 0.5 – 1.0    μ g/kg orally 
every 6 hours; however, larger trials are required to 
defi ne the effi cacy of this treatment in neonates.  230

 Therapy with buprenorphine - naloxone should not 
begin until withdrawal symptoms occur. In a random-
ized clinical trial of buprenorphine for the treatment of 
concurrent opioid and cocaine dependence, a sublingual 
buprenorphine dose of 16   mg daily was well tolerated 
and reduced concomitant opioid and cocaine use.  231

Maintenance doses are 4 – 32   mg/day with dosing 
extended to every 2 – 3 days as tolerated. The initial 
induction of detoxifi cation with buprenorphine usually 
occurs under the observation of a physician because of 
the potential for withdrawal symptoms. For inpatients, 
the initial dose typically is 4 – 8   mg sublingually with 
careful observation for withdrawal symptoms. Recent 
studies indicate that less - than - daily dosing schedules of 
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  Chapter 32 

               HISTORY 

 In the 1930s, scientists at the pharmaceutic laboratories 
of the I.G. Farbenkonzern, a subsidiary of Farbwerke 
Hoechst (Frankfurt am Main, Germany) discovered a 
number of basic, substituted diphenylmethane com-
pounds with analgesic properties. In 1939, these German 
scientists fi rst synthesized the compound methadone 
[2 - dimethylamino - 4,4 - diphenylheptanon - (5)], which was 
then numbered Va 10820. Limited clinical testing of Va 
10820 occurred in Germany during World War II under 
the code name Amidon, but this compound was not 
distributed to fi eld hospitals or civilians because of 
side effects during clinical testing.  1   After the war, 
German patents and research records on Amidon were 
brought to the United States; in 1947, the Council on 
Pharmacy and Chemistry in the American Medical 
Association gave the generic name, methadone, to 
Amidon.2   In the same year, Eli Lily initiated commer-
cial production of methadone in the United States 
under the name Dolophine ® . In 1949, Hoechst AG 
released methadone in Germany under the trade 
name Polamidon ® . Methadone exists under a variety of 
trade names throughout the world including 
Adanon® , Adolan ® , Althose ® , Amidone ® , AN - 148 ® , 
Anadon® , Biodone ® , Butalgin ® , Diskets ® , Dolamid ® , 
Dolophine® , Dopridol ® , Eptadone ® , Heptadon ® , 
Heptalgin® , Heptanal ® , Heptanon ® , Ketalgin ® , 
Mephenon® , Metasedin ® , Methadone ® , Methadose ® , 
Methox, Miadone ® , Pallidone ® , Petalgin ® , Phenadone ® , 
Physeptone® , Sedo Rapide ® , Symoron ® , Tussol ® , and 
Westadone ® .  1   In the 1940s, clinical studies on the anal-
gesic properties of methadone demonstrated the poten-
tial for severe respiratory depression and death.  3

Although the mortality from self - poisoning decreased 
in the 1980s and 1990s, the total number of deaths from 
methadone increased as the availability of methadone 
as a prescription drug increased.  4   However, the increase 
in methadone - related deaths was substantially lower 
than the increase in heroin - related deaths.  5   In the fi rst 
decade of the 21 st  century, methadone fatalities increased 
substantially, primarily in the setting of polydrug use 
along with the dramatic increase in the abuse of pre-
scription opioid analgesics.  6

  IDENTIFYING CHARACTERISTICS 

 Methadone (CAS RN: 76 - 99 - 3, 6 - dimethylamino - 4,4 -
 diphenyl - 3 - heptanone) is a synthetic diphenylpropyl-
amine compound with a chemical structure similar to 
propoxyphene (Figure  32.1 ). Methadone and morphine 
differ chemically and pharmacokinetically, but their 
actions and analgesic properties are similar. The com-
parative analgesic potency of methadone and morphine 
is variable, depending on the route of exposure, toler-
ance (i.e., opioid - na ï ve or opioid - tolerant), and dose 
(decreasing at higher doses). In a study of 38 advanced 
cancer patients switched from oral morphine to oral 
methadone, the median oral daily dose of morphine 
before the switch was 145   mg and after the switch the 
median equianalgesic oral methadone dose was 21   mg 
(median morphine/methadone ratio    =    7.75; range, 2.5 –
 14.3).  7   Methadone is a racemic mixture of  R  - ( - ) -  and 
S  - ( + ) - methadone enantiomers in most countries with 
the exception of Germany.   8   Volunteer experiments indi-
cate that R ( - ) - methadone ( l  - methadone) has euphori-
ant properties and suppresses the physical signs of 
opioid dependence, whereas the  S  - ( + ) - enantiomer 
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and criminality, when compared with untreated opioid 
addicts.  16   Methadone intoxication usually involves mul-
tiple drug use in opioid addicts.  17   Accidental methadone 
poisoning also occurs in children, particularly in house-
holds with family members in methadone maintenance 
programs.  18   Since 1987, methadone - related deaths have 
increased in the United Kingdom as a result of several 
factors including the greater availability of medically 
prescribed drugs and prescribing practices that allow 2 
or more prescription sources.  19   Overall, methadone is an 
uncommon cause of drug - related deaths.  20   In a study of 
fatal intoxication in Sweden from 1992 – 2002, metha-
done ranked 38 th  out of 50 drugs associated with fatal 
intoxications.  21   However, among unintentional pharma-
ceutic overdose fatalities, methadone is common. In a 
study of unintentional pharmaceutic drug overdoses in 
West Virginia, methadone was a contributory drug in 
112 (40%) of the 295 deaths in 2006.  6   Methadone was a 
prescribed drug for only 32% of the methadone - related 
deaths. The mortality of heroin abusers in methadone 
treatment is about 8 times higher than the general popu-
lation, but substantially lower than the mortality of 
heroin abusers without methadone treatment as a result 
of the relative decrease in death from natural causes 
and overdose.  22,23    

  Sources 

 Indications for methadone include the detoxifi cation of 
individuals with physical dependence on opioid drugs 
and the maintenance of sobriety in opioid addicts.  24   
Methadone is a centrally acting opioid analgesic, which 
is a heroin substitute that signifi cantly reduces the risk 
of death from accidental heroin overdose for patients 
participating in a methadone maintenance program.  25   
Forms of prescription methadone include methadone 
tablets (5 and 10   mg methadone hydrochloride), 
Dolophine 40   mg (methadone hydrochloride diskets), 
oral solutions (5   mg and 10   mg/5   mL, 10   mg/mL), and 
parenteral (Dolophine hydrochloride, 10   mg/mL). 
Methadone is available commercially in the United 
States as a hydrochloride salt of the racemic mixture. 
The form of methadone containing only the ( R ) -
 enantiomer is available in the European Union and is 
widely prescribed in Germany. The usual source of illicit 
methadone is the diversion of prescribed methadone.  26   
Rarely, methadone contaminates prescription medica-
tion as a result of inadvertent errors during the fi lling 
of prescriptions.  27    

  Methods of Abuse 

 Abuse of methadone occurs via ingestion and IV injec-
tion. Inhalation of methadone is rare. Most cases of 

( d  - methadone) is inactive.  9,10   Based on limited clinical 
data, the analgesic potency of  R ( - ) - methadone is about 
50 times higher than  S ( + ) - methadone as measured by 
the Hardy - Wolff - Goodell apparatus;  11   there is substan-
tial interspecies variation in experimental tests on the 
analgesic potency of methadone.  12   Although the ( R ) -
 enantiomer accounts for most of the opioid effects of 
racemic methadone, pharmaceutic preparations of 
methadone are racemates due to cost .  Methadone is 
highly lipid soluble. Clinical studies indicate that block-
ade of the human ether -  à  - go - go (hERG) voltage - related 
potassium channel is isomer - dependent with the ( S ) -
 methadone isomer being substantially more potent than 
the ( R ) -  methadone isomer.  13       

 Methadone is a schedule II drug (US Controlled 
Substances Act) for use in the treatment of opioid 
addiction and chronic pain, primarily in oral prepara-
tions. An intravenous (IV) formulation of methadone is 
available for the palliative treatment of cancer pain; 
however, the propensity of the preservative (i.e., chlor-
butanol) in this formulation to enhance the delayed 
cardiac repolarization associated with methadone limits 
the use of this preparation.  14   Oral methadone contains 
sucrose as a means to prevent the IV abuse of oral 
methadone mixtures.  15   The hypertonic sucrose causes 
local tissue necrosis if injected. Most illicit methadone 
is diverted from pharmaceutic uses; therefore, illicit 
methadone typically contains few impurities.  

  EXPOSURE 

  Epidemiology 

 Methadone maintenance treatment for opioid depen-
dence is an effective method for reducing opioid abuse 

       FIGURE 32.1.   Chemical structure of methadone.  

  TABLE 32.1.    Physical Properties of Methadone. 

   Physical Property     Value  

  pK a  Dissociation Constant    8.94 (25 ° C/77 ° F)  
  log P (Octanol - Water)    3.93  
  Water Solubility    48.5   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    1.12E - 06   mm Hg (25 ° C/77 ° F)  
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  TOXICOKINETICS 

  Absorption 

 The absorption of methadone following ingestion is 
rapid and almost complete with detectable methadone 
concentrations appearing in plasma within 30 minutes 
of oral administration.  37   The low hepatic extraction ratio 
of oral methadone accounts for relatively high bioavail-
ability (i.e. about 70 – 90%); absorption of methadone is 
not stereoselective. In a study of 8 opioid abusers receiv-
ing 20   mg methadone, the bioavailability of methadone 
was 0.79    ±    0.21 with a range of 0.41 – 0.99.  38   The gastric 
absorption of oral methadone doses is slower in opioid 
users than opioid - na ï ve individuals. In a study of 13 
opioid - na ï ve individuals and 17 opioid users receiving 
oral methadone, the mean absorption half - lives were 0.2 
hour and 0.73 hour, respectively.  33   Following the regular 
daily administration of 100 – 120   mg methadone to 5 
opioid - dependent individuals, the peak plasma metha-
done concentrations occurred about 2 – 4 hours after 
ingestion.39   Rectal administration of methadone is an 
alternative to oral use in cancer patients as the absorp-
tion of methadone by this route is rapid with high bio-
availability. In a study of 7 healthy volunteers receiving 
10   mg d 5  - methadone - HCl rectally, the mean absolute 
rectal bioavailability of methadone was 0.76 (95% CI: 
0.69 – 0.82) compared with 0.86 (95% CI: 0.72 – 0.99) for 
a similar oral dose.  40   The mean time to peak plasma 
methadone concentration was more rapid for rectal 
administration (mean, 1.4   h; 95% CI: 0.83 – 2.0   h) than 
ingestion (mean, 2.8   h; 95% CI: 1.3 – 4.3   h). The bioavail-
ability of methadone via insuffl ation is suffi cient to 
cause death when methadone is surreptitiously substi-
tuted for other drugs of abuse used intranasally.  41   In a 
cross - over study of 8 healthy volunteers, the mean bio-
availabilities of 10 - mg doses of methadone adminis-
tered orally and nasally were approximately 0.85.  42

The maximum plasma methadone concentration and 
the time of maximum effects as measured by dark -
 adapted pupil diameter following the nasal dose 
occurred at 7 minutes and 30 minutes after administra-
tion, respectively.  

  Distribution 

 Methadone undergoes a rapid distribution phase into a 
large volume of distribution followed by a slow elimina-
tion phase. This drug is widely distributed to fat, lung, 
liver, kidney, spleen, blood, and urine.  43   The mean appar-
ent volume of distribution was approximately 3.5   L/kg 
after the IV administration of 10 – 30   mg methadone to 
8 chronic pain patients including 5 cancer patients.  44   A 
study of 5 opioid addicts receiving daily methadone 

methadone intoxication and abuse are associated 
with polydrug use. Abuse of benzodiazepines by metha-
done maintenance patients is very common with a 
majority of these patients using benzodiazepines in 
addition to methadone, particularly by patients with 
concomitant psychiatric disorders and histories of poly-
drug use.  28,29   In a cross - sectional study of urine drug 
screens from 2 US drug treatment centers, 65 – 70% of 
the drug screens were positive for benzodiazepines.  30

Based on self - reported drug use, the median daily dose 
of diazepam (i.e., the most common benzodiazepine) 
was 40 – 45   mg with the dose usually ingested in the hour 
before methadone treatment to enhance the effect of 
methadone.   

  DOSE EFFECT 

 Because of the variability in response to methadone, the 
initial outpatient dose of methadone in maintenance 
programs is ≤ 30   mg with an upper range of 25 – 40   mg in 
highly tolerant individuals.  15   For patients with uncertain 
or low tolerance, the initial methadone dose is 10 – 20   mg. 
The dose is increased 5 – 10   mg/day depending on the 
development of withdrawal symptoms and the craving 
for heroin with close physician supervision. Patients in 
methadone maintenance programs typically receive 
about 50   mg daily, but daily doses range up to 180 –
 300   mg daily. Volunteer studies indicate that 100   mg of 
methadone blocks the euphoriant effects of 25   mg of 
heroin in most participants for 48 hours, whereas all 
participants developed euphoria after receiving 25   mg 
heroin 72 hours after ingesting 100   mg methadone.  31

The IV administration of 75   mg heroin produced eupho-
ria in 4 of 6 participants despite the ingestion of 100   mg 
of methadone 48 hours prior to the heroin injection. 

 Doses greater than 30   mg of oral methadone consis-
tently cause sedation in opioid - na ï ve individuals.  32   In a 
study of healthy opioid - na ï ve volunteers, adverse effects 
associated with the ingestion of 10 – 15   mg methadone 
included nausea, vomiting, and lightheadedness.  33   Only 
4 of 17 opioid addicts developed adverse effects (nausea, 
vomiting, sedation) after receiving a mean methadone 
dose of 39    ±    17   mg (range, 15 – 80   mg). Case reports 
suggest that 1   mg/kg of methadone may cause fatal 
apnea in children.  34,35   Therefore, the potentially fatal 
dose in young children is ∼ 10 – 20   mg. Case reports indi-
cate that some tolerant individuals can receive up to 
400   mg methadone subcutaneously without serious 
adverse effects, whereas some nontolerant adults 
develop severe respiratory depression after receiving 
40   mg methadone intravenously or 70   mg methadone 
orally.  36   These studies also indicate that opioid -
 dependent adults lose their tolerance to methadone 
after 5 weeks of abstinence.  
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 3,3 - diphenylpyrrolidine (EDDP) and 2 - ethyl - 5 - methyl 
- 3,3 - diphenylpyrroline (EMDP), pyrrolidone, pyrroline, 
hydroxymethadone, hydroxypyrroline, methadol, and 
hydroxypyrrolidine.  50,51   Methadone also undergoes 
hydroxylation and dealkylation of the  N  - methyl groups. 
The dealkylated metabolites are unstable, resulting in 
spontaneous cyclization to form EDDP.  N  - demethylation 
of EDDP also occurs. Because of the large fi rst - pass 
effect, the peak EDDP plasma concentration occurs 
prior to the peak methadone plasma concentration. In 
a study of 20 opioid - dependent individuals on chronic 
methadone therapy, the mean time to peak EDDP and 
methadone concentrations in plasma were about 2.5 
hours (range, 1.0 – 6.7   h) and 3.7 hours (range, 1.8 – 6.8   h), 
respectively.  52     

 Minor metabolic pathways include the formation of 
the active metabolites, hydroxymethadone and various 
methadol metabolites.  53   Figure  32.3  displays the minor 
metabolites of methadone. Methadone biotransforma-
tion involves several cytochrome P450 isoenzymes, but 
there is a lack of consensus on the exact role of each 
isoenzyme. Initial  in vitro  studies suggested that 
CYP3A4 is the primary hepatic CYP450 isoenzyme 

doses of 10 – 60   mg demonstrated a mean steady - state 
volume of distribution of approximately 6.7   L/kg with 
range of 4.2 – 9.2   L/kg.  45   Methadone is highly bound to 
plasma protein, predominately to the  α  1  - acid glycopro-
tein portion with a bound fraction ranging from about 
71 – 89%.  46,47   Methadone binds strongly to orosomucoid 
2 ( α  1  - acid glycoprotein variant) and to a lesser extent to 
orosomucoid 1.  48   The free fraction of methadone varies 
directly with plasma  α  1  - acid glycoprotein concentra-
tions with a range of about 6 – 14%. Interindividual vari-
ation in binding to  α  1  - acid glycoprotein contributes to 
the differences in individual response to racemic metha-
done in addition to variability in cytochrome P450 
activity.  49    

  Biotransformation 

 The biotransformation of methadone is stereoselective 
with large interindividual variation, primarily involving 
 N  - demethylation and cyclization of methadone in the 
liver to inactive pyrrolidine metabolites. Figure  32.2  
displays the major metabolites of methadone. Metha-
done metabolites include 2 - ethylidene - 1,5 - dimethyl -

       FIGURE 32.2.   Major metabolites of 
methadone (adapted from Kreek, 
1976).   53     
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  Elimination 

 The kidney excretes unchanged methadone and gluc-
uronide metabolites with about one - half of a single, 
methadone dose appearing in the urine as unchanged 
methadone and metabolites over the fi rst 96 hours after 
ingestion.  59   Methadone has a long elimination half - life. 
In a study of healthy volunteers receiving an oral meth-
adone dose of 8 – 15   mg, the median terminal plasma 
elimination half - life of methadone ranged from 33 – 46 
hours (depending on the method of calculation).  33   There 
is wide individual variation (i.e., 15 – 55   h) in the termi-
nal plasma elimination half - life of methadone. In a 
study of 5 opioid addicts stabilized on 10 – 60   mg metha-
done daily, the mean plasma elimination half - life was 
about 27 hours (95% CI: 14 – 39   h).  45   The terminal plasma 
elimination half - life of the 2 methadone enantiomers 
was similar in some studies,  60   but the elimination half -
 life of the ( R ) - enantiomer was slightly longer than the 
( S ) - enantiomer in another study (37.5   h and 28.6   h, 
respectively).  61   In a study of a 44 - year old man found 

involved with the biotransformation of methadone, 
whereas other cytochrome P450 isoenzymes (e.g., 
CYP2B6, CYP2D6, CYP2C9, CYP2C19) participate in 
the biotransformation of methadone to a lesser extent 
than CYP3A4.  54,55   However,  in vivo  studies indicate that 
CYP2B6 has a prominent role in the biotransformation, 
particularly the chiral  N  - demethylation of methadone.  56   
There is substantial variation in the individual expres-
sion of CYP3A4; this isoenzyme is inducible resulting 
in modest individual variation in the biotransformation 
of methadone. The methadone dose accounts for  < 50% 
of the variation in plasma methadone concentrations in 
studies of methadone maintenance patients, whereas 
CYP3A4 activity accounts for approximately 20% of 
the variation in plasma methadone concentrations 
based on pharmacokinetic studies of CYP probes.  57   
CYP3A4 is not stereoselective, whereas CYP2C19 
prefers the  R  - ( - ) - enantiomer. Case reports suggest that 
CYP3A5 polymorphism may account for rapid metha-
done clearance and relatively low methadone concen-
trations in some individuals.  58      

       FIGURE 32.3.   Minor metabolites 
of methadone (adapted from 
Kreek, 1976).   53     
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  Tolerance 

 The development of tolerance to methadone results in 
cross - tolerance to other opioids with similar properties. 
However, the cross - tolerance is not complete because 
methadone acts at several central nervous system (CNS) 
receptor sites in addition to the μ  - opioid receptor 
including the δ  - opioid and NMDA receptors, whereas 
heroin acts primarily at the μ  - opioid receptor. The cross -
 tolerance of methadone to other opioids varies between 
individuals and predicting the degree of cross - tolerance 
is diffi cult. Consequently, tolerance to heroin does not 
guarantee tolerance to all the effects of methadone or 
other opioids. 

 Partial tolerance develops to the respiratory and 
pupillary effects of methadone, but the tolerance to the 
respiratory depressant effects of methadone does not 
necessarily occur at the same rate as the tolerance to 
the euphoriant or analgesic effects.  71,72   The development 
of tolerance requires more time for methadone than for 
morphine with tolerance to the methadone - induced 
respiratory effects occurring over 1 year in some indi-
viduals.  73   Tolerance develops to reductions in tidal 
volume, but not to reductions in CO 2  sensitivity.  74

  Drug Interactions 

 The biotransformation of methadone is complex, involv-
ing several CYP450 isoenzymes; therefore, there are a 
substantial number of potential drug interactions based 
on in vitro  studies. A substantial portion of the  in vitro
methadone metabolism occurs by the inducible P450 
isoenzyme, CYP3A4, whereas most  in vivo  metabolism 
of methadone in humans occurs via CYP2B6. The clear-
ance of methadone increases severalfold between the 
initial dose of methadone and steady - state concentra-
tions.  63   Concomitant administration of certain drugs 
(e.g., phenytoin, rifampicin, zidovudine, barbiturates, 
spironolactone, verapamil, diethylstilbestrol, and ami-
triptyline) induces CYP3A4 and potentially increases 
methadone clearance. Rifampin lowers plasma metha-
done concentration, increases methadone urinary excre-
tion, and increases fecal excretion of the major 
pyrrolidine metabolite.  53,75   The initiation of phenytoin 
or rifampin accelerates methadone clearance and can 
cause withdrawal symptoms in the fi rst several days of 
drug administration.  76   Protease inhibitors (e.g., indina-
vir, ritonavir) are potent inhibitors of hepatic and intes-
tinal CYP3A isoforms including CYP3A4. However, 
the clinical signifi cance of this potential drug interaction 
is unclear. In an  in vivo  study, 12 healthy volunteers 
received IV and oral methadone alone and in addition 
to 100   mg ritonavir/800   mg indinavir twice daily.  77   The 
ritonavir/indinavir dose was suffi cient to produce    > 90% 

comatose with depressed respiration after ingesting an 
estimated 240   mg methadone, the plasma elimination 
half - life of the ( R ) -  and ( S ) - enantiomers was 16.1 hours 
and 13.2 hours, respectively.  62

 Increasing plasma methadone concentrations occur 
when repeat doses of methadone are administered 
within 6 hours. The induction of P450 isoenzymes 
requires about 2 – 3 weeks; therefore, the clearance of 
methadone gradually increases during this induction 
period.63   The urinary excretion of methadone is pH 
dependent as a result of reduced renal tubular reabsorp-
tion of methadone with decreasing urine pH.  59   Hence, 
the renal clearance of methadone increases in acidic 
urine. Above a urinary pH of 6, the renal excretion of 
unchanged methadone is 4% of the absorbed dose, but 
renal excretion increases substantially when urinary 
pH is    < 6.  8   The plasma elimination half - life of metha-
done in a study of 8 opioid abusers receiving 20   mg 
methadone orally was 19.5    ±    3.6 hours following urinary 
acidifi cation and 42.1    ±    8.8 hours following urinary 
alkalinization.38   Methadone remains in the plasma long 
after the analgesic effects of methadone subside.   64

  Maternal and Fetal Kinetics 

 Methadone crosses the placenta and may cause respira-
tory depression in the fetus. Methadone metabolism 
increases during pregnancy, resulting in lower plasma 
methadone concentrations. Case reports suggest that 
symptoms of withdrawal can occur in women during 
pregnancy despite maintaining the same methadone 
doses that suppressed withdrawal symptoms prior to 
pregnancy.  65   In general, methadone concentrations in 
breast milk of lactating mothers in methadone mainte-
nance programs are low and remain stable over time 
with relative infant dose usually < 5% of the maternal 
weight - adjusted dose.  66   In a study of 12 breast - feeding 
women on daily methadone doses of 20 – 80   mg, the 
mean milk/plasma ratio was 0.44 (95% CI: 0.24 – 0.64).  67

The mean infant dose as a percentage of the maternal 
dose was 2.79% (95% CI: 2.07 – 3.51%) with an esti-
mated mean methadone dose for the infant of 17.4    μ g/
kg (95% CI: 10.8 – 24    μ g/kg) assuming 100% bioavail-
ability. Case reports suggest that secretion of metha-
done into breast milk from lactating mothers in 
methadone maintenance programs is minimal,  68   and the 
American Academy of Pediatrics lists methadone as a 
maternal medication usually compatible with breast-
feeding.  69   A retrospective study suggested that high -
 dose (i.e.,  > 100   mg daily) methadone maintenance 
therapy is not associated with an increased risk of 
adverse fetal outcomes (neonatal abstinence, infant 
hospitalization) when compared with low - dose (i.e., 
< 100   mg daily) methadone maintenance therapy.  70
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affi nity for the  μ  - opioid receptor than methadone (K i,
3.51   nM).  87   Stimulation of these opioid receptors 
increases potassium channel opening by reducing pro-
duction of cAMP as a result of the inhibition of adenyl-
ate cyclase activity. Inhibition of inward Ca ++  currents 
results from the opening of voltage - operated calcium 
channels. The increased K +  conductance, decreased Ca ++

conductance, and the subsequent reduction in mem-
brane excitability provide a molecular mechanism for 
the analgesic activity of methadone and other opioids.  88

Mu and delta receptor agonist activity produce syner-
gistic effects on respiratory depression. Table  32.2  lists 
the pharmacologic properties of opioid receptor sub-
types. Naloxone has lower affi nity for the  δ  - opioid 
receptors compared with the μ  - opioid receptors. The 
miosis associated with opioid intoxication results from 
increased cholinergic stimulation of the nucleus of the 
oculomotor nerve (cranial nerve III). Blockade of ace-
tylcholine release in the reticular activating system by 
methadone produces CNS depression. In contrast to 
morphine, hydromorphone, and naltrexone, animal 
studies suggest that methadone and the d  -  and  l  -  
enantiomers of methadone have noncompetitive antag-
onist activity at the NMDA receptor similar to 
dextromethorphan.89

  Mechanism of Toxicity 

 Methadone and heroin are the major opioids associated 
with respiratory depression and death following opioid 
overdose. The medullary centers control respiration 
with peripheral input from chemoreceptors and other 
sources. Opioids reduce chemoreceptor sensitivity via 
μ  - opioid receptor stimulation and depress medullary 
centers via μ  -  and  δ  - opioid receptor stimulation. Opioids 
(e.g., methadone) initially reduce tidal volume and 
decrease CO 2  sensitivity of the respiratory center che-
moreceptors. Larger doses of methadone depress both 
tidal volume and respiratory rate.  90   Glutamate and 
GABA are the major excitatory and inhibitory neu-
rotransmitters, respectively. Alcohol facilitates opioid -
 induced respiratory depression by decreasing the 
excitatory effect of glutamate at NMDA receptors.  91

 During myocardial repolarization, potassium ions 
exit the myocardial cells via the slow component (I Ks ) 
and rapid component (I Kr ) potassium channels. The 
human ether - a - go - go - related gene (HERG) encodes 
the rapid channel protein, and methadone blocks 
the human ether - a - go - go - related gene potassium 
current (I HERG ) with an IC 50   < 3    μ M similar to L -  α  -
 acetylmethadol.  92   Subsequently, QT c  prolongation 
occurs because of the reduced potassium effl ux during 
repolarization, similar to over 100 other drugs.  93

Potential factors contributing to the development of 

inhibition of hepatic and fi rst - pass CYP3A activity. 
There was no statistically signifi cant effects of the 
administration of ritonavir/indinavir on plasma metha-
done concentrations, bioavailability, renal methadone 
clearance, or plasma methadone concentration - effect 
relationships when compared with baseline values of 
each volunteer. The lack of a signifi cant drug interaction 
in this study refl ects the importance cytochrome P450 
isoenzymes (e.g., CYP2B6) other than CYP3A4 in the 
biotransformation of methadone.  In vivo  volunteer 
studies of fosamprenavir 700   mg/ritonavir 100   mg twice 
daily for 14 days and methadone indicate that this com-
bination causes a small reduction (i.e., mean, 18%) in 
total plasma ( R ) - methadone concentration without a 
signifi cant change in free plasma ( R ) - methadone con-
centration; therefore, no reduction in methadone dosage 
is recommended when administered with this antiviral 
agent, consistent with the importance of CYP2B6 com-
pared with CYP3A4.  78

 Ketoconazole, erythromycin, paroxetine, cimetidine, 
and fl uoxetine can increase plasma concentrations of 
methadone by inhibiting CYP3A4 based on in vitro
studies, but the relevance of this potential drug interac-
tion is limited because of the importance of other cyto-
chrome P450 isoenzymes (e.g., CYP2B6) in  in vivo
human metabolism of methadone. These potential 
inhibitory effects last only a few days compared with the 
2 – 3 weeks required for the induction of CYP3A4 isoen-
zymes. Case reports suggest that potential drug interac-
tion between methadone and fl uvoxamine (but not 
fl uoxetine) may be clinically signifi cant.  79,80   Diazepam 
(10 – 40   mg) enhances some of the subjective and physi-
ologic effects of methadone (drug - liking, high, good-
ness) in some opioid addicts.  81,82   However, the 
concomitant administration of diazepam and metha-
done does not signifi cantly alter methadone metabo-
lism.83,84   Central nervous system depressant drugs (e.g., 
alcohol, sedative - hypnotic, barbiturates) synergistically 
enhance the respiratory depression of methadone 
depending on individual tolerance and pharmacogenet-
ics.  85   Although disulfi ram enhances  N  - demethylation of 
methadone and increases urinary excretion of the major 
pyrrolidine metabolites of methadone, the interaction 
between methadone and disulfi ram is not clinically 
signifi cant.  86

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Methadone is a central - acting analgesic with high affi n-
ity for μ  - opioid receptors and some affi nity for the  δ  -
 opioid receptors. Morphine (K i,  1.41   nM) has a higher 
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appears normal, and there is no anatomic evidence of 
other potential causes of death.  102   The lack of unique 
pathologic changes complicates the determination of 
the cause of death in relation to the roles of fatal dys-
rhythmias and respiratory depression.   

  CLINICAL RESPONSE 

  Medical Use 

 Adverse effects associated with the use of methadone 
include headache, constipation, pruritus, lightheaded-
ness, dry mouth, anorexia, drowsiness, blurred vision, 
sweating, myoclonus, confusion, and hallucinations  103

along with hypotension and bradycardia following high 
methadone doses.  104   Peak effects (e.g., sedation, altered 
perception, analgesia, CNS depression) occur approxi-
mately 3 hours after ingestion of therapeutic doses, but 
in some cases the onset of peak effects may be delayed. 
Rare case reports associate high doses of methadone 
during palliative therapy with myoclonus  105   and toxic 
leukoencephalopathy manifest by high - intensity 
changes in the T2 - weighted magnetic resonance images 
of cerebral white matter with sparring of the subcortical 
U - fi bers and posterior fossa structures.  106,107

  Overdose 

 Methadone overdose produces classic symptoms of 
opioid intoxication including CNS depression (lethargy, 
stupor, coma), respiratory depression, and miosis.  108

sudden death in methadone users with relatively low 
postmortem methadone concentrations include cardiac 
dysrhythmias and drug - induced respiratory failure. The 
cause of death in these situations is probably multifacto-
rial, and the causal role of methadone is not well defi ned.  

  Postmortem Examination 

 Deaths in patients receiving methadone typically involve 
drug abuse - related causes (overdose), liver failure, pul-
monary emboli, sepsis, human immunodefi ciency virus 
(HIV), trauma (self - infl icted, accidents, homicide, 
burns), and other causes (kidney failure, cancer, infec-
tions).94   The postmortem fi ndings in patients dying from 
methadone intoxication are nonspecifi c and usually 
include evidence of IV drug abuse (e.g., hyperplasia of 
the lymph nodes of the porta hepatis, hepatic triaditis, 
cutaneous stigmata).  95   The most frequent postmortem 
fi nding during autopsies of methadone - related fatalities 
is pulmonary congestion and edema.  96   Findings of 
severe pulmonary edema are typical during postmortem 
examination of methadone - induced fatalities. In a study 
comparing 39 methadone - related fatalities with a 
control group of 75 homicide victims with a history of 
opioid abuse, the mean lung weights were 1306   g and 
914   g, respectively.  97   Other fi ndings include broncho-
pneumonia, aspiration pneumonia,  98   cerebral edema,  99

and medical complication of IV drug abuse (e.g., viral 
hepatitis, bacterial endocarditis, pulmonary fi bro-
sis).100,101   In most, but not all postmortem examinations 
of methadone - related deaths, the cardiovascular system 

TABLE 32.2.    Pharmacologic Properties of Opioid Receptor Subtypes.  15

   Receptor Type     Mu 1  ( μ1 )     Mu 2  ( μ2 )     Delta 1  ( δ1 )     Delta 2  ( δ2 )     Kappa ( κ )  

  Analgesia    Supraspinal/spinal    Spinal    Spinal synergistically 
with μ  - opioid 
receptors

  Peripheral 
independent of 
μ  - opioid receptors  

  Spinal  

  Respiratory effect    Decrease tidal 
volume

      Decrease frequency    Decrease frequency    Decrease  

  Pupil response    Constriction    Miosis    Constriction    Constriction    Dilatation  
  GI motility    Urinary retention    Constipation            Alters intestinal 

motility
  Smooth muscle    Contraction        Contraction    Contraction     —   
  Behavior/affect    Euphoria, sedation, 

indifference
  Nausea, vomiting    Sedation        Dysphoria, 

sedation
  Neurologic    Inhibit neuronal 

activity, open K  +  

channel, close 
Ca+  +  

  Inhibits NE, 
substance P 
release

  Inhibit neuronal 
activity, adenylate 
cyclase  

  Inhibit substance P 
release

  Inhibit DA 
release

  Heart rate    Slows         —      —       
  Opioid activity    Reinforcing        Reinforcing          

Abbreviations:  GI, gastrointestinal; NE, norepinephrine; DA, dopamine.   
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marily as a result of individual differences in methadone 
tolerance and pharmacokinetics. The initial plasma 
elimination half - life of methadone in opioid addicts can 
be substantially longer than later in the treatment 
program, and the initial prolonged elimination half - life 
allows the accumulation of methadone along with 
potential adverse effects.  122   Other risk factors for meth-
adone intoxication include persistent use of other illicit 
drugs, consumption of illicit methadone, poor compli-
ance with methadone dosing schedule, inadequate 
hepatic clearance of methadone secondary to liver 
disease, and inappropriate or rapid escalation in metha-
done dosing.  123,124

 The common scenario of a methadone - related over-
dose is a methadone - treated heroin addict found dead 
in the morning after being seen the preceding night 
appearing intoxicated (euphoria, ataxia, slurred 
speech).97   Death is rarely sudden, and the toxicity fol-
lowing oral methadone is delayed in contrast to the 
more immediate toxicity of IV heroin and fentanyl 
derivatives.  125   In a study of 87 adult fatalities with posi-
tive drug screens for methadone, the mean time between 
methadone use and death was about 5 – 6 hours.  126

Polydrug use (e.g., alcohol, benzodiazepines) potenti-
ates the respiratory depressant actions of methadone.  127

Although the use of benzodiazepines by patients in 
methadone treatment programs is frequent, comparison 
of unintentional fatal overdoses of methadone and 
other opioid analgesics does not demonstrate increased 
benzodiazepine use in the methadone group.  128

Occasionally, fatalities occur in children of patients in 
methadone maintenance programs, when the child 
ingests the patient ’ s medication.  129

  Sudden Death 

 The risk of fatal cardiac dysrhythmia during methadone 
maintenance therapy appears relatively low; however, 
determination of the prevalence of fatal dysthymias is 
complicated by the lack of clinical data in patients dying 
while being treated with methadone.  130   Occasional case 
reports associate the therapeutic postmortem metha-
done concentrations with sudden death as defi ned by 
death within 24 hours of being seen alive and asymp-
tomatic or within 1 hour of the witnessed onset of symp-
toms. In a case series of 22 sudden cardiac deaths in 
patients in methadone maintenance programs, the prev-
alence of detectable cardiac abnormalities was 23% 
(n     =    5).  131   All these patients had postmortem blood 
methadone concentration < 1   mg/L; however, the appro-
priateness of the antemortem doses cannot be accu-
rately determined from postmortem data. The prevalence 
of cardiac abnormalities (coronary artery narrow-
ing    > 50%, left ventricular hypertrophy  > 95% of the 

Symptoms of intoxication usually develop within 2 – 3 
hours of ingestion; onset of symptoms after 9 hours is 
unusual. In a retrospective study of poison center data 
on 44 calls related to methadone, all symptoms devel-
oped within 9 hours after ingestion.  109   The mean esti-
mated dose of methadone was about 100   mg; all 
symptoms resolved within 24 hours. Miosis is not a sen-
sitive sign of methadone poisoning, particularly in chil-
dren.34   Normal or increased pupillary diameter can 
occur with high plasma methadone concentrations and/
or hypoxia. The level of consciousness ranges from 
drowsiness to profound coma. Respiratory depression 
is the most common, serious complication of methadone 
intoxication, particularly in weakly tolerant individuals 
initiating high - dose methadone therapy.  110   Respiratory 
depression persists several days during methadone 
intoxication, and severe methadone intoxication fre-
quently requires naloxone administration for several 
days. A case report of a 22 - year - old man, who ingested 
420   mg methadone, was observed sleeping with normal 
respirations 41 hours after ingestion.  111   Shortly thereaf-
ter, the naloxone infusion was stopped, and  ½  hour later 
he was observed sleeping. The patient was found dead 
in his bed 3 hours later. Other complications of opioid 
overdose include hypotension, bradycardia, hypother-
mia, rhabdomyolysis, and renal dysfunction.  112   Rarely, 
case reports associate the development of acute respira-
tory distress syndrome with methadone toxicity follow-
ing IV or oral use.  113,114   The development of pulmonary 
edema occurs in patients during methadone intoxica-
tion prior to the use of naloxone. Case reports docu-
ment transient, acute bilateral sensorineural hearing 
loss during methadone overdoses that resolved within 
24 – 96 hours.  115,116

  Fatalities 

  Overdose 

 Deaths from methadone overdose typically involve one 
of the following 3 scenarios: 1) excessive or repetitive 
doses of illicit methadone used to obtain euphoria, 2) 
drug interaction of licit or illicit methadone and other 
CNS depressants (ethanol, benzodiazepines, opioids), 
and 3) accumulation of fatal concentrations of metha-
done following treatment for dependency or chronic 
pain.117   Fatalities related to methadone frequently occur 
in individuals who obtain the drug without medical 
supervision.118,119   Fatalities from the sole ingestion of 
methadone are relatively rare compared with fatalities 
from IV heroin use.  120,121   Case reports suggest that the 
highest risk of death during methadone maintenance 
for heroin addiction occurs in the fi rst few days to 2 
weeks after the initiation of methadone treatment, pri-
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neonatal abstinence syndrome.  137   Methadone treatment 
is continued through pregnancy in opioid - dependent 
mothers to prevent fl uctuating opioid concentrations 
and withdrawal episodes in the fetus. Birth weights of 
neonates born to methadone - dependent mothers are 
lower than neonates born to nonopioid - dependent 
mothers of similar socioeconomic backgrounds, but are 
higher than the birth weight of neonates born to opioid -
 dependent mothers without methadone treatment pro-
grams. The risk of preterm delivery and stillbirth for this 
group of mothers on methadone maintenance is also 
higher than overall rates in general hospitals.  134   In a 
study of 141 infants born to opioid - dependent mothers 
in methadone treatment programs and 127 infants born 
to nonopioid - dependent mothers, the mean birth 
weights were 2,953    ±    438   g and 3,210    ±    488   g, respec-
tively.  138   The difference was statistically signifi cant 
( P     <    .001). The control group was matched for socioeco-
nomic status, race, and maternal age. At 6 - month follow -
 up, there was no statistically signifi cant difference 
between the 2 groups in the scores on the Bayley Scale 
of Mental Development.  89   Some neonates born to 
mothers in methadone maintenance programs develop 
moderate to severe opioid withdrawal symptoms (see 
Abstinence Syndrome). In general, methadone is not 
considered teratogenic; no specifi c congenital abnor-
malities are associated with methadone treatment 
during pregnancy with the exception of Pierre Robin 
sequence in methadone - exposed mothers in a retro-
spective Irish cohort study of 61,030 singleton births at 
an urban maternity hospital.  139     

  DIAGNOSTIC TESTING 

   SI  Units: 

    1 3 75ng/mL nmol/L≈ .  

   1 0 266nmol/L ng/mL≈ .    

  Analytic Methods 

 Methods for the quantitation of methadone and the 
main metabolite, 2 - ethyl - 1,5 - dimethyl - 3,3 - dipheny-
lpyrrolinium (EDDP) in biologic samples include the 
following: high performance liquid chromatography 
with UV detection following liquid - liquid extraction 
(interassay bias  < 10%; CV  < 15%),  140   high performance 
liquid chromatography with diode array detection after 
solid phase extraction (lower limit of quantitation 
[LLOQ], 1   ng/mL; accuracy,    ± 8%),  141,142   liquid chroma-
tography/mass spectrometry after solid - phase extrac-
tion and separation with a Sunfi re column using a 

upper limit of normal, dilated cardiomyopathy, myocar-
ditis) was higher than the number of cardiac abnormali-
ties ( n     =    64,  P     =    .002) in a comparison series of 106 cases 
of sudden death with no evidence of methadone use. 
Cases with evidence of recreational drug use or drug 
overdose were excluded from both comparison groups. 
No other drugs were reported in the toxicology screen 
for blood samples from 8 of the 17 individuals without 
evidence of cardiac disease; none of the blood samples 
had detectable concentrations of benzodiazepines.   

  Abstinence Syndrome 

 The onset of withdrawal symptoms following cessation 
of drug use is slower for methadone than heroin. 
Additionally, methadone withdrawal is less intense and 
more prolonged compared with heroin withdrawal. 
Observational studies indicate that the abstinence 
symptoms associated with methadone begin about 
24 – 48 hours after cessation of methadone with peak 
symptoms about 2 – 6 days after initial withdrawal symp-
toms of vomiting and diarrhea.  132   The subjective effects 
of methadone and heroin withdrawal are similar except 
that muscle cramps and arthralgias are not typically 
prominent during methadone withdrawal. Manifestations 
of methadone withdrawal include nausea, vomiting, 
diarrhea, weakness, anxiety, insomnia, abdominal dis-
comfort, headache, sweating, and hot and cold fl ashes. 
Although lethargy may persist for 6 – 8 weeks, with-
drawal symptoms usually subside within 10 days and 
resolve completely within 2 – 3 weeks. 

 Withdrawal symptoms occur 7 – 10 days after birth in 
neonates born to mothers chronically receiving metha-
done, and these withdrawal symptoms typically require 
treatment for about 1 month.  89   A meta - analysis of the 
medical literature indicates that the severity of the neo-
natal abstinence syndrome depends on several factors; 
the incidence of neonatal withdrawal is not clearly 
related to the methadone dose.  133   In a study of 450 
singleton pregnancies of women prescribed substitute 
methadone for drug abuse during pregnancy, 48.5% 
developed neonatal abstinence syndrome requiring 
morphine therapy.  134   Neonatal withdrawal symptoms 
include tremors, irritability, hyperactivity, excessive 
crying, vomiting, and elevated temperature.  135,136   
Disturbance of sleep patterns, poor fi ne motor coordi-
nation, and excessive crying can persist in these neo-
nates for several months after withdrawal ceases.  

  Reproductive Abnormalities 

 Adverse fetal outcomes associated with opioid -
 dependent women on methadone during their preg-
nancy include preterm birth, low birth weight, and 
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undergoes degradation to pyrrolidine metabolites when 
stored at room temperature.  

  Biomarkers 

 Some secretion of methadone into the acid environ-
ment of the stomach occurs as a result of the diffusion 
of methadone from surrounding blood vessels in addi-
tion to the postmortem diffusion of methadone from fat. 
Typically, the stomach fl uid/postmortem blood metha-
done ratio is    ≤ 4 following IV methadone use, whereas 
this ratio is    ≥ 10 following the ingestion of methadone.  125

Hence, a postmortem stomach fl uid/blood methadone 
ratio exceeding 10 suggests antemortem ingestion of 
methadone. The postmortem methadone concentra-
tions in urine and bile typically exceed the postmortem 
blood concentration of methadone.  43   In a series of 22 
cases with methadone present in postmortem blood 
samples, the mean bile/femoral blood methadone ratio 
was 15.25.  157   The concentration of the metabolite, EDDP 
usually exceeds the methadone concentration in bile.  43,158

Methadone concentrations in vitreous humor do not 
correlate well to postmortem blood concentrations of 
methadone.  159

  Blood 

 Following the administration of IV methadone, the 
mean whole blood/plasma ratio was 0.75    ±    0.03 as mea-
sured by radioimmunoassay.  160

Therapeutic Use.     Following the administration of 
15   mg methadone to 5 healthy individuals, the mean 
peak total methadone plasma concentration was 74   ng/
mL 4 hours after ingestion; the mean plasma methadone 
concentration decreased to 29   ng/mL 24 hours after 
ingestion.59   The mean trough methadone concentration 
in plasma samples from 6 individuals receiving daily 
methadone doses of 80   mg in a methadone maintenance 
program was 420    ±    97   ng/mL.  161   The mean peak plasma 
methadone concentration 4 hours after daily adminis-
tration of 100 – 120   mg methadone was approximately 
860   ng/mL.  39   Figure  32.4  displays the methadone time -
 concentration from this study. In a study of 50 opioid 
addicts treated with a mean, daily racemic methadone 
dose of 95    ±    44   mg, the mean methadone plasma con-
centration just prior to dispensing the daily methadone 
dose was highly variable (296    ±    176   ng/mL; range, 97 –
 1,094   ng/mL).  162   In a study of 20 long - term opioid 
addicts receiving mean daily methadone doses of 60   mg 
(range, 10 – 225   mg), the steady - state plasma methadone 
concentration ranged from 65 – 630   ng/mL with peak 
concentrations ranging from 124 – 1,255   ng/mL as mea-
sured by GC/MS after solid - phase extraction.  52   The 

gradient mode (limit of detection [LOD], 0.5 – 1   ng/mL; 
CV < 10%),  143   capillary electrophoresis/atmospheric 
pressure ionization/mass spectrometry,  144   gas chroma-
tography/electron impact mass spectrometry,  145   and 
gas chromatography/mass spectrometry (GC/MS) in 
selected ion monitoring with solid phase extraction at 
pH 6.0.  146   High injector - port temperatures in gas 
chromatography potentially induce the thermal conver-
sion of methadone to EDDP as an artifact. Reducing 
the GC injector - port temperature reduces the observed 
EDDP concentrations, but other methods (e.g., liquid 
chromatography/mass spectrometry) may be necessary 
if such conversions occur.  147   Methods to quantitate 
the enantiomers of methadone and EDDP include 
chiral liquid chromatography/tandem mass spec-
trometry.  148,149   The LOD and LLOQ for this method are 
0.001   mg/L (mg/kg) and 0.003   mg/L (mg/kg), respec-
tively, with a coeffi cient of variation  < 6.3%. Enan-
tioselective liquid chromatography/mass spectrometry 
allows the quantitation of both free and total enantio-
mers of methadone and EDDP with accuracy and 
precision < 5 – 10%.  150,151   Meconium is a more complex 
media than blood as a result of the presence of bile acids 
and other excretory products; liquid chromatography/
atmospheric pressure chemical ionization/tandem 
mass spectrometry allows the quantitation of metha-
done and EDDP after solid - phase extraction with 
LLOQ in the range of 5   ng/g.  152   The placenta is an alter-
native sampling site to meconium for determination of 
methadone and EDDP concentrations, when meconium 
is unavailable; however, the placental methadone/
EDDP concentrations and sampling time are substan-
tially less than those in meconium.  153   Methods for the 
quantitation of methadone and EDDP in breast milk 
include high performance liquid chromatography 
with UV detection after liquid - liquid extractions,  67

liquid chromatography/atmospheric pressure chemical 
ionization/tandem mass spectrometry following protein 
precipitation and solid - phase extraction,  154   and gas 
chromatography/electron impact mass spectrometry 
after protein precipitation (acetonitrile) and solid - phase 
extraction.155

 Most of the uncertainty in analytic techniques results 
from preanalytic (e.g., clotting, heterogeneity, water 
content, sampling technique, storage) rather than varia-
tion in analytic processes. In a study of the preanalytic 
variation of postmortem methadone measurements 
from left and right femoral vein samples, preanalytic 
variation (CV%) for R  - ( - ) -  and  S  - ( + ) - enantiomers was 
3 – 4% compared with 19 – 21% for preanalytic varia-
tion.156   For EDDP enantiomers, the CV% was higher 
(4 – 6% vs. 30 – 38%, respectively). Methadone is unstable 
when stored at room temperature for 24 hours due to 
the formation of N  - oxides.  53   Additionally, pyrrolidine 
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and plasma methadone concentrations confi rm expo-
sure rather than guide treatment.  

  Postmortem.     Interpretation of the signifi cance the 
postmortem methadone blood concentrations requires 
careful analysis of several factors including the timing 
and dose of methadone, prior drug use and tolerance, 
concomitant medications, clinical history immediately 
prior to death, disease states, postmortem interval and 
redistribution, condition/storage of blood samples, site 
of sampling, and analytic methods in addition to the 
blood methadone concentration. Similar to other lipo-
philic bases with large volumes of distribution, metha-
done pharmacokinetics suggest the possibility of 
substantial postmortem redistribution. Other factors 
that contribute to uncertainty relating postmortem to 
antemortem methadone concentrations include interin-
dividual variation in the active/inactive enantiomer 
( R / S ) ratio and preanalytic variation. Although the 
mean  R / S  ratio is near unity, the range extends at least 
from about 0.5 – 2.5.  167,168   The median  R / S  ratio in 10 
samples of postmortem femoral blood was 1.46 (range, 
1.00 – 2.62).  148   Methadone was a cause or contributing 
factor to the death of most of these 10 individuals. 
Additionally, multiple drugs are frequently present 
during analysis of postmortem blood samples, particu-
larly morphine, benzodiazepines, and cocaine.  169   

  Concentrations.     Even though some authors associate 
postmortem blood concentrations exceeding 400 –
 1,000   ng/mL in nontolerant adults with apnea and 
death,  170   interpretation of postmortem methadone con-
centrations must always include an evaluation of the 
circumstances surrounding the death and the clinical 
history. Plasma methadone concentrations    > 1,000 –
 3,000   ng/mL can occur in patients receiving chronic 
methadone therapy.  15,171   Consequently, determination of 
the signifi cance of postmortem methadone concentra-
tions in any situation depends on a variety of factors as 
listed in the fi rst part of the Postmortem section. In 96 
postmortem cases with positive drug screens for metha-
done, the mean postmortem blood concentrations of 
methadone for methadone - related and nondrug - related 
deaths in members of methadone maintenance pro-
grams were 1,310   ng/mL (range, 180 – 3,990   ng/mL) and 
1,160   ng/mL (range, 180 – 3,030   ng/mL), respectively.  171   
The mean methadone concentration in postmortem 
blood from chronic pain patients dying of natural causes 
was 520   ng/mL. Substantial overlap in postmortem 
methadone concentrations between drug - related and 
traumatic deaths also occurred in a case series from 
Palm Beach County, Florida.  172   The mean methadone con-
centration in postmortem samples from methadone - only 
related deaths was 559   ng/mL (range, 114 – 1,949   ng/mL) 

plasma concentration of the primary metabolite 
(EDDP) ranged from 5 – 55   ng/mL with peak concentra-
tions ranging from 10 – 301   ng/mL.   

 In a methadone maintenance program, 31 patients 
received daily methadone doses ranging from 3 – 100   mg. 
The plasma methadone concentration at steady state 
increased approximately 263   ng/mL for each 1   mg/kg 
increase in the methadone dose.  163   However, these 
patients were not under direct observation, and some 
patients were excluded because of obvious noncompli-
ance. Consequently, this value is an approximation. 
Plasma methadone concentrations prior to the next 
methadone dose of 150 – 200   ng/mL are suffi cient to sup-
press withdrawal symptoms; plasma concentrations 
below 50   ng/mL are associated with withdrawal symp-
toms.  164,165   Withdrawal symptoms are unlikely when the 
plasma methadone concentration exceeds 500 – 700   ng/
mL. Some patients are highly tolerant of methadone. A 
25 - year - old heroin addict on a daily methadone dose of 
360   mg had a plasma methadone concentration of 
2,800   ng/mL associated with drowsiness, but no other 
adverse effects.  166   As a result of the large variability in 
clinical response to methadone, most patients in metha-
done maintenance programs are monitored for clinical 
effects rather than plasma methadone concentrations.  

  Overdose.     There are few data on the plasma metha-
done concentration during methadone overdose. In 
general, treatment is guided by the clinical presentation, 

       FIGURE 32.4.   Time - concentration curve of mean plasma 
methadone concentration after ingestion of 100 – 120   mg 
methadone by 5 individuals in a methadone maintenance 
program.  (Reprinted by permission from Macmillan Publishers 
Ltd.: Clinical Pharmacology and Therapeutics, Vol. 13, CE 
Inturrisi, K Verebely, The levels of methadone in the plasma 
in methadone maintenance, p. 635, 1972.)   

00

200

400

600

P
la

sm
a 

m
et

ha
do

ne
 (

ng
/m

L) 800

1,000

1 2 4 6 8 10 24
Hours



32 METHADONE

591

increases over antemortem blood trough concentra-
tions, depending on site - variation,  179   time between death 
and withdrawal of the sample, and the presence or 
absence of unabsorbed drug reservoirs in the lungs and 
stomach.180   Postmortem methadone concentrations at 
specifi c sites can increase severalfold during the post-
mortem period. In a study of 15 autopsy cases with two 
sampling sites, the ratio of subclavian/heart blood 
ranged from 0.30 – 2.03 (mean, 1.10;  n     =    9) with the 
highest ratio recorded from a trauma - related death.  181

The inferior vena cava/heart blood ratio for 2 cases was 
0.81 and 4.13, whereas the single femoral/heart blood 
ratio was 0.90. Postmortem methadone concentration in 
urine and bile typically exceeds the postmortem con-
centration of methadone in blood.  43   Furthermore, meth-
adone is not distributed evenly between plasma and 
whole blood; as noted above, the approximate  antemor-
tem  ratio of whole blood/plasma methadone ratio is 
about 0.75. The postmortem methadone whole blood/
plasma ratio will vary substantially based on the water 
content at the specifi ed site. A prolonged perimortem 
period between the administration of methadone and 
death, as suggested by the development of broncho-
pneumonia, may account for relatively low postmortem 
concentrations. As a result of these factors, the postmor-
tem methadone blood concentration following metha-
done overdoses overlap the range of plasma methadone 
concentrations of healthy individuals in methadone 
maintenance programs.    

  Hair 

 Daily doses of methadone produce the highest hair 
methadone concentrations in axillary hair followed by 
pubic hair and scalp hair. In a study of 10 patients 
receiving daily oral doses of 10 – 25   mg methadone, 
methadone concentrations in axillary hair ranged from 
1.3 – 8   ng/mg hair compared with 1 – 4   ng/mg for pubic 
hair and 0.5 – 2.7   ng/mg for head hair as measured by 
radioimmunoassay.  182   The methadone concentration in 
a convenience sample of scalp hair from methadone 
patients in a detoxifi cation center ranged from 0 – 15   ng/
mg as measured by GC/MS after a methanol wash and 
solid - phase extraction.  183   Stereoselective analyses of 
methadone in hair samples indicate a relatively higher 
concentration of the R  - enantiomer than the  S  -
 enantiomer. In a study of 9 methadone patients from a 
detoxifi cation center, the concentrations of  R  -  and  S  -
 enantiomers of methadone ranged from 2.58 – 10.22   ng/mg 
and 1.89 – 9.53   ng/mg, respectively, whereas the  R  -  and  S  -
 enantiomers of EDDP ranged from 0.42 – 1.73   ng/mg and
0.40 – 2.10   ng/mg, respectively.  184   Analysis of the enantio-
mers involved enzymatic hydrolysis, solid phase extrac-
tion, and quantitation by liquid chromatography/ion 

compared with a mean methadone concentration of 
605   ng/mL (range, 72 – 2,700   ng/mL) in traumatic deaths 
with positive drug screen for methadone. In a case series 
of 11 methadone - related deaths, the mean methadone 
concentration in postmortem blood was 725   ng/mL with 
a range of 200 – 2,400   ng/mL.  173   The mean methadone 
concentration in postmortem blood samples from 8 
deaths in this study involving only methadone and ben-
zodiazepines was similar (mean, 548   ng/mL, range, 200 –
 1,000   ng/mL). Although benzodiazepines are commonly 
found in blood samples from patients dying from 
methadone - related causes,  170,174   there are inadequate 
data to determine a specifi c postmortem benzodiaze-
pine concentration that contributes signifi cantly to 
death. Consequently, each case involving both benzodi-
azepines and methadone must be interpreted consider-
ing all the data available. 

 Methadone concentrations in postmortem samples 
from children dying of methadone intoxication are 
usually lower than adult cases. Postmortem blood 
samples from 5 methadone - induced fatalities of children 
under the age of 14 years contained blood methadone 
concentrations ranging from 200 – 489   ng/mL (mean, 
332   ng/mL).  175   A 5 - month - old girl was pronounced dead 
at home after the mother placed methadone in the 
child ’ s bottle for sedation.  176   The postmortem metha-
done and EDDP concentrations in femoral blood 
samples were 1,071   ng/mL and 148   ng/mL, respectively. 

 The methadone/EDDP ratio does not clearly sepa-
rate methadone - related and methadone - incidental 
deaths. 2 - Ethyl - 5 - methyl - 3,3 - diphenylpyrroline (EMDP) 
is a less common methadone metabolite in postmortem 
samples than EDDP; when present, the EMDP concen-
tration in postmortem blood is usually < 10   ng/mL. In 46 
autopsy cases that screened positive for methadone, no 
postmortem peripheral blood samples contained 
detectable EMDP concentrations (LLOQ, 10   ng/mL); 
however, 17 liver samples contained EMDP concentra-
tions above 40   ng/mL.  177   As during life, the  R  - enantiomer 
concentrations of methadone in postmortem blood 
samples exceed the S  - enantiomer. In a study of 90 post-
mortem femoral blood samples containing methadone, 
the R / S  - enantiomer ratio was 1.38, slightly higher than 
that in a living person.  178   This study did not detect a 
signifi cant contribution of polymorphism in the expres-
sion of CYP3A4, CYP2B6, or P - glycoprotein on the 
variability in the response to methadone. There were no 
statistically signifi cant differences in the  R  - enantiomer/
total methadone ratios between deaths associated with 
methadone or between methadone plus benzodiaze-
pines or other drugs.  

Redistribution.     Postmortem redistribution accounts 
for most of the postmortem blood concentration 
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screened with CEDIA urinary EDDP immunoassay 
and the EMIT ®  (Dade Behring, Siemens Healthcare 
Diagnostics, Erlangen, Germany; cutoff calibrator con-
centration of 300   ng/mL) urinary methadone immuno-
assay, the positive rates for the 2 screening methods 
were 46% and 39%, respectively.  192   Of the 108 samples 
positive for EDDP and negative for methadone by 
immunoassay, GC/MS confi rmed the presence of meth-
adone in all 99 samples tested. There are few data on 
the methadone metabolite/methadone ratio in urine 
specimens from acute fatalities or chronic methadone 
therapy. A case series of 4 autopsies of methadone -
 related fatalities indicated that the methadone 
metabolite/methadone ratio was < 1, whereas the ratio 
in urine samples from 4 patients on chronic methadone 
therapy ranged from 1.28 – 5.45 (mean, 3.8).  193

 The chemical structure of methadone and verapamil 
are similar, resulting in cross - reaction of some vera-
pamil metabolites with some immunoassays (e.g., 
Diagnostic Reagents, Inc., Dearborn, MI) for metha-
done.  194   However, false - positive cross - reactivity does 
not usually occur if the individual is ingesting metha-
done therapeutically. A 9 - year - old boy with diphenhydr-
amine intoxication had a positive rapid urine drug 
screen (One Step Multi - Drug, Multi - Line Screen Test 
Device; ACON Laboratories, San Diego, CA) for meth-
adone; GC/MS failed to confi rm the presence of metha-
done.  195   Case series suggest that false - positive methadone 
urine drug screens may occur during quetiapine therapy. 
In a series of 10 inpatients on quetiapine including 2 
patients on only quetiapine, the COBAS ®  Integra 
Methadone II test kit using KIMS (kinetic interaction 
of microparticles in solution) methodology (Roche 
Pharmaceuticals, Nutley, NJ) was positive; GC/MS did 
not confi rm the presence of methadone.  196

  Abnormalities 

  Blood 

 Rhabdomyolysis, hyperkalemia, hypocalcemia, hyper-
phosphatemia, and myoglobinuric renal failure can 
develop from muscle damage secondary to prolonged 
immobilization and coma. However, case reports suggest 
that myoglobinuric renal failure can occur during meth-
adone intoxication without coma or prolonged immobi-
lization.197   Rarely, the chest x - ray demonstrates evidence 
of pulmonary edema secondary to the acute respiratory 
distress syndrome after IV or oral administration of 
methadone.  198   The most common radiologic fi nding is a 
bilateral patchy alveolar pattern with nonuniform, 
asymmetrical infi ltrates.  199   The distribution of the infi l-
trates can be lobar and unilateral, requiring clinical 
signs/symptoms to differentiate pulmonary edema from 

spray/mass spectrometry. The methadone concentration 
in hair does not correlate well to the methadone dose 
or concentration in blood as measured by gas 
chromatography/ion trap/mass spectrometry after acid 
hydrolysis and solid phase extraction.  185   EDDP was 
detectable in only about 50% of 26 hair samples (9 
blond, 6 brown, 4 light brown, 4 unknown, 1 red, 1 gray, 
1 red/brown) from methadone patients in this study at 
a LLOQ of 0.2   ng/mg. The location of the hair samples 
was not reported. Potential external contamination 
complicates the interpretation of methadone and EDDP 
in hair samples as a means to determine multiple epi-
sodes of prior methadone ingestion.  186

  Saliva 

 Methadone accumulates in saliva as a result of the ion-
ization of methadone (pKa    =    8.9, 25 ° C/77 ° F) in the 
acidic saliva (pH    =    5.6 – 7.0); however, the salivary pH 
does not alter the salivary concentration of EDDP. 
Consequently, changes in salivary pH alter the diffusion 
of methadone into saliva, resulting in higher methadone 
concentrations at lower pH and a poor correlation 
between salivary and plasma methadone concentrations. 
Studies of saliva/plasma methadone ratios in methadone 
maintenance patients range from < 1 – 10.  187   Additionally, 
the type of collection method also alters the saliva/
plasma methadone ratio.  188   Although the presence of 
methadone in oral fl uid can document exposure to 
methadone, the salivary methadone concentration does 
not imply behavioral or motor impairment.  189

  Urine 

 As excretion of methadone into urine is pH dependent, 
the ratio of methadone to the metabolite, 2 - ethylidene -
 1,5 - dimethyl - 3,3 - diphenylpyrrolidine (EDDP) varies 
substantially between individuals; additionally, the 
EDDP/creatinine ratio displays inter - individual varia-
tion.190   Urine immunoassays for methadone are specifi c 
for methadone; however, many urine drug screens do 
not include methadone in the urine drug panel. 
Immunoassays with a methadone cutoff of 300   ng/mL 
are common methods of screening opioid abusers in 
methadone maintenance programs. The EMIT - ETS ™  
d.a.u. (Syva Co., San Jose, CA) immunoassay screens 
meconium samples specifi cally for methadone at a 
cutoff of 200   ng/mL (ng/g) with little cross - reactivity for 
the methadone metabolites such as EDDP and 2 - 
ethyl - 5 - methyl - 3,3 - diphenylpyrroline (EMDP).  191   The 
CEDIA EDDP immunoassay (Microgenics Corporation, 
Fremont, CA) is a sensitive and reliable screening tech-
nique for determining EDDP in urine samples at a 
cutoff of 100   ng/mL. In a study of 1,381 urine specimens 
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patients on therapeutic doses of methadone.  212   Episodes 
of ventricular fi brillation in these cases may spontane-
ously revert to sinus rhythms.   

  Driving 

 Although experimental tests indicate that some impair-
ment of psychomotor skills occurs in chronic methadone 
users, the reduction in driving skills is probably not suf-
fi cient to cause major driving impairment in the absence 
of excessive or other drug use. In general, opioid -
 dependent individuals in methadone maintenance pro-
grams perform signifi cantly worse than age - , gender - , 
and education - matched controls in a variety of neuro-
psychologic domains including information processing, 
attention, short - term visual memory, delayed visual 
memory, short - term verbal memory, long - term verbal 
memory, and problem solving.  213   Interpretation of the 
signifi cance of these studies is complicated by confound-
ing variables including the concomitant use of drugs 
(e.g., heroin, benzodiazepines, ethanol) and medical 
complications (e.g., IV drug use, head injuries) that 
may impair driving skills. Preliminary studies suggest 
that at least some of the cognitive impairment associated 
with methadone results from comparing matched 
groups of abstinent opioid users and opioid - dependent 
individuals in methadone maintenance programs.  214

Neuropsychologic testing of patients in methadone 
maintenance programs suggests some impairment rela-
tive to controls in psychomotor speed (digit symbol sub-
stitution and trail - making tests), attention, tachistoscopic 
tasks, sensorimotor coordination, working memory 
(two - back task), and decision making (gambling task).  215

In general, these changes are within  < 0.5 – 0.7 standard 
deviations of the control groups, and there is no correla-
tion between methadone dose and the test performance 
of stabilized methadone maintenance patients.  216

Enrollment in a methadone maintenance program was 
not associated with impairment in time estimation, con-
ceptual fl exibility, or long - term memory. In non - opioid 
users, methadone causes some impairment of psycho-
motor skills and perception, primarily in reaction time, 
information processing, and visual acuity. However, 
most patients, who are stabilized in chronic methadone 
treatment programs for at least 1 month, do not demon-
strate similar impairment, probably due to tolerance.  217

 The driving ability of methadone maintenance 
patients depends more on the presence of polydrug use 
and personality (self - control, self - reliance, apprehen-
sion, psychiatric disorders) rather than methadone 
therapy or dose.  187   Examination of driving records sug-
gests that accident rates of abstinent heroin addicts in 
methadone maintenance programs and age -  and sex -
 matched controls are similar.  218   In a Norwegian study of 

pneumonia. The radiographic abnormalities associated 
with methadone - induced pulmonary edema usually 
resolve within 24 – 48 hours. The development of pulmo-
nary edema is not related to the dose of methadone.  

  Cardiac 

 Cardiac dysrhythmias during methadone intoxication 
are unusual, and sudden death is rare. The sources of 
data linking methadone and serious ventricular dys-
rhythmias are case reports, case series, and small retro-
spective studies with inadequate data from systematic 
prospective studies to establish methadone as a sole, 
specifi c cause of fatal ventricular dysrhythmias (i.e., tor-
sades de pointes). Current evidence indicates that the 
occurrence of torsade de pointes in opioid - dependent 
patients usually occurs in the presence of multiple co -
 existing risk factors for QT c  prolongation.  200,201   Case 
reports suggest that these risk factors potentially include 
the presence of high - dose therapy ( > 100   mg daily), 
recent increase in methadone dose,  202   concomitant 
therapy with drugs (e.g., citalopram, clarithromycin, 
cocaine, fl uconazole, olanzapine, sertraline) that prolong 
the QT c  interval, unrecognized congenital long QT 
interval syndrome in individuals without the phenotypic 
expression of the prolonged QT interval under normal 
conditions,  203   and associated electrolyte abnormalities 
(hypokalemia, hypomagnesemia).  204,205   In a 17 - week, 
randomized clinical trial, the mean QT c  interval 
increased approximately 30 msec in the high - dose meth-
adone group (60 – 100   mg daily), when compared with 
baseline at intake.  206   Approximately 23% of the 55 par-
ticipants in this group had prolonged QT c  intervals at 
the end of the study as defi ned by QT c  exceeding 470 
msec in men or 490 msec in women. These abnormalities 
occur most commonly in patients with daily methadone 
doses of 600 – 700   mg, particularly in association with 
hypokalemia. Signifi cant risks of serious ventricular 
dysrhythmias occurs when the QTc interval exceeds 
500   msec; however, clinically signifi cant QTc prolonga-
tion (i.e., QTc  > 500   msec) is unusual, even in patients 
monitored because of known risk factors (hypokalemia, 
hypomagnesemia, QT - prolonging drugs, inhibitors of 
methadone metabolism).  207,208   In a study of 109 patients 
from an outpatient methadone clinic, 2 patients (1.8%) 
had clinically signifi cant QTc prolongation ( > 500   msec) 
and the methadone dose correlated to QT c  prolonga-
tion.209   All of these patients had received stable doses 
of methadone for at least 2 months before testing. 
Serious ventricular dysrhythmias can occur during these 
episodes of QT c  prolongation including torsades de 
pointes and ventricular tachycardia.  210,211   Case reports 
associate the development of ventricular fi brillation fol-
lowing torsades de pointes with severely hypokalemic 
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presence of altered mental status increases the risk of 
aspiration of the activated charcoal.  221

  Elimination Enhancement 

 Hemodialysis is unlikely to increase methadone elimi-
nation because of high protein binding and the exceed-
ingly large volume of distribution of methadone. Hence, 
hemodialysis is indicated only in the presence of hyper-
kalemia and renal failure to treat the complications of 
renal dysfunction rather than to remove methadone.  

  Antidotes 

 Because of the prolonged elimination half - life of meth-
adone, serious methadone intoxication may require 
continuous naloxone infusion to prevent recurrence of 
respiratory depression and alteration of consciousness, 
particularly during the fi rst 12 – 24 hours.  222   The usual 
infusion dose is two - thirds of the effective naloxone 
dose per hour as a continuous infusion. Close monitor-
ing of mental status and oxygenation for at least 2 – 4 
hours in a monitored setting after discontinuation of the 
naloxone infusion is required to ensure that altered 
mental status and respiratory depression do not recur.  

  Supplemental Care 

 Most patients with serious methadone intoxication 
should be hospitalized for 48 – 72 hours to detect delayed 
respiratory depression, particularly children. Reversal 
of methadone - induced respiratory depression with nal-
oxone may be followed by recurrence of respiratory 
depression when the opioid antagonist effects of 
naloxone are no longer present. Elevated serum cre-
atine kinase, myoglobinuria, and renal dysfunction 
can complicate methadone intoxication; all seriously 
intoxicated patients should be evaluated for electrolyte 
imbalance, renal dysfunction, and myoglobinuria. 
Treatment options for patients in methadone 
maintenance programs with QT c  prolongation include 
reduction of the methadone dose, substitution of 
buprenorphine, and insertion of an implantable 
cardioverter - defi brillator.  223

  Withdrawal 

 Withdrawal symptoms of neonates born to opioid -
 dependent mothers on methadone are highly variable, 
ranging from none to severe.  224   In general, the neonatal 
abstinence syndrome associated with methadone with-
drawal is more moderate and prolonged than similar 
heroin or morphine addiction as a result of the long 
plasma elimination half - life of methadone. Treatment of 

635 drivers apprehended for suspected driving under 
the infl uence of drugs with methadone present in their 
blood, methadone was the only psychoactive drug in 10 
cases.  219   The mean whole blood methadone concentra-
tion in those 10 drivers was 460 ng/mL (range, 190 –
 650   ng/mL) as measured by liquid chromatography/
mass spectrometry (LLOQ, 30   ng/mL). Of the 8 drivers 
receiving clinical tests of impairment soon after appre-
hension, 5 drivers were considered impaired. There 
was no correlation between the whole blood methadone 
concentrations and the test results (impaired/not 
impaired).   

  TREATMENT 

  Stabilization 

 Treatment of methadone overdose is similar to the 
general treatment of opioid intoxication (see Heroin 
Treatment). The main life - threatening complications 
are respiratory depression and hypotension. Patients 
should be carefully monitored for the development of 
respiratory insuffi ciency with pulse oximetry, capnom-
etry, and arterial or venous blood gases as needed. 
Patients with inadequate ventilation require bag - value -
 mask ventilation with 100% oxygen and the administra-
tion of naloxone 0.2 – 0.4   mg IV. Although the rate of 
subcutaneous absorption of naloxone is slower than the 
IV route, diffi culty obtaining IV access may result in 
similar onset of action via these 2 routes of administra-
tion, at least in the prehospital setting.  220   If no improve-
ment in respiration or hypotension occurs within 3 – 5 
minutes, additional doses (0.4 – 2   mg) of naloxone should 
be administered parenterally. Criteria for endotracheal 
intubation include inability to ventilate with bag - valve -
 mask, poor oxygenation (i.e., oxygen saturation  < 90%) 
despite adequate ventilation and supplemental oxygen, 
and persistent hypoventilation after doses of naloxone 
exceeding 2 – 4   mg. Because of the long half - life of meth-
adone, naloxone infusion (0.2   mg/h or two - thirds of the 
effective naloxone dose/h) is usually necessary for up to 
48 – 72 hours along with close monitoring of oxygen satu-
ration and mental status. If pulmonary signs or symp-
toms (e.g., cough, tachypnea, pink frothy sputum, rales) 
of pulmonary edema develop, a chest x - ray should be 
obtained to detect pulmonary edema and aspiration 
pneumonia. Hypotension usually responds to adequate 
doses of naloxone and IV fl uid therapy.  

  Gut Decontamination 

 Theoretically, activated charcoal is an option if the 
patient presents within 1 – 2 hours of methadone inges-
tion, but there are few data to guide management. The 
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neonatal withdrawal involves the administration of oral 
doses of methadone from 0.1 – 0.5   mg/kg/d depending on 
the severity of withdrawal symptoms. The methadone 
dose is tapered over 2 – 4 weeks.  

  Addiction 

 Compared to detoxifi cation programs, methadone 
maintenance treatment more effectively reduces heroin 
use, decreases risky HIV - associated behavior and crimi-
nal activity, and improves life functioning.  225   However, 
high rates of illicit heroin use and diversion of metha-
done persist despite enrollment in methadone mainte-
nance treatment programs. There is substantial regional 
variation in the doses of methadone administered by 
methadone maintenance programs.  226   In general, low 
daily doses (20 – 35   mg) of methadone are less effective 
than moderate doses (50 – 80   mg). A study of steady -
 state, moderate -  (40 – 50   mg) and high - dose methadone 
(80 – 100   mg) suggests that the high - dose group had 
lower rates of positive opioid drug screens (53% and 
62%, respectively,  P     =    .047).  227   Both doses substantially 
reduced the rates of illicit opioid use. Federal regula-
tions in the United States discourage the use of metha-
done doses exceeding 100   mg, although some studies 
suggest the methadone doses over 100   mg reduce illicit 
opioid use among heroin abusers unresponsive to mod-
erate methadone doses.  228

 Because of clinically signifi cant variation in the toler-
ance and individual pharmacokinetics of methadone, 
the induction dose of methadone for the fi rst few weeks 
is low (i.e., 20 – 30   mg up to 40   mg) depending on the 
estimated degree of previous opioid use and tolerance. 
For patients with uncertain or low tolerance, the initial 
methadone dose is 10 – 20   mg. The dose is increased 
5 – 10   mg daily, depending on the development of with-
drawal symptoms and craving for heroin. Adverse 
effects associated with methadone therapy, particularly 
at high doses, include sweating, constipation, insomnia, 
somnolence, decreased libido, and diffi culty with orgasm.        
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  Chapter 33 

               HISTORY 

 In 1979, Davis et al reported the development of a 
parkinsonian illness in a 23 - year - old graduate student, 
who injected a synthetic meperidine congener, 
1 - methyl - 4 - phenyl - 4 -N  - propionoxypiperidine (MPPP, 
4 - propyloxy - 4 - phenyl -N  - methylpiperidine) for several 
months prior to becoming ill.  1   While experimenting 
with this synthetic drug, the student began increasing 
the temperatures of the illicit process to reduce reaction 
times. This change introduced a contaminant (MPTP 
or 1 - methyl - 4 - phenyl - 1,2,5,6 - tetrahydropyridine) that 
later was identifi ed as the cause of his parkinsonian 
condition. During the 18 - month course of his illness, the 
drug - induced motor disturbances initially responded to 
dopamine receptors agonists. Following a fatal cocaine 
overdose, postmortem examination of this patient 
revealed marked loss of nigrostriatal cells in the mid-
brain. In 1983, Langston et al reported the development 
of a similar parkinsonian illness in 4 intravenous (IV) 
drug abusers within 1 week of injecting a  “ synthetic 
heroin. ”   2   Subsequent criminal investigations traced the 
source of this synthetic heroin to a clandestine labora-
tory that was formulating a structural analog of meperi-
dine and alphaprodine, called MPPP (desmethylprodine). 
Analysis of samples from the material injected by 2 of 
these patients demonstrated primarily 1 - methyl - 4 -
 phenyl - 1,2,5,6 - tetrahydropyridine (MPTP) with trace 
amounts of MPPP. As a contaminant of MPPP synthesis, 
MPTP was subsequently identifi ed as the etiologic agent 
responsible for the development of the parkinsonian 
illness.  

  IDENTIFYING CHARACTERISTICS 

 Figure  33.1  displays the chemical structure of MPTP 
(CAS RN: 28289 - 54 - 5), which has a molecular formula 
of C 12 H 15 N. MPTP is a 4 - phenyl piperidine derivative 
that is structurally related to meperidine and alphapro-
dine. The lipophilic properties of MPTP allow diffusion 
of this protoxin across the blood – brain barrier before 
detoxifi cation; once in the brain, MPTP is converted to 
the toxic metabolite, 1 - methyl - 4 - phenylpyridinium 
(MPP+ , cyperquat, CAS RN: 48134 - 75 - 4). MPTP along 
with a variety of MPTP analogs display high potency for 
monoamine oxidase B. However, there is no defi nite 
structure - activity relationship for MPTP analogs; most 
MPTP analogs studied to date have less neurotoxicity 
than MPTP despite strong affi nity for monoamine 
oxidase B.  3   Table  33.1  lists some of the physical proper-
ties of MPTP.     

 MPTP is a contaminant of the clandestine synthesis 
of MPPP (CAS RN: 13147 - 09 - 6). At that time, MPPP 
was a potent analgesic that could be synthesized legally 
from unrestricted chemicals as the reverse ester of 
meperidine.  1   Figure  33.2  demonstrates the synthetic 
pathway for MPPP. Phenyl lithium catalyzed the 
conversion of the starting material N  - methyl - 4 -
 piperidone (MP) to 4 - hydroxy - 4 - phenyl -  N  - methylpi-
peridine (HPMP).  4   The reaction of this intermediate 
with propionic anhydride produced the esterifi ed end 
product, MPPP. Although the production of initial 
batches of this ester was successful, subsequent modifi -
cations of the temperatures and reaction times used in 
this process resulted in dehydration of HPMP and 

1 - METHYL - 4 - PHENYL - 1,2,5,6 -
 TETRAHYDROPYRIDINE 
( MPTP )
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  DOSE EFFECT 

  Animals 

 There is substantial variability in the sensitivity of dif-
ferent animal species to the neurotoxic effects of MPTP 
with humans and dogs being very sensitive. Rats do not 
develop MPTP - induced neurotoxicity. Mice require 
high parenteral doses of MPTP (100   mg/kg body weight) 
to produce neurotoxicity; the subsequent neurotoxicity 
is relatively mild compared with primates receiving par-
enteral MPTP.  6   In primates, the subcutaneous injection 
of 2.5   mg MPTP/kg body weight produces motor defi -
cits and a 60 – 70% reduction in neuronal cells in the 
substantial nigra within 5 – 10 days of administration.  7    

  Humans 

 Determination of the amount of MPPP injected by 
patients developing permanent MPTP - associated par-
kinsonism is complicated by the lack of analytic samples. 
Typically, the period of IV injection of MPTP -
 contaminated material lasted 3 days to 1 month.  8   In a 
case series of 4 patients with severe MPTP - associated 
Parkinsonism, the estimated dose of contaminated 
MPPP material ranged from 5   g over 4 days to 20   g over 
5 – 8 days.  2   Analysis of powder used for injection by 2 
patients demonstrated MPPP and MPTP concentra-
tions of 0.3% and 3.2% by weight, respectively, whereas 
analysis of brown granular material used by the other 2 
patients revealed MPPP and MPTP concentrations of 
22 – 27% and 2.5 – 2.9% by weight, respectively. There is 
some individual variability in the response to the injec-
tion of MPTP - contaminated material because the par-
kinsonian symptoms resolved in some individuals within 
2 – 3 weeks after injections of this material ceased.   

  TOXICOKINETICS 

 Chronic oral administration of relatively low MPTP 
concentrations (i.e., 2    μ g/kg/d) produce low concentra-

MPPP to the toxic contaminant,  N  - methyl - 4 - phenyl -
 1,2,3,6 - tetrahy dropyridine (MPTP).  1      

  EXPOSURE 

 In 1982, a group of young drug abusers developed a 
severe parkinsonian illness after the IV injection of a 
new synthetic heroin that was contaminated by MPTP. 
Of approximately 300 individuals exposed to this con-
taminant, only a few developed a severe, permanent 
form of the illness. Since the 1982 epidemic, there have 
been no reports of MPTP in street samples of illicit 
drugs. However, sporadic cases of MPTP - induced par-
kinsonism developed in individuals injecting material 
from the attempted synthesis of MPPP.  5   All these cases 
resulted from the IV injection of MPTP - contaminated 
MPPP.  

       FIGURE 33.1.     Chemical structure of 1 - methyl - 4 - phenyl -
 1,2,5,6 - tetrahydropyridine (MPTP).  

  TABLE 33.1.    Physical Properties of  MPTP . 

   Physical Property     Value  

  Melting Point    40 ° C (104 ° F)  
  log P (Octanol - Water)    2.71  
  Water Solubility    2930   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    9.45E - 03   mm   Hg (25 ° C/77 ° F)  

       FIGURE 33.2.     Chemical synthesis of MPPP. MP    =     N  - methyl - 4 - piperidone; HPMP    =    4 - hydroxy - 4 - phenyl -  N  - methylpiperidine; 
MPPP    =    4 - propionyloxy - 4 - phenyl -  N  - methylpiperidine.  
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production of MPP +  in the astrocyte stimulates the 
upregulation of TNF -  α , interleukin - 1 β , and interleukin - 6 
with the subsequent up - regulation of inducible nitric 
oxide synthase.  14   After the release of MPP +  into the 
extracellular space, dopaminergic uptake carriers (i.e., 
dopamine transporter) actively transfer MPP +  to the 
dopamine neurons in the zona compacta region of the 
nigrostriatal. MPP +  is a mitochondrial toxin that migrates 
into the mitochondria of dopaminergic neurons and 
decreases the production of cellular ATP by inhibiting 
NADH CoQ1 reductase (complex I) and possibly other 
electron transport enzymes (Complex III, IV) in the 
mitochondrial respiratory chain. The complex interac-
tion of mitochondrial dysfunction, depletion of ATP, 
oxidative stress, excitotoxicity, and activation of the 
apoptotic pathway ultimately causes cell death. 
Degeneration of the axons and neuronal terminals 
follows the death of the cell bodies.  

  Postmortem Examination 

 The main anatomic feature of Parkinson disease is the 
reduction of neuromelanin - containing neurons in 
the substantia nigra pars compacta with clinical symp-
toms appearing after loss of over 60% of the neurons 
in this area of the midbrain.  15   The selective MPP +  -
 induced destruction of nigrostriatal dopamine neurons 
causes the movement disorder associated with the IV 
injection of MPTP. Pathologic examinations of patients 
dying of MPP +  - associated parkinsonism primarily dem-
onstrate a diffusely pale, depigmented substantia nigra 
with associated loss of nerve cells and nerve fi bers. 
Electron microscopy confi rms nerve cell loss and gliosis 
in the substantia nigra. Although the degree of cell loss 
is similar to Parkinson disease, the Lewy bodies com-
monly present in Parkinson disease are absent in MPP +  -
 induced parkinsonism. Occasionally, extraneural 
melanin is present in MPP +  - induced parkinsonism along 
with microglial activation suggestive of an active, 
ongoing process of cell death. Senile plaques and neu-
rofi brillary tangles are absent in MPP +  - induced parkin-
sonism; the locus coeruleus is usually unaffected by this 
disease.  5

 The degenerative process of Parkinson disease 
destroys neurons in the brain containing norepineph-
rine. In contrast to Parkinson disease, the areas of the 
brain (e.g., locus coeruleus) associated with catechol-
amine production are usually unaffected by MPP +  -
 induced illness; increased central noradrenergic activity 
occurs in MPP +  - induced parkinsonism. However, animal 
models of MPP +  - induced parkinsonism suggest that 
some damage may occur in the noradrenergic neurons 
of the locus coeruleus,  16   but the clinical signifi cance of 
these changes for humans is unclear.   

tions of the toxic metabolite, MPP +  in brain tissue as a 
result of the extensive fi rst pass metabolism of MPTP. 
Detoxifi cation of MPTP involves the biotransforma-
tion of this compound to PTP (4 - phenyl - 1,2,3,6 -
 tetrahydropyridine). The hepatic  N  - demethylation of 
MPTP to PTP is mediated at least in part by CYP2D6 
based on in situ  hybridization studies.  9   There is circum-
stantial evidence linking a defi ciency in CYP2D6 with 
an increased risk of Parkinson disease. A case - control 
study of 229 patients with Parkinson disease and 720 
controls suggested that individuals (i.e., poor metaboliz-
ers) with a metabolic defect in the CYP2D6 - debrisoquine 
hydroxylase gene had about a 2.5 - fold (95% CI: 1.51 –
 4.28) increased risk of Parkinson disease when com-
pared with individuals with the normal isoenzyme.  10

Inhibitory studies also suggest that CYP1A2 and, to a 
lesser extent CYP3A4 also contribute to the 
demeth ylation of MPTP to PTP. 4 - Phenyl - 1,2,3,6 -
 tetrahydropyridine is not neurotoxic because the 
oxidation of PTP does not readily proceed beyond the 
dihydropyridine structure.  11   MPTP is a lipophilic com-
pound that diffuses across the blood – brain barrier and 
enters the brain. Once in the brain (i.e., substantia 
nigra), the formation of the toxic metabolite involves 
two selective oxidation steps by monoamine oxidase B 
to yield the intermediate, 1 - methyl - 4 - phenyl - 2,3 -
 dihydropyridinium ion (MPDP + ) and then the toxic 
cation, 1 - methyl - 4 - phenylpyridinium ion (MPP + ).  12

The primary difference between MPTP - sensitive 
species (e.g., primates) and MPTP - insensitive species 
(e.g., rats) is the plasma elimination half - life of MPP + , 
which varies from a few hours in the former to 10 – 28 
days in the latter.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 MPTP is a lipophilic protoxin, which traverses the 
blood - brain barrier and undergoes metabolic transfor-
mation to a toxic metabolite.  13   Inside the endothelial 
cells of the blood – brain barrier, monoamine oxidase B 
catalyzes the 2 - electron transfer from the oxidized fl avin 
that results in the conversion of MPTP to the dihydro-
pyridine, MPDP + . Spontaneous oxidation of MPDP +

results in the formation of the toxic cation, 1 - methyl - 4 -
 phenyl pyridine (MPP + ), which cannot diffuse back 
across the blood – brain barrier. The MPTP not pro-
cessed by monoamine oxidase enzymes in the endothe-
lial cells of the blood brain barrier enters adjacent glial 
cells. Like the endothelial cells of the blood – brain 
barrier, glial cells contain large stores of monoamine 
oxidases capable of converting MPTP to MPP + . The 
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  Abnormalities 

 In a study of 6 patients with MPP +  - induced parkinson-
ism and 8 patients with Parkinson disease, the cerebro-
spinal fl uid concentrations (CSF) of homovanillic acid 
(i.e., the major metabolite of dopamine) were decreased 
in both groups, whereas the concentrations of the sero-
tonin metabolite, 5 - hydroxyindoleacetic acid were 
normal in both groups.  22   The main difference in CSF 
fl uid between these 2 illnesses is the concentration of 
3 - methoxy - 4 - hydroxyphenylethylene glycol (MHPG), 
the major metabolite of norepinephrine in the brain. 
After adjustment for plasma MHPG concentrations, the 
values were elevated (i.e.,  > 6.0   ng/mL) in MPP +  - induced 
parkinsonism, whereas MHPG levels were reduced 
(< 6.0   ng/mL) in Parkinson disease. Assessment of 
nigrostriatal dopaminergic function by 6 - fl uorodopa 
positron emission tomography (PET) suggests that 
short - term exposure to MPTP causes a progressive 
decline in nigrostriatal dopaminergic function similar to 
the protracted loss of dopaminergic function associated 
with idiopathic Parkinson disease.  23   A case series sug-
gested that subclinical damage to the nigrostriatal 
pathway can occur in individuals without overt clinical 
evidence of MPP +  - induced parkinsonian disease based 
on abnormal PET scans.  24   Typically, these individuals 
injected lower doses of MPTP than individuals with 
moderate to severe illness.   

  TREATMENT 

 The treatment of MPP +  - induced parkinsonism is similar 
to the treatment of idiopathic Parkinson disease. Even 
severely affected patients initially respond to L - dopa 
therapy. However, dyskinesias can begin within several 
weeks of the initiation of the treatment of severe 
cases. Typically, these cases become less responsive 
to carbidopa/ l  - dopa and bromocriptine with subse-
quent progression to severe immobility and marked 
hypophonia.      
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  Chapter 34 

   PHENCYCLIDINE ( PCP ) 

           HISTORY 

 Despite the synthesis of phencyclidine (PCP) in 1926, 
clinical use of this compound did not begin until the 
mid - 1950s when Parke, Davis and Company chemists 
discovered the anesthetic properties of PCP during the 
exploration of chemicals formed by the addition of 
Grignard reagents to nitriles.  1   The combination of anes-
thesia and profound analgesia with preservation of 
normal laryngeal and pharyngeal refl exes initially 
encouraged the clinical use of PCP. Early primate 
studies indicated that PCP produced mild stimulation, 
ataxia, peaceful sedation, and anesthesia without car-
diorespiratory depression.  2   The British government 
issued a patent to Parke, Davis and Company in 1960 
for phencyclidine under the trade name Sernyl; in 1963, 
the US Food and Drug Administration (FDA) approved 
the clinical use of PCP. However, soon after introduc-
tion of PCP into the US markets, reports of adverse 
psychologic reactions (e.g., hallucinations, delirium, dis-
orientation, dysphoria, muscle rigidity, agitation) follow-
ing PCP - induced anesthesia resulted in the voluntary 
withdrawal of PCP by Parke, Davis and Company. The 
US Drug Enforcement Agency (DEA) reclassifi ed PCP 
as a schedule II drug (existing medical use, high abuse 
potential), but there is no current medical indication 
for the use of PCP. Subsequent to the recognition of 
the severe emergence psychosis associated with PCP, 

the development of a phencyclidine derivative, ket-
amine, was released for clinical use as a safer substitute 
for PCP. Until 1979, distribution of PCP for veterinary 
use continued under the trade name Sernylan 
(BioCentrics Laboratory, St. Joseph, MO) because of 
the effi cacy of PCP as an animal tranquilizer. 

 In 1967, phencyclidine (PCP) was sold as the  “ peace 
pill ”  in San Francisco ’ s Haight - Ashbury district; 
however, the adverse psychologic reactions associated 
with the ingestion of PCP limited the popularity of PCP 
as an illicit drug. Reintroduction of PCP during the early 
1970s resulted in more widespread use as the route of 
abuse changed from ingestion to inhalation, particularly 
in major metropolitan centers (e.g., Los Angeles, New 
York, Detroit). Frequently, PCP was an adulterant of 
other popular street drugs (e.g., tetrahydrocannabinol, 
lysergic acid diethylamide, cocaine, mescaline, psilocy-
bin). By the middle 1970s, the popularity of PCP 
increased, while the use of PCP as an adulterant in other 
street drugs substantially decreased.  3   Legal manufactur-
ing of PCP ceased in April 1979; the US federal govern-
ment is now the only legitimate source in the United 
States. During the 1980s, PCP use declined along with 
the use of most other drugs of abuse.  4   Phencyclidine use 
remained relatively constant in the United State during 
the 1990s. Despite well - publicized adverse reactions, 
PCP remains a popular street drug in certain areas of 
the United States. However, the use of PCP remains 
relatively infrequent compared with other drugs of 
abuse (e.g., cocaine, heroin, methamphetamine, club 
drugs). PCP is not a popular drug of abuse in most other 
countries.  

PHENCYCLIDINE and PHENCYCLIDINE 
ANALOGUES 

 IX   Phencyclidine     
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product, 1 - phenylcyclohexene (CAS RN: 771 - 98 - 2). 
Experimental studies indicate that pyrolysis of PCP at 
400 ° C (752 ° F) results in the formation of phenylcyclo-
hexane and 1 - phenylcyclohexene with about 60 – 70% of 
the PCP remaining intact, whereas with pyrolysis at 
600 ° C (1,112 ° F) only trace amounts of PCP survive.  6   At 
these high oven temperatures (i.e.,  > 600 ° C/1,112 ° F), 
pyrolytic products of PCP include a variety of polycyclic 
aromatic compounds (e.g., styrene, alpha - methylstyrene, 
naphthalene, 2 - methylnaphthalene, 1 - methylnaphtha-
lene, biphenyl, cyclohexylbenzene, acenaphthene, phen-
anthrene, anthracene). However, at the temperatures 
present during smoking (i.e., 635 ° C/1,175 ° F at the 
burning tip), these polycyclic aromatic compounds do 
not form.  7      

  Terminology 

 Street names for phencyclidine include angel dust, killer 
weed, hog, dust, peace, peace weed, peace pill, goon, 
cyclone, elephant tranquilizer, embalming fl uid, rocket 
fuel, PCP, super grass, super joint, super weed, green tea 
leaves, aurora borealis, surfer, LBJ, Peter Pan, love boat, 
horse tranquilizer, mad man, purple rain, mean green, 
mint weed, crystal joint, zoom, and Polvo de angel 
(Spanish). The street monikers  “ Sherman ”  and  “ super 
cool ”  refer to cigarettes soaked with PCP. Synonyms for 
liquid preparations that contain PCP dissolved in 
embalming fl uid or other solvents include wet, dry, tecal, 
dust, illy and matrix.  8   These preparations are added to 
cigarettes or marijuana sticks and smoked for halluci-
nogenic effects; however, these preparations may 
contain other drugs of abuse (e.g., cocaine).  9    

  Form 

 PCP usually appears as the readily soluble hydrochlo-
ride salt because PCP base is not water soluble. On the 

  IDENTIFYING CHARACTERISTICS 

  Structure 

 Phencyclidine [1 - (1 - phenylcyclohexyl)piperidine, PCP] 
is an arylcycloalkylamine compound structurally related 
to the less potent and shorter - acting dissociative anes-
thetic, ketamine. PCP is not a chiral compound, so ste-
reospecifi c effects will not occur. Figure  34.1  displays the 
chemical structures of PCP and some PCP analogues.    

  Physiochemical Properties 

 PCP is a lipophilic, water soluble, weak base. Table  34.1  
lists some physiochemical properties of PCP. The heating 
of the hydrochloride salt of PCP at 300 ° C (573 ° F) for 5 
minutes decomposes about 95% of the salt.  5   Pyrolysis 
of PCP results in elimination of methylamine and 
deprotonation to produce the thermal degradation 

       FIGURE 34.1.     Chemical structures of phencycli-
dine (PCP) and some structural analogs.  

  TABLE 34.1.    Physiochemical Properties of Phencyclidine 
( PCP ). 

   Name     Phencyclidine  

  IUPAC    1 - (1 - Phenylcyclohexyl)
piperidine  

  CAS RN No.    77 - 10 - 1  
  Molecular Formula    C 17 H 25 N  
  Molecular Weight    243.39   g/mol  
  Melting Point     46 – 46.5 ° C (114.8 – 115.7 ° F)  
  pKa    8.5  
  Log P (Octanol - Water)    4.7  
  Salts    Hydrochloride 

(MP    =    233 – 235 ° C/451.4 –
 455 ° F, MW    =    279.83)  

  Hydrobromide 
(MP    =    214 – 218 ° C/417.2 –
 424.4 ° F, MW    =    324.28)  
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son, ED visits associated with ecstasy use increased 
from 10,220 in 2004 to 22,816 in 2009.  

  Sources 

  Origin/Composition 

 The purity of phencyclidine sold as  “ angel dust ”  is high 
(80 – 100%) compared with the surreptitious adultera-
tion of other street drugs with phencyclidine (range, 
10 – 30%). Typical street doses of PCP range from 1 – 9   mg 
with an average of about 5   mg.  14   In a simulated smoking 
study, 1 - phenylcyclohexene and PCP in mainstream 
smoke accounted for approximately 30% and 40%, 
respectively, of the inhaled dose of PCP.  15   About 15% 
of the inhaled PCP dose remained in the cigarette butt 
and about 16% off - gassed into sidestream smoke.  

  Production Processes 

 The US government is the only legal source of phency-
clidine for research; the diversion of PCP from legal 
sources remains limited. Synthesis of phencyclidine as 
originally developed by Parke, Davis and Company 
chemists in 1965 involves the use of benzene, piperidine, 
and p  - toluenesulfonic acid.  16   Description of the synthe-
sis of PCP using 1 - piperidinocyclohexanecarbonitrile 
(PCC, CAS RN: 3867 - 15 - 0) as a chemical intermediate 
is readily available on the Internet, requiring only mod-
erate technical training and readily available precursors. 
Clandestine phencyclidine synthesis is a relatively 
simple, inexpensive process that produces large profi ts 
from a few chemicals and limited space. An older 
method for the clandestine synthesis of PCP is the 
condensation of 1 - phenylcyclopentylamine with 
pentamethylene dibromide (1,5 - dibromopentane, CAS 
RN: 111 - 24 - 0).  17   Alternative methods of clandestine 
PCP production include the direct conversion of 
piperidine to PCP, and the condensation of piperidin-
ium chloride (CAS RN: 6091 - 44 - 7) with cyclohexanone 
followed by conversion to the PCC intermediate with a 
cyanide salt as demonstrated in Figure  34.3 . Treatment 
with a phenyl Grignard converts the intermediate to 
PCP. To reduce the illicit synthesis of PCP, the 
United States banned PCP precursors (e.g., piperidine). 
The use of volatile solvents during the synthesis of 
PCP may cause explosions or fi res in clandestine PCP 
laboratories.    

  Impurities and Profi ling 

 A major contaminant of illicit synthesis of PCP is the 
chemical intermediate, 1 - piperidinocyclohexanecarbo-
nitrile (PCC, CAS RN: 3867 - 15 - 0). In a study of the 

street, illicit PCP appears as a liquid or solid. Although 
PCP is frequently sold as a white, crystalline powder 
containing 1 – 6   mg PCP, the color of PCP street samples 
varies substantially including green, yellow, gray, and 
pink.10   Rarer street forms of PCP include liquid, rock 
crystal, paper squares, and paste. Often PCP is incorpo-
rated into a leafy mixture of marijuana ( “ angel dust ” ) 
or used in combinations with hallucinogens (LSD, mes-
caline, psilocybin) or cocaine. Figure  34.2  displays a 
bottle containing PCP and a cigarette (Sherman) used 
to dip into the liquid PCP.     

  EXPOSURE 

  Epidemiology 

 Among polydrug abusers, phencyclidine use remains 
high, particularly in urban settings (e.g., Washington, 
DC,; Philadelphia, PA; Newark, NJ; Baltimore, MD); 
however, the prevalence of PCP use is relatively low 
compared with cocaine.  11   Between 1999 and 2002, PCP -
 related emergency department visits increased 109% 
based on Drug Abuse Warning Network (DAWN) 
data.12   Although the percentage of the population using 
illicit drugs increased from 6.3% in 1999 to 7.1% in 
2001, the overall use of PCP did not increase signifi -
cantly during this period. By 2002, PCP was the most 
frequent hallucinogen  found in patients presenting to 
the emergency department based on reports to the 
DAWN, exceeding emergency department visits related 
to LSD and MDMA (Ecstasy). Between 2004 and 2006, 
emergency department visits associated with PCP use 
based on DAWN data decreased from 31,342 to 21,960, 
but these visits increased to 36,719 in 2009.  13   In compari-

FIGURE 34.2.     Liquid phencyclidine (PCP) and cigarette 
(Sherman) used to dip into the liquid PCP.  (Courtesy of  Drug
Bible )   
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with PCP intoxication for these polydrug users include a 
state of dreamy estrangement and comical incoordina-
tion along with feelings of strength, power, and invulner-
ability. However, increased belligerence, emotional 
lability, and social isolation complicate chronic PCP use. 

 The most popular method of using PCP is by smoking 
thickly wrapped cigarettes in liquid PCP. Alternatively, 
powdered PCP is mixed with marijuana or tobacco 
leaves, and rolled into a cigarette (Sherman or Cool 
brands). Occasionally, the smoking of parsley leaves 
soaked with PCP is substituted for the use of PCP -
 soaked marijuana. Less - common methods of abuse 
include  “ getting wet ”  (soaking tobacco or marijuana 
cigarettes in liquid PCP produced from dissolving pow-
dered PCP in commercial embalming fl uid or other sol-
vents), ingestion of PCP - laced food ( “ dusted food ” ), 
nasal insuffl ation, and IV injection. However, these 
methods are associated with more undesirable reaction 
because of the diffi culty with titration of illicit PCP 
doses to desired effects.   

  DOSE EFFECT 

 Prediction of adverse reactions based on the PCP dose 
consumed is complicated by the effect of several vari-
ables including the absorbed dose, the route of admin-
istration, sample contaminants and adulterants, 
concomitant drug use, social setting, personality traits, 
individual variability, and tolerance. The unpredictabil-
ity of these effects is one of the attractive features for 
chronic PCP users. Desired effects of illicit PCP use 
include euphoria, sense of power, analgesia, reduced 
inhibition, and altered perception of time, space, 
and body image.  25   Increasing doses of PCP result in 
amnesia, sensory illusions, altered body images, agita-
tion, panic attacks, obsession with trivial matters, and 
bizarre behavior. In preclinical drug trials, IV phency-
clidine doses of 0.25   mg/kg produced good surgical 
anesthesia associated with elevated blood pressure and 
tidal volumes, increased heart rate, occasionally 
increased muscle tone, bilateral ptosis with decreased 
pupillary reactivity, impaired visual identifi cation and 
pinprick sensation, and vertical/horizontal nystagmus.  1   

pyrolytic fate of radiolabeled PCC impregnated in mari-
juana cigarettes, approximately 47% of the PCC 
appeared unchanged in mainstream smoke. During the 
smoking study, about 58% of the unchanged PCC in 
the mainstream smoke was cleaved to form cyanide 
and 1 - (1 - piperidino) - 1 - cyclohexene.  18   The latter com-
pound further decomposed to cyclohexanone,  N  -
 acetylpiperidine, and piperidine (which has a strong 
fi shy smell). PCC contamination and subsequent cyanide 
release are not usually clinically signifi cant, except in a 
massive PCP overdose.  19   Other potentially volatile by -
 products of PCP synthesis include ether, cyclohexanol, 
and isopropyl alcohol. Phenyl lithium or phenyl magne-
sium halides are unstable in atmospheric moisture; 
these organometal compounds are fi re hazards rather 
than inhalation hazards. 

 Analytic techniques (e.g., GLC, spot tests) can detect 
PCC contamination in solid or liquid samples of phen-
cyclidine. However, in a study analyzing 11 confi scated 
phencyclidine samples with purity ranging from 3 – 59%, 
PCC contaminated one specimen.  20   Rapid tests for the 
presence of PCC with minimum interference from other 
drugs of abuse include the impregnation of fi lter paper 
with sodium picrate that has a detection limit of about 
2.5   mg/L.  21   The use of embalming fl uid (formaldehyde, 
methanol, glutaraldehyde, ethanol) as a solvent for dis-
solving powdered PCP probably does not result in toxic-
ity from smoking the PCP dipped in the PCP - containing 
liquid ( “ getting wet ” ) because the volatility of these 
chemicals during the smoking process substantially 
reduces exposure to the constituents of the embalming 
fl uid.  22     

  Methods of Abuse 

 Most novice phencyclidine users begin PCP use when 
introduced to the drug by fellow drug users in a social 
setting.  23   Frequently, naive users consume phencyclidine 
while mistakenly believing that the drug was another, 
more desirable illicit drug. The chronic phencyclidine 
user is usually a polydrug abuser, who experiments with 
PCP after using alcohol, sedatives, stimulants, marijuana, 
and sometimes heroin.  24   Attractive feelings associated 

       FIGURE 34.3.     Chemical synthesis of PCP  via  condensation of piperidinium chloride and cyclohexanone to 1 - piperidinocyclo-
hexanecarbonitrile (PCC).  
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as dose, route of administration, and interindividual 
differences.   

  Absorption 

 PCP is well absorbed by all routes with effects beginning 
within several minutes following insuffl ation or inhalation. 

  Oral 

 The gastrointestinal absorption of phencyclidine is high. 
In a study using small doses (i.e., 1   mg) of radiolabeled 
phencyclidine hydrochloride administered to healthy 
volunteers, the oral bioavailability was about 72%    ±    8% 
with the average time to peak PCP plasma concentra-
tion (2.7    ±    0.4   ng/mL) occurring approximately 1.5 – 2.5 
hours after ingestion.  29   Because PCP is a basic drug, 
absorption occurs primarily in the small intestine rather 
than in the acidic medium of the stomach.  

  Inhalation 

 The bioavailability of PCP after smoking is high. Case 
reports indicate that acute PCP intoxication may occur 
following passive inhalation in both children  30   and 
adults.  31   During smoking, pulmonary absorption 
accounts for approximately 30 – 40% of the PCP dose in 
a cigarette, whereas heat degrades about 30% of the 
PCP dose to 1 - phenylcyclohexene (PC). 32,33   About one 
third of the PCP dose remains in the butt or off - gases 
in the sidestream smoke.  15   Phencyclidine rapidly crosses 
the alveolar membrane and the blood – brain barrier. In 
volunteer studies, peak PCP plasma concentrations 
occur 5 – 20 minutes after inhalation.  15   A second plasma 
PCP peak may appear 1 – 3 hours after inhalation as a 
result of delayed absorption of PCP depots in the tissues 
of the upper or lower respiratory tract.  

  Cutaneous 

 Animal studies in hairless mice suggest that clinically 
signifi cant percutaneous absorption of phencyclidine 
hydrochloride may occur within a few hours.  34   Anecdotal 
experience suggests that percutaneous absorption also 
occurs in humans (e.g., law enforcement offi cers han-
dling confi scated material).   

  Distribution 

 After equilibrium, PCP distributes widely into the 
tissues resulting in a large volume of distribution and 
relatively small plasma concentrations compared with 
tissue PCP concentrations. Because of high lipid solubil-
ity and intracellular ion trapping, phencyclidine is highly 

Postoperatively, most patients were dissociated and 
euphoric, but approximately 10 – 20% experienced 
violent  “ emergence ”  reactions. Intravenous PCP doses 
of 0.5   mg/kg produce agitation in most patients. In 
healthy volunteers receiving 0.75   mg phencyclidine/kg, 
perceptual distortions occur rather than hallucinations. 
The altered mental state resembled schizophrenia and 
included depersonalization, distortion of body image, 
slowed time perception, memory loss, and concrete 
thinking.  26   Intravenous PCP doses of 1   mg/kg resulted 
in muscle rigidity, catatonia, and convulsions. 

 The typical street dose of PCP is about 3 – 5   mg. An 
approximation of the dose - related effects of PCP 
depending on the variables listed above is as follows: 1) 
low doses (1 – 10   mg): slight elevation of blood pressure 
and pulse rate may occur along with mild agitation, 
ataxia, nystagmus, confusion, decreased sensation, 
euphoria, emotional lability, analgesia, muscle rigidity, 
blank stare; 2) moderate PCP doses (10 – 20   mg): pro-
found muscle rigidity, vomiting, hypersalivation, ele-
vated blood pressure, excited or stuporous catatonia, 
toxic psychosis, bizarre behavior, coma; and 3) high 
doses (20 – 100   mg): prolonged coma, convulsions, decer-
ebrate rigidity, opisthotonus, alternating periods of con-
sciousness.  27   Patients emerging from PCP - induced 
altered consciousness manifest the behavioral toxicity 
seen at lower phencyclidine doses, characterized by 
paranoid delusions, agitation, delirium, hypersalivation, 
and hallucinatory experiences.  28

  TOXICOKINETICS 

 Table  34.2  lists some approximate toxicokinetic param-
eters for PCP. These parameters vary with factors such 

TABLE 34.2.    Approximate Toxicokinetic Parameters for 
Phencyclidine ( PCP ). 

   Parameter     Value  

  Routes of Administration    Oral, Insuffl ation, Smoking, 
Intravenous

  Typical Dose    Oral: 2 – 6   mg 
 Insuffl ation, Smoking, 

Intravenous: 1 – 3   mg  
  T max     2.5 hours  *    
  C max     2.7 ng/mL  *    
  T 1/2     7 – 46 hours (mean, 17 hours)   † 

  V d   5.3 – 7.5   L/kg (mean,  ∼ 6   L/kg)  
  Protein Binding    60 – 80%  
  Plasma/Whole Blood Ratio    1.0  

Abbreviations:  C max  peak plasma    =    PCP concentration; T max     =    time 
between exposure and peak plasma PCP concentrations;  T 1/2     =    terminal 
plasma elimination half - life; V d     =    volume of distribution.  
   *   1   mg dose.  
    †     ↑  up to 4 days during overdose.   
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to PCP metabolism, particularly CYP3A.  39   However, 
there was a large degree of interindividual variation
in the metabolite formation. Hydroxylation at C4 of 
the piperdine or cyclohexane rings forms both 
mono - hydroxylated metabolites [4 - phenyl - 4 - piperidi-
nocyclohexanol, 1 - (1 - phenylcy clohexyl) - 4 - hydroxy-
piperidine] as well as the dihydroxy metabolite, 
4 - (4 ʹ  - hydroxypiperidine) - 4 - phenylcyclohexanol. 
Hydroxylation of PCP at C2 of the piperidine ring forms 
an unstable carbinolamine that decomposes to form a 
series of polar, ring - opened compounds.  40   Following the 
administration of 1   mg PCP to healthy volunteers 
with normal urinary pH, the ratio of these three 
metabolites was 6.4/2.5/1, respectively.  29   Primary amine 
(1 - phencyclohexylamine) and amino acid [5 - (1 - 
phenylcyclohexylamino) - valeric acid] metabolites are 
minor products of phencyclidine metabolism in 
humans.  41   In general, PCP metabolites display less phar-
macologic activity than PCP.    

tissue bound. In a study of volunteers administered 
1   mg PCP intravenously, the volume of distribution 
averaged 6.2    ±    0.3   L/kg.  35   Plasma protein binding of 
PCP ranges from about 60 – 80%. 35, 36   Food deprivation, 
stress, and weight loss can mobilize phencyclidine from 
fat stores in experimental animals.  37    

  Biotransformation 

 Biotransformation is the major route of PCP elimina-
tion in humans with a variety of metabolic pathways for 
PCP biotransformation as demonstrated in Figure 
 34.4 .  38   The primary metabolic pathways involve oxida-
tive hydroxylation of the alicyclic (i.e., nonaromatic) 
rings at several carbon atoms by cytochrome P450 iso-
enzymes. The major metabolite is the  trans  isomer of 
4 - phenyl - 4 - (1 - piperidinyl) cyclohexanol (4 - PPC).  In 
vitro  studies of PCP metabolism in human liver micro-
somes indicate that several CYP isoenzymes contribute 

       FIGURE 34.4.     Biotransformation of PCP. 4 - PPC    =    of 4 - phenyl - 4 - (1 - piperidinyl) cyclohexanol; Metabolite I    =    1 - (1 -
 phenylcyclohexyl) - 4 - hydroxypiperidine; Metabolite II    =    4 - (4 ′  - hydroxypiperidine) - 4 - phenylcyclohexanol.  
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able concentrations of PCP and PCP metabolites do not 
persist in the brains of fetuses beyond 24 hours after 
maternal administration of PCP.  51   Animal studies indi-
cate that PCP also rapidly enters breast milk in concen-
trations substantially higher (i.e., 10 times) than maternal 
blood concentrations.  52   Thirty - six days after the hospi-
talization of a pregnant woman for a toxic psychosis 
secondary to chronic PCP abuse, she delivered a healthy 
infant.53   Five days later her breast milk contained 3.9   ng 
PCP /mL.  

  Tolerance 

 Animal studies including primate studies in monkeys 
indicate that tolerance to the behavioral effects of PCP 
develops and dissipates rapidly.  54   Animals will self -
 administer suffi cient amounts of PCP to maintain gross 
intoxication up to 50 days; following chronic administra-
tion, a 2 -  to 4 - fold increase in PCP dose is necessary to 
produce the original behavioral effects.  55   Following a 
continuous infusion of 45   mg PCP/kg/d for 7 days to 
rodents, cessation of the infusion produced withdrawal 
signs (piloerection, increased audiogenic seizures, reduc-
tion in exploratory behavior, impaired performance) in 
unrestrained rats.  56   Withdrawal signs developed 4 hours 
after termination of the infusion and resolved by 24 
hours. After 3.5 days of infusion, a test dose of 2   mg PCP 
/kg produced the same motor performance as a 1   mg/
kg dose in drug - naive rats. Tolerance in humans after 
chronic PCP use is not well defi ned. Anecdotal accounts 
suggest that the chronic use of high doses of PCP use 
produce some tolerance, resulting in the need for sub-
stantially larger doses to achieve the same subjective 
effects.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Although classifi ed pharmacologically as a dissociative 
anesthetic, phencyclidine has stimulant, depressant, hal-
lucinogenic, and analgesic properties depending on per-
sonality, dose, route of administration, and possibly 
genetic predisposition. Phencyclidine is a potent psy-
chotropic drug that currently provides the best available 
drug - induced model of schizophrenia. Phencyclidine 
blocks selected sensory inputs, and interferes with the 
sensory association pathways in a way that diminishes 
the user ’ s ability to integrate sensory input into mean-
ingful behavior.  57   Psychoactive doses of phencyclidine 
produce signifi cant increases in glucose metabolism 
within areas of the brain associated with emotional 
behavior including the frontal cortex, the caudate -

  Elimination 

 Elimination of PCP occurs primarily by the renal excre-
tion of conjugated hydroxylated metabolites; PCP 
elimination kinetics are relatively complex. Mono -
 hydroxylated and di - hydroxylated PCP metabolites are 
conjugated with glucuronic or sulfuric acid before renal 
excretion. Renal excretion of these metabolites depends 
on both urine pH and volume. Following the IV admin-
istration of 1   mg PCP, excretion of unchanged PCP in 
urine with normal pH (i.e., 6.0 – 7.5) is also relatively 
small (i.e.,  < 10% of the absorbed dose).  35   Reducing the 
mean urine pH from 7.4 to 6.1 in human volunteers 
increases renal excretion of small, IV doses of phency-
clidine by 50%.  42   The fecal excretion of PCP metabo-
lites is relatively small ( < 3 – 5%) compared with renal 
elimination.29

 In human volunteers administered 1   mg PCP, the 
mean terminal ( β ) elimination half - life of PCP follow-
ing inhalation and ingestion were similar averaging 
24    ±    7 hours and 21    ±    3 hours, respectively, with a range 
up to 51 hours.  29,32   In a study of 3 volunteers adminis-
tered 100    μ g  3 H - PCP intravenously, the mean  α  -
 elimination half - life was 4.6 hours compared with a 
mean β  - elimination half - life of 22 hours based on a 
three - compartment model.  43   During PCP intoxication, 
the elimination of PCP displays fi rst - order kinetics over 
a wide range of doses. The estimated initial PCP plasma 
elimination half - life (i.e., after he passed the last 2 bags 
of PCP on hospital day 11) in a body packer with a 
massive PCP overdose producing PCP concentrations 
near 1,000   ng/mL was approximately 12.5 hours  44   com-
pared with 11 hours in a patient with PCP - induced 
psychosis.  45

  Drug Interactions 

In vitro  studies indicate that PCP inhibits the activity of 
CYP2B6 and CYP2C19 activity.  46   There was little effect 
on the activity of other CYP isoenzymes. The clinical 
relevance of these potential interactions is unclear.  

  Maternal and Fetal Kinetics 

 Animal studies indicate that PCP crosses the placenta 
and distributes into fetal tissues including the brain, 47, 48

whereas in vitro  studies suggest that some PCP metabo-
lism occurs in the placenta.  49   PCP is detectable in cord 
blood from neonates born to mothers chronically using 
PCP. In a study of about 200 cord blood samples drawn 
from neonates born in a large urban teaching hospital, 
12% of the samples contained PCP in concentrations 
ranging from 0.1 – 5.8   ng/mL.  50   In animal studies, detect-
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and binding to the muscarinic acetylcholine receptor.  68

In muscle and electric organ membrane preparations, 
PCP interacts with the nicotinic receptor, but the 
structure - activity relationship indicates that this inter-
action is not behaviorally signifi cant in humans.  69

Although phencyclidine produces a pressor response at 
low dose,  70   the effect of PCP on norepinephrine synthe-
sis and metabolism in the brain is unclear.  66

  Mechanism of Toxicity 

 PCP intoxication results from a combination of central 
nervous system (CNS) effects, anticholinergic/
cholinergic effects, and adrenergic agonist activity. 
During large PCP overdoses, phencyclidine possesses 
brief, dose - related cholinergic (e.g., hypersalivation, dia-
phoresis) and anticholinergic (e.g., urinary retention) 
properties, but the anticholinergic effects of phencycli-
dine are too weak to account for behavioral abnormali-
ties. Most serious adverse effects associated with PCP 
use result from trauma when altered behavioral and 
thought patterns lead to poor judgment and high - risk 
actions. As the PCP dose increases, medical complica-
tions (e.g., catatonia with rhabdomyolysis) develop and 
major medical effects predominate (e.g., coma, respira-
tory depression, hyperthermia, renal failure secondary 
to rhabdomyolysis). In a dog model, fatal doses of PCP 
cause hyperthermia and primary respiratory failure 
before cardiovascular collapse.  71   Rhabdomyolysis and 
myoglobinuria may cause renal dysfunction during 
severe PCP intoxication, particularly when hypotension 
and metabolic acidosis develop. The etiology of rhabdo-
myolysis during PCP intoxication is multifactorial 
including direct muscle trauma, hyperthermia, pro-
longed coma, hypotension, and isometric muscle con-
traction.72   There are few data to suggest that PCP causes 
direct muscle toxicity. In a study of rats using a restraint 
cage with a strain gauge, pathologic damage to skeletal 
muscle occurred in the restrained, PCP - treated rats. 
However, these abnormalities did not occur in dener-
vated areas of skeletal muscle in these rats.  73,74   Although 
delayed psychotic episodes occur in patients abusing 
PCP, a postmortem study of brains from chronic PCP 
users did not demonstrate alterations in the affi nity or 
the maximum number of PCP or sigma binding sites.  75

  Postmortem Examination 

 Postmortem examination of deaths associated with the 
use of PCP is nonspecifi c, other than trauma secondary 
to behavioral effects.  76,77   The pathologic changes associ-
ated with rhabdomyolysis during PCP intoxication are 

 putamen, and the hippocampus.  58   Smaller increases in 
glucose metabolism were detected in the substantia 
nigra. 

  Mechanism of Action 

 Phencyclidine affects several receptors in the brain 
including the glutamate N  - methyl - d - aspartate (NMDA), 
dopamine D 2 , and sigma receptors. Animal studies indi-
cate that this drug is a noncompetitive antagonist of the 
glutamate NMDA receptor.  59   PCP interacts with several 
binding sites in the brain including a PCP - binding site 
involving a NMDA ionophore receptor complex and a 
sigma binding site with affi nity for neuroleptics (e.g., 
haloperidol).60   The affi nity of classical neuroleptic drugs 
is much lower for the PCP binding site than the sigma 
binding site. The sigma receptors ( σ1 ,  σ2 ) are single 
transmembrane - spanning proteins that bind hallucino-
genic drugs (PCP, ibogaine), antipsychotic drugs (halo-
peridol), and antidysrhythmic drugs (amiodarone). 
These receptors modulate a number of central neu-
rotransmitters including noradrenergic, dopaminergic, 
and glutamatergic receptors.  61   The functions of sigma 
receptors involve a variety of cardiovascular effects, but 
the exact role remains undetermined.  62   PCP selectively 
reduces the excitatory action of glutamate on spinal 
neurons mediated by the NMDA receptor subtype. 
Animal studies suggest that functions of the NMDA 
receptor include glutamate - activated excitatory synap-
tic transmission, sensory transduction,  63   learning,  64   coor-
dination of rhythmic movements (e.g., swimming), 
induction of seizures, and perhaps neuronal plasticity 
and growth. Sensitivity of the NMDA ion channel to 
ambient levels of Mg ++  results in voltage dependence. 
This voltage sensitivity allows the receptor to respond 
to intense synaptic activation and the channel to respond 
to long - term processes (i.e., long - term potentiation) by 
admitting Ca ++ .  65   However, not all behavioral effects of 
PCP result from the interaction of PCP with the NMDA -
 operated ion channel or the sigma receptor.  66

 In rodent models, PCP has indirect dopaminergic 
effects that result from the inhibition of striatal dopa-
mine reuptake and the facilitation of dopamine release. 
In vitro  studies indicate that the affi nity of PCP for the 
dopamine D 2  receptor is greater than the glutamate 
NMDA receptor. The dissociation constants (K i ) for 
these two receptors in an in vitro  study were 2.7   nM and 
313   nM, respectively.  67   Electrophysiologic effects in the 
nigrostriatal and mesolimbic dopaminergic pathways 
correlated to enhanced locomotor activity and stereo-
typical behavior. In addition to indirect dopaminergic 
properties, PCP possesses mild cholinergic properties 
resulting from weak inhibition of acetylcholinesterase 
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  Behavioral Abnormalities 

 Exposure to mild to moderate doses of PCP results in 
a wide spectrum of behavioral responses. Although 
euphoria similar to mild ethanol intoxication may 
develop during PCP intoxication, behavior is unpredict-
able. Intoxicated patients may be agitated with a clear 
sensorium, ataxia, and increased motor activity. Behavior 
abnormalities include stereotypical behavior manifest 
by repetitive motor movements (e.g., sucking, picking), 
involuntary repetition of words (echolalia), and speech-
less, blank stare. Unusual behavior (e.g., nudity, obscene 
gestures, socially uninhibited behavior, unprovoked agi-
tation) may occur without disordered thought process 
or confusion. The behavioral abnormalities and analge-

also nonspecifi c. Typically, muscle biopsies from these 
patients demonstrate scattered necrosis of muscle fi bers 
and myofi brillar disruption.  78   Hyaline degeneration, 
edema, and loss of cross striations also occur in the 
muscle cells.  72

  CLINICAL RESPONSE 

  Illicit Use 

 Classically, phencyclidine produces behavioral abnor-
malities, impaired thought processes, and altered con-
sciousness along with elevated blood pressure, increased 
pulse rate, and mild temperature increase.  79   Although 
tachycardia occurs during the acute phase of intoxica-
tion, the pulse rate is usually  < 120 – 130 beats/minute and 
pulse rates above these levels suggests the ingestion of 
other sympathomimetic drugs or concurrent illness. The 
clinical effects are highly variable depending on a 
variety of factors including the absorbed PCP dose, 
sample contaminants and adulterants, concomitant drug 
use, social setting, personality traits, and tolerance. 
Additionally, the intensity of the symptoms often waxes 
and wanes. Table  34.3  lists the common clinical features 
of PCP intoxication in a case series of 1,000 PCP -
 intoxicated patients. Adverse effects associated with 
PCP use include intense paranoia, panic, memory 
loss, delirium, sensory isolation, and fl ashbacks.  80

Neuromuscular abnormalities include bizarre posturing, 
dystonia (torticollis, opisthotonos), and choreoathetosis. 
Following the smoking of usual illicit doses of PCP, peak 
effects occur in about 15 – 30 minutes. Despite the pro-
longed elimination half - life of PCP, the psychologic 
effects following usual illicit doses of PCP typically 
resolve within 4 – 6 hours as a result of the redistribution 
of PCP from drug receptors. The persistence of symp-
toms of PCP intoxication beyond 24 hours after expo-
sure is unusual.   

 Vertical and/or horizontal nystagmus is a common 
sign of PCP intoxication with nystagmus being present 
in a majority of patients in a large case series of PCP 
intoxication,81   but the presence of vertical and/or 
horizontal nystagmus is not a unique sign of PCP 
use. Hyperacusis may develop. Occasionally, cholinergic 
signs (miosis, bronchospasm, hypersalivation, diaphore-
sis) develop during PCP intoxication. The main 
differential diagnosis of PCP intoxication includes stim-
ulant use (e.g., amphetamine, cocaine), hallucinogen 
ingestion (e.g., mescaline, LSD, psilocybin) psychologic 
disorders (e.g., catatonia, bipolar disorder, paranoid 
schizophrenia), and medical conditions (hyperthermia, 
neuroleptic malignant syndrome, intracranial hemor-
rhage, thyrotoxicosis, sepsis, meningitis, hypoglycemia, 
hypoxia). 

TABLE 34.3.    Incidence of Clinical Features of 
Phencyclidine ( PCP ) Intoxication in 1,000 Patients.   81

   Category     Clinical Effect     %  *    

  Behavior    Violent    35.4  
  Agitated    34.0  
  Bizarre    28.8  
  Hallucinating/delusional    18.5  
  Mute and staring    11.7  
  Nudism    3.3  
  No behavioral effects    3.5  

  Sensorium    Alert and oriented    45.9  
  Acute brain syndrome    36.9  
  Unconscious    10.6  
  Lethargy/stupor    6.6  

  Neuromuscular Signs    Nystagmus    57.4  
  Generalized rigidity    5.2  
  Grand mal seizures    3.1  
  Localized dystonias    2.4  
  Facial grimacing    1.7  
  Athetosis    1.3  

  Cholinergic Signs    Profuse diaphoresis    3.9  
  Bronchospasm    2.1  
  Pupils  ≤ 1   mm    2.1  
  Hypersalivation    1.7  
  Bronchorrhea    0.6  

  Anticholinergic Signs    Pupils  > 4   mm    6.2  
  Urinary retention    2.4  

  Vital Signs 
Abnormalities

  Hypertension    57.0  
  Tachycardia    30.0  
  Hypothermia    6.4  
  Apnea/respiratory arrest    2.8  
  Hyperthermia    2.6  
  Cardiac arrest    0.3  

    *   Percentage of 1,000 patients with this clinical effect of PCP 
intoxication.   
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Toxic Psychosis.     After high doses or chronic use, some 
PCP abusers develop an acute psychosis that closely 
resembles schizophrenia.  85   The clinical features of the 
acute psychosis include distorted body images, estrange-
ment, disorganized thought patterns, delusions, and hal-
lucinations along with behavioral abnormalities 
excluding catatonia. These psychotic reactions most 
often occur in young male patients following chronic 
PCP use. In contrast to amphetamine - induced psycho-
sis, PCP - induced psychosis incorporates both positive 
(e.g., hallucinations, paranoia) and negative (e.g., emo-
tional withdrawal, motor retardation) symptom of 
schizophrenia.86   Additionally, PCP - induced psychosis 
uniquely incorporates the formal thought disorder and 
neuropsychologic defi cits associated with schizophre-
nia. These patients demonstrate depersonalization, a 
sense of unreality, and inability to distinguish between 
internal and external stimuli. Phencyclidine intensifi es 
thought disorders in schizophrenic patients.  87

 The hallucinations associated with PCP intoxication 
are both visual and auditory, but are not associated with 
the vivid imagery common during LSD intoxication.  88

The initial phase of the acute psychosis involves violent, 
aggressive, and/or disorganized behavior and may last 
up to several days. Paranoid ideations also can occur. 
During the fi rst week the patient may remain agitated. 
Restoration of normal behavior and thought patterns 
usually begins within 1 week, but in some severe cases 
of PCP - induced psychosis up to 1 year may be necessary 
before the return to baseline personality. Case reports 
suggest that bizarre traumatic events may occur as a 
result of the psychosis and profound analgesic effects of 
PCP.  89   Although the presence of an acute psychosis pre-
disposes the patient to traumatic injuries, these mental 
status changes do not necessarily predispose the patient 
to criminal behavior, which is goal - directed and which 
usually occurs in a person with a criminal history.  

Catatonia.     As a result of the chaotic and disturbing 
feeling associated with PCP intoxication, a stuporous or 
excited catatonia may develop.  90   These patients are 
often motionless with arms and head in bizarre posi-
tions. Characteristically, these mute patients are expres-
sionless and do not respond to painful stimuli, but a few 
of these patients will follow simple commands.  91   Clinical 
features associated with stuporous catatonia include 
mutism, grimacing, repetitive and/or bizarre posturing, 
rigidity, blank stare, constant repetition of nonsense, and 
echolalia. Excited catatonia involves agitation, impul-
siveness, nudism, destructive behavior, incoherent and 
profuse speech, and unpredictable destructive behavior. 
Symptoms of catatonia usually resolve in 4 – 6 hours, but 
some patients require several days to reintegrate their 
personalities.   

sic properties of PCP predispose the patient to trau-
matic injuries during acute PCP intoxication. Most of 
the behavioral abnormalities associated with PCP 
intoxication resolve within a few hours; often these 
patients are amnesic to the events associated with PCP 
intoxication. 

 Most mortality and morbidity associated with PCP 
intoxication results from accidental and self - infl icted 
trauma during destructive behavior. The combination of 
PCP - induced cognitive disorganization, impaired senses, 
paranoia, and hyperactivity predisposes the user to sig-
nifi cant risk of traumatic injury. Delusions of invulner-
ability and the decreased pain perception contribute to 
the inability to perceive imminent danger. Traumatic 
deaths associated with phencyclidine use include falls, 
automobile accidents, self - infl icted injuries, failure to 
fl ee fi res, and shallow - water drowning. Although threat-
ening or combative behavior is common even without 
hallucinations, delusions, or disorientation, violence 
directed at another person does not usually occur in a 
PCP user without a violent predisposition.  82   Trauma 
may be diffi cult to detect in these patients because of 
the sensory impairment that precedes psychologic 
effects. Many phencyclidine users become progressively 
more irritable, angry, and violent following chronic 
PCP use.  83

  Mental Disorders 

 A variety of adverse mental status changes occur during 
PCP intoxication depending on the dose and individual 
predisposition. These effects include confusion, disori-
entation, inappropriate affect, belligerence, delusions, 
auditory and visual hallucination, agitation, violence, 
and severe dysphoria. Patients are often lethargic with 
slow, bizarre responses to verbal or tactile stimuli that 
include blank stares, mutism, and catatonia. High doses 
of PCP produce the rapid onset of coma, persisting 
minutes to days. Case reports indicate that the level of 
consciousness may fl uctuate dramatically with the 
patient developing coma after an apparent period of 
recovery.  84   These patients may not respond to painful 
stimuli, but respiratory depression and apnea do not 
usually occur, except with concomitant ingestion of 
respiratory depressant drugs. The whole spectrum of 
behavioral abnormalities (agitation, hallucination, 
aggressive behavior, disorientation, catatonia) may 
develop after emergence from PCP - induced coma in 
adolescents and adults. Medical complications associ-
ated with PCP - induced coma include aspiration 
pneumonia, rhabdomyolysis, grand mal seizures, and 
apnea. Severe psychologic reactions associated with 
PCP intoxication include acute toxic psychosis and 
catatonia. 



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

618

Rhabdomyolysis and Renal Failure.     Rhabdomyolysis 
is the most common serious medical complication of 
phencyclidine intoxication, but the incidence of 
rhabdomyolysis - induced acute renal failure during 
severe PCP intoxication is relatively infrequent (i.e., 
< 1% of PCP cases).  101   The renal failure associated with 
PCP intoxication results from myoglobinuria rather 
than direct nephrotoxicity, particularly following the 
prolonged use of restraints and dramatic elevation of 
serum creatine kinase concentrations.  102   Hyperuricemia 
frequently occurs during rhabdomyolysis along with 
hyperphosphatemia and hypocalcemia, but these abnor-
malities probably do not contribute to the renal failure 
associated the rhabdomyolysis.  103   Although hemodialy-
sis may be necessary, spontaneous recovery usually 
begins within 10 – 14 days. Recovery of renal function is 
usually complete.  78

  Overdose 

 In addition to interindividual differences in response to 
PCP intoxication, the adverse effects associated with 
PCP intoxication are dose - related with higher PCP 
doses causing more severe adverse effects (coma, acute 
toxic psychosis, bizarre behavior, seizures, rhabdomy-
olysis). Complications associated with a massive PCP 
overdose included respiratory failure, hyperthermia, 
rhabdomyolysis, and protracted seizures. One patient 
was released from the hospital 24 days after ingesting a 
leaking plastic bag of PCP.  44   At discharge he had a 
clear sensorium and normal cognition, but dystonic 
muscle jerks in the extremities remained 24 days after 
admission.  

  Fatalities 

 Behavioral toxicity accounts for most deaths associated 
with PCP use, in part, from delusions of invulnerability 
and the inability to perceive imminent danger. PCP -
 related traumatic deaths include shallow - water drown-
ing, automobile accidents, self - infl icted trauma, and 
failure to fl ee dangerous situations (e.g., fi res). In a study 
of 2 northern California counties from July 1970 to June 
1976, 19 coroner ’ s cases were associated exclusively 
with PCP intoxication.  76   In 13 of these cases, the cause 
of death was drowning or trauma, whereas PCP over-
dose accounted for only 2 of these deaths. PCP -
 intoxicated patients are vulnerable to drowning as a 
result of PCP - induced reduction in sensation and mus-
cular control. In a Los Angeles County study of 104 
PCP - related fatalities, PCP overdose was attributed to 
only 15 deaths.  104   From 1981 to 1986, PCP was an inci-
dental fi nding in 96% of 104 deaths reported to the St. 
Louis Coroner ’ s Offi ce where the vast majority of these 

  Medical Complications 

Central Nervous System.     Generalized tonic - clonic 
seizures are the most common neurologic complication 
of acute PCP intoxication. In a case series of 1,000 
patients presenting to a large urban emergency depart-
ment with acute PCP intoxication, about 3% developed 
generalized seizures.  81   Rarely, case reports associated 
focal seizures and hemiparesis with PCP intoxication.  92

Case reports also associate status epilepticus,  93   sponta-
neous intracerebral hemorrhage,  94   and acute subarach-
noid hemorrhage  95   with evidence of PCP in blood and 
urine samples, but the causal link between PCP use 
and these neurologic lesions is unclear. The sensory 
blockade with blank stare and muscle rigidity during 
PCP intoxication suggests a toxic rather than a struc-
tural lesion as a cause of neurologic and behavioral 
abnormalities.  96

Cardiovascular System.     Elevation of blood pressure 
(systolic > 140   mm   Hg and/or diastolic  > 90   mm   Hg) 
occurs in about 50% of PCP intoxications based on a 
case series of PCP intoxication presenting to a large, 
urban teaching hospital.  81   Despite the occasional pres-
ence of severe hypertension, neurologic and cardiac 
complications are unusual. Hypertension usually 
resolves within several hours, particularly when agita-
tion ceases. During severe intoxications, hypertension 
waxes and wanes similar to behavioral abnormalities 
with return to normal blood pressures over several days 
to a week.  97

Hyperthermia.     Mild to moderate temperature eleva-
tions occur during PCP intoxication. In a series of 1,000 
patients presenting to a large, urban teaching hospital 
with PCP intoxication, 20 patients with drug screens 
positive only for PCP had temperatures above 102 ° F 
(38.9 ° C).81   The highest recorded temperature in this 
case series was 107.4 ° F (41.9 ° C) rectally. Case reports 
associate PCP - induced hyperthermia with multiple sei-
zures, hypertension, combative behavior, and secondary 
rhabdomyolysis.  98   Other serious complications of PCP -
 induced hyperthermia include multiorgan failure mani-
fest by severe metabolic and respiratory acidosis, acute 
hepatorenal failure, coma, respiratory insuffi ciency, 
hypoglycemia, hyperkalemia, and cardiac arrest.  99   A 
fatal case of submassive liver necrosis and disseminated 
intravascular coagulopathy developed in a patient with 
severe PCP intoxication, respiratory failure, rhabdomy-
olysis, and hyperthermia (initial rectal temperature of 
108 ° F/42.2 ° C).100   Two other patients in this series of 
PCP - induced hyperthermia and submassive liver necro-
sis survived.  
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  Reproductive Abnormalities 

 Case - control studies suggest that the incidence of poor 
attention, hypertonia, and depressed neonatal refl exes 
may increase in infants born to mothers using PCP 
during pregnancy.  115   Case reports also suggest that a 
neonatal withdrawal syndrome can occur following the 
maternal use of PCP during pregnancy that includes 
jitteriness, hypertonicity, vomiting, and diarrhea.  116   In a 
study of 7 mothers with a history of chronic PCP use 
and 27 drug - free controls, the most characteristic fea-
tures of the PCP - exposed infants were lability of mood 
(i.e., sudden outbursts of agitation, rapid changes in 
level of consciousness) and diffi culty consoling the 
infant.117   At 3 months of age, scores on the Bayley Scales 
of Infant Development revealed no signifi cant differ-
ences between the 2 groups of infants. 

 Case reports also associate cerebral palsy, neonatal 
depression, behavioral abnormalities, and facial dys-
morphogenesis with chronic maternal use of PCP.  118

However, reporting bias and the presence of confound-
ing variables (e.g., drug use, poor nutrition) limits con-
clusions regarding the role of PCP use in these 
reproductive abnormalities. Another retrospective case -
 control study did not demonstrate a statistically signifi -
cant difference in low birth weight ( < 2500   g) between 
mothers testing positive for PCP at birth and the control 
group of mothers without evidence of PCP use based 
on urine drug screens at the time of obstetrical admis-
sion.119   Most animal and human data do not indicate 
that PCP is a clinically signifi cant teratogen.  50,120

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Table  34.4  lists screening and confi rmatory methods for 
the detection of PCP in various human samples along 
with associated limits of detection (LOD).   

  Screening 

 Methods for screening urine for PCP abuse primarily 
involve the use of enzyme immunoassays including 
enzyme - linked immunosorbent assay (ELISA; Syva 
EMIT® II, (Syva Co., San Jose, CA) and polarized 
immunofl uorescence (Abbott TDx FPIA ® , Abbott 
Diagnostics, Abbott Park, IL).  124   Sensitivities and impre-
cision vary between different immunoassays. In a com-
parison of ELISA tests (Immunalysis Corp., San Dimas, 
CA; STC Diagnostics Inc., Bethlehem, PA), the lower 
limit of quantitation (LLOQ) was < 1   ng/mL and 25   ng/
mL, respectively.  125   The total coeffi cient of variance was 
26% and 8.8%, respectively. Antibodies for these tests 

cases involved homicide.  105   The deaths of only 4 of the 
104 coroner ’ s cases with detectable concentrations of 
PCP were attributed to overdose. 

 Sudden death during apprehension for PCP - induced 
behavioral abnormalities occurs less commonly than 
during cocaine and methamphetamine intoxication. The 
cause of death in these situations is complex, particu-
larly whether or not physical restraint and/or positional 
asphyxia may be contributory. Potential causes of death 
in these situations include trauma, illicit drug use, hyper-
thermia, mental and physical stress, natural diseases, and 
excited delirium.  106   Unexpected cardiac arrest can occur 
in patients undergoing psychologic stress without the 
presence of underlying structural heart disease  107   and in 
actively psychotic patients without obvious medical 
explanations.  108   Case reports indicate that death occurs 
during PCP - induced psychosis without the use of 
methods (e.g., physical restraint, handcuffs, hog tying, 
taser) to restrain the patient.  109   Medical causes of death 
in phencyclidine overdose include status epilepticus, 
respiratory arrest, hyperpyrexia with cardiovascular col-
lapse, and coma with multiple end - organ failure.  

  Accidental Exposure 

 Following accidental PCP intoxication, children usually 
demonstrate ataxia and nystagmus along with altered 
mental status (diminished response to tactile and verbal 
stimuli, depressed sensorium, stupor associated with a 
blank, expressionless stare).  30   Miosis, choreoathetosis, 
and seizures are more common during PCP intoxication 
in children than adults.  110   The triad of a blank stare, 
miosis, and hypertension in a child is strongly suggestive 
of phencyclidine intoxication. In contrast to adolescents 
and adults, severe agitation, aggressive behavior, and 
psychosis do not usually occur in children with PCP 
intoxication.111   Respiratory depression is more common 
during PCP intoxication in comatose children than 
comatose adults.  112,113

  Abstinence Syndrome 

 Although an abstinence syndrome develops in animals 
chronically administered PCP, a PCP withdrawal syn-
drome in humans is not well defi ned. In studies of labo-
ratory animals, physical dependence develops within 
approximately 1 week of PCP administration as mani-
fest by piloerection, bruxism, lethargy, and seizures.  114

These withdrawal effects begin about 4 hours after ces-
sation of PCP administration with resolution occurring 
within ∼ 24 hours. Clinical reports suggest that symptoms 
of depression, increased appetite, hypersomnia, leth-
argy, and drug craving occur approximately 1 week to 1 
month after the cessation of chronic PCP use.  111
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refrigerated or frozen.  134   Over 6 months, PCP deterio-
rates (20 – 40%) in urine specimens when stored at room 
temperature, but the deterioration in frozen specimens 
is nominal.  135   A study of 50 urine samples containing a 
mean PCP concentration of 128   ng/mL demonstrated 
approximately a 12% decrease in the mean PCP con-
centration during storage at  – 20 ° C ( – 4 ° F) for 12 
months.  136   In a 3 - year study of PCP stored at 4 ° C 
(39.2 ° F) and  – 20 ° C ( – 4 ° F), samples stored for 1 year did 
not demonstrate a signifi cant change in PCP concentra-
tions when compared with initial PCP analyses. The 
average reductions in PCP concentrations in samples 
stored 2 years and 3 years were approximately 10% and 
18%, respectively. Blood phencyclidine samples stored 
in glass vials with Tefl on - lined screw caps, preservative 
(sodium fl uoride), and anticoagulant (potassium 
oxalate) did not deteriorate signifi cantly over 18 months 
despite the lack of refrigeration.  137   Eleven of the 45 
specimens in this study demonstrated > 10% loss of PCP, 
but PCP was still detectable in all specimens. In another 
study, most specimens stored over 3 months in gray - top 
Vacutainer ®  (BD Diagnostics, Franklin Lakes, NJ) tubes 
containing sodium fl uoride and potassium oxalate at 
ambient temperature had reduction in PCP concentra-
tions > 10%; those stored 4 – 5 years had losses  > 70%, but 
PCP remained detectable in all specimens.  138

  Biomarkers 

 Urine and blood are the most common fl uids used to 
detect PCP use. Alternate sample matrices for detecting 
PCP include saliva and cerebrospinal fl uid (CSF). 
Although PCP is usually detectable both in saliva and 
in blood samples, the PCP concentrations in these 2 
samples do not correlate well to one another in animal 
models.  139   PCP concentrations in CSF often exceed 
plasma PCP concentrations following complete absorp-
tion. The PCP CSF/plasma ratio remains relatively con-
stant for several days after equilibrium, particularly 
following serious PCP intoxication.  140,141

  Blood 

 The distribution of PCP between plasma and erythro-
cytes is relatively even with whole blood/plasma ratios 
near unity.  29,142

Illicit Use.     Phencyclidine blood concentrations 
confi rm exposure to PCP, but PCP concentrations in 
blood samples do not correlate well to behavioral 
abnormalities. In general, high blood PCP concentra-
tions (i.e.,  > 100   ng/mL) occur in comatose patients, 
whereas PCP concentrations usually, but not always are 
lower ( < 100   ng/mL) in patients with catatonia or toxic 

are raised against phencyclidine rather than PCP metab-
olites. PHP is preferred by drug users wishing to escape 
detection of PCP and PCP analogue use.  126   Alternative 
methods involve GC with nitrogen - phosphorus detec-
tion or capillary electrophoresis.  

  Confi rmatory 

 Methods for the detection and quantitation of PCP 
include radioisotopic and enzyme immunoassays, gas 
chromatography with nitrogen detection,  127   liquid chro-
matography/mass spectrometry,  128   gas chromatography/
mass spectrometry (GC/MS) following derivation with 
N , O ) - bis(trimethylallyl)trifl uoroacetamide,  129   and GC/
MS using SIM mode with deuterated PCP as internal 
standard.130   The limit of detection for PCP by radioim-
munoassay (RIA) ranges down to 2   ng/mL.  131   The cross-
reactivity of some phencyclidine analogues occasionally 
limits the correlation between RIA test results and clini-
cal presentation. However, PCP metabolites and most 
other illicit drugs do not crossreact with RIA assays for 
PCP. For confi rmation of the presence of PCP in urine 
samples, PCP concentrations above the federally man-
dated cutoff concentration of 25   ng/mL are required. 
Gas chromatography/electron impact quadrupole/mass 
spectrometry is the offi cial method of choice in either 
selected ion monitoring or full - scan modes for US 
federal testing mandatory guidelines.  132   GC/MS involves 
the addition of a deuterated internal standard to the 
urine, followed by solid - phase or by liquid - liquid 
extraction and GC/MS analysis. In most chromato-
graphic methods, preanalytic chemical derivation is not 
necessary.  133

  Storage 

 PCP is stable in storage over at least 3 – 5 years, even 
when stored at room temperature and particularly when 

TABLE 34.4.    Methods for the Detection of Phencyclidine 
( PCP ). 

   Method     LOD     Sample  

  Spot Test      *        †    
  Gas chromatography/

FID
  5   ng/mL  121      CSF, urine, serum  

  Gas chromatography/
MS

  10   ng/mL  122      Urine  

  Radioimmunoassay  < 0.5   ng/mL  123   Serum  

Abbreviations:  FID    =    Flame ionization detector; LOD    =    limit of 
detection; MS    =    mass spectrometry.  
   *   Positive: 3 minutes, 100 ° C (212 ° F), red.  
    †    Reagent:  p  - Dimethylaminobenzaldehyde.   
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ries of substance abuse associated death from PCP 
intoxications with postmortem blood PCP concentra-
tions (one femoral, one heart) in the range of 360   ng/
mL.148   Both these individuals were found unresponsive 
and declared dead in the emergency department. The 
autopsies revealed mild cardiomegaly and no other 
cause of death. 

 In a case series of 5 deaths associated with phency-
clidine intoxication and no other detectable drug, the 
blood PCP concentrations ranged from 300 – 3,300   ng/
mL (mean, 1,000   ng/mL; median, 500   ng/mL) as mea-
sured by GC/MS.  149   In 6 additional cases with detectable 
PCP concentrations in postmortem blood, death was 
attributed to trauma. The mean PCP concentration in 
postmortem blood from this group was ∼ 450   ng/mL 
(range, 60 – 800   ng/mL). Similarly, in another case series 
of 10 trauma - related deaths with detectable PCP con-
centrations in postmortem blood, the mean blood PCP 
concentration was ∼ 600   ng/mL (range, 100 – 1,200   ng/
mL).76   There are few data on the postmortem redistri-
bution of PCP, but the large volume of distribution sug-
gests that some elevation (i.e., up to at least 3 - fold) may 
occur in postmortem PCP heart/femoral blood ratio 
depending on factors related to postmortem redistribu-
tion (e.g., amount of tissue degradation, diffusion, post-
mortem interval).  

  Liver.       In a case series of 5 deaths associated with 
phencyclidine intoxication and no other detectable 
drug, the liver PCP concentrations ranged from 0.9 –
 20.5    μ g/g (mean, 6.8    μ g/g; median, 3.0    μ g/g) as measured 
by GC/MS.  149   Trauma accounts for the death of 6 addi-
tional cases with detectable PCP concentrations; the 
mean concentration of PCP in the liver from these cases 
was 2.2    μ g/g (range, 0.6 – 3.9    μ g/g). The range of PCP 
concentration in postmortem liver samples from 4 fatal-
ities associated with PCP intoxication and no other dis-
cernible cause of death at autopsy was 5 – 36    μ g/g (mean, 
13.75    μ g/g) compared with 0.32 – 3.9    μ g/g (mean, 
1.7    μ g/g) for 5 trauma - related deaths with detectable 
PCP concentrations as measured by gas chromatogra-
phy.  150   However, occasional case reports of traumatic 
deaths associate high liver PCP concentrations (e.g., 
6.3    μ g/g) with substantial PCP concentrations (4,000   ng/
mL) in postmortem blood.  76

  Vitreous Humor 

 Limited data indicate that PCP distributes into vitreous 
humor with the PCP concentrations in vitreous humor 
typically being lower than postmortem blood. As mea-
sured by gas chromatography/fl ame ionization detec-
tion, the vitreous humor PCP concentrations in a 
case series of 18 cases testing positive for PCP by 

psychosis.  143   In a case series of 46 patients with detect-
able serum PCP concentrations and abnormal behav-
ioral patterns (lethargy, bizarre, violent, agitation, 
euphoria), the serum PCP concentrations ranged from 
5 – 300   ng/mL (median,  ∼ 25 – 50   ng/mL).  143   These patients 
did not have clinically signifi cant abnormalities of their 
vital signs. Case series suggest that high PCP concentra-
tions in the plasma are associated with increasing risk 
of serious complications (seizures, hyperthermia, coma, 
rhabdomyolysis), particularly when the plasma PCP 
concentration exceeds 400 – 500   ng/mL.  142   A case series 
of 10 occasional PCP users suggested that physical fi nd-
ings of PCP intoxication do not correlate to plasma 
phencyclidine concentrations except for systolic blood 
pressure.  144   However, the incidence of signs of PCP 
intoxication (nystagmus, hypertension, hypersalivation, 
hyperrefl exia) increased substantially when the plasma 
PCP concentration exceeded 100   ng/mL.  

Overdose.     Massive oral PCP overdoses produced 
plasma PCP concentrations exceeding 1,000   ng/mL.  44,145

These patients developed severe agitation and coma 
that required intubation for respiratory support; altered 
mental status did not improve until the plasma PCP 
concentrations declined below 100   ng/mL. However, a 
case report also documented a PCP concentration of 
1,100   ng/mL in a postmortem blood sample (location 
not specifi ed) from a homicide victim.  146

Postmortem   
Blood.       Postmortem examinations indicate that the 
highest postmortem phencyclidine tissue concentra-
tions occur in liver, brain, bile, and kidney while the 
postmortem blood PCP concentrations are compara-
tively low.  146   The incidence of fatal PCP intoxications 
secondary to medical complications is low compared 
with the number of individuals dying from PCP - related 
trauma.105   Although PCP concentrations in postmortem 
blood samples are usually lower in victims of PCP -
 induced behavioral toxicity than in fatalities from acute 
PCP intoxication, some overlap in postmortem PCP 
concentrations occurs between these two groups. In a 
case series of 37 autopsies with detectable amounts of 
PCP in postmortem blood, the demise of 2 individuals 
found dead was attributed to acute PCP intoxication 
when alternate explanations for death were not appar-
ent based on autopsy and drug screens.  147   The postmor-
tem blood PCP concentrations of these 2 individuals 
were 1,500 and 25,000   ng/mL as measured by gas chro-
matography. In 29 of the 37 cases, the cause of death was 
attributed to homicide or accidental trauma. The mean 
blood PCP concentration in postmortem samples from 
this group was approximately 190   ng/mL (range, 20 –
 700   ng/mL). Two case reports of individuals with histo-
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  Hair 

 PCP occurs in hair samples from chronic PCP users 
based on RIA screening techniques and GC/MS confi r-
mation.161   However,  in vitro  experiments suggest that 
passive exposure to PCP smoke may produce detect-
able amounts of PCP in hair samples as measured by 
gas chromatography/tandem mass spectrometry.  162   As a 
result of potential external contamination of hair 
samples following passive exposure to PCP smoke, the 
detection of PCP metabolites is necessary to confi rm the 
use of PCP using analysis of hair samples. In a study of 
hair samples from 8 chronic PCP users for PCP metabo-
lites, the major metabolite was  trans  - 1 - (1 - phenyl - 4 -
 hydroxycyclohexyl) - 4 ′  - hydroxypiperidine (t - PCPdiol), 
whereas 1 - (1 - phenylcyclohexyl) - 4 - hydroxypiperidine 
(PCHP) was a minor metabolite as measured by GC/
MS following acidic methanol extraction.  163   The concen-
trations of PCP, PCHP, and t - PCPdiol in the hair samples 
ranged from 0.33 – 14   ng/mg, 0.02 – 0.12   ng/mg, and 0.09 –
 0.45   ng/mg, respectively.   

  Driving 

 Unlike blood – ethanol concentrations, blood PCP con-
centrations do not correlate well to a specifi c degree of 
impairment; the determination of impairment by blood 
PCP concentrations alone is diffi cult.  164   Physical evalu-
ation helps confi rm the degree of impairment suggested 
by the blood PCP concentration. In a group of 259 
drivers arrested for driving under the infl uence, 120 
blood samples were PCP positive (cutoff, 5   ng/mL) by 
GC/MS.  165   For the 55 individuals testing positive only 
for PCP and that were identifi ed as impaired by drug 
recognition experts (DRE), the mean blood PCP con-
centration was 51    ±    26   ng/mL (range, 12 – 118   ng/mL). 
However, there was no dose - response relationship 
between the PCP concentration and the degree of 
impairment. Of the 129 individuals arrested for driving 
under the infl uence and testing negative for PCP, 4 (3%) 
were suspected by the DRE as being under the infl u-
ence of PCP. In a case series of 50 PCP - intoxicated 
drivers arrested for driving under the infl uence (DUI), 
the blood PCP concentration ranged from 10 – 180   ng/
mL with a similar lack of correlation between blood 
PCP concentration and the degree of impairment.  166

Urine PCP concentrations confi rm exposure, but urine 
PCP concentrations do not correlate to impairment.  

  Abnormalities 

 Abnormalities associated with rhabdomyolysis during 
PCP intoxication include myoglobinuria, elevated serum 
creatine kinase, hyperuricemia, hypocalcemia, and 

immunoassay (cutoff, 25   ng/mL) ranged from 30 – 290   ng/
mL compared with 50 – 600   ng/mL in postmortem 
blood.151   In a study of 26 deaths involving PCP as an 
incidental fi nding, the mean postmortem heart blood/
vitreous humor and subclavian blood/vitreous humor 
ratios were 2.85    ±    1.82 and 2.51    ±    1.49, respectively.  152

There was substantial interindividual variation as 
refl ected in the standard deviations. The equilibrium 
between vitreous humor and blood is relatively slow 
compared with other fl uid compartments; consequently, 
some of this variation may refl ect difference in the state 
of equilibrium between blood and vitreous humor.  

  Urine 

 Urine PCP concentrations do not correlate to the sever-
ity of PCP intoxication.  171   PCP concentrations in 
urine are high enough during PCP intoxication to 
detect recent use with commercially available immuno-
assays, depending in part upon urine pH. Typically, urine 
PCP concentrations of recent PCP users exceed 100   ng/
mL, when measured by RIA techniques that crossreact 
with PCP and monohydroxylated metabolites.  153   The 
use of common illicit drugs are unlikely to cause false -
 positive results for PCP using the EMIT ®  d.a.u. (Syva 
Co., San Jose, CA) immunoassay, when the urine con-
centrations of these drugs are below < 100   mg/L.  124,154

Potential false - positive results for the PCP immunoas-
says can occur as a result of crossreactivity from high 
urine concentrations of dextromethorphan, ketamine, 
diphenhydramine,  155   venlafaxine (massive overdose),  156

and tramadol (fatal overdose).  157   Analysis of urine spec-
imens for PCP should include determination of urine 
pH because the surreptitious addition of sodium bicar-
bonate or sodium hypochlorite to alter urine pH. 
The latter reduces the ability to detect PCP concentra-
tions in urine using EMIT ® , RIA, or Abbott TDx ® , 
whereas the addition of sodium bicarbonate to urine 
samples reduces the detection of PCP using Abbott 
TDx® .  158

 Following PCP use, urine PCP concentration initially 
declines rapidly during the fi rst 9 – 10 days; then, urine 
PCP concentrations decrease more gradually depend-
ing on the chronicity of PCP use. On average urine 
samples remain positive for PCP for about 2 weeks after 
cessation of chronic PCP use, but the urine from some 
chronic PCP users may remain positive for 1 month 
after the last use of PCP.  159   Separation of abstinence 
from new use during this period may be diffi cult. Case 
reports associate surgical procedures within this 30 - day 
period with the development of positive PCP urine drug 
screens in urine samples from chronic PCP users despite 
abstinence, probably as a result of the release of PCP 
from tissue stores.  160
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including a rectal temperature. The patient should be 
examined for the presence of occult head and abdomi-
nal trauma with radiographic and computed tomogra-
phy imaging performed as clinically indicated. 

  Seizures 

 Seizures are a relatively rare complication of PCP intox-
ication; seizures are usually responsive to IV benzodi-
azepines (diazepam 5 – 10   mg up to 30   mg, lorazepam 
2 – 5   mg up to 10 – 15   mg). Continuing seizures necessi-
tate an evaluation of oxygenation, electrolyte balance, 
acid – base status, blood glucose concentration, core tem-
perature, and rhabdomyolysis. The persistence of sei-
zures despite the administration of anticonvulsants may 
require rapid sequence intubation and neuromuscular 
blockade.  

  Hyperthermia 

 Mild temperature elevation usually requires no treat-
ment other than reduction of agitation with the use of 
benzodiazepines (e.g., lorazepam). Rapidly rising tem-
peratures or temperatures exceeding 102 – 103 ° F (38.9 –
 39.4 ° C) should be treated with standard cooling 
measures (i.e., evaporative cooling) and sedation as 
needed. Core temperatures above 105 ° F (40.6 ° C) 
require aggressive cooling measures including cooling 
blankets, ice packs to the groin and axilla, and ice baths 
with constant monitoring of core temperatures. 
Concurrent presence of persistent seizures and hyper-
thermia may require intubation and neuromuscular 
blockade with monitoring of the EEG. Although the 
similarity between PCP - associated hyperthermia and 
neuroleptic malignant syndrome suggest that dan-
trolene is a therapeutic option, there are no controlled 
clinical data to indicate that dantrolene controls the 
hyperthermia associated with severe PCP intoxication. 
Hyperthermic patients require daily monitoring of 
serum hepatic aminotransferases, serum creatine kinase, 
renal function, and appropriate coagulation studies (e.g. 
INR, aPTT,  d  - dimer, platelet count, fi brinogen) for dis-
seminated intravascular coagulation at least during 
the fi rst several days after the development of the 
hyperthermia.  

  Hypertension 

 Hypertension associated with PCP intoxication is 
usually mild to moderate; complications from PCP -
 induced hypertension are rare. The elevation in blood 
pressure is usually self - limited, and the blood pressure 
typically returns to the normal range following resolu-
tion of the agitation with behavioral abnormalities 

hyperphosphatemia along with renal dysfunction. 
Hypercalcemia may occur during the diuretic phase of 
acute renal failure induced by rhabdomyolysis associ-
ated with dramatic elevation of serum creatine kinase.  167

These changes typically occur 1 – 3 days after PCP intoxi-
cation develops, particularly in patients with severe agi-
tation requiring restraints.  168   However, dramatic 
elevation of serum creatine kinase can occur in the 
absence of restraint.  167   Coagulopathies can develop 
during severe PCP intoxication associated with coma 
and hyperthermia, particularly during the terminal 
phase of excited delirium.  169   During PCP - induced coma, 
phencyclidine produces a characteristic electroencepha-
logram (EEG) pattern similar to deep ketamine anes-
thesia characterized by sinusoidal theta activity 
interrupted every few seconds by periodic slow - wave 
complexes.  170   These periodic complexes are unrelated to 
visual, auditory, or tactile stimuli during coma, but syn-
chronization with repetitive stereotyped movements 
occurs on emergence. With neurologic recovery, sym-
metric, reactive 8.5   Hz alpha activity returns. 

 Neuropsychologic abnormalities present during PCP 
intoxication include severe impairment of symbolic cog-
nition (e.g., proverb interpretation) and sequential 
thinking (e.g., serial sevens). Time distortion also occurs 
during PCP - induced psychosis with these patients con-
sistently underestimating a 30 - second time span.  171

Although some studies of chronic PCP users suggest 
impairment on neuropsychologic tests (abstraction, per-
ceptual motor skills) when compared with national 
standards,  172   the question of neuropsychologic sequelae 
following chronic PCP use remains unresolved.   

  TREATMENT 

  Stabilization 

 The most serious early complications of PCP intoxica-
tion include coma, respiratory depression, seizures, and 
trauma to internal organs. Although relatively infre-
quent, respiratory depression and aspiration pneumonia 
may complicate the clinical presentation of PCP intoxi-
cation. All patients should be evaluated for adequacy of 
oxygenation with pulse oximetry, capnometry, and arte-
rial/venous blood gases as needed. Although laryngo-
spasm and prolonged duration of succinylcholine - induced 
paralysis are potential complications of PCP intoxica-
tion, intubation should proceed as required with rapid 
sequence intubation as determined by the physical 
examination and diagnostic testing. All comatose or 
catatonic patients should have IV access, IV naloxone 
(0.4   mg titrated up to 2   mg) if the concurrent use of 
opioids is suspected, bedside evaluation of glucose, 
cardiac monitoring, pulse oximetry, and vital signs 
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sion will not remove clinically signifi cant amounts 
of PCP.  

  Antidotes 

 There are no specifi c antidotes for PCP intoxication.  

  Supplemental Care 

 Most patients with mild to moderate PCP intoxication 
can be discharged after their mental status returns to 
normal and physical examination demonstrates no evi-
dence of signifi cant trauma. Because the symptoms 
associated with PCP intoxication can wax and wane, 
patients should be observed at least until their mental 
status remains normal for several hours. Indications for 
hospitalization of patients with PCP intoxication include 
coma, respiratory distress, hyperthermia, seizures, rhab-
domyolysis, and clinically signifi cant trauma. 

  Agitation 

 Intravenous diazepam (5 – 10   mg in an adult) or loraze-
pam (2 – 4   mg) are excellent pharmacologic options for 
the initial management of agitation associated with PCP 
intoxication. The latter drug may be administered intra-
muscularly if IV access is impracticable. Medicated 
patients should be observed for respiratory depression. 
Haloperidol (5 – 10   mg intramuscularly) is another 
option,174   particularly if signifi cant hypertension is 
present. Some authors prefer diazepam to haloperidol 
because of the potential risk of dystonic reactions, 
decreased seizure thresholds, and orthostatic hypoten-
sion associated with the administration of haloperidol, 
but there are no clinical trials to assess the difference in 
effi cacy or complications associated with the use of 
these 2 drugs during PCP intoxication. Unexpected 
aggressive behavior can occur; the use of restraints and  
a coordinated show of force may be necessary to subdue 
the patient, along with sedation. Struggling patients in 
restraints should receive suffi cient sedation to limit the 
agitation and reduce the potential for hyperthermia and 
rhabdomyolysis. Persistent, prolonged struggling during 
PCP intoxication may be associated with excited delir-
ium and hyperthermia. Additional treatment measures 
involve isolation with a minimum of sensory stimuli 
(quiet room and few procedures) other than the mea-
surement of body temperature. PCP - intoxicated patients 
do not respond well to attempts by concerned individu-
als to verbally calm (i.e.,  “ talk - down ” ) them, especially 
when these individuals are alone with the patient. 
Medical observation of the phencyclidine - intoxicated 
patient should continue until the patient remains 
symptom - free for several hours.  

resolving within several hours. Standard drug treatment 
of hypertensive crisis (IV nitroprusside, IV labetalol, or 
esmolol) is appropriate when clinically indicated by the 
condition of the patient (e.g., presence of end - organ 
damage).  

  Cardiac Dysrhythmias 

 Cardiac dysrhythmias are uncommon during PCP intox-
ication; the presence of dysrhythmias suggests underly-
ing cardiovascular disease or the use of other drugs of 
abuse (e.g., cocaine, methamphetamine).   

  Gut Decontamination 

 The most common route of exposure to PCP is via the 
lungs; therefore, decontamination measures are usually 
unnecessary. Agitated and violent behavior during PCP 
intoxication often limits the use of gastric decontamina-
tion measures following the ingestion of PCP. The dif-
fi culty associated with the administration of activated 
charcoal to agitated patients restricts the usefulness of 
activated charcoal in this setting unless the patient is 
comatose and has a protected airway. Whole bowel irri-
gation may be appropriate for PCP body packers 
with retained packets, but there are inadequate data 
to determine the effi cacy of this procedure in this 
circumstance.  

  Elimination Enhancement 

 The possibility of a signifi cant enterohepatic circulation 
suggests that serial - activated charcoal may interrupt 
recirculation, but there are no data to confi rm the effi -
cacy of this procedure. Nasogastric suction theoretically 
removes the phencyclidine secreted into the acid envi-
ronment of the stomach, but there are inadequate data 
to indicate that the amount of PCP removed by this 
technique is clinically signifi cant. The recommendation 
for acid diuresis during PCP intoxication is based on 
the enhanced renal excretion of free PCP following 
reduction of the urine pH rather than clinical data. 
Although urinary acidifi cation theoretically enhances 
the renal excretion of PCP by trapping PCP in the 
renal tubules, the kidney is not the major route of PCP 
elimination.173   Additionally, the use of urinary acidifi ca-
tion is associated with potentially serious complications 
(e.g., metabolic acidosis, exacerbation of myoglobin -
 induced renal failure). Consequently, the use of urinary 
acidifi cation for PCP intoxication in  not  recommended 
for the treatment of PCP intoxication. Although 
there are few clinical data, the toxicokinetics (i.e., 
large volume of distribution, extensive biotransforma-
tion) of PCP indicate that hemodialysis and hemoperfu-



34 PHENCYCLIDINE and PHENCYCLIDINE ANALOGUES

625

patients.  176   Diazepam is a treatment option for the agita-
tion associated with PCP - induce psychosis, and the use 
of diazepam or other benzodiazepines probably does 
not prolong phencyclidine toxicity. Physical restraints 
often are necessary to prevent self - infl icted trauma. 
Continuous sedation (e.g., IV midazolam or propofol 
drip) may be necessary to prevent additional muscle 
injury and rhabdomyolysis. Psychotic patients should be 
admitted to a psychiatric or medical facility after medical 
clearance for concomitant overdose and trauma.        

  PHENCYCLIDINE 
ANALOGUES 

 During the late 1970s, synthetic PCP analogues (TCP, 
PHP, PCC, ketamine) appeared in street samples. There 
are limited data to determine the incidence of the use 
of PCP analogues; however, analysis of street samples 
suggests that the use of PCP analogues is much less than 
PCP. There are over 30 PCP analogues with behavioral 
and pharmacologic effects similar, but less intense, than 
the effects of PCP. At least 6 analogs appear as illicit 
drugs including TCP (thiophene analog), PCE ( N  - ethyl 
analog), PHP (phenylcyclohexyl pyrrolidine analog),  N  -
 (1 - phenylcyclohexyl) - propanamine (PCPR),  177    N  - (1 -
 phenylcyclohexyl) - 2 - methoxyethanamine (PCMEA), 
and N  - (1 - phenylcyclohexyl) - 2 - ethoxyethanamine 
(PCEEA).178   Figure  34.1  displays the chemical structure 
of some analogs of PCP. Similar to illicit PCP synthesis, 
the use of volatile solvents during the synthesis of PCP 
analogues may cause explosions and/or fi res in clandes-
tine laboratories. Treatment of PCP analogue intoxica-
tion is symptomatic and supportive, similar to PCP. 

  Dizocilpine 
 MK - 801 (dizocilpine, CAS RN: 77086 - 21 - 6) is a potent 
non - competitive antagonist at the  N  - methyl - d - aspartate 
(NMDA) family of glutamate receptors in the CNS that 
shares similar pharmacologic properties with phencycli-
dine and ketamine. This drug is commonly used as a 
NMDA receptor antagonist in pharmacological studies. 
Behavioral sensitization involves persistent enhance-
ment of the locomotor stimulant, stereotypic, and posi-
tive reinforcing effects of drugs of abuse following 
repeated use. Cross sensitization is the enhancement of 
the effects of drugs of abuse following the use of another 
drug. Initial animal studies suggested that MK - 801 

  Rhabdomyolysis 

 The urine of all patients with coma, toxic psychosis, 
catatonia, or acute brain syndrome should be evaluated 
for the presence of heme on the urine dipstick. Heme -
 positive urine samples that contain no red cells under 
microscopy should be considered positive for myoglo-
bin, and a urine specimen evaluated for the presence of 
myoglobin. PCP - intoxicated patients with evidence of 
rhabdomyolysis should be hospitalized, and blood 
samples analyzed for serum creatine kinase, electro-
lytes, calcium, phosphorus, uric acid, and creatinine at 
least daily for several days. Myoglobinuria should be 
treated with adequate fl uid replacement and the main-
tenance of good urine output, especially in the hyper-
thermic, diaphoretic, and agitated patient. In 
normovolemic patients with normal renal function, 
initial creatine kinase levels exceeding 14,000   IU/L sug-
gests the need for IV furosemide (40   mg). Although 
there are limited clinical data, urinary alkalinization for 
myoglobinuria probably should not be used because of 
the decreased renal clearance of phencyclidine in alka-
line urine. The presence of myoglobinuria is a contrain-
dication to acid diuresis. Bronchospasm is treated with 
the usual bronchodilators (inhaled albuterol and 
ipratropium). Generalized muscle rigidity does not 
usually respond to diphenhydramine. Urinary catheter-
ization may be necessary, particularly in comatose 
patients because of the increased incidence of urinary 
retention during PCP intoxication. The clinical presen-
tation of major trauma may be occult because of the 
analgesia and altered consciousness associated with 
PCP intoxication. Therefore, each PCP patient should 
be carefully evaluated for signs of trauma.  

  Psychosis 

 Patients with PCP - induced psychosis should be managed 
in a quiet room with minimal external stimulation. 
Haloperidol and chlorpromazine are effective neuro-
leptic agents for PCP - induced psychosis. There are few 
clinical data on the adverse effects of these antipsy-
chotic drugs during PCP intoxication including newer 
atypical antipsychotic drugs, but these reactions proba-
bly are similar to the treatment of chronic schizophrenia 
with the potential exception that PCP - intoxicated 
patients may develop hyperthermia as a result of the 
reduced ability to dissipate heat; drugs with anticholin-
ergic effects (e.g., diphenhydramine) should be avoided 
in these patients.  175   The clinical response of patients with 
PCP - induced psychosis to haloperidol (i.e., dopamine 
DA 2  receptor antagonist) may be more effective than to 
chlorpromazine (i.e., mixed DA 1 /DA 2  receptor antago-
nist) based on a clinical trial of 20 PCP - intoxicated 
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techniques (gas chromatography/mass spectrometry) 
than commercial immunoassays for PCP. Analytic 
methods to detect the presence of PHP include thin 
layer chromatography  184   and gas chromatography/mass 
spectrometry.  185   The use of the latter method resulted in 
the detection of 100   ng PHP/mL in postmortem blood 
from a 35 - year old man shot by police while acting in a 
bizarre manner and resisting arrest. In a study of 20 
patients with PHP - induced psychosis, the administra-
tion of 5   mg haloperidol intramuscularly was more 
effective as a sedative than placebo.  186

  1 - (1 - [2 - Thienyl]cyclohexyl)
piperidine ( TCP ) 
 1 - (1 - [2 - Thienyl]cyclohexyl)piperidine (TCP, CAS RN: 
1867 - 65 - 8) is a Schedule I substance in the United States 
that has been investigated in clinical trials for the 
treatment of traumatic brain and spinal cord injuries.  187

TCP is not usually an impurity in samples of illicit 
PCP as analyzed by gas chromatography/chemical ion-
ization/mass spectrometry.  20   Rodent studies suggest 
that the toxicokinetics of PCP and TCP are similar. In 
rodent studies, the mean unbound TCP is 42    ±    6% 
and mean apparent volume of distribution is large 
(27    ±    17   L/kg).  188   The clearance of TCP from the blood 
is rapid with a plasma elimination half - life of about 
2   hours. Little (i.e.,  < 1% administered dose) unchanged 
TCP appears in the urine. Animal data suggest that the 
physiological properties of TCP and PCP are probably 
similar in animals and humans, but the behavioral 
effects of TCP are less intense than PCP or other 
PCP analogues (dizocilpine, PCE, cyclohexamine).  189

TCP is a high - affi nity, non - competitive antagonist 
of N  - methyl - d - aspartate (NMDA) receptors that pre-
vents ion infl ux through the associated channel. 
This compound is now the preferred radioligand for 
the displacement assays of PCP.  190   As measured by a 
test for ataxia ( rotarod) in mice, TCP is about 30 – 50% 
more potent than PCP; however, the LD 50  of TCP was 
about 1/3 lower than the LD 50  of PCP.  191   In rodent 
studies, PCP and TCP have a similar number of 
high affi nity binding sites, but there were twice as many 
PCP low binding sites as TCP low binding (PCP 3 ) 
sites.  192   The number of PCP and TCP high and low 
binding sites were similar in the cerebellum; however, 
the density of high binding sites in the cerebrum 
was 7 times higher than the cerebellum. Methods to 
detect PCP designer drugs include GC/MS in both elec-
tron ionization and positive - ion chemical ionization 
modes.  193

prevented the development of behavioral and cross sen-
sitization;179   however, subsequent research indicated 
that the actions of this drug are complex.  180   MK - 801 
possesses reinforcing properties, induces behavioral 
sensitization to itself, and induces cross sensitization to 
other drugs of abuse.  181   A case report associated the 
death of a 45 - year old man found dead with the inten-
tional ingestion of an estimated 25   mg of this compound 
(heart blood, 150   ng/mL) along with ethanol (heart 
blood, 20   mg/dL) and diazepam (heart blood, 1,000   ng/
mL) plus metabolites (nordiazepam, 1,100   ng/mL; oxaz-
epam, 100   ng/mL; temazepam, 100   ng/mL) as measured 
by gas chromatography/mass spectrometry.  182

  Ketamine 
 Ketamine [2 - ( o  - Chlorophenyl) - 2 - (methylamino)cyclo-
hexanone] is a dissociative anesthetic, which is structur-
ally similar to PCP and is marketed in the US under the 
name Ketalar ® . Emergence psychosis (vivid imagery, 
hallucinations, disorientation, delirium) also occurs in 
adults after the use of ketamine as an anesthetic. The 
postanesthesia emergence reactions associated with 
ketamine are stereospecifi c with R( - ) - ketamine having 
a stronger association with psychic disturbances. 
Additional risk factors for emergence reactions include 
age > 16 years, female gender, people who frequently 
dream during sleep, IV doses of ketamine  > 2   mg/kg or 
IV administration rates exceeding 40   mg/min and a 
history of personality disorders. The effects are typically 
short - lived ( < 24 hours) and are not associated with any 
permanent personality changes. The  S ( + ) - isomer is 3 – 5 
times more potent as an anesthetic agent than the R ( - ) -
 isomer. There are inadequate data to determine if the 
risk factors associated with ketamine - induced anesthe-
sia emergence are also risk factors for intensifi ed psychic 
disturbance in PCP users.  

  1 - (1 - Phenylcyclohexyl)
pyrrolidine ( PHP ) 
 1 - (1 - Phenylcyclohexyl)pyrrolidine (rolicyclidine, CAS 
RN: 2201 - 39 - 0) is a pyrrolidine analogue of PCP with 
similar adverse behavioral and physiological effects as 
PCP.  183   PHP is a DEA Schedule I drug. PHP is more 
diffi cult to detect in urine drug screens than PCP; deter-
mination of the presence of psychoactive phencyclidine 
analogues (e.g., PHP) requires more rigorous analytic 
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  Chapter 35 

               HISTORY 

 Although inhalants were used before the 1700s and 
chloroform parties were fashionable in the 19 th  century, 
medical reports of volatile substance abuse in the United 
States fi rst appeared in the 1950s with descriptions of 
adolescents in remote areas sniffi ng gasoline as a sub-
stitute for ethanol.  1   Volatile substance abuse spread 
from California to the Midwest and the East Coast; the 
popularity of glue sniffi ng increased substantially by the 
mid - 1960s. In the late 1970s, nitrite inhalation became a 
popular method of enhancing sexual pleasure in male 
homosexuals.  2   Case reports documented fatalities fol-
lowing the inhalation of volatile substances during 
acts of atypical autoeroticism.  3   Between 1975 and 1990s, 
the prevalence of inhalant use by US high school 
students increased, but the prevalence rate stabilized in 
the early 2000s.  4   During the last decade, inhalant use 
among females increased compared with males, but 
inhalant use among some high - use populations (e.g., 
American Indian adolescents, Mexican American 
youth) decreased.  5

  IDENTIFYING CHARACTERISTICS 

  Structure 

 The abuse of volatile substances involves pharmacologi-
cally diverse liquid or pressurized gas products, which 
contain a high portion of volatile chemicals that easily 
vaporize at room temperature.  6   These products are 

rarely single compounds; the major component in the 
vapor phase may not be the primary constituent of the 
liquid. Volatile solvents are the largest group of sub-
stances associated with inhalant use. Table  35.1  lists the 
types of chemicals and sources of substances involved 
with the abuse of volatile substances.    

  Physiochemical Properties 

 The amount of a chemical inhaled during volatile sub-
stance abuse depends on several factors including the 
vapor pressure of the compound, the method of abuse, 
the physical properties of the product, and minute ven-
tilation. Almost all of the common substances associ-
ated with inhalant abuse are lipophilic. The release of 
vapors from viscous material (e.g., glues) is slower than 
pure liquids. Pressurized liquids (e.g., butane in cigarette 
lighter refi lls) can deliver almost all of the substance 
with little oxygen. At room temperature, one volume of 
liquid propellant generates up to 200 – 300 volumes of 
vapor.  7   Table  35.2  lists the maximum airborne concen-
trations of some common volatile substances at room 
temperature.    

  Terminology 

 The National Institute on Drug Abuse defi nes inhalant 
use as the deliberate inhalation of volatile substances to 
induce a psychoactive or mind - altering effect.  8   Table 
 35.3  lists some street terms associated with volatile 
substance abuse.     

VOLATILE SUBSTANCE ABUSE 

 X   Volatile Substances of Abuse     
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sodic course of inhalant use. According to the 2000 and 
2001 US National Household Surveys on Drug Abuse, 
about 3.4% US adolescents aged 12 – 17 years were inhal-
ant users in the past year during the end of the 1990s, and 
0.4% of the adolescent population met the criteria for 
inhalant use disorder during this time.  27   During the 2000s, 
the number of US persons aged 12 or older who had used 
inhalants for the fi rst time within the past 12 months 
remained relatively stable at approximately 800,000.  10

  EXPOSURE 

  Epidemiology 

 Intentional inhalation of volatile substances is a world-
wide problem, particularly common among youth.  9   Most 
epidemiologic data on the use of inhalants are derived 
from cross - sections studies; therefore, the lack of longitu-
dinal studies limits conclusions about the normally epi-

TABLE 35.1    Classifi cation and Sources of Volatile Substances of Abuse.   32

   Class     Common Chemical     Some Sources  

  Aliphatic Hydrocarbons    Propane    Bottled fuel, aerosol propellants  
      Butane    Cigarette lighter fl uid, aerosol propellants  
  Alkyl Halides    1,1,1 - Trichloroethane    Correction fl uid, dry cleaning products, degreasing agent  
      Trichloroethylene    Dry cleaning agent, degreaser, spot remover, PVC 

cement, gum remover  
      Trichlorofl uoromethane  *      Refrigerant, aerosol propellant (hairspray, spray paint, 

deodorants, room freshener, medical drugs)  
      Bromochlorodifl uoromethane    Fire extinguisher  
      1,1 - Difl uoroethane    Dust remover  
      Dichloromethane    Paint stripper  
  Aromatic Hydrocarbons    Gasoline †     Automobile fuel  
      Toluene    Adhesives, spray paint, glues, rubber cement, paint 

thinner, nail polish remover  
      Xylene    Wood glues, lacquer thinner  
  Alkyl Nitrites    Amyl nitrite ( “ poppers ” )    Vasodilator  
      Butyl nitrite, isobutyl nitrite    Room air freshener  
  Ethers    Diethyl ether    Laboratory solvent  
  Esters    Ethyl acetate    Nail polish remover, industrial solvent  
  Ketones    Acetone    Nail polish, solvent  
      Methyl ethyl ketone (MEK)    Adhesives, general solvent  

  Methyl  n  - butyl ketone    Paints  
      Methyl isobutyl ketone    Spray paint  

    *   Freon 11 is one of several Freon compounds used as propellants including Freon 12 (dichlorodifl uoromethane), Freon 22 (chlorodifl uoromethane), 
and Freon 114 (dichlorotetrafl uoroethane).  
   †   Blended product with many aliphatic, aromatic, and cycloalkane compounds as well as additives (methyl tertiary butyl ether, methylcyclopentadienyl 
manganese tricarbonyl, ethanol).   

TABLE 35.2.    Maximum Possible Air Concentrations of Some Volatile Compounds at Room 
Temperature (20 ° C/68 ° F).   6

   Compound     Physical State (20 ° C/68 ° F)     Maximum Vapor Concentration (mg/L)  

  Toluene    Liquid    121  
  Tetrachloroethylene    Liquid    136  
  Methyl Ethyl Ketone (MEK)    Liquid    324  
  Trichloroethylene    Liquid    426  
  Acetone    Liquid    635  
  1,1,1 - Trichloroethane    Liquid    767  
  Dichloromethane    Liquid    1831  
n  - Butane    Gas    2412  
  Dichlorodifl uoromethane    Gas    5033  
  Trichlorofl uoromethane    Gas    5719  
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of data from about 73,000 respondents to the 2002 and 
2003 US National Survey on Drug Use and Health, the 
prevalence of inhalant abuse and inhalant dependence 
among all adults using inhalants in the last year was 
6.6% and 1.1%, respectively.  28   This study demonstrated 
that approximately 1 in 10 adults use inhalants as a 
psychoactive drug at least once in their lives; about 
0.5% of the adult population used inhalants within the 
last year. Compared with the adult population, the prev-
alence of inhalant use within the past year was increased 
in young adults (aged 18 – 25 years), alcohol abusers, 
lifetime drug users, Asians, white women, and men with 
serious mental illnesses. In the young adults (i.e., 18 – 25 
years old), 15% of this group reported inhalant use at 
least once in their lifetime, and 2% of this group used 
inhalants in the last year. Approximately 44% of the 
lifetime adult inhalant users initiated inhalant use after 
the age of 17 years. Inhalant use disorder was more 
frequent in adult inhalant users aged 35 – 49 years, par-
ticular in individuals with mental illness, suffer from 
alcohol abuse, or who had a poor education. The profi le 
of the adult inhalant user is distinct from the adolescent 
inhalant user. Inhalant use in adults is less often associ-
ated with criminal activity than adolescent inhalant use, 
and these adults tend to use fewer inhalants less often 
than adolescents do.  

  Sources 

 The US National Institute on Drug Abuse classifi es 
volatile substances of abuse in the following 4 catego-
ries: 1) volatile solvents (adhesives, cleaning fl uids, cor-
rection fl uids, felt - tip markers, gasoline and other fuels, 
glues, paint thinners, paint removers, shoe polish); 2) 
aerosols (household products, personal hygiene prod-
ucts, spray paint); 3) gases (butane lighters, propane 
tanks, refrigerants, medical anesthetics); and 4) nitrites 
(amyl nitrite, butyl nitrite, cyclohexyl nitrite).  21   Based on 
data reported to the Toxic Exposure Surveillance 
System (TESS) of the American Association of Poison 
Control Systems from 1996 – 2001, the top 5 volatile sub-
stances of abuse are gasoline (41%), paint (13%), 
propane/butane (6%), air fresheners (6%), and forma-
lin (5%).  22   The type of inhalant abused varies with the 
population and time studied. In an analysis of inhalant 
abuse reported to TESS from 2000 – 2005, the top 5 vola-
tile substances abuse categories in order of frequency 
were freon/propellant (15.4%), gasoline (11.4%), paint 
(9.4%), automotive hydrocarbons (8%), and propane 
(4.5%).23   A majority (i.e., about 60%) of past - year 
inhalant users report the inhalation of multiple types of 
inhalants.  24   Updating of US Poison Control Center data 
indicated that propellants, gasoline, and paint remained 
the most popular volatile substances of abuse with only 

 Peak inhalant use occurs at age 14 – 15 years with use 
signifi cantly declining at age 17 – 19 years; the onset of 
inhalant use is earlier when associated with juvenile 
delinquency. In a study of 285 adjudicated adolescents, 
the median age of fi rst - time inhalant use was 13 years.  11

In 2005, about 72% of new volatile substance users 
between the ages of 12 years and 49 years were under 
the age of 18 years; the mean age of new inhalant users 
was 16.1 years.  12   By 2007, the mean age of new volatile 
substance users increased to 17.1 years and remained 
near 17 years at the end of the 2000s.  10

 The prevalence of inhalant abuse in certain parts of 
the population are particularly high. In a study of 723 
Missouri adolescents in residential care for antisocial 
behavior, the prevalence of lifetime computer duster 
spray use was 14.7%.  13   Although inhalant abuse occurs 
in many demographic areas (rural, suburban, urban) 
and among all ethnic groups, inhalant abuse is more 
prevalent among a geographically isolated and socio-
economically disadvantaged population. Such popula-
tions include American Indian and Alaska Native 
youth.5   In a study of 376 Native Alaskan children aged 
10 – 19 years of age living in 14 isolated villages in the 
Bering Strait, the reported use of inhalants at least once 
in this group was 48%.  14   Most inhalant use in this group 
was sporadic and occurred in social settings; the risk of 
progression to inhalant substance abuse disorders is 
highest with the fi rst year of use and much lower 
thereafter.  15

 In the fi rst decade of 2000, the prevalence of inhalant 
abuse among adolescents has been relatively stable with 
a slight decrease in inhalant use among youth aged 
12 – 17 years between 2003 (4.5%) and 2007 (3.8%).  16

Progression from inhalant use to abuse or dependence 
was associated with early fi rst inhalant use, use of mul-
tiple inhalants, and weekly inhalant use. The prevalence 
of mental illness, antisocial personality, multiple drug 
abuse, and criminal behavior was particularly high 
among adolescent inhalant users;  17,18   anecdotal reports 
associate volatile substance abuse with a variety of crim-
inal behaviors.  19   These reports include a substantial 
number of cases of recidivism.  20   In a retrospective study 

TABLE 35.3.    Terms Associated with Volatile Substance 
Abuse.   1

   Term     Defi nition  

  Bolt, bullet, climax, 
locker room, rush  

  Small bottles butyl nitrite  

  Poppers, snappers    Ampules amyl nitrite  
  Whippets    Balloons or small bags nitrous oxide  
  Texas shoe shine    Toluene - containing shoe shine spray  
  Torch, fi re - breathing    Ignition of exhaled fl ammable gases  
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the placement of small amounts of the volatile sub-
stance in a paper or plastic bag and covering the mouth 
and nose with the bag ( bagging ). Other methods of 
inhalant abuse include spraying the aerosol directly in 
the mouth or nose, inhaling vapors from a nearby 
surface (collar, cuff, fi ngernail), inhaling air - freshener 
aerosols ( glading ), and placing the canister straw of 
aerosol computer or personal electronics cleaning prod-
ucts directly into the mouth or nose ( dusting ). 
Occasionally, the chemical product is heated (e.g., glue) 
to increase volatilization, bubbled through water to 
remove irritants (e.g., aluminum chlorohydrate in anti-
perspirants), or combined with ethanol prior to 
inhalation.   

  DOSE EFFECT 

 Typically, 10 – 15 inhalations of a volatile solvent produce 
euphoria and subsequent drowsiness within seconds to 
minutes.  31   The rebreathing of exhaled air (e.g.,  bagging ) 
causes hypoxia and hypercarbia that enhance the effect 
of the inhaled solvent.  

  TOXICOKINETICS 

  Absorption 

 The absorption of most chemicals associated with vola-
tile substance abuse is rapid. Pulmonary uptake of these 
chemicals depends on a variety of factors including the 
concentration in inspired air, the air/blood and blood/
tissue partition coeffi cients, ventilation, pulmonary 
blood fl ow, and the distribution of fat.  

  Distribution 

 Most substances associated with volatile substance 
abuse are lipophilic; consequently, these compounds 
distribute rapidly into lipid - rich tissues (e.g., brain, bone 
marrow, kidney, liver). The volume of distribution of 
most volatile substances is large because of high lipid 
solubility.  

  Biotransformation/Elimination 

 Most inhaled chemicals are rapidly excreted in the 
breath; metabolism occurs in the liver, primarily by the 
cytochrome P450 isoenzymes. Typically, metabolites are 
more polar and less volatile than the parent compound. 
The biotransformation of these chemicals produces 
more hydrophilic compounds that diffuse less easily 
across membranes, but the kidney excretes the metabo-
lites more easily than the parent compounds. Although 

propellants increasing in popularity.  25   A majority of the 
propellants were computer or electronic dusters, fre-
quently containing 1,1 - difl uoroethane. Butane, propane, 
and air fresheners had the highest fatality rates. Some 
subsets of the general population prefer specifi c volatile 
substances (e.g., nitrite inhalant use by homosexuals).  26

Female adolescents often prefer spray paints, correction 
fl uid, glue and shoe polish, whereas male adolescents 
frequently use lighter fl uid, gasoline, and nitrous oxide.  27

Nitrous oxide and amyl nitrite are the most frequently 
abused inhalants in adults.  28   Solvent abuse in industry is 
rare among solvent workers.  29

 Table  35.4  lists the specifi c type of inhalants most 
commonly used by fi rst - time inhalant users between the 
ages of 12 – 17 years. Typically, products preferred by 
inhalant abusers contain a relatively high volume of 
propellants (e.g., topical analgesics, deodorants, fl y 
sprays). Unpopular sources for inhalant abuse include 
natural gas (methane lacks narcotic properties) and 
petroleum distillates (most have limited volatility) with 
the exception of gasoline. The formulation of household 
products changes over time, and chemical analysis or 
current material data safety sheets (MSDS) are neces-
sary to confi rm the composition of these products.    

  Methods of Abuse 

 Methods of inhaling volatile substances include sniffi ng, 
snorting, bagging, and huffi ng. The most common 
method of volatile substance abuse involves the inhala-
tion of vapors from original containers either through 
the nose ( snorting ,  sniffi ng ) or the mouth ( huffi ng ), pri-
marily in a social setting.  30   Adhesives may be poured 
into a plastic bag and the vapors inhaled while the top 
of the bag is placed over the mouth and nose.  Huffi ng
is also a term for the inhalation of vapors from a rag 
saturated with the chemical and held over the face. 
Another method to intensify the effects of inhalants is 

TABLE 35.4.    Inhalants Used during the Past Year by New 
Inhalant Adolescent Users.   12

   Type     %  

  Glue, shoe polish, toluene    30.3  
  Gasoline, lighter fl uid    24.9  
  Nitrous oxide ( “ whippets ” )    24.9  
  Spray paints    23.4  
  Correction fl uid degreaser, cleaning fl uid    18.4  
  Amyl nitrite ( “ poppers ” ), locker room 

deodorizers ( “ rush ” )  
  14.7  

  Lacquer thinner, other paint solvents    11.7  
  Lighter gases (butane, propane)    9.4  
  Anesthetics (halothane, ether, etc.)    3.4  



35 VOLATILE SUBSTANCE ABUSE

637

  CLINICAL RESPONSE 

  Illicit Use 

 Acute intoxication with volatile substances and ethanol 
is similar. Desirable effects of inhalant use include the 
rapid onset of a pleasurable sensory experience ( high ) 
followed by the swift resolution of the central nervous 
system (CNS) effects with minimal adverse symptoms. 
The immediate effects of inhaling vapors during 
volatile substance use are similar to early stages of anes-
thesia with an initial stimulatory phase involving light-
headedness, excitement, disinhibition, and impulsive 
behavior. Central nervous system symptoms begin 
within a minute of inhaling the vapors, and resolve 
within minutes after exposure ceases. However, the  high
can be maintained for hours by continual inhalation of 
the vapors.  36   As the dose of the inhalant increases, 
slurred speech, diplopia, dizziness, ataxia, and disorien-
tation occurs similar to ethanol intoxication. Auditory 
or visual hallucinations may occur following the use of 
high doses of inhalants; the presence of terrifying 
hallucinations helps distinguish inhalant use from 
ethanol intoxication.  36   Without repeated use of the 
inhalant, the euphoria fades into drowsiness, sleepiness, 
and headache. Coma occurs rarely during volatile sub-
stance abuse. Adverse effects include mucous mem-
brane irritation (rhinorrhea, salivation, sneezing, cough, 
conjunctival erythema, nausea, vomiting, abdominal 
pain) and irritation of the respiratory tract (dyspnea, 
wheezing). 

 Neurologic sequelae following inhalant use are 
relatively rare, and the appearance of neurologic abnor-
malities depends on a variety of factors including the 
type of substance abused, duration of use, and individ-
ual susceptibility.  37   Peripheral neuropathy following 
chronic volatile substance abuse is usually associated 
with the inhalation of n  - hexane, particularly in associa-
tion with exposure to methyl n  - butyl ketone. Cranial 
nerve abnormalities are rarely associated with volatile 
substance abuse. Chronic heavy inhalant use is 
associated with behavioral changes including apathy, 
malaise, poor school grades, poor hygiene, and changes 
in social activity and acquaintances along with depres-
sion, irritability, hostility, and paranoia.  38,39   Stains or 
paint may appear on the clothing. Complications of 
chronic inhalant abuse include halitosis, conspicuous 
odor on the breath, weight loss, chronic rhinitis or epi-
staxis, ulcerations of nose or mouth, perioral or parana-
sal dermatitis with pyoderma (huffer ’ s rash), and 
tremor.  40   Occasionally, mucosal burns result from the 
spraying of rapid - cooling aerosols directly into the 
mouth.  

metabolites are usually less toxic than the parent com-
pounds, some toxic metabolites may form from volatile 
substances (e.g., carbon tetrachloride, chloroform, 
dichloromethane,  n  - hexane). The biotransformation of 
volatile substances involves both phase I (oxidation, 
reduction, hydrolysis) and phase II (conjugation with 
glucuronic acid, sulfate, amino acids, or acetate) reac-
tions. The metabolic rate depends on age, health, dose, 
and the presence of other drugs.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 The exact mechanism of action of volatile substances 
used in inhalant abuse is not well - understood. Potential 
mechanism of action of volatile substances other than 
nitrites include the generalized slowing of axonal ion 
channel transport by alteration of brain membranes and 
the hyperpolarization of gamma - aminobutyric acid 
(GABA) receptors.  32   In animal models, the inhibition of 
the N  - methyl  d  - aspartate (NMDA) receptor is a 
common mechanism of action for several commonly 
abused inhalants. Prolonged exposure modulates the 
expression of these glutamatergic receptor subtypes 
depending on the experimental model, the area of the 
brain studied, and the dose.  33

  Mechanism of Toxicity 

 Volatile substances of abuse are simple asphyxiants and 
pulmonary irritants. The inhalation of these chemicals 
causes varying degrees of hypoxia as a result of the 
displacement of oxygen and the subsequent decrease in 
the partial pressure of oxygen. Pulmonary irritation may 
cause bronchospasm and reduced oxygen exchange. 
Potential causes of death during inhalant use include 
ventricular fi brillation, respiratory depression, asphyxia, 
pulmonary aspiration of stomach contents, and trauma 
from risky behavior.  

  Postmortem Examination 

 The postmortem changes in the examination of patients 
dying suddenly from volatile substance abuse are usually 
minimal including passive congestion of the organs, 
cerebral edema, and pulmonary edema.  34   Evidence of 
tracheitis, bronchitis, or marked pulmonary congestion 
may be present, but these common features are nonspe-
cifi c.  35   The presence of perioral eczema or the charac-
teristic odor of volatile substances is frequently absent 
at postmortem examination.   
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headspace gas chromatography is in the range of 0.1   mg/L 
for biologic samples.  48   Headspace gas chromatography 
with split fl ame ionization/electron capture detection is a 
relative simple analytic method for the screening of bio-
logic samples for volatile substances. The most diffi cult 
compounds to separate with this analytic method are 
isobutane/methanol and paraldehyde/toluene.  49   Other 
techniques to detect volatile substances in biologic 
samples include capillary gas chromatography/ Fourier 
transform infrared spectroscopy. The LOD for the latter 
method ranges from 0.05 – 10   mg/L depending on the 
structure of the analyte.  50   Detection of inhalant abuse 
(e.g., toluene) with traditional urinary biomarkers (e.g., 
hippuric acid) may require at 10 - fold dilution to maintain 
linearity and avoid contamination with standard analytic 
techniques.  51

  Storage 

 Samples should be stored in gas - tight, well - sealed, inert 
containers with minimal headspace. Some loss of vola-
tile organic compounds may occur by evaporation 
during handling, storage, or analysis of biologic samples, 
resulting in reduced or nondetectable concentrations of 
these compounds.   

  Biomarkers 

 The ability to detect volatile substances in biologic 
samples depends on the time since inhalation, dose, and 
the handling and storage of the specimen. In a study of 
125 samples of suspected exposure to volatile sub-
stances, headspace gas chromatography detected the 
substance or the metabolite in 87% of samples from 
volatile substance abusers when analysis occurred 
within 10 hours of exposure.  38   Detection of components 
of blended petroleum distillates is complicated by the 
low concentrations of these components even after 
exposure to massive amounts of gasoline vapors. 
Routine drug screens do not detect inhalant use. 
Detection of metabolites is useful for only a few volatile 
substances (e.g., toluene, trichloroethylene, xylene).  7

  Abnormalities 

 The chronic inhalation of vapors from household prod-
ucts (e.g., paint remover, some paints) containing meth-
ylene chloride may cause increased carboxyhemoglobin 
concentrations depending on the concentration of 
methylene chloride in the headspace above the sub-
stance. Despite the abuse of large doses of these prod-
ucts, the carboxyhemoglobin concentrations are usually 
relatively low (i.e.,  < 10%).  52   A 14 - year - old boy was 
found unconscious by his mother.  53   On admission to the 

  Fatalities 

 The most serious risk for inhalant abusers is 
sudden death, and most of these deaths occur in 
individuals under the age of 20 years, primarily in 
males.  41,42   Common compounds associated with 
these deaths include butane, fl uorinated alkanes, 
1,1,1 - trichloroeth ane, trichloroethylene, and ether. 
Based on data from the Toxic Exposure Surveillance 
System (TESS) of the American Association of Poison 
Control Systems, the most common substances associ-
ated with fatalities following inhalant use were gasoline 
(45%), air fresheners (26%), and propane/butane 
(11%).22   In 2009, the annual report of the American 
Association of Poison Control Centers ’  National Poison 
Data System listed 4 deaths in adults from intentional 
inhalation of volatile substances (butane, fi re extin-
guisher vapors, fl uorochlorocarbon propellants).  43   There 
were no reported deaths from deliberate gasoline inha-
lation. The risk of sudden death is not related to chronic 
volatile substance abuse as about one - third of the 
sudden deaths associated with inhalant use occur in 
fi rst - time users of these substances.  

  Abstinence Syndrome 

 In general, volatile substances are not considered physi-
cally addictive, but the effects of volatile substances are 
strongly self - reinforcing and the chronic use of these sub-
stances may cause psychologic addiction.  44   The progres-
sion from inhalant use to dependence is associated with 
early fi rst - time use, weekly inhalant use, use of multiple 
inhalants, polydrug use, comorbid psychiatric disorders, 
and delinquent behaviors.  24   Case reports of withdrawal 
following chronic volatile substance abuse are uncom-
mon.45   In a study of 162 community - recruited inhalant 
users as defi ned by using any type of inhalant  > 5 times, 
about 11% of the participants reported some withdrawal 
symptoms based on structured interviews.  46   The reported 
symptoms included headaches, nausea or vomiting, hal-
lucination, tearing or rhinitis, anxiety, depressed mood, 
trembling, fatigue, and trouble concentrating. 

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Techniques 

 Methods for the detection of volatile organic compounds 
in postmortem samples typically involve gas chromatog-
raphy after extraction with static and dynamic headspace 
or pulse - heating and solvent extraction.  47   The typical 
limit of detection (LOD) for volatile substances using 



35 VOLATILE SUBSTANCE ABUSE

639

  Antidotes 

 There are no specifi c antidotes for inhalant use with the 
exception of methylene blue for methemoglobinemia 
associated with nitrite abuse, high fl ow oxygen for the 
carboxyhemoglobin associated with exposure to dichlo-
romethane, and sodium bicarbonate and potassium for 
certain renal tubular syndromes.  

  Supplemental Care 

  Intoxication 

 Routine laboratory tests include complete blood count, 
serum electrolytes, blood urea nitrogen, blood glucose, 
serum creatinine, serum hepatic aminotransferases, uri-
nalysis, and urine drug screen for the concomitant use 
of other drugs of abuse. Chest x - ray, arterial blood gases, 
and carboxyhemoglobin concentrations should be 
obtained following exposure to dichloromethane.  

  Addiction 

 There are limited data on the treatment of inhalant 
abuse. Consequently, treatment involves the application 
of methods used to treat other addictive disorders 
including multisystem and family therapy, 12 - step facili-
tation, motivational enhancement techniques, and 
cognitive - behavioral therapy.  30

  References 

     1.       Marelich   GP  .  Volatile substance abuse .  Clin Rev Allergy 
Immunol   1997 ; 15 : 271  –  289 .  

     2.       Lowry   TP  .  Psychosexual aspects of the volatile nitrites . 
 J Psychoactive Drugs   1982 ; 14 : 77  –  79 .  

     3.       Gowitt   GT  ,   Hanzlick   RL  .  Atypical autoerotic deaths .  Am 
J Forensic Med Pathol   1992 ; 13 : 115  –  119 .  

     4.       Beauvais   F  .  Volatile solvent abuse: trends and patterns . 
 Subst Use Misuse   1997 ; 32 : 1829  –  1834 .  

     5.       Beauvais   F  ,   Wayman   JC  ,   Jumper - Thurman   P  ,   Plested   B  , 
  Helm   H  .  Inhalant abuse among American Indian, Mexican 
American, and non - Latino white adolescents .  Am J Drug 
Alcohol Abuse   2002 ; 28 : 171  –  187 .  

     6.       Ramsey   J  ,   Anderson   HR  ,   Bloor   K  ,   Flanagan   RJ  .  An intro-
duction to the practice, prevalence and chemical toxicol-
ogy of volatile substance abuse .  Hum Toxicol   1989 ; 8 : 
261  –  269 .  

     7.       Flanagan   RJ  ,   Ruprah   M  ,   Meredith   TJ  ,   Ramsey   JD  .  An 
introduction to the clinical toxicology of volatile sub-
stances .  Drug Saf   1990 ; 5 : 359  –  383 .  

     8.      National Institute on Drug Abuse .  Inhalant abuse (DHHS 
Publication No. 00 - 3818) .  Rockville, MD :  US Department 

emergency department 1 ½  hours later, he was drowsy, 
but oriented with slurred speech and some euphoria. He 
was placed on 100% FiO 2 , and his carboxyhemoglobin 
4 hours after being found by his mother was 13%. He 
had no evidence of metabolic acidosis (arterial 
pH   =   7.38, HCO 3    =   23   mEq/L); he recovered without 
sequelae. The inhalation of nitrites is associated 
with methemoglobinemia that may cause serious 
clinical effects (hypoxia, altered consciousness). 
Neuropsychologic testing of chronic adolescent inhal-
ant users suggests some defi cits in executive functioning 
compared with drug - using controls (cannabis); however, 
establishment of causation is limited by methodologic 
issues (reporting bias, confounding, acute drug effect, 
classifi cation bias).  54

  TREATMENT 

  Stabilization 

 The treatment of the adverse effects of acute inhalant 
intoxication is primarily supportive, and symptoms of 
intoxication typically resolve within ∼ 20 minutes after 
exposure ceases. The initial treatment of the acutely 
intoxicated patient involves stabilization of any cardiac 
or respiratory abnormalities. Patients with depressed 
consciousness should be monitored for adequacy of res-
piration, hypoxia, and rhythm disturbances. An intrave-
nous (IV) line should be started and the patient placed 
on a cardiac monitor and pulse oximeter. Hypotension 
should be treated with fl uid replacement and vasopres-
sors as indicated. Although there are theoretic concerns 
that the use of vasopressors or bronchodilators (e.g., 
albuterol) potentially may induce dysrhythmias in these 
patients, there is no direct evidence that these complica-
tions occur during the treatment of inhalant abuse. The 
development of cardiac dysrhythmias should be treated 
with conventional antidysrhythmic drugs including the 
use of epinephrine as indicated during cardiopulmonary 
resuscitation and the correction of any hypoxia or hypo-
kalemia. Seizures are treated with benzodiazepines; 
these patients should be evaluated for alternate causes 
(e.g., head trauma, infection, co - ingestion of seizure -
 inducing drugs) of seizures. The elimination of volatile 
substances associated with inhalant use is rapid, and the 
persistence of symptoms more than a few hours after 
the cessation of use suggests an etiology other than 
inhalant use.  

  Elimination Enhancement 

 The metabolism of most substances involved with inhal-
ant use is rapid; methods to enhance elimination are 
usually unnecessary.  



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

640

  23.       Spiller   H  ,   Lorenz   DJ  .  Trends in volatile substance abuse . 
 J Addict Dis   2009 ; 28 : 164  –  170 .  

  24.       Wu   L - T  ,   Pilowsky   DJ  ,   Schlenger   WE  .  Inhalant abuse and 
dependence among adolescents in the United States. J 
Am   Acad Child Adolesc Psychiatry   2004 ; 43 : 1206  –  1214 .  

  25.       Marsolek   MR  ,   White   NC  ,   Litovitz   TL  .  Inhalant abuse: 
monitoring trends by using poison control data, 1992 –
 2008 .  Pediatrics   2010 ; 125 : 906  –  913 .  

  26.       Colfax   GN  ,   Mansergh   G  ,   Guzman   R  ,   Vittinghoff   E  ,   Marks  
 G  ,   Rader   M  ,   Buchbinder   S  .  Drug use and sexual risk 
behavior among gay and bisexual men who attend circuit 
parties: a venue - based comparison .  J Acquir Immune 
Defi c Syndr   2001 ; 28 : 373  –  379 .   

  27.       Wu   LT  ,   Pilowsky   DJ  ,   Schlenger   WE  .  Inhalant abuse and 
dependence among adolescents in the United States .  J Am 
Acad Child Adolesc Psychiatry   2004 ; 43 : 1206  -  1214 .   

  28.       Wu   L - T  ,   Ringwalt   CL  .  Inhalant use and disorders among 
adults in the United States .  Drug Alcohol Depend   2006 ;
 85 : 1  –  11 .  

  29.       Cherry   N  ,   McArthy   TB  ,   Waldron   HA  .  Solvent sniffi ng in 
industry .  Hum Toxicol   1982 ; 1 : 289  –  292 .  

  30.       Williams   JF  ,   Storck   M  , and  the Committee on Substance 
Abuse and Committee on Native American Child Health: 
Inhalant abuse .  Pediatrics   2007 ; 119 : 1009  –  1017 .  

  31.       Brouette   T  ,   Anton   R  .  Clinical review of inhalants .  Am J 
Addict   2001 ; 10 : 79  –  94 .  

  32.       Lorenc   JD  .  Inhalant abuse in the pediatric population: 
a persistent challenge .  Curr Opin Pediatr   2003 ; 15 : 204  –  209 .  

  33.       Bowen   SE  ,   Bais   JC  ,   Paez - Martinez   N  ,   Cruz   SL  .  The last 
decade of solvent research in animal models of abuse: 
mechanistic and behavioral studies .  Neurotoxicol Teratol  
 2006 ; 28 : 636  –  647 .  

  34.       Kringsholm   B  .  Sniffi ng - associated deaths in Denmark . 
 Forensic Sci Int   1980 ; 15 : 215  –  225 .  

  35.       Shephard   RT  .  Mechanism of sudden death associated with 
volatile substance abuse .  Hum Toxicol   1989 ; 8 : 287  –  292 .  

  36.       Ashton   CH  .  Solvent abuse .  BMJ   1990 ; 300 ( 6718 ): 135  –  136 .  

  37.       Lolin   Y  .  Chronic neurological toxicity associated with 
exposure to volatile substances .  Hum Toxicol   1989 ; 8 : 
293  –  300 .  

  38.       Jacobs   AM  ,   Ghodse   AH  .  Depression in solvent abusers . 
 Soc Sci Med   1987 ; 24 : 863  –  866 .  

  39.       Meredith   TJ  ,   Ruprah   M  ,   Liddle   A  ,   Flanagan   RJ  .  Diagnosis 
and treatment of acute poisoning with volatile substances . 
 Hum Toxicol   1989 ; 8 : 277  –  286 .  

  40.       Gautschi   OP  ,   Cadosch   D  ,   Zellweger   R  .  Postural tremor 
induced by paint sniffi ng .  Neurol India   2007 ; 55 : 393  –  395 .  

  41.       Bowen   SE  ,   Daniel   J  ,   Balster   RL  .  Deaths associated with 
inhalant abuse in Virginia from 1987 to 1996 .  Drug Alcohol 
Depend   1999 ; 53 : 239  –  245 .  

  42.       Esmail   A  ,   Meyer   L  ,   Pottier   A  ,   Wright   S  .  Deaths from vola-
tile substance abuse in those under 18 years: results from 
a national epidemiological study .  Arch Dis Child   1993 ; 
69 : 356  –  360 .  

of Health and Human Services, National Institutes of 
Health ;  2000 .   

     9.       Ramon   MF  ,   Ballesteros   S  ,   Martinez - Arrieta   R  ,   Jorrecilla  
 JM  ,   Cabrera   J  .  Volatile substance and other drug abuse 
inhalation in Spain .  J Toxicol Clin Toxicol   2003 ; 41 : 
931  –  936 .  

  10.      U.S. Department of Health and Human Services, Substance 
Abuse and Mental Health Services Administration, Offi ce 
of Applied Studies .  Results from the 2009 National 
Survey on Drug Use and Health: Volume I. Summary 
of national fi ndings . Available at  http://www.oas.
samhsa.gov/NSDUH/2k9NSDUH/2k9ResultsP.pdf . 
Accessed  2011 April 23.  

  11.       McGarvey   EL  ,   Clavet   GJ  ,   Mason   W  ,   Waite   D  .  Adolescent 
inhalant abuse: environments of use .  Am J Drug Alcohol 
Abuse   1999 ; 25 : 731  –  741 .  

  12.      Substance Abuse and Mental Health Services 
Administration (SAMHSA) .  Results from the 2005 
National Survey on Drug Use and Health: National 
Findings (SMA 06 - 4194) .  Rockville, MD :  Substance 
SAMHSA Offi ce of Applied Studies ;  2006 . Available at 
 http://oas.samhsa.gov  .  Accessed 2011 August 10.  

  13.       Garland   EL  ,   Howard   MO  .  Inhalation of computer duster 
spray among adolescents: an emerging public health 
threat?  Am J Drug Alcohol Abuse   2010 ; 36 : 320  –  324 .  

  14.       Zebrowski   PL  ,   Gregory   RJ  .  Inhalant use patterns among 
Eskimo school children in western Alaska .  J Addict Dis  
 1996 ; 15 : 67  –  77 .  

  15.       Perron   BE  ,   Howard   MO  ,   Maitra   S  ,   Vaughn   MG  .  Prevalence, 
timing, and predictors of transitions from inhalant use to 
inhalant use disorders .  Drug Alcohol Depend   2009 ; 100 :
 277  –  284 .   

  16.      Substance Abuse and Mental Health Services 
Administration.  National Survey on Drug Use and Health . 
 Rockville, MD :  US Health and Human Services, Offi ce of 
Applied Studies . Available at  http://oas.samhsa.gov/
2k9/inhalantTrends/inhalantTrends.cfm  .  Accessed  2011  
April 23.  

  17.       Young   SJ  ,   Longstaffe   S  ,   Tenenbein   M  .  Inhalant abuse and 
the abuse of other drugs .  Am J Drug Alcohol Abuse  
 1999 ; 25 : 371  –  375 .  

  18.       Wu   LT  ,   Pilowsky   DJ  ,   Schlenger   WE  .  High prevalence of 
substance use disorders among adolescents who use mari-
juana and inhalants .  Drug Alcohol Depend   2005 ; 78 :
 23  –  32 .  

  19.       Perron   BE  ,   Howard   MO  .  Adolescent inhalant use, abuse 
and dependence .  Addiction   2009 ; 104 : 1185  –  1192 .  

  20.       Flanagan   RJ  ,   Fisher   DS  .  Volatile substance abuse and 
crime: data from U.K. press cuttings 1996 - 2007 .  Med Sci 
Law   2008 ; 48 : 295  –  306 .  

  21.      National Institute on Drug Abuse .  Inhalant abuse (NIH 
Publication No. 00 - 3818) .  Rockville, MD :  US Department 
of Health and Human Services, National Institutes of 
Health ;  2000 .  

  22.       Spiller   HA  .  Epidemiology of volatile substance abuse 
(VSA) cases reported to US Poison Centers .  Am J Drug 
Alcohol Abuse   2004 ; 30 : 155  –  165 .  



35 VOLATILE SUBSTANCE ABUSE

641

  43.       Bronstein   AC  ,   Spyker   DA  ,   Cantilena   LR  ,   Green   JL  , 
  Rumack   BH  ,   Giffi n   SL  .  2009 Annual report of the 
American Association of Poison Control Centers ’  National 
Poison Data System (NPDS): 27th annual report .  Clin 
Toxicol   2010 ; 48 : 979  –  1178 .  

  44.       Chalmers   EM  .  Volatile substance abuse .  Med J Aust  
 1991 ; 154 : 269  –  274 .  

  45.       Watson   JM  .  Glue sniffi ng. Two case reports .  Practitioner  
 1979 ; 222 : 845  –  847 .  

  46.       Ridenour   TA  ,   Bray   BC  ,   Cottler   LB  .  Reliability of use, 
abuse, and dependence of four types of inhalants in ado-
lescents and young adults .  Drug Alcohol Depend   2007 ; 91 : 
40  –  49 .  

  47.       Wille   SM  ,   Lambert   WE  .  Volatile substance abuse —
 postmortem diagnosis .  Forensic Sci Int   2004 ; 142 : 135  –  156 .  

  48.       Broussard   LA  .  The role of the laboratory in detecting 
inhalant abuse .  Clin Lab Sci   2000 ; 13 : 205  –  209 .  

  49.       Streete   PJ  ,   Ruprah   M  ,   Ramsey   JD  ,   Flanagan   RJ  .  Detection 
and identifi cation of volatile substances by headspace 
capillary gas chromatography to aid the diagnosis of 
acute poisoning .  Analyst   1992 ; 117 : 1111  –  1127 .  

  50.       Ojanper ä    I  ,   Hypp ö l ä    R  ,   Vuori   E  .  Identifi cation of volatile 
organic compounds in blood by purge and trap PLOT -
 capillary gas chromatography coupled with Fourier trans-
form infrared spectroscopy .  Forensic Sci Int   1996 ; 80 : 
201  –  209 .  

  51.       Charoun   R  ,   Faidi   F  ,   Hedhili   A  ,   Charbaji   K  ,   Nouaigui   H  , 
  Ben Laiba   M  .  Inhalant abuse detection and evaluation in 
young Tunisians .  J Forensic Sci   2008 ; 53 : 232  –  237 .  

  52.       Horowitz   BZ  .  Carboxyhemoglobinemia caused by inhala-
tion of methylene chloride .  Am J Emerg Med   1986 ; 4 :
 48  –  51 .  

  53.       Sturmann   K  ,   Mofenson   H  ,   Caraccio   T  .  Methylene chloride 
inhalation: an unusual form of drug abuse .  Ann Emerg 
Med   1985 ; 14 : 903  –  905 .  

  54.       Takagi   M  ,   Yucel   M  ,   Cotton   SM  ,   Baliz   Y  ,   Tucker   A  ,   Elkins  
 K  ,   Lubman   DI  .  Verbal memory, learning, and executive 
functioning among adolescent inhalant and cannabis 
users .  J Stud Alcohol Drugs   2010 ; 72 : 96  –  105 .     



642642

Medical Toxicology of Drug Abuse: Synthesized Chemicals and Psychoactive Plants, First Edition. Donald G. Barceloux.
© 2012 John Wiley & Sons, Inc. Published 2012 by John Wiley & Sons, Inc.

  Chapter 36 

               HISTORY 

 Chloroform and ether were popular euphoriants in the 
19th  and early 20 th  centuries. In 1831, Dumas fi rst pre-
pared chloroform, and he purifi ed this substance by 
1834. Both chloroform and ether were introduced as 
anesthetics in 1847. James Simpson, Professor of 
Midwifery at the University of Edinburgh, published a 
report in that year on the use of chloroform for general 
anesthesia.1   He previously used ether to relieve the pain 
associated with childbirth, but he was dissatisfi ed with 
the technical diffi culties (respiratory irritation, unpleas-
ant odor, slow induction/prolonged recovery) and gas-
trointestinal effects associated with the use of ether.  2

Soon thereafter, a druggist apprentice intentionally 
became intoxicated by inhaling chloroform vapors, and 
he subsequently died.  3   Queen Victoria received chloro-
form for the birth of her eighth child, Prince Leopold, 
in 1853.  4   Fatalities and complications (cardiac dysrhyth-
mias, hepatotoxicity) from the use of chloroform -
 induced general anesthesia were reported during the 
19th  century, resulting in the general preference for 
ether - induced anesthesia.  5   The fi rst recorded death from 
chloroform anesthesia occurred in 1848, when a 15 - year -
 old girl died suddenly shortly after receiving chloroform 
for the removal of an infected toenail. Various authors 
attributed her death to several factors including an 
overdose, fatal dysrhythmia, aspiration of food, and 
complications of the use of water and brandy to revive 
her; however, review of the data indicated that a defi ni-
tive conclusion regarding the cause of death was not 
possible with the available data.  6   Chlorodyne was a 
popular narcotic that was formulated in 1846 by Dr. 
John Collis Browne.  4   This patent medicine contained 

chloroform, morphine tincture of Indian hemp (canna-
bis), prussic (hydrocyanic) acid, and other substances. In 
the US medical literature, Schneck reported the chronic 
inhalation of chloroform for euphoriant effects in 1945.  7

In the same year, Heilbrunn et al collected 29 cases from 
the medical literature dating back to 1830; he suggested 
that chloroform addiction resembled chronic alcohol-
ism.8   Clinical effects reportedly associated with chloro-
form addiction included emaciation, depression, anxiety, 
irritability, delusions, hallucinations, tremors, and 
paresthesias.  

  IDENTIFYING CHARACTERISTICS 

 Chloroform is a simple trihalogenated compound 
(Figure  36.1 ). This compound is a colorless, volatile 
liquid with a sweet, burning taste and characteristic 
odor. Chloroform (CAS RN: 67 - 66 - 3, trichloromethane) 
possesses moderately high vapor pressure, high lipid 
solubility, and a slight, but comparatively greater, solu-
bility in water compared with other haloalkanes. Table 
 36.1  displays some physiochemical properties of chloro-
form. This compound also has irritant effects on the 
skin, conjunctiva, and mucous membranes.      

  EXPOSURE 

 The abuse of chloroform is relatively rare. In some 
alcohol abusers, the habitual use of chloroform is a sub-
stitute for ethanol. Chloroform abusers equate sniffi ng 
chloroform with a stiff drink of whiskey or paraldehyde, 
and the use of chloroform is associated with feelings of 
tranquility and exhilaration, a sense of well - being 
( “ world seems rosier ” ), and an inclination to daydream.  7

CHLOROFORM

 A   Anesthetics     
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form, the initial uptake of chloroform was rapid with a 
plateau after 40 – 50 minutes.  10   The arterial concentra-
tion reached approximately 25% of the inspired con-
centration in a patient breathing spontaneously after  ∼ 1 
hour of exposure.  

  Distribution 

 Absorbed chloroform rapidly distributes into the tissues 
based on lipid content and on the blood partition coef-
fi cients of individual tissues. The highest concentrations 
of chloroform appear (i.e., highest fi rst) in fat, brain, 
kidney, and blood.  11   Hydrophobic sites on blood pro-
teins (e.g. hemoglobin) are probably the main carriers 
of circulating chloroform.  12    

  Biotransformation/Elimination 

 The oxidative cytochrome P450 pathway in the liver is 
the principal site of chloroform metabolism. The major 
end products of chloroform metabolism are carbon 
dioxide and chloride ion with phosgene identifi ed as an 
intermediate precursor metabolite from  in vitro  studies 
via spontaneous dehydrochlorination of trichlorometh-
anol.  13   The primary cytochrome P450 isoenzymes 
involved with the metabolism of chloroform at lower 
concentrations are CYP2E1 and to a lesser extent by 
CYP2A6. The importance of the latter isoenzyme 
increases following the saturation of CYP2E1 - mediated 
reactions.  14   The biotransformation of chloroform at high 
concentrations also involves CYP2B1.  15   

 Detoxifi cation of phosgene occurs either via reaction 
with water to produce carbon dioxide or via conjugation 
with thiols (e.g., glutathione, cysteine). Human studies 
indicate that metabolism is dose dependent. The elimi-
nation of chloroform is rapid.  10   Figure  36.2  displays the 
elimination of chloroform in 8 patients receiving chlo-
roform anesthesia.    

  Maternal and Fetal Kinetics 

 There are few humans data on maternal or fetal kinetics 
of chloroform. In animal studies, chloroform diffuses 
across the placental barrier, but fetal uptake is low, pri-
marily as a result of the low fat content in the fetus.  16   
Based on these animal studies, there is minimal accu-
mulation of chloroform in the fetus.  

  Drug Interactions 

 There are few data in humans on drug interactions during 
chloroform abuse. The simultaneous exposure of chloro-
form and central nervous system (CNS) depressants 
would be expected to cause additive or synergistic effects.   

With continued chloroform use, drowsiness, irritability, 
and eventually sleep occur.  

  DOSE EFFECT 

 There are few data on plasma chloroform concentra-
tions during the abuse of chloroform. Vertigo, fatigue, 
and nausea develop in volunteers following inhalation 
of 1,000   ppm chloroform for several hours; dizziness 
and salivation occur after exposure to approximately 
1,500   ppm for several minutes. Lightheadedness, near 
syncope, and vomiting appear soon after exposure to 
4,000   ppm chloroform. Concentrations of 10,000 –
 20,000   ppm produce anesthesia, but higher levels are 
associated with an increased incidence of cardiac dys-
rhythmias and hypotension.  9   In patients breathing spon-
taneously, 2 – 2.5% chloroform is necessary for adequate 
surgical anaesthesia.  10    

  TOXICOKINETICS 

  Absorption 

 The uptake of chloroform by the pulmonary vasculature 
depends on the ventilatory rate and the solubility of 
chloroform (i.e., blood – gas partition coeffi cient) as well 
as the inspired chloroform concentration. In a study of 
16 patients undergoing surgical anesthesia with chloro-

       FIGURE 36.1.     Chemical structure of chloroform.  

  TABLE 36.1.    Physiochemical Properties of Chloroform. 

   Parameter     Value  

  Density    1.48   g/mol  
  Water Solubility    7.5 - 9.3   g /L (20 ° C/68 ° F)  
  Viscosity    5.63 millipoises (20 ° C/68 ° F)  
  Boiling Point    61.2 ° C/142.2 ° F  
  Odor Threshold    50 – 200   ppm  
  Vapor Pressure    159.6   mm   Hg (20 ° C/68 ° F) 

 199   mm   Hg (25 ° C/77 ° F)  
  Vapor Density    4.1 (Air    =    1)  
  Surface Tension    27.1 dynes/cm (20 ° C/68 ° F)  
  Relative Evaporation Rate    11.6 (Butylacetate    =    1)  
  Flash Point    None  
  Air Partition Coeffi cient      
     Blood    10.3  
     Water    3.5  
     Oil    401  
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Postmortem examination demonstrated a few petechiae 
in the conjunctiva, moderate submucosal hemorrhage in 
the trachea and esophagus, mild to moderate edema of 
the lungs with alveolar hemorrhage, moderate vacuolar 
degradation of the endocardium, and moderate focal 
fragmentation of the myocardium. Schmorl staining 
demonstrated large numbers of lipofuscin pigments in 
the myocardium and focal lipofuscin pigmentation 
around the central veins of the liver. A 33 - year - old man 
died of diphtheria after a 12 - year addiction to chloro-
form.  8   The postmortem examination demonstrated 
moderate pathologic changes in the putamen (lipofus-
cin in a reduced population of large ganglion cells) and 
cerebellum (reduced Purkinje cells with poor staining). 
The autopsy of an elderly woman found dead after 
inhaling chloroform demonstrated marked pulmonary 
edema and extensive contraction band necrosis of the 
cardiac muscles.  20     

  CLINICAL RESPONSE 

 Chloroform is a CNS depressant and anesthetic that 
causes respiratory depression, altered consciousness, 
coma, and dysrhythmias. A 23 - year - old chemistry student 
was found unresponsive with respiratory distress.  21   A 
bottle of laboratory - grade chloroform was next to his 
bed. In the emergency department, he was reactive only 
to deep painful stimuli, mitotic, mildly acidotic 
(pH    =    7.26), and hypoxemic (pO 2     =    51   mm   Hg on 70% 
O 2 ). His respiratory insuffi ciency necessitated intubation 
and ventilatory support. He was extubated on the second 
hospital day; subsequently, he developed nausea, 
anorexia, jaundice, and mild intravascular hemolysis 
(serum free haptoglobin    =    29.9   mg/dL with normal 
 < 10   mg/dL). Large ingestions of chloroform are 
associated with hepatotoxicity manifest by elevated 
serum hepatic aminotransferases, hyperbilirubinemia, 
jaundice, and hypoprothrombinemia with peak effects 
occurring about 3 – 6 days after exposure.  22,23   Chloroform 
is an irritant of the gastrointestinal tract that causes chest 
pain, abdominal pain, nausea, and vomiting after 
ingestion. 

 Withdrawal symptoms following chronic chloroform 
abuse are occasionally reported in the medical 
literature. An emaciated 33 - year - old man with chloro-
form addiction (1 – 2 ounces daily for 12 years) devel-
oped a seizure, hallucinations, and paranoia 3 days 
after cessation of chloroform use in the hospital.  8   
Additionally, he had pronounced cerebellar signs (dys-
arthria, ataxia, coarse intention tremor, positive 
Romberg ’ s sign, nystagmus, past - pointing). These cere-
bellar signs gradually diminished over 6 weeks, but he 
died of diphtheria.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 The major target organs of chloroform toxicity are the 
liver and kidney based on animal studies. The hepato-
toxicity of chloroform probably results from the cyto-
chrome P450 - dependent production of reactive 
metabolites (e.g., phosgene) that covalently bind to cel-
lular lipids and proteins.  17,18   At the high chloroform con-
centrations present during abuse, this compound is a 
central nervous system (CNS) depressant that may 
cause respiratory arrest and subsequent hypoxia. Similar 
to other volatile anesthetic agents, chloroform produces 
vascular dilatation both by direct effects on the vessels 
and by depression of the vasomotor center.  9    

  Postmortem Examination 

 Typical pathologic fi ndings during autopsies include 
submucosal hemorrhage, hyperemia and erosion of the 
trachea, esophagus, and stomach along with marked 
congestion of various organs including the lungs and 
brain. A 39 - year - old woman with a history of inhaling 
chloroform monthly for 7 years died shortly after the 
inhalation of chloroform from a saturated towel.  19   

       FIGURE 36.2.     Elimination of chloroform from central venous 
blood in 4 patients after receiving 30 minutes of chloroform 
anesthesia (broken line) and in another 4 patients after receiv-
ing 65 minutes of chloroform anesthesia (solid line) as a ratio 
to the central venous blood at the start of elimination. 
 (Reprinted from N Poobalasingham, JP Payne, The uptake 
and elimination of chloroform in man, British Journal of 
Anaesthesia, 1978, Vol. 50, p. 327, by permission of Oxford 
University Press.)    
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  Blood 

Illicit Use.     Based on the blood/gas partition coeffi -
cient of chloroform, the chloroform concentration at 
equilibrium after inhaling 1% chloroform is 367   mg/L.  10

In patients undergoing surgical anesthesia with chloro-
form, the mean chloroform concentration in arterial 
samples from patients receiving 1 hour of 1% chloro-
form via artifi cial ventilation was about 150   mg/L com-
pared with approximately 230   mg/L for surgical patients 
spontaneously breathing 2 – 2.5% chloroform. Patients 
regained consciousness when the chloroform concen-
trations in venous samples were between 20 – 40   mg/L.  

Overdose.     Ten hours after accidental ingestion, the 
chloroform concentration in a blood sample from a 
19 - year - old adolescent was 200   mg/L.  29   At that time, the 
patient was comatose and intubated for respiratory 
insuffi ciency.  

Postmortem.     A 26 - year - old man was found dead with 
evidence of the use of chloroform during autoerotic 
activities.  25   Postmortem heart blood, adipose tissue, and 
brain specimens contained chloroform concentrations of 
150.6   mg/L, 79.4   mg/L, and 107.4   mg/L as determined by 
headspace solid - phase microextraction and GC/MS. A 
39 - year - old woman had a cardiopulmonary arrest shortly 
after inhaling chloroform vapors, and she was pronounced 
dead after 30 minutes of cardiopulmonary resuscitation.  19

The heart blood drawn about 9 hours after her death 
contained a chloroform concentration of 32.5    ±    0.9   mg 
/L. Analysis of heart blood drawn 30 hours and 36 hours 
after the suicides of an elderly couple demonstrated chlo-
roform concentrations of 29.1   mg/L and 41.4   mg/L, 
respectively, as measured by headspace gas chromatog-
raphy with fl ame ionization detection.  20   Postmortem 
blood from this couple did not contain clinically signifi -
cant concentrations of any other drugs. 

  Abnormalities 

 Abnormalities of hepatic and renal function may occur 
following exposure to high concentrations of chloro-
form. Serum hepatic transaminases peak approximately 
3 – 4 days following exposure and return to normal within 
6 – 8 weeks.  30   In general, the alteration of serum hepatic 
aminotransferase concentrations and prothrombin 
times are greater than changes in serum bilirubin or 
alkaline phosphatase concentrations.   

  TREATMENT 

 Respiratory depression and cardiac dysrhythmias rep-
resent the immediate life - threatening complications of 

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analytic techniques for the determination of chloro-
form are similar to other volatile drugs of abuse 
including headspace gas chromatography with fl ame 
ionization detection  24   and headspace solid - phase micro-
extraction followed by gas chromatography/mass spec-
trometry (GC/MS).  25   Potential causes of perimortem 
and postmortem loss of chloroform from the body 
include prolonged resuscitation, improper storage in 
poorly sealed containers, and long postmortem interval. 
Chloroform concentrations rapidly decline during 
storage at room temperature. Over 1 week, chloroform 
concentrations in glass containers decreased over 
80% compared with about 10% at 4 ° C (39.2 ° F) and 
approximately 2% at − 20 ° C ( − 4 ° F) as measured by 
headspace GC/MS.  26   By 1 month, little chloroform 
remained in the glass bottles stored at room tempera-
ture, whereas approximately 60% of the original chlo-
roform concentration remained in the glass vials stored 
at 4 ° C (39.2 ° F). Over approximately 1 year,  ∼ 58 – 65% of 
the chloroform in glass bottles stored at 4 ° C (39.2 ° F) 
was lost.  27

  Biomarkers 

 Experimental studies indicate that chloroform may be 
detected in formalin - fi xed tissues at least 14 days 
after death. A 14 - day study of rabbits compared the 
chloroform concentrations in tissues fi xed in formalin 
immediately after death with chloroform concentra-
tions in unpreserved tissues collected at the same 
time.  28   Two days after death from a mixture of ether, 
chloroform, toluene, and ethanol, the chloroform con-
centrations in formalin - fi xed brain and liver tissues 
were 54% and 73%, respectively, of the chloroform con-
centrations in unpreserved samples analyzed immedi-
ately postmortem. Over the next 12 days, the 
concentrations of chloroform in the formalin - fi xed brain 
and liver tissues declined to 22% and 17%, respectively, 
of the concentrations in unpreserved tissues.  In vitro
studies of human erythrocytes exposed to 500   ppm 
chloroform for 2 hours suggest that the average whole 
blood/plasma ratio of chloroform is about 3.  12   There 
are few data on serum chloroform concentrations fol-
lowing exposure. A comatose 19 - year - old man with 
stable vital signs survived the ingestion of 75   mL chlo-
roform after intubation and treatment with N  -
 acetylcysteine. He developed mild hepatocellular 
toxicity; his serum chloroform concentration on admis-
sion was 91   mg/L.  22
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and liver regeneration in the management of chloroform 
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chloroform exposure; immediate attention should be 
directed towards the maintenance of ventilation and 
blood pressure with intubation, mechanical ventilation, 
intravenous (IV) fl uids, and cardiac monitoring as indi-
cated by history and physical examination.  30   Methods to 
enhance elimination of chloroform have not been 
studied. Although no antidotes have been studied for 
the treatment of chloroform intoxication, the depletion 
of glutathione stores suggest that N  - acetylcysteine may 
be effective similar to poisoning with carbon tetrachlo-
ride. However, there are limited clinical data at the 
present time to support the use of N  - acetylcysteine in 
this situation. A 19 - year - old man survived the ingestion 
of 75   mL chloroform without developing severe liver 
failure after treatment with standard IV doses of N  -
 acetylcysteine (150   mg/kg over 1 hour, then 50   mg/kg 
over 4 hours followed by an IV drip at 6.25   mg/kg/h 
until a decline in serum hepatic aminotransferases).  22   If 
severe hepatorenal dysfunction develops, supportive 
care includes the treatment of renal failure with dialysis 
and hepatic failure with fresh frozen plasma, vitamin K, 
low protein diet, neomycin, lactulose, and careful fl uid 
and electrolyte balance. Hepatic and renal function 
should be followed daily for at least 3 days after serious 
exposure to chloroform.      
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  Chapter 37 

   DIETHYL ETHER 

           HISTORY 

 The effects of diethyl ether (ether) on the level of con-
sciousness were probably known for centuries before 
the fi rst documented use of ether in anesthesia in the 
middle of the 19 th  century. Paracelsus observed the anes-
thetic effects of ether on chickens in the 16 th  century 
with no apparent harm. 1   The exhilarating effects of 
inhaled diethyl ether vapors ( “ ether frolics ” ) have been 
known since soon after the synthesis of ether in the 
early 19 th  century.  2   After Faraday demonstrated that 
diethyl ether had similar anesthetic properties as nitrous 
oxide in 1815, ether - parties (ether - jags) became popular 
both in Europe and in the United States. In the 1830s, 
ladies in Philadelphia would vaporize a little ether in a 
bladder; for amusement, they would then inhale the 
vapors from a tube with a stopcock.  3   Dr. Crawford W. 
Long used diethyl ether during the fi rst surgical anes-
thetic procedure in 1842.  4   Shortly thereafter, physicians 
began dispensing diethyl ether in water as a nonalco-
holic libation. In Germany, Hoffmann ’ s drops (1 part 
diethyl ether to 3 parts alcohol) were a treatment for 
feeling depressed, whereas  perles d ’  é ther  gelatin 
capsules were a  “ morning pick - me - up ”  for French 
ladies in high position. Before 1846, diethyl ether was 
widely available from dealers in pharmaceuticals; rec-
ognized effects of this compound included exhilaration 
and dulling of the senses. Morton fi rst successfully 
demonstrated diethyl ether anesthesia in the Bullfi nch 
Operating Theater at the Massachusetts General 
Hospital in October 1846.  5   The use of diethyl ether 

anesthesia quickly spread across the United States and 
to the United Kingdom.  6,7   Ether anesthesia typically 
was delivered by dropping the liquid from a suitable 
bottle unto a wire frame covered with gauze 
(Schimmelbusch mask). Later advances included vapor-
ization of ether in a glass container by the fl ow of air or 
oxygen (draw - over vaporizer). The major problem with 
these devices was the diffi culty delivering a constant 
amount of anesthetic because vaporization cooled the 
liquid (latent heat of vaporization). In general, diethyl 
ether anesthesia was not widely accepted because of the 
anesthesia risks resulting in part from the need for fre-
quent adjustments of the anesthetic and religious beliefs 
that pain resulted from Divine Will as a means to under-
stand suffering, insight, meaning, and salvation. 

 As the illegal distillation of alcoholic spirits ( poteen ) 
became more diffi cult in Ireland, diethyl ether drinking 
became a substitute for alcoholic beverages in the latter 
half of the 19 th  century.  8   The immediate effects of diethyl 
ether were considered similar and more rapid than 
ethanol.9   Adverse effects were also similar including 
hangover (headache, nausea, malaise), cough, mid -
 epigastric distress, and gastrointestinal refl ux. In 1890, 
the British government classifi ed diethyl ether as a 
poison, and the sale of diethyl ether was severely limited. 
More sophisticated diethyl ether drinkers switched to 
morphine (morphia), which was more readily available 
and did not have the unpleasant smell associated with 
the use of diethyl ether. However, diethyl ether remained 
popular as an alternative to alcohol in lower economic 
areas of Ireland, East Prussia, Norway, Russia, France, 
and Hungary.  3   Diethyl ether dependence was fi rst 
reported in the latter 19 th  century; the abuse of diethyl 
ether remains an uncommon form of volatile substance 
abuse.  10

ETHERS
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minimum alveolar concentration (MAC) of diethyl 
ether causes apnea.  13   The mean MAC for this ether in 
a study of rabbits was about 2.7%    ±    0.2%.  

  TOXICOKINETICS 

 The absorption of diethyl ether is relatively rapid, and 
this compound is distributed quickly to the tissues. 
Hydrophobic sites on blood proteins (e.g., hemoglobin) 
are probably the main carriers of this ether in the 
blood.  14   Elimination is also relatively rapid with the 
lungs excreting the vast majority (i.e.,  > 90%) of an 
absorbed dose into expired air unchanged. The primary 
metabolic pathway probably involves the cleavage of 
ether to acetaldehyde and ethanol followed by oxida-
tion to acetate via cytochrome P450 isoenzymes.  15,16   
The formation of acetaldehyde varies substantially 
between individuals.  17   The urine contains minor amounts 
of unchanged diethyl ether. The use of escalating doses 
of diethyl ether during volatile substance abuse indi-
cates the presence of tolerance in the chronic ether 
abuser.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 Diethyl ether is a central nervous system (CNS) depres-
sant similar to other inhaled anesthetics. Experiments 
in animals suggest that the acute intoxication produced 
by abused volatile inhalants (e.g., diethyl ether, toluene, 
1,1,1 - trichloroethane, halothane) and ethanol is similar. 
Ether is a relatively safe anesthetic because respiratory 
depression occurs before serious cardiac depression; 
subsequently, the depth of anesthesia decreases with 
progressive respiratory depression without supplemen-
tal respiratory support.  18   In mice, subanesthetic concen-
trations of diethyl ether cause ethanol - like discriminative 
stimulus effects greater than other common anesthetics 
(i.e., desfl urane, isofl urane, enfl urane).  19   Animal 
studies also indicate that diethyl ether activates the 
hypothalamic – pituitary – adrenal axis similar to physical 
stressors (e.g., cold, electric shock); thus, ether is used as 
a research tool to study hormonal parameters associ-
ated with stress.  20    

  Postmortem Examination 

 Similar to other volatile substances of abuse, case 
reports associate the chronic abuse of diethyl ether with 
fatalities. Typically, these cases involve an individual 
found dead with evidence of volatile substance abuse.  21   
The postmortem fi ndings are nonspecifi c including 

  IDENTIFYING CHARACTERISTICS 

 Diethyl ether (CAS RN: 60 - 29 - 7, ether) is an oxygenated 
hydrocarbon (Figure  37.1 ). Diethyl ether is a highly 
fl ammable, volatile liquid at room temperature that is 
relatively insoluble in water. The molecular formula is 
C 4 H 10 O and molecular weight is 74.12   g/mol. This chemi-
cal is not readily ionizable (pKa    =     − 3.59). Table  37.1  lists 
some of the physiochemical properties of diethyl ether.     

 The relative high blood/gas solubility of diethyl ether 
results in slow induction and prolonged recovery from 
anesthesia. The potency of diethyl ether is relatively low 
compared with modern inhaled anesthetics; addition-
ally, diethyl ether is a respiratory irritant.  

  EXPOSURE 

 The abuse of diethyl ether is relatively rare, and the 
intentional inhalation of this ether for euphoriant effects 
usually occurs in the setting of polydrug use (e.g., 
ethanol). Methods of abuse include both the inhalation 
of vapors and ingestion. Diethyl ether abuse remains a 
rare cause of death.  11   Case reports document the inhala-
tion of diethyl ether vapors by soaking a pad with ether 
and holding the ether - soaked pad by the knees while 
lying in bed.  12   Over the course of a few hours, the vapors 
are inhaled until the user becomes unconscious. After 
sleeping several hours, the user awakens with a sense of 
elation and hypomania. This phase is followed by a 
depressive phase that is associated with agitation, irrita-
bility, and restlessness. This process is repeated numer-
ous times during the day.  

  DOSE EFFECT 

 Following chronic abuse of diethyl ether, daily use of 
this ether may increase to 0.5 – 1 liter.  10   In animal studies 
(e.g., dogs), the administration of 2 – 2.5 times the 

       FIGURE 37.1     Chemical structure of diethyl ether.  

  TABLE 37.1.    Some Physiochemical Properties of Diethyl 
Ether. 

   Physical Property     Value  

  Melting Point     − 116 ° C ( − 178.6 ° F)  
  Boiling Point    34.5 ° C (94.1 ° F)  
  log P (Octanol - Water)    0.89  
  Water Solubility    6.04E    +    04   mg/L 

(25 ° C/77 ° F)  
  Vapor Pressure    538   mm   Hg (25 ° C/77 ° F)  
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 Typical plasma diethyl ether concentrations during 
surgical anesthesia range between 500 – 1,500   mg/L with 
deep surgical anesthesia occurring at ∼ 1,200   mg/L.  26

Analgesia is associated with plasma diethyl ether con-
centrations in the range 100 – 500   mg/L. A 20 - year - old 
man was found unresponsive in his dormitory room 
with 2 black plastic trash bags secured over his head by 
a rubber band.  27   Two saturated rags and a clear reseal-
able bag containing diethyl ether were found inside the 
black trash bags. The postmortem heart blood and 
peripheral blood contained diethyl ether concentrations 
of 319   mg/L and 304   mg/L, respectively. A 49 - year - old 
was found dead with a plastic bag over his head and a 
towel soaked with ether inside the plastic bag.  28   The 
postmortem blood diethyl ether concentration was 
1,277   mg/L.  

  Driving 

 Experimental studies indicate that evidential breath 
analyzers detect only very low concentrations of 
diethyl ether, depending on the type of analyzer. 
Interference of diethyl ether with ethanol determina-
tion occurs primarily with infrared analyzers exclusively 
using the 9.5 -  μ m region.  29   A simulated test of the 
inhalation of 0.044   mg diethyl ether/L was associated 
with a 4% increase in the estimated breath ethanol 
concentration.30

  TREATMENT 

 Similar to other inhaled anesthetics, respiratory depres-
sion and cardiac dysrhythmias potentially represent the 
most immediate life - threatening complications of 
diethyl ether exposure; immediate attention should be 
directed toward maintenance of ventilation and blood 
pressure with intubation, mechanical ventilation, intra-
venous fl uids, and cardiac monitoring as indicated by 
the history and physical examination. The lungs excrete 
most of the absorbed dose of diethyl ether unchanged; 
consequently, there are no methods to enhance 
elimination.      

  DIMETHYL ETHER 

           HISTORY 

 In 1867, Richardson investigated the anesthetic proper-
ties of dimethyl ether in rabbits and pigeons; later he 
successfully used this compound as an anesthetic agent 
in humans.  31   Although he considered dimethyl ether an 

passive congestion of the organs, pulmonary edema, and 
cerebral edema.   

  CLINICAL RESPONSE 

 The high solubility of ether in the blood and tissues 
results in a slow induction and prolonged recovery 
from anesthesia compared with newer anesthetics. 
Clinical effects of diethyl ether intoxication include 
euphoria, blurred vision, ataxia, lightheadedness, visual 
illusions, and hallucination. Adverse effects following 
the intentional inhalation of ether include headache, 
nausea, and cough. The odor of diethyl ether is com-
monly present during the chronic use of this compound. 
Although the classical effects of addiction develop 
during the chronic abuse of diethyl ether, physical with-
drawal symptoms do not usually occur following the 
cessation of ether use.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques to quantitate diethyl ether concentrations in 
blood include gas chromatography (head space or direct 
injection)22   and headspace capillary gas chromatography/
mass spectrometry.  23   The limit of detection and lower 
limit of quantitation for diethyl ether using the latter 
method are ∼ 2   mg/L and 7   mg/L, respectively. In a stop-
pered grey - top tube (1% sodium fl uoride, 0.2% potas-
sium oxalate) stored at 3 ° C (37.4 ° F), diethyl ether 
concentrations of 100 – 5,000   mg/L remained stable in 
blood samples for 2 months.  24

  Biomarkers 

 Experimental studies indicate that diethyl ether may be 
detected in formalin - fi xed tissues at least 14 days after 
death. A 14 - day study of rabbits compared the concen-
trations of ether in tissues fi xed in formalin immediately 
after death with concentrations in unpreserved tissues 
collected at the same time.  25   One day after death from 
a mixture of diethyl ether, chloroform, toluene, and 
ethanol, the diethyl ether concentrations in formalin -
 fi xed brain and liver tissues were 22% and 13%, respec-
tively, of the concentrations in unpreserved samples 
analyzed immediately postmortem. Over the next 13 
days, the concentrations of diethyl ether in the formalin -
 fi xed brain and liver tissues declined only slightly com-
pared with the diethyl ether concentrations in the 
unpreserved tissues.  In vitro  studies of human erythro-
cytes exposed to 500   ppm diethyl ether for 2 hours indi-
cate that the average whole blood/plasma ratio of 
diethyl ether is about 1.8.  14
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crafts, auto products, home maintenance, home offi ce, 
and personal care products (see Table  37.3 ).    

  DOSE EFFECT 

 There are few data on the dose response of dimethyl 
ether. Older medical studies suggest that the acute tox-
icity of dimethyl ether is relatively low. In mice, the 
median lethal concentration (LC 50 ) following 15 - minute 
exposure was 494   ppm.  35   Studies in cats indicate that 
65% dimethyl ether produces anesthesia, whereas the 
administration of 85% causes profound anesthesia with 
gradual cessation of respiration.  32   The administration of 
50% dimethyl ether to volunteers produced unpleasant 
side effects including a feeling of suffocation.  

  TOXICOKINETICS 

 There are limited data on the toxicokinetics of dimethyl 
ether.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 There are few data on the toxicity of dimethyl ether. In 
a rodent study, exposure of Wistar rats to 2% v/v ether 
6 hours daily for 5 days a week for 30 weeks produced 
some elevation of serum hepatic alanine aminotransfer-
ase as well as a reduction of liver weight compared 
with unexposed controls.  36   Histologic examination of 
the organs including the liver demonstrated no 
abnormalities.  

  CLINICAL RESPONSE 

 Dimethyl ether is a CNS depressant and asphyxiant that 
potentially causes hypoxia following high acute expo-
sure. Although there are few clinical data on the effects 
of dimethyl ether, potential serious effects include respi-
ratory insuffi ciency and altered consciousness. There 
are no human data on dysrhythmias associated with 
acute dimethyl ether exposure.  

  DIAGNOSTIC TESTING 

 Headspace gas chromatography with split fl ame 
ionization/electron capture detection is a simple method 
for screening a wide range of volatile substances in bio-
logic fl uids including dimethyl ether.  37   An initial column 
temperature of 40 ° C (104 ° F) followed by programming 
to 200 ° C (392 ° F) allows the differentiation of dimethyl 
ether from other low - boiling chemicals (e.g., butane, 
propane, bromochlorodifl uoromethane).  

effective anesthetic agent, this compound was never 
accepted as a reliable anesthetic drug. In the early 1920s, 
Brown obtained adequate anesthesia with 65% dimethyl 
ether in cats, and the administration of 85% dimethyl 
ether produced profound anesthesia with respiratory 
arrest.  32   Undesirable properties of dimethyl ether 
included a feeling of suffocation during induction, 
excessive salivation, and persistent muscle activity 
during anesthesia. In 1925, Davidson reported the 
effects of dimethyl ether anesthesia in humans.  33   The 
administration of 20% dimethyl ether produced uncon-
sciousness within 17 minutes, but prolonged recovery 
from the depressant effects of the anesthesia occurred 
after cessation of administration.  

  IDENTIFYING CHARACTERISTICS 

 Dimethyl ether (CAS RN: 115 - 10 - 6, methyl ether, MW 
46.07   g/mol) is a colorless, infl ammable, water - soluble 
gas with an unpleasant odor resembling chloroform. 
The molecular formula of dimethyl ether is C 2 H 6 O; the 
chemical structure is displayed in Figure  37.2 . Table  37.2  
lists some physiochemical properties of dimethyl ether. 
This compound is used as a liquid refrigerant, solvent, 
aerosol dispersant, rocket fuel, and method to rapidly 
freeze meat and fi sh. Dimethyl ether was considered as 
a substitute for liquid petroleum gas because the physi-
cal properties of these 2 compounds are similar. In 
experimental studies, dimethyl ether produces an explo-
sion more intense than propane with a detonation con-
centration of 5.5 – 9.0%.  34        

  EXPOSURE 

 Dimethyl ether is a compound in common household 
aerosol, spray, and liquid products including arts and  

       FIGURE 37.2.     Chemical structure of dimethyl ether.  

  TABLE 37.2.    Some Physiochemical Properties of Dimethyl 
Ether. 

   Physical Property     Value  

  Melting Point     − 142 ° C ( − 223.6 ° F)  
  Boiling Point     − 24.8 ° C ( − 12.64 ° F)  
  Vapor Density    1.617 (Air    =    1)  
  log P (Octanol - Water)    0.1  
  Water Solubility    4.60E    +    04   mg/L 

(25 ° C/77 ° F)  
  Vapor Pressure    4450   mm   Hg (25 ° C/77 ° F)  
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TABLE 37.3.    Some Household Products Containing Dimethyl Ether. 

   Brand (Formulation Date)     Form     %  

  Armor All Detailers Advantage Tire Foam 18 Oz.    liquid    1 – 5  
  Armor All Tire Foam Protectant (07/01/1998)    aerosol    1 – 5  
  Armor All Tire Foam Protectant (9/07/2000)    aerosol    1 – 5  
  Armor All Tire Foam, Aerosol (10/01/2007)    aerosol    1 – 5  
  DAP Tex Insulating Foam Sealant    aerosol    1.0 – 5.0  
  Duro All Purpose Spray Adhesive    aerosol    50 – 55  
  Elmers Spray Adhesive    aerosol    5 – 10  
  Farnam Cologne  &  Deodorant for Pets    aerosol    31  
  Farnam Cologne  &  Deodorant for Pets (07/18/2007)    liquid    31  
  Gaps and Cracks Foam (09/26/2002)    aerosol foam    10 – 30  
  Great Stuff Window and Door (09/19/2002)    aerosol foam    10 – 30  
  Great Stuff (09/19/2002)    aerosol foam    10 - 30  
  Hartz Control Pet Care System Home Fogger (09/27/2004)    aerosol    43.5  
  HOUSE SAVER Pet Stain  &  Odor Remover    liquid    31  
  Krylon Upside Down Marking Paint    aerosol    0 – 38  
  Minwax Polycrylic Protective Finish (Aerosol), Clear Gloss    aerosol    35  
  Minwax Polycrylic Protective Finish (Aerosol), Clear Satin    aerosol    35  
  Minwax Polycrylic Protective Finish (Aerosol) Clear Semi - Gloss    aerosol    35  
  Minwax Polycrylic Protective Finish - Clear    liquid    35  
  Sherwin - Williams White Lightening Stop Gap Insulating Foam Minimal    spray    1 – 8  
  Sherwin - Williams White Lightening Stop Gap Insulating Foam Triple    spray    1 – 8  
  Spray A Gasket Copper Hi Temp Seal    aerosol    20 – 45  
  Sprayway Ammoniated Glass Cleaner No. 43    aerosol    1 – 5  
  Sprayway Auto Glass Foaming Windshield Cleaner No. 41    aerosol    1 – 5  
  Sprayway Chewing Gum Remover No. 802    aerosol  < 70 – 80  
  Sprayway Dust It No. 519    aerosol  < 70  
  Sprayway Heavy - Duty Trim Adhesive No. 92    aerosol    20 – 25  
  Sprayway Multi - Purpose Spray Adhesive No. 88    aerosol    10 – 20  
  Sprayway Spray Adhesive No.66    aerosol    10 – 15  
  Sprayway Water - Based Multi - Purpose Adhesive Remover No. 894    aerosol    15  
  STP One - Step Tire Care, Aerosol    aerosol    1 – 5  

  TREATMENT 

 There are few data on the treatment of dimethyl ether 
exposure. Treatment is supportive, similar to other 
inhaled anesthetics with respiratory depression and 
cardiac dysrhythmias potentially representing the most 
immediate life - threatening complications of exposure. 
Immediate attention should be directed toward mainte-
nance of ventilation and blood pressure with intubation, 
mechanical ventilation, intravenous fl uids, and cardiac 
monitoring as indicated by the history and physical 
examination.      
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  Chapter 38 

     Robbins fi rst reported the anesthetic properties of 
several fl uorinated hydrocarbons in 1946.  1   In the 1950s, 
advances in organic fl uorine chemistry allowed the 
development of fl uorinated anesthetic alkanes and 
ethers that replaced the variety of gas and volatile 
liquids introduced as anesthetics in the fi rst half of the 
20th  century. Trifl uoroethyl vinyl ether (fl uroxene, Ohio 
Medical Products, Cleveland, OH) was the fi rst fl uori-
nated anesthetic and was marketed from 1951 until 
1974, when this anesthetic was withdrawn because of 
the discovery of a toxic metabolite.  2   Halothane was 
introduced by Ayerst Laboratories (New York, NY) and 
Imperial Chemical Industries, PLC (London, UK) into 
clinical practice in 1955 – 1956, about 5 years after the 
discovery of halothane by Charles Suckling in 1951; 
however, the subsequent use of halothane declined dra-
matically as newer, safer anesthetics became available. 
Methoxyfl urane (Abbott Laboratories, Abbott Park, 
IL) was introduced into clinical practice in 1960. Within 
a decade, concerns about dose - related nephrotoxicity 
limited the use of this anesthetic. Over the next 10 – 15 
years, Louise Croix and Ross Terrell synthesized several 
hundred new fl uorinated compounds at Ohio Medical 
Products.  3   Terrell synthesized enfl urane in 1963, and he 
introduced this anesthetic into clinical practice in 1966. 
Enfl urane was approved as an anesthetic in the United 
States in 1972. In 1965, Terrell discovered the enfl urane 
isomer, isofl urane. He introduced isofl urane into clinical 
practice in 1971, but approval of isofl urane in the United 
States was delayed until 1980 because of early concerns 
about carcinogenicity. Desfl urane is a relatively new 
volatile halogenated ether anesthetic with minimal bio-

transformation and lower solubility in blood and fat 
than most of the other volatile anesthetics.  4

  ENFLURANE 

           IDENTIFYING CHARACTERISTICS 

 Halogenated ethers represent a group of anesthetic 
agents along with halogenated hydrocarbons (halo-
thane) and nitrous oxide. Inhalational anesthetics are 
either gases or vapors from volatile liquids. A substance 
is a gas when the ambient temperature is above the 
critical temperature (i.e., the temperature at which 
the substance cannot be liquifi ed no matter how high 
the pressure). Below the critical temperature, the 
substance is a vapor. Enfl urane (2 - chloro - 1,1,2 -
 trifl uoroethyldifl uoromethyl ether, CAS RN: 13838 - 16 -
 9) is a colorless, nonfl ammable, volatile liquid with a 
pleasant ether odor. The lipid solubility of enfl urane is 
relatively low compared with halothane; therefore, the 
depth of anesthesia and the recovery from anesthesia 
occur more rapidly than halothane anesthesia. Figure 
 38.1  displays the chemical structure of enfl urane along 
with other common halogenated ethers (isofl urane, 
methoxyfl urane), halothane, and nitrous oxide.   

 The blood/gas partition coeffi cient is a measure of 
solubility and the amount of vapor that must be trans-
ferred from alveolar gas to the blood to achieve a given 
tension. The most soluble anesthetics (e.g., halothane, 

HALOGENATED ETHERS 
(ENFLURANE, ISOFLURANE, 
METHOXYFLURANE, SEVOFLURANE)
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tion was as follows: enfl urane, 10,654   ppm; isofl urane, 
2,512   ppm; halothane, 210   ppm; and sevofl urane, 
121   ppm.  9   The amount of carbon monoxide production 
depends on the amount of desfl urane in contact with the 
dry absorbent, the absorbent water content, and fresh 
gas fl ow.  10   The fi rst anesthetic cases involved enfl urane, 
isofl urane, and desfl urane with rare case reports docu-
menting carboxyhemoglobin concentrations exceeding 
30%.  11   Carbon monoxide formation may occur during 
the use of sevofl urane in the presence of dry CO 2  
absorbents.  

  EXPOSURE 

 Abuse of halogenated ethers typically involves medical 
or veterinary personnel using halothane or enfl urane.  12   
The abuse of these volatile compounds usually occurs 
along with the abuse of other drugs (e.g., ethanol).  

  DOSE EFFECT 

 The minimum alveolar concentration (MAC) is a 
measure of the concentration of an inhaled anesthetic 
required to block purposeful movement in an individual 

methoxyfl urane) are associated with the slowest induc-
tion and recovery, assuming the same inspired concen-
trations and stable cardiac output. The oil/gas partition 
coeffi cient is a measure of the uptake of the gas in 
adipose tissue and the elimination rate of the gas after 
cessation of the anesthetic; this coeffi cient correlates to 
potency and the MAC. Table  38.1  compares these physi-
cal properties among halothane, halogenated ethers, 
and nitrous oxide. In general, a compound with a vapor 
pressure below 0.76   mm   Hg at room temperature will 
attain an ambient concentration  < 1,000   ppm, which is 
below concentrations generally observed for narcotic or 
anesthetic effects.  5     

 Carbon monoxide forms when volatile anesthetics 
pass through dry CO 2  absorbents, more so with 
Baralyme  ®   (Allied Healthcare Products, Inc., Stuyvesant 
Falls, NY) than dry soda lime.  7,8   A structural require-
ment for the formation of carbon monoxide from halo 
ether degradation is the presence of a difl uoromethoxy 
group.  In vitro  experimental studies suggest that carbon 
monoxide production is highest with enfl urane, interme-
diate with isofl urane, and insignifi cant with sevofl urane 
and halothane. In a patient simulation model using des-
iccated soda lime, the peak carbon monoxide produc-

       FIGURE 38.1.     Chemical structures of halogenated ether anesthetics.  

  TABLE 38.1.    Comparison of the Physical Properties of Halothane, Halogenated Ethers, and Nitrous Oxide.   13    

   Anesthetic     MAC (%)     Vapor Pressure(mm   Hg 
 at 25 ° C/77 ° F)  

   Blood/Gas Partition Coeffi cient 
 (37 ° C/98.6 ° F)  

   Oil/Gas Partition Coeffi cient 
 (37 ° C/98.6 ° F)  

  Methoxyfl urane    0.16    49.1    12.0    970  
  Halothane    0.75    302    2.3    224  
  Enfl urane    1.68    591    1.9    98  
  Isofl urane    1.40    591    1.4    99  
  Nitrous Oxide    105    gas    0.47    1.4  
  Sevofl urane    2.6  *      197    0.69    47 – 54  

    Abbreviation:    MAC    =    minimum alveolar concentration.  
   Note.    The concept of MAC assumes that the alveolar partial pressure of an anesthetic is the same as arterial blood; however, uniform mixing 
within the alveolus may not occur for anesthetics with high molecular weight (e.g., fl urane/isofl urane).  6    
   *   Age 25, the MAC decreases with age (MAC    =    1.7% at 60 years).   
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nosis, and immobility including the molecular targets of 
propofol (gamma - aminobutyric acid type A receptors) 
and nitrous oxide (glutamate and nicotinic receptors, 
potassium leak channels).  22   Halogenated ethers proba-
bly produce anesthesia by some part or combination of 
enhancing inhibitory postsynaptic channel activity 
(GABA A , glycine receptors) and inhibiting excitatory 
synaptic channel activity (glutamate, serotonin, nico-
tinic acetylcholine receptors). At clinically effective 
concentrations, certain ion channels are sensitive to 
volatile anesthetics including the superfamilies of cyste-
ine - loop neurotransmitter receptors (GABA A , sero-
tonin type 3, glycine, nicotinic acetylcholine) and 
glutamate receptors (i.e., activated by  N  - methyl - d -
 aspartate or  α  - amino - 3 - hydroxy - 5 - methyl - 4 - isoxazole-
propionic acid).  23   Volatile halogenated anesthetics 
enhance GABA A  activity,  24   inhibit glutamate and nico-
tinic acetylcholine receptors,  25   and activate potassium 
leak channels (e.g., TREK - 1, TREK - 2, TASK - 1, TASK -
 2, TASK - 3, TRESK).  22   In contrast to hypoxia, volatile 
halogenated ether anesthetics open potassium channels 
including the TASK - 1 and K v  potassium channels in the 
membrane of carotid body type I cells.  26   Additionally, 
volatile halogenated anesthetics act on glycine recep-
tors and mediators of neurotransmitter release. GABA A
receptors are the most abundant inhibitory neurotrans-
mitter receptors in the brain, but alternate pathways to 
anesthesia probably include the inhibition of excitatory 
ligand - gated ion channels (NMDA - sensitive glutamate, 
neuronal nicotinic acetylcholine receptors).  23

  Mechanism of Toxicity 

 All volatile anesthetics are concentration - dependent 
myocardial depressants as a result of reductions in trans-
sarcolemmal calcium entry and alterations in sarcoplas-
mic reticulum function.  27   These fl uorinated compounds 
cause respiratory depression manifest by decreased 
responsiveness to hypoxia and increased carbon dioxide 
concentrations even at subanesthetic doses.  28   Additionally, 
these anesthetics depress the central respiratory centers, 
eliminate conscious respirations, and reduce the respon-
siveness of peripheral chemoreceptors (oxygen - sensitive 
glomus type I cells) in the carotid bodies. All halogenated 
ether anesthetics also reduce pharyngeal refl exes, and 
relax skeletal muscles following the administration of 
anesthetic doses. 

  Postmortem 

 Autopsy fi ndings in patients dying from the abuse of 
halogenated ethers are nonspecifi c (e.g., congestion of 
viscera, pulmonary edema, cerebral edema) and may 
demonstrate signs of asphyxia or irritation of the 

patient. A dose of 1 MAC will prevent muscle move-
ment following surgical incision in 50% of patients. 
Typically, anesthetics are administered in concentra-
tions of 0.3 – 1.5% along with a carrier gas (e.g., oxygen 
or oxygen plus nitrous oxide).  13   Table  38.1  compares the 
minimum alveolar concentration (i.e., potency) of enfl u-
rane with other halogenated ethers.  

  TOXICOKINETICS 

 The elimination of halogenated ethers depends on the 
individual compound. Compared with halothane, the 
biotransformation of enfl urane is low (i.e., about 8.5%).  14

The lungs excrete most of the absorbed dose of enfl u-
rane unchanged in exhaled air;  < 10% of the absorbed 
dose of enfl urane undergoes biotransformation with 
inorganic fl uoride being the major metabolic product.  15

In a study of 7 healthy female patients undergoing 
enfl urane anesthesia, 82.7%    ±    18.8% of the absorbed 
drug was excreted unchanged by the lungs.  16   Enfl urane 
elimination followed a 3 - compartment model with half -
 times of 17.8 minutes, 3.2 hours, and 36.2 hours. The 
biotransformation of enfl urane produces substantially 
less fl uoride than methoxyfl urane.  17   About 2.4% of the 
absorbed dose of enfl urane appeared in the urine as 
nonvolatile fl uorinated metabolites with inorganic fl uo-
ride accounting for 0.5% and organic fl uoride for 1.9%. 
Maximum excretion of inorganic fl uoride (20 – 60   mg/d) 
occurs 3 – 7 hours after the cessation of anesthesia. The 
mean half - time of inorganic and organic fl uorine was 
1.55 days and 3.69 days, respectively. 

 All inhaled anesthetics potentially interact with neu-
romuscular blocking agents (e.g., atracurium, pan-
curonium, vecuronium) to increase the intensity and 
duration of neuromuscular blockade.  18   Furthermore, 
benzodiazepines and opioids may decrease the MAC of 
inhaled anesthetics. Enfl urane displaces diazepam from 
serum proteins in vitro ; this interaction potentially 
increases the pharmacodynamic response of diazepam.  19

However, the clinical relevance of this drug interaction 
is unclear. The presence of nitrous oxide does not alter 
the metabolism of enfl urane.  20

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 The major molecular targets of halogenated ether anes-
thetics are protein receptors rather than surrounding 
lipid membranes.  21   Halogenated ethers affect the 
GABA and NMDA brain receptor systems similar to 
ethanol. These anesthetics act nonselectively at a 
number of molecular targets to produce amnesia, hyp-
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immediately after the end of anesthesia.  40   A 21 - year - old 
anesthesiology student was found dead with 2 empty 
bottles of enfl urane and a breathing mask nearby. 
Postmortem blood samples drawn during autopsy 3 ½  
days after death contained 130   mg enfl urane/L.  41

Samples of fat and brain tissues also contained high 
concentrations of enfl urane (100   mg/L and 350   mg/L, 
respectively) as measured by gas chromatography/mass 
spectrometry. A 29 - year - old surgical technician was 
found dead in his bed with his bedclothes pulled over 
his head and an empty bottle of enfl urane nearby.  42   The 
postmortem blood enfl urane concentration was 71   mg/L 
as measured by headspace gas chromatography with 
fl ame ionization detection. There was no detectable 
enfl urane in the gastric contents.  

  Abnormalities 

 Renal dysfunction following enfl urane anesthesia is 
unlikely because serum inorganic fl uoride concentra-
tions following enfl urane anesthesia seldom exceed the 
50    μ M concentration associated with renal dysfunc-
tion.43   Isofl urane may prolong the QT c  interval similar 
to isofl urane and sevofl urane. In a study of 6 healthy 
adults undergoing anesthesia with only enfl urane 
(2.16    ±    0.13   mM), the QT c  interval increased from 
400    ±    10   msec to 460    ±    140   msec. The QRS duration 
and the PR interval remained unchanged from baseline; 
there were no dysrhythmias.  44

  TREATMENT 

 The treatment of complications from enfl urane abuse is 
similar to the abuse of other inhaled anesthetics. 
Respiratory depression potentially represents the most 
immediate life - threatening complication of enfl urane 
exposure; immediate attention should be directed toward 
maintenance of ventilation and blood pressure with intu-
bation, mechanical ventilation, intravenous (IV) fl uids, 
and cardiac monitoring as indicated by the history and 
physical examination. The lungs excrete most of the 
absorbed dose of enfl urane unchanged; consequently, 
there are no effi cacious methods to enhance elimination. 

  ISOFLURANE 

           IDENTIFYING CHARACTERISTICS 

 Isofl urane (1 - chloro - 2,2,2 - trifl uoroethyldifl uoromethyl 
ether, CAS RN: 26675 - 46 - 7) is a nonfl ammable, clear, 
colorless, volatile liquid anesthetic with a low blood/gas 

bronchial mucosa.  29   Autopsy tissues may contain strong 
odors (e.g., enfl urane), depending on the odor threshold 
of the anesthetic.   

  CLINICAL RESPONSE 

 Like other volatile halogenated ethers, enfl urane is a 
central nervous system (CNS) depressant that produces 
an ethanol - like intoxication that is associated with abuse 
in some individuals. Malignant hyperthermia is a rare 
complication of anesthesia with halogenated ethers.  30

Clinical features of malignant hyperthermia include 
muscle rigidity, elevated body temperature, cardiac 
dysrhythmias, hypotension, and metabolic acidosis. 
Rhabdomyolysis also may occur along with renal failure 
and pulmonary edema.  31   The incidence of hepatotoxic-
ity following enfl urane anesthesia is extremely rare 
(1/800,000).10

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the analysis of halogenated ethers (e.g., 
enfl urane) in biologic samples include headspace gas 
chromatography with fl ame ionization detection or 
electron capture detection, gas chromatography/Fourier 
transformation infrared spectroscopy,  32   and headspace 
gas chromatography/mass spectrometry.  33   The limits of 
detection and quantitation of the latter method were 1.2 
and 4.7   mg/L, respectively. Methods for sampling halo-
genated ethers include headspace,  34   pulse - heating,  35

solid - phase microextraction,  36   purge - and - trap, and cryo-
genic oven trapping.  37   Halogenated ethers do not sig-
nifi cantly interfere with the determination of breath 
ethanol concentrations unless the analytic machine uses 
a single wavelength of 9.5    μ m to determine the ethanol 
concentration in expired air.  38   Like other volatile sub-
stances of abuse, storage of the biologic samples in 
headspace vials that are sealed and stored immediately 
at − 20 ° C ( − 4 ° F) minimizes loss of the halogenated ether, 
including enfl urane, from the container.  

  Biomarkers 

 In a study of 10 patients undergoing enfl urane anesthe-
sia (0.5 – 2% v/v), the mean peak blood concentration of 
enfl urane was about 95   mg/L in central venous blood 30 
minutes after the beginning of induction; the blood 
enfl urane concentration declined to  < 0.5   mg/L 90 
minutes after the termination of anesthesia.  39   The mean 
concentration of enfl urane in venous blood samples 
from 12 patients undergoing anesthesia with 1.5% 
enfl urane and 0.75% halothane was 64.8    ±    35.7   mg/L 
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from the functional residual capacity of the lungs, and 
2) a 15 - minute slow component refl ecting the passage 
of isofl urane across the alveolar - pulmonary capillary 
membrane and the blood – brain barrier.  50   The elimina-
tion of isofl urane from the mixed venous blood (pulmo-
nary artery) as a measure of isofl urane elimination from 
the body was mono - exponential with a mean half - life of 
32.2    ±    11.9 minutes. Isofl urane elimination from the 
well - perfused brain was more rapid as refl ected in a 
mean isofl urane half - life of 18.9    ±    7.2 minutes in jugular 
bulb venous blood. End - tidal isofl urane concentrations 
are higher than arterial isofl urane concentrations at a 
constant 2% inspired isofl urane concentration, but the 
difference is relatively constant. 

 Animal studies indicate a lack of tolerance to chronic 
doses of halogenated ether anesthetics. Mice continu-
ously exposed to 0.15% and 0.30% isofl urane did not 
demonstrate either autotolerance or cross - tolerance.  51

However, these studies suggest that some cross - tolerance 
to halogenated ethers develops following the chronic 
administration of nitrous oxide or ethanol.  52   Cross -
 tolerance to isofl urane in these mice persisted 80 days 
following the cessation of ethanol.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The mechanism of action of isofl urane is similar to enfl u-
rane (see the Histopathology and Pathophysiology 
section under Enfl urane). Isofl urane is a respiratory tract 
irritant in high doses that can cause laryngospasm; this 
property limits use of this agent for anesthesia induction. 
In vitro  studies suggest that isofl urane is a potent modula-
tor of extrasynaptic GABA A  receptors in the ventrobasal 
thalamus of mice. Isofl urane enhances fast synaptic inhi-
bition in the brain mediated by GABA A  receptors at 
anesthetic concentrations similar to other halogenated 
ether anesthetics. These receptors also occur at extrasyn-
aptic sites in the CNS, such as the thalamocortical relay 
neurons. The thalamo - corticothalamic loop is a key target 
for the induction of sedation and hypnosis for anesthetic 
effects. These extrasynaptic GABA A  receptors contain 
primarily α4 ,  β2 , and  δ  subunits in contrast to  α1 ,  β2 , and 
γ2  in synaptic GABA A  receptors. The extrasynaptic 
GABA A  receptors are particularly sensitive to low isofl u-
rane concentrations.  53

  CLINICAL RESPONSE 

 Like other volatile halogenated ethers, isofl urane is a 
CNS depressant that produces an ethanol - like intoxica-
tion and is associated with abuse in some individuals. The 
clinical effects of isofl urane are similar to enfl urane with 
the exception of some difference in potency. Rare case 

solubility coeffi cient that produces the rapid induction 
of anaesthesia with small volumes. Isofl urane is a struc-
tural isomer of enfl urane with a chemical formula of 
C3 H 2 ClF 5 O (Figure  38.1 ). The vapor has a slightly 
pungent, ether - like odor that irritates the airways more 
than other halogenated ether anesthetics.  

  EXPOSURE 

 With the increasing use of isofl urane, the abuse of this 
anesthetic also increased. In volunteer studies, isofl u-
rane can function as a reinforcer and produce abuse 
liability - related subjective (i.e., pleasant, psychedelic -
 like, euphoria) effects in some, but not the majority of 
participants.  45,46   In general, these subjective effects are 
less intense than nitrous oxide. In abusers, the immedi-
ate effects of inhaling anesthetics are feelings of elation 
and euphoria followed soon thereafter by hypersensitiv-
ity to noise.  47   Continued use produces effects similar to 
ethanol including loss of inhibition, loquaciousness, agi-
tation, and dysarthria. Sleepiness limits the continued 
use of the anesthetic. Recovery typically occurs within 
30 minutes.  

  DOSE EFFECT 

 The minimum alveolar concentration (MAC) is a 
measure of potency as defi ned by the concentration of 
an inhaled anesthetic required to block purposeful 
movement in an individual patient. A dose of one MAC 
will prevent muscle movement following surgical inci-
sion in 50% of patients. Typically, anesthetics are admin-
istered in concentrations of 0.3 – 1.5% along with a 
carrier gas (e.g., oxygen or oxygen plus nitrous oxide).  48

Table  38.1  compares the minimum alveolar concentra-
tion (i.e., potency) of isofl urane with other halogenated 
ethers. Isofl urane causes minimal cardiovascular depres-
sion at MAC values below 2.  10

  TOXICOKINETICS 

 Volunteer studies indicate that the percutaneous loss of 
isofl urane is too small to affect pharmacokinetic studies 
or to produce clinical effects during anesthesia.  49

Compared with halothane, the biotransformation of iso-
fl urane is minimal (i.e.,  < 1%).  14   The lungs excrete most 
of an absorbed dose of isofl urane unchanged in expired 
air. Metabolism of isofl urane primarily involves the for-
mation of trifl uoroacetic acid and, to a lesser extent, 
fl uoride ions. The kidneys excrete these metabolites in 
the urine. Volunteer studies of patients undergoing cor-
onary artery bypass grafting surgery indicate the follow-
ing 2 distinct components: 1) initial 5 - minute fast 
component refl ecting the initial washout of isofl urane 
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sequently, the induction of anesthesia is slower than 
halothane and many other halogenated ether anesthet-
ics. Methoxyfl urane is also highly fat soluble.  

  EXPOSURE 

 Methoxyfl urane is now primarily a general anesthetic 
for animals because of the nephrotoxicity associated 
with the use of this compound as an anesthetic.  

  DOSE EFFECT 

 The mean alveolar concentration of methoxyfl urane 
necessary to induce the fi rst plane of surgical anesthesia 
is about 0.3%. A 39 - year - old gynecologist developed 
hepatitis after sniffi ng about 2   mL methoxyfl urane once 
or twice daily for 6 weeks (i.e., total 125   mL) as a treat-
ment for insomnia.  57   His clinical symptoms and labora-
tory abnormalities resolved completely following 
cessation of use.  

  TOXICOKINETICS 

 The elimination of methoxyfl urane primarily involves 
biotransformation. Compared with other halogenated 
ethers, a relatively large part of the absorbed dose of 
methoxyfl urane is metabolized. In a study of 6 Japanese 
patients undergoing anesthesia with nitrous oxide and 
0.31% methoxyfl urane, the lungs excreted about 35% 
of the absorbed methoxyfl urane dose unchanged in 
expired air.  58   The kidneys excreted approximately 46% 
of the dose in the urine, primarily as organic fl uoride, 
and to a lesser extent inorganic fl uoride. Peak serum 
fl uoride concentrations occurred about 6 hours after the 
end of anesthesia; serum fl uoride concentrations may 
exceed the 50    μ M concentration associated with renal 
dysfunction.59    In vitro  studies of microsomes from 
human livers indicate that CYP2E1 is the principal cyto-
chrome P450 isoenzyme involved in methoxyfl urane 
biotransformation.60   However, these studies indicate 
that there are several other isoenzymes involved includ-
ing CYP1A2, CYP2C9/10, and CYP2D6.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The chronic abuse of methoxyfl urane is associated with 
hepatorenal damage. A needle biopsy of the liver from 
39 - year - old man with methoxyfl urane - induced hepatitis 
demonstrated centrilobular to midzonal confl uent 
hepatic necrosis with few infl ammatory cells.  57   Portal 
tract changes were minimal. On electron microscopy, 
there were many irregularly shaped vacuoles with par-
tially enveloped structures resembling fat droplets and 

reports associate fulminant malignant hyperthermia with 
combined nitrous oxide and isofl urane anesthesia.  54

  DIAGNOSTIC TESTING 

 In a study of isofl urane anesthesia, the concentration of 
isofl urane in venous blood ranged between 85.2   mg/L at 
the beginning of induction and 104.9   mg/L during the 
operation.33   A 36 - year - old operating room assistant was 
found dead in a hospital locker room with a plastic bag 
over his head and an almost empty bottle of isofl urane in 
his locker.  29   No resuscitation was attempted. The mean 
concentration of 6 samples of cardiac blood stored in 
sealed headspace vials was 47.9    ±    0.9   mg/L. The postmor-
tem blood also contained a nordiazepam concentration 
similar to nordiazepam concentrations in patients with 
therapeutic plasma diazepam concentrations; the postmor-
tem gastric contents contained unexpectedly high isofl u-
rane concentrations (252    ±    16.05   mg/L [mg/kg]). Renal 
dysfunction following isofl urane anesthesia is unlikely 
because serum inorganic fl uoride concentrations following 
isofl urane anesthesia seldom exceed the 50    μ M concentra-
tion associated with renal dysfunction.  55   Isofl urane may 
prolong the QT c  interval similar to enfl urane and sevofl u-
rane. In a study of 8 healthy adults undergoing anesthesia 
with only isofl urane (1.04    ±    0.11   mM), the QTc interval 
increased from 420    ±    10   msec to 470    ±    140   msec. The dif-
ference in the QRS duration, the PR interval and the QT 
interval during anesthesia were not statistically different 
than baseline.  56

  TREATMENT 

 The treatment of complications from isofl urane abuse 
is similar to the abuse of other inhaled anesthetics. 
Respiratory depression potentially represents the most 
immediate life - threatening complication of isofl urane 
exposure; immediate attention should be directed 
toward maintenance of ventilation and blood pressure 
with intubation, mechanical ventilation, IV fl uids, and 
cardiac monitoring as indicated by the history and phys-
ical examination. The lungs excrete most of the absorbed 
dose of isofl urane unchanged; consequently, there are 
no effi cacious methods to enhance elimination.      

  METHOXYFLURANE 

           IDENTIFYING CHARACTERISTICS 

 Methoxyfl urane (2,2 - dichloro - 1,1 - difl uoroethylmethyl 
ether, CAS RN: 76 - 38 - 0) is highly soluble in blood; con-
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stimulation caused by excessive fl uoride concentrations. 
In severe cases of chronic methoxyfl urane abuse, 
sequelae of hepatic and renal damage may occur includ-
ing elevation of serum hepatic aminotransferases, 
hyperbilirubinemia, hyperammonemia, hyperphospha-
temia, chronic anemia, and coagulation disorders.  

  TREATMENT 

 Respiratory depression represents the most immediate 
life - threatening complication of methoxyfl urane expo-
sure; immediate attention should be directed toward 
maintenance of ventilation and blood pressure with 
intubation, mechanical ventilation, IV fl uids, and cardiac 
monitoring as indicated by the history and physical 
examination. Methods to enhance elimination of 
methoxyfl urane have not been studied. Although 
N  - acetylcysteine is a potential antidote for carbon 
tetrachloride - induced liver damage, there are no clinical 
data currently available to determine of effi cacy of  N  -
 acetylcysteine for the treatment of methoxyfl urane -
 induce liver damage. If severe hepatorenal dysfunction 
develops, supportive care includes the treatment of 
renal failure with dialysis and hepatic failure with fresh 
frozen plasma, vitamin K, low protein diet, neomycin, 
lactulose, and careful fl uid and electrolyte balance. 
Hepatic and renal function should be followed daily for 
at least 3 days after serious abuse of methoxyfl urane.      

  SEVOFLURANE 

           IDENTIFYING CHARACTERISTICS 

 Sevofl urane is a methyl isopropyl ether anesthetic that 
is poorly soluble in blood. This volatile anesthetic has a 
less pungent odor and less airway irritation than other 
halogenated anesthetics. Sevofl urane is a colorless, 
nonfl ammable liquid, which has a vapor pressure 
of 160   mm   Hg at room temperature. Compound A 
[fl uoromethyl - 2,2 - difl uoro - 1 - (trifl uoromethyl) vinyl ether] 
is a degradation product of sevofl urane resulting from 
the interaction of sevofl urane with absorbents used to 
remove carbon dioxide during anesthesia.  

  EXPOSURE 

 Like isofl urane, sevofl urane is a reinforcer in volunteer 
studies; this anesthetic produces abuse liability - related 
subjective (i.e., pleasant, psychedelic - like, euphoria) 
effects in some individuals. In general, these subjective 
effects are less intense than nitrous oxide. Continued 

increased lysosomes in the hepatocytes. Nephrocalcinosis 
may develop in patients abusing methoxyfl urane.  61   The 
most striking feature seen on renal biopsy of these 
patients is the deposition of birefringent crystals within 
tubular lumens, particularly in the cortical lumens. 
Thickening of the Bowman capsule and focal widening 
of the mesangial spaces occurs with some glomeruli 
becoming sclerotic. These changes are similar to the 
renal damage caused by secondary oxalosis. 

 A 42 - year - old veterinary assistant developed fatal 
hepatic failure with submassive hepatic necrosis after 
sniffi ng methoxyfl urane for the preceding 2 months.  62

Postmortem examination of the liver revealed centri-
lobular liver necrosis with some mononuclear cells 
infi ltrates. There were regenerating liver cells in the 
peripheral and periportal areas.  

  CLINICAL RESPONSE 

 Like other volatile halogenated ethers, methoxyfl urane 
is a CNS depressant that produces an ethanol - like intox-
ication and is associated with abuse in some individuals. 
Hepatorenal damage may occur following the chronic 
inhalation of methoxyfl urane. Case reports associate 
jaundice, hepatic encephalopathy, and fulminant hepatic 
failure with the chronic abuse of methoxyfl urane.  57,62

The clinical features of the hepatitis associated with 
methoxyfl urane are typical of acute hepatitis including 
general malaise, nausea, vomiting, pruritus, scleral 
icterus, confusion, encephalopathy, and hepatic failure. 
A toxic nephropathy is associated with elevated serum 
fl uoride concentrations following methoxyfl urane anes-
thesia.63   The chronic abuse of methoxyfl urane may 
cause a progressive renal and bone disease similar to 
fl uoride toxicity. A 27 - year - old nurse developed painful 
periostitis, osteosclerosis, hypertension, and renal dys-
function following the long - term, intermittent abuse of 
methoxyfl urane.  64   Symptoms included severe bone pain, 
headache, polyuria, polydipsia, and epigastric distress. 
Nephrocalcinosis and secondary oxalosis may compli-
cate the chronic abuse of methoxyfl urane as a result 
of the metabolism of this compound to oxalic acid 
and fl uoride.  61   These changes may cause renal dysfunc-
tion, hypertension, edema, anemia, and electrolyte 
imbalance.  

  DIAGNOSTIC TESTING 

 Radiographic abnormalities associated with bone 
changes from chronic abuse of methoxyfl urane resem-
ble periostitis deformans associated with fl uorosis from 
drinking fl uorinated wine.  65   These individuals develop 
multiple crops of hyperostotic periosteal nodules, par-
ticularly in the phalanges, as a result of osteoblastic 
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mately 1 day. The renal clearances of the metabolites, 
fl uoride and HFIP are prolonged with apparent elimi-
nation half - lives of 21.4    ±    2.8 hours and 20.1    ±    2.6 hours, 
respectively, in a study of 10 patients receiving 1.3 MAC 
(2.7% end - tidal) sevofl urane in oxygen for 3 hours.  73

There is substantial variation in the biotransformation 
of sevofl urane between animal species; therefore, 
extrapolation of animal data to humans is limited.  60

 In volunteer studies, the administration of disulfi ram, 
which is a potent CYP2E1 inhibitor, substantially 
decreases the formation of fl uoride ion and hexafl uo-
roisopropanol.74   Other drugs induce the formation of 
CYP2E1 including phenobarbital, phenytoin, isoniazid, 
and chronic ethanol use. However, the clinical signifi -
cance of these potential interactions remains unclear, in 
part because of the limited metabolism.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Sevofl urane is a CNS depressant that causes respiratory 
depression and hypotension in high doses (i.e.,  > 1 
MAC). The dose - dependent cardiac, respiratory, and 
CNS depressant effects are similar to the effects of iso-
fl urane.  69   The use of sevofl urane during surgery pro-
longs the QTc interval similar to isofl urane.  75   In a study 
of 18 women undergoing sevofl urane anesthesia with 
prior medications, the QTc interval increased from 
434    ±    5   msec at baseline to 459    ±    6   msec 10 minutes 
after anesthesia began.  76   Although case reports associ-
ate sevofl urane abuse with ventricular fi brillation,  77   the 
role of QTc prolongation in these cases of sudden death 
is unclear. Sevofl urane produces no signifi cant reactive 
intermediates; therefore, sevofl urane is not associated 
with the immune - mediated hepatotoxicity that occurs 
following halothane anesthesia.  

  CLINICAL RESPONSE 

 Like other volatile halogenated ethers, sevofl urane is a 
CNS depressant that produces an ethanol - like intoxica-
tion and is associated with abuse in some individuals. 
The cessation of these effects is rapid (i.e., within 30 
minutes).  

  DIAGNOSTIC TESTING 

 Following the 3 - hour administration of 2.7% sevofl u-
rane to 10 patients, blood samples were collected 1 hour 
and 8 hours after cessation of anesthesia.  73   The mean 
sevofl urane concentrations were 38   mg/L and 7.2   mg/L, 
respectively. 

 The postmortem sevofl urane concentration depends 
on a number of factors including losses during perimor-

sniffi ng of sevofl urane causes effects similar to the 
ingestion of ethanol including loss of inhibition, loqua-
ciousness, agitation, and dysarthria. Sleepiness limits the 
continued use of halogenated anesthetics.  

  DOSE EFFECT 

 Inspired concentrations of sevofl urane during the induc-
tion of anesthesia range from 1 – 8%. The minimum 
alveolar concentration of sevofl urane necessary to 
prevent movement in 50% of patients (MAC) is about 
1.7 – 2.1%.66   In a study of 42 elective adult surgical 
patients, the estimated MAC was 1.58% (95% CI: 
1.14 – 1.98%).67   Rapid induction of anesthesia occurs 
following the inhalation of 6 – 8% sevofl urane. The 
administration of 1.5 – 3% sevofl urane maintains surgi-
cal anesthesia. Compound A is nephrotoxic in rats; mild, 
reversible renal abnormalities (e.g., transient albumin-
uria, enzymuria) occur in humans when the dose of 
Compound A exceeds 240   ppm - hour (e.g.,  > 30   ppm for 
8 hours).  68

  TOXICOKINETICS 

 The alveolar equilibration of sevofl urane is rapid (i.e., 
85% complete within 30 minutes), similar to desfl urane 
(90%) and more rapid than isofl urane (73%) and halo-
thane (58%).  69   The lungs excrete most of an absorbed 
dose of sevofl urane unchanged into expired air with a 
mean total body clearance (3.5   L/minute) similar to iso-
fl urane. Like all fl uorinated volatile anesthetics, sevofl u-
rane undergoes limited biotransformation to organic 
and inorganic fl uoride metabolites. Similar to isofl urane 
and enfl urane, about 2 – 5% of an absorbed dose of sevo-
fl urane is metabolized via CYP2E1 isoenzymes.  70   In a 
study of 32 healthy Japanese patients undergoing elec-
tive surgery, the estimated mean degradation rate of 
sevofl urane was 3.3%.  71   The major metabolites are 
hexafl uoroisopropanol (HFIP) and fl uoride; these 2 
metabolites form in equimolar concentrations. Peak 
serum fl uoride concentrations following sevofl urane 
anesthesia are about 1.5 – 2 times higher than those fol-
lowing enfl urane anesthesia, but the decline of the fl uo-
ride concentrations is much more rapid (i.e., a few 
hours) following sevofl urane anesthesia than after the 
administration of enfl urane. The metabolism of sevofl u-
rane does not produce trifl uoroacetylated liver proteins, 
which are associated with halothane - induced hepatitis. 
After conjugation of hexafl uoroisopropanol with gluc-
uronic acid, the kidney excretes the glucuronide metab-
olite with a urinary elimination half - life of about 20 
hours. Unlike methoxyfl urane, sevofl urane undergoes 
minimal defl uorination in the kidney.  72   The terminal 
plasma elimination half - life of sevofl urane is approxi-
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tem resuscitation, postmortem interval, collection, 
storage, and analysis (e.g., absorption into plastic, head-
space losses). Comparison of postmortem and anes-
thetic data is complicated by the ventilatory support 
surgical patients receive during and after the cessation 
of anesthesia. A 31 - year - old anesthetist was found dead 
in the break room of the surgery fl oor near a bottle of 
sevofl urane.  78   No drugs were detected in postmortem 
femoral blood except the estimated sevofl urane concen-
tration of 15   mg/L. The autopsy was normal except for 
pulmonary edema and 50% occlusion of the left main 
coronary artery. A 44 - year - old man was found dead with 
an oxygen mask containing a gauze pad connected to 
his face and a variety of medications near his body.  79   The 
postmortem femoral blood samples contained a high 
concentration of methamphetamine (7.02   mg/L) and a 
valproic acid (60.8   mg/L) concentrations consistent with 
therapeutic concentrations. The concentrations of sevo-
fl urane in postmortem femoral blood and vitreous 
humor were 26.2   mg/L and 86.7   mg/L, respectively. The 
author suggested that the concentration of sevofl urane 
was higher at the time of death because of the high 
sevofl urane vitreous humor/femoral blood ratio of 3.31. 
A 47 - year - old man was found dead in bed with an empty 
container of sevofl urane near him.  80   He was last seen 
alive by his mother 4 days earlier. Postmortem heart and 
subclavian blood samples contained sevofl urane con-
centrations of 16   mg/L and 8   mg/L, respectively.  

  TREATMENT 

 Similar to other inhaled anesthetics, respiratory depres-
sion potentially represents the most immediate life -
 threatening complication of sevofl urane exposure; 
immediate attention should be directed toward mainte-
nance of ventilation and blood pressure with intubation, 
mechanical ventilation, IV fl uids, and cardiac monitor-
ing as indicated by the history and physical examination. 
The lungs excrete most of the absorbed dose of sevofl u-
rane unchanged; consequently, there are no effi cacious 
methods to enhance elimination.      
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  Chapter 39 

               HISTORY 

 Halothane was introduced into clinical practice in 1956 
and by the 1970s, this volatile chemical was the most 
common general anesthetic agent. In the 1960s, cases 
reports of postanesthetic jaundice following halothane 
anesthesia appeared in the medical literature; soon 
thereafter, the National Halothane Study began an 
investigation the mechanism of the hepatotoxicity asso-
ciated with halothane.  1   The incidence of massive hepatic 
necrosis in the National Halothane Study was 1:10,000.  2

The cause of the liver damage remains controversial 
with several proposed mechanism including hypersen-
sitivity reaction, toxic metabolites, and nutritional 
factors. The use of halothane as an anesthetic has dra-
matically declined because of the introduction of safer 
drugs.  

  IDENTIFYING CHARACTERISTICS 

 Figure  39.1  displays the chemical structure of halothane 
(2 - bromo - 2 - chloro - 1,1,1 - trifl uoroethane, CAS RN: 151 -
 67 - 7). This compound is the only modern volatile anes-
thetic that is not a halogenated methyl ethyl ether. This 
compound (Freon 123B1) is a nonfl ammable, colorless 
liquid with a pleasant, sweet, chloroform - like odor. The 
vapor pressure at 20 ° C (68 ° F) is 241   mm   Hg. Table  39.1  
lists some physiochemical properties of halothane. 
Halothane is the most soluble modern anesthetic; the 
blood/gas solubility of halothane is 2.3, resulting in slow 
induction and recovery characteristics. This paradoxical 
property causes the slow equilibrium of alveolar - arterial 

tension as a result of the rapid removal of halothane 
from alveolar air and the prolonged equilibration of 
inspired and alveolar air.  3   The minimum alveolar con-
centration (MAC) of halothane is 0.74%, but this con-
centration decreases in the presence of 70% nitrous 
oxide to 0.29%.  4

 Halothane is less stable in light than enfl urane and 
isofl urane; consequently, the storage of halothane 
requires the use of a stabilizing agent (e.g., thymol). 
Ultraviolet light oxidizes halothane to free chlorine and 
bromine ions, HCl, HBr, and phosgene (COCl 2 ). Rubber 
readily absorbs halothane, resulting in the decreased 
delivery of halothane through rubber tubing.  

  EXPOSURE 

 Halothane abuse occurs primarily among medical per-
sonnel. Reported desired effects of halothane abuse 
include euphoria similar to sniffi ng glue; the route of 
exposure typically involves sniffi ng from a rag soaked 
in halothane or inhalation of vapors from a plastic bag 
containing halothane.  5   The abuse of halothane may con-
tinue until the individual becomes unconscious. Severe 
hepatic necrosis is a rare, immune - related complication 
of halothane anesthesia that occurs at a ratio of about 
1:35,000.6

  DOSE EFFECT 

 The minimum alveolar concentration (MAC) is a 
measure of the concentration of an inhaled anesthetic 
required to block purposeful movement in an individ-
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tially increases the reductive biotransformation of 
halothane.  13   During halothane anesthesia, the concen-
tration of fl uoride in venous samples remains relatively 
stable.  14    

  Elimination 

 The elimination of halothane is relatively rapid follow-
ing cessation of exposure, primarily by pulmonary 
excretion in expired air. About 20 – 50% of the absorbed 
dose of halothane is metabolized in a dose - dependent 
manner. In a study of 5 patients undergoing halothane 
anesthesia (mean, 0.93%), the mean percentage of halo-
thane recovered in expired air was 72.8%    ±    9.2%.  15   The 
mean percentage of the absorbed dose of halothane 
recovered in the urine as metabolites was 17.7%. At 
lower alveolar concentrations, more halothane is metab-
olized, but the percentage of unchanged halothane 
excreted in expired air increases as the metabolic 
enzymes become saturated.  8   Saturation of these meta-
bolic enzymes occurs at about 2 – 10% of the MAC.  16   In 
a case series of 10 patients undergoing halothane anes-
thesia (0.75%), the mean halothane concentration in 
venous blood decreased from 68.2    ±    35.7   mg/L at the 
end of anesthesia to 7.3    ±    5.0   mg/L 3 hours later.  14   Peak 
concentrations of halothane metabolites occur about 24 
hours after the cessation of anesthesia.  17    

  Drug Interactions 

 Synergistic depression of the central nervous system 
(CNS) may occur following the concomitant use of CNS 
depressants (e.g., ethanol) and halothane.  18    In vitro  and 
 in vivo  animal experiments suggest halothane alters the 
pharmacokinetics of many drugs by inducing enzyme 
activity and changing drug - protein binding. Enzyme -
 inducing drugs (e.g., phenytoin, phenobarbital) enhance 
the reductive biotransformation of halothane, whereas 
the ingestion of ethanol does not alter reductive halo-
thane metabolism.  19   Potentially, the halothane metabo-
lite, trifl uoroacetic acid may displace drugs (e.g., 
phenytoin, diazepam) from binding sites on serum 
albumin and increase the amount of free (active) drug.  20   
The presence of nitrous oxide does not signifi cantly 
affect the pharmacokinetics of halothane.  21     

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 The administration of halothane causes a dose -
 dependent reduction in systemic arterial pressure as a 
result of a 20 – 50% reduction in cardiac output with 

ual. This measure is the accepted standard measure of 
the clinical potency of inhaled anesthetics. A dose of 1 
MAC will prevent muscle movement following surgical 
incision in 50% of patients. Typically, anesthetics are 
administered in concentrations of 0.3 – 1.5% along with 
a carrier gas (e.g., oxygen or oxygen plus nitrous oxide). 
The MAC for the fi rst plane of surgical anesthesia with 
halothane is approximately 0.7% compared with 1.4% 
for isofl urane and 0.16% for methoxyfl urane. In animal 
studies, the administration of 2 – 2.5 times the minimum 
alveolar concentration (MAC) of halothane causes 
apnea.  7    

  TOXICOKINETICS 

  Biotransformation 

 The liver metabolizes up to approximately 20 – 40% of 
the absorbed dose of halothane via an oxidative pathway 
and, to a much lesser extent, via a reductive pathway.  8   
Under suffi cient oxygen tension, metabolites of oxida-
tive dehalogenation of halothane include trifl uoroacetic 
acid, trifl uoroacetyl chloride, inorganic bromide, and 
chloride. Following acetylation, trifl uoroacetyl chloride 
reacts with nucleophilic centers near the site of genera-
tion, forming covalent bonds with liver proteins and 
phospholipids. The cytochrome P450 isoenzymes, 
CYP2E1 and to a lesser extent CYP2A6, catalyze the 
oxidative pathway. A minor metabolic pathway (i.e., 
1 – 6%) involves the reduction of halothane via CYP2A6 
and to a lesser extent CYP3A4.  9    In vitro  studies indicate 
that CYP inhibitors do not reduce the formation of 
reductive metabolites.  10   The metabolites formed by the 
reductive pathway include inorganic fl uoride, 2 - chloro -
 1,1,1 - trifl uoroethane, and 2 - chloro - 1 - 1 - difl uoroethylene.  11   
The reductive biotransformation of halothane is more 
extensive in women than in men.  12   Hypoxia substan-

       FIGURE 39.1.     Chemical structure of halothane.  

  Table 39.1.    Physiochemical Properties of Halothane. 

   Physical Property     Value  

  Melting Point     – 118 ° C ( – 180.4 ° F)  
  Boiling Point    50.2 ° C (122.36 ° F)  
  log P (Octanol - Water)    2.3  
  Water Solubility    4070   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    302   mm   Hg (25 ° C/77 ° F)  
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 Halothane is a respiratory depressant that reduces 
tidal volume as the concentration of halothane increases. 
This compound is also a cardiac depressant that reduces 
myocardial contractility in a dose - dependent manner. 
Dysrhythmias result primarily from hypercarbia sec-
ondary to respiratory depression.  30

  Postmortem Examination 

 Postmortem fi ndings of patients dying following halo-
thane abuse are nonspecifi c, typical of volatile substance 
abuse. The most common abnormalities in these patients 
are pulmonary congestion and edema without evidence 
of hepatorenal damage.  5,31

  CLINICAL RESPONSE 

  Illicit Use 

 Halothane anesthesia is associated with the following 2 
types of liver damage: 1) type I halothane hepatitis — a 
common asymptomatic elevation of serum hepatic ami-
notransferases, and 2) type II halothane hepatitis — a 
rare, idiopathic, severe hypersensitivity - mediated hepa-
titis directed against hepatocyte.  32   The more severe form 
occurs in about 1 in 35,000 halothane exposures, whereas 
the mild form of hepatitis occurs in up to one - fourth of 
halothane - induced anesthesia.  33   Major risk factors 
for the hypersensitivity hepatitis are repeated exposure 
to halothane anesthesia and the use of halothane in 
middle - aged, obese women. Clinical features of 
halothane - associated hepatitis are typical of acute hepa-
titis including fever, anorexia, vomiting, malaise, jaun-
dice, light - colored stools, tea - colored urine, and right 
upper quadrant tenderness.  34   Signs and symptoms of an 
immune reaction (e.g., fever, arthralgias, rash, periph-
eral eosinophilia) may also occur. Typically, symptoms 
appear about 5 – 21 days after anesthesia with the abrupt 
onset of fever and chills followed in several days by 
jaundice. Cirrhosis does not usually develop following 
type II halothane hepatitis. Case reports associated 
both fulminant hepatic failure and asymptomatic eleva-
tion of serum hepatic aminotransferases with halothane 
abuse.  35

 Malignant hyperthermia is a rare complication of 
halothane anesthesia.  36   This pharmacogenetic disorder 
of skeletal muscle presents as a hypermetabolic response 
to potent volatile anesthetic gases including halothane. 
Classical features of malignant hyperthermia are muscle 
rigidity, hyperthermia, tachycardia, tachypnea, hyper-
carbia, increased oxygen consumption, and acidosis. 
Rhabdomyolysis may also occur along with renal failure 
and pulmonary edema.  

a corresponding refl ex tachycardia.  22   There is minimal 
reduction in the total peripheral vascular resistance. 
Halothane depresses the ventilatory response to carbon 
dioxide and hypoxia, resulting in carbon dioxide 
retention and decreased sensitivity of peripheral 
chemoreceptors.  23

 Volatile halogenated anesthetics affect most of the 
molecular targets of general anesthetics including 
enhancement of GABA A  activity, inhibition of gluta-
mate and nicotinic acetylcholine receptors, and activa-
tion of potassium leak channels (e.g., TREK - 1).  24

Additionally, volatile halogenated anesthetics act on 
glycine receptors and mediators of neurotransmitter 
release. Animal studies indicate that halothane depresses 
glutamatergic synaptic transmission in the hippocampus 
by the presynaptic inhibition of transmitter release and 
postsynaptic depression of glutamate currents.  25

  Mechanism of Toxicity 

 Halothane exhibits the most negative inotropic and 
myocardial sensitizing effects of all the modern inhaled 
anesthetics.  In vitro  studies indicate that halothane 
inhibits muscarinic receptor regulation of myocardial 
adenylyl cyclase activity and stimulates G protein -
 dependent adenylyl cyclase activity.  26,27   The most 
common injury in halothane - treated patients is mild, 
transient hepatocellular injury usually manifest by 
asymptomatic elevation of serum hepatic aminotrans-
ferase concentrations that refl ect alterations of cellular 
integrity seen by electron microscopy. Halothane anes-
thesia is not associated with renal impairment except in 
the setting of fulminant hepatic failure. The hepatic 
lesions result from reactive intermediates (e.g., trifl uo-
roacetyl chloride) produced by the oxidative and reduc-
tive pathways of halothane in combination with local 
hypoxia. The generation of reactive intermediates via 
CYP2E1 - mediated oxidation of halothane causes tri-
fl uoroacetylation of intracellular proteins. In animal 
studies, the histologic damage is dose - dependent.  28   In 
susceptible individuals, the formation of antibodies 
directed toward the acetylated neoantigens (i.e., trifl uo-
roacetylated proteins in the endoplasmic reticulum) 
produced by reactive intermediates causes the more 
severe form of hepatic injury. Current evidence suggests 
that exposure to halothane anesthesia causes the forma-
tion of a wide variety of trifl uoroacetylated proteins, but 
only a small subset of susceptible individuals produce 
an immunologic reaction to these proteins.  29   Histologic 
examinations of liver biopsies from patients with severe 
halothane anesthesia - associated hepatitis demonstrate 
massive hepatocellular necrosis. The pathologic fi ndings 
are virtually indistinguishable from fulminant viral 
hepatitis.  30
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volatile substances of abuse, the halothane concentra-
tion present on analysis depends on the analytic method, 
storage conditions (container, temperature), and post-
mortem interval. The concentration of halothane in 
erythrocytes is slighter greater than plasma; the whole 
blood/plasma ratio of halothane is ∼ 1 based on  in vitro
studies.  45

  Abnormalities 

 Halothane hepatitis is associated with elevations of 
hepatic serum aminotransferases and bilirubin along 
with variable increases in serum alkaline phosphatase 
concentrations. Hepatic encephalopathy may occur 
along with severe liver failure, elevated serum ammonia, 
coagulation abnormalities, and hypoglycemia. A case 
series of patients undergoing oral surgery with 
halothane - nitrous - oxide anesthesia reported the devel-
opment of cardiac dysrhythmias in 44 of the 103 proce-
dures.  46   There were 2 episodes of transient ventricular 
tachycardia that did not require treatment. Two other 
patients required treatment for cyanosis that promptly 
resolved with ventilation. The study did not report 
potential confounding factors including pre - existing 
heart disease, electrolyte imbalance, pH, or oxygen satu-
ration. Anesthetic doses of halothane prolong the 
action potential of the heart. In a study of 8 healthy 
adults undergoing anesthesia with only halothane 
(0.81    ±    0.06   mM), the mean QT interval increased from 
380    ±    10   msec to 450    ±    10   msec, while the mean QTc 
interval increased from 390    ±    10   msec to 440    ±    20   msec.  47

Halothane administration did not signifi cantly alter the 
PR interval or QRS duration. There were no clinically 
signifi cant dysrhythmias. Inorganic fl uoride concentra-
tions are not direct measures of the reductive biotrans-
formation of halothane because of variation in the 
dietary fl uoride intake and the equilibrium of fl uoride 
between bone stores and the systemic circulation.  

  Driving 

 Although high concentrations of halothane are detect-
able by some breathalyzers, these readings are unlikely 
to interfere with the estimation of breath alcohol con-
centration at halothane concentrations likely to be 
present in ambulatory individuals. For example, under 
experimental conditions a 1% concentration of halo-
thane produced an alcohol reading of 0.029   mg/dL on 
an older Camic breathalyzer.  48

  TREATMENT 

 Respiratory depression and cardiac dysrhythmias 
represent the most immediate life - threatening 

  Reproductive Abnormalities 

 There are few data on the effect of halothane abuse on 
reproductive outcomes. Animal studies do not indicate 
that halothane is teratogenic in typical anesthetic doses. 
There were no major or minor teratologic effects in the 
offspring of pregnant Sprague - Dawley rats exposed to 
0.8% halothane 6 hours daily for 3 consecutive days in 
1 of 3 periods (i.e., pregnancy days 14 – 16, 11 – 13, or 
8 – 10).37   In a study of Swiss/ICR mice, the incidences of 
major malformations and minor anomalies did not 
increase following exposure to subanesthetic concentra-
tions of halothane.  38   Daily anesthetic exposure to 4.0 
MAC hours was lethal to both dams and embryos, and 
this exposure resulted in major developmental malfor-
mations in surviving fetuses.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques to quantitate halothane and other haloge-
nated ether anesthetics include clinical infrared gas 
analyzer,  39   gas chromatography with fl ame ionization 
detection (GC/FID),  40   headspace solid - phase or capil-
lary gas chromatography/mass spectrometry,  41,42   and gas 
chromatography/mass spectrometry in selected ion 
monitoring mode.  43   The detection limit of simple gas 
chromatography ranges from 0.010 – 0.100   mg/L, whereas 
the accuracy (% CV) of GC/FID ranges between 
0.8 – 9.5%.  

  Biomarkers 

 In a case series of 10 patients undergoing halothane 
anesthesia (0.75%), the mean halothane concentration 
in venous samples at the end of 1 hour of anesthesia was 
68.2    ±    35.7   mg/L.  14   Paramedics on the scene began car-
diopulmonary resuscitation of a 19 - year - old man who 
was found comatose. On admission to the emergency 
department, he had clinical features of severe hypoxic 
encephalopathy and the blood halothane concentration 
was 200   mg/L. 

 Following analysis by gas chromatography, the halo-
thane concentrations in postmortem blood samples 
from 2 men abusing halothane were 0.36% and 0.50% 
compared with halothane concentrations of 1 – 2% 
during halothane anesthesia.  5   Both men were found in 
cardiopulmonary arrest; resuscitation measures contin-
ued for 1 hour and 2 hours, respectively. A 26 - year - old 
anesthetist was found dead holding a polyvinyl bag with 
a gauze pad in his mouth. The postmortem blood halo-
thane concentration was 200   mg/L.  44   Similar to other 
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complications of halothane exposure; immediate atten-
tion should be directed toward maintenance of ventila-
tion and blood pressure with intubation, mechanical 
ventilation, intravenous fl uids, and cardiac monitoring 
as indicated by the history and physical examination. 
Methods to enhance elimination of halothane have not 
been studied. If severe liver dysfunction develops, sup-
portive care includes fresh frozen plasma, vitamin K, 
low protein diet, neomycin, lactulose, careful fl uid and 
electrolyte, and the use of dialysis as needed for associ-
ated renal dysfunction. Hepatic and renal function 
should be followed daily for at least 3 days after serious 
abuse of halothane. Liver transplantation (orthotopic, 
auxiliary partial orthotopic, heterotopic) is the only 
therapeutic option for advanced fulminant hepatic 
failure.      
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  Chapter 40 

               HISTORY 

 Priestley discovered nitrous oxide in 1776. In 1868, pres-
surized liquid nitrous oxide was available in metal cyl-
inders, and the use of nitrous oxide as an adjunct to 
diethyl ether anesthesia began. Humphry Davy recog-
nized the anesthetic and euphoric properties of this 
compound in the latter part of the 18 th  century.  1   Some 
of his study participants experienced pleasurable effects 
from the inhalation of nitrous oxide. However, Humphry 
Davy also reported that chronic heavy use of nitrous 
oxide was associated with sensory abnormalities and a 
mental disorder. The lack of availability and the low 
potency of nitrous oxide limited the abuse of this com-
pound. In the latter 19 th  century, this compound was 
inhaled at social gatherings similar to diethyl ether 
(ether).2   Of the early anesthetics (chloroform, diethyl 
ether), nitrous oxide is the only anesthetic remaining in 
regular use; however, the use of nitrous oxide has 
decreased in recent years.  

  IDENTIFYING CHARACTERISTICS 

 Nitrous oxide (CAS RN: 10024 - 97 - 2, N 2 O) is a nonfl am-
mable, stable, colorless, odorless gas that is heavier than 
air (vapor density    =    1.53, air    =    1). The molecular weight 
of nitrous oxide is 44.01   g/mol. This gas has a slightly 
sweet taste. The low blood/gas solubility of nitrous oxide 
results in rapid equilibration between alveoli and blood 
along with rapid penetration of the blood – brain barrier. 
Nitrous oxide achieves approximately 90% equilibra-
tion between inspired gas and alveoli within 10 minutes.  3

Whippets  refers to whipped cream dispensers used rec-
reationally for the abuse of nitrous oxide.  

  EXPOSURE 

  Epidemiology 

 Nitrous oxide is an occasional drug of abuse among 
medical and dental personnel. Adolescents and young 
adults also abuse the nitrous oxide present as a propel-
lant in dairy products (e.g., whippets). In a study of 
juveniles in a correctional facility, nitrous oxide was 1 of 
the 5 most abused volatile substances after gasoline, 
Freon, butane lighter fl uid, and glue.  4

  Sources 

 Nitrous oxide is an anesthetic and analgesic gas that has 
been investigated as a drug (psychotropic analgesic 
nitrous oxide) to reduce the cravings associated with 
withdrawal from alcohol, cocaine, and methaqualone.  5,6

This gas is the only inorganic gas used for clinical anes-
thesia. Nitrous oxide is also a propellant in whipped 
cream.  

  Methods of Abuse 

 Abuse of nitrous oxide typically involves the inhalation 
of the contents of nitrous oxide - containing containers 
or inhalation from a balloon fi lled with the gas. The 
euphoria usually begins within 15 – 30 seconds of the 
beginning of inhalation with peak effects occurring in 
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  TOXICOKINETICS 

  Kinetics 

 The rate of uptake of a gas depends on the follow-
ing factors: 1) ventilation, 2) blood/gas solubility coef-
fi cient, 3) alveolar/blood partial pressure difference, 
4) cardiac output, and 5) diffusion of the gas across 
the alveolar membrane.  16   Based on measurements of 
nitrous oxide at the mouth, the estimated uptake 
of nitrous oxide is inversely proportional to the square 
root of the time elapsed from the start of administra-
tion.17   Using this equation, the estimated uptake of 
nitrous oxide during the fi rst minute is about 1L 
compared with 129   mL/min after 60 minutes and 90   mL/
min after 2 hours of anesthesia.  18   The lungs excrete 
nitrous oxide unchanged in exhaled air; the rate of 
elimination is rapid after inhalation ceases. The nitrous 
oxide concentration in expired air drops rapidly to 
about 25% of the initial value; then, the decline is more 
gradual. Cardiac output has little effect on the elimina-
tion of nitrous oxide because of the low solubility of this 
gas. The placental transfer of nitrous oxide is time -
 dependent and slower than the maternal uptake of 
nitrous oxide.  19

  Tolerance 

 There are few human data on tolerance to the chronic 
use of nitrous oxide. In rodent studies, tolerance devel-
ops to the effects of nitrous oxide in the animals after 
prolonged exposure (e.g., 18   h exposure to 70% nitrous 
oxide in Plexiglas chambers followed by a 30 - minute 
recovery before testing).  20

  Drug Interactions 

 Nitrous oxide is an effective adjunct to the administra-
tion of other anesthetics because the concomitant 
inhalation of these anesthetics with nitrous oxide 
reduces the MAC of the other anesthetics. However, the 
reduction of MAC is not consistent between studies, and 
the effect of nitrous oxide on the MAC of other anes-
thetics does not correspond to a simple additive rela-
tionship.  21   In very high concentrations, nitrous oxide is 
a cardiorespiratory depressant; consequently, exposure 
to other central nervous system depressants would 
be expected to enhance these depressant effects. 
Nitrous oxide activates supraspinal opioid receptors 
via corticotropin - releasing factor; however, existing 
studies are inadequate to determine if the potential 
interaction of nitrous oxide and opioids is clinically 
signifi cant.  22

∼ 2 – 3 minutes.  7   The euphoria is associated with a sensa-
tion of warmth in the head and auditory illusions. 
Rebreathing the nitrous oxide prolongs these effects. 
Case series suggest that chronic nitrous oxide use is 
associated with medical and psychiatric complication of 
addiction, but the incidence of addiction to nitrous 
oxide is extremely low.  8

  DOSE EFFECT 

  Illicit Use 

 The minimum alveolar concentration (MAC) is a 
measure of anesthetic potency as refl ected in the con-
centration or percent of inspired gas at 1 atmosphere 
(atm) necessary to render 50% of patients unresponsive 
to surgical stimulus. Because the MAC refl ects an ade-
quate dose for only 50% of the patient, successful clini-
cal anesthesia requires 0.5 – 2 MAC for an individual 
patient. Nitrous oxide is the least potent anesthetic in 
modern practice with a MAC of 105; however, MAC is 
a measure of anesthetic potency rather than a precise 
measure of respiratory or cardiac effects. The effect of 
chronically inhaling nitrous oxide depends, in part, on 
the current intake and the pool of vitamin B 12  at the 
time of abuse. The inhalation of approximately 40 – 60 
whipped cream bulbs daily for the preceding 6 months 
was associated with the development of paresthesias, 
gait disturbance, and signs of an axonal peripheral neu-
ropathy.  9   In a case series of 13 dentists with nitrous 
oxide abuse and myeloneuropathy, the reported period 
of abuse ranged from 3 months to several years.  10

  Toxicity 

 Subanesthetic concentrations of nitrous oxide for seda-
tion, amnesia, and analgesia in dentistry and minor sur-
gical procedures range from about 20 – 30% atm. At 
these concentrations, human behavioral studies indicate 
that some impairment of psychomotor function (tapping 
rate, choice reaction time),  11   learning,  12   cognition (word 
recall, arithmetic tests.),  13   and memory  14   occurs. These 
effects resolve rapidly (i.e., within minutes) after cessa-
tion of use. The anesthetic potency of nitrous oxide is 
low, and satisfactory anesthesia is not possible without 
simultaneous anoxia. At least 30% oxygen under nor-
mobaric conditions are necessary to overcome ventila-
tion perfusions changes associated with general 
anesthesia; typical concentrations of nitrous oxide for 
anesthesia with controlled ventilation is 65 – 70%.  15   The 
maximum tolerable mixture of nitrous oxide and oxygen 
for prolonged inhalation is 65% and 35%, respectively. 
The inhalation of 85% nitrous oxide with oxygen is 
tolerable only for brief exposures.   
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methionine synthase activity requires the synthesis of 
new enzymes (i.e., 3 – 4 days); however, full recovery may 
be delayed several weeks.  29   Animal studies suggest that 
the euphoric effects of nitrous oxide are mediated by 
the partial opioid agonist properties of this gas.  30

  Postmortem Examination 

 The postmortem examinations of individual dying during 
the abuse of nitrous oxide are nonspecifi c including con-
traction band necrosis in the myocardium.  31   In a case 
series of 4 fatalities related to the use of nitrous oxide, 
the only postmortem fi nding was visceral congestion.  32

  CLINICAL RESPONSE 

 The clinical response to nitrous oxide varies with some 
patients experiencing euphoria, while others experience 
little or even unpleasant effects. Descriptions of the 
euphoric effects associated with nitrous oxide include 
numbness, lightheadedness, tingling, warmth, stiffness, 
and auditory hallucinations. In a study of volunteers 
receiving 30% nitrous oxide, inhalation was associated 
with a dreamy, detached state characterized by euphoric 
mood, changes in body image, and alteration of time 
perception.33   Adverse effects of nitrous oxide anesthe-
sia include hypoxia, claustrophobia, and nausea. 

  Complications 

 Nitrous oxide abuse is associated with a sensorimotor 
polyneuropathy characterized by broad - based gait, 
ataxia, and sensory loss (vibration, position sense). The 
clinical presentation of these neurologic changes is virtu-
ally identical to subacute combined degeneration with 
posterior and lateral column injury associated with perni-
cious anemia. Case reports associate chronic abuse of 
nitrous oxide (whippets) with an ascending sensorimotor 
neuropathy and gait disturbances similar to Guillain -
 Barr é  syndrome.  34   Clinical features include paresthesias 
in the extremities, loss of coordination, gait disturbances, 
generalized weakness, brisk refl exes in the distal portion 
of the extremities, a positive Romberg sign, impotence, 
sphincter disturbances, and reduced proprioception with 
preservation of temperature and pain sensation.  9,35

Occasionally, Lhermitte sign (i.e., an electric sensation 
transmitted down the spine during neck fl exion or rota-
tion) is present. Cognitive ability is usually unaffected in 
the absence of acute intoxication. However, some case 
reports of nitrous oxide abuse document both impair-
ment of cognitive function (recall, word list generation) 
and reduced temperature and pain sensation in a stocking -
 glove distribution.  36   Typically, the peripheral neuropathy 
gradually improves with cessation of exposure. 

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 The anaesthetic action of nitrous oxide remains unclear. 
The mechanism of action of nitrous oxide probably 
involves the release of β  - endorphins and the binding of 
μ  - ,  δ  - , and  κ  - opiate receptors. Animal studies suggest 
that the analgesic effects of nitrous oxide result from 
opioid peptide release in the periaqueductal gray area 
of the midbrain and the subsequent activation of the 
descending inhibitory pathways and noradrenergic 
neurons.  23   This action modulates the nociception process 
in the spinal cord. Implicated receptors include dopa-
mine receptors, benzodiazepine (GABA) receptors,  α2  -
 adrenoceptors, and  N  - methyl -  d  - aspartate (NMDA) 
receptors.  24   Experimental studies indicate that nitrous 
oxide inhibits NMDA - activated currents, while GABA -
 activated currents are unaffected.  25   Nitrous oxide may 
also be a dopamine agonist.  26   Positron emission tomog-
raphy (PET) scans of volunteers receiving nitrous oxide 
demonstrate activation in the anterior cingulate cortex 
(psychomotor and cognitive processes), and deactiva-
tion in the posterior cingulate, hippocampus, parahip-
pocampal gyrus, and visual association cortices in both 
hemispheres.  27   The former two regions mediate learning 
and memory.  

  Mechanism of Toxicity 

 Nitrous oxide is an anesthetic and respiratory depres-
sant. This gas is a mechanical asphyxiant that causes 
hypoxia by displacing oxygen. In addition, nitrous oxide 
increases the alveolar - arterial difference of oxygen in 
the alveoli. Both of these properties cause hypoxia; 
therefore, prolonged inhalation of pure nitrous oxide 
will cause asphyxia. Nitrous oxide abuse may cause a 
posterior column myelopathy (e.g., subacute combined 
neurodegeneration of the spinal cord) by inactivation 
of vitamin B 12  dependent enzymes. Nitrous oxide oxi-
dizes the monovalent cobalt in cobalamin to the biva-
lent ion, resulting in the inactivation of the vitamin 
B12  - dependent enzyme, methionine synthase. This 
enzyme catalyzes the formation of tetrahydrofolate and 
methionine from homocysteine and methyltetrahydro-
folate. The purpose of these chemical reactions is the 
formation of 10 - formyl tetrahydrofolate for DNA syn-
thesis and the replenishment of the one - carbon pool. 
The effect of reduced methionine synthase activity 
depends, in part, on the pre - existing pool of vitamin B 12 ; 
individuals with vitamin B 12  defi ciency will experience 
more adverse effects from the use of nitrous oxide than 
patients with normal vitamin B 12  stores.  28   Recovery of 
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 In a case series of 4 individuals found dead following 
the use of nitrous oxide inside a car, the concentration 
of nitrous oxide in postmortem blood samples (location 
not specifi ed) ranged from 46,000 to 93,000   ppm 
(reported as 4.6 – 9.3   mL/dL) as measured by headspace 
gas chromatography with thermal conductivity detec-
tion.32   A 26 - year - old man in the same series was found 
dead in bed with a tube connected to his mouth from a 
tank of nitrous oxide. His postmortem blood nitrous 
oxide concentration (site not specifi ed) was 89,700   ppm 
as measured by the same method.  41

  Abnormalities 

 Electrodiagnostic testing of patients with peripheral 
neuropathy associated with nitrous oxide abuse is con-
sistent with patients who have an axonal peripheral neu-
ropathy. Nerve conduction studies demonstrate reduced 
amplitude and delayed motor/sensory conduction along 
with prolonged F wave latencies and absent H refl exes.  47

Sensory evoked potentials reveal prolonged latency of 
scalp - evoked potentials from tibial nerve stimulation, 
but median nerve values may be normal. Denervation 
potentials may also appear. The somatosensory evoked 
potentials from tibial nerve stimulation may be normal 
to the lumbar spine, but slow conduction often occurs 
to the cortex.  9   Substantial clinical improvement in these 
parameters occurs within a year, but minor conduction 
delays, loss of H refl exes, denervation potentials, or 
reduced posterior tibial sensory evoked potentials may 
remain.48   Abnormalities on sural nerve biopsy are non-
specifi c, characterized primarily by axonal degenera-
tion.49   Magnetic resonance imaging (MRI) of the brain 
is usually normal. MRI fi ndings in patients with neuro-
logic changes suggestive of a demyelinating process 
include symmetrical T2 - weighted hyperintensities and 
T1 - weighted hypointensities of the posterior and lateral 
columns of the spinal cord, primarily in the cervical and 
thoracic regions.  50   These MRI changes are not specifi c 
to nitrous oxide abuse as these changes occur in other 
diseases (e.g., human immunodefi ciency virus [HIV], 
lupus, syphilis, Devic disease). Other abnormalities 
include megaloblastic anemia with increased mean red 
cell volume, reduced serum vitamin B 12  concentrations, 
and low serum folate; however, serum vitamine B12 
concentrations may be normal despite the presence of 
a prominent sensorimotor neuropathy.  34

  Driving 

 Based on volunteer studies, the effect of nitrous oxide 
on driving skills diminishes rapidly after cessation of 
exposure. In a study of 10 dental students, increased 
errors on a driving simulator were demonstrated within 

  Abstinence Syndrome 

 Withdrawal symptoms are usually not associated with 
nitrous oxide abuse.  

  Reproductive Abnormalities 

 Some epidemiologic studies of medical personnel 
suggest that spontaneous abortions may increase fol-
lowing chronic low - level exposure to nitrous oxide in 
surgical or dental operating suites.  37   However, these 
studies are limited by failure to control for confounding 
variables and poor exposure data (e.g., the use of job 
title as a surrogate for nitrous oxide exposure). More 
recent studies in hospitals using scavenger equipment 
to reduce nitrous oxide concentrations have not detected 
an increased incidence of reproductive abnormalities in 
exposed women.  38,39   There are few data on the effect of 
nitrous oxide abuse in pregnant women.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the determination of nitrous oxide in biologic 
samples include gas chromatography with microionization 
cross - section detection,  40   gas chromatography with thermal 
conductivity detection,  41   capillary gas chromatography/
mass spectrometry in selected ion monitoring,  42   and head-
space gas chromatography/mass spectrometry.  43

  Biomarkers 

 The nitrous oxide concentration in operating theater 
personnel depends on the effectiveness of scavenging 
devices.  44   The mean nitrous oxide concentrations in the 
breathing zones of anesthesiologists practicing in oper-
ating rooms with and without scavenging devices were 
57   ppm (range, 6 – 203   ppm) and 534   ppm (range, 52 –
 2,385   ppm), respectively.  45   The mean nitrous oxide con-
centrations in the blood of the anesthesiologists in 
rooms with scavenging devices was ∼ 12   mg/L ( ∼ 12 ppm), 
whereas the nitrous oxide concentration in the blood of 
anesthesiologists in the operating rooms without scav-
enging devices was up to 10 - fold higher. In a study of 80 
operating theater personnel, the mean nitrous oxide 
concentration in air at the end of the operation was 
0.049   mg/L as measured by personal passive samplers 
at collar height.  46   The mean concentrations of nitrous 
oxide in blood and urine samples collected simultane-
ously with the air samples was 0.023   mg/L and 
0.026   mg/L, respectively. Isolated urine samples of 
exceptionally high urinary nitrous oxide were attributed 
to asymptomatic urinary tract infections. 
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     6.       Gillman   MA  ,   Harker   N  ,   Lichtigfeld   FJ  .  Combined 
cannabis/methaqualone withdrawal treated with psycho-
tropic analgesic nitrous oxide .  Int J Neurosci   2006 ; 116 :
 859  –  869 .  

     7.       Lynn   EJ  ,   James   M  ,   Dendy   R  ,   Harris   LA  ,   Walter   RG  .  Non -
 medical use of nitrous oxide: a preliminary report .  Mich 
Med   1971 ; 70 : 203  –  204 .  

     8.       Gillman   MA  .  Nitrous oxide, an opioid addictive agent. 
Review of the evidence .  Am J Med   1986 ; 81 : 97  –  102 .  

     9.       Butzkueven   H  ,   King   JO  .  Nitrous oxide myelopathy in an 
abuser of whipped cream bulbs .  J Clin Neurosci   2000 ; 7 : 
73  –  75 .  

  10.       Layzer   RB  .  Myeloneuropathy after prolonged exposure to 
nitrous oxide .  Lancet   1978 ; 2 ( 8102 ): 1227  –  1230 .  

  11.       McMenemin   IM  ,   Parbrook   GD  .  Comparison of the effects 
of subanesthetic concentrations of isofl urane or nitrous 
oxide in volunteers .  Br J Anaesth   1988 ; 60 : 56  –  63 .  

  12.       Mewaldt   SP  ,   Ghoneim   MM  ,   Choi   WW  ,   Korttila   K  ,   Peterson  
 RC  .  Nitrous oxide and human state - dependent memory . 
 Pharmacol Biochem Behav   1988 ; 30 : 83  –  87 .  

  13.       Korttila   K  ,   Ghoneim   MM  ,   Jacobs   L  ,   Mewaldt   SP  ,   Petersen  
 RC  .  Time course of mental and psychomotor effects of 30 
per cent nitrous oxide during inhalation and recovery . 
 Anesthesiology   1981 ; 54 : 220  –  226 .  

  14.       Block   RI  ,   Ghoneim   MM  ,   Pathak   D  ,   Kumar   V  ,   Hinrichs   JV  . 
 Effects of a subanesthetic concentration of nitrous oxide 
on overt and covert assessments of memory and associa-
tive processes .  Psychopharmacology (Berl)   1988 ; 96 :
 324  –  331 .  

  15.       Leighton   KM  ,   Koth   B  .  Some aspects of the clinical phar-
macology of nitrous oxide .  Can Anaesth Soc J   1973 ; 20 : 
94  –  103 .  

  16.       Lin   C - Y  .  Nitrous oxide uptake in man: a new concept 
of uptake of inhalation anesthetics .  Acta Anaesthesiol 
Taiwan   2004 ; 42 : 127  –  134 .  

  17.       Severinghaus   JW  .  The rate of uptake of nitrous oxide in 
man .  J Clin Invest   1954 ; 33 : 1183  –  1189 .  

  18.       Stenqvist   O  .  Nitrous oxide kinetics .  Acta Anaesthesiol 
Scand   1994 ; 38 : 757  –  760 .  

  19.       Karasawa   F  ,   Takita   A  ,   Fukuda   I  ,   Kawatani   Y  .  Nitrous 
oxide concentrations in maternal and fetal blood during 
Caesarean section .  Eur J Anaesthesiol   2003 ; 20 : 555  –  559 .  

  20.       Berkowitz   BA  ,   Finck   AD  ,   Ngai   SH  .  Nitrous oxide analge-
sia: reversal by naloxone and development of tolerance . 
 J Pharmacol Exp Ther   1977 ; 203 : 539  –  547 .  

  21.       Christensen   LQ  ,   Bonde   J  ,   Kampmann   JP  .  Drug interac-
tions with inhalational anesthetics .  Acta Anaesthesiol 
Scand   1993 ; 37 : 231  –  244 .  

  22.       Sanders   RD  ,   Weimann   J  ,   Maze   M  .  Biologic effects of 
nitrous oxide: a mechanistic and toxicologic review . 
 Anesthesiology   2008 ; 109 : 707  –  722 .  

  23.       Fujinaga   M  ,   Maze   M  .  Neurobiology of nitrous oxide -
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15 minutes of cessation of exposure to 50 – 70% nitrous 
oxide with oxygen.  51   However, the driving of some stu-
dents improved compared with no exposure. Following 
the inhalation of self - administered nitrous oxide/oxygen 
as a sedative/analgesic medication for colonoscopy, 
scores on psychomotor function returned to normal 
within 30 minutes.  52   These tests included multiple - choice 
reaction time, hand – eye coordination, and letter dele-
tion tests. In a study of 80 patients undergoing colonos-
copy with a 50% nitrous oxide/50% oxygen mixture, the 
scores on the adaptive tracking task were compared 
with baseline scores prior to self - administered analge-
sia.53   The mean time between screening and re - testing 
was approximately 11 minutes (range, 2 – 30 minutes). 
There was no statistically signifi cant decline in test 
scores, and improvement in testing scores of the expo-
sure group was similar to the age - matched control group 
(no nitrous oxide).   

  TREATMENT 

 The treatment of acute exposure to nitrous oxide is sup-
portive with primary focus on the detection and treat-
ment of any respiratory insuffi ciency. Case reports 
suggest that supplementation with methionine and 
vitamin B 12  may improve the clinical course of the neu-
ropathy associated with nitrous oxide abuse.  54   The dose 
of methionine is 1 gram 3 times daily. Suggested regi-
mens for the peripheral neuropathy include vitamin B 12

100 – 1,000    μ g intramuscularly (IM) daily for 5 days fol-
lowed by 100 – 1,000    μ g weekly for 5 weeks, then 100    μ g 
to 1,000    μ g monthly by mouth until resolution or stabi-
lization of the patient.  55   Other regimens include IM 
vitamin B 12  100    μ g daily for 5 days followed by 250    μ g 
daily by mouth for 1 month.  36   Folate supplementation 
is necessary only when there is a documented folate 
defi ciency.      
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  Chapter 41 

               HISTORY 

 Medgley and Henne fi rst reported the synthesis of fl uo-
rinated aerosol propellants (i.e., dichlorodifl uorometh-
ane, Freon 12) in 1930. These compounds were 
introduced as a less - toxic refrigerant gas to replace 
ammonia and sulfur dioxide. Aerosol insecticides (Freon 
12) were introduced by the military during World War 
II, and these insecticides were released to the civilian 
market in 1947.  

  IDENTIFYING CHARACTERISTICS 

  Structure 

 Trichloromonofl uoromethane (FC11) and trichlorotri-
fl uoroethane (FC113a) are liquids at room temperature 
and standard pressure, whereas dichlorodifl uorometh-
ane (FC12) is highly volatile under these conditions. The 
lipid solubility of FC11 and FC113 are similar and 
greater than the lipid solubility of FC12 and FC114. The 
boiling point of chlorodifl uoromethane (FC22) is 
− 40.7 ° C ( − 41.3 ° F); this compound is typically stored as 
a liquid at a pressure of 150 psi. The temperature of the 
vapors released from these containers is below the 
boiling point; therefore, exposure to the vapors may 
cause severe frostbite. At 25 ° C (77 ° F) and 760   mm   Hg, 
the relative density of air saturated with FC22 (42.1%) 
is 3.3 (air    =    1), and the vapor pressure is 334   mm   Hg. 
Bromochlorodifl uoromethane (FC1211) is a volatile 
liquid with a boiling point of − 3.7 ° C (25.3 ° F) that forms 
a noncombustible cloud over fi res and interferes with 
the chemical reactions within the fi re. The boiling point 

of 1,1 - difl uoroethane is  − 24.9 ° C ( − 12.8 ° F), and the rapid 
evaporation of the liquid causes frostbite as the tissues 
are cooled below 0 ° C (32 ° F). This compound is color-
less, odorless, water insoluble, and highly fl ammable. 

 Table  41.1  lists identifying data and the boiling points 
of common fl uorocarbons.    

  Terminology 

 Fluorinated alkanes are frequently identifi ed by number 
(e.g., Freon 113). The fi rst digit on the right indicates the 
number of fl uorine atoms, the second digit from the 
right is one less than the number of hydrogen atoms, 
and the third digit (absent if zero) is one less than the 
carbon atoms. Letters identify isomers with  “ a ”  
denoting the isomer containing the smallest mass differ-
ence on each carbon atom. Other letters are added as 
masses of other isomers diverge from the  “ a ”  isomer. 
For example, Freon 113a is 1,1,1 - trichloro - 2,2,2 -
 trifl uoroethane (trichlorotrifl uoroethane).   

  EXPOSURE 

  Epidemiology 

 Fluorinated alkane propellants were popular volatile 
substances of abuse during the late 1960s and early 
1970s, particularly FC11, FC12, and FC114.  1   Abuse of 
fl uorocarbons includes the chronic inhalation of freon -
 containing refrigerant as well as the abuse of medical 
inhalers containing Freon propellants.  2   The excessive 
use of these inhalers even involves children as young as 
4 years of age.  3   The abuse of products containing fl uo-
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or in a container followed by the inhalation of the 
vapors. Alternate methods include attempting to inhale 
vapors from air conditioner fl uid (chlorodifl uorometh-
ane) directly from the air conditioner unit.  4   At times, a 
plastic bag is placed over the person ’ s head to increase 
the concentration of the vapors. Dusting is the inhala-
tion of halogenated hydrocarbons (e.g., difl uoroethane, 
tetrafl uoroethane) found in offi ce products containing 
compressed air. Volatile substance abuse of bromochlo-
rodifl uoromethane typically involves the discharge of 
the fi re extinguisher into a plastic bag and the subse-
quent inhalation of the vapors from the bag.   

  DOSE EFFECT 

  Animals 

 Animal studies demonstrate observable narcotic effects 
(loss of coordination, tremor, disequilibrium, irregular 
breathing, lacrimation) at concentrations around 
50,000   ppm FC113, whereas anesthetic effects (uncon-
sciousness, convulsions, and death) occur after exposure 
to ∼ 100,000   ppm FC113 for several hours.  5   Other animal 

rinated alkanes propellants has declined as other com-
pounds (e.g., alkanes) have replaced these products.  

  Sources 

 Halogenated fl uorocarbons are used as solvents, aerosol 
propellants, refrigerants, plastics manufacturing, foam 
blowing, and components of fi re extinguishers with the 
fl uorocarbon concentration varying depending on the 
use. Aerosols contain propellants, solvents, and active 
ingredients along with additives (e.g., perfumes, emol-
lients). The use of halogenated hydrocarbons as propel-
lants has decreased because of concern about the effect 
of these relatively inert compounds on the ozone 
layer. Bromochlorodifl uoromethane and bromotrifl uo-
romethane are constituents of fi re extinguishers used to 
suppress electrical fi res. 1,1 - Difl uoroethane is a compo-
nent of airbrush propellants and refrigerants.  

  Methods of Abuse 

 Methods for abusing volatile halogenated hydrocarbons 
primarily involve the pouring of the substance on a rag 

TABLE 41.1.    Fluorocarbon Identifi cation. 

   Fluorocarbon     CAS Number     Names     Molecular Formula     Boiling Point  

  Bromochlorodifl uoromethane    353 - 59 - 3    FC1211, Freon 12B1, Halon 1211, 
Fluorocarbon 1211,  

  CBrClF 2 − 3.7 ° C  

  Bromotrifl uoromethane    75 - 63 - 8    FC 13B1, Fluorocarbon 1301, Halon 
1301, Freon 13B1  

        

  1 - Chloro - 1,1 - difl uoroethane    75 - 68 - 3    FC 142b, Freon 142, Fluorocarbon 
142b, Gentron 142b, CFC 142b  

  CH 3 CClF 2 − 10.0 ° C  

  Chlorodifl uoromethane    75 - 45 - 6    FC 22, Freon 22, fl uorocarbon 22, 
CFC 22, 
monochlorodifl uoromethane  

  CHClF 2 − 40.7 ° C  

  Chloropentafl uoroethane    76 - 15 - 3    FC115, Freon 115, Halocarbon 115,    C 2 ClF 5 − 37.9 ° C  
  Dichlorodifl uoromethane    75 - 71 - 8    FC12, Freon 12, Halon 122, F - 12, 

Arcton 12, CFC 12  
  CCl 2 F 2 − 29.8 ° C  

  Dichlorofl uoromethane    75 - 43 - 4    FC 21,Freon 21, Arcton 7, Genetron 
21, Halon 112  

  CHCl 2 F    8.9 ° C  

  1,2 - Dichloro - 1,1,2,2 -
 tetrafl uoroethane 
(Dichlorotetrafl uoroethane)  

  76 - 14 - 2    FC114, Freon 114, CFC114, 
Halocarbon 114, Arcton 114  

  C 2 Cl 2 F 4     3.8 ° C  

  1,1 - Difl uoroethane    75 - 37 - 6    FC 152a, Freon 152a, fl uorocarbon 
152a, Halocarbon 152a  

  C 2 H 4 F 2 − 24.9 ° C  

  1,1,2,2 - Tetrachloro - 1,2 -
 difl uoroethane  

  76 - 12 - 0    FC 112, CFC 112, Halon 112, 
Halocarbon 112  

  C 2 Cl 4 F 2     26 ° C  

  Trichloromonofl uoromethane    75 - 69 - 4    FC11, Freon 11, Halon 11, 
fl uorocarbon 11, F11, Arcton 11, 
CFC 11  

  CCl 3 F    23.7 ° C  

  1,1,2 - Trichloro - 1,2,2 -
 trifl uoroethane  

  76 - 13 - 1    FC 113, Freon 113, Frigen 113 TR, 
CFC - 113, Arcton 63  

  C 2 Cl 3 F 3     47.7 ° C  

  1,1,1 - Trichloro - 2,2,2 -
 trifl uoroethane 
(Trichlorotrifl uoroethane)  

  354 - 58 - 5    FC 113a, Freon 113a, fl uorocarbon 
113a

  C 2 Cl 3 F 3     46.1 ° C  
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4 hours of the study.  12   The estimated pulmonary reten-
tion of FC113 was about 14% (95% CI: 12 – 16%) fol-
lowing exposure of 7 volunteers to 1,000   ppm FC113 for 
4 hours.  13   Following exposure of 4 pairs of volunteers to 
10,000   ppm FC1301 for 24 hours, steady - state concen-
trations of FC1301 occurred about 2 hours after the 
beginning of exposure.  14

  Distribution 

 In volunteer studies, the estimated fat/blood partition 
coeffi cient of FC22 was  ∼ 10 with a mean blood/air parti-
tion coeffi cient of 0.76 at 20   mg/L,  12   whereas the fat/
blood partition coeffi cient of FC113 was approximately 
146 at 20   mg/L.  13   Rodent studies indicate that FC152a 
is distributed to the brain and blood within seconds 
after the inhalation of high concentrations of FC152a 
with intoxication occurring within 20 seconds.  15

  Biotransformation/Elimination 

 In general, the metabolism of fl uorinated alkanes is 
minimal. Because of low lipid solubility, most inhaled 
fl uorocarbon vapors are exhaled without diffusing 
across alveolar membranes. Animal and human studies 
indicate that the elimination of fl uorocarbons from the 
blood is rapid.  16   The blood elimination half - life of tri-
chlorofl uoromethane (FC11) in 5 asthmatic patients 
and 1 control ranged between 0.3 – 1.5 minutes. In a 
study of 3 dogs receiving FC11, the mean terminal half -
 life of FC11 in arterial blood was approximately 3 – 5 
minutes.  17   The elimination of FC22 from venous blood 
was rapid following exposure of 3 volunteers to 518   ppm 
FC22 for 4 hours, characterized by a mean initial half -
 life of 0.23 hour and a mean terminal half - life of 2.8 
hours.  12   The lack of an increase in serum fl uoride sug-
gests that the biotransformation of FC22 is minimal. In 
this study, the amount of FC22 excreted in the urine was 
small. The mean initial and terminal elimination half -
 lives following exposure of 4 pairs of volunteers to 
10,000   ppm FC1301 were 4.5 minutes (range, 2.5 – 8.1 
minutes) and 200 minutes(range, 131 – 347 minutes), 
respectively.  14

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 Close contact with the vapors of halogenated hydrocar-
bons released from containers containing pressurized 
liquid may cause severe local tissue damage. The tem-
perature of these vapors close to the container is typi-
cally below the boiling point of the substance, which is 

studies indicate that guinea pigs develop disequilibrium 
after a 1 - minute exposure to 165,000   ppm FC113, 
whereas rats exposed to 220,000   ppm FC113 developed 
convulsions, coma, cyanosis, and death within 3 – 15 
minutes; however, these concentrations are suffi cient to 
reduce the oxygen concentration to levels causing 
asphyxia.6

  Humans 

 In volunteer studies, short - term exposure (i.e.,  < 30 
minutes) to 40,000   ppm FC1301 caused lightheaded-
ness, confusion, ringing in the ears, and impaired coor-
dination; exposure to 60,000   ppm was associated with 
increased heart rate, depressed T waves, and premature 
ventricular contractions.  7,8

  TOXICOKINETICS 

  Absorption 

 Halogenated hydrocarbons are rapidly absorbed fol-
lowing inhalation. However, the relatively low peak 
arterial concentrations of fl uorocarbons compared with 
the total doses administered suggest the amount of fl uo-
rocarbons absorbed by the lungs is low. In a study of 
asthmatic patients inhaling bronchodilators with fl uori-
nated hydrocarbon propellants, peak concentrations of 
trichlorofl uoromethane (FC11) in venous blood 
occurred 30 – 90 seconds after inhalation.  9   Similarly, the 
peak concentration of FC11 in arterial blood from 6 
volunteers occurred with 30 seconds after inhalation of 
this substance.  10   The absorption of FC12 and FC114 are 
relatively slow compared with FC11 and FC113. 11   Based 
on 38 Cl - labeled fl uorocarbon studies in volunteers fol-
lowing the single - breath inhalation, the retention of 
fl uorocarbons 30 minutes after inhalation ranged from 
10% for FC114 to 23% for FC11 as demonstrated in 
Table  41.2 . In a study of 3 volunteers, the lungs absorbed 
only about 2% of the inhaled dose of FC22 during the 

TABLE 41.2.    Percentage of Inhaled Fluorocarbon Vapors 
Retained by Three Volunteers 30 Minutes after Inhalation.  11

   Fluorocarbon     Retention 
 Range 
 (%)  

   Retention 
 Mean    ±    Standard 
Deviation 
 (%)  

  FC11    19.8 – 26.6    23.0    ±    2.2  *    
  FC12    8.8 – 14.2    10.3    ±    2.2  
  FC113    18.7 – 21.0    19.8    ±    0.9  
  FC114    9.2 – 18.1    12.3    ±    4.1  

    *   Four volunteers.   
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stomach contents, laryngeal obstruction)  28,29   or evidence 
of cold injuries on the hands or mouth.  4

  CLINICAL RESPONSE 

  Illicit Use 

 Adverse effects associated with the inhalation of vapors 
from halogenated hydrocarbons include nausea, vomit-
ing, disorientation, altered consciousness, and dysrhyth-
mias including ventricular fi brillation. A 15 - year - old 
adolescent discharged a fi re extinguisher into a plastic 
bag and then placed the bag over his head. He inhaled 
vapors from the bag numerous times, then, he col-
lapsed.30   Medical personnel found him pulseless and 
apneic. Cardiac monitoring demonstrated ventricular 
fi brillation; he was defi brillated and intubated. He 
regained consciousness in the hospital; by the sixth day 
he was conversant without focal neurologic signs.  

  Complications 

 Complications of the intentional abuse of halogenated 
products include loss of consciousness, seizures, frost-
bite (2 nd /3 rd  degree burns), and dysrhythmias.  31   Severe 
local burns of the hand may require amputation of the 
affected digits.  32   Local tissue damage to the mouth and 
airway may cause edema and obstruction that requires 
intubation or tracheostomy, particularly following expo-
sure to liquid freon when the container is inverted.  33,34

A 16 - year - old adolescent presented to the emergency 
department after losing consciousness while inhaling 
vapors from an open container that was releasing a 
propellant containing 1,1 - difl uoroethane.  35   After regain-
ing consciousness, he noted that his lips were cold and 
blistered. About 4 hours after presentation to the emer-
gency department, he developed respiratory distress 
that required nasotracheal intubation. Endoscopy 
revealed fi rst -  and second - degree burns of the larynx 
with involvement of the vocal cords along with fi rst -
 degree burns of the proximal esophagus and trachea. 
Second -  and third - degree burns were present on the 
lips, tongue, and oral cavity. Fluorosis (diffuse sclerosis, 
increased bone density) of the boney skeleton is a 
potential complication of chronic fl uorocarbon abuse. 
Most common fl uorinated alkanes are listed by the 
International Agency for Research on Cancer (IARC) 
as Group 3 compounds (not classifi able as to its carci-
nogenicity to humans).  36,37,38

  Fatalities 

 Death immediately following volatile substance abuse 
with halogenated alkanes may result from respiratory 

substantially lower than freezing. Therefore, direct 
contact with these vapors causes severe frostbite. 

 There are few human data on the mechanisms associ-
ated with sudden death during volatile substance abuse. 
Animal studies suggest that halogenated alkanes may 
sensitize the heart to the development of dysrhyth-
mias.  18,19   Ventricular fi brillation was an uncommon 
rhythm during these experiments as the most common 
dysrhythmia in mice that were asphyxiated after inhal-
ing fl uorocarbon propellants was a bradyarrhythmia 
initiated during asphyxia.  18   There were marked differ-
ences in the dysrhythmogenic potential of fl uorocar-
bons between animal species and between different 
fl uorocarbons.  20,21   These studies used anesthetics to 
depress consciousness, oxygen deprivation, and large 
doses of epinephrine (5 – 6    μ g epinephrine/kg by central 
venous catheter over 10 seconds) that substantially 
exceed the maximum endogenous rate of human epi-
nephrine secretion. Typically, these changes occur 
only a few minutes after the administration of the epi-
nephrine.  22,23   In a study of 16 anesthetized dogs receiv-
ing intravenous pentobarbital, normal arterial oxygen 
tensions, carbon dioxide tension, and pH were main-
tained during exposure to high concentrations of fl uo-
roalkane propellants (FC11, FC12).  24,25   The most 
common scenario was an immediate, dramatic slowing 
of the heartbeat (sinus bradycardia), followed by A - V 
dissociation with progressively lower escape rhythms 
and ultimately electrical and mechanical asystole. 
Only 2 of the dogs developed ventricular fi brillation. 
Consequently, the conditions of these studies do not 
necessarily simulate the conditions present during vola-
tile substance abuse. Animal studies indicate that there 
is substantial variation in the cardiac effects between 
both animal species and fl uorocarbon compounds.  26

Other possibilities for the effects of fl uorocarbons 
include the general phenomenon of disruption of normal 
cellular function by chemically inert lipid - soluble 
compounds.  

  Postmortem Examination 

 The postmortem fi ndings in cases of sudden death asso-
ciated with the abuse of halogenated hydrocarbons are 
usually nonspecifi c (pulmonary congestion, cerebral 
edema, hyperemia of the trachea). A 15 - year - old ado-
lescent with a history of inhaling fumes from electrical 
fi re extinguishers (bromochlorodifl uoromethane) col-
lapsed and died later that day in the hospital.  27

Postmortem examination confi rmed exposure to bro-
mochlorodifl uoromethane along with cerebral edema, 
anoxic brain damage, pulmonary congestion, and blood -
 stained foam in the airways. Postmortem examination 
may reveal alternate causes of death (e.g., aspiration of 



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

680

centrations in venous blood samples were 0.25   mg/L 
and 1.36   mg/L, respectively.  12   Peak concentrations in 
venous blood occurred approximately 1 hour after 
exposure began. Following exposure to 10,000   ppm 
FC1301, the steady concentration of FC1301 was about 
3 – 4.5   mg/L beginning 2 hours after exposure began.  14

  Postmortem 

 The dichlorodifl uoromethane concentration in post-
mortem blood samples from a man found dead follow-
ing autoerotic activities was 3.2   mg/L.  49

  1,1 - Difluoroethane.     Analysis of postmortem blood 
samples from 2 adolescents, who died in a crash imme-
diately after their car crossed the median of a four - lane 
highway, detected 1,1 - difl uoroethane (FC152a) concen-
trations of 78   mg/L (driver) and 35   mg/L (passenger).  50

The blood sample from the driver also contained ethanol 
(13   mg/dL). A 42 - year - old man was found dead in his 
car surrounded by approximately 40 canisters of aerosol 
duster (difl uoroethane).  51   His postmortem femoral 
blood contained difl uoroethane (136.3   mg/L), and the 
postmortem examination demonstrated myocardial 
fi brosis and an acute infarction in the left ventricle. A 
20 - year - old man was found dead with dust remover next 
to his body, and his postmortem femoral blood con-
tained 1,1 - difl uoroethane (83.5   mg/L) as measured by 
headspace gas chromatography with fl ame ionization 
detection.52   In contrast to the blood sample from the 
previous man, the postmortem blood sample from 
this man was not sealed in headspace vials at autopsy. 
A 24 - year - old woman died immediately after a single -
 vehicle accident.  53   The passenger survived, and reported 
that the driver was inhaling Dust Off Duster (Dupont, 
Wilmington, DE) while driving shortly before the 
accident. The femoral blood and vitreous humor con-
tained 1,1 - difl uoroethane concentrations of 29.8   mg/L 
and 21.3   mg/L, respectively. The postmortem distribu-
tion of difl uoroethane in the body suggested that she 
was in the distribution phase after inhaling this com-
pound. The chest cavity and aortic blood contained 
1,1 - difl uoroethane concentrations of 79.9   mg/L and 
85.6   mg/L, respectively.  

Chlorodifluoromethane.     A 22 - year - old man devel-
oped coughing and wheezing after inhaling fl uorocar-
bon vapors; he presented to the emergency department 
in ventricular fi brillation.  54   He was pronounced dead 1 
hour after being found by his roommates, and the 
autopsy demonstrated only nonspecifi c fi ndings. The 
cans of fl uorocarbons found near him contained a 50:50 
mixture of chlorodifl uoromethane (FC22) and chloro-
pentafl uoroethane (FC115). The concentrations of FC22 

depression, ventricular fi brillation, suffocation, airway 
obstruction (laryngeal spasm/edema), or aspiration of 
gastric contents. Case reports document sudden death 
following the intentional inhalation of fl uorinated 
alkanes, primarily involving dichlorodifl uoromethane 
(FC11)39,40   and trichlorofl uoromethane (FC12).  41   In a 
few of these cases, ventricular fi brillation was docu-
mented as the initial rhythm during the course of resus-
citation.42   Typically, these individuals feel unwell shortly 
after inhaling the vapors and then collapse. A case series 
documented the sudden deaths of 5 youth following the 
inhalation of vapors from fi re extinguishers (bromoch-
lorodifl uoromethane).  43   Postmortem examinations did 
not demonstrate natural causes of death, and postmor-
tem blood confi rmed exposure to bromochlorodifl uoro-
methane. Animal studies and case reports suggest that 
the risk of sudden death occurs during or shortly (i.e., 
< 5 – 10 minutes) after cessation of exposure to fl uori-
nated alkanes.  44

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the detection of halogenated propellants 
in biologic samples include headspace gas chromatog-
raphy with fl ame ionization or electron capture 
detection,45   direct injection gas chromatography/
mass spectrometry (GC/MS), headspace mass spec-
trometry without separation,  46   and headspace GC/MS.  47

The lower limit of quantitation for 1,1 - difl uoroethane 
following analysis with headspace GC/MS with fl ame 
ionization detection was approximately 4   mg/L 
(4,000    μ g/L).  48

 Proper specimen collection in sealed containers 
within a timely manner after death is necessary to detect 
fl uorocarbons in postmortem samples. The high volatil-
ity of halogenated hydrocarbons requires careful 
handling of tissue samples with storage in air - tight con-
tainers at − 30 ° C ( − 22 ° F). Separation of samples, stan-
dards, and glassware in separate freezers helps prevent 
cross - contamination.  

  Biomarkers 

  Pharmaceutic Use 

 FC11 was detectable in blood samples 1 hour after the 
use of an inhaler containing FC11 at a concentration of 
∼ 0.120   mg/L, as measured by gas chromatography with 
electron capture detection.  10   By 2 hours after the use of 
the inhaler, the FC11 concentration was nondetectable. 
Following exposure of 3 volunteers to 92   ppm and 
518   ppm FC22 for 4 hours, the mean peak FC22 con-
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as safely feasible. Respiration and pulses should be 
immediately checked and artifi cial respiration and chest 
compression begun as necessary. Frostbite of the mouth 
may cause airway obstruction in severe cases. All 
patients with altered mental status should receive sup-
plemental oxygen. The primary treatment for frostbite 
is rapid rewarming, such as a 30 - minute warm water 
bath (38 ° C – 43 ° C/100 ° F – 108 ° F) for frostbite on the 
extremities. Manipulation of tissue in the area of the 
frostbite should be avoided because this tissue is very 
sensitive to trauma unless necessary to secure an airway.  

  Acute Management 

 Respiratory depression and dysrhythmias represent the 
principal threat to patients abusing fl uorinated alkanes, 
particularly FC11, FC12, and FC113. The adequacy of 
ventilation should be evaluated immediately and sup-
plemental oxygen and/or intubation initiated as needed. 
The patient should be monitored for dysrhythmias. 
Patients in cardiac arrest should be resuscitated with the 
standard advanced cardiopulmonary resuscitation pro-
tocols including the use of epinephrine; there are inad-
equate clinical data to recommend specifi c dysrhythmic 
drugs. Patients usually recover rapidly as the body 
quickly eliminates these compounds within 6 – 24 hours 
following acute exposure. Hepatorenal dysfunction 
does not usually result from exposure to fl uorinated 
alkanes. There are no methods to enhance elimination 
other than ensuring adequate ventilation because the 
lungs excrete almost all of the absorbed dose of fl uori-
nated alkanes. Blood gases or pulse oximetry should be 
measured in all patients with altered mental status or 
symptoms of dyspnea. Usually, no direct sequelae result 
from exposure to fl uorinated alkanes; however, sus-
tained respiratory depression may produce hypoxic 
damage to the brain or heart.  

  Supplemental Care 

 Treatment is supportive. Asymptomatic patients or 
patients with mild symptoms that resolve may be dis-
charged several hours after they become asymptomatic. 
Patients with evidence of dysrhythmia should be moni-
tored for 4 – 6 hours. If all abnormalities resolve, asymp-
tomatic patients may be discharged. Patients remaining 
symptomatic after observation should be observed 
overnight with cardiac monitoring.       
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  Chapter 42 

   BUTANE AND 
ISOBUTANE 

           IDENTIFYING CHARACTERISTICS 

n  - Butane and isobutane are colorless, odorless, and 
fl ammable gases at room temperature. Odorants are 
added to natural gas and liquifi ed petroleum gas (LPG) 
as a means of identifying potentially explosive concen-
trations.  n  - Butane and isobutane are the 2 isomers of 
the 4 - carbon aliphatic hydrocarbon, butane (C 4 H 10 ). 
Butane is highly lipid soluble. Table  42.1  lists some phys-
iochemical properties of n  - butane and isobutane.    

  EXPOSURE 

  Epidemiology 

 Butane is 1of the 5 most common volatile substances of 
abuse;1   additionally, this compound is 1of 3 compounds 
most often associated with sudden death secondary to 
volatile substance abuse along with propane.  2

  Sources 

 Items containing butane include cigarette or charcoal 
lighter fl uid (75% – 89%), pressurized fuel tanks, lique-
fi ed petroleum gas, natural gas, hairspray, and aerosol 
antiperspirants. Liquefi ed petroleum gas (LPG) is a 
mixture of butane and propane that varies in composi-

tion with season and type of product. Common LPG 
mixtures contain 60% propane and 40% butane with 
the relative butane percentage increasing in summer 
and the relative propane percentage increasing in 
winter.  

  Methods of Abuse 

 The abuse of butane occurs both in solitary and social 
situations. Methods of butane abuse include using the 
cover of the gas canister as a mask, fi lling a plastic bag 
with the liquid ( “ bagging ” ), and spraying the liquid on 
a towel before inhaling ( “ huffi ng ” ).  3   Inhaled concentra-
tions of volatile substances, including butane, depends 
on the mode of administration. Sniffi ng delivers the 
lowest concentration of butane and bagging the highest. 
Huffi ng these chemicals produces an inhaled butane 
concentration between that of sniffi ng and bagging. The 
desired effects of abusing volatile products with butane 
are euphoria, loss of inhibition, altered perception of 
body form, sense of slowing of time, illusions, lighthead-
edness, ataxia, and hallucinations.  4   These effects persist 
up to 15 – 20 minutes.  5   The rapid resolution of these 
effects results in repeated inhalation to maintain the 
desired effects; often, this pattern of use continues for 
3 – 4 hours.   

  DOSE EFFECT 

 Animal studies indicate that  n  - butane and isobutane are 
central nervous system (CNS) depressants at very high 
concentrations; these compounds possess relatively less 
toxicity compared with pentanes.  6   These studies also 
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dation of these alcohols to the corresponding ketones. 
In mice,  tert  - butanol is the primary metabolite following 
inhalation of isobutane; there is no oxidation of  tert  -
 butanol to a ketone by alcohol dehydrogenase.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

n  - Butane and isobutane are simple asphyxiants and 
mild CNS depressants with a very narrow safety margin 
between anesthetic and lethal concentrations. Potential 
mechanisms for sudden death following the inhalation 
of butane or isobutane vapors include asphyxia, trauma 
after dangerous behavior, respiratory depression, aspi-
ration, and cardiac dysrhythmia. Although some 
authors suggest that myocardial sensitization causes 
sudden death during butane or isobutane abuse based 
on experimental studies and case reports, this theory is 
diffi cult to prove in individual cases because of the pres-
ence of confounders (e.g., hypoxia, respiratory and myo-
cardial depression, concomitant drug use). Animal 
studies indicate that high doses of epinephrine and high 
concentrations of isobutane (50,000   ppm)  12   predispose 
dogs to develop cardiac dysrhythmias. However, the 
clinical relevance of these abnormalities is unclear 
because of the difference in blood concentrations 
between these experiments and volatile substance abuse 
with the exception of bagging. Aspiration of liquid 
petroleum by a performer (e.g., during placement of 
fl aming objects in their mouth) may cause hydrocarbon 
pneumonitis.  

  Postmortem Examination 

 Postmortem examinations of victims dying while inhal-
ing products containing butane typically demonstrate 
nonspecifi c fi ndings, similar to other volatile substances 
of abuse, such as fi ndings consistent with suffocation 
(pulmonary edema, cerebral edema, general congestion 
of organs) or aspiration.  13   These abnormalities 
include conjunctival petechiae, edema of the lungs with 
subpleural hemorrhages, laryngeal edema, cerebral 
edema, passive congestion of the viscera, white to 
reddish frothy fl uid in the airways, deep purple lividity, 
and terminal aspiration of stomach contents.  14   Vomiting 
is a common complication of butane abuse, and post-
mortem examination often demonstrates evidence of 
gastric aspiration.  13   Diffuse interstitial fi brosis of the 
myocardium may also be present on postmortem exam-
ination along with intrasarcolemmal accumulation of 
fi bronectin and intracellular loss of the cardiac antigen, 
troponin C in myocardial fi bers.  15   Herniation of the 

suggest that the CNS depressive effects of n  - butane are 
somewhat greater than the effects of isobutane. 
Exposure of human volunteers to 10,000   ppm butane 
for 10 minutes causes some drowsiness, but no other 
systemic symptoms.  7   Exposure of volunteers to 500   ppm 
isobutane 8 hours a day, 5 days per week for 4 weeks 
did not produce any abnormalities on continuous moni-
toring of the cardiac rhythm, electrocardiogram, neuro-
logic exam, visual evoked response, memory tests, 
pulmonary function tests, or serum hepatic transami-
nase concentrations.  8

  TOXICOKINETICS 

 There are limited data on the toxicokinetics of butane 
isomers. Because butane isomers are gases, pulmonary 
absorption is the primary route of exposure. Dermal 
absorption is limited by the volatility of butane isomers. 
Based on similarities in animal studies with other 
alkanes, elimination of butane isomers is probably rapid 
with little accumulation in tissues.  9    In vitro  studies indi-
cate that hydrolysis of n  - butane produces 2 - butanol, 
which may be conjugated with glucuronic acid, oxidized 
to methyl ethyl ketone, or expired as 2 - butanol in air.  10

These studies also demonstrate that  tert  - butanol is the 
primary hydrolytic product of isobutane metabolism; 
elimination of tert  - butanol occurs either by conjugation 
with glucuronic acid or by excretion unchanged in 
expired air and urine. In rodent studies, metabolism of 
n  - butane yields  sec  - butanol and methyl ethyl ketone, 
whereas the biotransformation of isobutane produces 
tert  - butanol.  11   Presumably, microsomal enzymes oxidize 
butane to the corresponding secondary or tertiary 
alcohol; then, alcohol dehydrogenase catalyzes the oxi-

TABLE 42.1.    Some Physiochemical Properties of  n  - Butane 
and Isobutane. 

   Physical 
Characteristic

n  - Butane     Isobutane  

  CAS Registry 
Number

  106 - 97 - 8    75 - 28 - 5  

  Molecular Formula    C 4  – H 10     C 4  – H 10

  Molecular Weight    58.12   g/mol    58.12   g/mol  
  Melting Point  − 138.4 ° C ( − 217.1 ° F)     − 159.4 ° C 

(− 254.9 ° F)  
  Boiling Point  − 0.5 ° C (31.1 ° F)     − 11.73 ° C 

(10.9 ° F)
  Water Solubility     61   mg/L (Relatively 

Insoluble, 
25 ° C/77 ° F)

  49   mg/L 
(20 ° C/68 ° F)

  Vapor Density    2.07 (Air    =    1 @ 
20 ° C/68 ° F)

  2.07  
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  Fatalities 

 Sudden death is a well - described complication of vola-
tile substance abuse with butane.  30   Most deaths occur 
outside the hospital, and most of these cases involve 
asphyxia.31   Causes of death during volatile substance 
abuse besides asphyxia include respiratory depression, 
aspiration of gastric contents,  32   asystole, and trauma 
(drowning, falls, motor vehicle accidents).  33   In several 
cases, ventricular fi brillation was the initial rhythm doc-
umented by medical personnel in case reports of inten-
tional inhalation of butane; however, ventricular 
fi brillation is a rare complication of the intentional 
abuse of butane.  18   A 14 - year - old boy inhaled butane gas 
from a portable fuel canister in a vacant lot for about 
1 ½  hours.  34   He fl ed when police arrived; he was found 
collapsed about 15 minutes later. The initial cardiac 
rhythm obtained by medical personnel on the scene was 
ventricular fi brillation. Resuscitation was unsuccessful 
and postmortem examination 12 hours after death 
revealed no evidence of asphyxia.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the analysis of butane and isobutane in 
biologic specimens include headspace gas chromatogra-
phy with fl ame ionization detection,  35   headspace gas 
chromatography/mass spectrometry,  16   and solid - phase 
microextraction gas chromatography/mass spectrome-
try.  36   Because of loss during storage, samples should be 
analyzed as soon as possible after storage in gas - tight, 
well - sealed, inert containers with minimal headspace. 

n  - Butane and isobutane vaporize at room tempera-
ture and standard atmospheric pressures. However, 
samples stored in properly sealed containers designated 
for volatile substance and stored at − 30 ° C ( − 22 ° F) will 
retain these gases within the coeffi cient of variation 
(10%) for 2 weeks.  34   Suitable containers include a 
preservative - free Vacutainer ®  or a tightly closed glass 
vial with a screw cap lined with Tefl on septum.  37

  Biomarkers 

 The presence of butane and isobutane in postmortem 
tissue confi rms exposure to this compounds antemor-
tem, but interpretation of postmortem concentrations is 
complicated by perimortem and postmortem changes. 
These changes include volatilization during resuscita-
tion efforts, loss during storage, postmortem losses (i.e., 
postmortem interval), and postmortem contamination. 
2 - Methyl - 2 - propanol is a metabolite of isobutane; the 
presence of this metabolite in blood samples confi rms 

cerebellar tonsils into the foramen magnum may also 
occur.  16

  CLINICAL RESPONSE 

  Illicit Use 

 Adverse effects associated with the acute inhalation of 
butane include eye, nose, and throat irritation, nausea, 
vomiting, abdominal pain, anorexia, ataxia, diplopia, 
fatigue, hallucination, confusion, weakness, and head-
ache. Case reports associate encephalopathy with 
butane abuse, both as a result of chronic abuse  17   and 
postresuscitation sequelae of cardiopulmonary arrest 
during inhalant use.  18   The acute encephalopathy (i.e., 
disorientation, drowsiness) associated with high butane 
doses may persist for several days after cessation of 
use.  17   Psychiatric abnormalities include behavioral dis-
turbances, mood swings, impulsive actions, social isola-
tion, dependency, violence, irritability, delusions of 
persecution, and hallucination.  19   In some case reports, 
these psychotic symptoms persist months after the ces-
sation of butane use.  20   A 16 - year - old adolescent devel-
oped confusion, lethargy, hallucination, and agitation 
within 2 days after inhaling vapors from butane lighter 
fl uid.  21   He was noncommunicative and ambulated 
slowly. Magnetic resonance imaging revealed severe 
bilateral thalamic injury; he remained profoundly mute 
and apathetic 3 months after the event. 

 Case reports associate myocardial infarction and 
ventricular fi brillation with butane abuse in adoles-
cents.  22,23   Ventricular fi brillation may develop immedi-
ately following butane abuse in the absence of 
myocardial infarction.  24,25   Typically, these patients have 
normal coronary arteries and the presumed etiology of 
the myocardial infarction is butane - induced coronary 
artery vasospasm.  26   Asystole may occur during volatile 
substance abuse. A 16 - year - old adolescent collapsed 
while surreptitiously inhaling butane in his bedroom; he 
was found unconscious by his parents.  27   The initial 
rhythm obtained by medical personnel on the scene 
about 5 – 10 minutes after his collapse was asystole. He 
was resuscitated at the scene, and he developed no other 
dysrhythmias in the hospital prior to discharge. 

 Ignition of butane during volatile substance abuse 
may cause severe burns of the hands, arms, and face. In 
a case series of 48 patients hospitalized at a Korean burn 
unit for injuries related to butane abuse, 22 patients 
required split - thickness skin grafts.  28   Five patients with 
major burns died of respiratory failure and/or septice-
mia. Flash fi res in enclosed spaces (e.g., car) during 
butane abuse may cause inhalation injuries resulting in 
adult respiratory distress syndrome, septicemia, and 
death.29
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who remain asymptomatic for 4 hours with no cardiac 
abnormalities may be discharged.      

  PROPANE 

           IDENTIFYING CHARACTERISTICS 

n  - Propane is a colorless, odorless, and fl ammable gas at 
room temperature. Odorants are added to natural gas 
and to LPG as a means of identifying potentially explo-
sive concentrations of these gases. Propane concentra-
tions of 2 – 10% are highly explosive. Table  42.2  lists 
some physical and chemical properties of n  - propane.    

  EXPOSURE 

 Propane abuse is substantially less common than butane 
abuse. In a survey of 285 adolescents in juvenile cor-
rectional facilities, the reported intentional use of 
propane as inhalant was 6.4% compared with 38.3% for 
butane.  1

  Sources 

 Products that may contain propane include cigarette or 
charcoal lighter fl uid, pressurized fuel tanks, LPG, 
natural gas, hairspray, and aerosol antiperspirants. 
Charcoal lighter fl uid contains relatively small concen-
trations (i.e.,  < 6%) of  n  - propane, whereas propane gas 
bottles contain mostly propane (95%) along with ethane 
(4%) and trace amounts ( < 1%) of butane and isobutane 
plus ethyl mercaptan for odor warning properties. 
Propane occurs in natural gas at concentrations of 
approximately 3 – 18%.  

the antemortem presence of isobutane. Following com-
pletion of the distribution phase, the highest butane 
concentrations occur in adipose tissues and brain. A 
16 - year - old boy was found dead at his home with a gas 
cylinder of cigarette lighter fl uid near his body.  38   Analysis 
of subclavian blood revealed the presence of 0.090   mg/L 
n  - propane, 0.246   mg/L isobutane, and 0.846   mg/L  n  -
 butane. A 13 - year - old boy collapsed suddenly after 
sniffi ng the vapors of a gas lighter refi ll fl uid from a vinyl 
bag; he was pronounced dead in the emergency depart-
ment after unsuccessful resuscitative efforts.  14   During 
postmortem examination the following day, the concen-
trations of butane and propane were highest in fatty 
tissue and lowest in the lungs. The concentrations of  n  -
 butane and isobutane in blood samples (site not speci-
fi ed) were 0.94   mg/L (reported as 0.94    μ L/g) and 
0.37   mg/L (0.37    μ L/g), respectively.   

  TREATMENT 

 Patients with altered mental status should be monitored 
for respiratory insuffi ciency and cardiac dysrhythmias. 
All symptomatic patients should receive supplemental 
oxygen. Depressed consciousness is an indication for 
intubation to protect the airway because of the risk of 
vomiting and aspiration associated with volatile sub-
stance abuse. Although some authors suggest that epi-
nephrine should not be administered during the 
resuscitation of cardiopulmonary arrests associated 
with butane abuse,  39   case reports document the success-
ful resuscitation of these patients with protocols that 
included the use of intravenous epinephrine.  18,22,23,24

Paramedics found a 15 - year - old girl in coarse ventricu-
lar fi brillation and cardiopulmonary arrest after collaps-
ing following 2 hours of intermittent inhalation of 
vapors from butane gas lighter refi lls.  40   After a single 
200   J - direct current shock, she developed asystole that 
responded to 1   mg of intravenous epinephrine with con-
version to sinus tachycardia. There were no further dys-
rhythmias reported. Antiarrhythmic agents for the 
treatment of recurrent ventricular dysrhythmias include 
amiodarone and lidocaine. 

 Myocardial infarction may complicate the course of 
volatile substance abuse with butane along with hypo-
tension and dysrhythmias. Standard treatment for hypo-
tension includes fl uid infusions and dopamine despite 
the concerns about the use of catecholamines after vola-
tile substance abuse. There are few data on the use of 
other inotropic agents (e.g., glucagon) or on the use of 
atropine and glucagon for hemodynamically signifi cant 
bradycardia in these patients. Seizures should be treated 
with standard doses of benzodiazepines. Rhabdomyolysis, 
electrolyte imbalance, or renal dysfunction may compli-
cate the course of severely intoxicated patients. Patients 

TABLE 42.2.    Physical and Chemical Characteristics of 
n  - Propane. 

   Physical Characteristic  n  - Propane  

  CAS Registry Number    74 - 98 - 6  
  Molecular Formula    C 3  – H 8
  Molecular Weight    44.09   g/mol  
  Melting Point  − 189.7 ° C ( − 309.5 ° F)  
  Boiling Point  − 42.1 ° C ( − 43.8 ° F)  
  Water Solubility     62.4   ppm (25 ° C/77 ° F)  
  Vapor Density    1.56 (Air    =    1 @ 20 ° C/68 ° F)  
  Vapor Pressure    760   mm   Hg  
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  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

n  - Propane is a simple asphyxiant and mild CNS depres-
sant that displaces oxygen. The mechanisms of toxicity 
of n  - propane and butane are similar. Although some 
authors suggest that myocardial sensitization causes 
sudden death during n  - propane or butane abuse based 
on experimental studies and case reports, this theory is 
diffi cult to prove in individual cases because of the pres-
ence of confounders (e.g., hypoxia, respiratory and myo-
cardial depression, concomitant drug use). Animal 
studies indicate that high doses of epinephrine and high 
concentrations of n  - propane (150,000   ppm)  45   predis-
pose dogs to develop cardiac dysrhythmias. However, 
the clinical relevance of these abnormalities is unclear 
because the doses are substantially higher than the 
doses achieved during n  - propane or butane abuse. Most 
fatalities associated with propane abuse involve asphyxia 
rather than dysrhythmias,  46   and postmortem examina-
tions are consistent with asphyxia (e.g., petechiae of the 
conjunctiva, epicardium, pleural surfaces).  47   Aspiration 
of liquid petroleum during a maneuver such as  “ fi re -
 eating ”  may cause a hydrocarbon pneumonitis. Liquid 
propane may produce cold injuries to the skin without 
ignition as a result of evaporative heat loss.  48

  CLINICAL RESPONSE 

 Complications of propane and butane abuse are similar, 
although case reports of butane abuse are more 
common. Ignition of propane during volatile substance 
abuse may cause severe burns of the hands, arms, and 
face; fl ash fi res following ignition of propane may cause 
severe inhalation injuries of the upper airways and lung. 
Sudden death is a less common complication of propane 
abuse than butane abuse.  49   Most deaths occur outside 
the hospital and usually involves asphyxia. These fatali-
ties include the intentional use of propane during auto-
erotic activities.  50,51

  DIAGNOSTIC TESTING 

 Analytic methods for the detection and quantitation of 
propane and butane are similar.  n  - Propane vaporizes at 
room temperature and standard atmospheric pressures 
similar to butane; proper storage of samples requires 
sealed container designated for volatile substance and 
stored at − 30 ° C ( − 22 ° F). The presence of propane in 
postmortem tissue confi rms antemortem exposure to 
this gas, but interpretation of postmortem concentra-
tions is complicated by perimortem and postmortem 
changes including volatilization during resuscitation 
efforts, loss during storage, postmortem losses (i.e., post-

  Methods of Abuse 

 The abuse of propane occurs both in solitary and social 
situations, similar to butane and isobutane. Propane 
abuse involves inserting a line from the bottle to the 
mouth and inhaling the gas for 10 – 15 seconds during 
inspiration.41   The breath is held for up to 1 minute 
before expiration. The metal valve may freeze and cause 
burns if the value has direct contact with the skin. The 
desired effects of propane abuse are similar to butane 
including euphoria, loss of inhibitions, altered percep-
tion of body form, sense of slowing of time, illusions, 
lightheadedness, ataxia, and hallucinations. Repeat 
inhalation is necessary as a result of the rapid resolution 
of effects following cessation of use; frequently a session 
of propane abuse continues 3 – 4 hours. Propane gas con-
tains ethyl mercaptan to improve the odor warning 
properties of propane. The presence of ethyl mercaptan 
in inhaled gas causes noxious taste and unpleasant 
odors; propane inhalant abusers frequently drink sodas 
and expectorate to relieve the effects of inhaling ethyl 
mercaptan.   

  DOSE EFFECT 

 Propane is a simple asphyxiant like  n  - butane, but animal 
studies indicate that the CNS depressant effects of 
propane are substantially less than the effects of n  -
 butane.  42   Exposure of volunteers to 10,000   ppm propane 
for 10 minutes was not associated with any adverse symp-
toms; however, exposure of these volunteers to 
100,000   ppm propane for 2 minutes caused vertigo.  7

Exposure of volunteers to 1,000   ppm propane 8 hours 
per day 5 days per week for 4 weeks did not produce any 
abnormalities on continuous monitoring of the cardiac 
rhythm, electrocardiogram, neurologic exam, visual 
evoked response, memory tests, pulmonary function tests, 
or serum hepatic transaminase concentrations.  43

  TOXICOKINETICS 

 There are little data on the kinetics of propane in 
humans or animals. Absorption of propane vapors 
through the skin is probably small compared with pul-
monary absorption. The metabolism and elimination of 
propane is probably similar to the kinetics of butane 
isomers.  10   In mice, inhalation of propane yields isopro-
panol and acetone as a result of oxidation by micro-
somal enzymes and alcohol dehydrogenase.  11   Case 
reports suggest that tolerance to the effects of propane 
may develop after continued, high - dose abuse based on 
the use of increasing quantities of propane and/or 
butane.  44
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  TREATMENT 
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  Chapter 43 

               HISTORY 

 The anesthetic properties of ethyl chloride were 
described by Flourens in 1847, and the following year 
Heyfelder anesthetized 3 patients with ethyl chloride.  1

However, he abandoned the use of ethyl chloride for 
this purpose because of high volatility and cost. 
McCardie reintroduced ethyl chloride as an anesthetic 
in the early 1900s after a Swedish dentist inadvertently 
produced unconsciousness in a patient while spraying 
the gums during a dental extraction.  2   Ethyl chloride was 
administered as a convenient and easy - to - use general 
anesthetic in the United Kingdom from 1945 to 1964; 
however, the use of ethyl chloride as an anesthetic was 
abandoned as safer anesthetics became available.  1

  IDENTIFYING CHARACTERISTICS 

 Ethyl chloride (chloroethane, C 2 H 5 Cl) is a colorless, 
fl ammable gas with a pungent, somewhat unpleasant, 
ether - like odor at ambient pressure and temperature. 
This volatile liquid has a boiling point of 12.3 ° C (54.1 ° F) 
and a vapor pressure of > 1,000   mm   Hg at 20 ° C (68 ° F). 
Table  43.1  lists some the values for the physical proper-
ties of ethyl chloride. At room temperature and ambient 
pressure, the release of 1   mL of ethyl chloride produces 
560   mL of vapor.  1   Evaporation of ethyl chloride from 
the surface of the skin produces rapid cooling 
(− 20 ° C/ − 4 ° F) of the surrounding area; rapid surface 
cooling also limits the concentration of ethyl chloride in 
inspired air.   

 Like other volatile substances of abuse, ethyl chlo-
ride is highly lipid soluble. Street terminology for ethyl 

chloride includes head cleaner, ethyl gaz, and ethyl 
four star.  

  EXPOSURE 

 There are relatively few case reports in the medical 
literature involving volatile substance abuse associated 
with ethyl chloride. The abuse of ethyl chloride typically 
occurs in polydrug abusers (alcohol, marijuana) 
including use a substitute for amyl nitrite in homosexual 
men.3   Ethyl chloride is used as a solvent for the manu-
facture of perfumes, as well as a refrigerant, alkylating 
agent, topical anesthetic, and chemical intermediate in 
the production of tetraethyl lead. In the past, ethyl 
chloride was an anesthetic agent. Ethyl chloride is a 
constituent of VCR head cleaners, and these products 
are intentionally inhaled for euphoria and the enhance-
ment of sexual pleasure.  4   Brand names for some of 
these products refl ect these uses including Maximum 
Impact, Jungle Juice Plus, Macho, Ethyl Four Star, Head 
Cleaner, Ethyl Gas, Ethyl Gaz, Rush, and Black - Jac. 
These products are available in stores and over the 
Internet.  

  DOSE EFFECT 

 Pre - World War II anesthesiology literature indicate that 
4% (40,000   ppm) ethyl chloride produces rapid general 
anesthesia within 1 – 4 minutes.  1   Case reports associate 
the daily sniffi ng of an estimated 100 – 300   mL ethyl 
chloride over 4 months with the development of cere-
bellar dysfunction and hallucinations that resolved 
over several weeks.  5,6

ETHYL CHLORIDE 
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chloride containing - VCR head cleaner near him dem-
onstrated general visceral congestion and cerebral 
edema without a specifi c cause of death other than ethyl 
chloride abuse.  9    

  CLINICAL RESPONSE 

  Illicit Use 

 The effects of the acute inhalation of ethyl chloride 
vapors resemble ethanol intoxication with behavioral 
disinhibition, euphoria, and perceptual changes. The 
intentional inhalation of ethyl chloride vapors may 
cause lightheadedness, confusion, impaired short - term 
memory, elation, slurred speech, auditory and visual hal-
lucinations, ataxia, lower extremity weakness, gait spas-
ticity, diplopia, blurred vision, and altered consciousness.  10   
Abnormal neurologic signs include positive Romberg 
test, poor heel - to - shin, and hyperrefl exia. Other adverse 
effects of the abuse of ethyl chloride include disorienta-
tion, paranoia, and unpleasant hallucinations.  5   A 
41 - year - old man with human immunodefi ciency virus 
(HIV) presented to the emergency department with 
tremor, ataxia, dysarthria, ataxia, gait disturbances, hal-
lucinations, and generalized weakness.  4   He had been 
inhaling 2 canisters of VCR head cleaner (ethyl chloride 
concentration not reported) several times weekly 
including the day of admission. The weakness, hallucina-
tions, and ataxia resolved over 5 days of hospitalization; 
he was lost to follow - up after hospital discharge.  

  Fatalities 

 Several case reports associate fatalities with the abuse 
of ethyl chloride. A college student was found uncon-
scious with a metal canister containing ethyl chloride 
near his right hand.  11   On arrival of the paramedics, his 

  TOXICOKINETICS 

 The high lipid solubility of ethyl chloride results in the 
rapid absorption of ethyl chloride from the lungs. The 
biotransformation of ethyl chloride is not well studied 
in humans. Rodent studies suggest that there are 2 
major pathways: 1) cytochrome P450 - dependent dechlo-
rination resulting in the formation of acetaldehyde and 
acetic acid, and 2) glutathione -  S  - transferase - dependent 
conjugation of ethyl chloride followed by metabolism.  7,8   
These pathways are dose -  and species - dependent. 
Oxidation of ethyl chloride in rodents primarily involves 
CYP2E1. Figure  43.1  displays the proposed pathways of 
ethyl chloride metabolism.    

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Ethyl chloride is a central nervous system depressant 
with anesthetic properties. Autopsy fi nding in individu-
als dying during ethyl chloride abuse are nonspecifi c. 
Postmortem examination of a 30 - year - old man found 
dead with rag over his mouth and empty cans of ethyl 

  TABLE 43.1.    Physical Properties of Ethyl Chloride. 

   Physical Property     Value  

  CAS Number    75 - 00 - 3  
  Density    0.9214   g/cm 3  (0 ° C)  
  Melting Point     − 139 ° C ( − 218.2 ° F)  
  Boiling Point    12.3 ° C (54.1 ° F)  
  log P (Octanol - Water)    1.43  
  Water Solubility    6710   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    1010   mm   Hg (20 ° C/68 ° F)  
  Conversion Factor    1   ppm    =    2.64   mg/m 3  

(25 ° C/77 ° F)  

       FIGURE 43.1.     Proposed pathways 
of ethyl chloride (chloroethane) 
metabolism.   8     
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  Biomarkers 

 A 30 - year - old man was found dead in a locked apart-
ment with a rag held loosely in his mouth and 3 empty 
cans of VCR head cleaner near his body.  9   Postmortem 
blood samples contained ethyl chloride concentration 
of 423   mg/L along with diazepam (0.064   mg/L) and nor-
diazepam (0.126   mg/L). Analysis of vitreous humor also 
demonstrated the presence of ethyl chloride (12   mg/L), 
but loss of ethyl chloride may have occurred because 
the vial was opened several times for prior analysis. 
Hospital blood from a college student found uncon-
scious with a canister of ethyl chloride next to him con-
tained 200   mg ethyl chloride/L.  11   He was pronounced 
dead after about 1 hour of resuscitation; the postmor-
tem heart blood ethyl chloride concentration was 
650   mg/L. Some loss of ethyl chloride from the hospital 
blood sample may have occurred during storage because 
of repeated opening of the antemortem blood. The ethyl 
chloride concentration in vitreous humor was 410   mg/L.   

  TREATMENT 

 Acute intoxication with ethyl chloride is associated with 
central nervous system depression and possibly with 
cardiac dysrhythmias. Most patients with altered con-
sciousness recover rapidly by the time of presentation 
to the emergency department. The lack of improvement 
in the level of consciousness suggests the presence of 
other drugs of abuse, underlying trauma, or hypoxic 
brain damage. These patients should be carefully evalu-
ated and monitored for dysrhythmias, hypoxia, and elec-
trolyte imbalance. Treatment is supportive; there are no 
antidotes or methods to enhance the elimination of 
ethyl chloride. Frequently, volatile substance abuse 
involves the use of other drugs of abuse. Rehabilitation 
includes referral to chemical dependence centers and 
counseling.      
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initial rhythm was ventricular fi brillation. He was trans-
ported to the hospital where he was pronounced dead 
after 1 hour of resuscitative efforts including intubation 
and advance cardiac life support.  

  Abstinence Syndrome 

 Several case reports associate cessation of chronic 
abuse of high doses of ethyl chloride with withdrawal -
 like symptoms including ataxia, tremor, weakness, 
dysarthria, gait disturbances, and hallucinations.  5

These symptoms abate over the fi rst few days after ces-
sation of the abuse of ethyl chloride, but the authors 
were unable to determine if the etiology of these effects 
were related to withdrawal, intoxication, or other with-
drawal syndromes. A 52 - year - old man developed hypo-
tension, impaired consciousness, and suffered a grand 
mal seizure within approximately 12 hours after admis-
sion to the hospital for confusion and disorientation.  6

Over the next 10 days, disorientation, short - term 
memory impairment, visual hallucinations, ataxia, gait 
disturbances, amnesia with confabulation, and visual 
hallucinations occurred. By 2 weeks, most of these 
abnormalities resolved. He had a 30 - year history of 
ethyl chloride, ethanol, and benzodiazepine abuse. 
Although the clinical course suggests withdrawal 
from ethyl chloride, withdrawal from ethanol or 
benzodiazepine may also have contributed to these 
abnormalities.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the quantitation of ethyl chloride primarily 
involve headspace gas chromatography.  9   The co - elution 
of ethanol with ethyl chloride or the internal standard, 
t - butyl methyl ether, indicated the importance of using 
a second complementary analytic technique for ethyl 
chloride analysis. Using gas chromatography/fl ame ion-
ization detection, ethyl chloride may be indistinguish-
able from ethanol because the peaks may co - elute. This 
result may be particularly confusing when the presence 
of ethyl chloride abuse is not obvious.  12   Analysis with 
gas chromatography/mass spectrometry allows the sep-
aration of these 2 compounds. 

 The low boiling point of ethyl chloride requires the 
storage of biologic samples in tightly sealed, glass con-
tainers that are refrigerated or frozen. Blood may be 
collected in gray top tubes (sodium fl uoride, potassium 
oxalate) with minimal headspace. Repeated opening 
and recapping of stored samples may result in the loss 
of ethyl chloride from the sample through volatilization, 
particularly at room temperature.  
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  Chapter 44 

               HISTORY 

 Medical reports on the intentional inhalation of gaso-
line fi rst appeared in the English medical literature in 
1941, when a review of gasoline by Machle mentioned 
the intentional inhalation of gasoline for pleasurable 
effects.  1   In the early 1950s, case reports documented the 
abuse of gasoline by children  2   and adults.  3   The popular-
ity of gasoline abuse is primarily limited to remote areas 
(e.g., Indian reservations, Australian aborigines).  4,5   Lead 
has been an octane - boosting additive in gasoline since 
the 1920s. The abuse of leaded gasoline by Aboriginal 
peoples in Northern Canada began in the late 1960s and 
intensifi ed in the 1970s.  6   The organolead encephalopa-
thy from leaded gasoline abuse was fi rst recognized in 
1968.7   The misuse of leaded gasoline declined in the 
early 1980s, and the use of leaded gasoline in the United 
States and Canada was banned by the 1990s.  

  IDENTIFYING CHARACTERISTICS 

  Structure 

 In formulating gasoline, the primary goal is specifi ed 
physical characteristics rather than a specifi c chemical 
composition. Therefore, gasoline (CAS RN: 8006 - 61 - 9) 
is a petroleum distillate containing a variable mixture 
of at least 150 – 200 C 4  – C 12  alkane, cycloalkane, alkene, 
and aromatic hydrocarbons obtained by  “ cracking ”  
heavy fractions of crude oil in the boiling range 40 –
 225 ° C (104 – 437 ° F).  8   Regular - grade gasoline contains 
substantial portions of C 8  and C 9  alkenes and cycloal-
kanes. Appreciable amounts of aromatic hydrocarbons 

(e.g., xylene) are found in commercial fuels from 
California and Texas, especially those with high octane 
ratings. The exact mixture of this volatile liquid depends 
on the origin of the petroleum, the boiling point used to 
refi ne the petroleum, and the compounds added to the 
mixture during the refi ning process. Because of the 
greater volatility of low - molecular - weight hydrocar-
bons, the composition of vapor from gasoline differs 
from the composition of the liquid. Gasoline vapor con-
tains up to 90% C 3  – C 5  nonaromatic hydrocarbons with 
only about 2% C 6  – C 8  aromatic hydrocarbons.  9   Tetraethyl 
lead (CAS RN: 78 - 00 - 2, MW: 323.44) was previously 
added in the United States as an antiknocking agent; 
newer additives to boost the octane rating include 
methyl tertiary - butyl ether (MTBE) and alcohols. 
Tetraethyl lead is a colorless, oily liquid that frequently 
has dyes (blue, orange, red) added. This compound has 
a musty odor; tetraethyl lead is soluble in most organic 
solvents and is minimally soluble in water. In the United 
States, the use of tetraethyl lead as an additive routinely 
occurred from 1921 until 1986. Over the next 6 years, 
the use of this compound was gradually eliminated; 
however, the use of tetraethyl lead still occurs in some 
developing countries. 

 Gasoline has a distinctive odor that is detectable by 
most people in the range of 1 – 2   ppm. The odor thresh-
old depends, in part, on the composition of the gasoline 
and the odor of gasoline is identifi able in the range of 
0.15 – 0.25   ppm.  10   The vapor density of gasoline is 3 – 4 
times heavier than air, and the vapor pressure ranges 
from 400 – 775   mm   Hg at 20 ° C (68 ° F). The volatility of 
gasoline depends on the physical characteristics of 
the particular grade of gasoline. In general, gasoline 

GASOLINE
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anesthetic effects including dizziness, ataxia, confusion, 
and altered consciousness. Exposures to gasoline vapors 
above 1,000   ppm produced more severe ocular symp-
toms including lacrimation and conjunctival erythema.  18

Volatile substance abusers typically inhale 15 – 20 breaths 
of vapor from open gasoline containers or from gasoline 
saturated rags to experience hallucinations and eupho-
ria.19,20   During binges, gasoline abusers inhale for 3 – 5 
minutes every 3 – 4 hours over 48 hours.  21

  TOXICOKINETICS 

  Absorption 

 In general, the highly volatile C 5  – C 7  compounds 
(alkanes, cycloalkanes, aromatic hydrocarbons) readily 
cross alveolar membranes. Animal studies suggest the 
absorption of higher - numbered hydrocarbons by the 
lungs is more limited and the effects of these compounds 
are primarily local.  22   In the range of C 3  – C 9 , the absorp-
tion of unsaturated hydrocarbons (alkenes, aromatics) 
through the lungs is greater compared with similar satu-
rated compounds.  23   The lungs readily absorb organic 
tetraethyl lead.  

  Distribution 

 There is substantial differences in the distribution 
pattern between aliphatic, alicyclic, and aromatic com-
ponents of petroleum distillates. Although aromatics 
produce the highest concentration in blood, their con-
centration in brain is lower than the concentration of 
aliphatic and alicyclic hydrocarbons.  

  Biotransformation 

 The metabolism of most petroleum distillates is complex 
and involves hepatic biotransformation. The metabolic 
fate of individual compounds is diffi cult to predict 
because of potential saturation of substrates and com-
petitive inhibition or enhancement of various enzyme 
systems. Monooxygenases in the liver oxidize aliphatic 
hydrocarbons to their respective alcohols. In rodents, 
cytochrome P450 isoenzymes rapidly convert tetraethyl 
lead to the relatively stable compound, triethyl lead.  24

Within 24 hours, triethyl lead accounted for 40 – 50% of 
lead in internal organs and 70% of the lead in muscle. 
Ultimately, most triethyl lead is converted to inorganic 
lead and stored in bone. Excretion of organic lead in 
urine and feces is small. The elimination half - life of 
tetraethyl lead in blood is a few days.  25   In a case 
of occupational organolead exposure, the elimination of 
triethyl lead followed a 2 - compartment model with an 
elimination half - life of 35 days and  ∼ 100 days.  26

possesses intermediate volatility and low viscosity com-
pared with other hydrocarbons.   

  EXPOSURE 

 Gasoline sniffi ng remains a major form of substance 
misuse, particularly in isolated communities (e.g., 
Aboriginal communities across Australia and Canada, 
Native American communities in the United States).  11

Aboriginal victims accounted for about one - quarter of 
the deaths associated with volatile substance abuse in a 
retrospective study (1983 – 2002) of South Australia.  12   In 
a study of cases of volatile substance abuse reported to 
the Toxic Exposure Surveillance System (TESS) of the 
American Association of Poison Control Systems from 
1996 – 2001, gasoline was the most commonly abused 
volatile substance.  13   The top 5 categories of volatile sub-
stances abused were gasoline (41%), paint (13%), 
propane/butane (6%), air fresheners (6%), and forma-
lin (5%). Among adolescents, gasoline remained one of 
the most popular volatile substances of abuse in the 
latter 2000s.  14   Gasoline was the most common volatile 
substance of abuse among incarcerated youth (mean 
age, 15.5 years) in a Missouri study based on question-
naires; about one - third of these youth reported lifetime 
use of inhalants, and 22% of these youth reported gaso-
line sniffi ng.  15   Leaded gasoline from the 1970s contained 
0.8 – 2.65   g of organic lead compounds/gallon, primarily 
as tetraethyl lead. Canada phased out leaded gasoline 
in 1990, whereas the United States eliminated lead from 
gasoline in 1996. Gasoline sniffers are typically polydrug 
users, who use other drugs of abuse when gasoline is not 
available.  16

  DOSE EFFECT 

 The toxicity of gasoline depends on the composition of 
hydrocarbons within this mixture. The C 6  – C 8  alkanes and 
cycloalkanes have relatively stronger narcotic properties 
(e.g., ataxia, lightheadedness, altered consciousness, head-
ache) and some irritant properties, whereas the corre-
sponding alkenes are relatively weak anesthetics. Eye 
and throat irritation is the most sensitive symptom of 
exposure to gasoline. Exposure to ambient concentration 
of gasoline vapors exceeding 900   ppm causes central 
nervous system (CNS) symptoms within a few minutes. 
Volunteer studies indicate that exposures to 500 –
 1,000   ppm gasoline vapors for 30 – 60 minutes causes mild 
mucous membrane irritation (eyes, nose, throat) and 
lightheadedness, whereas exposure to 1,000 – 3,000   ppm 
for the same duration causes nausea, lightheadedness, 
headache, numbness, and impaired coordination.  17

During this study, exposure to gasoline vapors above 
10,700   ppm for  < 5 minutes caused the rapid onset of 
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pus and patchy loss of Purkinje cells along with dentate 
neurons. There was also mild, diffuse astrocytic gliosis 
of the pons, striatum, pallidum, and thalamus.   

  CLINICAL RESPONSE 

  Illicit Use 

 Gasoline sniffi ng causes 2 distinct clinical syndromes: 1) 
an acute intoxication, and 2) an organolead - associated 
encephalopathy.  33   The acute intoxication associated 
with gasoline sniffi ng is similar to ethanol intoxication, 
manifest by giddiness, excitement, restlessness, dizzi-
ness, loss coordination and ataxia, feelings of numbness, 
confusion, disorientation, hallucination, and loss of con-
sciousness. These effects persist for several hours (i.e., 
up to 5 – 6 hours).  16   Organic lead may contribute to the 
acute effects of gasoline sniffi ng, and serious gasoline 
abusers often prefer high - octane - leaded gasoline, when 
available, because of the perception of the more rapid 
onset of intoxication.  34

  Complications 

 Complications associated with gasoline sniffi ng include 
organic lead encephalopathy, aspiration pneumonia, 
and burns from the ignition of gasoline vapors or clothes 
soaked in gasoline.  35   The encephalopathy (i.e., altera-
tion of consciousness or orientation) associated with the 
chronic abuse of leaded gasoline vapors is distinct from 
the classic features of inorganic lead poisoning and 
similar to the encephalopathy associated with tetraethyl 
lead intoxication following occupational exposure.  30,36

In mild cases of encephalopathy from chronic leaded 
gasoline sniffi ng, symptoms include anorexia, nausea, 
vomiting, insomnia, headache, fatigue, irritability, 
anxiety, agitation, and emotional lability.  37   Other neuro-
logic complications of chronic leaded gasoline abuse 
include abnormal jaw jerk, poor memory, nystagmus, 
hyperrefl exia, gait disturbances, movement disorders 
(ataxia, myoclonus, choreoathetosis, postural or inten-
tion tremor), confusion, impaired thinking, depression, 
poor abstraction, and short attention span.  38,39   In con-
trast to solvent abuse, acute and persistent organic psy-
chosis is a frequent complication of leaded gasoline 
sniffi ng.  6   Psychiatric symptoms are particularly common 
in organolead toxicity compared with inorganic lead 
poisoning. More severe cases of organolead - associated 
encephalopathy involve frank psychosis, delirium, cer-
ebellar ataxia, seizures, and coma along with fl uctuating 
levels of consciousness, illusions, auditory and visual 
hallucination, paranoia, and delusions.  7,40   Although 
most of the chronic effects of leaded gasoline sniffi ng 
resolve with abstinence, case reports associate recurrent 

  Elimination 

 In a patient found unconscious in his gasoline vapor -
 fi lled car, the estimated half - life of gasoline was about 
17 hours over the week prior to his death from multior-
gan failure.  27   Generally, the kidney excretes a portion of 
alkanes unchanged, whereas most aromatic hydrocar-
bons appear in the urine as metabolites. Because of high 
vapor pressure and low blood/air coeffi cients, alkanes 
and cycloalkanes with low molecular weight appear in 
relatively high concentrations in expired air compared 
with aromatic compounds.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 Chronic exposure to gasoline (i.e., sniffi ng) produces cer-
ebellar abnormalities and intellectual impairment; organic 
and inorganic lead encephalopathy accounts for most of 
these changes, but the exact causal role of organolead in 
gasoline - induced encephalopathy is not well - defi ned.  4,28

Most chronic studies of animals exposed to unleaded gaso-
line vapors at doses up to 2,000   ppm do not demonstrate 
behavioral changes or histopathologic abnormalities in the 
central and peripheral nervous system.  29   Tetraethyl lead 
and triethyl lead (metabolite) are much more lipid soluble 
than inorganic lead.  30   Consequently, tetraethyl lead can 
accumulate in the CNS much more rapidly than inorganic 
lead, causing the rapid onset of neurologic dysfunction and 
encephalopathy. The contribution of tetraethyl lead to the 
short - term effects of gasoline intoxication is unclear. 
Although inhalation of tetraethyl lead alone may cause 
hallucinations and behavioral changes,  31   tetraethyl lead 
may potentiate the effects of other volatile hydrocarbons 
in gasoline. Chronic inhalation of petroleum distillates 
(e.g., gasoline sniffi ng) does not usually produce a chemical 
pneumonitis, perhaps because of relatively low alveolar 
concentration and limited duration of exposure. 

  Postmortem Examination 

 Postmortem fi ndings in patients dying suddenly follow-
ing gasoline sniffi ng are usually nonspecifi c.  32   The most 
common abnormalities on postmortem examination are 
pulmonary and cerebral edema. A 21 - year - old man died 
in the hospital after his fourth admission for toxic psy-
chosis associated with gasoline sniffi ng; the blood lead 
concentration at admission during this visit was 197    μ g/
dL.31   Postmortem examination revealed mild cortical 
atrophy with ventricular dilation and patchy cerebellar 
atrophy. Histologic examination of the brain demon-
strated loss of pyramidal neurons from the hippocam-
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However, gasoline does have a characteristic aromatic, 
aliphatic, and naphthalenic profi le. Methods for 
analysis of gasoline in biologic samples include gas chro-
matography with fl ame ionization detection (GC/
FID),32   and gas chromatography/mass spectrometry 
(GC/MS) after liquid - liquid extraction.  50   The limit of 
detection and the lower limit of quantitation were 
0.3   mg/L and 1.0   mg/L, respectively, for the latter 
method. Different authors select different peaks in the 
chromatograph to estimate the concentration of gaso-
line in blood or postmortem tissues including isopen-
tane,  n  - pentane, 2 - methylpentane, 3 - methylpentane, 
n  - hexane, benzene, toluene,  m , o  - xylene,  m , p  - xylene, and 
propylbenzene. The gasoline concentration is estimated 
by comparing the peak area of the selected marker with 
the concentration of that marker in the gasoline stan-
dard. Selection of the peak depends on the volatility of 
substance (i.e., risk of loss during storage) and the abun-
dance of the substance in gasoline; the estimated con-
centration of gasoline will vary depending on the 
substance selected. A study of the estimated gasoline 
concentration in heart blood compared the following 6 
markers: isopentane,  n  - pentane, 2 - methyl - 2 - butene, 
2 - methylpentane, 3 - methy lpentane, and  n  - hexane.  51

The calculated gasoline concentration ranged from 
0.051   mg/L (isopentane) to 0.447   mg/L ( n  - hexane). The 
use of higher boiling point compounds (e.g., C 0  – C 2
naphthalene profi les) facilitates comparison of samples 
with substantial amount of evaporation compared with 
the original sample.  52

 Factors that affect the chemical composition of gaso-
line include the source (e.g., refi nery), season (i.e., winter 
blend vs. summer blend), location, time of month, and the 
amount evaporated from the original sample. Analytic 
methods are available to determine the similarity of 
gasoline samples include visual inspection of target 
compounds in the profi le of the gas chromatograph, 
covariance mapping and GC/MS, and principal com-
ponent analysis of the GC/MS profi les of the gasoline 
samples.  53   Covariance mapping and GC/MS can discrimi-
nate the source of 2 samples following analysis of 3 rep-
licate samples with test power of > 99% ( β     <    0.01) at a 
signifi cance level ( α ) of 0.05.  54   Collection of blood 
samples (e.g., gray - top tube with minimal headspace) for 
analysis of gasoline content is similar to other volatile 
substances. The choice of an analytic method for gasoline 
analysis in biologic specimens should be done in consul-
tation with an analytic toxicologist to determine the 
optimal technique for the specifi c clinical situation. 

  Biomarkers 

 Lipophilic substances (e.g., gasoline) do not easily 
diffuse into the vitreous humor; therefore, the concen-

or progressive encephalopathy with the chronic abuse 
of leaded gasoline.  31   Continued leaded gasoline sniffi ng 
may cause progressive dementia and cerebellar ataxia 
that results in permanent dysmetria, dysarthria, ataxic 
gait, and severe impairment of thought processes.  31

Although the encephalopathy associated with leaded 
gasoline sniffi ng typically presents with gastrointestinal 
and psychiatric disturbances, occasionally cerebellar 
signs (chorea, ataxia, resting tremor) and myoclonus are 
the prominent parts of the clinical presentation.  41,42

 Nausea, vomiting, abdominal pain, and anorexia may 
occur during organolead intoxication; however, gastro-
intestinal symptoms are not as prominent in organolead 
intoxication compared with inorganic lead poisoning. 
Rare case reports of chronic gasoline sniffi ng are
 associated with myopathy, elevated serum creatine 
kinase, and myoglobinuria in the absence of CNS 
effects.  43   Symptoms included muscle weakness and 
myalgias. Rare case reports also associate gasoline sniff-
ing with sudden death; case series of death related to 
volatile substance abuse include fatalities attributed to 
gasoline sniffi ng.  44   The 2009 Annual Report of the 
American Association of Poison Control Centers ’  
National Poison Data System did not list any deaths 
from intentional inhalation of gasoline.  45

  Abstinence Syndrome 

 There are few data on the existence of an abstinence 
syndrome in gasoline sniffers. Physical dependence and 
withdrawal symptoms are not usually associated with 
gasoline sniffi ng.  46   However, in a case series of 9 adoles-
cents inhaling gasoline fumes daily, all subjects reported 
a withdrawal syndrome including irritability, psychomo-
tor retardation, anhedonia, dry mouth, sleep distur-
bances, craving, and increased lacrimation.  47   Other 
complaints included headache and palpitations. Leaded 
gasoline use remained legal during the time of this 
study. Although some observations of gasoline sniffers 
suggest that some tolerance develops to the effects of 
gasoline sniffi ng based on the need to use larger amounts 
of gasoline to achieve the desired effects,  48   other case 
reports do not document tolerance to the hallucino-
genic effects of gasoline sniffi ng.  49

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Techniques 

 Gasoline is a mixture of hydrocarbons that varies 
depending on the refi nery techniques; quantitation of 
gasoline is complicated by the complexity of this mixture. 



44 GASOLINE

699

was very low voltage and diffuse slow wave activity.  39

Evaluating the effect of chronic gasoline sniffi ng on 
cognitive function is complicated by multiple confound-
ing factors including education, age, gender, baseline 
intelligence quotient, polydrug use, acute intoxication, 
and the effect of lead in the gasoline. A cross - sectional 
study of 50 current indigenous Australian gasoline sniff-
ers and 96 health indigenous Australians suggested that 
gasoline sniffers performed below controls on complex 
psychomotor tasks, learning, executive function, and 
spatial awareness after controlling for demographic 
factors.  57   The size of the defi cit ranged from 0.7 – 1.5 stan-
dard deviations. Simple psychomotor tasks and working 
memory were less affected by gasoline sniffi ng. The 
groups were not matched for gender (i.e., more women 
in the control group), and most of the gasoline sniffers 
inhaled daily (i.e., up to 12 hours prior to testing).   

  TREATMENT 

  Stabilization 

 The treatment of acute gasoline intoxication is support-
ive. Respiratory depression may complicate the clinical 
course of organolead poisoning associated with gasoline 
sniffi ng, particularly if seizures occur. These patients 
should be evaluated for the presence of hypoxemia and 
dysrhythmias. Aspiration pneumonia is a common com-
plication of severe organolead toxicity; sepsis may 
occur.  58

  Elimination Enhancement 

 There are no clinically effective methods to enhance the 
elimination of lead other than chelation.  

  Antidotes 

 Case reports associate clinical improvement with the 
use of chelating agents,  59   and some authors recommend 
the use of chelating agents to remove inorganic lead.  4

However, the improvement in the abnormalities associ-
ated with the encephalopathy does not closely correlate 
to blood lead concentrations, and there are inadequate 
data to determine whether or not the use of chelating 
agents alters clinical outcome of gasoline - induced 
encephalopathy. Most patients improve over several 
weeks to months with abstinence from gasoline sniffi ng. 
The use of chelating agents increases the excretion of 
inorganic lead, but inorganic lead is not clearly respon-
sible for the psychosis associated with organolead toxic-
ity.  6   In a series of 25 patients admitted with intentional 
gasoline sniffi ng and altered mental status (delirium, 
drowsiness, stupor), 18 of 20 patients were chelated for 

trations of substances used to estimate the gasoline con-
centration are low compared with blood.  50

  Blood 

Illicit Use.     Blood lead concentrations refl ect expo-
sure to both organic and inorganic lead; the trend in 
these blood concentrations is more useful than a single 
value for determining the extent of leaded gasoline 
abuse. High blood lead concentrations (i.e.,  > 100    μ g/dL) 
suggest recent, high - dose exposure to leaded gasoline 
because of the rapid decline over hours to days.  6

Moderately elevated blood lead levels (30 – 50    μ g/dL) 
remaining relatively stable over several days suggest the 
presence of inorganic lead and the absence of organic 
lead exposure in the previous few days to a few weeks, 
depending on the amount of bone lead stores. These 
moderately elevated blood lead concentrations decline 
rapidly in patients with limited leaded gasoline expo-
sure and no signifi cant bone lead stores. Free erythro-
cyte protoporphyrin (FEP) concentrations do not 
correlate well to blood lead concentrations in gasoline 
sniffers.  55

Overdose.     The estimated blood gasoline concentra-
tion in a 44 - year - old man found unconscious inside a 
gasoline vapor - fi lled car was 247   mg/L, as measured by 
headspace gas chromatography/mass spectrometry.  27

He died 9 days later of multiorgan failure.  

Postmortem.     A 15 - year - old boy collapsed at home 
with several substances next to his body including gaso-
line, solvents, paint, glue, and turpentine.  50   Postmortem 
analysis of peripheral and heart blood demonstrated 
gasoline concentrations of 22.1   mg/L and 38.3   mg/L, 
respectively, based on GC/FID analysis using  m ,  p  -
 xylene as the reference peak for gasoline quantitation. 
The heart blood also contained high concentrations of 
toluene (12.5   mg/L) and 6% carboxyhemoglobin. A 
34 - year - old man was found dead in his bed with a small 
quantity of liquid fuel near his nose.  56   The estimated 
gasoline concentration was 4.259   ppm ( μ g/g) based on 
GC/MS using several constituents as reference peaks 
for gasoline quantitation.    

  Abnormalities 

 In contrast to inorganic lead poisoning, organolead tox-
icity is not associated with lead lines in the long bones, 
nail bed changes, or gingival lead lines. Anemia and 
basophilic stippling does not typically occur with organ-
olead intoxication. In a case series of 50 patients referred 
to a pediatric neurology clinic for gasoline sniffi ng, the 
most common abnormality on electroencephalography 
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  Chapter 45 

               IDENTIFYING CHARACTERISTICS 

 Commercial hexane, often labeled as the plural 
 “ hexanes, ”  is a mixture of hexane isomers including  n  -
 hexane, cyclohexane, and methyl cyclopentane along 
with small amounts of pentane isomers, heptane isomers, 
ketones (acetone, methyl ethyl ketone), dichlorometh-
ane, and trichloroethylene.  1   The concentration of  n  -
 hexane in commercial mixtures generally ranges from 
about 20 – 80%. Small amounts ( < 0.3%) of phthalate 
esters (dimethyl, diethyl), adipate esters (dibutyl), and 
organophosphorus compounds may also contaminate 
some commercial hexanes.  2    n  - Hexane is an aliphatic 
alkane with a structural formula of CH 3 (CH 2 ) 4 CH 3;  the 
 “  n  ”  refers to the  “ normal ”  or unbranched isomer. This 
compound is a colorless, highly volatile liquid with a 
mild gasoline - like odor. Table  45.1  lists some physical 
properties of neat n  - hexane.    

  EXPOSURE 

n  - Hexane is a constituent of some glues, rubber cement, 
stove and lantern fuels, and gasoline. This substance 
occurs naturally in petroleum products (natural gas, 
crude oil) and petroleum distillates (gasoline, jet fuel, 
naphtha, benzine).  

  DOSE EFFECT 

  Acute 

 The acute toxicity of  n  - hexane in animals is relatively 
low. Short - term, high - dose  n  - hexane exposure produces 

narcosis with headache, mild nausea, and eye irritation 
occurring following exposure to 1,500   ppm; confusion 
and dizziness develops in volunteers exposed to 
5,000   ppm  n  - hexane for 10 minutes.  3   Older studies in 
humans suggest that exposure of individuals to 1,000 –
 5,000   ppm  n  - hexane for 10 – 60 minutes produces drows-
iness, vertigo, and giddiness.  1,4   Exposure of volunteers 
to 5,000   ppm for 10 minutes produces vertigo, whereas 
volunteers remain asymptomatic following exposure to 
2,000   ppm for 10 minutes.  5   In animal studies, the intra-
tracheal instillation of 0.2   mL  n  - hexane produces a fatal 
chemical pneumonitis.  6

  Chronic 

 Case reports document the development of peripheral 
neuropathies in Japanese sandal workers, Taiwanese 
press proofers, and Italian shoemakers following chronic 
occupational exposure to n  - hexane concentrations 
ranging from 30 – 2,500   ppm.  1   Accurate exposure data 
are not available because many of the measurements 
did not refl ect the cumulative exposure of the affected 
workers. However, these data suggest that most of the 
workers were chronically exposed to n  - hexane in poorly 
ventilated rooms with n  - hexane concentrations in air 
that substantially exceeded 500   ppm.  7   Additionally, 
most of these industrial exposures involved the use of 
mixtures of hydrocarbons including methyl ethyl ketone, 
toluene, acetone, ethyl acetate, and other aliphatic 
hydrocarbons (pentanes, hexane isomers). Case reports 
suggest that a peripheral neuropathy may develop after 
the chronic inhalation of naphtha containing 20% n  -
 hexane  8   and high doses of gasoline containing at least 
5% n  - hexane.  9

n  - HEXANE 
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ketone (MBK) as displayed in Figure  45.1 . Animal 
studies suggest that the metabolism of n  - hexane 
involves several cytochrome P450 isoenzymes;  14

CYP2B6 catalyzes the formation of 2 - hexanol, whereas 
CYP2E1 is the major isoenzyme responsible for the 
formation of 2,5 - hexanedione.  15,16   2,5 - Hexanedione, 
2,5 - dimethylfuran, and  γ  - valerolactone are the major 
metabolites present in the urine of humans exposed to 
n  - hexane.  17   The kidneys excrete these metabolites pri-
marily in the form of conjugates (glucuronides, alcoholic 
sulfate esters).  18   2 - Hexanol, free 2,5 - hexanedione, and 
free 2,5 - dimethylfuran are minor metabolites that 
are detectable in urine after exposure to n  - hexane.  19

Following exposure of Wister rats to 2,000   ppm  n  -
 hexane, 4,5 - dihydroxy - 2 - hexanone is a major urinary 
metabolite that is excreted primarily as a glucuronide; 
acid hydrolysis of the glucuronide metabolite of 
4,5 - dihydroxy - 2 - hexanone increases the presence of 
2,5 - dimethylfuran and 2,5 - hexanedione.  20

  Elimination 

 The lungs excrete about 10% of the absorbed dose of 
n  - hexane unchanged based on occupational studies of 
n  - hexane exposure.  21   In both animals and humans, the 
elimination of n  - hexane from the lungs and the blood 
is relatively rapid with a biphasic elimination half - life of 
∼ 0.2 and 1.5 – 2 hours, respectively.  11,22   The calculated 
half - life of  n  - hexane in fat was about 64 hours based on 
a mathematical model of n  - hexane distribution.  23   The 
urinary elimination half - life of 2,5 - hexanedione is  ∼ 13 –
 14 hours, and the maximum urinary excretion of 
2.5 - hexanedione occurs about 3 – 5 hours following ces-
sation of exposure.  1   Animal studies indicate that the 
formation of 2,5 - hexanedione is not proportional to 
dose following exposure to high n  - hexane concentra-
tions (500 – 1,000   ppm) associated with volatile sub-
stance abuse.  22

  Chemical Interactions 

 Methyl ethyl ketone (MEK), methyl isobutyl ketone, 
and lead acetate enhance the neurotoxicity of n  - hexane, 
whereas exposure to toluene reduces the neurotoxicity 
of n  - hexane. Animal experiments indicate that MEK 
enhances the neurotoxicity of n  - hexane;  24   however, this 
effect is dose - dependent. Following chronic exposure 
(12   h/d, 6   d/wk, for 20 weeks) of Wistar rats to 2,000   ppm 
MEK and 2,000   ppm  n  - hexane, changes in the urinary 
excretion of 2,5 - hexanedione is biphasic with the initial 
excretion rate of this compound being below the excre-
tion rate of the positive control (2,000   ppm  n  - hexane 
alone).25   After about 4 weeks, the 2,5 - hexanedione con-
centration in the urine of rats exposed to both n  - hexane 

  TOXICOKINETICS 

  Absorption 

 Volunteer studies indicate that the steady - state pulmo-
nary retention of n  - hexane is about 15 – 30% as mea-
sured by the difference between inhaled and expired air 
at concentrations up to 200   ppm.  10,11   There are few data 
on retained concentrations of n  - hexane associated with 
volatile substance abuse.  

  Distribution 

 Studies in animals indicate that  n  - hexane tissue concen-
trations are highest in the brain followed by liver, 
kidneys, and adrenal glands.  12    n  - Hexane does not accu-
mulate easily in tissues; however, the high partition 
coeffi cient and the relative long half - life of  n  - hexane in 
fat suggests that some accumulation may occur follow-
ing exposure to the high doses of n  - hexane associated 
with misuse of n  - hexane containing products.  

  Biotransformation 

 The metabolism of  n  - hexane in humans and rats is qual-
itatively similar;  1   however, metabolism of  n  - hexane in 
rats becomes saturable and nonlinear following expo-
sure to n  - hexane concentrations exceeding 300   ppm. 
Saturation of metabolic enzymes and the resulting non-
linear kinetics in humans are not well defi ned, but 
limited data suggest nonlinear kinetics begin above n  -
 hexane concentrations of 300   ppm.  13   The cytochrome 
P - 450 system metabolizes  n  - hexane fi rst to 2 - hexanol 
and then to 2,5 - hexanedione, which is a common 
neurotoxic metabolite shared with methyl n  - butyl 

TABLE 45.1.    Physiochemical Properties of  n  - Hexane. 

   Property     Value  

  CAS Number    110 - 54 - 3  
  Molecular Formula    C 6 H 14

  Molecular Weight    86.177   g/mol  
  Relative Density    0.659 (Water    =    1 @ 20 ° C)  
  Vapor Pressure      

  20 ° C/68 ° F    124   mm   Hg  
  25 ° C/77 ° F    150   mm   Hg  

  Vapor Density    2.97  
  Saturated Air (760   mm   Hg)      

  20 ° C (68 ° F)    16.3%  
  25 ° C (77 ° F)    19.7%  

  Boiling Point    68.74 ° C (155.73 ° F)  
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inhalation of n  - hexane containing products.  33   The neu-
rologic manifestations of this disease are uniform and 
similar to the sensorimotor neuropathy resulting from 
chronic occupational exposure to excessive concentra-
tions of n  - hexane. Weakness begins in the distal lower 
extremities along with a stocking - glove distribution of 
paresthesias and hypesthesias; neurologic effects may 
progress to gait disturbances, diffi culty ambulating, and 
tetraplegia.34,35   Abnormalities on neurologic examina-
tion include diminished deep tendon refl exes, muscle 
weakness, atrophy, and sensory loss (i.e., reduced pin-
prick, light touch, temperature, position, and vibra-
tion).36   Often, the earliest symptom of  n  - hexane 
peripheral neuropathy is the gradual onset of distal 
numbness in the toes and fi ngers.  37   Paresthesias rarely 
spread beyond the knees or wrists. For 2 – 4 months after 
cessation of exposure to these products, the neuropathy 
progresses (i.e.,  “ coasting ” ). Recovery is slow and vari-
able with some persistent effects (e.g., foot drop) follow-
ing severe intoxications. Associated symptoms include 
muscle cramps, anorexia, and weight loss.  n  - Hexane is a 
mild skin irritant.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques for the quantitation of  n  - hexane in biologic 
samples includes headspace capillary gas chromato-
graphy with fl ame ionization detection and cryogenic 
oven trapping,  38   liquid chromatography/atmospheric 
pressure chemical ionization/mass spectrometry,  39   and 
headspace with gas chromatography/mass spectrometry 
(GC/MS) solid - phase microextraction.  40   The latter 
method allows the determina tion of  n  - hexane in the 
general population with a limit of detection (LOD) of 
0.089   ng/mL. The LOD for  n  - hexane using gas chroma-
tography with fl ame ionization detection is about 2.4 
and 1   ng/mL for whole blood and urine, respectively, 
whereas the LOD using liquid chromatography/
atmospheric pressure chemical ionization/mass spec-
trometry is about 50   ng/mL.  n  - Hexane is an ubiquitous 
chemical found in many laboratory materials and pro-
cesses including the collecting of blood in a Vacutainer  ®  . 
Boiling the Vacutainer  ®   stoppers in methanol followed 
by vacuum baking removes the residue of n  - hexane in 
these containers.  40   Gas chromatography with fl ame ion-
ization detection and GC/MS are the most common 
analytic methods for the quantitation of the toxic 
metabolite, 2.5 - hexanedione in urine samples. Using 
headspace solid - phase microextraction and gas chroma-
tography with fl ame ionization detection, the LOD for 
this metabolite is 25   ng/mL with the coeffi cient of varia-
tion < 7%.  41

and MEK was twice as high as the urinary concentration 
of 2,5 - hexanedione in rats exposed to  n  - hexane alone. 
Following a 15 - minute exposure to MEK (200 – 300   ppm) 
and n  - hexane (60   ppm), volunteer studies indicate that 
MEK inhibits the biotransformation of an intermediate 
step in the conversion of n  - hexane to the neurotoxic 
metabolite, 2,5 - hexanedione.  26   These results suggest 
that the interaction of n  - hexane and MEK may decrease 
the toxicity associated with exposure to n  - hexane at 
concentration near ambient air concentration associ-
ated with workplace standards; however, animal 
studies suggest that enhancement of n  - hexane neuro-
toxicity occurs following exposure to MEK at concen-
trations associated with volatile substance abuse. Animal 
and human studies indicate that toluene may inhibit 
the metabolism of n  - hexane, and thus reduce the excre-
tion of the neurotoxic metabolite, 2,5 - hexanedione.  27

Exposure to acetone and n  - hexane may increase the 
urinary concentration of free 2,5 - hexanedione, but there 
are few data on the clinical consequence of these meta-
bolic changes.  28

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The neurotoxic substance causing the development of 
n  - hexane neuropathy is the toxic metabolite, 2,5 - 
hexanedione.  29    n  - Hexane neuropathy is primarily an 
axonal polyneuropathy with secondary demyelination.  30

Similar pathologic fi ndings occur in other toxic neu-
ropathies (e.g., acrylamide, triorthocresyl phosphate, 
inherited giant axonal neuropathy, vinca alkaloids, 
colchicine). Sural nerve biopsies demonstrate axonal 
swelling, loss of large myelinated fi bers with focally 
enlarged  “ giant ”  axons containing neurofi laments, wid-
ening of nodes of Ranvier, and thinning of the overlying 
myelin secondary to retraction by axonal swelling.  31

Occasionally, segmental demyelination may occur. 
Paranodal demyelination occurs at the sites of swelling, 
and Wallerian degeneration of the axons develops distal 
to the swollen sites.  32   Aspiration with subsequent chemi-
cal pneumonitis is a potential complication of the inges-
tion of n  - hexane based on animal studies; however, 
there is a lack of case reports documenting the pulmo-
nary toxicity of n  - hexane following aspiration. There are 
few data on postmortem examination of chronic n  -
 hexane abusers.  

  CLINICAL RESPONSE 

 Peripheral neuropathy is a rare complication of hexane -
 containing glue sniffi ng. Glue - sniffer ’ s neuropathy is a 
subacute, symmetrical, ascending, predominately motor 
polyneuropathy associated with the chronic intentional 
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responses that are characteristic of a mixed axonal and 
demyelinating process.  9   Motor conduction velocities 
usually increase steadily from distal to proximal seg-
ments (e.g., wrist to upper arm); the slowing of proximal 
conduction velocities is usually mild. F waves are usually 
absent. Occasionally, nerve conduction studies demon-
strate partial conduction block in the median and ulnar 
nerves.  37   Abnormalities on electrophysiology testing 
typically resolve within 1 year.  48

  TREATMENT 

 Because of the limited data on the human toxicity of 
n  - hexane, treatment of toxicity is supportive. Exposure 
to very high n  - hexane concentrations may cause obtun-
dation and coma. The victim should be removed to fresh 
air after adequate ventilation of the site.  n  - Hexane is a 
mild to moderate central nervous system depressant; 
thus, the adequacy of respiration should be evaluated 
and assisted ventilation and supplemental oxygen 
administered as needed. Contaminated clothing should 
be removed and the skin washed with soap and luke-
warm water. Eye contact should be treated with warm 
saline or water irrigation for 15 minutes. 

 After the patient has been removed from the source, 
medical attention should be directed toward evaluation 
and support of cardiorespiratory function including 
the potential development of aspiration pneumonia. 
Ingestion of pure n  - hexane is rare. Gastrointestinal 
decontamination is not recommended because of the 
low acute toxicity of n  - hexane and the aspiration 
potential of this liquid. There are no antidotes to  n  -
 hexane toxicity. The body eliminates  n  - hexane rapidly; 
therefore, no measures to enhance elimination are 
indicated. Peripheral and central nervous system symp-
toms resulting from chronic exposure are treated 
symptomatically.      
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and decreased amplitudes of both motor and sensory 
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  Chapter 46 

               IDENTIFYING CHARACTERISTICS 

 At room temperature, methanol (CAS RN: 67 - 56 - 1, 
CH4 O) is a clear, colorless liquid with a faint odor 
resembling ethanol and a boiling point of 64.6 ° C 
(148.3 ° F). Methanol is soluble in water, ethanol, and 
many organic solvents. The concentration of methanol 
in the air above a liquid product is not the same as the 
methanol concentration in the liquid phase, and the 
composition of the vapor phase of a liquid mixture con-
taining methanol does not usually match the vapor con-
centration above the liquid because of differences in 
vapor pressures. For example, the partial pressure of 
each solvent in the vapors inhaled from carburetor 
cleaner depends on saturated vapor pressures rather 
than the molar concentrations of the liquid in the con-
tainer. The vapor pressure of methanol is 127   mm   Hg at 
25 ° C (77 ° F) compared with 28   mm   Hg at 25 ° C (77 ° F) 
for toluene. Consequently, the vaporized state of the 
carburetor cleaner at room temperature contains higher 
concentrations of methanol than toluene.  1   Analysis of a 
glue used for sniffi ng contained 82.5% toluene and 
6.6% methanol; however, the vapor phase above the 
liquid contained 3,067   ppm toluene and 12,350   ppm 
methanol.1

  EXPOSURE 

  Epidemiology 

 Most cases of serious methanol poisoning result from 
ingestion rather than inhalation, particularly from the 
substitution of methanol - containing solutions for etha-

nolic beverages.  2   Rare cases of signifi cant pulmonary 
exposure to methanol include exposure to methanol 
vapors during fi refi ghting  3   and spraying methanol -
 containing material.  4   Deliberate abuse of methanol -
 containing products is relatively rare.  

  Sources 

 Major commercial applications of methanol include use 
as an intermediate in chemical manufacturing, an octane 
booster in gasoline, and a solvent. Other sources of 
methanol include cleaning solutions, printing and dupli-
cating solutions, varnish, shellac, dyes, stains, paint 
removers, antifreeze, canned heating fuel for camping 
stoves and chafi ng dishes, de - icing products, windshield 
washer fl uid, gasoline additives, formalin, and adhesives. 
Methanol is a common ingredient in carburetor clean-
ers along with toluene, methylene chloride, and butane/
propane. The typical composition of carburetor cleaner 
is about 5 – 25% methanol, 45 – 80% toluene, 20% methy-
lene chloride, and propellants (isobutane, propane).  

  Methods of Abuse 

 The abuse of methanol - containing compounds typically 
involves the inhalation of vapors from a plastic bag 
containing the liquid portion of the product, primarily 
from carburetor cleaning fl uid. The central nervous 
system (CNS) effects of methanol are relatively mild, 
but the effect on consciousness depends on the dose 
and concomitant ingestion of other CNS - altering sub-
stances. Consequently, the desired effects associated 
with the intentional inhalation of methanol - containing 
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hydrofolate dehydrogenase. The activity of this enzyme is 
high in rodents; therefore, methanol toxicity is minor in 
rodents compared with humans.  11

  Elimination 

 Following exposure to methanol concentrations associ-
ated with volatile substance abuse, zero - order (satura-
tion) kinetics best describe the elimination of methanol.  12

As a result of the saturation of metabolic pathways 
involved with the oxidation of formate in humans, 
the plasma elimination half - life of methanol ranges 
between a few hours at low methanol concentrations 
and approximately 24 hours in methanol - poisoned 
patients. Following exposure of volunteers to 800   ppm 
methanol for 2 hours, the mean plasma elimination half -
 life of methanol was 1.44    ±    0.33 hours.  13   In an otherwise 
healthy, methanol - poisoned patient, the total body 
clearance rate of methanol was 11.3   mL/minute, while 
methanol metabolism was blocked by the concomitant 
ingestion of high doses of ethanol.  14   The pulmonary and 
renal clearance rates in this patient were 5.6   mL/minute 
and 5.7   mL/minute, respectively. These data indicate 
that the pulmonary clearance of methanol is low even 
in poisoned patients. The plasma elimination half - life of 
the metabolite, formate increases up to  ∼ 20 hours in 
methanol - poisoned patients, but hemodialysis reduces 
this half - life to 2 – 3 hours.  15

  Maternal and Fetal Kinetics 

 Case reports indicate that methanol diffuses across the 
placenta and into the fetal circulation. Three days after 
birth by emergency cesarean section because of metha-
nol poisoning in the mother, the plasma methanol con-
centration of the neonate was 61.6   mg/dL.  16   The child 
had a persistent metabolic acidosis with an initial pH of 
6.9. He died the following day after developing an intra-
ventricular hemorrhage. The mother died 10 days after 
delivery from complications of methanol poisoning.  

  Drug Interactions 

 At serum concentrations  > 20   mg/dL, ethanol causes 
almost complete blockade of methanol metabolism.  17

Consequently, the amount of methanol from endoge-
nous sources increases following the consumption of 
ethanol at doses suffi cient to increase the blood ethanol 
concentration above this concentration. In a study of 5 
volunteers with blood ethanol concentrations near 
80   mg/dL, the blood methanol concentration increased 
to 0.12 – 0.34   mg/dL from baseline methanol concentra-
tions of 0.04 – 0.08   mg/dL as measured indirectly by 
analysis of end - expired alveolar air with gas chromatog-

products are primarily the result of toluene rather than 
methanol.   

  DOSE EFFECT 

 Exposure of volunteers to 200   ppm methanol for 4 hours 
does not cause a statistically signifi cant increase in serum 
formate concentrations or a decrease in blood pH.  5

  TOXICOKINETICS 

 There are substantial differences in the toxicity of metha-
nol between various species. Primates are particularly 
sensitive to methanol toxicity, whereas rodents detoxify 
methanol via a catalase - peroxidase system that prevents 
the formation of toxic metabolites (formaldehyde, formic 
acid).6   Consequently, extrapolation of rodent dose -
 response data on methanol to primates is inappropriate. 

  Absorption 

 The lungs absorb methanol rapidly; the absorption rate 
constant (i.e., the percentage of the methanol in the 
lungs absorbed per hour of time) for a 4 - hour exposure 
of volunteers to 200   ppm was 0.87    ±    0.67/hour.  7   In a 
study of volunteers exposed to 200   ppm for 2 hours, the 
relative uptake of methanol was approximately 50%.  8

The bioavailability of methanol is limited, in part, by the 
adsorption of this water - soluble compound onto mucous 
in the upper respiratory tract.  

  Distribution 

 Similar to ethanol, the volume of distribution (V d ) of 
methanol approximates total body water. Based on vol-
unteer studies, the V d  of methanol is about 0.60 – 0.77   L/
kg, depending on the amount of body fat.  9   The distribu-
tion of methanol into tissues is rapid with peak serum 
methanol concentrations occurring within 1 hour.  

  Biotransformation 

 Endogenous metabolism involves the oxidation of metha-
nol to carbon dioxide and water, primarily in the liver. 
Alcohol dehydrogenase catalyzes the formation of form-
aldehyde from methanol. The former compound is rapidly 
converted to formic acid via formaldehyde dehydroge-
nase within a few minutes of formation.  10   Formaldehyde 
does not accumulate in blood after the absorption of 
methanol, whereas formate is the toxic metabolite that 
accumulates as a result of the low rates of formate oxida-
tion in humans. The conversion rate of formate to carbon 
dioxide and water depends on the activity of the hepatic 
tetrahydrofolate - dependent enzyme, 10 - formyl - tetra-
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optic nerves, and acute hemorrhage and necrosis in the 
putamen and subcortical white matter.  29,30

  CLINICAL RESPONSE 

  Illicit Use 

 Intentional inhalation of methanol may cause clinically 
signifi cant metabolic acidosis, visual disturbances, CNS 
depression, altered mental status, and respiratory 
impairment depending on the duration of use and the 
absorbed dose of methanol.  31   Symptoms of methanol 
poisoning include headache, nausea, vomiting, abdomi-
nal pain, lethargy, and dyspnea. The development of 
methanol toxicity is typically delayed 12 – 18 hours during 
the metabolism of methanol, and the clinical effects may 
be delayed over 24 hours as a result of the concomitant 
ingestion of ethanol. Products that contain methanol 
usually contain other compounds (e.g., toluene, methy-
lene chloride, acetone) that contribute to the CNS and 
renal toxicity following abuse. Occasional case reports 
indicate that metabolic acidosis and decreased visual 
acuity may occur following the intentional inhalation of 
methanol - containing household products, but the occur-
rence of visual disturbances following the abuse of these 
products is uncommon.  32   A 21 - year - old habitual glue -
 sniffer began inhaling vapors from a new paint thinner 
that contained 20% methanol, 20% methyl acetate, and 
57% toluene.  33   Within 1 week, he developed central 
vision defects, central scotomata, visual loss (i.e., unable 
to see a moving hand), dysesthesias of the feet, ataxia, 
gait disturbances, and loss of coordination. Improvement 
in the visual defects occurred after hospitalization. The 
case report did not document the serum methanol 
concentration, acid - base status, or imaging studies. 
Other case reports associate the abuse of methanol -
 containing solvent with nausea, vomiting, thirst, sleep-
lessness, weakness, fatigue, and blurred vision that 
resolved within 4 days after cessation of solvent abuse.  1

Ophthalmologic exam of this patient did not detect any 
abnormalities. An observational study of 7 people pre-
senting to an emergency department after abuse of 
methanol - containing products did not detect visual 
abnormalities; the highest formate concentration was 
25   mg/dL.  34   Genotoxicity studies and oncogenicity 
studies in rodents indicate that the inhalation of metha-
nol is unlikely to produce cancer in humans.  35

  Fatalities 

 A 26 - year - old itinerant was found pulseless with several 
cans of a methanol - containing carburetor cleaner 
(43.8% toluene, 23.2% methanol, 20.5% methylene 
chloride, 12.5% propane) and soaked rags nearby.  44   As 

raphy.  18   Below ethanol concentrations of 20   mg/dL, the 
elimination of methanol becomes exponential (i.e., fi rst -
 order) rather than linear with an elimination half - life of 
approximately 1.5 – 3 hours.  19   Case reports suggest that 
the simultaneous ingestion of methyl ethyl ketone with 
methanol also inhibits methanol metabolism.  20

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 The metabolic acidosis and visual changes associated 
with methanol toxicity result from the biotransforma-
tion of methanol to the toxic metabolite, formic acid.  21

The serum formate concentration correlates closely to 
the metabolic acidosis and the severity of methanol poi-
soning.  22   10 - Formyl tetrahydrofolate dehydrogenase 
catalyzes the oxidation of formate; the rate of oxidation 
depends on the presence of adequate stores of folic acid 
and the regeneration of tetrahydrofolate during the oxi-
dation of formate.  In vitro  studies indicate that formate 
inhibits cytochrome c oxidase activity in intact mito-
chondria and isolated cytochrome aa 3 .  23   Inhibition of 
the cytochrome oxidase complex at the terminal end of 
the respiratory chain in the mitochondria leads to cel-
lular hypoxia, similar to other cellular toxins (carbon 
monoxide, cyanide, hydrogen sulfi de).  21   Both formate 
and lactic acid contribute to the metabolic acidosis asso-
ciated with methanol poisoning. Formate accounts for 
the early metabolic acidosis, but lactic acidosis occurs 
later as a result of cellular hypoxia and inhibition of 
cellular respiration.  24   Direct toxicity by formate proba-
bly causes the optic nerve damage associated with meth-
anol toxicity. Undissociated formic acid produces edema, 
the breakdown of the myelin sheaths, and lesions in the 
optic disk and retrolaminar section of the optic nerve.  25

Neurotoxicity also results from damage in the basal 
ganglia (e.g., putamen) and subcortical white matter. 
Imaging studies suggest that local cellular edema sec-
ondary to inhibition of the Na - K ATPase pump and 
cytochrome oxidase causes the observed edema and 
necrotic lesions.  26

  Postmortem Examination 

 The pathologic fi ndings in postmortem examination of 
fatal cases of methanol poisoning are not unique.  27

Autopsies of patients dying of methanol intoxication 
typically demonstrate congestion of the lungs and brain, 
as well as cerebral edema and petechial hemorrhages of 
the brain and cerebellum.  28   Classic neuropathologic 
fi ndings include pallor of the myelin of the retrolaminar 
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dosis, serum methanol concentrations, and serum formic 
acid concentrations.  39   In an observational study of 7 
patients using methanol - containing carburetor cleaner 
as a volatile substance of abuse, 4 patients had serum 
methanol concentrations exceeding 24   mg/dL and 5 
patients had elevated serum formic acid concentrations 
(> 12   mg/dL).  34   The anion gap for these patients ranged 
between 13 – 31   mEq/L. The methanol concentration in 
blood samples drawn 4 hours after arrival to the emer-
gency department ranged between 10 – 86   mg/dL. The 
patient with a serum methanol concentration of 86   mg/
dL had a serum formate concentration of 25   mg/dL and 
an anion gap of 16   mEq/L.  

  Abnormalities 

 In a case series of methanol - abusing patients presenting 
to an emergency department with elevated serum meth-
anol concentrations (50.4   mg/dL, 128.5   mg/dL), other 
abnormalities included elevated blood formic acid 
concentrations (12   mg/dL, 19.3   mg/dL, 48   mg/dL) and 
metabolic acidosis (pH 7.19).  44   The severity of the aci-
dosis depends on the methanol dose, duration of use, 
the presence of ethanol, and the time since exposure. 
A normal anion gap does not necessarily exclude 
potentially signifi cant serum methanol concentrations, 
particularly in the period shortly after inhalation. 
Exposure to methanol also may cause a signifi cant 
osmolal gap. For each milligram of methanol per deci-
liter, the osmolal gap increases by about 0.34 mOsm; a 
methanol concentration of 50   mg/dL increases the 
osmolal gap by about 17 mOsm/kg H 2 O.  21   The presence 
of severe metabolic acidosis with increased anion and 
osmolar gaps strongly suggests the presence of metha-
nol or ethylene glycol intoxication.  21   The maximum 
osmolal gap correlates to the peak absorption of 
methanol. During the metabolism of methanol, the 
osmolal gap decreases as the anion gap increases and 
the metabolic acidosis worsens. Consequently, the 
osmolal gap does not correlate to the severity of metha-
nol poisoning late in the clinical course, and the absence 
of an osmolal gap at that time does not exclude the 
diagnosis of methanol poisoning. The differential diag-
nosis of this set of laboratory abnormalities includes 
chronic renal failure, critical illness, diabetic ketoacido-
sis, and alcoholic ketoacidosis.  40   Visual outcomes do 
not correlate well to computed tomography (CT) 
abnormalities during hospitalization for methanol 
poisoning.  41

  Driving 

 Experimental studies indicate that evidential breath 
analyzers (e.g., Dr ä ger 7110 Evidential breathalyzer; 

reported by companions, he inhaled approximately 
9 cans in the 2 days preceding his death. Analysis of 
postmortem blood indicated that he died of respiratory 
depression secondary to combined toxicity from very 
high ethanol concentration (440   mg/dL) in combination 
with methanol (90   mg/dL), and toluene (5.6   mg/L).  

  Reproductive Abnormalities 

 There are few data on the reproductive abnormalities 
associated with intentional inhalation of methanol -
 containing products. These products usually contain a 
variety of other compounds in addition to methanol. 
Metabolic acidosis, dehydration, and electrolyte distur-
bances potentially contribute to adverse fetal effects. 
Consequently, the determination of the causal role of vol-
atile substance abuse and methanol in the development of 
reproductive abnormalities is diffi cult. Case reports asso-
ciate chronic maternal abuse of methanol - containing 
products with premature delivery  36   and bilateral frontal 
cortical leukomalacia with cerebral infarcts.  37   In both case 
reports, the mothers were hospitalized multiple times 
during their pregnancies for complications of volatile sub-
stance abuse including metabolic acidosis, electrolyte 
imbalance, anemia, and toxic serum methanol concentra-
tions requiring hemodialysis and ethanol infusion. 

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the quantitation of formic acid primarily 
involve the use headspace gas chromatography with 
fl ame ionization detection.  38   Similar to other volatile 
substances, storage requires a tightly sealed container 
along with refrigeration or freezing. Substantial loss of 
methanol may occur following repeated opening and 
recapping of the container.  

  Biomarkers 

 Some endogenous production of methanol occurs in 
humans. In a study of volunteers exposed to 200   ppm 
methanol for 4 hours, the mean serum methanol con-
centration at the end of the exposure period was 
0.65    ±    0.27   mg/dL compared with 0.09    ±    0.06   mg/dL for 
the sham exposure group.  7   Following exposure of 26 
volunteers to 200   ppm methanol for 4 hours, there was 
no statistically signifi cant difference in the mean 
serum formate concentration between the methanol 
exposure (1.43    ±    0.89   mg/dL) and the sham exposure 
(1.27    ±    0.64   mg/dL).  5

 The intentional inhalation of methanol - containing 
products may cause clinically signifi cant metabolic aci-
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  Antidotes 

 Both ethanol and fomepizole inhibit alcohol dehydro-
genase activity. If administered soon after exposure, 
ethanol and fomepizole reduce the formation of toxic 
metabolites and limit the development of metabolic aci-
dosis.  46   Ethanol or fomepizole should be administered 
as soon as possible after methanol ingestion to prevent 
the development of formate and metabolic acidosis. 
There are inadequate data to determine the exact serum 
methanol concentration necessary to cause toxicity, in 
part as a result of the dynamic kinetic process involved 
with the metabolism of methanol to formate. Table  46.1  
lists the recommendations of the American Academy of 
Clinical Toxicology for the administration of antidotes 
during methanol poisoning.   

 The loading dose of fomepizole is 15   mg/kg adminis-
tered intravenously followed by IV doses of 10   mg/kg 
every 12 hours for 4 doses. After 48 hours, the bolus 
doses are increased to 15   mg/kg every 12 hours as a 
result of the self - induction of fomepizole metabolism. 
This dose of fomepizole is administered until the metha-
nol concentration is < 20   mg/dL. There are few clinical 
data to confi rm the superiority of fomepizole over 
ethanol in terms of effi cacy or cost - effectiveness for the 
treatment of methanol poisonings. Although the acqui-
sition cost of fomepizole is high, the administration of 
fomepizole does not necessarily require intensive care 
or frequent laboratory monitoring because of the lack 
of the metabolic and CNS depressant effects associated 
with ethanol use. The exact serum methanol concentra-
tion that requires treatment with fomepizole is not 
well defi ned. Some patients (i.e., huffers) with serum 
methanol concentrations exceeding 20   mg/dL following 
inhalation may respond to supportive care only.  34   The 
presence of visual abnormalities or persistent metabolic 

Draeger Safety UK Ltd., Blyth, Northumberland, UK) 
detect methanol at low concentrations, but the presence 
of methanol triggers the interfering compound alert. A 
simulated test of the inhalation of 0.019   mg methanol/L 
was associated with an 8% increase in the estimated 
breath ethanol concentration.  42

  TREATMENT 

  Stabilization 

 The most common serious complications of methanol 
poisoning are metabolic acidosis, visual changes, and 
CNS depression. Initial attention should be directed at 
evaluating and correcting any cardiopulmonary and 
acid – base abnormalities. Poor prognostic factors include 
severe metabolic acidosis and acidemia (pH    <    7.0), 
coma on admission, and  > 24 hours delay from exposure 
to admission.  43   Patients with an arterial pH    <    7.3 should 
receive intravenous (IV) sodium bicarbonate to correct 
the acidosis back to the normal range (7.35 – 7.45). Most 
patients presenting after intentionally abusing methanol -
 containing products respond well to supportive mea-
sures alone. Volatile substance abuse associated with 
methanol - containing products (i.e., huffi ng) rarely 
causes toxic methanol concentrations ( > 50   mg/dL) and 
metabolic acidosis (pH    <    7.2) requiring therapeutic 
interventions (sodium bicarbonate, ethanol infusion/
fomepizole, hemodialysis).  31,44

  Elimination Enhancement 

 Hemodialysis during methanol intoxication effectively 
removes formate and methanol, while correcting the 
metabolic acidosis associated with methanol poisoning. 
The mean clearance rate of methanol during this pro-
cedure is high (i.e.,  ∼ 125 – 215   mL/min).  45   Potential indi-
cations for hemodialysis in this setting include persistent 
metabolic acidosis ( < 7.25 – 7.30) or electrolyte imbalance 
unresponsive to conventional therapy, visual changes, 
renal failure, and deteriorating vital signs despite inten-
sive supportive care.  21   The use of fomepizole obviates 
the need for dialyzing high methanol concentration 
(> 50   mg/dL) unless the rapid elimination of methanol 
is necessary. In this situation, folate should be adminis-
tered and the acid – base status closely monitored. The 
typical dose of folate is 1   mg/kg/body weight, up to a 
total dose of 50   mg, administered intravenously over 
30 – 60 minutes in dextrose and water, every 4 – 6 hours 
until normalization of the acid – base status and the elim-
ination of methanol. The endpoint of dialysis is a metha-
nol concentration below 20   mg/dL and normalization of 
the acid – base status.  

TABLE 46.1.    American Academy of Clinical Toxicology Clinical 
Guidelines on Antidote Administration. 

   Criteria  

  Documented plasma methanol concentration  > 20   mg/dL 
(> 200   mg/L) 

        or

 Documented recent history of ingesting toxic amounts of 
methanol and osmolal gap > 10   mOsm/kg H 2 O  *   

        or

 History or strong clinical suspicion of methanol poisoning 
and  at least two of the following criteria: 

    A. Arterial pH    <    7.3 
    B. Serum bicarbonate  < 20   mEq/L(mmol/L) 
    C. Osmolal gap  > 10   mOsm/kg H 2 O  *    

    *   Laboratory analysis by freezing point depression method only.   
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acidosis is an indication for the treatment of these 
patients with fomepizole or ethanol, if fomepizole is 
unavailable.  

  Supplemental Care 

 Diagnostic testing for patients exposed to toxic concen-
trations of methanol include complete blood count, 
serum electrolytes and anion gap, urinalysis, arterial 
blood gases to assess acid – base status, serum calcium, 
serum lipase, serum amylase, serum creatinine, serum 
creatine kinase, serum osmolality, and serum ethanol. If 
available, serum methanol concentrations help guide 
management decisions regarding hemodialysis and the 
administration of fomepizole. Patients with elevated 
serum methanol concentrations should be followed for 
the development of persistent or worsening metabolic 
acidosis and visual symptoms. All patients should be 
evaluated with a funduscopic examination and visual 
acuity. The presence of neurologic signs including 
altered mental status indicates the need for CT or mag-
netic resonance imaging of the brain.       
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  Chapter 47 

   NAPHTHALENE 

           IDENTIFYING CHARACTERISTICS 

 Similar to  para  - dichlorobenzene ( p  - dichlorobenzene, 
1,4 - dichlorobenzene), naphthalene is a clear, colorless, 
lipid - soluble crystalline compound. Figure  47.1  displays 
the chemical structure of naphthalene. Placing a 
mothball in a water bath heated to 60 ° C (140 ° F) will 
separate naphthalene and p  - dichlorobenzene as a result 
of the melting of p  - dichlorobenzene (melting point, 
52.7 ° C/126.9 ° F); naphthalene melts at a higher tempera-
ture (melting point, 80.2 ° C/176.4 ° F) as displayed in 
Table  47.1 . In addition, the difference in densities 
between these 2 compounds allows separation. Camphor 
fl oats in water, whereas both  p  - dichlorobenzene and 
naphthalene sink. 1   However, naphthalene mothballs 
fl oat in a saturated solution of table salt, whereas  p  -
 dichlorobenzene - containing mothballs sink. Failure to 
stir the salt solution suffi ciently to produce a saturated 
salt solution may result in suspension the naphthalene 
mothballs in the solution, leading to false interpretation. 
A 50% dextrose solution is an alternative to the satu-
rated salt solution because of similar specifi c gravities.  2

The odor threshold of naphthalene is about 0.44   mg/m 3 . 
This compound is soluble in alcohol, benzene, acetone, 
and ether. Naphthalene is moderately volatile with low 
water solubility as demonstrated in Table  47.2 ; the affi n-
ity for lipid tissue is also moderate.      

  EXPOSURE 

 Distillation and fractionation of coal tar is the most 
common source of naphthalene; production of naphtha-
lene also results from the dealkylation of methyl 
naphthalenes.  3   The principal use of naphthalene is feed-
stock in the production of phthalic anhydride for the 
synthesis of phthalate plasticizers and resins, pharma-
ceuticals, insect repellents, and dyes. Other uses include 
the production of surface - active agents (naphthalene 
sulfonates), organic chemicals, carbaryl (1 - naphthyl -  N  -
 methylcarbamate), alkylated naphthalene solvents, and 
synthetic leather tanning agents. There are few data on 
the prevalence of the use of mothballs as a volatile 
substance of abuse, but abuse of mothballs is relatively 
rare. Naphthalene is a constituent of ambient air as a 
result of the combustion of wood and fossil fuels as well 
as cigarette smoking, particularly in urban areas.  

  DOSE EFFECT 

  Inhalation 

 The minimum risk level (MRL) for chronic exposure to 
naphthalene in air is 0.0007   ppm based on an uncer-
tainty factor of 300 and lowest - observed - adverse - effect 
level (LOAEL) of 10   ppm for hyperplasia of the nasal 
olfactory and respiratory epithelium in chronic rodent 
studies.  3   Exposure of rats to 60   ppm naphthalene (6   h/d, 
5   d/wk) for 2 years did not affect survival, when com-
pared with unexposed controls.  4   Approximately 300 – 500 
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fl ank pain, hemolysis, jaundice, and fever (41.6 ° C/106 ° F); 
she eventually recovered. The G - 6 - PDase status of the 
patient was not reported. A 19 - year - old woman devel-
oped hemolysis, anemia (7.5   g/dL) and methemoglo-
binemia (13%) after ingesting 12 mothballs containing 
naphthalene (percentage not reported).  9   Her hemog-
lobin electrophoresis suggested hemoglobin E  α  -
 thalassemia (glucose - 6 - phosphate dehydrogenase was 
present).   

  TOXICOKINETICS 

 There are few data on the toxicokinetics of naphthalene. 
The extensive biotransformation of naphthalene pro-
duces a variety of reactive and nonreactive metabolites 
including 1 - naphthol ( α  - naphthol), 2 - naphthol ( β  -
 naphthol), 1,4 - naphthoquinone ( α  - naphthoquinone), 
and 1,2 - naphthoquinone ( β  - naphthoquinone). Cyto-
chrome P450 isoenzymes catalyze the fi rst step in 
naphthalene metabolism by producing the reactive 
electrophilic arene epoxide intermediate, 1,2 -
 naphthalene oxide as demonstrated in Figure  47.2 . 
There are multiple CYP450 isoenzymes involved with 
the biotransformation of naphthalene.  In vitro  studies 
indicate that CYP2E1 enhances the conversion of naph-
thalene to 1 -  and 2 - naphthol; however, further metabo-
lism of 1 -  and 2 - naphthol requires other P450 
isoenzymes.  10   Based on  in vitro  and rodent studies, these 
isoenzymes include CYP1A1, CYP1A2, CYP1B1, 
CYP3A7, CYP3A5, CYP2F2, and CYP2B4.  11,12   These 
studies indicate that there are both gender and species 
differences in the metabolism of naphthalene.    

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Although naphthalene does not possess hemolytic 
properties, the naphthalene metabolite,  α  - naphthol can 
produce hemolysis, particularly in G - 6 - PDase - defi cient 
patients. Glucose - 6 - phosphate dehydrogenase defi cient 
patients have a diminished capacity to produce the 
NADPH necessary for the stability of the red cell mem-
brane. These patients are susceptible to increased red 

naphthalene - containing mothballs were distributed 
around an apartment; analysis of air samples from the 
apartment by gas chromatography with fl ame ionization 
detection demonstrated naphthalene concentrations of 
about 0.020   ppm.  5   The naphthalene concentration was 
potentially higher when the mothballs were initially dis-
tributed. Visitors to the apartment complained of head-
ache, nausea, and vomiting. Individuals with G - 6 - PDase 
defi ciency are substantially more susceptible to hemo-
lytic anemia following naphthalene exposure than indi-
viduals with normal G - 6 - PDase activity.  6    

  Ingestion 

 A case report associated the ingestion of 2 naphthalene 
mothballs by a 2 - year - old with the development of acute 
hemolytic anemia and slight jaundice.  7   The G - 6 - PDase 
status of the patient was not reported. A case report 
associated the intentional ingestion of 6   g naphthalene 
(estimate, 109   mg/kg) by a 16 - year - old girl with hemo-
lytic anemia.  8   She developed vertigo, abdominal and 

       FIGURE 47.1.     Chemical structure of naphthalene.  

  TABLE 47.1.    Distinguishing Physical Characteristics of Mothballs. 

   Physical Characteristic     Naphthalene      para  - Dichlorobenzene     Camphor  

  Water bath 
 60 ° C (140 ° F)  

  Solid    Liquid    Solid  

  Water bath 
 25 ° C (77 ° F)  

  Sinks  *      Sinks  *      Floats  

    *    p  - Dichlorobenzene is more dense than naphthalene. In a salt solution,  p  - dichlorobenzene sinks, whereas naphthalene fl oats.   

  TABLE 47.2.    Physical Characteristics of Naphthalene. 

   Physical Characteristic     Naphthalene  

  CAS Registry Number    91 - 20 - 3  
  Molecular Formula    C 10 H 8   
  Molecular Weight    128.16   g/mol  
  Density    1.16   g/cm 3  (20 ° C/68 ° F)  
  Conversion Factors    1   ppm    =    5.24   mg/m 3  

 1   mg/m 3     =    0.191   ppm  
  Melting Point    80.2 ° C (176.4 ° F)  
  Vapor Density     4.42 (Air    =    1)  
  Water Solubility    31   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    0.085   mm   Hg (25 ° C/77 ° F)  
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eral pleural effusions, pulmonary congestion, and renal 
tubular dilation and necrosis; however, no necrosis or 
perforation of the gastrointestinal tract was detected.  

  CLINICAL RESPONSE 

 There are limited data on the clinical effects of chroni-
cally inhaling vapors from mothballs; most of these data 
are case reports. Often, these reports rely on historical 
accounts of exposure, and do not contain documenta-
tion of the composition of the mothballs. The primary 
toxic effects of exposure to mothballs in these case 
reports are hepatic injury and hemolytic anemia, par-
ticularly in neonates with fetal hemoglobin or patients 
with G6PDase defi ciency or sickle cell anemia.  6   Clinical 
manifestations of naphthalene intoxication include 
nausea, vomiting, diarrhea, abdominal pain, headache, 
and dysuria. Clinical evidence of hemolysis typically 

cell hemolysis following exposure to oxidizing agents. 
Oxidation of iron in the heme results in the formation 
of Heinz bodies, and the formation of free radicals 
increases red cell membrane fragility and lysis. The 
destruction of red blood cells causes anemia, increased 
hematopoiesis (i.e., increased reticulocyte count), and 
increased bilirubin (jaundice). The exact role of naph-
thalene in causing hemolysis is unclear. Potential mech-
anisms include direct oxidation of hemoglobin and 
reduction of glutathione stores. The development of 
hemolysis following exposure to naphthalene is highly 
variable between species with hemolysis occurring in 
dogs, but not in rodents.  3   A 30 - year - old woman pre-
sented to the emergency department 2 days after the 
reported ingestion of 40 mothballs; she died 3 days 
later.  13   Antemortem cultures demonstrated peritonitis 
and Gram - negative sepsis. Postmortem examination 
demonstrated 25 intact mothballs in the stomach, bilat-

       FIGURE 47.2.     Proposed metabolic 
pathways of naphthalene.  3   CYP    =    cyto-
chrome P450 enzyme(s); GSH    =    reduced 
glutathione; SG    =    glutathione.  
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coupled with a diode array detector at 220   nm with 
confi rmation by GC/MS.  21   The limit of detection 
(LOD) and lower limit of quantitation (LLOQ) for 
naphthalene in honey using HPLC was 23 ppb 
(0.023    μ g/g honey) and 78   ppb (0.078    μ g/g), respec-
tively. Naphthalene metabolites are less lipophilic 
than the parent compound. Methods for the quantita-
tion of naphthalene metabolites ( α  - naphthol,  α  -
 naphthylglucuronide, and  β  - naphthylsulfate) include 
gas chromatography with fl ame ionization detection,  22

and liquid chromatography/electrospray mass spec-
trometry in selected ion monitoring mode.  23

  Biomarkers 

 Naphthalene is detectable in the blood of US citizens 
without known occupational exposure to naphthalene. 
1 - Naphthol, 2 - naphthol, and 1,4 - naphthoquinone 
appear in the urine as a result of the hydroxylation of 
naphthalene present in ambient air.  24   Following occupa-
tional exposure to naphthalene during the distillation of 
naphthalene oil, the range of 1 - naphthol concentration 
in end of work shift urine samples from these workers 
was 400 – 34,600   ng/mL.  25   The maximum excretion rate 
for 1 - naphthol occurs 1 hour after the end of exposure 
with a urinary elimination half - life of  ∼ 4 hours.  

  Abnormalities 

 Naphthalene mothballs are substantially less radi-
opaque than p  - dichlorobenzene mothballs. Other tests 
to distinguish p  - dichlorobenzene from naphthalene 
include the addition of chloroform along with a small 
amount of anhydrous aluminum chloride powder to the 
mothballs and heating a copper wire dipped in the 
mothball crystals.  26   In the former method, naphthalene 
produces an intense blue color immediately, whereas 
p  - dichlorobenzene produces no reaction. Both com-
pounds produce a fl eeting yellow - orange fl ame with the 
latter method, but within the next few seconds  p  -
 dichlorobenzene produces a brief, intense bright green 
fl ame. Naphthalene produces no color. Abnormalities 
associated with exposure to naphthalene include ele-
vated serum hepatic aminotransferases, hyperbilirubi-
nemia, electrolyte imbalance from fl uid loss, renal 
dysfunction, mild methemoglobinemia, and hemolytic 
anemia with Heinz bodies and schistocytes.  27

  TREATMENT 

 The primary risk following acute exposure to high 
doses of naphthalene is central nervous system (CNS) 
depression and suppression of the respiratory drive. 
Patients should be removed from further exposure; 

appears 1 – 3 days after exposure with weakness, fatigue, 
pallor, tachycardia, jaundice, and dyspnea. Hemolysis 
may persist up to ∼ 1 week.  9   A 26 - year - old polydrug user 
(alcohol, cocaine) presented for a preoperative visit 
with a history of inhaling vapors from mothballs daily 
for several years.  14   She had mild anemia, hypokalemia 
(2.6   mEq/L), and minimal elevation of her serum 
hepatic aminotransferases. Repeat testing 2 weeks after 
cessation of mothball use demonstrated a normal serum 
potassium and normal serum hepatic aminotransferases. 
This case report did not include the chemical composi-
tion of the mothballs or laboratory analysis for hemo-
lysis. Another case report describes a 54 - year - old woman 
with a long history of sniffi ng and chewing mothballs; 
she did not report the abuse of any other drugs.  15   She 
had multiple medical problems including insulin -
 dependent diabetes, chronic renal failure requiring 
hemodialysis, hypertension, and peripheral neuropathy 
(gait disturbance, hyporefl exia, symmetrical motor 
weakness with upper extremities    <    lower extremities). 
The chemical composition of the mothballs could not 
be determined; the causal role of chronic abuse of moth-
balls was unclear because of the presence of medical 
diseases capable of causing these abnormalities. A 
10 - year - old Native American boy developed nausea, 
vomiting, abdominal distention, and jaundice after a 
2 - month episode of sniffi ng naphthalene mothballs.  16

He died 6 months later with extensive centrilobular 
necrosis of the liver and no evidence of fi brosis or 
regenerative nodules. The International Agency for 
Research on Cancer (IARC) lists naphthalene as a pos-
sible human carcinogen (2B), whereas the US National 
Toxicology Program lists this compound as reasonably 
anticipated to be a carcinogen.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods to quantitate naphthalene in biologic materi-
als involve gas chromatography with fl ame ionization 
detection, gas chromatography with electron capture 
detection,17   and gas chromatography/mass spectrometry 
(GC/MS).18   The use of headspace capillary gas chroma-
tography with fl ame ionization detection allows the 
detection of naphthalene in whole blood and urine at 
concentrations of 50   ng/mL and 10   ng/mL, respec-
tively.  19   The interday precision for analysis of 5   mg 
naphthalene/L in these 2 media were < 3% and  < 5%, 
respectively. For the analysis of naphthalene in residues, 
analytic methods include gas chromatography after 
supercritical fl uid extraction, GC/MS combined with a 
purge and trap thermal desorption extraction,  20

and high performance liquid chromatography (HPLC) 



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

720

threshold of  p  - dichlorobenzene in liquids is about 0.01 –
 0.03   mg/L. Occupational surveys suggest that a faint 
odor appears at  p  - dichlorobenzene concentrations in 
ambient air from 15 – 30   ppm;  p  - dichlorobenzene con-
centrations in ambient air from 30 – 60   ppm produce a 
strong odor, whereas eye and nose irritation occurs at 
80 – 160   ppm.  29        

  EXPOSURE 

 The deodorizing and insecticidal properties of  p  -
 dichlorobenzene result in the use of this compound as 
a constituent of mothballs, toilet bowl, and diaper pail 
deodorizers. Mothballs are relatively pure compounds 
that are produced as fl akes, crystals, and round balls. 
 p  - Dichlorobenzene is now the primary constituent of 
mothballs because of the lower toxicity of this com-
pound compared with naphthalene. The treatment of 
parasitic infections was an antiquated use for  p  -
 dichlorobenzene.  30   The abuse of  p  - dichlorobenzene by 
the chronic inhalation of vapors is relatively rare.  

  DOSE EFFECT 

 There are few human data on the dose response of 
 p  - dichlorobenzene; the extrapolation of animal data 
from different species and strains is limited by sub-
stantial differences in the biotransformation of  p  -
 dichlorobenzene to reactive metabolites including ben-
zoquinone compounds. A serious adverse reaction 
following exposure to  p  - dichlorobenzene may occur in 
sensitive individuals (e.g., neonates with fetal hemoglo-
bin, G - 6 - PDase - defi cient patients).  

  TOXICOKINETICS 

 There are few quantitative data on the toxicokinetics of 
 p  - dichlorobenzene in humans. Limited pharmacoki-
netic studies suggest that the lungs rapidly absorb  p  -
 dichlorobenzene; rapid distribution into tissues occurs, 
particularly adipose tissues.  31   Analysis of blood samples 
from the general population indicate that this com-
pound is absorbed from the environment; in a study of 
1,000 adults living throughout the United States, 96% 
of the samples had detectable concentrations (LOD, 
1   ng/mL) of  p  - dichlorobenzene.  32   Biotransformation of 
 p  - dichlorobenzene primarily involves oxidation by 
CYP2E1 isoenzymes to 2,5 - dichlorophenol.  33,34   Rodent 
studies indicate that elimination occurs through urinary 
excretion of this metabolite as the sulfate (50 – 60%), 
glucuronide (20 – 30%), and the free form (5 – 10%) with 
minor metabolites accounting for the remaining 10%.  35   
These studies suggest that the biliary excretion of gluc-
uronide conjugates of 2,5 - dichlorophenol is relative 

contaminated skin should be washed thoroughly with 
soap and water after removal of contaminated clothing. 
Symptomatic patients should be monitored for respira-
tory depression and cardiac dysrhythmias. Patients with 
altered consciousness may require respiratory support 
(supplemental oxygen, assisted ventilation). There are 
no antidotes for naphthalene exposure. If hemolysis is 
suspected, a blood smear, urinalysis, and serum hepatic 
aminotransferases should be obtained. Asymptomatic 
patients may be discharged after 4 hours observation 
with repeat testing for hemolysis and liver dysfunction 
24 – 48 hours after discharge.      

   para  -
 DICHLOROBENZENE 

           IDENTIFYING CHARACTERISTICS 

 Figure  47.3  displays the chemical structure of  p  -
 dichlorobenzene. This compound is a lipophilic, volatile 
crystal with a characteristic odor.  p  - Dichlorobenzene is 
insoluble in water and soluble in diethyl ether. Table 
 47.3  lists some physiochemical properties of  p  -
 dichlorobenzene. Volatilization of  p  - dichlorobenzene 
varies with mothballs from different manufacturers 
depending on the specifi c formulation. In a study of 
Japanese mothballs, emission rates of  p  - dichlorobenzene 
from these mothballs ranged from 0.0033 – 0.035   g/h at 
25 ° C (77 ° F).  28   Even pure grade  p  - dichlorobenzene (i.e., 
 > 99.8%) may contain minor amounts of chlorobenzene, 
 o  - dichlorobenzene, and  m  - dichlorobenzene. The odor 

       FIGURE 47.3.     Chemical structure of  para  - dichlorobenzene.  

  TABLE 47.3.    Physical Characteristics of  p  - Dichlorobenzene. 

   Physical Characteristic      para  - Dichlorobenzene  

  CAS Registry Number    106 - 46 - 7  
  Molecular Formula    C 6 H 4 Cl 2   
  Molecular Weight     147.01   g/mol  
  Conversion    1   mg/m 3     =    6.01   ppm  
  Melting Point    52.7 ° C (126.9 ° F)  
  Density    1.46   g/cm 3  (20 ° C/68 ° F)  
  Vapor Density     5.07 (Air    =    1)  
  Water Solubility    81.3   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    1.74   mm   Hg (25 ° C/77 ° F)  
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reports is limited by poor exposure data and the pres-
ence of confounding factors. A case report associated 
the development of mental slowing, unsteady gait, 
urinary retention, cerebellar syndrome, and pyramidal 
signs with the inhaling of mothball ( p  - dichlorobenzene) 
vapors 10 minutes daily for the preceding 4 – 6 months.  41

The patient recovered within 6 months following the 
cessation of p  - dichlorobenzene abuse. She also had a 
1 - month history of an ichthyosis - like dermatosis on 
her lower extremities, elbows, and hands. In a similar 
case report, a 44 - year old man presented to an emer-
gency department with an atypical aromatic body 
odor; anorexia; cachexia; fl at affect; social withdrawal; 
hyperrefl exia; cogwheel rigidity in the lower extremities; 
and dry, scaly, ichthyotic skin.  42   He continued to deterio-
rate during the fi rst month of hospitalization with the 
development of clonus, upper extremity cogwheel 
rigidity, catatonia, and inadequate food intake. The 
family confi rmed that the patient ingested and inhaled 
vapors from p  - dichlorobenzene containing mothballs 
including the heating of these mothballs to increase 
vapor formation for at least 4 months prior to admis-
sion. The serum  p  - dichlorobenzene concentration  ∼ 1 
month after hospitalization was 1,200   ng/mL. The 
patient was transferred to a skilled nursing facility after 
3 months of hospitalization with slightly increased 
responsiveness. 

 Several other case reports associate the chronic inha-
lation of p  - dichlorobenzene - containing mothballs with 
ataxia, gait disturbances, rigidity, dystonia, bradykine-
sias, dementia, and mutism.  43,44   In some cases, the 
resumption of p  - dichlorobenzene abuse resulted in 
deterioration in the neurologic abnormalities of the 
patient.45   However, the presence of multiple confound-
ing factors (e.g., polysubstance abuse, psychiatric illness) 
and poor exposure data limit defi nitive conclusions 
regarding the causal connection between chronic p  -
 dichlorobenzene abuse and neurologic abnormalities. 
Chronic exposure to high doses of p  - dichlorobenzene 
for 6 years was associated with the development of 
severe cerebellar ataxia, dysarthria, moderate weakness, 
and hyporefl exia that mostly resolved 6 months after 
cessation of exposure.  46   The chronic ingestion of moth-
balls for 7 months by a 21 - year - old homeless woman 
was associated with the development of an acute cere-
bellar syndrome (ataxia, nystagmus) with stupor and a 
progressive encephalopathy.  47   Magnetic resonance 
imaging demonstrated a diffuse leukoencephalopathy 
with predominance in the periatrial deep white mater 
and the splenium. She developed diffuse cerebral 
atrophy, and required a percutaneous gastrostomy tube 
for nutrition. The patient had a history of heroin abuse. 
There are inadequate data to link chronic exposure to 
p  - dichlorobenzene with cataracts.  29

minor at low doses, but biliary excretion increases with 
increasing dose. There are substantial species differ-
ences in the biotransformation of p  - dichlorobenzene to 
reactive metabolites with this conversion being least in 
human microsomes and greatest in mice; rats were 
intermediate in conversion rates as refl ected in the 
variable carcinogenic response of this species to 
p  - dichlorobenzene.  36

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The mechanisms of toxicity of  p  - dichlorobenzene or 
naphthalene exposures in rare cases of the hemolytic 
anemia are likely similar. The clinical fi nding of Heinz -
 body formation in red blood cells and methemoglobin-
emia during hemolytic anemia suggest the presence of 
oxidative stress; however, the exact mechanism causing 
these abnormalities is unclear. Potentially, oxidative 
metabolites of p  - dichlorobenzene may inhibit glucose -
 6 - phosphate dehydrogenase (G6PD), resulting in the 
production of hemolysis, methemoglobinemia, and 
Heinz bodies.  

  CLINICAL RESPONSE 

  Hemolytic Anemia 

 Rare case reports associate hemolytic anemia with the 
ingestion or chronic inhalation of vapors from p  -
 dichlorobenzene - containing mothballs; symptoms from 
hemolysis are often delayed several days.  37,38   Three days 
after the ingestion of an unknown amount of p  -
 dichlorobenzene, a 19 - month - old boy presented to an 
emergency department with tachycardia, anemia (hemo-
globin, 6.4   g/dL), mild methemoglobinemia (2.5%), 
and jaundice (total bilirubin, 12.0   mg/dL).  39   He was 
transfused with 150   mL packed cells; subsequent to dis-
charge, he was asymptomatic. A newborn required a 
blood transfusion for a Coombs - negative hemolytic 
anemia after the mother inhaled the vapors from 
mothballs during her pregnancy.  40   The erythrocyte 
glucose - 6 - phosphate dehydrogenase activity for the 
child was 1.4 units/g hemoglobin compared with 2.8 
units/g hemoglobin for the mother. Twenty days later 
the mother was admitted for a blood transfusion (hema-
tocrit, 23%).  

  Central Nervous System 

 Several case reports associated chronic exposure to  p  -
 dichlorobenzene with neurologic abnormalities (e.g., 
leukoencephalopathy with gait disturbances and brady-
kinesias), but determination of causation in these case 



PART 1 SYNTHETIC and SEMISYNTHETIC CHEMICALS

722

an urban area (i.e., Osaka), 2,5 - dichlorophenol 
was detectable in 99% of the urine samples as measured 
by gas chromatography with electron capture 
detection (LOD, 20   ng/mL).  56   The median urinary 
2.5 - dichlorophenol concentration was 0.39   mg/g creati-
nine with a maximum concentration of 3.32   mg/g 
creatinine.  

  Abnormalities 

p  - Dichlorobenzene mothballs are strongly radiopaque. 
In a study of 10 commercial products of solid mothballs, 
deodorizers, and bathroom cleaners containing 99 –
 100%  p  - dichlorobenzene and 0.5% cetrimonium 
bromide, all 10 substances were strongly radiopaque 
(5/5) in air overlaid by plexiglas.  57   Case reports associate 
the chronic inhalation of mothball vapors with anemia, 
hypokalemia, hyponatremia, and mild elevation of 
serum hepatic aminotransferases that resolves within a 
few weeks after cessation of abuse.  58

  TREATMENT 

 The treatment of both  p  - dichlorobenzene and naphtha-
lene exposure is primarily supportive. The primary 
risk following acute exposure to high doses of p  -
 dichlorobenzene is CNS depression and suppression of 
the respiratory drive. Patients should be removed from 
further exposure, and contaminated skin should be 
washed thoroughly with soap and water after removal 
of contaminated clothing. Symptomatic patients should 
be monitored for respiratory depression and cardiac 
dysrhythmias. Patients with altered consciousness 
may require respiratory support (supplemental oxygen, 
assisted ventilation). There are no antidotes for  p  -
 dichlorobenzene exposure.      
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  Chapter 48 

               HISTORY 

 Reports of glue sniffi ng were rare before 1960.  1   Glue 
sniffi ng became a popular method of volatile substance 
abuse in the 1960s, when the practice of inhaling fumes 
from glue and nail - polish remover became popular 
among American and Canadian teenagers.  2

  IDENTIFYING CHARACTERISTICS 

 Toluene is a clear, colorless, moderately volatile, fl am-
mable liquid.  3   Table  48.1  outlines the physicochemical 
characteristics of toluene. Pure toluene has a sweet, 
pungent aromatic odor detectable at a concentration 
near 0.8   ppm, whereas the odor threshold for a mixture 
containing 46% toluene along with other short - chained 
alkanes and cycloalkanes was approximately 2.5   ppm.  4

 Figure  48.1  displays the chemical structure of toluene. 
The composition of a liquid mixture containing toluene 
does not usually match the vapor concentration above 
the liquid because of differences in vapor pressures. 
Analysis of a glue used for sniffi ng contained 82.5% 
toluene and 6.6% methanol; however, the vapor phase 
above the liquid contained 3,067   ppm toluene and 
12,350   ppm methanol.  5

  EXPOSURE 

 Toluene is one of the most commonly abused volatile 
substances. Often, toluene is the exclusive volatile sub-
stance of abuse. Toluene is an excellent solvent for 
paints, lacquers, thinners, coatings, and glues; this chemi-
cal is a component of glues, paints, lacquer, and varnish 

as well as a pure commercial solvent. Toluene is part of 
the production process for polyurethanes, nylon, plastic 
bottles, pharmaceutics, nail polish, dyes, and synthetic 
chemicals. Desired effects of toluene abuse include mild 
euphoria, excitation, delusions, and distorted perception 
of space and images.  6   Toluene is a constituent of many 
abused glues, particularly in older case reports; however, 
the toluene content varies substantially with different 
glues. Glue sniffi ng typically involves the inhaling of 
vapors from a glue - soaked rag held to the nose, a glue -
 containing bag held to the mouth, or from glue heated 
in a pan.  1

  DOSE EFFECT 

 There are few data on the effects of exposure to toluene 
concentrations associated with volatile substance abuse. 
A case report associated chronic inhalation of toluene 
vapors at work with episodes of headache, inappropri-
ate speech, transient memory loss, and loss of conscious-
ness; however, there were no documented abnormalities 
of heart, liver, or kidney function.  7   Exposure to an esti-
mated 600 – 800   ppm toluene causes confusion, altered 
auditory and visual perception, loss of inhibitions, and 
poor coordination; estimated toluene exposures in 
chronic toluene abusers may attain 5,000   ppm.  8,9   Acute 
exposure of animals to toluene produces rapid excit-
atory effects at moderate concentrations and depressant 
effects at high concentrations. In mice, motor activity 
increased following acute exposure to 560   ppm toluene; 
decreased activity occurred following acute exposure to 
3,000   ppm toluene.  10   Brief exposure to high concentra-
tions of toluene also limits the ability of animals to 

TOLUENE       
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  TOXICOKINETICS 

  Absorption 

 The average relative uptake of toluene from alveolar air 
is rapid, ranging from approximately 40 – 60% depend-
ing on several factors (e.g., ventilation rate, fat distribu-
tion).  15   Following exposure of 12 healthy male volunteers 
to about 80   ppm toluene, the uptake of toluene aver-
aged approximately 50% of the inspired amount at 
rest.  16   Arterial blood contains detectable amounts of 
toluene within 10 seconds of airborne exposure to 
toluene.  17   In 5 incarcerated toluene abusers, the peak 
whole blood toluene concentrations occurred about 20 
minutes after cessation of toluene use.  18    

  Distribution 

 Adipose tissue and bone marrow provide depots for 
toluene; the storage of toluene in fat accounts for the 
long terminal elimination half - life.  

  Biotransformation 

 The cytochrome P450 isoenzymes catalyze the oxida-
tion of most (i.e.,  ∼ 80%) of absorbed toluene to benzyl 
alcohol via side - chain oxidation of the methyl group.  19   
In studies of rats, the metabolism of toluene involves at 
least 6 cytochrome P450 isoenzymes (CYP1A1/2, 
CYP2A1, CYP2B1/2, CYP2C6, CYP2C11, CYP2E1).  20   
 In vitro  studies using human liver microsomes indicate 
that CYP2E1 is the major isoenzyme involved with the 
methyl hydroxylation of toluene to form benzyl alcohol; 
whereas CYP1A2 catalyzes the formation of minor phe-
nolic metabolites.  21   Alcohol and aldehyde dehydroge-
nases oxidize benzyl alcohol to benzoic acid. Conjugation 
of benzoic acid with glycine produces hippuric acid, 
which the kidneys subsequently excrete in the urine. 
 ortho  - ,  meta  - , and  para  - cresols are minor metabolites of 
toluene metabolism. The kidney excretes these minor 
metabolites as conjugated cresols. Figure  48.2  outlines 
the metabolism of toluene.    

  Elimination 

 The lungs excrete about 7 – 14% of an absorbed dose of 
toluene unchanged following exposure to about 80   ppm 
toluene for 2 hours.  16   In a study of workers exposed to 
50   ppm toluene for 2 hours, the mean excretion of 
toluene in exhaled air was 13    ±    6.2%.  22   Hippuric acid in 
the urine accounted for 75    ±    6.4% of the total toluene 
dose. The kidney excretes minimal amounts of unchanged 
toluene in the urine. The elimination of toluene follow-
ing inhalation has a rapid initial distribution phase, an 

perform conditioned neuromuscular responses. The 
exposure of monkeys to 2,000   ppm toluene for  < 1 hour 
increased response time and reduced the accuracy of 
the response to conditioned stimulus, but there were no 
overt neurological signs (e.g., ataxia, tremor).  11   Recovery 
from the effects of toluene is also rapid, although 
there is some tissue accumulation following repeated 
high - dose exposures. Following exposure of mice to 
12,000   ppm toluene for 5 minutes, the results of uncon-
ditioned performance and refl ex testing returned to 
normal by 10 minutes after cessation of exposure.  12   
However, a cycle of 5 exposures to the same concentra-
tion of toluene separated by 30 minutes of fresh air 
caused abnormalities on these tests until 60 minutes 
after the cessation of toluene exposure. 

 Characteristic white matter changes associated with 
toluene abuse include atrophy, loss of gray matter - 
white matter boundaries, and callosal thinning.  13   These 
changes are typically symmetrical and occur after 5 – 7 
years of inhalant abuse. In a series of 24 toluene abusers 
(mean age 23    ±    4.4 years) admitted to a Canadian drug -
 treatment unit, 11 patients had cerebellar abnormalities 
on neurologic examination.  14   The estimated mean daily 
dose of toluene for this cohort was 425    ±    366   mg toluene 
for 6.3    ±    3.9 years.  

  TABLE 48.1.    Physicochemical Characteristics of Toluene. 

   Physical Characteristic     Data  

  CAS Registry Number    108 - 88 - 3  
  Chemical Formula    C 6 H 5 CH 3   
  Molecular Weight    92.1   g/mol  
  Boiling Point    110.6 ° C (231.1 ° F)  
  Density    0.8669   g/mL (20 ° C/68 ° F)  
  Water Solubility    534.8   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    28.4   mm Hg (25 ° C/77 ° F) 

 59.3   mm Hg (40 ° C/104 ° F) 
 291.5   mm Hg (80 ° C/176 ° F)  

  Odor Threshold      
     Water    0.04 – 1   ppm  
     Air    8   ppm  

       FIGURE 48.1.     Chemical structure of toluene.  
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rapidly crosses the placenta and distributes into fetal 
tissue depending on gestational age.  25   Toluene persists 
in the fetus at least 24 hours after exposure.  

  Tolerance 

 Tolerance to the neurobehavioral changes does not 
usually develop in animals following repeated exposure 
to toluene.  26   Case reports suggest that tolerance to the 
effects of inhaling toluene vapors during glue sniffi ng 
may develop within 3 months after weekly toluene 
abuse.  8,27   In a study of young, glue - sniffi ng adolescents 
admitted to a pediatric psychiatric service, some patients 
reported using up to 25 tubes of glue daily.  28   Toluene is 
a major constituent of glues in older case reports of 
volatile substance abuse; however, there is substantial 
variation in the chemical content of vapors from differ-
ent glues.  

  Drug Interactions 

 Although induction of P450 isoenzymes is unlikely at 
toluene concentrations commonly present in the work-
place, enzyme induction may occur in a toluene abuser.  29   
Experimental studies suggest that metabolic interaction 
may occur between toluene, trichloroethylene, and 
ethanol as a result of alteration of CYP2E1 isoenzymes 
that oxidize these compounds;  30   however, the clinical 
signifi cance of these potential interactions is undefi ned. 
The administration of moderate doses of ethanol about 
1 hour after exposure to toluene near the Swedish occu-
pational limit increased the peak toluene concentration 
in blood about 33%.  31   The ethanol concentrations with 
and without toluene exposure were not signifi cantly 
different.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

  Central Nervous System 

  In vitro  studies suggest that toluene alters neuronal 
excitation by producing compensatory responses in the 
functional expression of ion channels. In a study of 
primary cultures of rat hippocampal neurons, toluene 
inhibited NMDA - mediated currents (IC 50 , 1.5   mM) in a 
dose - dependent relationship, whereas the non - NMDA 
agonist kainic acid had no effect on GABA - mediated 
currents.  32   Pathologic changes reported in case studies 
of toluene abuse include 1) diffuse atrophy of the cer-
ebellum, brainstem, and cerebrum, and ventricular dila-
tion and widening of sulci in the affected areas; 2) 

intermediate phase, and a slow phase involving the 
elimination of a relatively small portion of the initial 
dose from fat stores. The elimination half - lives of toluene 
from the blood in a small study of incarcerated toluene 
abusers ranged from about 35 – 54 minutes during the 
fi rst hour after cessation of toluene use to 80 – 110 
minutes during the second hour after toluene inhala-
tion.  18   Following exposure of 2 workers to concentra-
tions of a toluene - containing solvent mixture that was 
suffi cient to produce coma, the elimination half - life of 
toluene from the blood of these 2 workers was approxi-
mately 17 hours and 27 hours.  23   In a cross - sectional 
study of 37 male printers exposed to toluene, the toluene 
elimination from venous blood followed a 3 - compartment 
model with the terminal median elimination toluene 
half - time being 90 hours (range, 50 – 324 hours).  24   The 
estimated median percentage of toluene elimination for 
the slow component was about 17% (range, 3 – 26%) 
compared with 42% (range, 22 – 63%) for the intermedi-
ate phase. The median time to reduce the plasma toluene 
concentrations by 50% during the fast and intermediate 
components were 9 minutes and 2 hours, respectively.  

  Maternal and Fetal Kinetics 

 Toluene readily crosses the placenta. Rodent studies 
suggest that about 10% of an inhaled dose of toluene 

       FIGURE 48.2.     Toluene metabolism.   22     
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resolve within a few hours after toluene exposure 
ceases.  40,41

  Renal System 

 The renal tubule is the primary site of injury to the 
kidneys following volatile substance abuse of toluene 
and toluene - containing products. Most toluene abusers 
with renal dysfunction have a reversible, distal renal 
tubular acidosis that results from impaired hydrogen 
ion secretion in the distal renal tubule.  42   The metabolic 
abnormalities associated with renal tubular acidosis 
depend on the affected portion of the renal tubule (i.e., 
proximal or distal). Diseases associated with proximal 
renal tubular acidosis include nephrotic syndrome and 
the use of acetazolamide, whereas renal transplants and 
lithium therapy are associated with distal renal tubular 
acidosis. The proximal tubule is the main site for bicar-
bonate absorption. Impaired hydrogen ion secretion at 
this level limits the resorption of bicarbonate and 
increases the excretion of bicarbonate in the urine. The 
proximal tubule absorbs the decreased fi ltered load of 
bicarbonate, and excessive bicarbonate is not present in 
the distal renal tubule. However, decreased hydrogen 
ion secretion in the distal tubule impairs the regenera-
tion of bicarbonate.  

 Animal studies indicate that toluene decreases 
proton conductance in the active transport pathway 
without affecting the force of the proton pump or back -
 diffusion of hydrogen ions.  43   Reduced urinary ammo-
nium and titratable acid limits net acid excretion and 
progressive acidosis develops when net acid excretion 
decreases below the fi xed acid production of the body. 
Impaired sodium - hydrogen exchange in the distal neph-
rons causes sodium depletion, secondary hyperaldoste-
ronism, and potassium wasting. These changes result in 
the combination of hypokalemia, dehydration, and aci-
dosis. Overproduction of hippuric acid from the metab-
olism of large toluene doses may contribute to the 
formation of the wide anion gap metabolic acidosis by 
the accumulation of hippurate and the enhancement of 
sodium excretion with a corresponding decrease in the 
glomerular fi ltration rate.  44   Table  48.2  lists the labora-
tory abnormalities that aid in the diagnosis of proximal 
and distal renal tubular acidosis.     

  Postmortem Examination 

 A chronic toluene abuser died of acute toluene intoxica-
tion; postmortem examination demonstrated diffuse, 
ill - defi ned myelin pallor in the brain that was maximal 
in cerebellar, periventricular, and deep cerebral white 
matter.  45   Neurons were preserved with no axonal swell-
ing or beading; gliosis was minimal. Occasional, scant 

demyelination of white matter; 3) degeneration and 
gliosis of ascending and descending long - tracts; and 4) 
ill - defi ned myelin pallor and discoloration of the white 
matter.  33   Neuroimaging and neuropsychologic studies 
of chronic toluene misuse indicate that toluene abuse 
preferentially affects regions of the brain in a lipid -
 dependent distribution.  34   These changes are relatively 
greater in the periventricular and subcortical (e.g., thal-
amus, basal ganglia) than in cortical areas; abnormalities 
in white matter regions are greater than gray matter 
regions. 

 Analysis of the brains of toluene abusers by proton 
magnetic resonance spectroscopy suggests that the 
white matter changes result from axonal damage and 
gliosis with secondary demyelination rather than 
direct neuronal damage and primary demyelination.  35

Characteristic white matter changes include atrophy, 
loss of gray matter – white matter boundaries, and cal-
losal thinning.  13   Case reports of encephalopathic chronic 
toluene abusers document the reduction in presynaptic 
dopamine D 2  receptor density as measured by dopa-
mine transporter scans.  36

  Cardiovascular System 

 Although cardiac dysrhythmias are a suspected cause of 
some fatalities associated with toluene abuse and sudden 
death, there is a lack of convincing evidence in animals 
that toluene causes direct cardiac effects. In a study 
of 25 dogs breathing lethal toluene concentrations 
(30,000   ppm) from a plastic bag attached to their endo-
tracheal tube, respiratory movements continued twice 
as long as death by suffocation using a plastic bag of 
the same size; there were no terminal respirations.  37

Transient dysrhythmias with fl uctuations in blood pres-
sure were observed in a few animals including ventricu-
lar fi brillation, but these dysrhythmias were associated 
with the terminal changes of hypoxia in the electrocar-
diogram (e.g., depressed ST segment, inverted T wave, 
widening of the QRS, reduction of the R wave). The 
authors concluded that most cases of sudden death 
during toluene abuse result from severe hypoxia sec-
ondary to toluene narcosis; however, they suggested 
that fatal ventricular fi brillation might occur in sensi-
tized individuals. No serious cardiac dysrhythmias 
developed in 2 workers found stuporous after exposure to 
high toluene ambient air concentrations ( > 7,000   mg/m 3 ).  38

The administration of toluene in near lethal concentra-
tions (66,276   ppm for 30 minutes) was devoid of 
un toward electrocardiographic effect in chloralose - 
anesthetized rat.  39   Both animal studies and case reports 
suggest that high toluene concentrations may cause sup-
pression of cardiac conduction (sinus bradycardia, atrio-
ventricular block); however, these dysrhythmias typically 
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reports associate cerebellar damage, tremor, and ataxia 
with toluene abuse.  50   In a series of 24 toluene abusers 
(mean age 23    ±    4.4 years) admitted to a Canadian drug 
treatment unit, 11 patients had cerebellar abnormalities 
on neurologic examination.  14   The severity of the cere-
bellar signs correlated to the evidence of volume loss in 
the cerebellum as measured by a computed tomography 
(CT) scan. There is little evidence that toluene abuse 
causes peripheral or cranial nerve pathology.  51   A case 
report associated a history of chronic, heavy abuse of 
toluene - containing glue with a multiple sclerosis - like 
syndrome.  52   A 31 - year - old man developed progressive 
incoordination, lower limb weakness, paresthesias, dip-
lopia, urinary incontinence, and diffuse hyperintensities 
of cerebral white matter on T2 - weighted magnetic reso-
nance images (MRIs) that improved with abstinence. 
During one of his relapses, an acute encephalopathy 
appeared that also improved after cessation of glue 
sniffi ng. 

 Type I (distal) renal tubular acidosis is a recognized 
complication of toluene abuse.  53   Symptoms include 
nausea, vomiting, muscle weakness, and altered mental 
status. Rhabdomyolysis and myoglobinuria may occur 
along with severe hypokalemia and hypophosphatemia. 
Quadriparesis and respiratory failure may occur as a 
result of severe hypokalemia.  54   The renal tubular acido-
sis and hypokalemia associated with toluene abuse may 
mimic familial periodic paralysis. Other renal abnor-
malities associated with toluene abuse include Fanconi ’ s 
syndrome. Rarely, case reports associate the develop-
ment of ureteral calculi with toluene abuse and distal 
renal tubular acidosis.  42   Hepatotoxicity is not usually 
associated with toluene abuse. 

 Case reports associate chronic toluene abuse with 
dilated cardiomyopathy without coronary artery 
disease,  55   myocardial infarction with ventricular fi brilla-
tion,56   and recurrent non - Q - wave myocardial infarc-
tion.57   However, the contribution of toluene abuse to 
the morbidity and mortality associated with these case 
reports is unclear because of the confounding factors 
(e.g., ethanol abuse, preexisting congestive heart failure, 
strong family history of cardiac disease) present in 
these patients along with the poor documentation of 
exposure.  

  Abstinence Syndrome 

 Sleep disturbances, irritability, tremor, and nausea may 
occur within 2 – 5 days after cessation of toluene abuse.  58

However, case reports of withdrawal following the ces-
sation of the inhalation of toluene are rare despite the 
continued chronic abuse of toluene by patients with 
serious neurologic and psychiatric abnormalities.  59   A 
13 - year - old boy reported that his 2 - year history of glue 

perivascular macrophages were present. Postmortem 
examination of toluene abusers may demonstrate the 
smell of volatile substance; a red, scaly perioral rash, 
and/or paranasal rash; but typically the examination 
detects only congestion of the organs (e.g., lungs, brain).  46

  CLINICAL RESPONSE 

  Illicit Use 

 Toluene produces an initial excitatory phase followed 
by central nervous system (CNS) depression similar to 
the ingestion of ethanol. Desirable effects of the delib-
erate inhalation of toluene include exhilaration, eupho-
ria, disinhibition, and lack of coordination. Other effects 
associated with the inhalation of toluene include the 
sensation that time passes quickly, auditory and visual 
hallucination, illusions, and delusional ideas.  47   Adverse 
effects include malodorous breath, excessive oral 
secretions with frequent expectoration, slurred speech, 
tinnitus, dizziness, impaired judgement, lethargy, gastro-
intestinal irritation, cough, sneezing, depression, fear, 
and dangerous delusions (swimming, fl ying). The effects 
of toluene inhalation typically resolve within about 
30 – 45 minutes after inhalation ceases. A 14 - year - old girl 
was brought to the emergency department with confu-
sion, disorientation, and agitation after inhaling toluene 
daily for at least 5 days.  48   These symptoms resolved 
within 3 hours, but she complained of headache, weak-
ness, and dizziness.  

  Complications 

 In a case series of 20 patients with chronic volatile sub-
stance abuse (primarily toluene) for over 2 years, 13 of 
these patients had neurologic abnormalities when 
examined at least 4 weeks after the cessation of use.  49

These adverse neurologic effects included cognitive 
(60%), pyramidal (50%), cerebellar (45%), and 
brainstem/cranial nerve (25%) abnormalities. Case 

TABLE 48.2.    Diagnostic Features of Proximal and Distal 
Renal Tubular Acidosis.    42

   Laboratory Values     Proximal     Distal  

  Serum Bicarbonate  > 15   mEq/L     < 15   mEq/L  
  Serum Chloride    High    High  
  Serum Potassium    Normal to low    Normal to Low  
  Anion Gap    Normal    Normal  
  Urine pH 

(Morning)
  May be  < 6.0     > 6.0  

  Bicarbonate 
Requirement

  High    Low  
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0.10   mg/L, respectively.  73   Interference may occur with 
some substances (e.g., paraldehyde,  n  - propanol, degra-
dation products of fatty acids including hexenol). 
Methods to overcome this interference in the detection 
of toluene in headspace analysis include the conversion 
of toluene to benzoic acid via the formation of benzo-
trichloride and subsequent detection of the trimethylsi-
lyl derivatives with GC/MS.  74   Scanning electron 
microscopy of lung tissue from patients chronically 
inhaling paint may reveal particles of inorganic paint 
pigments, and dispersive x - ray spectral analysis of 
these particles confi rms the presence of pigments (e.g., 
titanium).46

  Storage 

 Substantial loss of toluene may occur during storage, 
even if stored in tightly sealed containers. Following 
storage of toluene standards in blood containing 
2.16   mg/L in glass headspace vials, no signifi cant toluene 
losses (i.e.,  < 5%) occurred during storage at room, 
refrigeration, or freezing temperatures for the fi rst 
week; however, a 19.48 - mg/L standard lost 26%, 16%, 
and 24%, respectively, at these storage temperatures. At 
2 weeks, the losses of these 2 standards increased to 
40 – 45% at room temperature (24 ° C/75 ° F) and 35 – 40% 
at freezing temperature ( − 18 ° C/0 ° F).  75   After 4 years of 
storage, the losses were 90 – 95% at room temperature 
and 83 – 91% during refrigeration; therefore, toluene was 
still detectable in blood samples stored 4 years under 
refrigeration if the initial concentration exceeded 
0.40   mg/L. The blood toluene concentrations in frozen 
samples were not analyzed during this period. 

 Samples should be stored in gas - tight, well - sealed, 
inert containers with minimal headspace; transfers of 
blood should occur under refrigerated conditions with 
the number of transfers minimized.  76   Examples of suit-
able containers include glass tubes fi tted with a screw -
 topped cap, a metal foil liner, and an anticoagulant (e.g., 
EDTA). The tube should be fi lled up as much as pos-
sible with blood to eliminate a large gap between the 
cap and the blood in the container. Soft rubber tubes 
are highly permeable to toluene.  77   Tefl on bags are 
unsuitable for the storage of breath samples for the 
detection of toluene as 1 study documented the loss of 
87% of the toluene content over 9 days.  18   Long - term 
storage at temperatures below − 5 ° C (23 ° F) should be 
avoided because of the formation of n  - hexenol from the 
degradation of fatty acids at these temperatures.  70   The 
production of n  - hexanal interferes with the analysis of 
low concentrations of toluene. False - positive results for 
toluene and other aromatic hydrocarbons (ethyl 
benzene, xylene) may potentially result from the use of 
tubes containing gel separators manufactured with aro-

sniffi ng required progressively larger amounts of glue 
(i.e., up to 1 pint adhesive/4   h).  60   When hospitalized, he 
complained of abdominal cramps, myalgias, fatigue, and 
nausea beginning 36 hours after admission. These symp-
toms resolved after 5 days as the same symptoms had 
during a previous episode of abstinence. Withdrawal 
from the abuse of thinner containing toluene was associ-
ated with irritability, agitation, anxiety, irritability, cogni-
tive impairment, tremor, vertigo, nausea, anorexia, 
insomnia, and paresthesias; however, these case reports 
do not include analysis of the thinner or confi rmation 
of other drug use.  61,62

  Reproductive Abnormalities 

 The risk of developmental delay, growth retardation, 
preterm delivery, and perinatal death increases in infants 
born to mothers abusing inhalants.  63   Renal tubular aci-
dosis may occur in pregnant mothers or in premature 
infants born to mothers chronically abusing toluene.  64

In a case series of 5 infants born to women abusing 
toluene during their pregnancy, 3 infants had growth 
retardation, 2 infants had hyperchloremic metabolic aci-
dosis, and 2 had congenital anomalies.  65   Case reports 
associate self - reported toluene abuse with the develop-
ment of phenotypic facial abnormalities, behavioral 
abnormalities, and growth defi cits in children born to 
mothers without self - reported ethanol abuse.  66,67   These 
abnormalities are similar to those of the fetal alcohol 
syndrome and include growth defi cits, microcephaly, 
attentional impairments, developmental delays (e.g., 
language), and minor craniofacial and limb defects 
(small midface, short palpebral fi ssures, low - set ears, 
narrow bifrontal diameter, micrognathia, blunted fi n-
gertips, small fi ngernails).  68,69   The causal role of toluene 
in these congenital and behavioral abnormalities is dif-
fi cult to determine from case reports based on self -
 reports and the lack of control of confounding factors.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Techniques 

 Analytic methods for the quantitation of toluene in bio-
logic samples includes headspace gas chromatography 
with fl ame ionization detection or split fl ame ionization/
electron capture detection,  70,71   gas chromatography 
with Fourier transform infrared detection, and gas 
chromatography/mass spectrometry (GC/MS).  72   The 
limit of detection (LOD) and lower limit of quantitation 
(LLOQ) of toluene in blood samples using gas chroma-
tography with fl ame ionization detection were 0.030 and 



48 TOLUENE

731

cessation of inhalation ranged from 9.8 – 31.2   mg/L.  18   At 
the time of the sampling, these habitual toluene abusers 
demonstrated clinical features of moderate intoxication 
(slurred speech, poor coordination, impaired concentra-
tion). Substantial tolerance may develop following the 
chronic abuse of toluene. In a convenience sample of 62 
homeless adolescents from a shelter that provided 
housing only from 7 pm  to 7  am  each day, all admitted 
to volatile substance abuse and 57 of 62 adolescents had 
detectable toluene concentrations in their blood (sample 
time not specifi ed). The blood toluene concentrations 
ranged from the LOD (0.5   mg/L) to 83.7   mg/L (median, 
15.3   mg/L) as measured by gas chromatography with 
fl ame ionization detection.  83   Although most of these 
adolescents displayed signs of intoxication (restlessness, 
drowsiness, poor focus), this study did not report clinical 
features of severe toluene intoxication despite high 
blood toluene concentrations. 

 The postmortem blood toluene concentration as mea-
sured by headspace gas chromatography exceeded 
5   mg/L in 22 of 25 deaths attributed to toluene.  82   In a case 
series of 33 suspected toluene - containing glue sniffers 
based on clinical history or evidence found at the death 
scene, the range of the toluene concentration in postmor-
tem blood from suicidal individuals dying of trauma was 
1 – 38   mg/L.  70   The postmortem toluene concentration in 
samples from individuals dying of drowning ranged from 
1.7 – 54   mg/L, whereas the postmortem toluene concen-
tration in 2 cases of hanging was 8.1   mg/L and 25   mg/L.  

  Urine 

 A 14 - year - old girl presented to the emergency depart-
ment after inhaling toluene daily for 5 days.  48   Four hours 
after presentation, she was alert and cooperative with 
headache and dizziness. The urinary hippuric acid at 
that time was 93.9   g/g creatinine. A 32 - year - old man was 
admitted twice for chronic abuse of toluene - containing 
glue. The initial urinary hippuric acid concentrations at 
each admission were 24,400   mg/L and 21,800   mg/L.  5

Hippuric acid is a metabolite of toluene, and the con-
centration of hippuric acid in urine is a biomarker of 
toluene exposure in environmental and occupational 
settings.  84   However, hippuric acid is a metabolic product 
of some dietary components (e.g., benzoate preserva-
tives, prunes, cranberries, plums, black tea); therefore, 
the presence of hippuric acid in the urine is not specifi c 
for toluene exposure. Hippuric acid concentrations up 
to 1.5   g/g creatinine may occur as a result of dietary 
exposure, but high concentrations of hippuric acid in the 
urine indicate toluene abuse. In a study of homeless 
adolescents in Brazil, urine hippuric acid concentrations 
exceeding 3   g/g creatinine was associated with inten-
tional toluene exposure.  83   This cutoff had a sensitivity 

matic hydrocarbons.  78   Xylene and ethylbenzene may 
contaminate some containers (e.g., Sarstedt Monovette 
serum gel blood - collection tubes; Sarstedt, Numbrecht, 
Germany) as a result of the leaching of these com-
pounds from the tubes. Other sources of positive bias 
include contamination of butyl rubber materials used in 
sample preparation consumables (e.g., Vacutainer stop-
pers, syringe plungers, sample vial septa).  79

  Biomarkers 

 Toluene is detectable in saliva after experimental and 
occupational exposure to toluene in ambient air. In a 
study of 36 synthetic leather industry workers exposed 
to approximately 5 – 7   mg/m 3  as a time - weighted average 
(TWA), the geometric mean toluene concentration 
in their saliva was 0.00096   mg/L (range, 0.00012 –
 0.00549   mg/L) as measured by GC/MS.  80

  Blood 

 Toluene is detectable in the blood of non - occupationally 
exposed members of the general US population. In a 
convenience sample of 982 participants from the Third 
National Health and Nutrition Examination Survey 
(NHANES III), the median toluene concentration in 
blood samples from this group was 0.00028   mg/L 
(0.28   ppb) with an 95 th  percentile of 0.0015   mg/L 
(1.5   ppb).  81   Toluene is a component of cigarette smoke 
and only about one - half of this group were nonsmokers 
(current smoking status not reported).  

 Blood toluene concentrations do not correlate well 
to clinical effects because of the rapid distribution of 
toluene into the tissues and the rapid toluene elimina-
tion from the body. In general, the blood toluene con-
centration increases as the severity of toluene 
intoxication increases. Two amnesic workers were found 
at the bottom of a small swimming pool after using 
toluene to remove excess glue from tiles; they were 
stuporous and unable to walk, but their vital signs were 
normal.38   The estimated toluene concentration in their 
ambient air was > 7,000   mg/m 3 . Ninety minutes after the 
exposure ceased, the blood toluene concentrations were 
4.1   mg/L and 2.2   mg/L as measured by headspace gas 
chromatography with fl ame ionization detection. Within 
1 – 2 hours, they became fully alert and ambulatory; they 
were discharged from the emergency department 5 
hours after exposure ceased. In a case series of 110 
patients referred to a poison control center for volatile 
substance abuse, 10 patients with blood toluene concen-
trations exceeding 10   mg/L were either asymptomatic 
or mildly intoxicated (headache, drowsiness, nausea, 
vomiting).82   In a study of 6 habitual toluene abusers, the 
blood toluene concentrations about 20 minutes after 
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coordination, sustained attention, and executive abili-
ties (e.g., working memory).  86,87

 A study of 55 volatile substance abusers (mean age 
30.1    ±    8.0 years with a mean duration of abuse of 
10.7    ±    8.2 years) and 61 chronic drug users (mean age 
29.4    ±    6.1 years with cocaine being the drug of choice 
for 47% of these drug abusers) indicated that both 
groups scored below the population mean on most neu-
ropsychologic measures.  88   The volatile substance abuse 
group performed particularly poorly on measures of 
working memory and executive cognitive functions 
when compared to the other drug abuse group. There 
was no clear dose - response relationship between cumu-
lative dose of volatile substances and abnormalities on 
neuropsychologic tests. MRI data from this study dem-
onstrated a high prevalence of abnormalities in both the 
inhalant group (44% abnormal) and the control drug 
group (25.5% abnormal). These abnormalities occurred 
in the basal ganglia, cerebellum, pons, and thalami of 
both groups, albeit higher in the inhalant group.  

  Imaging Studies 

 Conventional MRI typically demonstrates multifocal 
white matter T2 hyperintensities and brain atrophy in 
the subcortical and periventricular white matter, inter-
nal capsule, brainstem, cerebellum, and upper cervical 
cord. Less common MRI abnormalities associated with 
toluene abuse involve prominent T2 hypointensities in 
the gray matter of the cortex and cerebellum including 
the basal ganglia, red and dentate nuclei, substantia 
nigra, and thalamus.  89,90   In MRI scans, chronic severe 
toluene abuse is associated with increased cerebellar, 
basal cistern, and cerebral sulci along with periventricu-
lar white matter signal hyperintensity on T2 - weighted 
MR images.  91   In a study of 25 chronic solvent abusers 
with a mean age of 22.1    ±    4.3 years and mean duration 
of abuse of 7.5    ±    3.9 years, 10 patients had hyperintensi-
ties in cerebral white mater, brainstem, and cerebellum 
on T2 - weighted MR images.  92   The main substance of 
abuse in 88% of these patients was toluene, occasionally 
with lacquer thinner and glues. Of these abusers, 9 also 
had hypointensities in the thalami. However, regression 
analysis did not demonstrate a statistically signifi cant 
correlation between atrophy indices and duration of 
volatile substance abuse. Single photon - emission com-
puted tomography (SPECT) may demonstrate hypo -
 hyperperfusion foci and nonhomogeneous uptake of 
radiopharmaceuticals in the brain.  93

  Blood 

 Multiple metabolic abnormalities may occur following 
chronic toluene abuse. These metabolic disturbances 

of ∼ 98% and specifi city of 100%, and was below the 
urine hippuric acid concentrations following occupa-
tional exposure to 200   ppm (i.e., 4 times the current 
occupational limit for toluene in the work environ-
ment). The urine concentration of hippuric acid may be 
< 1   g/g creatinine despite the presences of substantial 
amounts of toluene in the blood.  82

  Abnormalities 

  Neuropsychologic Testing 

 Presently, there is limited evidence that toluene abuse 
causes specifi c or persistent psychiatric or neuropsycho-
logic testing defi cits. In general, neuropsychologic tests 
are highly sensitive, but the specifi city of these tests is 
poor, particularly without premorbid data. Evaluation 
of the performance of chronic volatile substance abusers 
on these tests is complicated by small sample sizes, inad-
equate controls, abuse of multiple drugs and several 
volatile substances, poor history, residual effects of 
acute intoxication, and confounding factors (age, educa-
tional history, socioeconomic status, psychiatric disor-
ders, poor motivation, delinquency, learning and reading 
defi cits, comorbid mental disorders). A high percentage 
of chronic toluene abusers have impaired performance 
on neuropsychologic testing relative to the general pop-
ulation, but there are few data on the premorbid base-
line of these patients prior to the onset of volatile 
substance abuse. Within a cohort of 25 chronic solvent 
abusers, the patients with white matter changes had a 
statistically lower performance IQ (but not the verbal 
IQ) on the Wechsler Adult Intelligence Scale revised 
compared with other members of the group, particularly 
in the Digit Symbol Test (sustained attention, response 
speed, visuomotor coordination).  92   This latter test is less 
affected by intellectual level and educational back-
ground than most WAIS - R tests. There were no data on 
the premorbid intelligence of this group. 

 The presence of abnormalities on neurologic exami-
nation of chronic volatile substance abusers is often, 
but not always, associated with impaired perform-
ance on neuropsychologic testing including decreased 
IQ (verbal    >    performance) compared with population 
norms, impaired attention/concentration, defi cits in 
short - term memory, and poor insight and judgment.  34

These neuropsychologic defi cits are consistent with the 
white matter pathology detected by MRI. Although 
earlier studies suggested that toluene did not cause neu-
ropsychologic impairment following mostly experimen-
tal use,  85   later studies of more heavily exposed, older 
adolescents suggests signifi cant impairments in cogni-
tive functioning including speed of information pro-
cessing, visuospatial reasoning, learning, psychomotor 
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arrested for volatile substance abuse was 10.8    ±    3.9   mg/L 
(median, 2.4   mg/L; range, 0.2 – 74.7   mg/L).  102

  TREATMENT 

  Stabilization 

 The primary risk following severe acute exposure to 
high doses of toluene is CNS depression and suppres-
sion of the respiratory drive. Severe hypokalemia and 
profound muscle weakness may result from chronic 
toluene abuse. Patients should be removed from further 
toluene exposure; contaminated skin should be washed 
thoroughly with soap and water after removal of con-
taminated clothing. Other decontamination measures 
are usually unnecessary. Symptomatic patients should 
be monitored for respiratory depression and cardiac 
dysrhythmias. Patients with altered consciousness may 
require respiratory support (supplemental oxygen, 
assisted ventilation). There are no antidotes for toluene 
exposure.  

  Supportive Care 

 The treatment of medical abnormalities associated with 
toluene abuse is supportive. As a result of the rapid 
initial elimination of toluene, resolution of CNS symp-
toms typically occurs within a few hours. Failure of these 
symptoms to improve within several hours after toluene 
exposure ceases suggests the presence of other pathol-
ogy. Correction of renal abnormalities associated with 
chronic toluene abuse may require longer therapy with 
most patients responding to fl uid and electrolyte 
replacement within a few days. Blood from these 
patients should be analyzed for electrolyte (hypokale-
mia, hypophosphatemia, hypocalcemia) and acid - base 
disturbances as well as rhabdomyolysis. Patients with a 
history of chronic toluene abuse should be referred for 
psychiatric care to encourage abstinence. There is no 
specifi c treatment for chronic toluene exposure.       
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  Chapter 49 

               IDENTIFYING CHARACTERISTICS 

 1,1,1 - Trichloroethane (CAS RN: 71 - 55 - 6, methylchloro-
form; TCA) is a colorless, pleasant smelling liquid with 
a molecular weight of 1.336   g/mol and a boiling point of 
71.1 ° C (160 ° F). The viscosity of this liquid at 20 ° C 
(68 ° F) is 0.858   mPa - sec. The vapor pressure at room 
temperature is 127   mm Hg; the concentration of TCA 
in ambient air at saturation is 160,000   ppm. The odor 
threshold of TCA is about 100   ppm; the smell becomes 
unpleasant at 1,500 – 2,000   ppm.  1   This highly volatile, 
nonfl ammable compound is only slightly soluble in 
water, but TCA is highly miscible in organic solvents 
(e.g., carbon tetrachloride, carbon disulfi de, chloroform, 
acetone, methanol, benzene). Trichloroethane is a halo-
genated aliphatic hydrocarbon as displayed in Figure 
 49.1 . 1,1,2 - Trichloroethane (CAS RN: 79 - 00 - 5) is an 
isomer of TCA.   

 Stabilizers are added to both technical and solvent 
grades of TCA at concentrations of 3 – 8% to prevent 
the corrosion of aluminum and aluminum alloys. 
These stabilizers include nitromethane, nitroethane, 
butanols, isobutyl alcohol, methyl ethyl ketone, diiso-
propylamine, 1,4 - dioxane, butylene oxide, 1,3 - dioxolane, 
toluene, and  n  - methylpyrrole.  2   Minor impurities in 
1,1,1 - trichloroethane include 1,1 - dichloroethane and 
1,1,2 - trichloroethane.  

  EXPOSURE 

  Sources 

 1,1,1 - Trichloroethane is a volatile, chlorinated solvent 
that is used primarily as an industrial degreaser and 

consumer spot remover. Previously, typewriter correc-
tion fl uid (e.g., Wite - Out ™ ) contained trichloroethane 
and trichloroethylene up to about 50 – 60% of the 
product. In 1984, mustard oil was added to typewriter 
correction fl uid in the United States to discourage the 
inhalation of vapors from these products. Mustard oil 
(allyl isothiocyanate) has an unpleasant smell and irri-
tates the mucous membrane and gastrointestinal epithe-
lium; however, as the abuse continued, trichloroethylene 
and later trichloroethane were removed from these 
products. Now petroleum distillates have replaced the 
chlorinated hydrocarbons in many of these products. 
Trichloroethane previously was a solvent in cosmetics.  

  Methods of Abuse 

 Similar to most volatile substances of abuse, trichloro-
ethane is usually sniffed directly from the container, 
placed on a rag and inhaled as the rag is placed over the 
nose and mouth, or placed in a container from which 
the vapors are inhaled. Typically, the euphoria is com-
pared with the ingestion of large amounts of ethanol. 
Repeat inhalations are necessary to maintain the desired 
effects because the euphoria resolves in about 15 – 30 
minutes and the  “ pleasant ”  drowsiness by 15 – 60 
minutes.  3

  DOSE EFFECT 

 Mild acute overexposure (500 – 1,500   ppm) produces 
inebriation, headache, weakness, lightheadedness, and 
irritability, whereas exposure to higher levels (1,500 –
 5,000   ppm TCA) causes slurred speech, loss of coordi-
nation, giddiness, confusion, lethargy, and disequilibrium. 

TRICHLOROETHANE
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Abnormalities of the Romberg Test appear in suscep-
tible individuals following exposure to about 900   ppm.  4   
Table  49.1  lists the estimated physiologic response to 
specifi c TCA concentrations. The clinical effects of air-
borne exposures to TCA are both concentration and 
time dependent. Induction of anesthesia develops within 
2 minutes following exposure to a concentration of 
10,000 – 26,000   ppm, and recovery begins within 3 – 5 
minutes after exposure ceases.  5      

  TOXICOKINETICS 

  Absorption 

 In volunteers, the lungs absorb approximately 25% of 
the inhaled dose of 1,1,1 - trichloroethane (TCA) follow-
ing exposure to 300   ppm TCA for 6 hours.  6   Similarly, 
the lungs retain approximately 26 – 32% following expo-
sure to 213   ppm TCA over 8 hours.  7   The skin is a good 
barrier to the uptake of TCA vapors; percutaneous 
absorption of TCA through undamaged, nonoccluded 
human skin probably is insignifi cant based on experi-
mental studies and pharmacokinetic modeling.  8   Data 
are limited on the gastrointestinal (GI) absorption of 

       FIGURE 49.1.      C hemical structure of 1,1,1 - trichloroethane.  

  TABLE 49.1.    Estimated Effects of Single Exposure to the Vapors of 1,1,1 - Trichloroethane.     4     

   Exposure Time (min)     Air Concentration (ppm)     Expected Human Effect  

  5    2,000    Disturbance of equilibrium. Odor is unpleasant but tolerable (H)  
  5,000    Pronounced loss of coordination (R)  

  10,000    Defi nite incoordination (R,M)  
  20,000    Complete incoordination and helplessness (R)  

  15    1,000    Possible beginning loss of equilibrium (H)  
  2,000    Loss of equilibrium (H)  

  10,000    Pronounced loss of coordination (R)  
  30    1,000    Mild eye and nasal discomfort; possible slight loss of equilibrium (H)  

  2,000    Loss of equilibrium (H)  
  5,000    Incoordination (R,M)  

  10,000    Pronounced loss of coordination (R)  
  60    100    Apparent odor threshold (H)  

  500    No detectable effect, but odor is obvious (R,H)  
  1,000    Very slight loss of equilibrium (H)  
  2,000    Loss of coordination (H)  
  5,000    Obvious loss of coordination (R,M)  

  10,000    Pronounced loss of coordination (R)  
  20,000    Surgical anesthesia, possible death (R)  

    Note.  H    =    Expected effects are based on human data; M    =    expected effects based on data from monkeys; R    =    expected effects based on data 
from rats.   

TCA. The high oral LD 50  (i.e., approximately 10   gm/kg 
TCA body weight) and the absence of reported data on 
systemic toxicity following ingestion of TCA suggest 
that GI absorption of this chemical may not be substan-
tial; however, data are insuffi cient to reach defi nitive 
conclusions.  

  Distribution 

 The high lipid/blood partition coeffi cient of TCA indi-
cates that TCA distributes relatively more to organs 
with the highest fat concentrations. Postmortem concen-
trations document high TCA concentrations in the fat, 
brain, and blood. Absorbed TCA has the potential to 
cross both the blood – brain and placental barriers.  

  Biotransformation 

 TCA is a relatively stable molecule; humans metabolize 
only small amounts (i.e.,  < 7%) of TCA, primarily via the 
cytochrome P450 pathway. The major metabolite is 
2,2,2 - trichloroethanol, which is also a product of the 
metabolism of tetrachloroethylene, chloral hydrate, and 
trichloroethylene. The glucuronide conjugate of trichlo-
roethanol (urochloralic acid) appears in the urine fol-
lowing exposure to TCA. The other signifi cant metabolite 
is trichloroacetic acid. The metabolism of TCA is satu-
rable; the ratio of trichloroethanol glucuronide and tri-
chloroacetic acid increases above 2:1 as the TCA 
exposure increases.  9    
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studies indicate that trichloroethane reversibly enhances 
γ  - aminobutyric acid (GABA) A  and  α1  glycine receptor -
 mediated synaptic currents, thereby increasing the 
inhibitory effects of GABA similar to inhaled anesthet-
ics.  15,16   Additionally, these studies suggest that trichloro-
ethane also enhances serotonin - 3 A  receptor (5 - HT 3A ) 
function.17   Rodent studies using opioid and nicotinic 
antagonists/agonists suggest the lack of involvement of 
the μ  - opioid and central nicotinic receptors in the dis-
criminative stimulus effects of TCA misuse.  18   In these 
rodent studies, the effects of TCA on these receptors 
are similar to trichloroethylene, toluene, enfl urane, and 
sevofl urane.  19

  Mechanism of Toxicity 

 Acute exposure to a high dose of 1,1,1 - trichloroethane 
(TCA) produces CNS excitation (1,250 – 2,500   ppm)  20

and then CNS depression ( > 5,000 – 10,000   ppm); most 
deaths probably result from this depression and the 
subsequent hypoxia. There are multiple potential causes 
of death in individuals dying suddenly after inhaling 
vapors of products containing trichloroethane including 
asphyxia, aspiration of gastric contents, hypoxia, and 
cardiac dysrhythmias. Although strenuous exercise fre-
quently precedes sudden death, the question of whether 
strenuous activity contributes to sudden death or is a 
consequence of central nervous stimulation or hypoxia 
remains unresolved.  

  Postmortem Examination 

 The autopsies of individuals dying suddenly after tri-
chloroethane abuse demonstrate nonspecifi c fi ndings 
including signs of asphyxia (pleural petechiae, subcon-
junctival hemorrhage/petechiae), irritation of the 
airways and conjunctiva, congestion of the viscera 
(brain, lungs), and aspiration of food.  21,22   Histologic 
examination of the heart from a 14 year old, who died 
shortly after sniffi ng Liquid Paper ™  correction fl uid 
(composition not reported), demonstrated degenerative 
changes including swollen and ruptured myofi brils, 
interfi brillary edema, and a wavy, fi brillar pattern.  23

Although congestion of the liver and kidney may be 
prominent, acute damage to these organs is not usually 
present on postmortem examination of cases of sudden 
death associated with TCA.  24   Rarely, autopsies of cases 
of sudden death demonstrate severe cerebral edema. A 
15 - year - old adolescent complained of diplopia and hal-
lucinations after apparently sniffi ng typewriter correc-
tion fl uid (Tipp - Ex  ®  , composition not reported).  25   He 
collapsed and resuscitation was unsuccessful. The 
autopsy demonstrated severe cerebral edema with 
marked tonsillar herniation and uncal grooving.   

  Elimination 

 The lungs excrete  > 90% of an absorbed TCA dose 
unchanged in expired air following exposure 200   ppm 
TCA.  7   The relatively low blood/air partition coeffi cient 
of TCA compared with other solvents produces rela-
tively slow distribution into tissues, resulting in the rapid 
elimination of TCA by the lungs.  10   The estimated elimi-
nation half - life of TCA follows a 3 - compartment model: 
1) 44 minutes for highly vascular tissue, 2) 5.7 hours for 
muscle tissue, and 3) 53 hours for poorly vascularized 
tissue (e.g., fat). Urinary excretion of TCA metabolites 
is slow (i.e., days). The kidneys excrete approximately 
4.2% of an absorbed dose of TCA as trichloroethanol 
and approximately 1.8% of the dose as trichloroacetic 
acid.7   Following exposure of human volunteers to 
350   ppm TCA for 6 hours,  < 1% of the absorbed TCA 
dose remained in the body after 9 days.  6

  Tolerance 

 Tolerance to the effects of TCA occurs in some, but not 
all animal studies, depending in part on the exposure 
scenario.  11   These animal studies indicate that tolerance 
develops to some of the effects of TCA, whereas pro-
longed exposure to TCA causes sensitization to other 
effects. Following exposure of mice to TCA (0, 2,000, 
6,000, 10,000, 13,300   ppm) 30 minutes daily for 15 days, 
tolerance developed to measures of forelimb grip 
strength, number of rears, and inverted screen tests; sen-
sitization occurred to measures of locomotor activity. 
The development of tolerance was independent of dose.  

  Drug Interactions 

 Although pretreatment of rodents with ethanol may 
induce metabolic enzymes, the elimination rate in 
ethanol - pretreated and control rats (no ethanol) is 
similar following exposure to trichloroethane concen-
tration up to 500   ppm for 6 hours.  12   Additionally, pre-
treatment of mice with isopropanol or acetone does not 
affect the serum alanine aminotransferase concentra-
tion in mice exposed to trichloroethane following injec-
tion of 1.5   mL TCA/kg or exposure to 15,000   ppm TCA 
for 2 hours.  13,14

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Trichloroethane affects ligand - gated ion channels, par-
ticularly the glutamate and GABA A  receptor super-
families, similar to trichloroethylene.  In vitro  animal 
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  Abstinence Syndrome 

 Animal studies suggest that TCA has the potential to 
produce physical dependence similar to other CNS 
depressant drugs. Following 4 days of continuous expo-
sure to TCA (500 – 2,000   ppm), cessation of TCA expo-
sure caused a withdrawal syndrome characterized by 
increased susceptibility to seizures.  33   Reexposure to 
TCA attenuated the severity of these seizures, as did 
exposure to toluene or ethanol. However, there are 
inadequate data in humans to conclude that an absti-
nence syndrome occurs in volatile substance abusers 
using TCA.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques for the quantitation of trichloroethane and 
metabolites in biologic samples include headspace gas 
chromatography,  34   capillary gas chromatography with 
electron capture detection,  35   and dynamic headspace 
with gas chromatography/mass spectrometry.  36   The 
coeffi cients of variation for the latter method were 
below 3.5%, and the lower limit of quantitation (LLOQ) 
was 0.0008   mg/L. Other methods for the detection of 
TCA and trichloroethanol were spectrophotometric 
methods based on the Fujiwara reaction,  37   but these 
older methods have low sensitivity and specifi city.  

  Biomarkers 

 1,1,1 - Trichloroethane is detectable in the blood of non -
 occupationally exposed members of the general US 
population. In a convenience sample of 982 volunteers 
from the Third National Health and Nutrition 
Examination Survey (NHANES III), the median TCA 
concentration in whole blood samples from this group 
was 0.00013   mg/L (0.13   ppb) with an upper 95% confi -
dence limit of 0.0008   mg/L (0.80   ppb).  38   Following 
exposure of volunteers to 600   ppm TCA for 1 hour, the 
TCA concentration in blood from these volunteers 
averaged 3 – 4   mg/L; the blood TCA concentration 
decreased to < 1   mg/L within 25 minutes after cessation 
of exposure.  39   In blood samples, asymptomatic volun-
teers had TCA concentrations of 7 – 10   mg/L following 
approximately 1 - hour exposure to 950   ppm TCA.  40

Thirty minutes after exposure, no TCA was detectable 
in the blood. 

 The postmortem trichloroethane concentration must 
be interpreted cautiously because of a variety of factors 
including the following: 1) potential losses during the 
postmortem interval and during collection and storage 

  CLINICAL RESPONSE 

  Illicit Use 

 The clinical effects of trichloroethane are similar to 
other volatile substances of abuse and include initial 
excitement, disinhibition, and euphoria followed by 
CNS depression. Nausea and vomiting are frequent 
complications of TCA miuse; other adverse effects 
include ataxia, slurred speech, hallucination, agitation, 
and delirium.  26   Exposure to high TCA concentrations 
produces a rapid onset of CNS depression. Symptoms 
include dizziness, headache, fatigue, and lethargy. These 
symptoms may progress to stupor, apnea, coma, or 
death.27   The abuse of trichloroethane has not been asso-
ciated with hepatic or renal damage.  

  Fatalities 

 Numerous case reports associate sudden death with 
TCA and trichloroethylene misuse shortly before 
their collapse.  28,29   Often, these individuals become agi-
tated and exercise strenuously (e.g., run) prior to 
death.30   Many of these case reports involve the misuse 
of typewriter correction fl uid that contains both 
trichloroethylene and trichloroethane. Although many 
of the cases involve asphyxia and aspiration of stomach 
contents, some document the presence of ventricular 
fi brillation. A 12 - year - old girl collapsed shortly after 
inhaling the vapors from a container of typewriter 
correction fl uid thinner containing trichloroethane.  31

Bystander cardiopulmonary resuscitation was initiated 
immediately by a nearby physician, and an ambulance 
arrived within 2 minutes. The initial rhythm was 
coarse ventricular fi brillation, which converted to 
normal sinus rhythm with a single 200   J shock. She was 
extubated in the emergency department after awaken-
ing; recovery occurred without sequelae. Although 
most of these case reports are not associated with 
myocardial injury, rare case reports associate the devel-
opment of myocardial injury with the misuse of 
products containing trichloroethane. A 15 - year - old 
adolescent collapsed 15 minutes after inhaling Liquid 
Paper ™  (composition not reported).  32   The initial rhythm 
8 – 10 minutes after collapse was coarse ventricular 
fi brillation that converted to sinus rhythm after 2 
countershocks. Serial electrocardiograms were consis-
tent with anteroseptal subendocardial injury and 
the echocardiogram revealed a small area of hypok-
inesis in the distal interventricular septum. He was 
discharged 4 days after admission with no further 
complications.  
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exposed to high concentrations of TCA should receive 
a chest x - ray, electrocardiogram, and measurement of 
serum creatinine and hepatic aminotransferases. There 
are no recognized methods to enhance the elimination 
of TCA.      
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  Chapter 50 

               HISTORY 

 Fisher synthesized trichloroethylene (TCE) in 1864; this 
substance has a long history of use as an industrial 
solvent until recent times when other solvents replaced 
TCE. Lehman fi rst reported the narcotic properties of 
TCE in 1911; Jackson fi rst used TCE as an anesthetic in 
1933. In the early 1940s, the use of impure TCE in a 
closed circuit with soda lime for obstetric anesthesia was 
associated with the development of cranial nerve palsies, 
primarily trigeminal hypoesthesias, as a result of the 
formation of a decomposition product (dichloroacety-
lene).1   In 1977, the US Food and Drug Administration 
banned the use of TCE as a food and drug - extraction 
solvent because of an increased incidence of hepatocel-
lular cancers in rodents gavaged with high TCE doses. 
Other prohibited uses included the administration of 
TCE as a general anesthetic, surgical disinfectant, pet 
food additive, and an extractant of caffeine.  

  IDENTIFYING CHARACTERISTICS 

 TCE is a colorless liquid at room temperature with a 
fruity odor reminiscent of chloroform. The odor thresh-
old in air is approximately 20 – 80   ppm with clear warning 
properties present at TCE concentrations above 
100   ppm.  2,3   This compound has a sweet, burning taste. 
TCE is slightly water soluble, but most common organic 
solvents easily dissolve TCE. Table  50.1  lists the some 
physical properties of TCE.   

 The formation of the toxic contaminant, dichloro-
acetylene, resulted from the use of trichloroethylene 
(TCE) as an anesthetic in a closed system with alkali 
absorbers and as a cleaning solvent in submarines and 

space capsules. Dichloroacetylene may also form as a 
result of the use of TCE solvents on moist alkaline 
materials (e.g., concrete).  4   Symptoms of contamination 
by dichloroacetylene include a sickening sweet sour 
smell, nasal irritation, anorexia, malaise, vomiting, head-
ache, pruritus, and the development of cold sores.  5   The 
onset of trigeminal neuralgias and facial herpes has 
been associated with the formation of dichloroacetylene 
during trichloroethylene anesthesia.  6,7

  EXPOSURE 

  Sources 

 As an excellent solvent for greases, waxes, tars, and oils, 
TCE has been used primarily as a cleaning and extract-
ing agent in the automotive, metal, and textile process-
ing industries.  8   Consumer products containing TCE 
include spot removers, paint strippers, typewriter cor-
rection fl uids, adhesives, and cleaning fl uids; however, 
the use of TCE in these products has been declining. 
Previously typewriter correction fl uid (e.g., Wite - Out ™ ) 
contained trichloroethane and trichloroethylene at con-
centrations up to about 50 – 60% of the product. The 
malodorous compound, mustard oil (allyl isothiocya-
nate) was once added to typewriter correction fl uid; 
however, this constituent was later removed along with 
TCE and trichloroethane.  

  Methods of Abuse 

 The abuse of TCE is frequently part of a pattern of 
polydrug use that includes the abuse of alcohol and 
other available volatile substances (e.g., ethyl chloride, 

TRICHLOROETHYLENE
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exposure, and tidal volume. Based on sampling of blood 
and expired air over 44 hours, 6 healthy volunteers 
exhaled a mean of approximately 22% of the absorbed 
dose following exposure to 100   ppm TCE over 4 hours.  15

Although the absolute quantity absorbed increases with 
increasing ventilation, most absorption of TCE follow-
ing inhalation occurs over the fi rst few minutes as a 
result of the relatively high blood/air partition coeffi -
cient (i.e., about 10).  

  Distribution 

 TCE disappears from the plasma as a result of rapid 
distribution and metabolism.  16   Because of high lipid 
solubility (oil/blood partition coeffi cient of approxi-
mately 750), accumulation of TCE occurs in organs con-
taining adipose tissue. Animal studies indicate that body 
fat, adrenals, ovaries, and blood cellular components 
accumulate the greatest portion of TCE.  17

  Biotransformation 

 There are two major pathways of TCE metabolism: 
cytochrome P450 - dependent oxidation and conjugation 
with glutathione. The former pathway is the higher 
affi nity route, whereas the latter becomes more impor-
tant following exposure to high TCE concentrations. 
Metabolism occurs primarily in the liver in the presence 
of cytochrome P450 isoenzymes (e.g., CYP2E1),  18

although other potential sites of metabolism include the 
lung and kidney. The mixed function oxidase system 
converts TCE to an epoxide, which subsequently rear-
ranges to trichloroacetaldehyde and then chloral 
hydrate as displayed in Figure  50.1 . The other potential 
toxins in this pathway include dichloroacetyl chloride 
and dichloroacetic acid. The latter metabolite forms in 
animals primarily following exposure to high TCE 
doses. TCE can also undergo conjugation with glutathi-
one by the catalytic action of glutathione -  S  transferase 
to form S  - (1,2 - dichlorovinyl)glutathione, and subse-
quently to the cysteine conjugate [ S  - (1,2 - dichlorovinyl) -
l  - cysteine, DCVC] by  γ  - glutamyltransferase (GGT). 
Potentially, nephrotoxic metabolites form from the gen-
eration of reactive metabolites by the catalytic action of 
cysteine conjugate  β  - lyase on DCVC.  19   The cysteine 
conjugate, DCVC, also undergoes detoxifi cation by 
N  - acetylation to yield mercapturates. Although TCE 
metabolism in humans and animals is similar, there are 
substantial quantitative differences in TCE metabolism 
as a result of sex - , species - , and strain - dependent differ-
ences in various enzymes that metabolism TCE.  20,21

Comparatively, the metabolic rate in humans is slowest 
with the trichloroethanol/trichloroacetic acid ratio 
greatest in rabbits and smallest in humans.  22

ether).9   Addiction to TCE occurs rarely in the work-
place following occupational exposure to TCE. 10   These 
workers may continue to abuse TCE at their home for 
the soporifi c and hallucinogenic properties.  11   Methods 
of abuse include sniffi ng and huffi ng as well as the inges-
tion of TCE.  12   Young abusers pour 20 drops to 15   mL 
of trichloroethylene on a cloth or handkerchief and 
inhale the vapors.  13   Most of the addicts describe a pleas-
ant warm feeling, disengagement, relaxation, sleepiness, 
and euphoria similar to ethanol.   

  DOSE EFFECT 

 Human volunteer studies indicate that TCE exposure 
from 300 – 500   ppm for  > 3 hours causes decrements in 
manual dexterity.  14   At 1,000   ppm TCE, eye and upper 
respiratory tract irritation appears along with lighthead-
edness after 6 minutes of exposure. Drowsiness, leth-
argy, and nausea develop at concentrations of 2,000   ppm 
TCE after 5 minutes of exposure. Concentrations of 
5,000   ppm TCE produce light anesthesia, while concen-
trations of 20,000   ppm TCE cause much deeper anes-
thesia in the clinical setting. The minimum alveolar 
concentration (MAC) of TCE necessary for the fi rst 
plane of surgical anesthesia is 0.17%. Case reports indi-
cate that chronic abusers of trichloroethylene may 
consume 120 – 180   mL trichloroethylene daily.  9

  TOXICOKINETICS 

  Absorption 

 Trichloroethylene is well - absorbed through the lungs 
and gastrointestinal tract, while dermal absorption 
appears minimal. The pulmonary retention of TCE fol-
lowing inhalation ranges from approximately 20 – 70% 
depending upon airborne concentration, duration of 

TABLE 50.1.    Some Physical Properties of Trichloroethene 
( TCE ). 

   Physical Characteristic     Value  

  Density    1.47   g/mL (20 ° C/68 ° F)  
  Solubility, Water    1.366   g/L (25 ° C/77 ° F)  
  Boiling Point    87.6 ° C (189.7 ° F/760   mm Hg)  
  Viscosity    0.58   cP (20 ° C/68 ° F)  
  Vapor Pressure    74   mm Hg (25 ° C/77 ° F) 

 59   mm Hg (20 ° C/68 ° F)  
  Surface Tension    26.4   dyn/cm (20 ° C/68 ° F)  
  Vapor Density    4.54 (Air    =    1)  
  Saturated Air    102,000   ppm TCE (25 ° C/77 ° F)  
  Density, Saturated Air    1.35 (Air    =    1)  
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tic acid excretion. Michaelis - Menten kinetics (i.e., linear 
at low doses and dose - dependent at high doses) is prob-
ably the best model for TCE elimination; this model 
accounts for the differences in the half - life and elimina-
tion pattern of metabolites that occur in TCE metabo-
lism between volunteer studies and TCE - intoxicated 
patients.  25   The mean half - life of TCE in the blood fol-
lowing an exposure suffi cient to cause transient uncon-
sciousness in 3 workers was approximately 20 hours 
with maximum excretion of urinary metabolites occur-
ring 2 – 3 days after exposure.  26    

  Trichloroethanol and Trichloroacetic Acid 

 The excretion of TCE metabolites is substantially longer 
than the elimination of TCE from the blood. During a 
TCE overdose, the plasma half - life of trichloroethanol 
increases as a result of the continued formation of tri-
chloroethanol from TCE stored in adipose tissues. A 
58 - year - old worker fell into a vat of TCE, and became 
comatose after accidentally ingesting TCE. The serum 
TCE concentration increased up to 4 days postexpo-
sure; this elimination pattern followed a 2 - compartment 
model with a half - life of 53 hours and 268 hours.  27   The 
serum half - life of trichloroacetic acid was similar (50   h 
and 277   h, respectively). The higher protein binding of 
trichloroacetic acid results in higher blood concentra-
tions and a longer urinary elimination half - life than tri-
chloroethanol. In a case report of a degreaser addicted 
to TCE, the renal excretion of TCE metabolites fol-
lowed a 2 - compartment model with the following 
approximate fast and slow urinary elimination half - life, 
respectively: 1) trichloroethanol, 6 hours and 50 hours; 
and 2) trichloroacetic acid, 8 hours and 73 hours.  28   
Trichloroacetic acid accounted for  > 90% of the trichloro -
 metabolites. In a worker comatose from TCE intoxica-
tion, the urinary half - life of the fast phase for 
trichloroethanol was about 26 hours compared with 52 
hours for trichloroacetic acid; the urinary elimination 
half - life of these two metabolites for the slow phase 
were similar (166   h).  27     

  Tolerance 

 There are few data on the development of tolerance in 
humans following volatile substance abuse of TCE. 
Tolerance to the effects of TCE develops in some animal 
studies, depending in part on the exposure scenario.  29   
Rats develop tolerance to the acute behavioral effects 
of TCE on signal detection when they inhale TCE while 
performing the task. This tolerance depends more upon 
learning than upon changes in TCE metabolism; the 
effects probably result from loss of TCE - induced 
reinforcement.  30    

  Elimination 

  Trichloroethylene 

 Elimination of TCE involves 2 primary processes: 1) 
relatively rapid metabolic conversion of TCE followed 
by excretion of metabolites (e.g., trichloroethanol, tri-
chloroacetic acid), and 2) the pulmonary excretion of 
unchanged TCE. Following exposure to low doses 
( < 100   ppm), the liver metabolizes about 70 – 90% of an 
absorbed TCE dose, whereas the lungs excrete 10 – 20% 
of this dose unchanged.  16   Only small amounts of TCE 
appear in the feces.  23   

 During acute TCE intoxication, the kinetics of TCE 
metabolism varies substantially depending on several 
factors including the adequacy of alveolar air exchange 
(i.e., pulmonary edema, pneumonitis, hyperventilation), 
hemodynamic status (hypovolemia, depressed cardiac 
output), and hepatorenal function.  24   In these situations, 
traditional pharmacokinetic models do not accurately 
describe the kinetics of trichloroethanol or trichloroace-

       FIGURE 50.1.     Oxidative metabolism of trichloroethylene. 
This chemical also undergoes conjugation with glutathione 
and subsequent biotransformation to form potentially toxic 
reactive metabolites.   20     
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hypertrophied myocardial fi bers, focally thickened 
endocardium, and thickening of the left ventricle. 
Although the authors attributed the cardiomyopathy to 
TCE abuse, the causal role of trichloroethylene is 
unclear because of the presence of confounding factors 
and the absence of laboratory confi rmation of drugs of 
abuse.   

  CLINICAL RESPONSE 

  Illicit Use 

 Acute trichloroethylene intoxication causes fatigue, 
visual disturbances, lightheadedness, headache, slurred 
speech, disorientation, stupor, and altered conscious-
ness. Recovery from the CNS depressant effects of tri-
chloroethylene is rapid in the absence of hypoxia. A 
14 - year - old adolescent was found unconscious with a 
bottle of typewriter correction fl uid in her hand.  36

Initially, she was responsive only to deep pain, but she 
was only slightly drowsy on arrival to the emergency 
department. After 10 minutes of observation, she was 
fully alert. 

 Adverse effects associated with TCE abuse include 
headache, nausea, vomiting, confusion, amnesia, memory 
disturbances, emotional lability, personality changes, 
delirium, insomnia, tremor, and unpleasant hallucina-
tions.  9,37   Case reports associate chronic abuse of sub-
stances containing high TCE concentrations with hepatic 
failure.  33   Following cessation of use, hepatic dysfunction 
usually resolves without sequelae. Cranial nerve palsies 
may develop following exposure to TCE contaminated 
with the decomposition product, dichloroacetylene, as a 
result of demyelination of the sensory trigeminal 
nucleus. A 35 - year - old heroin addict complained of 
facial numbness, diplopia, and diffi culty walking after 
inhaling TCE continuously for 3 days to alleviate with-
drawal symptoms.  38   By the sixth day of hospitalization, 
all symptoms resolved with the exception of facial par-
aesthesias and some ataxia. A case report associated the 
chronic abuse of plastic modeling glue (main ingredient, 
TCE) with a right middle cerebral artery occlusion, 
dense hemiparesis, and seizures.  39   Although trichloro-
ethylene was the main ingredient of the glue, the causal 
role of trichloroethylene in the development of the 
cerebral infarct is unclear.  

  Fatalities 

 Case reports associate sudden death with trichloroeth-
ylene abuse.  40,41   Typically, these case reports involve 
the abuse of typewriter correction fl uid, which contains 
both TCE and trichloroethane.  42,43   Often, these indi-
viduals become agitated and exercise (e.g., run) strenu-

  Drug Interactions 

 The interaction of ethanol and TCE produces the well -
 known syndrome of degreaser ’ s fl ush, which is manifest 
by erythema of the upper torso and face. The acute 
ingestion of ethanol increases the TCE concentration in 
blood and expired air, probably by the inhibition of 
mixed function oxidases.  31   Exposure to other central 
nervous system (CNS) depressants probably enhances 
the CNS effects of TCE.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Toxicity 

 Trichloroethylene is a CNS depressant that produces 
anesthesia in high concentrations. Like other volatile 
solvents, TCE presumably causes acute CNS 
depression by changing membrane fl uidity, and thereby 
altering neural transmission. Increased vagal tone 
during light anesthesia may cause bradycardia, nodal 
rhythms, or low - grade AV block. Increased myocardial 
contractility and ventricular dysrhythmias are associ-
ated with deeper planes of trichloroethylene - induced 
anesthesia.32

 Acute centrilobular necrosis and hepatic failure may 
occur following chronic abuse of substances with high 
trichloroethylene concentrations (e.g., Carbona — 44% 
trichloroethylene, 56% petroleum distillates).  33   Liver 
biopsies of these cases demonstrate acute centrilobular 
necrosis superimposed on chronic fi brosis.  

  Postmortem Examination 

 The postmortem examinations of individuals dying 
during volatile substance abuse including TCE are non-
specifi c (e.g., visceral congestion). A 16 - year - old adoles-
cent was last seen sniffi ng plastic cement; he was found 
dead with a plastic bag and nearly empty tube of glue 
beside his body.  34   The postmortem examination revealed 
marked pulmonary edema, severe passive congestion of 
the liver and spleen, cerebral edema with some hernia-
tion of unci and cerebellar tonsils, and a completely 
obstructed airway with aspirated gastric contents. 
Analysis of a steam distillate of blood and brain by gas 
liquid chromatography demonstrated TCE, but this 
compound was not a known constituent of the plastic 
cement. A case report documented the development of 
a fatal congestive cardiomyopathy and hepatorenal 
failure in a 24 - year - old man with a 5 - year history of 
inhaling vapors from shoe - cleaning solvent (trichloro-
ethylene 67%, methylene chloride 18%, dipropylene 
glycol 10%).  35   Postmortem examination demonstrated 
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TCE anesthesia, the plasma/whole blood ratio of TCE 
averaged approximately 0.76 (range, 0.72 – 0.81).  52

  Biomarkers 

  Blood 

 Trichloroethylene is a contaminant of our environment. 
In Germany, where the estimated mean daily TCE 
intake ranges from 32 – 51    μ g; 31% of whole blood 
samples drawn from 39 healthy volunteers demon-
strated detectable levels of TCE.  53   None of the volun-
teers were occupationally exposed to TCE; the TCE 
concentration in their blood samples ranged from 
< 0.0001 – 0.0013   mg/L (median  < 0.0001   mg/L). In a 
convenience sample of 982 volunteers from the Third 
National Health and Nutrition Examination Survey 
(NHANES III), the majority of the whole blood 
samples contained TCE concentration below the 
LOD (0.00001   mg/L, 0.010   ppb) with a 95 th  percentile 
of 0.000021   mg/L (0.021   ppb).  54   Admission blood 
from a 35 - year - old heroin addict contained 119   mg 
trichloroethanol/L (no trichloroethylene measurement) 
after inhaling trichloroethylene continuously for 3 days 
to alleviate withdrawal symptoms.  38   Clinical effects 
included facial numbness, diplopia, and diffi culty 
walking. The plasma TCE concentration ranged from 
0.2 – 1   mg/L over the fi rst 5 days in a case series of 4 
patients with serious TCE intoxication.  55   These concen-
trations did not correlate well to symptoms or with the 
appearance of dysrhythmias.  24   Serum TCE concentra-
tions exceeding 1.5   mg/L are usually associated with 
coma. Eight hours after admission for TCE intoxication, 
the serum TCE concentration in a deeply comatose 
58 - year - old man was 31.4   mg/L.  27   Two hours after expo-
sure to TCE vapors at work, the serum from a 54 - year -
 old man contained 9   mg TCE/L.  56   At that time, his 
Glasgow Coma Scale score was 7 and his vital signs 
were stable; he recovered without sequelae.  

  Postmortem 

 The postmortem TCE concentration must be inter-
preted cautiously because of potential losses during the 
postmortem interval, collection of the specimen, and 
storage along with redistribution from adipose stores. 
Most case reports of sudden death in adolescents 
abusing typewriter correction fl uid document the 
presence of both TCE and trichloroethane. Two 17 - year -
 old adolescents were found dead with a history of 
abusing Liquid Paper ™ . The TCE concentrations in 
postmortem blood (site not specifi ed) were 29   mg/L 
and 19.6   mg/L compared with trichloroethane con-
centrations of 7   mg/L and 4   mg/L.  57   A 42 - year - old 

ously prior to their death.  44   Although many of the 
cases involve asphyxia and aspiration of stomach 
contents, some reports document the presence of 
ventricular fi brillation. A 12 - year - old girl collapsed 
shortly after inhaling the vapors from a container 
of typewriter correction fl uid thinner containing trichlo-
roethane.  45   A nearby physician initiated cardiopulmo-
nary resuscitation immediately, and an ambulance 
arrived within 2 minutes. The initial rhythm was coarse 
ventricular fi brillation, which converted to normal sinus 
rhythm with a single 200   J shock.  

  Abstinence Syndrome 

 There are few data on withdrawal symptoms follow-
ing chronic abuse of trichloroethylene. A 29 - year - old 
woman was admitted to the hospital for trichloroethyl-
ene addiction, somnolence, and hallucination.  11   Most of 
her symptoms resolved by the third hospital day, but 
she then developed delirium and bizarre behavior 
(incoherent, refusal to dress and eat). These psychotic 
features persisted about 5 days, and her mental status 
returned to normal within 1 week after resolution of the 
delirium.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques to quantitate TCE and the main metabolites 
in biologic samples include headspace gas chromatog-
raphy,  46,47   headspace gas chromatography with electro-
chemical detection,  48   gas chromatography/mass 
spectrometry (GC/MS),  49   and headspace solid - phase 
microextraction with GC/MS.  50   The lower limit of quan-
titation (LLOQ) for GC/MS is ∼ 0.005   mg/L, whereas 
the LLOQ for TCE in blood following analysis with 
GC/MS using headspace solid - phase microextraction 
was 0.00025   mg/L. Gas chromatography with fl ame ion-
ization or electron capture detection are the most 
common analytic methods for the separation of TCE 
from biologic matrices because of the volatility of TCE. 
Analysis of TCE metabolites (chloral hydrate, dichloro-
acetic acid, trichloroacetic acid) typically involves gas 
chromatography and high performance liquid chroma-
tography (HPLC); ultraviolet detectors are frequently 
used with HPLC or capillary electrophoresis.  51

Extraction techniques for removing TCE and metabo-
lites from a matrix include liquid - liquid extraction, 
solid - phase microextraction, protein precipitation, and 
solid - phase extraction depending on the specifi c require-
ments of the extraction. The TCE concentration in 
whole blood exceeds the plasma TCE concentration. In 
blood samples from 10 fasting patients scheduled for 
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necessitates an evaluation of the patient for other causes 
(trauma, volume depletion). Cautions against the use of 
sympathomimetic drugs for TCE intoxication are based 
on animal studies rather than therapeutic experience. 
Therefore, the use of sympathomimetic drugs in the 
clinical setting with cardiac monitoring should be based 
on clinical judgment. No data are available on the 
enhancement of elimination of TCE or associated 
metabolites. Sequelae are unusual following acute expo-
sure and the patient should recover fully unless hypoxic 
damage occurred.      
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  Chapter 51 

               HISTORY 

 The discovery of the vasodilatory properties of amyl 
nitrite occurred in 1859 when Guthrie described facial 
and cervical fl ushing after the inhalation of amyl nitrite. 
In 1867, Sir Thomas Lauder Bruton used amyl nitrite to 
treatment chest pain associated with angina pectoris.  1

He also investigated the properties of butyl nitrite in the 
1880s. Although amyl and butyl nitrite had similar prop-
erties, butyl nitrite was not used clinically.  2   Generally, 
amyl nitrite was considered a safe drug, initially mar-
keted as a prescription drug in 1937. In 1960, the US 
Food and Drug Administration (FDA) removed amyl 
nitrite from the list of medications requiring a prescrip-
tion. However, during the 1960s, reports of the abuse of 
nitrites by apparently healthy young men appeared, and 
the FDA reinstated the requirement for a prescription 
of amyl nitrite in 1969. During the 1970s, amyl and 
butyl nitrite became a popular aphrodisiac, particularly 
among homosexual males.  3   Butyl nitrites are not classi-
fi ed as drugs by the FDA.  

  IDENTIFYING CHARACTERISTICS 

 Nitrites are highly unstable in aqueous solutions and 
biologic fl uids as a result of volatility and hydrolysis to 
alcohols and nitrite ions. Alkyl nitrites (amyl, butyl) are 
esters of nitrous acid (HNO 2 ), whereas organic nitrates 
(e.g., nitroglycerin) are esters of nitric acid (HNO 3 ). The 
alkyl nitrites are highly fl ammable; fi res may result from 
the synthesis and use of these compounds. Amyl nitrite 
(CAS RN: 110 - 46 - 3, C 5 H 11 NO 2 ) is a yellow liquid with 
a boiling point of 99.2 ° C (210.6 ° F). This compound also 
occurs as a mixture of isomers (CAS RN: 8017 - 89 - 8). 

Figure  51.1  displays the chemical structure of amyl 
nitrite. There are four isomers of butyl nitrite: isobutyl, 
n  - butyl,  sec  - butyl, and  tert  - butyl.  n  - Butyl nitrite (CAS 
RN: 544 - 16 - 1, C 4 H 9 NO 2 ) is a liquid with a boiling point 
of 78 ° C (172 ° F) and a vapor pressure of 81.3   mm Hg at 
25 ° C (77 ° F). The water solubility of this compound is 
1,120   mg/L at 25 ° C (77 ° F). Isobutyl nitrite (CAS RN: 
542 - 56 - 3) is an isomer of  n  - butyl nitrite. These com-
pounds are rarely available as pure substances in com-
mercial preparations.  4   Figure  51.2  displays the chemical 
structure of n  - butyl nitrite.   

 The rather unpleasant smell of  n  - butyl nitrite resem-
bles a men ’ s locker room (i.e., sweaty socks). Hence, one 
of the common names (Locker Room) for butyl nitrite 
refl ects this smell. Other popular terms for butyl nitrite 
include Aroma of Men, Ban Apple Gas, Bang, Bolt, 
Bullet, Climax, Cum, Discorama, Hardware, Heart On, 
Jac Aroma, Lightning Bolt, Locker Room, Rush, Satan ’ s 
Scent, Thrust, and Toilet Water.  “ Poppers ”  is a popular 
term for amyl nitrite; this term derives from the sound 
heard during the crushing of the pearls (glass ampules 
enclosed in mesh) that contain amyl nitrite. Amyl nitrite 
is available in pharmaceutic grade; therefore, this com-
pound is relatively pure. Isobutyl and butyl nitrite are 
commercial preparations that contain a variety of other 
substances depending on the commercial use.  

  EXPOSURE 

  Epidemiology 

 Nitrites are the primary inhalant used by adults, particu-
larly homosexual men and polysubstance drug abusers. 
In a study of drug abusers in the Baltimore – Washington, 

AMYL and BUTYL NITRITES       

D   Nitrogen Compounds
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tion or prolongation of the sexual experience.  7   Both 
sexes use inhaled nitrites reportedly to induce euphoria 
in social settings to enhance meditation, stimulate 
appreciation of music, promote dancing, and expand 
creativity.  9     

  DOSE EFFECT 

 Following inhalation of nitrites, the desired effects begin 
within seconds and diminish rapidly within 5 minutes 
after inhalation ceases. Consequently, nitrites are 
inhaled as many as 20 or more times over several hours. 
Most serious cases of nitrite - induced methemoglobin-
emia result from the ingestion rather than inhalation of 
nitrites.  10    

  TOXICOKINETICS 

  Absorption 

 Rodent studies indicate that the absorption of nitrites 
from air is rapid. In rats exposed to isobutyl nitrite 
up to 900 ppm for 45 minutes, the average bioavail-
ability was 43%.  11   Following exposure to 3,855 ppm  n  -
 butyl nitrite for 5 minutes, pulmonary absorption of 
 n  - butyl nitrite during this period was 44% of the dose.  12   
Volunteer studies indicate the bioavailability of sodium 
nitrite in solution is high (95 – 98%) after ingestion.  13    

  Biotransformation/Elimination 

 Isobutyl nitrite degrades rapidly in biologic fl uids as 
a result of enzymatic degradation and chemical 
hydrolysis.  In vitro  and  in vivo  studies indicate that the 
biotransformation of butyl nitrite in whole blood pro-
duces butanol, nitrate, and methemoglobin.  14   These 
studies also indicate that the nitrite distributes rapidly 
into total body water. In acidic water, butyl nitrite 
forms butanol, nitrite, and nitrate. The clearance of iso-
butyl nitrite is rapid following inhalation. In rats exposed 
to isobutyl nitrite up to 900 ppm for 45 minutes, 
the blood clearance was 2.9   L/min/kg (i.e.,  >> cardiac 
output) and a half - life of 1.4 minutes.  11   An  in vitro  
study of isobutyl nitrite indicated that the average elimi-
nation half - life of this compound from blood is about 1 
minute.  15    

  Drug Interactions 

 In club scenes, amyl and other nitrites are used in con-
junction with phosphodiesterase - 5 (PDE - 5) inhibitors 
(e.g., sildenafi l).  16   Although there are few clinical data, 
the concomitant use of nitrites and PDE - 5 inhibitors 
may potentially cause serious hypotension.   

DC metropolitan area, the prevalence of lifetime nitrite 
inhalant use was approximately 11% for recreational 
drug users and 22% for heavy drug abusers. The mean 
age of fi rst use was 25.6 years compared with 14.6 years 
for glue and 17.6 years for marijuana. Sixty - nine percent 
of a sample of homosexuals in this area used nitrite 
inhalants at least once. In a study of self - reported drug 
use by American adolescents aged 12 – 17 years, the 
prevalence of nitrite inhalant lifetime use (i.e., at least 
once in their life) was 1.5%.  5   The prevalence of lifetime 
nitrite use is higher in incarcerated youth. In a study of 
723 Missouri youth confi ned to residential care for anti-
social behavior, the lifetime prevalence of nitrite inhal-
ant use was 1.7% (boys, 1.3%; girls, 4.3%) as determined 
by face - to - face interviews.  6   As a result of the AIDS 
(acquired immunodefi ciency syndrome) epidemic, 
nitrite abuse has decreased among homosexual males, 
but the prevalence of nitrite abuse among recreational 
drug users remains relatively stable.  7    

  Sources 

 Medical uses for organic nitrites include smooth muscle 
relaxation during diffi cult preterm cesarean deliveries, 
coronary vasodilator prior to thallium scanning, after-
load reduction during heart failure, diagnostic aid for 
the detection of heart murmurs, and an initial antidote 
for the treatment of cyanide poisoning. Although the 
use of amyl nitrite requires a prescription in the United 
States, butyl and isobutyl nitrite are not regulated by the 
FDA because these compounds do not fi t the defi nition 
of a food or a drug.  

  Methods of Abuse 

 Inhaled nitrites are used to enhance the sexual experi-
ence in homosexual men, particularly in men with a 
history of drug abuse and risky sexual behavior.  8   
Purported effects attributed to the use of inhaled nitrites 
include relaxation of rectal smooth muscle and anal 
sphincter tone, prolongation of penile erection, preven-
tion of premature ejaculation, and general intensifi ca-

       FIGURE 51.1.     Chemical structure of amyl nitrite.  

       FIGURE 51.2.     Chemical structure of  n  - butyl nitrite.  
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died after the ingestion of isobutyl nitrite in a room 
deodorizer, demonstrated pulmonary hyperemia with 
intraalveolar hemorrhage, hyperemia of the liver, and 
mild, diffuse hyperemia of the gastric mucosa.  21   There 
was no blue discoloration of the tissues, as no methylene 
blue was administered prior to death. The postmortem 
blood methemoglobin concentration was 95%.   

  CLINICAL RESPONSE 

  Illicit Use 

 Desired effects of the inhalation of nitrites include 
increased cutaneous perception, reduced sexual inhibi-
tion, heightened sexual arousal, relaxation of the anal 
sphincter, and prolonged orgasm.  2   Based on question-
naires, the mean duration of the euphoric effects associ-
ated with the use of inhaled nitrites is about 1 minute 
with a range of a few seconds to 15 minutes.  7   Adverse 
effects include headache, dizziness, palpitations, nausea, 
vomiting, weakness, incontinence, blurred vision, facial 
fl ushing, periorbital pressure, hypotension, and syncope. 
The inhalation of amyl nitrite may cause a reduction in 
systolic blood pressure along with a refl ex tachycardia. 
Local irritant reactions may cause dermatitis, sinusitis, 
or irritation of the upper respiratory tract (tracheobron-
chitis) with cough, fever, hemoptysis, and dyspnea.  22

Although uncommon, methemoglobinemia is a poten-
tial complication of the abuse of nitrites,  23   particularly 
in patients with defi ciencies of nicotinamide adenine 
dinucleotide reduced (NADH) methemoglobin reduc-
tase (NADH diaphorase).  24   A 31 - year - old previously 
healthy man developed dyspnea and syncope after 
intentionally inhaling amyl nitrite aerosolized from a 
compressed gas blower.  25   In the emergency department, 
he was obtunded and hypotensive with a methemoglo-
bin concentration of 52%; he recovered after the admin-
istration of methylene blue. A 28 - year - old man was 
brought by ambulance to the emergency department 
after collapsing after sniffi ng amyl nitrite.  26   He was 
hypotensive, tachycardic, and confused with an elevated 
respiratory rate and navy blue discoloration of his skin. 
His methemoglobin concentration was 63%; he recov-
ered after the administration of intravenous methylene 
blue.  

  Medical Complications 

 Yellowish, erythematous, crusted skin lesions ( “ poppers 
dermatitis ” ) may appear around the nose, upper lips, 
face, penis, or scrotum.  27   Pain and swelling may occur in 
the nasal passages simulating sinusitis. The dermatitis 
typically resolves within 10 days after cessation of use.  28

Other cutaneous lesions related to the abuse of nitrites 

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Besides carrying oxygen to the tissues, hemoglobin reg-
ulates vascular tone and infl ammation via a redox cou-
pling with methemoglobin. In hemoglobin, iron exists in 
the reduced ferrous state (Fe 2 +  ), whereas methemoglo-
bin contains iron in the oxidized ferric state (Fe 3 +  ). 
Nitrite (NO 2 ) is reduced by deoxyhemoglobin to form 
methemoglobin and nitric oxide (NO). Nitric oxide is a 
gas produced by the action of nitric oxide synthetase in 
the endothelial cells. This compound controls systemic 
and coronary artery vascular tone by acting locally as 
an endothelial relaxing factor. The degree of oxidation 
of hemoglobin refl ects the oxygen saturation in the 
blood and modulates vascular blood fl ow by producing 
nitric oxide from nitrite.  17   The action of nitrites results 
primarily from the formation of nitric oxide (NO). 
Inhalation of nitrites produces vasodilation and relax-
ation of smooth muscles as well as vasodilation of cere-
bral arteries. Although nitrites increase cerebral blood 
fl ow, neuroimaging studies of healthy volunteers receiv-
ing amyl nitrite do not demonstrate regional differences 
in cerebral blood fl ow.  18

  Mechanism of Toxicity 

 The binding of nitrite to oxyhemoglobin displaces 
oxygen; this reaction yields methemoglobin, hydrogen 
peroxide, and nitrogen dioxide in a free radical chain 
initiation step.  19   Nitrogen dioxide oxidizes ferrous 
hemoglobin to methemoglobin, whereas hydrogen per-
oxide oxidizes methemoglobin to a radical (ferryl hemo-
globin). Nitrite also reacts with the ferryl hemoglobin 
radical to produce methemoglobin and nitrogen dioxide. 
Methemoglobin binds oxygen poorly; thus, oxygen 
delivery to the tissues decreases. Hydrolysis of alkyl 
nitrites may occur on contact with epithelial surfaces, 
and the subsequent formation of nitrous acids may 
cause infl ammation and burns of the skin and tracheo-
bronchial tree.  

  Postmortem Examination 

 A 34 - year - old man was dead on arrival at the emer-
gency department 1 hour after intentionally ingesting 
sodium nitrite.  20   The autopsy was performed 5 hours 
after death, and the abnormalities included dark brown 
( “ soy sauce ” ) blood in all organs and muscles along 
with hyperemia of the gastric rugal folds. The postmor-
tem blood methemoglobin concentration was 90%. 
Postmortem examination of a 23 - year - old man, who 
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chromatography/mass spectrometry (LC/MS), and gas 
chromatography/mass spectrometry (GC/MS).  40   The 
lower limit of quantifi cation (LLOQ) for these methods 
is approximately 0.001   mg/L. The half - life of butyl 
nitrites stored at 37.0 ° C (98.6 ° F) in whole blood samples 
from mice ranges from 2 – 20 minutes.  4   To reduce the 
formation of other volatiles, samples should be stored 
at a maximum temperature of 4 ° C (39 ° F) with 1 – 2% 
w/v sodium fl uoride added as a preservative.  

  Biomarkers 

 A slate - blue cyanosis and chocolate brown discolor-
ation of the arterial blood occurs at methemoglobin 
concentrations between 15 – 20%, but symptoms of 
intoxication are minimal. The administration of oxygen 
does not improve the cyanosis or chocolate - brown color 
associated with methemoglobinemia. Methemoglobin 
concentrations between 20 – 50% cause headaches, diz-
ziness, lethargy, dyspnea, and syncope. Above 50% met-
hemoglobinemia, signs of cardiac and cerebral hypoxia 
develop including confusion, metabolic acidosis, sei-
zures, and dysrhythmias. Methemoglobin concentra-
tions over 70% are associated with coma, pulmonary 
edema, and death. A 42 - year - old man was deeply cya-
notic with a markedly diminished level of consciousness 
and tachycardia after accidentally ingesting 1 gram of 
sodium nitrite.  41   His serum nitrite concentration on 
admission was 0.6   mg/dL. 

 In the postmortem blood from a 34 - year - old man 
who was pronounced dead 1 hour after ingesting sodium 
nitrite, the nitrite and nitrate concentrations were 
0.55   mg/L and 30.0   mg/L, respectively. The methemo-
globin concentration in the postmortem blood was 90%, 
and the ratio of nitrite to nitrate in stomach contents 
was 2:1. Nitrite and nitrate were not detectable in vitre-
ous humor. The postmortem methemoglobin concentra-
tion may fall below fatal ranges as a result of perimortem 
administration of methylene blue or prolonged post-
mortem intervals.  37

  Abnormalities 

 Unexplained cyanosis suggests methemoglobinemia, 
particularly when the clinical symptoms are mild com-
pared with the degree of cyanosis and oxygen therapy 
does not improve the cyanosis.  42   Pulse oximetry typi-
cally displays oxygen saturations in the range of 80 – 85% 
because pulse oximetry measures the light absorbance 
of deoxyhemoglobin (660   nm) and oxyhemoglobin 
(940   nm). The oximeter calculates the ratio of the absor-
bance at these 2 wavelengths and displays an oxygen 
saturation based on the ratio of absorbance at these 2 
wavelengths (e.g., 100%    =    absorbance ratio of 0.43). 

include acrocyanosis (painless, symmetrical, gray bluish 
macules with edema of underlying skin on nose, ears, or 
dorsum of hand).  29   Acute hemolysis may occur in 
patients with glucose - 6 - phosphate dehydrogenase 
(G6PDase) defi ciency following the abuse of amyl or 
butyl nitrite.  30   Case reports associate reduction in visual 
acuity and central differential light sensitivity with the 
abuse of isobutyl nitrite; however, etiology of the oph-
thalmic changes is unclear.  31,32   Four patients developed 
prolonged visual loss as a result of damage to foveal 
photoreceptors after inhaling isopropyl nitrites.  33

Resolution of the visual loss occurred in several weeks 
in some of these patients, but 1 patient had persistent 
visual loss 1 month after exposure. 

 There is no clear evidence that the use of inhaled 
nitrites produces immunodefi ciency or enhances the 
risk of acquiring AIDS; however, there are few data 
from controlled clinical trials to determine any causal 
link between the use of nitrites and AIDS.  34   In inhala-
tion studies of F344 rats and B6C3F1 mice exposed up 
to 150 ppm 6 hours/day, 5 days/week for 103 weeks, 
there was an increased incidence of alveolar/bronchiolar 
adenoma or carcinomas combined in rats and mice.  35

However, the incidence of mononuclear cell leukemia 
in rats was decreased. In mice, exposure to isobutyl 
nitrite produces tissue - dependent alteration in the 
expression of cancer -  and angiogenesis - related genes 
including hepatic mRNA and protein expression of vas-
cular endothelial growth factor (VEGF).  36   The frequent 
use of poppers is probably a surrogate marker for fre-
quent receptive anal intercourse rather than a direct 
risk factor for AIDS.  

  Fatalities 

 Fatalities following the use of nitrites are rare, and most 
fatalities involve the ingestion rather than inhalation of 
amyl or butyl nitrite.  37   However, the inhalation of amyl 
or butyl nitrite may cause severe methemoglobinemia, 
and potentially death.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 The volatility and instability of alkyl nitrites complicates 
the analysis of these compounds. Hydrolysis of alkyl 
nitrites in aqueous matrices rapidly converts these com-
pounds to the corresponding alcohol and nitrite ion. 
Analytic methods for the analysis of nitrites in blood 
include gas chromatography with electron capture 
detection, capillary column gas chromatography/mass 
spectrometry,  38   solid phase microextraction with gas 
chromatography/fl ame ionization detection,  39   liquid 
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(HBO) for patients with severe methemoglobinemia.  45

The rationale for the treatment of severe methemoglo-
binemia with HBO is the enhanced reduction of methe-
moglobin and the delivery of high oxygen concentrations 
to the tissues despite the limited oxygen - carrying capac-
ity of the blood secondary to methemoglobinemia. 
Rodent studies indicate that the administration of 
HBO (4 ATA) immediately after intraperitoneal admin-
istration of sodium nitrite reduces mortality and methe-
moglobinemia when compared with controls (no 
treatment).46

  Antidotes 

 Intravenous methylene blue is the initial antidote of 
choice for patients requiring treatment.  47   Methylene 
blue (toluidine blue) accelerates the enzymatic reduc-
tion of methemoglobin by NADPH - methemoglobin 
reductase, which normally provides a minor pathway for 
the reduction of methemoglobin. This enzyme reduces 
methylene blue to leucomethylene blue, which subse-
quently reduces methemoglobin to hemoglobin. This 
process requires an adequate supply of NADPH from 
glycolysis; therefore, the patient requires normal serum 
glucose and glucose - 6 - phosphate dehydrogenase con-
centrations to fully benefi t from methylene blue. Patients 
with G - 6 - PDase defi ciency develop hemolytic anemia 
following the administration of an oxidizing agent (i.e., 
methylene blue). Asymptomatic patients with methe-
moglobin concentrations below 30% usually require 
only supportive care and removal of the offending 
agent. The initial intravenous dose of methylene blue 
(1% solution by weight) is 1 – 2   mg/kg slowly over 3 – 5 
minutes. Rapid improvement in cyanosis and normaliza-
tion of methemoglobinemia usually occurs within 30 – 60 
minutes.  48   The response to treatment may be diffi cult to 
assess because of the bluish skin discoloration caused 
by methylene blue; therefore, further treatment should 
be based on repeat methemoglobin concentrations 
(measured by cooximetry) and patient response. An 
initial drop (i.e., about 5%) in pulse oximeter readings 
may occur soon after the infusion of methylene blue 
because of the interference of methylene blue with 
pulse oximeter readings, but these readings usually 
return to normal within 10 – 30 minutes after infusion. 
This spurious drop in oxygen saturation results from the 
similar absorbance (i.e., 668   nm) of methylene blue and 
reduced hemoglobin. A second dose of methylene blue 
may be administered in 1 hour if the methemoglobin 
concentration does not drop signifi cantly with a 
maximum total dose of 7   mg/kg. Adverse effects of high 
doses of methylene blue include headache, dizziness, 
mental confusion nausea, vomiting, abdominal pain, 
diaphoresis, hypertension, and possibly paradoxical 

Methemoglobin absorbs light equally at 660   nm and 
940   nm; therefore, high concentrations of methemoglo-
bin cause a spuriously high pulse oximeter reading near 
80 – 85% (absorbance ratio    =    1.0). Cooximetry accu-
rately measures oxygen saturation by determining the 
differential absorbance of oxyhemoglobin, deoxyhemo-
globin, carboxyhemoglobin, and methemoglobin at 4 
different wavelengths. However, the absorbance of met-
hemoglobin and sulfhemoglobin are similar (630   nm 
and 614   nm, respectively); therefore, cooximetry does 
not reliably separate these 2 types of hemoglobin. The 
potassium cyanide test distinguishes methemoglobin 
and sulfhemoglobin as a result of the conversion of 
methemoglobin to cyanomethemoglobin in the pres-
ence of potassium cyanide, whereas this reaction does 
not occur following the addition of potassium cyanide 
to sulfhemoglobin. The oxygen saturation reported in 
arterial blood gas analysis might also be misleading 
because the reported oxygen saturation is a calculated 
value based on the assumption that all hemoglobin has 
normal oxygen - carrying capacity. Thus, the presence of 
high methemoglobin concentrations causes an overesti-
mation of the calculated oxygen saturation. A case 
report of a 20 - year - old woman associated the self -
 reported sniffi ng of poppers with the development of 
radiographic changes consistent with posterior revers-
ible encephalopathy syndrome (PRES).  43   These changes 
included abnormal, symmetric, high signal intensity on 
T2 - weighted magnetic resonance images of the juxta-
cortical white matter of the frontal, parietal, occipital, 
and temporal lobes. Although she had transient loss of 
consciousness, confusion, paresthesias, and bilateral 
headache consistent with methemoglobinemia, there 
was no measurement of the methemoglobin concentra-
tion or discussion of how the effect of methemoglobin 
could be differentiated from PRES.   

  TREATMENT 

  Stabilization 

 Treatment of methemoglobinemia involves evaluation 
of the adequacy of ventilation, assessment of hemody-
namic status, and the provision of supplemental oxygen. 
Severely affected patients may be hypotensive and 
hypoxic, and the rapid administration of methylene blue 
to these patients may be necessary.  

  Elimination Enhancement 

 Exchange transfusion is an option for patients unre-
sponsive to maximum therapeutic doses of methylene 
blue, particularly in severely affected patients.  44   Several 
case reports document the use of hyperbaric oxygen 
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methemoglobinemia or hemolysis due to high oxidative 
stress. Failure to respond to suffi cient doses of methy-
lene blue may result from the following: 1) G - 6 - PDase 
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  Chapter 52 

               HISTORY 

 Since antiquity, wormwood ( Artemisia absinthium ) has 
been a constituent of vinous beverages with alleged 
medicinal properties.  1   Both the Egyptian Ebers Papyrus 
(1552 BC) and the Old Testament of the Bible (Jeremiah 
9:15, 13:15) contain references to wormwood.  2   The 
Greek philosopher and mathematician, Pythagorus of 
Samos (569 – 475 BC) recommended wormwood leaves 
soaked in wine as a treatment for labor pains; 
Hippocrates ( ∼ 460 – 377 BC) used wormwood extracts 
for rheumatism and menstrual pains.  3   Several of 
Shakespeare ’ s plays (e.g.,  Merry Wives of Windsor ) also 
contain references to wormwood.  4   Other  Artemisia
species have been used as herbal remedies for many 
years including the treatment of intestinal round worms,  5

malaria, tumors, and neonatal jaundice.  6   Artemisinin is 
an extract of the Chinese herb Artemisia annua  that has 
been used for > 2000 years as an herbal tea for treatment 
of fever. This compound has undergone clinical trials as 
an anti - malarial agent.  7

 Absinthe is historically a highly alcoholic, distilled 
beverage that contains fl avoring extracts from worm-
wood as well as other herbs. In the late 1700s, a French 
physician in Couvet, Switzerland developed a medicinal 
formulation containing absinthe that was sold to Henri -
 Louis Pernod. The Pernod family continued to manu-
facture and export this drink well into the 20 th  century. 
During the 1844 – 1847 French military campaign in 
Algeria, French soldiers received wormwood - containing 
wine as an antipyretic. The use of absinthe became wide-
spread among all French social classes, particularly in 
Paris where the summer afternoon between 5 – 6  pm

became the  “ hour of absinthe. ”  By the late 1860s, France 
imported almost 2 million gallons of absinthe from 
Switzerland.8   Experimental work on the neurotoxic 
effects of absinthe by Valentin Magnan in the 1870s 
formed the scientifi c background for the campaign 
against absinthe.  9   He described the occurrence of gen-
eralized tonic - clonic seizures in absinthe drinkers, and 
he conducted animal research on the epileptic effects of 
absinthe preparations. In France and other parts of 
Europe during the last quarter of the 19 th  century and 
the fi rst part of the 20 th  century, the consumption of 
absinthe as an ethanol - containing aperitif generated 
considerable controversy regarding the consequences 
of heavy use including noisy, aggressive behavior, post-
intoxication depression and fatigue, anxiety, hallucina-
tions, nightmares, and emaciation.  10   However, a causal 
link between the use of absinthe and these adverse 
effects has not been proven in humans apart from the 
chronic use of ethanol. 

 During the 1870s, absinthe was a popular drink of 
artists, musicians, fi nanciers, and literary fi gures includ-
ing Oscar Wilde, Edgar Alan Poe, and Charles Baudelaire. 
Famous paintings displaying the drinking of absinthe 
include Absinthe (Edgar Degas, ca. 1877), The Absinthe 
Drinker (Edouard Manet, ca. 1858 – 1859), and The 
Absinthe Drinker and The Poet Cornuti - Absinthe 
(Pablo Picasso, 1901, 1903). Toulouse Latrec depicted 
Vincent van Gogh drinking absinthe in a pastel portrait 
created in 1887. Some scholars believe that an addiction 
to absinthe along with brandy and turpentine exacer-
bated the manic depressive mood swings of van Gogh.  1,11

In 1905, the Belgian Parliament banned the manufac-
ture and sale of absinthe; the Swiss (1908), Dutch (1910), 
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to Maine and South Carolina. This plant species is 
native to Europe and Asia.   

Common Name :      Roman or petite wormwood  
Scientifi c Name :    Artemisia pontica  L.  
Botanical Family :      Asteraceae (sunfl owers, tour nesols)
Physical Description :      The height of this plant is 

similar to common wormwood, but leaves of 
Roman wormwood are smaller and more fi nely 
cut with narrower segments. The upper leaves are 
white with fi ne hairs on both sides. Numerous 
fl owers appear in July at the tops of the branches. 
The fl owers are darker and smaller compared with 
common wormwood.  

Distribution and Ecology :      Roman wormwood is a 
native plant species of temperate climates in 
southern Europe and Asia that naturalized in 
eastern Canada and the northeastern United 
States.     

and US (1912) governments prohibited the sale and 
import of absinthe shortly thereafter. Prohibition of the 
use of absinthe in France began in 1922. At that time, 
most other European countries forbade the use of 
absinthe with the exception of Spain, Portugal, the 
Czech Republic, and the UK. During the early part of 
the 20 th  century, the intravenous administration of 
thujone, the active ingredient in absinthe, was a chemi-
cal model for the study of epilepsy.  12,13

 The lifting of prohibitions against the production and 
use of absinthe began in the latter part of the 20 th

century; however, the content of absinthe approved for 
use differed from the historical formulations of absinthe. 
In 1988, Council Directive 88/388/EEC reintroduced 
absinthe into the European Union for bitter spirit drinks 
with a maximum limit of 35   mg/kg  α  -  and  β  - thujone. 
Although this regulation removed limits for the use of 
Artemisia absinthium ,  Salvia offi cinalis , and other 
thujone - containing fl avoring plants in foods, synthetic 
thujone is prohibited as a chemical food additive. 
Switzerland also lifted the ban on absinthe. Importation 
of absinthe remains legal in Canada. In 2007, the US 
government approved the fi rst authentic thujone - free 
(i.e.,  < 10   ppm) absinthe product (Lucid, Viridan Spirits, 
Inc., Manhasset, NY).  

  BOTANTICAL DESCRIPTION 

 Wormwood refers to 2 ( Artemisia absinthium ,  Artemisia
pontica ) of over 180 species of the genus  Artemisia
(sagebrush). The active ingredient in absinthe is thujone 
(ethanol is an additive rather than an ingredient); this 
compound also occurs in sand hill sage ( Artemisia fi li-
folia  Torr.), tansy ( Tanacetum vulgare  L.), Eastern or 
Northern white cedar ( Thuja occidentalis  L.), and 
yarrow ( Achillea millefolium  L.).  14

Common Name :      Bitter wormwood, wormseed, 
absinth sagewort, absinth wormwood, absinthium, 
common sagewort, losna, pelin, assenzio, 
wermutkraut

Scientifi c Name :    Artemisia absinthium  L.  
Botanical Family :      Asteraceae (sunfl owers, tour nesols)
Physical Description :      This fragrant perennial herb 

grows up to 1 – 4 feet ( ∼ 30 – 120   cm) with silver -
 green leaves containing fi ne silk hairs. Yellow -
 green fl owers appear between July and September. 
Figure  52.1  displays the bitter wormwood.    

Distribution and Ecology :     This introduced, peren-
nial shrub occurs in disturbed areas of the north-
ern United States from Oregon and Washington 

FIGURE 52.1.     Bitter wormwood ( Artemisia absinthium ). 
(Richard A. Howard Image Collection.  Courtesy of 
Smithsonian Institution .)
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The taste of absinthe results primarily from the pres-
ence of absinthin (CAS RN: 1362 - 42 - 1, C 30 H 40 O 6 ).  15    

  Form 

 Absinthe (German,  wermut ) is an emerald - green 
colored spirit that contains ethanol, essential oils of 
wormwood, and varying amounts of herbs including 
Florence or sweet fennel ( Foeniculum vulgare  P. Mill.), 
green anise ( Pimpinella anisum  L.), hyssop ( Hyssopus 
offi cinalis  L.), calamus, angelica ( Angelica arguta  Nutt.), 
lemon or common balm ( Melissa offi cinalis  L.), nutmeg 
( Myristica fragrans  Houtt.), sweet marjoram ( Origanum 
majorana  L.), and Roman wormwood ( Artemisia 
pontica ). The green color of absinthe results from the 
presence of chlorophyll and/or additives.  4     

  EXPOSURE 

  Sources 

 Wormwood oil is a dark green to blue - brown, bitter -
 tasting substance extracted from wormwood. 

  Origin 

 European companies in Spain, Bulgaria, France, the 
Czech Republic, and Germany recently began produc-
tion of absinthe; Switzerland lifted the ban on the con-
sumption of absinthe.  2   In Canada, provincial governments 
control the sale of spirits, and the limits on absinthe vary 
between provinces. The Alcohol and Tobacco Tax and 
Trade Bureau in the United States lifted the ban on 
absinthe for products containing  < 10 ppm thujone. 
Absinthe is available over the Internet. Although the 
recipes for modern and vintage absinthe are similar, the 
origin (essential oils/herbs) of the contents of specifi c 
absinthe spirits vary by location and distillery.  

  Composition 

  Herbs/Essential Oils.     Although the whole plant 
contains thujone, leaves and fl owers are the main source 
of essential oils. The concentration of the principal con-
stituents of essential oils from  Artemisia  species depends 
on a variety of factors including plant part, season, 
growing conditions, storage conditions, species, and che-
movar with the  β  - thujone concentration reaching up to 
about 60% in some cultivars. In a Serbian sample of the 
essential oil from aerial parts of  Artemisia absinthium , 
the main ingredients were  β  - thujone (19.8%),  cis  -  β  -
 epoxyocimene (10.7%),  trans  - sabinyl acetate (8.8%), 
sabinene (8.1%), and linalyl 3 - methylbutanoate 
(7.5%).  19    α  - Thujone was a minor constituent (0.2%). In 

  IDENTIFYING CHARACTERISTICS 

  Structure 

  α  - Thujone (CAS 546 - 80 - 5) and  β  - thujone (CAS 471 - 15 -
 8) are bicyclic monoterpenes that differ in the stereo-
chemistry of the C4 - methyl group as displayed in Figure 
 52.2 .  α  - Thujone is the active ingredient in cedar leaf oil, 
whereas  β  - thujone is the major constituent of worm-
wood oil.  15   These compounds are structurally similar to 
tetrahydrocannabinol, the active ingredient in mari-
juana.  16   Thujone is an isomer of camphor (C 10 H 16 O).    

  Physiochemical Properties 

 In animal models,  α  - thujone is an epileptic agent that is 
about 2 – 3 times more potent than  β  - thujone.  15   Table 
 52.1  lists some physical properties of  α  - thujone.   

 Thujone is a relatively stable compound, except in 
very alkaline media. Rapid epimerization of  α  - thujone 
to  β  - thujone occurs at pH 11.5, but not in ethanol solu-
tions stored at pH 2.5 or pH 6.5; rapid photodegradation 
of thujone to corresponding isomeric 5 - methylene - 6 -
 methylhept - 2 - ene compounds also occurs within 6 – 8 
hours when stored in 30% ethanol solutions.  17   Little 
degradation of thujone occurs at ambient temperatures 
up to 100 ° C (212 ° F); no deterioration of thujone 
occurred in absinthe samples stored at ambient tem-
peratures for 1 year.  18   However, thujone undergoes 
photodegradation. Irradiating commercial absinthe 
with UVA doses of 16.9   mW/cm 2  and UVB doses of 
3.9   mW/cm 2  for 25 hours resulted in the reduction of the 
 β  - thujone concentration from 9.7   mg/L to 1.8   mg/L.  18   

       FIGURE 52.2.     Chemical structures of  α  - thujone and 
 β  - thujone.  

  TABLE 52.1.    Some Physical Properties of  α  - Thujone. 

   Physical Property     Value  

  Boiling Point    203 ° C (397.4 ° F)  
  log P (Octanol - Water)    2.650  
  Water Solubility    408   mg/L (25 ° C/77 ° F)  
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water to reach the fi nal ethanol content.  24   The fi rst step 
in the production of absinthe with traditional recipes 
involves the maceration of wormwood and other dried 
herbs (e.g., fennel, anise) in a concentrated ethanol solu-
tion (85 – 90%). Distillation of the strongly bitter, green -
 brown macerate produces a light, aromatic, colorless 
fraction. The addition of  Artemisia pontica  and other 
herbs during the coloration step introduces the green 
color (i.e., chlorophyll) and a mild bitter taste. 
Denaturation of chlorophyll by light and heat results in 
the characteristic pale green color of traditional absinthe. 
During the fi nal step, dilution after the coloration step 
results in the fi nal ethanol concentration.  

  Impurities 

 Because the addition of water changes the color of 
absinthe from emerald to opal, some preban manufac-
turers added coloring agents (e.g., aniline green, anti-
mony chloride, copper sulfate, hyssop, indigo, nettles, 
tumeric).10   These additives are not approved for use in 
modern absinthe.   

  Methods of Abuse 

 Because of the high ethanol content and bitter taste, 
traditionally absinthe was diluted with water by drip-
ping the water over a perforated spoon (absinthe spoon) 
containing a lump of sugar and into a glass of absinthe. 
More elaborate preparation involved the use of a crystal 
colander (strainer) containing sugar and crushed ice 
mounted on a wine glass.  4   The absinthe would be poured 
over the colander followed by essence of anise and then 
water. The traditional use of absinthe continues; other, 
less common methods of drinking absinthe include 
pouring the liquor directly over the sugar cube and 
lighting the cube with a match and alternately drinking 
the liquor without dilution.   

  DOSE EFFECT 

 There are few modern data on the effect of specifi c 
doses of total thujone or specifi c isomers. Current 
European regulations limit thujone only in Artemisia  -
 derived alcoholic beverage to 35 ppm.  25   Thujone may be 
added to food only indirectly by the addition of thujone -
 containing plants; the addition of thujone to food as a 
chemical is prohibited. The no observable effect level 
(NOEL) for female and male rats based on the occur-
rence of seizures was 5   mg/kg body weight and 10   mg/
kg body weight, respectively.  26   The estimated tolerable 
daily intake (TDI) based on a safety factor of 500 is 
10    μ g/kg body weight. In the European Medicines 

contrast to the essential oil from aerial parts of worm-
wood plants, the two main constituents of the essential 
oil from wormwood roots were α  - fenchene (23.3%) and 
linalyl butyrate (14.4%) with minor concentrations of 
β  - thujone. Although the  α  - thujone/ β  - thujone ratio 
varies with the source and other variables, the concen-
tration of β  - thujone usually substantially exceeds the 
concentration of α  - thujone.  20   Some camphor is usually 
detectable in samples of absinthe because thujone is an 
isomer of camphor.  

Absinthe.     Traditional absinthe is an emerald spirit 
with a bitter taste and a high ethanol concentration. In 
addition to the high ethanol content,  α  - thujone proba-
bly is the active ingredient in absinthe.  15   Absinthe con-
tained high and variable amounts of ethanol. The 
ethanol concentration varied with the following types 
of absinthe: absinthe  suisse  (68 – 72%), absinthe  demi -
 fi ne  (50 – 68%), and absinthe  ordinaire  (45 – 50%).  3,10   The 
estimated total thujone content of old absinthe was up 
to 260   mg/L (ppm) based on theoretical calculations.  21

However, there are few direct analyses of absinthe 
products to confi rm this estimate. In 1936, Wilson 
detected thujone concentration from 1.8 – 45   mg/L in 
absinthe produced from various essences, whereas 
absinthe made from wormwood contained 2 – 34   mg 
thujone/L as measured by the semiquantitative method 
of Enz that did not separate thujone isomers.  22   Chemical 
analysis of 13 vintage samples of absinthe produced 
before 1915 detected total thujone concentrations ( α  -  
and β  - thujone) ranging from 0.5 – 48.3   mg/L (mean, 
25.4    ±    20.3   mg/L; median, 33.3   mg/L).  23   The concentra-
tion of β  - thujone was up to 6 - fold higher than  α  - thujone. 
There was no statistically signifi cant difference in the 
total thujone concentrations between vintage (i.e., pre -
 1915) and modern absinthe. Additionally, this study did 
not detect toxic concentrations of methanol, fusel oils, 
copper, or antimony in the vintage absinthe. Theoretically, 
the chemical composition of vintage absinthe analyzed 
in this study and cheaper absinthe products mass -
 produced during the 19 th  and early 20 th  centuries may 
differ signifi cantly. The essential oils of other herbs (e.g., 
oil of hyssop) used for absinthe production contain con-
vulsant compounds (e.g., pinocamphone, fenchone), 
but whether these convulsants remain in toxicologically 
signifi cant concentrations after distillation remains 
unproven.   

  Production Processes 

 The absinthe process involves 1) the ethanol - extraction 
of the aromatic herbs, 2) distillation of the extract, 3) 
the addition of color and fl avors, and 4) dilution with 
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 4.3   mg/L) that are far below current absinthe standards 
(< 35   mg/L). This study failed to confi rm the high thujone 
concentrations (260   mg/L) reported in absinthe during 
the 19 th  century.  18   In animal studies,  α  - thujone acts as a 
convulsant by the noncompetitive inhibition of the γ  -
 aminobutyric acid (GABA A ) - gated chloride channel.  15

In vitro  studies suggest that  α  - thujone reduces 5 - HT 3
receptor activity,  32   but the clinical signifi cance of this 
inhibitory activity remains undefi ned as absinthe typi-
cally contains a lower concentration of this isomer than 
β  - thujone. Although thujone is structurally similar to 
tetrahydrocannabinol, animal studies indicate that 
thujone does not bind to the CB 1  cannabinoid receptors 
in the central nervous system as determined by radioli-
gand receptor binding assays.  33

  CLINICAL RESPONSE 

 Observations of heavy absinthe drinkers by historical 
accounts suggest that absinthe and acute ethanol intoxi-
cation produce different clinical effects. However, the 
physiologic effects of ethanol and absinthe are diffi cult 
to differentiate when both were consumed in the same 
drink. Heavy absinthe users were boisterous, impulsive, 
aggressive, paranoid, and violent during periods of 
intoxication that lasted much longer than pure ethanol 
intoxication. Reported adverse effects of the chronic 
use of absinthe included vomiting, gastritis, cachexia, 
restlessness, anxiety, giddiness, illusions, auditory and 
visual hallucinations, seizures, delirium, and coma. These 
effects were associated with absinthe by clinical obser-
vations during the late 1800s; therefore, the causal rela-
tionship remains unproven. There are few reported data 
on the adverse effects of current formulations of 
absinthe. 

 Exposure to  Artemisia  species may produce allergic 
manifestations (e.g., allergic rhinitis, contact dermati-
tis).34   The incidental ingestion of a large dose of worm-
wood oil (major ingredient thujone) instead of absinthe 
causes seizures, rhabdomyolysis, and acute renal 
failure.  29   A case report associated the development of 
second - degree atrioventricular block (Mobitz type I) 
with absinthe intoxication (serum ethanol, 198   mg/
dL).35   Within a few minutes, the rhythm changed spon-
taneously to an accelerated junctional rhythm that con-
verted to normal sinus rhythm within a few hours with 
medical treatment (specifi cs of treatment not reported). 
The patient remained hemodynamically stable through-
out his clinical course. A 2 - year carcinogenicity study by 
the US National Toxicology Program demonstrated 
some evidence of carcinogenicity in F344/N male rats, 
but none in female rats, B6C3F1 male mice, or B6C3F1 
female mice.  36   There were no signifi cant dose - response 

Agency  Artemisia absinthium  monograph, the proposed 
daily thujone intake for adults is 3.0   mg over a maximum 
of 2 weeks.  27   Using the benchmark dose (BMD) method 
instead of the NOEL, the estimated acceptable daily 
intake of thujone is 0.11   mg/kg body weight based on a 
BMD lower confi dence limit (benchmark response of 
10%) for clonic seizures in male rats.  28   The calculated 
amount for benchmark response of 10% was 11   mg/kg 
body weight/day. 

 The ingestion of about 10   mL of the essential oil of 
wormwood by a 31 - year - old man was associated with 
seizures, myalgias, rhabdomyolysis, and acute renal 
failure.  29   He did not develop hyperkalemia or oliguria; 
all his laboratory values returned to normal ranges by 
17 days after ingestion.  

  TOXICOKINETICS 

 There are few data on the toxicokinetics of thujone in 
humans;  in vitro  studies indicate that hydroxylation via 
NADPH - dependent pathways account for the biotrans-
formation of α  -  and  β  - thujone. The major metabolites 
of α  - thujone and  β  - thujone are hydroxythujone and 
dehydrothujone compounds.  30   In rodent studies, the 
major metabolite of thujone compounds is 7 - hydroxy -
α  - thujone and minor metabolites include 4 - hydroxy -  
α  - thujone, 4 - hydroxy -  β  - thujone, and 7,8 - dehydro 
-α  - thujone.  31   The major urinary metabolites include 
hydroxythujone glucuronides and 4,10 - dihydrothujone. 
These studies indicate that there are substantial differ-
ences in the metabolism of thujone between animal 
species.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Absinthe has both sedative and analgesic properties 
that result in elevated mood and increased sense of 
perception. Because most of the observations of absinthe 
drinking resulted from historical accounts, there is 
limited information on the pharmacologic interactions 
of thujone and ethanol in absinthe as well as the contri-
bution of each substance to the effect of the spirit. 
Absinthe may produce hallucination and seizures during 
acute intoxication, whereas withdrawal rather than 
acute intoxication causes these complications in chronic 
alcohol abusers. The cause of absinthism remains unclear 
with potential contributing factors including α  -  and/or 
β  - thujone and contaminates [e.g., copper sulfate, anti-
mony chloride, tansy ( Tanacetum vulgare  L.), sweet 
calamus ( Acorus calamus  L.)]. Analysis of  α  -  and  β  -
 thujone in historical recipes and recently produced 
absinthe detected low thujone concentrations (0 –
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365  –  377 .  

  25.      European Parliament and Council .  Regulation (EC) No. 
1334/2008 of the European Parliament and the Council 
of 16 December 2008 on fl avourings and certain food 
ingredients with fl avouring properties for use in and on 
foods and amending Council Regulation (EEC) No. 
1601/91, Regulations (EC) No. 2232/96 and (EC) No. 
110/2008 and Directive 2000/13/EC .  Off J Eur Union  
 2008 ; L354 : 34  –  50 .  

  26.     Scientifi c Committee on Food of the European 
Commission: Opinion of the Scientifi c Committee on food 

relationships between neoplastic or nonneoplastic 
lesions.  

  DIAGNOSTIC TESTING 

 Methods for the quantitation of thujone, pinocamphone, 
and fenchone in absinthe include gas chromatography/
fl ame ionization detection, high performance liquid 
chromatography, and liquid - liquid extraction with gas 
chromatography/mass spectrometry.  24   The limit of 
detection is near 80    μ g/L.  18   Experimental studies of 
preban absinthe with UV irradiation up to 200 hours 
indicate that absinthe stored in green bottles does not 
decompose, whereas an 18% reduction in  β  - thujone 
content and concurrent discoloration occurred in 
absinthe stored in clear bottles for the same time.  37

Analysis of preban bottles up to 7 years did not detect 
signifi cant reductions in  β  - thujone content.  

  TREATMENT 

 Treatment is supportive and similar to the treatment 
of acute ethanol intoxication. The primary focus is 
airway protection and prevention of withdrawal in 
chronic users by the liberal use of agents active at the 
GABA complex in the central nervous system (e.g., 
benzodiazepines).      
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  Chapter 53 

   AYAHUASCA, 
HARMALA
ALKALOIDS, and 
N  ,  N   - DIMETHYL-
TRYPTAMINE 

           HISTORY 

 Indigenous peoples of the Amazon and Orinoco River 
Basins of South America have used tryptamine - contain-
ing concoctions (e.g., ayahuasca) for spiritual and 
medicinal purposes since before the time of Christ. 
Ayahuasca and the vessels for drinking this beverage 
were sacred in these primitive cultures. An experienced 
healer ( ayahuascero ) conducted the ritual use of aya-
huasca after many years of training and preparation 
(e.g., periods of isolation, dietary restrictions, sexual 
abstinence). These rituals included special songs ( icaros ) 
and the use of other plants (e.g., tobacco). Jesuit mis-
sionaries recorded the fi rst European references to aya-
huasca in the early 18 th  century.  1   During the middle 19 th

century, English botanist Richard Spruce compiled an 
inventory of native plant life in the Amazon.  2   Beside 
discovering the rubber tree ( Hevea  spp.) and cinchona 
bark (quinine), he identifi ed  Banisteriopsis caapi  as one 
of the sources of the psychedelic brew, ayahuasca. In the 
1920s, banisterine was introduced as a treatment for 
Parkinson disease. The source of this hallucinogenic 

compound was Banisteriopsis caapi ; subsequent studies 
demonstrated that the β  - carboline, banisterine was 
identical to the reversible monoamine oxidase inhibitor, 
harmine. Interest in using this substance as a treatment 
for Parkinson disease waned in the early 1930s. 

 During the 20 th  century, the ritual use of ayahuasca 
extended to modern syncretic religious movements that 
combined Christian liturgy and African spiritualism, 
particularly in Brazil. Raimundo Irineu Serra, a Brazilian 
rubber tapper founded the Santo Daime in the 1930s 
after discovering the use of ayahuasca by indigenous 
peoples in the remote forests of the Brazilian frontier 
state of Acre. The Barquinha split from the Santo Daime 
in 1945; this group formed the Uniao do Vegetal with 
Jos é  Gabriel da Costa in 1961. After the death of 
Raimundo Irineu Serra in 1971, the Santo Daime split 
into several factions including the Eclectic Centre of the 
Universal Flowing Light (CEFLURIS). The latter group 
expanded their church into urban Brazilian areas 
and also overseas while attracting international visitors 
to their ritual use of ayahuasca.  3   In 1987, the use of 
ayahuasca in religious ceremonies was legalized in 
Brazil. The use of ayahuasca containing  N , N  -
 dimethyltryptamine by members of the Uniao do 
Vegetal Church is legal in the United States based on 
the US Supreme Court interpretation of the 1993 
Religious Freedom Restoration Act.  4

  BOTANICAL DESCRIPTION 

Common Names :      Ayahuasca vine, caapi, yag é , yaje, 
natem, oni, nishi, vine of the dead, vine of the soul  

Scientifi c Name :    Banisteriopsis caapi  (Spruce ex 
Griseb.) Morton  

AYAHUASCA, HARMALA ALKALOIDS, 
and DIMETHYLTRYPTAMINES     
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Botanical Family :      Malpighiaceae  
Physical Description :      This tropical vine has smooth, 

chocolate - brown bark and opposite, oval - shaped 
green leaves ranging in size 3.5 – 8   cm ( ∼ 1.5 – 3 
inches) wide and 8 – 18   cm ( ∼ 3 – 7 inches) long. The 
compound infl orescence is axillary or has terminal 
cymose panicles (i.e., increased, irregular branch-
ing in the upper parts with each branch containing 
a fl ower). The fl owers are about 1   cm (0.4 inches) 
in diameter with pink petals. The fruit is a samara 
nut that produces fan - shaped green seeds. Upon 
ripening, these seeds turn brown.  

Distribution and Ecology :      The ayahuasca vine 
grows indigenously in the western parts of the 
Amazon Basin, primarily Brazil, Colombia, and 
Peru. This plant is also cultivated in tropical 
environments.   

Common Names :      Amiruca panga, chacrona, cha-
cruna, folha, reinha, sami ruca  

Scientifi c Name :    Psychotria viridis  Ruiz  &  Pav.  
Botanical Family :      Rubiaceae (coffee)  
Physical Description :    P. viridis  is a perennial bush 

that grows to 5   m ( ∼ 15 feet) in height and has a 
unique combination of plant structures (foveolae, 
stipules) as demonstrated in Figure  53.1 .  5   The 
elliptical, smooth leaves are opposite (i.e., pro-
duced in pairs along the stems), growing to about 
5 – 15   cm ( ∼ 2 – 6 inches) long and 2 – 6   cm ( ∼ 1 – 2.5 
inches) wide. There are 5 – 10 pairs of secondary 
veins and occasionally microscopic plant hairs 
appear on the lower surface. The leaves arise on 
leaf stalks (petioles) that are about 1 – 10   mm 
(∼ 0.04 – 0.4 inches) long. The leaves are usually 
gray or red - brown when dried. Foveolae are small 
pockets found on the lower leaf surface near the 
junction of the side (secondary) and central veins 
as demonstrated in Figure  53.1 . These distinctive 
microscopic structures have an opening near a sec-
ondary vein that provides shelter for symbiotic 
mites capable of destroying destructive fungi and 
herbivorous invertebrates. Each leaf bears at least 
one pair of foveolae that usually occur near the 
apex; vegetative stems typically contain more 
foveolae than reproductive stems.   

 Pairs of distinctive leafy structures (stipules) 
cover and protect the young, developing leaves. 
These elliptical, membranous structures are 
sharply angled at the apex reaching about 5 – 25   mm 
(∼ 0.1 – 1 inch) long and 4 – 12   mm ( ∼ 0.15 – 0.5 inch) 
wide. As the stipules fall off, a horizontal scar 
(0.3 – 1   mm/0.02 – 0.04 inch wide) develops between 
the insertion of 2 opposite leaves in the middle 

and lower parts of the stem. A dense line of plant 
hairs (trichomes) appears above the scar; these 
trichomes are about 0.5 – 1   mm ( ∼ 0.02 – 0.04 inch) 
long and turn red - brown when the stem is dried.  

Distribution and Ecology :      This plant grows in wet 
lowland tropical forests in Cuba and northern 
Central America as well as western and central 
South America, particularly in the Amazonian 
Basin near Peru and Bolivia.   

Common Names :      Syrian rue, harmal, African rue, 
harmal, peganum, harmal shrub, isband, ozallaik, 
peganum, steppenraute  

Scientifi c Name :    Peganum harmala  L.  
Botanical Family :      Zygophyllaceae (caltrop)  
Physical Description :      This perennial glabrous plant 

grows up to 30   cm ( ∼ 12 inches) in height. The 

FIGURE 53.1.     Distinctive vegetative features of  Psychotria 
viridis . (A) upper stem with a pair of well - developed stipules 
(top to bottom), the bases of a pair of leaves, a stipule scar 
with a crown of hairs (trichomes) above the scar, the base of 
another leaf, and the scar from a fallen stipule. (B) Underside 
of leaf with an encircled pair of foveolae. (C) Enlarged view 
of encircled foveolae. (D) Enlarged view of foveolae from 
dried sample.  5
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narrow, succulent leaves arise from stiff stems 
arranged in an alternate pattern. The small, 
5 - petaled fl owers are white.  

  Distribution and Ecology :      This plant grows in 
semiarid conditions in sandy oils in the eastern 
Mediterranean, Middle East, North Africa, and 
Central Asia.     

  IDENTIFYING CHARACTERISTICS 

  Structure 

 The ceremonial drink ayahuasca derived from the above 
plants contains the reversible monoamine oxidase A 
inhibitors (harmala alkaloids) and the classic hallucino-
gen,  N , N  - dimethyltryptamine (DMT). Collectively, 
harmala alkaloids are  β  - carboline compounds (i.e., 
harmine, harmaline, tetrahydroharmine).  β  - Carboline 
compounds are heterocyclic, dehydrogenated deriva-
tives of tryptophan that occur endogenously in mammals 
and some plants as a result of the Pictet - Spengler con-
densation of indolealkylamine compounds with alde-
hydes.  6   Figure  53.2  demonstrates the structure of these 
 β  - carboline compounds, DMT, and serotonin. The tryp-
tophan - derived  β  - carboline compounds have some 
structural similarity to  N  - methyl - 4 - phenyl - 1,2,3,6 -
 tetrahydropyridine (MPTP), which causes irreversible 
parkinsonism as a result of metabolism to a neurotoxic 
quaternary ion, 1 - methyl - 4 - phenyl pyridine (MPP  +  ). 
Tryptamine compounds are tryptophan - derived com-
pounds with a basic indole ring, similar to serotonin; 
DMT is the prototypical member of the ring - unmodi-
fi ed tryptamine compounds. DMT is structurally related 
to serotonin and similar to other psychedelic agents 
(e.g., lysergic acid diethylamide [LSD], mescaline).    

  Physiochemical Properties 

 DMT is a serotonergic agonist and classic hallucinogen 
that produces vivid visual imagery and poorly formed 
auditory hallucinations following inhalation or intrave-
nous administration to experienced hallucinogen users.  7   
Harmine and harmaline are reversible, competitive, 
type A monoamine oxidase (MAO - A) inhibitors,  8   
whereas tetrahydroharmine (CAS RN: 40959 - 16 - 8) is a 
weak inhibitor of serotonin uptake at presynaptic sites.  9   
Harmaline and harmine have pK a  values of 9.55 and 
7.45, respectively.  10   Ayahuasca contains harmala alka-
loids together with DMT; this combination has mild 
sedative and hallucinogenic properties similar to the 
classic hallucinogen, 1 - (2,5 - dimethoxy - 4 - methylphenyl) -
 2 - aminopropane (DOM).  11   Anecdotal reports suggest 
that the effectiveness of ayahuasca preparations rapidly 
degrade after 3 days of storage.  12     

  EXPOSURE 

  Sources 

 In addition to  Banisteriopsis caapi , other plants that 
contain harmala alkaloids include  Peganum harmala  
(Syrian rue) and  Passifl ora incarnata  L. (passion-
fl ower).  13   Plants that contain appreciable quantities of 
 N , N  - dimethyltryptamine include  Phalaris arundinacea  
L.,  Phalaris aquatica  L. (canary grass,  Phalaris tuberosa  
L.),  Desmanthus illinoensis  (Michx.)MacMill. (prairie 
bundlefl ower), and  Psychotria viridis  Ruiz  &  Pav. (cha-
cruna). Sources of  N , N  - dimethyltryptamine for South 
American peoples include snuffs from seeds of 
 Anadenanthera peregrina  (L.) Speg. or the tree bark 
( Virola  species) and the brewed tea, ayahuasca (hoasca, 
daime, yaj é , vegetal, caapi, mihi, dapa, natema, pinde). 

       FIGURE 53.2.     Chemical structures of 
harmala alkaloids in ayahuasca, dimeth-
yltryptamine (DMT), and serotonin.  
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Hoasca is the Portuguese transliteration of ayahuasca 
and the accepted name of this tea in Brazil. Production 
of this South American tea involves the boiling or 
soaking of pounded stems from the ayahuasca vine 
(Banisteriopsis caapi ) in combination with leaves from 
other plants (e.g.,  Psychotria viridis ). In Ecuador and 
Colombia, the preparation of ayahuasca typically 
involves the use of leaves of Diplopterys cabrerana
(Cuatrecasas) B. Gates [ Banisteriopsis  rusbyana (Nied.) 
C.V.Morton] rather than  Psychotria viridis .  14   Traditional 
uses for P. harmala  include a red dye for carpets, an 
abortifacient, and an emmenagogue. Specialty shops 
and the Internet are common sources for many psycho-
tropic substances including dimethyltryptamine com-
pounds and related designer drugs. A variety of fl ora 
(e.g., reed canary grass,  Phalaris arundinacea  L.) contain 
DMT with instruction for the extraction of smokable 
freebase DMT available over the Internet.  15   DMT is a 
schedule I drug in the United States.  

  Composition 

 The alkaloid content in the plants used for the produc-
tion of ayahuasca varies substantially; consequently, the 
harmala alkaloid content in different ayahuasca prepa-
rations also varies. Some sampling studies suggest 
that the concentration of β  - carboline compounds in 
Banisteriopsis caapi  range from 0.05 – 1.95% dry weight, 
whereas N , N  - dimethyltryptamine concentrations in 
Psychotria viridis  range from  ∼ 0.1 – 0.66% dry weight.   12,14

Table  53.1  displays the mean and range of the major 
harmala alkaloids detected in 33 samples ofBanisteriopsis
caapi  and  N , N  - dimethyltryptamine in 37 samples of 
Psychotria viridis  collected from 22 sites throughout 
Brazil on the same day by experienced members of the 
Uni ã o do Vegetal, and analyzed by high performance 
liquid chromatography.  16   The concentrations of tetrahy-
droharmine were highly variable in the samples of 
Banisteriopsis caapi , and these concentrations did not 

correlate to the concentrations of harmine or harmaline. 
Analysis of lyophilized aqueous extracts of the vine 
from Banisteriopsis caapi  demonstrated harmine con-
centrations of ∼ 20   mg/g extract.  17   Some South American 
shamanic snuffs derived from bark and bark - extracts of 
Virola  species (Myristicaceae) contain substantial 
amounts of 5 - methoxy -  N , N  - dimethyltryptamine in 
addition to smaller quantities of DMT.  18   Analysis of 
bark and leaf samples from Virola  species indicated that 
the concentration and type of tryptamines varied greatly 
between samples.  19

 Analysis of an infusion of  P. harmala  associated with 
acute intoxication indicated that the main active ingre-
dients were harmine, harmaline, and tetrahydrohar-
mine.  20   Minor constituents included vasicine (CAS RN: 
6159 - 55 - 3, peganine) and 3 - deoxyvasicine (CAS RN: 
495 - 59 - 0, deoxypeganine). In contrast to ayahuasca 
preparations, concentrations of DMT and 5 - methoxy -
 DMT in the infusion of  P. harmala  were undetectable. 
Typically, the seeds and roots of  P. harmala  contain the 
highest concentrations (i.e., about 2 – 7%) of harmala 
alkaloids as well as the quinazoline derivatives, vasici-
none (CAS RN: 486 - 64 - 6) and deoxyvasicinone (CAS 
RN: 530 - 53 - 0). In a Spanish study of various plant parts 
of P. harmala  collected from May to December, the 
highest content of harmine (mean, 4.3% w/w) and har-
maline (mean, 5.6% w/w) occurred in dry seeds.  21   Roots 
also contained substantial quantities of harmine (mean, 
2.0% w/w) and harmol (mean, 1.4% w/w), but not har-
maline.  In vitro  studies indicated that extracts of the dry 
seeds were stronger inhibitors of MAO - A than roots; 
monoamine oxidase B (MAO - B) was not inhibited by 
either extract. 

 The alkaloid content of ayahuasca varies substan-
tially with individual recipes, preparation methods, and 
plant origin/composition.  22   The principal  β  - carboline 
alkaloids in this mixture are dimethyltryptamine, 
harmine, harmaline, and tetrahydroharmine. Analysis of 
a 100 - mL dose of ayahuasca by high performance liquid 

TABLE 53.1.    Harmala Alkaloid and  N , N  - Dimethyltryptamine Content of 
Convenience Samples of Banisteriopsis caapi  and  Psychotria viridis .  16

   Substance (Source)     Sample 
Number

   Mean    ±    SD 
(mg/g)  *    

   Range 
(mg/g)  *    

  Harmine ( B. caapi )    33    4.83    ±    2.06    0.31 – 8.43  
  Harmaline ( B. caapi )    33    0.46    ±    0.19    0.03 – 0.83  
  Tetrahydroharmine 

(B. caapi )  
  33    1.00    ±    0.79    0.05 – 2.94  

N , N  - Dimethyltryptamine 
(P. viridis )  

  37    7.50    ±    5.01    0.00 – 17.75  

    *   Dry weight.   
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chromatography using fl uorescence detection in one 
study was as follows: harmine, 170   mg; harmaline, 20   mg; 
1,2,3,4 - tetrahydroharmine, 107   mg; and  N , N  - dimeth-
yltryptamine, 24   mg.  23   Table  53.2  displays the harmala 
alkaloid and DMT concentrations in 2 preparations of 
ayahuasca as measured by GC/MS.    

  Methods of Use 

 Shamans in the Amazon Basin use this inebriating tea 
in traditional medical diagnosis and healing, divination, 
pathway for access to the supernatural, and rites of 
passage, particularly in the Brazilian - based syncretic 
religious groups (Santo Daime, O Centro Espirita 
Benefi ciente Uni ã o do Vegetal).  24   The latter church uses 
sacramental brews of ayahuasca as part of a religious 
ritual ( preparo ), whereas the Santo Daime church uses 
a decoction (santo daime) of P. viridis  and  B. caapi  in 
the ritual called feitio .  25   During religious ceremonies, 
participants typically drink the tea every hour; vomiting 
frequently accompanies the use of the tea. 12   Piaroa 
shamans from southern Venezuela use the cambium 
from B. caapi  alone (i.e., without DMT - containing 
decoctions) to heighten empathy among tribal 
members.  26   The Piaroa people also use  B. caapi  as a 
hunger suppressant, stimulant, and hunting aid to 
enhance visual acuity. Limited data on ayahuasca users 
does not suggest that the ritualistic use of ayahuasca is 
associated with serious deterioration in the psychosocial 
interactions typically caused by other drugs of abuse.  27

 Because of the poor oral bioavailability of DMT, 
DMT is usually smoked after adding the solid brownish 
material to a marijuana cigarette. Typically, the use of 
smokable DMT is associated with a pattern of extensive 
drug use.  28   The rapid intensity and resolution (i.e., about 
30 minutes) of the effects associated with smoking DMT 
results in the eponym, businessman ’ s lunch trip.   

  DOSE EFFECT 

 Typical doses of DMT for smoking are 40 – 50   mg with a 
range of about 20 – 100   mg.  13   The administration of 

0.1   mg/kg intravenously causes undesirable feeling of 
physical tension without the euphoria present following 
the higher dose. In a double - blind, saline placebo - con-
trolled, randomized study of 10 experienced hallucino-
gen users given DMT intravenously, the threshold for 
signifi cant physical effects (e.g., increased blood pres-
sure and heart rate, pupillary dilation, increase rectal 
temperature) was about 0.2   mg/kg body weight.  7   A 
more intense disorganizing effect, rush, and perceptual 
perturbations occurred after the administration of 
0.4   mg/kg; some users considered these effects unpleas-
ant. Altered perception including the appearance of 
rapidly moving, brightly colored visual images also 
occurs in volunteers administered the same intravenous 
doses.  29   The administration of 0.3   mg/kg followed in 1 
minute by a continuous infusion of 0.02   mg/kg/min for 
84 minutes produced strong alteration of visual and 
auditory phenomena along with paranoia and body 
misperceptions (e.g., body melting away, diffi culty 
sensing the boundaries of their bodies).  44

 The typical infusion of  P. harmala  for sedative effects 
involves the steeping of 5 – 10   g crushed seeds. A 41 - year -
 old woman boiled 100   g of seeds in water and she drank 
the infusion.  30   Subsequently, she developed nausea, 
vomiting, visual hallucination, diaphoresis, and altered 
consciousness followed by respiratory failure and mild 
hepatorenal dysfunction. She eventually recovered 
without sequelae. The ingestion of 50   g  P. harmala
seeds was associated with nausea, vomiting, and 
hallucination.31

  TOXICOKINETICS 

  Absorption 

 There is substantial interindividual variability in the 
bioavailability of harmala alkaloids. Based on clinical 
effects, the absorption of  N , N  - dimethyltryptamine 
(DMT) following inhalation is rapid. Smoking DMT 
produces rapid onset of effects within 5 minutes, and 
these effects resolve within approximately 30 minutes.  13

The bioavailability of DMT after ingestion is too low to 

TABLE 53.2.    Harmala Alkaloid and  DMT  Content of Two Samples of Ayahuasca.  1

   Compound     Sample 1 (% Total Alkaloids)     Sample 2 (% Total Alkaloids)  

  DMT    9.1   mg/dL (14.1%)    8.8   mg/dL (12.5%)  
  Harmine    47.5   mg/dL (73.1%)    9.2   mg/dL (13.2%)  
  Tetrahydroharmine    4.2   mg/dL (6.5%)    26.5   mg/dL (37.8%)  
N  - Methyltetrahydroharmine    4.1   mg/dL (6.3%)    25.5   mg/dL (36.4%)  
  Harmaline    Trace ( < 0.1%)    ND  
  Total Alkaloids    0.65% w/v    0.070% w/v  

Abbreviation:  ND    =    none detected.   
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produce clinical effects, probably as a result of the enzy-
matic degradation in the gastrointestinal tract to an 
inactive metabolite.  32   Detectable DMT concentrations 
following the ingestion of ayahuasca probably result 
from the inhibition of monoamine oxidases in the gas-
trointestinal tract and/or liver by the β  - carboline metab-
olites (i.e., harmol or harmalol). These inhibitory effects 
limit the enzymatic degradation of the simultaneously 
ingested DMT in ayahuasca, resulting in enhanced 
absorption of DMT and allow subsequent psychedelic 
effects. 

 Volunteer studies indicate that the intense visual 
imagery associated with the ingestion of ayahuasca cor-
relates to peak plasma concentrations of DMT occur-
ring about 1.5 – 2 hours after ingestion.  33   Similarly, the 
mean peak plasma DMT concentrations was about 1.5 
hours after ingestion of freeze - dried ayahuasca (0.6 and 
0.85   mg DMT/kg body weight) by 18 volunteers.  34

  Biotransformation 

 The  O  - demethylation of harmine and harmaline to 
harmol and harmalol, respectively, involves a variety of 
cytochrome P450 isoenzymes including CYP1A1, 
CYP1A2, CYP2C9, CYP2C19, and CYP2D6. Kinetic 
studies indicate that the primary CYP subfamilies 
involved with the O  - demethylation of these  β  - carboline 
compounds are CYP1A1 and CYP2D6.  35   The glucuro-
nide and sulfate of harmol and harmalol are the main 
urinary metabolites of harmine and harmaline biotrans-
formation. The metabolism of DMT following ingestion 
of ayahuasca involves N  - oxidation (dimethyltrypt-
amine -N  - oxide) and oxidative deamination.  36   Little 
unchanged DMT appears in the urine.  

  Tolerance 

 Psychologic dependence on ayahuasca or withdrawal 
symptoms following the cessation of use are not well -
 documented in the medical literature. Experimental 
studies suggest potential for the development of some 
tolerance as refl ected in the reduction in platelet 5 - HT 
transporter in regular users when compared with nonus-
ers, assuming that similar effects occur in the central 
nervous system (CNS).  37   However, observational studies 
indicate that tolerance does not develop to the psyche-
delic effects of DMT in contrast to many other psyche-
delic agents (e.g., LSD, mescaline).  45   In a double - blind 
randomized study of 13 experienced hallucinogen users 
receiving saline placebo or 0.3   mg DMT fumarate/kg 4 
times at 30 - minute intervals, there was no evidence of 
tolerance as measured by blinded clinical interviews 
and the Hallucinogen Rating Scale scores.  57   The DMT 
dose in this study produced typical psychedelic effects. 

Similarly, the short - term administration of a psychedelic 
DMT dose (0.7   mg/kg) twice daily for 5 days did not 
produce pharmacokinetic or pharmacodynamic evi-
dence of tolerance; however, 3 of the 4 users reported 
some variation in the response to their subjective 
 “ high. ”   38   Cross - tolerance to a psychedelic dose of DMT 
did not occur in some users with high tolerance to 
LSD.  39

  Drug Interactions 

 Potentially, the ingestion of tyrosine - containing foods 
along with the MAO - A inhibitors in harmala - contain-
ing plants may cause hypertensive crisis similar to 
monoamine oxidase inhibitor toxicity. Additionally, 
serotonin syndrome is a potential complication of the 
concomitant ingestion of selective serotonin reuptake 
inhibitor (SSRI) antidepressants with the monoamine 
oxidase - inhibiting harmala alkaloids in ayahuasca.  40

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 In addition to the monoamine oxidase inhibiting activ-
ity,  in vitro  assays suggest that  β  - carboline compounds 
may contribute to the serotonin - like effects of DMT in 
ayahuasca by binding with modest affi nity at 5 - HT 2c  and 
5 - HT 2A  receptors depending on the presence of ring 
substituents and ring saturation. These studies indicate 
that harmine and harmaline have minimal to no affi nity 
for 5 - HT 1A  serotonin receptors, dopamine D 2  receptors, 
or for benzodiazepine receptors with the exception 
of methyl -  β  - carboline - 3 - carboxylate ( β  - CCM) recep-
tors.  41    β  - CCM is a benzodiazepine receptor ligand with 
inverse agonist properties (i.e., produces an effect 
opposite to that of an agonist, yet acts at the same recep-
tor). Although tetrahydroharmine (THH) is a weak 
inhibitor of serotonin (5 - HT) uptake,  42   the contribution 
of THH to the psychedelic effects of ayahuasca is not 
well - defi ned. 

 DMT has nearly equal affi nity for the 5 - HT 1A  and 
5 - HT 2  receptors. In the CNS, rodent studies suggest 
that DMT binds to 5 - HT 1A  as an agonist and to 5 - HT 2
receptors as an antagonist.  43   These relatively short - term 
effects cause autonomic effects (mydriasis, elevated 
heart rate, blood pressure, temperature) and a dramatic 
modifi cation of perception, sense of self, and reality. 
In healthy volunteers, the administration of DMT 
produces a dose - dependent, schizophrenia - like state, 
characterized by formal thought disorder (paranoia, 
visual hallucinations) and inappropriate affect.  44   Apathy, 
withdrawal, delusions, and catatonic features are 
less intense than glutamate antagonists (e.g., phencycli-
dine). Pindolol is a potent 5 - HT 1A  antagonist, and the 
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administration of this drug prior to the administration 
of DMT enhances the psychedelic effects of DMT; these 
studies suggest that 5 - HT 1A  agonist activity moderates 
the psychedelic effects associated with 5 - HT 2  agonist 
activity.  45

  CLINICAL RESPONSE 

 The ingestion of ayahuasca containing  N , N  -
 dimethyltryptamine (DMT) produces mild sedative and 
hallucinogenic effects that peak approximately 1 – 1.5 
hours after ingestion and resolve within 3 – 4 hours. The 
simultaneous ingestion of DMT with Syrian rue 
(Peganum harmala ) may prolong the CNS effects and 
tachycardia up to 12 hours. The intravenous administra-
tion of DMT to volunteers was associated with psyche-
delic effects within 2 minutes of administration and 
resolution of symptoms within 30 minutes.  45   Adverse 
effects during ayahuasca use include myalgias, nausea, 
vomiting, diarrhea, eructations, uncontrollable muscle 
jerks, and anxiety. The most commonly reported adverse 
effects in a cross - sectional study of a convenience 
sample of 32 American members of a branch of the 
Santo Daime Church were nausea (34%), vomiting 
(28%), exhaustion 1 – 2 days after the ceremony (28%), 
and insomnia (12%).  46   Uncommon side effects included 
muscle spasm, reduced memory on the following day, 
headache, visual changes, hypoglycemia, dry mouth, and 
tachycardia. About 25% reported no adverse effects 
despite chronic use; physical examinations did not 
reveal any medically signifi cant disorders. A cross - sec-
tional study of 15 members of the syncretic church using 
ayahuasca for at least 10 years did not detect any per-
sonality or cognitive deterioration as measured by 
structured psychiatric diagnostic interviews, personality 
testing, and neuropsychologic testing.  47   Although the 
test group was compared with a matched control group, 
the study did not clearly indicate the extent of blinding 
of the interviewers and testers to the assignment of 
individuals to the 2 groups. 

 Effects associated with the ingestion of harmala alka-
loids from P. harmala  include nausea, vomiting, eupho-
ria, visual hallucinations, diffuse tremors, elevated 
temperature, tachycardia, hypertension, disorientation, 
agitation, and seizures. An 18 - year - old man presented 
to an emergency department with nausea, vomiting, 
diffuse tremors, ataxia, visual hallucinations, and agita-
tion after drinking an infusion from P. harmala  seeds.  20

His urine drugs of abuse screen was negative and analy-
sis of his urine confi rmed the presence of harmine and 
harmaline along with the corresponding metabolites, 
harmol and harmalol. He recovered rapidly without 
sequelae. Rodent studies suggest the possibility of fetal 

abnormalities following the ingestion of ayahuasca 
doses up to 10 times the typical recreational dose.  48

However, maternal toxicity (decreased maternal and 
fetal weight gain) at the higher doses and the presence 
of abnormalities in the control group (albeit lower inci-
dence) limits conclusions regarding the etiology of these 
abnormalities.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the detection of dimethyltryptamine and 
β  - carboline compounds in ayahuasca include high per-
formance liquid chromatography ( β  - carbolines) and gas 
chromatography with nitrogen/phosphorus detection 
(dimethyltryptamine),49   gas chromatography/mass spec-
trometry (GC/MS),  22,50   high performance liquid chro-
matography/electrospray/mass spectrometry,  51   and 
liquid chromatography/electrospray ionization/tandem 
mass spectrometry.  52   The lower limit of quantitation 
(LLOQ) for these compounds in plasma samples using 
HPLC and gas chromatography with nitrogen/phospho-
rus detection is ∼ 1   ng/mL, whereas the limit of detection 
(LOD) of tryptamines using screening methods based 
on gas chromatography/mass spectrometry typically 
ranges from ∼ 5 – 10   ng/mL.  53   The use of liquid chroma-
tography/electrospray ionization/tandem mass spec-
trometry allows the detection of β  - carboline and 
dimethyltryptamine compounds with no extraction pro-
cedures and LLOQ in the range of 5   ng/mL. The LLOQ 
for β  - carboline and dimethyltryptamine compounds 
using GC/MS is approximately 20   ng/mL with a preci-
sion (relative standard deviation) of < 10%.  22

 Detectable concentrations of DMT, 5 - hydroxy - DMT 
(bufotenine), and 5 - methoxy - DMT (mexamine) occur 
in human urine samples as a result of the normal bio-
transformation of tryptamine by indolethylamine N  -
 methyltransferases.  54,55   Simultaneous analytic methods 
(e.g., gas chromatography/mass spectrometry, liquid 
chromatography/electrospray ionization/mass spec-
trometry) can quantitate a variety of tryptamines,  β  -
 carbolines, and phenethylamine hallucinogens including 
α  - methyltryptamine, 5 - methoxy -  α  - methyltryptamine, 
N , N  - diisopropyl - 5 - methoxytryptamine,  N , N  - diisopro-
pyl - 4 - hydroxytryptamine,  N , N  - dimethyltryptamine, 5 - 
methoxy -N , N  - dimethyltryptamine, bufotenine, psilocin, 
psilocybin, harmine, and harmaline.  51   In plasma samples, 
the use of high performance liquid chromatography/ion 
trap ion trap/mass spectrometry with heated electro-
spray ionization to reduce matrix effects allows the 
detection of major alkaloids in ayahuasca with an LOD 
below 1   ng/mL.  56
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  Biomarkers 

 In a study of 13 volunteers administered 0.3   mg DMT 
fumarate/kg body weight intravenously at 30 - minute 
intervals for a total of 4 doses, the mean peak DMT 
plasma concentration after the last dose was approxi-
mately 70   ng/mL.  57   In a study of 18 volunteers with 
prior experience with psychedelic drugs, the ingestion 
of freeze - dried ayahuasca (0.6 and 0.85   mg DMT/kg 
body weight) produced mean maximum plasma DMT 
concentrations of 12.1   ng/mL and 17.4   ng/mL, respec-
tively; peak subjective effects correlated to peak plasma 
DMT concentrations.  34   A study of 15 volunteers receiv-
ing 2   mL ayahuasca/kg detected the following approxi-
mate mean peak concentrations of DMT and harmala 
alkaloids: DMT, 16   ng/mL (range, 11.5 – 25.5   ng/mL); 
harmine, 115   ng/mL (range, 36 – 222   ng/mL); harmaline, 
6   ng/mL (range,  < 1 – 9   ng/mL); and tetrahydroharmine, 
91   ng/mL (range, 49 – 135   ng/mL).  23   Figure  53.3  displays 
the plasma concentration - time curve for harmine, tetra-
hydroharmine, and DMT following the ingestion of 
2   mL ayahuasca/kg body weight by 14 regular users 
during religious practices. All volunteers experienced 

intricate visual imagery and a general state of height-
ened awareness; the most intense visionary effects 
occurred  ∼ 1 – 2 hours after ingesting the tea. Adverse 
effects included vomiting, a fi ne tremor, and nystagmus. 
In a study of 4 healthy men, peak whole blood DMA 
concentrations of 100   ng/mL were associated with color 
and spatial distortions, auditory hallucinations, para-
noia, and a dissociative state.  38     

 A 25 - year - old man ingested a preparation from a 
South American tree bark in the evening followed by 
the ingestion of 5 - methoxy - dimethyltryptamine approx-
imately 4 hours later.  58   He was found dead the following 
morning, and the autopsy did not demonstrate an ana-
tomic cause of death. Table  53.3  lists the toxicologic 
fi ndings in postmortem samples from this case as mea-
sured by liquid chromatography/electrospray/mass 
spectrometry. 5 - Methoxy -  N , N  - dimethyltryptamine (5 -
 MeO - DMT) is typically not detected in ayahuasca, and 
the presence of such large amounts of 5 - MeO - DMT 
suggests the addition of synthetic 5 - MeO - DMT to this 
preparation.   

 Urine drugs of abuse screens do not typically detect 
the use of ayahuasca (DMT, harmala alkaloids) or other 
tryptamine hallucinogens. DMT and bufotenine are 
natural products of serotonin or tryptamine metabolism 
catalyzed by indolethylamine  N  - methyltransferase. 
Some urine specimens may contain small, but detect-
able quantities of DMT or bufotenine when analyzed 
by GC/MS.  59   Although the comparative formation of 
DMT in schizophrenic and normal patients was investi-
gated in the 1970s with GC/MS, no clear difference in 
urinary or cerebrospinal fl uid DMT concentrations 
was demonstrated between schizophrenic and normal 
populations.  60,61    

  Abnormalities 

 The development of serotonin syndrome during intoxi-
cation by tryptamine compounds may occasionally 
cause leukocytosis, rhabdomyolysis (i.e., in association 
with muscle rigidity), or hepatorenal dysfunction (i.e., 
in association with hyperthermia). The effect of aya-
huasca on an electroencephalogram (EEG) primarily 
involves a decrease in the absolute power in the classical 
frequency bands, particularly in the delta and theta 
bands. Power analysis of EEGs from 18 volunteers 
receiving 0.85   mg DMT/kg body weight demonstrated 
reductions in the power densities of the alpha - 2, beta - 1, 
delta, and theta frequency bands over the temporal -
 parietal - occipital junction as well as decreases in theta 
power over the medial temporal and medial frontal 
regions of the cortex.  62   These areas comprise the regions 
of the brain associated with emotion, memory processes, 

       FIGURE 53.3.     Averaged and standard errors of harmine, tet-
rahydroharmine (THH), and  N , N  - dimethyltryptamine (DMT) 
concentrations following the ingestion of 2   mL ayahuasca/kg 
by 14 regular users. These volunteers received the following 
doses of harmala alkaloids: Harmine, 252.3    ±    38.4   mg; THH, 
158.8    ±    24.2   mg; and DMT, 35.5    ±    5.3   mg. Reprinted from 
Journal of Ethnopharmacology, Vol. 65, Issue 3, JC Callaway, 
DJ McKenna, CS Grob, GS Brito, LP Raymon, RE Poland, 
EN Andrade, EO Andrade, DC Mash, Pharmacokinetics of 
Hoasca alkaloids in healthy humans, p. 252,  ©  1999,  with per-
mission from Elsevier .  
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and integration of sensory information. The EEG 
fi ndings more closely resemble the stimulant effects 
associated with LSD use rather than general stimulants 
(e.g., amphetamine, methylphenidate).   

  TREATMENT 

 Life - threatening medical reactions following exposure 
to tryptamine compounds are extremely rare. All 
patients should be evaluated for associated diseases 
with vital signs, physical examination, and a complete 
history that includes current symptoms, prior medical 
problems, and previous psychiatric history. Vital signs 
should include an accurate core temperature that is 
repeated if the patient deteriorates. The sympathomi-
metic effects of tryptamines are usually mild and 
transient, except in patients with underlying cardiovas-
cular disease. Laboratory investigations in patients 
with severe intoxication or signs of organic disease 
include complete blood count, electrolytes, hepatic 
aminotransferases, serum creatinine and creatine kinase, 
urinalysis, and urine for drugs of abuse screening as 
well as computed tomography (CT) of the brain if neu-
rologic disease is suspected. The usual methods of 
decontamination are almost always unnecessary 
because of the rapid absorption of tryptamine com-
pounds; the use of decontamination measures compli-
cates the treatment of agitated patients. In addition to 
the use of benzodiazepines, reduction of sensory 
stimulation, and reassurance that the frightening images 
are not real are important aspects of the management 
of tryptamine - related panic attacks. The patient should 
be placed in a safe, quiet environment, preferably 
with a familiar person who can provide constant 
reassurance (i.e.,  “ talkdown ” ). This person should reori-
ent the patient by interpreting the anxious feelings 
while attempting to restore a sense of control and 
well - being to the patient overwhelmed with frightening 
visions and emotions. Continuous interpretations of 
sensory misperceptions and pseudo - hallucination are 
necessary to reduce the anxiety associated with a  “ bad 
trip. ”       

  5 - METHOXY -   N  ,  N   -
 DIMETHYL-
TRYPTAMINE 
(5 -  MeO  -  DMT ) 

           IDENTIFYING CHARACTERISTICS 

 5 - MeO - DMT ( O  - methylbufotenine, CAS RN: 1019 - 
45 - 0) is the prototypical hallucinogenic, 5 - substituted 
tryptamine. Although 5 - MeO - DMT is a natural part 
of ayahuasca and is approximately 10 times more 
potent than DMT in rodent behavioral studies,  63   5 - 
MeO - DMT is a minor constituent of ayahuasca 
and probably contributes little to the hallucinogenic 
effects.  

  EXPOSURE 

 5 - Methoxy -  N , N  - dimethyltryptamine (5 - MeO - DMT,  O  -
 methylbufotenine, CAS RN: 1019 - 45 - 0) is a natural con-
stituent of the seeds from Anadenanthera peregrina  (L.) 
Speg. (yopo, cohoba tree), which is a native tree of the 
Caribbean and South America. The seeds from this tree 
are ingredients in the psychedelic yopo snuff; however, 
5 - MeO - DMT is a minor constituent in this snuff com-
pared with bufotenin.  64   5 - MeO - DMT is also a minor 
constituent of the bark from the South American rain-
forest vine,  Diplopterys cabrerana  (Cuatrec.) B.Gates 
(chaliponga). Shamanic snuffs (e.g., ep é na, nyakwana) 
derived from South American plants (e.g.,  Virola
species) contain 5 - MeO - DMT as the primary psychoac-
tive ingredient and N , N  - dimethyltryptamine (DMT) as 
the secondary ingredient.  65   As the  O  - methyl analogue 
of bufotenine, 5 - MeO - DMT occurs in animals (e.g., 
Colorado River toad,  Bufo alvarius  Girard in Baird) 
that contain bufotenin. In most European countries and 
the United States, 5 - MeO - DMT is a controlled sub-

TABLE 53.3.    Toxicologic Analysis of Postmortem Samples from a 25 - Year - Old Man.  58

   Compound     Heart Blood     Peripheral Blood     Urine  

  5 - Methoxy -  N , N  - dimethyltryptamine    1,880   ng/mL    1,200   ng/mL    9,590   ng/mL  
  Dimethyltryptamine    20   ng/mL    10   ng/mL    890   ng/mL  
  Harmaline    70   ng/mL    40   ng/mL    2,260   ng/mL  
  Harmine    170   ng/mL    90   ng/mL    1,150   ng/mL  
  Tetrahydroharmine    380   ng/mL    240   ng/mL    6,020   ng/mL  
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stance (e.g., schedule I in the United States); however, 
this substance is available over the Internet.  

  DOSE EFFECT 

 Self - experimentation studies suggest that the intranasal 
administration of 10   mg 5 - methoxy -  N , N  - dimethyltrypt-
amine (0.14   mg/kg body weight) is a threshold dose for 
the production of psychedelic imagery.  64   Sublingual 
administration produced effects similar to nasal insuf-
fl ation. The addition of  β  - carbolines (e.g., harmaline, 
harmine) potentiated the psychedelic effects of 
5 - methoxy -N , N  - dimethyltryptamine. Anecdotal studies 
suggest that the hallucinogenic dose of 5 - MeO - DMT is 
similar to psilocin and substantially lower than DMT.  66

In rodent studies, the intraperitoneal LD 50  of 5 - MeO -
 DMT is about 6 - fold lower than serotonin and about 
3 - fold lower than bufotenine.  67

  TOXICOKINETICS 

 There are few data on the toxicokinetics of 5 - MeO -
 DMT in humans. Animal studies indicate that 5 - MeO -
 DMT is rapidly absorbed following ingestion and 
extensively metabolized and conjugated with glucuro-
nide or sulfate prior to renal excretion.  68   Deamination 
mediated by MAO - A is the major biotransforma-
tion pathway, similar to tryptamine and DMT. Other 
potential pathways include N  - oxygenation,  N  -
 demethylation, and  O  - demethylation. The latter 
pathway catalyzed by CYP2D6 produces the active 
metabolite, bufotenine in  in vitro  studies with human 
liver microsomes.  69   Studies in mice indicate that the 
CYP2D6 - mediated elimination of 5 - MeO - DMT is non-
linear (Michaelis - Menten kinetics) at high doses, sug-
gesting that the risk of intoxication does not increase 
proportionally to the dose.  70   Inhibition of deamination 
by monoamine oxidase A inhibitors diverts 5 - MeO -
 DMT biotransformation to other metabolic pathways 
including O  - demethylation, resulting in increased pro-
duction of bufotenine.  

  HISTOPATOLOGY AND 
PATHOPHYSIOLOGY 

 In radiolabeling studies of human 5 - HT 2A  receptors, the 
binding affi nities (K i ) of 5 - MeO - DMT and DMT for 
the 5 - HT 2A  receptor are 25   nM and 230   nM, respec-
tively; thus, the affi nity for the 5 - HT 2A  receptor is 
substantially higher for 5 - MeO - DMT than DMT. In 
general, the affi nity of tryptamines for this receptor is 
lower than phenethylamine compounds (e.g., DOB, 
LSD).71   There are at least 7 distinct classes of 5 - HT 

receptors with some (e.g., 5 - HT 2 ) classes including mul-
tiple subtypes; most indoleamine and phenethylamine 
hallucinogens predominately stimulate 5 - HT 2A  recep-
tors. Animal studies suggest that 5 - MeO - DMT differs 
from DOM because the psychedelic effects of the 
former compound rely on activation of both the 5 - HT 1A

and 5 - HT 2  receptors, whereas the psychedelic effects of 
DOM depends primarily on agonist action on the 5 - HT 2
receptors.  72,73

  CLINICAL RESPONSE 

 Self - experimentation studies suggest that 5 - methoxy -
N , N  - dimethyltryptamine (5 - MeO - DMT) produces 
similar or more potent psychedelic effects as DMT or 
bufotenine despite differences in 5 - HT 2A  binding.  64

Following intranasal administration of 5 - methoxy - DMT 
to volunteers, psychedelic effects begin within about 5 
minutes, peak within about one - half hour and resolve 
within ∼ 1 hour. The ingestion of an extract of Syrian 
rue containing harmaline and the smoking and snorting 
of about 25 – 30   mg 5 - methoxy -  N , N  - dimethyltryptamine 
was associated with the development of disorientation, 
agitation, hyperthermia, and tachycardia.  74   The patient 
was extremely combative, and he later developed rhab-
domyolysis that responded to fl uid administration 
without the occurrence of renal dysfunction. The dif-
ferential diagnosis included serotonin syndrome 
(5 - methoxy - DMT) and monoamine oxidase inhibitor 
toxicity (harmaline).  

  DIAGNOSTIC TESTING 

 Thin layer chromatography, gas chromatography, 
and high performance liquid chromatography are rela-
tively insensitive methods for detecting 5 - MeO - DMT, 
DMT, or bufotenine concentrations compared with 
gas chromatography/mass spectrometry. DMT may be 
quantitated using gas chromatography with nitrogen 
phosphorus detection following liquid - liquid extrac-
tion.23   The LOD and LLOQ for this method are 0.5   ng/
mL and 5   ng/mL, respectively. The use of high 
performance liquid chromatography with fl uorescence 
detection following protein precipitation allows the 
quantitation of harmala alkaloids with a LLOQ of 
∼ 2   ng/mL.  23   Analysis of urine samples by high 
performance liquid chromatography/electrospray ion-
ization/tandem mass spectrometry allows the detection 
of 5 - MeO - DMT and DMT with LOD of 0.1   ng/mL and 
a coeffi cient of variation of 9 – 11% and 4 – 5%, respec-
tively.  75   Case reports associate mild hypokalemia, 
hyperglycemia, and mild hepatorenal dysfunction with 
5 - MeO - DIPT intoxication.  30
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  TREATMENT 

 Treatment of 5 - MeO - DMT intoxication is supportive, 
similar to 5 - methoxy - diisopropyltryptamine (foxy) or 
N , N  - dimethyltryptamine (DMT) intoxication.      
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  Chapter 54 

               HISTORY 

 Mastication of the areca nut is an ancient custom dating 
back at least to Herodotus in 340 BC and the Maharmasa, 
a Ceylonese document from 504 BC.  1,2   References to 
the areca nut appeared in the Sanskrit medical litera-
ture during the early part of the First Millennium, and 
later in Hindu and Buddhist writings. The expansion of 
Buddhist practices brought the areca nut to Tibet and 
southern China as a stimulant, aphrodisiac, antihelmin-
thic, and digestive agent. The areca nut was a valuable 
masticatory in the Wei - Chien dynasty in 421 AD,  3   and 
Arab physicians use it frequently in the 10 th  century AD. 
Marco Polo mentioned the use of this nut during his 
travels in 1298. The Dutch introduced the areca nut into 
Taiwan during the 18 th  century from Malaysia. During 
the 19 th  century in England, the areca nut was briefl y a 
constituent of toothpaste.  4

  BOTANICAL DESCRIPTION 

 The areca nut is the ripe seed of the betel palm ( Areca
catechu ). Betel nut is not the correct biologically name 
for the areca nut despite common usage of the term, 
betel nut. The betel pepper ( Piper betel  L.) is a climbing 
shrub that is native to the West Indies.

Common Name:  Betel palm  
Scientifi c Name:   Areca catechu  L.  
Botanical Family:  Arecaceae (Palm)  
Physical Description:  The betel palm grows to 100 

feet ( ∼ 30   m) in height with a slender trunk only 6 
inches ( ∼ 15   cm) in diameter. The ripe areca nut is 

yellow to scarlet on the surface. Throughout the 
year, this tropical palm bears ovoid to oblong fruit 
with a pointed apex 1 – 2 inches ( ∼ 3 – 5   cm) in length.  

Distribution and Ecology:  Although the betel palm 
is a native of Malaysia, the betel palm is widely 
cultivated in Southeast Asia, East Africa, India, 
Taiwan, and New Guinea.     

  IDENTIFYING CHARACTERISTICS 

  Structure 

 The areca nut contains a variety of alkaloids including 
arecoline, arecaidine, guvacine, and guvacoline 
(norarecoline).5   Figure  54.1  displays the chemical struc-
tures of these alkaloids.    

  Physiochemical Properties 

 The areca nut has a slightly bitter and stringent taste. 
The primary alkaloid, arecoline, is a muscarinic (M 1 , M 2 , 
M3 ) receptor agonist and a weak ganglionic nicotinic 
agonist, whereas arecaidine is only a M 2  muscarinic 
receptor agonist.  6   Arecoline is structurally related to 
methacholine, which produces dose - related broncho-
constriction in asthmatic patients.  7   The bronchocon-
strictive properties of arecoline are approximately 10% 
of the bronchoconstrictive effects of methacholine. 
Human studies on saliva during the mastication of betel 
quid (chewable mass of material, See Methods of 
Abuse for description) indicate that in situ  nitrosation 
of compounds from the areca nut produce a variety of 
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tic animals as well as the herbal treatment of fever, 
venereal disease, headaches, stomach pain, and rheuma-
tism in humans.  

  Sources 

 Table  54.1  lists the approximate alkaloid content of 
fresh areca nuts from Australia. The arecoline concen-
trations in areca nuts from India and New Guinea fol-
lowing steam distillation were slightly higher than the 
Australian nuts as measured by high performance liquid 
chromatography.  12   Minor alkaloids include nicotine, 
methyl nicotinate, ethyl nicotinate, methyl -  N  - methyl 
piperidine - 3 - carboxylate, ethyl -  N  - methyl piperidine -
 3 - caroxylate, and ethyl -  N  - methyl - 1,2,5,6 - tetrahydro -
 pyridine - 3 - carboxyate. The arecoline content of 
commercial areca nuts varies from 0 – 1.4%.  13   Areca nut 
processing reduces the arecoline content, particularly 
following boiling in water.  14     

 The betel leaf and infl orescence (fl ower, pod) is a 
frequent constituent of Taiwanese betel quid. Fresh 
infl orescence from  Piper betle  contains approximately 
15   mg safrole/g (wet weight) along with safrole metabo-
lites including dihydroxychavicol (about 9   mg/g) and 
eugenol (about 2.5   mg/g).  15   Eugenol methyl ester, isoeu-
genol, and quercetin are minor constituents of these 
infl orescence. Betel oil is a volatile extract of the betel 
leaf, which contains psychoactive phenols (chavicol, 
chavibetol or betel - phenol) eugenol, hydroxychavicol, 
and the stimulant, cadinene.  16    

  Methods of Use 

 The nut is consumed either fresh or dried by sunshine, 
baking, or roasting. Although areca nut can be chewed 
alone, most use of the areca nut involves the addition 
of other ingredients into a chewable mass called a quid 
(pan, paan).  16   The betel quid typically consists of areca 
nut, leaves of psychoactive plants (e.g. betel pepper), 
and slaked lime (calcium hydroxide) paste. The quid 
typically is placed in the lateral gingiva for 15 – 20 minutes 
with effects occurring within 2 minutes and an average 
duration of 15 – 20 minutes.  17   The quid may be held in 

nitrosamines including  N  - nitrosoguvacoline (CAS RN: 
55557 - 02 - 3) and 3 - (methylnitrosamino)propionitrile 
(CAS RN: 60153 - 49 - 3). When the betel quid contains 
tobacco, the chewing of the quid releases volatile nitro-
samines into the mouth including  N  - nitrosodiethylamine 
(CAS RN: 55 - 18 - 5) and  N  - nitrosodimethylamine (CAS 
RN: 62 - 75 - 9) along with 1 - nitrosoanabasine (CAS RN: 
1133 - 64 - 8),  N  - nitrosonornicotine (CAS RN: 16543 - 55 -
 8), and 4 - (methylnitrosamino) - 1 - (3 - pyridyl) - 1 - butanone 
(CAS RN: 64091 - 50 - 5).  8   Autooxidation of polyphenol 
compounds in areca nut and catechu during chewing 
produces reactive oxygen species.   

  EXPOSURE 

  Epidemiology 

 Several hundred million people worldwide use the areca 
nut as a psychoactive substance, particularly in Southeast 
Asia and India. The practice of chewing areca nuts is a 
traditional psychoactive activity of native populations 
in the Indian subcontinent, south Asia, and Melanesia 
(Vanuatu, Solomon Islands, Papua New Guinea, Fiji). 
Migration of these populations resulted in the introduc-
tion of betel quid use into Africa, Australia, China, the 
United Kingdom, and the United States.  9   The use of the 
areca nut is one of the most commonly used psychoac-
tive substances in the world along with alcohol, nicotine, 
and caffeine.  10   Betel products with and without tobacco 
are relatively inexpensive and available in some special-
ity shops (e.g., East Asian grocery stores) in parts of the 
United States.  11   The areca nut is a prohibited food 
product in the United States, but the use of betel quid 
is not banned. Medicinal uses of the areca nut include 
the treatment of tapeworms and roundworms in domes-

       FIGURE 54.1.     Chemical structures of common areca nut 
alkaloids.  

  TABLE 54.1.    Approximate Alkaloid Content of Fresh 
Australian Areca Nuts.   12    

   Alkaloid     Content  *    

  Arecoline    0.30 – 0.63  
  Arecaidine    0.31 – 0.66  
  Guvacoline    0.03 – 0.06  
  Guvacine    0.19 – 0.72  

    *   Estimated % weight/weight (dry).   
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  TOXICOKINETICS 

 Peak plasma concentrations of arecoline occur about 
5 – 10 hours after dermal application of the areca nut, 
whereas the oral mucosal absorption of arecoline is 
rapid. The areca nut and tobacco contain secondary and 
tertiary amines that undergo nitrosation in the saliva 
during betel quid - chewing following reactions with 
available nitrites and catalysts (e.g., thiocyanate). 
These nitrosamines include  N  - nitrosoguvacoline and 3 - 
(methylnitrosamino)propionitrile. The amount of nitro-
sation depends on several factors, including individual 
variation and salivary pH.  22   Volatile nitrosamines include 
N  - nitrosodiethylamine and  N  - nitrosodimethylamine. 
Endogenous formation of nitrosamines also results 
from the ingestion of precursors of nitrosamines (e.g., 
nitrite, nitrosatable amines), particularly in the acid 
environment of the stomach. Formation of reactive 
oxygen species also develops in the oral cavity during 
betel - quid chewing. Hydrolysis of arecoline and guva-
coline to arecaidine and guvacine, respectively, occurs 
in the mouth during betel - quid chewing, particularly 
when lime is present in the quid.  23   These latter 2 com-
pounds are potent inhibitors of GABA uptake. Arecoline 
readily crosses the blood – brain barrier with brain/
plasma concentration close to unity.  24   The rapid hydro-
lysis of arecoline by plasma esterases results in the short 
plasma half - life of arecoline. In a study of 15 Alzheimer 
patients receiving 5   mg intravenous arecoline, the mean 
terminal plasma half - life of arecoline was 9.3    ±    4.5 
minutes with plasma arecoline concentrations returning 
to baseline within ∼ 1 hour.  20   The mean volume of distri-
bution was 2.55    ±    2.05   L/kg (range, 0.63 – 6.1   L/kg) with 
a clearance of 13.6    ±    5.8   L/min. The major urinary 
metabolites of areca nut and arecoline are arecaidine 
(urinary elimination half - life,  ∼ 4   h) and to a lesser 
extent,  N  - methylnipecotic acid (urinary elimination 
half - life,  ∼ 8   h) as measured by isotope - dilution liquid 
chromatography/tandem mass spectrometry.  25   The 
kidney excretes little arecoline unchanged.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The chewing of areca nut is associated with sympathetic 
activation including increased heart rate and elevated 
plasma epinephrine and norepinephrine concentra-
tions.  26   Volunteer studies suggest that areca nut chewing 
causes transient tachycardia and elevation of blood 
pressure in novice users, but habituation to the pressor 
effects occurs with chronic use.  17   Experimental studies 
indicate that areca nut - chewing modulated metabolic 
signals regarding appetite consistent with the use of 
betel quid for reducing hunger and increasing stamina, 

the buccal vestibule over a long duration with occa-
sional chewing; alternatively, the quid may be swallowed 
or expectorated. The source of the betel pepper leaves 
is an unrelated climbing shrub ( Piper betel ); burnt sea-
shells, reef coral, and/or limestone are the source of 
the slaked lime paste. Other sources of psychoactive 
leaves include kratom [ Mitragyna speciosa  (Korth.) 
Havil.) in Southeast Asia, nutmeg ( Myristica fragrans
Houtt.) in India, and kava ( Piper methysticum  G. Forst.) 
in Melanesia. The slaked lime increases the pH of the 
oral cavity, resulting in an increased absorption of nico-
tine through the oral mucosa. Catechu is a reddish gum 
produced from the sap of the Malaysian acacia tree 
[Acacia nilotica  (L.)Delile] that can be added to the 
quid. 

 The method of areca nut use depends on the region. 
Betel quid is a popular form of areca nut use in India, 
Pakistan, Bangladesh, and Sri Lanka where fresh, dried, 
or cured areca nut, slaked lime, catechu, and fl avoring 
ingredients are wrapped in betel leaves. These fl avoring 
ingredients include cloves, coconut, sugar crystals, 
camphor, amber, nutmeg, mace, saffron, anise, turmeric, 
mustard, and cardamon. Tobacco is often added to the 
mass, which is placed in the mouth and masticated 
during the day. Migrant communities from these areas 
retain their use of betel quid in their new countries.  18

Similar use of the betel quid occurs in southeastern Asia 
(e.g., Cambodia, Thailand, Myanmar, The Lao People ’ s 
Republic, Philippines). In Taiwan and China, the unripe 
betel quid contains green areca nut, slaked lime, betel 
infl orescence; occasionally, betel leaves are used in the 
quid without tobacco. Some aboriginal groups in Asia 
use betel stems in the quid.  19   In Papua New Guinea, the 
betel quid often contains wild ginger. Betel leaf is per-
ishable, but nonperishable forms (e.g., supari, mawa, 
gutka, pan masala) of betel quid are available commer-
cially.  10    Pan masala  is a preparation of areca nut, catechu, 
cardamon, lime, fl avoring agents, and perfuming mate-
rial. Gutkha is a variation of  pan masala  that contains 
tobacco.   

  DOSE EFFECT 

 Adverse effects associated with the infusion of 5   mg 
intravenous arecoline to Alzheimer patients included 
diaphoresis, fl ushing, nausea, and Mobitz type II second -
 degree atrioventricular block with a ventricular rate of 
40   bpm.  20   A constant infusion of 1.5   mg/hour was not 
associated with adverse effects. In dog studies, the oral 
administration of 1   mg arecoline hydrobromide/kg pro-
duced some slowing of the heart rate and respirations, 
but no obvious changes in behavior, whereas there was 
no observable effect from the oral administration of 
0.1   mg arecoline hydrobromide/kg.  21
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adults with probable areca nut - related toxicity from 
intentional use.  29   Of the 7 cases involving only areca nut 
use, the most common effects were nausea, vomiting, 
abdominal colic, salivation, sweating, tremor, dizziness, 
palpitations, hypertension, tachycardia, and tachypnea. 
Most effects following the use of the areca nut or betel 
quid are transient and mild with effects beginning within 
a few minutes to 1 hour after mastication starts. 
Complete recovery generally occurs within 24 hours. 
Neophyte users may develop dizziness, vertigo, nausea, 
diaphoresis, and feeling of throat constriction.  1   Heavy 
areca nut users can develop cholinergic toxicity mani-
fest by salivation, diaphoresis, lacrimation, diarrhea, 
urinary incontinence, miosis, gastrointestinal irritation, 
and tremor.  30,31   Case reports indicate that areca nut 
chewing in asthmatic patients can cause acute broncho-
spasm as a result of the muscarinic effects of arecoline.  32

Additionally, heavy use of areca nut has been associated 
with auditory hallucinations, delusions, transient psy-
chosis, and dystonic reactions in schizophrenic patients 
on phenothiazine antipsychotic drugs.  33   Rare case 
reports temporally associate the use of betel quid with 
the development of acute myocardial infarction,  34   but 
the contribution of the betel quid use to myocardial 
ischemia is unclear. In a Taiwanese population - based 
cohort study of 4,049 participants aged 60 years or older 
and 2,462 participants aged 50 – 66 years, there was a 
weak association between mortality, particularly cere-
brovascular death and ever - chewing betel quid.  35   The 
hazard ratio for the increased risk of cerebrovascular 
death in ever - chewers was 1.66 (95% CI: 1.19 – 2.30).   

 Nonmalignant pathologic lesions of the mouth asso-
ciated with chronic betel quid use include severe erosion 
of the teeth, tooth discoloration, gingivitis, dark brown 
staining of the teeth, and deep brownish red discolor-
ation of the oral mucosa (betel chewer ’ s mucosa).  36

Case reports associate the habitual ingestion of betel 
quid with the milk - alkali syndrome (metabolic alkalosis, 
hypercalcemia, nephrocalcinosis, renal insuffi ciency) 
resulting from the ingestion of large amounts of slaked 
lime paste.  37   A retrospective hospital - based cross -
 sectional study of Taiwanese adults suggested an asso-
ciation between chronic kidney disease and betel quid 
use.  38   The odds ratio for the betel quid users (9.4% of 
study group) after adjustment for age, sex, hypertension, 
and diabetes was 1.812 (95% CI: 1.072 – 3.061,  P     =    .026). 
However, the mechanism for this possible association 
remains unclear.  

  Abstinence Syndrome 

 Chronic areca nut chewing is associated with habitua-
tion, addiction, and withdrawal. These withdrawal symp-
toms are usually mild, similar to caffeine or nicotine 

but the dose response is nonlinear.  27   The effects of betel 
chewing are complex and potentially involve parasym-
pathetic, GABAergic, and sympathetic activity in the 
central nervous system.  23   In the presence of lime, hydro-
lysis of arecoline and guvacoline to arecaidine and guva-
cine, respectively, occurs. These hydrolyzed substances 
are strong inhibitors of GABA uptake. Rodent studies 
indicate that arecoline is strong M 1  -  and M 2  - muscarinic 
receptor agonist.  28

  CLINICAL RESPONSE 

  Betel Quid/Areca Nut Use 

 Desirable effects associated with the use of the areca 
nut and betel quid include a sense of well - being, eupho-
ria, increased alertness, warmth, sweating, salivation, 
reduced hunger, and increased stamina. Table  54.2  lists 
the initial and subsequent effects associated with betel 
quid chewing by 170 habitual users during an observa-
tional study of recreational betel quid use. Effects 
reported in experimental studies include tachycardia, 
fl ushing, diaphoresis, and heightened alertness.  23   Despite 
the widespread use of areca nut and betel quid, reports 
of acute toxicity associated with betel quid use are rare. 
In a retrospective study of 42,000 calls to the Taiwan 
Poison Control Center over  ∼ 10 years, there were 12 

TABLE 54.2.    Effects Associated with Betel - Quid Chewing 
based on Personal Observations of 170 Habitual Users.   23

   Time     Clinical Effects     %  

Initial Effects           
      Dizziness    67  
      Hot sensation    65  
      Palpitation    44  
      Sweating    28  
      Heightened alertness    16  
      Epigastric discomfort    9  
Subsequent Effects           
      Heightened alertness    64  
      Hot sensation    62  
      Palpitation    47  
      Combat of cold (increased 

cold tolerance) 
  43  

      Sweating    41  
      Diminished thirst    38  
      Diarrhea    34  
      Happy feeling    19  
      Calmness    17  
      Dizziness    15  
      Alleviation of constipation    15  
      Epigastric discomfort    15  
      Prevention of hunger    11  
      Increased respiration    10  
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lesions in daily betel quid chewers was dose - dependent, 
and the attributable risk was 90.6%. The chewing of 
betel quid is strongly associated with the development 
of oral submucous fi brosis  47   and oral leukoplakia,  48

which are precancerous lesions of the buccal mucosa. 
The former is a chronic disorder characterized by fi bro-
sis of the mucosal lining of the upper gastrointestinal 
tract including the mouth, pharynx, and upper one - third 
of the esophagus. Oral leukoplakia is primarily a homo-
geneous (i.e., predominately white) patch or plaque on 
the oral mucosa most often associated with tobacco use. 
The appearance of the discoloration can also be speck-
led (red/white) or nodular. A follow - up study of a 
hospital - based population of 166 patients with oral leu-
koplakia demonstrated an annual malignant transfor-
mation rate of 2.9% over 29 months.  49   Nodular 
leukoplakia has the highest malignant transformation 
rate of the 3 types of leukoplakia.  50   In a cohort of 66 
patients with oral submucous fi brosis followed an 
average of 8 years, the malignant transformation rate 
for oral cancer was approximately 4.5% during this 
period.51

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the detection of arecoline in biologic 
samples (saliva, urine) include capillary gas chromatog-
raphy with nitrogen phosphorous detection,  52   gas 
chromatography/mass spectrometry,  53   high performance 
liquid chromatography/electrospray/quadrupole mass 
spectrometry,  54   ion - pairing high performance liquid 
chromatography,  55   and liquid chromatography/tandem 
mass spectrometry.  56   The lower limit of quantitation 
(LLOQ) for the latter method is 0.5   ng/mL for both 
arecoline and arecaidine. The LLOQ for arecoline using 
high performance liquid chromatography with UV 
detection is about 12   ng/mL compared with 5 – 8   ng/mL 
for other alkaloids (arecaidine, guvacine, guvacoline).  12

  Biomarkers 

 Serum or plasma arecoline or its metabolite, arecaidine 
are biomarkers of recent betel quid use. The placement 
of powdered areca nut in the oral cavity produces a 
rapid rise in the plasma concentration of arecoline. In a 
study of 15 fasted, healthy young adults receiving 10   mg 
arecoline via bioadhesive gels designed to mimic con-
ventional use by allowing arecoline to bypass the portal 
circulation after sublingual absorption, the mean plasma 
arecoline concentration approximately 2 ½  hour after 
application of the gel to the buccal mucosa was approxi-
mately 0.8   ng/mL.  27   After consumption of the gel, the 

withdrawal, and include general discomfort, malaise, 
irritability, sore gums, and poor concentration.  39   Case 
reports associate chronic betel quid chewing during 
pregnancy with neonatal withdrawal symptoms (irrita-
bility, hypertonia) that persisted up to 5 days after 
birth.30,40

  Reproductive Abnormalities 

 Some studies suggest that the chronic use of betel 
chewing during pregnancy causes adverse pregnancy 
outcomes. An observational study of 6 newborns from 
betel chewing mothers reported 1 neonate with with-
drawal syndrome and 1 neonate with low birth weight, 
hyporefl exia, and hypotonia.  41   In a study of 62 aborigi-
nal women in southern Taiwan with adverse pregnancy 
outcomes and 124 age - matched women, the prevalence 
of adverse pregnancy outcomes was greater in the study 
group.  42   After adjusting for maternal illness and number 
of previous pregnancies covariates, the prevalence of 
adverse pregnancy outcome among betel quid - chewing 
women was 2.8 - fold higher (OR    =    2.8, 95% CI:1.2 – 6.8) 
than nonbetel quid chewers. 

 A study of 453 pregnant women did not demonstrate 
a difference in birth weight or congenital abnormalities 
based on areca nut use.  43   A study compared the preg-
nancy outcomes of 400 betel chewing Papua New 
Guinean women with 400 nonbetel chewing controls 
matched for parity and province of birth.  44   There was a 
signifi cant difference ( P     =    .05) in the mean birth weight 
between the study group (2,998.5    ±    492.5   g) and the 
controls (3,079.5    ±    464.1   g). However, there was no sta-
tistically signifi cant difference in Apgar scores, congeni-
tal abnormalities, or irritability (as a measure of 
withdrawal syndromes).  

  Carcinogenesis 

 The International Agency for Research on Cancer 
(IARC) lists betel quid (with or without tobacco) and 
areca nut as human carcinogens (Group 1) based on 
studies associating betel quid without tobacco with oral 
cancers.  45   Several case - control and cohort studies asso-
ciate betel quid - containing tobacco with cancers of the 
oral cavity, pharynx, and esophagus as well as premalig-
nant oral lesions. The increased risk of these cancers 
remains after adjustment for smoking and alcohol use. 
In a community - based nested case - control study of 
1,029 volunteers over the age of 30 years in Sri Lanka, 
the adjusted odds ratio for oral potentially malignant 
disorders (oral erythroplakia, leukoplakia, submucous 
fi brosis, lichen planus) in volunteers using betel quid 
daily was 10.6 with a large 95% confi dence interval 
(95% CI: 3.6 – 31.0).  46   The risk of these premalignant 
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Sci Publ   1987 ; 84 : 465  –  469 .  
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nomic nervous systems .  J Biomed Sci   2001 ; 8 : 229  –  236 .  
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 Regional brain metabolic responsivity to the muscarinic 
cholinergic agonist arecoline is similar in young and aged 
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simultaneous analysis of fi ve urinary metabolites of areca 
nut and tobacco alkaloids by isotope - dilution liquid 
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 Addict Biol   2002 ; 7 : 111  –  114 .  

mean plasma arecoline concentration increased to 
about 1.4   ng/mL 6 hours after the initial application of 
arecoline to the buccal mucosa.  

  Abnormalities 

 Neuropsychologic testing of chronic areca nut users 
indicates that the use of traditional amounts of areca 
nut does not signifi cantly affect visual choice reaction 
time, digit span, or eye - hand coordination.  57

  TREATMENT 

 Treatment of acute toxicity associated with areca nut 
use is supportive, consisting primarily of fl uid and elec-
trolyte replacement along with antiemetics as needed. 
There are few clinical data to guide the use of atropine 
for obvious cholinergic symptoms (e.g., bradycardia, 
severe bronchorrhea) during areca nut intoxication. In 
general, supportive care provides adequate treatment 
for the transient symptoms associated with areca nut 
use unless the cholinergic symptoms are life - threatening. 
Standard treatment for bronchospasm associated with 
areca nut use includes inhaled β  - adrenergic agonists 
(albuterol), corticosteroids, and ipratropium bromide.      
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  Chapter 55 

               HISTORY 

 Although the medicinal use of tea in China is commonly 
thought to date back to the 3 rd  to 1 st  century BC,  1   the 
fi rst clear reference to the medicinal use of the tea plant 
in China dates back to 750 AD.  2   During the Tang 
Dynasty (7 th  – 9 th  centuries), tea became part of ceremo-
nies of the Chinese culture. Lu Yu wrote the classic 
manual on tea connoisseurship,  The Classic of Tea
during the latter 8 th  century, incorporating both Taoism 
and Confucianism. The popularity of tea increased 
during the Ming Dynasty (1368 – 1644), when tea was 
drunk after steeping cured loose tea leaves in boiling 
water. The fi rst green tea leaves from China arrived in 
Amsterdam on a ship of the Dutch East India Company 
in the early 17 th  century.  2   Although coffee and tea 
arrived in Europe at similar times, tea became the domi-
nant methylxanthine - containing drink in many parts of 
Europe. 

 Cultivation of coffee began in Ethiopia and later 
Yemen. Coffee drinking probably began around 1000 
AD, but the spread of coffee in the Arab world did not 
begin until after the discovery of the process of roasting 
in the 14 th  century.  2   Coffee was a popular beverage in 
the Islamic world by the end of the 15 th  century. The use 
of coffee quickly spread to Arab - controlled territory 
(North Africa, Spain, Turkey, the Balkans, India). 
Venetian merchants introduced coffee into Europe in 
the early 17 th  century, and the use of coffee in Europe 
was widespread by the end of the 17 th  century. 
Colonization by the Europeans resulted in the introduc-
tion of coffee plants to their colonies in Africa and the 
Americas.  

  BOTANICAL DESCRIPTION 

 In contrast to most other natural psychoactive drugs 
(e.g., nicotine, morphine, strychnine), caffeine is widely 
distributed in the plant kingdom. Caffeine occurs in 13 
orders of the plant kingdom with the most common 
sources of commercial production being coffee ( Coffea
arabica  L.,  Coffea canephora  Pierre ex A.Froehner) and 
tea [ Camellia sinensis  (L.) O. Kuntze].  3    C. arabica
accounts for about 90% of the current coffee 
production.

Common Name : Coffee  
Scientifi c Name :  Coffea arabica  L.  
Botanical Family : Rubiaceae (coffee)  
Physical Description : The coffee tree is an evergreen, 

glabrous shrub or small tree that reaches up to 5   m 
(∼ 16 feet) in height. The relatively large, elliptical 
leaves are opposite, dark green, and glossy with 
acuminate tips and short petioles. The white, fra-
grant fl owers have a tubular corolla with small, 
cup - shaped calyx. The fruit is a drupe about 1.5   cm 
(0.6 inch) long that begins as a green immature 
fruit and ripens to a crimson black cherry when 
dried after 7 – 9 months. There are usually 2 some-
what elliptical seeds.  

Distribution and Ecology : Arabic coffee originated 
in Ethiopia at altitudes of about 1,400 – 1,800   m 
(4,500 – 6,000 feet) and was subsequently cultivated 
on the Indonesian island of Java. Later, the culti-
vation of this coffee plant spread to the West 
Indies, Central America, and favorable climates in 
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South America, India, and Sri Lanka. This plant 
prefers temperate to tropical environments with 
little or no frost and abundant rain.  

Common Name : Tea  
Scientifi c Name :  Camellia sinensis  (L.) O. Kuntze  
Botanical Family : Theaceae (tea)  
Physical Description : This small evergreen tree 

reaches up to 16   m ( ∼ 50 feet) in height depending 
on pruning practices. On the surface, a mat of 
feeders arise from a strong taproot. The leaves are 
lanceolate to obovate, usually 4 – 15   cm ( ∼ 1.5 – 6 
inches) in length and 7 – 12   cm ( ∼ 3 – 5 inches) wide. 
The white to pink fl owers appear in axillary or 
subterminal cymes with numerous stamens; brown 
capsules contain 1 – 3 seeds per lobe.  

Distribution and Ecology:  The tea tree is native to 
Southeast Asia, as well as Sri Lanka, India, and 
China. Tea is widely cultivated in subtropical and 
tropical regions up to 2,000   m ( ∼ 6,500 feet) eleva-
tion near the Equator. Production of trees requires 
warm, humid conditions without frost, such as 
occurs in the southeastern United States.     

  IDENTIFYING CHARACTERISTICS 

  Structure 

 Caffeine (CAS RN:   58 - 08 - 2) is a methylxanthine or 
methylated purine derivative (1,3,7 - trimethylxanthine), 
structurally similar to theophylline (1,3 - dimethylxanthine) 
and theobromine (3,7 - dimethylxanthine).  

  Physiochemical Properties 

 Caffeine is a soft, white crystal or powder that is odor-
less and has a slightly bitter taste. This compound is 
soluble in chloroform, but only partially soluble in water 
or ethanol. Table  55.1  lists some physical properties of 
caffeine.     

  EXPOSURE 

  Epidemiology 

 Caffeine is the most widely used stimulant in the 
world — used by up to 80% of the general population.  4

In the 2004 Canadian Community Health Survey –
 Nutrition, coffee was the second most common bever-
age for most Canadians behind water, whereas tea is the 
most common beverage worldwide.  5   More than 20% of 

TABLE 55.1.    Some Physical Properties of Caffeine. 

   Physical Property     Value  

  Melting Point    238 ° C ( ∼ 460 ° F)  
  pKa Dissociation Constant    10.4 (40 ° C/104 ° F)  
  log P (Octanol - Water)  − 0.07  
  Water Solubility    2.16E + 04   mg/L (25 ° C/77 ° F)  

men and 15% of women aged 31 to 70 years exceeded 
the daily recommended maximum of 400   mg caffeine. 
In a survey of food intakes by a representative sample 
of the US population ( n     =    18,081), 87% consumed food 
and beverages containing caffeine.  6   The average daily 
caffeine intake was 193   mg (1.2   mg/kg body weight). 
Major sources of caffeine were coffee (71%), soft drinks 
(16%), and tea (12%). The age group with the highest 
average caffeine consumption are men and women 
aged 35 to 64 years. In studies from the late 1970s and 
early 1980s, the average daily consumption of caffeine 
by adults in the United States was approximately 
2.4   mg/kg with consumption for the upper 95% being 
> 7   mg/kg.  7   The consumption of caffeinated beverages 
varies with different populations. In a survey of Canadian 
and US children, 36% and 56% of these children, 
respectively, drank caffeinated beverages with an 
average daily caffeine consumption of 7   mg and 14   mg, 
respectively.  8   These amounts are well within the estab-
lished levels of safe consumption. Caffeine is a common 
ergogenic aid. The average daily intake of caffeine by 
270 elite Canadian athletes was 0.85    ±    13   mg/kg body 
weight based on self - reported 3 - day food records.  9

These athletes ranged in age from 16 – 45 years; they 
competed in 38 different sports.  

  Sources 

  Origin 

 Caffeine is the most abundant purine alkaloid belong-
ing to a group of methylxanthines and methyl uric acids 
derived from purine nucleotides in the coffee plant. 
Plants synthesize caffeine from inosinic acid by oxida-
tion with inosine - 5 - phosphate dehydrogenase to xan-
thylic acid and subsequent methylation with methylases 
and the cofactor 5 - adenosyl methionine to caffeine. In 
some plant species, theobromine (3,7 - dimethylxanthine, 
CAS RN:   83 - 67 - 0) or methyl uric acids including thea-
crine (1,3,7,9 - tetramethyluric acid, CAS RN: 2309 - 49
 - 1) and liberine (1 H  - purine - 6 - dione, 7,9 - dihydro - 2 -
 methoxy - 1,9 - dimethyl, CAS RN: 51168 - 26 - 4) are the 
major purine alkaloids. Table  55.2  lists the major purine 
alkaloids in various plant species.   

 Caffeine is an active ingredient of beverages (e.g., 
coffee, tea, cola) as well as over - the - counter cold 
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TABLE 55.2.    Major Purine Alkaloids in Various Plant Species and Infraspecies.   3

   Plant     Common Name     Major Alkaloid  

Coffea arabica  L.    Arabica coffee    Caffeine  
Coffea canephora  Pierre ex A.Froehner    Robusta coffee    Caffeine  
Coffea liberica  Hiern        Theacrine, liberine  
Coffea liberica  var.  dewevrei  (De Wild.  &  T.Durand) Lebrun        Theacrine, liberine  
Camellia sinensis  (L.) O. Kuntze    Tea    Caffeine  
Camellia sinensis  var.  assamica  (J. Masters) Kitam.    Assam tea 

 Kucha  
  Caffeine 
 Theacrine  

Camellia taliensis  (W. W. Sm.) Melch.        Caffeine  
Camellia irrawadiensis  Barua    Wilson ’ s camellia    Theobromine  
Camellia ptilophylla  Hung T.Chang    Cocoa tea    Theobromine  
Theobroma cacao  L.    Cacao (cocoa)    Theobromine  
Theobroma grandifl orum  (Willd. ex Sprengel) Schumann    Cupu    Liberine  
Paullinia cupana  Kunth    Guarana    Caffeine  
Cola  spp.        Caffeine  
Citrus  spp.        Caffeine  

preparations, stimulants, analgesics, and appetite sup-
pressants.  10   Table  55.3  lists common commercial sources 
of caffeine with approximate caffeine content. Energy 
drinks are commercial beverages that typically contain 
variable amounts of caffeine and other ingredients (e.g., 
guarana, taurine, sugar derivatives) with the caffeine 
content ranging between 50 – 505   mg per container.  11

Caffeinated alcoholic beverages often contain larger 
amounts of ethanol per container. The 3 types of tea 
based on fermentation are the following: green tea 
(nonfermented), oolong tea (semifermented), and black 
or red tea (fermented). Production of green tea involves 
the drying and steaming of fresh tea leaves to inactivate 
polyphenol oxidase and eliminate oxidation, whereas 
black tea undergoes postharvest fermentation by poly-
phenol oxidase before drying and steaming. The fer-
mentation of red tea ( pu  -  erh ) results from the 
introduction of microorganisms. Worldwide, black tea 
accounts for about three - fourths of tea consumption, 
and most of the remainder of tea consumption involves 
green tea. Oolong tea accounts for  < 2% of worldwide 
tea consumption. Principal areas of black tea consump-
tion are North America, Europe, and North Africa, 
whereas green tea is consumed primarily in China, 
Japan, Korea, and Morocco.  12   Oolong tea is popular in 
Taiwan and China.    

  Composition 

 The caffeine content in plants and beverages varies 
widely. The synthesis of caffeine in plants involves the 
conversion of xanthosine →  7 - methylxanthine  →  theo-
bromine (3,7 - dimethylxanthine)  →  caffeine (1,3,7 - 
trimethylxanthine) via the catalytic conversion of these 
compounds by three N  - methyltransferase enzymes. The 

caffeine content of seeds from various Coffea  species 
varies from about 0.4 – 2.4% dry weight, whereas the 
caffeine content in caffeine - containing  Camellia  species 
ranges from < 0.02% ( C. kissi  Wallich) to 2 – 3% [ C. sinen-
sis  var.  sinensis  (L.) Kuntze].  3   Young leaves of the fi rst 
shoots of tea plants contain relatively high concentra-
tions of caffeine. The stems and roots contain minor 
amounts of caffeine. The caffeine concentration in 
coffee and tea beverages depends on the preparation 
methods, as well as the caffeine content of the bean or 
leaf. Similar concentrations of caffeine occur in coffee 
and tea beverages, when the tea percolates for at least 
20 minutes.  13   In an Australian study of 17 health adults, 
the average caffeine content per drink over 24 hours 
was as follows: instant coffee, 60    ±    22   mg; brewed coffee, 
80    ±    19   mg; and tea, 29    ±    14   mg.  14   Caffeine intake cor-
related poorly with the number of coffee and tea drinks 
during this 24 - hour period. The dose of caffeine in anal-
gesic tablets and cold preparations typically ranges from 
∼ 30 – 65   mg.  13

 The chemical composition of green tea is complex, 
including 15 – 20% proteins (enzymes) by dry weight, 
1 – 4% aminoacids (arginine, aspartic acid, 5 -  N  -
 ethylglutamine, glutamic acid, glycine, leucine, lysine, 
serine, threonine, tryptophan, tyrosine, serine), 5 – 7% 
carbohydrates (cellulose, fructose, glucose, pectins, 
sucrose), and 5% minerals/trace elements along with 
xanthic bases (caffeine, theophylline), pigments (chloro-
phyl, carotenoids), sterols (stigmasterol), vitamins (B, 
C,E), and volatile compounds (aldehydes, alcohols, 
esters hydrocarbons, lactones).  15   The composition of 
these compounds varies with geographic location, 
growing conditions, plant strain, and preparation 
methods.  16   The main polyphenols in tea are fl avo-
noids with the concentration of these compounds 
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TABLE 55.3.    Dietary Sources of Caffeine with Estimated Caffeine Content.   39

   Product     Source     Caffeine Content  *    

  Coffee    Decaffeinated  < 5   mg/5   oz cup (150   mL)  
  Brewed (ground roasted)    60 – 180   mg/5   oz cup (150   mL)   † 

  Instant    50 – 70   mg/5   oz cup (150   mL)  
  Tea    Iced    65 – 75   mg/12   oz cup (360   mL)  

  Instant    25 – 35   mg/5   oz (150   mL)  
  Leaf or bag    30 – 50   mg/5   oz cup (150   mL)  

  Chocolate    Chocolate milk    4   mg/6   oz glass (180   mL)  
  Cocoa/hot chocolate    4   mg/5   oz cup (150   mL)  
  Chocolate candy    1.5 – 6.0   mg/L oz (5 – 20   mg/100   g)  
  Milk chocolate    6   mg/l oz (30   mL)  
  Sweet chocolate    20   mg/1   oz (30   mL)  

  Soft Drinks    Aspen  ®      36   mg/12   oz can (360   mL)  
  Canada Dry Cola  ®      30   mg/12   oz can (360   mL)  
  Coca Cola  ®  , Diet Coke  ®      45   mg/12   oz can (360   mL)  
  Dr. Pepper  ®      40   mg/12   oz can (360   mL)  
  Diet Right Cola  ®      36   mg/12   oz can (360   mL)  
  Diet Rite  ®      36   mg/12   oz can (360   mL)  
  Mr. Pibb  ®      41   mg/12   oz can (360   mL)  
  Mr. Pibb  ®  , Diet    57   mg/12   oz can (360   mL)  
  Mountain Dew  ®      54   mg/12   oz can (360   mL)  
  Pepsi Cola  ®      38   mg/12   oz can (360   mL)  
  Pepsi Light  ®  , Diet    36   mg/12   oz can (360   mL)  
  Royal Crown Cola  ®      36   mg/12   oz can (360   mL)  
  Shasta Cola  ®      44   mg/12   oz can (360   mL)  
  Tab  ®      45   mg/12   oz can (360   mL)  

  Energy Drinks    Red Bull  ®      80   mg/8.3   oz can (250   mL)  
  Monster  ®      160   mg/16   oz can (480   mL)  
  Rockstar  ®      160   mg/16   oz can (480   mL)  
  Full Throttle  ®      144   mg/16   oz can (480   mL)  
  No Fear  ®      174   mg/16   oz can (480   mL)  
  Wired X505  ®      505   mg/24   oz can (720   mL)  
  Fixx  ®      500   mg/20   oz can (600   mL)  
  Jolt Cola  ®      280   mg/23.5   oz can (705   mL)  
  Whoop Ass  ®      50   mg/8.3   oz can (250   mL)  

  OTC Stimulants    Caffedrine  ®      200   mg/capsule  
  Durvitan    300   mg/capsule  
  NoDoz  ®      200   mg/tablet  
  Vivarin  ®      200   mg/tablet  

  OTC Analgesics    Anacin Analgesic  ®      32   mg/tablet  
  Cope  ®      32   mg/tablet  
  Dristan  ®      30   mg/tablet  
  Excedrin  ®      65   mg/tablet  
  Midol  ®      64   mg/tablet  
  Vanquish  ®      33   mg/tablet  

  OTC Diuretics    Aqua Ban  ®      200   mg/tablet  
  OTC Cold Remedies    Coryban - D  ®      30   mg/tablet  

  Neo - Synephrine  ®      15   mg/tablet  
  Triaminicin  ®      30   mg/tablet  

  Prescription Drugs    Cafergot  ®      100   mg/tablet  
  Darvon  ®   Compound    32   mg/tablet  
  Fiorinal  ®      40   mg/capsule  

*  Approximate caffeine content.  
  †    Average about 120   mg.   
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ments in team sports exercise and power - based sports 
with caffeine ingestion, particularly in elite athletes 
without regular caffeine use.  21   Traditional uses of green 
tea in Chinese medicine include the treatment of head-
ache, body aches, indigestion, depression, and low 
energy. In Chinese medicine, the use of green tea is 
believed to prolong life. Other uses of green tea in sup-
plements include the treatment of hair loss and obesity. 
There is little evidence that the use of green tea pre-
vents cancer.  15

  DOSE EFFECT 

 The response to caffeine depends on the dose, the time 
after consumption, and the concomitant ingestion of 
other substances. In general, moderate doses of caffeine 
(i.e., 250 – 300   mg/d) do not produce clinically signifi cant 
alterations in cardiovascular parameters, even in most 
patients with coronary artery disease.  22   In some studies 
of healthy, adult caffeine users, ingestion of 200   mg caf-
feine in an energy drink was associated with an increase 
in the mean heart rate of 5 – 7 beats/min and the mean 
systolic blood pressure of 10   mm Hg over baseline 4 
hours after ingestion.  23   The drink also contained 
2,000   mg taurine, and there was no sham control without 
caffeine. The difference between baseline and postcaf-
feine heart rate was not statistically signifi cant during 

substantially higher in green tea than black tea. The 
major fl avonoids in green tea are catechins (fl avan - 3 -
 ols) with ( – ) - epigallocatechin - 3 - gallate being the most 
common catechin.  17   Less common catechins in green tea 
include ( – ) - epigallocatechin, ( – ) - epicatechin - 3 - gallate, 
and ( – ) - epicatechin. Black tea contains oxidized pheno-
lic compounds, particularly therarubigins and theafl a-
vins, as well as relatively high concentrations of fl uoride.  18

Table  55.4  compares the concentrations of phenolic 
compounds and caffeine in several different beverages 
as measured by high performance liquid chromatogra-
phy with photodiode array detection.  19

  Methods of Use 

 Caffeine acts as a mild positive reinforcer that is not 
usually considered a drug of abuse. Typically, ingestion 
of caffeine involves the use of products similar to those 
listed in Table  55.3 . Medically signifi cant misuse of caf-
feine usually results from the overuse of caffeine -
 containing weight loss or energy products in pill or 
powder form. Caffeine is a treatment for apnea of pre-
maturity in neonatal intensive care units.  20   The effi cacy 
of caffeine ingestion for short - term high - intensity exer-
cise is equivocal. Some studies demonstrate decreased 
performance with caffeine ingestion following repeat 
cycles, whereas other studies show signifi cant improve-

TABLE 55.4.    Concentrations (mg/ L ) of Phenolic Acids, Flavan - 3 - ols, Flavones, Flavonols, and Caffeine in Convenience 
Samples of Different Beverages.   19

   Compound     Green Tea     White Tea     Black Tea     Mate     Cola 
Soft - Drink

   Energy 
Drink

   Instant Coffee  

  Gallic acid    4.3    5.6    8.2     —      —     2.1     —   
  ( - ) Gallocatechin    29    11    0.7     —      —      —      —   
  Protocatechuic acid     —      —     0.4     —      —      —      —   
  ( - ) Epigallocatechin    136    45    1.6     —      —      —      —   
  ( - ) Catechin    31    28    1.3     —      —      —      —   
  Chlorogenic acid    7.0    2.4    1.2    134     –      –     61  
  Caffeine    130    140    89    40    108    314    70  
  Caffeic acid     —      —      —     1.8     —      —     4.6  
  ( – ) Epicatechin    12    9.6    4.2     —      —      —      —   
  ( - ) Epigallocatechin gallate    31    29     —      —      —      —      —   
  ( - ) Gallocatechin gallate     —      —     0.4     —      —      —      —   
p  - Coumaric acid     —      —   < 0.01     —      —      —      —   
  ( - ) Epicatechin gallate    15    22    0.6     —      —      —      —   
  Myricetin - 3 -  0  - rhamnoside    2.5    1.9    1.7     —      —      —      —   
  Quercetin - 3 -  0  - rutinoside    18    12    8.6    39     —      —      —   
  Quercetin - 3 -  0  - glucopyranoside    5.5    2.4    1.9    3.2     —      —      —   
  Luteolin - 7 -  0  - glucosicle     —      —      —      —      —      —      —   
  Kaempferol - 3 -  0  - rutinoside    4.4    1.5    1.7    4.2     —      —      —   
  Kaempferol - 3 -  0  - glucoside    3.8    2.2    1.9     —      —      —      —   
  Apigenin - 7 -  0  - glucoside     —      —      —      —      —      —      —   

Note.  The absence of a number means the concentration was below the limit of detection (0.0005 – 0.211   mg/L).   
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throughout the body. Caffeine distributes relatively 
evenly between plasma and erythrocytes, and easily 
crosses the placenta to enter the fetal circulation. 
Caffeine also enters breast milk, the bile, saliva, and 
semen.39   In a study of 11 healthy adults administered an 
intravenous (IV) dose of 150   mg anhydrous caffeine, 
the mean volume of distribution was 0.53    ±    0.5   L/kg.  28

Animal studies indicate the absence of long - term accu-
mulation of caffeine or caffeine metabolites in the 
body.  29

  Biotransformation 

 The biotransformation of caffeine is complex with at 
least 17 metabolites.  30   Metabolism of caffeine via 
demethylation produces dimethylxanthine compounds, 
primarily paraxanthine (1,7 - dimethylxanthine) via  N3  -
 demethylation catalyzed by CYP1A2.  31   This isoenzyme 
is an abundant cytochrome P450 isoenzyme, accounting 
for about 15% of the total CYP content. A small portion 
of the biotransformation reactions results from the cata-
lytic action of CYP2E1, whereas CYP1A2 accounts for 
most all of isoenzymes responsible for caffeine demeth-
ylation.32   CYP1A1 has similar affi nity for caffeine as 
CYP1A2, but the former isoenzyme is much less abun-
dant than the latter.  33   The dimethylxanthine metabolites 
are pharmacologically active, and may contribute to 
the effects of caffeine. There are substantial interindi-
vidual differences in the expression of CYP1A2; there-
fore, there are signifi cant individual differences in the 
metabolism of caffeine. In humans, there are no sig-
nifi cant differences in caffeine metabolism between 
genders despite the higher activity of CYP1A2 in 
men.29   Subsequent pathways involve acetylation, 8 - 
hydroxylation by CYP3A isoenzymes, and the catalytic 
oxidation of 1 - methylxanthine to 1 - methyluric acid by 
xanthine oxidase. 

 Minor metabolites include theobromine (3,7 - 
dimethylxanthine) via N1  - demethylation and theophyl-
line (1,3 - dimethylxanthine) via  N7  - demethylation. Figure 
 55.1  displays the initial demethylation reactions involved 
with the biotransformation of caffeine. In a study of 17 
healthy adults ingesting tea or coffee, paraxanthine, 
theobromine, and theophylline accounted for about 
67%, 24%, and 8% of the total dimethylxanthine com-
pounds in plasma, respectively.  14   Major urinary metabo-
lites of caffeine are 5 - acetylamino - 6 - formylamino - 3 - 
methyluracil, 1 - methyluric acid, 1 - methylxanthine, 
1,7 - dimethyluric acid, and 1,7 - dimethylxanthine.    

  Elimination 

 Elimination of caffeine occurs almost exclusively via 
biotransformation and renal excretion of metabolites 

the fi rst 3 hours of the study. Na ï ve caffeine users may 
become symptomatic (e.g., tremulous) after the inges-
tion of 1 – 2 cups of coffee ( < 100 – 200   mg caffeine). 
Tolerance to the effects of caffeine begins within 1 – 4 
days based on volunteer studies.  24   Heavy caffeine con-
sumption involves the ingestion of > 500 – 600   mg/day 
(7 – 8   mg/kg). Consequently, heavy coffee drinkers 
consume > 500   mg/day. Symptoms (i.e.,  “ caffeinism ” ) 
associated with these high doses include anxiety, head-
aches, irritability, insomnia, anorexia, lightheadedness, 
and tremulousness. The number of coffee or tea drinks 
is not a reliable measure of caffeine consumption 
because of the wide variation in the caffeine content of 
these beverages. 

 In a retrospective analysis of the 38 cases presenting 
to the Royal Infi rmary of Edinburgh after the deliberate 
ingestion of caffeine - containing products, the median 
ingested amount of caffeine was 1,040   mg (25 – 75% 
interquartile range, 600 – 1,500   mg).  25   The most common 
symptoms were nausea, vomiting, and abdominal pain; 
no patient displayed severe caffeine toxicity. The inges-
tion of 80 – 100   mg/kg by children produces serious 
toxicity, whereas caffeine doses in the range of 150 –
 200   mg/kg are potentially fatal. A one - year - old girl sur-
vived the ingestion of 200 – 300   mg caffeine/kg after 
developing seizures, coma, and ventricular fi brillation.  26

The ingestion of a caffeine dose in the range of 10   g is 
potentially fatal in an adult, although recovery occurred 
after the ingestion of 24   g caffeine following intensive 
supportive care.  27

  TOXICOKINETICS 

  Absorption 

 The absorption of caffeine from the gastrointestinal 
tract is rapid and complete including absorption through 
the rectal mucosa. There is no signifi cant hepatic fi rst -
 pass effect following the ingestion of caffeine. The pres-
ence of food in the stomach or ethanol does not 
signifi cantly inhibit the absorption of caffeine. Peak 
plasma caffeine concentrations occur within about 1 
hour. In a study of 18 healthy adults, the mean peak 
plasma concentration occurred about 60 minutes after 
ingesting 250   mg caffeine with a range up to 120 
minutes.  24   The peak plasma caffeine ranged from 3.8 –
 14.8   mg/L during the 7 - day study with the plasma caf-
feine concentrations at the end of the study ∼ 2 – 3   mg/L 
higher than the fi rst day of caffeine consumption.  

  Distribution 

 Caffeine crosses all biologic membranes including the 
blood – brain barrier, resulting in wide distribution 



PART 2 PSYCHOACTIVE PLANTS

794

of  < 250 – 500   mg caffeine.  35   Based on 3 serum samples 
drawn within 2 days after a 6 – 8   g overdose of caffeine, 
the serum elimination half - life of caffeine was  ∼ 16 
hours.  36    

  Maternal and Fetal Kinetics 

 Methylxanthines including caffeine readily pass the pla-
cental barrier and enter fetal tissues. Caffeine elimina-
tion in nonpregnant and pregnant women in the fi rst 
trimester are similar, but elimination decreases in preg-
nant women during the second and third trimesters with 
the potential for accumulation of caffeine in the mother 
and fetus depending on the caffeine dose.  37   The placenta 
and fetus lack the CYP450 isoenzymes required to 
metabolize caffeine; therefore, caffeine elimination by 
the fetus occurs by renal excretion.  38    

  Drug Interactions 

 Various drugs induce CYP1A2 including selective 
serotonin reuptake inhibitors (fl uvoxamine), antipsy-
chotics (clozapine, olanzapine), psoralens, antiarrhyth-
mics (mexiletine, diltiazem, verapamil), proton pump 

with little caffeine appearing in the urine unchanged. 
Age, renal function, and dose affect caffeine elimina-
tion. In most patients, the kidney excretes minor amounts 
(i.e., 1 – 2%) of an absorbed dose of caffeine in the urine 
as unchanged caffeine. The elimination process from the 
blood is fi rst - order in the range of 2 – 10   mg/kg, whereas 
caffeine follows zero - order (saturation) kinetics in neo-
nates and overdose.  29   The average serum elimination 
half - life of caffeine in adults ingestion typical recre-
ational doses of caffeine is about 4 – 6 hours (range, 
2 – 12   h) following typical recreational doses of caffeine. 
Infants up to the age of 3 months eliminate caffeine 
primarily by renal excretion rather than biotransforma-
tion with elimination half - life markedly prolonged at 
about 100 hours compared with adults.  34   By the age of 
7 – 9 months, the renal elimination of caffeine accounts 
for about 2% of the elimination of caffeine, similar to 
adults. Liver disease and pregnancy prolong the elimi-
nation half - life of caffeine, whereas smoking and the 
induction of hepatic microsomal enzymes reduces the 
caffeine - elimination half - life. As a result of the satura-
tion of hepatic microsomal enzymes during an overdose, 
the elimination half - life of caffeine during caffeine 
intoxication is prolonged compared with the ingestion 

       FIGURE 55.1.     Initial demethylation 
reactions of caffeine.  7    
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to stimulation by plasma carbon dioxide concentrations. 
Additionally, caffeine decreases cerebral blood fl ow as 
a result of the antagonism of adenosine - induced cere-
bral vasodilation. Effects on sleep include increased 
sleep latency and reduced sleep duration. 

 In commonly ingested doses, the administration of 
caffeine alone slightly increases blood pressure, mini-
mally reduces heart rate, and causes the release of cat-
echolamines (epinephrine, norepinephrine) and renin 
in caffeine - na ï ve  individuals; however, tolerance limits 
the effect of these changes following continued caffeine 
use. In a study of normotensive, caffeine - naïve volun-
teers, daily administration of 400   mg caffeine produced 
a 3   mm Hg increase in ambulatory systolic and diastolic 
blood pressure associated with a 3 - beat/minute decrease 
in heart rate.  51   Both these changes were statistically sig-
nifi cant, and these changes resolved soon after admin-
istration ceased. 

 The increased glomerular fi ltration rate and inhibi-
tion of tubular reabsorption of sodium and water results 
in mild diuresis with sodium and water loss. Caffeine 
increases minute ventilation; the ingestion of caffeine in 
asthmatic patients produces much less bronchodilation 
than theophylline.  52   Stimulation of gastric secretion of 
acid and pepsin occurs following the ingestion of coffee 
with some studies suggesting that caffeine also reduces 
lower esophageal sphincter tone.  4

  Mechanism of Toxicity 

 The toxic effects of caffeine are an extension of phar-
macologic effects. Caffeine increases the synthesis and 
release of catecholamines as well as increasing intracel-
lular cyclic AMP concentrations by inhibiting phospho-
diesterases. These actions result in pharmacologic effects 
on multiple organ systems. Caffeine is a nonselective 
adenosine receptor (A 1 , A 2A ) antagonist, which inhibits 
the action of adenosine in the brain, cardiovascular 
system, gastrointestinal tract, lung, kidney, and adipose 
tissues. Adenosine A 1  receptors occur in most areas of 
the brain, particularly in the hippocampus, striatum, 
cerebral cortex, and some areas of the thalamic nuclei 
(e.g., medial and anterior nucleus).  53   Intermediate 
amounts of these receptors occur in the nucleus accum-
bens and the caudate - putamen as demonstrated by 
autoradiography in postmortem brain tissues with N6  -
 [ 3 H] cyclohexyladenosine. Dopamine - rich regions of the 
brain contain substantial amounts of adenosine A 2A

receptors. The interaction of adenosine A 2A  and dopa-
mine D 2  receptors regulate the GABAergic striatopal-
lidal neurons, whereas the interaction of adenosine A 1
and dopamine D 1  receptors are involved in the regula-
tion of the GABAergic striatonigral and striatoentope-
duncular neurons.  54   Enhancement of postsynaptic 

inhibitors (omeprazole), quinolones (enoxacin, norfl ox-
acin, ciprofl oxacin), and theophylline.  39   Other drugs that 
inhibit caffeine metabolism include acute ethanol inges-
tion, cimetidine, disulfi ram, and oral contraceptives. 
Smoking increases the clearance of caffeine up to 30 –
 50%. In a study of 16 healthy adults, the ingestion of 
75   mg phenylpropanolamine with 400   mg caffeine 
increased the mean peak plasma caffeine concentration 
from 2.1    ±    0.3   mg/L (caffeine alone) to 8.0    ±    2.2   mg/L 
(caffeine    +    phenylpropanolamine).  40   There are few data 
on the clinical relevance of these drug interactions. 
Existing experimental data suggest that the ingestion of 
caffeine will not ameliorate ethanol - induced impair-
ment of driving skills, even in doses consistent with the 
use of caffeinated ethanol beverages (e.g., 69   mg 
caffeine/12 ounce beer with 4.8% ethanol by volume).  41

  Tolerance 

 Tolerance develops following chronic caffeine use to 
some of the central and peripheral effects (e.g., anxiety, 
jitteriness, blood pressure, diuresis), but not all central 
effects (e.g., attention, wakefulness).  42   In volunteer 
studies of participants without habitual caffeine use, tol-
erance to increases in blood pressure, heart rate, plasma 
epinephrine, plasma norepinephrine, plasma renin activ-
ity, and urinary catecholamines develops within 1 – 4 
days of regular caffeine use at a daily dose of 250   mg.  24

Tolerance to the cardiovascular effects of caffeine is lost 
within 3 weeks after cessation of caffeine use.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

  Mechanism of Action 

 Caffeine is a central nervous system stimulant that pro-
duces diverse and complex effects including increased 
arousal and vigilance, reduced fatigue, and improved 
performance on some motor tasks.  4,43   Attention is modi-
fi ed by caffeine use, allowing more effective processing 
of relevant stimulus characteristics during information 
processing.  44   These effects probably result from caffeine -
 induced adenosine receptor antagonism.  45   Ergonomic 
studies in endurance athletes suggest that caffeine 
improves performance modestly during endurance 
activities (i.e., 3 – 4%)  46   and repeated sprint ability,  47   but 
not during sprint activities with predetermined goals.  48,49

Volunteer studies suggest that the ingestion of coffee 
does not mimic the positive effects of caffeine on endur-
ance, perhaps as a result of moderation of the caffeine -
 induced elevation of plasma epinephrine concentrations 
by other ingredients in coffee.  50   Caffeine also stimulates 
the medullary respiratory center by increased sensitivity 
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in coffee drinkers during follow - up when compared 
with coffee nondrinkers at baseline (18.8% vs. 28.3%, 
respectively;  P     =    .03).  63   However, the relative risk of 
hypertension was not dose - related after adjustment of 
confounding factors. The association between the risk 
of myocardial infarction (MI) and coffee consumption 
is complex, and the risk of MI may be related to the 
interindividual variability in the enzyme activity of 
CYP1A2. For younger individuals with the rapid caf-
feine metabolizing genotype (CYP1A2 * 1A allele), the 
consumption of 1 – 3 cups of coffee daily was associated 
with a lower risk (odds ratio    =    0.69; 95% CI: 0.50 – 0.86) 
of nonfatal MI than individuals consuming < 1 cup coffee 
daily after controlling for other risk factors.  64   Some 
studies suggest that individuals with the slow CYP1A2 * 1F 
allele are more susceptible to acute, nonfatal MI follow-
ing chronic coffee consumption. A population case -
 control study of individuals with their fi rst nonfatal MI 
demonstrated an increased risk of MI only in carriers of 
the slow CYP1A2 * 1F allele.  65   The odds ratio of devel-
oping a nonfatal MI in these genotypes for the con-
sumption of ≥ 4 cups of coffee daily was 1.64 (95% CI: 
1.14 – 2.34), when compared with referents (i.e.,  < 1 cup 
coffee daily). For normal phenotypes, the odds ratio of 
acute non - fatal MI for moderate coffee consumption 
(1 – 3 cups daily) was less than unity (i.e.,  ∼ 0.5). 

 Although typical caffeine doses mildly increase epi-
nephrine concentrations (i.e., 6 - fold less than strenuous 
exercise),66   most studies do not demonstrate proar-
rhythmic effects following caffeine use and moderate 
caffeine doses are well tolerated even in patients with 
cardiovascular disease.  67   In a study of 18 patients with 
frequent ventricular premature beats (VPCs), the inges-
tion of 1   mg caffeine/kg was associated with increased 
frequency of VPCs (307    ±    350/h) compared with a 
caffeine - free period (307    ±    414/h,  P     <    .01).  68   However, 
there was no signifi cant difference in the cardiac rhythm, 
rate, or ventricular repolarization (QTc interval). 
Studies of patients with cardiovascular disease have not 
demonstrated an increased incidence of VPCs or other 
ventricular dysrhythmias during the use of caffeine 
including patients with histories of recent MI,  69   nonsus-
tained ventricular tachycardia,  70   and multiple types of 
malignant ventricular dysrhythmias (ventricular fi brilla-
tion, recurrent ventricular tachycardia, symptomatic 
nonsustained ventricular tachycardia).  71   Larger epide-
miologic studies have not demonstrated an association 
between typical caffeine use and the incidence of atrial 
dysrhythmias (e.g., atrial fi brillation, atrial fl utter).  72

  Central Nervous System 

 Epidemiologic studies of coffee consumption and the 
risk of stroke are inconsistent, in part as a result of the 

dopamine D 2  receptors by adenosine A 2A  antagonism 
probably accounts for the central effects of caffeine.  44

 There is no clear evidence that coffee increases the 
risk of cardiovascular diseases. Moderate ingestion of 
caffeine does not increase the frequency or severity of 
cardiac dysrhythmias in normal individuals, patients 
with ischemic heart disease, or those with preexisting 
serious ventricular ectopy.  55   Additionally, there is no 
clinically signifi cant association between coffee con-
sumption and the occurrence of coronary heart disease.  56

Caffeine reduces insulin sensitivity in skeletal muscle 
and may reduce glucose output from the liver.  57,58   High 
doses of caffeine produce vasodilation, hypotension, 
and marked tachycardia. Other effects at high caffeine 
doses (i.e., serious overdose) include mobilization of 
calcium from intracellular storage sites in skeletal 
muscle, cardiac muscle, and neurons.   

  CLINICAL RESPONSE 

  Recreational Use 

 For most people, the ingestion of usual doses of caffeine 
in beverages produces a subjective feeling of well - being, 
alertness, and increased energy with minimum adverse 
effects. Excessive doses of caffeine produce anxiety, irri-
tability, nervousness, palpitations, insomnia, tremulous-
ness, and nausea. A case report of a 47 - year - old man 
associated the development of delusions and paranoid 
psychosis with the chronic consumption of excessive 
amounts of coffee (i.e., 36 cups of coffee/d).  59   The psy-
chotic symptoms resolved after a reduction of his coffee 
consumption without the administration of antipsy-
chotic medication. Behavioral studies in children suggest 
that acute alteration of their usual dose of caffeine 
results in some adverse behavior changes (e.g., volatility, 
inattentiveness, restlessness), but there is little evidence 
that caffeine produces long - term adverse behavioral 
effects.  60   A meta - analysis of coffee consumption and the 
risk of type 2 diabetes suggested that increased coffee 
use was associated with a dose - related decrease in type 
2 diabetes.  61   The relative risk of type 2 diabetes in 
chronic coffee drinkers using 4 – 6 cups and  ≥ 6 – 7 cups 
daily were 0.72 (95% CI: 0.62 – 0.83) and 0.65 (95% CI: 
0.54 – 0.78), respectively. 

  Cardiovascular 

 There are inadequate data to associate coffee drinking 
with the development of hypertension. The consump-
tion of coffee by women does not appear to increase the 
risk of hypertension based on a large cohort study.  62   A 
longitudinal study of 1,017 male former medical stu-
dents demonstrated a higher incidence of hypertension 
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  Overdose 

 Adverse effects associated with the IV administration 
of high doses (36 – 136   mg/kg) of caffeine in neonates 
simulate seizures including tachypnea, fi ne tremor, 
muscle fasciculations, opisthotonus, tonic - clonic move-
ments, and nonpurposeful facial movements.  81   Symptoms 
of serious caffeine intoxication begin within several 
hours of ingestion, usually with the onset of vomiting. 
The clinical effects of severe caffeine intoxication 
resemble a massive catecholamine release including 
vomiting, abdominal cramps, weakness, miosis, nystag-
mus, weakness, hypertension, tachycardia, respiratory 
distress, rhabdomyolysis, and cyanosis. Neurologic 
effects involve myoclonus, opisthotonus, agitation, hal-
lucination, hyperrefl exia, tremor, anxiety, delirium, and 
central nervous system depression ranging from leth-
argy to coma. 

 Case reports associate excessive caffeine consump-
tion with a variety of supraventricular and ventricular 
dysrhythmias including paroxysmal supraventricular 
tachycardia in a 42 - year - old man with aortic insuffi -
ciency from rheumatic valvular disease drinking 30 cups 
of coffee daily along with 3 – 4 cups of tea,  82   and ventricu-
lar fi brillation in a 27 - year - old hypotensive woman 
intentionally ingesting 27   g caffeine.  83   A 27 - year - old 
motocross racer developed dull retrosternal chest pain 
and a cardiac arrest after a day of racing and drinking 
7 – 8 cans of a caffeinated energy drink.  84   Although his 
coronary angiogram was normal, he had electrocardio-
graphic and echocardiographic evidence of transmural 
ischemia and an elevated serum troponin I. A case 
report associated the ingestion of a 20 - g caffeine over-
dose with the development of a subendocardial MI in a 
20 - year - old bulimic woman.  85   However, no echocar-
diography or angiography was performed to document 
underlying cardiac disease.  

  Fatalities 

 There are only a few case reports in the medical litera-
ture documenting death following the ingestion of caf-
feine alone.  86   Death from caffeine intoxication usually 
occurs as a result of hypotension, respiratory failure, 
ventricular fi brillation, and cardiorespiratory arrest.  87,88

Case reports also associate the administration of fatal 
doses of caffeine with child abuse.  89

  Abstinence Syndrome 

 Symptoms of the mild abstinence syndrome associated 
with chronic caffeine use include headaches, fatigue, 

differences in study population (healthy, hypertensive 
patients, diabetics), outcomes (incidence, mortality), 
and gender. A population - based prospective cohort 
study of 34,670 healthy Swedish women demonstrated 
a statistically signifi cant lower risk of total stroke, sub-
arachnoid hemorrhage, and cerebral infarction but not 
intracerebral hemorrhage in coffee drinkers than 
seldom coffee drinkers, after adjustment for other risk 
factors.  73   The multivariable relative risk of total stroke 
for high coffee consumption ( ≥ 5 cups/d) was 0.77 (95% 
CI: 0.63 – 0.92) compared with controls ( < 1 cup/d). 
Similarly, a prospective study of 83,076 healthy women 
in the Nurses ’  Health Study demonstrated a 20% lower 
risk of total stroke in women consuming ≥ 4 cups/day 
than seldom coffee drinkers ( < 1 cup/wk).  74   However, a 
cohort study of 499 hypertensive, nonsmoking men 
detected an approximately 2 - fold higher risk of isch-
emic stroke in men consuming 3 cups coffee/day com-
pared with noncoffee drinkers.  75   Most cohort studies of 
coffee consumption using stroke mortality among 
healthy participants and diabetics have not detected 
dose - related effects of coffee consumption on 
mortality.  76,77

  Gastrointestinal 

 Several case reports associate the use of green tea in 
herbal products with hepatotoxicity, more commonly in 
women. A 41 - year - old woman developed jaundice after 
using a hair loss supplement containing 27% Camellia
sinensis  for 6 months.  78   Although her serum hepatitic 
aminotransferases were elevated above 1,000   IU/L and 
her serum bilirubin was 13.6   mg/dL (9.8   mg/dL direct), 
there was no evidence of liver dysfunction. Liver biopsy 
was consistent with a drug reaction (periportal infl am-
mation with granulocytes, eosinophils, lymphocytes, 
plasmocytes along with intrahepatic cholestasis); her 
jaundice resolved with 1 month of cessation of the use 
of the supplement. A review of worldwide reports of 
adverse events (published reviews, the US Food  &  Drug 
Administration MedWatch Program, United States 
Pharmacopeia ’ s MEDMARX Adverse Event Reporting 
System, Australian Therapeutic Goods Administration, 
UK Medicines and Healthcare Products Regulatory 
Agency, Health Canada ’ s Canadian Adverse Drug 
Reaction Monitoring Program) associated with the use 
of green tea supplements revealed 8 cases of probable 
hepatotoxicity based on the Naranjo Causality 
Algorithm Scale.  79   Most suspected cases of hepatotoxic-
ity resolve without sequelae following cessation of sup-
plement use; rarely, cases reports associate acute liver 
failure requiring orthotopic liver transplantation with 
the use of green tea supplements.  80
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or reductions in birth weight, gestational age, or fetal 
growth.97,98   A meta - analysis of 15 cohort and 7 case -
 control studies demonstrated a combined odds ratio of 
1.11 (95% CI: 0.96 – 1.28) for the risk of preterm births 
(< 37 weeks gestation) comparing the highest and lowest 
level of caffeine consumption during the fi rst trimes-
ter.  99   Additionally, there were no statistically signifi cant 
differences in the combined odds ratios for the second 
and third trimesters. 

 Some observational studies suggest a relatively small 
effect from high maternal caffeine use ( ≥ 300   mg/d) 
during pregnancy on fetal growth restriction (number 
of births < 10 th  percentile for weight, adjusted for con-
founders). In a prospective longitudinal observational 
study of 2,635 low - risk pregnant women, the odds ratios 
for fetal growth restriction and maternal caffeine 
use were as follows: 100 – 199   mg/day, 1.2 (95% CI: 0.9 –
 1.6); 200 – 299   mg/day, 1.5 (95% CI: 1.1 – 2.1); and 
> 300   mg/day, 1.4 (95% CI: 1.0 – 2.0).  100   The test for trend 
comparing maternal caffeine use of > 300   mg/day and 
< 100   mg/day was statistically signifi cant ( P     <    .001). The 
evaluation of self - reports of 2,291 mothers with single-
ton live births detected a small reduction of birthweight 
(− 28   g/100   mg of caffeine consumed daily, 95% CI: 
− 0.10 to  − 0.46,  P     =    .001).  101   However, the authors 
believed that this reduction was probably not clinically 
signifi cant unless the mother ingested at least 6 cups of 
coffee daily. There was no association between maternal 
caffeine consumption and mean gestational age. Most 
positive observational studies on the effect of maternal 
caffeine use and fetal growth restriction do not demon-
strate positive associations between maternal caffeine 
use and other parameters of fetal well - being (e.g., still 
births, miscarriage, preterm labor, gestational age).  100,102

 There is no evidence that caffeine is teratogenic in 
humans. The association between caffeine consumption 
and spontaneous abortion or still - births is equivocal 
because of methodologic limitations including selection 
and recall bias, inconsistent exposure measurement, 
failure to account for caffeine metabolism and the 
timing of fetal demise, confounding by smoking and 
other drugs, and the interrelationship between caffeine 
and nausea.  103   A Danish study of 88,482 pregnant 
women suggested an increased risk of spontaneous 
abortion before 20 weeks in women consuming ≥ 8 cups 
of coffee daily (adjusted hazard ratio, 1.48; 95% CI: 
1.01 – 2.17), but there was no statistically signifi cant 
increase in the risk of stillbirth ( > 196 days gestation).  104

Although developmental abnormalities occur in animal 
studies at very high caffeine doses, consumption of these 
doses by pregnant mothers is highly unlikely. Based on 
rodent studies, the developmental no observable effect 
level (NOEL) is approximately 30   mg/kg/day, the tera-
togenic NOEL is 8,100   mg/kg/day, and the reproductive 

decreased energy, and reduced alertness. Headache is 
the most common withdrawal symptom with an inci-
dence of up to 50% in some volunteer studies.  90   Other 
symptoms of abstinence include anxiety, depressed 
mood, reduced concentrating ability, irritability, nausea, 
vomiting, and craving for caffeine. Tremor, muscle stiff-
ness, confusion, and rhinorrhea occur rarely during caf-
feine withdrawal. The withdrawal symptoms typically 
begin within 12 – 24 hours after the last caffeine dose and 
maximum effects occur within 20 – 48 hours of the last 
dose.  90,91   Symptoms can persist up to 1 week. A study of 
twins suggested genetic factors in the etiology of caf-
feine tolerance and withdrawal because of the increased 
risk of these complications in monozygotic twin pairs 
when compared with dizygotic twin pairs.  92

 The regular consumption of caffeine produces toler-
ance to many of the effects of caffeine within a few days; 
the severity of withdrawal symptoms depends on indi-
vidual pharmacokinetics, dose, and duration of use. 
Volunteer studies indicate that minor caffeine with-
drawal can occur following the consumption of as little 
as 300   mg/day for 3 days  93   The administration of 250   mg 
caffeine daily to 18 volunteers for 1 week did not 
produce withdrawal symptoms.  24   However, a study of 7 
healthy volunteers suggested that mild withdrawal 
symptoms can occur following the consumption of caf-
feine doses as low as 100   mg (i.e., one cup coffee) in 
some, but not all individuals.  94   A volunteer study sug-
gested that the ingestion of caffeine - containing soft 
drinks moderates the withdrawal symptoms associated 
with heavy caffeine consumption.  95   Although this absti-
nence syndrome can encourage the repeated use of caf-
feine, caffeine use is typically self - limiting because most 
individuals do not experience positive and pleasant 
behavioral effects from escalating doses of caffeine. 
Rodent studies suggest that the addictive potential of 
caffeine is relatively low based on minimal functional 
activation of an area (i.e., shell of the nucleus accum-
bens) involved with addiction and reward at usual caf-
feine doses.  96

  Reproductive Abnormalities 

 Reporting bias and multiple confounders (e.g., associ-
ated drug/nicotine use, caffeine use other than tea/
coffee) complicate the determination of the effect of 
caffeine on the fetus. Although there are some epide-
miologic evidence that caffeine in high doses adversely 
affects pregnancy outcome, the results are inconclusive 
and there is insuffi cient evidence to restrict caffeine 
intake after the fi rst trimester. In general, most studies 
of moderate maternal caffeine consumption ( < 300   mg/d) 
do not associate maternal caffeine use with miscarriages 
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  Biomarkers 

  Blood 

 Caffeine equilibrates evenly between erythrocytes and 
plasma; therefore, caffeine concentrations in plasma, 
serum, and whole blood from the same sample are 
similar (i.e., variation of  < 5 – 10%). 

Recreational Use.     In a convenience sample of 600 
outpatients presenting to a clinical laboratory for 
routine blood analysis, the mean plasma caffeine con-
centration was 2.1   mg/L with a range of 0.2 – 13.1   mg/L.  117

There were no restrictions on food or drink intake 
including caffeine consumption. The upper 95% upper 
confi dence limit was 5.6   mg/L. Following the ingestion 
of 120   mg caffeine by 13 healthy volunteers, the peak 
plasma caffeine concentration averaged about 3   mg/L 
(range, 2 – 4   mg/L) at 1 hour after ingestion.  118   In a study 
of 4 volunteers ingesting 300   mg caffeine, the mean 
peak plasma caffeine concentration at 1 hour after 
ingestion was about 8   mg/L (range, 6 – 9   mg/L).  119   The 
ingestion of 500   mg caffeine produces peak plasma caf-
feine concentrations up to 17   mg/L.  35

Overdose.     Plasma caffeine concentrations exceeding 
30   mg/L are associated with toxicity. Tachycardia and 
seizures can occur when the plasma caffeine concentra-
tion is 50 – 60   mg/L. Serious toxicity occurs when plasma 
caffeine concentrations near 100   mg/L; plasma concen-
trations in the range of 90 – 180   mg/L are potentially 
lethal.120,121   However, survival has occurred in patients 
with peak plasma caffeine concentrations in the range 
of 100 – 400   mg/L with intensive supportive care.  26,122   A 
21 - year - old woman became comatose, responsive only 
to pain with a tachydysrhythmia that deteriorated into 
ventricular fi brillation.  123   The initial serum caffeine con-
centration was 297   mg/L, but she survived with inten-
sive cardiorespiratory support and hemoperfusion. 
Three hours after a large caffeine overdose, a serum 
caffeine concentration of 194   mg/L was associated with 
agitation, confusion, diaphoresis, tremulousness, hyper-
refl exia, tachydysrhythmia, and blood - tinged vomitus in 
a 58 - year - old obese woman.  124

Postmortem.     Postmortem samples containing caffeine 
usually contain other drugs; death from caffeine alone is 
rare.  125   In a case report of a 31 - year - old man found dead 
after ingesting a large dose of caffeine tablets, the femoral 
blood contained a caffeine concentration of 153    μ g/g 
(∼ 153   mg/L).  120   No other drugs were detected in post-
mortem blood. A 56 - year - old man was found dead in his 
bed. His heart blood contained a caffeine concentration 
of 150   mg/L along with a blood ethanol concentration of 
109   mg/dL and a fl uoxetine concentration above usual 

NOEL approximately 80 – 120   mg/kg/day, depending on 
the method of administration and species.  105

  Carcinogenesis 

 The International Agency for Research on Cancer lists 
caffeine as not classifi able as to its carcinogenicity to 
humans (Group 3) based on inadequate evidence for 
the carcinogenicity of caffeine in humans and inade-
quate evidence for the carcinogenicity of caffeine in 
experimental animals.  106   The IARC lists coffee as pos-
sibly carcinogenic to humans (Group 2B) based on 
limited evidence in humans that coffee drinking is car-
cinogenic in the bladder and inadequate evidence in 
experimental animals for the carcinogenicity of coffee.  107

There is little scientifi c evidence associating female 
breast cancer or colon cancer with coffee drinking. 
There was a small, but signifi cant increase in mortality 
(OR    =    1.26; 95% CI: 1.05 – 1.51) during a 25 - year study 
of 27,530 Seventh - Day Adventists, when comparing 
moderate to heavy coffee drinkers ( ≥ 3 cups/d) with non-
coffee drinkers.  108   However, the causality of coffee in 
this increased mortality could not be determined. There 
is little evidence associating the use of coffee or tea with 
esophageal cancer; however, the drinking high -
 temperature mixtures is an independent risk factor for 
the development of esophageal cancer.  109

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Methods for the quantitation of caffeine in biologic 
fl uids include gas chromatography with nitrogen phos-
phorus detection,  110   capillary electrophoresis,  111   high 
performance liquid chromatography with UV detec-
tion,28   and gas chromatography/mass spectrometry.  112

The limit of detection (LOD) with the latter method in 
biologic samples is about 0.001   mg/L with a coeffi cient 
of variation of approximately 10%.  113   Quantitation of 
caffeine metabolites in the subnanomolar range results 
from separation by high performance liquid chromatog-
raphy followed by analysis by stable isotope dilution gas 
chromatography/mass spectrometry.  114   The use of gas 
chromatography/ion - trap/tandem mass spectrometry 
allows the detection of caffeine in environmental 
samples in the range of 0.000001 – 0.000002   mg/L.  115

High concentrations of caffeine in blood samples from 
overdoses can produce false - positive elevation of the-
ophylline concentrations when analyzed by enzyme 
immunoassays or high performance liquid chromatog-
raphy methods that do not separate paraxanthine from 
theophylline.  116
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rhythmias (supraventricular tachycardias, ventricular 
tachycardia) may respond to esmolol (500    μ g/kg bolus 
followed by continuous infusion of 50    μ g/kg/min)  124   or 
procainamide.  130   Seizures usually respond to the IV 
administration of benzodiazepines (lorazepam, diaze-
pam). During severe caffeine intoxication, the associated 
hypotension can be unresponsive to dopamine (20    μ g/kg/
min), norepinephrine (20    μ g/min), and epinephrine (2    μ g/
min).135   Case reports suggest that these patients may 
respond to vaso pressin infusions initiated at 0.2   U/hour 
and titrated to 1.2   U/hour.  135   Caffeine is an adenosine 
receptor anta gonist that may reduce the effectiveness of 
adenosine to convert paroxysmal supraventricular tachy-
cardia if ingested < 4 hours before treatment.  136

  Decontamination 

 Caffeine binds to activated charcoal, and patients should 
receive 50   g activated charcoal (1   g/kg) if the patient 
presents within 1 – 2 hours after ingestion of caffeine in 
tablet form. As with most overdoses, syrup of ipecac is 
contraindicated because of the potential for sudden loss 
of consciousness and seizures during severe caffeine 
intoxication. There are no data documenting improved 
clinical outcome following gastric lavage or any other 
measures of decontamination in this setting.  

  Enhancement of Elimination 

 Case reports associate clinical improvement in severe 
caffeine intoxication following the initiation of hemodi-
alysis135   or charcoal hemoperfusion.  83,137   Persistent 
hypotension may complicate the use of hemodialysis in 
severe caffeine overdose, and there are few data on the 
clearance rates or clinical effi cacy of these methods of 
enhancing caffeine elimination.  

  Supplemental Care 

 During severe caffeine intoxication, patients should be 
monitored for dysrhythmias, electrolyte imbalance 
(hypokalemia, hypocalcemia), lactic acidosis, and respi-
ratory depression. The catecholamine - induced hypoka-
lemia is not a true potassium defi cit; therefore, correction 
of hypokalemia should be cautious and immediate nor-
malization of serum potassium with large doses of IV 
potassium avoided. There are no specifi c antidotes. 
Agitation may require the use of IV benzodiazepines as 
needed to calm the patient without causing respiratory 
depression. Treatment of the gastrointestinal symptoms 
include antiemetics (promethazine 25   mg IV, metoclo-
pramide 5   mg IV, odansetron 4 – 8   mg IV) for vomiting 
and proton pump inhibitors (famotidine 20   gm IV, pan-
toprazole 40   mg IV) for gastritis.       

antemortem therapeutic concentrations.  86   A 29 - year - old 
man suffered a fatal cardiac arrest while undergoing 
imaging studies in the emergency department.  126

Postmortem femoral blood contained caffeine at 
192   mg/L with no other signifi cant amounts of drugs in 
his postmortem blood sample. In a study of postmortem 
redistribution, the heart/femoral blood ratio in 3 cases 
ranged from 1.0 – 1.4 with a mean of 1.2.  127   Caffeine pen-
etrates into the vitreous humor. In 2 fatal cases of caffeine/
ephedrine intoxication, the postmortem whole blood   :   vit-
reous humor ratio was 3.59 (343.9   mg/L, 95.9   mg/L) and 
1.84 (184.1   mg/L, 99.8   mg/L).  128

  Urine 

 The renal tubule resorbs caffeine in equilibrium with 
unbound caffeine in plasma. There is substantial varia-
tion in the renal excretion of caffeine between individu-
als. In some individuals, the daily intake of 3 – 6 cups of 
coffee can produce urine caffeine concentrations 
exceeding 12   mg/L.  129

  Abnormalities 

 The most common dysrhythmias associated with caf-
feine intoxication are sinus tachycardia and paroxysmal 
supraventricular tachycardia. Other dysrhythmias 
include wide - complex tachycardia, premature atrial and 
ventricular contractions, bigeminy, ventricular tachycar-
dia, ventricular fi brillation, asystole, pulseless electrical 
activity, and asystole.  45,130   Caffeine reduces electroen-
cephalogram power, particularly in the alpha and theta 
frequencies. The release of large amounts of catechol-
amines during severe caffeine intoxication produces 
lactic acidosis, hypokalemia, hyponatremia, leukocyto-
sis, and hyperglycemia.  131,132   Rhabdomyolysis, hypona-
tremia, and renal dysfunction can complicate large, 
intentional ingestions of caffeine  133   and massive amounts 
(15   L/d) of tea.  134   Respiratory alkalosis can occur in 
association with hyperventilation.  36

  TREATMENT 

  Stabilization 

 Serious caffeine intoxication can cause intractable hypo-
tension, seizures, coma requiring intubation, and serious 
dysrhythmias including ventricular fi brillation. Treatment 
for these complications requires careful monitoring for 
the development of dysrhythmias, seizures, and respira-
tory failure with IV access, cardiac monitoring, and pulse 
oximetry. Ventricular dysrhythmias may not respond to 
lidocaine, and supraventricular tachycardias may not 
respond to adenosine. Case reports suggest that some dys-
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  Chapter 56 

               HISTORY 

 As one of the most potent naturally occurring central 
nervous system (CNS) stimulants, cocaine has a long 
history of use and abuse.  1   Analysis of material from a 
3,000 - year - old Egyptian mummy revealed detectable 
quantities of cocaine,  2   but there is no documentation 
that ancient Egyptians used cocaine for recreational 
purposes. Archaeological fi ndings in Ecuador indicate 
that the pre - Inca inhabitants chewed cocaine long 
before the Spanish Conquistadors discovered the use 
of cocaine among the privileged groups of the Inca 
culture. The Moche culture fl ourished on the northern 
coast of Peru from about 100 – 700 AD; their ceramic 
sculptures from this period depict the chewing of coca 
leaves along with the implements to increase the extrac-
tion of cocaine from the leaves by holding alkaline 
powder near the leaves during mastication.  3   The Incas 
believed this plant was a divine gift created to alleviate 
hunger and thirst, and they tightly controlled coca cul-
tivation. The Inca ruling class would chew the leaves 
on special occasions, whereas members of the working 
class were occasionally rewarded with a gift of coca 
leaves. In 1507, the European explorer Amerigo 
Vespucci mentioned the Indian practice of chewing 
coca with alkaline ash. Despite an early ban by Spanish 
Conquistadors on cocaine use, Spanish entrepreneurs 
used coca leaves as an incentive to employ Indians in 
hard labor. Although Francisco Pizarro probably 
brought coca leaves to the 16 th  - century Spanish court, 
Europeans did not use coca leaves during this period, 
in part because coca leaves would have lost their 
potency during the lengthy trip across the Atlantic 
Ocean.4

 Sir William Hook published the fi rst English illustra-
tion of coca in 1835 along with a translation of a book 
by the German naturalist, Edward Poeppig that con-
tained warnings about the addictive properties of 
cocaine.  5   In 1860, Albert Niemann purifi ed cocaine from 
coca leaves brought from the New World on a frigate of 
Archduke Ferdinand. Although the anesthetic proper-
ties of cocaine were recognized soon after purifi cation, 
there was little initial interest in the medicinal proper-
ties of this compound. Cocaine - containing wines (e.g., 
vin Mariani), which contained 6   mg cocaine per ounce, 
were a popular restorative and tonic in Italy and France 
during the 1860s.  6

 In 1884, Sigmund Freud wrote glowing reports about 
the ability of cocaine to relieve depression and cure 
morphine addiction in his famous treatise,  “  Ü ber Coca. ”  
In that same year, Carl Koller recognized the potential 
of cocaine to anesthetize the cornea during ophthalmo-
logic surgery. Halstead, an American surgeon, demon-
strated the peripheral nerve - blocking properties of 
cocaine injections. Cocaine was soon prescribed for a 
wide range of medical conditions from hay fever to 
hemorrhoid surgery. Initially, the use of cocaine was 
enthusiastically accepted. Robert Louis Stevenson 
wrote the fi rst draft of  Dr. Jekyll and Mr. Hyde  following 
3 days of cocaine administration for the treatment of 
tuberculosis. Sir Arthur Conan Doyle ’ s character, 
Sherlock Holmes, used unnamed artifi cial stimulants 
until he became tired, wasted, and paranoid. Later, he 
reappeared in good health, his pipe replacing the use of 
stimulants.  7   Pharmacist John Styth Pemberton mar-
keted a cocaine - caffeine mixture called Coca - Cola in 
1886 after dropping a wine - cocaine product that com-
peted unsuccessfully with vin Mariani. 
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with limited medical application), but again allowed the 
medical use of cocaine. Serious complications from 
cocaine use increased substantially in the 1980s when 
new forms (e.g., smoking freebase) of cocaine abuse 
dramatically increased the amount of cocaine used by 
addicts.  13   Cocaine - associated deaths resulted from all 
routes of administration, including intravenous (IV), 
nasal, vaginal, and oral, as well as from unintentional 
and deliberately infl icted trauma.  14   Beginning in 2003, 
the South American cocaine cartels began adding the 
veterinary antihelminthic, levamisole to bulk cocaine 
shipments as an adulterant, reportedly to potentiate the 
effects of cocaine; by 2008, about one - fourth of confi s-
cated cocaine analyzed by the United States Drug 
Enforcement Administration (DEA) contained levami-
sole.  15   The intended role of levamisole in illicit cocaine 
remains unknown, although recent data suggest that the 
stimulant, aminorex is a metabolite of levamisole at 
least in some animal species (e.g., horses).  

  BOTANICAL DESCRIPTION 

Common Name :     Coca plant, Cuca (Peru), Epadu or 
Ipadu (Brazil), Hayo (Venezuela), Hu á nuco Coca 
(Bolivia), Spadic (Colombia)  

Scientifi c Name :   Erythroxylum coca  Lam.  
Botanical Family :      Erythroxylaceae  
Physical Description :     This shrub grows to 3 – 6   m 

(∼ 9 – 18   ft) in height with straight, alternate reddish 
branches. The pointed leaves are smooth, slightly 
glossy, and green to green - brown. The leaf size 
ranges from 1.5 – 3   cm in width and from 0.5 – 11   cm 
in length. These leaves contain an areolate portion 
with the midrib bounded by a curved, longitudinal 
line on each side, particularly prominent on the 
undersurface. Red berries form from the fl owers 
and each berry contains only 1 seed. Following 
pruning of the branches, multiple new branches 
appear around the cut in a geometric pattern.  

Distribution and Ecology :      This bush requires the 
moist, tropical climate found in the eastern 
Peruvian Andes (Peru, Ecuador, Bolivia), and to 
a lesser extent, in Mexico, the West Indies, and 
Java. These plants grow best in lush high valleys of 
the eastern Andes. Illicit production of the coca 
plant occurs at elevations of 1,500 – 6,000   ft ( ∼ 450 –
 1,800   m) because of the lower cocaine yield at 
lower elevations. There are 2 recognized infraspe-
cies of the coca plant:  Erythroxylum coca  var.  coca
Lam. and  Erythroxylum coca  var.  ipadu  Plowman. 
The  E .  coca  var.  coca  Lam. variety is the most 
common source of street cocaine. The less common 

 The fi rst reports of serious complications from 
cocaine use appeared in the mid - 1880s, not long after 
Freud ’ s treatise.  8   By 1891, there were over 200 reports 
of serious adverse reactions, including 13 deaths follow-
ing the use of cocaine.  4   Unfortunately, Halstead became 
one of the fi rst victims of cocaine dependence when he 
tried to cure his morphine addiction with cocaine. Freud 
was accused of unleashing the third great scourge (after 
ethanol and opiates) on humanity; subsequently, he 
removed all reference to cocaine abuse from his 
autobiography. 

 During the latter 19 th  century and most of the fi rst 
third of the 20th century, the production and export of 
coca leaves were legal in most countries. The export of 
coca leaves from South America rose steadily during the 
1880s, but the loss of potency during the long voyages 
led to the processing of the leaves into raw cocaine prior 
to shipping. During the early 1900s, a new source of coca 
leaves from Java undercut the South American coca 
trade with high - grade coca (i.e., about 1.5% compared 
with < 1% for most coca leaves).  9   Japan also entered the 
coca trade with domestically manufactured cocaine and 
coca grown in Formosa. Coca export records from the 
major producing sites (Peru, Bolivia, Java, Formosa) 
indicate that the legal production of coca peaked around 
1920; these records also indicate that cocaine consump-
tion was fi rst popular in North America, then in Europe 
and other parts of the world. 

 Nations that ratifi ed the Versailles Treaty and the 3 
treaties with Austria - Hungary, Bulgaria, and Turkey 
agreed to implement the provisions of the Hague Opium 
Convention of 1912.  9   This Convention required that 
each nation control cocaine exports so that only autho-
rized persons could receive the drug. The United States 
attempted to control cocaine use through the Pure Food 
and Drug Act of 1906; consequently, the Coca - Cola 
Company removed cocaine from the coca leaves prior 
to formulation of their drink. To comply with the Opium 
Convention of 1912, the United States implemented the 
1914 Harrison Narcotic Act. This legislation labeled 
cocaine as a narcotic with the same restrictions and 
penalties as heroin. Eventually, coca exports steadily 
declined by the 1920s. Although clandestine laboratory 
books on the synthesis of cocaine have been available 
since the 1920s,  10,11   the synthetic process is too complex 
and costly compared with the isolation and purifi cation 
of cocaine from coca leaves. 

 Reports of serious cocaine toxicity were rare between 
the publication of Maier ’ s classic text on cocaine abuse 
in 1926 and the appearance of reports on cocaine body 
packing in the late 1970s.  12   In 1970, the Comprehensive 
Drug Abuse Prevention and Control Act classifi ed 
cocaine as a schedule II drug (i.e., high abuse potential 
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  Physiochemical Properties 

 Cocaine is a weak base with a pK a  of 8.6 compared with 
a pK a  of 8.23 for the more hydrophobic, cocaethylene. 
The relatively greater hydrophobicity of cocaethylene 
may contribute to its longer plasma half - life compared 
with cocaine.  16   In alkaline solutions, the non - ionized or 
freebase form of cocaine predominates, whereas in 
acidic solutions cocaine exists as the salt (e.g., hydro-
chloride in an HCl solution). Pure cocaine base is an 
odorless, colorless to white crystalline powder with a 
bitter taste and a melting point of 98 ° C (208.4 ° F). 
Cocaine base is poorly water - soluble (0.00167   g/ mL), 
whereas cocaine hydrochloride is very soluble in water 
(2.5   g/mL). The hydrochloride salt has limited volatility 
(i.e., very low vapor pressure) and a melting point of 
about 195 ° C (383 ° F). Hydrolysis of cocaine hydrochlo-
ride occurs rapidly at pH  > 4.  

  Terminology 

 Street names for cocaine include Coke, Snow, Flake, 
Gold Dust, Green Gold, Blow, Pimp ’ s Drug, Rock, 
Bernice, Star - Spangled Powder, Root, C, Lady, White, 
White Girl or Lady, Nose Candy, Speedball (heroin and 
cocaine), Toot, Tick (smoked with phencyclidine), and 
Liquid Lady (ethanol and cocaine).  

  Form 

 Cocaine exists in illicit samples as the cocaine salt 
(hydrochloride) or as the cocaine base (crack). The most 
common form of illicit cocaine is the white crystalline, 
highly water soluble powder, cocaine hydrochloride as 
displayed in Figure  56.2 . As the vapor pressure of 
cocaine hydrochloride is very low, vaporization of 
cocaine hydrochloride requires temperatures  > 200 ° C 
( > 392 ° F), resulting in an unsuitable form for smoking. 
Unlike the hydrochloride and sulfate salts of cocaine, 
freebase cocaine vaporizes at 98 ° C (208 ° F); therefore, 
this form of cocaine is suitable for smoking. Crack is the 
freebase form of cocaine that has a characteristic crack-
ling sound when smoked. Figure  56.3  displays a sample 
of crack cocaine. This type of cocaine should not be 
confused with freebasing, which is a process to purify 
cocaine hydrochloride by mixing aqueous cocaine with 
baking soda or ammonia and extracting the free form 
of cocaine with an organic solvent (ether). Legitimate 
commercial production of cocaine involves the synthe-
sis of cocaine from ( - ) - ecgonine in the presence of meth-
anol and benzoic acid after hydrolysis of the ester 
alkaloids extracted from the plant material.     

source of cocaine,  E .  coca  var.  ipadu  Plowman is 
cultivated primarily in the Amazon Valley. The 
coca plant should not be confused with the cocoa 
plant, which contains caffeine rather than cocaine.   

   Common Name :      Columbian Coca plant  
  Scientifi c Name :       Erythroxylum novogranatense  

(Morris) Hieron.  
  Botanical Family :      Erythroxylaceae  
  Physical Description :      This shrub or small tree grows 

to about 2.5   m ( ∼ 8 – 9   ft) in height with small, 
obovate to narrowly elliptical, pointed leaves up 
to 5   cm in length. An intramarginal vein surrounds 
the midvein on each side. Small, solitary fl owers 
appear throughout the year and they produce a 
red, oblong drupe that contains a single seed.  

  Distribution and Ecology :      This plant grows in the 
drier mountainous region of Colombia, the 
Caribbean coast of South America, and the north 
coast of Peru. The 2 varieties of  Erythroxylum 
novogranatense  are  E .  novogranatense  var.  novo-
granatense  (Morris) Hieron. and  E .  novogranatense  
var.  truxillense  (Rusby) Plowman. The leaves from 
a strain of  E .  novogranatense  grown near Trujillo, 
Peru are legally exported to the Stephan Chemical 
Company (Maywood, NJ), which is the only legally 
recognized manufacturer of cocaine for pharma-
ceutical purposes in the United States.     

  IDENTIFYING CHARACTERISTICS 

  Structure 

 Cocaine (methyl benzoylecgonine) is a tertiary amine 
that is structurally, but not pharmacologically related to 
the tropane family of natural alkaloids (e.g., scopol-
amine, atropine) as demonstrated in Figure  56.1 . 
Although amphetamines and cocaine share similar 
stimulant properties, cocaine is structurally distinct 
from phenylethylamine compounds. Cocaine base is 
methyl benzoylecgonine (CAS RN: 50 - 36 - 2, C 17 H 21 NO 4 ).    

       FIGURE 56.1.     Chemical structures of cocaine and 
scopolamine.  
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using cocaine during the preceding year, with almost 
half indicating use within the last month.  18   Members of 
the middle and upper class were attracted to cocaine 
because it promotes feelings of exhilaration and ecstasy, 
enhanced self - confi dence, and heightened physical 
prowess. Concern over the illicit use of cocaine increased 
dramatically during the early 1980s because of the accel-
erated use of cocaine among all social classes and the 
prevalence of more hazardous forms of abuse (e.g., free-
basing, crack cocaine). Overall, the number of people in 
the United States using cocaine doubled from the pre-
ceding 2 years. Cocaine use among American high 
school seniors increased from 6% in 1976 to 20% in 
1982.19

 The number of cocaine users peaked in  ∼ 1985. The 
estimated number of occasional cocaine users (i.e.,  < 12 
days in preceding year) decreased from 7.1 million in 
1985 to about 2.4 million in 1994 and these statistics 
remained relatively stable during the next decade.  20,21

Between 2002 and 2009, the estimated number of indi-
viduals in the United States aged 12 years or older using 
cocaine for the fi rst time in the last year declined from 
∼ 1 million to 617,000 including a reduction in the 
number of fi rst time crack cocaine users from 337,000 
to 94,000.  22   During this same period, the estimated 
number of individuals in the United States aged 12 
years or older with cocaine dependence or abuse 
decreased from 1.5 million to 1.1 million. Introduced in 
the 1980s, crack cocaine was a new method of delivery 
rather than a new drug. Since the introduction of crack 
cocaine, there has been a clear trend for fi rst - time 
cocaine use among polydrug users to smoke crack 
cocaine rather than inject cocaine.  23   Although cocaine 
addicts frequently begin with intranasal cocaine use, 
most of these addicts transition to the smoking route.  24

Patients who smoke freebase or administer IV cocaine 
rarely revert to insuffl ation (snorting).  

  Sources 

  Origin/Composition 

 Cocaine is 1 of at least 14 alkaloids extracted from the 
leaves of 2 coca shrubs ( E .  coca ,  E .  novogranatense ) 
indigenous to the Andean region of South America. The 
relative amounts of alkaloids in coca leaves vary with 
age as well as with species and variety.  25   The leaves of 
the ipadu  variety of  E .  coca  contain much smaller 
amounts of cocaine compared with other varieties of the 
coca plant. The seeds of coca plants do not contain 
cocaine.  26   The lifespan of the plant is over 40 years, but 
production of an average coca plant declines after about 
10 years.  5   The leaves contain between 0.5 – 2.0% (average 
< 1%) cocaine depending on the strain and weather con-

  EXPOSURE 

  Epidemiology 

 For many years, poverty - stricken Indians of the Andean 
highlands chewed coca leaves to relieve fatigue and 
hunger as well as to improve productivity and energy 
during hard labor in the mines. For 50 years after the 
Harrison Narcotic Act, the use of cocaine in the United 
States was limited to the jazz scene. In the 1960s, cocaine 
emerged as a substance commonly used with heroin 
(i.e., Speedball) by IV polydrug users,  17   but by the 1970s 
cocaine had become an expensive drug that was insuf-
fl ated (sniffed) or smoked rather than injected. By 1980, 
almost 10 million people over 11 years of age reported 

FIGURE 56.2.     Confi scated cocaine hydrochloride powder. 
 (Photo courtesy of the US Drug Enforcement Agency)   

FIGURE 56.3.     Crack cocaine.  (Photo courtesy of the US 
Drug Enforcement Agency) 
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mixed in a vessel containing cocaine hydrochloride and 
water. Diethyl ether is added to the basic aqueous solu-
tion; then, the mixture separates into a biphasic solution. 
The aqueous, lower layer is discarded; the upper 
(organic) layer containing the cocaine base is decanted 
and dried.  28   The processing of freebase cocaine removes 
water - soluble impurities (e.g., sugars) and some inert 
compounds (inositol, talc, cornstarch), but not basic 
organic compounds including local anesthetics (e.g., 
lidocaine, benzocaine) or stimulants (e.g., amphet-
amines, caffeine, ephedrine).  29   These organic bases are 
converted to their freebase forms in the same way that 
cocaine remains in the fi nal product.  

Crack Cocaine.   Crack  is the term for the tiny crystal-
line pieces ( rocks ) of freebase cocaine that produce a 
popping sound (cracking) when heated during smoking. 
Preparation of crack cocaine involves the mixing of 
cocaine hydrochloride with sodium bicarbonate (or 
household ammonia) in sterile water and the heating of 
the mixture in boiling water until the precipitated 
cocaine base forms an oily compound. Reduction of the 
temperature in the reaction vessel by the addition of ice 
allows the solidifi cation of cocaine base on the bottom 
of the vessel. The cocaine base precipitates as small 
pellets ( rocks ) when the water bath cools. These irregu-
larly shaped, off - white to buff - colored fragments of 
compressed powder are about  ¼  ″  to  ⅜ ″  in width. After 
collection of the cocaine base from the vessel, the mate-
rial is dried under a heat lamp or in a microwave oven. 
The only distinction between processing of crack cocaine 
and freebase cocaine is the absence of the organic 
solvent extraction phase in the processing of crack 
cocaine. As such, incomplete drying may result in high 
moisture content compared with freebase cocaine.   

ditions; harvest occurs in March, June, and November 
beginning 2 years after planting.  31   After the removal of 
cocaine, the residual leaf material from the Colombian 
coca plant ( E .  novogranatense  ) is a fl avoring agent for 
the soft drink, Coca - Cola.  

  Production Processes 

Cocoa Paste.     The processing of cocaine hydrochloride 
for illicit distribution involves the following 3 steps: 
1) extraction of crude coca paste from the coca leaf, 
2) extraction of cocaine base from coca paste, and 
3) conversion of the cocaine base to cocaine hydrochlo-
ride. These steps usually occur in South America near 
the fi elds of coca plants, and the techniques are some-
what variable depending on the availability of chemi-
cals.  27   The solvent extraction technique uses limewater 
and gasoline or kerosene during the maceration of coca 
leaves. The addition of a dilute sulfuric acid solution 
allows the separation of the aqueous layer containing 
cocaine from the gasoline or kerosene. Neutralization 
of the aqueous layer with alkaline material causes the 
precipitation of a crude coca paste containing cocaine 
as well as other alkaloids, basic inorganic salts, and 
hydrolysis products. 

 The acid extraction process involves the maceration 
of the coca leaves in a pit lined with heavy plastic. The 
pit contains sulfuric acid and stomping by workers 
causes the cocaine base to leach from the leaves in the 
form of an aqueous solution of cocaine sulfate. After 
several extractions and the fi ltering of the solution to 
remove insoluble plant materials, the excess acid is neu-
tralized by the addition of basic lime or sodium carbon-
ate. The cocaine sulfate solution then forms a very crude 
coca paste. This paste contains a variety of chemicals 
including cis  -  and  trans  - cinnamoylcocaine, cuscohygrine, 
hygrine, tropine, tropacocaine, ecgonine, benzoylecgo-
nine, methyl ecgonine, truxilline compounds, plant 
waxes, and benzoic acid. The refi ning process may 
include the addition of potassium permanganate to 
destroy cinnamoylcocaine isomers.  5   This step allows the 
formation of n  - formyl cocaine that is not normally 
present in the paste; this by - product can hydrolyze to 
norcocaine. Either acetone or ether is added to the coca 
paste to extract the cocaine base, and the solution is 
poured into a reaction vessel along with a dilute solu-
tion of hydrochloric acid in acetone. The resultant slurry 
is poured on a bed sheet to fi lter out the cocaine hydro-
chloride. After drying, the cocaine hydrochloride is 
packaged for shipping. Figure  56.4  displays confi scated 
cocaine bricks.    

Freebase Cocaine.     To produce the freebase form of 
cocaine, sodium bicarbonate or household ammonia is 

FIGURE 56.4.     Confi scated cocaine bricks.  (Photo courtesy of 
the US Drug Enforcement Agency)   
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sophisticated and beyond the capabilities of most illicit 
laboratories, gas chromatography, nuclear magnetic 
resonance, and mass spectrometry methods can distin-
guish natural from synthetic cocaine in forensic or legal 
settings.  39,40

  Methods of Abuse 

 In modern, rural Andean society, coca chewing is a ritu-
alistic part of poverty and hard labor that produces rela-
tively low cocaine blood concentrations.  41   Since pre - Inca 
times, coca chewing has been a method of cocaine use 
intended to alleviate hunger, ease fatigue, and improve 
mood.42,43   For cocaine users in developed countries, 
cocaine use is a behavior intended to add excitement to 
their lives, enhance self - image, or improve performance 
or productivity. Although these users frequently project 
outward signs of success, cocaine use initially suppresses 
feelings of depression, low self - esteem, and boredom. 
Compulsive cocaine use results from the need to 
increase the amount of cocaine to sustain the desired 
effects of the drug. Such drug - oriented behavior causes 
social, economic, and physical deterioration. Based on 
admissions to abuse treatment centers, 40% of addicts 
use cocaine nasally, 30% by freebase smoking, 20% by 
injection, and 10% by combined routes.  44   Chronic 
cocaine use does not produce the classical pattern of 
addiction that occurs following chronic opioid or 
sedative - hypnotics abuse. However, chronic use of 
cocaine produces acute tolerance to the euphoric effects 
of cocaine as well as some physical symptoms of with-
drawal including insomnia, irritability, depression, and 
headaches. These chronic effects usually do not occur 
following medical or casual cocaine use. 

  Insuffl ation 

 Nasal insuffl ation (sniffi ng or snorting) is a popular 
method of cocaine abuse for recreational cocaine users. 
These cocaine users form a line of fi nely crushed cocaine 
crystals on a hard surface (e.g., a mirror) using a sharp 
edge (e.g., a razor blade). Depending on the purity of 
the cocaine, each line represents  ∼ 10 – 35   mg of cocaine. 
After rolling a paper or using a straw, the cocaine user 
draws or snorts the line of powder into the nostril. 
Insuffl ation is a relatively ineffi cient method of cocaine 
use compared with smoking freebase cocaine.  

  Smoking 

 Smoking cocaine base produces a rapid increase in 
plasma cocaine concentrations with peak concentra-
tions occurring within 5 minutes and the immediate 
onset of euphoria.  45   As measured by VAS ratings and 

  Impurities and Profi ling 

 Similar to many other illicit drugs, street samples of 
cocaine contain impurities, contaminants, diluents, and 
adulterants.  30   The extraction of cocaine from the coca 
leaf results in the presence of other impurities (i.e., 
natural alkaloids: hydroxycocaine,  cis  - cinnamoylcocaine, 
trans  - cinnamoylcocaine, tropacocaine, cuscohygrine, 
hygrine, and truxilline compounds).  27,31   Truxilline alka-
loids ( α  - ,  β  - ,  γ  - ,  δ  - ,  ε  - truxilline) are precursors of truxillic 
and truxinic acids that may also occur in illicit cocaine 
samples.  32   Contaminants are by - products of the manu-
facturing process of cocaine. Degradation of cocaine 
during the manufacturing process produces ecgonine, 
benzoylecgonine, or methyl ecgonine as well as benzoic 
acid and methylecgonidine. Typically, illicit cocaine 
hydrochloride is about 30% pure as a result of additives 
(diluents, adulterants) added after the completion of the 
manufacturing process.  33   Diluents are inert substances 
with physical characteristics (e.g., taste, form, texture, 
color) similar to the illicit drug (i.e., cocaine). Common 
diluents of illicit cocaine include primarily sugars (man-
nitol, lactose, sucrose). Adulterants are pharmacologi-
cally active ingredients that enhance or antagonize the 
effect of the illicit drug (i.e., cocaine). 

 Although increased supplies of cocaine often improve 
the purity of street cocaine, invariably the street samples 
of cocaine contain many adulterants including inert 
compounds (inositol, lactose, mannitol), local anesthet-
ics (benzocaine, lidocaine, procaine, tetracaine), stimu-
lants (amphetamines, caffeine, ephedrine, theophylline, 
phenylpropanolamine, phendimetrazine, phenmetra-
zine, phentermine), and toxic compounds (quinine, 
strychnine).34   Other adulterants found in cocaine 
samples include phenobarbital, diphenhydramine, dipy-
rone, aminophenazone, levamisole (veterinary antihel-
minthic), noraminophenazone, phenacetin, and 
salicylamide.  35,36   The presence of adulterants should be 
considered whenever adverse reactions complicate 
cocaine use; however, the clinical effects of these impu-
rities are frequently diffi cult to separate from the effects 
of cocaine use. Levamisole is a known cause of agranu-
locytosis in veterinary medicine; analysis of clinical 
specimens and drug paraphernalia of some cocaine -
 using patients with agranulocytosis demonstrated the 
presence of this drug.  37,38   Cocaine use is not usually 
associated with agranulocytosis. 

 Figure  56.5  demonstrates the structures of cocaine, 
cocaine alkaloids, manufacturing by - products of illicit 
cocaine, and other impurities. Because the coca plant 
synthesizes only the levorotatory isomer of cocaine 
(l  - cocaine), the presence of diastereoisomers or its 
dextroenantiomer ( d  - cocaine) indicates synthetic pro-
duction. Although the synthesis of cocaine is quite 
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sions potentially complicate some of these extraction 
processes. 

 An experimental study with model pipes that simu-
lated crack smoking indicated that cocaine smoke gen-
erated by this method contains approximately 93% 
cocaine particles with an average particle size in the 
respirable range (i.e., 2.3    μ m) for primates.  47   A much 
smaller fraction of the  “ crack smoke ”  reaches the alveo-
lar region of rodents compared with humans. The 
amount of cocaine inhaled during the volatilization of 
freebase cocaine is highly dependent on fl ow rate and 
temperature.  48   In an experimental apparatus, heating 
crack cocaine to 170 ° C (338 ° F) and 225 ° C (437 ° F) 
reduced the amount of cocaine to 73    ±    9% and 62    ±    11%, 
respectively.  49   Degradation of cocaine increases with 
increasing temperature and lower fl ow rates. At a 
temperature of 260 ° C (500 ° F) and a fl ow rate of 
400   mL/min, 39% of the cocaine in the glass pipe 
appeared in a wool trap compared with  < 10% when the 
air fl ow rate decreased to 100   mL/min.  50   At this tem-
perature, 60% of the cocaine remained intact, whereas 
only 2% of the cocaine remained intact as the tempera-
ture increases to 650 ° C (1,202 ° F). Benzoic acid and 

vital signs in pharmacodynamic studies of 10 healthy 
men, the cardiovascular and subjective effects following 
the smoking of 50   mg cocaine were similar to the effects 
following the IV administration of 32   mg cocaine.  46   The 
exception was higher VAS ratings of  “ stimulated, ”  
 “ high, ”  and  “ liking ”  following smoked cocaine com-
pared with IV cocaine. 

  Freebase.     Smoking of cocaine requires the conversion 
of the cocaine hydrochloride salt to the more volatile, 
freebase form. The main distinction between crack 
cocaine and cocaine used in freebasing is the difference 
in the production processes (i.e., the use of ether in an 
organic solvent extraction phase during processing of 
cocaine for freebasing). In the 1970s and 1980s, com-
mercial drug paraphernalia shops sold extraction kits 
for freebasing. These processes separated the free alkali 
base with an ether solvent and dried the base as the 
benzoylmethylecgonine amino alcohol base. This 
process retained some adulterants (e.g., local anesthet-
ics), but not other additives (e.g., sugars). The volatile 
product could be smoked in a cigarette or water pipe. 
However, ether is highly fl ammable; therefore, explo-

       FIGURE 56.5.     Chemical structures of 
some alkaloids in coca leaf along with 
alkaloidal impurities and manufacturing 
by - products in illicitly refi ned cocaine. 
1    =    benzoic acid; 2    =    ecgonidine methyl 
ester; 3    =    ecgonidine; 4    =    trans - cinnamic 
acid; 5    =    ecgonine methyl ester; 6    =    
ecgonine; 7    =    pseudoecgonine; 8    =    tro-
pacocaine; 9    =     N  - formylnorcocaine; 10    =    
cocaine; 11    =    benzoylecgonine; 12    =     N  - 
norcocaine; 13    =     trans  - cinnamoylcocaine; 
14    =     cis  - cinnamoylcocaine; 15    =     β  - truxi-
nic acid; 16    =     α  - truxillic acid.  
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frequent injections; therefore, smoking is a more popular 
route of abuse because of similar euphoria and the lack 
of complications of IV drug use. Cocaine use can 
produce too much hyperactivity and excitement for 
some addicts, who prefer the combination of heroin and 
cocaine (Speedballing). An IV cocaine habit is expen-
sive, and this method of cocaine abuse produces reac-
tions and adverse effects similar to those produced by 
freebase cocaine habits, as well as the other infectious 
and physical complications associated with IV drug 
abuse.    

  DOSE EFFECT 

  Illicit Use 

 Signifi cant physiologic and psychologic changes develop 
after inhalation, injection, or insuffl ation of cocaine. 
However, predicting toxic reactions following cocaine 
use is complicated by a variety of factors including indi-
vidual sensitivity, acute tolerance, cocaine purity, and 
the type of impurities and adulterants. Snort, hit, line, 
and dose are the street terms for individual measures of 
cocaine; typical doses range up to 200   mg per measure 
depending on purity with an average dose of cocaine 
salt being about 25   mg per insuffl ation.  33   Large quanti-
ties of cocaine are sold in grams or spoons (i.e., 0.5 – 1   g). 
A 15 - mg intranasal dose of cocaine produces slight ele-
vations in systolic pressure and a subjective feeling of 
euphoria.57   A 16 - mg IV dose simulates the effects of the 
average dose that individuals self - inject on the street.  58

Intravenous doses of 8 -  to 32 - mg cocaine produce 
euphoria, stimulation, a feeling of increased vigor, 
enhanced psychomotor activity, and anxiety similar to 
the use of amphetamine.  59   Dysphoric reactions can 
occur following the insuffl ation of cocaine doses as low 
as 20 – 30   mg. A typical adult fatal dose of cocaine is 
approximately 1   g depending on a number of factors 
including individual susceptibility. Potentially sensitive 
individuals include those with hereditary pseudocholin-
esterase defi ciency.  

  Medical Use 

 The major clinical indication for the use of cocaine is 
topical anesthesia and vasoconstriction for ear, nose, 
and throat surgery. The typical adult dose of intranasal 
cocaine is 80 – 200   mg (4   mL of 5% cocaine solution); 
however, surveys of otolaryngologists indicate that 
some physicians administer intranasal cocaine doses 
exceeding 200   mg.  60   Within 2 – 4 minutes of application, 
the administration of 20 – 50   mg produces adequate 
vasoconstriction for ear, nose, and throat surgery. In an 

methylecgonidine (CAS RN: 43021 - 26 - 7, anhydroec-
gonine methyl ester) were the main thermal degra-
dation products of cocaine as determined by gas 
chromatography/mass spectrometry (GC/MS). 

 Smoking freebase cocaine has a high potential for 
dependency and overdose compared with intranasal use 
because cocaine smokers are less likely to titrate the 
dose of cocaine.  51   The important differences between 
the use of intranasal and smoking freebase are the 
immediate onset of effects, the magnitude of the eupho-
ria, the duration of use, and the large quantity of cocaine 
consumed with the latter route of administration.  52

Additionally, more concomitant drug use occurs (e.g., 
ethanol, sedative - hypnotics, heroin) during the use of 
freebase cocaine. Escalating doses of freebase cocaine 
results in binges or runs over 1 – 3 days, similar to the 
abuse of methamphetamine. Behavioral complications 
of chronic cocaine use include diminished interest 
socialization (family, friends, work, food) as well as 
physical deterioration (unkempt appearance, exhaus-
tion, insomnia, weight loss, depression). A paranoid or 
depressive psychosis may develop during this period of 
cocaine abuse.  53   The nadir of cocaine dependency typi-
cally involves family and fi nancial crises. Cost probably 
is not a factor for the selection of the route of cocaine 
administration because the cost of powder cocaine and 
freebase cocaine is similar on a per pure unit basis.  54

Coca Paste.     Coca paste is the initial product of the 
cocaine extraction process that contains high concentra-
tions of cocaine sulfate. Abuse of this product involves 
the smoking of tobacco or marijuana cigarettes laced 
with this white semisolid. Smoking these cigarettes 
causes an immediate euphoria similar to the smoking of 
freebase cocaine, but the relative cost of smoking coca 
paste is lower. The addiction potential of smoking coca 
paste and freebase cocaine is similar, and this form of 
cocaine use is common in South America, particularly 
among the poor and even among the middle - class.  55   The 
use of coca paste in the United States is sporadic. 
Chemical analysis of coca paste indicates that the paste 
typically contains > 60% cocaine along with a variety of 
other substances including benzoic acid, ecgonine, ecgo-
nine methyl ester, methyl benzoate, manganese, gaso-
line residues (ethylbenzene, xylene, trimethylbenzene, 
naphthalene), and other natural alkaloids (tropaco-
caine,  cis  and  trans  - cinnamoylcocaine).  56

  Intravenous Use 

 Most IV cocaine users are polydrug users, who use 
cocaine depending on availability. When cocaine is 
unavailable, these polydrug users return to their cus-
tomary drug of abuse. Injecting cocaine alone requires 
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  Oral 

 At least one study suggests that oral and intranasal 
bioavailability of cocaine is similar (i.e., about 60%) at 
doses of 2   mg/kg.  68   At this dose, the intranasal and oral 
administration of cocaine produces statistically similar 
mean peak plasma concentrations. Oral administration 
of cocaine produced detectable plasma cocaine concen-
trations at 30 minutes with peak plasma cocaine concen-
tration occurring between 50 – 90 minutes. Subsequently, 
the plasma cocaine concentration declined gradually 
over approximately 5 hours.  69   In this study, the peak 
subjective  “ high ”  after oral dosing was more intense 
than the euphoria induced by nasal insuffl ation, but sub-
jective effects were delayed 45 – 90 minutes after admin-
istration following oral administration compared with 
15 – 60 minutes after intranasal administration. Body 
stuffers ingest wrapping materials that liberate cocaine 
at variable rates depending on the type of container 
and the pH.  70   In the alkaline environment of the small 
intestine (pK a     =    8.6), the relative amount of the ionized 
form of cocaine decreases, whereas a relatively greater 

observational study of cocaine doses of 1.5   mg/kg for 
local anesthesia prior to intubation for coronary bypass 
surgery, the use of cocaine did not produce changes in 
cardiovascular parameters as measured by blood pres-
sure, pulse rate, cardiac index, left ventricular stroke 
work index, total peripheral vascular resistance, and 
pulmonary vascular resistance.  61   

 Cocaine is not currently used for topical anesthesia 
of the cornea because chronic cocaine use causes 
delayed epithelization and corneal opacifi cation. 
Additionally, pupillary dilation secondary to cocaine 
use potentially can produce acute angle glaucoma. The 
Brompton cocktail was a mixture of analgesics for ter-
minally ill patients that often contained cocaine as well 
as a variety of other drugs (e.g., heroin, morphine).  62   The 
use of the mixture has been replaced by other 
analgesics.   

  TOXICOKINETICS 

  Absorption 

 Cocaine is rapidly and effi ciently absorbed via the nasal, 
oral, and pulmonary routes at doses commonly associ-
ated with therapeutic use. The pharmacokinetic profi le 
of cocaine in volunteers is similar following smoking 
and IV use, but the intranasal administration of cocaine 
produces lower peak cocaine concentrations and longer 
intervals between intranasal administration and peak 
concentration compared with the other 2 routes of 
administration.  63   Figure  56.6  compares the time course 
of the mean plasma cocaine and benzoylecgonine con-
centrations following single cocaine doses via the IV, 
nasal, and pulmonary routes of exposure.   

  Nasal Insuffl ation 

 Plasma cocaine concentration increases rapidly for the 
fi rst 20 – 30 minutes after insuffl ation with peak cocaine 
concentrations occurring approximately 15 – 60 minutes 
after administration. Following a 1.5   mg/kg cocaine 
dose, the peak plasma cocaine concentration ranged 
from 120 – 474   ng/mL.  64   Maximum euphoric effects 
occurred before peak cocaine concentrations (i.e., 15 – 20 
minutes after nasal insuffl ation), and the effects were 
greater on the ascending plasma cocaine curve suggest-
ing some tachyphylaxis.  65,66   Some delay in nasal absorp-
tion can occur as a result of the vasoconstrictive 
properties of cocaine, and the nasal mucosa absorbs 
about 98% of a therapeutic dose of cocaine within 4 
hours of nasal administration.  67   The subjective and 
physiologic effects of 25 - mg IV and 100 - mg intranasal 
cocaine doses are similar.  57    

       FIGURE 56.6.     Time course of mean plasma cocaine and ben-
zoylecgonine blood concentrations after the injection 20.5   mg 
cocaine ( � , IV), nasal insuffl ation of 94.6   mg cocaine ( � , NI), 
and the inhalation of 50   mg cocaine freebase ( � , SI) in adult 
volunteers.  Reprinted with permission from AR Jeffcoat, M 
Perez - Reyes, JM Hill, BM Sadler, CE Cook, Cocaine disposi-
tion in humans after intravenous injection, nasal insuffl ation 
(Snorting), or smoking, Drug Metabolism and Disposition, 
Volume 17, p. 156, copyright 1989.   
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rial cocaine concentrations were at least 10 - fold higher 
than maximal venous cocaine concentrations after both 
IV and smoked routes with peak arterial and venous 
cocaine concentrations occurring about 15 seconds and 
4 minutes, respectively, after administration by either 
route.  71   Therefore, the pharmacokinetics of IV cocaine 
and freebase smoking are similar with physiologic and 
psychologic effects appearing several minutes after 
administration by either route.  

  Dermal 

 There are limited data on the absorption of cocaine 
though the skin. A 5 - mg dose of freebase cocaine was 
applied to a 20 - square - inch area on the volar surface of 
the forearm of a single individual. The area of applica-
tion was covered with a long - sleeved cotton shirt until 
the remaining cocaine was removed by washing 13 
hours later.  72   The peak concentration of benzoylecgo-
nine was 55   ng/mL 48 hours after application. The appli-
cation of cocaine hydrochloride in a similar manner 
resulted in a peak urinary benzoylecgonine concentra-
tion of 15   ng/mL 24 hours after application. All urine 
specimens remained below the federal cutoff of 300   
ng/mL for benzoylecgonine in urine drug screens.   

  Distribution 

 Cocaine has a moderate affi nity for lipid tissue with an 
apparent volume of distribution notably smaller (2 – 3   L/
kg) than most psychotropic drugs.  73   Following absorp-
tion, cocaine readily diffuses across the blood – brain 
barrier, resulting in the rapid distribution of cocaine 
into the brain where cocaine concentrations are several 
times higher in brain tissue than in the whole blood or 
plasma shortly after administration.  63,74   Because the 
serum and plasma cocaine concentrations fall more 
rapidly than cocaine concentrations in the brain, the 
cocaine brain/blood cocaine ratio increases 1 – 2 hours 
after exposure until brain cocaine concentrations 
become nondetectable by approximately 6 – 8 hours 
after a single cocaine exposure.  In vitro  studies with 
equilibrium dialysis indicate that both cocaine and coca-
ethylene are tightly bound to  α  1  - glycoprotein, whereas 
low - affi nity sites on albumin occur for these 2 com-
pounds.  75   In a study of serum from 12 healthy volun-
teers, the mean free fraction of cocaine was 0.083    ±    0.018 
based on ultrafi ltration.  76   The protein binding of cocaine 
was concentration - dependent with the most pronounced 
effects occurring above a cocaine concentration of 
5   mg/L. 

 Animal studies indicate that benzoylecgonine per-
sists in the brain at least 1 week after cessation of 
chronic cocaine use.  77   Animal studies also indicate that 

proportion of the non - ionized form crosses the intesti-
nal mucosa into the systemic circulation compared with 
the acidic environment of the stomach.  

  Smoking 

 The absorption of freebase cocaine into the pulmonary 
circulation is rapid and complete with the onset of sub-
jective response occurring soon after the initiation of 
smoking.  45   Consequently, the onset of action of cocaine 
is similar following pulmonary and IV administration. 
Inhalation of 15 - mg freebase cocaine produces as much 
psychologic and physiologic effect as IV administration 
of 20 - mg cocaine hydrochloride. Most of the freebase 
cocaine is delivered to the lungs within the fi rst 4 puffs 
with subjective euphoria occurring within 6 – 11 minutes 
after initiation of smoking. Up to two - thirds of the 
cocaine may not reach the alveoli. Figure  56.7  demon-
strates cocaine concentrations in volunteers after the 
smoking of cocaine doses of 10   mg, 20   mg, and 40   mg.    

  Intravenous 

 The IV administration and smoking of equivalent doses 
of cocaine produce similar cocaine concentrations in 
venous blood and similar times to peak effect. However, 
arterial concentrations of cocaine exceed venous cocaine 
concentrations during the fi rst 15 – 20 minutes after the 
administration of cocaine via smoking and IV injection. 
In a study of 9 chronic cocaine users, the maximal arte-

       FIGURE 56.7.     Mean plasma cocaine concentrations in 7 vol-
unteers after smoking cocaine.  Reprinted with permission 
from AJ Jenkins, RM Keenan, JE Henningfi eld, EJ Cone, 
Correlation between pharmacological effects and plasma 
cocaine concentrations after smoked administration, Journal 
of Analytical Toxicology, Vol. 26, p. 385, copyright 2002.   
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esterifi cation of cocaine to cocaethylene by a liver 
cocaine carboxylesterase in the presence of ethanol, 
demethylation to norcocaine by cytochrome P450 iso-
enzymes, and the formation of several oxidative metab-
olites ( p  - hydroxycocaine,  p  - hydroxybenzoylecgonine, 
 m  - hydroxybenzoylecgonine) as demonstrated in Figure 
 56.8 . Benzoylecgonine is the major metabolite of cocaine 
in the body. However, there is substantial interindivid-
ual and route - dependent variation in the biotransfor-
mation of cocaine. Enzymatic (liver methylesterase and 
carboxylesterase) and, to a lesser extent, spontaneous 
chemical hydrolysis of cocaine to benzoylecgonine 
accounts for  ∼ 30 – 45% of the total urinary cocaine 
metabolite in humans, depending on route of adminis-
tration and interindividual variation.  81,82   In a study of 6 
volunteers administered bioequivalent doses of cocaine 
by the IV, intranasal, and smoked routes, urinary ben-
zoylecgonine accounted for approximately 39%, 30%, 
and 16%, respectively, of the administered dose.  80   In 
a similar pharmacokinetic study of 4 occasional cocaine 
users receiving IV, intranasal, and inhaled doses of 
tritiated cocaine, urinary benzoylecgonine represented 
about 36%, 39%, and 26% of the total cocaine dose, 
respectively.  73   The enzymatic hydrolysis of cocaine by 

cocaine distributes into genital organs including the epi-
didymis and seminal vesicles. Following the administra-
tion of tritiated cocaine hydrochloride to male mice, the 
highest radioactivity appeared in the kidney and epi-
didymis with sperm accounting for a substantial amount 
of the radioactivity associated with the epididymis.  78   
Typically, the ratio of semen/plasma cocaine concentra-
tions is less than unity.  79   Limited data from volunteer 
studies suggest that passive exposure to cocaine via the 
ejaculate of cocaine - using male partners may result 
from sexual activity, but the benzoylecgonine concen-
trations from this activity are unlikely to produce posi-
tive urine drug screens at the usual cutoff of 300   ng/mL.  

  Biotransformation 

 The major metabolic pathways of cocaine metabolism 
involve 1) human carboxylesterase - 1 (hCE - 1) - mediated 
and spontaneous chemical hydrolysis of cocaine to ben-
zoylecgonine and 2) pseudocholinesterase -  and human 
carboxylesterase - 2 (hCE - 2) - mediated hydrolysis of 
cocaine to ecgonine methyl ester.  80   These hydrolytic 
pathways account for the majority of the urinary 
metabolites of cocaine. Minor pathways include trans-

       FIGURE 56.8.     Cocaine metabolism.  111   FAD    =    fl avin adenine dinucleotide.  
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macokinetic studies with more sensitive analytic 
methods suggest that lipid - soluble tissues may store 
small amounts of cocaine, resulting in an extended ter-
minal plasma cocaine elimination half - life (4 – 5   h).  74

 The hydrolysis of cocaine to benzoylecgonine and 
ecgonine methyl ester represents ∼ 80 – 90% of the 
urinary metabolites of cocaine with the renal excretion 
of unchanged cocaine accounting for < 5% of the 
absorbed dose, depending on pH.  93   In a study of 3 
cocaine users receiving an IV infusion of 253 – 700   mg 
cocaine, benzoylecgonine, and ecgonine methyl ester 
accounted for 14 – 17% and 12 – 21% of the cocaine dose 
during the fi rst 30 hours after administration.  94

Unchanged cocaine accounted for about 2% of the 
absorbed dose during this period. The elimination of the 
2 major cocaine metabolites is slower than the elimina-
tion of cocaine from the blood with an average urinary 
half - life of benzoylecgonine being slightly shorter than 
the urinary half - life of ecgonine methyl ester.  81   In a 
study of 5 IV cocaine users, the mean urinary elimina-
tion half - life of benzoylecgonine and ecgonine methyl 
ester was 3.1 hours and 4.5 hours, respectively.  94

Increased renal excretion of cocaine occurs in acidic 
urine. However, alteration of pH does not result in the 
accumulation of ecgonine methyl ester because the rate 
of the hydrolysis of this metabolite exceeds both the 
rate of formation and the rate of hydrolysis of cocaine 
to benzoylecgonine.  95

  Maternal and Fetal Kinetics 

 Case reports of adverse effects in infants born to 
cocaine - using mothers indicate that cocaine crosses the 
placenta and that both cocaine and benzoylecgonine 
enter fetal blood and brain tissue.  96,97   The cocaine con-
centration in fetal brain tissue exceeds plasma cocaine 
concentrations within several hours of administration, 
but the ratio of brain/plasma cocaine concentrations in 
the fetus is lower than in adults because of the lower 
lipid content of the fetal brain.  63   At autopsy, the highest 
cocaine concentrations are found in the urine and 
kidney, followed by the brain, blood, liver, and bile. A 
cerebral infarction occurred in the fetus of a cocaine 
user.  98   Some case reports suggest that cocaine diffuses 
into breast milk. A 2 - week - old, breast - fed neonate 
developed tremulousness, irritability, and exaggerated 
startle response 1 week after her mother began using 
cocaine.  99   During the fi rst day of admission to the hos-
pital, samples of maternal milk and urine from the 
infant contained both cocaine and benzoylecgonine. 
Animal studies using   3  H - cocaine demonstrated a mean 
breast milk/maternal blood cocaine ratio of 7.8.  63

However, there are inadequate pharmacokinetic data to 
determine the extent of cocaine diffusion into breast 

plasma and hepatic cholinesterases to ecgonine methyl 
ester accounts for ∼ 5 – 40% of the total urinary metabo-
lites of cocaine, depending on the route of exposure, 
species, and individual pharmacokinetics.  83

 The role of hepatic cytochrome P450 isoenzymes in 
the metabolism of cocaine is minor.  84   The enzyme -
 mediated demethylation of cocaine by the CYP3A 
isoenzymes to norcocaine and sequentially to N  - 
hydroxynorcocaine accounts for about 2.6 – 6.2% of 
cocaine metabolism.  85,86   Other minor metabolites ( < 2% 
total) of cocaine include norcocaine, benzoylnorecgo-
nine, ecgonidine, norecgonidine methyl ester, norecgo-
nine methyl ester,  m  - hydroxybenzoylecgonine, 
p  - hydroxybenzoylecgonine,  m  - hydroxycocaine, and  p  -
 hydroxycocaine.  80,87   The pyrolysis of cocaine during 
smoking produces benzoic acid and anhydroecgonine 
methyl ester (methylecgonidine), and the presence of 
the latter compound in the urine indicates the adminis-
tration of cocaine by smoking rather than injection or 
insuffl ation.  88   Of 81 urine samples testing positive for 
cocaine using the enzyme - multiplied immunoassay 
technique, 12 (15%) were positive for anhydroecgonine 
methyl ester at concentrations ranging from 4 – 226   
ng/mL as measured by GC/MS.  89   In this study, 7 hair 
samples were positive for anhydroecgonine methyl 
ester at a mean concentration of 0.6   ng/mg (range, 
0.2 – 2.4   ng/mg).  

  Elimination 

 The elimination of cocaine from the blood is rapid 
with a biologic half - life of approximately 1 hour, and 
the plasma clearance of cocaine averages about 20 –
 30   mL/kg/min.  59   Early studies of cocaine doses from 
0.2 – 2   mg/kg suggest fi rst - order (i.e., dose - dependent) 
kinetics,  68   whereas another study of chronic cocaine 
users demonstrated a 2 - compartment system after a 
32 - mg IV dose.  92   Saturation may occur at very high 
cocaine dosages, resulting in changes in the elimination 
kinetics. Additionally, there is substantial intra -  and 
interindividual variation in the elimination half - life of 
cocaine, probably because of differences in the route of 
exposure and plasma cholinesterase activity.  90,91   For 
example, the apparent plasma half - life of cocaine is 
slightly longer following insuffl ation than after oral 
administration, probably as a result of continued nasal 
adsorption. In chronic cocaine users, the plasma cocaine 
half - life averaged 48 minutes after a 32 - mg IV injec-
tion.92   The mean elimination half - life for cocaine follow-
ing the intranasal administration of cocaine to 7 
recreational users was 75    ±    5 minutes compared with 
48    ±    3 minutes for the oral administration of cocaine to 
4 recreational users. Cocaine plasma levels remain 
detectable for approximately 4 – 6 hours. Recent phar-
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enhanced subjective feelings of euphoria and well - being 
compared with the use of cocaine alone. Experimental 
studies suggest that the ingestion of ethanol 30 minutes 
after the administration of cocaine signifi cantly reduces 
the subjective effects associated with the simultaneous 
ingestion of ethanol and exposure to cocaine.  109   Cocaine, 
ethanol, and cocaethylene frequently are present in 
biologic samples from trauma patients. In a study of 
415 consecutive admissions to an urban trauma center, 
approximately one - third of the admission urine samples 
contained evidence of benzoylecgonine, and blood 
samples from about one - half of these patients contained 
cocaethylene.  110   All 114 admission blood samples 
from the group of trauma patients with positive urine 
samples for benzoylecgonine were positive for cocaine 
with the serum cocaine concentrations ranging from 
0.04 – 0.70   mg/L (mean, 0.093   mg/L). About 56% of 
these 114 blood samples were positive for ethanol 
(mean, 175    ±    85   mg/dL), whereas 60% of these 114 
blood samples tested positive for cocaethylene (mean, 
0.041   mg/L; range, 0.003 – 0.213   mg/L). Plasma cocaeth-
ylene concentrations did not correlate well to blood 
ethanol concentrations. 

Pharmacokinetics.     Cocaethylene, the ethyl ester of 
benzoylecgonine, is a marker of the simultaneous use 
of cocaine and ethanol, and the metabolic pathways of 
cocaine and cocaethylene are similar.  111   In the presence 
of a hepatic carboxyltransferase, the transesterifi cation 
of cocaine with ethanol produces an active, but some-
what less potent metabolite, cocaethylene (ethyl 
cocaine).112   Figure  56.8  demonstrates the metabolic 
pathways for cocaethylene and cocaine. The simultane-
ous use of cocaine and ethanol increases the serum 
cocaine concentration and reduces serum benzoylecgo-
nine concentrations compared with the cocaine - 
only use. 

 In volunteer studies using social doses of ethanol 
(0.8   g/kg) and intranasal cocaine (1.25 or 1.9   mg/kg) 
together, the peak plasma cocaethylene concentration 
is usually lower (i.e., 15 – 20%) than the plasma cocaine 
concentration with the peak cocaethylene concentra-
tion occurring about 1 hour later than the peak cocaine 
concentration.113   In a study of 8 volunteers receiving 
100   mg intranasal cocaine and ethanol simultaneously, 
the mean peak plasma concentrations of cocaethylene 
and cocaine were 0.0485    ±    0.0147   mg/L and 0.331    ±    
0.112   mg/L, respectively, whereas the mean peak plasma 
ethanol concentration was approximately 100   mg/dL.  108

The mean times to the peak cocaethylene and cocaine 
concentrations were 116.3    ±    9.9 minutes and 41.3    ±    22.3 
minutes, respectively. Figure  56.9  demonstrates the time 
course of cocaethylene and cocaine concentrations 
after simultaneous ingestion of 0.8   g ethanol/kg and 

milk, particularly given the rapid biotransformation and 
instability of cocaine in blood.  

  Tolerance 

 Although tolerance to the therapeutic effects of cocaine 
does not occur, most chronic drug users develop toler-
ance to the euphoric and, to a lesser extent, to the car-
diovascular effects of cocaine.  100   Case reports suggest 
that some chronic users, particularly freebase cocaine 
smokers, develop tolerance to large doses ( > 1   g) of 
cocaine.  101   Animal studies demonstrate that repetitive 
administration of cocaine produces tolerance to the 
convulsant and cardiorespiratory stimulatory properties 
of cocaine.  102

 Acute tolerance (tachyphylaxis) reduces the euphoric 
and chronotropic effects of cocaine within the same, but 
not different experimental sessions as demonstrated in 
volunteers administered cocaine via IV injection, insuf-
fl ation, or inhalation.  103   Consequently, the cardiovascu-
lar and subjective effects of single cocaine doses dissipate 
more rapidly than expected from the elimination half -
 life. For cardiovascular effects and some subjective 
effects measured during these studies, the effects were 
greater during the ascending curve of the plasma cocaine 
concentration than during the descending curve (i.e., 
Mellanby effect).  104   During studies of volunteers main-
tained on a constant infusion of cocaine (i.e., plasma 
cocaine concentration    =    0.5 – 0.75   mg/L), the euphoric 
effect of cocaine peaked at about 1 hour and then 
declined to baseline about 4 hours after the infusion 
began.105   The chronotropic effect peaked at about 10 
minutes and then declined to about one - third of the 
peak value with a half - life of approximately 30 minutes. 
Within 30 minutes after the initiation of IV cocaine, 
self - reports of the  “ rush ”  associated with initiation of 
IV cocaine decreased below statistically signifi cant 
levels with or without the constant cocaine infusion.  

  Drug Interactions 

  Ethanol 

 Many cocaine users ingest ethanol during binges, fre-
quently with the belief that the ingestion of ethanol with 
cocaine reduces unpleasant side effects of the  “ crash ”  
associated with cocaine use as well as enhancing or 
prolonging the euphoria associated with cocaine 
use.  106,107   Volunteer studies suggest that the simultane-
ous or recent ingestion of social doses of ethanol with 
the intranasal administration of cocaine increases peak 
plasma cocaine concentrations approximately 20% 
compared with the exposure to cocaine alone.  108   The 
increased cocaine concentrations were associated with 



PART 2 PSYCHOACTIVE PLANTS

818

concentrations in samples from chronic or binge cocaine 
abusers as a result of the relatively longer half - life of 
cocaethylene compared with cocaine. In a series of 41 
trauma patients presenting to an urban emergency 
department with detectable plasma concentrations of 
cocaethylene, the mean plasma ratio of cocaethylene/
cocaine was 1.3 with a range of 0.1 – 4.7.  118   The longer 
plasma half - life of cocaethylene compared with cocaine 
may account for the range of plasma cocaine/
cocaethylene ratios present in trauma patients.  118   
Volunteer studies indicate that the administration of 
single, IV, or intranasal doses of cocaethylene produces 
an elimination half - life for cocaethylene approximately 
1.5 – 2 times longer than the cocaine elimination half -
 life.  119   Norcocaethylene is a minor  N  - demethylated 
metabolite of cocaethylene that occurs in relatively 
small concentrations compared with cocaethylene. 
Norcocaethylene displays a slightly longer (i.e.,  ∼ 3   h vs. 
2   h) plasma elimination half - life compared with norco-
caine.  111   Detoxifi cation of cocaethylene involves the 
formation of benzoylecgonine and ecgonine ethyl ester, 
similar to the biotransformation of cocaine.  

  Pharmacodynamics.     The toxicologic profi le of coca-
ethylene is similar to cocaine, and the effects of coca-
ethylene are additive to those of cocaine, although 
somewhat less potent intravenously than intrana-
sally.  111,120   In volunteer studies, the intranasal adminis-
tration of equivalent doses of cocaine and cocaethylene 
produced a similar rating of euphoria, although the 
euphoria tends to last longer following the administra-
tion of cocaethylene.  121   The difference in the duration 
of effect refl ects the slower clearance, larger volume of 
distribution and correspondingly longer elimination 
half - life of cocaethylene compared with cocaine. 
Although experimental studies suggest that the effects 
of cocaine and cocaethylene are similar after intranasal 
administration, the IV cocaethylene is less potent than 
IV cocaine.  122   In a study of 6 paid volunteers, the IV 
administration of 0.25   mg/kg cocaethylene base pro-
duced a mean rating of  “ high ”  at  ∼ 65% of the rating for 
an IV injection of an equivalent dose of cocaine base.  120   

 Cocaine antagonizes some of the deleterious effects 
of ethanol by reducing the feeling of drunkenness and 
ameliorating some of the impairment of psychomotor 
tasks (e.g., digit symbol substitution) caused by 
ethanol.  123   Cocaethylene binds to the dopamine trans-
porter with the same affi nity as cocaine, blocks dopa-
mine uptake and increases extracellular concentrations 
of dopamine in the nucleus accumbens.  124   However, 
rodent studies indicate that cocaethylene acts more 
selectively on serotonin uptake than cocaine as a result 
of substantially less binding of cocaethylene to the sero-
tonin transporter compared with cocaine.  125     

intranasal administration of 100   mg cocaine compared 
with cocaine concentrations following the insuffl ation of 
100   mg cocaine without ethanol. Following intranasal 
administration of single or multiple doses of cocaine 
and ethanol, the peak concentration of cocaethylene is 
about 15 – 25% of the peak concentration of cocaine.  114   
In a study of cocaethylene formation following different 
routes of deuterium - labeled cocaine and ethanol admin-
istration to 6 healthy volunteers, the percentage of 
cocaine converted to cocaethylene was as follows: oral, 
34%    ±    20%; intravenous, 24%    ±    11%; and smoked, 
18%    ±    11% (excluding 2 participants with near zero 
delivery).  115   Only the difference in cocaethylene forma-
tion between the smoked and oral routes was statisti-
cally signifi cant. The cocaine was administered 1 hour 
after the ingestion of 1   mg ethanol/kg. Although plasma 
clearance of cocaine decreases during the combined use 
of cocaine and ethanol, elimination rates of cocaine and 
ethanol remain unchanged.   

 A study of 10 volunteers receiving IV doses of 
cocaine up to 1.2   mg/kg 1 hour after the ingestion of 
ethanol (1   g/kg) demonstrated that an average of about 
17%    ±    6% of the cocaine was converted to cocaethyl-
ene and the urine benzoylecgonine excretion decreased 
by approximately 48%.  116   Although cocaethylene con-
centrations are relatively low compared with cocaine 
following single doses of cocaine and ethanol,  117   plasma 
cocaethylene concentrations can exceed plasma cocaine 

       Figure 56.9.     Time course comparing plasma cocaine ( � ) fol-
lowing 100   mg intranasal cocaine with plasma cocaine ( � ) and 
cocaethylene ( � ) concentrations after administration of 
100   mg intranasal cocaine and the simultaneous ingestion of 
0.8   g ethanol/kg.  Reprinted with permission from M Farr é , 
RDL Torre, ML Gonz á lez, MT Ter á n, PN Roset, E Menoyo, J 
Cam í , Cocaine and alcohol interactions in humans: neuroen-
docrine effects and cocaethylene metabolism, Journal of 
Pharmacology and Experimental Therapeutics, Vol. 283, p. 173, 
copyright 1997.   
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peripheral nerves by blockade of the voltage - gated 
sodium channels and thereby increases the threshold 
required to generate an action potential.  130   The anes-
thetic and local vasoconstrictive properties of cocaine 
make topical cocaine an excellent treatment for nasal 
hemorrhage. However, long - term insuffl ation of cocaine 
causes chronic infl ammation of the nasal mucosa  131   as 
well as perforation of the nasal septum.  132   Cocaine 
causes mydriasis both by local and by central α  -
 adrenergic effects on the radial muscles of the iris. 
Partial cycloplegia also occurs. Cocaine and amphet-
amine have similar effects on catecholamine reuptake 
inhibition, dopamine release, and serotonin release/
reuptake inhibition; however, cocaine has marked local 
anesthetic activity compared with minimal activity for 
amphetamine. Additionally, cocaine has no monoamine 
oxidase inhibition (MAOI), whereas amphetamine has 
mild MAOI activity.  

  Mechanism of Toxicity 

 Cocaine exerts toxicity through 2 mechanisms that 
include 1) potentiation of catecholamine action (i.e., 
dopamine, norepinephrine) as a result of the inhibition 
of reuptake at the adrenergic nerve terminals, and 2) the 
inhibition of voltage - dependent sodium ion channels.  133

The latter effect refl ects the local anesthetic properties 
of cocaine and evidence of blockade of the voltage -
 dependent sodium ion channels during animal studies 
occurs at cocaine concentrations 10 times higher than 
the effects of catecholamine potentiation.  134   Cocaine 
also stimulates the release of excitatory amino acids and 
enhances thrombosis by promoting platelet aggrega-
tion, impairing thrombolysis via increased TPA -
 inactivator, and accelerating atherogenesis. 

  Central Nervous System 

 Cocaine inhibits the synaptosomal uptake of catechol-
amines and serotonin. Blockade of the reuptake of nor-
epinephrine at preganglionic sympathetic nerve endings 
in the sympathetic system produces an excess of norepi-
nephrine in the synaptic cleft. Neuronal uptake is the 
primary method of eliminating catecholamines from the 
synaptic cleft, and cocaine intensifi es the catecholamine 
effects at the nerve endings through blockade of cate-
cholamine reuptake. The dopamine transporter is a 
transmembrane spanning protein that moves dopamine 
across the neuronal membrane.  135   Diffusion and binding 
to the dopamine transporter protein clears dopamine 
from the neuron after the release of dopamine from 
presynaptic terminals. Cocaine effectively binds dopa-
mine transporters at low doses; at behavior - altering 
doses, cocaine occupies a majority of the dopamine 

  Pharmaceutic Preparations 

 Drugs that affect catecholamine metabolism (e.g., gua-
nethidine, dopamine,  α  - methyldopa, tricyclic antide-
pressants, monoamine oxidase inhibitors) enhance the 
sympathomimetic effects of cocaine. Potentially, mon-
amine oxidase inhibitors may augment the hypertensive 
effects of cocaine, but there are limited data on this 
interaction. The administration of selegiline, an irrevers-
ible monamine oxidase - B (MAO - B) inhibitor did not 
enhance the cardiovascular effects of 40 - mg IV cocaine 
in 5 volunteers.  126   In general, the use of tricyclic antide-
pressants, trazodone, and selective serotonin reuptake 
inhibitors (e.g., fl uoxetine, paroxetine, sertraline) with 
cocaine does not cause any increased risk of side 
effects.  127    In vitro  amitriptyline is a partial competitive 
inhibitor of human serum butyrylcholinesterase 
(Ki     =    0.01   mM), but there are few clinical data to deter-
mine the clinical signifi cance of this potential interac-
tion.128   Pretreatment of volunteers with haloperidol 
reduces the cocaine - induced increase in blood pressure, 
but haloperidol does not change the effect of cocaine 
on heart rate.  129

  Drugs of Abuse 

 Heroin often is used concomitantly with cocaine (i.e., 
Speedball) to enhance the cocaine - induced euphoria 
and reduce the overstimulation of cocaine. The interac-
tion between opioids and the dopaminergic system is 
complex; opioid antagonist and agonists produce a vari-
able effect on the euphoria associated with cocaine 
use.  127   Coadministration of cocaine with other stimu-
lants is common because sympathomimetic drugs are 
frequently adulterants in illicit cocaine. Animal data on 
the simultaneous administration of cocaine and amphet-
amines are confl icting with some studies suggesting that 
cocaine may block the uptake of amphetamines.    

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Cocaine is a powerful CNS stimulant and sympathomi-
metic agent that produces effects through the potentia-
tion of neurotransmitters, principally norepinephrine 
and epinephrine. Cocaine also has demonstrable effects 
on dopamine and serotonin. 

  Mechanism of Action 

 Cocaine has potent sympathomimetic effects in addi-
tion to stimulating norepinephrine, serotonin, and dopa-
mine release. Cocaine is also a local anesthetic that 
reduces sodium ion fl ux during the depolarization of 
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undefi ned. In high doses, a period of depression devel-
ops subsequent to the excitatory phase. Mechanisms for 
the development of seizures following cocaine exposure 
include direct irritation of epileptogenic foci, toxic 
effects of adulterants (e.g., lidocaine, amphetamine), 
and cerebral vasculitis.  147   Seizures may also result from 
the occurrence of subarachnoid hemorrhage or focal 
cerebral ischemia. Based on the lack of vascular pathol-
ogy in cases of cocaine - associated strokes, cerebral 
vasospasm or vasoconstriction may contribute to the 
development of cocaine - associated ischemic and hem-
orrhagic strokes.  148

 Excited delirium shares many similarities to neuro-
leptic malignant syndrome and potential mechanisms of 
toxicity, but the pathophysiology of this syndrome is 
unclear. Suggested hypotheses include chronic altera-
tions of presynaptic proteins ( α  - synuclein) in dopamine 
neurons in the midbrain, dopamine transporter, and/or 
dopamine D 2  receptors in the thermoregulatory centers 
of the brain.  149,150   Clarifi cation of the mechanism of 
toxicity producing excited delirium requires further 
research.  

  Cardiovascular System 

 Serious complications (e.g., life - threatening arrhyth-
mias, acute reversible myocarditis, dilated cardiomyopa-
thy, myocardial infarction [MI], sudden death) of 
myocardial ischemia result from the imbalance between 
myocardial oxygen demand and supply during cocaine 
use.  151   The etiology of this imbalance is multifactorial 
including intracoronary thrombosis, platelet aggrega-
tion, and coronary artery vasoconstriction. Animal data 
and indirect human data suggests that chronic cocaine 
use accelerates atherosclerosis; however, the degree of 
atherosclerosis associated with chronic cocaine use 
remains somewhat controversial. A 15 - year longitudinal 
study of 18 -  to 30 - year - old men and women did not 
detect an increased prevalence of accelerated athero-
sclerosis in the subset of individuals with long - term, 
heavy cocaine use.  152   In an age -  and gender - matched 
cohort study of 412 patients presenting to an urban 
emergency department with acute chest pain, 44 patients 
(9%) had a history of chronic cocaine use.  153   These 
patients had a statistically signifi cant, sixfold higher risk 
for acute coronary syndrome (OR    =    5.79, 95% CI: 1.24 –
 27.02,  P     =    .02); however, cocaine use was not associated 
with a higher prevalence of any plaque ( P     >    .58), calci-
fi ed plaque ( P     >    .58), noncalcifi ed plaque ( P     >    .58), or 
the presence of signifi cant coronary artery stenosis 
(P     =    .09). 

 Cocaine directly inhibits the cardiac ion channels and 
increases sympathetic stimulation to the heart and coro-
nary vasculature.  154   Cocaine produces a characteristic 

transporters.  135   Cocaine blocks dopamine transporter 
proteins, particularly in mesolimbic (nucleus accum-
bens) dopaminergic neurons, and this effect is important 
to the reinforcing properties of cocaine.  136   The rapid 
uptake and clearance of cocaine from the brain corre-
lates to the euphoria associated with IV cocaine use, and 
the inhibition of the dopamine transporter correlates to 
the reinforcing properties of cocaine.  137

 In the primate brain, cocaine acts primarily on the 
synaptic dopamine reuptake system by binding to a spe-
cifi c receptor on the dopamine synaptic plasma mem-
brane in both the nigrostriatal (caudate - putamen) and 
the mesolimbic dopamine neurons rather than on the 
dopamine synaptic vesicles.  138,139   The prolonged pres-
ence of dopamine in the synapse produces simulation 
of the dopamine receptors in the caudate - putamen and 
nucleus accumbens.  140   Self - stimulation models in 
animals suggest that activation of mesolimbic and 
nigrostriatal dopaminergic pathways may cause the 
euphoria and compulsive drug behavior associated with 
chronic cocaine abuse.  28   Chronic cocaine use causes 
modest elevation of dopamine transporter concentra-
tions in the mesolimbic regions of the brain in acutely 
(< 96   h) abstinent chronic cocaine abusers.  141

Upregulation of the cocaine binding sites in the striatum 
results in the need for continued cocaine use to experi-
ence the reenforcing effects of the drug. 

 The increase in dopamine neurotransmission from 
the competitive blockade of high - affi nity dopamine 
uptake mediated by both D 1  and D 2  dopamine receptors 
is the primary determinant of the acute behavioral 
effects of cocaine.  142   Although  in vitro  studies indicate 
that cocaine can potentiate the D 2  receptor - mediated 
depolarizing effects of dopamine, the hyperpolarizing 
effect of dopamine acting on the postsynaptic D 1  recep-
tors via increased outward potassium conductance 
probably accounts for the inhibitor effect of cocaine on 
postsynaptic cells in the caudate, nucleus accumbens, 
and medial prefrontal cortex. 143   Extracellular concen-
trations of serotonin in the nucleus accumbens also 
increase during cocaine administration and the sero-
tonin system by modulating dopamine release during 
both the stimulatory and withdrawal phases.  144   In rodent 
studies, cocaine doses that maintain self - administration 
behavior inhibit the norepinephrine transporter at 
peripheral sympathetic nerve terminals.  145

 With increasing doses, cocaine causes a rostral - caudal 
stimulation beginning with the cortex. Initially, eupho-
ria, hyperactivity, restlessness, and garrulity occur. 
Progressive activation of the lower brain centers results 
in tremor, hyperrefl exia, and convulsions. Animal studies 
indicate that cocaine increases extraneuronal levels of 
aspartate and glutamate in the nucleus accumbens,  146

but the clinical signifi cance of these changes remains 
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sodium channels are closed, and the opening of the 
sodium channels initiates the action potential (phase 0). 
Phase 1 (R and S wave on the ECG) involves the inacti-
vation of the sodium channels along with the extracel-
lular movement of potassium and the intracellular 
movement of calcium. Cocaine slowly binds and disas-
sociates from the sodium channel, resulting in the block-
ing of these channels in the open state and prevention of 
the return of the sodium channels to the inactive, resting 
state.  162   This action is characteristic of Vaughan - Williams 
Class Ic antiarrhythmic drugs (fl ecainide, moricizine). 

 In large doses, cocaine can directly depress myocar-
dial conduction and contractility, similar to other local 
anesthetic agents.  163   These local anesthetic properties 
result from the inhibition of sodium infl ux into myocar-
dial cells and the propagation of the action potential by 
the blockage of the myocardial fast sodium channels 
during phase 0 of the cardiac action potential.  164   The 
resulting QRS widening is similar to the effects of 
Vaughn - Williams type 1A and 1C antidysrhythmic 
agents. Cocaine also blocks potassium effl ux channels in 
the heart resulting in QTc prolongation. In addition, 
increased dispersion of ventricular refractoriness and 
ventricular effective refractory period occurs. In over-
dose, the cocaine - induced blockade of cardiac sodium 
channels in the closed state causes prolongation of the 
action potential, QRS prolongation, and wide - complex 
tachydysrhythmias. Although  in vitro  studies indicate 
that the major cocaine metabolites (benzoylecgonine, 
ecgonine methyl ester) have little or no effect on the 
sodium channel, the ethanol - derived metabolite (coca-
ethylene) produces more potent and prolonged block-
ade of the sodium channel than cocaine.  165   The inhibition 
of impulse conduction by alterations of sodium mem-
brane permeability may cause sudden death.  166

 Animal studies also indicate that cocaine has electro-
physiologic effects of class I antiarrhythmic agents (pro-
longation of the effective refractory period, depression 
of automaticity/phase 0 depolarization).  167   The adminis-
tration of a continuous 3 - hour infusion of cocaine at 
0.11   mg/kg/min (total dose: 20   mg/kg) to anesthetized 
dogs increases the ventricular fi brillation threshold 
about 50% compared with placebo (lactose dissolved in 
normal saline).  168   However, large doses of cocaine 
prolong the QRS complex and QTc duration that along 
with hypoxia, acidosis, and underlying cardiovascular 
disease increase the risk of developing ventricular dys-
rhythmias, including ventricular fi brillation.  169   Both 
tachycardia and acidosis increase the binding of cocaine 
to the sodium channels and increase the risk of serious 
dysrhythmias.  170   Other mechanisms for dysrhythmias 
include myocarditis, myocardial ischemia, intense sym-
pathetic stimulation (contraction band necrosis), and 
the development of myocardial fi brosis. 

voltage -  and frequency - dependent inhibition of the 
cardiac sodium current. Experimental data suggests that 
this inhibition occurs as a result of the blockade of the 
pore and the stabilization of the channels in the inacti-
vated state.  155   A cross - sectional study of IV drug users 
suggests that chronic cocaine use affects some diastolic 
functional parameters (e.g., increased average decelera-
tion time),  156   but the restriction of the study group to 
inner city IV drug users including HIV - positive patients 
limits conclusions regarding the effect of chronic cocaine 
use on other types of cocaine users. Adrenergic adaptive 
mechanisms mediate the chronic tolerance of experi-
mental animals to the cardiovascular effects of cocaine. 

Hemodynamic Changes.     The administration of mod-
erate doses of cocaine (2   mg/kg intranasal) to volun-
teers produces mild (8 – 12%) coronary artery 
vasoconstriction and a mean reduction ( ∼ 8%) in coro-
nary sinus blood fl ow, even in the presence of increased 
myocardial oxygen demand.  157   These changes were not 
associated with chest pain or electrocardiographic 
(ECG) evidence of ischemia. Recreational doses of 
cocaine produce modest increases in blood pressure 
(20   mm Hg systolic/10   mm Hg diastolic) and heart rate 
(30 beats/min) that are similar to the hemodynamic 
changes during mild exercise.  158   Animal studies indicate 
that central stimulation of sympathoadrenal neural axis 
activity plays an important role in the development of 
these cardiovascular effects because inhibition of 
peripheral sympathetic neuronal amine uptake mecha-
nism by cocaine is not critical for initiating hyperten-
sion, tachycardia, or release of plasma catecholamine.  159

The sympathomimetic response probably results from 
the blockade of norepinephrine and epinephrine uptake, 
which causes increased neurotransmitter concentra-
tions at central adrenergic receptors.  45    α  - Adrenergic -
 mediated actions probably are involved in the 
development of coronary artery vasoconstriction. 
During cocaine use, phentolamine blocks this vasocon-
striction, whereas nonselective  β  - adrenoceptor blocking 
agents enhance α  - adrenergic - mediated effects (vaso-
constriction, increase systemic vascular resistance).  160

Other potential causes of cocaine - induced vasoconstric-
tion include a direct effect on increased calcium infl ux 
in vascular smooth muscle and the release of vasocon-
strictive factors (e.g., endothelin).  161

Dysrhythmias.     The permeability of the cardiac 
myocyte membrane to various cations (sodium, potas-
sium, calcium) determines the resting conditions across 
the membrane (phase 4 of the action potential). The 
sodium - potassium exchange pump, the sodium - calcium 
exchanger current, and the inwardly rectifying potas-
sium current maintain the resting membrane potential. 
During resting conditions, the voltage - dependent 
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ing: pulmonary hemorrhage/edema from microvascular 
injury, thermal airway injury, hypersensitivity reactions, 
interstitial pulmonary fi brosis, and foreign body reac-
tions.  181   In rodent studies, chronic crack cocaine inhala-
tion causes extensive histologic changes in the entire 
respiratory tract. Following 2 months of daily exposure 
of 2 - month - old BALB/c mice to the smoke of 5 - g crack 
cocaine in an inhalation chamber, histologic changes in 
the respiratory tract included increased mucus content 
of the nasal epithelium, alveolar hemosiderin, and 
alveolar/bronchiolar macrophage cell density as well as 
reduced thickness of the nasal and bronchial epithe-
lium.182   Case reports associate crack cocaine use with 
diffuse histologic changes in the lungs manifest by 
infected bronchiectasis, interstitial desquamative pneu-
monia, diffuse alveolar damage, subsegmental arterial 
thrombosis, and foci of pulmonary infarction.  183   Clinical 
studies indicate that alveolar hemorrhage occurs fre-
quently in otherwise healthy crack cocaine smokers 
without obvious evidence of hemoptysis or cough.  184

Histologic changes associated with crack lung include 
diffuse alveolar damage, alveolar hemorrhage, and 
eosinophilic interstitial and alveolar infi ltrates with 
deposition of IgE.  

  Temperature 

 Large doses of cocaine produce hyperthermia by one or 
more of the following mechanisms: 1) increased heat 
production secondary to muscular hyperactivity and/or 
seizures, 2) direct pyogenic action on the central ther-
moregulatory centers in the hypothalamus, 3) reduction 
of heat loss by vasoconstriction, and 4) increased calo-
rigenic activity in the liver. Volunteer studies suggest 
that low doses of intranasal cocaine impair thermoregu-
latory adjustments for the dissipation of heat. In as 
study of 7 cocaine - na ï ve volunteers subjected to pro-
gressive passive heat stress, the nasal administration of 
2 - mg cocaine/kg shifts the esophageal temperature 
threshold for cutaneous vasodilation and sweating as 
well as reducing the discomfort associated with heat 
stress.  185   These changes potentially disrupt normal auto-
nomic responses to thermal stress as well as limit behav-
ioral adjustments and predispose patients to 
hyperthermia in hot environments. However, the admin-
istration of this cocaine dose does not cause changes in 
core temperature in the absence of heat stress. 

 Rhabdomyolysis is a common complication of 
cocaine - induced hyperthermia, although rhabdomyoly-
sis may develop without elevated body temperature.  186

Animal studies indicate that antagonism of dopamine 
receptors, particularly the DA - 1 subtype, abolish 
cocaine - induced hyperthermia;  187   downregulation of 
brainstem D 1  dopamine receptors by cocaine abuse may 

 The administration of high - dose cocaine (5   mg/kg) 
intravenously to dogs produces negative inotropic and 
potent type I electrophysiologic effects as manifest by 
decreased blood pressure, cardiac output, and coronary 
blood fl ow, as well as prolongation of cardiac conduc-
tion (increased PR, QRS, QT intervals).  171   The effects 
of cocaine on repolarization are biphasic resulting in 2 
distinct clinical profi les based on case reports of electro-
cardiographically documented life - threatening dys-
rhythmias associated with cocaine.  172   In overdose, a 
monomorphic slow ventricular tachycardia or idioven-
tricular rhythm develops, refl ecting excessive sodium 
channel blockade. The second type of dysrhythmia 
refl ects potassium channel blockage and is expressed as 
torsade de pointes  in recreational users with underlying 
risk factors (e.g., congenital long QT syndrome).  

Myocardial Infarction.     The pathophysiology of 
cocaine - associated myocardial ischemia is multifacto-
rial. Mechanisms of this cardiac complication include 1) 
increased myocardial oxygen demand in the setting of 
limited oxygen supply, 2) enhanced platelet aggregation 
and thrombus formation, and 3) coronary artery vaso-
spasm.173   Depending on the individual (e.g., preexisting 
cardiovascular disease, polydrug use, adulterants) one 
or several of these factors may contribute to the devel-
opment of myocardial ischemia. Structural narrowing of 
the coronary arteries is common in patients with 
cocaine - related MIs.  174   Rarely, patients in substance 
abuse treatment programs for cocaine dependency may 
develop signs of silent myocardial ischemia during the 
fi rst few weeks of withdrawal, but the mechanism for 
these changes is unclear. In a study of 21 patients with 
cocaine addiction undergoing Holter monitoring, 8 of 
these patients developed ST elevation during the fi rst 2 
weeks of withdrawal.  175   Sudden death can occur as a 
result of excited delirium (hyperthermia, psychotic 
behavior, respiratory arrest) as well as from ventricular 
dysrhythmias.  176

  Respiratory System 

 The pathologic changes of the lung associated with 
cocaine abuse are multifactorial, route - dependent, and 
in some cases idiopathic. These pulmonary changes 
include vascular lesions (microemboli, spasm with 
thrombosis, hemorrhage, edema, arterial medial hyper-
trophy),177   bronchospasm in asthmatic patients, intersti-
tial disease, hypersensitivity pulmonary disease ( “ crack 
lung ” ),178   bronchiolitis obliterans,  179   barotrauma (pneu-
mothorax, pneumomediastinum), lung cavitations, 
pleural empyema, and inhalation injuries (aspiration, 
thermal damage, foreign body deposits).  180   The etiolo-
gies of these changes are diverse and include the follow-
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Mechanisms of sudden death include ventricular fi bril-
lation, respiratory arrest secondary to direct CNS effects 
or hyperthermia, intracerebral hemorrhage, dissecting 
aortic aneurysm, and disseminated intravascular coagu-
lation with hyperthermia. Except for IV injection sites 
and bite marks from preterminal seizures, postmortem 
examination of patients dying suddenly following 
cocaine use demonstrate nonspecifi c signs of an asphyx-
ial death (e.g., pulmonary edema, visceral congestion, 
petechiae). Fresh IV sites of cocaine injection charac-
teristically present as multiple sites of ecchymosis, occa-
sionally with central pallor. Less scarring is present in 
these lesions than in those of opioid addicts because 
cocaine abusers usually inject soluble material (e.g., 
mannitol) as compared with the insoluble talc and 
starch present in opioids. However, fatalities of cocaine 
users from urban cities frequently involve other drugs 
(e.g., heroin, ethanol).  200,201   Postmortem signs of chronic 
crack smoking include focal burns of varying ages on 
the mucosa of the lips, tips of the tongue, and opposing 
surfaces of the fi ngers (palmer surface of thumb and 
index fi nger).  202   These injuries result from burns from 
the surface of hot pipes or the fl ames from lighters. 
Calluses also develop on the palmer surface of the 
thumbs as a result of the frequent use of a lighter to 
heat cocaine crystals. Occasionally, singeing of the nasal 
hairs or eyelashes occurs. The inhalation of carbon par-
ticles during chronic crack smoking can produce black 
deposits in the alveoli. 

  Cocaine - induced Excited Delirium 

 Fatalities occur following all routes of cocaine adminis-
tration (smoking freebase, nasal insuffl ation, vaginal 
application, ingestion). Several case reports describe the 
development of intense paranoia after chronic cocaine 
use followed by hyperthermia, bizarre, sometimes 
violent behavior, respiratory arrest, and death.  203

Frequently, these cases involve chronic cocaine users 
restrained while in police custody or during transport to 
a medical facility. Pathologic fi ndings during postmor-
tem examination of patients who die during cocaine -
 associated excited (agitated) delirium are usually 
minimal and nonspecifi c with or without postmortem 
evidence of hyperthermia. Depending on the duration 
of supportive care, pathologic fi ndings during autopsies 
of fatalities secondary to cocaine - induced excited delir-
ium include skeletal muscle necrosis without evidence 
of vasculitis, acute tubular necrosis with granular myo-
globin casts in the tubules, cerebral edema, and pulmo-
nary congestion.  204   Although these patients are often 
restrained, traumatic injuries are usually minor. 
Postmortem measurements of dopamine synaptic 
markers in the striatum and hypothalamus may help 

also contribute to the development of hyperthermia and 
death.188   In fatal cases of excited delirium, marked 
hyperthermia usually precedes the development of 
status epilepticus, hypotension, rhabdomyolysis, dis-
seminated intravascular coagulation, acute hepatorenal 
failure, impaired cerebral function, and death.  189   Animal 
models indicate that intrabrain heat production is the 
primary cause of functional brain hyperthermia; the 
cerebral circulation dissipates potentially dangerous 
heat from brain tissue by bringing relatively cooler 
blood and subsequently removing warmed blood.  190

Although cocaine induces metabolic activation of 
central neurons, modulations of thermal effects from 
both behavior and environmental variables result in 
relative stable brain temperatures, depending upon pre-
vious drug effect; however, the vasoconstrictive effects 
of cocaine during strenuous exercise in a hot, humid 
environment may cause serious elevation of brain tem-
peratures and fatal hyperthermia.  

  Gastrointestinal Tract 

 Cocaine can produce nausea and vomiting via stimula-
tion of the central vomiting centers with diarrhea and 
abdominal cramps developing from sympathomimetic 
effects on the intestinal wall. Cocaine is an intrinsic 
hepatotoxin in laboratory animals, but there are limited 
data on hepatotoxicity in humans in the absence of 
hyperthermia.191   Potentially, animal models and  in vitro
studies suggest that reduced glutathione stores and the 
subsequent development of a reactive intermediate 
metabolite produce hepatic damage similar to acet-
aminophen toxicity.  192   However, hepatotoxicity is not a 
well - recognized complication of cocaine intoxication in 
humans except as a result of hyperthermia. Other gas-
trointestinal (GI) complications of cocaine abuse 
include GI perforation/hemorrhage, pneumoperito-
neum, and mesenteric ischemia.  193

  Kidney 

 Renal complications associated with cocaine abuse 
include acute renal failure, renal infarction, and electro-
lyte imbalance.  194   Causes of acute renal failure associ-
ated with cocaine abuse include acute rhabdomyolysis,  195

hypertension,196   interstitial nephritis,  197   thrombotic 
microangiopathy,  198   and antiglomerular basement mem-
brane nephritis.  199

  Postmortem Examination 

 The pathologic fi ndings on the postmortem examination 
of fatalities associated with recreational cocaine abuse 
are diverse and nonspecifi c because of the frequency of 
polydrug use and the presence of concomitant diseases. 
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However, postmortem examinations indicate that 
pathologic evidence of a MI is absent in most cases of 
sudden death in cocaine abusers.  209   Typically, heart 
weights are about 10 – 15% greater than predicted from 
nomograms on normal heart size.  215   A case report asso-
ciated chronic intimal proliferation, severe coronary 
artery stenosis, acute platelet thrombosis, and lympho-
cytic myocarditis in a 21 - year - old with chronic IV 
cocaine abuse.  216

 Autopsies of body packers dying from cocaine intoxi-
cation reveal ruptured cots, foil, and bags as well as the 
usual signs of asphyxial death (e.g., pulmonary edema).  217

Severe local vascular engorgement suggesting acute 
ischemic necrosis is occasionally seen in areas where 
high, localized concentrations of cocaine exist.  361

  CLINICAL RESPONSE 

  Illicit Use 

 Altered sensation during the recreational use of cocaine 
typically involves visual ( “ snow light ” ) and tactile (i.e., 
 “ coke bugs, ”  formication) sensations. Olfactory and 
auditory illusions are much less common occurrences 
during cocaine use.  218   Visual misperceptions most com-
monly involve fl ashing lights in the peripheral vision 
( “ snow lights ” ). Cardiovascular, CNS, and pulmonary 
effects are the primary complications associated with 
cocaine abuse. In a retrospective study of 137 patients 
presenting to an urban emergency department with 
cocaine intoxication, the most common complaints 
included the following: altered mental status (40%), 
chest pain (21%), syncope (19%), suicide attempt 
(13%), palpitations (12%), and seizures (12%).  219   The 
clinical effects of cocaine develop rapidly ( < 30 – 60   min) 
by all routes of exposure except ingestion, and the 
effects usually resolve within 2 hours after the use of a 
single dose of cocaine. Because of the rapid elimination 
half - life ( < 1   h) of cocaine, resolution of major symp-
toms occurs within 1 – 3 hours, unless secondary damage 
(e.g., hypoxic encephalopathy) or complications of 
hyperthermia supervene. 

 Complications of cocaine abuse depend somewhat 
on the route of exposure. Epidemiologic data indicate 
that the medical complications of cocaine abuse have 
changed with the shift from IV use to smoking and 
insuffl ation.  220   Medical effects of chronic cocaine abuse 
include anorexia, weight loss, malnutrition, water -
 soluble vitamin defi ciencies, dehydration, pallor, tremor, 
headaches, and isolated convulsions. The complications 
of IV drug use include localized cellulitis or abscess, 
bacteremia with septic arthritis, endocarditis, hepatitis, 
autoimmune defi ciency syndrome (AIDS), malaria, 

differentiate deaths from excited delirium from deaths 
secondary to cocaine overdose or from asphyxiation.  205

However, this evaluation must be conducted by a prop-
erly equipped laboratory on adequately preserved brain 
tissue collected within 12 hours of death.  

  Histologic Abnormalities 

 Although normal heart tissue on autopsy examination 
does not exclude chronic cocaine use, endomyocardial 
biopsies of chronic cocaine users without signifi cant 
coronary artery disease may demonstrate contraction 
band necrosis (coagulative myocytolysis), focal (eosino-
philic) myocarditis, or dilated cardiomyopathy.  206   The 
frequency of these abnormalities varies between autopsy 
series. The presence of contraction band necrosis sug-
gests an acute insult (e.g., elevated blood concentrations 
of norepinephrine), and patchy microfocal fi brosis indi-
cates the presence of healed areas of contraction band 
necrosis. In the case of a 17 - year - old body stuffer, who 
died suddenly after ingesting a large dose of cocaine 
(postmortem blood cocaine    =    98   mg/L), histologic 
examination of the heart revealed contraction band 
necrosis characterized by rhexis of the myofi brillar 
apparatus and anomalous, hypereosinophilic cross 
bands.  207   Segments of hypercontracted sarcomeres with 
extremely thickened Z lines formed these cross bands. 
Eosinophilic and lymphocytic infi ltrates are consistent 
with subacute injury.  208   However, neither contraction 
band necrosis nor lymphocytic infi ltration is a specifi c 
sign of cocaine abuse.  209   In a case - control study of 30 
cocaine - associated deaths, contraction band necrosis 
was present in 93% of the cases compared with 45% of 
cases dying of sedative - hypnotic intoxication.  210   A post-
mortem study of 40 cocaine - associated deaths and 27 
victims of sudden traumatic death did not detect a sta-
tistically signifi cant difference in the presence of con-
traction band necrosis between the 2 groups (25% and 
41%, respectively).  211   There was a statistically signifi cant 
(P     ≤    .05) difference in the presence of myocarditis 
(mononuclear infi ltrate) between these 2 groups (20% 
vs. 3.7%, respectively). 

 Interpretation of lesions in the cardiac conduction 
system is somewhat controversial, and these abnormali-
ties may be incidental to the cause of death. Potentially 
lethal histologic changes in the cardiac conduction 
system that may be present in cases of sudden death 
associated with cocaine use include severe thickening of 
the atrioventricular node artery, intranodal and peri-
nodal fi brosis, and microscopic foci of chronic infl am-
matory infi ltration.  212   Postmortem examinations of 
patients dying after cocaine use usually demonstrate 
either signifi cant coronary artery disease  213   or myocar-
dial hypertrophy with or without microfocal fi brosis.  4,214



56 COCAINE

825

 High - doses of cocaine or habitual cocaine use 
produce profound mood changes characterized by para-
noid thinking, agitation, irritability, restlessness, and 
impulsivity. Chronic users often become depressed, sus-
picious, irritable, and impotent, which reinforces con-
tinual cocaine use. Distorted thought processes can 
cause aggressive suicidal and homicidal behavior, 
impaired judgment, poor job performance, and deple-
tion of personal fi nances. Attentional defi cits increase 
the chance of accidental trauma. Recreational doses of 
cocaine suppress rapid eye movement (REM) sleep 
during the cocaine binge, and volunteer studies indicate 
that the REM sleep patterns do not return to normal 
until 3 nights after the cessation of cocaine use.  226   After 
cocaine use, depressive symptoms (cocaine blues, crash) 
and occasionally suicidal ideations appear, which the 
user may try to alleviate by continual drug use. Such 
symptoms are usually transient and resolve after 
resumption of normal sleep patterns. Following several 
days of bingeing, cocaine addicts may present with a 
depressed level of consciousness ranging from lethargy 
and hypersomnolence to lighter stages of coma (washed 
out syndrome).  227,228   These patients typically do not have 
neurologic or metabolic abnormalities on testing; within 
18 hours, they usually return to their baseline mental 
state.  

  Mental Disorders 

 Chronic stimulant use can produce a paranoid psychosis 
that is similar to acute paranoid schizophrenia and 
methamphetamine - induced psychosis. High - dose, 
chronic use of cocaine is associated with dysphoria and 
an acute paranoid psychosis marked by delusions of 
persecution and paranoia as well as hallucinations, par-
ticularly auditory.  229   The paranoia typically focuses on 
illicit activities related to drug abuse during the cocaine 
binge, and the paranoia resolves by the early hypersom-
nolent phase of abstinence.  230,231   Consequently, the para-
noid ideations last hours after the pleasurable effects of 
cocaine cease. Following chronic cocaine abuse, the 
paranoia becomes more intense and occurs earlier in 
the cocaine binge. In a study of 55 cocaine addicts 
admitted for inpatient therapy, 48% of the cocaine 
addicts reported the development of paranoia when-
ever they used cocaine.  232

 Typically, the acute psychosis associated with cocaine 
addicts resolves after several days of abstinence, and the 
patient ’ s personality returns to baseline within approxi-
mately 5 days. In addition to the schizophrenic form 
psychosis, a confused toxic psychosis may develop that 
includes disorientation, short - term memory impair-
ment, and organic brain dysfunction. Persistence of 
psychiatric symptoms beyond 5 – 7 days suggests an 

osteomyelitis, pneumonia, and metastatic abscesses as 
well as necrotizing fasciitis  221   and wound botulism.  222

  Behavioral Abnormalities 

 Cocaine produces alertness, a sense of pleasure, a reduc-
tion of social inhibitions and anxiety, and a heightened 
sense of energy, self - esteem, and sexuality.  223   The 
euphoric effects begin within minutes and last approxi-
mately 20 – 45 minutes. Although cocaine enhances the 
feeling of pleasure, the use of this drug does not usually 
distort reality or produce hallucinations. After the 
elation subsides, restlessness, hyperactivity, irritability, 
and depression emerge; the development of these 
feeling reinforce continual cocaine use. In contrast to 
the feelings of sadness during the sober state, memories 
of drug - induced euphoria promote the continued use of 
cocaine. Binges or runs may last several days until either 
physical, fi nancial, or drug resources are exhausted. The 
absence of daily use does not exclude addiction to 
cocaine.  223   Often, cocaine addiction involves multiple 
drugs of abuse including the use of sedative - hypnotics, 
ethanol, or heroin in an effort to counteract the rebound 
dysphoria ( “ crash ” ) associated with cocaine use. Most 
casual users do not become addicted to cocaine, but 
some users discover that higher doses intensify the 
pharmacologic euphoria and they focus on internal sen-
sations to the detriment of personal relationships and 
career goals. Controlled use may shift to compulsive use 
as the dose of cocaine increases or the user switches to 
more potent methods of administration (IV, smoking). 

 Complications from cocaine use are uncommon 
among low - dose users, but adverse behavioral effects 
are common in high - dose abusers.  223   Psychologic com-
plications from chronic cocaine use include impaired 
judgment, impulsiveness, compulsive behavior, psycho-
motor activation, and grandiosity that may result in falls, 
traffi c accidents, homicides, suicides, atypical sexual 
behavior, or criminal activity.  224,225

 Adverse neuropsychiatric effects of chronic cocaine 
use include insomnia, irritability, agitation, paranoia, 
delirium, anxiety, depression, chronic fatigue, impaired 
memory/concentration, and panic attacks.  59   Depending 
on dose, chronicity, personality, genetic predisposition, 
and expectations, cocaine produces a continuum of psy-
chiatric syndromes ranging from euphoria and dyspho-
ria to a schizophreniform psychosis similar to 
amphetamine - induced psychosis.  53   In a series of 996 
emergency department visits and 279 hospital admis-
sions for complications of cocaine abuse, the most 
common psychiatric complications were dysphoria, agi-
tation, aggressive behavior, paranoia, psychosis, and 
hallucinations.  285



PART 2 PSYCHOACTIVE PLANTS

826

  Cardiac 

Myocardial Ischemia and Infarction.     Illicit use of 
cocaine increases myocardial oxygen demand by 
increasing the pulse and blood pressure, while reducing 
coronary artery diameter and increasing coronary vas-
cular resistance.  237   The imbalance between myocardial 
oxygen supply and demand may produce chest pain, 
myocardial ischemia, or MI, particularly in patients 
with underlying cardiovascular disease. The overall inci-
dence of cocaine - associated MI in patients with docu-
mented cocaine use and chest pain varies between 
about 0.7% (Acute Cardiac Ischemia - Time Insensitive 
Predictive Instrument Study)  238   and 6% (Cocaine 
Associated Chest Pain Study),  239   depending on the 
study population and the criteria for MI. The latter 
prospective multicenter study involved only patients 
presenting to urban hospitals with chest pain, whereas 
the former study included rural hospitals and a variety 
of cardiovascular complaints. Most, but not all of these 
patients presented to the emergency department within 
3 hours of the use of cocaine. In the Determinants of 
Myocardial Infarction Onset Study, 38 of 3946 acute 
MI patients admitted using cocaine within the last year 
and 9 patients used cocaine within 1 hour after develop-
ing their MI.  240   The risk of MI in cocaine users increased 
24 - fold in the fi rst hour after use compared with nonus-

underlying psychiatric disorder; however, case reports 
suggest that the psychotic symptoms associated with 
substance - induced psychosis may persist over 1 month 
in a small subset of chronic abusers.  233   Over 50% of 
individuals with a history of schizophrenia have a coex-
isting substance abuse disorder.  234   Furthermore, many 
individuals with substance abuse disorder have comor-
bid psychiatric disorders, particularly phobias, major 
depression, and antisocial personalities. In a study of 243 
unrelated, recruited, cocaine - dependent adults, 90% of 
these individuals met the criteria for substance use dis-
orders other than cocaine dependence.  235   Common non-
substance use disorders included antisocial personality 
disorder (77%), major depression (10%), and attention 
defi cit - hyperactivity disorder (10%).  

  Medical Complications 

 Cocaine intoxication and chronic cocaine abuse produce 
a variety of medical complications primarily involving 
the cardiovascular, central nervous, and the pulmonary 
systems. Table  56.1  outlines potential medical complica-
tions associated with cocaine abuse exclusive of repro-
ductive effects. Cocaine overdose frequently occurs in 
the setting of multiple - drug use, particularly ethanol, 
opioids, and marijuana.  236

TABLE 56.1.    Potential Medical Complications of Cocaine Abuse.  59

   Organ System     Complication     Clinical Effects  

  Cardiovascular  
      Ischemia    Angina, myocardial infarction, cardiogenic shock, renal 

dysfunction/infarction, intestinal infarction, limb ischemia/
compartment syndrome  

      Hypertension    Intracranial hemorrhage, aortic dissection  
      Dysrhythmias    Sinus tachycardia, supraventricular tachycardia, ventricular 

tachyarrhythmias, hypotension, cardiac arrest  
      Myocarditis      
Central Nervous System
      Seizures    Trauma, hypoxia  
      Stroke    Cerebral embolism/infarction, subarachnoid hemorrhage, 

intracranial hemorrhage 
      Neurologic defi cits    Transient focal neurologic effects, altered consciousness, 

encephalopathy, coma  
Respiratory
      Respiratory depression/arrest, 

pulmonary edema  
  Hypoxia  

      Barotrauma    Pneumomediastinum, pneumothorax  
Metabolic
      Hyperthermia    Multisystem organ failure, shock  
      Rhabdomyolysis    Renal dysfunction  
Immune System
      Intravenous drug use    HIV infection, hepatitis B/C, endocarditis, wound botulism, 

tetanus

Abbreviation:  HIV  =  Human immunodefi ciency virus.   
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chest pain and a MI after cocaine use, present to the 
emergency department with ECG evidence of a MI.  255

Myocardial perfusion imaging did not detect signifi cant 
myocardial ischemia in a prospective study of 14 patients 
with chest pain for > 15 minutes after cocaine use 
and no ECG evidence of myocardial ischemia.  256

Consequently, most patients with chest pain following 
the use of cocaine have a low risk of developing myo-
cardial ischemia. In a study of 293 patients with cocaine -
 associated chest pain enrolled in a multicenter, 
prospective clinical trial, 10 had acute myocardial isch-
emia and 2 had a documented MI.  238   Furthermore, most 
patients presenting to the emergency department with 
chest pain after cocaine use have normal cardiac func-
tion (cardiac output, cardiac index, stroke volume).  257   A 
prospective consecutive cohort study of cocaine -
 associated chest pain with low to intermediate cardiac 
risk have a low risk (i.e.,  < 1%) of developing an acute 
MI during the fi rst year after completing a chest pain 
observation unit protocol.  258   Exclusion criteria during 
admission and observation included the development of 
ECG or serum cardiac markers suggestive of acute MI, 
history of acute MI or coronary artery bypass graft, 
hemodynamic instability, and unstable angina.  

Dysrhythmias.     Cocaine - induced dysrhythmias com-
monly include sinus tachycardia and premature ven-
tricular beats. These dysrhythmias are usually transient. 
The presence of underlying heart disease or the admin-
istration of massive cocaine doses are not prerequisites 
for the development of cocaine - associated cardiovascu-
lar complications.  259   Case reports temporally associate 
the use of ethanol and the nasal insuffl ation of cocaine 
with supraventricular tachycardia and myocardial isch-
emia as well as ventricular fi brillation and  torsade de 
pointes .  260,261,262   The use of cocaine may unmask electro-
physiologically silent accessory pathways resulting in 
the onset of life - threatening cardiac dysrhythmias.  259   In 
addition, the use of cocaine may prolong the QT c  inter-
val in some, but not all, patients using cocaine and con-
sequently potentiate the risk of ventricular fi brillation 
in susceptible patients (e.g., idiopathic long QT syn-
drome).263   In a study of 45 cocaine abusers hospitalized 
for cocaine toxicity, the mean QT c  interval of the cohort 
with chest pain was signifi cantly longer than the QT c
interval of the cohort without chest pain (approximately 
510    ±    84 msec vs. 459    ±    74 msec, respectively).  264   Three 
patients in the former group developed torsade de 
pointes  requiring resuscitation, whereas none of the 
patients in the latter group required defi brillation. High 
doses of cocaine may produce sodium channel blockade 
and direct myocardial depression similar to type I anti-
dysrhythmic drugs.  242   Brugada syndrome is a congenital 
electrical disorder characterized by the appearance of 

ers; this risk decreased rapidly to 4 - fold 2 hours after 
using cocaine. 

 About 31 – 67% of patients with cocaine - associated 
MIs have arteriosclerotic coronary artery disease.  241

Most of these patients present to the emergency depart-
ment within 24 hours of the last cocaine use. Myocardial 
ischemia and infarction occur after cocaine use from all 
routes of exposure, and the cocaine - induced cardiovas-
cular complications (Q - wave and non - Q - wave MIs, 
myocarditis, dysrhythmias, cardiomyopathy, aortic aneu-
rysm) are not dose - related.  242,243,244   Although most 
patients who develop cardiac abnormalities after 
cocaine use have preexisting cardiac disease,  237,245   case 
reports indicate that acute MI may occur in patients 
without angiographic evidence of coronary artery 
disease including patients with cocaine - associated MI 
and coronary artery ectasia or aneurysms.  246   Inhalation 
of 0.25   g of cocaine immediately preceded the develop-
ment of chest pain and elevated cardiac enzymes in a 
21 - year - old man with structurally normal coronary 
arteries and a prior history of angina.  247   After the inha-
lation of 1.5   g of cocaine over 5 hours, a 28 - year - old 
woman developed anterior chest pain as well as ECG 
and enzymatic evidence substantiating an anterior 
MI.248   There was no prior history suggestive of preexist-
ing heart disease or documented cardiovascular risk 
factors, and coronary angiography demonstrated no 
fi xed coronary artery disease or ergonovine - induced 
coronary spasm. These case histories suggest that 
cocaine may produce coronary artery vasospasm or 
alter thrombin formation even in the absence of under-
lying disease as documented by normal coronary angi-
ography and normal stress ECGs.  249

Chest Pain.     Although chest pain is a common com-
plaint following the use of cocaine, documentation of a 
MI in these patients is relatively rare even in the pres-
ence of ECG changes suggestive of ischemia. The rate 
of MIs in patients hospitalized for chest pain after 
cocaine use varies from 0 – 31% with most studies near 
6%, depending on the institution, patient population, 
criteria for MI, and admission policies.  250,251,252

Retrospective clinical studies indicate that recent 
cocaine use may affect serum myoglobin concentrations 
and, to a much lesser extent, serum CK - MB concentra-
tions.  253   Elevation of creatine kinase (CK) and creatine 
kinase - myocardial band (CK - MB) fractions may occur 
following cocaine use without acute myocardial isch-
emia. In a study of 8 cocaine users admitted to an urban 
hospital with elevated CK - MB fractions and chest pain 
in the emergency department, only 2 patients had per-
sistent CK - MB enzyme elevations on serial testing.  254

Recent cocaine use does not affect the specifi city of 
serum cardiac troponin I.  253   Most patients, who develop 
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Aortic Dissection.     Although acute aortic dissection 
is an infrequent complication of cocaine abuse, some 
studies indicate that crack cocaine - associated acute 
aortic dissections account for about one - third of the 
cases, particularly in an inner city population consisting 
of a large number of black men with untreated hyper-
tension.275   In a retrospective chart review of 164 cases 
of acute aortic dissection at an urban hospital, 16 
patients (9.8%) used cocaine in the 24 - hour period prior 
to the onset of symptoms.  276   The mean duration between 
cocaine use and the onset of aortic dissection was 12.8 
hours (range, 4 – 24   h). The incidences of DeBakey dis-
section types I, II, IIIa, and IIIb were similar between 
the cocaine users and the noncocaine users, whereas the 
prevalence of Stanford Group B dissections was greater 
in cocaine users than nonusers in another case series of 
46 consecutive admissions for aortic dissection to an 
urban hospital.  277   A previously healthy 45 - year - old man 
with preexisting hypertension developed a fatal, acute 
ascending aortic dissection after smoking freebase for 
several hours.  278   A 45 - year - old chronic cocaine abuser 
developed severe, sudden, crushing substernal chest 
pain after a 36 - hour cocaine binge.  279   He underwent 
successful repair of a dissecting aneurysm of the ascend-
ing aorta that required replacement of the aortic valve. 
Although most of these case reports document the 
occurrence of dissecting thoracic aneurysms in patients 
with cardiac risk factors (i.e., hypertension),  280,281   a few 
of these patients did not have known cardiac risk factors 
for the development of aortic aneurysms.  282,283   Almost 
all cases of aortic dissection involve the thoracic rather 
than the abdominal aorta.  284

  Neurologic 

 Common neurologic complications of chronic cocaine 
abusers admitted to medical facilities include focal neu-
rologic defi cits, seizures, headaches, and transient loss of 
consciousness.  285   The focal neurologic abnormalities 
involve visual, sensory, and motor disturbances that may 
result from transient ischemic events or structural 
lesions (stroke, subarachnoid hemorrhage). With the 
exception of seizures during a massive overdose of 
cocaine, the risk of developing neurologic complications 
during cocaine use is not clearly related to the dose or 
the route of cocaine administration.  286   In the vast major-
ity of patients with cocaine - associated neurologic com-
plications, symptoms develop within 6 hours of the use 
of cocaine. In a series of 33 patients presenting to an 
urban hospital with neurovascular sequelae associated 
with cocaine use, the percentage of patients developing 
these complications during cocaine use and during the 
subsequent 6 hours was 54.5% and 33.3%, respec-
tively.  287   Occasional case reports associate cocaine use 

distinctive QRST - T wave patterns in the right precor-
dial leads (i.e., coved ST elevation V 1  – V 3 ) and an 
increased risk of sudden death in young healthy adults. 
Cocaine is one of the drugs associated with the appear-
ance of the Brugada syndrome.  265

 During severe cocaine intoxication (hyperthermia, 
multiple seizures, metabolic acidosis) a variety of serious 
arrhythmias may develop including ventricular tachy-
cardia and unstable wide and narrow complex bradyar-
rhythmias.  266   However, sudden death associated with 
cocaine - induced excited (agitated) delirium is usually 
not associated with ventricular fi brillation or ventricular 
tachycardia, even when Tasers or pepper sprays are used 
during restraining procedures. In a series of 18 cases of 
sudden death associated with excited delirium and 
restraint by law enforcement personnel, paramedics 
determined the rhythm of 13 individuals immediately 
prior to cardiac arrest.  267   Ventricular dysrhythmias were 
the primary cardiac arrest rhythm in only 1 of 13 cases, 
while ventricular fi brillation was not found in any of 
these 13 cases. Cocaine or amphetamine was present in 
the postmortem blood from 10 of these 13 cases.  

Myocarditis.     In a study of the postmortem examina-
tion of 40 cocaine - associated and 27 sudden trauma -
 related deaths, there was a statistically signifi cant 
increase ( P     ≤    .05) in the presence of myocarditis (mono-
nuclear infi ltrate) between these 2 groups (20% vs. 
3.7%, respectively).  211   Other case reports associated 
cocaine abuse with eosinophilic infi ltration of the 
myocardium.  

Cardiomyopathy.     Long - term, high - dose cocaine use 
may enhance the development of cardiomyopathy in 
the absence of coronary artery disease based on experi-
mental evidence in animal models.  268   Dilated cardiomy-
opathy is a rare complication of cocaine abuse. A few 
case reports and case series associate chronic cocaine 
use with dilated cardiomyopathy and left ventricular 
dysfunction in the absence of atherosclerotic coronary 
artery disease.  269,270   Case reports indicate that the cardiac 
effects of the dilated cardiomyopathy are at least par-
tially reversible.  271,272   During 5 months of abstinence 
from freebase cocaine, the left ventricular ejection frac-
tion of a cocaine addict improved from < 20% to 45%.  273

A study of 40 chronic cocaine abusers enrolled in an 
inpatient drug rehabilitation program demonstrated a 
statistically signifi cant increase in left ventricular mass 
index in the cocaine group compared with 30 age -
 matched and race - matched controls.  274   Although ECGs 
indicated that left ventricular cavity dimensions and 
wall motion were normal in all participants, more 
cocaine addicts than controls (13 vs. 4) had increased 
posterior wall thickness.  
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recovered after 6 months of rehabilitation with some 
residual cognitive defi cits (impaired short - term memory, 
visuospatial functions).  

Seizures.     Cocaine - associated seizures occur in 
patients with and without preexisting seizure disorders 
and in patients with massive cocaine intoxication as an 
agonal event.  301   Seizures in cocaine abusers following 
cocaine use by all routes of administration are usually 
isolated, generalized tonic - clonic seizures that occur 
during or shortly after cocaine use, but occasionally sei-
zures may be partial.  302   In adults, seizures following the 
insuffl ation of cocaine usually occur in patients with an 
underlying seizure disorder.   303   In series of adults pre-
senting to the emergency department, most patients 
with cocaine - associated seizures have a known history 
of cocaine abuse.  304   Seizures in adult patients with 
normal neurologic examination after the seizure are 
usually not associated with intracranial lesions. In a ret-
rospective study of 33 uncomplicated, cocaine - associated 
seizures in patients with normal neurologic examina-
tions, diagnostic testing did not demonstrate any neuro-
logic abnormalities.  305   The presence of seizures along 
with coma and hyperthermia is an ominous prognostic 
sign.286   In children, focal or generalized seizures occur 
following accidental ingestion of cocaine.  306   The most 
common neurologic complications in a case series of 41 
children (age 2 months to 18 years) presenting to an 
emergency department following exposure to cocaine 
were seizures followed by obtundations and delirium.  307

Seizures in these children usually, but not always, are 
self - limited, depending on the amount of cocaine 
ingested.  

Headaches.     The abrupt onset of diffuse, severe head-
ache immediately after using cocaine suggests the pos-
sibility of a hemorrhagic or ischemic stroke. However, 
headache is a nonspecifi c sign of intracranial hemor-
rhage because vascular headache is the most common 
adverse neurologic sign present during cocaine intoxica-
tion and withdrawal.  308   Most patients presenting with 
the primary complaint of headache without focal 
neurologic signs have a benign clinical course.  285   The use 
of cocaine may precipitate or aggravate migraine 
headaches.  309

  Pulmonary 

 Most pulmonary complications associated with cocaine 
use involve the smoking of freebase cocaine.  310   Crack 
lung refers to an acute, infl ammatory pulmonary syn-
drome associated with the inhalation of freebase 
cocaine, manifest by fever, hemoptysis, hypoxemia, 
diffuse alveolar infi ltrates, and in rare cases, respiratory 
failure.  311   The etiology of most of these pulmonary 

with movement disorders (i.e., vocal and motor ticks, 
generalized dystonia, acute dystonic reaction) either as 
an exacerbation of a preexisting movement disorder 
(e.g., Tourette ’ s syndrome)  288   or  de novo  dyskinesias 
attributed to cocaine use.  289   A case series of 4 patients 
associated cocaine use with Tourette syndrome, idio-
pathic dystonia/essential - like tremor, and tardive 
dystonia.290

Intracranial Lesions.     All types of strokes complicate 
the chronic use of cocaine including subarachnoid hem-
orrhage, intracerebral hemorrhage, ischemic infarction, 
and vasculitis.  291   Additionally, these strokes occur at a 
younger age and in a variety of locations including 
unusual areas (e.g., anterior spinal artery, bilateral tha-
lamic lesions). Hemorrhagic strokes develop after the 
use of cocaine hydrochloride both via insuffl ation and 
freebase cocaine, but ischemic strokes are more common 
following freebase cocaine use than following the use of 
cocaine hydrochloride.  292,293   Although most angio-
graphic studies of cocaine - associated strokes demon-
strate the presence of arteriovenous malformations or 
an aneurysm, cerebrovascular lesions are absent in a 
minority of these cases.  294   Although the clinical progno-
sis of cocaine users with intracranial bleeding is unclear, 
a case - control study of cocaine users with subarachnoid 
hemorrhage did not detect a difference in the score on 
the Glasgow Outcome Scale between cocaine users and 
controls.  295   Embolic strokes are a complication of 
cocaine users with dilated cardiomyopathies and valvu-
lar lesions. Case reports also associate cocaine use with 
cerebral vasculitis manifest by focal weakness, head-
ache, dysarthria, drowsiness, and low - grade fever.  296

Clinical features of intracranial lesions include sudden 
onset of severe headache, nausea, vomiting, loss of con-
sciousness, and lateralizing neurologic signs (aphasia, 
hemiplegia, paresthesia, dysarthria).  297

 Toxic leukoencephalopathy is a progressive, fre-
quently fatal neurologic disease characterized by struc-
tural alteration of cerebral white matter, particularly 
myelin, and consciousness that results from a variety 
of causes including drug abuse (e.g., heroin). Although 
most cases of cocaine - induced neurologic disease 
involves intracranial hemorrhage or vasculitis, rare case 
reports associate toxic leukoencephalopathy with an IV 
cocaine overdose  298   and cocaine abuse.  299   A case report 
associated cocaine abuse with toxic leukoencephalopa-
thy that was partially reversible. A 30 - year - old male 
developed mutism, stupor, hyperrefl exia, and increased 
muscle tone after he continue cocaine abuse after a 
prior episode of toxic leukoencephalopathy resolved.  300

The fl uid - attenuated inversion recovery (FLAIR) 
images on his MRI demonstrated diffuse symmetric 
hyperintensity of the periventricular white matter; he 
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opment of hypopyon commonly complicates the 
occurrence of corneal erosions, frequently by unusual 
organisms (e.g.,  Brevibacterium casei ,  Capnocytophaga
spp.,  Streptococcus mitis ,  Streptococcus sanguis ). Large 
central scars with neovascularization and permanent 
visual loss may result.  

  Renal 

 Acute renal failure secondary to the development of 
rhabdomyolysis is the most common renal complication 
of cocaine use.  310   Risk factors for acute renal failure in 
patients with cocaine - induced rhabdomyolysis include 
hypotension, hyperthermia, and high serum creatine 
kinase concentrations. In a series of 39 patients with 
acute rhabdomyolysis secondary to cocaine use, renal 
failure developed in 33% of these patients.  186   Mean 
serum creatine kinase concentration in patients with 
and without renal failure were approximately 28,000   U/L 
and 8,000   U/L, respectively. The presence of renal 
failure, rhabdomyolysis, severe liver dysfunction, and 
disseminated intravascular coagulation in patients from 
this case series indicated a poor prognosis. Renal failure 
may occur following cocaine use in the absence of rhab-
domyolysis.  334   Rare case reports associate recent cocaine 
use with the development of renal infarction with  335   and 
without acute renal failure.  336   There are inadequate data 
to determine the effect of chronic cocaine use on the 
development of acute interstitial nephritis or chronic 
renal disease.  

  Gastrointestinal Tract 

 Gastrointestinal complications associated with cocaine 
abuse include mesenteric thrombosis, perforation, and 
ischemia. Intestinal ischemia is a complication of cocaine 
abuse via all routes.  337   Clinical features of mesenteric 
ischemia include abdominal pain, nausea, vomiting, and 
bloody diarrhea. Cocaine - associated enterocolitis typi-
cally involves infl ammatory or ischemic changes in the 
proximal colon that occur within 3 days of the last 
cocaine use.  338   Case reports associated gastroduodenal 
perforations339   and pneumoperitoneum  340   with crack 
cocaine smoking. The use of cocaine is not directly 
related to liver dysfunction, although liver failure may 
occur during severe cocaine intoxications along with 
multiple end organ failure and severe hyperthermia.  

  Muscles 

 Rhabdomyolysis associated with cocaine abuse may 
result from a variety of etiologies; most patients with 
cocaine - induced rhabdomyolysis have recognizable 
causes of muscle toxicity, such as compartment syn-

complications is not well defi ned; pathologic changes 
include both alveolar hemorrhage and interstitial 
edema.312   Chronic cough and bronchitis productive of 
black or blood - tinged sputum frequently result from 
habitual freebase smoking. Case reports associate 
freebase cocaine with pneumomediastinum  313,314   and 
pneumothorax.315   Symptoms include pleuritic chest pain 
and dyspnea; the clinical course of these complications 
is usually benign. Most patients become asymptomatic 
within approximately 24 hours. In a review of 42 cases 
of pneumomediastinum, 19% had associated pneumo-
thorax; only 1 patient required a chest tube.  316   Pulmonary 
edema may develop after pure freebase cocaine use,  317

and case reports suggest that the etiology is noncardio-
genic based on normal cardiac size, elevated protein 
levels, and increased capillary permeability detected by 
bronchoalveolar lavage.  318   A fatal case of pulmonary 
edema followed the IV injection of freebase cocaine.  319

Smoking cocaine may produce bronchospasm in cocaine 
abusers with  320   and without  321   a history of preexisting 
asthma. Other pulmonary abnormalities associated with 
smoking cocaine include pulmonary hemorrhage, bron-
chiectasis and interstitial desquamative pneumonia, 
bronchiolitis obliterans, and diffuse alveolar infi ltrates 
with hemoptysis and chest pain (hemorrhagic alveolitis 
or crack lung).  310,322   Clinical effects associated with hem-
orrhagic alveolitis include dyspnea, hypoxemia, fever, 
hemoptysis, and cough. The effect of freebase cocaine 
smoking on lung function and gas exchange remains 
controversial.312   Pulmonary complications from the 
chronic insuffl ation of cocaine include dyspnea on exer-
tion, cough, pulmonary opacities, pulmonary embolism/
thrombosis, and pulmonary granulomas.  

  Head and Neck 

 Chronic insuffl ation of cocaine causes a reactive hyper-
emia of nasal mucosa, recurrent epistaxis, anosmia, and 
a persistent rhinitis.  323   Mucosal erosions and, less often, 
nasal perforation and sinusitis also complicate chronic 
cocaine insuffl ation.  324,325   The sinusitis associated with 
nasal insuffl ation of cocaine is not associated with eosin-
ophils on nasal smear and fails to improve with antihis-
tamines and nasal sprays.  326   Case reports associate 
cerebrospinal fl uid rhinorrhea with chronic cocaine 
administration via the nasal route.  327   The hot vapor 
associated with freebasing or crack cocaine use may 
produce thermal injuries to the upper airway manifest 
by sore throat, dysphagia, odynophagia, cough, dyspho-
nia, and stridor.  328   Additional complications docu-
mented by case reports include nasal papilloma,  329

keratitis, iritis, and maculopathy with impaired color 
vision after insuffl ation,  330,331   and crack cocaine -
 associated corneal ulcers.  332,333   Infection with the devel-
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  Overdose 

 Although recreational use of cocaine may cause severe 
cocaine intoxication, massive cocaine intoxication 
usually results from body packing or, less often, body 
stuffi ng.  353   Individuals who smuggle cocaine within their 
bodies are called  “ body packers ”  or  “ mules, ”  whereas 
individuals who ingest cocaine to avoid arrest are  “ body 
stuffers. ”  Body stuffers, who ingest poorly wrapped 
bundles of rock (freebase) cocaine to avoid arrest, 
usually develop symptoms of cocaine intoxication 
within a few hours, whereas the appearance of symp-
toms in smugglers (body packers) may be delayed 
many hours depending on the durability of the cocaine 
bags during transit through their intestinal tract. 354   The 
amount of cocaine and the effectiveness of the wrap-
ping in preventing leakage accounts for the different 
onset and severity of intoxication associated with these 
2 syndromes. In the past, bags were composed of plastic 
bags, balloons, or condoms that easily leaked, but the 
process is more automated now with much stronger 
wrappings (i.e., latex sheath (condom, balloon) covered 
with several layers of latex and sealed with a hard wax 
coating).355   The patient is typically a young, white man 
who has recently arrived from South America.  356   The 
clinical presentation includes hyperthermia, tachycar-
dia, hypertension, mydriasis, nervous or agitated behav-
ior, toxic psychosis, delirium, and seizures. Early signs 
of cocaine intoxication include tachycardia, hyperten-
sion, agitation, anxiety, talkativeness, and muscle hyper-
activity. The presence of these signs in a body packer 
or a body stuffer indicates that more serious signs of 
cocaine toxicity may develop, although the clinical 
course of body stuffers is usually mild. In contrast to 
body packers, body stuffers who develop cocaine toxic-
ity typically will be symptomatic on admission or shortly 
thereafter. In a study of 98 cocaine body stuffers 
brought to the emergency department by law enforce-
ment personnel, all complications occurred within 3 – 4 
hours of admission to the emergency department 
including seizures in 4 patients.  357   Rarely, delayed sei-
zures occur in body stuffers ingesting very large 
amounts of freebase cocaine.  358   Terminal convulsions, 
ventricular dysrhythmias, or respiratory arrest usually 
develops within the fi rst 30 minutes following massive 
cocaine exposure.  359   Abdominal x - rays may or may not 
demonstrate foreign bodies, and the absence of 
radiodense material does not exclude the presence of 
cocaine packets.  12   Symptoms of cocaine intoxication 
can recur several days after apparent recovery when 
remaining bags rupture,  360   leading to death over 1 week 
after ingestion.  361   Typically, violent seizures followed by 
respiratory arrest precede death secondary to massive 
cocaine overdose.  203

drome, prolonged immobilization, hyperactivity, sei-
zures, hyperthermia, or direct trauma during periods of 
altered behavior.  341   The presence of rhabdomyolysis fol-
lowing cocaine use is not usually associated with toxic 
effects unless severe; the clinical features of severe 
rhabdomyolysis include weakness, myalgias, nausea, 
vomiting, hypocalcemia, muscle swelling, and myalgias. 
In a prospective study of 34 patients presenting to a 
large urban hospital with complaints related to cocaine 
use, 24% (8 cases) of these patients had evidence of 
rhabdomyolysis as defi ned by a creatine kinase concen-
tration 5 times normal values ( > 1000   U/L).  342   Muscle 
symptoms did not correlate to serum creatine kinase 
concentrations. Severe rhabdomyolysis occurs both with 
and without cocaine - induced excited delirium, but the 
nonfatal cases of severe rhabdomyolysis associated with 
cocaine use shares many similar risk factors with excited 
delirium.343

  Temperature Control 

 Clinically serious elevation of temperature can occur in 
cocaine users, particularly in association with delirium. 
The hyperthermia can develop along with multiorgan 
failure that includes renal failure, rhabdomyolysis, liver 
failure, and disseminated intravascular coagulation.  344

These clinical features occur following all routes of 
exposure including nasal insuffl ation,  345   IV injection,  346

and smoking freebase (crack).  347

  Anaphylaxis 

 True anaphylactic reaction to pure cocaine is extremely 
rare, although street samples may contain more aller-
genic drugs (e.g., quinine). Severe immediate reactions 
to cocaine use more likely result from massive overdose 
or rapid IV injection. Following very large cocaine 
doses, cardiac collapse and respiratory arrest may occur 
without grand mal seizures.  

  Skin 

 Following the probable use of levamisole - contaminated 
cocaine, case reports documented the development of 
an occlusive, necrotizing vasculitis including purpura of 
the face and ear, retiform purpura of the trunk,  348,349   and 
agranulocytosis.  350,351   A 52 - year - old woman presented to 
an emergency department with purpura of the face, 
breasts, and extremities.  352   The skin biopsy demon-
strated an antineutrophil cytoplasmic antibody - positive 
vasculitis with focal intravascular fi brin formation. 
Analysis of her urine 2 days after admission detected 
0.92   mg levamisole/L.   
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when compared with cardiac arrest in patients without 
cocaine use.  367   The exception to good neurologic 
outcome in these patients is the crack cocaine - using 
patient with excited delirium.  

  Excited Delirium 

 Sudden death occurs in a small subset of chronic cocaine 
abusers following the development of agitation, bizarre 
behavior, and delirium during the use of cocaine. Wetli 
and Fishbain fi rst described this syndrome of fatal 
excited delirium in 7 chronic cocaine hydrochloride 
abusers in 1985.  203   The inappropriate behavior includes 
formication, disturbed perceptions, impaired thinking, 
hallucinations, aggression, breaking objects, screaming, 
and hyperactivity. Symptoms begin with the acute 
onset of intense paranoia, followed by bizarre and 
often violent behavior that requires forcible restraint 
by police, health care providers, or bystanders. 
Cardiorespiratory arrest may develop immediately or 
soon after being restrained. Sudden cardiorespiratory 
arrest during the restraint procedures or shortly there-
after does not usually result from the restraints or from 
trauma associated with the restraint procedure.  368   In a 
retrospective study of 58 cases of cocaine - induced fatal 
excited delirium and 125 cases of accidental cocaine 
fatalities without excited delirium, the excited delirium 
cases were more likely to be black, male, younger, 
heavier, and hyperthermic compared with accidental 
overdoses.  369   Additionally, the excited delirium cases 
were more likely to die during summer months. Although 
the fatal excited delirium cases were more likely to 
occur in police custody than accidental overdoses, only 
about one - third of the fatal excited delirium cases died 
in police custody. The postmortem cocaine concentra-
tions and heart weights were similar in both groups. 

 The mechanism of death in cocaine - induced excited 
delirium is not well defi ned. A case series of 18 cases of 
sudden death associated with excited (agitated) delirium 
documented ventricular dysrhythmias in only 1 of 13 
cases when the primary cardiac arrest rhythm was avail-
able.  267   This case series also included 196 cases of indi-
viduals surviving excited delirium in hobble restraints 
without signifi cant medical complications. Although 
many cases of sudden death associated with excited 
delirium involve restraint procedures and cocaine abuse, 
sudden death during excited delirium also occurs in 
agitated patients without the presence of stimulant 
drugs370,371   and without restraint procedures.  372

Frequently, patients dying following cardiac arrest 
during restraint procedures are hyperthermic and pro-
foundly acidotic. The severity of the clinical response 
does not correlate directly to the absorbed dose of 
cocaine, and postmortem blood samples from these 

  Fatalities 

 Causes of cocaine - associated fatalities include sudden 
death, accidental trauma, accidental overdoses, suicides, 
and homicides. In a review of cohort studies of IV or 
treatment - seeking cocaine users, the standardized mor-
tality ratios were ∼ 4 – 8 times higher than age -  and sex -
 matched peers in the general population.  362   Mortality 
from trauma and infection are particularly high in this 
population, suggesting the importance of socioeconomic 
factors as well as drug habits. There are few mortality 
data on individuals using cocaine by insuffl ation only. 

  Accidental Overdose 

 Deaths resulting from the pharmacologic effects of 
cocaine are usually sudden and occur within a few hours 
of cocaine use.  59   The use of cocaine can precipitate a MI, 
dysrhythmias, and sudden death in patients with or 
without cardiovascular disease. In a Spanish prospec-
tive, case - control study of 668 cases of sudden death, 
3.1% of these cases were associated with cocaine use.  363

Causes of sudden death included cardiovascular (62%), 
cerebrovascular (14%), excited delirium (14%), respira-
tory complications (5%), and metabolic abnormalities 
(5%). Severe coronary artery disease and coronary 
artery thrombosis were present in 29% and 14% of the 
sudden death cases, respectively. Death in young cocaine 
abusers is frequently abrupt and idiosyncratic, presum-
ably as a result of a lethal ventricular arrhythmia or an 
idiopathic response to cocaine. However, the actual 
documentation of life - threatening ventricular arrhyth-
mias secondary to recreational cocaine use is uncom-
mon, especially considering the frequency of cocaine 
abuse in the United States.  364   Although risk factors for 
ventricular dysthymias (e.g., coronary artery disease, 
hypertrophy, hypertension, myocarditis, ischemia) are 
often present in case series on cocaine - associated 
sudden death, MI is uncommon in postmortem exami-
nation of these patients.  365,366   In a case series of 24 autop-
sies that demonstrated cocaine or benzoylecgonine in 
postmortem samples, signifi cant coronary arteriosclero-
sis ( > 70% occlusion) was present in over 60% of these 
cases.  214   Other causes of death soon after exposure to 
cocaine include status epilepticus, centrally mediated 
respiratory arrest, excited delirium, and intracerebral 
hemorrhage. Although respiratory collapse and death 
frequently occur immediately after cocaine injection, 
administration of cocaine by the nasal or oral routes 
may delay terminal seizures as long as 1 hour after 
exposure.  14   Retrospective studies of cardiac arrest in 
crack cocaine users with positive urine drug screens for 
cocaine suggest that these patients are younger and 
more likely to survive with total neurologic recovery, 
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cocaine addicts, who used mostly IV methods, the mood -
 distress scores and cravings for cocaine were highest at 
admission and decreased gradually over the 28 days of 
the study.  375

  Extinction 

 A third phase (i.e., extinction) ensues after abstinence 
is sustained throughout the fi rst 2 phases. Brief, episodic 
craving recurs after withdrawal symptoms resolve and 
during the extinction phase, particularly when con-
fronted with stimuli (e.g., friends, settings) that remind 
the cocaine addict of prior experiences with the drug. 
Although these cravings gradually diminish over months 
to years, certain conditions (white powders, pipes, 
syringes, people, locations, moods) associated with 
cocaine - induced euphoria may evoke intense cravings 
for cocaine.   

  Reproductive/Developmental Abnormalities 

 The effect of maternal cocaine use on reproductive 
abnormalities remains controversial because of recall 
bias, unreliable exposure data (e.g., measurement of 
cocaine use during pregnancy), publication bias, and 
multiple confounding factors (e.g., multiple drug use, 
poor prenatal care). The most common adverse fetal 
consequences of in utero  exposure to cocaine are low 
birth weight ( < 2500   g), preterm birth, and intrauterine 
growth restriction.  376,377   Some longitudinal studies dem-
onstrate reduction in growth parameters of children 
exposed to cocaine during the fi rst trimester,  378   whereas 
other studies do not detect growth abnormalities in chil-
dren exposure to cocaine prenatally.  379   Potential compli-
cations of cocaine use during pregnancy include an 
increased risk of abruptio placentae ,  380   stillbirth,  381   and 
preterm labor.  382   Potential cocaine - associated neonatal 
complications include congenital malformations, 
decreased fetal growth, microcephaly, seizures, cerebral 
infarction and hemorrhage, auditory system defi cits, 
sudden infant death syndrome, speech/language delays, 
and behavioral changes.  383,384   Other potential adverse 
consequences of cocaine use during pregnancy involve 
delay in cognitive development,  385   oppositional defi ant 
disorder, aggression,  386   attention defi cit – hyperactivity 
disorder,  387   delayed motor development (posture, tone, 
hand - eye coordination),  388   and poor language develop-
ment.389   Chronic use of cocaine during pregnancy prob-
ably reduces birth measurements, but longitudinal 
studies suggest that these cocaine - related reductions in 
weight, length, and head circumference disappear during 
early childhood development.  390,391   In a case control 
study of 50 cocaine - abusing mothers, reproductive 
abnormalities included reduced birth weight, increased 

patients typically contain lower cocaine concentrations 
(e.g.,  < 0.6 – 1   mg/L) than blood samples from fatalities 
resulting from large cocaine overdoses. Additionally, the 
former patients do not usually develop preterminal sei-
zures in contrast to the typical severe cocaine overdose.   

  Abstinence Syndrome 

 Although the spectrum and time course of abstinence 
syndromes following chronic cocaine use remains some-
what controversial, the consensus indicates that there 
are 3 phases: crash, withdrawal, and extinction.  223

Typically, the clinical features of cocaine withdrawal are 
mild, primarily involving sleep disturbances, vivid 
dreams, agitation, excessive appetite, fatigue, and psy-
chomotor retardation.  373

  Crash 

 The crash is the immediate rebound that develops soon 
(i.e.  < 1   h) after the cessation of cocaine use, and this 
phase usually lasts a few hours to a few days. The crash 
represents the extreme exhaustion that occurs after a 
binge of cocaine use as the craving for sleep replaces 
cravings for stimulant use. During this period, the use 
of other drugs (benzodiazepines, ethanol, sedatives, 
opioids, marijuana) is common as a means to reduce the 
agitation, dysphoria, depression, insomnia, and anxiety 
associated with the binge use of cocaine. Prolonged 
hypersomnolence, irritability, and periods of hyperpha-
gia precede the return of a more normal mood. In clini-
cal practice, the resumption of a normal sleep pattern 
followed by 3 or more days of abstinence confi rms the 
resolution of a crash.  374

  Withdrawal 

 The severe withdrawal symptoms seen in opioid and 
ethanol dependence do not occur after cessation of 
cocaine use, but the extent of withdrawal symptoms fol-
lowing the habitual use of cocaine remains controver-
sial. Intermittent cocaine users do not usually experience 
withdrawal symptoms. Patients, who are abstinent after 
heavy cocaine use, report decreased energy, listlessness, 
anxiety, anhedonia, and limited interest in their environ-
ment, but the symptoms fl uctuate and lack the intensity 
associated with a major mood disorder.  223   A craving for 
cocaine persists through this period. Mild symptoms 
generally begin after the crash (i.e., 1 – 5 days after ces-
sation of cocaine use) and these symptoms increase in 
intensity over the next 12 – 96 hours.  374   Symptoms may 
last 1 – 10 weeks. The dosage and chronicity of cocaine 
use required to produce withdrawal symptoms have not 
been adequately studied, but heavy users (e.g., freebase 
cocaine users) are at the highest risk.  101   In a study of 12 
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ingestion of massive amounts of cocaine based on rare 
case reports.  400   In such cases, the heart blood (but not 
the femoral blood) contains very high concentrations of 
both cocaine and benzoylecgonine. 

 Extraction of benzoylecgonine from urine typically 
involves liquid or solid - phase extraction using an extrac-
tion column. Benzoylecgonine is a polar, amphoteric, 
and highly hydrophilic compound that resists extraction 
by styrene - divinylbenzene copolymers (e.g., XAD - 2) 
and ion exchange resins, but is removed from the matrix 
by solid - phase extraction and a variety of solvents 
(chloroform/isopropanol, methanol/acetonitrile).  401,402   
Hydrolysis of urine samples is not necessary because 
benzoylecgonine in not conjugated in urine in any sig-
nifi cant amount.  

  Confirmation.     Most analytic procedures use solid -
 phase extraction and deuterated analogues as internal 
standards.  403   Maintaining excessively alkaline condi-
tions (i.e., pH  > 9) during the extraction procedure may 
cause substantial hydrolysis of cocaine present in the 
sample to ecgonine methyl ester. Gas chromatographic 
techniques and capillary columns separate cocaine and 
metabolites from other compounds. Detection methods 
include nitrogen phosphorus and electron capture. The 
use of gas chromatographic techniques may require pre-
analytic chemical derivatization for the detection of 
cocaine metabolites depending on the detection method 
(e.g., the use of nitrogen phosphorus detection allows 
the quantitation of cocaine without derivation, but the 
detection of cocaine metabolites requires derivation). 
The most specifi c technique for determining the identi-
fi cation of a compound (e.g., cocaine) is mass spectrom-
etry, which records a unique  “ fi ngerprint ”  of mass 
fragments by bombarding the sample with high - energy 
electrons in a controlled magnetic fi eld. Both radioim-
munoassay and enzyme immunoassay are sensitive 
semiquantitative methods of detecting benzoylecgonine 
in the urine with a lower cutoff of about 0.05   mg/L.  403   

 The lower limit of quantitation (LLOQ) for cocaine 
and benzoylecgonine in postmortem blood samples 
using gas chromatography/mass spectrometry (GC/MS) 
is  ∼ 0.05   mg/L.  404   High performance liquid chromatogra-
phy is more sensitive than thin layer chromatography, 
but this method is less sensitive than GC/MS unless 
combined with tandem mass spectrometry.  405   Solid -
 phase extraction followed by liquid chromatography/
tandem mass spectrometry allows the detection of 
cocaine and benzoylecgonine in plasma at a LLOQ of 
0.02   mg/L.  406   In general, liquid chromatography/tandem 
mass spectrometry is more sensitive than GC/MS;  407   
however, liquid chromatography/tandem mass spec-
trometry has potentially greater variability in product 
ion formation using multiple reaction monitoring or 

malformation rates, and higher incidences of abruptio 
placentae and stillbirths.  392   Another study involving 30 
women admitting to the use of cocaine during the fi rst 
trimester of pregnancy did not detect any adverse 
obstetrical or neonatal effects during the fi rst 18 months 
of life.  393   Studies of children born to mothers using 
cocaine during pregnancy did not detect a strong asso-
ciation between prenatal cocaine exposure and adjust-
ment or IQ at age 4 years, particularly in girls.  394   
However, after adjustment for confounding variables, 
another longitudinal study of cocaine - exposed children 
followed to age 3 years found defi cits in the scores of 
these children on the Bayley Mental and Psychomotor 
Developmental Indices when compared with controls.  390   
A number of methodologic issues limit the interpreta-
tion of data on the reproductive effects of cocaine 
including cohorts unrepresentative of the general popu-
lation, accurate quantifi cation of cocaine use, polydrug 
use, and diffi culty controlling confounding variables 
(e.g., parenting styles). These methodologic issues 
prevent a defi nitive conclusion regarding the causal 
relationship between cocaine and adverse fetal out-
comes.  395   Studies on the teratogenicity of cocaine in 
animals are also confl icting.  396     

  DIAGNOSTIC TESTING 

  Unit Conversion 

 Cocaine

   1 3 30nmol g= . μ  

   1 0 303μg nmol= .   

 Cocaethylene

   1 3 15nmol g= . μ  

   1 3 15 0 317μg nmol/ nmol= =. .    

  Analytic Methods 

  Methods 

  Screening.     Most screening tests for the detection of 
cocaine use involve the analysis of the metabolite, ben-
zoylecgonine, in the urine by immunoassay.   397   The rapid 
and extensive metabolism of cocaine in blood and the 
instability of cocaine produce high false - negative values, 
when plasma cocaine is the primary analyte for screen-
ing purposes. Most immunoassays are relatively specifi c 
for benzoylecgonine and the assays demonstrate little 
cross - reactivity between cocaine and benzoylecgo-
nine.  398,399   Postmortem screening for benzoylecgonine 
using standard immunoassays may be negative (i.e., 
below the cutoff) in cases involving death soon after the 
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samples. Special chromatographic and spectroscopic 
techniques including mass spectrometry and nuclear 
magnetic resonance may be necessary to determine the 
origin of street samples.  45   Chromatographic methods 
can separate cocaine from commonly encountered adul-
terants list under the Impurities and Profi ling section.  417

  Storage 

 Both the spontaneous chemical hydrolysis of cocaine to 
benzoylecgonine and the conversion of cocaine to 
ecgonine methyl ester (EME) via acylcholine acylhydro-
lase (pseudocholinesterase, butyrylcholinesterase, plasma 
cholinesterase) occur in preserved and postmortem 
samples, particularly under alkaline and warm condi-
tions.  418   In unpreserved blood,  in vitro  stability studies 
indicate that plasma butyrylcholinesterase hydrolyze 
cocaine almost exclusively to ecgonine methyl ester.  419

The loss of cocaine can be dramatic in unpreserved 
samples. In antemortem whole blood fortifi ed with 
cocaine, the cocaine concentration decreased from 
2   mg/L to 0.64   mg/L when stored at room temperature 
for 24 hours.  419   The addition of sodium fl uoride inhibits 
the enzymatic hydrolysis of cocaine to ecgonine methyl 
ester, but not the spontaneous chemical hydrolysis of 
cocaine to benzoylecgonine. In unpreserved whole blood 
samples, benzoylecgonine is more stable than ecgonine 
methyl ester when stored at room temperature. Over a 
35 - day period, the loss of benzoylecgonine from unpre-
served blood samples stored at room temperature was 
25% compared with 50% for ecgonine methyl ester.  419

 Because of the spontaneous, postmortem hydrolysis 
of EME and benzoylecgonine to ecgonine, the molar 
sum of cocaine and EME approximates the minimum
amount of cocaine present at the time of death.  420

However, unpredictable postmortem changes in cocaine 
concentrations after death, and the presence of ecgo-
nine methyl ester in patients presenting with cocaine 
intoxication limit the usefulness of using stoichiometric 
relationships to interpret postmortem cocaine changes. 

 Cholinesterase inhibitors (e.g., physostigmine, diiso-
propyl fl uorophosphate) and fl uoride ion inhibit the 
conversion of cocaine to EME, but not the spontaneous 
hydrolysis of cocaine to benzoylecgonine. The use of 
0.25% sodium fl uoride in blood samples (i.e., standard 
gray - top Vacutainer  ®   tubes) prevents the hydrolysis of 
cocaine during transport and short - term storage ( < 48   h), 
particularly when the blood sample is stored in a 
gray - top tube and refrigerated.  421   However, the use of 
0.25% sodium fl uoride does not prevent the degrada-
tion of cocaine in blood samples stored at room tem-
perature over longer periods. In a long - term study of 
cocaine concentrations ( < 0.2   mg/L) stored in blood 
samples containing 100   mg sodium fl uoride at ambient 

selected reaction monitoring as well as the potential for 
components of the sample matrix to either suppress or 
enhance the ionization of target analytes (matrix effect). 
Anhydroecgonine methyl ester is a byproduct of 
smoking crack cocaine, and the presence of this byprod-
uct is a marker of freebase cocaine use.  408   The use of 
GC/MS limits the artifactual formation of this marker.  409

Cocaine N  - oxide is a minor oxidative metabolite of 
cocaine that decomposes to cocaine at temperatures 
exceeding 100 ° C (212 ° F). Consequently, the analysis of 
cocaine samples by methods that use high - temperature 
injection ports may overestimate (i.e., 10 – 20%) the 
actual concentration of cocaine.  410

  Street Sample Analysis 

 Illicit cocaine samples commonly contain a variety of 
impurities and contaminants including natural alkaloids 
present in the crude leaf extracts, products of cocaine 
decomposition, and byproducts of the chemical process-
ing of illicit cocaine. Identifi cation of these impurities 
may assist in the determination of the origin of cocaine 
street samples. Natural compounds present in the leaves 
of coca plants beside cocaine include cis  -  and  trans  -
 cinnamoylcocaine, cuscohygrine, hygrine, hydroxyco-
caine, tropacocaine, trimethoxycocaine, and truxilline 
compounds. The  cis  -  and  trans  - cinnamoylcocaine are 
relatively stable compounds that are structurally similar 
to cocaine.  411   Consequently, these minor alkaloids are 
extracted together with cocaine during the processing 
of the coca plant. However, the concentration of these 
alkaloids in cocaine varies because the use of oxidizing 
agents (e.g., potassium permanganate) during the pro-
cessing of cocaine may destroy some of the cinnamoyl-
cocaine.  412   The truxilline compounds are stable alkaloids 
that vary substantially in concentration between coca 
plant varieties and chemical processing does not affect 
the content of these natural alkaloids.  413   Comparison of 
the relative ratios of tropacocaine, norcocaine, cinnamo-
ylcocaine, and cocaine helps determine the origin of 
samples of illicit cocaine.  414   Furthermore, the coca 
plant produces only the levo - stereoisomer of cocaine, 
so that detection of any of the diastereoisomers of 
cocaine (e.g., pseudococaine, allocaine, pseudoallo-
cocaine) or its d  - enantiomer indicates synthetic 
production. Manufacturing byproducts include oxida-
tion products from permanganate bleaching ( N  -
 norcocaine,  N  - acetylnorcocaine,  N  - formylnorcocaine, 
N  - benzoylnorecgonine methyl ester),  415   hydrolysis 
products (benzoylecgonine, ecgonine, ecgonine methyl 
ester, benzoic acid, cinnamic acids, truxinic and truxillic 
acids), and solvent residues (acetone, diethyl ether).  416

A variety of sophisticated profi ling procedures are 
available to determine the origin of illicit cocaine 



PART 2 PSYCHOACTIVE PLANTS

836

urine samples that do not contain cholinesterases. 
Because the concentrations of EME do not increase in 
urine samples during storage, the presence of EME indi-
cates the in vivo  conversion of cocaine to EME; there-
fore, the use of cocaine while the individual was alive.  430

In buffered formalin (pH    =    7.4), cocaine undergoes 
hydrolysis to benzoylecgonine with a half - life of about 
1 week, whereas cocaine is relatively stable in unbuf-
fered formalin over 30 days.  431   Within 15 – 30 days after 
preservation with formalin, the rapid extraction of 
cocaine into formalin and subsequent hydrolysis to ben-
zoylecgonine limits the detection of cocaine in these 
tissues.   

  Biomarkers 

 Pharmacokinetic studies of volunteers and animals 
given radiolabeled cocaine indicate that the whole 
blood/plasma ratio of cocaine is approximately 1.  73,432

The most common biologic samples used for the analy-
sis of cocaine involve the blood and urine. 

  Bile/Liver 

 Bile may contain substantial concentrations of cocaine 
and cocaine metabolites as measured by high perfor-
mance liquid chromatography with ultraviolet detection 
(235   nm) or gas chromatography with fl ame ionization 
detection; however, there are few data to interpret the 
signifi cance of cocaine concentrations in bile other than 
to confi rm exposure.  433,434   Typically, cocaine and benzoy-
lecgonine concentrations are several fold higher in post-
mortem bile than in postmortem blood.  435   Case series 
suggest that the liver/blood ratio of cocaine does not 
correlate to the route of exposure.  436

  Blood 

Antemortem.     Measurements of blood cocaine con-
centrations document exposure, but these values seldom 
are available to guide clinical management. In general, 
the use of cocaine via the intranasal and oral routes 
produces lower blood cocaine concentrations over a 
more prolonged time than cocaine smoking. The admin-
istration of cocaine via smoking or IV injection pro-
duces peak concentrations of cocaine that are several 
times higher in arterial blood than in venous blood 
during the fi rst 30 minutes after use.  437   Because euphoric 
effects occur before peak plasma concentrations, the 
rate of change in plasma cocaine concentrations may be 
more important that the absolute plasma concentra-
tion.3   As with lysergic acid diethylamide and ethanol, 
the psychologic effects of cocaine are more prominent 
on the upward limb of the plasma cocaine curve than 
the downward limb (Mellanby effect). 438   Hence, identi-

temperatures, no cocaine was detectable after 3 months 
as measured by GC/MS.  422   During an  in vitro  study of 
whole blood preserved with 0.25% sodium fl uoride and 
stored at 20 ° C (68 ° F) containing cocaine concentrations 
up to 1   mg/L, cocaine was not detectable after 10 days 
as measured by liquid chromatography/mass spectrom-
etry.  423   A similar sample retained about 25% of the 
original concentration of cocaine after 14 days when 
stored at 4 ° C (39.2 ° F). 

 The average  decrease  of benzoylecgonine in these 
blood samples at 3 months, 6 months, and 1 year was 
74%, 93%, and 99%, respectively. No benzoylecgonine 
was detectable after 2 years. Refrigeration retards, but 
does not stop, both of these degradation processes. In 
an experimental study cocaine samples refrigerated 
at16 ° C (60.8 ° F) lost 30% of the original concentration 
during 36 days of storage with the highest 1 - day loss of 
7%.424   An  in vitro  study of cocaine in human serum 
incubated at body temperature demonstrate that 20% 
of the cocaine was metabolized during the fi rst hour 
with deesterifi cation of cocaine to ecgonine methyl 
ester accounting for about two - thirds of the hydrolyzed 
cocaine.  425   The ratio of benzoylecgonine and ecgonine 
to ecgonine methyl ester increased as the incubation 
time increased. Within 4 hours, about 67% of the cocaine 
was hydrolyzed with ecgonine methyl ester, benzoylec-
gonine, and ecgonine accounting for about 18%, 28%, 
and 18% of the hydrolyzed cocaine, respectively. 
Freezing blood samples and the use of fl uoride ion sig-
nifi cantly limits both of these degradation processes. 
Over a 21 - day period, cocaine concentrations remain 
stable in refrigerated blood samples (4 ° C/39.2 ° F) main-
tained at pH 5 with 2% sodium fl uoride.  419   Storage of 
blood samples at − 20 ° C ( − 4 ° F) in 2% sodium fl uoride 
was associated with an approximate 15% decrease in 
the concentration of cocaine and benzoylecgonine after 
about 4 – 5 months.  426   Cocaine concentrations may 
remain detectable in some decomposed bodies when 
tissue samples are analyzed by GC/MS.  427

 The kidney excretes very small amounts ( < 1 – 2%) of 
unchanged cocaine in the urine. Cholinesterases are not 
present in urine; therefore, conversion of cocaine to 
EME does not occur in urine samples. However, conver-
sion of cocaine to benzoylecgonine and ecgonine may 
occur depending on temperature and pH. Optimum 
storage conditions for urine samples involve freezing 
(− 15 ° C/5 ° F) the specimen at pH of 5 adjusted with 
ascorbic acid.  428   Under these conditions, cocaine and 
benzoylecgonine are stable for at least 3 months. The 
stability of benzoylecgonine decreases substantially in 
alkaline urine ( > 50% loss over 2 – 3 months with pH 
> 8.0).  429   In contrast to the storage of blood or liver 
samples, the use of sodium fl uoride to inhibit the effect 
of pseudocholinesterases on cocaine is not necessary for 
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use, role of adulterants, postmortem interval, and the 
time between administration and death. 

 In general, postmortem changes in cocaine blood 
concentrations are inconsistent; therefore, the determi-
nation of the cause of death should be based on a careful 
analysis of the factors listed above.  444   Cocaine is rela-
tively stable in the corpse when stored at 20 – 37 ° C (68 °  –
 98.6 ° F) during the fi rst 24 hours, particularly when the 
pH of the blood specimen falls.  443   However, changes in 
cocaine concentrations during the postmortem interval 
between death and analysis are highly site - specifi c and 
variable, and there is no consistent pattern in the mag-
nitude and direction of changes in cocaine and metabo-
lites during the postmortem interval.  444   The postmortem 
changes involve a dynamic process, which depends on 
the balance between postmortem degradation of cocaine 
and the postmortem redistribution of cocaine, particu-
larly in the left ventricle of the heart. In a case series of 
blood samples drawn at the scene of death and at 
autopsy, the cocaine concentration increased in samples 
from the heart and femoral vein, but the cocaine con-
centration decreased in samples from the subclavian 
vein.445

 Postmortem cocaine blood concentrations in cocaine -
 associated deaths are highly variable with concentra-
tions ranging up to 100 – 200   mg/L in individuals, who die 
after ingesting cocaine bags.  446,447   Average cocaine con-
centrations in postmortem samples from fatalities 
resulting from the recreational use of only cocaine are 
approximately 5 – 6   mg/L.  448   Postmortem cocaine con-
centrations are frequently found in combination with 
other drugs, particularly ethanol, opioid medications, 
and heroin. In a Texas study of 461 cocaine - related 
deaths from 1993 – 2005,  ∼ 31% resulted from the use of 
cocaine alone compared with 42% ethanol plus cocaine 
and 29% cocaine plus opioid medication.  449   Heroin was 
present in 13% of the case series, whereas antipsychotic/
antidepressants medications were present in 12%. Table 
 56.2  lists the median postmortem blood cocaine and 
benzoylecgonine concentrations for cocaine only and 
cocaine plus 1 additional drug in this study.   

 Sudden death may occur in cocaine users with lower 
postmortem cocaine concentrations ( < 0.6 – 1   mg/L) 
when associated with hyperthermia and excited (agi-
tated) delirium. In a retrospective review of the records 
from the Medical Examiner ’ s Offi ce in San Francisco, 
the presence of cocaine was considered incidental to 
death in 51 trauma victims.  215   The mean cocaine concen-
tration in the postmortem blood samples was 
0.487    ±    0.75   mg/L (range, 0 – 4.7   mg/L). The mean 
cocaine concentration in postmortem blood samples 
from 6 cases of sudden death associated with cocaine -
 induced excited delirium was 0.4    ±    0.3   mg/L, whereas 
the mean postmortem benzoylecgonine concentration 

cal plasma concentrations induce different effects 
depending on whether the plasma cocaine concentra-
tion is rising or falling. 

 Typically, peak plasma concentrations following rec-
reational doses (0.2 – 2   mg/kg) of cocaine average about 
0.2 – 0.6   mg/L depending on the route of administration, 
whereas the peak cocaine concentrations in plasma 
samples from intoxicated individuals range up to several 
mg/L.59,73   The average peak cocaine concentration of 3 
individuals smoking six 50 - mg doses of cocaine over 90 
minutes was 0.89   mg/L (range 0.69 – 1.20   mg/L).  439   Nasal 
application of cocaine doses of 2   mg/kg produced a 
mean peak plasma concentration of 0.161   mg/L 1 hour 
after administration. Equivalent oral doses caused 
higher peak plasma concentrations (0.21   mg/L) at 1 
hour after ingestion.  69   In a study of 25 habitual coca 
chewers, the mean plasma cocaine concentration after 
a 45 - minute chewing ritual was approximately 
0.098   mg/L (range, 0.028 – 0.289   mg/L).  440   In a patient 
with acute cocaine toxicity after ingestion of cocaine -
 fi lled condoms, the serum cocaine concentration was 
2   mg/L when the patient ’ s mental status ranged from 
extreme agitation to nonresponsiveness.  360   Similarly, a 
48 - year - old body packer developed severe cocaine 
intoxication 4 days after being apprehended.  441   One 
hour after he sustained a cardiac arrest with asystole, his 
plasma cocaine concentration was 1.66   mg/L. 

 Acute and chronic tolerance may limit the clinical 
effects of cocaine. In a study of plasma cocaine concen-
trations from patients presenting to an urban emer-
gency departments with cocaine intoxication, a patient 
was minimally intoxicated with a plasma cocaine con-
centration of 3.9   mg/L.  442   After an observation period, 
the patient was released to police custody. Participants 
in experimental studies have attained plasma cocaine 
concentrations of 3.0   mg/L during cocaine infusions 
without signifi cant adverse clinical effects.  94   Plasma 
cocaine concentrations must be interpreted cautiously 
because of the previously discussed degradation of 
cocaine during storage as well as tolerance.  

Postmortem.     The time of cocaine administration is 
diffi cult to determine from postmortem samples unless 
a single dose of cocaine was administered by one route 
of exposure. Furthermore, the position of a single ana-
lytic result on the drug concentration versus time curve 
is unknown. Consequently, extrapolating antemortem 
kinetics to a single postmortem analytic result is not 
valid. Factors to consider in determining the time of 
ingestion and the clinical effects of the cocaine dose 
include storage techniques, sampling site, route of 
administration, tolerance, previous history of cocaine 
use, individual susceptibility (e.g., cardiovascular disease, 
pseudocholinesterase defi ciencies), concomitant drug 
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  Freebase Cocaine 

 The major product of cocaine pyrolysis is methylecgo-
nidine.  88   The presence of methylecgonidine (anhydroec-
gonine methyl ester) in urine, blood or hair samples is 
a biomarker of the inhalation of heated cocaine (e.g., 
freebase cocaine) rather than exposure via other 
routes.  454,455,456   Animal studies indicate that the elimina-
tion half - life of methylecgonidine is relatively short 
(15 – 20   min); therefore, the metabolite (ecgonidine) 
formed via esterase activity is probably a more useful 
biomarker because of the longer (i.e., 90 – 140   min) elim-
ination half - life in blood.  457   Although both methyl ecgo-
nidine and ecgonidine may be artifacts of GC/MS 
analysis,  458   the presence of these compounds in liver and 
urine samples suggest the use of freebase cocaine prior 
to death. The use of appropriate analytic techniques 
minimizes or avoids the formation of these artifacts. In 
a study of 15 fatalities associated with crack cocaine use, 
the median concentrations of methyl ecgonidine and 
ecgonidine in urine samples were 0.062   mg/L (range, 
0 – 2.03   mg/L) and 0.456   mg/L (range, 0.109 – 7.452   mg/L), 
respectively.  459   Methyl ecgonidine was not frequently 
detected in postmortem liver samples, whereas ecgoni-
dine was detectable in all liver samples (range, 
0.090 – 3.274    μ g/g).  

  Hair 

 The use of hair analysis for cocaine has the theoretical 
advantage of detecting long - term cocaine use compared 
with urine drug screens based on the average hair 
growth rate of about 1   cm/month in adults, particularly 
when other samples are not available for analysis.  460

However, issues of external contamination,  461   variability 
in laboratory decontamination techniques,  462   decompo-
sition of cocaine in alkaline media, and the variable 
deposition of cocaine in different types of hair compli-
cate the analysis of hair samples as a means to docu-
ment long - term cocaine use.  463,464   Consequently, the 
presence of cocaine and/or benzoylecgonine during hair 
analysis is not unambiguous proof of the use of cocaine, 
particularly in persons in close contact with cocaine. The 
studies of cocaine deposition in hair indicate that 
cocaine binds to the dark brown pigment (eumelanin), 
but not to the reddish - brown pigment (pheomelanin). 
There are few data on the deposition of cocaine and 
cocaine metabolites in hair or on the sensitivity of hair 
analysis for the detection of long - term cocaine use. The 
use of gas chromatography/tandem mass spectrometry 
using ion - trap detector in positive chemical ionization 
mode allows the simultaneous determination of cocaine, 
anhydroecgonine methyl ester (pyrolysis product), 
ecgonine methyl ester (metabolite), and cocaethylene 
(trans - esterifi cation product with ethanol) in hair 

was 5    ±    5   mg/L.  450   These concentrations were similar 
(i.e., 0.4    ±    0.4   mg/L and 2.4    ±    1.6   mg/L, respectively) to 
cocaine and benzoylecgonine concentrations in a case 
series of 21 individuals dying of infl icted trauma with 
cocaine in their postmortem blood. Cocaine - induced 
fatalities can occur at low cocaine concentrations as a 
result of prolonged postmortem interval, inadequate 
storage of postmortem blood samples, chronic cocaine -
 related myocardial abnormalities (myocardial hypertro-
phy, diffuse myocardial fi brosis, microangiopathy), 
coronary artery disease, and long QT syndrome.  451

  Brain 

 Cocaine diffuses easily into brain tissue, but the post-
mortem cocaine concentration in brain tissue varies 
substantially depending on the location of the sample.  452

In contrast to cocaine, the metabolite benzoylecgonine 
diffuses poorly into brain tissue. Fatal overdoses display 
a mean brain/blood benzoylecgonine ratio of 0.36, which 
suggests cocaine exposure within the proceeding 1 – 3 
hours. Average ratios of brain/blood benzoylecgonine 
exceeding 1 – 1.5 suggest either chronic accumulation 
from prolonged use or exposure more than 8 hours 
previously. The cocaine concentrations in the brain are 
relatively stable compared with other sites. A case series 
suggested that the brain/blood ratios of cocaine and 
benzoylecgonine may help identify the time of death. A 
cocaine brain/blood ratio exceeding 10 commonly 
occurs following fatal cocaine overdoses when death 
occurs soon after exposure. For deaths that occurred 
within 1 – 3 hours after exposure, the average ratios 
were 9.6 and 0.36 for cocaine and benzoylecgonine, 
respectively.  453

TABLE 56.2.    Postmortem Blood Cocaine and Benzoylec-
gonine Concentrations Cocaine - Related Deaths in  B exar 
 C ounty,  T exas 1993 – 2005.  449

   Cocaine Plus 1 
Additional Drug 
 (Cases)  

   Median 
Cocaine
Concentration
 (Range)  *    

   Median 
Benzoylecgonine 
Concentration
 (Range)  *    

  Cocaine alone (143)    0.89 (0.01 – 78)    4.0 (0.02 – 90)  
  Ethanol (72)    0.35 (0.01 – 82)    1.5 (0.02 – 24)  
  Opioid medications 

(42)
  0.08 (0.01 – 3.7)    1.4 (0.03 – 6.2)  

  Heroin (8)    0.12 (0.01 – 0.83)    1.0 (0.02 – 3.7)  
  Antipsychotics/

antidepressants
(10)

  0.17 (0.03 – 4.1)    1.1 (0.29 – 7.9)  

  Antihistamines (7)    0.33 (0.03 – 0.99)    2.4 (0.61 – 3.8)  
  Anxiolytics (3)    0.06 (0.01 – 0.11)    1.5 (0.23 – 2.8)  

    *   mg/L; sampling site not reported.   
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the IV administration of cocaine produced saliva/plasma 
concentration ratios of 0.5 – 2.96 during the 6 hours of 
sample collection after cocaine administration.  475

  Urine 

 Analysis of urine samples for benzoylecgonine docu-
ments exposure to cocaine, but urinary measurements 
of cocaine or benzoylecgonine are not clinically useful 
for the treatment of cocaine - intoxicated patients or for 
the determination of impairment.  476   Urinary drug 
screens are more sensitive tests for previous cocaine use 
than blood tests because cocaine metabolites persist 
longer in urine samples than in blood samples. The urine 
drug screen is a less sensitive test for cocaine in neo-
nates than adults because of the reduced ability of the 
neonate to concentrate urine and subsequent wide fl uc-
tuations in urine osmolality. Urine concentrating ability 
of infants approaches adult values by 2 years of age. 
The cross - reactivity of immunoassays for benzoylec-
gonine to cocaine, ecgonine, and ecgonine methyl 
ester is low (i.e.,  < 1%).  477   Several structurally similar 
compounds (i.e.,  m  - hydroxybenzoylecgonine,  p  -
 hydroxybenzoylecgonine) present in meconium after 
maternal cocaine use produce high cross - reactivity with 
immunoassays for benzoylecgonine. Maximum urinary 
excretion of unchanged cocaine after a 1.5 - mg/kg intra-
nasal dose occurs within 2 hours and cocaine is usually 
detectable in the urine for 8 hours (maximum 12) after 
intranasal administration.  67   The urinary elimination 
half - life of the 2 main metabolites, benzoylecgonine and 
ecgonine methyl ester, substantially exceeds the elimi-
nation half - life of cocaine in the urine. Consequently, 
detection of cocaine use depends on the renal excretion 
of cocaine metabolites rather than unchanged cocaine. 

 The ingestion of coca leaf tea (mate de coca, Health 
Inca tea)  478   and the use of topical anesthetic solutions 
containing cocaine  479   can produce positive results in 
some immunoassay screens for benzoylecgonine within 
24 – 36 hours after use. The addition of sodium chloride 
to urine samples may produce false - negative cocaine 
results on drug screening.  480   The ingestion of excessive 
fl uid ( < 20   mg creatinine/dL, specifi c gravity  < 1.003) pro-
duces false - negative urine drug tests, but the urine drug 
tests rapidly revert to positive when the effects of dilu-
tion disappear. Consequently, the use of diuretics or 
herbal products for  “ fl ushing ”  does not change the sen-
sitivity of the urine drug screen beyond the effect of 
dilution.481

 Urinary benzoylecgonine excretion peaks from 4 – 6 
hours postinsuffl ation and diminishes slowly over 
several days. Benzoylecgonine remains detectable in 
urine by chromatographic techniques or immunoassay 
(EMIT) for up to 48 – 72 hours following single doses of 

samples with a LLOQ ranging from 0.005    μ g/g (cocaine) 
to 0.05    μ g/g (anhydroecgonine methyl ester).  465

 A case report suggested that at least 3 months of 
abstinence from cocaine use is necessary before cocaine 
is undetectable in hair samples as measured by GC/MS, 
whereas peak hair cocaine concentrations occur within 
3 weeks following repeated use.  466   Extensive washing 
procedures (15 - min isopropanol wash, followed by four 
30 - min phosphate buffer washes and two 60 - min washes) 
are necessary to prevent external contamination.  467

Volunteer studies indicate that many decontamination 
measures do not separate external contamination from 
cocaine use.  468   Consequently, the occurrence of cocaine 
positive hair samples should be confi rmed with testing 
other samples (e.g., urine). 

 Experimental studies in rodents suggest that the 
deposition of cocaine metabolites (e.g., benzoylecgo-
nine, ecgonine methyl ester) in hair is low compared 
with the deposition of cocaine in hair.  469   Concentrations 
of cocaine in the hair of South American Coca chewers 
were much higher than concentrations of benzoylecgo-
nine or ecgonine methyl ester (i.e., 5 and 12 times, 
respectively).470   The presence of unique cocaine metab-
olites (norcocaine, cocaethylene) in hair samples sup-
ports the past use of cocaine.  471   A number of factors 
affect the sensitivity of hair analysis including sample 
preparation and alkaline personal hair products.  

  Saliva 

 The passive diffusion of cocaine into saliva depends on 
lipid solubility, log P values, plasma protein binding, and 
salivary pH (cocaine is a weak base).  472   The passive dif-
fusion of the metabolites, benzoylecgonine and ecgo-
nine methyl ester into saliva is signifi cantly less than 
cocaine. Experimental studies in human volunteers indi-
cate that the cocaine saliva/plasma ratios generally are 
> 1, but the screening potential of salivary cocaine in 
experimental studies on healthy adults is limited because 
the terminal half - life is shorter in saliva than in plasma.  473

However, salivary cocaine half - life is variable between 
individuals, in part because of differences in salivary pH, 
method of delivery, and duration of cocaine use. In a 
study of 20 chronic cocaine smokers, the mean terminal 
cocaine plasma half - life was 3.8 hours compared with 
7.9 in saliva, whereas the mean terminal half - life of 
benzoylecgonine in plasma and saliva was similar (6.6   h 
and 9.2   h, respectively).  474   Both cocaine and benzoylec-
gonine were detectable in fewer participants in saliva 
than in plasma. All 20 participants had detectable ben-
zoylecgonine in plasma compared with 11 positive saliva 
samples in the 20 participants. Contamination of saliva 
with cocaine occurs during exposure to intranasal or to 
freebase cocaine. In a volunteer study involving 2 men, 
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study of 6 healthy male volunteers exposed to the vapors 
from the smoking of 100 -  to 200 - mg freebase cocaine in 
an unventilated room (12,600   L) for 1 hour, the peak 
benzoylecgonine concentration ranged from 0.022 –
 0.123   mg/L and the amount of cocaine inhaled averaged 
0.25   mg.  493   The minimum amount of absorbed cocaine 
necessary to produce a positive drug screen at the 
current cutoff is about 1   mg.  

  Vitreous Humor 

 There are few data on postmortem changes in cocaine 
concentrations from samples of vitreous humor.  494

Experimental studies in animals indicate that the post-
mortem cocaine concentration in vitreous humor varies 
substantially with cocaine concentrations in antemor-
tem blood and postmortem femoral blood.  495   In contrast 
to cocaine, the antemortem diffusion of benzoylecgo-
nine into vitreous humor is limited. Because of postmor-
tem changes including continuing metabolism, there is 
substantial variation between the ratio of cocaine con-
centrations in postmortem blood and vitreous humor 
samples, particularly following the use of both cocaine 
and ethanol. Often, the cocaine concentration is sub-
stantially higher in postmortem vitreous humor than in 
postmortem blood samples, and postmortem changes 
occur in vitreous humor as well as whole blood.  494

  Abnormalities 

  Illicit Use 

Pulmonary.     Pulmonary abnormalities present on 
chest x - ray secondary to cocaine use include pneumo-
thorax, pneumomediastinum, pneumopericardium, 
hemothorax, atelectasis, and pulmonary edema.  496

Computed tomography (CT) with contrast may be nec-
essary to detect hemorrhagic alveolitis and interstitial 
pneumonitis associated with crack lung as plain chest 
fi lms may not demonstrate abnormalities in the pres-
ence of signifi cant pulmonary symptoms. Abnormalities 
on imaging studies associated with crack lung include 
diffuse interstitial and alveolar opacities in the paren-
chyma that involve the parahilar regions.  178   Small pleural 
effusions may also occur. Severe cocaine intoxication 
may cause hypoxemia and hypercarbia as a result of 
respiratory depression and/or protracted seizures. 
Hypoxemia and reduced cardiac output contribute to 
the development of acid - base abnormalities. A noncar-
diogenic pulmonary edema may develop after IV 
administration of freebase cocaine and, in rare cases, 
contribute to hypoxemia. In severe cases, adult respira-
tory distress syndrome and end - stage respiratory failure 
results from interstitial pneumonitis and bronchiolitis 
obliterans with organizing pneumonia. 

cocaine depending on a variety of factors including the 
sensitivity of the specifi c assay,  482,483   whereas more sensi-
tive (i.e., detection limits of 25   ng/mL) radioimmunoas-
says identify cocaine metabolites for 90 – 144 hours.  67

On October 1, 2010, the US Department of Health 
and Human Services Substance Abuse and Mental 
Health Services Administration (SAMHSA) issued a 
Final Notice of Revisions to the Mandatory Guidelines 
for Federal Workplace Drug Testing Programs that 
reduced the detection cutoff for illicit use of cocaine 
to ≥ 150   ng benzoylecgonine/mL urine and  ≥ 100   ng 
benzoylecgonine/mL urine for confi rmation using GC/
MS.  484   In a study of 22 adults undergoing rhinologic 
procedures using intranasal 4% cocaine pledgets, the 
percentage of positive urine drug screens at 24, 48, and 
72 hours after the procedures were 95%, 50%, and 5%, 
respectively.  485   The cutoff for a positive test in this study 
was 150   ng/mL. Studies of cocaine users admitted to 
medical facilities indicate that the urine drug screens for 
cocaine remains positive for 1 – 8 days after heavy 
cocaine use ceases.  486,487,488   During this period, urine 
samples from these heavy cocaine users may become 
positive after earlier samples contained benzoylecgo-
nine concentrations below the established cutoff.  488   The 
normalization of the creatinine with a cutoff of 300   ng 
benzoylecgonine equivalents/mg creatinine increases 
detection time.  486   Case studies suggest that excretion of 
benzoylecgonine into the urine may continue for 1 – 3 
weeks following heavy abuse ( > 8 – 10   g/d) of cocaine.  489

A negative urine drug screen usually indicates the 
absence of cocaine use within the last 2 – 3 days depend-
ing on the factors listed above.  93   Despite numerous ref-
erences on the Internet linking false - positive urine tests 
for cocaine metabolites with amoxicillin use, clinical 
data indicate that amoxicillin is unlikely to cause false -
 positive immunoassays for cocaine metabolites.  490

 Determination of the time or amount of drug usage 
based on the urinary concentrations of cocaine or 
cocaine metabolites is not feasible from a single sample 
because of the large number of variables that affect 
urine concentrations of these compounds. These vari-
ables include frequency of use, dose, contaminants, 
route of administration, variable excretion rates, inter-
individual differences in cocaine kinetics, formation of 
condensation products (e.g., cocaethylene), drug inter-
actions, and variation in physiologic parameters (blood 
fl ow, creatinine clearance, urine pH).  491

 Passive exposure of medical and security personnel 
to cocaine does not usually cause positive urine drug 
screen results for cocaine.  492   Some absorption of cocaine 
via passive inhalation may occur depending on the dura-
tion of exposure and the vaporization temperatures, but 
the quantity absorbed is not usually suffi cient to produce 
a positive drug screen at the cutoff of 300   ng/mL. In a 
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features of cocaine users with agranulocytosis include 
plasmacytoid lymphocytes (i.e., mature lymphocyte with 
eccentric location of nucleus and basophilic tent to cyto-
plasm), bone marrow plasmacytosis, and megakaryo-
cytic hyperplasia.  503   These patients are often HLA - B27 
positive and have antineutrophil antibodies. More 
severe laboratory abnormalities occur in serious cocaine 
intoxication including profound metabolic acidosis, 
both with and without physical exertion. This metabolic 
acidosis is usually a hyperlactatemia, which is more 
severe and prolonged than expected from seizure activ-
ity or physical exertion. A 28 - year - old woman devel-
oped coma, apnea, and generalized seizures following 
the unwitnessed ingestion of cocaine.  504   Her initial arte-
rial pH was 6.39, and her rhythm deteriorated from a 
wide complex tachycardia to a slow idioventricular 
before responding to resuscitative measures. The initial 
arterial pH in a case series of 5 patients with cocaine -
 induced excited (agitated) delirium requiring restraint 
ranged from 6.25 – 6.81.  505   Two of these 5 patients sur-
vived after receiving advance cardiac life support. This 
severe metabolic acidosis (i.e., pH  < 7.0) can occur fol-
lowing cocaine use and exertion without physical 
restraint.506   A 32 - year - old chronic cocaine abuser 
received multiple, superfi cial shotgun wounds after 
running several blocks.  507   His oral temperature was 95 ° F 
(35 ° C), and his initial arterial pH was 6.91. He recov-
ered rapidly with IV fl uids. Experimental studies in 
healthy volunteers indicate that restraint procedures in 
the prone position do not contribute signifi cantly to the 
profound metabolic acidosis associated with excited 
delirium and restraint by law enforcement person-
nel.508,509,510   In patients with severe hypothermia, labora-
tory abnormalities include persistent hyperkalemia, 
transient hemoglobinuria, myoglobinuria without renal 
failure, elevated serum hepatic transaminases, and 
markedly increased serum creatine kinase 
concentrations.  303

Central Nervous System.     The interpretation of neu-
ropsychologic test results in chronic cocaine users is 
complicated by diffi culty controlling confounding vari-
ables including time since last cocaine use. In a inpatient 
study of 8 long - term cocaine addicts without drug use 
for 6 months, single - photon emission computed tomog-
raphy demonstrate cerebral hypoperfusion and neuro-
psychological testing detected defi cits in attention 
concentration, memory, learning, word production, and 
visuomotor tasks based on published, age - matched nor-
mative data.  511   A meta - analysis of 15 studies on the 
effect of chronic cocaine use and neuropsychologic 
testing suggested that chronic cocaine use adversely 
affected attention, visual memory, design reproduction, 
and working memory, when compared with healthy, 

 In a case series of 19 chronic freebase cocaine users, 
reduced carbon monoxide diffusing capacity (DL co ) 
occurred in 10 habitual users.  497   However, lung volumes, 
exercise testing, and forced expiratory volumes (FEV 1 ) 
were normal, indicating the absence of restrictive and 
obstructive pulmonary disease. A cross - sectional study 
of a convenience sample of habitual smokers of crack 
cocaine compared carbon monoxide diffusing capacity 
with matched control nonsmokers, ex - smokers, and 
smokers of tobacco only.  498   In contrast to tobacco 
smoking, neither habitual cocaine smoking nor the 
short - term administration of inhaled alkaloidal cocaine 
signifi cantly affected DL co .  

Cardiovascular.     Sinus tachycardia is the most fre-
quent ECG change during cocaine intoxication. The 
initial ECG and other clinical factors are less predictive 
of myocardial ischemia in patients with cocaine -
 associated chest pain compared with patients with chest 
pain and no cocaine use. Additionally, there is a rela-
tively high incidence of ECG abnormalities (e.g., left 
ventricular hypertrophy, early repolarization, ST eleva-
tion without ischemia) in patients with cocaine -
 associated chest pain, even in the absence of clinically 
signifi cant coronary artery disease.  499   The sensitivity of 
detecting myocardial necrosis in patients with cocaine -
 associated chest pain is similar for serum troponin I and 
assays that directly measure the CK - MB protein con-
centration.500   However, a study using the electropho-
retic method for measuring CK - MB suggested that this 
method was less sensitive for detecting myocardial 
necrosis in these patients compared with the serum tro-
ponin I concentration.  238   The use of the relative index 
of CK - MB and CK increases the sensitivity of diagnos-
ing myocardial necrosis with cardiac enzymes.  501

Myoglobin is a less - specifi c marker of acute myocardial 
infarction (AMI) than CK - MB or troponin I in patients 
with recent cocaine use. In a prospective study of 97 
patients presenting with chest pain consistent with AMI, 
20% had documented cocaine use.  253   Comparing the 2 
groups, cocaine use altered the mean serum myoglobin 
concentration (179 vs. 74   ng/mL), but not the mean 
serum CK - MB or troponin I concentrations. The inci-
dence of AMI in the two groups was comparable 
(cocaine use, 11%; no cocaine use, 12%).  

Blood.     Common abnormalities in blood chemistries 
following large cocaine doses include mild hyperglyce-
mia and leukocytosis. Thrombocytopenia may occur fol-
lowing the IV use of cocaine, but the contribution of 
other substances (e.g., contaminates, drugs of abuse) 
cannot be excluded.  502   Agranulocytosis (i.e., absolute 
neutrophil count < 0.5    ×    10  9  /L) may occur in chronic 
users of levamisole - contaminated cocaine. Morphologic 
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Furthermore, recreational use of freebase cocaine 
occurs in larger doses than administered in medical and 
experimental settings. Case reports associate cocaine 
use with serious driving impairment, but the rapid dete-
rioration of cocaine in stored specimens limits direct 
correlation between cocaine concentrations and driving 
impairment.522

 A number of recognized complications of cocaine 
use theoretically reduce the driving skills of cocaine 
users both during the acute phase of cocaine intoxica-
tion and the during the withdrawal phase. These poten-
tial adverse effects include light sensitivity, blurred 
vision with reduced glare recovery, irritability, poor 
judgment, anxiety with rapid steering or braking 
responses, ataxia, attentional defi cits, risk taking, aggres-
sion, poor concentration, and fatigue.  523   In a Swedish 
case series of 61 drivers apprehended for suspected 
impaired driving with only cocaine in their blood, the 
mean and median cocaine concentrations in venous 
blood samples (time between blood draw and appre-
hension not reported) were 0.95   mg/L and 0.07   mg/L, 
respectively, compared with 1.01   mg/L and 0.70   mg/L 
for benzoylecgonine.  524   The maximum cocaine and ben-
zoylecgonine concentrations were 0.5   mg/L and 
3.1   mg/L, respectively; the mean benzoylecgonine/
cocaine ratio was 13.8. Frequently mentioned clinical 
fi ndings included conjunctival erythema, agitation, rest-
lessness, mydriasis, unsteady gait, incoherent speech and 
rapid pulse. 

 In volunteer studies, the administration of cocaine in 
relatively low doses is not associated with signifi cant 
deterioration of psychomotor performance. In a study 
of 7 volunteers, the inhalation of cocaine doses ranging 
from 10 – 40   mg did not cause statistically signifi cant 
changes in responses to the digit symbol substitution 
test or to reaction times.  525

 Studies of postmortem blood from automobile acci-
dent victims indicate the detectable concentrations of 
cocaine occurs in < 4 – 6% of the blood samples from 
Canadian,526   European,  527   and Australian studies.  528   In 
postmortem blood from 370 fatally injured drivers in 
Washington State, 13 cases (3.5%) and 18 cases (4.9%) 
had detectable cocaine and benzoylecgonine, respec-
tively.  529   The cocaine concentration ranged from  < 0.01 –
 0.23   mg/L with a median of 0.11   mg/L. About two - thirds 
of these drivers also had detectable concentrations of 
ethanol. Diffi culty determining culpability in these 
studies result from several variables including the dete-
rioration of cocaine in storage, associating specifi c 
cocaine and cocaine metabolite concentrations with the 
phase of intoxication (i.e., acute intoxication vs.  “ crash ” ), 
and the frequent presence of other drugs. When cocaine 
is present in blood from fatal accident victims, ethanol 
concentrations usually indicate serious impairment.  530

normal controls.  512   Most tests of motor performance 
demonstrated minimal effects and the effect of cocaine 
use on executive functioning (planning, working 
memory, set - shifting) was inconsistent. However, there 
was substantial variability between different studies, 
and the effect of recent cocaine use on the neuropsy-
chologic tests could not be excluded. 

 A case - control study of 62 male crack cocaine users 
with cerebrovascular accidents detected an increased 
incidence of cerebral white matter lesions on magnetic 
resonance imaging (MRI) when compared with age -
 matched controls.  513   The lesions were hyperintense on 
T2 - weighted MR images, and they occurred primarily 
in areas of the middle cerebral artery with limited anas-
tomoses. There were no lesions in the subcortical gray 
matter (basal ganglia, thalamus). Defi cits in cerebral 
perfusion may occur in chronic cocaine users without 
evidence of cerebrovascular accidents.   

  Body Packing 

 Supine abdominal radiographs usually demonstrate 
professionally wrapped cocaine packets in the GI tract 
with sensitivities in case series ranging up to approxi-
mately 70 – 90%.  356,514,515   Radiographic signs of cocaine 
bags in the GI tract include multiple radiodense foreign 
bodies,  “ double - condom ”  or  “ halo ”  sign (air trapped 
between layers of condoms), and rosettes (air trapped 
in a knot tied on a condom).  516   The presence of thin air 
layers (i.e., halo sign) in the cocaine packages may result 
from the production process, and the occurrence of this 
radiographic sign does not necessarily imply rupture of 
the cocaine packet.  517   Contrast - enhanced plain abdomi-
nal radiography, barium enema, or an abdominal CT 
scan with contrast are optional imaging studies when 
plain abdominal radiographs do not detect cocaine 
packets in the GI tract of individuals suspected of body -
 packing.  518   There are limited clinical data on the sensi-
tivity and specifi city of ultrasound for the detection of 
cocaine packets in the GI tract, but a small case series 
suggested that ultrasound does demonstrate the pres-
ence of these packets.  519   Although urine drug of abuse 
screens provide adjunctive evidence for the ingestion of 
cocaine packets,  520   the sensitivity of these immunoas-
says is highly variable and the lack of a positive drug 
screen does not exclude the ingestion of cocaine 
packets.  521

  Driving 

 There are limited data on the effect of acute or chronic 
cocaine use on driving skills. Although the duration of 
action of cocaine is short, cocaine users frequently abuse 
other illicit drugs and ethanol concurrently with cocaine. 
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caine in a case series of 29 patients with cocaine - associated 
MI was not associated with signifi cant cardiovascular or 
CNS toxicity.  533   The majority of these patients received 
lidocaine more than 5 hours after cocaine use when the 
effects of cocaine would be minimal. 

 The use of IV sodium bicarbonate is an important 
option to the administration of lidocaine as a treatment 
for ventricular dysrhythmias, particularly when QRS 
prolongation (wide - complex tachyarrhythmia) occurs 
during obvious cocaine intoxication. Theoretically, the 
use of a sodium bicarbonate infusion to alkalinize the 
serum to a pH of 7.45 – 7.5 would be most benefi cial for 
patients with a wide complex tachydysrhythmia and 
QRS prolongation.  169,534   However, there are few clinical 
data to document of the effectiveness of sodium bicar-
bonate therapy in this setting or to separate the effects 
of reversal of acidosis and hypertonic saline. Accelerated 
ventricular rhythm usually requires no treatment. The 
use of β  - adrenergic antagonists, type 1A or 1C antiar-
rhythmic agents, and mixed  α  -  and  β  - adrenergic antago-
nists are contraindicated in patients with cocaine 
intoxication.535   There are few human data on the safety 
and effi cacy of amiodarone for the treatment of cocaine -
 induce ventricular dysrhythmias. Therefore, the admin-
istration of amiodarone is not generally recommended 
for the treatment of cocaine - induced ventricular dys-
rhythmia pending further clinical data on the effect of 
amiodarone on QT prolongation during cocaine intoxi-
cation, particularly the interaction of amiodarone and 
cocaine on blockade of HERG channel currents.  

  Myocardial Infarction and Chest Pain 

 Patients with chest pain and ECG evidence of myocar-
dial ischemia after cocaine use should be treated with 
the standard doses of nitrates (0.3 – 0.4   mg sublingual 
times every 5 minutes up to 3 times until relief, followed 
by nitroglycerin drip starting at 10 – 20    μ g/min titrated 
5 – 10    μ g/min every 5 – 10 minutes to effect and blood 
pressure if sublingual nitroglycerin or nitroglycerine 
spray is ineffective), morphine (2   mg IV every 5 minutes 
titrated to pain relief and sedation), oxygen, aspirin 
(81   mg orally), and heparin. Clinical reports indicate 
that sublingual nitroglycerin abolishes cocaine - induced 
vasoconstriction both in atherosclerotic and in nonath-
erosclerotic segments of the coronary arteries.  536,537

Benzodiazepines (e.g., lorazepam) are safe medications 
for the treatment of patients with cocaine - associated 
chest pain,  538   and the early use of IV benzodiazepines 
may improve cardiac hemodynamics and relieve chest 
pain.539,540   In patients with cocaine - associated chest pain 
and ischemic ECG changes, 20   mg diltiazem IV is a 
therapeutic option when the patient does not respond 
to benzodiazepines, nitrates, morphine, and oxygen.  541

Standard fi eld sobriety tests do not reliably detect the 
presence of recent cocaine use (i.e., based on positive 
urine drug screen) in drivers arrested for reckless 
driving.  531

  TREATMENT 

  Stabilization 

 Intractable seizures, respiratory arrest, hyperthermia, 
and dysrhythmias represent the most serious immediate 
risks to life. With the exception of delayed intestinal 
rupture of cocaine bags, major symptoms usually present 
within the fi rst hour following cocaine exposure. The 
ingestion of cocaine base ( “ rock ” ) may delay serious 
symptoms for several hours. Most victims of fatal 
cocaine intoxication die within minutes of exposure. 
Patients, who arrive at the hospital with vital signs, 
usually survive unless hyperthermia and multiorgan 
failure develop. The fi rst priority is the assessment of 
ventilation and the establishment of an adequate airway. 
Nondepolarizing neuromuscular blockers (e.g., 
vecuronium, rocuronium, pancuronium) are preferable 
to depolarizing agents (e.g., succinylcholine) for rapid 
sequence intubation because of the theoretical poten-
tiation of cocaine effects because plasma cholinesterase 
metabolize both cocaine and succinylcholine. 
Intravenous access should be established along with 
cardiac monitoring and pulse oximetry for all patients 
with signs of intoxication. A chest x - ray and arterial 
blood gas should be obtained for patients with altered 
consciousness or respiratory distress.  532   Invasive or non-
invasive hemodynamic monitoring (echocardiography, 
bioimpedance techniques, Swan - Ganz catheter) may 
assist the clinician to maximize hemodynamic variables 
in patients with pulmonary edema. Naloxone (0.4 – 2   mg 
IV) in lethargic or comatose patients should be admin-
istered if the presence of heroin is suspected, beginning 
with low doses titrated to effect to prevent the develop-
ment of opioid withdrawal. 

  Dysrhythmias 

 Sinus tachycardia is the most common dysrhythmia 
during cocaine intoxication, and treatment usually 
involves sedation with benzodiazepines (5   mg diazepam 
IV or 1 – 2   mg midazolam IV bolus repeated every 3 – 5 
minutes as needed, titrated to effect). Sodium bicarbon-
ate and lidocaine are the main therapeutic options for 
the treatment of most ventricular dysrhythmias includ-
ing cocaine - induced ventricular tachycardia. Although 
lidocaine is a potential adulterant of cocaine, adverse 
reactions from the use of lidocaine during cocaine toxic-
ity are not well documented. The administration of lido-
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patients with chronic hypertensive disease or acute cere-
brovascular events with careful hemodynamic monitor-
ing. The use of  β  - blockers for hypertension during cocaine 
intoxication is contraindicated because β  - blocker drugs 
potentially increase cocaine - induced coronary vasocon-
striction by blocking the β  - receptors and by allowing 
unopposed α  - receptor stimulation of coronary arteries.  547

A case report associated the use of IV propranolol during 
cocaine - induced hyperadrenergic state with a reduction 
in heart rate, diaphoresis, anxiety , and a signifi cant 
increase in blood pressure requiring the use of sodium 
nitroprusside.  548   The use of calcium channel blockers 
offers no clear benefi ts in managing the hemodynamic 
effects of cocaine intoxication other than the second line 
management of cocaine - induced coronary artery vaso-
spasm and associated myocardial ischemia. 

  Hyperthermia 

 Hyperthermia is an immediate, life - threatening compli-
cation of cocaine use. Core temperatures should be 
measured in all agitated patients. As measured by rectal 
thermocouple, a core temperature exceeding 40.5 ° C 
(105 ° F) indicates the need to cool the patient (e.g., ice 
water bath, evaporative cooling) and to monitor of vital 
signs every 10 – 15 minutes after stabilization. Ice packs 
and the use of hypothermic blankets are alternative 
measures when an ice bath is not available. The patient 
should be removed from ice water baths and internal 
cooling measures when the core rectal temperature 
drops to 39 ° C (102 ° F). Less - severe temperature eleva-
tions ( < 38 – 40 ° C/100.4 – 104 ° F) can be treated by place-
ment in a cool room, removal of clothes, minimization 
of physical activity (sedation), tepid sponging, or evapo-
rative methods (cool mist spray, fans). These patients 
should receive aggressive fl uid resuscitation to maintain 
adequate urine output and to minimize the effects of 
rhabdomyolysis. These patients require sedation (e.g., 
benzodiazepines, continuous propofol infusion) and if 
necessary, paralysis with paralytic drugs.  

  Seizures 

 Lorazepam (2 – 4   mg IV in adults) and diazepam (0.1 –
 0.3   mg/kg up to an adult dose of 10   mg) are the drugs 
of choice for cocaine - associated seizures. Phenobarbital 
(20   mg/kg loading dose with maximum infusion rate 
50 – 100   mg/min) and propofol (3 – 5   mg/kg loading dose, 
30 – 100    μ g/kg/min maintenance infusion) are second -
 line drugs that are not well - tested in the clinical setting 
of cocaine - induced status epilepticus. Persistent seizures 
indicate the need for aggressive treatment of the hyper-
thermia and metabolic acidosis as well as consideration 
of pentobarbital - induced coma.  

Intravenous phentolamine (1   mg IV every 5 minutes) 
titrated to relief of chest pain or hypotension also is an 
option for patients with chest pain unresponsive to stan-
dard treatments.  542   The elimination half - life of phentol-
amine is about 18 minutes. The use of  β  - adrenergic 
blockade is relatively contraindicated in the treatment 
of cocaine - associated chest pain because of the poten-
tiation of cocaine - induced coronary vasoconstriction.  160

Although the early use of β  - blockers in AMI is well 
accepted and a retrospective study suggests that the use 
of β  - blockers reduces the risk of MI in cocaine users,  543

there are inadequate data to recommend the use of β  -
 blockers in the treatment of patients with cardiovascu-
lar complications secondary to cocaine use. Furthermore, 
adverse reactions to β  - blockers in this setting are vari-
able and unpredictable; case reports and observational 
studies suggest that the use of β  - blockers in cocaine 
associated MI increases the risk of myocardial necrosis 
and may cause catastrophic deterioration.  544,545

 Immediate coronary arteriography and angioplasty 
are indicated for patients with chest pain and docu-
mented ST elevation. Thrombolytic therapy should be 
used with caution because of the potential complication 
of aortic dissection and subarachnoid hemorrhage, as 
well as the lack of documented effi cacy and poor cor-
relation of the ECG to cocaine - associated MI.  546   When 
available, the use of coronary angioplasty is a safer 
modality than thrombolysis to determine the multifac-
torial etiologies of ischemic chest pain in cocaine users. 
However, there are few human data to guide manage-
ment of cocaine - induced MI.  

  Hypotension 

 Often, fl uids do not reverse the hypotension seen in the 
late depressive phase of cocaine intoxication. Frequently, 
the administration of dopamine and/or norepinephrine 
(Levophed) is needed to stabilize the blood pressure. 
Invasive or noninvasive hemodynamic monitoring may 
help optimize fl uid resuscitation and the use of inotropic 
agents when pulmonary edema is present.  

  Hypertension 

 The stimulant phase of cocaine is usually short, and the 
treatment of hypertension and tachycardia is usually 
unnecessary. For cocaine - intoxicated patients requiring 
treatment for severe hypertension not responding to 
sedation, sodium nitroprusside infusion (initial rate 
0.1    μ g/kg/min titrated to desired end point, average ther-
apeutic dose ranges from 0.5 – 8    μ g/kg/min) and IV phen-
tolamine (1 – 2.5   mg IV bolus, repeated in 5 minutes if no 
response) are the antihypertensive drugs of choice. The 
reduction in blood pressure must be done cautiously in 
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stuffers, none of the 17 abdominal radiographs were 
positive.  357

  Body Packer 

 All body packers should receive activated charcoal, 
1   g/kg, mild cathartics, and a stool softener (psyllium 
hydrophilic mucilloid in 3 -  to 4 - g doses several hours 
after cathartic) to decrease the transit time of the 
packets. Serial activated charcoal (25 – 30   g every 2 – 4   h 
until the stool is charcoal - laden) is an option for these 
patients, but there are few data to indicate that the 
administration of serial activated charcoal improves 
clinical outcome. The management of these patients 
depends on the type of bag (i.e., propensity for break-
age), the location, and the presence of symptoms.  356   The 
presence of well - wrapped cocaine packets (McCarron 
type 2 or 3) indicates a good prognosis.  551   Whole bowel 
irrigation (polyethylene glycol electrolyte solution 
1 – 2   L/h) is an option for these patients, particularly fol-
lowing large ( > 10   g) ingestions of cocaine. The adminis-
tration of standard doses of activated charcoal should 
precede the use of whole bowel irrigation by 30 – 60 
minutes because in vitro  studies indicated that desorp-
tion of cocaine from activated charcoal occurs following 
the addition of polyethylene glycol electrolyte lavage 
solution to activated charcoal, particularly at the acidic 
pH present in the stomach.  552   Although there are 
inadequate clinical data to confi rm the effi cacy of 
meto clopramide during WBI, the administration of 
metoclopramide has theoretical advantages during 
WBI. Metoclopramide (10   mg IV) accelerates gastric 
emptying and enhances smooth muscle activity from the 
esophagus through the small bowel. The endpoint of 
whole bowel irrigation is the presence of clear rectal 
effl uent and the clearance of radiopaque packets. The 
removal of all bags must be done cautiously because 
attempted removal (including endoscopy) may punc-
ture the packet and release cocaine. The primary indica-
tion for endoscopy is the removal of cocaine packets 
that did not pass through the pylorus. Oil - based laxa-
tives are not recommended because of the potential of 
these laxatives to reduce the tensile strength of the 
packets. Surgical consultation should be obtained early 
(i.e., during fi rst signs of cocaine intoxication), before 
the development of serious complications. Confi rmation 
of the elimination of packets by contrast - enhanced CT 
should be done after decontamination measures and 
following the passage of 3 stools without packets. Figure 
 56.10  displays the algorithm for the treatment of body 
packers based on clinical presentation; complications of 
cocaine toxicity are treated with standard doses of the 
medications as listed under Stabilization.     

  Excited Delirium 

 There are few data to guide the treatment of excited 
delirium associated with cocaine intoxication. Cardiac 
arrest in these patients is typically associated with asys-
tole as a terminal event (multisystem failure, rhabdomy-
olysis) rather than ventricular fi brillation; the prognosis 
of cardiac arrest in this situation is extremely poor. 
Hence, treatment is directed toward early recognition, 
sedation, detection/treatment of rhabdomyolysis, and 
restoration of homeostasis (hyperthermia, acidosis, 
fl uid/electrolyte balance) prior to catastrophic events. 
Accurate assessment of central body temperature is 
essential to adequately treat patients with excited 
delirium.   

  Gut Decontamination 

 Because most recreational cocaine users do not ingest 
cocaine, gut decontamination procedures are usually 
unnecessary. Gut decontamination may be considered 
when the history suggests cocaine ingestions exceed 
3   mg/kg within 1 hour of cocaine exposure. Activated 
charcoal is the decontamination measure of choice 
because of the rapid onset of action of cocaine.  In vitro
studies indicate that standard doses of activated char-
coal adsorb cocaine well both in alkaline and in acidic 
conditions.  549   Although  in vitro  models suggest that 
alkalinization increases the hydrolysis of cocaine,  70   acti-
vated charcoal binds cocaine well in acidic conditions 
and there is little evidence that gastric alkalinization 
improves clinical outcome. An IV line should be started, 
vital signs and cardiac rhythm should be closely moni-
tored, and medications (diazepam, lorazepam) should 
be immediately available for treatment. 

  Body Stuffer 

 All cooperative body stuffers should receive 50   g acti-
vated charcoal if they present within 1 – 2 hours after 
ingestion. The administration of activated charcoal to 
uncooperative patients depends on clinical judgment of 
the risks and benefi ts based on the dose and on the time 
since ingestion. Cocaine is poorly visualized on plain 
abdominal radiographs. Abdominal radiographs are not 
necessary in body stuffers unless a large ingestion of 
professionally wrapped cocaine is suspected. Cocaine is 
radiolucent and the radiographic appearance of cocaine 
packages depends on the consistency of the wrapping 
material and the presence of air inside and outside the 
wrapping. CT imaging may reveal the distinctive straight 
line of rock cocaine surrounded by air trapped in a 
wrapping.  550   In a retrospective study of 98 cocaine body 



PART 2 PSYCHOACTIVE PLANTS

846

       FIGURE 56.10.     Algorithm for the treatment of cocaine body packers.  355    * Contrast - enhanced abdominal computed tomography 
or contrast - enhanced radiography  
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the use of mutant human butylcholinesterase to metab-
olize excessive cocaine doses.  553    

  Supplemental Care 

  Chest Pain 

 Although the risk of AMI is substantially elevated in 
patients using cocaine, the incidence of myocardial isch-
emia in patients with cocaine - associated chest pain is 
relatively low. Elevation of cardiac enzymes (e.g., myo-
globin) without baseline ECG abnormalities may occur 
in the absence of cocaine - associated AMI; alternately, 
some patients with cocaine - associated AMI may present 
to the emergency department without ischemic ECG 
changes.  554   High - risk patients should be admitted for 

  Elimination Enhancement 

 The short biologic half - life of cocaine, the limited 
urinary excretion of unchanged cocaine, and the rela-
tively large volume of distribution of cocaine limit the 
effectiveness of measures to enhance cocaine elimina-
tion. Consequently, no measures to enhance the elimi-
nation of cocaine are recommended other than the use 
of serial doses of activated charcoal in body packers.  

  Antidotes 

 There are no antidotes for cocaine intoxication. 
Specifi cally,  β  - blocking drugs are not antidotes for the 
hyperadrenergic state induced by cocaine intoxication. 
Experimental antidotes for cocaine intoxication include 
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role for the prophylactic use of hemodialysis during 
rhabdomyolysis. Asymptomatic patients with serum CK 
< 1,000 – 2,000   IU/L should be hydrated; these stable 
patients may be followed closely as outpatients to 
confi rm declining levels.  

  Body Stuffi ng/Body Packing 

 The integrity of the cocaine packets determines the 
onset and likelihood of cocaine toxicity following inges-
tion of these packets.  557   Body stuffers usually, but not 
always, swallow small amounts of loosely wrapped drugs 
to avoid arrest by police. Although most body stuffers 
develop no or only mild clinical features of cocaine 
intoxication,558   occasionally body stuffers develop 
serious or fatal cocaine toxicity.  559   Body stuffers may be 
discharged if the vital signs remain normal and the 
patient remains asymptomatic 6 – 8 hours after ingestion 
as long as the cocaine was loosely wrapped (paper, 
single cellophane wrapping).  357,560   Body stuffers ingest-
ing more securely wrapped cocaine packets may require 
longer observation periods (12 – 24   h). In contrast to 
body stuffers, body packers (swallowers, couriers, mules, 
internal carriers), can carry large quantities of cocaine, 
and these patients may develop delayed signs of serious 
cocaine intoxication if the cocaine packets leak. In a 
retrospective study of 4,660 cocaine body packers, 64 
body packers (1.4%) developed signs of serious cocaine 
toxicity.  561   Typically, body packers carry about 1   kg of 
illicit drugs divided into 50 – 100 packets of about 10   g 
each.562   Although previous packets were loosely 
wrapped, current smuggling techniques probably 
involves an automated process that densely packs the 
drug into a latex sheath (condom, balloon) covered with 
several layers of latex and a hard wax coating.  563   These 
processes also use aluminum foil, carbon paper, plastic 
food wrap, or other material to alter the radiodensity of 
the packet. Frequently, the body packers ingest consti-
pating agents (loperamide, diphenoxylate) prior to 
transport with unaided passage of the packets being 
delayed 1 – 2 days to 2 – 3 weeks.  564   Oil - based laxatives 
should be avoided because of the potential for these 
agents to reduce the tensile strength of the wrappers 
and increase the risk of rupture. 

 The decision to surgically remove cocaine packets 
from the GI tract requires careful consideration of the 
potential risks and benefi ts. Indications for surgical 
intervention include signs of esophageal or intestinal 
obstruction (abdominal pain, vomiting), failure of the 
cocaine packets to progress through the stomach and 
small intestine, and evidence deterioration or leakage 
of the cocaine packets. The halo sign by itself is not an 
indication for surgical intervention because some air 
may be introduced into the cocaine packet during 

exclusion of AMI. Criteria for high - risk of AMI include 
ischemic ECG changes (ST elevation or ST depression 
≥ 1   mm, ischemic T - wave inversion), elevated serum tro-
ponin I or CK - MB, hemodynamic instability or ven-
tricular dysrhythmias, or recurrent ischemic symptoms 
with a history of coronary artery disease. Patients with 
low -  or intermediate - risk of MI may be observed for 12 
hours in an observation area. Stress testing helps iden-
tify ischemia in patients with underlying coronary artery 
disease. In a study of 256 cocaine - associated chest pain 
patients with low - to - intermediate risk of cardiovascular 
disease, 4 patients developed non - fatal MIs within 30 
days of discharge from the observation unit.  555   All 4 of 
these patients continued to use cocaine.  

  Mild Acute Intoxication 

 Sedative doses of diazepam (2.5 – 5   mg IV) of lorazepam 
(1 – 2   mg IV) may be administered to patients with agita-
tion. Acceptance, reduction of stimuli (i.e., rest, quiet, 
cool environment), and sincere reassurance are poten-
tially useful therapeutic interventions. When the psy-
chosis clears, each patient should be evaluated for 
suicidal and homicidal ideations. Besides potential self -
 harm, reasons for psychiatric hospitalization include 
chronic freebase use or IV injection, concurrent depen-
dence, severe psychiatric or medical problems, severe 
psychosocial impairment, lack of social or family 
support, repeated outpatient failure, and poor motiva-
tion.101   Patients who develop serious complications of 
ingesting cocaine packets usually present with signs of 
serious intoxication (seizures, dysrhythmias).  

  Rhabdomyolysis 

 The development of rhabdomyolysis is unlikely in 
patients with mild acute cocaine intoxication or in 
patients with serum creatine kinase concentrations 
< 1000   U/L.  556   Seizures, hyperactivity, hypokalemia or 
hyperkalemia, severe muscle spasm, and hyperthermia 
contribute to the development of rhabdomyolysis, and 
measures to resolve these clinical features are impor-
tant to prevent worsening rhabdomyolysis. The early 
use of high doses of benzodiazepines helps limit the 
progression of rhabdomyolysis and renal failure. Kidney 
function should be monitored daily for several days in 
patients with evidence of signifi cant muscle damage 
(i.e., serum creatine kinase  > 1,000 – 2,000   IU/L) if they 
are symptomatic or if the serum CK concentrations are 
rising. The treatment of rhabdomyolysis includes gener-
ous fl uid replacement to maintain urinary output. The 
effi cacy of alkalinization of the urine for the treatment 
of rhabdomyolysis is controversial. Hemodialysis is 
reserved for patients with renal failure, and there is no 
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interventions to help the abuser understand the reasons 
for cocaine use and the methods to fulfi ll this need 
without drugs.  163   Pharmacologic therapies provide 
adjunctive care to minimize the discomfort of cocaine 
withdrawal and reduce craving for cocaine. There are 
limited data supporting the clinical use of carbamaze-
pine, dopamine agonists, disulfi ram, phenytoin, and 
lithium in the treatment of cocaine dependence.  571

Pharmacologic adjuncts to the treatment of cocaine 
addiction include antidepressants, bromocriptine, carba-
mazepine, and fl uoxetine.  59   Antidepressants are fre-
quently prescribed to cocaine addicts to relieve some of 
the mood swings associated with the cessation of chronic 
cocaine use. Tricyclic antidepressants block catechol-
amine uptake and stabilize adrenergic and dopaminer-
gic receptors as well as treating the anhedonia, 
depression, and dysphoria associated with cocaine 
withdrawal. The pharmacotherapy of cocaine addiction 
is experimental with no one superior protocol.  572

Bromocriptine and amantadine modify the depletion of 
dopamine associated with cocaine craving and with-
drawal. Carbamazepine potentially alters the rekindling 
seizures associated with the desire to use cocaine. 
Neuroleptic drugs potentially block the euphoria associ-
ated with cocaine use. Other experimental medications 
include modafi nil (a mild stimulant that blocks the 
euphoric effects of cocaine) to initiate abstinence and 
vigabatrin (an irreversible inhibitor of GABA transami-
nase that elevates brain GABA concentrations) to 
prevent relapse.  573   Cocaine vaccines (e.g., succinylnor-
cocaine linked to recombinant cholera toxin B - subunit 
protein) are experimental approaches to the treatment 
of cocaine addiction.  574
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  Chapter 57 

               HISTORY 

 Ibogaine is one of the psychoactive indole alkaloids 
found in the West Central African shrub,  Tabernanthe 
iboga  that has been part of tribal culture in west - central 
Africa (Cameroon, Gabon, Republic of the Congo) for 
many centuries. In the Western culture, French and 
Belgian explorers fi rst described the stimulant and aph-
rodisiac properties of the iboga root during the 1800s.  1

Professor Henri Baillon provided the fi rst botanical 
description of the iboga plant before the Linnaean 
Society in Paris in 1889.  2   In the fi rst part of the 20 th

century, French pharmacologists isolated a crystalline 
compound ( “ ibogaine ”  or  “ ibogine ” ) from the root of 
the iboga plant that displayed stimulant properties in 
animal studies.  3,4   The popularity of ibogaine as a stimu-
lant was limited. Dybowski and Landrin isolated ibo-
gaine from Tabernathe iboga  in 1901  3  ; independently in 
the same year, Haller and Heckel also isolated ibo-
gaine.  5   Lambarene  ®   was an extract of the roots from a 
related species in the genus Tabernanthe  ( Tabernanthe 
manii ) that was marketed in France between 1939 and 
1970 as a stimulant. This extract contained 8   mg ibo-
gaine for the treatment of depression, fatigue, asthenia, 
and convalescence from infectious diseases.  1   The chemi-
cal structure of ibogaine was not established until 1957.  6

 The hallucinogenic effects of ibogaine were widely 
publicized in the United States during the 1960s, and 
ibogaine was used to facilitate psychotherapy. During 
this time, anecdotal reports suggested that the abuse of 
ibogaine reduced cravings for heroin and cocaine. In 
1970, the US Food and Drug Administration classifi ed 

ibogaine along with lysergic acid diethylamide (LSD) 
and mescaline as a schedule I substance with use limited 
only to research. The status of ibogaine was similarly 
restricted in Belgium, Denmark, and Switzerland. 
France added ibogaine to their list of controlled sub-
stances in 2007. The International Olympic Committee 
also banned the use of ibogaine in athletes as a potential 
doping agent. There was little interest in ibogaine from 
pharmaceutic companies, in part, because the structure 
of a natural substance cannot be patented. However, 
Howard Lotsof received a US patent for the use of 
ibogaine in opioid withdrawal in 1985. During the late 
1980s and the 1990s, ibogaine was introduced as an 
unapproved, rapid treatment of addiction, primarily in 
alternative settings.  7   Ibogaine is administered through a 
variety of self - help networks in private clinics in Mexico, 
the Caribbean (St. Kitts), and Panama.  

  BOTANICAL DESCRIPTION 

Common Name :      Iboga  
Scientifi c Name :    Tabernanthe iboga  Baill.  
Botanical Family :      Apocynaceae  
Physical Description :      This shrub reaches 6 feet 

(∼ 1.8   m) in height with small green leaves and 
yellowish to pink fl owers. The elongated oval fruit 
is orange and does not contain indole alkaloids.  

Distribution and Ecology :      The iboga plant is a rain-
forest shrub, which inhabits the undergrowth of 
tropical forests in central - west Africa, particularly 
Cameroon, Congo, and Gabon.     

IBOGAINE ( Tabernanthe iboga  Baill.)     
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of the dried root bark is  ∼ 5 – 6%.  1   The extract of  T . 
 iboga  root extract is a complex mixture with the alka-
loids in a dilute vinegar and ammonia extract of the 
bark divided approximately as follows: ibogaine, 80%; 
ibogaline, 15%; and ibogamine, up to 5%.  11   Other 
sources of ibogaine include  Voacanga thouarsii  var. 
 obtusa ,  12    Tabernaemontana orientalis  R. Br.,  13   and 
 Tabernaemontana australis  (Mueell. Arg) Miers.  14    

  Methods of Use 

 Ibogaine has a long tradition of use in West Africa as a 
stimulant and hallucinogen. Indigenous peoples in 
western Africa used extracts of the root from the iboga 
plant to improve endurance on hunting trips and to 
combat fatigue, thirst, and hunger. In higher doses, ibo-
gaine is part of the initiation ceremonies of the Bwiti 
cult of Gabon, where practitioners believe that the use 
of ibogaine from the root of the iboga plant allows 
contact with ancestors in the spirit world.  15   This initia-
tion ritual is similarly reported as near - death experi-
ences with out - of - body feelings and a sense of fl oating 
over various landscape, encounters with deceased 
people, contact with divine entities, and arrival at the 
point of no return with subsequent return to reality.  16   
To obtain psychoactive effects, the pulverized root bark 
of the iboga plant is swallowed with water. During these 
rituals, effects associated with the use of the root extract 
include excitation, inebriation, dramatic visual illusions, 
sensory synesthesias, euphoria, dysphoria, confusion, 
disorientation, and hallucination.  17   However, the root 
extract contains indole alkaloids in addition to ibogaine; 
therefore, the effect of ibogaine cannot be separated 
from other indole alkaloids in the extract.   

  DOSE EFFECT 

  Animals 

 In some animal studies, a single injection 100   mg 
ibogaine/kg to rats produces loss of Purkinje cells in the 
cerebellum, whereas the no observable adverse effect 
level (NOAEL) for neurologic damage following injec-
tion was 25   mg/kg in female rats.  18   At the higher ibo-

  IDENTIFYING CHARACTERISTICS 

 Ibogaine (RN: 83 - 74 - 9, 12 - methoxyibogamine) is one of 
several complex indole alkaloids present in root bark of 
the iboga plant along with tabernanthine (CAS RN: 83 -
 94 - 3), ibogamine (CAS RN: 481 - 87 - 8), and ibogaline 
(CAS RN: 482 - 18 - 8). 18 - Methoxycoronardine is a 
congener of ibogaine that demonstrates similar effects 
on drug craving in animal studies with less potential 
neurotoxicity.  8   Figure  57.1  displays the structure of 
ibogaine, noribogaine (CAS RN: 481 - 88 - 9), and 
18 - methoxycoronardine.   

 Ibogaine has a molecular weight of 310.44   g/mol and 
a molecular formula of C 20 H 26 N 2 O. The free base is 
soluble in ethanol, methanol, and acetone, but insoluble 
in water; the hydrochloride salt is water soluble and 
decomposes at 299  °  C ( ∼ 570  °  F). Ibogaine oxidizes spon-
taneously in solution, producing iboluteine and ibo-
chine. The melting point of ibogaine is 153  °  C ( ∼ 307  °  F). 
The pK a  of ibogaine in 80% methylcellulose is 8.1; this 
highly lipophilic drug has a heptane/water partition 
coeffi cient of 28.  9   In sunlight at 20  °  C (68  °  F), both ibo-
gaine and noribogaine undergo degradation with a half -
 life of  ∼ 81 minutes and 11 minutes, respectively.  10    

  EXPOSURE 

  Origin 

 Ibogaine is a psychoactive indole alkaloid isolated from 
the root bark of the tropical shrub,  Tabernanthe iboga . 
Extraction of ibogaine from these roots is a complex 
process involving the use of alcohols and haloalkanes 
followed by chromatography for purifi cation. However, 
the extraction of ibogaine from  T .  iboga  is simpler than 
synthesis of ibogaine from nicotinamide. Ibogaine is 
also produced semisynthetically from voacangine, a 
component of root bark from the African tree  Voacanga 
africana  Stapf (Apocynaceae).  11    

  Composition 

 Ibogaine is the most abundant alkaloid in extracts of the 
root bark of the iboga plant. The total alkaloid content 

       FIGURE 57.1.     Chemical structures of 
ibogaine, noribogaine, and 
18 - methoxycoronaridine.  
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 Noribogaine ( O  - desmethylibogaine, 12 - hydroxyi-
bogamine) is the major metabolite of ibogaine, pro-
duced by CYP2D6 - mediated  O  - demethylation.  30

In vitro  studies using human liver microsomes indicate 
that CYP2C19 is the primary isoform involved with 
the biotransformation of the ibogaine analog, 18 - 
methoxycaronaridine to its major metabolite, 18 - 
hydroxycoronaridine.  31   In laboratory animals and 
volunteers, the plasma elimination half - life of ibogaine 
is short (i.e., 1 – 3   h) with  > 90% of the dose eliminated 
within 24 hours; however, pharmaceutic studies suggest 
that the terminal plasma half - life of ibogaine in humans 
(i.e., extensive CYP2D6 metabolizers) may be substan-
tially longer (i.e., 5 – 8   h).  21   In rats, the gastrointestinal 
tract and kidneys eliminate about 60 – 70% of the admin-
istered dose of ibogaine; both ibogaine and noribogaine 
distribute into bile.  28   Limited human data suggests that 
the elimination half - life of noribogaine from blood is 
substantially longer than ibogaine.  32

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The mechanism of action of ibogaine is complex and 
not well - defi ned. At pharmacologic doses,  in vitro
studies indicate that the actions of ibogaine result from 
the binding of ibogaine to a variety of central ner-
vous system (CNS) receptors and channels including 
the κ  -  and  μ  - opioid receptors,  σ2  receptor,  33,34   and the 
serotonin transporter; additionally, ibogaine is a non-
competitive blocker of the N  - methyl -  D  - aspartate 
(NMDA) receptor channel.  35   Other potential sites of 
ibogaine and noribogaine binding include 5HT 2  and 
5HT3 , muscarinic (M 1 , M 2 ), and nicotinic acetylcholine 
receptors as well as monoamine uptake sites.  9   The active 
metabolite, noribogaine, displays higher affi nity for 
serotonin transporters and opioid receptor subtypes 
(i.e., moderate  κ  -  and weak  μ  - opioid receptor agonist) 
compared with ibogaine as demonstrated in Table  57.1 . 

gaine dose, degeneration of Purkinje cells occurred as 
detected by the Fink - Heimer stain II and increased glial 
turnover detected by glial fi brillary acidic protein 
(astrocyte - specifi c protein).  19   Cerebellar degeneration 
appears primarily in areas 5 and 6 associated with the 
head and upper extremities. Clinical signs of neurologic 
abnormalities in rats administered doses exceeding 
25   mg ibogaine/kg include ataxia, hyperexcitability, and 
abnormal posturing of the extremities.  20   However, there 
is substantial interspecies variation in the neurologic 
effects of ibogaine with monkeys and mice much less 
sensitive than rats.  21   In a study of white laboratory mice, 
the median lethal doses of ibogaine and noribogaine 
were 263   mg/kg and 630   mg/kg, respectively, with the 
ibogaine/noribogaine ratio being ∼ 2.4.  22   At these higher 
doses, ibogaine depressed heart rate.  

  Humans 

 Based on anecdotal reports, the estimated threshold 
adult dose for hallucinations following ingestion of ibo-
gaine is about 300   mg.  23   The typical dose for facilitating 
psychotherapeutic or spiritual insights is about 8 – 12   mg/
kg.  7   Following oral doses of 4 – 25   mg/kg, open, non-
blinded case reports suggested that the use of ibogaine 
was a rapid, easy means of suppressing the drug craving 
associated with heroin, cocaine, and amphetamine 
abuse.  24,25   The recommended oral dose for the treat-
ment of drug addiction is 5 – 30   mg/kg.  8   In an open - label 
case series of heroin addicts receiving ibogaine for the 
treatment of withdrawal, the average ibogaine dose was 
approximately 20   mg/kg.  26   Case reports document the 
use of single ibogaine doses up to 1,800   mg for the treat-
ment of heroin addiction.  27   There are inadequate data 
to determine the safety or effi cacy of this dose for treat-
ing drug addiction.   

  TOXICOKINETICS 

 There are few toxicokinetic data on ibogaine in humans. 
Animal studies suggest that the oral bioavailability of 
ibogaine is gender -  and dose - dependent. After oral 
administration of 5   mg/kg to rats, the bioavailability of 
ibogaine in male and female rats was 7% and 16%, 
respectively; following 50   mg/kg, the bioavailability was 
43% and 71%, respectively.  28   These rodent studies also 
indicate that ibogaine undergoes substantial fi rst - pass 
metabolism as well as large accumulation in adipose 
tissue as a result of the high lipophilicity.  29   The large fat 
reservoirs of ibogaine provide a mechanism for sus-
tained release and prolonged action. The volume of dis-
tribution of ibogaine is large (i.e., 13   L/kg uncorrected 
for bioavailability).  21   Animal studies indicate that both 
ibogaine and noribogaine cross the blood – brain barrier. 

TABLE 57.1.    Affi nity of Ibogaine and Noribogaine for 
Central Nervous System Receptors.     30

   Receptor     Site     Ibogaine 
IC50    ( μ M)  

   Noribogaine 
IC50  ( μ M)  

  Serotonin 
Transporter    RTI - 55 DAT    00.59    0.04  

  Opioid Mu    DAMGO    11.00    0.16  
  Opioid Kappa 1    U69593    25.00    4.20  
  Opioid Kappa 2    IOXY    23.80    92.30  
  Glutamine 

NMDA    MK - 801    5.2    31.40  
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tive experiences rather than external cues. This phase 
lasts 8 – 24 hours. A third phase of stimulation starts 
12 – 24 hours after ingestion and persists 24 – 72 hours. 
During this phase, volunteers regain normal attention 
to the environment and experience arousal and alert-
ness.  9   Some patients report reduced need for sleep. 
Deaths associated with ibogaine are not well - reported, 
but high doses of ibogaine may produce coma and respi-
ratory depression.  40

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques for the quantifi cation of ibogaine include 
thin layer chromatography with UV spectrophotome-
try,  41   gas chromatography with fl ame ionization detec-
tion,42   gas chromatography/mass spectrometry after 
organic extraction and derivatization with trifl uoroace-
tic anhydride,  43   gas chromatography/electron impact/
mass spectrometry in full scan mode,  44   high perfor-
mance liquid chromatography (HPLC) with fl uorome-
try,  10   liquid chromatography/electrospray ionization/
mass spectrometry,  45   and liquid chromatography/
tandem mass spectrometry.  46   The limit of detection 
(LOD) for HPLC with fl uorometry is about 20   ng/mL 
with a coeffi cient of variation of 8 – 12%. The lower limit 
of quantitation (LLOQ) for both ibogaine and noribo-
gaine using liquid chromatography/tandem mass spec-
trometry is 50   ng/mL with precision of 7.8% and 7.4%, 
respectively, and accuracy of 89.6% and 86.2%, 
respectively. The LOD for this method is 1   ng/mL. The 
LLOQ for ibogaine and noribogaine using liquid 
chromatography/electrospray ionization/mass spec-
trometry is 0.89   ng/mL and 1   ng/mL, respectively, in 
plasma with precision < 14% and accuracy 9 – 10%. 
HPLC also allows LLOQ of ibogaine and noribogaine 
in the range of 1   ng/mL with precision    ≤    17%.  10   The use 
of solid - phase extraction along with gas chromatography/
methane positive - ion/mass spectrometry allows the 
detection of ibogaine in plasma samples at LLOQ near 
0.5   ng/mL.  47   Analysis by solid - phase extraction and 
HPLC with photodiode array detection allows the 
determination of ibogaine along with 12 other plant 
alkaloids (e.g., aconitine, anabasine, atropine, brucine, 
colchicine, cotinine, cystine, harmine, nicotine, scopol-
amine, strychnine, yohimbine).  48   The LLOQ of ibogaine 
using this screening method for analysis of serum and 
urine samples is 6.0   ng/mL and 3.2   ng/mL, respectively, 
both with coeffi cients of variation  < 5%. Aqueous solu-
tions of ibogaine are relatively stable under refrigerated 
conditions. During refrigerated storage, the loss of ibo-
gaine from a 10   mg/mL solution over 7 months was 
< 10%.  43   There was no statistically signifi cant difference 

Noribogaine has little affi nity for  σ2  receptors in con-
trast to ibogaine,  36   whereas noribogaine is approxi-
mately 10 – 15 times more potent than ibogaine in binding 
the serotonin transporter and inhibiting serotonin 
reuptake.   

In vitro  studies indicate that ibogaine noncompeti-
tively blocks sodium infl ux through ganglionic - type 
nicotinic receptor channels.  37   Ibogaine has moderate 
affi nity for the  σ2  receptor, which increases intracellular 
calcium and induces apoptosis. This compound has low 
affi nity for  σ1  receptors, which modulate NMDA - type 
glutamatergic, dopaminergic, and cholinergic receptors. 
Additionally,  in vitro  studies indicate that ibogaine has 
low affi nity (i.e., K i   > 100    μ M) for benzodiazepine,  γ  -
 aminobutyric acid (GABA A ), cannabinoid, dopaminer-
gic, metabotropic glutamatergic, and serotonergic 
receptors.  33   Although ibogaine is structurally similar to 
serotonin and harmaline as a result of the shared indole 
ring, ibogaine does not display signifi cant affi nity for 
serotonin receptors at standard pharmacologic doses. 
However, noribogaine and to a lesser extent, ibogaine 
inhibit serotonin uptake by binding to serotonin trans-
porter sites, resulting in increased extracellular concen-
trations of serotonin, particularly in the nucleus 
accumbens.  36   Both ibogaine and noribogaine also tran-
siently decrease tissue dopamine concentrations by 
stimulating dopamine metabolism. 

 Animal studies suggest the possibility of neurotoxic-
ity and possibly cardiotoxicity following the administra-
tion of ibogaine. In high doses (i.e., 100   mg/kg), some 
animal studies indicate that ibogaine produces loss of 
Purkinje neurons in the cerebellar vermis, particularly 
lobules 5 and 6, as detected by histochemical markers 
including astrocytosis, microgliosis, argyrophilic degen-
eration, and loss of calbindin immunoreactivity.  38

Observed effects in these animals include ataxia and 
tremor. The cause of this damage (e.g., excessive gluta-
mate release) is not well - defi ned.  39

  CLINICAL RESPONSE 

 Because of the illicit status of ibogaine, there are limited 
human data in the peer - reviewed medical literature on 
the clinical effects of the drug. When administered in 
nonhospital settings for the amelioration of opioid with-
drawal, common adverse effects include vomiting, myal-
gias, tremor, ataxia, loss of balance, and rarely, transient 
hypotension.8   The onset of action is about 1 – 3 hours 
with initial effects of a dreamlike, waking state (fl oating, 
passage along a long path) persisting 4 – 8 hours. This 
dream - like state develops with visions of transcendent 
beings and a  “ panoramic readout of long - term memory. ”   8

Subsequently, a refl ective period begins about 4 – 8 hours 
after ingestion with attention focused on inner subjec-
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in ibogaine or noribogaine concentrations in plasma 
samples stored at 4  °  C ( ∼ 39  °  F) and  − 20  °  C ( − 4  °  F) for 1 
year.  45

  Biomarkers 

 There are limited pharmacokinetic data on ibogaine. In 
heroin addicts receiving 500 – 800   mg ibogaine for the 
treatment of withdrawal, peak plasma ibogaine concen-
trations range between 30 – 1,250   ng/mL within 2 – 5 
hours after ingestion. Plasma ibogaine concentrations 
decline rapidly to < 10   ng/mL 24 hours after ingestion. 
Plasma noribogaine concentrations remain elevated 
substantially longer than ibogaine with peak concentra-
tions between 700 – 1,200   ng/mL decreasing to 300 –
 800   ng/mL 24 hours after the ingestion of ibogaine.   30,30

These studies indicate that there are substantial differ-
ences in the plasma ibogaine and noribogaine concen-
trations between poor and rapid CYP2D6 metabolizers. 
After the ingestion of ibogaine, poor metabolizers have 
much lower concentrations of noribogaine and higher 
concentrations of ibogaine than rapid metabolizers. A 
37 - year - old man was found dead on a beach after 
drowning.  46   The postmortem femoral blood contained 
3,300   ng ibogaine/mL and 4,600   ng noribogaine/mL. 
The ratios of heart/femoral blood for ibogaine and nori-
bogaine were 0.73 and 0.61, respectively. Subclavian 
blood drawn at the death scene from a 48 - year - old 
drug addict found dead after ingesting the bark from T . 
iboga  contained average ibogaine and noribogaine con-
centrations of 10,800    ±    400   ng/mL and 20,800    ±    3,000   ng/
mL, respectively.  49   At autopsy 48 hours later, the femoral 
blood contained average ibogaine and noribogaine con-
centrations of 5,400    ±    1,400   ng/mL and 5,600    ±    900   ng/
mL, respectively, probably as a result of oxidation.   

  TREATMENT 

 There are few clinical data on the treatment of toxicity 
associated with ibogaine. Treatment of adverse effects 
associated with ibogaine is supportive (e.g., antiemetics, 
rest). The hallucinogenic potential of ibogaine suggests 
that patients should be placed in a quiet environment 
with familiar friends and limited external stimuli. 
Although there are few clinical data, benzodiazepines 
are a therapeutic option for the treatment of anxiety 
associated with the behavioral effects of ibogaine.      
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  Chapter 58 

               HISTORY 

 The habit of chewing Khat for stimulant properties has 
a long history in eastern Africa and southern Arabia, 
where the plant ( Catha edulis ) is indigenous. The 
Arabian physician, Najeeb Al - Deen Al - Samargandi rec-
ommended the use of khat for the treatment of depres-
sive illness in an Arabic medical book written in the 13 th

century.  1   Khat probably originated in Ethiopia; the use 
of khat as a stimulant spread to Yemen during the 13 th

century.  2   Swedish botanist, Peter Forskal fi rst described 
the khat tree during an expedition to Egypt and Yemen 
in the middle 18 th  century. The English adventurer -
 writer, Sir Richard Francis Burton (1821 – 1890) and the 
French Poet, Jean Arthur Rimbaud (1854 – 1891) wrote 
about chewing khat in Harer, Ethiopia during the 19 th

century.  3   Until recently, the use of khat remained local-
ized to the areas where the plant is native because the 
active ingredient in khat leaves decays rapidly.  4   The 
habit has now spread to distant ethnic communities 
(e.g., Somali communities in South Wales and London).  

  BOTANICAL DESCRIPTION 

Common Name :      Khat, qat (Yemen), gat, mairungi 
(Uganda), miraa (Kenya), muhulo (Tanzania), 
muraa, musitate, jaad/qaad (Somalia), tchat 
(Ethiopia), African salad, bushman ’ s tea  

Scientifi c Name :   Catha edulis  (Vahl) Forsskal ex 
Endl.  

Botanical Family :      Celastraceae (bittersweet family)  

Physical Description :      This leafy evergreen shrub 
reaches up to 6   m ( ∼ 20   ft) in height with opposite 
or alternate leaves about 1 – 4   cm ( ∼ 0.5 – 1.5   in) 
wide and 5 – 10   cm ( ∼ 2 – 4   in) long.  5   The glossy, 
brownish - green, leathery, elliptical to lanceolate 
leaves have serrated edges that resemble withered 
basil; as the leaves deteriorate, they become 
yellow - green and leathery. The odor is slightly 
aromatic and the taste is slightly sweet and astrin-
gent. There are no unique anatomic features that 
separate khat from other similar plant species; 
the identifi cation of khat requires laboratory 
confi rmation.  

Distribution and Ecology :      Khat grows on moist 
slopes at elevations of 3,000 – 8,000   ft ( ∼ 1,000 –
 2,500   m) in Yemen, Ethiopia, Kenya, and east 
Africa. Severe frosts in winter destroy the aerial 
parts of the plant and limit the height of the plant. 
Frequently, khat is grown among other commer-
cial crops (coffee, legumes, papayas, peaches). In 
Yemen, khat is not cultivated in the hot, coastal 
cities (e.g., Aden, Hodieda, Mokalla).     

  IDENTIFYING CHARACTERISTICS 

 Fresh khat leaves contain up to 60 different catheduline 
compounds (polyesters of euonyminol) and several 
sympathomimetic phenylalkylamine compounds 
including cathinone [( − ) -  α  - aminopropiophenone, 2 - 
aminopropiophenone, CAS RN: 71031 - 15 - 7], cathine 

 KHAT  ( Catha edulis  (Vahl) Forsskal Ex Endl.) 
and  CATHINONE      
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  S  - ( − ) - Cathinone is the ketone congener of phenyl-
propanolamine (norephedrine).  

  EXPOSURE 

  Epidemiology 

 Chewing fresh khat leaves is a habit that is endemic in 
regions of east Africa (Djibouti, Ethiopia, Kenya, 
Madagascar, Somalia, Sudan, Tanzania, Uganda) and 
the southwestern Arabian Peninsula, particularly in 
Yemen. The use of khat is also common in immigrant 
communities (Yemen, Ethiopia, Somalia) in the United 
States, United Kingdom, and Australia.  11   Commercial 
sources of fresh khat include Kenya, Ethiopia, and 
Somalia. The fi rst khat harvest occurs about 3 – 5 years 
after planting.  12   Only the fresh leaves produce the 
desired stimulatory effects.  13   However, the advent of air 
transportation allows the rapid distribution of fresh 
khat leaves before the deterioration of the active ingre-
dients. The use of khat is prohibited in Australia, 
Denmark, Finland, France, Germany, New Zealand, 
Norway, Switzerland, and the United States; possession 
of the unprepared plant form is legal in the United 
Kingdom and the Netherlands. The World Health 
Organization classifi es khat as a drug of abuse that can 
produce mild to moderate psychologic dependence. 
Hagigat is a capsule containing 200   mg cathinone that 
is marketed in Israel as an natural aphrodisiac and stim-
ulant.  14   This product is a substitute for khat. The US 
Drug Enforcement Agency classifi es cathinone as a 
schedule I drug (i.e., most restrictive), whereas cathine 
is a schedule IV drug.  

  Composition 

 The cathinone content of khat leaves depends primarily 
on the growing environment; therefore, the cathinone 
content varies substantially between khat specimens 
from different regions of Yemen.  2   Young, fresh leaves 
contain the highest concentration of cathinone.  15   These 
leaves lack the ( + ) isomer of cathinone; consequently, 
the ( − ) isomer of cathinone is the only natural enantio-
mer in  Catha edulis .  16   Mature khat leaves usually contain 
more ( + ) - norpseudoephedrine than ( − ) - cathinone as 
a result of the conversion of cathinone to cathine 
[( + ) - norpseudoephedrine] and ( − ) - norephedrine during 
maturation.  4   ( + ) - Norpseudoephedrine occurs in all 
parts of the khat plant, whereas cathinone occurs 
almost exclusively in the young leaves, shoots, and 
branchlets.  17   

 The content of specifi c phenylalkylamine compounds 
in khat leaves varies substantially both as an absolute 
amount and as a percentage of total phenylalkylamine 

[( + ) - norpseudoephedrine, CAS RN: 492 - 39 - 7], and 
( + / − ) - norephedrine [phenylpropanolamine, CAS RN: 
14838 - 15 - 4]. The only structural difference between 
amphetamine and cathinone is the presence of a car-
bonyl on the  α  - carbon of the amphetamine side chain 
as displayed in Figure  58.1 . The World Health 
Organization (WHO) includes  S  - ( − ) - cathinone in 
schedule I (i.e., most controlled substance category as a 
result of high abuse potential) of the United Nations 
Convention on Psychotropic Substances. Khat also con-
tains phenylpentenylamine alkaloids (merucathinone, 
merucathine, pseudomerucathine) and catheduline 
compounds. Other compounds in khat include tannins, 
terpenoids, fl avonoids, ethereal oil, sterols, amino acids 
(alanine, glycine, glutamic acid, tryptophan), mine-
rals (calcium, copper, iron, zinc), vitamins (ascorbic 
acid, carotene, niacin, ribofl avine, thiamine), and 
glycosides.  6,7     

 Although animal studies suggest that the sympatho-
mimetic effects of ( − ) - cathinone (MW: 149.2) and 
( + ) - norpseudoephedrine (cathine) are similar,  S  - ( − ) -
 cathinone is probably the active psychoactive ingredient 
in khat.  8,9   Cathinone is an intermediate in the synthesis 
of cathine that accumulates in young, but not in adult 
leaves. During the wilting of khat leaves, the reduction 
of cathinone to cathine occurs.  13   The sympathomimetic 
effects of standardized khat leaves and pure cathinone 
are similar in experimental studies.  10   

       FIGURE 58.1.     Chemical structure of major chemical ingre-
dients in khat, with ( R ) and ( S ) absolute confi guration indi-
cated at the stereocenters..  
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muffraj).22,23   Desirable effects include the initial onset 
of elation, increased alertness, enhanced sociability, 
loquacity, and heightened self - confi dence. Later in the 
session, irritability, emotional lability, and depressive 
symptoms may develop. Khat is also used during work 
as a means to reduce physical fatigue.  24

  DOSE EFFECT 

 Prediction of a dose response to khat is complicated by 
the variation in the alkaloids and potency of khat leaves, 
tolerance, and large interindividual variations in cathi-
none absorption from the leaves. In volunteer studies, 
the ingestion of 0.5   mg cathinone/kg produces stimula-
tory effects similar to the chewing of high - grade Kenyan 
khat.10   An average khat session over 3 – 4 hours involves 
the use of 100 – 200   g khat leaves that contain approxi-
mately 0.5 – 1   mg cathinone/kg.  18   In a case series of 34 

content, depending on the origin and the age of the 
leaves. In a study of 22 samples of fresh khat leaves from 
Kenya, Ethiopia, Yemen, and Madagascar, the specifi c 
phenylalkylamine content as an approximate percentage 
of total phenylpropyl and phenylpentenyl content ranged 
between the following: cathinone, 5 – 59%; cathine [ S , S  -
 ( + ) - norpseudoephedrine], 30 – 79%; and phenylpropanol-
amine [ R , S   - ( − ) - norephedrine], 4 – 19%.  18   Approximate 
phenylalkylamine content per gram fresh khat leaves 
typically ranges between the following: cathinone, 0.36 –
 1.14   mg; cathine, 0.83 – 1.20   mg; and norephedrine, 
0.08 – 0.47   mg.  19   Analysis of fresh khat leaves confi scated 
by Swiss custom offi cers demon strate the following 
phenylalkylamine compounds in mg/g fresh weight: 
(− ) - cathinone, 1.02    ±    0.11;  S , S  - ( + ) - norpseudoephedrine 
0.86    ±    0.06; and  R , S  - ( − ) - norephedrine, 0.47    ±    0.05.  10   In a 
study of khat leaves confi scated at the Frankfurt airport 
and stored at − 20 ° C ( − 4 ° F), the cathinone, cathine, and 
norephedrine content in the leaves were 1.14   mg/g, 
0.83   mg/g, and 0.44   mg/g, respectively.  20    S  - ( − ) - Cathinone 
is relatively unstable; this active compound decomposes 
rapidly into ( + ) - nor pseudoephedrine and norephedrine 
within a few days of harvest. The fl uoride content of khat 
is negligible based on analyses of khat leaves and saliva 
from khat chewers; high fl uoride content in drinking 
water from rural areas of khat growing countries may 
account for the presence of fl uorosis of the tooth enamel 
in some khat chewers.  21

  Methods of Use 

 Typically, the harvest of khat begins in the early morning 
to reach the market by late morning as bundles of twigs, 
stems, and leaves wrapped in banana leaves to preserve 
freshness as shown in Figure  58.2 .  19

 Figure  58.3  displays dried khat leaves. Khat is a 
euphoriant that is an integral part of the Yemeni and 
Somali culture, where urban khat sessions are a common 
social gathering after lunch in dedicated rooms (i.e., 

FIGURE 58.2.     Bundle of khat leaves, twigs, and 
stems wrapped in banana leaves.  (Photo courtesy of 
the US Drug Enforcement Agency)   

FIGURE 58.3.     Dried khat leaves.  (Photo courtesy of the US 
Drug Enforcement Agency)   
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  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Cathinone is a naturally occurring  β  - keto -  α  - methyl-
phenethylamine analog of amphetamine. Cathinone 
produces stimulatory effects similar to amphetamine as 
a result of the release of neurotransmitters (dopamine, 
serotonin, epinephrine) from presynaptic storage sites.  13

This compound is an indirect dopamine agonist that 
inhibits the reuptake of dopamine as well as functioning 
as a presynaptic releaser of dopamine in in vitro  models 
(e.g., rat synaptosomes).  30   ( − ) - Cathinone also releases 
serotonin from striatal stores similar to d  - amphetamine; 
however, the dopaminergic and serotonergic properties 
of cathinone are substantially weaker (i.e., 2 – 10 times) 
than d  - amphetamine.  31   In volunteer studies, the admin-
istration of cathinone increases blood pressure and 
heart rate as well as causing CNS stimulation and 
euphoria.32   Cathine is also an active constituent of khat 
that has dopaminergic properties similar to cathinone; 
however, the potency of cathine is much lower than 
cathinone.  33

  CLINICAL RESPONSE 

  Recreational Use 

 The ingestion of the active ingredients in khat initially 
produces stimulation of the CNS. The chewing of khat 
in a social setting causes mild euphoria, alertness, and 
hyperactivity followed by loquacity and increased social 
interaction within about 1 hour after the onset of 
chewing. Like other sympathomimetic drugs, khat can 
produce mydriasis, transient hypertension and tachycar-
dia, hyperthermia, anorexia, headache, dry mouth, 
blurred vision, garrulousness, mood elevation, and 
arousal. Social and medical problems associated with 
the recreational use of khat include depression, malnu-
trition, insomnia, irritability, malaise, emotional lability, 
gastritis, constipation, impotence, and spontaneous 
sperm secretion. A case series associated the chronic use 
of khat with the development of severe, acute hepato-
toxicity in patients without other obvious causes of 
hepatitis.  34

  Mental Disorders 

 Case reports associate a toxic psychosis with khat 
chewing, manifest by hyperactivity, pressured speech, 
anorexia, insomnia, and paranoid ideations in patients 
both with and without a personal and/or family history 
of psychiatric illness.  35   These symptoms disappeared 1 
week after beginning thioridazine therapy (300   mg 
daily) and the cessation of khat use.  36   Two reported 

calls to the Israeli Poison Information Center regarding 
exposure to one - half to 6 capsules of Hagigat (cathi-
none), the main clinical features were headache, vomit-
ing, hypertension, nausea, tachycardia, dyspnea, chest 
pain, and myalgias. Clinical symptoms did not correlate 
to the amount of Hagigat ingested.  

  TOXICOKINETICS 

 During a khat session, absorption of cathinone occurs 
primarily across the mucous membranes of the mouth. 
In a study of 4 adults chewing 600   mg khat leaves/kg 
body weight (i.e., about 25% of the usual dose in a 
khat session), the estimated absorption of cathinone 
in the mouth was 59    ±    21% with a mean volume of 
distribution of 2.7    ±    1.6   L/kg.  25   The time to maximal 
cathinone concentration (t max ) was 2.31    ±    0.65 hours. 
Cathinone undergoes ketone reduction to R , R  - ( − ) -
 norpseudoephedrine (cathine) and  R , S  - ( − ) - nor-
ephedrine (phenylpropanolamine).  9,26   Volunteer studies 
indicate that norephedrine is the major metabolite of 
cathinone in humans; whereas cathine is the major 
decomposition product of cathinone in storage. In a 
study of 3 volunteers,  R , R  - ( − ) - norpseudoephedrine 
(cathine) and R , S  - ( − ) - norephedrine (phenylpropanol-
amine) accounted for 2.5 – 5.2% and 20.1 – 34.9%, 
respectively, of the administered dose of 24   mg  S  - ( − ) -
 cathinone.  27   Cathine is much less active than cathinone. 
During volunteer studies, mean peak  S  - ( − ) - cathinone 
concentrations occurred about 2    ±    1 hours after the 
beginning of khat chewing, and the mean elimination 
half - life of  S ( − ) - cathinone was approximately 4    ±    2 
hours.  10   The  S ( − ) - cathinone content in the khat leaves 
used during the study were similar to the S ( − ) - cathinone 
in high - grade Kenyan khat. Although cathinone shares 
similar pharmacologic effects with amphetamine, the 
duration of action for cathinone is shorter than that of 
amphetamine.  13   The stimulatory effects of khat usually 
last about 4 hours after chewing begins. Following the 
chewing of one - quarter of the normal dose of khat 
leaves, the mean plasma elimination half - life of cathi-
none and cathine were 1.5    ±    0.8 hours and 5.2    ±    3.4 
hours, respectively.  25   Only about 2% of the absorbed 
dose of cathinone appears in the urine unchanged.  27

Cathinone and methcathinone are not metabolites of 
phenylpropanolamine or any other over - the - counter 
medications. Cathinone is a minor metabolite of the 
anorexic agent, diethylpropion.  28   There are limited data 
on the development of tolerance following chronic use 
of khat. In animal models, repeat administration of 
cathinone produces tolerance to the effects of cathinone 
eaten with food; these animals also demonstrate cross -
 tolerance to  d  - amphetamine.  29
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occur during the time immediately after the cessation 
of khat use.  44

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analytic techniques for the quantitation of cathinone 
and other phenylalkylamine compounds are similar to 
the methods used for the detection of amphetamine. 
Several methods are available to detect cathinone 
in biologic samples including gas chromatography/
fl ame ionization detection, high performance liquid 
chromatography with photodiode array detection,  45

cation - exchange liquid chromatography,  46   and liquid 
chromatography/atmospheric pressure chemical 
ionization/mass spectrometry.  47   The lower limit of quan-
titation (LLOQ) of cathinone and methcathinone in 
urine samples following analysis by gas chromatography/
mass spectrometry (GC/MS) ranges between 12.5 –
 25   ng/mL,  48   whereas the LLOQ for cathinone and 
cathine in khat samples following cation - exchange 
liquid chromatography is 1.3   ng/mg fresh weight and 
5.1   ng/mg fresh weight, respectively.  46   Detection of 
cathinone by immunoassay urine screens is highly vari-
able depending on the specifi c reagent used and the 
amount of cross - reactivity between phenylpropanol-
amine and cathinone. In a study of 4 volunteers chewing 
0.6   g khat leaves/kg body weight, the Abbott fl uores-
cence polarization immunoassay of subsequent urine 
samples did not detect the presence of amphetamine 
compounds.  20   Analysis of these samples by GC/MS 
demonstrated the presence of cathinone during the fi rst 
26 hours; the presence of cathine and norephedrine was 
detectable in all the samples collected during the dura-
tion of the study (i.e., 80   h). Although cathinone and 
methcathinone are stable for 3 days in refrigerated 
samples (2 – 4 ° C/ ∼ 36 – 39 ° F) and in frozen samples 
(− 18 ° C/ ∼ 0 ° F) for 2 months, urine samples stored at 
2 – 4 ° C for 3 months lost 79% of these compounds.  48

  Driving 

 Driving under the infl uence of khat is a suspected cause 
of the high road crash fatality rate in countries (e.g., 
Ethiopia) where khat is legal;  49   however, data and tech-
nology are not currently available in these countries to 
determine the effect of khat and other drugs on driving 
impairment and culpability for fatal crashes. In a case 
series of 19 individuals arrested for driving under the 
infl uence after reportedly chewing khat, the serum 
cathine concentration ranged from 16.5 – 314.7   ng/mL 
with a median of 128.9   ng/mL, whereas 16 serum 
samples had cathinone concentrations ranging from 

types of psychosis include manic psychosis with grandi-
ose delusions and a paranoid schizophrenic - like psycho-
sis with persecutory delusions, auditory hallucinations, 
fear, and anxiety; however, the contribution of khat use 
to the development of persistent psychosis without pre-
existing psychiatric disease remains unproven.  6

  Medical Complications 

 In Yemen, a hospital - based case - control study of 100 
cases of acute myocardial infarctions (AMI) and 100 age -  
and sex - matched outpatient controls compared the 2 
groups based on questionnaires covering personal history 
of khat chewing, smoking, hypertension, diabetes, and 
family history.  37   The odds ratio for AMI among khat 
chewers was 5.0 (95% CI: 1.9 – 13.1) with a substantially 
increased risk for heavy khat users. In a prospective, mul-
ticenter study of 8,176 consecutive patients from 6 adja-
cent Middle Eastern countries presenting with acute 
coronary syndrome, 11.4% were khat chewers, mainly of 
Yemen origin.  38   After adjustment for covariates (age, dia-
betes mellitus, dyslipidemia, hypertension, sex, smoking, 
thrombolytic therapy), khat use was an independent risk 
factor for in - hospital mortality (OR, 1.9; 95% CI: 1.3 – 2.7; 
P   < .001) and stroke (OR, 2.7; 95% CK: 1.3 – 5.9;  P   = .01). 
There was a signifi cant delay in the presentation of khat 
users; 59% of the khat users presented  > 12 hours after 
onset of symptoms compared with 21.1% of nonkhat 
users ( P     <    .001). Several case reports associate hepato-
toxicity with khat chewing by Middle Eastern immigrants 
to European countries.  39,40   Some of these patients devel-
oped liver failure and encephalopathy. Although common 
etiologies of hepatotoxicity were excluded, the cause of 
the liver toxicity remains unclear as a proven association 
between liver toxicity; khat chewing has not been estab-
lished as a cause of hepatotoxicity in countries where 
khat use is common. 

 There are few data on the oral carcinogenicity of 
khat chewing, particularly data that controls for the 
strong risk factors of tobacco and alcohol use.  41   There is 
an increased prevalence of oral mucosal keratosis (i.e., 
a precancerous lesion) among khat chewers; however, 
there is currently insuffi cient evidence to associate 
chronic khat chewing with an increased incidence of 
oral cancers.  42   Chronic chewing of khat can cause green 
discoloration of the tongue and brownish discoloration 
of the teeth.  43

  Abstinence Syndrome 

 Prolonged khat use does not produce a well - defi ned 
abstinence syndrome, although a mild depressive reac-
tion (irritability, anorexia, insomnia, nightmares) may 
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9.2 – 73   ng/mL with a median of 33.2   ng/mL.  50   The serum 
cathinone concentration did not correlate well to 
impairment as detected by police observations; the 
driver with the worst driving performance had the 
lowest serum cathinone and cathine concentrations. 
Signifi cant amounts of other drugs of abuse were not 
detected in this case series.   

  TREATMENT 

 As the intoxication that results from khat use is gener-
ally mild, patients rarely present for medical care of 
khat intoxication. There are no well - documented reports 
of severe toxicity following khat use. Treatment is sup-
portive, similar to the treatment of amphetamine intoxi-
cation. Options for the treatment of agitation in a khat 
user include benzodiazepines or antipsychotic medica-
tions. Patients with hypertensive emergencies should be 
treated with sedation and vasodilators; patients with 
agitation and severe hyperthermia may require neuro-
muscular blockade with subsequent intubation and 
mechanical ventilation along with sedation and aggres-
sive cooling.      
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  Chapter 59 

               HISTORY 

 Traditionally, manual laborers in Thailand and Malaysia 
used the leaves of kratom as a mild narcotic to increase 
productivity and reduce boredom. Reported kratom use 
by Malaysian laborers as an opium substitute dates back 
to at least 1836 as described by Low.  1   In 1895, Holmes 
identifi ed  Mitragyna speciosa  as the source of the 
kratom used by workers when opium was unavailable.  2

Ellen Field named mitragynine, when she isolated this 
compound from kratom in 1921.  3   Joshi et al determined 
the chemical structure of the main alkaloid in kratom 
in 1963; two years later, Zacharias et al confi rmed the 
structure with X - ray crystallography.  4   In a search for 
nonopiate analgesics in the 1960s and 1970s, over 20 
alkaloids were identifi ed in kratom.  5

 Studies by Grewal in 1932 at the University of 
Cambridge indicated that this substance was a central 
nervous system stimulant similar to cocaine based on 
his observation of the clinical effects of the administra-
tion of kratom to 5 men.  6   In 1943, Thailand banned the 
use of this substance (Kratom Act 2486). Macko et al 
investigated the use of mitragynine in animal experi-
ments as a substitute for the analgesic and cough sup-
pressant activities of codeine.  7   Reported in 1972, their 
studies suggested that the active ingredient was a 
metabolite of mitragynine rather than the parent drug 
because the subcutaneous route was substantially less 
effective than oral administration. The Thailand 
Narcotics Act B.E. 2522 placed kratom along with mari-
juana in Category 5 of a fi ve - category classifi cation of 
narcotics in 1979. The use of kratom in Australia became 

illegal in 2005. Kratom remains a popular drug in these 
areas.  2

  BOTANICAL DESCRIPTION 

Common Name :     kratom, kakuam, ithang, or thom 
(Thailand); baik - biak or ketum (Malaysia); herbal 
speedball, krypton (mixture  O  - demethyltramadol 
and kratom)  

Scientifi c Name :    Mitragyna speciosa  (Korth.) Havil.  
Botanical Family :      Rubiaceae (coffee)  
Physical Description :      This large arboreal tree grows 

up to 30   m ( ∼ 100   ft) in height; characteristic glob-
ular fl owering head contain up to 120 fl orets.  8

Woody shoots have 10 – 12 leaves in opposite and 
crossing (decussate) pairs; the stems of the leaves 
vary from light green to red. Figure  59.1  displays 
a young kratom tree with leaves containing reddish 
stems and veins. The simple infl orescence (cluster 
of fl owers on a stem) has two secondary axes 
(dichasial cyme) that form the characteristic glob-
ular fl owering heads. The fruiting capsule contains 
numerous small fl at seeds. The name of the plant 
derives from the shape of the stigmas (i.e., the area 
which receives the pollen) that resembles the 
mitre of a bishop.    

Distribution and Ecology :      This tropical tree is indig-
enous to Thailand, Malaysia, Myanmar and other 
areas of Southeast Asia, primarily in swampy 
areas. There are 9 species from the genus,  Mitragyna
species inhabit swamp - lands in West Africa, East 
Africa, and India as well as Southeast Asia.     

 KRATOM 
[Mitragyna speciosa  (Korth.) Havil.]     
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  IDENTIFYING CHARACTERISITCS 

 Kratom contains over 25 alkaloids, primarily indole 
(mitragynine, paynantheine) and oxindole (mitra-
phylline, speciophylline, speciofoline, isospeciofoline) 
alkaloids.  9,10   Speciogynine and speciociliatine are diaste-
reomers of mitragynine. Mitragynine (CAS RN: 4098 -
 40 - 2, 9 - methoxy - corynantheidine) is the major indole 
alkaloid in kratom, accounting for up to 66% of the 
crude base depending on location, season, growing con-
ditions, and variety.  11   Minor alkaloids include ajmalicine 
(CAS RN: 483 - 04 - 5), corynantheidine (CAS RN: 23407 -
 35 - 4), isocorynantheidine, 7 - hydroxymitragynine, mitra-
versine, mitraphylline, isomitraphylline, paynantheine 
(CAS RN: 1346 - 36 - 7), rhynchophylline (CAS RN: 76 -
 66 - 4), and stipulatine.  12,13   Mitragynine and paynantheine 
are unique to  M .  speciosa . Figure  59.2  displays the 
chemical structure of mitragynine and some minor alka-
loids in kratom. Other components of kratom include 
fl avonoids, triterpenoid saponins, monoaryl glycosides, 
cyclohexanone glycosides, and secoiridoid glycosides.   

       FIGURE 59.1.     Young kratom tree with leaves containing red 
stems and veins. The stems of the leaves vary from light green 
to red.  (Photo Courtesy of Darika Sai - ngam, MA, and Sawitri 
Assanangkornchai, MD, PhD, Epidemiology Unit, Faculty of 
Medicine, Prince of Songkla University, Hat Yai, Songkhla, 
Thailand)   

       FIGURE 59.2.     Chemical structures of 
mitragynine and minor alkaloids in 
kratom. 11   
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 The total alkaloid content and the oxindole alkaloids 
vary substantially between different geographic origins 
and seasons; however, the content of the major indole 
alkaloids (mitragynine, speciogynine, paynantheine) 
remains relatively stable in the leaves with some varia-
tion depending on season, strain, and other factors.  20

Alkaloid content also varies with the age of the plant 
with young plants containing higher concentrations of 
the mitragynine diastereomer, speciociliatine, and the 
paynantheine diastereomer, isopaynantheine, than 
older leaves. On average, green kratom leaves contain 
0.2% mitragynine with the average green and dry leaf 
weighing ∼ 1.7   g and ∼  0.43   g, respectively.  21   Herbal mix-
tures of kratom may be adulterated by other substances. 
Krypton is the popular name of an herbal preparation 
containing powdered kratom leaves mixed with the syn-
thetic opioid - receptor agonist,  O  - desmethyltramadol, 
which is the active metabolite of the analgesic, 
tramadol.22

  Methods of Abuse 

 Figure  59.3  displays a man climbing a mature kratom 
tree to harvest the leaves for his personal use. These 
trees are hidden from public view to prevent theft; the 
wood surrounding the tree restricts others from climb-
ing the tree to steal the leaves. The bitter leaves of 
kratom are chewed, smoked, or brewed as a tea; typi-
cally about 10 leaves are used daily. A popular, illicit 
drink for teenagers in Thailand is a kratom cocktail 

 Kratom is both a sedative and a stimulant that is 
structurally similar to yohimbine.  In vitro , mitragynine 
(9 - methoxy - corynantheidine) displays agonist activity 
at the μ  –  and  δ  – opioid receptors subtypes,  14   whereas 
corynantheidine is an opioid receptor antagonist.  15   The 
μ  - opioid receptor is the primary receptor responsible 
for mediation of opioid - related respiratory depression, 
euphoria, and analgesia. The minor alkaloid, 7 - 
hydroxymitragynine also demonstrates μ  - opioid activ-
ity. Other alkaloids in kratom include the antinocicep-
tive substance, 7 - hydroxymitragynine, which is a minor 
alkaloid that is a more potent analgesic than mitragy-
nine.  16   An oxidized derivative of mitragynine, mitragy-
nine pseudoindoxyl, is also more potent than the parent 
compound.17   Desmethyl mitragynine is a partial agonist 
for the μ  - opioid receptor. Mitragynine is sparingly 
soluble in aqueous solutions at pH 4.0 – 5.7.  7   Table  59.1  
displays some physical properties of mitragynine.    

  EXPOSURE 

  Sources 

 In traditional Southeast Asian medicine, kratom is used 
as a wound poultice, antipyretic, antidiarrheal agent, 
and opiate substitute during withdrawal. Natives also 
use the leaves of the kratom plant in cooking. 
Justifi cations for the use of kratom by rural workers in 
Thailand include increased endurance in the hot sun 
and relief of fatigue from overwork.  18   In this setting, 
kratom use occurs primarily among adults and the 
elderly. Kratom is not listed on the schedule of drugs 
from the US Drug Enforcement Agency, but this agency 
lists kratom as a drug of concern; kratom is illegal in 
Bhutan, Finland, Denmark, Poland, Lithuania, Thailand, 
Australia, Malaysia, and Myanmar (Burma). Kratom is 
widely available over the Internet, particularly as a 
dietary supplement for the amelioration of opioid with-
drawal. Analysis of commercial samples of kratom indi-
cated that the leaves of Mitragyna speciosa  or closely 
related species are the source of these commercial prod-
ucts based on internal transcribed spacer sequence 
analysis of rDNA; the use of polymerase chain reaction -
 restriction fragment length polymorphism allows the 
separation of kratom from other psychoactive plants.  19

Kratom formulations include the leaf, powder, and a 
resin extract made from fresh kratom leaves. 

TABLE 59.1.    Some Physical Properties of Mitragynine. 

   Physical Property     Value  

  Melting Point    104  °  C ( ∼ 219  °  F)  
  log P (Octanol - Water)    3.330  

FIGURE 59.3.     A man climbing his mature kratom tree to 
harvest the leaves for his personal use.  (Photo courtesy of 
Darika Sai - ngam, MA, and Sawitri Assanangkornchai, MD, 
PhD, Epidemiology Unit, Faculty of Medicine, Prince of 
Songkla University, Hat Yai, Songkhla, Thailand)   
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elation, sociability, alertness, and tranquility. Adverse 
effects associated with the recreational use of kratom 
include dry mouth, nausea, vomiting, diarrhea, nystag-
mus, diaphoresis, pruritus, tremor, and seizure. 
Complications associated with the chronic kratom use 
include anorexia, weight loss, hyperpigmentation of 
mucosal surfaces, and psychosis. In a study of 149 long -
 term kratom users (daily  > 5 years) and 168 occasional 
users (i.e., no more often than once weekly), the per-
centages of users believing they were dependent on 
kratom were 61% and 12%, respectively.  18   Adverse 
effects reported in this group of kratom users were con-
stipation, tremulousness, headaches, fatigue, insomnia, 
poor concentration, impaired memory, and social with-
drawal. Anecdotally, withdrawal symptoms (hostility, 
aggression, rhinitis, tearing, lethargy, myalgia, arthral-
gias, muscle jerks) associated the cessation of kratom 
use are usually modest.  21,26   Several case reports associ-
ate the ingestion of kratom and other drugs (modafi nil 
during opiate withdrawal,  Datura stramonium  tea) with 
seizure activity, but the contribution of kratom to the 
development of seizures is unclear.  26,27

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques for the quantitation of mitragynine in 
serum include high pressure liquid chromatography 
with UV detection (225   nm), high pressure liquid 
chromatography/electrospray/tandem mass spectrome-
try using positive - ion detection and multiple reactions 
monitoring,  28   liquid chromatography/linear ion trap/
mass spectrometry,  23   liquid chromatography/mass 
spectrometry,  29   and liquid chromatography/tandem 
mass spectrometry with amitriptyline as the internal 
standard.30   The limit of detection (LOD) and lower 
limit of quantitation (LLOQ) for high pressure liquid 
chromatography with UV detection were 0.03   mg/L 
and 0.1   mg/L, respectively, compared with a LLOQ 
of 0.0002   mg/L for liquid chromatography/tandem 
mass spectrometry. Analysis of urine samples with 
high pressure liquid chromatography/electrospray/
tandem mass spectrometry using ajmalicine as the 
internal standard and methyl -  t  - butyl ether extraction 
allows the detection of mitragynine above 0.00002   
mg/L.28   The intraday precision using ajmalicine as the 
internal standard at 0.001   mg/L and 0.005   mg/L is 12% 
and 16%, respectively. After enzymatic cleavage of con-
jugates, solid - phase extraction, and trimethylsilylation, 
the use of gas chromatography/mass spectrometry 
allows the detection of O  - desmethyltramadol, mitragy-
nine, and mitragynine metabolites in urine samples fol-
lowing the use of krypton.  31   The limit of detection of 

called 4    ×    100 for the combination of the following 4 
ingredients: cola drink, cough syrup, benzodiazepines, 
and kratom juice obtained by boiling kratom leaves for 
1 hour. In a study of Thai kratom users, almost all were 
men and 90% of these users either chewed fresh leaves, 
ate the ground dried leaf, or drank an infusion of the 
dried leaves.  21   The drinking of a warm liquid (water, 
coffee) usually follows kratom use. Kratom users chew 
kratom about 3 – 10 times daily. In Thailand, natives 
sometimes combine the leaves from Mitragyna par-
vifolia  (Roxb.) Korth. and the leaves of  Mitragyna
speciosa .     

  DOSE EFFECT 

 In animal models, the toxicity of mitragynine is relative 
low. The oral administration of 46 – 230   mg mitragynine/
kg to rodents produced some decreased motor activity, 
analgesia, depressed respiratory rate, and reduced body 
temperature; oral mitragynine doses up to 920   mg/kg 
did not cause tremors, convulsions, or death in these 
animals.  7

 In studies of dogs, the oral administration of up to 
80   mg mitragynine/kg did not produce observable 
effects. The subcutaneous administration of up to 69   mg 
mitragynine/kg to monkeys did not alter the activity of 
the animals. Recommended recreational doses of 
kratom leaves range from 2 – 10   g.  

  TOXICOKINETICS 

 Available data suggests that the biotransformation of 
mitragynine is complex. Animal studies indicate that 
mitragynine undergoes hydrolysis of the methylester on 
C16 and O  - demethylation of the 9 - methoxy and 17 -
 methoxy groups followed by oxidation to carboxylic 
acids via intermediate aldehydes, reduction to alcohols, 
or some combination of oxidation and reduction.  23

Phase II metabolites in human urine include both gluc-
uronide and sulfate conjugates. Following ingestion of 
kratom, urine compounds include mitragynine, paynan-
theine, and the diastereomers of mitragynine (speciogy-
nine, speciociliatine) along with their metabolites.  24

  CLINICAL RESPONSE 

 The clinical effects of kratom begin soon (i.e., 5 – 10   min) 
after inhalation or mastication, and these effects typi-
cally persist for ∼ 1 hour. The clinical effects of kratom 
are dose - dependent, although the dose - response curve 
is not well - defi ned. At low doses, kratom demonstrates 
stimulant properties, whereas at higher doses, the opioid 
properties of kratom predominate.  25   Desirable effects 
associated with the use of kratom include feelings of 
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O  - desmethyltramadol and mitragynine was 0.1   mg/L 
and 0.05   mg/L, respectively.  

  Biomarkers 

 In a case series of 9 fatalities involving polydrug users 
with detectable amounts of O  - desmethyltramadol in 
their postmortem blood and nonspecifi c postmortem 
fi ndings (lung and brain congestion), the  O  -
 desmethyltramadol concentrations ranged from 0.4 –
 4.3   mg/L ( μ g/g).  32   The mitragynine concentrations 
ranged from 0.02 – 0.18   mg/L ( μ g/g). The absence of 
detectable tramadol and N  - desmethyltramadol in the 
postmortem blood samples indicates that these indi-
viduals consumed the herbal blend, krypton. All were 
found in asystole, and all except one individual were 
found dead in their homes. All analyzed postmortem 
samples except one were femoral. In Thailand, the prev-
alence of kratom use in randomly selected drivers was 
similar (0.9%) to the use of marijuana (1.1%); however, 
there are few data on the effects of kratom on driving 
skills.  33

  TREATMENT 

 There are few clinical data on the treatment of toxicity 
associated with the use kratom. Potentially, naloxone is 
an antidote for the opioid effects of kratom, but there 
are few data on the effi cacy of this antidote for the 
reversal of toxicity associated with the use of kratom.      
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  Chapter 60 

               HISTORY 

 The hemp plant ( Cannabis sativa  L.) is the source of the 
fl owers, dried leaves, and extracts (i.e., collectively called 
marijuana) that is a popular psychotropic drug world-
wide. Cannabis was well known to the Assyrians, 
Egyptians, and Chinese many centuries before the 
beginning of Christianity;  1   however, the Old Testament 
does not clearly mention the use of the hemp plant 
(Cannabis sativa  L.) despite prolonged trade between 
the Jews and Assyrians.  2   The ancient Chinese and 
Greeks used the plant stems in the production of rope 
and clothing fi ber, whereas the Romans wove the can-
nabis fi bers into rope during construction of their ships. 
The psychotropic and medicinal use of cannabis 
occurred in early India before the end of the 2 nd  millen-
nium BC. The  Athara Veda  mentions cannabis as one of 
the fi ve sacred plants used for  “ freedom from distress. ”   3

The medicinal use of the hemp plant dates back almost 
5,000 years to the Chinese Emperor Shen - Nung, who 
recommended the use of this plant for several medical 
disorders in 2,737 BC.  4   These disorders included malaria, 
constipation, arthralgias, and female complaints. 
Between 2,000 BC and 1,400 BC, Indian physicians dis-
covered the euphoric properties of Cannabis sativa ; they 
recommended the hemp plant for sleep disorders, fever, 
appetite stimulant, headaches, rheumatism, and vene-
real diseases.  5

 Settlers at Jamestown, Virginia also cultivated this 
plant as a fi ber source. In the mid - 19 th  century, the Irish 
physician, WB O ’ Shaughnessy introduced the use of 
this plant into Western medicine as an analgesic, anti-
convulsant, anxiolytic, and antiemetic.  6   During the 19 th

century, popular medicinal uses for the hemp plant in 
Western Europe included the treatment of asthma, pain, 
seizures, anxiety, muscle spasm, and anorexia. By the 
late 19 th  century, medicinal cannabis was being mar-
keted by drug companies; however, more effective anal-
gesic and sedative - hypnotic drugs replaced medicinal 
cannabis by 1900. Then, the Harrison Act of 1914 clas-
sifi ed cannabis as a narcotic with cocaine and heroin, 
which resulted in a signifi cant decline in the marketing 
and use of cannabis. The Marijuana Tax Act of 1937 
banned the use of this plant in the United States. 

 Although the chemical structure of psychoactive can-
nabinoids in this plant was investigated in the 1930s and 
1940s, the chemical structure of the active ingredient 
(Δ9  - tetrahydrocannabinaol,  Δ9  - THC) was not isolated 
until 1964.  7   In 1985, the US Food  &  Drug Administration 
(FDA) approved the use of synthetic  Δ9  - THC (dronabi-
nol) as an antiemetic; the Belgian company, Solvay 
Pharmaceuticals began marketing dronabinol in the 
United States under the trademark, Marinol  ®  . The exis-
tence of G - protein - coupled cannabinoid receptors was 
not discovered until 1988, when Devane and colleagues 
characterized the central CB1 receptor in rat brain.  8   In 
1993, Munro and colleagues cloned the peripheral CB2 
receptor from macrophages derived from the marginal 
zone of the spleen.  9

  BOTANICAL DESCRIPTION 

 There are several subspecies and varieties of  C .  sativa
including Cannabis sativa  subsp.  indica  (Lam.) E. Small 
 &  Cronq. (Oceania),  Cannabis sativa  subsp.  sativa
L. (Caribbean, North America),  Cannabis sativa  var. 

MARIJUANA (  Cannabis sativa    L .) 
and Synthetic Cannabinoids     
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sativa  L., and  Cannabis sativa  var.  spontanea  Vavilov 
(North America).

Common Name :      Hemp, marijuana, Indian hemp, 
Mary Jane, hashish, pot, grass, cannabis, weed  

Scientifi c Name :    Cannabis sativa  L.  
Botanical Family :      Cannabaceae (Hemp)  
Physical Description :    Cannabis sativa  L. is an aro-

matic, slightly branched, annual herb with variable 
numbers of palmate leaves that reach 3 – 10 feet 
(1 – 3   m) in height. Figure  60.1  displays a cultivated 
marijuana plant. The lower leaves typically are 
opposite and single with the leaves in the upper 
portion of the plant being alternate and containing 
5 – 9 sharply serrate, smooth, dark green leafl ets on 
long thin petioles. Usually, the small fl owers are 
imperfect with an individual plant having either 
staminate (male) or pistillate (female) structures; 
however, some plants may contain both male and 
female fl owers. The staminate fl owers develop in 
loose, multibranched indeterminate infl orescence 
(panicle) along the erect, fi brous stems, whereas 
pistillate fl owers appear in racemes. The male 
fl owers have 5, almost separate, pale yellow seg-
ments, whereas the female fl owers have a single, 
glandular, hairy, 5 - veined leaf covering the ovary. 
The small, smooth, light brown - gray fruit contains 
the seed.    

Distribution and Ecology :      The hemp plant is a native 
species of Central Asia including Northeastern 
Iran, Afghanistan, Northern India, Southern 

FIGURE 60.1.     Cultivated marijuana plant.  (Photo courtesy 
of the US Drug Enforcement Agency)   

Siberia, and parts of China. However, this plant 
adapts well to northern temperate climates includ-
ing parts of the United States and Europe; cultiva-
tion of this plant is now worldwide.     

  IDENTIFYING CHARACTERISTICS 

  Structures/Nomenclature 

C .  sativa  contains over 400 chemicals (e.g., alcohols, ste-
roids, sugars, fatty acids, phenols, terpenes) that include 
over 60 cannabinoids.  10   The main active ingredient,  Δ9  -
 THC is a nonnitrogenous compound (C 21 H 30 O 2 ) that 
contains 2 chiral centers in trans  - confi guration. The 
term cannabinoids applies to the natural C 21  - substituted 
monoterpenes and their carboxylic acid metabolites in 
marijuana, a large number of synthetic cannabinoid 
analogues, and the endogenous ligands of the cannabi-
noid receptors. Two numbering systems exist for can-
nabinoids that involve the monoterpenoid and 
dibenzopyran numbering as demonstrated in Figure 
 60.2 .  11   In the latter numbering system for pyran com-
pounds, the main active ingredient, tetrahydrocannabi-
nol, is numbered  Δ9  - THC. However, not all cannabinoids 
are pyran compounds; hence, a second nomenclature 
using a biogenetic basis exists. In this monoterpenoid 
numbering system,  Δ9  - THC is  Δ1  - THC. Although the 
biogenic numbering system has the advantages that all 
cannabinoids can be named and a carbon atom retains 
the same number in most chemical transformations, the 
formal dibenzopyran numbering system is more 
common.   

 There are several subclasses of cannabinoids with 
variable cannabinoid receptor agonist activity including 
cannabidiol, cannabigerol, cannabichromene,  Δ9  - THC, 
Δ8  - THC, cannabinol, cannabicyclol, cannabielsoin, can-
nabinodiol, and cannabitriol compounds. Bicyclic, ami-
noalkylindole, and anandamide compounds are also 
cannabinoid receptor agonists. Quantitatively, the major 
cannabinoids in marijuana are cannabinoid acids of Δ9  -
 THC, cannabidiol, cannabichromene, and cannabigerol 
as demonstrated in Figure  60.3 . There are 9 cannabi-
noids in the Δ9  - THC group consisting of compounds 
with 1,3,4,or 5 carbon side chains. Natural  Δ9  - THC has 
two chiral centers at the C 6a  and C 10a  carbons; the term 
THC applies to the naturally occurring ( - ) -  trans  - isomer 
of Δ9  - THC.    

  Physiochemical Properties 

Δ9  - THC (Dronabinol, CAS RN: 1972 - 08 - 3) is a volatile, 
viscous oil that is highly lipophilic and poorly water 
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       FIGURE 60.2.     Monoterpenoid and 
dibenzopyran numbering systems for 
cannabinoids. According to the mono-
terpenoid system, the main cannabinoid 
is  Δ  1  - Tetrahydrocannabinol, whereas 
the same cannabinoid in the more 
common dibenzopyran system is  Δ  9  -
 Tetrahydrocannabinol as displayed in 
the fi gure. The common phenolic  Δ  9  -
 THC cannabinoids are 21 carbon com-
pounds with a C 5  side chain (R 2     =    C 5 H 11 ). 
The corresponding carboxylic acids are 
A (R 1     =    COOH) and B (R 3     =    COOH).  11    

       FIGURE 60.3.     Four main types of cannabinoids present in 
 Cannabis sativa  For cannabinol, R 1     =    H, R 2     =    H, and R 3     =    C 5 H 11 , 
whereas for cannabidiol R 1     =    H, R 2     =    C 5 H 11 , and R 3     =    H.  11    

  TABLE 60.1.    Some Physiochemical Properties of 
Tetrahydrocannabinol (Dronabinol). 

   Physical Property     Value  

  Molecular Weight    314.4617   g/mol  
  pKa Dissociation Constant    10.6  
  log P (Octanol - Water)    7.600  
  Water Solubility    2800   mg/L (23 o C/73.4 ° F)  

soluble.  12   The odor probably results from the volatiliza-
tion of  α  -  and  β  - pinene, limonene, and myrcene from 
the plant material.  13    Δ  9  - THC readily binds to glass and 
plastic.  14   Most metabolites of  Δ  9  - THC have similar solu-
bility. Table  60.1  lists some physiochemical properties of 
 Δ  9  - THC. Air, heat, and light degrade  Δ  9  - THC to can-
nabidiol (CBD, CAS RN: 13956 - 29 - 1),  15   and the potency 
of cannabis products decreases as a result of the oxida-
tion of the major active component ( Δ  9  - THC) to can-
nabinol (CBN, CAS RN: 521 - 35 - 7), particularly in acid 
media.  16   Drying of the plant material does not alter the 
qualitative composition of the oil or the odor associated 
with marijuana.  17     

 In experimental studies, the naturally occurring 
( – ) - enantiomer of  trans  -  Δ  9  - THC is more potent (i.e., 
5 – 100 times) than the ( + ) - enantiomer.  18    Δ  8  - THC is a less 
potent, positional isomer of  Δ  9  - THC. The cannabinoid 
acids do not produce psychotropic effects; the decarbox-
ylation of these compounds to corresponding phenols 
during the smoking of marijuana results in psychotropic 
effects.  19   The decarboxylation of cannabinoid acids of  Δ  9  -
 THC during pyrolysis of marijuana produces the main 
psychotomimetic compound,  Δ  9  - THC; however, the 
decarboxylation of other naturally occurring cannabi-
noid acids (e.g., cannabinol, cannabidiol, cannabigerol, 
cannabichromene, cannabidiolic acid) probably does not 
produce psychoactive metabolites.  20,21   Smok ing does not 
signifi cantly alter the ratio of cannabinoid acid isomers.  22   
An isomer of  Δ  9  - THC [ Δ  8  - THC ( Δ  1(6)  - THC)] and the 
propyl homologue of  Δ  9  - THC ( Δ  9  - tetrahydrocannabivarin, 
CAS RN: 28172 - 17 - 0) possess some psychoactive proper-
ties, but these compounds probably do not contribute 
signifi cantly to the psychomimetic effects present during 
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  EXPOSURE 

  Epidemiology 

 Consumption of marijuana as an illicit drug is wide-
spread throughout the world including the United 
States and Europe. Epidemiologic research indicates 
that cannabis use among individuals aged 15 – 64 years 
is greatest in developed countries, particularly the 
United States, Australia, and New Zealand followed by 
most countries in Europe.  24   The use of marijuana is 
particularly high among young adults. The overall prev-
alence of marijuana use, abuse, and dependence depends 
on the population studied and criteria for use. Peak 
prevalence of marijuana use occurred during the late 
1970s and early 1980s, when approximately 20 – 25% of 
the US population used marijuana at least once, and 
almost one - half of high school seniors used marijuana 
at least once in the preceding 12 months.  25   Frequent use 
among US high school students declined from 1979 to 
1992 with data revealing daily use in high school seniors 
dropping from 11% to 2% during the latter part of that 
period.26

 The prevalence of marijuana use among the younger 
populations remains high. During the mid and late 
1990s, the use of marijuana among the younger popula-
tion increased as a result of a decline in the social disap-
proval of marijuana and a reduction in the perceived 
risk of using this substance. A UK questionnaire study 
of marijuana use by a cross - faculty sample of 3,075 
second - year university students from 10 universities 
demonstrated that about 60% of the students had used 
cannabis at least once.  27   Approximately 20% of the stu-
dents used cannabis at least weekly. Approximately 
one - third of Americans have used marijuana at least 
once in their lifetimes, and about 8% of the US popula-
tion used marijuana within the last year based on the 
2000 National Household Survey on Drug Abuse.  28   In 
this study, the lifetime prevalence rates of marijuana 
dependence was the highest (approximately 4%) of all 
illicit drugs. Based on an analysis of the 1991 – 1992 
National Longitudinal Alcohol Epidemiologic Survey 
and the 2001 – 2002 National Epidemiologic Survey on 
Alcohol and Related Conditions, the prevalence of mar-
ijuana use in the preceding year remained stable at 
approximately 4% during the 1990s in the United 
States.  29   However, the prevalence of marijuana abuse 
and dependency increased to approximately 1.1% 
and 0.4%, respectively, during this period as defi ned 
by Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition  (DSM - IV) criteria. Based on the 
annual US National Surveys on Drug Use and Health 
by the Substance Abuse  &  Mental Health Services 
Administration, past month marijuana use among 

the smoking of marijuana.  23   Dronabinol degrades rapidly 
in acidic solutions. 

  Terminology 

 Marijuana (marihuana) refers to plant material from 
the hemp plant that produces psychotomimetic or 
therapeutic effects, primarily the fl owering tops and 
dried leaves. Cannabis refers to any psychoactive part 
or preparation of the hemp plant ( C. sativa ) including 
loose marijuana plant material, buds, sinsemilla, Thai 
sticks, Mexican kilobricks, hashish, and hash oil; canna-
bis is also a collective term for psychoactive compounds 
derived from the marijuana plant. Terms used for 
marijuana include Pot, Mary Jane, MJ, Weed, Grass, 
Puff, Hagga, and Maconha. Ganja is the resinous portion 
of the small leaves and tops of cultivated plants. 
Bhang is a beverage consisting of an extract of the dried 
mature leaves and fl ower stems along with milk and 
nuts. Typically, bhang contains smaller concentrations 
of cannabinoids compared with hashish and ganja. 
Hashish (charas) is the concentrated, dried resin col-
lected from fl ower tops that contains substantially 
higher (i.e., up to 10%) concentrations of  Δ9  - THC 
compared with ganja and bhang. This form of marijuana 
is particularly common in the Middle East and 
North Africa. Hash oil is a dark green to amber, viscous 
alcohol or gasoline extract of marijuana.  Sinsemilla
(without seeds) refers to unpollinated female parts of 
Cannabis sativa  that mature and produce seedless 
fl owers without contact with male plants. The seedless 
portion of the female cannabis plant has a relatively 
high concentration (i.e., 5%) of  Δ9  - THC. Dronabinol 
is the generic name for the main psychoactive can-
nabinoid ( Δ9  -  trans  - tetrahydrocannabinol,  Δ9  - THC). 
Marinol ™  (Unimed Pharmaceuticals, Inc., Marietta, 
GA) is a commercial product that contains synthetic 
dronabinol in doses of 2.5   mg, 5   mg, and 10   mg dis-
solved in sesame oil. Terms used for marijuana soaked 
in embalming fl uid include fry, dust, wet, leak leak, tecal, 
dip, hemey, and illy. Spice usually refers to smokable 
herbal products, which contain synthetic cannabinoid 
receptor agonists and are purchased relatively inexpen-
sively over the Internet. Frequently, these products 
contain adulterants.  

  Form 

 Preparations and extracts of marijuana occur in a variety 
of forms including loose marijuana, kilobricks, sinsemi-
lla, buds, Thai sticks, hashish, and hash oil. Usually, the 
plant is dried, cut, and then rolled into paper used for 
tobacco cigarettes.   
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exceeds 5%.  37   Analysis of 46,211 confi scated cannabis 
preparations by the National Institute on Drug Abuse 
(NIDA) Potency Monitoring program at the University 
of Mississippi indicates that the mean Δ9  - THC concen-
tration of confi scated cannabis preparations increased 
from 3.4% in 1993 to 8.8% in 2008.  38   The increased 
potency resulted primarily from the confi scation of 
more high potency ( > 9%  Δ9  - THC) marijuana and sinse-
milla samples from nondomestic sources. Analyses of 
high - potency cannabis samples ( > 10%  Δ9  - THC) reveal 
new cannabinoid metabolites not previously identifi ed 
in older, less - potent cannabis samples.  39,40   In addition, 
analyses of marijuana seizures near the California –
 Mexico border suggest that cannabidiol concentrations 
are decreasing as the Δ9  - THC concentration increases. 
Between 1996 and 2008 in this area, the  Δ9  - THC/
cannabidiol ratio increased in marijuana seizures from 
∼ 26 to 188.  41

 Analysis of seeds from  C .  sativa  indicates that the 
Δ9  - THC content is highly variable depending on the 
type of seed. Cannabidiol (CBD) is the major cannabi-
noid in fi ber - type cultivars of  C .  sativa  called ditchweed. 
Hemp (fi ber) seeds from these cultivars are a common 
constituent of birdseed mix that contains < 1%  Δ9  - THC 
and relative high concentrations of CBD (i.e., CBD    >     Δ9  -
 THC). In contrast, the seeds from plants cultivated for 
marijuana use have Δ9  - THC concentrations exceeding 
CBD concentrations. In a study of marijuana seeds 
using gas chromatography/mass spectrometry (GC/
MS), the  Δ9  - THC content of drug - type seeds ranged 
from 35.6 – 124    μ g/g compared with 0 – 12    μ g/g for hemp 
seeds.  42

 Based on voluntary analysis of street drugs, few mis-
representations occur with marijuana. In marijuana 
samples confi scated by US authorities from 1980 – 1997, 
the Δ9  - THC concentration in sinsemilla averaged from 
approximately 6 – 11%, whereas average concentration 
of Δ9  - THC in hashish and hash oil ranged from about 
3 – 20%.34   In data from the NIDA Potency Monitoring 
program, the  Δ9  - THC concentration in hashish was vari-
able (16.8    ±    16.3%), but did not increase signifi cantly 
between 1993 and 2008.  38   Hashish resin  Δ9  - THC concen-
trations range from approximately 4 – 15%.  

  Production Processes 

 Clandestine laboratories can synthesize a number 
of psychotomimetic tetrahydrocannabinol compounds 
including Δ10a  - THC ( Δ3  - THC),  Δ9  -  cis  - tetrahydrocannabinol 
(Δ9  -  cis  - THC), and  Δ9  -  trans  - tetrahydrocannabinol ( Δ9  -
trans  - THC).  43   Modifi cation of the dimethylheptyl 
side chain markedly increases the potency of tetrahy-
drocannabinol compounds. Marinol ™  (Unimed 

adolescents (i.e., 12 – 17 years) decreased from 2002 
(8.2%) to 2005 (6.8%). 30   The prevalence of past mari-
juana use among this group remained constant between 
2005 and 2007.  

  Sources 

  Origin/Composition 

 The hemp plant originated in Central Asia and easily 
adapts to temperate and tropical environments. All 
parts of both female and male plants contain the major 
psychoactive substance,  Δ9  - THC, particularly the resin 
secreted by the female plant. The highest  Δ9  - THC con-
centrations occur in the fl owering tops (bracts), the 
fl owers, and leaves. The stems and roots contain rela-
tively small concentrations of Δ9  - THC, whereas the 
seeds contain few cannabinoids. The content of natural 
cannabinoids in marijuana including the relative con-
centration of cannabinoid acids, and the cannabinoid 
acid/phenol ratios varies substantially because of envi-
ronmental and genetic factors (rainfall, sunshine, tem-
perature, strain and origin of the plant, altitude, soil 
fertility, cultivation practices, time since harvest).  31

Marijuana and tobacco smoke are qualitatively similar 
with the exception of the presence of nicotine in tobacco 
and cannabinoids in marijuana.  32   However, cannabis -
 smoking techniques (breath - holding, puff duration) that 
maximized the delivery of Δ9  - THC may increase the 
delivery of carbon monoxide and tar compared with 
tobacco smoking. 

 Marijuana plants grown in the United States tradi-
tionally contain low levels of Δ9  - THC ranging from 
∼ 1 – 5%. Hence, an average 500 - mg marijuana cigarette 
contains between 5 and 25   mg of  Δ9  - THC. The actual 
Δ9  - THC varies with the type of marijuana prepara-
tion (e.g., plant part, extract) and the source. 
Additionally,  Δ9  - THC ( Δ1  - THC) concentrations in mar-
ijuana increased substantially over the last several 
decades.  33   During the late 1960s, the average  Δ9  - THC 
concentration was 1.5% compared with 3.0 – 3.5% in the 
1980s. The analysis of 35,312 marijuana preparations 
confi scated in the United States over 18 years indicated 
that the average Δ9  - THC concentration increased from 
1.5% in 1980 and 3.3% in 1983 to 4.2% in 1997.  34   The 
range of Δ9  - THC concentrations in 16 samples of  C . 
sativa  confi scated in Greece was 0.08 – 4.41%.  35   In 
samples confi scated in New Zealand, the  Δ9  - THC con-
centration of marijuana leaf averaged about 1% com-
pared with 3.5% Δ9  - THC, in samples of the female 
fl owering heads.  36   The  Δ9  - THC concentration of mari-
juana leaf imported into countries (e.g., England) varies 
substantially, but often the  Δ9  - THC concentration 
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determine the effi cacy and safety profi le of medical 
cannabis.  50

  Methods of Abuse 

 The most common route of exposure to marijuana is 
inhalation by a variety of sources including cigarettes, 
pipes, bongs, or  “ buckets ”  (i.e., inhaling the fumes from 
a mass of plant or resin ignited in a plastic bottle). 

 Figure  60.4  displays a bong and Figure  60.5  shows a 
variety of pipes used to smoke cannabis. Occasionally, 
marijuana users add other ingredients to the marijuana 
(e.g., phencyclidine, embalming fl uid).  51   The use of 
embalming fl uid involves the freezing of marijuana 
leaves saturated with embalming fl uid and the crushing 
of the dried leaves into a dust. This dust is then added 
to cigars or marijuana cigarettes. Other patterns of use 
include the addition of embalming fl uid to mint leaves 
or tobacco without the concomitant use of marijuana or 
phencyclidine.  52   The smoking of marijuana is associated 
with mild euphoria, a sense of well - being, and relax-
ation. Among long - term marijuana users, the use and 
dependence on marijuana is fairly stable; some of these 
users fulfi ll the criteria for drug - seeking behavior.  53

Pharmaceuticals, Inc., Marietta, GA) is synthetic  Δ9  -
 THC that is structurally identical to natural  Δ9  - THC.  

  Impurities and Profi ling 

 Fungal species frequently contaminate marijuana ciga-
rettes including Aspergillus fumigatus ,  Aspergillus
fl avus ,  Aspergillus niger ,  Penicillium  spp.,  Mucor  ssp., 
Thermoactinomyces candidus , and  Thermoactinomyces
vulgaris .  44   Therefore, marijuana smoking is a potential 
source for exposure to fungal antigens. The presence of 
Δ9  - tetrahydrocannabivarin, the C3 homologue of  Δ9  -
 THC, and the carboxylic acid metabolite,  Δ9  -  tetrahy-
drocannabivarin carboxylic acid, are markers for the 
ingestion of natural marijuana.  45

  Medicinal Uses 

 There is renewed interest in the medicinal use of can-
nabinoids. The two current indications for the use of the 
synthetic cannabinoid (dronabinol, Marinol ™ ) are 
chemotherapy - induced nausea and vomiting and AIDS -
 related anorexia.  46   Dronabinol is an oral medication 
approved as a schedule II drug in the United States for 
the treatment of nausea and vomiting in chemotherapy 
patients and a stimulant for appetite in AIDS patients. 
Other potential uses of dronabinol in cancer patients 
include analgesia, mood elevation, muscle relaxation, 
and relief of insomnia.  47   Current areas of research for 
use of synthetic Δ9  - THC include bronchodilation for 
asthma; antiemetic for chemotherapy; reduction of 
intraocular pressure in glaucoma; and use as an anticon-
vulsant, anxiolytic, analgesic, or antiinfl ammatory agent. 
Unfortunately, unwanted side effects limit the medicinal 
use of Δ9  - THC, particularly in the elderly; however, 
investigation of synthetic derivatives of Δ9  - THC may 
reduce adverse reactions. Randomized, double - blind, 
placebo - controlled studies have not supported the use 
of Δ9  - THC for postoperative pain in doses of 5   mg.  48

Although cannabinoids may regulate some of the pro-
cesses involved with neurodegeneration, limited clinical 
data currently do not support the use of cannabinoids 
in the treatment of neurodegenerative diseases (e.g., 
Alzheimer disease) or the symptoms associated with 
dementia.49   Currently, over 10 US states have medical 
cannabis programs. These medical cannabis laws rely on 
postmarketing surveillance studies rather than the usual 
FDA approval process (i.e., small and large animal 
testing, human toxicity studies, dose response data, 
adverse effect studies). Evidence - based guidelines for 
the use of medical cannabis have not been formulated 
at the present time, and there are inadequate data to 

FIGURE 60.4.     Confi scated bong for smoking cannabis. 
 (Photo courtesy of the US Drug Enforcement Agency)   
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(IV) administration. Although there has been a modest 
increase in the potency of various forms of marijuana, 
the major recent change in prevalence is the use of more 
potent forms of marijuana by young adults at an earlier 
age.  58

 Personality variables associated with marijuana use 
include heightened levels of stress, poor self - esteem, 
tension, guilt - prone, emotional instability, rebellious-
ness, impulsivity, and lack of control.  59   The issue of pro-
gression from marijuana use to other street drugs 
remains controversial. A cross - sectional survey of young 
Australian adults suggests that the early (i.e.,  < 17 years 
old) use of marijuana is a signifi cant risk factor for the 
later use of other drugs of abuse and the development 
of drug - related problems after controlling for genetic 
and social factors.  60   This study suggests that peers and 
social context affect the risks associated with early -
 onset cannabis use in addition to genetic and other envi-
ronmental factors.   

  DOSE EFFECT 

 The individual response to recreational doses of mari-
juana depends on the absorbed dose, the personality, the 
expectation of the user, and the setting. Initial effects 
range from euphoria, perceptual alterations, and relax-
ation at low dose to depersonalization, pressured speech, 
paranoia, and manic psychosis at high dose. The usual 
form of recreational marijuana use involves the smoking 
of a 0.5 -  to 1 - g cigarette. Typical low - dose marijuana 
cigarettes in volunteer studies contain about 16 - mg  Δ9  -
 THC, whereas high - dose cigarettes contain approxi-
mately 34 - mg  Δ9  - THC. The inhaled dose of  Δ9  - THC 
associated with pharmacologic effects ranges from 
about 2 – 22   mg, depending on the variables listed 
above.  61   Given the bioavailable  Δ9  - THC in smoke, the 
estimated internal dose of Δ9  - THC associated with 
pharmacologic effects is approximately 0.2 – 4.4   mg. In 
volunteers, the IV administration of up to 5 - mg  Δ9  - THC 
produces a variety of transient effects including eupho-
ria, anxiety, defi cits in verbal recall, altered body percep-
tion, paranoia, conceptual disorganization, illusions, 
depersonalization, derealization, extreme slowing of 
time, blunted affect, and emotional withdrawal.  62

 The use of marijuana by most adults produces mild 
intoxication with the exception of multisystemic failure 
following the IV administration of crude marijuana 
extract. Despite the substantially lower bioavailability 
of Δ9  - THC following ingestion compared with smoking, 
case reports indicate that children develop adverse 
reactions after accidental ingestion of marijuana -
 containing substances.  63   In experimental studies on 
healthy adults, the behavioral profi le after smoking a 
marijuana cigarette (3.1% Δ9  - THC) was similar to the 

Animal studies indicate that marijuana is an atypical 
drug of abuse that exhibits reinforcing/rewarding prop-
erties under experimental conditions different than 
other drugs of abuse (e.g., cocaine, heroin, alcohol, 
nicotine).54

 Marijuana smokers typically inhale deeply while 
holding their breath to maximize absorption. The sub-
jective effects depend on a number of factors including 
smoking effi ciency, potency of the cannabis, pyrolysis of 
active ingredients, loss of  Δ9  - THC in sidestream smoke, 
and amount of Δ9  - THC trapped in the upper respiratory 
tract.55   Compared with tobacco smokers, marijuana 
smokers typically use fewer cigarettes, but they retain 
the smoke longer because of deep inhalation and breath 
holding during the smoking process.  56   Volunteer studies 
suggest that the respiratory deposition of tar and the 
absorption of carbon monoxide are substantially greater 
following the smoking of marijuana than cigarettes as a 
result of the differences in smoking techniques.  57   The 
rapid absorption of Δ9  - THC and quick onset of action 
after the initiation of smoking allows titration of the 
desired effect by adjusting the pulmonary dose of Δ9  -
 THC, whereas absorption of  Δ9  - THC following inges-
tion is much slower and less predictable. Consequently, 
marijuana use via ingestion occurs less often, primarily 
as a bakery product (cookie, cake) or as an extract. 
Because of the limited water solubility of Δ9  - THC, water 
extracts of marijuana are not suitable for intravenous 

FIGURE 60.5.     Assorted pipes used to smoke cannabis. 
 (Photo courtesy of the US Drug Enforcement Agency)   
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amount of Δ9  - THC entering the systemic circulation. 
Therefore, equivalent clinical effects following exposure 
to Δ9  - THC require higher oral doses compared with the 
pulmonary route.  67   The mean systemic bioavailability 
(i.e., 6%    ±    3%) of  Δ9  - THC after marijuana ingestion is 
approximately one - third of the bioavailability of  Δ9  -
 THC after smoking.  71   Subjectively, the effects of an oral 
Δ9  - THC dose of 120    μ g/kg are similar to those of inhala-
tion of 50 μ g/kg.  72   There are minimal differences in the 
absorption, distribution, and biotransformation of  Δ9  -
 THC between sexes.  71

  Distribution 

 The distribution of  Δ9  - THC is very rapid compared with 
the metabolism of Δ9  - THC. After cessation of smoking, 
plasma Δ9  - THC concentrations quickly decline as  Δ9  -
 THC distributes into tissue; subsequently, a slow, termi-
nal elimination phase begins.  Δ9  - THC is highly lipid 
soluble, and this compound crosses the blood — brain 
barrier relatively easily along with the active 11 - OH 
metabolite. Because of the extremely high lipid solubil-
ity of cannabinoids, these chemicals accumulate in fatty 
tissues with peak tissue concentrations of these com-
pounds occurring about 4 – 5 days after exposure. 
Subsequently, these tissue stores release the cannabi-
noids slowly into the blood for elimination. As a result 
of the rapid disappearance of Δ9  - THC from the blood 
following the cessation of smoking, peripheral blood 
concentrations do not refl ect the concentration of  Δ9  -
 THC at the receptor sites in the brain. 

 The average steady state volume of distribution of 
Δ9  - THC after IV administration is large (i.e., approxi-
mately 9 – 10   L/kg body weight) compared with the rela-
tively small, initial volume of distribution (about 0.04   L/
kg) as a result of high protein binding that limits the 
initial disposition of Δ9  - THC.  73,74   Plasma  Δ9  - THC is 
about 95 – 99% protein bound with the distribution 
between lipoproteins and albumin being approximately 
6:4.75   Both 11 - nor -  Δ9  - carboxy tetrahydrocannabinol and 
the glucuronide metabolite are also highly (i.e., about 
97%) protein bound.  

  Biotransformation 

Δ9  -  THC  

 Cytochrome P450 isoenzymes metabolize almost all  Δ9  -
 THC via microsomal hydroxylation and catalytic oxida-
tion to a large variety of metabolites. The major 
metabolites of Δ9  - THC are mono - hydroxylated com-
pounds, but the pattern of hydroxylation varies consid-
erably between animal species as a result of the variable 
expression of cytochrome P450 isoenzymes.  76   Allylic 

effects of ingesting 20 - mg  Δ9  - THC with the exception of 
some mild abstinence symptoms (irritability, feeling 
miserable) after the psychotomimetic effects of smoking 
marijuana resolved.  64

  TOXICOKINETICS 

  Absorption 

  Smoking 

 During the smoking of marijuana, the spontaneous 
decarboxylation of THC carboxylic acids produces the 
active compound,  Δ9  - THC. The absorption of  Δ9  - THC 
following inhalation is rapid. The bioavailability of  Δ9  -
 THC via inhalation is relatively low (i.e., 10 – 35%) as a 
result of pyrolysis and the off - gassing of  Δ9  - THC in 
sidestream smoke; consequently, the bioavailability 
depends on a variety of factors including the effi ciency 
of the smoking process, puff duration, depth of inhala-
tion, and duration of breath - holding.  65   The use of a pipe 
that limits sidestream smoke substantially increases 
(i.e., to about 45%) the bioavailability of  Δ9  - THC.  22   In 
a small group of volunteers, the systemic bioavailability 
of Δ9  - THC via inhalation averaged about 27    ±    10% for 
the heavy users and approximately 14    ±    1% for the light 
users.  66   The average systemic availability of  Δ9  - THC fol-
lowing the inhalation of a standard dose of marijuana 
by a group of 11 volunteers was 18    ±    6% (range, 10 –
 50%) compared with 6    ±    3% for the ingestion of a 
similar dose of Δ9  - THC.  67   Plasma concentrations of  Δ9  -
 THC increase rapidly after the initiation of smoking and 
peak concentrations occur about 7 – 8 minutes after ini-
tiation of smoking.  68   Subsequently, plasma  Δ9  - THC 
plasma concentrations decline rapidly, and this decline 
in plasma Δ9  - THC occurs before maximum psychotro-
pic effects. Subjective feelings of euphoria and maximal 
heart rate acceleration develop about 20 – 30 minutes 
after peak plasma Δ9  - THC concentrations; the subjec-
tive effects resolve within 3 – 4 hours after inhalation 
ceases.  69

  Ingestion 

 After oral administration, absorption of  Δ9  - THC is slow 
and somewhat erratic with peak plasma Δ9  - THC con-
centrations occurring about 60 – 120 minutes after inges-
tion. These concentrations remain relatively constant 
for 4 – 6 hours. Following the oral administration of 5   mg 
and 10   mg of  Δ9  - THC as Dronabinol  ®  , peak plasma  Δ9  -
 THC concentrations occurred about 1 ½  to 2 hours after 
administration with mean peak concentrations of 
approximately 1    ±    0.2   ng/mL and 3.6    ±    0.6   ng/mL, 
respectively.  70   A large fi rst - pass effect reduces the 
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unconjugated cannabinoid metabolites with about 30% 
of an IV dose and 50% of an oral dose excreted in the 
feces within 3 days after administration.  71   Enterohepatic 
recirculation contributes to prolonged excretion of 
metabolites.  

  Other Cannabinoids 

 Extracts of marijuana contain over 60 cannabinoids 
including cannabinol (CBN) and cannabidiol (CBD). 
These later two cannabinoids do not possess clinically 
signifi cant psychoactive properties.  83,84   The metabolism 

hydroxylation at C 8  or C 11  converts the parent drug to 
hydroxylated metabolites; then, further biotransforma-
tion occurs via oxidation at the pentyl side chain. This 
pathway probably involves the formation of an interme-
diate aldehyde, followed by oxidation and the subse-
quent glucuronidation of the carboxy group. The 
conversion of  Δ  9  - THC to hydroxylated metabolites 
requires NADPH and molecular oxygen. In humans, the 
biotransformation of  Δ  9  - THC occurs primarily by 
hydroxylation via the CYP2C subfamily (primarily 
CYP2C9) and, to a lesser extent, CYP3A4. In mouse 
hepatic microsomes, the major isozyme responsible for 
the hydroxylation of cannabinoids at the 11 α  -  and 8 α  -
 positions of  Δ  9  - THC was CYP2C29.  77   CYP2C9 poly-
morphism accounts for some variation in  Δ  9  - THC 
biotransformation. In a study of 43 healthy volunteers, 
median areas under the curve (AUC) of  Δ  9  - THC and 
11 - nor - 9 - carboxy - 9 - tetrahydrocannabinol were three-
fold higher and 70% lower, respectively, in CYP2C9 * 3/ * 3 
homozygotes than in CYP2C9 * 1/ * 1 homozygotes.  78   
Figure  60.6  demonstrates the structure of the major 
metabolites of tetrahydrocannabinol.   

 The principal active metabolite, 11 - OH -  Δ  9  - THC, 
appears in the plasma within 10 minutes of the IV 
administration of  Δ  9  - THC.  90   The amount of cannabinoid 
metabolites in the plasma depends on the route of 
administration, but the amount of 11 - OH -  Δ  9  - THC is 
substantially less (i.e.,  < 10%) than the concentration of 
 Δ  9  - THC after smoking or IV administration of  Δ  9  -
 THC.  71   Although the administration of 11 - OH -  Δ  9  - THC 
produces psychologic symptoms in human volunteers 
within 3 – 5 minutes of administration,  79   the speed and 
duration of drug hydroxylation does not correlate to the 
clinical effects of  Δ  9  - THC based on evidence from vol-
unteer studies of slow and fast drug hydroxylators.  80   
Although 11 - OH -  Δ  9  - THC contributes to the effect of 
marijuana after oral doses, this metabolite does not 
account for all actions of the drug, especially after 
inhalation.  23   The active metabolite undergoes further 
metabolism to the inactive, polar compound 
8,11 - dihydroxy -  Δ  9  - THC, which appears in the urine and 
feces. The primary alcohol at C - 11 is metabolized to the 
corresponding 11 - nor - acid (THC - COOH) or to the 
more polar acidic cannabinoids by aliphatic alcohol 
dehydrogenase enzymes. Ketones, aldehydes, and car-
boxylic acids are the end products of  Δ  9  - THC 
metabolism.  81   

 Urinary excretion of acidic  Δ  9  - THC metabolites 
accounts for about 20 – 30% of the elimination of  Δ  9  -
 THC with a majority (about 13 – 16%) of the parent 
compound appearing in the urine within 3 days.  71   Most 
of the cannabinoid metabolites in urine appear in the 
form of acidic glucuronide conjugates.  82   Biliary excre-
tion via the feces is the major route of elimination of 

       FIGURE 60.6.     Major metabolites of  Δ  9  - tetrahydrocannabinol 
( Δ  9  - THC ) as identifi ed in human fl uids.  Δ  9  - THC and 11 - OH -  
 Δ  9  - THC are active compounds, whereas 8 β  - OH -   Δ  9  - THC is 
less active and 8 α  - OH -   Δ  9  - THC is much less active. 11 - nor -  
 Δ  9  - THC - 9 - COOH is inactive.  82    
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 life is diffi cult to calculate because of the slow equilib-
rium between tissue and plasma at the low concentrations 
of Δ9  - THC present in the terminal phase. Earlier studies 
of chronic users by less - sensitive assays indicated that 
the terminal plasma half - life of  Δ9  - THC ranged from 
20 – 56 hours after IV administration.  89   In comparison, 
the mean plasma elimination half - life in na ï ve users was 
approximately 28 hours.  90   A study of 3 chronic user 
smoking 4 marijuana cigarettes (15   mg  Δ9  - THC/
cigarette) over 2 days demonstrated a plasma elimina-
tion half - life of about 4 days with a range of approxi-
mately 3 – 5 days.  91

  Metabolites 

 Excretion of  Δ9  - THC metabolites after exposure to 
marijuana occurs over days depending on the chronicity 
of cannabis use as a result of the extensive enterohe-
patic recirculation of metabolites and the redistribution 
of Δ9  - THC from fatty tissues. Because of the enterohe-
patic recirculation and extensive protein binding of can-
nabinoids, excretion of these metabolites occurs 
predominately in the feces rather than the urine. The 
actual percentage of the dose excreted into the feces 
and urine depends of the route of exposure. Following 
oral administration of Δ9  - THC, excretion of acid metab-
olites in the feces accounts for approximately 65 – 80% 
of the dose, whereas urinary excretion accounts for 
about 20 – 35% of the dose.  71   About 5% of the dose 
appeared in the feces as unchanged Δ9  - THC. During the 
fi rst 3 days after IV administration of  Δ9  - THC to male 
volunteers in this same study, cumulative cannabinoid 
excretion was 15%    ±    4% in the urine and 35%    ±    11% 
in feces. 

Blood.     The plasma elimination half - life of  Δ9  - THC 
metabolites is substantially longer than the parent 
Δ9  - THC. The two most important oxidative metabo-
lites are the active metabolite, 11 - hydroxy -  Δ9  -
 tetrahydrocannabinol (11 - OH - THC) and the inactive 
metabolite 11 - nor - 9 - carboxy -  Δ9  - tetrahydrocannabinol 
(THC - COOH). The mean peak plasma  Δ9  - THC is 
approximately 3 times greater than the mean peak 
plasma THC - COOH concentration and 20 times greater 
than the mean 11 - OH - THC concentration. Peak plasma 
11 - OH - THC concentrations occur immediately after 
the cessation of smoking. In a study of 6 healthy male 
volunteers smoking a single low - dose (1.75%) and high -
 dose (3.55%) marijuana cigarette, the mean peak plasma 
11 - OH - THC concentrations were 6.7 and 7.5   ng/mL, 
respectively.  86   Using GC/MS (limit of detection, 0.5   ng/
mL), the detection times were approximately 4.5 and 11 
hours, respectively. In most, but not all individuals, the 

of CBD, which is a precursor of  Δ9  - THC, is similar to 
the biotransformation of Δ9  - THC with urinary excretion 
of metabolites accounting for about 16% of the dose 
during the fi rst 72 hours.  11   However, unchanged CBD 
appears in the feces in larger amounts compared with 
unchanged Δ9  - THC. The major route of CBD metabo-
lism is hydroxylation and oxidation at C 7  followed by 
hydroxylation in the pentyl and propenyl groups to 
form hydroxylated derivatives of CBD - 7 - oic acid. At 
least 33 metabolites appeared in the urine of a dystonic 
patient treated with CBD including acids formed by 
β  - oxidation and biotransformation of the pentyl 
side - chain.85

  Elimination 

Δ9  -  THC  

 Biotransformation accounts for almost all of the elimi-
nation of Δ9  - THC with renal excretion of unchanged 
Δ9  - THC accounting for  < 1% of the absorbed dose. The 
time course of plasma Δ9  - THC concentrations following 
inhalation and IV administration is similar, and the 
plasma Δ9  - THC concentrations rapidly decline follow-
ing the development of peak concentrations soon after 
the cessation of smoking. In a study of 6 volunteers 
smoking a single 1.75% (15.8   mg)  Δ9  - THC or 3.55% 
(33.8   mg) cigarette, the plasma  Δ9  - THC concentrations 
(ng/mL) at specifi c times after smoking began were as 
follows: 0.5 hour, 8 – 50; 1 hour, 3 – 20; 2 hours, 1 – 8; 4 hours, 
0 – 2.5.86   These ranges depend on the dose of marijuana 
(puff volume, puff number, duration and spacing of 
puffs, hold time, percentage active ingredient). Following 
the smoking of 2 marijuana cigarettes (0.15   mg/kg), the 
ranges of Δ9  - THC plasma concentrations at 0.5 hour and 
at 1 hour were 36 – 177   ng/mL and 14 – 69   ng/mL, respec-
tively.  87   Other factors that affect these ranges in addi-
tion to Δ9  - THC dose include the route (i.e., ingestion vs. 
inhalation) and chronic usage ( > 3 times/week). Although 
there is substantial individual variation in plasma and 
serum Δ9  - THC concentrations following inhalation of 
cannabis, pharmacokinetic studies indicate that the dose 
response is relatively linear after smoking cannabis 
cigarettes containing up to 70   mg  Δ9  - THC.  88   The inges-
tion of Δ9  - THC produces delayed peak plasma times 
and lower peak plasma concentrations compared with 
smoking and IV administration of Δ9  - THC. Additionally, 
the ingestion of Δ9  - THC produces relatively higher con-
centrations of 11 - OH - THC compared with smoking.  71

 The mean terminal plasma elimination half - life of 
Δ9  - THC is relatively long because of the slow diffusion 
of the highly lipophilic Δ9  - THC from tissue, particularly 
in habitual marijuana users. The true elimination half -
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plasma  Δ  9  - THC concentration remained detectable 
longer than the plasma 11 - OH - THC concentration. 
After about 2 – 3 hours after initiation of smoking, the 
ratio of  Δ  9  - THC/11 - OH - THC is approximately 2:1 as 
demonstrated in Figure  60.7 .   

 The mean peak plasma THC - COOH concentration 
occurs about 2 hours after smoking begins. Equal 
amounts of  Δ  9  - THC and THC - COOH were present in 
the plasma approximately 0.5 hour (range, 0.3 – 0.8 hour) 
after smoking began. A study of frequent and infre-
quent marijuana users administered 5   mg  Δ  9  - THC IV 
demonstrated that the ratio of  Δ  9  - THC/THC - COOH 
remained above 1 only within 45 minutes of IV admin-
istration.  92   The plasma elimination half - life of THC -
 COOH for frequent and infrequent cannabis users 
following injection of 5   mg  Δ  9  - THC was 5.2    ±    0.8 days 
and 6.2    ±    6.7 days, respectively. There were few differ-
ences in physiologic, psychologic, and pharmacokinetic 
data between frequent and infrequent marijuana users. 
Following oral administration of 15   mg  Δ  9  - THC plasma 
concentrations of  Δ  9  - THC are relatively low (i.e., 
approximately 3 – 6   ng/mL) compared with plasma  Δ  9  -
 THC concentrations after the inhalation of similar 
doses of  Δ  9  - THC.  93   However, the 11 - OH - THC plasma 
concentrations are much higher compared with inhala-
tion of similar doses of  Δ  9  - THC as demonstrated in 
Figure  60.8 .    

       FIGURE 60.7.     Mean plasma concentrations of  Δ  9  -
 Tetrahydrocannabinol (THC), 11 - hydroxy - THC (11 - OH -
 THC), and 11 - nor - 9 - carboxy - THC (THC - COOH) based on 6 
study participants smoking 34   mg  Δ  9  - THC.  Reprinted with 
permission from MA Huestis, JE Henningfi eld, EJ Cone, 
Blood cannabinoids. I. Absorption of THC and formation of 
11 - OH - THC and THCCOOH during and after smoking mari-
juana, Journal of Analytical Toxicology, Vol. 16, p. 281, copy-
right 1992.   
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       FIGURE 60.8.     Mean plasma concentrations of  Δ  9  -
 Tetrahydrocannabinol (THC), 11 - hydroxy - THC (11 - OH -
 THC), and 11 - nor - 9 - carboxy - THC (THC - COOH) based on 
the ingestion of 15   mg  Δ  9  - THC by 6 cancer patients.  Reprinted 
with permission from S Frytak, CG Moertel, J Rubin, 
Metabolic studies of delta - 9 - tetrahydrocannabinol in cancer 
patients, Cancer Treatment Reports, Vol. 68, pp. 1427 – 1431, 
copyright 1984.   
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  Urine.     The main urinary metabolite of  Δ  9  - THC bio-
transformation is the acid glucuronide of THC - COOH. 
The kidneys excrete only small amounts of free THC -
 COOH in the urine. As a result of the high protein 
binding of cannabinoids and extensive enterohepatic 
recirculation, most of the absorbed dose of  Δ  9  - THC 
appears in the feces. Following ingestion, fecal and renal 
excretion accounted for about 65 – 80% and 20 – 35% of 
the elimination of  Δ  9  - THC, respectively. The terminal 
elimination of THC - COOH is relatively long, depend-
ing on several factors including the dose, chronicity of 
use, analytic method, and the duration of monitoring. In 
a study of 6 healthy volunteers, the urinary excretion 
half - life of THC - COOH ranged from 25 – 35 hours 
during a 7 - day monitoring period and 44 – 60 hours 
during a 14 - day monitoring period.  94   The urine from 13 
heavy marijuana users was analyzed by high - performance 
liquid chromatography (limit of detection, 7   ng/mL) 
after they smoked 4 marijuana cigarettes (15   mg  Δ  9  -
 THC/cigarette) over 2 days.  95   The elimination half - life 
of THC - COOH ranged from about 1 – 10 days with a 
mean of approximately 3    ±    2 days. The urine of frequent 
marijuana users may contain small amounts of uncon-
jugated THC - COOH for several days following the 
administration of  Δ  9  - THC; however, the urine of infre-
quent users usually contains only conjugated 
THC - COOH.   
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drugs). Potential interactions result from the presence 
of common metabolic pathways, competition for binding 
sites on plasma proteins, and functional adaption of 
various neural systems. In a study of 8 healthy volun-
teers, blood ethanol elimination rates decreased approx-
imately 12 – 13% in 7 of 8 volunteers receiving 60 – 180   mg 
Δ9  - THC/day in divided doses for 14 days.  102   However, 
volunteer studies suggest that the effect of the simulta-
neous administration of ethanol and cannabis is addi-
tive pharmacodynamically with regard to subjective 
intoxication and behavioral impairment.  103   The admin-
istration of cannabidiol in daily oral doses of 600   mg for 
5 – 12 days inhibited hexobarbital metabolism in 10 vol-
unteers.  104   Chronic or concurrent use of marijuana alters 
the behavioral and physiologic effects of barbiturates, 
nicotine, ethanol, amphetamines, cocaine, and other psy-
choactive drugs (e.g., phencyclidine, opiates).  105   A case 
report associated the combined use of marijuana (i.e., 
CYP3A4 inhibitor) and Viagra  ®   (Pfi zer Pharmaceuticals, 
New York, NY) with the development of a myocardial 
infarction.106

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 The behavioral effects of cannabis are unique; these 
complex behavioral actions probably result from the 
interaction of psychoactive cannabinoids with specifi c, 
G - protein - coupled cannabinoid receptors and other 
neurochemical systems. These G - proteins cause inhibi-
tion of adenylate cyclase and reduction in the conver-
sion of AMP to cyclic AMP. Other G protein - coupled 
receptors include corticotropin and melanotropin recep-
tors. CB 1  receptors are also coupled to ion channels, 
negatively to N - type and P/Q type calcium channels as 
well as M - type potassium channels and positively to 
A - type potassium channels.  11   There are at least 3 (CB 1 , 
CB2 , CB 3 ) and perhaps other cannabinoid receptor sub-
types.  107   The CB 1  receptors mediate psychoactive prop-
erties. The CB 2  cannabinoid receptors appear in the 
periphery (e.g., spleen, thymus, tonsils) primarily in 
immune cells (e.g., B - cell lymphocytes, natural killer 
cells).108   Activation of CB 1  receptors produces psycho-
mimetic effects, whereas activation of CB 2  receptors 
does not. These cannabinoid receptors affect several 
neurotransmitters including acetylcholine, dopamine,  γ  -
 aminobutyric acid, histamine, 5 - hydroxytryptamine, 
norepinephrine, opioid peptides, and prostaglandins.  4

Anandamide is a fatty - acid derivative of arachidonic 
acid (arachidonylethanolamide) that possesses pharma-
cologic actions similar to Δ9  - THC. This prostaglandin -
 like substance is an endogenous ligand for the central 
and peripheral cannabinoid receptors that acts through 

  Tolerance 

 Tolerance to sleep, mood, behavioral, cardiovascular, 
and autonomic changes associated with marijuana use 
develops and resolves rapidly. Tolerance to the cardio-
vascular and psychologic effects developed in 6 study 
participants following oral administration of 30   mg of 
Δ9  - THC every 4 hours for 10 – 12 days.  73   In a study of 
experienced marijuana users at least 5 days of steady 
intoxication (i.e., 20 – 30   mg every 3 – 4 hours) was neces-
sary to produce minimal withdrawal symptoms; the 
degree of withdrawal was related to the dose of Δ9  -
 THC.  96   Tolerance to tachycardia and psychotropic 
effects develops after volunteers smoke marijuana ciga-
rettes containing 40   mg  Δ9  - THC (four 500 - mg, 2%  Δ9  -
 THC marijuana cigarettes) over 14 – 21 days.  97   Smoking 
lower doses of Δ9  - THC may not produce tolerance. In a 
study of 6 healthy volunteers smoking 1 marijuana ciga-
rette containing about 9 - mg  Δ9  - THC daily for 13 days, 
the only signifi cant change in the response to  Δ9  - THC 
was a mild reduction in the tachycardia associated with 
smoking cannabis.  98

 The basis of tolerance associated with cannabis use 
probably involves pharmacodynamic events (receptor 
downregulation, receptor conformational changes, 
receptor internalization) rather than alteration of the 
pharmacokinetics of Δ9  - THC.  4   Tolerance to the tachy-
cardia and psychotropic effects follows similar temporal 
patterns.  

  Maternal and Fetal Kinetics 

Δ9  - THC rapidly crosses the placenta in most animal 
species; however, animal studies suggest that the peak 
Δ9  - THC concentration after IV administration is sub-
stantially lower in the fetus than in the mother.  99   About 
3 hours after IV administration, the  Δ9  - THC concentra-
tions in the mother and fetus are similar. The 11 - OH -
 THC and 11 - nor - 9 - carboxy -  Δ9  - THC metabolites cross 
the placenta much less effi ciently than  Δ9  - THC.  100

Excretion of Δ9  - THC in breast milk occurs following 
maternal exposure, particularly following habitual mari-
juana use. Analysis of breast milk in a chronic heavy 
marijuana user demonstrated Δ9  - THC concentrations 
in breast milk 8.4 times higher (i.e., low   ng/mL range) 
than maternal plasma Δ9  - THC concentrations.  101

Consequently, a nursing infant potential may ingestion 
daily doses of 0.01 – 0.1   mg  Δ9  - THC from a nursing 
mother consuming 1 – 2 cannabis cigarettes daily.  

  Drug Interactions 

 Exposure to marijuana frequently occurs along with 
other drugs (e.g., tobacco, ethanol, other psychoactive 
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 based pain based on the effect of the CB 2  receptor on 
immune function.  114

 Several animal studies suggest that chronic exposure 
to Δ9  - THC alters the structure and function of the rat 
hippocampus, which is the portion of the brain associ-
ated with learning and memory, particularly in imma-
ture animals.  115,116   Both age and duration of exposure 
(i.e.,  > 10% of the lifespan) are important variables in 
the responses during these animals studies.  117   Functional 
imaging studies of chronic cannabis users suggest the 
presence of subtle increases in activity within the frontal, 
limbic, and cerebellar regions following continued mari-
juana use.  118   However, the clinical signifi cance and 
reversibility of these changes are unclear.  

  Cardiovascular System 

 The cardiovascular actions of cannabinoids are complex, 
characterized by vasodilation, increased cardiac output, 
and tachycardia. The CB 1  receptor agonists have 
complex cardiovascular actions including the inhibition 
of distinct voltage - gated calcium channels and activate 
inwardly rectifying potassium channels.  119   The vascular 
responses to cannabinoids potentially results from a 
variety of actions including stimulation of the cannabi-
noid, vanilloid, and novel endothelial cannabinoid 
receptors, the release of nitric oxide and endothelium -
 derived hyperpolarizing factor (EDHF), metabolism of 
endocannabinoids to vasoactive molecules, and interac-
tion of the sympathetic nervous system.  120   The effect of 
smoking a cannabis cigarette on exercise performance 
is a modest reduction in maximal exercise performance 
with premature achievement of maximal oxygen 
uptake.  121   Plasma norepinephrine rises about 30 minutes 
after exposure and remains elevated for about 2 hours.  122

Tachycardia following cannabis use is dose - related with 
the typical increases averaging 20 – 50 beats per minute. 
High doses of Δ9  - THC can produce heart rates of 140 
beats/minute with mild elevation of systolic blood 
pressure.  

  Pulmonary System 

 The inhalation or the ingestion of  Δ9  - THC produces 
mild, dose - dependent bronchodilation in both healthy 
and asthmatic volunteers that persists at least 1 hour 
without central respiratory depressant effects,  123

however, marijuana smoke is a bronchial irritant. In 
some asthmatic individuals, cough and bronchoconstric-
tion develop after inhalation of marijuana smoke or 
aerosolized Δ9  - THC.  124   Although studies of chronic 
marijuana users indicate that the chronic use of mari-
juana is not associated with nonspecifi c airway hyper-
responsiveness,  125,126   the chronic smoking of cannabis 

intracellular G - proteins and the modulation of ion 
transport.4   However, anandamide has a shorter half - life 
and is a less potent agonist of the CB 1  and CB 2  receptors 
than Δ9  - THC.  109

  Central Nervous System 

 The CB 1 receptor is the most common cannabinoid 
receptor in the brain; these receptors occur in the 
hippocampus, basal ganglia (substantia nigra, pars 
reticulata, globus pallidus, entopeduncular nucleus, 
lateral caudate, putamen), and the molecular layer of 
the cerebellum. Purkinje cells and pyramidal neurons 
synthesize and release endocannabinoids that stimulate 
nearby CB 1  receptors, which directly target both 
GABAergic (inhibitory) and glutamatergic (excitatory) 
terminals. The hippocampus codes sensory information 
and newly acquired memory as well as infl uencing 
changes in mood and behavior. The cerebellum is 
involved with coordination of motor movement and 
motor learning, whereas the basal ganglia are involved 
with movement. Endogenous ligands for these cannabi-
noid receptors include anandamide, 2 - arachidonoyl 
glycerol, 2 - arachidonoyl glyceryl ether (noladine ether), 
O  - arachidonoyl ethanolamine (virodhamine), and  N  -
 arachidonoyl - dopamine (NADA). These endogenous 
cannabinoids bind and stimulate the cannabinoid and 
vanilloid receptors; reuptake processes and rapid 
enzymatic inactivation regulate the action of these 
compounds. These endocannabinoids (e.g., ananda-
mide, noladine ether, virodhamine) along with bicyclic 
and tricyclic analogues of  Δ9  - THC are agonists, 
whereas 1,5 - biarylpyrazoles are cannabinoid receptor 
antagonists.  54

 Activation of the CB 1  and CB 2  receptors inhibits 
adenylyl cyclase activity and reduces the intracellular 
concentration of cAMP, resulting in the phosphoryla-
tion and stimulation of the mitogen - activated protein 
kinases, extracellular signal - regulated kinase 1 (ERK1) 
and ERK2.  110   The CB 1  receptor is an inhibitory, G 
protein - coupled receptor that responds more to psycho-
active cannabinoids (i.e.,  Δ9  - THC) than to nonpsychoac-
tive cannabinoids. CB 1  receptors undergo downregulation 
and desensitization following chronic administration of 
THC or synthetic cannabinoid agonists.  111   Both the CB 1
and CB 2  receptors regulate the release of several central 
neurotransmitters including glutamate,  γ  - aminobutyric 
acid, dopamine, noradrenaline, serotonin, and acetyl-
choline.  112   CB 2  receptors are more prominent in the 
immune system than the brain. Some experimental evi-
dence suggests the presence of non - CB 1 , non - CB 2 , and 
G protein - coupled cannabinoid receptors.  113   Synthetic 
CB2  agonists are  potential  analgesics for infl ammation -
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human health effects of chronic cannabis use on the 
endocrine system remain unclear.  

  Immune System 

Δ9  - THC is an immune modulator with predominately 
immunosuppressive effects on various immune cells in 
in vitro  and animal testing.  136    In vitro  studies indicate 
that cannabinoids modulate the immune response, pri-
marily by immunosuppressive actions on various 
immune cells including macrophages, T - lymphocytes, 
and natural killer cells.  137   These studies also suggest that 
cannabinoids may modulate host resistance, especially 
the secondary immune response as well as altering the 
function of immune cytokines and the activity of 
network cells (macrophages; T helper cells, T h 1 and T h 2). 
Leukocytes contain cannabinoid receptors (e.g., CB 2 ); 
stimulation of these receptors causes complex actions 
on the release of immunostimulatory T h 1 cytokines (e.g., 
interleukin - 2, interferon -  γ ) and immuno - inhibitory T h 2 
cytokines (interleukin - 10, interleukin - 4).  138   The mecha-
nisms of these actions are both cannabinoid receptor -
 dependent and cannabinoid receptor - independent with 
modulation of sensitive targets of cannabinoids (e.g., 
interleukin - 2) being variable, depending on experimen-
tal conditions.  139   Despite these  in vitro  changes, there 
are insuffi cient data to conclude that habitual use of 
marijuana increases the prevalence of infections or 
malignancies.   

  CLINICAL RESPONSE 

  Illicit Use 

 The individual ’ s response to marijuana depends on the 
premorbid personality, existing scene, prior experience, 
and amount of Δ9  - THC absorbed. The subjective effects 
of cannabis classically involve a state of euphoria fol-
lowed by drowsiness, sedation, and occasionally depres-
sion that resolve within a few hours. Categories of 
psychologic effects after recreational marijuana use 
include affective (euphoria, garrulousness), somatic 
(feeling of fl oating), sensory (increased perception of 
external stimuli, vivid visual imagery), and cognitive 
(decreased short - term memory, distortion of time per-
ception, reduced concentration/attention).  11   None of 
the clinical features of marijuana use are specifi c to the 
absorption of the active ingredient,  Δ9  - THC. Group 
smoking of cannabis promotes social interaction, friend-
liness, and laughter. 

 Following inhalation of  Δ9  - THC, subjective effects 
begin within a few minutes, reach a maximum in 
15 – 30 minutes, and resolve over 2 – 3 hours, whereas 

does not protect individuals smoking both marijuana 
and tobacco from developing increased airway hyper-
reactivity.  127   Oral cannabinoids other than  Δ9  - THC (e.g., 
cannabinol, cannabidiol) are probably not effective 
bronchodilators.  128

 Habitual marijuana use produces epithelial injury to 
the large airways similar to cigarette smoke despite the 
inhalation of much lower quantities of smoke. Bronchial 
biopsies of heavy marijuana smokers demonstrate his-
tologic evidence of chronic infl ammation (erythema, 
nonciliated basal cell hyperplasia), increased secretions 
(mucus - secreting goblet cell hyperplasia), and dysregu-
lated growth of the bronchial epithelium.  129   A study of 
habitual cannabis smokers did not detect increases in 
alveolar epithelial permeability based on the clearance 
of technetium ( 99m Tc) - labeled diethylenetriamine penta -
 acetate (DTPA).  130   Histologic examination of postmor-
tem lung samples from heavy marijuana smokers dem-
onstrated focal infi ltrates of heavily pigmented 
macrophages surrounding bronchioles, focal ulceration 
of the columnar epithelium, focal early fi brosis with 
lymphocytic infi ltration, and light to moderate infi ltra-
tion of pigmented monocytes within the alveoli.  131

Hyperplasia of the mucus - secreting surface epithelial 
(goblet) cells and replacement of normal ciliated cells 
by nonciliated basal cells probably accounts for the high 
frequency of symptoms consistent with chronic bronchi-
tis.  132   Bronchoscopy of marijuana smokers indicate that 
pathologic bronchial mucosal changes associated with 
smoking tobacco and marijuana together are greater 
than the mucosal alterations associated with smoking 
either substance alone.  133

  Eye 

 Ophthalmic effects of exposure to  Δ9  - THC include 
marked congestion of conjunctival vessels, slight pupil-
lary constriction with preservation of the light refl ex, 
mild reduction of tearing, and a dose - related reduction 
of intraocular pressure. Although the administration of 
Δ9  - THC can reduce intraocular pressure for several 
hours, the development of tolerance and signifi cant sys-
temic toxicity limits the medical application of this drug 
for glaucoma.  134

  Endocrine System 

 Animal models indicate that cannabinoid administra-
tion acutely alters multiple hormonal systems, including 
the suppression of the gonadal steroids, growth hormone, 
prolactin, and thyroid hormone.  135   These effects result 
from the binding of the endogenous cannabinoid recep-
tor to areas in the hypothalamus. Cannabinoids also 
activate the hypothalamic – pituitary – adrenal axis. The 
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conventional institutions, more problem role models, 
greater tolerance of deviate behavior, and more involve-
ment in problem acts (e.g., public drunkenness) com-
pared with adolescents without drinking or cannabis 
problems.  146

  Mental Disorders 

 Rarely, a self - limited, acute psychosis develops follow-
ing marijuana use with either clear consciousness or an 
acute confusional state.  147   When present, the acute con-
fusional state is transient and self - limited, involving 
apprehension, suspiciousness, memory impairment, 
depersonalization, and derealization. Predisposing 
factors to the development of the acute confusional 
state include fi rst - time use, high doses of marijuana, and 
possibly a predisposition to the development of psycho-
sis.  148   The acute psychosis may present with mania - like 
features (e.g., grandiosity, excitement, hostility, lack of 
cooperation).149   Although an acute psychosis with clear 
consciousness can develop following marijuana use, 
clinical data suggest that these clinical features usually 
represent the exacerbation of schizophrenia or a relapse 
in vulnerable patients (i.e., previously psychotic 
patients).150,151   Although cannabis produces some anxio-
lytic effects, the heavy use of cannabis by schizophrenic 
patients may exacerbate some of their psychotic and 
manic symptoms.  152   The prevalence of cannabis abuse 
and dependence is relatively high among individuals 
with high risk of developing schizophrenia, particularly 
young adolescents with the early onset of dependency. 
In a study of 68 individuals with high risk factors 
for schizophrenia, 32% had a history of cannabis abuse 
or dependence.  153   Some population - based cohort studies 
suggest that the early and continued heavy cannabis 
use in adolescence increases the incidence of psychotic 
symptoms, and may increase the risk of persistent psy-
chotic symptoms by enhancing the normal transitory 
developmental expression of psychotic experiences 
during adolescence.  154,155   These studies demonstrate a 
dose - dependent effect of cannabis use on the inci-
dence of psychotic symptoms based on self - reported 
symptoms. 

 The clinical features of an acute psychosis during 
intoxication are not specifi c enough to warrant the clas-
sifi cation of unique marijuana - related psychosis. In a 
study comparing heavy marijuana users and other 
patients admitted to psychiatric hospitals for acute psy-
chosis, the marijuana users demonstrated more hypo-
mania and agitation compared with the nonmarijuana 
group.  156   These symptoms improved substantially over 
1 week. The nonmarijuana users demonstrated more 
affective fl attening, auditory hallucinations, incoherence 
of speech, and hysteria compared with the marijuana 

psychotropic effects begin 30 – 90 minutes after the inges-
tion of cannabis, reach a maximum in about 2 – 3 hours, 
and resolve over 4 – 12 hours.  11   Most studies of the after -
 effects of smoking typical recreational doses of cannabis 
do not demonstrate evidence of clinically signifi cant 
hangover effects common after ethanol or long - acting 
sedative - hypnotic drug use.  140   In a study of 12 regular 
marijuana smokers receiving 40 standardized puffs of 
marijuana smoke over 5 separate smoking periods in the 
late afternoon and evening, questionnaires on mood, 
sleep, and temporal perception were administered to 
determine the potential after - effects of the typical week -
 end use of marijuana.  141   Evaluation of performance 
included behavioral tasks ranging from simple reaction 
time to more complex tasks of psychomotor and cogni-
tive functions. This study did not detect evidence of 
clinically signifi cant, residual subjective intoxication the 
morning after use; most behavioral tests and mood 
scales returned to normal ranges the following day. Fine 
motor coordination and special perceptions were not 
tested. Case series associate blepharospasm, photopho-
bia, and decreased accommodation with habitual mari-
juana use.  142   Conjunctival erythema is a more reliable 
sign of exposure to Δ9  - THC than tachycardia.  67

  Behavioral Toxicity 

 During the late 1960s and the early 1970s, an amotiva-
tional syndrome was associated with chronic marijuana 
use among adolescents and young adults characterized 
by apathy, loss of effectiveness at completing complex 
tasks, easy frustration, poor concentration, diminished 
goal - directed behavior, and poor job performance.  143,144

The clinical features of this syndrome are similar to the 
clinical features associated with chronic intoxication 
with any sedative - type drug. In most cases, memory, 
alertness, concentrations, and cognitive skills return to 
normal within 1 month, and the contribution of the 
pharmacologic effects of chronic marijuana use remain 
unclear. Current data have not demonstrated a defi nite 
causal relationship between chronic marijuana use and 
psychosocial harm. Alternate explanations for the asso-
ciation between marijuana use and the psychosocial 
problems remain plausible including reverse causation 
(i.e., drug use is a consequence rather than a cause of 
psychosocial problems), bias, and confounding.  145

 The frequency of marijuana use in problem adoles-
cent ethanol abuse and the similarity of psychosocial 
patterns between problem drinking and habitual mari-
juana use suggest that marijuana use is part of adoles-
cent problem behavior. Such adolescents often express 
lower expectations of academic achievement, less 
compatibility with friends and parents, less religious 
behavior, more independence, less involvement with 
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case reports associate marijuana exposure with the clin-
ical manifestation of allergic symptoms.  165

 Rare case reports associate daily cannabis use (e.g., 
2 – 4 joints) with a cyclical vomiting illness that resolves 
with cessation of cannabis use and recurs following 
resumption of cannabis use.  166,167   These patients also 
develop weight loss, abdominal pain, sweating, fl ushing, 
thirst, and alteration in body temperature that recur 
with reinstitution of cannabis use. Although periodontal 
disease is associated with tobacco smoking, the smoking 
of cannabis does not increase the risk of periodontal 
disease.  168   Gynecomastia is a relatively common physi-
cal fi nding in men as a result of the ingestion of a wide 
variety of drugs including calcium - channel blockers, 
cancer chemotherapeutic agents, ketoconazole, spirono-
lactone, and histamine 2  - receptor blockers. The evidence 
for the ability of marijuana to produce gynecomastia is 
contradictory.  169,170   Rare case reports associate heavy 
marijuana use with pancreatitis.  171

Cardiovascular System.     In volunteer studies, ele-
vated heart rate is a consistent fi nding during the 
acute phase of intoxication with marijuana.  172   The car-
diovascular effects of Δ9  - THC do not usually cause 
serious health problems for most young, healthy users. 
However, cannabis smoking by patients with cardiovas-
cular disease poses some health risks because of the 
consequences resulting from increased cardiac work, 
tachycardia, increased catecholamine levels, carboxyhe-
moglobin, and postural hypotension. Potential compli-
cations include myocardial infarction and stroke. Several 
case reports temporally associated the smoking of mari-
juana cigarettes with the development of myocardial 
infarctions. Elevated serum creatinine kinase concen-
trations without fractionation, electrocardiographic 
changes consistent with a subendocardial myocardial 
infarction, and pulmonary edema occurred in a 25 - year -
 old man soon after smoking marijuana.  173   Subsequent 
coronary angiography revealed no signifi cant occlusion 
of his coronary arteries and normal left ventricular dys-
function. A study of 3,882 patients with recent myocar-
dial infarction suggested that smoking marijuana may 
be a rare trigger of acute myocardial infarction because 
of the mildly elevated risk of an acute myocardial infarc-
tion within the fi rst hour after the initiation of smoking.  174

However, the study was based on interviews without 
documentation of drug use; therefore, misclassifi cation 
of exposure and the presence of confounding variables 
complicate the interpretation of this study.  

Respiratory System.     Although marijuana smoke is a 
pulmonary irritant that contains increased concentra-
tions of polyaromatic hydrocarbons, tars, sterols, and 

group. The etiology of the acute psychosis after chronic 
marijuana use remains controversial because of unre-
solved issues about premorbid personalities and 
multiple - drug use. Prospective studies suggest that con-
tinued marijuana use exacerbates psychotic symptoms 
and increases the risk of relapse.  157   Flashbacks are the 
relapse of symptoms experienced during intoxication. 
Although rare, fl ashbacks can occur during the fi rst 3 
months after cessation of cannabis use.  158

 Although cannabis intoxication can produce an acute 
transient psychotic episode in some individuals as well 
as short - term exacerbation of preexisting psychotic 
symptoms, controversy remains regarding the ability of 
chronic marijuana use to cause schizophrenia or other 
chronic functional psychotic states. Longitudinal studies 
suggest an increased risk (median odds ratio [OR], 2.3; 
range, 1.77 – 10.9) of psychosis or psychotic symptoms 
following the chronic use of cannabis, but concerns 
about reverse causality and the control of confounding 
variables limits defi nitive conclusions.  159   A review of 
existing medical literature indicated that marijuana use 
is neither a suffi cient nor necessary cause for psychosis; 
the use of marijuana is part of a complex constellation 
of factors leading to psychosis.  160   However, a meta -
 analysis of 11 case - control and cohort studies on can-
nabis use and psychosis suggested a threefold increased 
risk of developing schizophrenia or a schizophrenia - like 
psychosis, particularly in individuals using cannabis 
during early adolescence.  161   This meta - analysis did not 
detect evidence of publication bias or heterogeneity.  

  Medical Complications 

 The most common adverse effect of smoking marijuana 
is an unpleasant feeling of anxiety that may progress to 
panic. Clinical features of acute anxiety reactions include 
restlessness, depersonalization, fear of dying, panic, 
feeling of loss of control, and paranoia. High cannabis 
doses also produce transient mood disturbances and 
dysphoric reactions that include anxiety, fear, paranoia, 
depression, disorientation, confusion, and delusions. 
Lethargy occurs following the absorption of high doses 
of Δ9  - THC, especially several hours after cessation of 
smoking cannabis. Hallucinations are rare, occurring 
primarily at high doses. During the early 1980s, an out-
break of Salmonella muenchen  gastroenteritis was asso-
ciated with the consumption of contaminated marijuana 
in Ohio, Michigan, Georgia, and Alabama.  162   A case 
report associated jogging on a warm day after smoking 
a marijuana cigarette with the classic features of hyper-
thermia (rectal temperature 41.7 o C/107.1 o F, delirium, 
hot, dry skin).  163   Although a substantial portion of atopic 
individual are sensitive to marijuana pollen,  164   only rare 
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the chronic histopathologic effects of inhaling cannabis 
smoke and tobacco smoke are similar, there are few 
data to clarify the carcinogenic potential of cannabis 
smoke on the respiratory tract. 183   Case reports suggest 
that multiple large bullae can occur in the lungs of mari-
juana smokers, particularly in the upper lobes;  184

however, macroscopic evidence of emphysema is usually 
absent.185

Intravenous Use.     In volunteer studies, the IV admin-
istration of up to 5 - mg  Δ9  - THC causes a variety of tran-
sient symptoms including altered perceptions, increased 
anxiety, euphoria, disruption of verbal recall, reduced 
attention, and increased distractibility.  62   General orien-
tation is usually not impaired at these Δ9  - THC doses. 
Intravenous injection of boiled aqueous extract of can-
nabis seeds ( “ pot tea ” ) produces severe, acute, multisys-
tem illness manifest by gastrointestinal (GI) distress, 
fever, myalgias, rhabdomyolysis, acute renal failure, 
hypotension, pulmonary edema, and coagulopathy.  186,187

Severe headache, blurred vision, diaphoresis, chills, diz-
ziness, and dyspnea begin soon after injection followed 
in several hours by fever, GI distress, diffuse myalgias, 
rhabdomyolysis, hypotension, and renal insuffi ciency.  188

These patients recovered within about 1 week with sup-
portive care.    

  Accidental Exposure 

 Following accidental ingestion of marijuana cookies, 
case reports document the occurrence of tachycardia, 
conjunctival hyperemia, pallor, ataxic gait, labile affect, 
vertical and horizontal nystagmus, fi ne tremor, and 
altered consciousness.  63   Symptoms usually develop 
within a few hours of ingestion and typically resolve by 
6 hours after ingestion. Alteration of systemic blood 
pressure is uncommon. Ingestion of marijuana - fi lled 
balloons has been associated with intestinal obstruction 
and GI distress.  189   Systemic symptoms other than GI 
complaints and lethargy are uncommon, even following 
rupture of the balloons.  190

  Fatalities 

 Few reports of marijuana - associated fatalities appear in 
the medical literature; the etiology of these fatalities is 
not well documented.  191   Although a case report of a 
25 - year - old man associated his death with the ingestion 
of bhang over the 24 hours preceding his death,  192   the 
contribution of Δ9  - THC to his death is unclear because 
of his complicated cardiac history (rheumatic heart 
disease, open heart surgery).  

terpenes compared with tobacco smoke,  175   smoking of 
marijuana does not usually produce clinically signifi cant 
acute  effects on the respiratory system.  132   However, 
important respiratory abnormalities result from the 
habitual use of marijuana compared with the use of 
tobacco alone. Controlled, population - based studies 
indicate that the habitual use of marijuana increases the 
prevalence of chronic respiratory symptoms of bronchi-
tis including wheezing, cough, and exertional dyspnea.  176

However, not all studies of chronic marijuana users 
demonstrate an increased prevalence of symptoms of 
chronic bronchitis. A study comparing chronic mari-
juana use, tobacco smokers, and nonsmokers did not 
detect a difference in the prevalence of chronic cough, 
sputum production, or wheeze between marijuana and 
tobacco smokers.  177   Additionally, there was no was addi-
tive adverse effects of chronic marijuana use on tobacco 
smokers. 

 Studies of lung function in cannabis smokers associ-
ate cumulative cannabis use with higher lung volumes 
(increased forced vital capacity, functional residual 
capacity, residual volume, total lung capacity), suggest-
ing hyperinfl ation and increased large airways resis-
tance rather than airfl ow obstruction (chronic obstructive 
pulmonary disease) or impairment of gas transfer 
(emphysema).178   Although some studies suggest an 
accelerated increase in airway obstruction in nonto-
bacco smoking cannabis smokers,  179   most studies of 
habitual marijuana users do not support a strong asso-
ciation between regular marijuana smoking and chronic 
obstructive pulmonary disease. Evaluation of habitual 
marijuana smokers (daily or thrice weekly smoking for 
2 – 5 years) suggested mild impairment of large - airway 
conductance, but sensitive indicators of peripheral -
 airway disease (e.g., midexpiratory fl ow rates) did not 
decline.  180   An 8 - year longitudinal study of more than 
900 young adults revealed a dose - dependent relation-
ship between cumulative marijuana consumption and 
decline in FEV 1 /VC. However, adjusting for confound-
ing variables (age, weight, tobacco use) reduced the 
negative effect of habitual marijuana use on the FEV 1 /
VC to marginal signifi cance ( p     <    0.09).  181   A study of 15 
asymptomatic, healthy cannabis smokers did not detect 
a statistically signifi cant reduction of the single - breath 
carbon monoxide diffusing capacity when compared 
with the nonsmoking control group.  182   This test is a sen-
sitive physiologic indicator of emphysema; a signifi cant 
reduction of this test occurred in the group of combined 
marijuana and tobacco smokers. Although paraquat 
may contaminate marijuana products from some foreign 
countries (e.g., Mexico), the high combustion tempera-
tures in marijuana cigarettes destroys paraquat; there-
fore, there is no signifi cant risk of paraquat - induced 
pulmonary fi brosis from cannabis smoking. Although 
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nancy. Some anecdotal evidence suggests that heavy 
marijuana use during pregnancy produces a fetal alcohol 
syndrome - like clinical presentation characterized by 
tremulousness, intrauterine growth retardation, and 
facial dysmorphogenesis.  201   Comparison of the daily use 
of marijuana and the absence of marijuana use during 
pregnancy suggests that chronic marijuana use during 
pregnancy reduces birth weights and increases preva-
lence of facial dysmorphogenesis.  202   However, the large 
number of confounders in women drug users limits con-
clusions about the teratogenic potential of marijuana.  

  Carcinogenesis 

 Cannabis and  Δ9  - THC are not recognized carcinogens 
by the International Agency for Research on Cancer or 
the US National Toxicology Program. There is no defi ni-
tive epidemiologic evidence that regular cannabis 
smoking causes cancer of the lung or lower respiratory 
tract similar to cigarette smoking. To date, the epidemio-
logic evidence is confl icting. A case series reported 34 
young patients with squamous cell carcinomas that were 
chronic marijuana smokers,  203   and a case - control study 
of head and neck cancer suggested a possible causal link 
between chronic marijuana smoking and squamous cell 
cancer of the head and neck.  204   In the latter study of 173 
previously untreated cases with pathologically con-
fi rmed squamous cell carcinoma of the head and neck 
and 176 cancer - free controls, the odds ratio (OR) for 
head and neck cancer among individuals who ever 
smoked marijuana was 2.6 (95% CI: 1.1 – 6.6) and 3.1 
(95% CI: 1.0 – 9.7) for marijuana smokers under the age 
of 55 years. However, there are no well - controlled pro-
spective studies of chronic marijuana users to support 
this evidence, and most case control studies do not 
report an increased risk of head and neck cancer among 
marijuana users.  205   In a population - based, case - control 
study of 407 patients with oral squamous cell carcinoma, 
the OR for ever - use of marijuana was 0.9 (95% CI: 
0.6 – 1.3).206   There were no trends in increased risk of oral 
cancer with increasing duration or frequency of mari-
juana use. There was no overall excess of cancer or of 
tobacco - related cancers in a study of marijuana smokers 
in approximately 65,000 Kaiser Permanente Medical 
Care Program enrollees aged 15 through 49 years 
based on self - administered research questionnaires.  207

However, current cannabis smokers did have an ele-
vated risk of prostate cancer (RR    =    4.7, 95% CI: 1.4 –
 15.5). Although there is a relative increased risk of 
death among heavy, chronic marijuana users, most of 
the excess risk results from social background vari-
ables.  208   In pooled data from 4,029 head and neck cancer 
cases and 5,015 controls in 5 case - control studies within 
the INHANCE Consortium, the risk of head and neck 

  Abstinence Syndrome 

 Chronic marijuana use may cause psychologic depen-
dency and a mild withdrawal reaction, but the risk of  
physical dependence is low compared with opioids and 
benzodiazepines.  193   A mild withdrawal syndrome follow-
ing abstinence from chronic marijuana consumption may 
occur in some heavy marijuana users, particularly affec-
tive and behavioral symptoms.  194   There are few robust 
associations between demographic characteristics and 
cannabis withdrawal based on responses to question-
naires from a convenience sample of 104 nontreatment -
 seeking, adult cannabis smokers.  195   In contrast to opioid 
and alcohol withdrawal, clinically signifi cant physical 
symptoms of withdrawal do not usually occur following 
cessation of chronic marijuana use. Withdrawal symp-
toms following cessation of regular cannabis use include 
aggression, anger, anxiety, jitteriness, irritability, restless-
ness, sleep disturbances, anorexia, nausea, abdominal 
pain, weight loss, sweating, salivation, and increased body 
temperature, particularly during the fi rst 10 days after the 
cessation of marijuana use. In study of participants in the 
US National Epidemiologic Survey on Alcohol and 
Related Conditions, the association of withdrawal symp-
toms to other dependence criteria for ethanol and mari-
juana was similar.  196   About 44% of frequent marijuana 
users ( ≥ 3 times weekly) reported  ≥ 2 withdrawal symp-
toms; whereas about 34% reported  ≥ 3 withdrawal symp-
toms. In these structured interviews, marijuana users 
described 2 types of withdrawal patterns: 1) weakness, 
hypersomnia, and psychomotor retardation; and 2) 
anxiety, restlessness, depression, and insomnia. 

 Typically, withdrawal symptoms begin 1 – 3 days after 
cessation of regular cannabis use and reach maximum 
effects about 2 – 6 days after cessation with resolution 
occurring in 4 – 14 days.  197,198   Craving for marijuana is not 
usually a predominant part of the withdrawal syndrome. 
A 21 - day inpatient study of marijuana smokers demon-
strated decreased food intake and increased rating of 
anxiety, irritability, and abdominal pain after 4 days of 
smoking marijuana placebo cigarettes.  199   Not all chronic 
marijuana users experience withdrawal symptoms fol-
lowing cessation of cannabis use. In a study of current 
and former chronic marijuana users, 40% of the partici-
pants did not experience clinically signifi cant symptoms 
following cessation of use, and the lack of craving for 
marijuana suggested that the physical signs in the other 
60% were not as strong as other drugs of abuse.  200

  Reproductive Abnormalities 

 There are few data on the teratogenic and developmen-
tal issues associated with marijuana use during preg-
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ONLINE™  (Roche Diagnostics, Indianapolis, IN), 
Abbott TDx analyzer] is approximately 4%.  213   Typically, 
cross - reactivity of THC - COOH glucuronide by these 
immunoassays and the relatively high concentration of 
THC - COOH provides suffi cient sensitivity to eliminate 
the need for hydrolysis during the screening of urine 
samples (GC/MS confi rmation usually measures total 
THC - COOH after enzymatic or alkaline hydrolysis). 
Thin layer chromatographic procedures (e.g., TOXI -
 LAB, Varian, Inc., Palo Alto, CA) are sensitive com-
pared with the EMIT - d.a.u., but the former procedure 
produces more false - positives near the cutoff concen-
tration of 20   ng THC - COOH/mL.  214   With alkaline 
hydrolysis and Fast Blue BB staining, the limit of detec-
tion for THC - COOH in urine samples is about 5 – 10   ng/
mL.215   Urine specimens should be checked for pH and 
specifi c gravity whenever an unanticipated false -
 negative result occurs. The use of creatinine - corrected 
THC - COOH concentrations adjusts the effect of urinary 
dilution.216

 The addition of adulterants may destroy  Δ9  - THC -
 COOH in urine samples, depending on the pH, storage 
time, and urine temperature. Adding bleach to urine 
samples causes false - positive results in radioimmunoas-
say.  217   This adulterant also causes false - negative results 
in enzyme immunoassays and fl uorescence polarization 
immunoassays as a result of the effect of the bleach on 
immunoassay reagents.  218   Many oxidizing agents can 
destroy Δ9  - THC - COOH in urine samples, particularly 
under acidic conditions. Under experimental conditions 
chromate, nitrite, Oxone  ®   (potassium peroxymonosul-
fate), Fenton ’ s reagent (hydrogen peroxide/ferrous 
ammonium sulfate), permanganate, periodate, peroxi-
dase, and extracts from red radish, black mustard seeds, 
and horseradish destroyed most of the Δ9  - THC - COOH 
in urine samples within 48 hours of exposure.  219

  Confi rmation 

 Analytic methods for the confi rmation and quantitation 
of Δ9  - THC and metabolites in biologic specimens 
include gas chromatography, high performance liquid 
chromatography, liquid chromatography/mass spec-
trometry, liquid chromatography/tandem mass spec-
trometry, capillary electrophoresis/mass spectrometry, 
and gas chromatography/mass spectrometry.  220   Gas 
chromatography221   and HPLC with electrochemical 
detection222   provide greater specifi city compared with 
immunoassays, but these methods do furnish suffi cient 
structural information. Gas chromatography/mass spec-
trometry provides the sensitivity and specifi city neces-
sary for the confi rmation of positive results from 
immunoassays and for the quantitation of specifi c can-
nabinoids.  223,224   The detection limits for  Δ9  - THC and the 

cancer was not elevated by ever - smoking marijuana 
(OR    =    0.88; 95% CI: 0.67 – 1.16).  209   There was no 
increased risk associated with increasing frequency, 
duration, or cumulative consumption of marijuana 
smoking. Self - reported interview data provided the 
basis for the classifi cation of marijuana smoking and 
known risk factors.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

  Screening 

 Thin layer chromatography (TLC), enzyme immunoas-
says (EIA), cloned enzyme donor immunoassays 
(CEDIA), and fl uorescence polarization immunoassay 
(FPIA) are the most common analytic techniques avail-
able for the screening of urine for the presence of mari-
juana metabolites.  210   Radioimmunoassay (RIA) and 
kinetic interaction of microparticles in solution assays 
(KIMS) are obsolete screen techniques that have been 
superseded by the above methods. Immunoassays cross -
 react with many cannabinoids and their metabolites; 
hence, these methods do not determine which cannabi-
noids are present in the sample. The EMIT cannabinoid 
assay is a reliable semiquantitative urine screening test 
(20 – 50   ng/mL THC - COOH equivalent sensitivity level) 
based on competitive protein binding with the inactive 
Δ9  - THC metabolite, 11 - nor -  Δ9  - tetrahydrocannabinol - 9 -
 carboxylic acid (THC - COOH). The antiserum cross -
 reacts with most 9 - substituted metabolites including the 
glucuronide conjugates; therefore, the results are 
expressed as THC - COOH equivalents. In contrast to 
the EMIT antigen, the Roche Abuscreen  ®   (Roche 
Pharmaceuticals, Nutley, NJ) radioimmunoassay antigen 
was conjugated to the phenolic hydroxyl group of can-
nabinoids via a carboxymethyl derivative; thus, the 
Roche assay produces a different set of cross - reactivities 
compared with the EMIT assay. The Abbott TDx  ® 

(Abbott Laboratories, Abbott Park, IL) assay (i.e., fl uo-
rescence polarization immunoassay) binds equally to 
THC - COOH, its glucuronide and the corresponding 
isomer.  211   In general, reduced binding to the antiserum 
occurs in the presence of hydroxylated derivatives of 
Δ9  - THC; the binding to noncannabinoid constituents is 
small. 

 The accuracy, sensitivity, and specifi city of immuno-
assays are unique to the specifi c product and these 
parameters may vary over time.  212   Depending on sensi-
tivity, one urine sample may be positive by one immu-
noassay but negative by another assay. The incidence of 
false - positive rates from immunoassays [e.g., EMIT 
d.a.u. (Syva Corp., Palo Alto, CA), Roche Abuscreen 
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no statistically signifi cant changes in the concentrations 
of Δ9  - THC or the two metabolites (11 - OH - THC, THC -
 COOH) in blood samples stored at 4 o C (39.2 ° F) or 
− 10 o C (14 ° F) for 4 months. During a 10 - day storage 
period at 4 o C and 20 o C, the amount of 11 - nor -  Δ9  - carboxy 
THC glucuronide (THC - COOH - glucuronide) con-
verted to 11 - nor -  Δ9  - carboxy THC averaged about 20% 
and 70%, respectively.  234   1 - Nor -  Δ9  - carboxy THC gluc-
uronide was stable at freezing temperature ( − 20 o C/ − 4 ° F).  

Urine.     In addition to the degradation of cannabinoids 
from the solution via oxidation, loss also occurs during 
the handling and storage of samples, primarily during 
the fi rst few hours of storage.  235   Adsorption to material 
surfaces (borosilicates) probably accounts for a substan-
tial portion of the loss of cannabinoids from solution.  236

Factors determining the loss of cannabinoids include the 
solvent type, the amount of exposed surface area, tem-
perature, the type of container, sample pH, and analytic 
variation.237   A study of THC - COOH losses indicated 
that storage losses occur both by adsorption to material 
surfaces and losses during pipetting and storage han-
dling.  238   High - density polyethylene containers produced 
the greatest losses and untreated glass (e.g., amber 
sialylated glassware) caused the smallest losses. Loss of 
THC - COOH during storage is less from frozen urine 
samples than urine samples stored at room temperature. 
Storage of urine samples at room temperature for 10 
days resulted in an average THC - COOH loss of about 
22%.239   The mean loss of this metabolite in frozen urine 
specimens analyzed after 40 days, 1 year, and 3 years 
was 8.0    ±    10.6%, 15.8    ±    4.2%, and 19.6    ±    6.7%, respec-
tively. Storage of urine samples in plastic tubes at  – 16 ° C 
(3.2 ° F) to  – 18 o C ( – 0.4 ° F) over 45 days resulted in a 
mean loss of 11% (range, 0 – 34%) of the THC - COOH 
present in the original sample.  240

  Biomarkers 

 11 - Nor - 9 - carboxy -  Δ9  - THC (THC - COOH) is highly 
lipophilic and poorly water soluble. Consequently, the 
highest concentrations of THC - COOH following 
absorption of Δ9  - THC occur in the bile and very small 
concentrations occur in the vitreous humor. Postmortem 
examination of 50 vitreous humor samples by immuno-
assay (cutoff 50   ng/mL) yielded no positive results for 
cannabinoids, whereas 30 postmortem blood specimens 
from the same cases tested positive for THC - COOH 
ranging from 4 – 104   ng/mL as measured by GC/MS in 
select ion monitoring (SIM) mode.  241   In a study of 50 
traffi c fatalities with positive urine drug screens for 
THC - COOH, the mean THC - COOH concentration 
in bile was 12,900   ng/mL (range, 1,030 – 43,700   ng/mL) 
compared with 81   ng/mL (range, 16 – 330   ng/mL) in 

major metabolites using GC/MS range from approxi-
mately 1 – 2   ng/mL. For quantitation of  Δ9  - THC and 
metabolites in blood samples, GC/MS with electron 
impact ionization is a common analytic method. The use 
of gas chromatography/tandem mass spectrometry with 
negative - ion chemical ionization is a more rapid alter-
native to gas chromatography/electron impact/mass 
spectrometry and gas chromatography/positive - ion 
electron impact/mass spectrometry with the following 
lower limits of quantitation (LLOQ):  Δ9  - THC, 0.5   ng/
mL; 11 - OH - THC, 0.5   ng/mL, and THC - COOH, 2.5   ng/
mL.225   Liquid chromatography/tandem mass spectrom-
etry has similar LLOQ of Δ9  - THC and the major metab-
olites with the advantage that derivation of THC - COOH 
is unnecessary in contrast to GC/MS.  226,227   GC/MS 
methods are available for the detection of cannabinoids 
in hair samples with a LLOQ in the range of 0.04 –
 0.08   ng/mg and coeffi cients of variation in the range of 
8%.228   High performance liquid chromatography with 
electrospray ionization mass spectrometry provides a 
limit of detection and LLOQ for Δ9  - THC of approxi-
mately 1   ng/mL and 2   ng/mL, respectively.  229   The conju-
gation of glucuronic acid withΔ9  - THC and its metabolites 
facilitates the urinary excretion of Δ9  - THC and THC -
 COOH.  230   During preparation of the sample, cleavage 
of the glucuronide bond occurs either enzymatically 
with β  - glucuronidase or chemically with alkaline solu-
tions. The extent of the hydrolysis of cannabinoid con-
jugates depends on the method and the glucuronidase 
activity of the particular species used. 231   Incomplete 
hydrolysis of the sample and diffusion of cannabinoids 
into glass or plastic containers can reduce the recovery 
of Δ9  - THC and/or metabolites in biologic samples.  

  Storage 

Blood.     The stability of  Δ9  - THC and metabolites 
[11 - hydroxy -Δ9  - tetrahydrocannabinol (11 - OH - THC), 11 -
 nor - 9 - carboxy -  Δ9  - tetrahydrocannabinol (THC - COOH)] 
varies with temperature, storage container, and com-
pound. Short - term storage of  Δ9  - THC in glass vials at 
room temperature for 4 days followed by freezing 
(− 20 ° C/ − 4 ° F) for 4 weeks did not produce signifi cant 
reductions in whole - blood concentrations of  Δ9  - THC, 
but analysis of Δ9  - THC in samples stored in polystyrene 
containers demonstrated substantial losses.  232   Some 
degradation of cannabinoids occurs during prolonged 
storage ( > 1 month) at room temperature, particularly 
the decarboxylation of cannabinoid acids to neutral 
cannabinoids. After storage of blood samples 6 months 
at room temperature, the concentrations of  Δ9  - THC and 
11 - OH - THC decreased by 90% and by 44%, respec-
tively.  233   The concentration of THC - COOH was not sig-
nifi cantly different from the control. This study detected 
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minutes after initiation of smoking) and then declines 
slowly to baseline over 4 hours.  245   Effects are dose -  and 
interval - related, and smoking higher - potency cigarettes 
prolongs psychotomimetic effects. Modeling of  Δ9  - THC 
kinetics indicates that smoking one 9 - mg marijuana 
cigarette per hour maintains the psychotropic effects of 
marijuana; these effects last about 2 hours after the ces-
sation of smoking.  246   Initial peak plasma concentrations 
sampled 15 minutes after the initiation of smoking mari-
juana cigarettes (19   mg  Δ9  - THC content) were between 
50 – 70   ng/mL.  67   An average  “ high ”  (rated 4 on a scale of 
10) occurred when the Δ9  - THC plasma concentration 
was about 9   ng/mL. Conjunctival injection consistently 
occurred with plasma Δ9  - THC concentrations exceeding 
5   ng/mL and this sign was more reliable than tachycar-
dia in predicting clinical effect. Maximum clinical effects 
do not occur at peak plasma Δ9  - THC concentrations, 
and substantial individual variability occurs both in the 
magnitude of clinical effect and in peak concentra-
tions.  69   There are inadequate data to correlate whole 
blood Δ9  - THC levels below 5   ng/mL and serum or 
plasma concentrations < 10   ng/mL to physical impair-
ment because of the variability of individual pharmaco-
kinetics, tolerance, and the lack of a direct relationship 
between blood Δ9  - THC concentrations and neuropsy-
chologic responses. Although there is substantial 
interindividual variation in peak plasma Δ9  - THC con-
centrations following the inhalation of similar Δ9  - THC 
doses, pharmacokinetic studies indicate linear kinetics 
in Δ9  - THC doses up to at least 70   mg. In a study of 24 
male occasional cannabis users, the mean maximum 
serum Δ9  - THC concentrations following the inhalation 
of marijuana cigarettes containing 49   mg and 69   mg 
were approximately 203   ng/mL and 231   ng/mL, 
respectively.  247

 The presence of THC - COOH supports the validity 
of Δ9  - THC measurements. Plasma  Δ9  - THC concentra-
tions do not reliably detect the smoking of 1 marijuana 
cigarette per day by an infrequent user, when tested in 
the morning following inhalation.  248   Case reports docu-
ment the presence of detectable concentrations of THC 
in postmortem samples from patients, who die sud-
denly.  249,250   However, the contribution of THC to these 
deaths is unclear, in part because of the lack of serious 
cardiovascular effects in patients with acute THC 
intoxication.  

Time of Exposure.     Predicting the time elapsed since 
the initiation of smoking is complicated by factors that 
affect the plasma Δ9  - THC, including the chronic use of 
marijuana (i.e., residual plasma  Δ9  - THC concentra-
tions), the effi ciency of the smoking process, and the 
potency of the marijuana. Peak plasma concentrations 
of Δ9  - THC occur within approximately 7 – 10 minutes 

heart blood and 314   ng/mL (range, 44 – 2,330   ng/mL) in 
urine samples.  242   The THC - COOH concentration in 10 
of the 50 samples of vitreous humor was nondetectable 
(< 1   ng/mL), and the concentration in the rest of the 
vitreous samples was < 10   ng/mL. Consequently, vitre-
ous humor is a poor sampling media for the detection 
of marijuana use, whereas bile is a good sampling media 
for the detection of low postmortem concentrations of 
THC - COOH. 

  Blood 

Δ9  - THC resides mostly in plasma with almost 90% of 
Δ9  - THC in whole blood distributed in the plasma and 
the remainder in the erythrocytes. Therefore, the plasma/
whole blood ratio of Δ9  - THC is similar to the inverse of 
the hematocrit, and the whole blood concentration of 
Δ9  - THC is about one - half the corresponding plasma 
concentration.243   In a study of 7 volunteers, the mean 
plasma/whole blood ratio of Δ9  - THC was 1.54 (range, 
1.4 – 1.9).244   The distributions of THC - COOH and 11 -
 OH - THC in plasma and whole blood are similar to the 
distribution of Δ9  - THC. The mean plasma/whole blood 
ratio of 11 - OH - THC was 1.7 (range, 1.4 – 2.2). In an 
experimental study, the mean plasma/whole blood ratios 
of 11 - nor -  Δ9  - carboxy THC (THC - COOH) and the cor-
responding glucuronide at a concentration of 100   ng/
mL were 1.54 and 1.61, respectively.  234   At a concentra-
tion of 500   ng/mL, the mean plasma/whole ratios of 
both compounds were 1.47. Examination of postmor-
tem  “ serum ”  and whole blood samples for  Δ9  - THC and 
metabolites suggests that postmortem changes (e.g., 
hemolysis, protein aggregation/degradation) alter the 
plasma/whole blood ratio of Δ9  - THC and metabolites. 
In a study of 6 postmortem blood samples, the mean 
 “ serum ” /whole blood ratios of  Δ9  - THC and 11 - OH -   Δ9  -
 THC were 2.2 (range, 1.5 – 2.8) and 2.3 (range, 1.5 – 3.9), 
respectively.  244   These values demonstrated wider ranges 
for the ratios compared with the ratios in live humans. 
The postmortem variability in this ratio limits the esti-
mation of the time of last cannabis use based on the 
ratio of Δ9  - THC and metabolites. Most analytic methods 
for the determination of Δ9  - THC and metabolites in 
blood measure free cannabinoids rather than conju-
gated or total cannabinoids. 

Concentration.     Plasma concentrations of  Δ9  - THC do 
not correlate well to physiologic and psychotropic 
effects based on volunteer studies; the determination of 
impairment requires the presence of very high concen-
trations of Δ9  - THC. The subjective  “ high ”  and the physi-
ologic tachycardia following cannabis smoking lags 
20 – 30 minutes behind peak plasma levels (i.e.,  ∼ 7 – 8 
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onset of clinical effects develops slower and lasts longer 
compared with IV or pulmonary administration, but 
subjective effects occur at much lower plasma concen-
trations than after injection or inhalation. In a study of 
11 healthy volunteers, the same degree of intoxication 
in volunteers occurred at plasma Δ9  - THC levels of 
2 – 4   ng/mL after ingestion compared with plasma  Δ9  -
 THC of 9   ng/mL following inhalation.  67   A small study 
of 4 volunteers without prior marijuana use indicated 
that a total plasma metabolite/ Δ9  - THC ratio below 20 
was consistent with recent oral cannabis consumption, 
but the administration of multiple Δ9  - THC doses in 
chronic users produced substantially higher ratios (i.e., 
> 30) as measured by radioimmunoassay.  254

Postmortem.     Most postmortem analytic tests involve 
whole blood samples. The concentration of  Δ9  - THC in 
plasma is about 1.5 – 2 times the concentration of  Δ9  -
 THC in whole blood because  Δ9  - THC is highly bound 
to plasma proteins. Despite the widespread use of can-
nabis, there are few case reports documenting the pres-
ence of Δ9  - THC in the postmortem examination of 
individuals dying without an obvious cause of death.  255

During the autopsy of a suspected marijuana - induced 
death, the tissue concentrations of  Δ9  - THC were as 
follows (mg/100g): kidney, 3.75; liver, 4.2; spleen, 1.2; 
stomach, 0.8; and intestine, 0.2.  65   Unusually high post-
mortem blood Δ9  - THC concentrations and low blood 
THC - COOH concentrations may occur in decomposed 
bodies, particularly when reductive anaerobic processes 
(e.g., during submersion) convert the metabolite to the 
parent compound.  256   Although case series document the 
presence of Δ9  - THC in the blood concentrations  < 5 –
 10   ng/mL in postmortem samples from patients dying 
with cardiovascular disease,  250   the contribution of  Δ9  -
 THC to the death of these patients is unclear. Despite 
the high lipid solubility of Δ9  - THC and the large volume 
of distribution, postmortem redistribution of  Δ9  - THC is 
relatively modest (e.g., heart/femoral blood ratios 
ranging from 0.3 – 3.0); additionally, there is some vari-
ability in the distribution of THC between whole blood 
and serum during the postmortem period.  244

  Urine 

 Urine drug screens for the detection of marijuana use 
are particularly susceptible to false - negative results 
after adulteration of the urine sample (e.g., addition 
of bleach, glutaraldehyde, oxidants, pyridinium chlo-
rochromate, or nitrites). Additionally, the use of non-
steroidal antiinfl ammatory analgesics can interfere 
with the derivatization of THC - COOH during GC/
MS procedures, causing false - negative results for 

after exposure. The presence of plasma  Δ9  - THC concen-
trations exceeding 20   ng/mL indicates smoking within 
the last hour and plasma concentrations > 50   ng/mL 
indicates that smoking began within the last 20 minutes. 
By 1 hour after smoking, plasma  Δ9  - THC concentrations 
are usually below 5 – 10   ng/mL. Plasma  Δ9  - THC concen-
trations decline rapidly within the fi rst hour after 
smoking ceases, and these concentrations are relatively 
low (2 – 3   ng/mL) within 6 hours after cessation of mari-
juana smoking by casual user.  87   For example, the inhala-
tion of 1.75% and 3.55% marijuana cigarettes produced 
peak concentrations of 50 – 129   ng  Δ9  - THC/mL and 76 –
 267   ng  Δ9  - THC/mL, respectively.  86   Within 2 hours of 
smoking these cigarettes, the plasma  Δ9  - THC concentra-
tion dropped below 5   ng/mL. Chronic use of large quan-
tities of cannabis may result in more persistent elevations 
of plasma Δ9  - THC and THC - COOH concentrations 
than occur in casual cannabis users. In a study of 18 
chronic, high - dose cannabis users monitored on an inpa-
tient research unit for 7 days, 9 (50%) of the chronic 
users had plasma Δ9  - THC concentrations exceeding 
1   ng/mL (range, 1.2 – 5.5   ng/mL) on the 7 th  day of absti-
nence as measured by two - dimensional GC/MS.  251   The 
plasma THC - COOH concentrations in the 18 volun-
teers on day 7 ranged from 2.8 – 45.6   ng/mL. All partici-
pants had at least one daily blood specimen that 
contained a plasma Δ9  - THC concentration higher than 
the previous day. 

 Volunteer studies indicate that the peak concentra-
tions of the major metabolite, THC - COOH, occur about 
30 minutes after the commencement of smoking.  69   The 
peak effect of marijuana apparently occurs near the 
time after exposure when Δ9  - THC and THC - COOH are 
present in equivalent concentrations. Measurement of 
the relative amounts of these 2 compounds in whole 
blood or plasma helps determine when peak effects 
develop.  23   A THC - COOH/ Δ9  - THC ratio greater than 4 
suggests that pharmacologic effects are no longer 
present (i.e.,  > 3 – 4 hours after smoking).  252   However, a 
study of 298 forensic blood specimens positive for can-
nabinoids revealed that Δ9  - THC blood concentrations 
> 10   ng/mL were required before 70% of the samples 
had blood THC - COOH/ Δ9  - THC ratios  < 4. Part of the 
variance probably results from the fact that chronic 
users reach higher blood THC - COOH concentrations 
more rapidly compared with infrequent users.  253   Because 
of interindividual variation in the pharmacokinetics of 
Δ9  - THC, estimation of the blood  Δ9  - THC concentra-
tions based only  on cannabinoid metabolite concentra-
tions is unreliable. 

 The pharmacokinetics of marijuana after IV admin-
istration is similar to the pharmacokinetics following 
smoking, but the ingestion of marijuana produces lower, 
delayed peak levels. After ingestion of  Δ9  - THC, the 
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lation of a single high - dose cigarette (3.55%  Δ9  - THC) 
produced a positive immunoassay for < 2 days (range, 
57 – 122.3 hours).  262   The detection times using GC/MS 
with a 15   ng/mL cutoff were approximately twice as 
long as the mean detection times using an immunoassay 
with a 50   ng/mL cutoff. The mean detection times 
ranged from 1 – 5 days (mean, 33.7    ±    9.2 hours) after the 
low - dose cigarette and from 3 – 6 days (mean, 88.6    ±    23.2 
hours) after the high - dose cigarette. Following the 
ingestion of marijuana brownies containing the equiva-
lent plant material of one or two marijuana cigarettes 
(2.8% Δ9  - THC), the mean times to the fi rst negative 
EMIT ®   d.a.u. Cannabinoid 20 Assay (20   ng/mL cutoff) 
were ∼ 58    ±    14 hours and 82    ±    23 hours, respectively; the 
mean times to the last positive were 122    ±    28 hours and 
143    ±    23 hours, respectively.  263   Cannabis seed oil con-
tains Δ9  - THC concentrations ranging from 3 – 1,500    μ g/g 
oil; the ingestion of the potent forms of this oil may 
produce positive immunoassays for cannabinoid metab-
olites up to about 6 days after ingestion.  264

Chronic Use.     Because  Δ9  - THC can accumulate in body 
fat, detectable urine THC metabolites may appear 
several weeks after cessation of chronic marijuana use, 
depending on the sensitivity of the assay.  265   In patients 
testing positive for Δ9  - THC - COOH after previously 
negative urine samples collected > 48 hours before the 
positive sample, serial evaluation of the  Δ9  - THC - COOH/
creatinine ratio by quantitative immunoassay results 
may help detect new marijuana use. A urine THC -
 COOH/creatinine ratio of 2 specimens collected at least 
24 – 96 hours apart (i.e., dividing the THC - COOH/creati-
nine ratio of specimen 2 by the ratio in specimen 1) 
exceeding 0.5 suggests recent marijuana use based on 
the analysis by fl uorescence - polarization immunoas-
say.  266,267   The use of a ratio of total cannabinoids/
creatinine in the second specimen exceeding 150% of 
the fi rst specimen as measured by EMIT  ®  d.a.u. immu-
noassay is a more specifi c method of detecting recent 
marijuana use, but this method lacks the sensitivity of 
using the THC - COOH/creatinine ratio of 0.5.  268

However, the use of a single 0.5 ratio may generate 
unrealistically high reuse rates when the urine specimen 
contains a low THC - COOH/creatinine ratio ( < 50   ng/
mg) and an unrealistically low rate when the urine spec-
imen contains a high THC - COOH/creatinine ratio 
(200 – 400   ng/mg). A model development study suggests 
that a mono - exponential model of an initial THC -
 COOH/creatinine ratio and time between specimens 
based on the Marquardt - Levenberg algorithm provides 
a better data fi t than the use of a single 0.5 ratio.  269

 Positive results for THC - COOH should be con-
fi rmed by GC/MS because of potential false - positive 
values. In a study of 148 urine specimens, the sensitivity 

THC - COOH.257   Typically, urine samples are clear to 
pale yellow with concentrated urine in early morning 
samples providing the most reliable results. The tem-
perature of urine samples recorded within 4 minutes of 
collection should be between 32 – 38 o C (89.6 – 100.4 o F); 
the pH usually ranges from 4.5 – 8.0. Urine creatinine 
concentrations from healthy individuals typically exceed 
20   mg/dL. Factors suggesting alteration of the urine 
sample include pH < 3 or  > 11, specifi c gravity  < 1.002 
or > 1.020, nitrites  > 500    μ g/mL, and urine creatinine 
< 5   mg/dL.  258

Detection Times.     Urinary detection times vary sub-
stantially as a result of differences in assays (limits of 
detection, cross - reactivity, cutoff), individuals (body 
mass, pharmacogenetics, chronicity of drug use), dose, 
urine parameters (pH, specifi c gravity), route of admin-
istration, and the effi cacy of hydrolytic methods. The 
amount of cannabinoids in the urine depends on a 
variety of factors including the amount of drug absorbed, 
the time since consumption, the metabolic rate, fl uid 
intake, individual variability, and the chronicity of use. 
Metabolites are detectable in plasma within minutes of 
the initiation of smoking and these metabolites persist 
after the disappearance of Δ9  - THC. Positive urine tests 
document the prior use of marijuana, but these urine 
assays do not correlate to psychomotor impairment. 
There is no direct correlation between blood  Δ9  - THC 
concentrations and urine concentrations of THC -
 COOH.  253   Typically, the urine drug screen for cannabi-
noids remains positive for 1 – 4 days after occasional 
marijuana use and approximately 7 – 10 days following 
heavy cannabis abuse, depending on the factors listed 
above.  259

Occasional Use.     The urine cannabinoid concentration 
does not accurately predict the amount of Δ9  - THC 
absorbed because a small concentration may result 
either from a large dose taken a long time previously or 
from a small dose administered recently. The presence 
of total (conjugated and unconjugated) Δ9  - THC con-
centrations in the urine samples exceeding 2   ng/mL sug-
gests recent use ( < 5 – 6 hours) of marijuana as measured 
by GC/MS following enzymatic hydrolysis.  260   In 1994, 
the US Department of Health and Human Services 
(DHHS) changed the offi cial requirement for the immu-
noassay screening cutoff concentration of marijuana 
metabolites from 100   ng/mL to 50   ng/mL.  261   Mean 
detection times vary directly with the cutoff concentra-
tion of a particular assay, and there is substantial varia-
tion in detection times of various immunoassays. For a 
cutoff of 50   ng/mL, the mean detection times in a group 
of 6 healthy volunteers smoking a single low dose 
(1.75% Δ9  - THC) cigarette was  < 1 day whereas the inha-
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consecutive days).  275,276   In a study of na ï ve marijuana 
users sitting in a small, closed car (1,650   L air), mari-
juana smoking by others in the car produced urine can-
nabinoid concentrations near 20   ng/mL in urine samples 
from the nonsmoking volunteers as measured by immu-
noassays. These nonsmoking study participants did not 
develop psychotomimetic symptoms despite the pres-
ence of maximum levels of tolerable smoke.  277   Even 
when urine samples were collected for 24 hours after 
exposure in the enclosed environment, only 3 of 80 
urine samples from nonsmokers were positive at the 
20   ng/mL level and none were positive at the 50   ng/mL 
level.278   A 1 - hour exposure of 3 study participants to 4 
marijuana cigarettes in a room 10    ×    10    ×    8 feet (21,600   L 
air) with ventilation did not produce urine concentra-
tions > 6   ng THC - COOH/mL when tested 24 hours later 
by RIA.  279

Passive Ingestion.     Low concentrations ( < 1%) of  Δ9  -
 THC and other cannabinoids contaminate hemp seed 
oil as a result of the extraction process. The  Δ9  - THC 
content in these products depends upon the type of seed 
(i.e., fi ber from hemp  < hemp seed oil/capsules) and the 
presence of leaf debris. Recently, the hemp seed indus-
try introduced new washing steps before pressing and 
the shelling of seeds to reduce the concentration of Δ9  -
 THC in hemp products. Hemp seed oil is available as a 
diet supplement for essential fatty acids. Given current 
cutoffs, the possibility of a positive urine drug screen 
within 48 hours after ingestion of manufacturer -
 recommended doses of low -  Δ9  - THC containing hemp 
products is unlikely. However, positive drug screens for 
marijuana may occur rarely depending on the concen-
tration of the product and the time since ingestion. The 
ingestion of large amounts (e.g., 135   mL over 4 ½  days) 
of older hemp seed oil may produce positive immunoas-
says (50   ng/mL cannabinoid metabolites by immunoas-
say screening, 15   ng/mL of THC - COOH by GC/MS 
confi rmation) up to 2 days after ingestion.  280   However, 
volunteer studies indicate that hemp oil contains suffi -
ciently low concentrations of Δ9  - THC to prevent the 
occurrence of confi rmed false - positive drug of abuse 
screens after the ingestion of usual quantities of hemp 
oil. The daily ingestion of 0.6   mg  Δ9  - THC for 10 days did 
not produce urine THC - COOH concentrations above 
the federal confi rmation cutoff (i.e., 15   ng/mL).  281   This 
dose is equivalent to the consumption of approximately 
125   mL of hemp oil containing  Δ9  - THC concentrations 
of 5    μ g/g or 300   g of hulled seeds containing 2    μ g THC/g. 
Although the ingestion of several cookies and candy 
bars containing hemp seed oil may produce positive 
immunoassays at the 50   ng/mL and the 20   ng/mL cutoff 
levels, the urinary THC - COOH concentrations do 
not usually exceed the criteria for GC/MS of 15   ng 

and specifi city of the fl uorescence - polarization immu-
noassay for detecting recent drug use was 95.3% and 
44.4%, respectively, when compared with GC/MS anal-
ysis of THC - COOH.  270   These values indicate that this 
assay cross - reacts with cannabinoid metabolites other 
than THC - COOH. Marijuana research during the 1970s 
and 1980s used less - sensitive and less - specifi c assay 
methods compared with current immunoassays with 
GC/MS confi rmation.  262   The excretion times of studies 
conducted during this period were associated with 
much longer excretion times compared with current 
analytic methods. For example, The EMIT  ®   d.a.u. 
(sensitivity, 20   ng/mL) detected urine cannabinoids for 
an average of 27 consecutive days with an upper range 
of 46 consecutive days after cessation by chronic mari-
juana users.  271   Over 2 months may be necessary for 
urine cannabinoid concentrations to remain below the 
cutoff value for 10 consecutive days. Current methods 
indicate that urine samples from occasional marijuana 
users remain positive for cannabinoids up to ∼ 1 – 4 days 
compared with up to 7 – 10 days for chronic marijuana 
users.   

Cross - reactivity.     The major metabolic pathway of  Δ9  -
 THC involves allylic hydroxylation at the C 11  position 
and, to a lesser extent, at the C 8  position. The initial 
metabolite is 11 - hydroxy -  Δ9  - THC (11 - OH - THC), which 
is oxidized to the major metabolite found in the blood 
and urine, 11 - nor - 9 - carboxy -  Δ9  - THC (THC - COOH). 
The glucuronidation of hydroxylated and carboxylated 
metabolites facilitates the excretion of these metabo-
lites in the urine. The chief limitation of immunoassay 
procedures is the inherent cross - reactivity of the assay 
with other nonpsychoactive cannabinoids. Marijuana 
contains more than 400 compounds; urine immunoas-
says cross - react with dihydroxy - THC, polar acids, and 
perhaps other compounds. High concentrations of ibu-
profen interfered with the methylation of THC - COOH 
leading to false - negative results on earlier EMIT  ®   d.a.u. 
cannabinoid 100 - ng assays, but later reagents were 
reformulated to reduce this cross - reactivity with the 
exception of tolmetin.  257,272   Additionally, the ingestion of 
the nonnucleoside reverse transcriptase inhibitor, efavi-
renz, may cause false - positive results for THC in some 
urine drug screens.  273

Passive Inhalation.     Although low concentrations of 
cannabinoids can occur in urine samples shortly after 
exposure to passive marijuana smoke in public or 
private settings,  274   positive cannabinoid urine immuno-
assays (i.e.,  > 50   ng/mL cutoff) following passive inhala-
tion of marijuana smoke is unlikely, except following 
very high, prolonged exposure (e.g., the equivalent of 16 
marijuana cigarettes in a small room for 1 hour on 6 
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long - term stability of  Δ9  - THC and its metabolites in hair 
are necessary before the signifi cance of cannabinoids in 
hair can be determined.  

  Sweat 

 Passive diffusion of an unbound drug across a concen-
tration gradient and through lipid membranes results in 
the transfer of the drug from plasma to sweat. Basic 
drugs accumulate more easily in sweat than acidic drugs 
because the mean pH of sweat is relatively acidic (i.e., 
pH    =    6.3). Patches applied to the skin allow oxygen, 
carbon dioxide, and water vapor to escape while the 
drug remains adsorbed in the patch.  Δ9  -  THC is a rela-
tively neutral drug and the accumulation of Δ9  -  THC in 
sweat is lower (low   ng/patch) compared with basic 
drugs (cocaine, amphetamines, opiates).  Δ9  - THC also 
adheres to glass and plastic surfaces as well as constitu-
ents of the patch. The principal acidic urinary metabo-
lite of Δ9  - THC (11 - nor - 9 - carboxy -  Δ9  - THC) is not usually 
detected in sweat patches.  293   The US Substance Abuse 
and Mental Health Services Administration (SAMHSA) 
established a cutoff of 1.5   ng  Δ9  - THC/2.5   mL of eluate 
with a confi rmatory cutoff of 0.5   ng  Δ9  - THC/2.5   mL of 
eluate. Analytic methods (e.g., gas chromatography/
negative ion chemical ionization/mass spectrometry) 
are available to measure Δ9  - THC concentrations in this 
range.  294   The potential advantage of sweat patch testing 
is the use of one patch during a week. However, issues 
that complicate the interpretation of Δ9  - THC in sweat 
include the inability of washing procedures to remove 
all drug deposited on the skin and resorption/
volatilization of Δ9  - THC from the patches.  

  Saliva 

 The smoking of marijuana exposes the oral mucosa to 
high concentrations of Δ9  - THC, resulting in direct depo-
sition of Δ9  - THC into oral fl uid; only minor amounts of 
Δ9  - THC and metabolites diffuse into saliva from the 
blood. Advantages of testing saliva for cannabis use 
include ease of collection, direct supervision of samples, 
and closer correlation between cannabis exposure and 
testing; limitations compared with urine testing include 
the relatively smaller sample size and the lower concen-
tration of Δ9  - THC and metabolites in saliva. In general, 
detection time for cannabis is shorter in saliva than 
urine. 

 In a study of 22 injured drivers with detectable THC -
 COOH in their urine samples as measured by GC/MS, 
14 saliva samples collected with Sarstedt Salivettes 
(Etten Leur, Netherlands) were positive for cannabis 
use.  295   In a study of 10 current cannabis users smoking 
a single marijuana cigarette with an average Δ9  - THC 

THC - COOH/mL).282   Trace amounts of THC - COOH 
also may be present in the urine of individuals ingesting 
hemp seed tea, but these trace concentrations do 
not usually exceed GC/MS confi rmatory concentrations 
(15   ng/mL).  283   The ingestion of Marinol  ®   in daily doses 
of 7.5 – 14.8   mg commonly produces positive canna-
binoid immunoassays for marijuana use within 4 days 
after ingestion based on volunteer studies.  284    Δ9  -
 tetrahydrocannabivarin is a C3 homologue of  Δ9  - THC 
that occurs in urine specimens following exposure to 
Δ9  - THC, but not following exposure to Marinol  ®  . 
Consequently, the presence of  Δ9  -  tetrahydrocannabivarin - 
9 - carboxylic acid in the urine indicates the use of mari-
juana rather than Marinol  ®  ,  45   but detection of this 
metabolite is not readily available from commercial 
sources. Validation of claims of positive urine tests 
resulting from the ingestion of hemp products requires 
analysis of the ingested products for Δ9  - THC content 
and evaluation of urine Δ9  - THC metabolites for consis-
tency with the dose ingested.   

  Hair 

 The incorporation of  Δ9  -  THC and THC - COOH into 
hair is very low compared with cocaine. The latter drug 
of abuse has the highest incorporation rate in hair with 
a cocaine/THC - COOH incorporation ratio of 3,600.  285

The recent use of marijuana is diffi cult to detect by 
analysis of hair samples for marijuana metabolites, but 
several analytic methods are available to screen hair for 
the presence of cannabinoids as a result of chronic can-
nabis use including GC/MS with headspace solid - phase 
microextraction286   and gas chromatography/negative 
ion chemical ionization/mass spectrometry.  287,288   Major 
problems include the potential contamination of hair by 
external sources of marijuana, the diffi culty detecting 
the low concentrations of THC - COOH present in the 
hair after exposure to cannabis, and the photodegrada-
tion of Δ9  - THC by sunlight.  289,290   Basic drugs (amphet-
amines, cocaine, opiates) are incorporated into hair in 
preference to acidic drugs (e.g., THC - COOH). In con-
trast to these basic drugs, THC - COOH has a low affi nity 
for melanin; therefore, hair color is not an important 
determinant of the THC - COOH content in hair.  291   In a 
study of 12 regular marijuana users and 10 controls (no 
marijuana use), the concentration of  Δ9  - THC in hair was 
not signifi cantly related to self - reports of amount of 
marijuana use.  292   However, the sum of major cannabi-
noids (THC, CBD, CBN) in the hair of regular users did 
correlate to the amount of marijuana use. Gas 
chromatography/mass spectrometry is the analytic 
method of choice for the quantitation of cannabinoids 
in hair because of the low concentration of these sub-
stances in the hair of marijuana users. Studies on the 
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attention related to motor function during the fi rst 4 – 36 
hours after cessation of marijuana use.  307   These changes 
are consistent with defi cits in attention during the early 
withdrawal phase.  

Neuropsychologic Testing

Acute.     During the state of intoxication, alteration of 
motor control (e.g., body sway, sustained attention), and 
sensory function (e.g., overestimation of time) occurs. 
Long - term memory, reaction times, and hand – eye coor-
dination are relatively resistant to the acute effects of 
typical recreational marijuana doses. After controlling 
for premorbid intelligence in a group of college stu-
dents, almost daily marijuana use was associated with 
signifi cantly greater impairment in attentional and exec-
utive functions when compared with monthly marijuana 
smokers.  308   This study did not attempt to determine neu-
ropsychologic function during a period of abstinence. 
Selective attentional defi cits  309   and short - term memory 
impairment310   may persist during the fi rst month of 
abstinence, but most neuropsychologic test scores return 
to normal within one month of the beginning of absti-
nence despite a history of heavy cannabis use.  311

 The acute smoking of marijuana may impair acquisi-
tion and working (i.e., short - term) memory, but not the 
retrieval processes during the period of intoxication.  4

Some researchers report impairment of multiple cogni-
tive domains (short - term memory,  312   verbal episodic 
memory,  313   sustained attention, risk taking,  314   executive 
function315  ) during acute cannabis intoxication, whereas 
other studies did not detect impairment of cognitive 
fl exibility,  316   mental calculation, reasoning, risk taking,  315

and executive function.  317   In general, acute cannabis 
intoxication slows responses during task performance, 
while overall performance accuracy is less affected. The 
performance effects of frequent cannabis users appear 
more subtle than occasional users.  313

Chronic.     There is limited evidence that chronic mari-
juana use causes permanent gross cognitive impairment 
other than the effects of acute drug use, particularly 
following abstinence of 1 – 3 months.  318   The areas of 
concern following chronic marijuana use involve mild 
defi cits in executive cognitive functioning, working 
memory, abstract reasoning, processing speed, overall 
IQ, and selective attention. The issue of the chronic 
effects of heavy marijuana use on the central nervous 
system remains unresolved, partly because of the 
diffi culty determining the effect of confounders (e.g., 
anxiety disorders, major depression), establishing 
control groups with similar baseline psychologic testing 
scores, and evaluating the persistence of  Δ9  - THC beyond 
the testing period. Experimental studies suggest that 

content of 20 – 25   mg, oral fl uid specimens collected with 
the Intercept ™  DOA Oral Specimen Collection Device 
(OraSure Technologies, Inc., Bethlehem, PA) was con-
sistently positive for cannabis over a mean time of 
13    ±    2 hours (range, 1 – 24 hours) after smoking as mea-
sured by GC/MS/MS (15   ng/mL cutoff), whereas the 
average time to the last positive oral specimen was 
34    ±    11 hours (range, 1 – 72 hours).  296   The urine samples 
tested positive consecutively for cannabis for an average 
of 33    ±    10 hours (range, 4 – 72 hours); the average time 
to the last positive urine specimen was 58    ±    6 hours 
(range, 16 – 72 hours) using the same method.   

  Abnormalities 

  Blood 

 Laboratory abnormalities during marijuana intoxica-
tion typically are minor. However, following the IV 
administration of boiled marijuana extract, blood abnor-
malities include transient leukocytosis and thrombocy-
topenia, mild increase in serum hepatic aminotransferases, 
moderate rhabdomyolysis (increased serum creatine 
kinase, myoglobinuria), mild to moderate renal dysfunc-
tion (increased serum creatinine), and electrolyte 
imbalance.  297,298

  Cardiovascular 

 Rare case reports temporally associate marijuana 
smoking with the development of asymptomatic second -
 degree (Mobitz type I) heart block,  299   right bundle -
 branch - type ventricular tachycardia with near syncope,  300

and atrial fi brillation.  301   A case report associated the use 
of high doses of marijuana with the development of 
syncope and the Brugada syndrome.  302

  Neurologic 

Imaging Studies.     There is no conclusive evidence that 
the chronic use of marijuana causes structural abnor-
malities in the brain. Two cross - sectional studies of long -
 term marijuana users did not detect structural differences 
in the brains of long - term marijuana users and con-
trols.  303,304   In particular, these imaging studies do not 
demonstrate signifi cant changes in tissue volumes of the 
gray and white matter, cerebrospinal fl uid or the hip-
pocampus.  305   There was no direct evidence of cerebral 
atrophy or abnormalities of the ventricles in the brain 
computerized axial tomography images of 19 habitual 
marijuana users.  306   A functional MRI study of nine 
chronic cannabis smokers demonstrated decreased acti-
vation of cortical areas (Brodmann areas 6, 24, and 26) 
associated with complex information processing and 
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the group test scores nor any correlation between cumu-
lative marijuana use and test scores after 7 days of absti-
nence.  326   There were signifi cant differences between 
current chronic marijuana users and test scores on the 
recall of word lists for the fi rst 7days of abstinence, but 
after that time the test scores between the groups were 
similar. Areas tested included general intellectual func-
tion, abstraction ability, sustained attention, verbal 
fl uency, and ability to learn and recall new verbal and 
visuospatial information.     

  Driving 

 Although laboratory data including driving simulator 
studies indicate that smoking cannabis impairs some 
psychomotor skills and cognition (e.g., free recall of 
previously learned items) in a dose - dependent relation-
ship, current culpability and case - control data is incon-
sistent with regard to the association of smoking typical 
doses of cannabis with either serious driving impairment 
or increased risk of traffi c accidents.  327,328   Epidemiology 
data indicate that cannabis is the most common illicit
drug detected in impaired drivers and motor vehicle 
injury accidents; however, interpretation of current epi-
demiology studies is limited by the lack of adequate 
control data (e.g., similar of risky behavior between 2 
groups) and the rapid decline of Δ9  - THC between the 
incident and blood sampling. In general, the effect of 
marijuana on the learning of new tasks appears greater 
compared with the execution of well - trained tasks; 
however, the effect of  Δ9  - THC is greater on highly auto-
mated tasks (e.g., road tracking control) compared with 
cognitive driving tasks requiring conscious control.  329

The greatest performance impairment from cannabis 
occurs during the fi rst 20 – 40 minutes after smoking can-
nabis with impairment declining to baseline 2.5 – 4 hours 
after cannabis use.  330   Culpability analysis of 44 accidents 
involving injured drivers using only Δ9  - THC and no 
other drugs did not detect an increased risk of accidents 
involving only Δ9  - THC, but there was insuffi cient power 
in the study to determine an increased risk for whole 
blood Δ9  - THC concentrations exceeding 2   ng/mL.  331

Often, the use of cannabis occurs with other drugs, 
particularly ethanol; existing data suggest that the use 
of ethanol and cannabis together increases the risk of 
injury in motor vehicle accidents.  329

  Sensory, Motor, and Cognitive Tasks 

 Although laboratory studies suggest that  Δ9  - THC 
impairs some psychomotor and cognitive functions 
including tracking, coordination, vigilance, divided 
attention, memory information processing, and percep-
tion, these decrements in performance affect primarily 

some neurocognitive defi cits remain in heavy cannabis 
users within 7 days after exposure ceases, but there are 
limited data to suggest that heavy cannabis use causes 
permanent reduction in neuropsychologic test scores.  319

In a study of college students abstinent for 1 day, heavy 
marijuana users (i.e., marijuana use 29 days in last 
month) displayed signifi cantly greater impairment on 
attention/executive functions, as evidenced by greater 
perseverations on card sorting and reduced learning of 
word lists, compared with light marijuana users (i.e., 
marijuana use 1 day within the last month).  320   In a study 
of adolescent marijuana users, verbal working memory 
improved after 3 weeks of abstinence, but some atten-
tion defi cits remained when compared with testing at 
the time of last cannabis use.  321

 A prospective, longitudinal study of 113 young adults 
assessed since infancy separated the cohort into light ( < 5 
joints) and heavy ( > 5 joints/week) current users, former 
users (i.e., at least 3 months of abstinence from marijuana 
use), and nonusers.  322   After controlling for confounding 
factors and predrug performance on baseline neuropsy-
chologic testing, the current regular heavy users did 
signifi cantly worse than nonusers in scores on overall IQ, 
immediate and delayed memory, and processing speed. 
The adjusted scores on sustained attention and abstract 
reasoning were not statistically different between these 
two groups. Former marijuana smokers did not demon-
strate any signifi cant cognitive impairment, and the 
impairment of current heavy users resolved after 3 
months of abstinence. A small case series of 10 volun-
teers using ganja chronically for religious purposes did 
not detect neuropsychologic abnormalities as measured 
by standardized neuropsychologic testing.  323

 Some studies suggest that the effects of heavy mari-
juana use may extend beyond the short - term period of 
intoxication. A retrospective, cross - sectional neuropsy-
chologic study of nearly daily, long - term marijuana use 
indicate that heavy marijuana users scored signifi cantly 
lower on tests of memory and attention compared with 
shorter - term (i.e., 10 year) marijuana use and nonuser 
controls.  324   A battery of neurocognitive tests adminis-
tered to heavy marijuana users after a 28 - day period of 
abstinence demonstrated persistent decrements in tests 
measuring memory, executive function, psychomotor 
speed, and manual dexterity when compared to a light 
marijuana user group.  325   However, the sample size was 
small, and there was a statistically signifi cant difference 
in education level between the two groups. Additionally, 
the decrements in performance were not clinically 
abnormal, except for a few tests. Comparison of neuro-
psychologic test scores from current heavy marijuana 
users ( > 5,000 times during lifetime), former heavy users 
< 50 times last 3 months), and controls ( < 50 times during 
lifetime) demonstrated no signifi cant differences among 
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simple reaction times following smoking typical doses 
(peak plasma Δ9  - THC concentrations 63 – 188   ng/mL) of 
marijuana based on volunteer studies.  334   Experimental 
studies suggest tolerance to the impairment of some 
driving skills occurs in regular cannabis smokers. In a 
study of chronic cannabis users and nonusers, cannabis 
users were less impaired in peripheral signal detection 
than nonusers.  343

 The concurrent consumption of ethanol and mari-
juana may produce additive effects on some, but not all 
psychomotor functions associated with driving. In a con-
trolled study of human volunteers ingesting 320    μ g  Δ9  -
 THC/kg, modest decrements in cognition, standing 
steadiness, psychomotor coordination, and reaction 
speed occurred. The addition of 0.54   g ethanol/kg (i.e., 
average peak ethanol concentration    =    80   mg/dL) resulted 
in additional decrements in standing steadiness and psy-
chomotor coordination, but no reduction in scores on 
cognition or simple reaction times.  344   Potentially, some 
cross - tolerance may occur in chronic marijuana users 
between Δ9  - THC and ethanol based on the attenuation 
of ethanol - induced impairment on computerized track-
ing skills of chronic marijuana users (i.e., daily for at least 
3 years) compared with infrequent marijuana users.  345

  Driving Courses and Simulators 

 The degree of impairment associated with cannabis use 
in driving simulators and driving courses is somewhat 
inconsistent and relatively minor. Although laboratory 
studies demonstrate some impairment of individual psy-
chomotor skills immediately following Δ9  - THC expo-
sure, there is minimal to modest impairment of overall 
performance in city and highway driving tests, in part 
because of the adjustment of drivers to their perception 
of impairment.  346,347   For example, the tendency to 
increase the distance between their car and the car in 
front of them as well as slower driving in these studies 
compensate for impairment of lane control and other 
driving skills. In some driving studies, experienced can-
nabis smokers demonstrate minimal impairment while 
driving a closed course under the infl uence of cannabis, 
except when combined with ethanol.  348   A high school 
driver education instructor, safety manager (American 
Automobile Association) and off - duty patrol offi cer 
evaluated performance on the closed - driving course 
based on their interpretation of impairment. A study of 
performance on a closed - course driving after cannabis 
use did not detect signifi cant impairment. Volunteer 
studies using driving simulators suggest that drivers 
tested within 1 hour of smoking a marijuana cigarette 
(13   mg, 17   mg) drive slower than under control condi-
tions.  349   In contrast, the average driving speed during a 
simulated driving test of the same drivers after ingesting 

highly automatic driving function rather than more 
complex tasks that require conscious control. In con-
trast, ethanol affects complex driving tasks more than 
highly automated driving tasks.  329   The issue of whether 
these decrements in driving performance are suffi ciently 
large to increase the risk of accidents is inconclusive, in 
part because cannabis users tend to overestimate their 
impairment and may employ compensatory strategies 
depending on the degree of impairment.  336   The effect of 
Δ9  - THC on cognitive and psychomotor tasks associated 
with driving varies between individuals during the fi rst 
few hours after inhalation, depending on the  Δ9  - THC 
dose (smoking technique), tolerance, and the subject ’ s 
ability to compensate for impaired skills and percep-
tion.332   Furthermore, most subjective measures of can-
nabis exposure are more sensitive to Δ9  - THC effects 
than performance measures following doses that 
produce peak plasma Δ9  - THC concentrations below 
170   ng/mL.  333   Overall, the impairment of driving skills 
is substantially less following the smoking of typical 
doses of marijuana than during the period of time asso-
ciated with blood ethanol concentrations of 80 – 100   mg/
dL.334   In experimental studies, behavioral and physio-
logic effects begin concurrently or within minutes after 
the appearance of Δ9  - THC in the blood despite the sub-
stantial time delay between peak plasma Δ9  - THC con-
centrations and drug - induced effects.  335

 Modest impairment of human performance primarily 
involves divided attention, vigilance, perceptual speed, 
and complex tracking tasks (e.g., increased lateral posi-
tion variability, headway control or distance between 
driver ’ s vehicle and vehicle in front, critical tracking). 
The peak effects of  Δ9  - THC on memory and divided 
attention occur approximately 15 – 30 minutes after 
smoking stops.  336,337   Testing of sensory functions in the 
laboratory setting is usually less affected by cannabis 
use than perceptual performance. Static visual acuity 
and visual search behavior are not signifi cantly altered 
directly by the use of marijuana under either low or high 
contrast conditions based on volunteer studies using 
typical recreational marijuana doses.   338,339   Reported 
alterations of color vision associated with marijuana use 
include dyschromatopsia, yellow vision, increased color 
perception, and colored, fl ashing lights.  340   For at least 2 
hours after ingesting Δ9  - THC, a dose - related decrease 
in glare recovery occurs as a result of alterations in light 
adaptation.341   In a study of 10 cannabis users smoking 
cigarettes containing low dose (1.77% Δ9  - THC) and 
high dose (3.95% Δ9  - THC), the high dose increased 
body sway and marginally increased brake latency com-
pared with placebo.  342   There was no signifi cant differ-
ence between scores after placebo, low dose, or high 
dose on choice reaction time, critical fl icker fusion, or a 
rapid judgment task. There are minimal effects on 
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to 10   ng/mL. The study did not report the time between 
the initial stop for suspected driving under the infl uence 
and the sampling of venous blood. Over 85% of the 
8,794 individuals arrested with Δ9  - THC in their blood 
also used other drugs.  

  Blood  Δ9  -  THC  Concentrations 

 There are limited data on the impairment associated 
with specifi c  Δ9  - THC concentrations in plasma/serum 
and whole blood; consequently, there are diffi culties 
deriving a risk - based  per se  limit for driving under the 
infl uence of cannabis, particularly given the rapid decline 
of Δ9  - THC concentrations between the time of the inci-
dent and sampling. Interpretation of the effect of a blood 
Δ9  - THC requires analysis of a variety of factors includ-
ing the driving scenario (type of crash, road conditions, 
vehicle defects, cause of crash, appropriateness of driving 
response, compensatory actions, fatigue), magnitude of 
Δ9  - THC concentration, time interval between incident 
and withdrawal of the blood sample, concomitant pres-
ence of other drugs, and the time of the incident in rela-
tion to the last use of cannabis. In a study of 440 drivers 
apprehended for suspected driving under the infl uence 
of drugs, 53% of these drivers tested positive for  Δ9  - THC 
with a median plasma concentration of 3   ng/mL (range, 
1 – 35   ng/mL).  358   However, the study did not separate 
drivers with multiple drugs from drivers with only Δ9  -
 THC in their blood samples. Although the degree of 
impairment increases with increasing plasma/serum Δ9  -
 THC, the magnitude of the impairment is not linearly 
correlated to low plasma/serum Δ9  - THC concentrations 
as a result of individual sensitivities. Experimental 
studies suggest that the plasma/serum Δ9  - THC corre-
lates better to the proportion of observations indicative 
of signifi cant impairment rather than the magnitude of 
the impairment. In a study using critical tracking task 
(measure of on - the - road tracking performance), stop 
signal task (motor impulsivity), and Tower of London 
task (executive function/planning), signifi cant impair-
ment of all tasks in all 20 recreational cannabis users 
occurred at serum Δ9  - THC concentrations exceeding 
30   ng/mL.  359   Limited epidemiology data suggest that 
serum Δ9  - THC concentrations of 12 – 16   ng/mL correlate 
to the odds ratio (i.e., 1.5 – 2) of an accident associated 
with a BAC of 50   mg/dL.  360

  TREATMENT 

  Stabilization 

 The most common presentation to the emergency 
department following marijuana exposure involves 
anxiety or dysphoria. These patients usually respond to 

ethanol (estimated ethanol concentration    =    0.05%) was 
higher compared with control conditions. 

 In general, driving impairment as evaluated by road-
side sobriety tests does not correlate well with Δ9  - THC 
concentrations during the fi rst 2 hours after exposure, 
especially compared with the dose - related impairment 
associated with ethanol consumption.  350   Scores on 
most psychomotor and cognitive tasks including simu-
lated car - driving were normal the morning after mari-
juana use, despite the presence of subjective and 
behavioral effects the previous evening.  351   An uncon-
trolled study of 9 pilots using fl ight simulators suggested 
that some impairment of very complex human perfor-
mance (i.e., fl ying skills) may occur up to 24 hours after 
the use of recreational doses (e.g., 20   mg  Δ9  - THC) of 
marijuana.352

  Culpability and Case - Control Studies 

 The results of culpability and case control studies that 
compare the actual risk of causing an accident between 
a sober driver and a driver under the infl uence of can-
nabis are inconsistent. Some,  353   but not all,  354   culpability 
studies of drivers involved in accidents while using illicit 
drugs suggest that the use of marijuana can increase the 
risk of an accident, particularly when the whole blood 
Δ9  - THC concentration exceeds 5   ng/mL. A review of 
culpability studies suggested that the presence of Δ9  -
 THC in the blood of crash victims increases the risk of 
culpability, particularly at higher doses as compared with 
drivers without recent drugs or alcohol use.  355   The con-
comitant use of Δ9  - THC and alcohol sharply increases 
the crash risk in epidemiologic analyses compared with 
either drug alone, even at relatively low concentrations. 
Although smoking marijuana does impair some driving 
skills, the drivers are usually aware of the impairment 
and compensate by focusing their attention on the per-
ceived task.  327   However, they may not adequately com-
pensate for unexpected events or for those tasks that 
require continuous attention.  356   Part of the diffi cultly in 
interpreting the effect of marijuana in some studies is 
the use of markers of recent exposure (11 - hydroxy -  Δ9  -
 THC) rather than  Δ9  - THC concentrations as well as the 
high prevalence of concomitant ethanol and marijuana 
use. The rapid biotransformation of the active ingredient 
(Δ9  - THC) in marijuana complicates the use of blood as 
a biomarker of driving impairment because of the typical 
delay (i.e., 30 – 90 minutes) between apprehension and 
withdrawal of the blood sample. A 10 - year Swedish 
study of individuals apprehended for suspected driving 
under the infl uence of drugs included 1,276 individuals 
with only Δ9  - THC in their blood samples.  357   The mean 
and median Δ9  - THC whole blood concentrations were 
3.6   ng/mL and 2.0   ng/mL, respectively, with a range up 
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may persist up to 1 week following heavy, habitual mari-
juana use. Most patients respond to reduction of stimuli 
in a normally lit room with a few familiar people and 
reassurance by medical personnel. Diazepam (5   mg IV) 
or lorazepam (1 – 2   mg IV) may be necessary to sedate 
these patients. Continued aggressive behavior despite 
the use of these measures may necessitate the use of 
physical restraints and neuroleptic drugs (e.g., haloperi-
dol 5   mg IM).  

  Withdrawal/Dependence 

 Withdrawal symptoms may develop within 1 – 2 days 
after the cessation of heavy, chronic marijuana use (i.e., 
repeated daily smoking) manifest by GI distress, 
anorexia, anxiety, insomnia, irritability, and aggres-
sion.199   Typically, these symptoms resolve within about 
10 – 14 days. There are few data on the pharmacologic 
treatment of these withdrawal symptoms; potential 
therapies beside cognitive and behavioral therapies 
include oral tetrahydrocannabinol, mirtazapine, 
rimonabant, and buspirone.  361   Compared with placebo, 
nefazodone maintenance therapy (i.e., 450   mg/day) 
decreases some (anxiety, muscle pain), but not all (e.g., 
irritability, insomnia, malaise) withdrawal symptoms.  362

In 2 placebo - controlled, within - subject studies, the 
mood stabilizer, divalproex (500   mg/day increased 
every 2 days until a maintenance dose of 1,500   mg/day), 
reduced the craving for marijuana, but this dosage 
increased ratings of anxiety, irritability, and malaise 
while decreasing performance on psychomotor tasks.  363

Oral Δ9  - THC reduced both marijuana craving and with-
drawal symptoms at a dose (10   mg/daily) that did not 
produce subjective effects. Withdrawal symptoms (mari-
juana craving, decreased appetite, sleep disturbances) 
during abstinence phases may contribute to cannabis 
dependence.  364   Treatment of cannabis dependence 
involves referral of the patient to sources for cognitive 
behavioral, motivation enhancement, and contingency 
management therapies.  28   Oral  Δ9  - THC therapy typically 
is short - term in contrast to the use of methadone for 
opiate dependence.       

  SYNTHETIC 
CANNABINOIDS 

           HISTORY 

 In the late 1970s and the 1980s, chemists at Pfi zer, 
Inc. investigated the analgesic properties of synthetic 

reassurance, reduction of external stimuli, and rest. They 
usually require no laboratory studies to aid manage-
ment other than urine drug screens to confi rm cannabis 
use and other tests as needed to exclude concurrent ill-
nesses. Mild tranquilizers (e.g., lorazepam, 1 – 2   mg IV or 
intramuscularly [IM]) may be necessary if supportive 
measures do not calm the patient. Patients who do not 
respond rapidly to supportive care should be carefully 
evaluated for trauma and concurrent illnesses including 
rapid evaluation for hypoglycemia. Although the car-
diovascular effects of Δ9  - THC do not usually cause 
serious health problems for most young, healthy users, 
rarely patients with signifi cant cardiovascular disease 
may develop angina, dysrhythmias, myocardial infarc-
tion, or pulmonary edema. These patients should receive 
an IV line, cardiac monitoring, an electrocardiogram, 
cardiac enzymes, and other measures (aspirin, beta 
blockers, anticoagulants, antiplatelet drugs, coronary 
angiography) as dictated by the extent of coronary 
artery occlusion and myocardial damage. 

 Serious alterations of vital signs after cannabis use is 
extremely rare, except following the IV administration 
of marijuana extract. Hypovolemia from severe GI fl uid 
loss may require the administration of fl uids. These 
patients require hospitalization because of the potential 
development of multisystem failure including adult 
respiratory distress syndrome and acute renal failure 
within several days after injection. Consequently, careful 
management of both fl uid and electrolyte balance is 
necessary. Laboratory analysis includes complete blood 
count, electrolytes, calcium, serum glucose, creatinine, 
blood urea nitrogen (BUN), hepatic aminotransferase, 
and muscle enzymes, complete coagulation profi les, 
electrocardiogram, chest x - ray, and urinalysis for myo-
globin and protein.  

  Gut Decontamination 

 Decontamination measures are usually unnecessary fol-
lowing exposure to marijuana. Theoretically, the admin-
istration of activated charcoal to children, who present 
to the emergency department within 1 hour after ingest-
ing ≥ 1 whole marijuana cigarette or cookie, is appropri-
ate, but there are few data to guide management. 
Consumption of < 1 whole marijuana cigarette does not 
require decontamination measures. Whenever patients 
ingest other substances (e.g., phencyclidine [PCP]) with 
the marijuana cigarette, decontamination measures are 
determined by treatment for that substance.  

  Acute Psychosis 

 Most psychotic symptoms that develop after marijuana 
use resolve within 6 hours, but rarely the acute psychosis 
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Drug Enforcement Agency (DEA) added JWH - 018, 
JWH - 073, JWH - 200, CP - 47,497, and cannabicyclohexa-
nol to the list of schedule I substances in late 2010.    

  IDENTIFYING CHARACTERISTICS 

 Synthetic cannabinoids are a diverse group of com-
pounds that are derived from indole, indene, and pyrrole 
structures and bind to one or both cannabinoid recep-
tors with different affi nities. Most synthetic cannabi-
noids (e.g., HU - 210, CP - 55,950) are potent cannabinoid 
receptor agonists, whereas  Δ9  - THC is a weak partial 
agonist at both cannabinoid receptors. There are the 
following 4 structural classes of synthetic cannabinoids: 
1) classical cannabinoids, 2) nonclassical cannabinoids, 
3) aminoalkylindoles, and 4) eicosanoids as displayed in 
Figure  60.10 .  370   Classical cannabinoids are dibenzopy-
ran compounds that include Δ9 - THC, other plant can-
nabinoids (cannabinol, cannabidiol), and the synthetic 
compound, HU - 210. The nonclassical cannabinoids lack 
a pyran ring structure and include the cyclohexylphe-
nols, CP - 47,497 and cannabicyclohexanol. The aminoal-
kylindoles include the well - studied naphthoylindole 
compounds in the JWH series (see Figure  60.10  and 
Figure  60.11 ). Most synthetic cannabinoids in spice (K2) 
belong to the JWH series that primarily activate CB 1
receptors (e.g., JWH - 018) rather than CB 2  receptors 
(e.g., JWH - 015). The eicosanoid group includes natural 
endocannabinoids (e.g., anandamide), synthetic deriva-
tives, and noladine ether.   

In vitro  testing (i.e., cannabinoid receptor binding 
studies) indicates that the synthetic cannabinoids in 
herbal incense products are more potent thanΔ9  - THC.  371

For example, JWH - 018 has an approximately 4 - fold 
higher affi nity to the CB 1  receptor and about a 10 - fold 
higher affi nity for the CB 2  receptor than  Δ9  - THC.  367   The 
affi nity of the synthetic cannabinoid compounds for the 
cannabinoid receptors varies. CP - 47,497 - C8, and JWH -
 073 have higher affi nity for the CB 1  receptor compared 
with the CB 2  receptor,  365   whereas JWH - 018 and JWH -
 250 have similar affi nity for both cannabinoid receptors. 
JWH - 015 binds primarily to CB 2  receptors.  372   Street 
names for synthetic cannabinoids include Spice, Spice 
Gold, K2, Dream, Aroma, Scence, Skunk, Smoke, and 
Yucatan Fire.  

  EXPOSURE 

 Spice refers to herbal products that are marketed as 
incense and legal alternatives to cannabis; often these 
products contain synthetic cannabinoids. In a study of 
herbal products sold in Japan for cannabis - like effects, 
the concentrations of detected synthetic cannabinoids 

nonclassical CP series of cannabinoids (e.g., CP - 47,497); 
these compounds lacked the classical dibenzopyran 
structure of Δ9 - THC.  365,366   This investigation included 
the synthesis of the potent cannabinoid analog, canna-
bicyclohexanol. Research into the pharmacologic prop-
erties of synthetic nonclassical cannabinoids expanded 
in the 1990s and early 2000s with the investigations of 
JW Huffman and colleagues into the structure - activity 
relationships of indene - , indole - , and pyrrole - derived 
cannabinoids (JWH series). 367   Research at the Hebrew 
University of Jerusalem produced the HU series of can-
nabinoid receptor agonists (e.g., HU - 210). In 2006, hits 
appeared in the World Wide Web promoting the smoking 
of herbal incense ( “ spice ” ) that contained legal syn-
thetic cannabinoids. These compounds were derivatives 
of aminoalkylindole class of ligands that bind and acti-
vate the CB 1 receptors. These commercial herbal prod-
ucts were distributed widely in brightly colored packages 
throughout Europe, Japan, and the United States by 
2008. 

 Figure  60.9  displays some brightly colored packages 
of spice. In January 2009, the German Health Authorities 
banned the use of herbal incense containing CP -
 47,497 - C8 and JWH - 018; however, other synthetic can-
nabinoids (e.g., JWH - 073, JWH - 250, JWH - 398) soon 
appeared on the market as suppliers responded to pro-
hibitions and the prosecution of sellers.  368,369   The US 

FIGURE 60.9.     Packages of spice.  (Photo courtesy of the 
Drug Identifi cation Bible )   
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       FIGURE 60.10.     Classifi cation of synthetic cannabinoids based on the four structural types of cannabinoid ligands that bind to 
cannabinoid receptors.  370    
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products containing synthetic cannabinoid compounds 
complain of anxiety, disorientation, agitation, and palpi-
tations; abnormal physical fi ndings include conjunctival 
erythema, lateral gaze nystagmus, tachycardia, and 
altered mood (e.g., inappropriate laughter).  377,378   The 
clinical features usually resolve soon after admission to 
the emergency department. Several case reports associ-
ate the sudden reemergence of fl orid psychosis in previ-
ously stable patients with histories of prior psychotic 
episodes precipitated by cannabis.  379   Manifestations of 
these episodes involve primarily agitation and disor-
ganization with grandiose and paranoid delusions. 
Case reports associate the chronic use with the develop-
ment of withdrawal symptoms. A 20 - year - old man with 
a history of using spice gold daily for 8 months devel-
oped withdrawal symptoms 3 days after cessation of 
use.  380   Clinical features of the withdrawal syndrome 
included drug craving, anxiety, nightmares, diaphoresis 
nausea, headache, tremor, hypertension, and sinus 
tachycardia. The symptoms resolved by the 7 th  day of 
hospitalization.  

  DIAGNOSTIC TESTING 

 Synthetic cannabinoids typically are not detected by 
urine drug screens. Methods for the quantitation of syn-
thetic cannabinoids in confi scated samples include gas 

was as follows: cannabicyclohexanol, 1.1 – 16.9   mg/g; 
JWH - 018, 2.0 – 35.9   mg/g, and oleamide, 7.6 – 210.9   mg/g.  373    

  TOXICOKINETICS 

 There are few human data on the kinetics of synthetic 
cannabinoids; similar to  Δ  9  - THC, the biotransformation 
of JWH - 018 is complex.  In vitro  studies indicate that 
JWH - 018 metabolites include a variety of phase I 
metabolites including monohydroxylated, dihydroxyl-
ated, trihydroxylated,  N  - dealkylated, carboxylated, and 
dehydrated compounds, as well as metabolites contain-
ing a dihydrodiol structure.  374   Limited data in humans 
suggests that the kidney excretes little JWH - 018 
unchanged in the urine with hydroxylation of the indole 
ring and the  N  - alkyl chain forming most metabolites 
that are conjugated with glucuronic acid.  375,376    

  CLINICAL RESPONSE 

 There are few data on the adverse effects associated 
with smoking herbal products containing synthetic can-
nabinoids. Potential toxic effects include nausea, vomit-
ing, blurred vision, tremors, ataxia, altered consciousness, 
confusion, irritability, paranoia, hallucinations, mydria-
sis, hypertension, and tachycardia. Typically, patients 
admitted to the emergency department after smoking 

       FIGURE 60.11.     Chemical structures of some naph-
thoylindole (JWH) and cyclohexylphenol (CP) type 
synthetic cannabinoid compounds. Specifi c com-
pounds are listed by identifi cation number followed 
by isotopic mass in parentheses. Adapted from Refer-
ence 381.  
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chromatography/mass spectrometry in electron impact 
mode (70eV), liquid chromatography/high resolution 
accurate mass spectrometry,  381   and ultra high perfor-
mance liquid chromatography/electrospray ionization/
mass spectrometry.  373   Accuracy for the latter method 
ranged from − 6.9 – 4.4%. Metabolites of synthetic can-
nabinoids are detectable with liquid chromatography/
tandem mass spectrometry.  382   The lower limit of detec-
tion with this method is about 0.1   ng/mL. The use of 
spice products does not usually produce positive urine 
drug screens, and a negative urine drug of abuse screen 
does not exclude exposure to synthetic designer can-
nabinoid compounds. Laboratory abnormalities associ-
ated with the use of these drugs include leukocytosis, 
lactic acidosis, and elevated serum creatine kinase.  377

  TREATMENT 

 Treatment is supportive, similar to the treatment of 
cannabis.      
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  Chapter 61 

               HISTORY 

 Indigenous tribes (e.g., Guarani Indians) from South 
America traditionally used tea from the Ilex paraguar-
iensis  A. St. Hil. as a mild stimulant.  1   In the 16 th  century, 
cultivation of this plant began in Jesuit settlements in 
South America, leading to the designation of the bever-
age as Jesuitic tea. This tea was introduced into Europe 
by the Jesuits. Mate is a derivative of the Quechua word 
( “ mat í  ” ) for the cup or vessel used to drink the tea. In 
Brazil, the word for this vessel is  chimarr ã o .  

  BOTANICAL DESCRIPTION 

Ilex  species are medium to large trees distributed in 
tropical and subtropical regions, mostly in South 
America and East Asia; many  Ilex  species appear similar 
to the mate tree.  I. brevicuspis  Reissek and  I. theezans
Reissek grow in similar habitats in northeastern 
Argentina, southern Brazil, and eastern Paraguay as  I. 
paraguariensis  A. St. Hil.  I. argentina  Lillo is a native 
tree in northwestern Argentina.

Common Name :      Mate (tea), chimarr ã o (tea or 
vessel), yerba - buena (tea)  

Scientifi c Name :    Ilex paraguariensis  A. St. Hil.  
Botanical Family :      Aquifoliaceae (holly)  
Physical Description :      The perennial, evergreen tree 

reaches 18   m ( ∼ 60 feet) in height. The alternate, 
obovate leaves have a serrated margin and obtuse 
apex. The infl orescences are a close group of fl at -
 topped fl owers with the outer fl owers opening fi rst 
(corymboid fascicles). These small and simple 

fl owers appear from October through November 
with a whitish corolla. The fruit has 4 – 5 single 
seeds that develop from March to June.  

Distribution and Ecology :     This subtropical species 
prefers climates with relatively even rainfall 
throughout the year and mean temperatures 21 –
 22 ° C ( ∼ 70 ° F); however, this tree does tolerate 
temperatures below freezing in the plateaus and 
mountain regions of southern Brazil. The mate 
tree is a native species of parts of southern Brazil, 
Uruguay, Paraguay, and Argentina.     

  IDENTIFYING CHARACTERISTICS 

 Mate tea contains caffeine (1,3,7 - trimethylxanthine) 
and theobromine (3,7 - dimethylxanthine, CAS RN: 83 -
 67 - 0) in signifi cantly higher concentrations than coffee. 
The tea does not contain signifi cant amounts of theoph-
ylline (1,3 - dimethylxanthine). Figure  61.1  displays the 
chemical structures of the major xanthines and caffeoyl 
derivatives in mate tea. The physiochemical properties 
of caffeine are discussed in the caffeine chapter. Table 
 61.1  displays some physiochemical properties of 
theobromine.      

  EXPOSURE 

  Epidemiology 

 Mate tea is a popular drink in southern South America 
including Argentina, Bolivia, Brazil, Chile, Ecuador, 
Paraguay, and Uruguay. Argentina is the major mate tea 
producer, followed by Brazil and Paraguay.  4   In the 
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and a treatment for rheumatoid arthritis. Other folk 
uses for yerba mat é  include the treatment of headaches, 
obesity, fatigue, hemorrhoids, constipation, hyperten-
sion, and hepatic disorders.  2    

  Sources 

  Origin 

 Mate tea is an aqueous infusion prepared from dried 
leaves of  Ilex paraguariensis . Precursors for the biosyn-
thesis of caffeine in  Ilex paraguariensis  are purine nucle-
otides (e.g., adenine, guanosine, hypoxanthine). This 
biosynthesis occurs primarily in young leaves via salvage 
enzymes during the early stages of development.  3    

  Composition 

 Mate tea contains a variety of substances including 
xanthines (caffeine, theobromine), chlorogenic acids 

Middle East, the Druze of Lebanon, Syria, and the 
Golan Heights mate tea is also consumed. Currently, the 
gauchos of South America, primarily in Argentina, 
Southern Brazil, Paraguay, and Uruguay, consume mate 
tea as a traditional beverage. Guarani indigenous tribes 
from South America use an infusion (erva - mat é , yerba 
mat é ) from the dried leaves and twigs of  Ilex paraguar-
iensis  as a mildly stimulating beverage. In folk medicine, 
this tea is a central nervous system stimulant, diuretic, 

       FIGURE 61.1.     Chemical structures of 
major xanthines and caffeoyl derivatives 
in mate tea.  

  TABLE 61.1.    Some Physiochemical Properties of 
Theobromine. 

   Physical Property     Value  

  Melting Point    357 ° C ( ∼ 675 ° F)  
  pKa Dissociation Constant    9.9  
  log P (Octanol - Water)     − 0.78  
  Water Solubility    330   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    8.95E - 10   mm   Hg (25 ° C/77 ° F)  
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rotating cylinder ( sapeco ) near an open fl ame. In con-
trast to the fl ash heating of mate leaves over an open 
fl ame, green tea undergoes steaming or pan - frying. 
Black teas are not blanched before drying; thus, substan-
tial fermentation occurs during the processing of black 
teas. Further drying of the mate leaves results from the 
use of continuous rotary/belt driers or the traditional 
discontinuous bed drier ( barbaqua ) with a wood fi re. 
This wood - fi red process is slow compared with the 
rapid, high - temperature air drying of green tea. As a 
result of the differences in processing procedures, mate 
tea contains high concentrations of the chlorogenic acid 
and caffeoyl derivatives compared with green and black 
teas.  13   Additionally, mate tea contains no catechin in 
contrast to the other two types of tea.  

  Impurities 

 As analyzed by high performance liquid chromatogra-
phy, other  Ilex  species contain nondetectable to minimal 
amounts of caffeine and theobromine including I. argen-
tina ,  I. brevicuspis ,  I. dumosa  Reissek var.  dumosa ,  I. 
microdonta  Reissek,  I. pseudobuxus  Reissek, and  I. thee-
zans .  14   These species may be substituted for purported 
I. paraguariensis  as adulterants of mate tea include the 
addition I. integerrima  (Vell.) Reissek and  I. taubertiana
Loes. These plants also contain triterpene saponins, fl a-
vonoids, phenolic acids, and xanthines, and the concen-
trations of these compounds vary compared with Ilex
paraguariensis . Multivariate analysis of the metabolite 
fi ngerprints of plant material extracts by  1 H NMR spec-
troscopy allows the identifi cation of various  Ilex
species.  15   Consumption of tea from  Ilex paraguariensis
contaminated with belladonna alkaloids (hyoscyamine, 
scopolamine) resulted in anticholinergic poisoning 
manifest by dry skin, tachycardia, mydriasis, dry skin, 
agitation, and hallucination.  16

  Methods of Use 

 Preparation of mate tea (chimarr ã o) involves placing 
dried, minced leaves inside a mate receptacle (i.e., dried 
porongo gourd) and pouring hot water over the leaves.  17

This method is a partial infusion as some of the mate 
leaves remain dry. The aqueous extract is usually 
imbibed through a metal straw ( bombilla ), which has a 
metal strainer on the lower end. Hot water may be 
added to the gourd several times during the day with 
some users drinking more than 1   L of the tea daily. 
An alternate method for drinking this tea ( terere ) 
involves the successive addition of cold water to the 
mate leaves or branches along with the addition of 
sugar, other plant species, and/or other fl avorings. Some 
differences in the methylxanthine and phenolic content 

(caffeoylquinic, dicaffeoylquinic, feruloylquinic, diferu-
loylquinic,  p  - coumaroylquinic, caffeoyl -  p  - coumaroylquinic, 
caffeoyl - feruloylquinic, caffeoyl - sinapoylquinic, tricaf-
feoylquinic, dicaffeoyl - feruloylquinic), shikimic acid 
derivatives (caffeoylshikimates, dicaffeoylshikimates, 
tricaffeoylshikimates, feruloylshikimates), fl avonoids 
(kaempferol, quercetin, rutin), amino acids, minerals 
(calcium, iron, phosphorus), vitamins (B 1  B 2 , C), and 
saponins (mate saponin 1 – 5), depending on brewing 
condition, the age of the leaves, and the  Ilex  species.  4,5

Caffeine is the most common purine alkaloid in mate 
leaves; theophylline is usually not found in signifi cant 
amounts in mate leaves. Typical concentrations of caf-
feine and theobromine in these leaves are 1 – 2% and 
0.3 – 0.9% dry weight, respectively. Older mate leaves 
contain less caffeine and theobromine than younger 
leaves. Analysis of leaves of different ages suggest that 
the concentration of these 2 compounds may decrease 
in older leaves up to approximately 50% and 20%, 
respectively.  6   The concentration of caffeine and theo-
bromine is highest in I. paraguariensis  compared with 
other Ilex  species including  Ilex argentina  Lillo , I. brevi-
cuspis  Reissek, and  I. theezans  Reissek. In 14 samples 
of commercial mate tea prepared from leaves and stems 
of I. paraguariensis , the caffeine and theobromine 
content varied from 0.30 – 1.72% and 0.08 – 0.66%, 
respectively, as measured by high performance capillary 
electrophoresis.  7   The caffeine and theobromine content 
varied somewhat with temperature and fi lter size. 
Theophylline was not quantifi able in these species 
including Ilex paraguariensis  with the exception of  I. 
pseudobuxus  (0.6    ±    0.2   mg/100   g dried herb). Caffeine 
and theobromine occur in the leaf epicuticular waxes of 
Ilex paraguariensis  at average concentrations of about 
0.5% dry leaf weight.  8

 The leaves from  Ilex paraguariensis  contain approxi-
mately 5 – 10% saponins along with caffeoyl derivatives 
(caffeic acid, chlorogenic acid, 3,4 - dicaffeoylquinic acid, 
3,5 - dicaffeoylquinic acid, 4,5 - dicaffeoylquinic acid) and 
fl avonoids (kaempferol, quercetin, rutin).  9,10   This frac-
tion contains at least 10 glycosides of ursolic or oleano-
lic acids including mate saponins 1 - 5, J1 a/b , J2 a/b , J3 a/b , 
and J4.  11

  Production Processes 

 Commercial production of mate tea involves both har-
vesting from rainforests and cultivation on mate planta-
tions. Sun - exposed leaves of mate trees grown on 
plantations usually have higher polyphenol concentra-
tions than leaves harvested from more - shaded areas in 
rainforests.  12   After harvest, blanching of the leaves inac-
tivates degradation enzymes (e.g., polyphenol oxidase) 
and fermentation is halted by placing the leaves in a 
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suggest that mate tea contains genotoxic and mutagenic 
compounds as measured by lysogenic induction in 
Escherichia coli  and the induction of mutagenesis in 
Salmonella typhimurium  (Ames test).  22

 Limited studies on mate tea drinkers and esophageal 
cancer suggest the risk of esophageal cancer increases 
independently with both the amount of mate tea con-
sumed (i.e., about  ∼ 3 - fold for highest categories of use) 
and the temperature of the drink.  23   In a retrospective, 
hospital - based case - control study, the relative risk of 
esophageal cancer in mate tea drinkers was 2.84 (95% 
CI: 1.41 – 5.73).  24   After adjusting for cumulative mate tea 
consumption, the reported drinking of very hot mate tea 
almost doubled the risk of esophageal cancer when 
compared with the drinking of warm to hot mate tea, 
whereas patients with high cumulative mate tea expo-
sure with little tobacco or alcohol use had a statistically 
insignifi cant increase (OR    =    1.52, 95% CI: 0.88 – 2.62) in 
the occurrence of esophageal cancer. In a series of 5 
case - control South American studies, the cumulative 
effects of mate amount and mate temperature were 
more than multiplicative.  25   The odds ratio of esophageal 
cancer in heavy drinkers ( > 1.50   L/d) of very hot mate 
tea was 4.14 (95% CI: 2.24 – 7.67) compared with light 
mate tea drinkers ( < 0.50   L/d) of cold/warm/hot mate 
tea. Other cancers of the aerodigestive tract associated 
with mate tea drinking include the larynx, tongue, and 
oropharynx.26,27   These risks persist after adjustment for 
the strong risk factors of tobacco and alcohol use. A 
case - control study of 107 cases of laryngeal cancer and 
290 controls without tobacco or alcohol use demon-
strated an approximate 3 - fold increase in the risk of 
laryngeal cancer, after controlling for the effects of age, 
tobacco and alcohol consumption.  28   The drinking of hot 
mate tea also increases the risk of chronic esophagitis.  29

A case - control study of mate tea drinking suggested a 
small increase (OR    =    1.6, 95% CI: 1.1 – 2.4) in the risk of 
lung cancer in heavy mate tea drinkers ( ≥ 2   L/d) after 
adjustment for smoking, primarily for small cell lung 
cancer.  30   Pulmonary adenocarcinoma was not associ-
ated with mate tea drinking. The very high maternal 
consumption (1   L daily) of mate tea has been associated 
with a neonatal withdrawal syndrome (increased jitteri-
ness, irritability, hypertonia, brisk tendon refl exes, and 
high - pitched cry).  31   Symptoms of withdrawal began 
about 17 hours after birth and resolved by 84 hours after 
birth. The estimated maternal intake of caffeine during 
pregnancy was 930   mg daily.  

  DIAGNOSTIC TESTING 

 Analytic methods for the identifi cation and quantitation 
of phenolic compounds in mate tea include high perfor-
mance liquid chromatography with photodiode array 

result from different types of infusions with coarse -
 ground mate extracted by hot water (chimarr ã o) con-
taining the highest methylxanthine content.  18   The vessel 
typically contains about 50   g mate.  Ilex paraguariensis
is the primary ingredient of the commercial product, 
yerba mat é , and most mate teas. Commercial products 
often are distributed as individual tea bags (1 – 2   g). The 
addition of boiling water to the infusion results in the 
ingestion of very hot liquid in most locations with the 
exception of Paraguay and southwestern Brazil, where 
the beverage is consumed cold.   

  DOSE EFFECT 

 One cup (150   mL) of mate tea contains about 80   mg 
caffeine, which is a similar caffeine concentration as a 
cup of coffee; however, the ingestion of higher amounts 
(i.e., up to 500   mL) of mate tea results in higher total 
caffeine intake for the average individual. Analysis of 
Brazilian samples of commercial mate tea prepared by 
traditional gaucho methods indicates that a typical infu-
sion of mate contains approximately 260   mg caffeine, 
240   mg chlorogenic acids, and 170   mg caffeic acid.  19

  TOXICOKINETICS 

 There are few data on the toxicokinetics of caffeine in 
humans after the ingestion of mate tea; however, there 
are no data to indicate that the absorption and biotrans-
formation of caffeine is signifi cantly different following 
the ingestion of mate tea than after the ingestion of 
coffee.  

  CLINICAL RESPONSE 

 The International Agency for Research on Cancer 
(IARC) lists mate tea and hot mate tea as unclassifi ed 
(Group 3) and probable (Group 2A) human carcino-
gens, respectively, based on limited case - control studies 
indicating an increased risk primarily of squamous cell 
esophageal cancer.  20   There are few animal data on the 
carcinogenicity of the active constituents of mate tea, 
and most epidemiologic data does not separate the 
drinking of hot and cold mate tea. Epidemiologic studies 
suggest that the chronic ingestion of hot mate tea is 
associated with a moderate risk of malignant neoplasms 
of the upper aerodigestive tract. The excess risk as 
determined by the relative risk (RR) of upper aerodi-
gestive cancer in a case - control study of mate tea drink-
ers from southern Brazil was 1.6 (95% CI: 1.2 – 2.2) after 
adjustment for confounding factors (tobacco use, alcohol 
drinking).21   Most of the increase risk involves oral 
cancer (RR    =    1.9, 95% CI: 1.1 – 3.3) and laryngeal cancer 
(RR    =    2.2, 95% CI 1.1 – 4.5). Limited  in vitro  studies 
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detection,12   conventional gas chromatography/mass 
spectrometry (GC/MS),  32,33   and solid - phase microex-
traction with 2 - D GC/MS.  34   There are few data on caf-
feine or theobromine concentrations after the ingestion 
of mate tea. Abnormalities following the ingestion of 
mate tea and coffee probably are similar because caf-
feine is the main active ingredient.  

  TREATMENT 

 Mate tea contains substantial amounts of caffeine; the 
treatment of intoxication with this substance is identical 
to the treatment of caffeine toxicity (e.g., coffee). 
However, serious caffeine intoxication is unlikely 
because of the volume of mate tea necessary to produce 
blood caffeine concentrations similar to those reported 
in serious caffeine overdose.      
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  Chapter 62 

               HISTORY 

 In Mexico, native Indians have used seeds from  Ipomoea
violacea  L. ( tlitliltzin ) and  Turbina corymbosa  (L.) Raf. 
(seeds    =     ololiuqui ; plant    =     coaxihuitl  or snake plant) in 
religious rites since the time of the Aztecs. Their use of 
ololiuqui for divinatory and medicinal purposes were 
well - guarded secrets from the Spanish Conquistadors 
that remained shrouded in mystery until a specimen T . 
corymbosa  was discovered in a Zapotec indian garden 
in the Mexican state of Oaxaca.  1   Samuel Richardson, an 
offi cer of the Anglo - Mexican Mining Association, trans-
ported morning glory seeds from Mexico to England in 
the 1830s; now the morning glory in a common cultivar 
in England and North America. 

 During the 1950s and 1960s, Albert Hoffman and his 
associates investigated extracts of ololiuqui and Ipomoea
violacea  with the subsequent isolation of various ergot 
alkaloids including lysergic acid amides.  2   In 1960, Aldous 
Huxley identifi ed the hallucinogen in ololiuqui as ergine 
(d  - lysergic acid amide), which was structurally similar 
to ergot alkaloids in the fungus,  Claviceps purpurea .  3

Further research indicated that the plant tissue in the 
embryo of the seed of T .  corymbosa  produced this ergot 
alkaloid rather than a fungal infection of the seed coat 
or seed membrane.  4   Following the discovery of ergine 
in ololiuqui, research with thin layer chromatography in 
the 1960s revealed ergot alkaloids in other members of 
the Convolvulaceae (morning glory) family including 
Ipomoea violacea .  5   In the 1960s, the publication of the 
hallucinogenic properties of these seeds in the popular 
press led to an upsurge of morning glory seed consump-
tion among teenagers and young adults.  

  BOTANICAL DESCRIPTION 

Common Name :      Heavenly - blue morning glory, 
beach moonfl ower, badoh negro  

Scientifi c Name :    Ipomoea violacea  L. [ Calonyction
tuba  (Schlecht.) Colla,  Ipomoea macrantha
Roemer  &  J.A. Schultes,  Ipomoea tuba  (Schlecht.) 
G. Don]  

Botanical Family :      Convolvulaceae (morning glory)  

Physical Description :      This glabrous (hairless), peren-
nial plant has smooth, twining, round, or angular 
stems. The ovate leaves narrow at the apex (acu-
minate or cuspidate) and are 5 – 16   cm long by 
5 – 14   cm wide with petioles 3.5 – 6   cm long. The 
solitary fl owers are narrowly funnel - shaped with 
the corolla opening at night. The fl owers are her-
maphrodite (both male and female) and they 
appear July through September. The fruit is obtuse 
at the apex with the capsule being globose and 
containing black seeds. Figure  62.1  displays the 
seeds of beach moonfl ower ( Ipomoea violacea  L.).    

Distribution and Ecology :      The distribution of this 
plant extends to North America, the Caribbean, 
and Oceania, particularly in tropical coastal 
regions (e.g., Texas, Florida, Hawaii, Puerto Rico). 
Cultivars of morning glory are common in North 
America and England. Popular cultivars of 
morning glories are Heavenly Blue (blue fl owers) 
and Pearly Gates (white fl owers), Wedding Bells 
(lavender fl owers), Flying Saucers (variegated 
blue and white fl owers), Summer Skies (pale blue 
fl owers), and Blue Star (pale blue fl owers).    

MORNING GLORY FAMILY 
(CONVOLVULACEAE)     
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Scientifi c Name :    Argyreia nervosa  (Burm. f.) Bojer 
[Rivea nervosa  (Burm. f.) Hallier f.,  Argyreia spe-
ciosa  (L. f.) Sweet]  

Botanical Family :      Convolvulaceae (morning glory)  
Physical Description :      This woody, climbing tropical 

plant contains large, heart - shaped leaves with 
dense, white silky hairs protruding from the under-
side of the leaf. The shallow lobed, purple - pink 
pedals are about 6   cm ( ∼ 2  ½  inches) long. The 
yellow - brown fruit is spherical and about 2   cm 
(∼  ¾  inch) in diameter.  

Distribution and Ecology :    Argyreia nervosa  grows in 
the subtropical environment of Hawaii, California, 
and Florida. This plant is native to India, but cul-
tivation of this plant occurs throughout Southeast 
Asia and other tropical countries. The elephant 
creeper prefers brushland and margins of second-
ary forests up to 1500   m ( ∼ 5,000 feet) altitude.     

  IDENTIFYING CHARACTERISTICS 

 The seeds of certain members of the morning glory 
family contain psychotomimetic indole alkaloids that 
are structurally related to lysergic acid diethylamide 
(LSD). The mind - altering compounds of the morning 
glory family are similar to the ergot alkaloids (ergoline) 
found in the ergot fungus ( Claviceps purpurea ), which 
was associated with epidemic outbreaks of St. Anthony ’ s 
Fire (ergotism) during the Middle Ages. Ergoline (lyser-
gic acid) - like alkaloids in the morning glory family 
(Convolvulaceae) include d  - lysergic acid amide (ergine), 
isolysergic acid amide (isoergine), ergonovine (ergo-
metrine), lysergol, ergometrinine, penniclavine, 

Common Name :      Christmas vine, Christmas wreath, 
aguinaldo blanco, corona de novia, badoh  

Scientifi c Name :    Turbina corymbosa  (L.) Raf. [ Rivea
corymbosa  (L.),  Ipomoea corymbosa  (L.) Roth 
ex Roemer  &  J.A. Schultes,  Convolvulus corym-
bosus  L.]  

Botanical Family :      Convolvulaceae (morning glory)  
Physical Description :      This woody vine reaches up to 

5   m ( ∼ 16 feet) laterally with gray stems up to 
2.5   cm (1 inch) in diameter. The leaves have 
cordate blades 5 – 8   cm ( ∼ 2 – 3 inches) long with 
elongated tips. The infl orescences are corymbose 
(fl at - topped) cymes that arise from the leaf axils. 
The trumpet - shaped corolla is white with a red or 
purple throat and green or greenish gray radiating 
stripes. Each capsule contains one brown, pubes-
cent seed. Seeds mature about 60 days after fertil-
ization. Figure  62.2  displays the leaves and fl owers 
of the Christmas vine.    

Distribution and Ecology :     The Christmas vine is 
indigenous to the West Indies, Mexico, Central 
America, and the tropical portion of South 
America. This plant has naturalized to areas in 
Florida, Hawaii and other Pacifi c Islands, Australia, 
and some some parts of Europe, Africa, and Asia. 
The Christmas vine grows as a single plant or a 
patch of vines on open sunny, undisturbed, well -
 drained areas of roadsides, pastures, streams, and 
secondary forests 

Common Name :      Elephant creeper, woodrose, baby 
woodrose, Hawaiian woodrose, Hawaiian baby 
woodrose

FIGURE 62.1.     Seeds (ololiuqui) of a beach moonfl ower 
(Ipomoea violacea  L).  (Photo courtesy of Steve Hurst and the 
USDA - NRCS PLANTS Database).   

FIGURE 62.2.     Leaves and fl owers of the Christmas vine ( T. 
corymbosa).  (Richard A. Howard Image Collection. Photo 
courtesy of Smithsonian Institution).   
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alkaloid in the immature seed. Common varieties of 
morning glories without evidence of hallucinogenic 
alkaloids in the seeds include common morning glory [ I. 
purpurea  (L.) Roth], white edge morning glory [ I. nil  
(L.) Roth], tropical white morning glory ( I. alba  L.), 
cardinal climber morning glory [ I. multifi da  (Raf.) 
Shinners], cypress vine morning glory ( I. quamoclit  L.), 
and Mexican or red morning glory ( I. coccinea  L.).  11   The 
seeds from  Turbina corymbosa  contain about 40% of 
the isoergine concentration and  < 20% the ergine content 
of seeds from  I. violacea . Ergine content of one seed 
from  A. nervosa  is similar to the ergine content of 75 to 
100  I. violacea  seeds.  15   Other genera (e.g.,  Argyreia ) in 
the Convolvulaceae family also contain large amounts 
of these potentially mind - altering indole compounds. 
Typically, the ergoline alkaloid content in the seeds from 
the Hawaiian woodrose (elephant creeper,  Argyreia 
nervosa ) is higher than  I .  violacea . Analysis of seeds 
from the Hawaiian woodrose demonstrate total indole 
alkaloid content of 0.5 – 0.9% with ergine and isoergine 
accounting for the largest fraction (0.136% and 0.188%, 
respectively).  16    

  Methods of Use 

 The abuse of morning glory seeds is limited by adverse 
effects and the relatively low potency of the hallucino-
genic components of the seeds. Most of the case reports 
about the misuse of morning glory seeds were published 
in the 1960s after the publication of the ergoline alka-
loid content of the Hawaiian woodrose by Hylin 
and Watson.  8   The black seeds of the baby woodrose 

chanoclavine, elymoclavine, and lysergic acid  α  -
 hydroxyethylamide.  6,7   Ergoline alkaloids detected in the 
Hawaiian woodrose ( Argyreia nervosa ) include ergine, 
isoergine, and penniclavine.  8   Ergine (lysergamide, CAS 
RN: 478 - 94 - 4), isoergine ( d  - isolysergic acid amide, CAS 
RN: 2889 - 26 - 1), chanoclavine, and elymoclavine are the 
major constituents of morning glory seeds. The psycho-
mimetic properties of ergine are substantially less (i.e., 
 ∼ 10%) than the psychomimetic potency of LSD,  3   
whereas chanoclavine and elymoclavine demonstrate 
no psychomimetic properties.  9   Figure  62.3  displays the 
chemical structures of the ergoline alkaloids from  I . 
 violacea .    

  EXPOSURE 

  Composition 

 The indole alkaloids (ergine, isoergine) are the active 
constituents of morning glory seeds. Analytic data 
suggest that biosynthesis of the ergoline alkaloids also 
occurs in clavicipitaceous fungi; translocation then can 
transfer these substances to the infected plant.  10   Most 
varieties of morning glory plants contain seeds with 
similar indole alkaloid content.  11   These alkaloids repre-
sent up to about 0.1% of the dry weight of the seeds 
from  I. violacea  with the highest alkaloid content occur-
ring during the early stages of seed development.  12,13   As 
measured by spectrophotofl uorimetry, the total alkaloid 
content of a convenience sample of  I .  violacea  leaves 
ranged from 0.027 – 0.04%.  14   The psychomimetically 
inactive compound, chanoclavine is the most abundant 

       FIGURE 62.3.     The chemical structures of 
ergoline alkaloids present in  Ipomoea violacea  
L.  
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  CLINICAL RESPONSE 

 Clinical features of morning glory intoxication are 
somewhat similar to the effects caused by the sympa-
thomimetic and hallucinogenic properties of LSD. 
Ingestion of seeds from I. violacea  produces dilated 
pupils, hyperrefl exia, facial erythema, a dissociative 
state, and emotional lability within 3 hours followed by 
irritability and anxiety.  24   Adverse effects include nausea, 
vomiting, diarrhea, polyuria, numbness, cool extremities, 
muscle stiffness, lethargy, and uterine stimulation. 
Hypotension occurred following the intravenous injec-
tion of the boiled extract of morning glory seeds.  25

Abnormalities of behavior and perceptions usually 
resolve in 24 – 36 hours. However, hallucinogen persist-
ing perception disorder (fl ashbacks) and recurrent dis-
sociative feelings may recur after symptoms initially 
resolve.  20   Like LSD, the ingestion of well - masticated 
morning glory seeds can cause panic reactions, marked 
paranoia, and violent behavior. Panic states, prolonged 
dissociative reactions, and psychotic behavior have been 
associated with trauma and suicide.  26   Memory, intellect, 
and orientation are less impaired than behavior. Case 
reports associate the ingestion of seeds from the 
Hawaiian woodrose ( Argyreia nervosa ) with hallucina-
tions, disorientation, agitation, lightheadedness, blurred 
vision, nausea, and vomiting.  22,27   Physical signs included 
tachycardia, hypertension, nystagmus, and mydriasis. 
Flashbacks characterized by auditory hallucinations 
recurred at least 1 month after ingestion.  22   Case reports 
suggest that the clinical features of Hawaiian woodrose 
intoxication are more similar to the sedative effects and 
autonomic disturbances associated with scopolamine 
than the gastrointestinal and psychomimetic effects of 
LSD.  28

  DIAGNOSTIC TESTING 

 Chromatographic methods can distinguish the indole 
alkaloids present in morning glory seeds.  29   Methods 
for the detection of indole alkaloids from the morning 
glory family include spectrophotofl uorimetry  14   and thin 
layer chromatography.  30   However, gas chromatography/
mass spectrometry allows the confi rmation and quan-
titation of ergine, isoergine, and other indole alkaloids 
from the morning glory family.  31   Alternate methods of 
quantitation include liquid chromatography/electrospray 
ionization/tandem mass spectrometry in positive 
selected reaction monitoring mode  32   and mixed - mode 
cation exchange solid - phase extraction followed by 
ultra performance liquid chromatography/time of fl ight/
mass spectrometry (LLOQ: 1.3   ng/mL, blood; 5.0   ng/
mL, urine).  33   Using the latter method, analysis of post-
mortem blood from a 29 - year - old man, who died 3 

(Argyreia nervosa ) are an inexpensive hallucinogen for 
Hawaiians, but adverse side effects (e.g., constipation, 
lethargy, nausea, blurred vision) and mild psychomi-
metic effects limit use.  17   The morning glory plant is a 
traditional Chinese medicine (QianNiuZi,  Ipomoea
purpurea  (L.) Roth) used for the treatment of edema, 
ascites, obesity, induction of labor, and fever.  18

  DOSE EFFECT 

 Large numbers of well - pulverized seeds from  Ipomoea
violacea  are necessary to produce psychomimetic 
effects.  11   The content of psychoactive compounds in 
these seeds varies with individual plants, time of harvest, 
environmental conditions, and cultural practices. 
Reportedly, Indian ololiuqui users would ingest 13 
seeds; however, the ingestion of this amount of ololiuqui 
seeds did not produce effects other than apathy in self -
 experimenters.  19   In general, the ingestion of 20 – 50 seeds 
is a low dose that may produce increased or decreased 
social interaction, restlessness, and heightened aware-
ness for several hours. Doses of 60 – 100 seeds were asso-
ciated with irritable apathy, passivity, some increased 
awareness, and heightened visual perceptions.  19   The 
ingestion of 100 – 150 seeds causes similar effects to 75 –
 150    μ g LSD with spacial distortions, visual illusions, 
elation, and enhanced imagery lasting up to 4 hours. The 
ingestion of 200 – 500 seeds is a large dose that produces 
intense psychomimetic effects along with unpleasant 
adverse reactions (nausea, vomiting, abdominal pain, 
paresthesias, cold extremities, and lethargy).  20

 The ingestion of 15 seeds from the Hawaiian wood-
rose ( Argyreia nervosa ) along with other drugs (mari-
juana, ether, dextromethorphan) was associated with 
visual hallucinations, suicidal and homicidal ideations, 
sinus tachycardia, hypertension, and hyperrefl exia in an 
18 - year - old male.  21   This patient was being treated for 
depression with paroxetine at the time of the ingestion. 
The ingestion of 12 Hawaiian woodrose seeds was asso-
ciated with auditory hallucination, blurred vision, dia-
phoresis, lightheadedness, nausea, and vomiting.  22

  TOXICOKINETICS 

 The absorption of indole alkaloids from morning glory 
seeds requires the pulverization or thorough mastica-
tion of the seeds to produce psychomimetic effects. 
There are few data on the toxicokinetics of the active 
compounds, ergine and isoergine. In rodent studies, the 
plasma elimination of isoergine is rapid with an esti-
mated plasma elimination half - life of 30 minutes.  23

Within about 30 minutes after intraperitoneal adminis-
tration, the brain and plasma concentrations are similar.  
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hours after ingesting Hawaiian baby woodrose seeds 
when he attempted to fl y out of the 4 th  fl oor of a build-
ing, demonstrated ergine (lysergamide) concentrations 
in postmortem blood and urine of 4.9   ng/mL and 
1,000   ng/mL, respectively. A surviving witness ingested 
6 seeds at the same time; his blood ergine concentration 
9 hours after ingestion was 1.8   ng/mL. The seeds were 
soaked for about 3 hours prior to ingestion, and both 
men smoked cannabis soon after ingesting the seeds. 
Leukocytosis may occur during intoxication with 
morning glory seeds.  34

  TREATMENT 

 The management of morning glory seed intoxication is 
supportive, similar to the treatment of LSD intoxication. 
Decontamination measures are usually unnecessary 
unless indicated by the concomitant ingestion of 
other substances. Management involves reassurance to 
calm the patient and a protective environment to 
prevent accidental trauma and intentional self - harm. 
Benzodiazepines (e.g., diazepam, lorazepam) are the 
sedatives of choice; the use of benzodiazepines may 
improve symptoms of muscle stiffness. Patients with 
severe muscle stiffness should be evaluated for rhabdo-
myolysis and renal dysfunction. Behavioral symptoms 
usually resolve within 8 – 12 hours. Persistence of symp-
toms necessitates thorough psychiatric evaluation.      
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  Chapter 63 

               HISTORY 

 The use of peyote for hallucinogenic purposes dates 
back many centuries, particularly in the southwestern 
United States and Mexico. Peyote buttons containing 
psychoactive alkaloids (mescaline) were found in pre-
historic Native American caves in Texas dating from 
3,780 – 3,660 BC  1   and in Mexican burial caves dating 
back to 1,070 – 810 BC.  2   The Franciscan missionary, 
Bernardino de Sahagun documented the use of peyote 
by local native Indians during the Spanish conquest of 
Mexico.  3   The Mescalero Apaches of the Great Plains 
originated a peyote rite during the 19 th  century; the use 
of peyote spread to the Kiowa and Comanche tribes. 
They believed that God was the Great Spirit, who 
infused part of his being into peyote; Christ was the man 
who provided peyote to them when needed.  4   In 1888, 
the German toxicologist Lewin discovered the ritual use 
of the peyote cactus by Indian tribes in Mexico.  5   Heffter 
isolated mescaline from peyote buttons along with three 
other tetrahydroisoquinoline compounds by 1898,  6   and 
Spath synthesized mescaline in 1919.  7   During the end of 
the 19 th  century, interest in mescaline as a mind - altering 
drug increased briefl y. In 1918, the Native American 
Church formed; part of the ritual of this church includes 
the legal use of peyote. Reports on the hallucinogenic 
effects of peyote appeared in the medical literature 
during the 1920s.  8   In 1964, the California Supreme 
Court ruled in People v. Woody that individuals could 
not be denied the sacramental use of peyote even 
though state law prohibits the use of the plant. Although 
federal statutes (American Indian Religious Freedom 
Act) exempt Native American Church members from 
federal prosecution of the sacramental use of peyote, 

litigation continues on issues of membership, equal pro-
tection, and due process.  9   Recent US Supreme Court 
decisions allow states to prohibit the use of peyote for 
religious purposes.  

  BOTANICAL DESCRIPTION 

Common Name :      Peyote, mescal button, mescal  
Scientifi c Name :    Lophophora williamsii  (Lem. ex 

Salm - Dyck) Coult.  
Botanical Family :      Cactaceae (cactus)  
Physical Description :      This small spineless blue -

 green cactus has a diameter of about 3 – 10   cm 
(∼ 1 – 4 inches) with well - defi ned ribs and furrows, 
pinkish white fl owers, and a large, cylindrical 
perennial rootstock. In the center of the spherical 
portion of each button, tufts of light yellow hairs 
develop where the fl owers later form. The small 
dome - shaped heads are removed and dried as 
mescal or peyote buttons. Figure  63.1  displays a 
specimen of L .  williamsii  with the fl ower.    

Distribution and Ecology :      Peyote is indigenous to 
the dry slopes and rocky cliffs of the Rio Grande 
Valley in Texas as well as the Mexican plateau in 
northern and central Mexico.     

  IDENTIFYING CHARACTERISTICS 

 The 2 major classes of psychedelic hallucinogens are 
phenethylamine compounds (e.g., mescaline) and 
indoleamine compounds (e.g.,  d  - lysergic acid diethyl-
amide or LSD). Mescaline (3,4,5 - trimethoxy -  β  -

PEYOTE [ Lophophora williamsii  (Lem. Ex Salm -
 Dyck) Coult.] and MESCALINE     
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 phenylethylamine, CAS RN: 54 - 04 - 6) shares the 
phenethylamine nucleus with LSD, whereas serotonin 
and psilocin share the indolethylamine nucleus with 
LSD as displayed in Figure  63.2 .   

 Of the more than 60 alkaloids in peyote, mescaline 
is the major hallucinogenic compound. Other poten-
tially active  β  - phenylethylamine and isoquinoline 
alkaloids in peyote include anhalamine, anhalidine, 
anhalinine, anhalonidine, anhalonine,  N  - methylmescaline, 
pellotine, and hordenine (anhaline).  4   However, these 
compounds do not share the hallucinogenic properties 
of mescaline. Mescaline shares hallucinogenic proper-
ties with other phenylethylamine compounds including 
methamphetamine designer drugs (e.g., 3,4 - meth-
ylenedioxymethamphetamine, ecstasy). The intensely 
bitter, acrid taste of mescaline distinguishes peyote from 
the tasteless hallucinogen, LSD. Table  63.1  lists some 
physiochemical properties of mescaline. Mescaline is 
moderately soluble in water and soluble in alcohol and 
chloroform, but not in ether.   

       FIGURE 63.1.     Flowering peyote cactus ( Lophophora wil-
liamsii ).  (Richard A. Howard Image Collection. Photo cour-
tesy of Smithsonian Institution.)   

       FIGURE 63.2.     Chemical structures of 
serotonin (5 - HT), psilocin,  d  - lysergic 
acid diethylamide (LSD), and mescaline. 
The A, B, and C rings represent the ring 
structures in LSD that are shared at least 
in part by serotonin, mescaline, and psi-
locin. Mescaline shares the phenethyl-
amine nucleus with LSD.  28    

  TABLE 63.1.    Physiochemical Properties of Mescaline. 

   Physical Property     Value  

  Melting Point    35.5 ° C ( ∼ 96 ° F)  
  pKa Dissociation Constant    9.56  
  log P (Octanol - Water)    0.78  
  Water Solubility    8.41E    +    04   mg/L (25 ° C/77 ° F)  
  Vapor Pressure    3.22E - 04   mm   Hg (25 ° C/77 ° F)  

  Form 

 Peyote buttons are round fl eshy tops from the cactus 
that are sliced and dried for prolonged storage. The 
dried mescal buttons used in religious ceremonies are 
transverse slices of the crown of the cactus. Forms of 
peyote included peeled fresh buttons, dried or ground 
powder, steeped tea, and dried whole buttons. Crystalized 
mescaline is distributed illegally in the form of a capsule 
or pill.   

  EXPOSURE 

  Sources 

  Origin 

 In addition to peyote, several South American cactus 
species contain mescaline including the large columnar 
San Pedro cactus of Andean slopes in Ecuador, Peru, 
northern Chile, and Bolivia [ Echinopsis pachanoi  
(Britton  &  Rose) Friedrich  &  G. D. Rowley, formerly 
known as  Trichocereus pachanoi  Britton  &  Rose], Dona 
Ana or nipple beehive cactus [ Coryphantha macromeris  
(Engelm.) Lem.], and the candelabra - like Peruvian 
cactus ( Trichocereus peruvianus  Britton  &  Rose, 
Peruvian torch). The false peyote ( Ariocarpus retusis  
Scheidw.) of Mexico contains few or no hallucinogenic 
compounds.  10   Several other members of the cactus 
family contain structurally related phenylethylamine 
derivatives. Although the San Pedro cactus and 
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  Methods of Use 

 The primary route of exposure to peyote and mescaline 
is oral, rarely mescaline powder is insuffl ated. In a 12 -
 year retrospective review of the California Poison 
Control System data, 31 cases of peyote or mescaline 
exposure were retrieved with 97% oral and 3% nasal 
exposures.  18   The Native American Church (peyote reli-
gion) is a Navajo revitalization movement that uses 
peyote as a sacrament and medicinal herb to treat 
a variety of physical and psychologic conditions.  19

Consumption of peyote usually occurs during an all -
 night communal healing ritual called a peyote meeting. 
A celebrant ( Road Man ) typically leads the participants 
during these rituals that often involve personal or family 
crises. Beginning at nightfall, the participants consume 
peyote in the form of a powder or a tea. The ritual 
includes singing, playing of musical instruments, and 
praying until dawn. Addiction to peyote is unusual. 
Preliminary data from studies of illicit (i.e., nonceremo-
nial) use of peyote suggests that illicit peyote use among 
American Indian adolescents with serious substance 
abuse disorders is uncommon.  20

  DOSE EFFECT 

 The clinical pattern following the administration of 
5   mg mescaline/kg, 1    μ g LSD, and 150    μ g psilocybin/kg 
is similar, although the intensity and duration of the 
psychomimetic effects of mescaline is somewhat greater 
at these doses.  21   Mescaline has the lowest potency 
among orally active naturally occurring hallucinogens.  22

A typical adult mescaline dose is about 200   mg (5 – 7   mg/
kg) with average doses ranging up to 500   mg. This dose 
correlates to about 3 – 8 peyote buttons and initially pro-
duces nausea, tremor, and diaphoresis followed in 1 – 2 
hours by a dream - like state with kaleidoscopic visual 
illusions before sleep occurs.  4   In animal studies, mesca-
line doses exceeding 20 – 60   mg/kg produce hypotension, 
bradycardia, and respiratory depression.  23   In humans, 
fatalities usually result from trauma secondary to dis-
torted sensory perception rather than intoxication.  24

  TOXICOKINETICS 

 There are limited data on mescaline toxicokinetics. The 
rapid onset of symptoms following the ingestion of 
peyote indicates that gastrointestinal absorption of 
mescaline begins soon after swallowing.  21   Following the 
oral administration of 5 – 6   mg mescaline/kg to adult vol-
unteers, the biologic half - life of mescaline was about 6 
hours with 87% of the dose of mescaline eliminated 
in the urine within 24 hours.  25,26   During this study, the 

peyote both contain mescaline, the latter contains other 
mescaline - like and tetrahydroisoquinoline alkaloids 
(anhalonidine, anhalonine, lophophine, lophophorine, 
3,4 - methylenedioxyphenethylamine or MDPEA,  N , N  -
 dimethyl - 3,4 - methylenedioxyphenethylamine or lobivine, 
pellotine).11   Although some of these alkaloids (e.g., 
lophophine) may be psychoactive, the contribution of 
these minor alkaloids to psychomimetic effects is 
unclear because of their relatively low concentrations. 
The Dona Ana cactus also produces a variety of methyl-
ated catecholamine derivatives of which the phenyle-
thylamine normacromerine (CAS RN: 5653 - 66 - 7,  N  -
 demethylmacromerine) is the most abundant. Other 
β  - hydroxyphenethylamine compounds include macro-
merine (CAS RN: 2970 - 95 - 8,  N , N  - dimethyl - 3,4 - dimethoxy 
-β  - hydroxyphenethylamine),  N  - formylnormacromerine, 
metanephrine,  N  - methylmetanephrine, synephrine, and  N  -
 methyltyramine.  12   Although animal studies suggest that 
some of these phenethylamine compounds are psycho-
active, mescaline remains the most potent hallucinogen 
isolated from the cactus family to date.  13

  Composition 

 The estimated total alkaloid content of dried peyote 
buttons is about 3.7% compared with 0.41% for fresh 
peyote buttons with mescaline representing ∼ 6% of the 
alkaloid fraction.  7   Each button contains  ∼ 50 – 100   mg of 
mescaline.  30   In a study of 13 mescaline - containing speci-
mens of L .  williamsii , the mescaline concentration 
ranged from 12.7 – 48.3   mg/g.  14   Other  Lophophora  speci-
mens did not contain detectable concentrations of mes-
caline. Specimens of  E .  pachanoi  usually contain higher 
concentrations of mescaline than other Echinopsis
species. The mescaline content of 7 specimens of  E . 
pachanoi  ranged from 0.40 – 4.7% dry weight as mea-
sured by high performance liquid chromatography with 
mass - selective detection in electron ionization mode.  15

The mescaline content of 6 specimens of the San Pedro 
cactus ( Echinopsis pachanoi ) from Swiss fl ower shops, 
shopping centers, and private collections varied from 
0.11 – 2.37% dry weight as measured by high perfor-
mance liquid chromatography with photodiode array 
detection.16

  Impurities 

 Purported samples of peyote or mescaline may contain 
d  - lysergic acid diethylamide (LSD) as a surreptitious 
additive. Analysis of 50 California samples reported to 
contain mescaline indicated that mescaline was present 
in only 17% of the samples.  17
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tear32   and psychosis with sleep deprivation.  33   The latter 
effect was reported in a 54 - year - old Native American 
man, who became convinced he was hunted by animal 
spirits within a few hours of ingesting peyote juice 
during a healing ceremony. These psychotic symptoms 
persisted for 2 weeks with complete sleep deprivation, 
but resolved following trazodone therapy and sleep. 

 Medically related fatalities secondary to the inges-
tion of peyote are rare; death during peyote intoxication 
usually results from trauma secondary to altered per-
ceptions.  24   Symptoms of acute peyote intoxication 
typically resolve ∼ 6 – 12 hours after ingestion. Peak psy-
chologic effects occur about 1.5 – 2 hours after injection 
of mescaline, and most of the effects resolved within 9 
hours. A case report associated development of botu-
lism with the ingestion of peyote contaminated with 
botulism B toxin.  34   The ceremonial tea was prepared 
from dried alkaline - ground peyote buttons stored in a 
closed jar for 2 month under refrigeration. 

 There are limited data on the reproductive effects of 
chronic peyote use. A controlled study of members of 
the Navajo Native American Church, where peyote use 
is legal, did not detect residual psychologic or cognitive 
effects with long - term peyote use.  35   Controlled studies 
of habitual peyote users among Mexican Indians with a 
long cultural tradition of religious peyote consumption 
detected no increased incidence of chromosomal aber-
ration in the peripheral blood lymphocytes.  36   Daily use 
of mescaline produces tolerance to the effects of mes-
caline as well as cross - tolerance to LSD.  3   However, the 
tolerance regresses rapidly and disappears about 3 – 4 
days after cessation of use.  

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Older immunoassays do not usually detect the presence 
of mescaline in urine drug of abuse screens.  37   Methods 
for the quantitation of mescaline in biologic samples 
include high performance liquid chromatography 
with photodiode array detection,  16   gas chromatography 
with nitrogen phosphorus detection after liquid - liquid 
extraction using butyl chloride,  38   liquid chromatography/
tandem mass spectrometry,  39   cation - exchange liquid 
chromatography,  40   and gas chromatography/mass spec-
trometry in selected ion - monitoring (SIM) mode after 
solid phase extraction with C8 and cation exchange car-
tridges.  41   The precision (i.e., coeffi cient of variation) for 
the latter method in plasma was ≤ 20%. The limit of detec-
tion for mescaline in urine using liquid chromatography/
tandem mass spectrometry was 3 – 5   ng/mL with an accu-
racy  < 3%. The use of gas chromatography/mass spec-
trometry in SIM mode allows the quantitation of 

renal excretion of unchanged mescaline accounted for 
55 – 60% of the administered dose, whereas the major 
metabolite (3,4,5 - trimethoxyphenylacetic acid) accounted 
for about 27 – 30%.  N  - Acetyl -  β  - (3,4,dimethoxy - 5 - hydr-
oxyphenyl) ethylamine and N  - acetyl mescaline were 
minor metabolites. Unlike some other psychoactive 
amphetamine derivatives (e.g.,  p  - methoxyamphetamine, 
PMA), mescaline does not interact signifi cantly with 
CYP2D6.27   Substrates for this isoenzyme include tricy-
clic antidepressants, lipophilic  β  - adrenoceptor blockers, 
and amphetamine.  

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Mescaline belongs to the phenethylamine class of hal-
lucinogens that includes the methamphetamine - related 
designer drugs. Along with the other major class of psy-
chedelic hallucinogens (i.e., indoleamine compounds 
including LSD), mescaline shares an affi nity for the 
5 - HT 2A  serotonin receptor subtype, where experimental 
studies in rats suggest that mescaline acts as a partial 
agonist.28   Although these receptor subtypes occur in 
multiple regions of the brain (olfactory tubercle and 
bulb, facial nucleus, nucleus accumbens), most of these 
receptors reside in the cerebral cortex.  29   Stimulation of 
these receptor subtypes may alter glutamatergic excit-
atory postsynaptic potentials in the pyramidal cells of 
the cerebral cortex, but the exact mechanism of action 
remains undefi ned.  

  CLINICAL RESPONSE 

 The ingestion of peyote (mescaline) produces the rapid 
onset ( < 1   h) of mild gastrointestinal distress (nausea, 
rarely vomiting and diarrhea).  3   Autonomic signs (mydri-
asis, mild tachycardia, elevated blood pressure, diapho-
resis, tremor) and alteration of perception, thought, and 
feeling follow the gastrointestinal phase.  18   The bitter, 
acrid taste of peyote is often associated with nausea and 
vomiting in the novice user, particularly with large 
doses.  30   Nystagmus, headache, ataxia, and hyperrefl exia 
may also occur. After the gastrointestinal phase sub-
sides, a sensory phase begins, manifested by vivid visual 
hallucinations that reach a peak about 3 – 4 hours after 
ingestion. Other stimulatory effects include euphoria, a 
general feeling of well - being, and feelings of physical 
power.  31   Auditory hallucinations are uncommon with 
mescaline intoxication. Although the sensorium remains 
clear, emotional lability, anxiety, agitation, and panic 
reactions predispose intoxicated patients to self - infl icted 
or accidental trauma. Rare complications associated 
with the use of peyote include the development of 
severe gastrointestinal bleeding from Mallory - Weiss 
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mescaline in hair in the range of 0.08   ng/mg with inter-
day accuracy between  - 12.7% and 11.6%.  42

  Biomarkers 

 The mean concentration of mescaline in whole blood 
samples from 12 volunteers given 500   mg mescaline 
orally was 3,800   ng/mL at 2 hours and 1,500   ng/mL at 7 
hours after dosing as measured by total radioactivity.  25

In a study of 11 volunteers receiving 5   mg mescaline/kg 
intravenously, the mean mescaline concentration in 
blood samples drawn during peak effects 2 hours after 
dosing was 2,100   ng/mL.  43   The postmortem mescaline 
concentration in blood samples from an individual who 
deliberately jumped from a 600   ft cliff while under the 
infl uence of mescaline was 9,700   ng/mL.  24   The mesca-
line concentration in a postmortem femoral blood 
sample from a 53 - year - old man who was murdered 
while participating in a peyote ceremony was 2,950   ng/
mL.38

  Abnormalities 

 In a study of 12 healthy volunteers administered 0.5   g 
mescaline, functional brain imaging with 99mTc -
 HMPAO single photon emission computed tomography 
(SPECT) demonstrated increase regional blood fl ow in 
the anterior cerebrum, particularly in the right anterior 
cortical regions.  44   There was no increased blood fl ow in 
the subcortical (limbic) structures. In a study of long -
 term peyote users from the Navajo Native American 
Church, total lifetime peyote use did not correlate to 
neuropsychologic performance on tests of memory, 
attention, or executive functions.  35

  TREATMENT 

 Management of peyote intoxication is similar to the 
treatment for LSD intoxication. Placing the patient in a 
quiet, dark environment with calm reassurance provides 
the best setting. Because of the rapid absorption of 
mescaline, gastrointestinal decontamination is usually 
unnecessary unless indicated by the concomitant inges-
tion of another drug within 1 hour prior to presentation. 
Benzodiazepines (diazepam, lorazepam) are the treat-
ment of choice if the patient does not respond to a calm, 
reassuring environment.      
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  Chapter 64 

               HISTORY 

 The Aztecs and neighboring tribes used ceremonial 
mushrooms called teonan á catl (God ’ s fl esh) in religious 
rites before the arrival of the Spaniards in the New 
World;  1   medieval Spanish books from the 16 th  and 17 th

centuries mentioned the use of small gill fungi ( “ teo-
nan á catl ” ) by North American Indians for ritual and 
medicinal purposes.  2   Small stone statues of fungi from 
ancient Mayan ruins in Guatemala suggest the use of 
hallucinogenic mushrooms before the time of Christ.  3,4

The use of mushrooms by North American Indians to 
produce mystical revelations during religious ceremo-
nies continued into the 20th century. In the late 1950s, 
Wasson rediscovered the mushroom cult in Southern 
Mexico.  Psilocybe mexicana  R. Heim was identifi ed as 
the active component of teonan á catl;  5   subsequently, 
Heim et al provided botanical descriptions of several 
species of hallucinogenic Psilocybe  fungi.  6   In 1958, 
Hofmann et al isolated 2 hallucinogenic components 
(i.e., psilocybin, psilocin) from mushrooms used in 
Mazatec Indian ceremonies in the state of Oaxaca, 
Mexico.  7   These indole compounds have LSD - like prop-
erties and produce alterations of autonomic function, 
motor refl exes, behavior, and perception. Hoffer and 
Osmond elucidated the chemical structures of psilocy-
bin and psilocin in 1967. In the 1960s, recreational 
ingestion of psilocybin - containing mushrooms was pop-
ularized in the western United States by Aldous Huxley 
and Carlos Castaneda. Later, recreational use of these 
substances spread to Australia followed by the United 
Kingdom and then to the rest of Europe.  8   In the late 
1990s, hallucinogen use (mescaline, psilocybin) increased 
signifi cantly in high school students.  9

  BOTANICAL DESCRIPTION 

 The three most important genera of mushrooms 
containing psilocybin are  Psilocybe ,  Panaeolus , and 
Gymnopilus  as listed in Table  64.1 .  10   The best - known 
European psychoactive fungi is Psilocybe semilanceata
(Fries) Kummer, whereas the most common hallucino-
genic mushroom in the United States is Psilocybe
cubensis  (Earle) Singer and, to a lesser extent,  Psilocybe
stuntzii  Guzman and Ott and  Panaeolus subbalteatus
(Berkley et Broome) Sacc.  11   The principal hallucino-
genic mushrooms in North America grow primarily in 
the Pacifi c Northwest, Hawaii, Texas, and Florida, 
usually on animal manure in pastures and grain fi elds. 
Psychoactive mushrooms in the Hawaiian Islands that 
contain psilocybin include  Copelandia anomala  (Murrill) 
Singer, Copelandia bispora  (Malen ç on  &  Bertault) 
Singer  &  R.A. Weeks,  Copelandia cambodginiensis
(Ola ’ h  &  R. Heim) Singer  &  R.A. Weeks,  Copelandia
cyanescens  (Berk.  &  Broome) Singer,  Copelandia tropi-
calis  (Ola ’ h) Singer  &  R.A. Weeks ( Panaeolus tropica-
lis ), and  Panaeolus subbalteatus  (Berkley et Broome) 
Sacc.  12   The use of fungi as a psychoactive agent is 
uncommon in South America and Asia. Wavy caps 
refers to Psilocybe cyanescens  Wakef. ( Psilocybe subae-
ruginosa  Cleland) as displayed in Figure  64.1 .

Common Name :      Gold cap, cubes, blue legs, golden 
tops, common large psilocybe      

Scientifi c Name :    Psilocybe cubensis  (Earle) Singer  
Botanical Family :     Strophariaceae  
Physical Description :      These white to pale yellow 

mushroom have broad (1.5 - 8   cm/ ∼ 0.5 – 1.5 inches) 

PSILOCYBIN and HALLUCINOGENIC 
MUSHROOMS
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The gills are violet - grey to deep purple - brown 
with elliptical spores (10 – 14    μ m    ×    6 – 8    μ m) and a 
dark purple - brown spore mass.  

Distribution and Ecology :      This popular recreational 
hallucinogenic mushroom appears in pastures, 
meadows, and occasionally in lawns in the US 
Pacifi c Northwest.  13,14   In Europe,  Psilocybe semi-
lanceata  is the most widely distribute psilocybin -
 containing fungus growing areas in countries 
bordering the Atlantic Ocean. This fungus also 
grows in Central Europe in pastures and grassy 
fi elds that contain waste products.   

Common Name :      Blue - staining Panaeolus, blue 
meanies, gold caps, gold tops  

Scientifi c Name :    Panaeolus cyanescens  (Berkley et 
Broome) Sacc.  

Botanical Family :    Incertae sedis  (uncertain place-
ment), Order: Agaricales  

Physical Description :      This widely distributed mush-
room has a thin, whitish to dark brown stalk 50 –
 70   mm    ×    2.5 – 5   mm and a smooth surface covered 
with white powder. The broad (1 – 4   cm) cap is 
convex with dark purple to black spores.  

Distribution and Ecology :      This mushroom is widely 
distributed in tropical and subtropical regions (e.g. 
Gulf coast, Hawaii, Mexico, India, Australia, 
Thailand, Philippines), particularly in or near dung 
in pastures.   

Common Name :      Belted Panaeolus  
Scientifi c Name :    Panaeolus subbalteatus  (Berkley et 

Broome) Sacc.  
Botanical Family :    Incertae sedis  (uncertain place-

ment), Order: Agaricales  
Physical Description :      The brown to reddish brown 

pileus is 13 – 50   mm in length, and the stalk is rather 
stout measuring 35 – 90   mm    ×    3 – 8   mm. The gills 
are moderately broad and lanceolate. The bluing 
of fl esh with trauma distinguishes  P. subbalteatus
from other species in this genus.  15

Distribution and Ecology :    Panaeolus subbalteatus
grows throughout North and South America, 
Africa, and Europe, particularly in manure, 
compost, and fertilized lawns during warm 
weather.   

Common Name :      Giant Gymnopilus, big laughing 
mushroom

Scientifi c Name :    Gymnopilus junonius  (Fr.) P.D. 
Orton ( G .  spectabilis )  

convex caps and smooth stems measuring up to 
1.5   cm ( ∼ 0.5 inch) in height. The elliptical spores 
are dark purple brown to violet brown and about 
8 – 10    μ m    ×    11 – 17    μ m in size. Characteristically, the 
fl esh turns blue with handling.  

Distribution and Ecology :      The distribution of this 
mushroom occurs across Central and South 
America, India, Southeast Asia, Western Australia, 
and Oceania.   

Common Name :      Liberty cap  
Scientifi c Name :    Psilocybe semilanceata  (Fries) 

Kummer  
Botanical Family :      Strophariaceae  
Physical Description :      This small, dark chestnut 

brown to pale yellow mushroom has a small (0.5 –
 2.5   cm), broad cap with a sharply conical top and 
an indented (striate) margin. The relatively thin 
stem is smooth with slight thickening at the base. 

FIGURE 64.1.     Wavy caps of the genus  Psilocybe .  (Photo 
courtesy of Drug Identifi cation Bible )   

TABLE 64.1.    Major Psilocybin - Containing Mushrooms. 

   Genus     Species  

Psilocybe      argentipes, bohemica, cubensis, cyanescens, 
fi metaria, liniformans, mexicana, pelliculosa, 
pseudobullacea, semilanceata, serbica, 
strictipes, sylvatica, subcubensis

Panaeolus      ater, cyanescens, papilionaceus, semilanceatus, 
subbalteatus

Panaeolina      foenisecii
Gymnopilus      junonius (spectabilis)
Pluteus      nigroviridis, salicinus
Inocybe      aeruginascens, coelestium, corydalina, 

haemacta, tricolor
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  Physiochemical Properties 

 Psilocybin and psilocin are soluble in methanol and 
aqueous ethanol, but relatively insoluble in petroleum 
ether and chloroform. The rapid dephosphorylation of 
psilocybin to psilocin suggests that psilocybin may be a 
prodrug.  17   In equimolar amounts, psilocybin and psilo-
cin produce similar hallucinogenic effects, but psilocin 
is approximately 1 ½  times more potent hallucinogen 
than psilocybin.  11   The demethylated psilocybin com-
pounds (baeocystin, norbaeocystin) are serotonin ana-
logues that occur in some  Psilocybe  species. 

 Psilocybin is colorless, and the incubation of this 
compound with ceruloplasmin does not cause the 
uptake of oxygen or the formation of a blue color. 
Psilocin lacks the stabilizing phosphate group. The oxi-
dation of this compound or the addition of ceruloplas-
min or copper oxidase from the gill plates of  Mytilus 
edulis  (blue mussel) produces strongly blue - colored 
products.  18     

  EXPOSURE 

  Origin 

  Psilocybe baeocystis  and  Psilocybe semilanceata  contain 
the demethylated psilocybin compounds, baeocystin 
and norbaeocystin. Specimens from other  Psilocybe  
species [ P. cyanescens, P. cubensis, P. pelliculosa  
(A.H. Sm.) Singer  &  A.H. Sm. , P. sylvatica  (Peck) 
Singer  &  A.H. Sm. , P. stuntzii)  and genera ( Conocybe 
smithii  Watling,  Panaeolus subbalteatus ] usually contain 
smaller concentrations of baeocystin.  19,20   Psilocybin -
 containing mushrooms are widely available from 
Internet sources.  21   

  Psilocybe 

 In studies of the psilocybin content in mushroom 
samples from the genus  Psilocybe ,  P. aztecorum  var. 
bonetii ( P. bonetii  Guzm á n),  P. zapotecorum  R. Heim 
(P.  candidipes ), and  P. stuntzii  (Guzm á n and Ott) con-
tained detectable concentrations of psilocybin whereas 
 P .  bolivarii  did not.  22,23   Psilocin concentrations in these 

  Botanical Family :      Strophariaceae  
  Physical Description :      The large, broad, convex cap 

reaches 40   cm with a smooth to silky, dry surface 
and small scales. The cap is bright yellow - orange 
initially, but changes to a rust - orange with age. The 
gills are notched to adnate. The stalk is thick and 
somewhat expanded in the middle. The veil is pale 
yellow to rusty in color and usually forms a supe-
rior ring on the stalk. The spores are elliptical and 
slightly wrinkled.  

  Distribution and Ecology :      This mushroom appears 
around stumps and trees, particularly in conifer 
and hardwood forests in the fall, winter, and early 
spring. This mushroom is distributed worldwide 
over the United States, Europe, Japan, Australia, 
India, North Africa, and South America.     

  IDENTIFYING CHARACTERISTICS 

  Structure 

 The active constituents of hallucinogenic mushrooms 
are probably indole compounds belonging to a small, 
unique group of natural products that contain hydroxy 
or phosphate groups in position 4 of the indole ring and 
which are derived from tryptamine and the precursor, tryp-
tophan.  11   Psilocybin (CAS RN: 520 - 52 - 5, 4 - phosphoryloxy -
  N , N  - dimethyltryptamine) and the active, dephosphorylated 
metabolite, psilocin (CAS RN: 520 - 53 - 6, 4 - hydroxy -  N , N  -
 dimethyltryptamine) are the main active ingredients, but 
the exact role of these compounds and other constitu-
ents (phenylethylamine, baeocystin) is not well - defi ned. 
Psilocybin and psilocin are struct urally similar to trypt-
amines (bufotenine, harmine, LSD). Figure  64.2  displays 
the chemical structures of psilocybin, psilocin, and the 
demethylated psilocybin compound, baeocystin. In 
addition to psilocybin and baeocystin, the hallu cinogenic 
Central European mushroom,  Inocybe aeruginascens  
contains a quaternary ammonium compound,  N , N ,
 N  - trimethyl - 4 - phosphoryloxytryptamine (CAS RN: 
114264 - 95 - 8, aeruginascin) that is structurally related to 
bufotenidine (CAS RN: 487 - 91 - 2).  16      

       FIGURE 64.2.     Chemical structures of 
psilocybin, psilocin, and baeocystin.  



953

64 PSILOCYBIN and HALLUCINOGENIC MUSHROOMS

Psilocybe cubensis  varied by a factor of 4.  27   The alkaloid 
content of psilocybin - containing mushrooms averages 
about 1 – 2% dry weight (water content approximately 
89    ±    2%), depending on the species, drying method, 
analytic procedure, and season.  27   In a study of 74 samples 
of P .  cubensis  obtained from retail sources, the mean 
percentage (dry weight) of psilocybin and psilocin were 
1.151    ±    0.228 % and 0.126    ±    0.066 %, respectively, as 
measured by cation - exchange liquid chromatography.  28

The average highest alkaloid content by dry weight 
(3.00    ±    0.24 %) in this study of several psilocybin -
 containing mushrooms occurred in specimens of 
Panaeolus cyanescens  Berkeley and Broome. In a study 
of 20 species of mushrooms from 7 genera in the Pacifi c 
Northwest United States, the total psilocybin and psilo-
cin concentration by dry weight ranged from 0.1% to 
about 2% as measured by HPLC.  29

 Table  64.2  lists the indole alkaloid content of psilocy-
bin, psilocin, and baeocystin in samples both from culti-
vated and naturally grown mushroom species. Generally, 
the content of psilocybin is substantially higher than psi-
locin; mushrooms from  Psilocybe semilanceata  and 
Psilocybe bohemica  usually contain the highest concen-
trations of psilocybin.  30,31   The psilocybin and psilocin 
content in fresh and confi scated samples of  P. semi-
lanceata  were approximately 1.8% and 0.2%, respec-
tively.  32   The baeocystin content was about 0.85%. 
Typically, the psilocybin content of  Psilocybe cubensis  is 
about 10 – 12   mg/g dried mushroom.   33   The average psilo-
cybin concen tration in another study of samples of 
Psilocybe cubensis  was about 7   mg/10   g fresh weight 
(7   mg/g dry weight).  34   In 2 series, the psilocybin and psi-
locin content of samples from Psilocybe cubensis  varied 
from approximately 0.17 – 1.07% dry weight and 0.11 –
 0.42% dry weight, respectively, as measured by HPLC 
and gas chromatography/mass spectrometry (GC/MS).   31,35

Analysis of specimens of Psilocybe semilanceata
de monstrated the presence of phenylethylamine at lower 
concentrations than psilocybin,  36   but the role of phenyl-
ethylamine in producing the psychomimetic effects of 
hallucinogenic mushrooms remains unclear. 

samples were not detectable. Other species that contain 
signifi cant concentrations of psilocybin include  P. semi-
lanceata  (Fries) Kummer,  P. bohemica  Sebek,  P. cubensis
(Earle) Singer,  Gymnopilus purpuratus  (Cooke et 
Messe) Sing.,  Panaeolus cyanescens  (Berkley et Broome) 
Sacc., and  Inocybe aeruginascens  Babos.  11

  Panaeolus 

 In a study of the psilocybin content in mushroom 
samples from the genus Panaeolus ,  P. cambodginiensis
and P. subbalteatus  (Berkley et Broome) Sacc. contained 
detectable concentrations of psilocybin whereas  P. foe-
nisecii  (Pers.) J. Schr ö t. ( Psathyrella foenisecii ) and 
Panaeolus papilionaceus  (Bull.) Qu é l ( P. sphinctrinus ) 
did not.  22   Psilocin concentrations in these samples were 
not detectable.  

  Gymnopilus 

 Species from  Gymnopilus  that contain psilocybin 
include G. luteus  (Peck) Hesler,  G .  purpuratus , 
Gymnopilus junonius  ( G .  spectabilis ),  G. subspectabilis , 
G. validipes  (Peck) Hesler,  G. aeruginosus  (Peck) Singer, 
and G. viridans  Murrill.  24   The psilocybin content of 
some of the species (e.g.,  G. junonius ) is highly variable 
and do not contain detectable amounts of psilocybin as 
analyzed by high performance liquid chromatography 
(HPLC; LOD not reported).  25

  Composition 

 The content of psilocybin and psilocin in hallucinogenic 
mushrooms depends on species, season, environmental 
conditions, storage, extraction method, and soil condi-
tions (phosphorus, nitrogen). Experimental studies indi-
cate that psilocybin appears in the initial fruiting phase 
(mycelium knots); the vegetative portion (mycelium) of 
the fungus does not contain psychoactive indole alka-
loids.  26   Even under rigidly controlled growing condi-
tions, the psilocybin content of individual samples of 

TABLE 64.2.    Indole Alkaloid Content (% dry weight) of Cultivated and Natural 
Mushrooms Following Extraction in Pure Methanol.   31

   Species     Psilocybin     Psilocin     Baeocystin  

Psilocybe semilanceata   *      0.98     —     0.34  
Psilocybe bohemica   0.85    0.02    0.04  
Psilocybe bohemica   *      0.93    0.04    0.02  
Psilocybe cubensis   *      0.63    0.11    0.02  
Gymnopilus purpuratus   *      0.34    0.29    0.05  
Inocybe aeruginascens   0.40     —     0.21  
Panaeolus cyanescens   0.32    0.51    0.02  

    *   Cultivated.   
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mushroom users in Edinburgh and Bristol, 47% of the 
users reported the ingestion of hallucinogenic mush-
rooms 4 – 12 times yearly.  40   Reasons for the infrequent 
use included the intensity of the experience, anxiety, and 
paranoia. This study was completed prior to the reclas-
sifi cation of hallucinogenic mushrooms to UK Class A 
drug (most harm, greatest penalty) in 2005. A cross -
 sectional survey of dance drug users in the UK prior to 
the reclassifi cation of psilocybin indicated a lifetime 
(i.e., ever) and current use (i.e., within last month) prev-
alence of 48% and 13.7%, respectively.  41

  DOSE EFFECT 

 The typical recreational dose of psilocybin required to 
produce desired effects is approximately 5 – 15   mg with 
a threshold of about 0.040   mg psilocybin/kg body weight 
and a range up to approximately 50   mg or 3.5 – 5   g dry 
weight (35 – 50   g, wet weight), depending on the species 
and psilocybin content.   42,43   In volunteer studies, the 
ingestion of 0.25   mg psilocybin/kg produced euphoria, 
sense of grandiosity, visual illusions, diffi culty thinking, 
and impaired functioning.  44   In an double - blind experi-
mental study of 12 volunteers receiving up to 0.25   mg/
kg psilocybin (high dose condition), reductions occurred 
in the speed of voluntary movements and working 
memory along with feelings of depersonalization and 
derealization.45   In a clinical trial of the effi cacy of psilo-
cybin in the treatment of 9 patients with obsessive -
 compulsive disorder, psilocybin doses ranged up to 
0.30   mg/kg.  46   Other than transient mild hypertension in 
one subject, no adverse effects were reported. 

 The ingestion of psilocybin causes wide variation in 
the clinical response of different individuals ingesting 
the same dose. Agitation and hallucination developed 
after the ingestion of 10 mushrooms by one patient, 
whereas the ingestion of 200 mushrooms by an unre-
lated patient produced only abdominal pain.  47   The low 
concentration of active ingredients in these species 
limits symptoms after the ingestion of 1 – 2 mushrooms; 
relatively large numbers of mushrooms (10 – 100) are 
necessary to produce psychomimetic effects depending 
on the mood, tolerance, setting, and personality of the 
patient. A case report associated the development of 
coma, convulsions, and hyperthermia with the ingestion 
of cooked mushrooms by young children, but there was 
no laboratory confi rmation or quantitation of psilocy-
bin;48   the clinical course was poorly documented.  

  TOXICOKINETICS 

 In a study of 3 fasted volunteers receiving 0.224   mg 
psilocybin/kg body weight (i.e., about 10 – 20   mg), 
the bioavailability of psilocybin was 52.7%    ±    20%.  17

  Production Processes 

 The chemical synthesis of psilocybin and psilocin is dif-
fi cult compared with 5 - hydroxy substituted indole 
derivatives (e.g., bufotenin, serotonin). A reported syn-
thetic route to psilocybin requires 10 steps and has a 
relatively low yield.  37   Hence, most sources of psilocybin 
are natural.  

  Impurities and Profi ling 

 In samples of hallucinogenic mushrooms confi scated by 
German authorities, the most common mushroom was 
Psilocybe cubensis  followed by  Psilocybe semilanceata , 
Panaeolus cyanescens , and  Psilocybe tampanensis
Guzm á n  &  S.H. Pollock.  33   Table  64.3  outlines the psilo-
cybin and psilocin content of the confi scated mush-
rooms. Psilocybin and psilocin are illegal drugs classifi ed 
by the US Drug Enforcement Agency as schedule I (no 
recognized medical use with high abuse potential).   

Psilocybe subcubensis  is macroscopically similar to 
Psilocybe cubensis ; analysis of a confi scated sample 
from P. subcubensis  demonstrated psilocybin concentra-
tions in the cap and stem of 0.86   mg/g dry weight and 
0.80   mg/g dry weight, respectively.  38   The content of psi-
locin was relatively low (0.02   mg/g dry weight and 
0.03   mg/g dry weight, respectively).  

  Methods of Use 

 Desirable effects of hallucinogenic (magic) mushroom 
use include feelings of a different perspective, hallucina-
tion, joviality, and a sense of being part of the natural 
surroundings. In a Swedish study of 103 suspected cases 
of intoxication from psychoactive plants, analysis of 
urine samples indicated that psilocin was the most fre-
quently detected drug, accounting for 54% of the cases.  39

The source of psilocin for a majority of these individuals 
was the purchase of hallucinogenic mushrooms over 
the Internet. Use of these mushrooms is relatively 
infrequent, but the experience is often intense. In a 
self - selected convenience sample of hallucinogenic 

Table 64.3.    Psilocybin and Psilocin Content of Hallucinogenic 
Mushrooms Confi scated in Germany.   33

   Species     Psilocybin 
Range  *    

   Psilocin 
Range  *    

   Sample Size  

Psilocybe cubensis   N.D. – 1.07    0.01 – 0.23    18  
Psilocybe semilanceata   0.01 – 0.91    0.01 – 0.90    9  
Psilocybe tampanensis   N.D. – 0.19    0.01 – 0.03    4  
Panaeolus cyanescens   0.02 – 1.15    0.09 – 0.90    6  

Abbreviation:  N.D.  =  nondetectable.  
   *   Reported as % dry weight   
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toxicity with an intravenous LD 50  about 2.5 times less 
than the phenethylamine hallucinogen, mescaline.  52,53   
Because of the structural similarity to tryptamines, both 
psilocybin and psilocin demonstrate high affi nity for 
serotonin receptors, particularly 5 - HT 2A  and to a lesser 
extent 5 - HT 1A  receptors. Receptor binding studies in 
rats demonstrate psilocin binds primarily to 5 - HT 2A  
receptors (K i   =  6   nM) with lower affi nity for the 5 - HT 1A  
receptors (K i   =  190   nM).  54   In contrast to another indole-
amine hallucinogen, LSD, psilocybin does not directly 
stimulate dopamine D 2  receptors and most, but not all 
of the hallucinogenic effects of psilocybin are mediated 
by the 5 - HT 2A  receptor.  55   Administration of the 5 - HT 2A  
antagonist, ketanserin, blocks most of the subjective 
effects of psilocybin,  56   whereas the intravenous admin-
istration of the dopamine D 2  receptor antagonists pro-
duces little alteration of the hallucinogenic effects of 
psilocybin.  57   

 Positron emission tomography (PET) studies indi-
cate that psilocybin decreases receptor binding in the 
caudate nucleus and putamen consistent with an increase 
in endogenous dopamine concentrations in the stria-
tum.  44   Hallucinations are illusions that the affl icted 
person believes are real, and these distorted perceptions 
cause changes in emotions and behavior. Unregulated 
agonist activity of neurons associated with the process-
ing of visual and emotional information produces hal-
lucination without alteration of state of consciousness. 

Psilocybin underwent rapid dephosphorylation to psilo-
cin followed by glucuronidation and renal excretion as 
the glucuronide conjugate. In this study, peak plasma 
psilocin concentration occurred at a mean of  ∼ 105    ±    37 
minutes after psilocybin ingestion. The plasma elimina-
tion half - life of psilocin following oral dosing was 
approximately 2.5    ±    1 hours. Figure  64.3  outlines the 
metabolism of psilocybin. An alternative metabolic 
pathway is inactivation of psilocin by monoamine 
oxidase to 4 - hydroxy - tryptopole and 4 - hydroxyindole -
 3 - acetic acid. Excretion of psilocin in the urine occurs 
primarily by psilocybin glucuronidation, catalyzed by 
UGT1A10 in the small intestine and by UGT1A9 in the 
liver.  49   Within the fi rst 24 hours after ingesting 
0.212    ±    0.025   mg psilocybin/kg body weight, the average 
amount of unchanged psilocin excreted in urine samples 
from 8 volunteers was 3.4%    ±    0.9% of the applied 
dose.  50   In a case report involving the ingestion of 
psilocybin - containing mushrooms, the free and total psi-
locin concentrations in a urine sample were 230   ng/mL 
and 1,760   ng/mL, respectively, when analyzed by GC/
MS after enzymatic hydrolysis.  51      

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Animal studies demonstrate that psilocybin produces 
mild sympathomimetic stimulation and relatively low 

       FIGURE 64.3.     Psilocybin metabolism .  50     
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dysphoric symptoms beyond 12 hours is rare.  65   Adverse 
psychiatric symptoms do not usually persist, although 
some case series report the recurrence of fl ashbacks 
and panic attacks within the fi rst 4 months after 
ingestion.47,61

 Several case reports associated suspected intrave-
nous administration of psilocybin extract with vomiting, 
myalgias, hyperpyrexia, hypoxemia, and mild methemo-
globinemia; however, the case reports did not include 
the documentation of psilocybin in serum or urine 
samples.  66   Rare case reports associate recurrent percep-
tual distortions with the use of psilocybin - containing 
mushrooms.  67   These perceptual disturbances include 
abnormal colored images, intensifi ed trailing colors, dis-
torted geometrical forms, micropsia, and macropsia. 
Fatalities during intoxication from hallucinogenic mush-
rooms usually result from altered perception and trauma 
rather than intoxication, frequently in association with 
other drugs.  42

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Analytic methods for the detection of psilocybin and 
the less stable metabolite, psilocin, include infrared 
spectroscopy,  68   ultraviolet spectrophotometry,  68   thin 
layer chromatography,  69   capillary electrophoresis, GC/
MS,  35,70   liquid chromatography/tandem mass spectrom-
etry,  71   and high performance liquid chromatography 
(HPLC).72   Limitations of gas chromatographic methods 
result from the poor volatility of psilocybin and decom-
position of psilocybin (i.e., heat - induced loss of phos-
phate group) during the injection phase; therefore, 
liquid chromatographic methods are preferred to sepa-
ration by gas chromatography. The presence of a phos-
phate ester in psilocybin limits the detection of this 
compound, but not psilocin by GC/MS. HPLC is the 
most common analytic technique with detection modes 
including ultraviolet,  73   fl uorescence,  74   electrochemical,  75

voltametric,  76   mass spectrometry, and chemilumines-
cence.  77   The limit of detection (LOD) for HPLC ranges 
from 1.2    ×    10  - 8  mol/L (chemiluminescence) to 9.7    ×    10  - 6

mol/L (fl uorescence). Other tests for damaged or 
decomposed samples containing psilocybin include 
DNA - based testing using amplifi ed fragment length 
polymorphism.78   The one - step methanol extraction is a 
simple, effi cient method for removing psilocybin and 
related compounds from a fungal mass.  30

 Enzymatic hydrolysis of glucuronide conjugates 
in urine samples and derivation with N  - methyl -  N  -
 trimethylsilyl - trifl uoroacetamide reduces the lower 
limit of quantitation for psilocin from 200   ng/mL to 
10   ng/mL, as measured by GC/MS after solid phase 

Hallucinogenic drugs (e.g., psilocybin) induce states of 
consciousness similar to acute schizophrenic disorders 
along with defi cits in sustained and spatial attention.  58

The sense of the passage of time is slowed, resulting in 
a subjective overestimation of time intervals.  

  CLINICAL RESPONSE 

 The ingestion of hallucinogenic mushrooms containing 
psilocybin produces clinical features qualitatively 
similar to LSD and mescaline, but the dose of psilocybin 
required to produce these symptoms is much higher.  59

Desired subjective effects include giddiness, laughter, 
euphoria, elation, and visual enhancement and altera-
tions of perceptions (e.g., waves, moving surfaces). A 
short latent period of ∼ 30 – 60 minutes precedes the 
onset of somatic symptoms (facial erythema, mydriasis, 
headache, tremor, diaphoresis, agitation, euphoria). The 
onset of clinical effects after the ingestion of water 
extracts (soup, tea) is more rapid compared with the 
whole mushroom (i.e., about 10 minutes vs.  ∼ 20 – 40 
minutes, respectively). Common clinical features associ-
ated with the ingestion of hallucinogenic mushrooms 
include disturbances of affect, body image (depersonal-
ization), and perception; mydriasis; blurred vision; 
hyperrefl exia; and tachycardia. Clinical signs (e.g., tachy-
cardia, hypertension, hyperrefl exia) are usually mild.  60

Compared with LSD, the ingestion of psilocybin fre-
quently produces less intensive depersonalization, 
milder somatic symptoms, and more intense spatial illu-
sions.  11   Alterations of perception (i.e., distortion of 
shapes and colors) occur in most patients, but true visual 
hallucinations are uncommon. Auditory hallucinations 
occur very rarely, although a heightened awareness of 
sound and paresthesias do develop during psilocybin 
intoxication. Drowsiness and a dream - lacking sleep 
often follow the perceptual alterations. The potential for 
self - infl icted or accidental trauma during periods of 
altered behavior represents the greatest health hazard.  61

 Emergency department visits are uncommon after 
the ingestion of psilocybin - containing mushrooms. In 
those who do seek medical assistance, typical presenta-
tion occurs 2 – 4 hours after ingestion and includes symp-
toms of nausea, vomiting, headache, lightheadedness, 
weakness, anxiety, and confusion.  62   Other adverse clini-
cal effects of hallucinogenic mushrooms include fever, 
mydriasis, tachycardia, lightheadedness, ataxia, anxiety, 
fear, apprehension, hallucinations, muscle weakness, 
compulsive movements, and stupor.  63,64   Adverse psycho-
logic reactions during psilocybin intoxication include 
depersonalization, derealization, dysphoria, disorienta-
tion, agitation, delirium, and aggressive behavior. Most 
symptoms resolve within 4 – 6 hours with some sleep 
disturbances lasting up to 24 hours; the persistence of 
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similar to the hypermetabolism in the frontal regions 
associated with the ingestion of mescaline.  83

  TREATMENT 

 Most patients ingest psilocybin - containing mushrooms 
without developing symptoms requiring emergency 
medical care. Decontamination measures are usually 
unnecessary; the use of decontamination measures 
should be limited to cases where other toxic drugs or 
compounds have been ingested within 1 – 2 hours of pre-
sentation. There are no specifi c data on the effi cacy of 
decontamination measures (e.g., activated charcoal) 
after the ingestion of hallucinogenic mushrooms. Rarely, 
the ingestion of hallucinogenic compounds is associated 
with hyperthermia that requires undressing the patient 
and rapid cooling measures. 

 Dysphoria is the major complaint for most patients 
presenting to the emergency department after ingesting 
hallucinogenic mushrooms; a quiet, supportive environ-
ment (darkened room with familiar faces) along with 
calm reassurance usually provides suffi cient treatment 
for the dysphoria. The patient should be observed until 
the dysphoria resolves (i.e., usually within 4 – 6   h). The 
treatment room should contain minimal visual and 
auditory stimuli, and the presence of relatives or friends 
to give reassurance is helpful. Benzodiazepines (e.g., 
diazepam, lorazepam, midazolam) may be necessary for 
sedation if dysphoria persists. Antipsychotics (e.g., halo-
peridol) should be reserved for frank hallucinations. 
Severely agitated patients should be evaluated for rhab-
domyolysis if the agitation persists, and the possibility 
of Amanita phalloides  poisoning should be considered 
in patients presenting with the late onset (e.g.,  > 6   h 
postingestion) of gastrointestinal symptoms.      
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  Chapter 65 

               HISTORY 

 For many centuries, Mazateca shamans from the Sierra 
Mazateca region of the Mexican state of Oaxaca used 
the psychotropic effects of the hallucinogenic mint, 
Salvia divinorum , as a substitute for psilocybin -
 containing mushrooms in ceremonial healing and 
divination rituals.  1   The shamans considered the halluci-
nogenic effects of Salvia divinorum  weak; this plant was 
substituted for hallucinogenic mushrooms in ceremo-
nies only when the supply of these mushrooms was 
inadequate. Jean Basset Johnston fi rst described the use 
of Salvia divinorum  in 1939 while studying the use of 
psilocybin mushrooms by the Mazateca people. This 
plant was not characterized botanically until 1962.  2

Ortega et al isolated and identifi ed the main psychoac-
tive ingredients, salvinorin A and B in 1982.  3   Traditionally, 
use of Salvia divinorum  involved the ingestion of a 
water infusion or mastication of the leaves; however, as 
the use of this plant spread to other parts of North 
America and Europe, smoking the leaves became a 
more popular route of administration. Most countries 
do not regulate the distribution of Salvia divinorum ; 
additionally,  Salvia divinorum  products are available 
over the Internet.  4

  BOTANICAL DESCRIPTION 

Common Name :      Diviner ’ s sage, Mexican mint, 
leaves of Mary the Shepherdess, magic mint, Sally -
 D, Sage of the Seers, ska Pastora, ska Maria, hierba 
de Maria, hojas de la Pastora, hojas de Maria  

Scientifi c Name :    Salvia divinorum  Epling  &  Jativa  

Botanical Family :      Lamiaceae (mint)  
Physical Description :      This perennial herb has large 

green leaves and hollow, square, fl owering stems 
that reach over 1 meter in height. White fl owers 
with purple calyces appear from May thorough 
September. This plant is primarily cultivated, and 
produces fertile seeds. One plant has suffi cient cut-
tings to provide a user with a constant supply of 
the leaves.  

Distribution and Ecology :   S. divinorum  is a native 
plant of a relatively small Sierra Mazateca region 
in the mountainous northeastern Mexican state of 
Oaxaca.  S .  divinorum  grows in forested ravines 
and other humid areas of the Sierra Mazateca at 
altitudes between 750 – 1500   m ( ∼ 2,500 – 5,000   ft).     

  IDENTIFYING CHARACTERISTICS 

 The main active ingredient in this plant is a water -
 insoluble, trans - neoclerodane diterpene called salvino-
rin A (CAS RN: 83729 - 01 - 5, C 23 H 28 O 8 ).  5   Closely related 
compounds present in lower concentrations include sal-
vinorin B, salvinorin C, salvinorin D, salvinorin E, 
salvinorin F, divinatorin A, divinatorin B, divinatorin C, 
and ( - ) - hardwickiic acid. Other compounds in  S.
divinorum  include alkanes, tocopherol, stigmasterol, 
fatty acids, and neophytadiene.  6   Salvinorin A is a 
structurally unique furanolactone neoclerodane diter-
pene that is distinct from other naturally occurring 
hallucinogens (e.g., psilocybin, mescaline,  N , N  -
 dimethyltryptamine), synthetic hallucinogens (e.g., LSD, 
4 - bromo - 2,5 - dimethoxyphylisopropylamine or DOB, 

Salvia divinorum  Epling  &  Jativa and Salvinorin  A      
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sions are the desired effects from  S .  divinorum . Case 
reports describe the use of a quid of  Salvia divinorum  
leaves as a treatment for depression,  10   but the lack 
of clinical trials limits any conclusions regarding the 
effectiveness of  Salvia divinorum  as an antidepressant. 

 The plant is available over the Internet and in smart 
shops (vendors specializing in natural psychoactive 
drugs) as dried plant material, fortifi ed plant material, 
and liquid extracts.  11   Figure  65.2  displays confi scated 
salvia leaves, and Figure  65.3  displays the liquid extract 
of  S .  divinorum . Most countries do not regulate the use 
of this plant, except Australia, Belgium, Denmark, 
Estonia, Finland, Italy, South Korea, Spain, and Sweden. 
In Europe,  S .  divinorum  is cultivated as a substitute for 
marijuana.  S .  divinorum  is not listed as a controlled 
substance under the US Controlled Substances Act, but 
some individual states (Delaware, Louisiana, Maine, 
Missouri, North Dakota, Oklahoma, Tennessee) control 
the use of this plant.  Salvia divinorum  is commonly 
smoked in home environments, although a signifi cant 
minority use  Salvia divinorum  in more social settings 
(parks, bars, parties).  12   Use of  Salvia divinorum  is par-
ticularly common among polydrug users (e.g., lysergic 
acid diethylamide, ecstasy, phencyclidine, cocaine, 
heroin).  13      

ketamine) and opiates; salvinorin A lacks the amino 
and phenolic moieties common to all opiate - based 
ligands. This compound is the fi rst reported nonnitrog-
enous (non - alkaloidal) opioid receptor agonist and 
hallucinogen.  7   In contrast to most hallucinogens, sal-
vinorin A has  κ  - opioid agonist activity (analgesia, dys-
phoria, perceptual distortions, sedation) rather than 
affi nity for 5 - HT 2A  receptors.  8   Figure  65.1  demonstrates 
the structurally related salvinorin compounds. Under 
normal conditions, drying the leaves does not affect 
potency.  9      

  EXPOSURE 

  Sources 

 Indians from the Sierra Mazateca region of Mexico used 
this plant for divination. Mazateca shamans (curanderos 
or folk healers) utilize the dream - like states induced 
by this indigenous plant to venture into supernatural 
realms and contact divine entities to remedy the com-
plaints of their clients. Additionally, this plant has 
been part of healing ceremonies of the Mazateca Indians 
of Oaxaca for headaches, anemia, diarrhea, and 
rheumatism.  1   In Western drug cultures, visionary illu-

       FIGURE 65.1.     Chemical structures of 
salvinorin compounds.  
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weight with an average of about 0.245%.  16   The stems 
contain much smaller (e.g., 4%) salvinorin A concentra-
tions compared with the dried leaves. In 3 samples of 
dried S .  divinorum  leaves obtained over the Internet in 
Japan, the salvinorin A and salvinorin B (deacetylated 
metabolite) content of the dried leaves ranged between 
0.32 – 0.50% and 0.01 – 0.017%, respectively.  17   The con-
centrated extracts of S .  divinorum  from this study con-
tained much higher concentrations of salvinorin A 
(0.41 – 3.89%) and salvinorin B (0.026 – 0.242%) than the 
dried leaves. Some geographic variation occurs in the 
content of salvinorin A and other salvinorin compounds. 
Table  65.1  lists the salvinorin content of  S .  divinorum
leaves grown in Sierra Mazateca and in Hawaii. This 
analysis indicates that salvinorin A may not be the most 
abundant salvinorin compound in certain strains of S . 
divinorum  leaves.  18

 The salvinorin A content in  Salvia divinorum  prod-
ucts available over the Internet and in drug parapher-
nalia shops is highly variable. Analysis of a convenience 
sample of 4 S .  divinorum  leaves and one  S .  divinorum
extract marketed as herbal products (Internet, drug 
paraphernalia shops) suggested that these products 
contain much less (i.e., 1 – 16%) salvinorin A than the 
label claims.  19   The content of salvinorin A in the leaves 
ranged between 0.126 – 1.137   mg/g, whereas the extract 
contained 0.952   mg/g. 

 Salvinorin C and other salvinorin compounds are 
minor constituents of S .  divinorum  compared with sal-
vinorin A, and the former compound has weaker affi nity 
for the κ  - opioid receptor than salvinorin A.  20   The ratio 
of salvinorin C/salvinorin A is greater in mature leaves 
and stems than in young leaves and bracts. Woody vas-
cular tissue and the pith of the stems do not contain 
salvinorin compounds.  

  Methods of Abuse 

 Traditionally, leaves from  S. divinorum  are masticated 
as a quid or crushed and the extract ingested as a 
beverage. The main route of administration for the 

FIGURE 65.2.     Dried salvia leaves.  (Photo courtesy of  Drug
Identifi cation Bible )   

FIGURE 65.3.     Liquid extract of  Salvia divinorum .  (Photo 
courtesy of Drug Identifi cation Bible )   

TABLE 65.1.    Salvinorin Concentrations in Samples from 
Sierra Mazateca and Hawaii.   18

   Compound     Sierra Mazateca 
(% w/w)  

   Hawaii 
(% w/w)  

  Salvinorin A    0.76    0.78  
  Salvinorin B    0.42    1.04  
  Salvinorin C    0.59    0.62  
  Salvinorin D    0.05    0.05  
  Salvinorin E    0.02    0.03  
  Salvinorin F    0.16    0.15  

  Composition 

 Extracts of  S .  divinorum  contain at least 15 neoclero-
dane diterpene compounds (salvinorin A - I, divinatorin 
A - F, salvidivin A - D).  14   Salvinorin A and related com-
pounds are components of a complex resin that accu-
mulates in the subcuticular space of peltate glandular 
trichomes.  15   In a study of 20 dry leaf samples, the sal-
vinorin A content ranged between 0.0895 – 0.37% dry 



PART 2 PSYCHOACTIVE PLANTS

964

the production of increasingly hydrophilic metabolites 
before excretion by the kidney.  7

 The distribution and elimination of salvinorin A in 
the brain is consistent with the rapid action and brief 
(i.e., 10 minutes) duration of action. In a positron emis-
sion tomography (PET) study of baboons using [ 11 C] -
 salvinorin A, 3.3% of the injected dose appeared in the 
brain within 40 seconds; the mean elimination half - life 
of this radiolabeled compound from the brain was 
approximately 8 minutes.  30   In a rodent study, the mean 
plasma elimination half - life was about 75 minutes.  29

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Salvinorin A is a potent  κ  - opioid receptor agonist that 
is structurally distinct from classical hallucinogens and 
opioid agonists.  27    In vitro  studies indicate that salvinorin 
A binds to G protein - coupled  κ  - opioid receptors, but 
not to cloned μ  - opioid or  δ  - opioid receptors.  31   Salvinorin 
A demonstrates no affi nity for the 5 - HT 2A  serotonin 
receptor, which is the principal molecular target of clas-
sical hallucinogens.  32   These  in vitro  studies indicate that 
salvinorin A has little affi nity for norepinephrine, dopa-
mine, glutamine, or GABA - transporters. Salvinorin B, 
salvinorin D, and salvinorin E are inactive at the  κ  -
 opioid receptor, but salvinorin C may possess weak  κ  -
 opioid agonist activity.  27

  CLINICAL RESPONSE 

 Depending on the dose and individual sensitivity, the 
clinical response ranges from subtle changes in percep-
tion to profound dream - like visions and bizarre feelings 
of depersonalization. Pulmonary absorption of high 
doses of salvinorin A from  S. divinorum  produces audi-
tory and visual hallucinations, loss of body control, 
alterations in perception, sense of motion, perception of 
being in more than one location at a time, reliving child-
hood experiences, amnesia, hysterical laughter, and loss 
of consciousness.  25   Typically, the hallucinations involve 
synesthesias (i.e., hearing colors, smelling sounds) that 
are accompanied by a feeling of separation of the mind 
from the body (spatiotemporal dislocation).  33   The inten-
sity of the hallucinogenic experience associated with 
smoking S .  divinorum  leaves varies substantially 
depending on the individual and the setting based on 
observations of videos of S .  divinorum  users.  34   The most 
frequently endorsed responses of recent S .  divinorum
users in an online survey were  “ unexpected effects ”  and 
 “ excessively intense experience ” ; these responses 
suggest that the hallucinogenic and dissociative effects 
of using this compound are greater than other halluci-
nogens (LSD, psilocybin) used by this group.  35   Some 

recreational use of S .  divinorum  is smoking the dry 
leaves.  21   The large number of leaves required for hal-
lucinogenic effects and bitterness of the prepared 
aqueous extracts of this plant limit abuse. The effects of 
salvinorin A appeal more to individual experimentalists 
seeking philosophical insights rather than to party - goers 
seeking pleasurable experiences. Preliminary data sug-
gests that the chronic use of S .  divinorum  is not preva-
lent among college students.  11

  DOSE EFFECT 

 The potency of salvinorin A is similar to synthetic hal-
lucinogens (e.g., lysergic acid diethylamide [LSD], 
2,5 - dimethoxy - 4 - bromoamphetamine [DOB]). The 
effective oral dose of salvinorin A in humans ranges 
from about 0.2 – 1   mg. In an experimental study of 
healthy, hallucinogen - experienced participants, the 
inhalation of salvinorin A doses up to 0.021   mg/kg 
bodyweight did not alter heart rate or blood pressure 
despite the presence of subjective effects.  22   Typically, 
dried leaves from S .  divinorum  contain 0.9 – 3.8   mg sal-
vinorin A, and the inhalation of vapors from  < 500   mg 
of these leaves are required to produce a hallucinogenic 
experience.  23   By convention, counting of leaves is done 
in pairs rather than individual leaves. Traditionally, small 
doses (4 – 5 pairs of fresh or dried leaves) are used for a 
tonic, whereas large doses (20 – 60 pairs of leaves) 
produce vivid hallucinations. The chewing of less than 
20 pair of leaves reportedly does not produce altered 
states of consciousness.  9

  TOXICOKINETICS 

 Salvinorin A is well - absorbed through the oral mucosa 
and the lungs; however, the gastrointestinal tract deac-
tivates this compound. The administration of up to 4   mg 
salvinorin A sublingually for 5 minutes did not result in 
physiologic or subjective effects in 8 volunteers with 
experience using S .  divinorum .  24   Consequently, use of 
this compound for hallucinogenic purposes typically 
involves smoking or prolonged mastication ( > 10   min) 
rather than ingestion.  25   The mean plasma elimination 
half - life of salvinorin A in primates following intrave-
nous administration was 56.6    ±    24.8 minutes.  26   The C2 
hydroxyl derivative, salvinorin B, is the major metabo-
lite of salvinorin A as a result of the hydrolysis of the 
2 - acetoxy group of salvinorin A; salvinorin B is an inac-
tive metabolite.  27,28    In vitro  studies suggest the involve-
ment of UGT2B7 and several cytochrome P450 
isoenzymes in the biotransformation of salvinorin A 
including CYP2D6, CYP1A1, CYP2E1, and CYP2C18.  29

Other enzymes (e.g., lactonases, UGT2B7) may catalyze 
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for salvinorin A in plasma is 2   ng/mL. For analysis of 
these compounds in plant material, analytical methods 
include liquid chromatography/electrospray ionization/
multistage ion trap/mass spectrometry,  18   high perfor-
mance liquid chromatography with UV detection,  16   and 
thin layer chromatography/gas chromatography/mass 
spectroscopy.  45   Routine urine drug screens do not 
usually detect the use of S .  divinorum .  46   Following the 
smoking of 75   mg  Salvia divinorum  leaves, urine samples 
collected from 2 volunteers about 1.5 hours after 
smoking contained salvinorin A concentrations of 
2.4   ng/mL and 10.9   ng/mL, as measured by GC/MS 
(LOD, 5   ng/mL).  43   Blood samples could not be col-
lected from these 2 volunteers because they experi-
enced intense hallucinations immediately after smoking 
began. Salvinorin A was not detectable in urine samples 
collected 9.5 hours after smoking began when measured 
by GC/MS (LLOQ, 15   ng/mL).  

  TREATMENT 

 Although agitation, delirium, or confusion may occur 
after the use of Salvia divinorum , the physiologic and 
psychologic effects of this hallucinogen typically are 
mild.47   These patients usually respond to a quiet, sup-
portive environment. Benzodiazepines are rarely 
required for sedation. The major risk following the use 
of Salvia divinorum  is trauma secondary to altered sen-
sorium. Naloxone is a potential antidote for the clinical 
effects of Salvia divinorum  based theoretically on the 
opioid agonist activity of salvinorin A, but there are 
inadequate data to determine the effectiveness of nal-
oxone on the reversal of clinical effects of this plant. In 
mice, treatment with the  κ  – opioid receptor antagonist, 
norbinaltorphimine (CAS RN: 105618 - 26 - 6) prior to the 
intravenous administration of salvinorin A completely 
prevents the analgesic effects of salvinorin A.  48
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sent an entirely unique experience.  37
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  DIAGNOSTIC TESTING 
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< 8.5%. For liquid chromatography/atmospheric pres-
sure chemical ionization/mass spectrometry, the LLOQ 
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  Chapter 66 

   COMMON TOBACCO 
(Nicotiana tabacum   L .) 

           HISTORY 

 The tobacco plant was a common commercial plant long 
before Christopher Columbus reached the Americas. 
The major active ingredient of tobacco, nicotine, was 
named after Jean Nicot, who popularized the use of 
tobacco in the 16 th  century as an analgesic for head-
aches.  1   The indigenous North American tobacco plant is 
Nicotiana rustica . Although the South American variety, 
N. tabacum,  was cultivated in Virginia by European set-
tlers for commercial purposes, Native Americans smoked 
N. rustica  (Aztec tobacco) leaves for many centuries 
prior to the voyages of Columbus. On October 11, 1492, 
Christopher Columbus was given dried tobacco leaves 
at the House of the Arawaks. The Indians taught tobacco 
smoking to European sailors; subsequently, the tobacco 
plant was introduced along all major trade routes in 
Europe, Asia, Africa, and Australia. The tobacco plant 
(N. tabacum ) fi rst grown in France and Spain originated 
in Brazil and Mexico, whereas in Portugal and England, 
the tobacco plants ( N. rustica ) fi rst originated in Virginia 
and Florida.  2   Nicotine was isolated from  Nicotiana
species in 1828, but the pharmacologic properties of 
nicotine were not identifi ed until 1898.  1

 The modern history of tobacco smoking started with 
the design of the cigarette vending machine patented by 
James Bonsack in 1880, encouraged in part by concern 

over the spread of tuberculosis by the spitting of chewing 
tobacco. Since the 1920s, cigarettes accounted for 
most of the consumption of tobacco with cigars, chewing 
tobacco, and pipes declining to a relatively small 
portion of tobacco consumption.  2   Although the associa-
tion between smoking and pulmonary diseases was 
fi rst recognized in the 1870s, the association of smoking 
with various diseases was ignored until the 1950s. 
Several case - control studies during the early 1950s 
related smoking to the development of lung cancer; by 
the end of the 1950s, cohort studies suggested a causal 
relationship between smoking and lung cancer as well 
as other diseases.  3   The US Surgeon General fi rst sug-
gested a link between tobacco smoking, emphysema, 
and cancer in 1964.  4   By 1984, suffi cient data accumu-
lated that allowed the US Surgeon General to state that 
cigarette smoking was a major cause of chronic obstruc-
tive lung disease.  5   As a result of increased awareness 
and antitobacco sentiment in the United States, tobacco 
smoking rates decreased from 42% in 1965 to 25% in 
1990. Since that time, US smoking rates have declined 
slowly with the US tobacco smoking rate being about 
21.6% in 2003,  6   20.9% in 2004,  7   and 19.8% in 2007.  8

Within the last 5 years, there has been little change in 
U.S. smoking rates with an estimated 20.6% of U.S. 
adults over 18 years of age being current cigarette 
smokers in 2009.  9

  BOTANICAL DESCRIPTION 

 The genus  Nicotiana  consists of about 60 plant species 
in North and South America, Australia, and the South 
Pacifi c.  1    N. rustica  L. is native to Virginia, but the com-

Tobacco, Nicotine, and Pituri     
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  IDENTIFYING CHARACTERISTICS 

 Nicotine [( S ) - 3 - (1 - methyl - 2 - pyrrolidinyl)pyridine, CAS 
RN: 54 - 11 - 5] is a tertiary amine consisting of a pyridine 
and a pyrrolidine ring (Figure  66.2 ). Tobacco products 
contain the citrate and malate salts of nicotine, whereas 
insecticides contain the free alkaline base or sulfate 
salt.  10   Minor alkaloids in tobacco leaves with nicotine -
 like pharmacologic activity include nornicotine (CAS 
RN: 494 - 97 - 3), metanicotine (CAS RN: 538 - 79 - 4), and 
anabasine (CAS RN: 494 - 52 - 0); however, these minor 
alkaloids are less potent pharmacologically than nico-
tine.  11   Nicotine is a water soluble, weak base with an 
alkaline pK a  of 8.0 – 8.5. At pH 8.9, about 90% of nico-
tine is unbound. Table  66.1  lists some of the physio-
chemical properties of nicotine.      

  EXPOSURE 

  Origin 

 Cultivation of tobacco occurs in over 100 countries with 
the top fi ve producers in order (China, Brazil, India, 
United States, Malawi) accounting for two - thirds of the 
worldwide production. Nicotine is the major addictive 
constituent of tobacco products. Cigarettes are the most 
common method of smoking tobacco, both as manufac-
tured and hand - rolled products. These products used 
fi ne - cut tobaccos wrapped in paper or maize leaves. 
Cigars contain cut tobacco surrounded by a binder leaf 
and a wrapper leaf rolled on the outside of the tobacco 
contents, whereas bidis contain shredded tobacco 
wrapped in nontobacco leaves (e.g., dried tendu leaves, 
 Diospyros melanoxylon  Roxb.). Table  66.2  describes the 

mercial value of this plant is substantially less than the 
South American native,  N. tabacum .

   Common Name :      Burley tobacco, common tobacco, 
cultivated tobacco  

  Scientifi c Name :       Nicotiana tabacum  L.  
  Botanical Family :      Solanaceae (nightshade)  
  Physical Description :      A stout annual herb with few 

leafy branches and a height of about 2 – 3   m ( ∼ 6 – 10 
feet). The long leaves are ovate or lanceolate, mea-
suring up to 60   cm ( ∼ 2 feet) in length. Pale, cream -
 colored to pink fl owers are about 5   cm (2 inches) 
long and clustered at the ends of the branches. The 
globular seeds are brown and somewhat kidney -
 shaped. Figure  66.1  displays the leaves and fl owers 
of the common tobacco plant.    

  Distribution and Ecology :      This plant is a native 
species of South America that is now cultivated 
worldwide. Common tobacco prefers humid envi-
ronments (80 – 85% humidity) and warm tempera-
tures (20 – 30 o C/68 – 86 o F). This plant does not 
survive well in the wild.     

       FIGURE 66.1.     Leaves and fl owers of  Nicotiana tabacum  L. 
(common tobacco).  (Photo courtesy of J. S. Peterson and 
USDA - NRCS PLANTS Database.)   

       FIGURE 66.2.     Chemical structure of nicotine.  

  TABLE 66.1.    Physiochemical Properties of Nicotine. 

   Physical Property     Value  

  Melting Point     − 79 o C ( − 110 o F)  
  Boiling Point    247 o C ( ∼ 477 o F)  
  pKa Dissociation Constant    3.1  
  log P (Octanol - Water)    1.17  
  Water Solubility    1.00E  +  06   mg/L  
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common tobacco smoking products used in the world. 
Iqmik is a mixture of tobacco leaves and alkaline fungus 
ash ( Phellinus igniarius  L.) used by native peoples in 
Western Alaska as a recreational smokeless tobacco 
product.  12   The use of narghile waterpipes (hookah, 
shisha) is an increasing popular method of smoking 
tobacco.  13   The highly aromatic and fl avored tobacco 
paste (maassel) is placed in the head of the waterpipe 
as demonstrated in Figure  66.3 . The maassel may include 
a variety of fl avorings (e.g., apple, cappuccino, mint). 
The prepackaged paste contains glycerol and  ∼ 25% w/w 
tobacco along with the fl avoring.  14   Because of the high 
water content of maassel, the use of charcoal is neces-
sary to maintain combustion of the maassel. A typical 
hookah session lasts about 1 hour. The prevalence of the 
use of waterpipes to smoke tobacco is increasing in the 
Middle East and worldwide including the United States, 
particularly among adolescents and young adults who 
use alcohol, tobacco, and cannabis.  15,16   In a cross -
 sectional survey of 689 high school students in southern 
California, ever - use and current use of hookah was 
 ∼ 26% and  ∼ 10%, respectively.  17       

   Composition 

  Tobacco Products    

 Nicotine is the major toxic alkaloid in  N. tabacum  (cul-
tivated tobacco) leaves averaging between 0.2 – 4.75% in 
cured tobacco by weight, depending on growing condi-
tions, maturity, use of fertilizers, position of leaf on the 
stalk, and plant genetics.  2   In a study of 15 popular US 
brands of cigarettes, the cigarette tobacco contained an 
average nicotine content of 1.57%    ±    0.33% weight, and 

       FIGURE 66.3.     Schematic representation of a narghile 
(hookah) waterpipe.  14   Sweetened tobacco (maassel) is placed 
in the head with burning charcoal on top of the tobacco to 
maintain combustion. Perforated aluminum foil separates the 
burning charcoal and maassel. Smoke exits the head when 
inhalation at the mouthpiece increases the temperature of the 
charcoal; the smoke then fl ows through the water and into the 
hose.  Reprinted from Food and Toxicology, Vol. 48, Issue 11, 
E Sepetdjian, N Saliba, A Shihadeh, Carcinogenic PAH in 
waterpipe charcoal products, p. 3243, copyright 2010, with per-
mission from Elsevier.   

Mouthpiece
Tobacco

Charcoal

Head

Body

Hose

Bowl

Water

  TABLE 66.2.    Common Types of Tobacco Smoking Products.   Adapted from Reference  2 .   

   Type     Description  

  Bidi    Hand - rolled Indian cigarettes that contain 0.2 – 0.3   g sun - dried tendu (temburni) leaf rolled into a conical 
shape together with fl aked tobacco and secured with a thread  

  Chuttaa    Hand - rolled, home - made small cigar prepared by rolling local tobacco inside a sun - dried tobacco leaf. 
Reverse smoking (burning end inside mouth) of chuttaa is prevalent in women from rural India.  

  Cigar    Any roll of tobacco wrapped in leaf tobacco or in any other substance containing tobacco. Varieties include 
regular cigars, premium cigars, little cigars, and small cigars ( “ cigarillos ” ) with fi lters and shaped like 
cigarettes. Regular cigars are up to 17   mm (2/3 inch) in diameter and 110 – 150   mm (4 ¼  – 6 inches) in length.  

  Cigarette    Any roll of tobacco wrapped in paper or other nontobacco material with or without fi lter. Dimensions: 
approximately 8   mm (1/3 inch) in diameter and 70 – 120   mm (2 ¾  – 4  ¾ )in length  

  Hookah    Waterpipe using sweetened and fl avored tobacco (maassel) along with charcoal to maintain combustion of 
the moist tobacco.  

  Kretek    Small cigar containing tobacco (approximately 60%), cloves, and cocoa. The burning blend gives a 
characteristic fl avor and honey - like taste to the smoke.  
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mental characteristics and the physiochemical proper-
ties (e.g., volatility, stability) of the individual chemicals. 
Table  66.3  lists the yields from 40 chemicals in main-
stream smoke from 26 US cigarette brands using the 
Massachusetts method of machine - smoking. Sidestream 
smoke is released from the burning end of the tobacco 
or through the surrounding material mostly between 
puffs, whereas secondhand (environmental) smoke is an 

nicotine represents approximately 95% of the total 
alkaloid content.  18   The classifi cation of tobacco is based 
primarily on curing methods and tobacco types. For 
example, US tobacco types used in cigarettes include 
fl ue - cured, fi re - cured, light air - cured, and dark air - cured. 
These tobacco products are blended to achieve a spe-
cifi c pH, taste, nicotine content, and burning character-
istics. The nicotine content of oral snuff and pipe tobacco 
are similar to cigarette tobacco, whereas cigars and 
chewing tobacco contain about half the nicotine content 
of cigarette tobacco.  19   In general, a typical commercial 
tobacco cigarette (rod) contains about 8 – 14   mg nico-
tine.  20   In a study of the nicotine content of Japanese 
cigarettes, mean percentage of nicotine in the tobacco 
in 32 fi ltered cigarettes was 1.77    ±    0.30%.  21   The amount 
of tobacco in these cigarettes ranged between 800 –
 1,000   mg and the nicotine content between 13 – 30   mg. 
The usual absorbed dose of nicotine from smoking a 
cigarette is about 1 – 1.5   mg with a range of 0.3 – 2   mg 
depending on nicotine content and smoking techniques. 
In a volunteer study, estimates of the absorbed nicotine 
dose from average exposure to tobacco products was as 
follows: cigarette, 1.8   mg; snuff, 3.6   mg; chewing 
tobacco, 4.5   mg; and gum, 1.9   mg.  22   The nicotine in 
tobacco is primarily the ( S ) - isomer with the ( R ) - isomer 
representing only about 0.1 – 0.6% of the total nicotine 
content. However, racemization during the combustion 
process increases the ( R ) - isomer content to about 10% 
of the nicotine content in smoke.  23   The most abundant 
minor alkaloids are nornicotine and anatabine (CAS 
RN: 581 - 49 - 7) followed by anabasine and metanicotine. 
Unburned tobacco contains fewer carcinogens than 
tobacco smoke. The most potent carcinogens in smoke-
less tobacco products are nitrosamines including 
4 - (methylnitrosamino) - 1 - (3 - pyridyl) - 1 - butanone 
[NNK] and N ’   - nitrosonornicotine [NNN].  24   Ammonium 
hydroxide and diammonium phosphate are added to 
reconstituted tobacco leaf as a fl avoring agent and 
binder. In rodent studies, the addition of these com-
pounds up to 5% of tobacco leaf increases per cigarette 
yields of nicotine, tar, and total particulate matter; 
however, 90 - day inhalation studies demonstrate a 
decrease in formaldehyde content in smoke and minimal 
histopathologic changes when compared with tobacco 
leaf without these 2 compounds.  25

  Tobacco Smoke      

Mainstream Smoke.     Mainstream smoke is the smoke 
released from the mouth - end of the tobacco smoking 
product during puffi ng that is an aerosol containing 
gases (i.e., primarily nitrogen, oxygen, carbon dioxide) 
and about 10  10   particles/mL (tar). The distribution of 
chemicals between the two phases depends on environ-

TABLE 66.3.    Selected Yields of Chemicals in Mainstream 
Cigarette - Machine Smoke from 26  US  Brands.   Adapted from 
Reference  2 .   

   Constituent     Median Yield     Range  

  Tar    25.8   mg    6.1 – 48.7   mg  
  Carbon monoxide    22.5   mg    11.0 – 40.7   mg  
  Nicotine    1.70   mg    0.50 – 3.32   mg  
  Acetaldehyde    1618.1    μ g    596.2 – 2133.4    μ g  
  Isoprene    713.2    μ g    288.1 – 1192.8    μ g  
  Acetone    627.9    μ g    258.5 – 828.9    μ g  
  Nitric oxide    457.3    μ g    202.8 – 607.1    μ g  
  Hydrogen cyanide    380.8    μ g    98.7 – 567.5    μ g  
  Methyl ethyl ketone    170.3    μ g    72.5 – 230.2    μ g  
  Acrolein    162.9    μ g    51.2 – 223.4    μ g  
  Toluene    124.2    μ g    48.3 – 173.7    μ g  
  Propionaldehyde    110.2    μ g    46.8 – 144.7    μ g  
  Hydroquinone    103.9    μ g    27.7 – 203.4    μ g  
  Catechol    92.1    μ g    28.1 – 222.8    μ g  
  Benzene    75.9    μ g    28.0 – 105.9    μ g  
  1,3 - Butadiene    75.2    μ g    23.6 – 122.5    μ g  
  Butyraldehyde    70.0    μ g    28.8 – 95.6    μ g  
  Formaldehyde    49.5    μ g    12.2 – 105.8    μ g  
  Crotonaldehyde    44.1    μ g    11.6 – 66.2    μ g  
  Ammonia    36.6    μ g    9.8 – 87.7    μ g  
  Phenol    25.1    μ g    7.0 – 142.2    μ g  
  Acrylonitrile    23.2    μ g    7.8 – 39.1    μ g  
m  - Cresol  +   p  - cresol    19.4    μ g    7.3 – 77.3    μ g  
  Pyridine    14.9    μ g    2.8 – 27.7    μ g  
  Styrene    11.7    μ g    4.5 – 19.3    μ g  
o  - Cresol    8.0    μ g    ND – 33.9   ug  
  Quinoline    1.0    μ g    0.3 – 2.7    μ g  
  NNN    199.1   ng    99.9 – 317.3   ng  
N  - Acetyltransferase    186.3   ng    95.2 – 298.6   ng  
  NNK    147.3   ng    53.5 – 220.7   ng  
  Cadmium    131.8   ng    31.0 – 221.8   ng  
  Lead    52.1   ng    11.0 – 92.1   ng  
  1 - Aminonaphthalene    30.7   ng    13.4 – 64.5   ng  
N  - Nitrosoanabasine    26.2   ng    14.2 – 45.3   ng  
  Benzo[a]pyrene    22.5   ng    5.6 – 41.5   ng  
  2 - Aminonaphthalene    15.5   ng    5.7 – 28.6   ng  
  Arsenic    10.7   ng    1.6 – 24.9   ng  
  Mercury    4.8   ng    2.5 – 14.2   ng  
  4 - Aminobiphenyl    4.5   ng    18. – 7.8   ng  
  3 - Aminobiphenyl    2.9   ng    1.3 – 4.8   ng  

Abbreviations:  NNN    =    N ′  - nitrosonornicotine; NNK    =    4 - (methylnitro-
samino) - 1 - (3 - pyridyl) - 1 - butanone   
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0.9   mg compared with 1.4   mg in 1968.  31   The tar yield, 
nicotine content, and carbon monoxide concentrations 
in tobacco smoke do not correlate directly to the 
amounts of various carcinogens present in tobacco 
smoke. Narghile waterpipe smoke (hookah, shisha) con-
tains substantial amounts of nicotine and polycyclic aro-
matic hydrocarbons associated with cancer, at least in 
part as a result of the combustion of charcoal during the 
heating of tobacco; however, the exact composition of 
waterpipe smoke differs from cigarette smoke.  32,33

Secondhand (Environmental) Smoke.     Second hand 
(environmental) tobacco smoke is a mixture of exhaled 
mainstream smoke and sidestream smoke from the 
tobacco smoking source that is diluted with ambient air. 
Secondhand tobacco smoke is qualitatively different 
than mainstream smoke, consisting of a gas phase and 
a particulate phase that change with time and distribu-
tion in the environment. Table  66.4  lists the ratio of the 
concentration of some carcinogens in sidestream smoke 
to the ratio of these compounds in mainstream smoke. 
There is substantial variability in the chemical composi-
tion of inhaled secondhand smoke depending on the 
smoking source and smoking patterns. Secondhand 
smoke contains nicotine as well as carcinogens and 
other toxins. The dilution of sidestream smoke in 
ambient air causes substantially less intake of 
carcinogens than mainstream smoke; therefore, the car-
cinogenic risk of lung cancer is proportionally reduced 
for passive smoking compared with active smoking.  34

The typical nicotine concentration in the ambient air 
from homes of tobacco smokers ranges from about 
2 – 10    μ g/m 3 .     

  DOSE EFFECT 

  Tobacco Products 

 The average manufactured cigarette in the United 
States contains 8 – 14   mg of nicotine; during usual 
smoking conditions, the cigarette smoker absorbs 
approximately 1 – 2   mg nicotine/cigarette.  35,36   Nicotine 
extraction from 5 – 10 cigarettes in hot water and the 
subsequent administration of the fl uid as an enema 
resulted in moderately severe poisoning.  37   Although 
most cases of cigarette ingestion by children result in no 
or mild symptoms, severe poisonings (depressed respi-
ration, dysrhythmias, convulsions) occurred after the 
reported ingestion of 2 European cigarettes (nicotine 
content not reported) by 9 -  and 10 - month - old infants.  38

A retrospective review of 700 US children below the 
age of 6 years indicated that serious toxicity is unlikely 
following the ingestion of < 2 whole cigarettes or  < 6 
cigarette butts.  39   This study also indicated that the inges-

air - diluted mixture of sidestream smoke and exhaled 
mainstream smoke. About 15 – 25% of the nicotine in 
tobacco appears in mainstream smoke, while sidestream 
smoke contains about 75% of the nicotine in cigarette 
tobacco.  26

 The particulate phase of tobacco smoke contains 
at least 3,500 chemicals and over 60 carcinogens for 
which there is suffi cient evidence of carcinogenicity 
in either laboratory animals or humans as evaluated by 
the International Agency for Research on Cancer 
(IARC). These carcinogens include polycyclic aromatic 
hydrocarbons (e.g., benzo[a]pyrene), nitrosamines, and 
aromatic amines), aromatic amines, benzene,  N  -
 nitrosamines, and low - molecular - weight organic com-
pounds as well as other lung carcinogens, tumor 
promoters, and cocarcinogens.  27   Many of the compounds 
are carcinogenic in some, but not all, animal models with 
the exception of the tobacco - specifi c  N  - nitrosamine, 
4 - (methylnitrosamino) - 1 - (3 - pyridyl) - 1 - butanone 
(NNK). This compound is a potent carcinogen in all 
three rodent models (hamster, mouse, rat) tested. In 
general, the concentrations of strong carcinogens (e.g., 
polycyclic aromatic hydrocarbons, nitrosamines, aro-
matic amines) occur in smaller amounts than weak car-
cinogens (e.g., acetaldehyde).  28   Cigarette smoke also 
contains metals including cadmium, lead, chromium, 
nickel, mercury, and arsenic. The carcinogenicity of 
metals in tobacco smoke is not well defi ned because of 
the lack of data on valence states and anions that 
strongly infl uence the carcinogenic properties of these 
metals. Table  66.4  lists the most important carcinogens 
in mainstream tobacco smoke. In addition to being a 
tumor promoter, cigarette smoke contains cocarcino-
gens (e.g., catechol, methylcatechol, pyrogallol, pyrene, 
benzo[e ]pyrene, fl uoranthene, decane, undecane).  27

Cigarette smoke contains free radicals in the particulate 
phase that can induce oxidative damage.  29

 Most of these carcinogens form during combustion; 
consequently tobacco smoke contains more carcinogens 
than tobacco leaves.  30   The chemical composition of 
tobacco smoke depends primarily on the type of tobacco 
and smoking method rather than stated tar yields. 
Newer curing technologies can reduce the concentra-
tions of tobacco - specifi c nitrosamines (e.g., NNK). 
Other factors determining the composition of tobacco 
smoke include the presence of fi lters, type of additives, 
amount of ventilation, and the paper porosity. Almost 
three - quarters of the nicotine in a cigarette appears in 
the sidestream smoke, primarily in the gaseous or vapor 
phase. In most developed countries, the yield of tar, 
nicotine, and carbon monoxide in cigarette smoke has 
decreased over recent decades based on standard 
machine - smoking tests. The sales - weighted average 
yield of nicotine in US cigarette smoke in 1998 was 
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cessation reduces the risk of developing lung cancer 
after 5 years of abstinence, but the relative risk of lung 
cancer in a smoker never returns to the lung cancer risks 
of lifelong nonsmokers.  27   Reduction of smoking by 50% 
in heavy smokers ( ≥ 15 cigarettes/d) also reduces the risk 
of lung cancer.  41

  TOXICOKINETICS 

  Absorption 

 Case reports of nicotine toxicity document the absorp-
tion of clinically signifi cant amounts of nicotine from 
the skin,  42   lungs, rectum,  43   and gastrointestinal tract.   44

The absorption of nicotine is highly pH - dependent and 
the amount of nicotine dose absorbed depends on 
product pH, formulation, mastication, and nicotine 
content. The oral bioavailability of nicotine is approxi-
mately 20 – 45% as a result of a large fi rst - pass effect.  45

As a result of the alkaline pK a  of nicotine, the acid pH 
of the buccal cavity and the stomach limit the absorp-
tion of nicotine from these locations. Nicotine absorp-
tion is much higher in the alkaline environment of the 
duodenum than in the acid milieu of the stomach. 
Nicotine chewing gum is formulated with a buffered ion 

tion of 7.5 – 15   g of smokeless tobacco by young children 
was associated with vomiting, agitation, and altered con-
sciousness. Symptoms of nicotine toxicity may develop 
in patients following the ingestion of smaller quantities 
of tobacco products from other countries because these 
products may contain more nicotine than corresponding 
US tobacco products.  

  Overdose 

 Although the commonly quoted estimated lethal adult 
dose of nicotine is approximately 60   mg,  40   there are few 
data correlating serious nicotine toxicity to dose. A 
17 - year - old man developed vomiting and sudden car-
diopulmonary arrest a few minutes after ingesting a 
solution containing an estimated dose of 5   g nicotine.  10

  Risk Assessment 

 Tobacco smoking causes an estimated 90% of male lung 
cancer deaths and 75 – 80% of female lung cancer deaths 
in the United States. Fewer than 20% of smokers will 
develop lung cancer, depending on the balance between 
the activation and detoxifi cation of carcinogens in 
tobacco smoke and their smoking techniques. Smoking 

TABLE 66.4.    Recognized Pulmonary Carcinogens in Mainstream Tobacco Smoke.   Adapted from Reference  27 .   

   Carcinogen Class     Compound     Amount (ng/cigarette)  *       Ratio   † 

  Polycyclic aromatic hydrocarbons    Benzo[a]pyrene    20 – 40    2.5 – 3.5  
  Benzo[b]fl uoranthane    4 – 22      
  Benzo[f]fl uoranthane    6 – 21      
  Benzo[k]fl uoranthane    6 – 12      
  Dibenzo[a, i]pyrene    1.7 – 3.2      
  Indeno[1,2,3 - cd]pyrene    4 – 20      
  Dibenz[a,h]anthracene    4      
  5 - Methylchrysene    0.6      

  Asaarenes    Dibenz[a,h]acridine    0.1      
  7H - Dibenzo[c,g]carbazole    0.7      

N  - Nitrosamines     N  - Nitrosodiethylamine    ND – 2.8  < 40  
  4 - (Methylnitrosamino) - 1 -  (3 - pyridyl) - 1 - 

butanone (NNK)  
  80 – 770    1 – 4  

  Miscellaneous organic compounds    1,3 - Butadiene    20 – 70    ×    10 3

  Metals    Ethyl carbamate    20 – 38      
  Nickel    0 – 510    13 – 30  
  Chromium    0.2 – 500      
  Cadmium    0 – 6670    7.2  
  Polonium - 210    0.03 – 1.0 pCi    1.0 – 4.0  
  Arsenic    0 – 1400      

  Inorganic compounds    Hydrazine    24 – 43      

Abbreviation:  ND    =    Not detected  
   *   Mainstream smoke.  
†   Ratio of amount in sidestream smoke to amount in mainstream smoke. Although most of these ratios exceed 1, dilution with ambient air 
substantially reduces passive uptake of these carcinogens by nonsmokers.   
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Plasma protein binding of both nicotine and cotinine is 
low (i.e.,  < 5%). Cotinine distributes into semen at con-
centrations similar to those in the blood.  52    

  Biotransformation 

 The liver extensively metabolizes nicotine to at least 6 
primary metabolites as displayed in Figure  66.4 . Hepatic 
cytochrome P450 enzymes catalyze the metabolism of 
about 70 – 80% of administered dose of nicotine to inac-
tive metabolites (e.g., cotinine, nicotine - 1 ′  -  N  - oxide) via 
 C  - oxidation.  In vitro  and  in vivo  studies indicate that 
CYP2A6 is the primary enzyme for the oxidation of 
nicotine and cotinine. CYP2A6 genetic variants contrib-
ute to the interindividual and interethnic variation in 
nicotine and cotinine metabolism.  53   Experimental 
studies of poor and extensive metabolizers of dextro-
methorphan (i.e., a probe for CYP2D6 activity) indicate 
that CYP2D6 is  not  the major isoenzyme for the metab-
olism of nicotine or cotinine.  54   CYP2B6 is the second 
most active cytochrome P450 isoenzyme in nicotine  C  -
 oxidation, and CYP2E1 has some activity  in vitro  at high 
nicotine concentrations.  55   Nornicotine is a minor metab-
olite of nicotine as well as a constituent of tobacco. 
Cotinine has 6 primary metabolites including 3 ′  - hydroxy-
cotinine, 5 ′  - hydroxycotinine, cotinine  N  - oxide, cotinine 
methonium ion, cotinine glucuronide, and norcotinine.   

 The initial step in the bioactivation of carcinogens in 
smoke involves the cytochrome P450 isoenzymes, 
whereas monoamine oxidases, lipoxygenases, cyclooxy-
genases, and myeloperoxidases are less commonly 

exchange resin base of pH 8.5 that releases nicotine 
slowly for absorption through the buccal mucosa and 
small intestine. Experimental studies demonstrated that 
absorption of nicotine from a solution buffered to a pH 
of 1, 7.4 and 9.8 was 3.3%, 8.2%, and 18.6%, respec-
tively.  46   Case reports indicate that serious toxicity may 
result from the dermal absorption of nicotine. Dermal 
absorption of a 95% nicotine solution resulted in coma 
and respiratory failure.  47   

 The absorption of nicotine in smoke delivered to the 
alveoli and small airways is rapid as a result of the easy 
diffusion of nicotine across pulmonary membranes in 
the physiological pH (i.e., 7.4) of the lungs. Peak plasma 
concentrations of nicotine during smoking occur about 
10 minutes after inhalation.  48    

  Distribution 

 Nicotine distributes extensively and rapidly into tissues 
with a volume of distribution (V d ) ranging from about 
2.2 – 3.3L/kg.  49   The average V d  following the intravenous 
administration of a nicotine dose equivalent to that 
present in commercial cigarettes was approximately 
1.7   L/kg.  50   The V d  of cotinine is smaller (i.e., about 0.7 –
 0.9   L/kg) than nicotine. Although there is substantial 
interindividual variation, nicotine concentrations are 
generally higher in arterial blood than venous blood 
with a mean ratio of 2.3 – 2.8 (range up to 10) during 
active smoking.  51   Plasma concentrations of nicotine 
decline rapidly over 20 minutes following the cessation 
of smoking with a distribution half - life of  ∼ 8 minutes.  23   

       FIGURE 66.4.     Primary routes of nicotine metabolism.  23   CYP    =    cytochrome P450 isoenzymes; FMO    =    Flavin - containing mono-
oxygenase 3; UGT    =    uridine diphosphate - glucuronosyl transferases.  
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and tubular reabsorption is minimal. The kidneys 
excrete nicotine metabolites as 3 ′  - hydroxycotinine, 
unchanged compounds or glucuronide conjugates with 
3 ′  - hydroxycotinine being the main urinary metabolite 
of nicotine and cotinine in all mammalian species 
studied.  23,66   Figure  66.5  displays urinary nicotine and 
metabolites in humans as a percentage of an absorbed 
dose of nicotine. About 5 – 10% of the absorbed dose of 
nicotine from cigarette smoking appears in the urine as 
unchanged nicotine, depending on urinary pH.  57   The 
kidneys excrete about 10 – 15% of an absorbed dose of 
nicotine as unconjugated cotinine in the urine, whereas 
the remainder of this metabolite is converted to cotinine 
glucuronide,  trans  - 3 ′  - hydroxycotinine and  trans  - 3 ′  -
 hydroxycotinine glucuronide. The average plasma elimi-
nation half - life of nicotine following intravenous 
administration is about 2 – 3 hours, whereas the plasma 
half - life of the inactive metabolite cotinine is about 
16 – 20 hours. Elimination of nicotine and cotinine is 
similar in smokers and nonsmokers, but there is sub-
stantial individual variation in the clearance rates of 
both of these compounds.  58   After 3 – 4 days, blood and 
urine cotinine concentrations decline to values associ-
ated with nonsmokers.  59   Table  66.5  lists the approximate 
urinary elimination half - life of tobacco alkaloids deter-
mined in a study of 34 habitual tobacco users.  60        

  Maternal and Fetal Kinetics 

 Nicotine crosses the placenta easily without evidence of 
biotransformation to cotinine by the placenta.  61   

involved with nicotine metabolism. Metabolic activa-
tion of the carcinogens typically results in electrophilic, 
oxygenated intermediates that covalently bind to DNA 
or other macromolecules to form adducts. Detoxifi cation 
of these electrophilic intermediates involves further 
transformation catalyzed by glutathione  S  - transferases, 
epoxide hydrolase,  N  - acetyl transferases, uridine - 5 ′  -
 diphosphate - glucuronosyltransferases, sulfotransfer-
ases, and other enzymes. The metabolic activation of 
benzo[a]pyrene results in the formation of the highly 
electrophilic 7,8 - diol - 9,10 - epoxide, which forms adducts 
with exocyclic N 2  of guanine.  α  - Hydroxylation is the 
major metabolic activation pathway for both NNK and 
the main metabolite [4 - ( N  - methylnitrosamino) - 1(3 -
 pyridyl) - 1 - butanol, NNAL]. This pathway produces dia-
zonium ions and the subsequent formation of methyl 
adducts (7 - methylguanine,  O  6  - methylguanine) as well 
as pyridyloxobutyl adducts.  In vivo  studies indicate that 
tobacco smoke induces several phase I and phase II 
enzymes including CYP1A1, CYP1A2, CYP2E1, and 
some isoforms of uridine - 5 ′  - diphosphate - glucuronosyl-
transferase.  56    

  Elimination 

 Although nicotine has high affi nity for CYP2A6, the 
clearance of nicotine from the blood depends more on 
hepatic blood fl ow than intrinsic metabolic activity. The 
excretion of nicotine occurs by glomerular fi ltration and 
tubular secretion depending on urinary pH. In acidic 
urine, nicotine appears primarily in the ionized form 

       FIGURE 66.5.     Urinary elimination of 
an absorbed dose of nicotine.   23     
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appear throughout the brain including the amygdala, 
septum, locus ceruleus, and brainstem motor nuclei, the 
highest concentrations of binding sites are located in the 
cortex, interpeduncular nucleus, and the thalamus.  66

Initially, nicotine stimulates the nicotinic cholinergic 
receptors stereoselectively in the sympathetic and para-
sympathetic ganglia of the autonomic nervous system 
as well as in the neuromuscular junction.  67   ( S ) - Nicotine 
is the active stereoisomer whereas ( R ) - nicotine is a 
weak agonist at the nicotinic cholinergic receptors. 
Depending on the dose of nicotine, the stimulatory 
phase may be transient with prolonged ganglionic 
blockade resulting from persistent membrane depolar-
ization. Nicotine is not likely a direct carcinogen. Studies 
on the cocarcinogenicity and tumor promoting property 
via activation of protein kinase A/B are inconsistent.  28

   Tobacco Smoke 

 Tobacco smoke acts on multiple stages of carcinogen-
esis as well as causing chronic infl ammation and disrup-
tion of natural protective barriers. In tobacco smoke, 
there are numerous carcinogens capable of initiating 
and promoting tumors in addition to acting as cocar-
cinogens. Figure  66.6  demonstrates the effect of carcino-
gens in tobacco smoke on multiple mutations and 
cellular processes in the development of lung cancer. 
Hallmarks of cancer include self - suffi ciency in growth 
signals, insensitivity to antigrowth signals, sustained 
angiogenesis, tissue invasion and metastasis, evasion of 
apoptosis, and limitless replicative potential.  68   The stem 
cell and its early progenitor cell are the target cells for 
the initiation event during carcinogenesis.  69   Most car-
cinogens require metabolic activation, primarily by the 
cytochrome P450 isoenzymes. Cigarette smoking 
induces CYP1A1 and CYP2D6; the former helps 
metabolize polycyclic aromatic hydrocarbons in tobacco 
smoke, whereas the latter isoenzyme activates several 
nitrosamines including NNK.  70   The oxygenated inter-
mediates formed by cytochrome P450 isoenzymes typi-
cally undergo further transformation by phase II 
enzymes (e.g., glutathione  S  - transferases, uridine - 5 ′  -
 diphosphate - glucuronosyltransferases, sulfotransfer-
ases). The GSTM1 gene codes for the mu class of 
glutathione S  - transferases that acts upon various car-
cinogens including polycyclic aromatic hydrocarbon 
diol epoxide.  71   Biotransformation of carcinogens by the 
cytochrome P450 system detoxifi es most of these com-
pounds, but some of these electrophilic compounds 
form DNA adducts. Cellular repair mechanisms elimi-
nate most DNA adducts before mutations occur by 
direct repair, base excision repair, and nucleotide exci-
sion repair. Apoptosis (i.e., programmed cell death) also 
removes cells with damaged DNA. Some DNA adducts 

Potentially, the nicotine concentration is slightly higher 
in fetal serum than in maternal serum. Secretion of nico-
tine in breast milk also occurs with a milk/maternal 
plasma nicotine ratio of approximately 3.  23   In a study of 
18 smoking (i.e., 2 – 20 cigarettes/d) and 2 snuff - taking 
mothers, the mean daily intake of nicotine by breast -
 feed infants was about 7    μ g/kg.  62

  Drug Interactions 

 Potential drug interactions involved with the induction 
of cytochrome P450 isoenzymes involved with nicotine 
metabolism heparin, theophylline, caffeine, tacrine, 
imipramine, haloperidol, pentazocine, propranolol, fl e-
cainide, and estradiol; however, there are limited human 
data on the clinical relevance of these potential drug 
interactions.   

  HISTOPATHOLOGY AND 
PATHOPHYSIOLOGY 

 Pathologic examinations of the bronchial mucosa in 
smokers reveal a variety of histologic changes including 
epithelial and goblet cell hyperplasia, submucosal glan-
dular hypertrophy, subepithelial mononuclear cells (e.g., 
macrophages, CD8  +   T - cells), and ciliary denudation. 
Although these bronchial changes occur in the vast 
majority of smokers, these changes are not specifi c to 
tobacco smoking.  63   Characteristics of emphysema - type 
destruction of the distal bronchiole are almost univer-
sally present in heavy smokers (i.e., 2 packs/d).  64

Typically, centrilobular emphysema occurs in the upper 
lobes in tobacco smokers with chronic obstructive pul-
monary disease (COPD). 

  Nicotine 

 Nicotine is the classic agonist for nicotinic cholinergic 
receptors. Nicotinic cholinergic receptors are ligand -
 gated ion channels consisting of 5 subunits; these recep-
tors occur in the brain, autonomic ganglia, and the 
neuromuscular junction.  65   Although nicotinic receptors 

TABLE 66.5.    Approximate Urinary Elimination Half - Life 
of Tobacco Alkaloids.   60

   Alkaloid     Mean Urinary t 1/2   *       Range  *    

  Anabasine    16    10 – 27  
  Anatabine    10    6 – 15  
  Nornicotine    12    6 – 27  
  Nicotine    11    4 – 31  
  Cotinine    19    10 – 37  

    *   Rounded to nearest hour; t 1/2     =    half - life in hours.   
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tors; therefore, the presence of cholinergic symptoms 
(miosis, salivation, lacrimation, bronchorrhea, diarrhea, 
bradycardia) is variable.  76   

   Green Tobacco Sickness 

 Case series associate the harvesting of green tobacco in 
a moist environment with an occupational disease called 
green tobacco sickness, particularly in nonsmokers.  77,78   
This disease affects up to one - quarter of tobacco farm 
workers. Predisposing factors include working condi-
tions and location,  79   lack of protective clothing (e.g., rain 
suits),  80   working with burley -  or fl ue - cured tobacco,  81   
working in humid environments with wet tobacco leaves, 
and workers with disruption of their skin integrity 
(e.g., superfi cial wounds, rash).  82,83   Cigarette smokers 
rarely display symptoms of green tobacco sickness, sug-
gesting that a tolerance to nicotine can develop as a 
result of chronic tobacco smoking.  84   This self - limited 
illness is characterized by nonspecifi c effects including 
headache, pallor, nausea, vomiting, diarrhea, abdominal 
cramps, weakness, lightheadedness, diplopia, and diffi -
culty breathing.  85   Symptoms typically begin during the 
afternoon or evening after a full day of work with 
moist, green tobacco. The disease typically resolves 
by the following day. Occasionally, hospitalization 
may be required for bradycardia, hypotension, and 
dehydration.  86    

  Tobacco Smoking 

 Tobacco smoking increases overall morbidity and mor-
tality as a result of the increased incidence of various 
cancers, chronic obstructive pulmonary disease, cardio-
vascular disease, cerebrovascular disease, and athero-
sclerotic peripheral vascular disease. These increased 
overall mortality ratios for smokers are approximately 
2.2 and 2.4 for men smoking  < 1 pack cigarettes per day 
and  > 1 pack cigarettes per day, respectively, compared 
with nonsmokers. The mortality ratios for women 

evade normal repair mechanisms, leading to miscoding 
and permanent critical point mutations in oncogenes 
(e.g., Kirsten - ras) and tumor suppressor genes (e.g., 
p53). These mutations disrupt cell - cycle checkpoints 
and ultimately result in loss of normal growth control 
and the clinical appearance of a tumor.   

 Reinke ’ s edema involves the swelling of the superfi -
cial lamina propria of the vocal cords, primarily in 
middle - aged female smokers.  72   The degree of edema 
and the associated voice abnormalities (hoarse, raspy) 
are directly related to the daily cigarette consumption 
and duration of exposure to smoke. These lesions are 
not precancerous.   

  CLINICAL RESPONSE 

  Acute Nicotine Poisoning 

 The onset of symptoms following the ingestion of toxic 
doses of nicotine is rapid (15 – 30 minutes) beginning 
with gastrointestinal distress (nausea, vomiting, abdomi-
nal pain, diarrhea, salivation). Case reports from the 
older medical literature indicate that death can occur 
within 5 – 10 minutes of the ingestion of liquid pesticide 
containing 40% nicotine.  73,74   Vomiting is almost always 
present following the ingestion of tobacco products, but 
the absence of vomiting does not necessarily exclude 
the development of potentially serious nicotine toxic-
ity.  75   Symptoms in mild nicotine poisoning resolve in 
several hours. Severe nicotine poisoning involves a stim-
ulatory phase followed by an inhibitory phase that 
occurs over 24 hours. Transiently, hypertension and 
tachycardia can develop followed by hypotension, bra-
dycardia, decreased deep tendon refl exes, fasciculations, 
paralysis, and cardiovascular collapse. Neurologic symp-
toms include headache, diaphoresis, ataxia, lightheaded-
ness, weakness, confusion, and in severe poisonings, 
convulsions, coma, and respiratory failure.  44   Nicotine 
acts unpredictably as an agonist of the muscarinic recep-

       FIGURE 66.6.     The effect of carcinogens in tobacco smoke on the multiple mutations and cellular processes in the development 
of lung cancer.   27     

Nicotine

Addiction
PAH, NNK and

Other Carcinogens

Excretion Normal DNA Apoptosis

Mutations & Other

Changes: RAS, MYC,

P53, P16, RB, FHIT &

Other Critical Genes

Lung

Cancer

DNA

Adducts

Cigarette
Smoking

Metabolic
Activation

Metabolic
Detoxification Repair

Persistence
Miscoding



PART 2 PSYCHOACTIVE PLANTS

978

factor being the strongest determinant of lung cancer in 
these smokers. The use of fi lters and low tar cigarettes 
reduces mortality rates from tobacco smoking - induced 
lung cancer only slightly.  91   The risk of dying from lung 
cancer in a person smoking > 2 packs cigarettes per day 
is up to 23 - fold higher than that of nonsmokers.  92

Cessation of smoking eliminates the further increase in 
the risk of lung cancer. Tobacco smoking increases the 
risk of all histologic types of lung cancer, particularly 
squamous cell and small cell carcinoma.  93   In a meta -
 analysis of 48 studies from the last decades of the 20 th

century, the combined estimate of relative risk for heavy 
smokers (i.e.,    ≥    30 cigarettes/d) ranged from 4.10 (95% 
CI: 3.16 – 5.31) for adenocarcinoma to 11.3 (95% CI: 
8.10 – 15.9) for squamous cell carcinoma, and 18.3 (95% 
CI: 9.26 – 36.4) for small cell carcinoma.  94   There was a 
similar dose response curve for smoking duration with 
the highest risk for squamous cell and small cell carci-
nomas. Family history of lung cancer and concomitant 
exposure to radon or asbestos substantially increases 
the risk of lung cancer in tobacco smokers.  95

Upper Aerodigestive Tract.     Tobacco smoking is caus-
ally associated with cancers of the oral cavity (lip, 
tongue, mucosa), nasal cavity and paranasal sinuses, 
nasopharynx, oropharynx, hypopharynx, and larynx. 
The relative risk of cancers of the oral cavity and 
pharynx associated with smoking ranges from about 2 -  
to 10 - fold depending on associated risk factors.  88   The 
use of smokeless tobacco or ethanol in combination 
with tobacco smoking substantially increases the risk of 
cancer in the oral cavity and larynx. Smoking over 30 
cigarettes daily and drinking 20 ounces of ethanol 
weekly increases the risk of developing upper airway 
cancer ∼ 9 - fold compared with nonsmokers.  96   Squamous 
cell carcinoma of nasal cavity and paranasal sinuses is 
more closely associated with tobacco smoking than 
adenocarcinomas in this area. Nasopharyngeal cancer is 
endemic in regions of Southeast Asia and North Africa 
as a result of Epstein - Barr virus infection. The relative 
risk of these cancers is about 2 – 5 times greater in 
smokers than nonsmokers.  97

Upper Digestive Tract.     In most epidemiologic studies, 
the risk of all types of esophageal cancers increases with 
the duration of smoking and numbers of cigarettes 
smoked daily, particularly with squamous cell carci-
noma. Over 90% of esophageal cancers are either squa-
mous cell carcinomas or adenocarcinomas. Tobacco 
smoking in combination with ethanol consumption 
greatly increases the risk of squamous cell cancer of the 
esophagus. There is a dose - related increase in pancre-
atic cancer related to the number of cigarettes smoked 
daily and the duration of smoking. Both cohort and 

smoking similar amounts of cigarettes are about 1.6 and 
2.1, respectively.  87

  Cancer     

The International Agency for Research on Cancer lists 
tobacco smoking and tobacco smoke as human carcino-
gens (Group 1).  2   Although tobacco smoke is carcino-
genic, there are few data supporting nicotine as a 
carcinogen. Tobacco smoke is the most extreme example 
of a systemic carcinogen with tobacco smoking identi-
fi ed as the cause of cancer at more organ sites than any 
other carcinogen. Smoking causes cancers of the lungs, 
oral cavity, pharynx, larynx, esophagus (squamous cell 
carcinoma), pancreas, bladder, and renal pelvis. The 
increased risks of developing these cancers in tobacco 
smokers range from a 3 - fold increase in pancreatic 
cancer to a 20 - fold increased risk of lung cancer. 
Additionally, there is a causal association between 
tobacco smoking and cancers of the nasal cavity and 
sinuses, adenocarcinoma of the esophagus, stomach, 
liver, renal cell cancer of the kidney, cervical cancer of 
the uterus, and myeloid leukemia. In general, there is an 
approximate 2 -  to 3 - fold increased risk of developing 
these types of cancers in tobacco smokers when com-
pared with nonsmokers. Although there is some evi-
dence of an association between tobacco smoking and 
colorectal cancers, the diffi culty controlling potential 
confounders in these studies limits conclusions regard-
ing a causal link between tobacco smoking and colorec-
tal cancer. Tobacco smoking probably does not cause an 
increased risk of developing endometrial, skin, ovary, 
central nervous system, thyroid, prostate, or female 
breast cancers.  88   There is also no clear association 
between tobacco smoking and multiple myeloma, lym-
phomas, lymphocytic leukemia, or soft tissue sarcoma. 
Tobacco smoke and in particular, the base/neutral frac-
tions of cigarette smoke condensate are genotoxic in 
humans and in experimental animals, producing numer-
ous mutagens in the urine.  89   In humans, tobacco smoking 
produces gene mutations and chromosomal abnormali-
ties with lung tumors of smokers containing higher fre-
quencies of TP53  and  KRAS  mutations relative to 
nonsmokers. 

Lung.     Lung cancer is the most common cause of 
cancer death in the world; however, only about 20% 
of regular smokers develop lung cancer and the cause 
of this susceptibility is unclear.  90   Tobacco smoking 
accounts for up to 90% of lungs cancer deaths in popu-
lations with a high prevalence of tobacco smoking. The 
risk of lung cancer increases with the number of ciga-
rettes smoked, the age of onset of tobacco smoking, and 
the duration of tobacco smoking with the latter risk 
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leukemia and lymphomas have not been directly linked 
to tobacco smoking.   

  Cardiovascular Disease     

Prospective studies suggest that tobacco smoking 
increases the incidence of coronary artery disease 2 -  to 
4 - fold with a similar increased risk of sudden death as 
a result of the prothrombotic properties of tobacco 
smoke, after adjustment for dietary factors, blood pres-
sure, and serum lipoproteins.  103,104   Tobacco smoking also 
increases the risk of coronary artery disease in individu-
als with other risk factors (e.g., hypercholesterolemia, 
diabetes mellitus). Cessation of smoking signifi cantly 
reduces the increased relative risk of myocardial infarc-
tion in patients under the age of 55 years to near zero 
after 2 years.  105   Tobacco smoking accelerates aortic ath-
erosclerosis and increases mortality from aortic aneu-
rysm when compared with nonsmokers.  91   Cigarette 
smoking is a strong risk factor for peripheral arterial 
disease; smoking increases the risk of peripheral vascu-
lar disease severalfold in a dose - dependent manner.  103

Analysis of data from the Framingham Offspring Study 
indicated that the OR of peripheral vascular disease 
associated with smoking was 2.0 (95% CI: 1.1 – 3.4).  106   A 
hospital - based case - control study compared 291 
smokers with newly diagnosed peripheral vascular 
disease and 828 age -  and sex - matched smokers without 
peripheral vascular disease.  107   Smokers in the highest 
quartile had an increased risk of developing peripheral 
vascular disease compared with smokers in the lowest 
quartile The odds ratio of peripheral vascular disease 
for the highest quartile ( > 48 pack - years) of smokers was 
1.63 (95% CI: 1.11 – 2.39;  P     =    .011) compared with the 
lowest quartile ( < 31 pack - years). Epidemiologic studies 
indicate that exposure to secondhand tobacco smoke 
also increases the risk of coronary artery disease. 
Available meta - analyses suggest that involuntary 
smoking increases the risk of an acute coronary event 
by about 25 – 35%; however, studies on the risk of car-
diovascular disease and the use of snuff are inconsistent. 
A Swedish case - control study compared the use of snuff 
in 1,760 men, age 45 – 70 years, with a history of myocar-
dial infarction in 1992 – 1994 based on mailed question-
naires. After adjustment for age, hospital catchment 
area, and smoking, the relative risk of fi rst acute myo-
cardial infarction in former and current snuff users was 
1.1 (95% CI: 0.8 – 1.5) and 1.0 (95% CI: 0.8 – 1.3), respec-
tively. A Swedish mortality study of 6,297 smokeless 
tobacco users and 32,546 nontobacco users demon-
strated an age - adjusted increased risk of death from all 
cardiovascular diseases (RR    =    1.4, 95% CI: 1.2 – 1.6) 
during a 12 - year follow - up.  108   There was no increased 
risk of cancer - related deaths in smokeless tobacco users. 

case - control studies of tobacco smoking and stomach 
cancer demonstrate a consistent increased risk associ-
ated with tobacco smoking in both men and women, 
even after control of confounders (e.g., ethanol con-
sumption, dietary factors,  Helicobacter pylori  infection). 
A meta - analysis of 40 epidemiologic studies on the risk 
of stomach cancer in tobacco smokers indicated a rela-
tive risk of about 1.5 – 1.6 when compared with non-
smokers.  98   There is suffi cient evidence to associate a 
moderate increased risk of liver cancer in tobacco 
smokers after control for ethanol consumption and 
hepatitis B and hepatitis C infections. Most studies indi-
cate that the risk of liver cancer increases with higher 
daily cigarette consumption and duration of tobacco 
smoking.  

Urinary Tract.     Tobacco smoking is an important, 
dose - related risk factor in developing transitional cell 
carcinomas of the bladder, ureter, and renal pelvis. 
Several cohort and case - control studies indicate that 
tobacco smoking increases the risk of renal cell carci-
noma in both men and women. A meta - analysis of 19 
case - control studies and 5 cohort studies demonstrates 
a relative risk of renal cell carcinoma of 1.54 (95% CI: 
1.42 – 1.68) and 1.22 (95% CI: 1.09 – 1.36) for male and 
female smokers, respectively.  99   There was a strong dose -
 dependent increase in the relative risk associated with 
intensity of smoking (i.e., daily cigarette consumption).  

Cervix.     Several studies associate invasive cervical 
squamous cell carcinoma with tobacco smoking, even 
after adjustment for human papillomavirus infection. In 
a case - control study of 180 women with adenocarci-
noma of the cervix, 391 women with squamous cell car-
cinoma of the cervix, and 923 population controls, long 
duration of smoking ( ≥ 20 years) was associated with a 
2 - fold increase in the risk of squamous cell carcinoma 
of the cervix.  100   Tobacco smoking was not associated 
with the risk of adenocarcinoma in the cervix. Limited 
studies of adenocarcinomas and adenosquamous carci-
nomas have not demonstrated a consistent relationship 
between tobacco smoking and these cervical cancers. In 
a meta - analysis of 6 case - control studies, current 
smoking was associated with a signifi cantly increased 
risk of squamous cell carcinoma (summary odds ratio 
[OR]    =    1.47, 95% CI: 1.15 – 1.88), but not with an 
increased risk of adenocarcinoma (summary OR    =    0.82, 
95% CI: 0.60 – 1.11).  101

Leukemia.     There is a causal relationship between 
tobacco smoking and myeloid leukemia that increases 
with the amount of tobacco smoking. Two prospective 
studies demonstrated an approximately 50% increase in 
myeloid leukemia in tobacco smokers.  102   Other types of 
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same age, probably as a result of the cessation of 
smoking by symptomatic smokers (i.e.,  “ healthy smoker 
effect ” ).113

 The initial diagnosis of COPD is usually established 
in individuals over the age of 45 – 50 years with a history 
of smoking for several decades. Tobacco smokers 
develop more respiratory symptoms (cough, sputum 
production, wheezing, dyspnea), increased respiratory 
infections, and an accelerated decline in the FEV 1  when 
compared with nonsmokers and former tobacco 
smokers.  114   The suboptimal development of lung func-
tion during childhood and early adolescence along with 
accelerated decline of FEV 1  as a result of smoking sub-
stantially increase the risk of clinically signifi cant COPD 
in later years.  115   The development of COPD in tobacco 
smokers depends on genetic susceptibility as only 10 –
 20% of tobacco smokers develop clinically signifi cant 
airway obstruction, but to date only  α  - 1 - antitrypsin defi -
ciency has been identifi ed as a cause of the increased 
susceptibility.  116   Consequently, the dose - response of 
active tobacco smoking on the severity of airfl ow 
obstruction (i.e., FEV 1 ) is relatively weak. The impact 
of environmental smoke on adult lung function is rela-
tively small compared with active tobacco smoking. 
Although studies indicate that exposure to environmen-
tal smoke causes a statistically signifi cant accelerated 
decline in FEV 1 , the magnitude of the decreases is rela-
tively small (i.e., about 3 – 4   mL/y).  117

 Cigarette smoking is associated with several diffuse 
lung diseases that result from bronchiolar and intersti-
tial lung infl ammation secondary to chronic tobacco 
smoke inhalation. These diseases occur primarily in 
relatively young adult smokers. Smoking - related diffuse 
lung diseases include desquamative interstitial pneumo-
nia, respiratory bronchiolitis - associated interstitial lung 
disease, pulmonary Langerhans cell histiocytosis, and 
acute eosinophilic pneumonia; smoking also increases 
the risk of developing fi brotic interstitial lung diseases 
(e.g., idiopathic pulmonary fi brosis).  118

  Cerebrovascular Disease    

 After controlling for hypertension and coronary artery 
disease, the risk of stroke in tobacco smokers is about 
2 - fold greater than in nonsmokers.  103   In general, the 
relative risk of a tobacco smoker developing cerebro-
vascular disease is lower than coronary artery disease 
or aortic aneurysm. Pooled estimates using death as the 
endpoint in 9 epidemiologic studies indicated that the 
association of ever smoking with aortic aneurysm is 2.5 
times (95% CI: 2.2 – 2.8) greater than the association of 
ever smoking with coronary artery disease and 3.5 times 
(95% CI: 2.4 – 5.3) greater than the association of ever 
smoking with cerebrovascular disease.  119

However, a Swedish population - based cohort study of 
16,754 women and 10,473 men over 10 years did not 
detect any statistically signifi cant increased risk of myo-
cardial infarction or stroke in men or women.  109   The 
relative risk (RR) of myocardial infarction in male snuff 
users compared with nontobacco users was 1.05 (95% 
CI: 0.8 – 1.4,  P     =    .74) after adjustment for age and poten-
tial confounders.  

  Pulmonary Disease     

Tobacco smoking is the most important risk factor for the 
development of COPD. Chronic obstructive pulmonary 
disease includes chronic bronchitis and emphysema; the 
smoking - attributable disease burden (mortality, morbid-
ity, cost) is greater for COPD than for smoking -
 attributable disease associated with coronary artery 
disease or lung cancer.  110   Chronic bronchitis is defi ned by 
the presence of chronic productive cough for at least 3 
months in 2 consecutive years after the exclusion of other 
causes of chronic cough. Emphysema is characterized by 
abnormal, permanent expansion of airspaces distal to the 
terminal bronchiole along with destruction of the walls 
and the absence of obvious fi brosis. 

 The unique infl ammatory process associated with 
asthma separates this disease from COPD, although 
some airway hyperresponsiveness occurs in some cases 
of COPD. About 50% of tobacco smokers develop 
chronic bronchitis, manifest by infl ammation of the 
large airways and chronic, productive cough. 
Approximately 30% of tobacco smokers do not develop 
chronic respiratory symptoms or clinically signifi cant 
abnormalities of lung function despite the presence of 
pulmonary infl ammation and subtle changes in lung 
function.111   Objectively, COPD is manifest by irrevers-
ible decline of forced expiratory volume in one second 
(FEV1 ) exceeding 50   mL/year, increasing dyspnea and 
other respiratory symptoms (cough, sputum production, 
wheezing), and progressive deterioration of health. 
Chronic obstructive pulmonary disease results in a 
reduction of the ratio of FEV 1  to forced vital capacity 
(FVC) below 88% of predicted in males and 89% of 
predicted in females.  112   The reversibility of tobacco -
 induced decline in FEV 1  differs between smokers with 
COPD, smokers with nonobstructive bronchitis, and 
smokers without chronic respiratory symptoms. 
Cessation of tobacco smoking reduces bronchial hyper-
responsiveness and respiratory symptoms, and also pre-
vents the excessive decline in lung function in all three 
of these groups. Cross - sectional studies indicate that 
FEV1  is lowest in tobacco smokers, intermediate in ex -
 smokers, and highest in nonsmokers. The exception is 
the group of ex - smokers over the age of 70 years. The 
FEV1  of these ex - smokers is similar to smokers of the 
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Review of human biomarker studies of nonsmokers 
with involuntary exposure to tobacco smoke demon-
strate the presence of DNA adducts, urinary mutagenic-
ity, urinary metabolites of carcinogens, and sister 
chromatid exchanges (SCEs).  132   Meta - analysis of studies 
of lung cancer risks in nontobacco smokers with smoking 
partners demonstrate a dose - related increase in the risk 
of lung cancer in the nontobacco smoking partner com-
pared with nonsmokers without a smoking partner. 
After controlling for confounders, these relative risks of 
lung cancer in the nonsmoker are ∼ 20% in women and 
30% in men.  133   The excess risk of lung cancer increases 
with increasing exposure to secondhand smoke. Meta -
 analyses of secondhand smoke in the workplace dem-
onstrate smaller excess risk of lung cancer in nonsmokers 
in the range of 12 – 19%. Analysis of data from the 
Alcohol - Related Cancers and Genetic Susceptibility in 
Europe included 2,103 upper aerodigestive tract squa-
mous cell carcinoma cases (oral cavity, oropharynx, 
hypolarynx, larynx) and 2,221 controls in the project.  134

Among never smokers, ever exposure to involuntary 
smoking was associated with an increased risk of these 
cancers (OR    =    1.60; 95% CI: 1.04 – 2.46). The evidence 
of an increased risk of breast cancer or childhood 
cancers as a result of secondhand smoke is inconsistent. 
The absence of a strong dose - response relationship and 
the lack of a causal link between breast cancer and 
active smoking strongly argue against a causal associa-
tion between breast cancer and secondhand smoke. 
Similarly, the association between exposure to environ-
mental tobacco smoke (ETS) as a child and adult 
cancers is controversial. A study of 112,430 never 
smokers within the European Prospective Investigation 
into Cancer and Nutrition cohort did not detect a 
substantial risk of developing adult cancers after child-
hood exposure to ETS.  135   After stratifying by age, 
sex, and study center as well as adjusting for eduction, 
alcohol consumption, body mass index, physical 
activity, nutrition, and adult ETS exposure, there was no 
association between childhood ETS exposure in 
never smokers and overall cancer risks (hazard 
ratio    =    0.97; 95% CI: 0.92 – 1.02) based on self - reports of 
childhood ETS. The only exception was pancreatic 
cancer; after adjustment for diabetes, the hazard ratio 
for pancreatic cancer in never smokers was 2.09 (95%CI: 
1.14 – 3.84) as estimated by Cox proportional hazards 
models.   

  DIAGNOSTIC TESTING 

  Analytic Methods 

 Techniques for the determination of nicotine and coti-
nine concentrations in biologic samples include enzyme 

  Reproduction     

Prenatal maternal smoking is associated with placental 
abruption, placenta previa, premature rupture of the 
membranes, fetal growth restriction, and preterm deliv-
ery.  120   Maternal smoking is also associated with an 
increased incidence of complications during pregnancy, 
particularly intrauterine growth retardation resulting in 
lower neonatal birth weights, when compared with non-
smokers.  121   There is a dose - related effect of maternal 
smoking on birthweight as a result of intrauterine 
growth retardation rather than preterm delivery.  122   The 
estimated effect is a 5% reduction in relative weight/
daily pack of cigarettes smoked by the mother.  123

Cessation of smoking by the 16 th  week of pregnancy 
results in normal neonatal birth weights, when com-
pared with infants from nonsmoking mothers.  124

However, there is no defi nite evidence that maternal 
smoke causes long - term adverse effects on growth or 
cognitive function.  125   A large cross - section study sug-
gested that maternal smoking causes a borderline 
increase (OR    =    1.5, 95% Cl: 1.0 – 2.2) in the risk of 
abruptio placentae,  126   whereas the risk of placenta 
previa is mildly increased (OR    =    1.9, 95% CI: 1.2 – 3.0) 
in maternal smokers.  127   In general, studies demonstrate 
that the risk of hypertensive disease during pregnancy 
including preeclampsia is reduced in maternal smokers 
when compared with nonsmokers.  128

  Abstinence Syndrome     

Mild symptoms of withdrawal develop in some smokers 
following cessation of tobacco use. Symptoms include 
anxiety, depression, diffi culty concentrating, irritability, 
anger, restlessness, and sleep diffi culties.  129   Distinguishing 
features of nicotine withdrawal include mild slowing of 
heart rate and weight gain. Abstinence symptoms begin 
about 6 – 12 hours after the cessation of smoking and 
peak in 1 – 3 days. Resolution of symptoms occurs over 
3 – 4 weeks.  130   With the exception of nicotine craving, 
these symptoms are not protracted. Neonatal with-
drawal from maternal use of tobacco probably does not 
occur.   131

  Involuntary Smoking 

 The International Agency for Research on Cancer lists 
involuntary (passive) tobacco smoking as a human car-
cinogen (Group 1).  2   Similarly, the US Toxicology 
Program lists environmental tobacco smoke as a human 
carcinogen and the US EPA lists environmental smoke 
as a class A carcinogen. There is substantial evidence to 
document the genotoxicity of secondhand smoke. 
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  Nicotine 

 The mean plasma nicotine concentration following 
smoking of one cigarette ranges from about 5 – 30   ng/mL 
as a result of the absorption of  ∼ 1   mg nicotine/cigarette 
smoked.  140   After smoking a cigarette, the average 
plasma nicotine concentration of regular smokers 
increases to  ∼ 10 – 11   ng/mL.  141   Typical plasma nicotine 
concentrations of smokers during the afternoon range 
from about 10 – 50   ng/mL.  142   The short plasma elimina-
tion half - life of nicotine limits the use of plasma nicotine 
as a biomarker of tobacco smoke exposure. In a study 
of volunteers undergoing treatment for nicotine addic-
tion, the steady - state serum nicotine concentrations 2 
weeks after the daily administration of 22   mg nicotine 
via transdermal patches ranged between 10 – 50   ng/mL.  143   
Blood samples were drawn immediately before the 
daily nicotine patches were applied. 

 During occupational exposure to tobacco leaves at 
harvest time, the mean plasma nicotine concentrations 
from 10 healthy, nonsmoking women drawn during the 
morning work shift ranged between 0.79    ±    0.12 and 
2.16    ±    0.84   ng/mL.  144   Peak serum nicotine concentra-
tions exceeding 2,000   ng/mL indicate serious toxicity. A 
case report of a woman, who died of asphyxia from a 
plastic bag tied over her head following the placement 
of multiple nicotine patches on her body, suggests that 
some postmortem redistribution of nicotine may occur, 
although the distribution of the nicotine patches on the 
body may also alter the heart/femoral blood nicotine 
concentrations.  145    

  Cotinine 

 Cotinine is a sensitive, specifi c biomarker of exposure 
to tobacco smoke for up to about 2 – 3 days after expo-
sure, depending on the intensity of tobacco smoking.  146   
Estimates of serum and urine cotinine concentrations 
for children and adults are available based on pharma-
cokinetic equations using respiratory rate, duration of 
daily exposure, and concentration of nicotine in ambient 
air as displayed for adults in Equation  66.1  (for urine) 
and Equation  66.2  (for serum).  147  

        U HN= 0 039. ρ     (66.1)  

          S HN= 0 006. ρ     (66.2)  

  where  U     =    urine cotinine concentration in adults; 
 ρ     =    respiration rate (sedentary    =    0.5   m 3 /h, light activ-
ity    =    1.0   m 3 /h);  H     =    daily exposure duration (hours); 
and  N     =    atmospheric nicotine concentration ( μ g/m 3 ); 
and S    =    serum. 

immunoassay, chemiluminescent immunoassay, gas chro-
matography, high performance liquid chromatography, 
and gas or liquid chromatography/mass spectrometry. 
The limit of detection for the chemiluminescent immu-
noassay (Diagnostic Products Corp., Los Angeles, CA) 
was 2   ng/mL in 20    μ L serum compared with 5   ng/mL in 
50    μ L urine for double antibody radioimmunoassay 
(Diagnostic Products Corp.).  136   The cross - reactivity of 
3 - hydroxycotinine for the chemiluminescent and coti-
nine enzyme immunoassay (Diagnostic Reagents, 
Sunnyvale, CA) was about 28% and 50%, respectively, 
with little cross - reactivity to other substances. Cotinine 
is stable in urine stored up to 30 hours at room tempera-
ture;  137   this compound is relatively stable in frozen 
urine samples stored at  − 20 o C ( − 4 o F) for at least several 
years.  138    

  Biomarkers 

 Potential biomarkers for exposure to tobacco smoke 
include nicotine, cotinine, thiocyanate, carboxyhemoglo-
bin, hydroxyproline,  N  - nitrosoproline, 1 -  and 2 - naphthol, 
hydroxyphenanthrene compounds, phenanthrene dihy-
drodiols, 1 - hydroxypyrene, benzene metabolites ( trans , 
 trans  - muconic acid,  S  - phenylmercapturic acid), 
4 - (methylnitrosamino) - 1 - (3 - pyridyl) - 1 - butanol [NNAL] 
and glucuronides (NNAL - Gluc), tobacco - specifi c adducts 
(protein, DNA), 8 - oxodeoxyguanosine, 3 - ethyladenine, 
and aromatic amines.  139   Active smoking increases the 
concentration of benzene, volatile organic compounds, 
and carbon monoxide in exhaled air. The concentrations 
of urinary metabolites of known carcinogens, including 
benzene metabolites, in smoke are higher in the urine of 
tobacco smokers than nonsmokers. 

 The most widely used biomarker of exposure to 
active or passive tobacco smoke is cotinine, which is a 
highly specifi c internal dose marker of both mainstream 
smoke and environmental tobacco smoke. Cotinine 
concentrations refl ect exposure to the particulate - phase 
constituents (tar), but there are no direct biomarkers for 
tar uptake. NNAL and NNAL - Gluc are useful biomark-
ers because these two compounds are metabolites of the 
tobacco - specifi c carcinogen, 4 - (methylnitrosamino) - 1 -
 (3 - pyridyl) - 1 - butanone. Other sensitive biomarkers for 
tobacco products include  trans ,  trans  - muconic acid,  S  -
 phenylmercapturic acid, naphthalene metabolites (1 - , 
2 - napthol), 1 - hydroxypyrene, 8 - oxodeoxyguanosine, 
and 3 - ethyladenine.  139   However, these biomarkers lack 
specifi city as only NNAL and NNAL - Gluc are specifi c 
for exposure to tobacco products. Serum thiocyanate 
concentrations increase during moderate to heavy 
smoking, but determination of serum thiocyanate con-
centrations does not distinguish between nonsmokers, 
light smokers, or passive smokers.  2   
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   DNA /Protein Adducts 

 DNA adducts directly measure the extent of carcinogen 
reactions with DNA. However, DNA and protein adducts 
are nonspecifi c markers of the early biologic effects of 
tobacco smoke. Protein adducts (hemoglobin, albumin) 
are surrogates for DNA adducts that are easier to obtain 
than DNA adducts. Covalent binding of carcinogens in 
tobacco smoke to blood proteins results in an increased 
incidence of these adducts in tobacco smokers compared 
with nonsmokers, primarily at guanine or adenine. These 
adducts result from a variety of chemicals in tobacco 
smoke including benzene, aromatic amines, polycyclic 
aromatic hydrocarbons, tobacco - specifi c nitrosamines 
[4 - (methylnitrosamino) - 1 - (3 - pyridyl) - 1 - butanone], 
acrylonitrile, and acrylamide. Protein adducts refl ect the 
integrated exposure to tobacco smoke over the preced-
ing 4 months as a result of their long elimination half - life. 
For example,  N  - (2 - hydroxyethyl)valine results from the 
reaction between ethylene oxide in tobacco smoke and 
N  - terminal valine in hemoglobin. This protein adduct is 
a nonspecifi c biologic effective dose marker of exposure 
to tobacco smoke.  152

  Abnormalities 

   FEV  1

 The classical functional defi cits associated with COPD 
and emphysema include airfl ow obstruction (i.e., 
decreased FEV 1 ), increased lung compliance, reduced 
diffusion capacity, and progressive air trapping with 
hyperinfl ation. In healthy subjects, maximal lung func-
tion occurs near the age of 20 – 25 years followed by a 
slow decline beginning about 35 years of age. The decline 
in FEV 1  in cross - sectional studies averages about 20 –
 30   mL/year in nonsmokers compared with 25 – 80   mL/
year in current smokers. The largest declines in FEV 1
occur in the approximate 15% of the smoking popula-
tion susceptible to developing COPD and results in 
annual rates of decline up to 150   mL.  153   After adjust-
ment for age and height, tobacco smokers overall had 
an average accelerated decline in the FEV 1  of  ∼ 13 –
 14   mL/year during longitudinal studies lasting 5 – 10 
years.  154,155   In these longitudinal studies, declines in FVC 
are not as closely associated with tobacco smoking as 
FEV1 .  156   Most studies demonstrate that after about 2 
years of smoking cessation, the annual decline in FEV 1
of ex - smokers is similar to nonsmokers, but the overall 
FEV1  of ex - smokers is not similar to nonsmokers 
because of the persistence of previous lung damage in 
ex - smokers.  157   The improvement in FEV 1  depends on 
several factors including airway responsiveness to beta -
 agonist, baseline FEV 1 , methacholine reactivity, age, sex, 

Blood.     During occupational exposure to tobacco 
leaves at harvest time, the mean plasma cotinine con-
centrations from 10 healthy, nonsmoking women drawn 
during the morning work shift ranged between 8.74 –
 20.54   ng/mL.  144   Typical plasma cotinine concentrations 
of smokers during the afternoon ranges from about 
250 – 300   ng/mL.  142   The steady - state serum cotinine con-
centration in a group of active smokers ranged from 
94 – 444   ng/mL.  143   In a study of volunteers undergoing 
treatment for nicotine addiction, the steady - state serum 
cotinine concentrations 2 weeks after the daily admin-
istration of 22   mg nicotine via transdermal patches 
ranged between 35 – 249   ng/mL.  143   In a study of 88 adult 
nonsmokers, light to moderate smokers (1 – 19 cigarettes 
daily), and heavy smokers ( ≥ 20 cigarettes daily), the 
median cotinine concentrations in blood were 0.8   ng/mL, 
137   ng/mL, and 467   ng/mL, respectively, as measured by 
radioimmunoassay.  148   Serum cotinine concentrations 
below 10   ng/mL are highly suggestive of the lack of 
tobacco smoking in the last few days to a week.  136

Urine.     Although nicotine occurs in some foods (e.g., 
tomatoes, potatoes, bell pepper, caulifl ower, black tea), 
the dose is relatively small compared with the nicotine 
in environmental tobacco smoke. The estimated average 
daily intake of nicotine from food sources was about 
9    μ g with range up to 100    μ g, primarily as the result of 
ingesting black and instant teas.  149   The maximum daily 
urinary cotinine concentration in this study was approx-
imately 6   ng/mL. Nicotine replacement therapy causes 
increased urinary cotinine concentrations; therefore, the 
analysis of minor alkaloids (e.g., anatabine, anabasine) 
from tobacco smoke is necessary to separate tobacco 
smoking from nicotine replacement therapy.  150

 Cotinine is a sensitive and specifi c biomarker for dis-
criminating the source of tobacco smoke exposure. The 
concentration of cotinine in urine samples from smokers 
is about one magnitude greater than serum. In a study 
of 88 adult nonsmokers, light to moderate smokers 
(1 – 19 cigarettes daily), and heavy smokers ( ≥ 20 ciga-
rettes daily), the median cotinine concentrations in 
urine samples from the 3 groups were 17   ng/mL, 
3,416   ng/mL, and 7,179   ng/mL, respectively.  148   Urine 
cotinine concentrations below 200   ng/mL are highly 
suggestive of the lack of tobacco smoking in the last few 
days to a week.  136   In a study of involuntary and active 
smokers, receiver operating characteristics analysis 
determined an optimal urine cotinine cutoff of 31.5   ng/mL 
for the separation of these 2 groups with a sensitivity 
of 97.1 % and specifi city of 93.9%.  151   Urine 4 -
 (methylnitrosamino) - 1 - (3 - pyridyl) - 1 - butanol (NNAL) 
is also a sensitive and specifi c urinary marker of invol-
untary and active smoking that is present up to about 1 
month after exposure.   
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 “ no ”  to the question,  “ Have you ever smoked cigarettes 
daily? ”  Carboxyhemoglobin concentrations exceeding 
3% are very unusual in nonsmokers without an external 
source of carbon monoxide; the presence of carboxyhe-
moglobin concentrations exceeding these values sug-
gests recent tobacco smoking absent an external source 
of carbon monoxide.  166   Blood carboxyhemoglobin con-
centrations exceeding 10% in smokers suggests an 
external source of carbon monoxide, unless the expo-
sure resulted from inhaled smoke from a waterpipe 
(narghile, hookah) in hookah cafes and bars;  167   typically 
patrons in these establishments have higher exhaled 
carbon monoxide concentrations than patrons of tradi-
tional bars.  168   The burning of charcoal during the use of 
a waterpipe may result in substantial elevations of car-
boxyhemoglobin (i.e., 25 – 30%) in the user.    

  TREATMENT 

  Stabilization 

 Respiratory failure represents the greatest risk to life 
following serious nicotine intoxication; therefore, 
patients should be evaluated carefully for evidence of 
respiratory insuffi ciency. Patients with altered senso-
rium should receive intravenous fl uids, cardiac monitor-
ing, pulse oximetry, and oxygen as needed in addition 
to rapid evaluation of blood glucose and intravenous 
naloxone if opiate intoxication is suspected. The initial 
hypertension and tachycardia associated with nicotine 
intoxication should not be aggressively treated unless 
there is evidence of end - organ failure because a depres-
sive phase of bradycardia and hypotension often follows 
the initial period of stimulation.  

  Decontamination 

 Because nicotine stimulates the emetic center in the 
medulla oblongata, spontaneous vomiting occurs in 
most nicotine ingestions; therefore, most nicotine inges-
tions require no decontamination measures. Most chil-
dren only taste tobacco products, and they do not usually 
develop symptoms. The administration of activated 
charcoal to alert children is usually unnecessary; there 
are no clinical data to confi rm the clinical effi cacy of 
activated charcoal following the ingestion of cigarettes 
or plant parts from Nicotiana  species. Additionally, the 
rapid onset of changes in consciousness and the potential 
for seizures during serious tobacco intoxications increases 
the risk of using decontamination measures. All skin 
contaminated with nicotine solutions should be 
washed thoroughly with a nonalkaline soap and cool 
water. 

race, and baseline smoking rate. In a 5 - year, longitudinal 
study of ex - smokers and nonsmokers, the mean annual 
rate of decline in FEV 1  after the fi rst year of the study 
among the participants with sustained cessation of 
smoking was half the rate among those continuing to 
smoke (i.e., 31    ±    48   mL and 62    ±    55   mL, respectively).  158

The severity of the decline in FEV 1  is strongly related 
to cumulative cigarette consumption and preexisting 
airway hyperresponsiveness. The impact of tar content 
and fi lters on the severity of airfl ow obstruction mea-
sured by FEV 1  is unclear because many smokers 
alter inhalation patterns as an adaption to the lower 
nicotine content. In a study of 1,492 smokers of plain 
cigarettes and 1,936 smokers of fi lter cigarettes, 
there was no signifi cant difference in the decline of 
FEV1  between smokers of fi lter and nonfi ltered ciga-
rettes over a 5 - year period.  159   A meta - analysis of 6 cross -
 sectional studies comparing water - pipe smokers, ciga-
rette smokers, and nonsmokers did not detect a 
statistically signifi cant difference in the decline in 
FEV1  between water - pipe smokers and cigarette 
smokers.  160   The pooled standardized mean difference 
for FEV 1  was  − 0.43 (95% CI:  − 0.58 – 0.29) for water - pipe 
smokers compared with nonsmokers. The difference 
was equivalent to a 4.04% reduction in FEV 1 . There was 
low homogeneity between the studies, and none of the 
studies reported using a standardized exposure assess-
ment tool.  

  Carboxyhemoglobin 

 Tobacco smoking is a known source of carboxyhemo-
globin in smokers. There is a moderate correlation 
between cigarette smoking and carboxyhemoglobin 
depending on a variety of factors related to smoking 
topography (i.e., frequency of cigarette consumption, 
duration of inhalation, cigarette puff volume, cigarette 
length, the time since last smoking) as well as respira-
tory rate, ambient ventilation, and ambient carbon mon-
oxide concentrations.  161,162,163   Under normal atmospheric 
conditions, the terminal elimination half - life of carboxy-
hemoglobin is approximately 4 – 6 hours. Most non-
smoking urban dwellers have carboxyhemoglobin 
concentrations below 3% compared with 3 – 8% for 
smokers. In a study of 14 adults smoking at least one 
pack per day, the venous carboxyhemoglobin concen-
tration averaged 8.2% (range. 1.4 – 14.5%).  164   A study of 
856 Italian smokers and nonsmokers detected mean 
arterial capillary (ear lobe) carboxyhemoglobin concen-
trations of 4.17%    ±    2.19% and 1.82%    ±    0.75%, respec-
tively.  165   Smokers were defi ned as smoking  ≥ 5 cigarettes 
daily with the last cigarette within the preceding 48 
hours, whereas nonsmokers were defi ned as responding 



66 Tobacco, Nicotine, and Pituri

985

stems of the desert plant,  Duboisia hopwoodii  as a stim-
ulant and narcotic for long marches similar to cocoa 
leaves in Bolivia.  170,171   Tribal elders used the plant to 
induce a state of consciousness that allowed the inculca-
tion of values, beliefs, and religious tenets of the tribe 
as well as the performance of painful initiation rites.  172

Plant species from specifi c locations in western Australia 
and the Mulligan - Georgina Rivers area were highly 
prized in the Australian Aboriginal culture as valuable 
trade item until the 1930s.  173   Experimental studies in the 
later 1800s indicate that nicotine was the main active 
ingredient.174

  BOTANICAL DESCRIPTION 

 There are 3 species of  Duboisia  in Australia including 
D. hopwoodii ,  D. myoporoides  R. Br., and  D. leichhardtii
(F. Muell.) F. Muell.  D .  hopwoodii  is the only  Duboisia
species that contains substantial amounts of nicotine 
and the only Duboisia  species used by Australian 
Aborigines to make pituri.  D. myoporoides  (corkwood) 
grows in eastern coastal Australia from Cooktown to 
Nowra and New Caledonia, whereas  D. leichhardtii
grows in the higher elevations of inland Queensland 
from Monto to Yarraman.  175

Common Name :      Corkwood tree  
Scientifi c Name :    Duboisia hopwoodii  (F. Muell.) F. 

Muell.  
Botanical Family :      Solanaceae (nightshade)  
Physical Description :      An erect shrub 3 – 4   m ( ∼ 10 – 13 

feet) tall with attractive white fl owers that produce 
black berries. The bark is light with the consistency 
of cork; the leaves are alternate, smooth, and nar-
rowly elliptical.  

Distribution and Ecology :      This shrub is a native 
species of Australia including New South Wales, 
Northern Territory, Queensland, South Australia, 
and Western Australia.  D. hopwoodii  occurs pri-
marily in the arid regions of central Australia. 
Figure  66.7  displays the fl owers, leaves, and stems 
of this plant.       

  EXPOSURE 

  Origin 

 In contrast to other  Duboisia  species,  D. hopwoodii  con-
tains primarily nicotine and nornicotine rather than 
tropane alkaloids present in D. myoporoides  and  D.
leichhardtii . The latter two  Duboisia  species are 

  Elimination Enhancement 

 Continuous nasogastric suction and serial activated 
charcoal are theoretically advantageous, but there are 
inadequate clinical data to recommend these proce-
dures routinely. Acidifi cation of the urine also has theo-
retical pharmacokinetic advantages, but the use of acid 
diuresis is discouraged because of the lack of data to 
support the effi cacy of this method, the short duration 
of nicotine action, and complications (e.g., rhabdomy-
olysis) associated with acid diuresis.  

  Antidotes 

 Atropine may improve bradycardia and hypotension, 
but this drug does not reverse neuromuscular weakness 
during nicotine intoxication.  

  Supplemental Care 

 The treatment of nicotine poisoning is primarily sup-
portive. Serious poisoning must be followed closely in 
an intensive care setting for the development of respira-
tory failure within the fi rst 12 hours. Seizures can be 
treated with benzodiazepines (diazepam, lorazepam); 
the use of large benzodiazepine doses may impair the 
ability of the patient to protect their airway, requiring 
intubation.       

  CORKWOOD TREE 
and PITURI 
[Duboisia hopwoodii
( F . MUELL.)  F . MUELL.] 

           HISTORY 

 For many centuries in Central Australia, Aboriginal 
people habitually chewed wild nicotine - containing 
plants from the Solanaceae family, primarily  Nicotiana
spp. [e.g.,  N .  rosulata  subs.  ingulba  (J.M.Black) P.Horton] 
and Duboisia hopwoodii  (F. Muell.) F. Muell. There are 
a variety of names for the substances extracted from 
these plants as a result of the many languages and dia-
lects including bedgery, pedgery, pitchery, and most 
commonly pituri.  169   In the middle 1800s, European 
explorers on the eastern margin of Australia ’ s central 
desert observed the use of the dried leaves and terminal 
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brownish - gray paste or pituri quid ready for mastica-
tion. The range of wood burned for ash included  Acacia
spp.,  Eucalyptus  spp., and  Grevillea  spp.  169   The masti-
cated leaves (quid) is retained in the lower lip or 
buccal mucosa to continuously extract the nicotine. 
Ceremonially, the quid was passed from mouth to mouth 
beginning with the head man. When not retained in the 
mouth, the quid may be stored behind the ear, under 
the breast, or held against the skin by a headband or 
armband. These people carried the leaves and stems in 
a specially woven bag containing approximately ∼ 1.5   kg 
of material. Older men of the tribe kept the details of 
the drying process as part of the knowledge of the 
sacred ritual. The addition of alkali ash to the quid 
increases the release of the weakly basic nicotine from 
the plant material and facilitates the diffusion of nico-
tine across the oral mucosa. With the deterioration of 
traditional Aboriginal lifestyles, the plant material for 
pituri was sun dried by women; much of the knowledge 
of the use of psychoactive drugs was lost after European 
immigration into Australia.  172   Aborigines in Central 
Australia used  D. hopwoodii  primarily as a poison to 
capture fi sh and emu.  173

  DOSE EFFECT 

 There are few data on dose - related effects of pituri. The 
concentrations of nicotine and nornicotine in pituri are 
similar to common tobacco; hence, the dose - effect of 
these substances are expected to be similar.  

commercial sources of hyoscine, scopolamine, and hyo-
scyamine ( l  - atropine); plantations of  D .  myoporoides
in Queensland supply the bulk of the world ’ s raw 
scopolamine.  176

  Composition 

 Analysis of leaves from  D .  hopwoodii  demonstrated the 
presence of nicotine, nornicotine, myosmine [3 - (1 - 
pyrroline - 2 - yl)pyridine],  N  - formyl nornicotine, cotinine, 
N - acetyl nornicotine, anabasine, anatabine, anatalline, 
and bipyridyl.  173   Nicotine was the major alkaloid in the 
West Australian collection, whereas nornicotine was 
predominant in the Northern Territory sample. The 
amounts of nicotine and nornicotine in pituri range 
up to about 5% and 4%, respectively, with the highest 
nicotine content in the young shoots. In an analysis 
of 70 samples of pituri, the nicotine and nornicotine 
concentrations ranged between 0 – 5.3% and 0.1 – 4.1%, 
respectively.  177   Analytic data from the early 1900s 
suggest that the nicotine content of pituri was approxi-
mately 2.5%.  178

  Methods of Use 

 Aboriginal people of Australia traditionally chewed the 
leaves of nicotine - containing desert plants,  Duboisia
hopwoodii  and other  Nicotiana  species, as a recreational 
and ritual drug called pituri. About 1 tablespoon of 
cured leaf and stem from specifi c strains of  D. hop-
woodii  are ground with alkali plant ash to form a 

FIGURE 66.7.   Duboisia hopwoodii
(F. Muell.) F. Muell.  (Photography by 
G. Byrne, C.P. Campbell, and G Cock-
tern. Image used with the permission of 
the Western Australian Herbarium, 
Department of Environment and Conser-
vation;  http://fl orabase.dec.wa.gov.au/ )   
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  CLINICAL RESPONSE 

 There are few data on the clinical effects of pituri. 
Nicotine is the main active ingredient in pituri; the clini-
cal features of tobacco and pituri intoxication are 
expected to be similar as noted in the nicotine section. 
The onset of symptoms following the ingestion of toxic 
doses of nicotine is rapid (15 – 30 minutes) beginning 
with gastrointestinal distress (nausea, vomiting, abdomi-
nal pain, diarrhea, salivation). Other species of Duboisia 
(D .  myoporoides ,  D .  leichhardtii ) produce an atropine -
 like, anticholinergic poisoning similar to henbane 
(Hyoscyamus niger ) rather than nicotine poisoning.  

  TREATMENT 

 The treatment of pituri intoxication is supportive and 
similar to nicotine and common tobacco poisoning.      
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A2, 176–179, 177f, 178f
Abdominal cramps

from caffeine overdose, 797
from cocaine, 823
from creatine, 356
from green tobacco sickness, 977
from syrup of ipecac, 210, 224
from withdrawal

heroin, 559
toluene, 730

Abruptio placentae, from prenatal 
maternal smoking, 981

Absinthe, 761–766
botanical description of, 762, 

762f
clinical response to, 765–766
diagnostic testing for, 766
dose effect of, 764–765
exposure to, 763–764
histopathology and pathophysiology 

of, 765
history of, 761–762
identifying characteristics of, 763, 

763f, 763t
toxicokinetics of, 765
treatment for, 766

Absinthin, 763
Absinthism, 765
Abstinence syndrome, ethanol

alcohol dependent hallucinosis in, 
397, 430

CIWA-Ar scale for, 397, 398t–399t
delirium tremens in, 397
differences in, 396–397
minor, 397

seizures (rum fi ts) in, 397
treatment for, 396–397

Acacia nilotica, in betel quid, 783
Accommodation, marijuana on, 900
Acetal, in wine, 367
Acetaldehyde

in beer, 367
as carcinogen, 400
cardiomyopathy from, 389
from diethyl ether, 648
in distilled spirits, 367, 378
disulfi ram on metabolism of, 388, 

431
from ethanol, 383, 386, 400–401
ethanol sensitivity in Asians from, 

383, 390, 405, 431
from ethyl chloride, 692
from microsomal ethanol-oxidizing 

system (MEOS), 391
from α-phenyl glutarimide, 492
in tobacco smoke, 971t, 972
in wine, 367, 393

Acetone, from cocaine manufacture, 
835

4′-Acetoxyacetanilide, 547. See also
Heroin and opium poppy plant

3-Acetyl-6-methoxy-4,5-
epoxyphenanthrene, from 
Tasmanian opium, 552

3-Acetyl-6-trifl uoroacetylmorphine, 
from heroin, 552

N-Acetyl-β-(3,4,dimethoxy-5-
hydroxyphenyl) ethylamine, 
from mescaline, 947

Acetyl chloride, from heroin, 552, 553

N-Acetyl mescaline, from mescaline, 
947

3-Acetyl-N-acetyldesthebaine, from 
Tasmanian opium, 552

N-Acetyl nornicotine, in corkwood 
tree, 986

5-Acetylamino-6-formylamino-3-
methyluracil, from caffeine, 
793

Acetylcodeine. See also Heroin and 
opium poppy plant

in heroin, 551
structure of, 547, 548f

6-Acetylcodeine, from heroin and 
codeine, 563

3′-Acetylmorphine, 548f. See also
Heroin and opium poppy 
plant

N-Acetylnorcocaine, from cocaine 
manufacture, 835

N-Acetylpiperidine, from 
phencyclidine (PCP) on 
marijuana cigarettes, 611

Acid, 452–462. See also Lysergic acid 
diethylamide (LSD)

Acid labile subunit (ALS), from 
human growth hormone 
(hGH), 342t

Acidosis. See specifi c types
Ack ack, 552
Acne

from anabolic-androgenic steroids, 
286, 287

from dextromethorphan bromide, 
532
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Acrocyanosis, from amyl and butyl 
nitrites, 754

Acrolein, in whisky, 367
Acromegaly

from human growth hormone 
(hGH), 339, 340, 341

from insulin-like growth factor 
(IGF-1), 345

on muscle mass, 339
Acryl α-methyl-β-hydroxyfentanyl, 

540
Acryl α-methylfentanyl, 540. See also

Fentanyl analogues
Acute centrilobular necrosis, from 

trichloroethylene (TCE), 746
Acute renal failure, from cocaine, 823, 

830
Acute respiratory distress syndrome 

(ARDS)
from ephedrine, 236
from heroin, 557, 559
from methadone, 587, 592
from methamphetamines, 41, 43
from methylenedioxymethamphet-

amine (MDMA), 146
Acute tubular necrosis. See also Renal 

dysfunction
from amphetamines, 17
from cocaine, 823
from diuretics, 202
from heroin, 558
from 4-methoxyamphetamine and 

4-methoxymethamphetamine 
(PMA/PMMA), 171

from methylenedioxymethamphet-
amine (MDMA), 143

Adam, 126–146. See also Methylene-
dioxymethamphetamine 
(MDMA)

Aeruginascin, from Inocybe 
aeruginascens, 952

AET, 195–197, 196t
African salad, 873–878. See also Khat 

(Catha edulis)
Agent Lemon, 528. See also

Dextromethorphan (bromide)
Agranulocytosis, from levamisole with 

cocaine, 810, 831, 841
Aguinaldo blanco, 938–942. See also

Morning glory family 
(Convolvulaceae)

Airway edema, from fl uorinated 
alkanes, 679

Ajmalicine, in kratom, 881
Alanine aminotransferase (ALT), with 

alcohol dependence, 410–411, 
419

Albuterol, 300–303, 301f

Alcohol. See Ethanol
Alcohol abuse and dependence 

criteria, 394. See also Ethanol
Alcohol abuse and dependence tests

antemortem
aminotransferases in, serum, 

410–411
blood tests in, 410
carbohydrate-defi cient transferrin 

(CDT) in, 410
gamma-glutamyl transferase 

(GGT) in, 410
hair in, 411
liver in, 417
mean corpuscular volume in, 411
patient reporting in, 408
questionnaires in, 408–410

AUDIT, 409, 409t
Brief Michigan Alcoholism 

Screening Test, 408–410, 409t
CAGE, 408–410, 409t

urine in, 414–417
postmortem, 411–414

blood in, 411–413
ethanol diffusion in, 413
ethanol production on, 412–413
factors in, 411
urine in, 414, 416–417
vitreous humor in, 414

Alcohol dehydrogenase (ADH), 383, 
383t

Alcohol dependent hallucinosis, 397, 
430

Alcohol dependent seizures, 430
Alcohol idiosyncratic intoxication, 394
Alcohol-induced ketoacidosis, 391, 

419
Alcohol-related liver injury, 391–392
Alcohol-related sudden death, 392
Alcohol use disorders identifi cation 

test (AUDIT), 409, 409t
Alcoholic beverages, 366–378. See also

Ethanol
beer, 367, 368t–378t
caffeinated, 790 (See also Caffeine)
country drinking patterns for, 366
distilled spirits, 367, 378
fl avor compounds in, 366–367
proof in, 367
wine, 367

Alcoholic cardiomyopathy, 389, 
395–396

Alcoholic cerebellar degeneration, 395
Alcoholic cirrhosis, 392
Alcoholic hepatitis, 392, 394, 396t, 411, 

412, 419
Alcoholic ketosis, 419
Alcoholic neuropathy, 390–391

Alcoholic pellagra encephalopathy, 
395

Aldehyde dehydrogenase (ALDH), 
383, 390

Aldehyde dehydrogenase (ALDH) 
inhibitors, 383

Alfentanil, 539–544, 540f. See also
Fentanyl analogues

Alkalosis. See specifi c types
Alkanes, fl uorinated, 676–681. See 

also Fluorinated alkanes; 
specifi c substances

Allocaine, from synthetic cocaine, 835
5-Allyl-5-(3-hydroxy-2-methyl-1-

propyl)barbituric acid, from 
butalbital, 475

5-Allyl-5-(3′-hydroxy-1′-methylbutyl)-
barbituric acid, from 
secobarbital, 481

5-Allyl-5-(1′-methyl-3′-carboxypropyl)-
barbituric acid, from 
secobarbital, 481

5-Allyl-5-(1-methylbutyl)-barbituric 
acid, 480–482, 480f, 480t

5-Allyl-5-isobutylbarbituric acid, 
474–476, 475f, 475t

Aloe emodin glucoside, in senna, 223
Aloe emodine, 219, 219f
Alopecia

from anabolic-androgenic steroids, 
286

from ethanol, 396t
α-ethyltryptamine (AET), 195–197, 

196t
α-methyltryptamine (AMT), 195–197
Amblyopia

from ethanol, 396t
from ethchlorvynol, 488

Amfepramone, 233–235, 234f
4-Amino-α-[(tert-butylamino)

methyl]-3,5-dichlorobenzyl 
alcohol, 295–300. See also
Clenbuterol

Aminoalkylindole compounds, in 
marijuana, 887

2-Aminoethyl-1-tolyl-propan-1-one, 
123–124, 123f

7-Aminofl unitrazepam, from 
fl unitrazepam, 78f, 79, 82–83, 
84

(−)(−)α-Aminopropiophenone, in khat, 
873

2-Aminopropiophenone, in khat, 873
Aminorex, 233
5-(Aminosulfonyl)-4-chloro-2-

((furanylmethyl) amino)
benzoic acid, 201–204. 
See also Furosemide
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Aminotransferase elevation
from chloroform, 644, 645
from ethanol, 410–411, 418–419
from halothane, 666, 667
from naphthalene mothballs, 719
from trichloroethylene (TCE), 748

Amitriptyline
with cocaine, 819
with dextromethorphan, 531
on methadone clearance, 584

Amnesia
anterograde, 79, 81
from benzodiazepines, 81
from cocaine, 841–842
from enfl urane, 655
from ethanol, 394, 395
from ethyl chloride, 693
from fl unitrazepam, 79, 81, 82, 84
from γ-hydroxybutyrate (GHB), 89, 

91, 94, 100
from ketamine, 113, 115
from marijuana, 911–912
from methylenedioxymethamphet-

amine (MDMA), 129, 142
from nitrous oxide, 671
NMDA receptors in, 113
from phencyclidine (PCP), 611
retrograde, 81
from Salvia divinorum, 964
from trichloroethylene (TCE), 746

Amobarbital, 468–474
clinical response to, 471, 471t
diagnostic testing for, 472–473
dose effect of, 469
exposure to, 468–469
histopathology and pathophysiology 

of, 470–471
history of, 467–468
identifying characteristics of, 468, 

469f, 469t
toxicokinetics of, 469–470, 470f
treatment for, 473–474, 474t

Amp, 3–18. See also Amphetamine
Amphetamine, 3–18

vs. catecholamine neuro-
transmitters, 4, 4f

clinical response to, 12–14
derivatives of, 4, 5f
diagnostic testing for, 14–17

abnormalities in, 17
analytic techniques in, 14–16, 15t
biomarkers in, 16–17

dose effect of, 7
on driving, 17–18
exposure to, 6–7
histopathology and pathophysiology 

of, 10–12
history of, 3–4

identifying characteristics of, 4–6, 5f
medical use of, 6
as metabolite

of medicinal drugs, 34
of methamphetamine, 17, 26, 34
of other drugs, 17

regulation of, 4
synthesis of, illicit, 6, 6f
terminology for, 6
toxicokinetics of, 8–10, 9f
treatment for, 18

Amphetamine designer drugs. See also
Phenethylamine compounds; 
specifi c drugs

cytochrome P450 biotransformation 
of, 164, 165f

overview of, 156, 157t
AMT, 195–197, 196f
Amyl nitrite, 751–756

clinical response to, 753–754
diagnostic testing for, 754–755
dose effect of, 752
exposure to, 751–752
histopathology and pathophysiology 

of, 753
history of, 751
identifying characteristics of, 751, 

752f
toxicokinetics of, 752
treatment for, 755–756

Amyloidosis, from heroin, 558
Amys, 468–474. See also Amobarbital
Anabasine

in corkwood tree, 986
from tobacco, 969, 971
urinary elimination of, 975, 976t

Anabolic-androgenic steroids, 275–289
clinical response to, 284–287

carcinogenesis in, 287
with illicit use, 284–286
reproductive abnormalities in, 

286
diagnostic testing for, 287–288
dose effect of, 279
exposure to, 278–279
histopathology and pathophysiology 

of, 281–284, 282f
mechanism of action in, 281–282, 

282f
mechanism of toxicity in, 282–284
postmortem, 284

history of, 275–276
identifying characteristics of, 

276–278, 276f, 277f, 277t
toxicokinetics of, 280–281, 280t
treatment for, 288–289

Anadenanthera peregrina, 776. See 
also 5-Methoxy-N,N-

dimethyltryptamine 
(5-MeO-DMT)

harmala alkaloids in seeds of, 770 
(See also Harmala alkaloids)

Anaerobic capacity, 340
Anandamide, 897–898, 917f. See also

Cannabinoids, synthetic
Anandamide compounds, in 

marijuana, 887
Anatabine

in corkwood tree, 986
in tobacco, 971

Anatalline, in corkwood tree, 986
5β-Androst-1-en-17β-ol-3-one, from 

boldenone, 280t
5α-Androstane-3α,17β-diol, from 

anabolic-androgenic steroids, 
287

5β-Androstane-3α17β-diol, from 
anabolic-androgenic steroids, 
287

Androstenedione, 351, 360
as testosterone prohormone, 277–278

Androsterone, from anabolic-
androgenic steroids, 287

Anemia
from amyl and butyl nitrites, in 

methemoglobinemia, 755
from bisacodyl, 217
from cascara, 220
from castor oil, 223
erythropoietin stimulation for, 

306–320 (See also Erythro-
poietin stimulation)

from ethanol, 396t, 419, 429
from furosemide, 204
hemolytic

from amphetamine, 17
from p-dichlorobenzene mothballs, 

721, 722
from heroin, 558
megaloblastic, from nitrous oxide, 673
from methanol, 712
from methoxyfl urane, 659
from naphthalene mothballs, 717, 

718, 719
from recombinant human 

erythropoietin (rHuEPO), 
severe, progressive, 
normocytic normochromic, 
314

from recombinant human 
erythropoietin (rHuEPO) 
abstinence, 319

rebound, 315
refractory, 319

from senna, 225
from syrup of ipecac, 213
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Anesthetics, inhaled
halogenated (See Halogenated 

ethers)
on neuromuscular blocker effects, 655
volatile (See Volatile substance 

abuse)
Anethole, 4-methoxyamphetamine 

(PMA) from, 169
Angel dust, 608–625. See also

Phencyclidine (PCP)
Anhalamine, in peyote, 945
Anhalidine, in peyote, 945
Anhaline, in peyote, 945
Anhalinine, in peyote, 945
Anhalonidine, in peyote, 945
Anhalonine, in peyote, 945
Anhydroecgonine methyl ester, from 

crack cocaine, 816, 835, 838
Anorexia nervosa, 200
Anosmia, from cocaine, 830
Anthraquinones, 219, 219f
Anthrone, 219–220, 219f
Anthrone C-glycosides, 219–220
Antiarrhythmics, with caffeine, 794
Anticatabolic, ergogenic agents, 357. 

See also β-Hydroxy-β-
methylbutyrate (HMB)

Anticholinergic poisoning, 457. See 
also specifi c drugs; specifi c 
signs and symptoms

Antidepressants. See also specifi c 
agents

with lysergic acid diethylamide 
(LSD), 456

Antidepressants, tricyclic. See also
specifi c agents

with cocaine, 819
with heroin, 555
with lysergic acid diethylamide 

(LSD), 456
with methylenedioxymethamphet-

amine (MDMA), 133
Antidiuretic hormone (ADH), ethanol 

on secretion of, 388
Antiglomerular basement membrane 

nephritis, from cocaine, 823
Antihistamines. See also specifi c agents

with dextromethorphan, 532
Antipsychotics. See also specifi c agents

with meprobamate, 499
Aortic dissection

from crack cocaine, 828
from methamphetamine, 29, 32

Aortic regurgitation
from dexfenfl uramine, 264
from fenfl uramine with/without 

phentermine, 255, 256, 258, 
259–260

Appetite suppressants. See
Amphetamine; Noradrenergic 
agents

2-Arachidonoylglycerol, 917f. See also
Cannabinoids, synthetic

Arachidonylethanolamide, 897–898
Areca catechu, 781. See also Areca nut
Areca nut, 781–786

botanical description of, 781
carcinogenesis of, 785
clinical response to, 784–785, 784t
diagnostic testing for, 785–786
dose effect of, 783
exposure to, 782–783
histopathology and pathophysiology 

of, 783–784
history of, 781
identifying characteristics of, 

781–782, 782f, 782t
toxicokinetics of, 783
treatment for, 786

Arecaidine
from areca nut, 783, 785
in areca nut, 781, 782f, 782t
from areca nut with lime, 784
from betel-quid chewing, 783

Arecoline
from areca nut, 785
in areca nut, 781, 782f, 782t, 783

Argyreia nervosa, 454, 938–942. See 
also Morning glory family 
(Convolvulaceae)

Argyreia speciosa, 938–942. See also
Morning glory family 
(Convolvulaceae)

Aroma of Men, 751–756. See also
Butyl nitrite

Arsenic
from creatine manufacture, 352
in tobacco smoke, 971t, 972, 973t

Artemisia absinthium, 761–762, 762f. 
See also Absinthe

Artemisia annua, 761. See also
Absinthe

Artemisia pontica, 762, 764. See also
Absinthe

Artemisinin, 761. See also Absinthe
Arterial vasoconstriction, from 

recombinant human 
erythropoietin (rHuEPO), 
314

Arthralgia
from dextromethorphan, 532
from halothane, 666
from human growth hormone 

(hGH), 340, 341
from kratom, 883
from methadone, 588

from recombinant human erythro-
poietin (rHuEPO), 314, 315

Ash, with tobacco, 971
Asian brown heroin, 548, 549f. See also

Heroin and opium poppy plant
Aspartate aminotransferase (AST), in 

alcohol dependence, 410–411, 
419

Atherosclerosis
from cocaine, 820
creatine on muscle strength in, 355
from methylenedioxymethamphet-

amine (MDMA), 136
from tobacco, 979

Atracurium, inhaled anesthetics on 
effects of, 655

Atrial fi brillation
from anabolic-androgenic steroids, 

285
from caffeine, 796, 800
from clenbuterol, 298
from creatine, 355, 356
from ethanol, 392, 396
from heroin overdose, 565
from marijuana, 911
from 4-methoxyamphetamine 

(PMA), 172
from 3,4-methylenedioxyamphet-

amine (MDA), 138
from sibutramine, 268

Attention, divided, with ethanol 
intoxication, 427

Attention defi cit disorder (ADD), 
methylphenidate for, 57, 58. 
See also Methylphenidate

Attention defi cit hyperactivity disorder 
(ADHD)

3-methoxy-4-hydroxyphenylglycol 
excretion in, 11

methylphenidate for, 57 (See also
Methylphenidate)

prolintane for, 69
signs and symptoms of, 11

AUDIT, 409, 409t
Aurora borealis, 608–625. See also

Phencyclidine (PCP)
Ayahuasca, 768–776

botanical description of, 768–769
clinical response to, 774
diagnostic testing for, 774–776, 775f

abnormalities in, 775–776
analytic methods in, 774
biomarkers in, 775, 775f

dose effect of, 772
exposure to, 770–772, 771t
histopathology and pathophysiology 

of, 773–774
history of, 768



INDEX

997

identifying characteristics of, 770, 
770f

toxicokinetics of, 772–773
treatment for, 776

Aztec tobacco, 968. See also Tobacco 
(Nicotiana tabacum)

Baby woodrose, 938–942. See also
Morning glory family 
(Convolvulaceae)

Badoh, 938–942. See also Morning 
glory family (Convolvulaceae)

Badoh negro, 938–942. See also
Morning glory family 
(Convolvulaceae)

Baeocystin, from psilocybin and 
hallucinogenic mushrooms, 
952, 952f

Bagging, 684
Baik-baik, 880–884. See also Kratom 

(Mitragyna speciosa)
Baldness

from anabolic-androgenic steroids, 
286

from ethanol, 396t
Ban Apple Gas, 751–756. See also

Butyl nitrite
Bang, 751–756. See also Butyl nitrite
Banisterine, 768
Banisteriopsis caapi, 768–769, 769f. 

See also Ayahuasca
Barbiturate coma, 471, 471t
Barbiturates, 467–482. See also

specifi c types
amobarbital, 468–474
butalbital, 474–476, 475f, 475t
classifi cation of, 467, 468t
duration of action of, 467
history of, 467–468
on methadone clearance, 569, 584
pentobarbital, 476–480
secobarbital, 480–482, 480f, 480t

Barotrauma, from cocaine, 822, 826t
Base, 18–43, 72. See also

Methamphetamine
Bathtub Crank, 72–76. See also

Propylhexedrine
Bathtub crystal, 72–76. See also

Propylhexedrine
Batu, 19, 21–22. See also

Methamphetamine
Beach moonfl ower, 938–942. See also

Morning glory family 
(Convolvulaceae)

Beast, 452–462. See also Lysergic acid 
diethylamide (LSD)

Bedgery, 985–987, 986f
Beer, 367, 368t–378t. See also Ethanol

Belted Panaeolus, 951. See also
Psilocybin and hallucinogenic 
mushrooms

Bennies, 3–18. See also Amphetamine
Benzaldehyde, in methamphetamine, 

35
Benzedrex® inhaler, 72–76. See also

Propylhexedrine
Benzedrine, 3–18. See also

Amphetamine
Benzedrine® inhalers, 72–76. See also

Propylhexedrine
Benzoic acid

from amphetamine, 8
from cocaine

manufacture of, 835
smoking of, 816

from methamphetamine, 26
from toluene, 726, 727f

2H-1,2,4-Benzothiadiazine-7-
sulfonamide, 204–206, 205t

Benzoylecgonine, from cocaine, 836
in bile/liver, 836
in blood, postmortem, 837–838, 838t
in brain, 838
in hair, 838–839
manufacture of, 835
as metabolite, 815–816, 815f
in saliva, 839
screening and confi rmation for, 

834–835
storage on, 835–836
in urine, 839–840
in vitreous humor, 840

Benzoylnorecgonine, from cocaine, 
815f, 816

N-Benzoylnorecgonine methyl ester, 
from cocaine manufacture, 835

α-Benzoyltriethylamine, 
propiophenone and, 233–235, 
234f

1-Benzyl-3-methylnaphthalene, in 
methamphetamine, 35

1-alpha-(1-aminoethyl) Benzyl alcohol, 
243–249. See also
Phenylpropanolamine

Benzyl alcohol, from toluene, 726, 727f
Benzyl methyl ketoxime, from 

methamphetamine, 26
α-Benzyl-N-methylphenethylamine 

(BNMPA), from 
methamphetamine, 35, 38

α-Benzyl-phenylethylamine 
derivatives, in 
methamphetamine synthesis, 
35

Benzylfentanyl, 540. See also Fentanyl 
analogues

Benzylmethylketone, amphetamine 
synthesis from, 6, 6f

1-Benzylpiperazine (BZP), 176–179, 
177f, 178f

with 1-(3-trifl uoromethylphenyl) 
piperazine (TFMPP), 179, 
181–182

Bernice, 805–848. See also Cocaine
Betel chewer’s mucosa, 784
Betel oil, 782
Betel quid, 781–786. See also Areca nut
Bhang, 886–915. See also Marijuana 

(Cannabis sativa)
BHPM, from bisacodyl, 214–215
Bidis, 969, 970t. See also Tobacco 

(Nicotiana tabacum)
Big laughing mushroom, 951–952. 

See also Psilocybin and 
hallucinogenic mushrooms

Biphetamine, 3–18. See also
Amphetamine

Bipyridyl, in corkwood tree, 986
Birch reduction, of methamphetamine, 

21, 35
Birds, 468–474. See also Amobarbital
Birthweight, low, from prenatal 

maternal smoking, 981
Bis-(p-hydroxyphenyl)-pyridyl-2-

methane (BHPM), from 
bisacodyl, 214–215

Bisacodyl, 213–219
clinical response to, 215–216
diagnostic testing for, 216–217
dose effect of, 214
exposure to, 214
histopathology and pathophysiology 

of, 215
identifying characteristics of, 

213–214, 214f, 214t
toxicokinetics of, 214–215
treatment for, 217–219

Bisacodyl diphenol, 214–215
Black Beauties, 3–18. See also

Amphetamine
Black Draught, 223–225
Blepharospasm, from marijuana, 

900
Bliss, 176–179, 177f, 178f
Blood alcohol concentration (BAC)

clinical effects of, acute, 405–406, 
405t

estimation of, 406–408
antegrade (forward), 406–407
elimination rate in, 408
postabsorptive phase timing in, 

407–408
retrograde (back), 407

normal ranges of, 405
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Blood doping, 306–320
blood transfusion in, 306, 308t
defi nition of, 306
erythropoietin stimulation in, 

306–320 (See also Erythro-
poietin stimulation)

history of, 306–307
methods of, 306, 308t

Blood/gas partition coeffi cient, 
653–654, 654t

Blood transfusion, for blood doping, 
306, 308t

Blood viscosity, recombinant human 
erythropoietin on, 313, 
313f

Blood/vitreous ethanol ratio, 414
Blotter acid, 452–462. See also

Lysergic acid diethylamide 
(LSD)

Blow, 805–848. See also Cocaine
Blue Angels, 468–474. See also

Amobarbital
Blue Birds, 468–474. See also

Amobarbital
Blue Bullets, 468–474. See also

Amobarbital
Blue caps, 452–462. See also Lysergic 

acid diethylamide (LSD)
Blue Clouds, 468–474. See also

Amobarbital
Blue Devils, 468–474. See also

Amobarbital
Blue Dolls, 468–474. See also

Amobarbital
Blue drops, 452–462. See also Lysergic 

acid diethylamide (LSD)
Blue Heaven, 468–474. See also

Amobarbital
Blue legs, 950–951. See also Psilocybin 

and hallucinogenic 
mushrooms

Blue-staining Panaeolus, 951. See also
Psilocybin and hallucinogenic 
mushrooms

Blues, 468–474. See also Amobarbital
Blues & Reds, 480–482, 480f, 480t
BNZ, 176–179, 177f, 178f
Body packer

cocaine, 831 (See also Cocaine)
abnormalities in, 842
gut decontamination in, 845
treatment algorithm for, 846f
treatment for, supplemental care 

in, 847–848
heroin (See also Heroin)

pathophysiology of, 567–568, 
568f

treatment for, 567–568, 568f

Body stuffer, cocaine, 831. See also
Cocaine

treatment for
algorithm for, 846f
gut decontamination in, 845
supplemental care in, 847–848

Body sway
from ethanol intoxication, 427
from marijuana, 911, 913

Bolt. See also Butyl nitrite; Volatile 
substance abuse

amyl and butyl nitrite, 751–756
volatile substances, 633–639

Bolts (1-benzylpiperazine, BZP), 
176–179, 177f, 178f

Bong, marijuana, 891, 891f
Botulism

from cocaine, 825, 826t
from heroin, 557, 564
from peyote, 947

Bradyarrhythmia and bradycardia
from areca, 786
from cocaine, 828
from ethchlorvynol, 488
from fentanyl, 539, 542
from fl unitrazepam, 79, 82
from fl uorocarbon propellants, 679
from γ-hydroxybutyrate (GHB), 91, 

92, 94, 95, 97, 100, 102, 103
from heroin, 559, 565, 569
from meprobamate, 500
from mescaline, 946
from methadone, 586, 587
from methcathinone, 122
from methylenedioxymethamphet-

amine (MDMA), 137t
from nicotine, acute poisoning, 

977
from toluene, 728
from trichloroethylene (TCE), 746

Bradykinesia
from dextromethorphan, 531
from p-dichlorobenzene mothballs, 

721
from methcathinone, 122, 123
from 1-methyl-4-phenyl-1,2,5,6-

tetrahydropyridine (MPTP), 
606

Brain atrophy, from toluene, 725, 727, 
729, 732

Brain damage, from toluene, 725, 
727–728

Brainstem abnormalities, from 
toluene, 727, 729

Brainstem depression, from 
glutethimide, 494

Brainstem dysfunction, from 
propylhexedrine, 74

Brainstem herniation, from 
amphetamine, 13

Breath alcohol concentration (BrAC), 
403–404

Breath/blood ratio, ethanol, 404
Brief Michigan Alcoholism Screening 

Test (MAST), 408–410, 409t
Bromide, inorganic

from dextromethorphan bromide, 
532

from halothane, 665
Bromism, from dextromethorphan 

bromide, 532, 534
2-Bromo-2-chloro-1,1,1-

trifl uoroethane, 664–668. 
See also Halothane

4-Bromo-2,5-dimethoxyamphetamine 
(DOB), 158f, 173–174

4-Bromo-2,5-dimethoxybenzoic acid 
(BDMBA), from 4-bromo-
2,5-dimethoxyphenethyl-
amine (2C-B), 175

4-Bromo-2,5-
dimethoxyphenethylamine 
(2C-B), 158f, 174–175

2-(4-Bromo-2,5-dimethoxyphenyl)-
ethanol (BDMPE), from 
4-bromo-2,5-
dimethoxyphenethylamine 
(2C-B), 175

4-Bromo-2,5-dimethoxyphenylacetic 
acid (BDMPAA), from 
4-bromo-2,5-
dimethoxyphenethylamine 
(2C-B), 175

4-Bromo-2-hydroxy-5-
methoxyphenethylamine, 
from 4-bromo-2,5-
dimethoxyphenethylamine 
(2C-B), 175

Bromo-dragonfl y, 175–176, 176f
1-(8-Bromobenzo[1,2-b; 4,5-b′;4,5-b′]

difuran-4-yl)-2-
aminopropane, 175–176, 176f

Bromobenzodifuranylisopropylamine, 
175–176, 176f

Bromochlorodifl uoromethane, 
676–681. See also Fluorinated 
alkanes

Bromotrifl uoromethane, 676–681. 
See also Fluorinated alkanes

Brompton cocktail, 813
Bronchiolar lung infl ammation, from 

tobacco smoking, 980
Bronchiolitis obliterans, from cocaine, 

822, 830, 840
Bronchodilation, from marijuana, 

898–899
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Bronchospasm
from arecoline, 781
in asthmatics

from betel quid/areca nut, 784, 786
from cocaine, 822

from crack cocaine, 830
from heroin, 558, 565
from lysergic acid diethylamide 

(LSD), 457
from marijuana, 898
from phencyclidine (PCP), 616, 616t, 

625
from Δ9-tetrahydrocannabinol 

(THC), 898
from volatile substance abuse, 637

Brown caps, 452–462. See also
Lysergic acid diethylamide 
(LSD)

Browns, 3–18. See also Amphetamine
Brugada syndrome

anabolic-androgenic steroid use 
with, 283

from cocaine, 827–828
from ketamine, 116
from marijuana, 911

Bruxism
from 3,4-methylenedioxyethamphet-

amine (MDEA), 165
from methylenedioxymethamphet-

amine (MDMA), 137
from phencyclidine (PCP), 619

Bubbles, 123–124, 123f
Bufo alvarius, 5-methoxy-N,N-

dimethyltryptamine 
(5-MeO-DMT) in, 776

Bulimia nervosa, 200
Bullet. See also Butyl nitrite; Volatile 

substance abuse
amyl and butyl nitrite, 751–756
volatile substances, 633–639

Bullets
red, 480–482, 480f, 480t
secobarbital, 480–482, 480f, 480t

Bullous photodermatitis, from 
phenolphthalein, 225

Buprenorphine, 514–523
antidotes for, 522–523
clinical response to, 518–520
diagnostic testing for, 520–522, 

521f
dose effect of, 516
on driving, 522
exposure to, 514–516
with fl unitrazepam, 80
for heroin addiction, 569–570
histopathology and pathophysiology 

of, 518
history of, 514

identifying characteristics of, 514, 
515f, 515t

toxicokinetics of, 516–518
treatment for, 522–523

Burley tobacco, 968–985. See also
Tobacco (Nicotiana tabacum)

Bushman’s tea, 873–878. See also
Khat (Catha edulis)

Butalbital, 474–476, 475f, 475t
Butane (n-butane), 684–687, 685t
Butanol, from butyl nitrite, 752
2-Butanol, from n-butane, 685
tert-Butanol, from isobutane, 685
Butorphanol, on methadone treatment, 

569
Butyl nitrite, 751–756

clinical response to, 753–754
diagnostic testing for, 754–755
dose effect of, 752
exposure to, 751–752
histopathology and pathophysiology 

of, 753
history of, 751
identifying characteristics of, 751, 

752f
toxicokinetics of, 752
treatment for, 755–756

BZP, 176–179, 177f, 178f

C, 805–848. See also Cocaine
2C-B, 158f, 174–175
(C8) CP-47,4978, 917f. See also

Cannabinoids, synthetic
2C-D, 156t, 158f, 174–175
2C-designer series, 156t, 174–175
C-terminal propeptide of type I 

procollagen (PICP), from 
human growth hormone 
(hGH), 342, 342t

Caffeinated alcoholic beverages, 790. 
See also Caffeine

Caffeine, 788–800
botanical description of, 788–789
clinical response to, 796–799
diagnostic testing for, 799–800
dose effect of, 792–793
with ethanol, 388–389
exposure to, 789–792

composition of, 790–792, 791t, 792t
dietary sources of, 791t
epidemiology of, 789
methods of use of, 792
origin of, 789–790, 790t
purine alkaloids in, by plant 

species, 790t
histopathology and pathophysiology 

of, 795–796
history of, 788

identifying characteristics of, 789, 
789t

in mate tea, 932, 933–934, 933f, 935
with methylenedioxymethamphet-

amine (MDMA), 133
with phenylpropanolamine, 245
toxicokinetics of, 793–795, 794f
treatment for, 800

Caffeinism, 793
CAGE questionnaire, 408–410, 409t
California sunshine, 452–462. See also

Lysergic acid diethylamide 
(LSD)

Camellia arabica, 788. See also
Caffeine

Camellia sinensis, 788, 789. See also
Caffeine

Canary grass, harmala alkaloids in, 
770

Cannabichromene, in marijuana, 887, 
888f

Cannabicyclohexanol, 916. See also
Cannabinoids, synthetic

Cannabicyclol, in marijuana, 887
Cannabidiol (CBD), 915–919. See also

Cannabinoids, synthetic
biotransformation of, 894–895
from marijuana, 888
in marijuana, 887, 888f, 890

Cannabielsoin, in marijuana, 887
Cannabigerol, in marijuana, 887, 888f
Cannabinodiol, in marijuana, 887
Cannabinoids

natural, 452t, 886–915, 887, 888f 
(See also Marijuana 
(Cannabis sativa))

synthetic, 915–919
clinical response to, 918
diagnostic testing for, 918–919
exposure to, 916–918
history of, 915–916, 916f
identifying characteristics of, 916, 

917f
treatment for, 919

Cannabinol (CBN), 916
in marijuana, 887, 888f, 894

Cannabis, 886–915. See also
Marijuana (Cannabis sativa)

Cannabis sativa, 887, 887f. See also
Marijuana (Cannabis sativa)

Cannabitriol compounds, in 
marijuana, 887

Capital femoral epiphysis, slipped, 
from human growth hormone 
(hGH), 341

Carbamazepine
with buprenorphine, 518
on methadone clearance, 569
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Carbohydrate-defi cient transferrin 
(CDT), in alcohol 
dependence, 410

Carbon monoxide. See
Carboxyhemoglobin

Carbon monoxide diffusing capacity 
(DLco), reduced

from crack cocaine, 841
from marijuana, 902
from propylhexedrine, 75

5-(3′-Carboxybutyl)-5-ethylbarbituric 
acid, from amobarbital, 469

Carboxyhemoglobin
from desfl urane, 654
from gasoline, 699
from halogenated ethers, 654
from marijuana, 890, 892, 901
from methanol, 711
from tobacco, 971t, 972, 981, 982, 

984
from volatile substance abuse, 

638–639
3-[1-(1-Carboxymethoxyethyl)]-6-

acetylmorphine, from heroin 
synthesis, 552

Cardiomegaly
from ethanol, 389
from heroin, 565
from human growth hormone 

(hGH), 341
from methylenedioxymethamphet-

amine (MDMA), 136
from phencyclidine (PCP), 621
from propylhexedrine, 74

Cardiomyopathy
from amphetamine, 13
from anabolic-androgenic steroids, 

283, 284, 285
from anorexia nervosa and bulimia, 

211
from bisacodyl, 217
from cascara, 220
from castor oil, 223
from cocaine, 820, 824, 827, 828
from ephedrine, 237
from ethanol (alcoholic), 389, 

395–396, 396t, 412, 429
from human growth hormone 

(hGH), 340
from methadone, 588
from methamphetamine, 28, 32
from methylphenidate, 63
from phendimetrazine, 238
from sibutramine, 268
from syrup of ipecac, 210, 211, 213
from toluene, 729
from trichloroethylene (TCE), 746

Carisoprodol, meprobamate from, 498

Carpal tunnel syndrome, from human 
growth hormone (hGH), 
340

Casanthranol, 219–220, 219f
Cascara, 219–220, 219f
Cascara sagrada bark, 219–220, 219f
Cascarosides, 219, 219f
Cassia acutifolia, 223
Cassia angustifolia, 223
Castor oil, 220–223

clinical response to, 222
diagnostic testing for, 222–223
dose effect of, 221
exposure to, 221
histopathology and pathophysiology 

of, 222
identifying characteristics of, 

220–221, 221f, 221t
toxicokinetics of, 222, 222f
treatment for, 223

Castor seed oil, 220–223. See also
Castor oil

Castoria®, 223–225
Catalase, 384
Catatonia

from p-dichlorobenzene mothballs, 
721

from lysergic acid diethylamide 
(LSD), 360, 457

from phencyclidine (PCP), 612, 615, 
616, 617, 620, 625

from sibutramine, 268
Catecholamine neurotransmitters, 4, 

4f
Catechu, 783
Catha edulis, 873–878. See also Khat 

(Catha edulis)
Cathartic colon, from bisacodyl, 214, 

216
Catheduline compounds, in khat, 874
Cathine

from khat, 876
in khat, 873–874

Cathinone
in cathine, 875
in cathine synthesis, 874
from diethylpropion, 876
in khat, 876, 877

CB, 491–495. See also Glutethimide
CD, 491–495. See also Glutethimide
Central pontine myelinolysis

from bisacodyl, 217
from ethanol, 396t
from furosemide, 202, 203, 204, 205
from hydrochlorothiazide, 205
from methylenedioxymethamphet-

amine (MDMA), 145
from syrup of ipecac, 213

Centrilobular emphysema, from 
tobacco smoking, 976

Cephaeline, 206, 207, 207f, 207t, 
211–212, 212f. See also Ipecac

Cephaelis acuminata, 207
Cephaelis ipecacuanha, 207
CERA, 307, 308t. See also

Erythropoietin stimulation
Cerebellar dysfunction and atrophy

from ethanol, 390, 395, 396t, 427
from ethyl chloride, 691
from gasoline, 697, 698
from heroin, 557, 565
from ibogaine, 869, 870
from naphthalene mothballs, 721
from toluene, 644, 725, 726, 727, 

728, 729, 732
Cerebral blood fl ow, caffeine on, 795
Cerebral edema

from amphetamines, 14, 17, 30, 43
from bromo-dragonfl y, 176
from ethyl chloride, 692
from furosemide, 202
from glutethimide, 493
from 4-methoxyamphetamine 

(PMA), 171, 172
from 3,4-methylenedioxyamphet-

amine (MDA), 163
from 3,4-methylenedioxyethamphet-

amine (MDEA), 165
from 3,4-methylenedioxymetham-

phetamine (MDMA), with 
hyponatremia, 136, 139, 145

from piperazine-type designer 
drugs, 179

Cerebral hemorrhage. See Intracranial 
hemorrhage

Cerebral ischemia
from cocaine, 820
from recombinant human erythro-

poietin (rHuEPO), 314, 315
Cerebral thrombosis. See Intracranial 

hemorrhage
Cerebral vascular accident. See Stroke
Cerebrum abnormalities

from heroin, 565
from mescaline, 938
from toluene, 727

Chacruna, harmala alkaloids in, 
770

Chaliponga, 776. See also 5-Methoxy-
N,N-dimethyltryptamine 
(5-MeO-DMT)

Chanoclavine, in morning glory 
family, 940, 940f

Charas, 889. See also Marijuana 
(Cannabis sativa)

Charge, 176–179, 177f, 178f
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Chasing the dragon, 23, 546–547. 
See also Heroin and 
opium poppy plant

Cheese, 548. See also Heroin and 
opium poppy plant

Chelation, for leaded gasoline toxicity, 
699–700

Cherry Meth, 89–100. See also
γ-hydroxybutyrate (GHB)

Chest pain
from amphetamine, 13
from 1-benzylpiperazine (BZP), 

178
from caffeine, 797
from castor oil, 222
from cathinone, 876
from chloroform, 644
from clenbuterol, 298
from cocaine, 820, 824, 826, 827, 

828, 830, 841, 843–844, 
846–847

from emetine (syrup of ipecac), 210
from ephedrine, 237
from fenfl uramine with/without 

phentermine, with valvular 
disease, 260

from heroin, 551
from ketamine, 114
from mephedrone, 123
from 3,4-methylenedioxymetham-

phetamine (MDMA), 137, 
138, 141

from methylphenidate, 63
from phendimetrazine, 238
from phentermine, 242
from phenylpropanolamine, 246, 

248
from propylhexedrine, 74
from recombinant human erythro-

poietin (rHuEPO), 314
from salbutamol, 302
from sibutramine, 268

Chewing tobacco, 968–985. See also
Tobacco (Nicotiana tabacum)

Chimarrão, 932–936. See also Mate 
tea (Ilex paraguariensis)

China Girl, 539–544. See also Fentanyl 
analogues

China White
heroin, 546–571 (See also Heroin)
α-methylfentanyl and 3-methylfen-

tanyl, 539–544 (See also
Fentanyl analogues)

Chinese slimming capsules, 265
Chinese slimming tea, 265
Chloral hydrate, from 

trichloroethylene (TCE), 744, 
745f

Chloramphenicol, with heroin, 555
2-Chloro-1-1-difl uoroethylene, from 

halothane, 665
1-Chloro-1,1-difl uoroethane, 676–681. 

See also Fluorinated 
alkanes

6-Chloro-3,4-dihydro-1,1-dioxide, 
204–206, 205t

1-Chloro-3-ethylpent-1-en-4-yn-3-ol, 
486–490. See also
Ethchlorvynol

1-Chloro-3-ethynylpent-1-en-3,4-diol, 
from ethchlorvynol, 487

2-Chloro-1,1,1-trifl uoroethane, from 
halothane, 665

1-Chloro-2,2,2-
trifl uoroethyldifl uoromethyl 
ether, 654f, 654t, 656–658

Chlorodifl uoromethane, 676–681. 
See also Fluorinated 
alkanes

Chloroethane, 691–693, 692f, 692t
Chloroform, 642–646

clinical response to, 644–645
diagnostic testing for, 645
dose effect of, 643
exposure to, 642–643
histopathology and pathophysiology 

of, 644
history of, 642
identifying characteristics of, 642, 

643f, 643t
toxicokinetics of, 645–646

Chlorogenic acid, in mate tea, 933, 
933f

1-Chloroheroin, from heroin synthesis, 
552

Chloropentafl uoroethane, 676–681. 
See also Fluorinated 
alkanes

3-(o-Chlorophenyl)-6-hydroxy-2-
methyl-4[3H]-quinazolinone, 
from mecloqualone, 510

3-(o-Chlorophenyl)-2-
(hydroxymethyl)-4[3H]-
quinazolinone, from 
mecloqualone, 510

2-(o-Chlorophenyl)-2-(methylamino)
cyclohexanone, 626

N-{1-[1-(4-Chlorophenyl)cyclobutyl]-3-
methylbutyl}-N,N-dimethyl 
amine, 265–269. See also
Sibutramine

meta-Chlorophenylpiperazine (mCPP), 
177f, 179–180

p-Chlorophenylpiperazine, in meta-
chlorophenylpiperazine 
(mCPP), 179

Cholestasis, intrahepatic
from anabolic-androgenic steroids, 

283
from caffeine, 797
from ethanol, 392
from methylenedioxymethamphet-

amine (MDMA), 136
from senna, 224

Cholestatic jaundice. See also
Jaundice

from anabolic-androgenic steroids, 
283, 286

Christmas vine, 454, 938–942. See also
Morning glory family 
(Convolvulaceae)

Christmas wreath, 938–942. See also
Morning glory family 
(Convolvulaceae)

Chromium, 360
Chromium picolinate, 360
Chronic kidney disease, from betel 

quid, 784
Chronic obstructive pulmonary 

disease (COPD), from 
tobacco smoking, 976, 980

Chrysophanol, 219, 219f
Chrysophanol glucosides, in senna, 

223
Chuttaa, 970t
Cigar, 970t
Cigarettes, 968–985. See also Tobacco 

(Nicotiana tabacum)
defi nition and types of, 969, 

970t
history of, 968
origin of, 969

Cigars, 969, 970t. See also Tobacco 
(Nicotiana tabacum)

Ciliary denudation, from tobacco 
smoking, 976

Cimetidine
with caffeine, 795
with ethanol, 388
on methadone metabolism, 585

Cinnamic acids, from cocaine 
manufacture, 835

cis-Cinnamoylcocaine
in cocaine, 835
from cocaine extraction, 810

trans-Cinnamoylcocaine
in cocaine, 835
from cocaine extraction, 810

Ciprofl oxacin, with caffeine, 795
Circles, 77–85. See also

Flunitrazepam
Cirrhosis, alcoholic, 392
CIWA-Ar Scale, 397, 398t–399t
Claviceps purpurea, 452, 454
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Clenbuterol, 295–300
clinical response to, 297–298
diagnostic testing for, 298–299, 

298t
dose effect of, 296
exposure to, 296
in heroin, 551
histopathology and pathophysiology 

of, 297
history of, 295
identifying characteristics of, 

295–296, 296f
toxicokinetics of, 296–297
treatment for, 299–300

Climax. See also Butyl nitrite; Volatile 
substance abuse

amyl and butyl nitrite, 751–756
volatile substances, 633–639

Clinical Institute Withdrawal 
Assessment for Alcohol 
(CIWA-Ar) Scale, 397, 
398t–399t

Clonidine, for heroin withdrawal, 570
Clozapine, with caffeine, 794
Clubbing, from senna abuse, 223, 224
Coagulopathy

from methamphetamine, 41
from 3,4-methylenedioxyamphet-

amine (MDA), 162
from 3,4-methylenedioxyethamphet-

amine (MDEA), 165
from phencyclidine (PCP), 618, 623

Coaxihuitl, 938–942. See also Morning 
glory family (Convolvulaceae)

Coca plant, 805–848. See also Cocaine
Cocaethylene, 807

from ethanol with cocaine, 815, 
815f, 817–818, 818f

pharmacodynamics of, 818
pharmacokinetics of, 817–818, 818f

Cocaine, 805–848. See also Cocaine
botanical description of, 806–807
clinical response to, 824–834

abstinence syndrome in, 833
behavioral abnormalities in, 825
fatalities in, 832–833
with illicit use, 824–825
medical complications in, 826–831

anaphylaxis, 831
cardiac, 826–828, 826t
gastrointestinal tract, 830
head and neck, 830
headaches, 829
muscles, 826t, 830–831
neurologic, 826t, 828–829
overview, 826, 826t
pulmonary, 826t, 829–830
renal, 830

seizures, 826t, 829
skin, 831
temperature control, 831

mental disorders in, 825
with overdose, 831
reproductive/developmental

abnormalities in, 833–834
diagnostic testing for, 834–842

abnormalities in, 840–842
blood, 841
body packing, 842
cardiovascular, 841
central nervous system, 841–842
pulmonary, 840–841

analytic methods in, 834–836
biomarkers in, 836–840

bile/liver, 836
blood, antemortem, 836–837
blood, postmortem, 837–838, 

838t
brain, 838
freebase cocaine, 838
hair, 838–839
saliva, 839
urine, 839–840
vitreous humor, 840

unit conversion in, 834
dose effect of, 812–813
on driving, 842–843
exposure to, 808–812

cocoa paste and cocaine bricks in, 
809, 809f

crack cocaine in, 809
epidemiology of, 808
freebase cocaine in, 809
impurities and profi ling of, 810
methods of abuse of, 810–812
origin/composition of, 808–809
structures, alkaloids, byproducts, 

and impurities in, 810, 811f
with heroin (speedball), 807, 808, 

819
histopathology and pathophysiology 

of, 819–824
mechanism of action in, 819
mechanism of toxicity in, 819–823

in cardiovascular system, 
820–822

in central nervous system, 
819–820

on gastrointestinal tract, 823
general, 819
on kidney, 823
in respiratory system, 822
on temperature, 822–823

postmortem examination in, 
823–824

history of, 805–806

identifying characteristics of, 807, 
807f, 808f

toxicokinetics of, 813–819
absorption in, 813–814, 813f, 814f
biotransformation in, 815–816, 

815f
distribution in, 814–815
elimination in, 816
with ethanol (cocaethylene), 

817–818, 818f (See also
specifi c drugs)

with heroin, 819
maternal and fetal kinetics in, 

816–817
with pharmaceuticals, 819
tolerance in, 817

treatment for, 843–848
antidotes in, 846
in body packers and body stuffers, 

845, 846f
elimination enhancement in, 846
gut decontamination in, 845
ibogaine in, 867–871 (See also

Ibogaine)
stabilization in

for dysrhythmias, 843
excited delirium in, 845
general, 843
for hypertension, 844
for hyperthermia, 844
for hypotension, 844
for myocardial infarction and 

chest pain, 843–844
for seizures, 844

supplemental care in
for addiction, 848
for body stuffers/body packers, 

847–848
for chest pain, 846–847
for mild acute intoxication, 847
for psychosis, acute, 848
for rhabdomyolysis, 847

Cocaine bricks, 809, 809f
Cocaine hydrochloride, 807, 808f. 

See also Cocaine
Cocaine-induced excited delirium, 

823–824, 832–833, 845
Cocaine N-oxide, screening and 

confi rmation for, 835
“Cock walk,” from methcathinone, 

122
Cocktail, 120–123. See also

Methcathinone
Cocoa paste, 809, 809f
Codeine, 548f

with glutethimide, 491, 493
in heroin, 551
from heroin metabolism, 553
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Codeine-6-glucuronide, from codeine, 
554f

Coffea arabica, 788–789. See also
Caffeine

Coffea canephora, 788. See also
Caffeine

Coffee, 788–800. See also Caffeine
Cohoba tree, 776. See also 5-Methoxy-

N,N-dimethyltryptamine 
(5-MeO-DMT)

Coke, 805–848. See also Cocaine
Coke bugs, 824
Cold preparations. See

Dextromethorphan
Collagen telopeptide type I (ICTP), 

from human growth hormone 
(hGH), 342, 342t

Colombian coca plant, 807. See also
Cocaine

Colorado River Toad, 5-methoxy-
N,N-dimethyltryptamine 
(5-MeO-DMT) in, 776

Coma
barbiturate, 471, 471t
causes of, 418

Common abstinence syndrome, 
ethanol, 429–430, 430t

Common large psilocybe, 950–951. 
See also Psilocybin and 
hallucinogenic mushrooms

Common tobacco, 968–985. See also
Tobacco (Nicotiana tabacum)

Compartment syndrome
from creatine, 356
from heroin, 557, 558
from methamphetamine, 43
from 3,4-methylenedioxyamphet-

amine (MDA), 163
from propylhexedrine, 76

Compound A, from sevofl urane, 
659

Compulsive movements, from 
psilocybin and hallucinogenic 
mushrooms, 956

Congeners, 366–367
on hangovers, 393

Congestive heart failure
from anabolic-androgenic steroids, 

285
with anorexia and bulimia, 211
from castor oil, 224
from emetine, 211
from ethanol, 395, 396t, 429
from fenfl uramine with/without 

phentermine, 260
from human growth hormone 

(hGH), 341
from methamphetamine, 28, 32

from recombinant human erythro-
poietin (rHuEPO), 310, 313, 
315, 319

from syrup of ipecac, 211
Conjunctival erythema, from 

marijuana, 900
Continuous erythropoietin receptor 

activator (CERA), 307, 308t. 
See also Erythropoietin 
stimulation

Contraceptives, oral, with caffeine, 
795

Contraction band necrosis, myocardial
from anabolic-androgenic steroids, 

283, 284
from chloroform, 644
from cocaine, 821
from methamphetamine, 30
from methylenedioxymethamphet-

amine (MDMA), 136
from nitrous oxide, 672

Conversion factors, 400
Conversion factors, ethanol, 400
Convolvulaceae, 938–942. See also

Morning glory family 
(Convolvulaceae)

Convolvulus corymbosa, 938–942. See 
also Morning glory family 
(Convolvulaceae)

Copelandia anomala, psilocybin in, 
950. See also Psilocybin and 
hallucinogenic mushrooms

Copelandia bispora, psilocybin in, 950. 
See also Psilocybin and 
hallucinogenic mushrooms

Copelandia cambodginiensis,
psilocybin in, 950. See also
Psilocybin and hallucinogenic 
mushrooms

Copelandia tropicalis, 950
psilocybin in, 950–957 (See also

Psilocybin and hallucinogenic 
mushrooms)

Cor pulmonale
from IV drug use, 14
from methylphenidate tablet IV 

injection, 62
from propylhexedrine, 74

Coricidin®, 527–535. See also
Dextromethorphan (bromide)

Corkwood tree, 985–987, 986f
Corneal erosions, from cocaine, 830
Corona de novia, 938–942. See also

Morning glory family 
(Convolvulaceae)

Coronary artery disease
from anabolic-androgenic steroids, 

284, 285

cocaine use with, 824, 827, 832, 838, 
847

from ephedrine, 237, 242
from methamphetamine, 32
from tobacco smoking, 979

Coronary artery vasoconstriction, 
from cocaine, 820, 821

Coronary thrombosis
from cocaine, 820
from methylenedioxymethamphet-

amine (MDMA), 138
Corynantheidine, in kratom, 881, 881f, 

882
Cosmos, 120–123. See also

Methcathinone
Cotinine

in corkwood tree, 986
from nicotine, 974, 974f
from tobacco, 981, 982–983
urinary elimination of, 975, 975f, 

976t
Cough preparations. See

Dextromethorphan
(C8) CP-47,4978, 917f
CP-47,497, 916, 917f. See also

Cannabinoids, synthetic
CP-55,940, 917f. See also

Cannabinoids, synthetic
CP-50,556-1, 917f. See also

Cannabinoids, synthetic
Crab, 123–124, 123f
Crack cocaine, 807, 808f, 809. See also

Cocaine
Crack lung, 822, 829–830, 840
Cranial nerve abnormalities

from toluene, 729
from trichloroethylene (TCE), 743
from volatile substance abuse, 

637
Crank, 18–43. See also

Methamphetamine
Crank(s), 3–18. See also

Amphetamine
Creatine, 351–357

clinical response to, 355–356
diagnostic testing for, 356–357
dose effect of, 352–353
exposure to, 352
histopathology and pathophysiology 

of, 354–355
history of, 351–352
identifying characteristics of, 352, 

352f, 352t
toxicokinetics of, 353, 354f
treatment for, 358

Creatine kinase
as biomarker for creatine, 357
in creatine metabolism, 354f
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Creatine kinase elevation. See also
Myocardial infarction (MI, 
AMI); Rhabdomyolysis

from amobarbital, 473
from amphetamine, 13
from 4-bromo-2,5-dimethoxyam-

phetamine (DOB), 173
from cannabinoids, synthetic, 919
from clenbuterol, 298
from cocaine, 827, 830, 831, 841, 847
from fentanyl analogues, 473
from gasoline, 698
from heroin, 551, 557, 564, 567
from marijuana, 911
from mephedrone, 124
from methadone, 594
from methamphetamine, 30, 39
from 3,4-methylenedioxyamphet-

amine (MDA), 162
from methylenedioxymethamphet-

amine (MDMA), 137t, 139t, 
143

from phencyclidine (PCP), 618, 
622–623

from phendimetrazine, 239
from phentermine, 242
from salbutamol, 302
from syrup of ipecac, 211

Creatine monophosphate. See Creatine
Creatinine

barbiturates on, 473
cocaine on, 840
from creatine manufacture, 352
ethanol abuse on, 416, 417, 419
heroin on, 564
marijuana on, 911
3,4-methylenedioxymethamphet-

amine (MDMA) on, 137t
toluene on, 733

meta-Cresol
from toluene, 726, 727f
in wine, 367

ortho-Cresol, from toluene, 726, 727f
para-Cresol, from toluene, 726, 727f
Crocodile, 539–544. See also Fentanyl 

analogues
Crystal

crystal methamphetamine, 19, 21–22 
(See also Methamphetamine)

propylhexedrine, 72–76 (See also
Propylhexedrine)

Crystal Dex, 528. See also
Dextromethorphan (bromide)

Crystal joint, 608–625. See also
Phencyclidine (PCP)

Crystal methamphetamine (Crystal 
Meth), 19, 21–22. See also
Methamphetamine

Cubes, 950–951. See also Psilocybin 
and hallucinogenic 
mushrooms

Cultivated tobacco, 968–985. See also
Tobacco (Nicotiana tabacum)

Cum, 751–756. See also Butyl nitrite
Cuscohygrine

in cocaine, 835
from cocaine extraction, 810

Cyanide, from phencyclidine (PCP) on 
marijuana cigarettes, 611

Cyanosis
from amyl and butyl nitrites, 754
from buprenorphine, 516, 518
from caffeine, 797
from halothane, 667
from heroin, 559
from methamphetamines, distal, 32
from recombinant human erythro-

poietin (rHuEPO) abstinence, 
315

Cyclohexanone, from phencyclidine 
(PCP) on marijuana 
cigarettes, 611

Cyclohexylacetoxime, from 
propylhexedrine, 73

Cyclohexylphenol (CP) cannabinoids, 
915–919, 918f. See also
Cannabinoids, synthetic

Cyclone, 608–625. See also
Phencyclidine (PCP)

D1 receptors, cortical, 113
Daidzin, 383
Darbepoetin alfa, 307, 308t. See also

Erythropoietin stimulation
Darkene, 77–85. See also

Flunitrazepam
Date rape

ethanol in, 79
fl unitrazepam in, 79
γ-hydroxybutyrate (GHB) in, 89, 

90
marijuana in, 79

Date Rape Drug, 77–85. See also
Flunitrazepam

Datura stramonium, with kratom, 883
Day Tripper, 195–197
Deep vein thrombosis, from 

recombinant human 
erythropoietin (rHuEPO), 
310, 313

Degreaser’s fl ush, 746
Dehydration, hyponatremic hypotonic, 

204
Dehydroemetine, 206
Dehydroepiandrosterone (DHEA), 

351, 360

as testosterone prohormone, 
277–278

Dehydronorketamine, from ketamine, 
112

Dehydrothujone, from α-and 
β-thujone, 765

Delayed hypersensitivity reactions, 
from transdermal 
buprenorphine, 518

Delirium tremens
symptoms of, 397
treatment for, 430–431

Delirium tremens (DTs), 397
Delivery, preterm, from maternal 

smoking, 981
Delysid, 452–462. See also Lysergic 

acid diethylamide (LSD)
N-Demethyl-LSD, from lysergic acid 

diethylamide (LSD), 454, 
455f, 460

N-Demethylmacromerine, 946
N-Demethylmethadol, from 

methadone, 583f
o-Demethyltramadol, with kratom, 

880–884. See also Kratom 
(Mitragyna speciosa)

Depressants. See also Barbiturates; 
specifi c agents

with ethanol, 388
Derealization, 82
Dermatitis

from amyl and butyl nitrites, 753
from Artemisia (absinthe), 765
bullous photodermatitis, from 

phenolphthalein, 225
contact

from castor oil, 222
from chromium picolinate, 360

paranasal, from volatile substance 
abuse, 637

Desalkyl-buprenorphine, from 
buprenorphine, 517

N-Desethyl-LSD, from lysergic acid 
diethylamide (LSD), 454

Designer drugs
amphetamine, 156, 157t (See also

Phenethylamine compounds; 
specifi c drugs)

cytochrome P450 biotransforma-
tion of, 164, 165f

tryptamine, 193–197 (See also
Tryptamine designer drugs; 
specifi c drugs)

Desmanthus illinoensis, harmala 
alkaloids in, 770. See also
Harmala alkaloids

Desmethyl mitragynine, in kratom, 882
N-Desmethylfl unitrazepam, 78f, 79
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o-Desmethylibogaine, from ibogaine, 
869

o-Desmethyltramadol, from kratom, 
884

DET, 193
Dex, 527–535. See also

Dextromethorphan (bromide)
Dexampex, 3–18. See also

Amphetamine
Dexedrine, 3–18. See also

Amphetamine
Dexfenfl uramine, 262–265

clinical response to, 264
diagnostic testing for, 264–265
exposure and dose effect of, 262
histopathology and pathophysiology 

of, 263–264
history of, 262
identifying characteristics of, 262
toxicokinetics of, 262–263, 263f
treatment for, 265

Dextroamphetamine, 4. See also
Amphetamine

Dextromethorphan (bromide), 527–535
bromide poisoning from, 532
clinical response to, 531–533
diagnostic testing for, 533–534, 534f
dose effect of, 528–529
on driving, 534–535
exposure to, 528
with fl unitrazepam, 80
histopathology and pathophysiology 

of, 531
history of, 527
identifying characteristics of, 

527–528, 528f
toxicokinetics of, 529–531, 530f
treatment for, 535

Dextrorphan, from dextromethorphan, 
529–530, 530f, 531, 533–534, 
534f

Di-desmethyl sibutramine, from 
sibutramine, 266–267, 266f, 
267f, 269

Diabetes mellitus
from ethanol, 396t, 410
from human growth hormone 

(hGH), 341, 345
Diabetic neuropathy, with chronic 

diarrhea, 218t
2-(4,4′-Diacetoxydiphenylmethyl)

pyridine, 213–219. See also
Bisacodyl

3,4-Diacetyl-6-methoxyphenanthrene, 
from Tasmanian opium, 552

Diacetylmorphine, 546–571. See also
Heroin and opium poppy 
plant

Diacetylmorphine, 
4′-acetoxyacetanilide, 547. 
See also Heroin and opium 
poppy plant

Diarrhea
causes of, 218t
classifi cation of, 217
defi nition of, 217

Diazepam
with inhaled anesthetics, 655
with ketamine, 113
with methadone, 585

3,4-Dicaffeoylquinic acid, in mate tea, 
933f

3,5-Dicaffeoylquinic acid, in mate tea, 
933f

4,5-Dicaffeoylquinic acid, in mate tea, 
933f

Dicaffeoylquinic acids, in mate tea, 
933f, 934

2,2-Dichloro-1,1-difl uoroethylmethyl, 
654f, 654t, 658–659

1,2-Dichloro-1,1,2,2-tetrafl uoroethane, 
676–681. See also Fluorinated 
alkanes

Dichloroacetic acid, from 
trichloroethylene (TCE), 744, 
745f

Dichloroacetyl chloride, from 
trichloroethylene (TCE), 744, 
745f

Dichloroacetylene, from 
trichloroethylene (TCE), 743

para-Dichlorobenzene, 720–722, 720f, 
720t

Dichlorodifl uoromethane, 676–681. 
See also Fluorinated alkanes

Dichlorofl uoromethane, 676–681. 
See also Fluorinated alkanes

2,5-Dichlorophenol, from 
p-dichlorobenzene mothballs, 
720–721

Dichlorotetrafl uoroethane, 676–681. 
See also Fluorinated alkanes

S-(1,2-Dichlorovinyl)glutathione, from 
trichloroethylene (TCE), 744

S-(1,2-Dichlorovinyl)L-cysteine 
(DCVC), from 
trichloroethylene (TCE), 744

Dicyandiamide, from creatine 
manufacture, 352

9,10-Didehydro-N,N-diethyl-6-
methylergoline-8-β-
carboxamide, 452–462. 
See also Lysergic acid 
diethylamide (LSD)

Dietary supplements, 351. See also
Nutritional supplements

1,1-Diethoxyethane, 367
N,N-Diethyl-d-lysergamide, 452–462. 

See also Lysergic acid 
diethylamide (LSD)

Diethyl ether, 647–649
from cocaine manufacture, 835
identifying characteristics of, 648, 

648f, 648t
N,N-Diethyl-tryptamine (DET), 193
2-(Diethylamino)-1-phenyl-1-

propanone, 233–235, 234f
N,N-Diethylnorephedrine, from 

diethylpropion, 234
Diethylpropion, 233–235, 234f
Diethylstilbestrol, on methadone 

clearance, 584
Difl uoroethane, 676–681. See also

Fluorinated alkanes
1,1-Difl uoroethane, 676–681. See also

Fluorinated alkanes
4,10-Dihydrothujone, from α- and 

β-thujone, 765
Dihydrotriazine, trace metals, arsenic, 

from creatine manufacture, 
352

5,4′-Dihydroxy-7-methoxyisofl avone, 
383

8α,11-Dihydroxy-Δ9-THC, from 
Δ9-tetrahydrocannabinol 
(THC), 894, 894f

8β,11-Dihydroxy-Δ9-THC, from 
Δ9-tetrahydrocannabinol 
(THC), 894, 894f

4,5-Dihydroxy-hexan-2-one, from 
n-hexane, 703, 704f, 706

3,4-Dihydroxyamphetamine (DHA)
from 3,4-methylenedioxyamphet-

amine (MDA), 160
from methylenedioxymethamphet-

amine (MDMA), 131, 131f
Dihydroxychavicol, in Piper betle,

782
3,4-Dihydroxyethylamphetamine 

(DHE)
from 3,4-methylenedioxyamphet-

amine (MDA), 160
from 3,4-methylenedioxyethamphet-

amine (MDEA), 164
3,4-Dihydroxymethamphetamine 

(HHMA), from methylene-
dioxymethamphetamine 
(MDMA), 131, 131f

5-(2′,3′-Dihydroxypropyl)-5-(1′-
methylbutyl)-barbituric acid, 
from secobarbital, 481

Diltiazem, with caffeine, 794
2,5-Dimethoxy-4-chloroamphetamine 

(DOC), 173
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4-Dimethoxy-4-ethylamphetamine 
(DOET), 158f, 174

2,5-Dimethoxy-4-iodoamphetamine 
(DOI), 173

2,5-Dimethoxyamphetamine (DMA), 
172–173

2,5-Dimethoxyamphetamine (DMA) 
designer drugs, 172–173

1,5-Dimethyl-3,3-diphenylpyrrolidone, 
from methadone, 583f

1,1-Dimethyl-2-phenylethylamine, 
241–243, 241f, 241t

3,4-Dimethyl-2-phenylmorpholine, 4, 
5f, 238–239, 238f, 238t

1,3-Dimethyl-2-phenylnapthalene, in 
methamphetamine, 35

Dimethyl ether (ether), 649–651, 650f, 
650t, 651t

6-Dimethylamino-4,4-diphenyl-3-
heptanone, 579–595

Dimethylaminophenylvaleric acid, 
from methadone, 582, 583f

N,N′-Dimethylamobarbital
from amobarbital, 469
plants with, 768–770, 769f

2,5-Dimethylfuran, from n-hexane, 
703, 704f

N,N′-Dimethyltryptamine (DMT), 
768–776

in ayahuasca, 771–772, 772t
in Banisteriopsis caapi, 771, 771t
as biomarker, 775, 775f
botanical description of plants with, 

768–770, 769f
clinical response to, 774
diagnostic testing for, 774–776, 775f

abnormalities in, 775–776
analytic methods in, 774
biomarkers in, 775, 775f

dose effect of, 772
exposure to, 770–772, 771t
histopathology and pathophysiology 

of, 773–774
history of, 768
identifying characteristics of, 770, 

770f
in Psychotria viridis, 771, 771t
toxicokinetics of, 772–773
treatment for, 776

Dimethyltryptamine-N-oxide, from 
N,N-dimethyltryptamine, 773

1,7-Dimethyluric acid, from caffeine, 
793

1,3,7-Dimethylxanthine, 788–800. 
See also Caffeine

1,3-Dimethylxanthine
from caffeine, 793, 794f
in mate tea, 932, 933f

1,7-Dimethylxanthine, from caffeine, 
793, 794f

3,7-Dimethylxanthine (theobromine), 
789, 790t

in caffeinated beverages, 789, 790t
from caffeine, 793, 794f
in mate tea, 932, 933–934, 933f

Diospyros melanoxylon, with tobacco, 
969, 970t

Dip, 889. See also Marijuana 
(Cannabis sativa)

Diphenhydramine, with methaqualone, 
506–507

Diplopia
from butane, 686
from ethanol, 395, 405t, 421
from ethchlorvynol, 488
from ethyl chloride, 692
from green tobacco sickness, 977
from heroin, 557
from propylhexedrine, 74
from toluene, 729
from trichloroethane (TCA), 739, 

746, 747
from volatile substance abuse, 

637
Diplopterys cabrerana, 776. See also

5-Methoxy-N,N-
dimethyltryptamine 
(5-MeO-DMT)

Discorama, 751–756. See also Butyl 
nitrite

Disseminated intravascular 
coagulation (DIC)

from amphetamine, 12
from castor oil, 223
from cocaine, 823, 830, 831
from methamphetamine, 30, 39
from 4-methoxyamphetamine 

(PMA) and 4-methoxyam-
phetamine (PMMA), 171

from 3,4-methylenedioxyamphet-
amine (MDA), 163

from methylenedioxymethamphet-
amine (MDMA), 138, 139t, 
143

from methylphenidate, 63
from phencyclidine (PCP), 618, 

623
from phenmetrazine, 241
from phenylpropanolamine, 249

Distal ischemia
from methamphetamine, 43
from 3,4-methylenedioxyamphet-

amine (MDA), 163
from propylhexedrine, 75, 76

Distilled spirits, 367, 378. See also
Ethanol

Disulfi ram
with caffeine, 795
with methadone, 585

Disulfi ram (disulfi ram-like) reactions, 
ethanol

pathophysiology of, 388
treatment for, 431

Ditchweed, 890
Diuretics, 200–206. See also specifi c 

types
abuse of, 200–201
classifi cation of, 200
furosemide, 201–204
hydrochlorothiazide, 204–206, 204f, 

205t
Divided attention tasks, with ethanol 

intoxication, 427
Divinatorin A-E, 961, 962f, 963. See 

also Salvia divinorum
Diviner’s sage, 961–965. See also

Salvia divinorum
Dizocilpine, 625–626
DMA, 172–173
DMT, 768–776. See also N,N′-

Dimethyltryptamine 
(DMT)

DNA adducts, from tobacco, 983
Do-do tablets, 235–238. See also

Ephedrine
DOB, 158f, 173–174
DOB hydrochloride, 173
DOET, 158f, 174
DOM, 158f, 174
Dona Ana cactus, normacromerine in, 

946
Dopamine

with cocaine, 819
structure of, 4f

Doping, blood, 306–320. See also
Erythropoietin stimulation

blood transfusion in, 306, 308t
defi nition of, 306
erythropoietin stimulation in, 

306–320
history of, 306–307
methods of, 306, 308t

Dr. Jekyll and Mr. Hyde Drug, 
504–510. See also
Methaqualone

Dronabinol, 889. See also Marijuana 
(Cannabis sativa)

chemical structure of, 917f (See also
Cannabinoids, synthetic)

degradation of, 889
history of, 891
medicinal uses of, 891
physicochemical properties of, 

887–888, 888t



INDEX

1007

terminology for, 889
toxicokinetics of, 893

Dry mouth, from diethylpropion, 234
D’s, 491–495. See also Glutethimide
DTs, 397
Duboisia hopwoodii, 985–987, 986f
Dust, 608–625, 889, 891. See also

Marijuana (Cannabis sativa);
Phencyclidine (PCP)

DXemon Juice, 528. See also
Dextromethorphan (bromide)

DXM, 527–535. See also
Dextromethorphan (bromide)

Dysconjugate gaze
from butalbital neonatal withdrawal 

syndrome, 476
from meprobamate, 499

Dyskinesia, from 1-methyl-4-phenyl-
1,2,5,6-tetrahydropyridine 
(MPTP), 606

Dyspnea, exertional, from marijuana, 
902

Easy Lay, 89–100. See also
γ-hydroxybutyrate (GHB)

Eating disorders, 200
Ecgonidine, from cocaine, 815f, 816
Ecgonine, from cocaine, 835, 836
Ecgonine methyl ester (EME), from 

cocaine, 815–816, 815f
manufacture of, 835
storage on, 835–836

Echinopsis pachanoi, mescaline in, 
945–946

Ecstasy, 126–146. See also Methylene-
dioxymethamphetamine 
(MDMA)

3,4-methylenedioxyamphetamine 
(MDA) sold as, 159–163 (See 
also 3,4-Methylenedioxyam-
phetamine (MDA))

3,4-methylenedioxyethamphetamine 
(MDEA) sold as, 163–166 
(See also 3,4-Methylenedioxy-
ethamphetamine (MDEA))

N-methyl-1-(3,4-
methylenedioxyphenyl)-2-
butanamine (MBDB) sold as, 
167

4-methylthioamphetamine (4-MTA) 
sold as, 167

Egg White, 539–544. See also Fentanyl 
analogues

Eight’s, 491–495. See also
Glutethimide

Elephant creeper, 454, 938–942. See 
also Morning glory family 
(Convolvulaceae)

Elephant tranquilizer, 608–625. See 
also Phencyclidine (PCP)

Elymoclavine, in morning glory 
family, 940, 940f

Embalming fl uid, 608–625. See also
Phencyclidine (PCP)

with marijuana, 889, 891
Emetine, 206, 207, 207f, 207t, 211–212, 

212f. See also Ipecac
Emodin, 219, 219f
Emodin dianthrone diglucoside, in 

senna, 223
Empathogens, 156–176, 452t. See also

Phenethylamine compounds
Empathy

from ayahuasca, 772
from ketamine, 114
from 3,4-methylenedioxyethamphet-

amine (MDEA), 165
from methylenedioxymethamphet-

amine (MDMA), 126, 128, 
137

Emphysema
cervical, from methylenedioxymeth-

amphetamine (MDMA), 
138

from marijuana, 902
panlobular, from methylphenidate, 

62, 63, 65
from tobacco smoking, 968, 976, 

980, 983
Encephalopathy

from butane, 686
from cocaine, 824, 836t
hepatic

from ephedrine, 236
from ethanol, 431
from halothane, 667
from methoxyfl urane, 659
from methylenedioxymethamphet-

amine (MDMA), 139
hypertensive, from recombinant 

human erythropoietin 
(rHuEPO), 313, 314, 320

hypoxic
from amobarbital, 471
from cocaine, 824
from halothane, 667
from trichloroethane (TCA), 729

from khat, 877
from mephedrone, 124
organolead, from gasoline, 695, 

697–698, 699
pellagra, from ethanol, 395
postanoxic, from heroin, 555, 559
posterior reversible, from amyl 

nitrite, 755
from toluene, 729

Wernicke, from ethanol, 390, 391f, 
395, 396t, 428, 429, 431

End-stage kidney disease, from heroin, 
558

Energy 1, 123
Energy drinks, 790, 791t. See also

Caffeine
Enfl urane, 653–656, 654f, 654t
Enoxacin, with caffeine, 795
Entactogens, 126–127

classifi cation and general properties 
of, 156, 157t

phenylethylamine compounds, 
156–176, 452t (See also
Phenethylamine compounds)

Entrapment syndromes, from human 
growth hormone (hGH), 340, 
341

Environmental smoke, 972, 972t. See 
also Tobacco (Nicotiana 
tabacum)

Epadu, 806–807. See also Cocaine
Epéna, 776. See also 5-Methoxy-N,N-

dimethyltryptamine 
(5-MeO-DMT)

Ephedra sinica, 236. See also
Ephedrine

Ephedra vulgaris, 3. See also
Amphetamine

Ephedrine, 235–238. See also
Amphetamine

chemical structure of, 158f
clinical response to, 237
diagnostic testing for, 237
dose effect of, 236
exposure to, 235–236
histopathology and pathophysiology 

of, 236–237
history of, 3
identifying characteristics of, 235, 

235f, 235t
methamphetamine from, 21–22, 

22f
toxicokinetics of, 236
treatment for, 238

Ephedrone, 120–123. See also
Methcathinone

17-Epimer, from oxandrolone, 280t
Epinephrine, 4f
Epistaxis

from cocaine, 830
from methcathinone, 122
from volatile substance abuse, 637

Epitestosterone, for anabolic-
androgenic steroid masking, 
288

Epithelial cell hyperplasia, from 
tobacco smoking, 976
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EPO, 306–320. See also
Erythropoietin stimulation

Epoetin, 307. See also Erythropoietin 
stimulation

Epoetin alfa, 308, 308t
Erectile dysfunction (ED)

from anabolic-androgenic steroids, 
286

from ethanol, 396t
from human growth hormone 

(hGH), 340, 341
from khat, 876
from nitrous oxide, 672

Ergine
in Ipomoea violacea, 938
in morning glory family, 939–941, 940f

Ergogenic aids, 351–360. See also
Nutritional supplements

Ergometrine, in morning glory family, 
939, 940f

Ergometrinine, in morning glory 
family, 939

Ergonovine, in morning glory family, 
939, 940, 940f

Ergot alkaloid, 452
Erythromycin, on methadone 

metabolism, 585
Erythroplakia, oral, from areca nut 

and betel quid, 785
Erythropoiesis protein, synthetic, 307, 

308t. See also Erythropoietin 
stimulation

Erythropoietin, recombinant vs.
endogenous, 307–308

Erythropoietin-mimetic peptides, 
3078, 308t. See also
Erythropoietin stimulation

Erythropoietin stimulation, 306–320
clinical response to, 314–316
diagnostic testing for, 316–319, 317f

abnormalities in, 319
analytic methods in, direct, 

317–318
analytic methods in, indirect, 

316–317, 317f
biomarkers in, 318–319
principles of, 316

dose effect of, 309–310
exposure to, 308–309
histopathology and pathophysiology 

of, 312–314, 313f
history of, 306–307
identifying characteristics of, 

307–308, 308t
toxicokinetics of, 310–312
treatment for, 319–320

Erythroxylum coca, 806–807, 808. See 
also Cocaine

Erythroxylum novogranatense, 807, 
808. See also Cocaine

ET, 195–197, 196t
Ethanol, 365–431

with caffeine, 388–389, 795
clinical response to, 392–400

abstinence syndrome in
alcohol dependent hallucinosis, 

397
CIWA-Ar scale for, 397, 

398t–399t
delirium tremens, 397
differences in, 396–397
minor, 397
seizures (rum fi ts), 397

carcinogenesis in, 400
reproductive abnormalities in, 

397–400, 399t
by use

behavioral abnormalities in, 394
general, 392
in hangover, 393–394
in intoxication, 392–393
medical complications in, 

395–396, 396t
mental disorders in, 394–395

with cocaine (cocaethylene), 807, 
815, 815f, 817–818, 818f

in date rape, 79
diagnostic testing for, 400–419

abnormalities in, 417–419
with acute ingestion, 417–418
with chronic abuse, 418–419

analytic methods in, 400–403
ethyl glucuronide in, 403
ethyl glucuronide/sulfate in, 402
serum/whole blood ratio in, 

401–402
storage for, 402–403
techniques in, 400–401

biomarkers in, 403–417
with alcohol dependence, 

408–411, 409t
in blood, antemortem, 405–408, 

405t
blood ethanol concentration 

estimation in, 406–408
in breath, 403–404
postmortem, 411–414
in saliva, 403
in urine, 414–417
in vitreous humor, 403

conversion factors in, 400
dose effect of

acute, 378–379
chronic, 379

on driving, 419–428
culpability studies of, 424–425

in driving courses and simulators, 
423–424

epidemiology of, 365–366
overview of, 419
sensory, motor, and cognitive tasks 

in, 419–420
hearing in, 422
importance and balance of, 

419–420
reaction times in, 422–423
tracking in, 423
vigilance and attention in, 422
vision in, 420–422

standardized fi eld sobriety tests 
(SFSTs) in, 425–428

body sway in, 427
divided attention tasks in, 427
horizontal gaze nystagmus 

(HGN) in, 426–427
odor in, 427–428
principles, use, and accuracy of, 

425–426, 426t
with ethchlorvynol, 487
exposure to, 365–378

epidemiology of, 365–366
sources of, 366–378

in beverages, 366–378 (See also
Alcoholic beverages)

in commercial products, 366
with fl unitrazepam, 79, 80, 82, 

84–85
with γ-hydroxybutyrate (GHB), 92
with glutethimide, 493
with halothane, 665
health surveillance for, 428
with heroin, 555
histopathology and pathophysiology 

of, 389–392
mechanism of action in, 389
mechanism of toxicity in

acute, 389
addiction in, 389–390
chronic, 389–391
Korsakoff psychosis in, 390, 391f, 

395
Marchiafava-Bignami disease in, 

390
metabolic disturbances in, 391
polyneuropathy in, 390–391
Wernicke encephalopathy in, 

390, 391f, 395
withdrawal in, 390

postmortem, 391–392
history of, 365
identifying characteristics of, 365
with mephedrone, 123–124
with meprobamate, 499
with methadone, 587
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with methanol, 710–711
for methanol poisoning, 713–714, 713t
with methaqualone, 504, 507
with methylenedioxymethamphet-

amine (MDMA), 133
with methylphenidate, 60, 61
with secobarbital, 481
with Δ9-tetrahydrocannabinol 

(THC), 897
with toluene, 727
toxicokinetics of, 379–389

absorption in, 379–381
biotransformation in, 382–384, 383t

alcohol dehydrogenase (ADH) 
in, 383, 383t

catalase in, 384
microsomal ethanol-oxidizing 

system (MEOS) in, 383–384
principles of, 382

distribution in, 381–382
drug interactions in, 388–389
elimination in, 384–387

postabsorptive, 385–387
principles of, 384
Widmark equation for, 384–385, 

384f
maternal and fetal kinetics in, 387
tolerance in, 387–388
variation in, 379

treatment for, 428–431
antidotes in, 428
with disulfi ram reaction, 431
elimination enhancement in, 428
gut decontamination in, 428
stabilization in, 428
supplemental care in, 428–429
with Wernicke encephalopathy, 

431
withdrawal syndromes in, 429–431

with alcohol dependent 
hallucinosis, 430

with alcohol dependent seizures, 
430

with common abstinence 
syndrome, 429–430, 430t

with delirium tremens, 430–431
supportive care for, 429

with trichloroethylene, 746
Ethchlorvynol, 486–490

clinical response to, 488
diagnostic testing for, 488–489
dose effect and exposure of, 486
on driving, 489
histopathology and pathophysiology 

of, 487–488
history of, 486
identifying characteristics of, 486, 

487f, 487t

toxicokinetics of, 486–487, 487f
treatment for, 489–490

Ether, 647–651. See also specifi c types
diethyl, 647–649, 648f, 648t
dimethyl, 649–651, 650f, 650t, 651t
halogenated, 653–661

enfl urane, 653–656, 654f, 654t
isofl urane, 654f, 654t, 656–658
methoxyfl urane, 654f, 654t, 658–659
sevofl urane, 654t, 659–661

Ether frolics, 647
Ether-jags, 647
2-Ethyl-2-(3,4-dihydroxyphenyl)

glutarimide, from 
glutethimide, 492

2-Ethyl-2-(4-hydroxyphenyl)
glutarimide, from 
glutethimide, 492

5-Ethyl-5-(1-methylbutyl)-barbituric 
acid, 476–480. See also
Pentobarbital

13-Ethyl-17-hydroxy-18,19-dinor-17α-
pregn-4-en-3-one, 277–278

13-Ethyl-17-hydroxy-18,19-dinor-17α-
pregn-4,9,11-trien-3-one, 
277–278

2-Ethyl-5-methyl-3,3-diphenylpyrroline 
(EMDP), from methadone, 
582, 582f

in blood, 591
in urine, 592

3-Ethyl-3-phenyl-2,6-piperidinedione, 
491–495. See also
Glutethimide

2-Ethyl-2-phenylglutarimide, 491–495. 
See also Glutethimide

Ethyl acetate, in wine, 367, 393
Ethyl alcohol. See Ethanol
Ethyl chloride, 691–693, 692f, 692t
Ethyl four star, 691–693, 692f, 692t
Ethyl gaz, 691–693, 692f, 692t
Ethyl glucuronide

in ethanol testing, 403
in urine, 415–417
in vitreous humor, 414

Ethyl glucuronide/sulfate, in ethanol 
testing, 402

Ethyl mercaptan, in propane, 688
Ethyl sulfate, 384, 417
3-Ethyladenine, from tobacco, 982
Ethylene diacetate, from heroin 

synthesis, 552
2-Ethylidene-1,5-dimethyl-3,3-

diphenylpyrrolidine (EDDP), 
from methadone, 582, 582f

in blood, 590
diagnostic testing for, 588–589
in hair, 591–592

in saliva, 592
in urine, 592

N-Ethylnorephedrine, from 
diethylpropion, 234

Ethylphenidate, from methylphenidate, 
60

α-Ethyltryptamine (AET), 195–197, 
196t

Etiocholanolone, from anabolic-
androgenic steroids, 287

Eugenol methyl ester, in Piper betle,
782

Eve, 163–166. See also 3,4-Methylene-
dioxyethamphetamine 
(MDEA)

Everclear, 89–100. See also
γ-hydroxybutyrate (GHB)

Excited delirium, from cocaine, 
823–824, 832–833, 845

Exodus, 176–179, 177f, 178f
Eye irritation

from butane, 686
from gasoline sniffi ng, 696
from n-hexane, 702

Fanconi’s syndrome, from toluene, 729
Fast, 18–43. See also

Methamphetamine
Fatty liver disease, 391–392
Feminization, from anabolic-

androgenic steroids, 283–284
Fenchone, in absinthe, 764, 766
Fenfl uramine with/without 

phentermine, 255–262
clinical response to, 259–260
diagnostic testing for, 261
dose effect of, 256–257, 256t
exposure to, 255–256
histopathology and pathophysiology 

of, 258–259
history of, 255
identifying characteristics of, 255, 

256f
toxicokinetics of, 257–258, 257f
treatment for, 261–262

Fentanyl analogues, 539–544
clinical response to, 542
diagnostic testing for, 542–543
dose effect of, 541
exposure to, 540–541
histopathology and pathophysiology 

of, 541–542
history of, 539
identifying characteristics of, 539, 

540f
naloxone for, 543, 544
toxicokinetics of, 541
treatment for, 543–544
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Fetal alcohol syndrome, 397–400, 399t
Fetal growth restriction, from prenatal 

maternal smoking, 981
Finger clubbing, from senna abuse, 

223, 224
Fire-breathing, 633–639. See also

Volatile substance abuse
Fire-eating, 688
Fives, 3–18. See also Amphetamine
Flake, 805–848. See also Cocaine
Flashbacks, 456, 458, 462

defi nition of, 901
from marijuana, 901
from morning glory family, 941

Flatliner, 167–169, 168f
Flavonoids, in wine, 367
Flumazenil, as fl unitrazepam antidote, 

79, 85
Flunitrazepam, 77–85

clinical response to, 80–81
diagnostic testing for, 81–84
dose effect of, 79
on driving, 84–85
exposure to, 78–79
fl umazenil as antidote for, 79, 85
histopathology and pathophysiology 

of, 79–80
history of, 77
identifying characteristics of, 77–78, 

78f, 78t
toxicokinetics of, 79
treatment for, 85

Fluoride
from halothane, 665
from sevofl urane, 660

Fluorinated alkanes, 676–681
clinical response to, 679–680
diagnostic testing for, 680–681
dose effect of, 677–678
exposure to, 676–677
histopathology and pathophysiology 

of, 678–679
history of, 676
identifying characteristics of, 676, 

677t
toxicokinetics of, 678–679, 678t
treatment for, 681

4-Fluorofentanyl, 540. See also
Fentanyl analogues

p-Fluorofentanyl, 539–544. See also
Fentanyl analogues

Fluoromethyl-2,2-difl uoro-1-
(trifl uoromethyl) vinyl ether, 
from sevofl urane, 659

Fluorosis, from fl uorocarbon abuse, 
679

Fluoxetine
with buprenorphine, 518

with cocaine, 819
on methadone metabolism, 585

Fluvoxamine
with buprenorphine, 518
with caffeine, 794
with methadone, 585

Focal neurologic defects
from amphetamine, 12t
from cocaine, 826t, 828, 829
from 3,4-methylenedioxymetham-

phetamine (MDMA), 139t
Fomepizole, for methanol poisoning, 

713–714, 713t
Forced expiratory volume in 1 second 

(FEV1), tobacco smoking on, 
980, 983–984

Forced vital capacity (FVC), tobacco 
smoking on, 980, 983–984

Forget Pills, 77–85. See also
Flunitrazepam

Formaldehyde, from creatine, 353, 354f
Formate, from methanol, 710
Formication

from amphetamine, 13
from cocaine, 824, 832
from 5-methoxy-diisopropyltrypt-

amine (5-MeO-DIPT), 195
N-Formyl amphetamine, 6
N-Formyl methamphetamine, from 

methamphetamine, 20, 35
N-Formyl-N-methyl-3,4-methylene-

dioxyamphetamine, from 
3,4-methylenedioxyamphet-
amine (MDA), 141

N-Formyl nornicotine, in corkwood 
tree, 986

N-Formylnorcocaine, from cocaine 
manufacture, 835

N-Formylnormacromerine, 946
Four Doors, 491–495. See also

Glutethimide
4 x 100, 883
Foxy, 193–195, 194f
Foxy Methoxy, 193–195, 194f
Frangula purshiana, 219
Freebase cocaine. See Cocaine
Frenzy, 176–179, 177f, 178f
Frostbite, from fl uorinated alkanes, 

676, 679, 681
Fry, 889. See also Marijuana 

(Cannabis sativa)
Fulminant hepatic failure

from halothane, 666
from methoxyfl urane, 659

Furosemide, 201–204
clinical response to, 202–203
diagnostic testing for, 203–204
dose effect of, 201

exposure to, 201
histopathology and pathophysiology 

of, 202
identifying characteristics of, 201, 

201t
toxicokinetics of, 201–202
treatment for, 204

Fusel oil, 367, 393

G, 89–100. See also γ-hydroxybutyrate 
(GHB)

Gait disturbances. See also specifi c 
types

from p-dichlorobenzene mothballs, 
719, 721

from ethanol, 392, 395
from ethyl chloride, 692
from leaded gasoline, 697
from methanol, 71
from methcathinone, 122
from n-hexane, 705
from nitrous oxide, 671, 672

Gamma-glutamyl transferase (GGT), 
in alcohol dependence, 410

γ-aminobutyric acid (GABA), 
γ-hydroxybutyrate from, 90

γ-butyrolactone (GBL)
hydroxybutyrate (GHB) synthesis 

from, 90, 95, 96, 97, 98, 99
in hydroxybutyrate (GHB) test 

samples, 95, 96, 97, 98, 99
γ-hydroxybutyrate (GHB), 89–100

clinical response to, 94–95
diagnostic testing for, 95–100, 99t
dose effect of, 91
with ethanol, 92
exposure to, 90–91
γ-butyrolactone (GBL) contamina-

tion of, 90, 95, 96, 97, 98, 99
on growth hormone secretion, 94
histopathology and pathophysiology 

of, 92–94
history of, 89–90
identifying characteristics of, 90
with protease inhibitors, 92
toxicokinetics of, 91–92, 92f, 93f
treatment for, 100

γ-valerolactone, from n-hexane, 703, 
704f

Gangrene, lower extremity, from 
lysergic acid diethylamide 
(LSD), 462

Ganja, 889. See also Marijuana 
(Cannabis sativa)

Gas, 653. See also specifi c gases
Gasoline, 695–700

clinical response to, 697–698
diagnostic testing for, 698–699
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dose effect of, 696
exposure to, 696
histopathology and pathophysiology 

of, 697
history of, 695
identifying characteristics of, 

695–696
toxicokinetics of, 696–697
treatment for, 699–700

Gastric motility, ethanol on, 388
Gastrointestinal bleeding, from 

mescaline, 947
Gat, 873–878. See also Khat (Catha 

edulis)
George, 89–100. See also

γ-hydroxybutyrate (GHB)
Georgia Homeboy, 89–100. See also

γ-hydroxybutyrate (GHB)
GHB, 89–100. See also

γ-hydroxybutyrate (GHB)
Ghost, the, 452–462. See also Lysergic 

acid diethylamide (LSD)
Giant Gymnopilus, 950–957. See also

Psilocybin and hallucinogenic 
mushrooms

Gina, 89–100. See also
γ-hydroxybutyrate (GHB)

Gingivitis, from betel quid/areca nut, 
784

Gitelman syndrome, 203
Glass, 19, 21–22. See also

Methamphetamine
Glomerulonephritis, from heroin, 

558
Glue, 491–495. See also Glutethimide
Glue-sniffer’s neuropathy, 705
Glue sniffi ng, toluene, 725–733. 

See also Toluene
Glutethimide, 491–495

clinical response to, 493–494
diagnostic testing for, 494
dose effect of, 491–492
on driving, 494
exposure to, 491
histopathology and pathophysiology 

of, 493
history of, 491
identifying characteristics of, 491, 

492f, 492t
phenyl-β-butyrolactone from, 492
toxicokinetics of, 492–493, 492f
treatment for, 495

Goblet cell hyperplasia
from marijuana, 899
from tobacco smoking, 976

Goey, 3–18. See also Amphetamine
Goiter, from human growth hormone 

(hGH), 341

Gold caps. See also Psilocybin and 
hallucinogenic mushrooms

Panaeolus cyanescens, 950–957
Psilocybe cubensis, 950–957

Gold Dust, 805–848. See also Cocaine
Gold tops, 951. See also Psilocybin 

and hallucinogenic 
mushrooms

Golden tops, 950–951. See also
Psilocybin and hallucinogenic 
mushrooms

Goodstuff, 176–179, 177f, 178f
Goon, 608–625. See also

Phencyclidine (PCP)
Goops, 89–100. See also

γ-hydroxybutyrate (GHB)
Grass, 886–915. See also Marijuana 

(Cannabis sativa)
Gray matter damage

from ethanol, in Korsakoff 
syndrome, 390

from toluene, 725, 728, 732
Great Hormones at Bedtime, 89–100. 

See also γ-hydroxybutyrate 
(GHB)

Green caps, 452–462. See also
Lysergic acid diethylamide 
(LSD)

Green Gold, 805–848. See also
Cocaine

Green tea, 788–800. See also Caffeine
Green tea leaves, 608–625. See also

Phencyclidine (PCP)
Green tobacco sickness, 977
Grevious Bodily Harm, 89–100. See 

also γ-hydroxybutyrate 
(GHB)

Grins, 176–179, 177f, 178f
Groin shot, 552
Growth hormone (GH)
γ-hydroxybutyrate (GHB) on 

secretion of, 94
human, 333–343 (See also Human 

growth hormone (hGH))
marijuana on, 899

Growth Hormone Booster, 89–100. 
See also γ-hydroxybutyrate 
(GHB)

Guanethidine, with cocaine, 819
Guvacine

in areca nut, 781, 782f, 782t, 783
from areca nut with lime, 784
from betel-quid chewing, 783

Guvacoline, in areca nut, 781, 782f, 
782t

Gymnopilus junonius, 951–952. See 
also Psilocybin and 
hallucinogenic mushrooms

Gymnopilus mushrooms, 950–957. 
See also Psilocybin and 
hallucinogenic mushrooms

Gynecomastia
from anabolic-androgenic steroids in 

men, 283, 285, 286
from human chorionic gonadotropin 

(hCG), 330
from human growth hormone 

(hGH), 340
from marijuana, 901

H2 blockers, with ethanol, 388
Hagga, 886–915. See also Marijuana 

(Cannabis sativa)
Hagigat, 874. See also Khat (Catha 

edulis)
Hallucination, 955
Hallucinogen persisting perception 

disorder (HPPD), 456, 458, 
462

Hallucinogenic mushrooms, 950–957. 
See also Psilocybin and 
hallucinogenic mushrooms

Hallucinogens, 955. See also specifi c 
drugs

cannabinoids, 452t
common, 452t
indole alkaloids, 452t
phenylethylamine compounds, 

452t
piperidines, 452t

Hallucinosis, alcohol dependent, 397, 
430

Halogenated ethers, 653–661. See also
specifi c types

enfl urane, 653–656, 654f, 654t
isofl urane, 654f, 654t, 656–658
methoxyfl urane, 654f, 654t, 658–659
sevofl urane, 654t, 659–661

Haloperidol
with cocaine, 819
with ketamine, 113

Halothane, 664–668
clinical response to, 666–667
diagnostic testing for, 667
dose effect of, 664–665
on driving, 667
exposure to, 664
histopathology and pathophysiology 

of, 665–666
history of, 664
identifying characteristics of, 664, 

665f, 665t
toxicokinetics of, 665
treatment for, 667–668

Halothane hepatitis, 666, 667
Hangover, 393
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Hardware, 751–756. See also Butyl 
nitrite

Harlequin, 177f, 179–180
Harmala alkaloids, 768–776

botanical description of plants with, 
769–770

clinical response to, 774
diagnostic testing for, 774–776, 775f

abnormalities in, 775–776
analytic methods in, 774
biomarkers in, 775, 775f

dose effect of, 772
exposure to, 770–772, 771t
histopathology and pathophysiology 

of, 773–774
history of, 768
identifying characteristics of, 770, 

770f
toxicokinetics of, 772–773
treatment for, 776

Harmaline, 768–776. See also Harmala 
alkaloids

in Banisteriopsis caapi, 771, 771t
as biomarker, 775, 775f
in Peganum harmala, 771
in Psychotria viridis, 771, 771t

Harmalol, from harmaline, 773
Harmine, 768–776. See also

Ayahuasca; Harmala 
alkaloids

in ayahuasca, 771–772, 772t
in Banisteriopsis caapi, 771, 771t
as biomarker, 775, 775f
in Peganum harmala, 771
in Psychotria viridis, 771, 771t

Harmol, from harmine, 773
Hash oil, 889. See also Marijuana 

(Cannabis sativa)
Hashish, 886–915, 889. See also

Marijuana (Cannabis sativa)
Hawaiian baby wood rose, 454, 

938–942. See also Morning 
glory family (Convolvulaceae)

Hawaiian wood rose, 938–942. See 
also Morning glory family 
(Convolvulaceae)

Hawk, 452–462. See also Lysergic acid 
diethylamide (LSD)

Hayo, 806–807. See also Cocaine
hCG, 326–332. See also Human 

chorionic gonadotropin 
(hCG)

hCGα, from human chorionic 
gonadotropin (hCG), 329

hCGβ, from human chorionic 
gonadotropin (hCG), 329, 
331–332

Head cleaner, 691–693, 692f, 692t

Heart hypokinesis
from clenbuterol, 298
from meprobamate, 499, 501
from methylphenidate, 63
from trichloroethane (TCA), 740

Heart On, 751–756. See also Butyl 
nitrite

Hearts, 3–18. See also Amphetamine
Heavenly blue morning glory, 938–

942. See also Morning glory 
family (Convolvulaceae)

Heavenly blue morning glory seeds, 
454

Hematide, 312
Hemey, 889. See also Marijuana 

(Cannabis sativa)
Hemolysis

from amyl and butyl nitrites, 754, 
756

from barbiturates, 478
from castor oil, 222, 223
from chloroform, 644
from p-dichlorobenzene mothballs, 

721
from ethanol, 397t
from naphthalene mothballs, 

717–720
from recombinant human erythro-

poietin (rHuEPO), 316
Hemolytic anemia

from p-dichlorobenzene mothballs, 
721

from naphthalene mothballs, 
717–718, 719

Hemorrhagic stroke. See Intracranial 
hemorrhage; Stroke, 
hemorrhagic

Hemothorax, from cocaine, 840
Hemp, 886–915. See also Marijuana 

(Cannabis sativa)
Hemp fi ber, Δ9-tetrahydrocannabinol 

(THC) in, 890
Henry’s law, 403
Hepatic aminotransferase elevation

from chloroform, 644, 645
from ethanol, 418–419
from naphthalene mothballs, 719
from trichloroethylene (TCE), 748

Hepatic encephalopathy
from ephedrine, 236
from ethanol, 396t, 412, 431
from halothane, 667
from methoxyfl urane, 659
from methylenedioxymethamphet-

amine (MDMA), 139
Hepatic failure

from chloroform, 644, 646
from cocaine, 830, 831

fulminant
from halothane, 666
from methoxyfl urane, 659

from green tea, 797
from halothane, 666, 667
from khat, 877
from methadone, 586
from methoxyfl urane, 659
from methylenedioxymethamphet-

amine (MDMA), 136, 137t, 
139, 139t, 143, 145, 146

from trichloroethylene (TCE), 746
Hepatitis

from amphetamine, 14
from anabolic-androgenic steroids, 

283, 285, 286
from buprenorphine, 518
from cascara, 220
from castor oil, 222
from ethanol (alcoholic), 392, 394, 

396t, 411, 412, 419
from halothane, 666, 667
from khat, 876, 877
from methoxyfl urane, 658, 659
from methylenedioxymethamphet-

amine (MDMA), 136, 145, 
146

from senna, 224
from sevofl urane, 660
from trichloroethane (TCA), 741

Hepatocellular adenoma, from 
anabolic-androgenic steroids, 
287

Hepatocellular necrosis
from anabolic-androgenic steroids, 

283, 286, 288
from chloroform, 644
from halothane, 666
from methoxyfl urane, 659
from senna, 224

Hepatomegaly
from anabolic-androgenic steroids, 

286
from ethanol, 392

Hepatorenal dysfunction
from amphetamine, 12
from anabolic-androgenic steroids, 

285
from 1-benzylpiperazine (BZP), 179
from chloroform, 646
from chromium picolinate, 360
from fl uorinated alkanes, 681
from halothane, 668
from harmala alkaloids, 772, 775
from 5-methoxy-N,N-dimethyltrypt-

amine (5-MeO-DMT), 777
from methoxyfl urane, 658–659
from senna abuse, 223, 225
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Hepatorenal failure
from anabolic-androgenic steroids, 

286
from castor oil, 223
from cocaine, 823
from ethanol, 392, 428
from methamphetamine, 29
from methoxyfl urane, 659
from 3,4-methylenedioxyethamphet-

amine (MDEA), 165
from phencyclidine (PCP), 618
from trichloroethylene (TCE), 746

Herbal Ecstasy, 176–179, 177f, 178f
Herbal Party Pill, 176–179, 177f, 178f
Herbal speedball, 880–884. See also

Kratom (Mitragyna speciosa)
Heroin and opium poppy plant, 

546–571
antidotes (naloxone) for, 566–567
botanical description of, 547
chemical structure of, 548f
clinical response to, 556–559, 557t

abstinence syndrome in, 559
in central nervous system, 557, 557t
with fatalities, 559
in gastrointestinal tract, 558
in immune system, 558
with intoxication, 556–557
in kidney, 558
in musculoskeletal system, 558
with overdose, 559
reproductive abnormalities in, 559
in respiratory system, 557–558
on skin, 558
spongiform leukoencephalopathy 

in, 547, 555, 556, 557, 557t, 565
stroke in, 557

with cocaine (speedball), 807, 808, 
819

diagnostic testing for, 559–565
abnormalities in, 564–565
biomarkers in, 560–564

bile, 560
blood, 560–562
hair, 562
saliva, 560
stomach, 562
urine, 562–564
vitreous humor, 564

overview and principles of, 
559–560

dose effect of, 552
on driving, 565–566, 566f
exposure to, 548–552

epidemiology in, 548–549
methods of abuse in, 552
sources in, 549–552, 550f

availability in, 549

impurities in, 551
origin/composition in, 549–550, 

550f
production processes in, 550–551
profi ling in, 551–552

fentanyl and fentanyl analogues vs.,
540

with fl unitrazepam, 79
histopathology and pathophysiology 

of
mechanism of action in, 555, 555t
mechanism of toxicity in, 555–556
postmortem examination in, 556

history of, 546–547
identifying characteristics of, 

547–548, 548f, 549f
toxicokinetics of, 552–555, 554f

absorption in, 552–553
biotransformation in, 553, 554f
distribution in, 553
drug interactions in, 555
elimination in, 553–554
maternal and fetal kinetics in, 554
tolerance in, 554–555

treatment for, 566–571
antidotes in, 566–567
elimination enhancement in, 566
gut decontamination in, 566
ibogaine in, 867–871
stabilization in, 566
supplemental care in

for acute intoxication, 567
for addiction, 568–569
ameliorating agents in, 570–571
for body packers, 567–568, 568f
buprenorphine in, 569–570
methadone in, 569

Heroin signature programs (HSPs), 
551–552

Hexafl uoroisopropanol (HFIP), from 
sevofl urane, 660

n-Hexane, 702–706
clinical response to, 705
diagnostic testing for, 705–706
dose effect of, 702
exposure to, 702, 703t
histopathology and pathophysiology 

of, 705
identifying characteristics of, 702
polyneuropathy from, 705, 706
toxicokinetics of, 703–705, 704f
treatment for, 706

Hexane polyneuropathy, 705, 706
2,5-Hexanedione

from n-hexane, 703, 704f, 706
from methyl n-butyl ketone (MBK), 

703, 704f
Hexanes, 702

2-Hexanol, from n-hexane, 703, 704f
Hierba de Maria, 961–965. See also

Salvia divinorum
HIF-1 α stabilizers, 307
Hippuric acid

from amphetamine, 8
from toluene, 726, 727f, 731–732

Hirsutism, from anabolic-androgenic 
steroids in women, 286, 287

Hits, 491–495. See also Glutethimide
HIV-associated nephropathy, from 

heroin, 558
HMB, 357–360. See also β-Hydroxy-β-

methylbutyrate (HMB)
Hog, 608–625. See also Phencyclidine 

(PCP)
Hojas de la Pastora, 961–965. See also

Salvia divinorum
Hojas de Maria, 961–965. See also

Salvia divinorum
Homeback method, 550
Homovanillic acid, decreased CSF, 

from 1-methyl-4-phenyl-
1,2,5,6-tetrahydropyridine 
(MPTP), 606

Hookah, 970t, 971, 971f
Hordenine, in peyote, 945
Horizontal gaze nystagmus (HGN)

from amphetamine, 18
defi nition of, 426
from dextromethorphan, 535
from ethanol, 395, 426–427
from fl unitrazepam, 85
from marijuana, 902
from methamphetamine, 40
from phencyclidine (PCP), 611, 616

Horse tranquilizer, 608–625. See also
Phencyclidine (PCP)

HU-210, 915–919, 917f. See also
Cannabinoids, synthetic

Huánuco, 806–807. See also Cocaine
Huffer’s rash, 637
Huffi ng, 684
Human chorionic gonadotropin 

(hCG), 326–332
for anabolic-androgen steroid 

masking, 288
clinical response to, 330
diagnostic testing for, 331–332
dose effect of, 328–329
exposure to, 328
histopathology and pathophysiology 

of, 330
history of, 326
identifying characteristics of, 

326–327, 327t
toxicokinetics of, 329–331, 329f
treatment for, 332
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Human growth hormone (hGH), 
334–343

clinical response to, 340–341
diagnostic testing for, 341–343, 342t
dose effect of, 336–337
exposure to, 336
histopathology and pathophysiology 

of, 338–340, 339f
mechanism of action of

in adolescents and adults, 339
in athletes, 339–340
general, 338
on physiology, 338–339, 339f

history of, 334–335
identifying characteristics of, 335
toxicokinetics of, 337–338, 337f

Hydrochlorothiazide, 204–206, 204f, 
205t

Hydrocotarnine, 547. See also Heroin 
and opium poppy plant

4-Hydroxy-2-(1-hydroxyethyl)-2-
phenylglutarimide, from 
glutethimide, 492

4-Hydroxy-2-ethyl-2-
phenylglutarimide, from 
glutethimide, 492

6-Hydroxy-5-methoxy-N,N-
diisopropyltryptamine DIPT, 
from 5-methoxy-N,N-
diisopropyl-tryptamine 
(foxy), 193–195, 194f

4-Hydroxy-3-methoxyamphetamine 
(HMA)

from 3,4-methylenedioxyamphet-
amine (MDA), 160

from methylenedioxymethamphet-
amine (MDMA), 131, 131f

4-Hydroxy-3-
methoxyethylamphetamine 
(HME)

from 3,4-methylenedioxyamphet-
amine (MDA), 160

from 3,4-methylenedioxyethamphet-
amine (MDEA), 164

4-Hydroxy-3-methoxymethamphet-
amine (HMMA), from 
methylenedioxymethamphet-
amine (MDMA), 131, 131f

4-Hydroxy-3-methoxymethcathinone, 
from methylone, 124

β-Hydroxy-β-methylbutyrate (HMB), 
357–360

clinical response to, 359
diagnostic testing of, 359–360
dose effect of, 357–358
exposure to, 357
histopathology and pathophysiology 

of, 359

identifying characteristics of, 357, 
357f, 357t

toxicokinetics of, 358, 358f
11-Hydroxy-Δ9-tetrahydrocannabinol 

(11-OH-THC), from 
Δ9-tetrahydrocannabinol 
(THC), 895–896, 896f

8α-Hydroxy-Δ9-THC, from 
Δ9-tetrahydrocannabinol 
(THC), 894, 894f

8β-Hydroxy-Δ9-THC, from 
Δ9-tetrahydrocannabinol 
(THC), 894, 894f

5-Hydroxy-diisopropyltryptamine, 
from 5-methoxy-N,N-
diisopropyl-tryptamine 
(foxy), 193–195, 194f

3-Hydroxy-N-methyl morphinan, 527
4-Hydroxy-N,N-dimethyltryptamine, 

950–957, 952f. See also
Psilocybin and hallucinogenic 
mushrooms

6-Hydroxy-norketamine, from 
ketamine, 112

p-Hydroxy-TFMPP (4-OH-TFMPP), 
from 1-(3-trifl uoromethylphe-
nyl) piperazine (TFMPP), 181

3′-Hydroxyamobarbital, from 
amobarbital, 469–470, 470f

N-Hydroxyamobarbital, from 
amobarbital, 469, 470f

p-Hydroxyamphetamine, 15
from amphetamine, 8

Hydroxyanthraquinone glycosides, 219
m-Hydroxybenzoylecgonine, from 

cocaine, 815, 815f
p-Hydroxybenzoylecgonine, from 

cocaine, 815, 815f, 816
Hydroxyclobenzorex, from 

methamphetamine, 26
Hydroxycocaine

in cocaine, 835
from cocaine extraction, 810
from cocaine metabolism, 816

m-Hydroxycocaine, from cocaine, 816
p-Hydroxycocaine, from cocaine, 815, 

815f, 816
18-Hydroxycoronaridine, from 

ibogaine, 869
3′-Hydroxycotinine, from nicotine, 

urinary elimination of, 975, 
975f

trans-3′-Hydroxycotinine, from 
nicotine, urinary elimination 
of, 975, 975f

trans-3′-Hydroxycotinine glucuronide, 
from nicotine, urinary 
elimination of, 975, 975f

2-(1-Hydroxyethyl)-2-
phenylglutarimide, from 
glutethimide, 492, 493

2-(2-Hydroxyethyl)-2-
phenylglutarimide, from 
glutethimide, 492

2-(2-Hydroxyethyl)glutarimide, from 
glutethimide, 492

3-Hydroxyfl unitrazepam, from 
fl unitrazepam, 78f, 79, 82–83

4-Hydroxyglutethimide, from 
glutethimide, 492, 492f, 
493

12-Hydroxyibogamine, from ibogaine, 
869

4-Hydroxyindole-3-acetic acid 
(4-HIAA), from psilocybin 
and hallucinogenic 
mushrooms, 955, 955f

4-Hydroxyindole-tryptopole, from 
psilocybin and hallucinogenic 
mushrooms, 955, 955f

β-Hydroxyisovaleric acid, 357–360. 
See also β-Hydroxy-β-
methylbutyrate (HMB)

Hydroxymethadone, from methadone, 
582, 583f

4-Hydroxymethamphetamine
from amphetamine, 17
from 4-methoxyamphetamine 

(PMA)/4-methoxyamphet-
amine (PMMA) Leuckart 
synthesis, 170

2′-Hydroxymethaqualone, from 
methaqualone, 506, 507f

2-Hydroxymethaqualone, from 
methaqualone, 506, 507f

3′-Hydroxymethaqualone, from 
methaqualone, 506, 507f

4′-Hydroxymethaqualone, from 
methaqualone, 506, 507f

6′-Hydroxymethaqualone, from 
methaqualone, 506, 507f

3-Hydroxy-4-methoxymethcathinone, 
from methylone, 124

7-Hydroxymitragynine, in kratom, 881, 
881f, 882

3-Hydroxymorphinan, from 
dextromethorphan, 529, 
530f

N-Hydroxynorcocaine, from cocaine, 
815f, 816

4-Hydroxynorephedrine, from 
methamphetamine, 26

o-Hydroxynorephedrine, from 
amphetamine, 8

o-Hydroxynorephedrine, from 
amphetamine, 8
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6-OH-5-MeO-DIPT, from 5-methoxy-
N,N-diisopropyl-tryptamine 
(foxy), 193–195, 194f

p-OH-BNMPA, from 
methamphetamine, 38

3-OH-BZP, from 1-benzylpiperazine 
(BZP), 177, 177f

5-OH-DIPT, from 5-methoxy-N,N-
diisopropyl-tryptamine 
(foxy), 193–195, 194f

13-OH-LSD, from lysergic acid 
diethylamide (LSD), 454, 455f

14-OH-LSD, from lysergic acid 
diethylamide (LSD), 454, 455f

3′-Hydroxypentobarbital, from 
pentobarbital, 478

N-Hydroxypentobarbital, from 
pentobarbital, 478

Hydroxyphenanthrene compounds, 
from tobacco, 981, 982

bis-(p-Hydroxyphenyl)-pyridyl-2-
methane (BHPM), from 
bisacodyl, 214–215

Hydroxyproline, from tobacco, 981, 
982

4-Hydroxypropylhexedrine, from 
propylhexedrine, 73

1-Hydroxypyrene, from tobacco, 982
Hydroxypyrrolidone, from methadone, 

582, 582f
Hydroxypyrroline, from methadone, 

582, 582f
3′-Hydroxystanozol, from stanozolol, 

280t
4-β-Hydroxystanozolol, from 

stanozolol, 280t
Hydroxythujone, from α-and 

β-thujone, 765
Hygrine

in cocaine, 835
from cocaine extraction, 810

Hyperacusis
from isofl urane, 657
from lysergic acid diethylamide 

(LSD), 457
from methaqualone, 507
from phencyclidine (PCP), 616

Hyperbilirubinemia
from anabolic-androgenic steroids, 

288
from chloroform, 644
from ethanol, 418
from methamphetamine, 39
from methoxyfl urane, 659

Hypercalcemia
from human growth hormone 

(hGH), 341
from lime in betel quid, 784

from phencyclidine (PCP), 623
from senna, 223, 224

Hyperchloremia, from toluene, 733
Hyperchloremic metabolic acidosis, 

from toluene, 730, 733
Hyperglycemia

from beta-adrenergic agonists, 297
from caffeine, 800
from clenbuterol, 297, 298, 299
from clenbuterol-adulterated heroin, 

551
from cocaine, 841
from diuretic abuse, 204
from ethanol, 396t, 429
from furosemide, 204
from human growth hormone 

(hGH), 340, 343
from hydrochlorothiazide, 205
from 5-methoxy-N,N-dimethyltrypt-

amine (5-MeO-DMT), 777
from salbutamol, 302

Hyperkalemia
from cocaine, 841, 847
from heroin, 558, 564
from methadone, 592
from methamphetamine, 25, 39, 41
from 4-methoxyamphetamine 

(PMA), 172
from 3,4-methylenedioxyamphet-

amine (MDA), 162
from methylenedioxymethamphet-

amine (MDMA), 138, 142, 
143, 146

from phencyclidine (PCP), 618
from phenylpropanolamine, 249
from recombinant human erythro-

poietin (rHuEPO), 314, 319
from syrup of ipecac, 208

Hyperlactacidemia, from ethanol, 
391

Hyperlactatemia
from clenbuterol, 299
from cocaine, 841

Hypernatremia
from human growth hormone 

(hGH), 343
from methylenedioxymethamphet-

amine (MDMA), 139
Hyperphosphatemia

from human growth hormone 
(hGH), 343

from laxatives, osmotic, 225
from methadone, 592
from methamphetamine, 39
from methoxyfl urane, 659
from methylenedioxymethamphet-

amine (MDMA), 143
from phencyclidine (PCP), 618, 623

Hyperrefl exia, 471
from amobarbital, 471
from amphetamine, 12t
from buprenorphine, 519
from butalbital, 476
from caffeine, 797, 799
from cocaine, 820, 829
from dextromethorphan, 531
from p-dichlorobenzene mothballs, 

721
from ethyl chloride, 692
from fenfl uramine and dexfenfl ura-

mine, 264
from gasoline, 697
from lysergic acid diethylamide 

(LSD), 457, 460
from mescaline, 947
from methaqualone, 505, 508
from methylenedioxymethamphet-

amine (MDMA), 138, 139t
from methylphenidate, 63
from morning glory family, 941
from peyote, 947
from phencyclidine (PCP), 621
from prolintane, 70
from psilocybin and hallucinogenic 

mushrooms, 956
Hypersensitivity pulmonary disease, 

from cocaine, 822
Hypersensitivity reactions, delayed, 

from buprenorphine, 
transdermal, 518

Hypertension, pulmonary. See
Pulmonary hypertension

Hypertensive crisis
from ayahuasca and harmala 

alkaloids with tyramine 
foods, 773

from phencyclidine (PCP), 623–624
from phenylpropanolamine with 

MAO inhibitors, 245
Hypertensive encephalopathy, from 

recombinant human 
erythropoietin (rHuEPO), 
313, 314–315, 320

Hyperthyroidism, from diarrhea, 
chronic, 218t

Hypertonia (hypertonicity)
from buprenorphine, 519
from dextromethorphan, 531, 532, 

535
from furosemide, 202
from methaqualone, 507, 508
from methylenedioxymethamphet-

amine (MDMA), 133, 138
from naphthalene mothballs, 719
from phencyclidine (PCP), 619
from sibutramine, 268



INDEX

1016

from trichloroethylene (TCE), 748
from withdrawal

from betel quid, neonatal, 785
from mate tea, 935

Hypertrophic cardiomyopathy, from 
anabolic-androgenic steroids, 
285

Hyperuricemia
from ethanol, 391, 396t, 419
from furosemide, 204
from hydrochlorothiazide, 206
from methamphetamine, 39
from methylenedioxymethamphet-

amine (MDMA), 143
from phencyclidine (PCP), 618, 

622
Hyperviscosity syndromes, from 

recombinant human 
erythropoietin (rHuEPO), 
312, 313, 315

Hypnotics. See Barbiturates
Hypoalbuminemia, from ethanol, 

418–419
Hypocalcemia

from caffeine, 800
from cascara sagrada, 220
from cocaine, 831
from diuretics, 200
from heroin, 558, 559, 564
from laxatives

abuse of, 225
osmotic, 225

from methadone, 592
from methamphetamine, 25, 39
from 4-methoxyamphetamine 

(PMA), 172
from methylenedioxymethamphet-

amine (MDMA), 143
from phencyclidine (PCP), 618, 

622–623
from syrup of ipecac, 213
from toluene, 733

Hypochloremia
from bisacodyl, 217
from laxative abuse, 217
from syrup of ipecac, 212, 213

Hypochloremic metabolic alkalosis
from bisacodyl, 217
from ethanol, 419
from furosemide, 204
from syrup of ipecac, 210

Hypoglycemia
from amobarbital, 473
from ayahuasca, 774
from barbiturates, 473
from 1-benzylpiperazine (BZP), 

179

from ethanol, 391, 396t, 405, 418
in breastfeeding mothers, 387
in children, 378, 391, 418
withdrawal from, 419, 429, 430

from γ-butyrolactone (GBL) and 
1,4-BD, 102

from glutethimide, 495
from halothane, 667
from human growth hormone 

(hGH), 338, 343
from insulin-like growth factor I 

(IGF-1), 345
from methamphetamine, 39
from 4-methoxyamphetamine 

(PMA), 172
from methylenedioxymethamphet-

amine (MDMA), 139, 143
from phencyclidine (PCP), 618
from sibutramine, 269

Hypokalemia
from bisacodyl, 215, 216, 217
from caffeine overdose, 800
from cascara sagrada, 220
from clenbuterol, 297, 298, 299, 300
from clenbuterol-adulterated heroin, 

298, 551
from cocaine, 847
from diethylpropion, 235
from diuretics, 200
from diuretics masking anabolic-

androgen steroid abuse, 283
from ethanol, 390, 418, 419, 430
from furosemide, 201–204
from hydrochlorothiazide, 205, 206
from laxative abuse, 216, 217
from methadone, 569, 593
from methamphetamine, 39
from 5-methoxy-diisopropyltrypt-

amine (5-MeO-DIPT), 777
from methylenedioxymethamphet-

amine (MDMA), 143
from mothballs, 719, 722
from phentermine, 242
from salbutamol, 302, 303
from syrup of ipecac, 209, 210, 212
from toluene, 728, 729, 733

Hypokalemic metabolic alkalosis
from furosemide, 202–204
from syrup of ipecac, 213

Hypokinesis, heart
from clenbuterol, 298
from meprobamate, 499, 501
from methylphenidate, 63
from trichloroethane (TCA), 740

Hypomagnesemia
from clenbuterol, 297, 299
from diuretics, 200
from ethanol, 390, 396t, 419, 430

from furosemide, 202, 203, 204
from heroin withdrawal, infant, 559
from methadone, 593
from salbutamol, 302
from syrup of ipecac, 213

Hyponatremia
from 1-benzylpiperazine (BZP), 179
from bisacodyl, 215, 217
from caffeine overdose, 800
from p-dichlorobenzene mothballs, 

722
from ethanol, 419
from furosemide, 201–204
from hydrochlorothiazide, 205, 206
from laxative abuse, 217
from mephedrone, 124
from mephedrone, hypo-osmotic, 

124
from 3,4-methylenedioxyamphet-

amine (MDA), 162, 163
from methylenedioxymethamphet-

amine (MDMA), 136, 137t, 
138, 139, 143, 145, 146

from methylenedioxymethamphet-
amine (MDMA), dilutional, 
143

from sibutramine, 269
from syrup of ipecac, 213

Hyponatremic hypotonic dehydration, 
204

Hypoosmotic hyponatremia, from 
mephedrone, 124

Hypophonia
from methcathinone, 122
from 1-methyl-4-phenyl-1,2,5,6-

tetrahydropyridine (MPTP), 
606

Hypophosphatemia
from clenbuterol, 297, 298, 299
from ethanol, 396t, 419
from salbutamol, 302
from toluene, 729, 733

Hypoprothrombinemia
from anabolic-androgenic steroids, 

288
from chloroform, 644, 645
from methamphetamine, 39
from methaqualone, 508
from methylenedioxymethamphet-

amine (MDMA), 143
Hypopyon, from cocaine, 830
Hypothalamic–pituitary–adrenal axis, 

marijuana on, 899
Hypothermia

from amobarbital, 469, 471, 472, 473
from barbiturates, 471, 473
from cocaine, 841
from ethanol, 392, 395, 412, 428, 430

Hypertonia (hypertonicity) (cont’d)
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from ethchlorvynol, 488
from fentanyl analogues, 542
from γ-hydroxybutyrate (GHB), 94, 

95, 100
from glutethimide, 493
from heroin, 559
from meprobamate, 499
from methadone, 587
from methylenedioxymethamphet-

amine (MDMA), 137t
from pentobarbital, 478
from phencyclidine (PCP), 616
from secobarbital, 481

Hypothyroidism
from human growth hormone 

(hGH), 343
human growth hormone (hGH) for, 

340

Ibochine, from ibogaine, 868
Ibogaine, 867–871

botanical description of, 867
clinical response to, 870
diagnostic testing for, 870–871
dose effect of, 868–869
exposure to, 868
histopathology and pathophysiology 

of, 869–870
history of, 867
identifying characteristics of, 868f, 

868t, 869
toxicokinetics of, 869
treatment for, 871

Ibogaline, 868
Ibogamine, 868
Iboluteine, from ibogaine, 868
Ice (crystal methamphetamine), 19, 

21–22. See also
Methamphetamine

Ilex paraguariensis, 932–936. See also
Mate tea (Ilex paraguariensis)

Illy, 889. See also Marijuana 
(Cannabis sativa)

Immunosuppression
from anabolic-androgenic steroids, 

285
from marijuana, 899

Impotence
from human growth hormone 

(hGH), 341
from khat, 876
from nitrous oxide, 672

Incontinence, urinary
in alcoholic pellagra 

encephalopathy, 395
from amyl and butyl nitrites, 753
from betel quid/areca nut, 784
from ethanol, 395, 405t

from GHB analogues, 102
from methylenedioxymethamphet-

amine (MDMA), 137
phenylpropanolamine for, 244
from toluene, 729

Indian hemp, 886–915. See also
Marijuana (Cannabis sativa)

Indinavir
with buprenorphine, 518
on methadone metabolism, 584–585

Indole alkaloids, as hallucinogens, 
452t

Inhalation injuries, from cocaine, 822
Inocybe aeruginascens, hallucinogens 

in, 952. See also Psilocybin 
and hallucinogenic 
mushrooms

Insulin-like growth factor binding 
protein II (IGB-2), from 
human growth hormone 
(hGH), 342, 342t

Insulin-like growth factor binding 
protein III (IGB-3), from 
human growth hormone 
(hGH), 342, 342t

Insulin-like growth factor I (IGF-1), 
344–345, 345f

from human growth hormone 
(hGH), 342, 342t

human growth hormone stimulation 
of, 340

Insulin-like growth factor II (IGF-2), 
344

Insulin resistance
from anabolic-androgenic steroids, 

284
from human growth hormone 

(hGH), 339f, 340, 341
insulin-like growth factor I (IGF-1) 

for, 344
Intellect, 163–166. See also 3,4-Methyl-

enedioxyethamphetamine 
(MDEA)

Interstitial fi brosis
cardiac

from anabolic-androgenic steroids, 
284

from butane, 685
from ethanol, 396t
from human growth hormone 

(hGH), 340, 341
from methamphetamine, 29
from methylenedioxymethamphet-

amine (MDMA), 138
from syrup of ipecac, 210, 212

pulmonary
from cocaine, 822, 830, 840
from ketamine, 114

from methylphenidate, 62
from propylhexedrine, 73
from tobacco smoking, 980

Interstitial nephritis
from cocaine, 823, 830
from heroin, 558
from phendimetrazine and phenmet-

razine, 238
from phentermine, 242

Interstitial pneumonitis, from crack 
cocaine, 840

Intestinal ischemia
from cocaine, 830
from ephedrine, 237

Intracranial hemorrhage
from amphetamine, 11, 13, 14, 17
from cocaine, 820, 823, 826t, 828, 

829, 832
from ethanol, 396t
from ethanol withdrawal, 390, 419, 

430
from methamphetamine, 30, 31, 39, 

43
from 4-methoxyamphetamine and 

4-methoxymethamphetamine 
(PMA/PMMA), 171

from 3,4-methylenedioxyamphet-
amine (MDA), 163

from 3,4-methylenedioxyethamphet-
amine (MDEA), 165

from methylenedioxymethamphet-
amine (MDMA), 138

from phencyclidine (PCP), 616, 618
from phenylpropanolamine, 245, 

246
Intrahepatic cholestasis

from anabolic-androgenic steroids, 
283

from caffeine, 797
from ethanol, 392
from senna, 224

Intraocular pressure reduction, from 
marijuana, 899

Intrauterine growth retardation, from 
prenatal maternal smoking, 
981

Invulnerability, delusions of, from 
phencyclidine (PCP), 611, 617, 
618

Ipadu, 806–807. See also Cocaine
Ipecac, syrup of, 206–213

clinical response to, 210–211
diagnostic testing for, 211–213, 212f
dose effect of, 207–208
exposure to, 207
histopathology and pathophysiology 

of, 209–210
history of, 206
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identifying characteristics of, 
206–207, 207f, 207t

toxicokinetics of, 208–209
treatment for, 213

Ipomoea macrantha, 938–942. See also
Morning glory family 
(Convolvulaceae)

Ipomoea tuba, 938–942. See also
Morning glory family 
(Convolvulaceae)

Ipomoea violacea, 454, 938–942. See 
also Morning glory family 
(Convolvulaceae)

Iqmik, 970
Ischemia, distal

from methamphetamine, 43
from 3,4-methylenedioxyamphet-

amine (MDA), 163
from propylhexedrine, 75, 76

Ischemic stroke. See Intracranial 
hemorrhage; Stroke, ischemic

Iso-lysergic acid ethylamide (iso-
LAE), from lysergic acid 
diethylamide (LSD), 454, 460

Isobutane, 684–687, 685t
5-Isobutyl-5-(2,3-dihydroxypropyl)

barbituric acid, from 
butalbital, 475

Isocorynantheidine, in kratom, 881
Isoergine, in morning glory family, 

939–941, 940f
Isoeugenol, in Piper betle, 782
Isofl urane, 654f, 654t, 656–658
Isolysergic acid amide, in morning 

glory family, 939
Isomitraphylline, in kratom, 881
Isoniazid, on methadone clearance, 

569
Isospeciofoline, in kratom, 881
IT-290, 195–197
Ithang, 880–884. See also Kratom 

(Mitragyna speciosa)
IV drug addicts. See also specifi c 

drugs and disorders
blood disorders in, 564

Jaad, 873–878. See also Khat (Catha 
edulis)

Jac Aroma, 751–756. See also Butyl 
nitrite

Jaundice. See also Hepatic
from anabolic-androgenic steroids, 

283, 286
Artemisia for, 761
from buprenorphine, 518
from Camellia sinensis supplement, 

797

from castor oil, 222
from chloroform, 644
from p-dichlorobenzene mothballs, 

721
from ethanol, 391, 396t
from halothane, 664, 666
from methoxyfl urane, 659
from methylenedioxymethamphet-

amine (MDMA), 139
from naphthalene mothballs, 716, 

717, 718, 719
from senna, 224

Jaw jerks, from gasoline, 697
Jee, 120–123. See also Methcathinone
Jeff, 120–123. See also Methcathinone
Jerks

from ayahuasca, 774
from γ-hydroxybutyrate (GHB), 95, 

99, 100, 102
in horizontal gaze nystagmus, 

422
jaw, from gasoline, 697
from methamphetamine, 31
from 1-methyl-4-phenyl-1,2,5,6-

tetrahydropyridine (MPTP), 
606

from methylenedioxymethamphet-
amine (MDMA), 137

from phencyclidine (PCP), 618
from withdrawal

butalbital, neonatal, 476
kratom, 883
methaqualone, 508

Jumps, 176–179, 177f, 178f
JWH-015, 915–919, 917f. See also

Cannabinoids, synthetic
JWH-018, 915–919, 917f. See also

Cannabinoids, synthetic
JWH-073, 915–919, 917f. See also

Cannabinoids, synthetic

K-hole, 114
Kakuam, 880–884. See also Kratom 

(Mitragyna speciosa)
Kandy, 176–179, 177f, 178f
Kava, in betel quid, 783
Ketamine, 110–116, 626

clinical response to, 114–115
diagnostic testing for, 115–116
dose effect of, 111–112
on driving, 116
exposure to, 110–111
fl umazenil as antidote for, 79, 85
histopathology and pathophysiology 

of, 113–114
history of, 110
identifying characteristics of, 110, 

111f, 111t

toxicokinetics of, 112–113
treatment for, 116

Ketanserin, on psilocybin effects, 955
Ketoacidosis, alcohol-induced, 391, 

419
Ketoconazole

with buprenorphine, 517–518
on methadone metabolism, 585

Ketosis, alcoholic, 419
Ketum, 880–884. See also Kratom 

(Mitragyna speciosa)
Khat (Catha edulis), 873–878

botanical description of, 873
clinical response to, 876–877
diagnostic testing for, 877–878
dose effect of, 875–876
on driving, 877
exposure to, 874–875
histopathology and pathophysiology 

of, 876
history of, 873
identifying characteristics of, 

873–874, 874f, 875f
toxicokinetics of, 876
treatment for, 878

Kidney stones
from bisacodyl, 216
from human growth hormone 

(hGH), 341
Killer weed, 608–625. See also

Phencyclidine (PCP)
Korsakoff psychosis, pathophysiology 

of, 390, 391, 395
Kratom (Mitragyna speciosa), 

880–884
in betel quid, 783
botanical description of, 880, 881f
diagnostic testing for, 883–884
dose effect and clinical response to, 

883
exposure to, 882–883, 882f
history of, 880
identifying characteristics of, 

881–882, 881f, 882t
toxicokinetics of, 883
treatment for, 884

Kretek, defi nition and types of, 970t
Krypton (o-demethyltramadol with 

kratom), 880, 882

La Roche, 77–85. See also
Flunitrazepam

Lacrimation
from betel quid/areca nut, 784
from fl uorinated alkanes, 677
from gasoline, 696, 698
from lysergic acid diethylamide 

(LSD), 457

Ipecac, syrup of (cont’d)



INDEX

1019

from nicotine poisoning, acute, 
977

from withdrawal
dextromethorphan, 532
heroin, 559

Lactate, ethanol on, 391
Lactic acidosis

from caffeine, 800
from cannabinoids, synthetic, 918
from clenbuterol, 299
from clenbuterol-adulterated heroin, 

551
from creatine, 356
from ethanol, 389, 419, 428
from methamphetamine, 32
from methanol, 711
from pentobarbital, 478
from sodium bicarbonate or citrate, 

360
Lactulose, 225
Lady, 805–848. See also Cocaine
Lamotrigine, with ketamine, 113
Laryngeal spasm/edema

from butane, 685
from fl uorinated alkanes, 680–681

Laudanum, 546. See also Heroin and 
opium poppy plant

Laughter, uncontrolled, from Salvia 
divinorum, 965

Laxatives, 213–225. See also specifi c 
types

abuse of, 213
bisacodyl, 213–219
cascara, 219–220, 219f
castor oil, 220–223
classes of, 213
metabolic alkalosis from abuse of, 

217
osmotic laxatives, 225
phenolphthalein, 225
senna, 223–225

LBJ, 608–625. See also Phencyclidine 
(PCP)

Lead
high blood, from gasoline, 699
melanosis coli from poisoning with, 

220
in methamphetamine, 35
tetraethyl, 695–699
in tobacco smoke, 971t, 972

Lead acetate, on n-hexane toxicity, 
703

Lead encephalopathy, from gasoline, 
695, 697–698

Leaded gasoline, 695–700. See also
Gasoline

Leak leak, 889. See also Marijuana 
(Cannabis sativa)

Leaves of Mary the Shepherdess, 
961–965. See also Salvia 
divinorum

Left ventricular hypertrophy
from anabolic-androgenic steroids, 

283, 284, 285
from clenbuterol, 298
from cocaine, 841
from ephedrine, 237
from methadone, 587–588
from 3,4-methylenedioxyethamphet-

amine (MDEA), 166
Legal E, 176–179, 177f, 178f
Legal X, 176–179, 177f, 178f
Leucine, 357
Leuckart synthesis

of amphetamine
4-methyl-5-phenyl-pyrimidine

from, 6
N-formyl amphetamine from, 6

of methamphetamine, 21, 22f, 34–35, 
38

α-benzyl-phenylethylamine deriva-
tives in, 35

4-methoxyamphetamine (PMA)/4-
methoxyamphetamine 
(PMMA), 169–170

of methylenedioxymethamphet-
amine, 128

of 4-methylthioamphetamine 
(4-MTA), 167

phenyl-2-propanone in, 21, 22f
Leukoencephalopathy

from buprenorphine, 519
from cocaine, 829
from p-dichlorobenzene mothballs, 

721
from heroin, 557, 557t
from methadone, 586
spongiform, from heroin, 547, 555, 

556, 557, 557t, 565
Leukoplakia, oral, from areca nut and 

betel quid, 785
Levamisole, with cocaine, 810
Levomethadyl acetate (LAAM), 569
Levonantradol, 917f. See also

Cannabinoids, synthetic
Levorphanol, 527
Lhermitte sign, from nitrous oxide, 

672
Liberine, 789, 790t. See also Caffeine
Liberty cap, 951. See also Psilocybin 

and hallucinogenic 
mushrooms

Lichen planus, from areca nut and 
betel quid, 785

Lightning Bolt, 751–756. See also
Butyl nitrite

Limb ischemia
from cocaine, 826t
from methamphetamine, 43

Liquefi ed petroleum gas (LPG), 684
Liquid Ecstasy, 89–100. See also

γ-hydroxybutyrate (GHB)
Liquid Lady, 807
Liquid X, 89–100. See also

γ-hydroxybutyrate (GHB)
Lithium, with lysergic acid 

diethylamide (LSD), 456
Liver failure. See Hepatic failure
Liver injury, alcohol-related, 391–392
Loads, 491. See also Glutethimide
Locker room

butyl nitrite, 751–756 (See also Butyl 
nitrite)

volatile substances, 633–639 (See 
also Volatile substance abuse)

Lophophora williamsii, 156, 944–948. 
See also Peyote; 
Phenethylamine compounds

Louee, 3–18. See also Amphetamine
Love boat, 608–625. See also

Phencyclidine (PCP)
Love Drug, 504–510. See also

Methaqualone
Love Pearls, 195–197, 196t
LSD, 452–462. See also Lysergic acid 

diethylamide (LSD)
LSD-lactam, from lysergic acid 

diethylamide (LSD), 455f
Ludes, 504–510. See also

Methaqualone
“Luding out,” 504
Lung bullae, in marijuana, 902
Lung cavitation, from cocaine, 822
Lung infl ammation, from tobacco 

smoking, 980
Lung volumes, higher, from marijuana, 

902
Lysergic acid α-hydroxyethylamide, in 

morning glory family, 940, 
940f

d-Lysergic acid amide, in morning 
glory family, 939

Lysergic acid diethylamide (LSD), 
452–462

4-bromo-2,5-dimethoxyamphet-
amine (DOB) hydrochloride 
sold as, 173

clinical response to, 457–459
diagnostic testing for, 459–461
dose effect of, 455
on driving, 461
exposure to, 454–455
histopathology and pathophysiology 

of, 456
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history of, 452
identifying characteristics of, 

452–453, 453f, 453t, 454f
toxicokinetics of, 455–456, 456f
treatment for, 461–462

d-Lysergic acid diethylamide (LSD), in 
purported mescaline, 946

Lysergic acid ethylamide (LAE), from 
lysergic acid diethylamide 
(LSD), 454, 455f

Lysergide, 452–462. See also Lysergic 
acid diethylamide (LSD)

Lysergol, in morning glory family, 939, 
940f, 941

M & Ms, 480–482, 480f, 480t
Ma huang, 3, 236. See also

Amphetamine; Ephedrine
Maconha, 886–915. See also

Marijuana (Cannabis sativa)
Macroglossia, from human growth 

hormone (hGH), 341
Macromerine, 946
Mad man, 608–625. See also

Phencyclidine (PCP)
Madol, 277–278
Magic mint, 961–965. See also Salvia 

divinorum
Magnesium citrate, 225
Magnesium sulfate, 225
Mainstream smoke

carcinogens in, 972, 973t
chemicals in, 971–972, 971t (See also

Tobacco (Nicotiana 
tabacum))

Mairungi, 873–878. See also Khat 
(Catha edulis)

Malignant hyperthermia
from enfl urane, 656
from halothane, 666
from isofl urane, 658

Mallory bodies, 392
Mallory-Weiss tear, from mescaline, 

947
Malnutrition

from cocaine, 824
from diuretic abuse, 200
from ethanol abuse, 391, 396t, 418
from ipecac abuse, 210
from khat, 876
red cell aplasia in, 314
from syrup of ipecac, 210

Mandies, 504–510. See also
Methaqualone

Marchiafava-Bignami disease, from 
ethanol, 390, 396t

Marijuana (Cannabis sativa), 886–915
botanical description of, 886–887, 

887f
clinical response to, 899–904

abstinence syndrome in, 903
with accidental exposure, 902
carcinogenesis in, 903–904
fatalities in, 902
medical complications in

behavioral, 900
in cardiovascular system, 901
general, 901
intravenous, 902
mental disorders in, 900–901
in respiratory system, 901–902

overview of, 899–900
reproductive abnormalities in, 903

diagnostic testing for, 904–912
abnormalities in, 911–912
analytic methods in, 904–905
biomarkers in, 905–911

in blood, 906–907
in hair, 910
in saliva, 910–911
in sweat, 910
in urine, 907–910
in vitreous humor, 905–906

dose effect of, 892–893
on driving, 912–914
exposure to, 889–892

epidemiology of, 889–890
impurities and profi ling of, 891
medicinal uses of, 891
methods of abuse of, 891–892, 891f
origin/composition of, 890
production processes for, 890–891

with fl unitrazepam, 79
histopathology and pathophysiology 

of, 897–899
behavioral effects in, 897–898
in cardiovascular system, 898
in central nervous system, 898
in endocrine system, 899
in eye, 899
in immune system, 899
in pulmonary system, 898–899

history of, 886
identifying characteristics of, 

887–889
cannabinoids in, 887, 888f
forms of, 889
physicochemical properties in, 

887–889, 888t
structures/nomenclatures in, 887, 

888f
terminology of, 889

with methaqualone, 505
toxicokinetics of, 893–897

absorption in, 893
biotransformation in, 893–895, 894f

of other cannabinoids, 894–895
of Δ9-THC, 893–894, 894f

distribution in, 893
drug interactions in, 897
elimination in, 895–897

of metabolites, in blood, 
895–896, 896f

of metabolites, in urine, 896
of metabolites, timing and forms 

of, 895
of Δ9-THC, 894

maternal and fetal kinetics in, 897
tolerance in, 897

treatment for, 914–915
Mary Jane, 886–915. See also

Marijuana (Cannabis sativa)
Masculinization, from anabolic-

androgenic steroids in 
women, 283, 286

MAST, 408–410, 409t
Mate tea (Ilex paraguariensis), 

932–936
botanical description of, 932
clinical response to, 935
diagnostic testing for, 935–936
dose effect of, 935
exposure to, 932–935
history of, 932
identifying characteristics of, 932, 

933f, 933t
toxicokinetics of, 935
treatment for, 936

Mazindol, 5f
MBDB, 167
mCPP, 177f, 179–180
MDA, 131, 131f, 159–163. See also

3,4-Methylenedioxyamphet-
amine (MDA)

MDBP, 177f, 180–181
MDEA, 163–166. See also 3,4-Methyl-

enedioxyethamphetamine 
(MDEA)

MDMA, 126–146. See also Methylene-
dioxymethamphetamine 
(MDMA)

MDPP, 182–183, 182f
Mean green, 608–625. See also

Phencyclidine (PCP)
Mecloqualone, 510
Meconine. See also Heroin and opium 

poppy plant
in heroin, 547, 551

Melanosis coli
from cascara abuse, 219, 220
from senna, 223

Mellanby effect, 836

Lysergic acid diethylamide (LSD) 
(cont’d)
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Membranoproliferative 
glomerulonephritis, from 
heroin, 558

Memory storage, 81
5MEO, 193–195, 194f
5-MeO-DIPT, 193–195, 194f
5-MeO-DMT, 776–778
MeOPP, 177f, 181
Meow Meow, 123–124, 123f
Meph, 123–124, 123f
Mephedrone, 123–124, 123f
Meprobamate, 497–502

clinical response to, 499–500
diagnostic testing for, 500
dose effect of, 498
on driving, 501
exposure to, 497–498
histopathology and pathophysiology 

of, 499
history of, 497
identifying characteristics of, 497, 

498f, 498t
toxicokinetics of, 498–499
treatment for, 501–502

Merucathine, in khat, 874
Merucathinone, in khat, 874
Mescal, 156, 944–948. See also Peyote
Mescal button, 156, 944–948. See also

Peyote
Mescaline (Lophophora williamsii), 

156, 944–948. See also
Peyote; Phenethylamine 
compounds

Mesenteric ischemia
from cocaine, 823, 830
from laxative abuse, 218t
from recombinant human 

erythropoietin (rHuEPO), 
314, 315, 316

Mesenteric perforation, from cocaine, 
830

Mesenteric thrombosis, from cocaine, 
830

meta-chlorophenylpiperazine (mCPP), 
177f, 179–180

Metabolic acidosis
from amyl and butyl nitrites, 754
from 1-benzylpiperazine (BZP), 179
from 4-bromo-2,5-dimethoxyam-

phetamine (DOB), 173
from cascara, 220
from clenbuterol, 298, 299
from cocaine, 828, 841, 844
from enfl urane, 656
from ethanol, 392, 418, 419, 428, 429
from fentanyl analogues, 543
from heroin, 564, 566
from hippuric acid from toluene, 728

in malignant hyperthermia, 656
from methanol, 711, 712, 713, 714
from methanol, in newborn, 710
from 3,4-methylenedioxyamphet-

amine (MDA), 162
from methylenedioxymethamphet-

amine (MDMA), 138, 139, 
143

from methylphenidate, 63
from phencyclidine (PCP), 615, 624
from phenylpropanolamine, 249
from propylhexedrine, 74
from salbutamol, 302
from toluene, 728, 730, 733

Metabolic alkalosis
from bisacodyl, 217
from hydrochlorothiazide, 206
hypochloremic

from bisacodyl, 217
from ethanol, 419
from furosemide, 202–204
from syrup of ipecac, 210, 213

hypokalemic
from furosemide, 202–204, 203
from syrup of ipecac, 213

from lime in betel quid, 784
Metallic taste, from 1-methyl-4-

phenyl-1,2,5,6-
tetrahydropyridine (MPTP), 
606

Metals, trace. See also specifi c metals
from creatine manufacture, 352

Metanephrine, 946
Metanicotine

from tobacco, 969
in tobacco, 971

Meth, 18–43. See also
Methamphetamine

Methadol, from methadone, 582
Methadone, 579–595

antidotes (naloxone) for, 594
clinical response to, 586–588

abstinence syndrome in, 588
in fatalities, 587–588
with medical use, 586
in overdose, 586–587
reproductive abnormalities in, 588

with dextromethorphan, 531
diagnostic testing for, 588–593

abnormalities in, 592–593
analytic methods in, 588–589
biomarkers in, 589–592, 590f

dose effect of, 581
on driving, 593–594
effectiveness of treatment with, 569, 

595
exposure to, 580–581
with fl unitrazepam, 79

for heroin addiction, 569
histopathology and pathophysiology 

of, 585–586, 586t
history of, 579
identifying characteristics of, 

579–580, 580f, 580t
vs. morphine, 579
toxicokinetics of, 581–585

absorption in, 581
biotransformation in, 582–583, 

582f, 583f
distribution in, 581–582
drug interactions in, 584–585
elimination in, 583–584
maternal and fetal kinetics in, 584
tolerance in, 584

treatment for, 594–595
Methamphetamine, 18–43

biotransformation and metabolites 
of, 8, 9f

clinical response to, 30–32
crystal (ice), 19, 21–22
diagnostic testing for, 32–40

abnormalities in, 39–40
analytic methods in, 32–34
biomarkers in, 34–39, 35f

dose effect of, 24–25
on driving, 40
exposure to, 20–24

epidemiology, 20–21
methods of abuse in, 23–24, 24f
sources of, 21–23, 22f

histopathology and pathophysiology 
of, 28–30

history of, 18–19
identifying characteristics of, 5f, 

19–21
as medicinal drug metabolite, 34
toxicokinetics of, 25–28, 26f
treatment for, 40–43

Methanol, 709–714
clinical response to, 711–712
diagnostic testing for, 712
in distilled spirits, 378
dose effect of, 710
on driving, 712–713
exposure to, 709–710
histopathology and pathophysiology 

of, 711
identifying characteristics of, 709
toxicokinetics of, 710–711
treatment for, 713–714, 713t

Methaqualone, 504–510
clinical response to, 507–508
diagnostic testing for, 508–509
dose effect of, 505–506
on driving, 509
exposure to, 504–505
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histopathology and pathophysiology 
of, 507

history of, 504
identifying characteristics of, 504, 

505f, 505t
toxicokinetics of, 506–507, 507f
treatment for, 509–510

Methcathinone, 120–123
clinical response to, 122
diagnostic testing for, 122–123
from diethylpropion, 876
dose effect and toxicokinetics of, 

121
exposure to, 120–121
histopathology and pathophysiology 

of, 121–122
history of, 120–123
identifying characteristics of, 120, 

121f, 123f
in khat, 877
treatment for, 123

Methemoglobinemia
from amyl and butyl nitrites, 639, 

752, 753–755
from p-dichlorobenzene and 

naphthalene mothballs, 717, 
719, 721

methylene blue for, 639
from psilocybin extract, IV, 956

Methionine, in nitrous oxide toxicity, 
672, 674

3-Methoxy-4-hydroxyphenylglycol 
(MHPG), in children with 
attention defi cit hyperactivity 
disorder, 11

3,4,6-Methoxy-5-[2(N-
methylacetamido)]
ethylphenanthrene, from 
Tasmanian opium, 552

2-Methoxy-4-nitroaniline, from 
nitromethaqualone, 510

R,S-4′-Methoxy-α-
pyrrolidinopropiophenone 
(MOPP), 182–183, 182f

9-Methoxy-corynantheidine, in 
kratom, 882

d-Methoxy-N-methylmorphine, 
527–535. See also
Dextromethorphan (bromide)

5-Methoxy-N,N-diisopropyl-
tryptamine (Foxy), 193–195, 
194f

5-Methoxy-N,N-dimethyltryptamine 
(5-MeO-DMT), 771, 776–778

4′-Methoxyacetanilide, 547. See also
Heroin and opium poppy 
plant

4-Methoxyamphetamine (PMA), 
169–172

from amphetamine, 15
clinical response to, 170
diagnostic testing of, 170–171
dose effect of, 170
exposure to, 169–170
histopathology and pathophysiology 

of, 170
identifying characteristics of, 158f, 

169
in methylenedioxymethamphet-

amine (MDA), 137, 139, 
140–141

toxicokinetics of, 170
treatment for, 171

p-Methoxyamphetamine, from 
amphetamine, 15

para-Methoxyamphetamine (PMA), 
169–172. See also
4-Methoxyamphetamine 
(PMA)

from amphetamine, 15
chemical structure of, 158f
in methylenedioxymethamphet-

amine, 137, 139, 140–141
4-(4-Methoxybenzyl)pyrimidine, from 

4-methoxyamphetamine 
(PMA)/4-
methoxyamphetamine 
(PMMA) Leuckart synthesis, 
169

18-Methoxycoronardine, 868
4-Methoxydimethylamphetamine, 

from 4-methoxyamphetamine 
(PMA)/4-
methoxyamphetamine 
(PMMA) Leuckart synthesis, 
170

4-Methoxyethylamphetamine, from 
4-methoxyamphetamine 
(PMA)/4-
methoxyamphetamine 
(PMMA) Leuckart synthesis, 
170

Methoxyfl urane, 654f, 654t, 658–659
12-Methoxyibogamine, 867–871. 

See also Ibogaine
4-Methoxymethamphetamine 

(PMMA), 169–172
clinical response to, 170
diagnostic testing of, 170–171
dose effect of, 170
exposure to, 169–170
histopathology and pathophysiology 

of, 170
identifying characteristics of, 

169

toxicokinetics of, 170
treatment for, 171

3-Methoxymorphinan, from 
dextromethorphan, 529, 530f

1-(4-Methoxyphenyl)-N-(2-(4-
methoxyphenyl)-1-
methylethyl-2-propanamine), 
from 4-methoxyamphetamine 
(PMA)/4-
methoxyamphetamine 
(PMMA) Leuckart synthesis, 
170

1-(4-Methoxyphenyl)-N-methyl-N-(2-
(4-methoxyphenyl)-1-
methylethyl-2-propanamine), 
from 4-methoxyamphetamine 
(PMA)/4-
methoxyamphetamine 
(PMMA) Leuckart synthesis, 
170

1-(4-Methoxyphenyl) piperazine 
(MeOPP), 177f, 181

N-(β-4-Methoxyphenylisopropyl)-4-
methoxy benzyl methyl 
ketimine, from 
4-methoxyamphetamine 
(PMA)/4-
methoxyamphetamine 
(PMMA) Leuckart synthesis, 
170

N-(β-4-Methoxyphenylisopropyl)-4-
methoxybenzaldimine, from 
4-methoxyamphetamine 
(PMA)/4-
methoxyamphetamine 
(PMMA) Leuckart synthesis, 
170

3-Methyl-2-(4′-hydroxy phenyl)
morpholine, from 
phenmetrazine, 240

4-Methyl-5-(4-ethoxyphenyl)
pyrimidine, from 
4-methoxyamphetamine 
(PMA)/4-
methoxyamphetamine 
(PMMA) Leuckart synthesis, 
169

2-Methyl-3-(2′-methoxy-4′-
aminophenyl)-4(3H)-
quinazolinone, from 
nitromethaqualone, 510

2-Methyl-3-(2′-methoxy-4′-
nitrophenyl)-4(3H)-
quinazolinone, 510

4-Methyl-5-(4-methoxyphenyl)
pyrimidine, from 
4-methoxyamphetamine 
(PMA)/4-

Methaqualone (cont’d)
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methoxyamphetamine 
(PMMA) Leuckart synthesis, 
169

N-Methyl-1-(3,4-
methylenedioxyphenyl)-2-
butanamine (MBDB), 167

N-(3-Methyl-1-(2-phenylethyl)-4-
piperidinyl)-N-
phenylpropanamide, 539–544, 
540f. See also Fentanyl 
analogues

17α-Methyl-1,4-androstadien-6β,17β-
diol-3-one, from 
methandienone, 280t

17α-Methyl-5-androstan-3,4,17-triol 
isomers, from oxymesterone, 
280t

4-Methyl-2,5-dimethoxyamphetamine 
(DOM), 158f, 174

2-Methyl-2 n-propyl-1,3-propanediol 
dicarbamate, 497–502. See 
also Meprobamate

2-Methyl-3-(o-carboxyphenyl)-4-
quinazolinone, from 
methaqualone synthesis, 505

2-Methyl-3-o-tolyl-4-(3H)-
quinazolinone, 504–510. See 
also Methaqualone

2-Methyl-3-ortho-chlorophenyl-4(3H)-
quinazolinone, 510

from mecloqualone, 510
5-Methyl-3-oxo-6-phenylmorpholine, 

from phenmetrazine, 240
1-Methyl-4-phenyl-4-N-

propionoxypiperidine 
(MPPP), 182–183, 182f

MPTP from synthesis of, 603–604, 
604f

1-Methyl-4-phenyl-1,2,5,6-
tetrahydropyridine (MPTP), 
603–606

clinical response to, 606
diagnostic testing for, 606
dose effect of, 604
exposure to, 604
histopathology and pathophysiology 

of, 605
history of, 603
identifying characteristics of, 

603–604, 604f, 604t
toxicokinetics of, 604–605
treatment for, 606

4-Methyl-5-phenyl-pyrimidine, from 
amphetamine, 6

3-Methyl-2-phenylmorpholine, 
239–241, 239f, 239t, 240f

2-Methyl-2-propanol, from isobutane, 
686

(S)-3-(1-Methyl-2-pyrrolidinyl)
pyridine, in tobacco, 969, 
969f, 969t. See also Nicotine; 
Tobacco (Nicotiana tabacum)

17-α-Methyl-5α-androst-2-en-17β-ol, 
277–278

2α-Methyl-5α-androstan-3-ol-17-one, 
from drostanolone, 280t

α-Methyl acetylfentanyl, 540. See also
Fentanyl analogues

R,S-4′-Methyl-α-
pyrrolidinohexanophenone 
(MPHP), 182–183, 182f

R,S-4′-Methyl-α-
pyrrolidinopropiophenone 
(MPPP), 182–183, 182f

MPTP from synthesis of, 603–604, 
604f

17α-Methyl-5β-(α)-androst-1-en-
3α 17β-diol, from 
methandienone, 280t

17α-Methyl-5β-(α)-androstan-3α-17β-
diol

from methandienone, 280t
from 17α-methyltestosterone, 280t

Methyl benzoylecgonine, 805–848. See 
also Cocaine

Methyl n-butyl ketone (MBK), on 
n-hexane toxicity, 703–705

Methyl ether (ether), 649–651, 650f, 
650t, 651t

Methyl ethyl ketone
with methanol, 711
from n-butane, 685

3-Methyl fentanyl, 540. See also
Fentanyl analogues

α-Methyl guanidino acetic acid, 
351–357. See also Creatine

Methyl isobutyl ketone, on n-hexane 
toxicity, 703

Methylamine, from creatine, 353, 
354f

2-Methylamino-1-(3,4-
methylenedioxyphenyl)
propan-1-one, 123–124, 123f

(1R,2S)-2-Methylamino-1-
phenylpropan-1-ol, 235–238. 
See also Ephedrine

Methylaminorex, 5f. See also
Amphetamine

o-Methylbufotenine, 776–778
Methylchloroform, 737–741. See also

Trichloroethane (TCA)
α-Methyldopa, with cocaine, 819
Methylecgonidine, from cocaine, 

smoking, 816
Methylene blue, for 

methemoglobinemia, 755–756

R,S-3′4′-Methylenedioxy-α-
pyrrolidinopropiophenone 
(MDPP), 182–183, 182f

3,4-Methylenedioxyamphetamine 
(MDA), 159–163

clinical response to, 160
diagnostic testing for, 160–161, 

160t
exposure to, 159
histopathology and pathophysiology 

of, 159–160
history of, 159
identifying characteristics of, 159, 

159t
from 3,4-methylenedioxyethamphet-

amine (MDEA), 160, 164
from methylenedioxymethamphet-

amine (MDMA), 131, 131f, 
159

toxicokinetics of, 159
treatment for, 161–163

1-(3,4-Methylenedioxybenzyl) 
piperazine (MDBP), 177f, 
179–180

3,4-Methylenedioxyethamphetamine 
(MDEA), 163–166

clinical response to, 165–166
diagnostic testing for, 166
exposure to, 163–164
histopathology and pathophysiology 

of, 164–165
history of, 163
3,4-methylenedioxyamphetamine 

(MDA) from, 164
toxicokinetics of, 164, 165f
treatment for, 166

Methylenedioxymethamphetamine 
(MDMA), 126–146

clinical response to, 136–140, 137t, 
139t

diagnostic testing for, 140–144
dose effect of, 129–130
on driving, 144
exposure to, 128–129
histopathology and pathophysiology 

of, 133–136
history of, 126–127
identifying characteristics of, 

127–128, 127f, 128f, 158f
toxicokinetics of, 130–133, 130t, 

131f
treatment for, 145–146

3,4-Methylenedioxymethcathinone, 
123f, 124

3-(3,4-Methylenedioxyphenyl)-3-buten-
2-one, from methylenedioxy-
methamphetamine (MDMA), 
141
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3,4-Methylenedioxyphenyl-2-propanol, 
from methylenedioxymeth-
amphetamine (MDMA), 141

3,4-Methylenedioxyphenyl-2-propa-
none, from methylenedioxy-
methamphetamine (MDMA), 
141

3-Methylfentanil, 539–544, 540f. See 
also Fentanyl analogues

α-Methylfentanyl, 539–544, 540f. See 
also Fentanyl analogues

cis-3-Methylfentanyl, 539–544. See 
also Fentanyl analogues

N-Methylmescaline, in peyote, 945
4-Methylmethcathinone, 123–124, 123f
N-Methylnipecotic acid, from areca 

nut, 783
4-(Methylnitrosamino)-1-(3-pyridyl)-1-

butanol (NNAL), from 
tobacco, 982

4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanol glucuronides 
(NNAL-Gluc), from tobacco, 
982

4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK)

from areca nut, 782
in tobacco, 971

4-(N-Methylnitrosamino)-1(3-pyridyl)-
1-butanol (NNAL), from 
nicotine, 974f, 975

3-(Methylnitrosamino)propionitrile, 
from areca nut, 782, 783

Methylone, 123f, 124
Methylphenidate, 57–65. See also

Amphetamine
clinical response to, 62–64
diagnostic testing for, 64–65
dose effect of, 59
on driving, 65
exposure to, 58–59
histopathology and pathophysiology 

of, 61–62
history of, 57
identifying characteristics of, 57, 

58t
illicit use of, history of, 4
as methamphetamine substitute, 23
structure of, 5f
toxicokinetics of, 59–61, 60f
treatment for, 65

4-Methylpyrazole, for ethanol-
disulfi ram reaction, 431

4-Methylthioamphetamine (4-MTA), 
167–169, 168f

4-Methylthiobenzyl alcohol, from 
4-methylthioamphetamine 
(4-MTA) synthesis, 167

4-Methylthiophenyl-2-propanol, from 
4-methylthioamphetamine 
(4-MTA) synthesis, 167

4-Methylthiophenyl-2-propanone, from 
4-methylthioamphetamine 
(4-MTA) synthesis, 167

α-Methyltryptamine (AMT), 195–197
Methyltyramine, 946
N-Methyltyramine, 946
1-Methyluric acid, from caffeine, 793
1-Methylxanthine, from caffeine, 793, 

794f
Mexican black tar heroin, 548, 549f. 

See also Heroin and opium 
poppy plant

Mexican mint, 961–965. See also
Salvia divinorum

Mexican Valium, 77–85. See also
Flunitrazepam

Mexiletine, with caffeine, 794
Miaow, 123–124, 123f
Michaelis constant (Km), 383
Microdots, 452–462. See also Lysergic 

acid diethylamide (LSD)
Microsomal ethanol-oxidizing system 

(MEOS), 383–384, 391
Milk-alkali syndrome, from lime in 

betel quid, 784
Mind Erasers, 77–85. See also

Flunitrazepam
Minimum alveolar concentration 

(MAC), 654–655, 657, 671
Minor abstinence syndrome, ethanol, 

397
Mint-like taste, from ethchlorvynol, 

488
Mint weed, 608–625. See also

Phencyclidine (PCP)
Miosis

from betel quid/areca nut, 784
from buprenorphine, 516, 519, 521
from caffeine overdose, 797
from fentanyl analogues, 543
from heroin, 555, 555t
from meprobamate, 499
from methadone, 585, 586, 586t, 

587
from nicotine poisoning, acute, 977
from phencyclidine (PCP), 616, 619

Miraa, 873–878. See also Khat (Catha 
edulis)

Mitragyna speciosa, 783, 880–884. See 
also Kratom (Mitragyna 
speciosa)

Mitragynine, in kratom, 880, 881, 881f, 
882, 883

Mitragynine pseudoindoxyl, from 
kratom, 882

Mitral regurgitation
from dexfenfl uramine, 264
from fenfl uramine with/without 

phentermine, 255, 256, 
259–260

Mitraphylline, in kratom, 881
Mitraversine, in kratom, 881
MJ, 886–915. See also Marijuana 

(Cannabis sativa)
MK, 167–169, 168f
MK-801, 625–626
4-MMC, 123–124, 123f
MMCAT, 123–124, 123f
Modafi nil, with kratom, 883
Mono-desmethyl sibutramine, from 

sibutramine, 266–267, 266f, 
267f

3-Monoacetylmorphine (3-MAM), 550
5-Monoacetylmorphine, 548f. See also

Heroin and opium poppy 
plant

6-Monoacetylmorphine (6-MAM), 
from heroin and codeine, 547, 
550, 553–554, 554f. See also
Heroin and opium poppy 
plant

in blood, 561
in hair, 562
in urine, 563
in vitreous humor, 564

Monoamine oxidase (MAO) 
inhibitors. See also specifi c 
agents

with caffeine or theophylline, 236, 
237

with cocaine, 819
with dextromethorphan, 531
with ephedrine, 236
with lysergic acid diethylamide 

(LSD), 456
with methylenedioxymethamphet-

amine (MDMA), 133
with methylphenidate, 61
with phenylpropanolamine, 245

MOPP, 182–183, 182f
Morning glory family 

(Convolvulaceae), 938–942
botanical description of, 938–939, 

939f
clinical response to, 941
diagnostic testing for, 941–942
dose effect of, 941
exposure to, 940–941
history of, 938
identifying characteristics of, 

939–940, 939f, 940f
toxicokinetics of, 941
treatment for, 942
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Morning glory seeds, 454
Morphinan derivatives, 527
Morphine. See also Heroin and opium 

poppy plant
from codeine, 563
from heroin, 553, 563
vs. methadone, 579
in poppy seeds, 549
with secobarbital, 481
structure of, 548f

Morphine-3-glucuronide (M3G), from 
heroin and codeine, 553, 
561–562

Morphine-6-glucuronide (M6G), from 
heroin and codeine, 553, 
561–562

Mothballs
p-dichlorobenzene, 720–722, 720f, 

720t
naphthalene, 716–720 (See also

Naphthalene)
Motor vehicle accidents

alcohol in, 365–366, 404, 424–425
butane in, 686
ketamine in, 114
marijuana and, 912

Mouth edema, from fl uorinated 
alkanes, 679

Movement disorders. See also specifi c 
types

from cocaine, 829
from gasoline, 697
from methcathinone, 120–123
from 1-methyl-4-phenyl-1,2,5,6-

tetrahydropyridine (MPTP), 
605, 606

from methylenedioxymethamphet-
amine (MDMA), 137

MPHP, 182–183, 182f
MPPP, 182–183, 182f

MPTP from synthesis of, 603–604, 
604f

4-MTA, 167–169
trans, trans-Muconic acid, from 

tobacco, 982
Mucus-secreting goblet cell 

hyperplasia, from marijuana, 
899

Muhulo, 873–878. See also Khat 
(Catha edulis)

Mules. See Body packer
Muraa, 873–878. See also Khat (Catha 

edulis)
Muscle cramps

from clenbuterol, 297
from creatine, 355, 356
from heroin withdrawal, 570
from methadone, 588

from methcathinone, 122
from n-hexane, 705
from syrup of ipecac, 216

Muscle hyperactivity
from cocaine, 831
from methaqualone, 507
from 5-methoxy-N,N-diisopropyl-

tryptamine (foxy), 194
Muscle rigidity, from 1-methyl-4-

phenyl-1,2,5,6-
tetrahydropyridine (MPTP), 
606

Muscle stiffness, from morning glory 
family, 941

Muscle weakness, from psilocybin and 
hallucinogenic mushrooms, 
956

Mushrooms, hallucinogenic, 950–957. 
See also Psilocybin and 
hallucinogenic mushrooms

Musitate, 873–878. See also Khat 
(Catha edulis)

Myalgia
from amphetamine, 14
from anabolic-androgenic steroids, 

286
from bisacodyl, 215
from cathinone, 876
from clenbuterol, 298t
from clenbuterol-adulterated heroin, 

551
from cocaine, 831
from N,N-dimethyltryptamine 

(DMT), IV, 774
from furosemide, 201
from gasoline, 698
from human growth hormone 

(hGH), 340, 341
from ibogaine, 870
from insulin-like growth factor I 

(IGF-1), 345
from lysergic acid diethylamide 

(LSD), 457
from marijuana tea, IV, 903
from methamphetamine, 30
from methylenedioxymethamphet-

amine (MDMA), 139
from phenmetrazine, 240
from psilocybin, 956
from recombinant human erythro-

poietin (rHuEPO), 306–320 
(See also Erythropoietin 
stimulation)

from syrup of ipecac, 211
from toluene, 729
from withdrawal

dextromethorphan, 531, 532
diethylpropion, 235

fl unitrazepam, 82
heroin and opioid, 559, 570
kratom, 883

from wormwood oil, 765
Mycotic aneurysms, from heroin, IV, 

557, 558
Mydriasis

from α-ethyltryptamine (AET), 197
from α-methyltryptamine (AMT), 

196, 197
from amphetamine, 12t
from 1-benzylpiperazine (BZP), 178
from 1-benzylpiperazine (BZP) with 

1-(3-trifl uoromethylphenyl) 
piperazine (TFMPP), 182

from 4-bromo-2,5-dimethoxyam-
phetamine (DOB), 173

from bromo-dragonfl y, 176
from cannabinoids, synthetic, 918
from clenbuterol, 298
from cocaine, 819, 831, 842
from dexfenfl uramine, 264
from dextromethorphan hydrobro-

mide, 529, 532
from N,N-diethyl-tryptamine 

(DET), 193
differential diagnosis of, 457
from 4-dimethoxy-4-ethylamphet-

amine (DOET), 174
from N,N-dimethyltryptamine 

(DMT), IV, 773
from ephedrine, 237
from fenfl uramine, 256, 260, 261, 

264
from fentanyl analogues, 543
from fl unitrazepam, 79
from γ-hydroxybutyrate (GHB), 100
from glutethimide, 493
from heroin, 557t, 559
from khat, 876
from lysergic acid diethylamide 

(LSD), 457
from mate tea, 943
from mephedrone, 123, 124
from meprobamate, 499
from mescaline, 947
from methadone, 587
from 5-methoxy-N,N-diisopropyl-

tryptamine (foxy), 195
from 3,4-methylenedioxyethamphet-

amine (MDEA), 165
from methylenedioxymethamphet-

amine (MDMA), 129, 137, 
137t, 139t, 142, 144

from methylone, 124
from methylphenidate, 63
from morning glory family, 941
from peyote, 947
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from prolintane, 70
from propylhexedrine, 74
from psilocybin and hallucinogenic 

mushrooms, 956, 957
Myeloneuropathy, from nitrous oxide, 

671
Myelopathy, posterior column, from 

nitrous oxide, 672
Myocardial contractility

increased, from trichloroethylene 
(TCE), 746

reduced
from cocaine, 821
from ethanol, 389
from halothane, 666
from heroin, 556
from meprobamate, 499, 501

Myocardial fi brosis
from anabolic-androgenic steroids, 

283, 284
from clenbuterol, 296
from cocaine, 821, 838
from 1,1-difl uoroethane, 680
from ethanol, 389
from heroin, 556
from propylhexedrine, 73

Myocardial infarction (MI, AMI)
from amphetamine, 7, 13
from anabolic-androgenic steroids, 

284, 285
from betel-quid chewing, 784
from butane, 686, 687
from caffeine, 796
from clenbuterol, 298
from cocaine, 820, 822, 826–827, 

826t, 841, 843–844, 
846–847

from ephedrine, 237
from ethanol, 396
from khat, 877
from marijuana, 897, 901, 915
from methamphetamine, 29, 32
from methylenedioxymethamphet-

amine (MDMA), 138, 141, 
146

from propylhexedrine, 74
from recombinant human erythro-

poietin (rHuEPO), 307, 310, 
313, 314, 315

from sibutramine, 265, 268
from tobacco

smokeless, 979–980
smoking of, 979

from toluene, 729
Myocardial ischemia

from amphetamine, 11
from betel-quid chewing, 784

from cocaine, 820, 821, 822, 
826–827, 841, 843, 846–847

from methamphetamine, 28, 29, 41
from 3,4-methylenedioxyamphet-

amine (MDA), 161
from methylenedioxymethamphet-

amine (MDMA), 145
from methylphenidate, 62, 65
from phenmetrazine, 214
from phenylpropanolamine, 247, 248
from propylhexedrine, 75

Myocarditis
from amphetamine, 13
from anabolic-androgenic steroids, 

283, 284
from cocaine, 820, 821, 824, 826t, 

827, 828, 832
from heroin, 556
from methadone, 587
from methamphetamine, 13
from syrup of ipecac, 206, 210, 211

Myoclonus
from alcoholic pellagra encepha-

lopathy, 395
from caffeine overdose, 797
from dextromethorphan, 531
from γ-hydroxybutyrate (GHB), 89, 

94, 95, 102
from gasoline, 697, 698
from GHB analogues, 102
from heroin, 557t
from meta-chlorophenylpiperazine 

(mCPP), 180
from methadone, 586
from methaqualone, 505, 507, 508
from methylenedioxymethamphet-

amine (MDMA), 137t, 138
Myoglobinuria

from amphetamine, 7, 12
from cocaine, 841
from gasoline, 697
from lysergic acid diethylamide 

(LSD), 462
from marijuana, 911
from methadone, 594
from methamphetamine, 25, 30, 39, 

42
from 4-methoxyamphetamine and 

4-methoxymethamphetamine 
(PMA/PMMA), 171

from 3,4-methylenedioxyamphet-
amine (MDA), 163

from methylenedioxymethamphet-
amine (MDMA), 138, 143, 
146

from phencyclidine (PCP), 615, 618, 
622, 625

from toluene, 729, 733

Myoglobinuric renal failure
from heroin, 558
from methadone, 592

Myopathy. See also Cardiomyopathy
from anabolic-androgenic steroids, 

necrotizing, 286
from ethanol, 396t
from gasoline, 698
from human growth hormone 

(hGH), 340, 341
from syrup of ipecac, 208–213

Myosmine, in corkwood tree, 986

Nailone, 917f. See also Cannabinoids, 
synthetic

Nalbuphine, on methadone treatment, 
569

Naloxone
for buprenorphine intoxication, 

522–523
for dextromethorphan intoxication, 

535
for fentanyl analogue overdose, 543, 

544
for heroin intoxicaton, 566–567
for methadone intoxication, 

594
Nandrolene, 275
Naphthalene, 716–720

clinical response to, 718–719
diagnostic testing for, 719
dose effect of, 716–717
exposure to, 716
histopathology and pathophysiology 

of, 717–718
identifying characteristics of, 716, 

717f, 717t
toxicokinetics of, 717, 718f
treatment for, 719–720

α-Naphthol, from naphthalene 
mothballs, 717, 718f

β-Naphthol, from naphthalene 
mothballs, 717, 718f

1-Naphthol
from naphthalene mothballs, 710, 

717, 718f
from tobacco, 981, 982

2-Naphthol
from naphthalene mothballs, 717, 

718f, 719
from tobacco, 981, 982

α-Naphthoquinone, from naphthalene 
mothballs, 717, 718f, 719

β-Naphthoquinone, from naphthalene 
mothballs, 717, 718f

1,2-Naphthoquinone, from 
naphthalene mothballs, 717, 
718f

Mydriasis (cont’d)



INDEX

1027

1,4-Naphthoquinone, from 
naphthalene mothballs, 717, 
718f, 719

Naphthoylindoles (JWH), 915–919, 
918f. See also Cannabinoids, 
synthetic

Naphthylpyrovalerone, 123
Naphyrone, 123
Narcolepsy, prolintane for, 69
Narghile waterpipes, for tobacco, 971, 

971f, 971t
Nasal congestion, propylhexedrine for, 

72
Nasal perforation, from cocaine, 819, 

830
Nature’s Quaalude, 89–100. See also

γ-hydroxybutyrate (GHB)
Nebbie, 476–480. See also

Pentobarbital
Necrotizing fasciitis

from cocaine, IV, 825
from heroin, IV, 558

Necrotizing vasculitis, from cocaine 
with levamisole, 831

Nefazodone, with buprenorphine, 
517–518

Nembie, 476–480. See also
Pentobarbital

Nemesis, 176–179, 177f, 178f
Nephrocalcinosis

from furosemide, 203
from lime in betel quid, 784
from methoxyfl urane, 659
from senna abuse, 223, 224

Nephropathy
from growth hormone (GH), 337
from heroin, 558
from methoxyfl urane, 659

NESP, 307–308, 308t. See also
Erythropoietin stimulation

Neuroleptic malignant syndrome 
(NMS)–like features

from dextromethorphan, 531
from lysergic acid diethylamide 

(LSD), 458
Neuromuscular blocker, inhaled 

anesthetics on effects of, 655
Neuropathy

diabetic, with chronic diarrhea, 218t
from heroin, 556
from manganese in methcathinone 

addicts, 121
from methanol, 711
from nitrous oxide, 671
peripheral

from alcoholic pellagra encepha-
lopathy, 395

from ethchlorvynol, 488

from heroin, 557, 558
from n-hexane inhalation, 702, 705
from naphthalene mothballs, 719
from nitrous oxide, 671, 672, 673
from volatile substance abuse, 637

polyneuropathy
from ethanol, 390–391, 395, 396t
from heroin, 557
from n-hexane inhalation, 705, 706
from nitrous oxide, 672

New erythropoietin-stimulating 
protein (NESP), 307–308, 
308t. See also Erythropoietin 
stimulation

Nicotiana rustica, 968. See also
Tobacco (Nicotiana tabacum)

Nicotiana tabacum, 968–985. See also
Tobacco

Nicotine
in corkwood tree (Duboisia 

hopwoodii), 985–987, 986f
histopathology and pathophysiology 

of, 976
plasma, after smoking, 982
from tobacco, 981
in tobacco and tobacco products, 

969–973, 969f, 969t, 972t (See 
also Tobacco (Nicotiana 
tabacum))

toxicokinetics of, 973–976
urinary elimination of, 975, 975f, 

976t
Nicotine-1′-N-oxide, from nicotine, 

974, 974f
Nicotine poisoning, acute, 977
Nitrate, from butyl nitrite, 752
Nitrite, from butyl nitrite, 752
Nitrite-induced methemoglobinemia, 

752
Nitro-methaqualone, 510
Nitrosamines, in tobacco, 971
1-Nitrosoanabasine, from areca nut, 

782
N-Nitrosodiethylamine

from areca nut, 783
from areca nut with tobacco, 782

N-Nitrosodimethylamine
from areca nut, 783
from areca nut with tobacco, 782

N-Nitrosoguvacoline, from areca nut, 
782, 783

N-Nitrosonornicotine, from areca nut, 
782

N′-Nitrosonornicotine (NNN), in 
tobacco, 971

N-Nitrosoproline, from tobacco, 981, 
982

Nitrous oxide, 670–674

clinical response to, 672–673
diagnostic testing for, 673
dose effect of, 671
on driving, 673–674
exposure to, 670–671
histopathology and pathophysiology 

of, 672
history of, 670
identifying characteristics of, 670
with MAC of other anesthetics, 671
toxicokinetics of, 671
treatment for, 674

Nod, 556
Nonalcoholic beers, 367
11-Nor-9-carboxy-Δ9-

tetrahydrocannabinol 
(THC-COOH). See also
11-Nor-9-carboxy-Δ9-
tetrahydrocannabinol 
(THC-COOH)

biomarkers for, 906–911
in blood, 906–907
in hair, 910
in saliva, 910–911
in urine, 907–910
in vitreous humor, 905–906

from Δ9-tetrahydrocannabinol 
(THC), 895–896, 896f

11-Nor-Δ9-carboxy 
tetrahydrocannabinol, from 
marijuana, 893

11-Nor-Δ9-THC-9-carboxylic acid, 
from Δ9-tetrahydrocannabinol 
(THC), 894, 894f

11-Nor-Δ9-THC-9-carboxylic acid 
glucuronide, from 
Δ9-tetrahydrocannabinol 
(THC), 894, 894f

Nor-norsibutramine, from sibutramine, 
266–267, 266f, 267f, 269

Noradrenergic agents, 233–249. See 
also specifi c agents

diethylpropion, 233–235, 234f
ephedrine, 235–238, 235f, 235t
history of, 233
phendimetrazine, 238–239, 238f, 

238t
phenmetrazine, 239–241, 239f, 239t, 

240f
phentermine, 241–243, 241f, 241t
phenylpropanolamine, 243–249

19-Norandrostenediol, as testosterone 
prohormone, 277–278

19-Norandrostenedione, as 
testosterone prohormone, 
277–278

Norandrosterone, from nandrolone, 
288
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19-Norandrosterone, from nandrolone, 
280t

Norarecoline, in areca nut, 781, 782f
Norbolethone, 277–278
Norbuprenorphine, from 

buprenorphine, 517, 520–522, 
521f

Norcocaine, from cocaine, 815f, 816
N-Norcocaine, from cocaine 

manufacture, 835
Norcodeine, from codeine, 554f
Nordexfenfl uramine, from 

dexfenfl uramine, 262, 263f
Norecgonidine methyl ester, from 

cocaine, 815f, 816
Norephedrine, 243–249. See also

Phenylpropanolamine
from amphetamine, 8
from diethylpropion, 234
from methamphetamine, 26

(+/−)-Norephedrine, in khat, 874, 
875

(−)-Norephedrine, from khat, 876
19-Noretiocholanolone, from 

nandrolone, 280t
Norfenfl uramine, from fenfl uramine, 

257, 261
Norfl oxacin, with caffeine, 795
Noribogaine

histopathology and pathophysiology 
of, 870

from ibogaine, 869
Norketamine, from ketamine, 112, 115, 

116
Normacromerine, 946
Nornicotine

in Duboisia spp., 985
from nicotine, 974, 974f
from tobacco, 969
in tobacco, 971
urinary elimination of, 975, 976t

Norpropylhexedrine, from 
propylhexedrine, 73

(+)-Norpseudoephedrine, in khat, 874, 
875

(−)-Norpseudoephedrine, from khat, 
876

Norsibutramine, from sibutramine, 
266–267, 266f, 267f

North American tobacco, 968. See 
also Tobacco (Nicotiana 
tabacum)

Noscapine. See also Heroin and opium 
poppy plant

chemical structure of, 548f
in heroin, 549, 551

Nose Candy, 805–848. See also
Cocaine

Nose irritation
from butane, 686
from p-dichlorobenzene mothballs, 

720
NRG-1, 123
Nutmeg, in betel quid, 783
Nutritional supplements, 351–360. See 

also specifi c supplements
anabolic steroids in, 351 (See also

Anabolic-androgenic 
steroids)

androstenedione, 277–278, 351, 360
chromium and chromium picolinate, 

360
creatine, 351–357
defi nition of, 351
dehydroepiandrosterone (DHEA), 

277–278, 351, 360
history of, 351
β-hydroxy-β-methylbutyrate (HMB), 

357–360
protein, 360
sodium bicarbonate and citrate, 360
stimulants in, 351 (See also

Ephedrine; Sibutramine)
Nyakwana, 776. See also 5-Methoxy-

N,N-dimethyltryptamine 
(5-MeO-DMT)

Nystagmus
from amobarbital, 470
from barbiturates, 471, 481
from butalbital, 476
from caffeine overdose, 797
from chloroform, 644
conditions with, 427
from dextromethorphan, 529, 531, 

532, 535
from p-dichlorobenzene, 697
from N,N-dimethyltryptamine 

(DMT), IV, 775
from ethanol, 394, 395
from ethchlorvynol, 488
from γ-hydroxybutyrate (GHB), 91, 

99
from gasoline, 697
horizontal gaze

from amphetamine, 18
defi nition of, 426
from dextromethorphan, 535
from ethanol, 395, 426–427
from fl unitrazepam, 85
from marijuana, 902
from methamphetamine, 40
from phencyclidine (PCP), 611, 

616
from ketamine, 114, 115
from kratom, 883
from marijuana, 902, 918

from meprobamate, 499
from mescaline, 947
from methaqualone, 508
from morning glory family, 941
from peyote, 947
from phencyclidine (PCP), 114, 611, 

612, 616, 616t, 619, 621
in phenobarbital loading, 474, 474t
rotary

from ketamine, 114
from phencyclidine (PCP), 114

from secobarbital, 481

O-2482, 123
4-OH-BZP, from 1-benzylpiperazine 

(BZP), 177f, 177
Oil/gas partition coeffi cient, 654, 654t
Olanzapine, with caffeine, 794
Oleum ricini, 220–223. See also Castor 

oil
Ololiuqui, 938–942. See also Morning 

glory family (Convolvulaceae)
Omeprazole, with caffeine, 795
Opiate, 547–548. See also Heroin and 

opium poppy plant
Opioid, 548. See also specifi c types

with anesthetics, inhaled, 655
with cocaine, 819
with meprobamate, 499
with methadone, 587

Opioid receptors, 555, 555t
Opium, 549
Opium poppy

plant, 514 (See also Heroin and 
opium poppy plant)

seeds, 549–550
Optic nerve damage, from methanol, 

711
Oral contraceptives, with caffeine, 795
Oral mucosa

areca nut and betel quid on
discoloration from, 784
fi brosis from, 785
leukoplakia from, 785

khat on, keratosis from, 877
Oral submucosa fi brosis, from areca 

nut and betel quid, 785
Orange wedges, 452–462. See also

Lysergic acid diethylamide 
(LSD)

Organic Quaalude, 89–100. See also
γ-hydroxybutyrate (GHB)

Organolead encephalopathy, from 
gasoline, 695, 697–698

Oripavine, in Tasmanian opium, 
551–552

Osmolal gap, 418
Osmolality, 418
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Osmolarity, 418
Osmotic laxatives, 225
Osteocalcin (OC), from human growth 

hormone (hGH), 342, 342t
Ototoxicity, from furosemide, 202
Overamped, 23
Oxalosis, from methoxyfl urane, 659
Oxazepam, for heroin withdrawal, 

570
2-Oxo-3-hydroxy-LSD, from lysergic 

acid diethylamide (LSD), 454, 
460, 461

2-Oxo-LSD, from lysergic acid 
diethylamide (LSD), 454

8-Oxodeoxyguanosine, from tobacco, 
982

Oxoprolintane, from prolintane, 70
Oxy-Sleep, 89–100. See also

γ-hydroxybutyrate (GHB)

P, 18–43. See also Methamphetamine
Pan masala, 783
Panaeolus, 950–957. See also

Psilocybin and hallucinogenic 
mushrooms

Panaeolus cyanescens, 950–957. See 
also Psilocybin and 
hallucinogenic mushrooms

Panaeolus subbalteatus, 950–957. See 
also Psilocybin and 
hallucinogenic mushrooms

psilocybin in, 950
Panaeolus tropicalis, 950–957. See also

Psilocybin and hallucinogenic 
mushrooms

Pancakes and Syrup, 491
Pancreatitis

from diuretic abuse, 203
from ethanol, 396t, 410, 412, 418, 

429, 430
from furosemide, 203, 204
from human growth hormone 

(hGH), 340
from hydrochlorothiazide, 205, 206
from marijuana, 901

Pancuronium, inhaled anesthetics on 
effects of, 655

Panlobular emphysema, from 
methylphenidate, IV, 62

Papas, 77–85. See also Flunitrazepam
Papaver somniferum, 514, 546–571. 

See also Heroin and opium 
poppy plant

Papaverine, 547, 551. See also Herbal 
Ecstasy; Heroin and opium 
poppy plant

chemical structure of, 548f
in heroin, 547, 549, 551, 564

Paper acid, 452–462. See also Lysergic 
acid diethylamide (LSD)

Papilledema, from glutethimide, 493
Para-methoxyamphetamine (PMA), 

169–172. See also
4-Methoxyamphetamine 
(PMA)

Parachuting, of methamphetamine, 23, 
42

Paranasal dermatitis, from volatile 
substance abuse, 637

Paraquat, in marijuana, 902
Paraxanthine, from caffeine, 793, 

794f
Paresthesias. See also specifi c types

from amyl and butyl nitrites, 755
from chloroform, 642
from cocaine, 829
in entrapment syndromes, 341
from fl unitrazepam withdrawal, 82
from human growth hormone 

(hGH), 341
from intracranial lesions, 829
from mephedrone, 123
from meprobamate, 499
from methamphetamine, 30, 32
from methaqualone, 507
from methylenedioxymethamphet-

amine (MDMA), 137, 139
from methylphenidate, 63
from morning glory family, 940
from n-hexane, 705
from nitrous oxide, 671, 672
from psilocybin, 940
from toluene, 729, 730

Parkinsonism
from methamphetamine, 40
from methcathinone, 120, 121, 122
from 1-methyl-4-phenyl-1,2,5,6-

tetrahydropyridine (MPTP), 
603–606, 604f, 770

Parkinson’s disease, methylenedioxy-
methamphetamine for, 127

Paroxetine
with cocaine, 819
on methadone metabolism, 585

Passifl ora incarnata, harmala 
alkaloids in, 770. See also
Harmala alkaloids

Passionfl ower, harmala alkaloids in, 
770. See also Harmala 
alkaloids

Paynantheine, in kratom, 881, 881f, 
883

PCP, 608–625. See also Phencyclidine 
(PCP)

Peace, 608–625. See also
Phencyclidine (PCP)

Peace pill, 608–625. See also
Phencyclidine (PCP)

Peace weed, 608–625. See also
Phencyclidine (PCP)

Peanuts, 77–85. See also
Flunitrazepam

Pedgery, 985–987, 986f
Peganum harmala, 769–770, 769f. See 

also Harmala alkaloids
Peliosis hepatis, from anabolic-

androgenic steroids, 283, 
286

Pellotine, in peyote, 945
Pemoline, 5f. See also Amphetamine
Penniclavine, in morning glory family, 

939, 940
Pentazocine, on methadone treatment, 

569
Pentobarbital, 476–480

clinical response to, 478
diagnostic testing for, 470t, 478–479
dose effect of, 477
exposure to, 477
histopathology and pathophysiology 

of, 478
history of, 467–468
identifying characteristics of, 

476–477, 477f, 477t
toxicokinetics of, 477–478
treatment for, 479–480

Perimolysis
from betel quid/areca nut, 784
from syrup of ipecac, 210

Peripheral arterial disease, from 
tobacco smoking, 979

Peripheral edema. See also Congestive 
heart failure

from bisacodyl, 215
from bisacodyl cessation, 219
from furosemide cessation, 204
from human growth hormone 

(hGH), 340, 341
from recombinant human erythro-

poietin (rHuEPO), 315
from syrup of ipecac, 210
from syrup of ipecac cessation, 213

Peripheral myopathy, from syrup of 
ipecac, 210–211

Peripheral neuropathy
from alcoholic pellagra encepha-

lopathy, 395
from ethchlorvynol, 488
from heroin, 557, 558
from n-hexane inhalation, 702, 

705
from naphthalene mothballs, 719
from nitrous oxide, 671, 672, 673
from volatile substance abuse, 637
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Peripheral vascular disease
from methamphetamine, 32
from phentermine, 242
from propylhexedrine, IV, 74
from tobacco smoking, 977, 979

Peripheral vascular ischemia, from 
lysergic acid diethylamide 
(LSD), 462

Peripheral vision loss
from cocaine, 824
from ethanol, 420, 423
from γ-hydroxybutyrate (GHB), 94

Persian White
fentanyl and fentanyl analogues, 

539–544 (See also Fentanyl 
analogues)

heroin, 546–571 (See also Heroin)
Peruvia cactus, mescaline in, 945
Peter Pan, 608–625. See also

Phencyclidine (PCP)
Peyote (Lophophora williamsii), 156, 

944–948. See also
Phenethylamine compounds

botanical description of, 944, 945f
clinical response to, 947
diagnostic testing for, 947–948
dose effect of, 946
exposure to, 945–946
histopathology and pathophysiology 

of, 947
history of, 944
identifying characteristics of, 

944–945, 945f, 945t
toxicokinetics of, 946–947
treatment for, 948

Phalaris aquatica, harmala alkaloids 
in, 770. See also Harmala 
alkaloids

Phalaris arundinacea, harmala 
alkaloids in, 770. See also
Harmala alkaloids

Phalaris tuberosa, harmala alkaloids 
in, 770. See also Harmala 
alkaloids

Phellinus igniarius ash, with tobacco, 
971

Phenanthrene dihydrodiols, from 
tobacco, 981, 982

Phencyclidine (PCP), 608–625
clinical response to, 616–619, 616t

abstinence syndrome in, 619
with accidental exposure, 619
fatalities in, 618–619
with illicit use, 616–618
with overdose, 618
reproductive abnormalities in, 619

with cocaine, 807
diagnostic testing for, 619–623

abnormalities in, 622–623
analytic methods in, 619–620, 620t
biomarkers in, 620–622

dose effect of, 611–612
on driving, 622
exposure to, 610–611, 611f
histopathology and pathophysiology 

of, 614–616
history of, 608
identifying characteristics of, 

609–610, 609f, 609t, 610f
with marijuana, 891
toxicokinetics of, 612–614

absorption in, 612
biotransformation in, 613, 613f
distribution in, 612–613
drug interactions in, 614
elimination in, 614
maternal and fetal kinetics in, 

614
tolerance to, 614

treatment for, 623–625
for agitation, 624
elimination enhancement in, 624
gut decontamination in, 624
for psychosis, 625
for rhabdomyolysis, 625
stabilization in, 623–624

Phencyclidine analogues, 609f
dizocilpine, 625–626
history of, 625
ketamine, 626
1-(1-phenylcyclohexyl) pyrrolidine 

(PHP), 626
1-(1-[2-thienyl]cyclohexyl) piperidine 

(TCP), 626
1-Phencyclohexylamine, from 

phencyclidine (PCP), 613, 
613fz

Phendimetrazine, 4, 5f, 238–239, 238f, 
238t

Phenelzine, with ephedrine, 236
Phenethylamine, 4f
Phenethylamine compounds, 156–176, 

452t. See also specifi c 
compounds

4-bromo-2,5-dimethoxyamphet-
amine (DOB), 158f, 173–174

4-bromo-2,5-dimethoxyphenethyl-
amine (2C-B), 158f, 174–175

bromo-dragonfl y, 175–176, 176f
2C-designer series, 156t, 174–175
classifi cation of, 156, 157t
cytochrome P450 biotransformation 

of, 164, 165f
defi nition of, 156
4-dimethoxy-4-ethylamphetamine 

(DOET), 158f, 174

2,5-dimethoxyamphetamine (DMA) 
and 2,5-dimethoxyamphet-
amine (DMA) designer 
drugs, 172–173

as hallucinogens, 452t
histopathology and pathophysiology 

of, 159–160
history of, 156–157
identifying characteristics of, 157t, 

158f
4-methoxyamphetamine (PMA) and 

4-methoxymethamphetamine 
(PMMA), 169–172

N-methyl-1-(3,4-
methylenedioxyphenyl)-2-
butanamine (MBDB), 
167

4-methyl-2,5-dimethoxyamphet-
amine (DOM), 158f, 174

3,4-methylenedioxyamphetamine 
(MDA), 159–163 (See also
3,4-Methylenedioxyamphet-
amine (MDA))

3,4-methylenedioxyethamphetamine 
(MDEA), 163–166 (See also
3,4-Methylenedioxyetham-
phetamine (MDEA))

4-methylthioamphetamine (4-MTA), 
167–169, 168f

overview of, 156–158, 157t
structure and classifi cation of, 

156–157, 158f
Phenmetrazine, 239–241, 239f, 239t, 

240f
Phenobarbital

with halothane, 665
loading with, for barbiturate 

withdrawal, 474, 474t
Phenol, in wine, 367
Phenolphthalein, 225
Phentermine, 241–243, 241f, 241t
4-Phenyl-4-(1-piperidinyl) 

cyclohexanol (4-PPC), from 
phencyclidine (PCP), 613, 
613f

4-Phenyl-4-piperidinocyclohexanol, 
from phencyclidine (PCP), 
613, 613f

Phenylacetone
amphetamine synthesis from, 6
methamphetamine synthesis from, 

20, 21, 34–35, 38
1-(1-Phenylcyclohexyl)-4-

hydroxypiperidine, from 
phencyclidine (PCP), 613, 
613f

1-(1-Phenylcyclohexyl) pyrrolidine 
(PHP), 626
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5-(1-Phenylcyclohexylamino)-valeric 
acid, from phencyclidine 
(PCP), 613, 613f

1-(1-Phenylcyclohexyl)piperidine, 
608–625. See also
Phencyclidine (PCP)

β-Phenylisopropylamine, 3–18. See 
also Amphetamine

Phenylisopropylamines, 4, 5f
S-Phenylmercapturic acid, from 

tobacco, 982
Phenylpropanolamine, 243–249

amphetamine synthesis from, 6, 21
with caffeine, 795
clinical response to, 245–246
in cocaine, 810
diagnostic testing for, 246–247, 247f
dose effect of, 244
exposure to, 244
histopathology and pathophysiology 

of, 245
identifying characteristics of, 127, 

243–244, 243f, 243t
from khat, 876
in khat, 874, 875
from methcathinone, 121
toxicokinetics of, 244–245
treatment for, 247–249

Phenytoin
with buprenorphine, 518
with halothane, 665
on methadone clearance, 569, 584

Phosgene, from chloroform, 643
Phosphocreatine, 354. See also

Creatine
Phosphodiesterase-5 (PDE-5) 

inhibitors, with butyl nitrite, 
752

4-Phosphoryloxy-N,N-
dimethyltryptamine, 950–957. 
See also Psilocybin and 
hallucinogenic mushrooms

Photodermatitis, bullous, from 
phenolphthalein, 225

Photophobia, from marijuana, 900
Pictet-Spengler condensation, of 

indolealkylmines with 
aldehydes, 770

Piloerection
from ethanol withdrawal, 397
from lysergic acid diethylamide 

(LSD), 457
from methamphetamine, 42
from methylenedioxymethamphet-

amine (MDMA), 135
from phencyclidine (PCP), 614, 619

Pimp’s Drug, 805–848. See also
Cocaine

Pink drops, 452–462. See also Lysergic 
acid diethylamide (LSD)

Pinks, 480–482, 480f, 480t
Pinocamphone, in absinthe, 764, 766
Pipe, marijuana, 891, 892f
Pipe smoking, 968–985. See also

Tobacco (Nicotiana tabacum)
Piper betle, 781, 782, 783
Piper methysticum, in betel quid, 783
Piperazines, 157t, 176–182. See also

specifi c drugs
1-benzylpiperazine (BZP), 176–179, 

177f, 178f
meta-chlorophenylpiperazine 

(mCPP), 179–180
metabolic pathways of derivatives of, 

177, 177f
1-(4-methoxyphenyl) piperazine 

(MeOPP), 177f, 181
overview of, 176
1-piperonylpiperazine (MDBP), 

177f, 180–181
1-(3-trifl uoromethylphenyl) 

piperazine (TFMPP), 
177f, 178, 181–182

Piperidine
as hallucinogen, 452t
from phencyclidine (PCP) on 

marijuana cigarettes, 611
phencyclidine (PCP) synthesis from, 

610, 611f
1-(1-Piperidino)-1-cyclohexene, from 

phencyclidine (PCP) on 
marijuana cigarettes, 611

1-Piperidinocyclohexanecarbonitrile 
(PCC), from phencyclidine 
(PCP) synthesis, 610–611

1-Piperonylpiperazine (MDBP), 177f, 
180–181

Pitchery, 985–987, 986f
Pituri, 985–987, 986f
Placenta previa, from prenatal 

maternal smoking, 981
Platelet aggregation, from cocaine, 

819, 820, 822, 824, 830
Pleural empyema, from cocaine, 822
PMA, 169–172. See also

4-Methoxyamphetamine 
(PMA)

PMMA, 169–172. See also
4-Methoxymethamphetamine 
(PMMA)

Pneumomediastinum
from cocaine (crack, freebase), 822, 

826t, 830, 840
from methylenedioxymethamphet-

amine (MDMA), 138
from syrup of ipecac, 212

Pneumopericardium, from cocaine, 
840

Pneumothorax
from cocaine (crack), 822, 826t, 830, 

840
from ethanol, 396t
from methylenedioxymethamphet-

amine (MDMA), 138
Pocket shot, 552
Point, 18–43. See also

Methamphetamine
Polvo de angel, 608–625. See also

Phencyclidine (PCP)
Polycythemia

blood water content in, 385
from recombinant human erythro-

poietin (rHuEPO), 310, 315, 
319

Polyneuropathy
from ethanol, 390–391, 395, 396t
from heroin, 557
from n-hexane inhalation, 705, 

706
from nitrous oxide, 672

Polyuria, from morning glory family, 
941

Poor man’s heroin
γ-hydroxybutyrate (GHB), 89–100 

(See also γ-hydroxybutyrate 
(GHB))

methylphenidate, 57–65 (See also
Methylphenidate)

Poor man’s PCP, 527–535. See also
Dextromethorphan (bromide)

Pop scars, 558
Poppers

amyl nitrite, 751–756 (See also Amyl 
nitrite)

volatile substances, 633–639 (See 
also Volatile substance abuse)

Poppers dermatitis, 753
Poppy, opium

plant, 514 (See also Heroin and 
opium poppy plant)

seeds, 549–550
Porphyria, meprobamate on, 499
Posterior reversible encephalopathy 

syndrome (PRES), from amyl 
nitrite, 755

Posttraumatic stress disorder (PTSD), 
methylenedioxymethamphet-
amine for, 127

Postural instability, from 1-methyl-4-
phenyl-1,2,5,6-
tetrahydropyridine (MPTP), 
606

Pot, 886–915. See also Marijuana 
(Cannabis sativa)
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PPP, 182–183, 182f
Prairie bundlefl ower, harmala 

alkaloids in, 770
Pravadoline, 915–919, 917f. See also

Cannabinoids, synthetic
Premature rupture of the membranes, 

from prenatal maternal 
smoking, 981

Procollagen type III (P-III-P), from 
human growth hormone 
(hGH), 342–343, 342t

Prolactin, marijuana on, 899
Prolintane, 69–70
Proof, 367
Propane (n-propane), 687–689, 687t
Propellants. See also specifi c types

fl uorinated alkane, 676–681 (See 
also Fluorinated alkanes)

nitrous oxide, 670–674
whipped cream (See Nitrous oxide)

Propiophenone, 233–235, 234f
Propylhexedrine, 72–76

clinical response to, 74
diagnostic testing for, 74–75
dose effect and toxicokinetics of, 73
exposure to, 72–73
histopathology and pathophysiology 

of, 73
history of, 72
identifying characteristics of, 72, 

73f, 73t
treatment for, 75–76

Prostanozol, as testosterone 
prohormone, 277–278

Protease inhibitors
with buprenorphine, 517–518
with γ-hydroxybutyrate (GHB), 92
on methadone metabolism, 584–585

Protein, as nutritional supplement, 
360

Protein adducts, from tobacco, 983
Prothrombin time, prolonged

from chloroform, 645
from ethanol, 418–419, 429
from methaqualone, 509, 510
from methylenedioxymethamphet-

amine (MDMA), 139, 143, 
146

from trichloroethylene (TCE), 748
Proton pump inhibitors (PPIs)

with caffeine, 794–795
with ethanol, 388

Proximal renal tubular acidosis, 728, 
729t

Prunetin, 383
Pseudo-Bartter syndrome

from furosemide, 203, 205
from hydrochlorothiazide, 205

Pseudoallococaine, from synthetic 
cocaine, 835

Pseudococaine, from synthetic 
cocaine, 835

Pseudoephedrine, methamphetamine 
from, 21–22, 22f

d-Pseudoephedrine, from 
methcathinone, 121

l-Pseudoephedrine, from 
methcathinone, 121

Pseudomerucathine, in khat, 874
Psilocin

from psilocybin and hallucinogenic 
mushrooms, 952, 952f, 955, 
955f, 957

in psilocybin mushrooms, 950
Psilocybe bohemica, 953
Psilocybe cubensis, 950–957. See also

Psilocybin and hallucinogenic 
mushrooms

Psilocybe cyanescens, 950–957, 
951f

Psilocybe mexicana, 950
Psilocybe semilanceata, 950–957. See 

also Psilocybin and 
hallucinogenic mushrooms

Psilocybe stuntzii, 950. See also
Psilocybin and hallucinogenic 
mushrooms

Psilocybe subaeruginosa, 950, 951f. 
See also Psilocybin and 
hallucinogenic mushrooms

Psilocybe subcubensis, 954
Psilocybe tampanensis, 950–957. See 

also Psilocybin and 
hallucinogenic mushrooms

Psilocybin and hallucinogenic 
mushrooms, 950–957

botanical description of, 950–952, 
951f, 952t

clinical response to, 956
diagnostic testing for, 956–957
dose effect of, 954
exposure to, 952–954, 953t, 

954t
histopathology and pathophysiology 

of, 955–956
history of, 950
identifying characteristics of, 952, 

952f
toxicokinetics of, 954–955, 955f
treatment for, 957

Psoralens, with caffeine, 794
Psychedelics

2C-B, 158f, 174–175
defi nition of, 452
ketamine, 110–116, 626 (See also

Ketamine)

lysergic acid diethylamide (LSD), 
452–462 (See also Lysergic 
acid diethylamide (LSD))

marijuana, 886–915 (See also
Marijuana (Cannabis sativa))

3,4-methylenedioxyamphetamine 
(MDA), 159–163 (See also
3,4-Methylenedioxyamphet-
amine (MDA))

3,4-methylenedioxyethamphetamine 
(MDEA), 163–166 (See also
3,4-Methylenedioxyetham-
phetamine (MDEA))

methylenedioxymethamphetamine 
(MDMA), 126–146 (See also
Methylenedioxymethamphet-
amine (MDMA))

peyote (Lophophora williamsii) and 
mescaline, 156, 944–948 (See 
also Phenethylamine 
compounds)

psilocybin, 950–957 (See also
Psilocybin and hallucinogenic 
mushrooms)

Salvia divinorum, 961–965 (See also
Salvia divinorum)

Psychotria ipecacuanha, 207
Psychotria viridis, 769, 769f

N,N-dimethyltryptamine in, 771, 
771t

harmala alkaloids in, 770 (See also
Harmala alkaloids)

harmaline in, 771, 771t
harmine in, 771, 771t
tetrahydroharmine in, 771, 771t

Puff, 886–915. See also Marijuana 
(Cannabis sativa)

Pulmonary arterial medial 
hypertrophy, from cocaine, 
822

Pulmonary artery
dexfenfl uramine on, 264
fenfl uramine/phentermine on, 258, 

260, 264
heroin on, 556

Pulmonary edema
from α-ethyltryptamine (AET), 197
from amphetamine, 13, 17
from amyl and butyl nitrites, 754
from bromo-dragonfl y, 176
from buprenorphine, 518
from butane and isobutane, 685
from chloroform, 644
from clenbuterol-adulterated heroin, 

298
from cocaine, 823, 824, 826t, 830, 

840, 843, 844
from creatine, 356
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from dextromethorphan, 531
from diethyl ether, 649
from enfl urane, 655, 656
from ethchlorvynol, 488
from fenfl uramine, 259
from fentanyl analogues, 542, 543
from γ-hydroxybutyrate (GHB), 94
from GHB analogues, 102, 103
from glutethimide, 493, 495
from halothane, 666
from heroin, 546, 556, 557–558, 565, 

566
from ketamine, 114
from marijuana, 901, 902, 915
from meprobamate, 499, 502
from methadone, 586, 587, 592–593, 

594
from methamphetamine, 29, 32, 41
from methaqualone, 506, 507, 508, 

510
from methylenedioxymethamphet-

amine (MDMA), 138, 139t, 
143

from methylphenidate, 65
from phenmetrazine, 240
from propylhexedrine, 73, 74, 75
from sevofl urane, 661
from trichloroethylene (TCE), 

746
from volatile substance abuse, 637

Pulmonary embolism
from anabolic-androgenic steroids, 

285
from cocaine, 822, 830
from heroin, 565
from methadone, 586
from recombinant human erythro-

poietin (rHuEPO), 307, 313
from syrup of ipecac, 211

Pulmonary hypertension
from aminorex, 233
from diethylpropion, 235
from fenfl uramine with/without 

phentermine, 255, 258, 260
from heroin, 558
from human growth hormone 

(hGH), 340
from methylphenidate, 62, 65
from phenylpropanolamine, 246
from propylhexedrine, 73, 74, 75

Pulmonary interstitial disease, from 
cocaine, 822

Pulmonary spasm with thrombosis, 
from cocaine, 822

Pulmonary vascular lesions, from 
cocaine, 822

Pulmonary vascular obstruction, from 
methylphenidate, 62

Pupillary constriction, from 
marijuana, 899

Pupillary dilation. See Mydriasis
Pure, 18–43. See also

Methamphetamine
Pure red cell aplasia, from 

recombinant human 
erythropoietin (rHuEPO), 
314, 315, 320

1H-Purine-6-dione, 7,9-dihydro-2-
methoxy-1,9-dimethyl, 789, 
790t. See also Caffeine

Purple haze, 452–462. See also
Lysergic acid diethylamide 
(LSD)

Purple rain, PCP, 608–625. See also
Phencyclidine (PCP)

Purple wedges, 452–462. See also
Lysergic acid diethylamide 
(LSD)

Purpura
from cocaine with levamisole, 831
from methaqualone, 508

Pyrrolidinophenones, 157t, 182–183, 
182f

α-Pyrrolidinophenones, 182–183, 182f
Pyrrolidinopropiophenone (PPP), 

182–183, 182f
Pyrrolidone, from methadone, 582
Pyrroline, from methadone, 582
3-(1-Pyrroline-2-yl)pyridine, in 

corkwood tree, 986

Qaad tchat, 873–878. See also Khat 
(Catha edulis)

Qat, 873–878. See also Khat (Catha 
edulis)

QRS complex prolongation, cocaine 
on, 821

QTc interval prolongation
from cocaine, 821
from halothane, 667
from heroin, 569
from isofl urane and enfl urane, 658
methadone and, 593
from sevofl urane, 658, 660

Quads, 504–510. See also
Methaqualone

Quercetin, in Piper betle, 782
Quid

betel, 781–786 (See also Areca nut)
pituri, 986

Quinine, in heroin, 551
Quinolones, with caffeine, 795

R05-4200, 77–85. See also
Flunitrazepam

R-25, 77–85. See also Flunitrazepam

R & R, 480–482, 480f, 480t
R-ball, 57–65. See also

Methylphenidate
Rabbit, 18–43. See also

Methamphetamine
Radix puerariae, 383
Railroad tracks, 558
Rainbow, 177f, 179–180
Ranitidine, with ethanol, 388
Rape, date

ethanol in, 79
fl unitrazepam in, 79
γ-hydroxybutyrate (GHB) for, 89, 90
marijuana in, 79

Rebound insomnia, 82
Recombinant human erythropoietin 

(rHuEPO), 306–320. See also
Erythropoietin stimulation

Red Birds, 480–482, 480f, 480t
Red Bullets, 480–482, 480f, 480t
Red cell aplasia, from recombinant 

human erythropoietin 
(rHuEPO), 314, 315, 320

Red devils, 527–535. See also
Dextromethorphan (bromide)

Red Hearts, 176–179, 177f, 178f
Red hots, 527–535. See also

Dextromethorphan (bromide)
Reds, 480–482, 480f, 480t
Reds & Ripple, 480–482, 480f, 480t
Reinke’s edema, from tobacco smoke, 

977
Remember All, 77–85. See also

Flunitrazepam
Renal calcifi cation

from furosemide, 203
from lime in betel quid, 784
from methoxyfl urane, 659
from senna abuse, 223, 224

Renal dysfunction. See also Acute 
tubular necrosis

from amobarbital, 473
from amphetamine, 12
from anabolic-androgenic steroids, 

285
from ayahuasca, 772, 775
from barbiturates, 473
from 1-benzylpiperazine (BZP), 179
from bisacodyl, 217
from butane and isobutane, 687
from caffeine overdose, 800
from cascara sagrada, 220
from chloroform, 646
from chromium picolinate, 360
from cocaine, 826t
from creatine, 355, 356
from diuretics, 202
elevation of, 719
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from ethanol, 392
from fl uorinated alkanes, 681
from furosemide, 202, 204
from glutethimide, 493
from halothane, 668
from harmala alkaloids, 772, 775
from heroin, 564
from ketamine, 115, 116
from lime in betel quid, 784
from marijuana, 911
from methadone, 587, 594
from 5-methoxy-N,N-dimethyltrypt-

amine (5-MeO-DMT), 777
from 4-methoxyamphetamine 

(PMA), 172
from methoxyfl urane, 658–659
from 3,4-methylenedioxyamphet-

amine (MDA), 162, 163
from methylenedioxymethamphet-

amine (MDMA), 143, 146
from morning glory family, 942
from naphthalene mothballs, 719
from phencyclidine (PCP), 615, 623
from phenylpropanolamine, 248
from senna abuse, 223, 224, 225
from sevofl urane, 660
from syrup of ipecac, 213
from toluene, 728, 733

Renal failure
from amphetamine, 7, 17
from anabolic-androgenic steroids, 

286
from Artemisia (wormwood oil), 

765
from castor oil, 222, 224
from chloroform, 646
from cocaine, 823, 830, 841
from creatine, 356
from enfl urane, 656
from ethanol, 392, 428
from furosemide, 202
from halothane, 666
from heroin, 558
from lysergic acid diethylamide 

(LSD), 458, 462
from methadone, 592
from methamphetamine, 24, 29, 30, 

32, 36, 39, 41, 43
from methanol, 712
from 5-methoxy-N,N-dimethyltrypt-

amine (5-MeO-DMT), 195
from 4-methoxyamphetamine and 

4-methoxymethamphetamine 
(PMA/PMMA), 171

from methoxyfl urane, 659
from 3,4-methylenedioxyamphet-

amine (MDA), 161, 163

from 3,4-methylenedioxyethamphet-
amine (MDEA), 165

from methylenedioxymethamphet-
amine (MDMA), 137t, 138, 
143, 146

from methylphenidate, 65
from pentobarbital and phenobarbi-

tal for barbiturate coma, 478
from phencyclidine (PCP), 615, 618, 

623
from propylhexedrine, 75
recombinant human erythropoietin 

(rHuEPO) for, 308, 309 (See 
also Erythropoietin 
stimulation)

from Δ9-tetrahydrocannabinol 
(THC), IV, 902, 915

from trichloroethylene (TCE), 746
Renal infarction, from cocaine, 823, 

830
Renal stones

from bisacodyl, 216
from human growth hormone 

(hGH), 341
Renal tubular acidosis, 729, 729t

distal
diagnostic features of, 729t
vs. proximal, 729t
from toluene, 728, 729, 729t, 733

from toluene, 728, 729, 729t, 730, 
733

Renal tubular dilation, from 
naphthalene mothballs, 718

Respiratory acidosis
from ethanol, 418
from phencyclidine (PCP), 618

Respiratory alkalosis, from 
hyperventilation from 
caffeine, 800

Restless legs syndrome
from 3,4-methylenedioxyethamphet-

amine (MDEA), 165
from methylenedioxymethamphet-

amine (MDMA), 137
Rhabdomyolysis

from amobarbital, 473
from amphetamine, 12, 14, 17
from anabolic-androgenic steroids, 

286
from Artemisia (wormwood oil), 765
from ayahuasca and harmala 

alkaloids, serotonin syndrome 
with, 775

from barbiturates, 473
from 1-benzylpiperazine (BZP), 179
from bisacodyl, 217, 220
from butane and isobutane, 689
from caffeine overdose, 797, 800

from castor oil, 223
from chromium picolinate, 360
from cocaine, 822–823, 826t, 

830–831, 845, 847
from creatine, 355, 356
from diuretics, 202
from enfl urane, 656
from ephedrine, 236, 237
from furosemide, 202, 204
from γ-hydroxybutyrate (GHB), 100
from halothane, 666
from heroin, 557, 558, 564, 567
from ketamine, 116
from lysergic acid diethylamide 

(LSD), 458, 461, 462
from marijuana, 902, 911
from methadone, 587, 592
from methamphetamine, 25, 29, 30, 

32, 36, 39, 43
from 5-methoxy-diisopropyltrypt-

amine (5-MeO-DIPT), 195, 
777

from 5-methoxy-N,N-diisopropyl-
tryptamine (foxy), 195

from 4-methoxyamphetamine and 
4-methoxymethamphetamine 
(PMA/PMMA), 171

from 3,4-methylenedioxyamphet-
amine (MDA), 162, 163

from 3,4-methylenedioxyethamphet-
amine (MDEA), 165

from methylenedioxymethamphet-
amine (MDMA), 132, 137t, 
138, 139, 139t, 143, 145, 146

from methylphenidate, 63
from morning glory family, 942
from phencyclidine (PCP), 615, 617, 

618, 621, 622–625
from phendimetrazine, 238
from phenmetrazine, 240
from phenylpropanolamine, 249
from psilocybin, 957
from senna, 225
from sibutramine, 269
from syrup of ipecac, 213
from toluene, 729, 733
from tryptamine compounds, 775

Rhamnus purshiana, 219
Rhein, from senna, 223, 224
Rhein-8-diglucoside, from senna, 223
Rhein-8-glucoside, from senna, 223
Rhein anthrone-8-glucoside, from 

senna, 223
Rhinitis

from Artemisia, 765
from butalbital, neonatal, 476
from cocaine, 830
from kratom withdrawal, 883

Renal dysfunction (cont’d)
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from volatile substance abuse, 637, 
638

Rhynchophylline, in kratom, 881
Ribs, 77–85. See also Flunitrazepam
Rice wine, 367
Ricinine, 221
Ricinol, 220–223. See also Castor oil
Ricinoleic acid, 221–222, 221f, 221t, 

222f
Ricinus communis, 220–223. See also

Castor oil
Ricinus oil, 220–223. See also Castor 

oil
Rifampicin

with buprenorphine, 518
on methadone clearance, 569, 584

Right ventricular dilation, from 
fenfl uramine, 259

Right ventricular dysplasia type II, 
from anabolic-androgenic 
steroids, 283

Right ventricular hypertrophy
from methylenedioxymethamphet-

amine (MDMA), 143
from methylphenidate, 62, 65
from propylhexedrine, 73, 74, 75

Ritalinic acid, from methylphenidate, 
60, 64

Ritonavir
with buprenorphine, 518
on methadone metabolism, 

584–585
Ritualized behavior. See also

Stereotyped behavior
from amphetamine, 13

Rivea corymbosa, 454, 938–942. See 
also Morning glory family 
(Convolvulaceae)

Ro-bowing, 527–535. See also
Dextromethorphan (bromide)

Roach-2s, 77–85. See also
Flunitrazepam

Robitussin DM®, 527–535. See also
Dextromethorphan (bromide)

Robo-copping, 527–535. See also
Dextromethorphan (bromide)

Rochas Dos, 77–85. See also
Flunitrazepam

Roches, 77–85. See also Flunitrazepam
Rock, 805–848. See also Cocaine
Rocket fuel, 608–625. See also

Phencyclidine (PCP)
Rohypnol®, 77–85. See also

Flunitrazepam
Rolls Royce, 177f, 179–180
Romberg sign

from chloroform, 644
from nitrous oxide, 672

Romberg test, 427
for ethanol, 427
for ethyl chloride, 692
for trichloroethane, 738

Roofi es, 77–85. See also
Flunitrazepam

Root, 805–848. See also Cocaine
Ropers, 77–85. See also Flunitrazepam
Ropes, 77–85. See also Flunitrazepam
Rophies, 77–85. See also

Flunitrazepam
Rophs, 77–85. See also Flunitrazepam
Ropies, 77–85. See also Flunitrazepam
Rubies, 77–85. See also Flunitrazepam
Ruffi ew, 77–85. See also

Flunitrazepam
Rum fi ts, 397
Rush. See also Butyl nitrite; Volatile 

substance abuse
heroin, 556–557
volatile substances, 751–756

S5, 167–169, 168f
Safrole, in Piper betle, 782
Sage of the Seers, 961–965. See also

Salvia divinorum
Sake, 367
Salbutamol, 300–303, 301f
Sally-D, 961–965. See also Salvia 

divinorum
Salty Water, 89–100. See also

γ-hydroxybutyrate (GHB)
Salvia divinorum, 961–965

botanical description of, 961
clinical response to, 964–965
diagnostic testing for, 965
dose effect of, 964
exposure to, 962–964, 963f
histopathology and pathophysiology 

of, 964
history of, 961
identifying characteristics of, 

961–962, 962f
toxicokinetics of, 964
treatment for, 965

Salvinicin A, 962f
Salvinicin B, 962f
Salvinorin A, 961–965. See also Salvia 

divinorum
Salvinorin B-G, 961–963, 962f, 963t. 

See also Salvia divinorum
San Pedro cactus, mescaline in, 

945–946
Saquinavir, with buprenorphine, 518
Satan’s Scent, 751–756. See also Butyl 

nitrite
Scoop, 89–100. See also

γ-hydroxybutyrate (GHB)

Scopolamine, in heroin, 551
Scotomata, central

from ethchlorvynol, 488
from methanol, 711

Seccy, 480–482, 480f, 480t
Secobarbital, 480–482, 480f, 480t
Seconal, 480–482, 480f, 480t
Secondhand smoke, 972, 972t
Sedative hypnotics. See Barbiturates
Seed oil, 220–223. See also Castor oil
Seggy, 480–482, 480f, 480t
Selective androgen receptor 

modulators (SARMs), 277
Selective serotonin reuptake inhibitors 

(SSRIs). See also specifi c 
agents

with buprenorphine, 518
with caffeine, 794
with cocaine, 819
with dextromethorphan, 531
with harmala alkaloids, 773
with lysergic acid diethylamide 

(LSD), 456
with methylenedioxymethamphet-

amine (MDMA), 133
Selegiline, with cocaine, 819
Senna, 223–225
Senna alexandrina, 223
Sennosides, 223–224
Serenity-Tranquility-Peace, 158f, 174
Serotonin reuptake inhibitors

nonselective, with lysergic acid 
diethylamide (LSD), 456

selective (See Selective serotonin 
reuptake inhibitors (SSRIs))

Serotonin syndrome
from buprenorphine/naloxone, 

518
clinical effects in, 531
from dextromethorphan plus MAO 

inhibitors or SSRIs, 531, 532, 
533, 535

from methamphetamine and 
moclobemide, 27

4-methoxyamphetamine (PMA) and 
4-methoxyamphetamine 
(PMMA) toxicity and, 171

from methylenedioxymethamphet-
amine (MDMA), 133, 138, 
139

4-methylthioamphetamine (4-MTA), 
167, 169

from selective serotonin reuptake 
inhibitors

with harmala alkaloids, 773, 775
with methylphenidate, 61

from sibutramine, 267, 268
from tryptamine compounds, 775
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Serotoninergic agents, 255–269. See 
also specifi c agents

dexfenfl uramine, 262–265
fenfl uramine with/without 

phentermine, 255–262
sibutramine, 265–269

Sertraline, with cocaine, 819
Serum aminotransferases (AST, ALT)

in alcohol dependence, 410–411, 419
with halothane, 666, 667

Serum osmolality, 418
Sets, 491–495. See also Glutethimide
Sevofl urane, 654t, 659–661
Shabu, 19, 21–22. See also

Methamphetamine
Sherman, 608–625, 609, 610f, 611. See 

also Phencyclidine (PCP)
Shooting galleries, 558
Shooting tattoos, 558
Sibutramine, 265–269

clinical response to, 268–269
diagnostic testing for, 269
dose effect of, 265–266
exposure to, 265
histopathology and pathophysiology 

of, 267–268
history of, 265
identifying characteristics of, 265, 

265f
toxicokinetics of, 266–267, 266f, 

267f
treatment for, 269

Sidestream smoke, 971–972
Sildenafi l, with butyl nitrite, 752
Silver Bullet, 176–179, 177f, 178f
Simulator Evaluation of Drug 

Impairment (SEDI), 17
Sinsemilla, 889. See also Marijuana 

(Cannabis sativa)
Sinus tachycardia

from cocaine, 841, 843
from phenylpropanolamine, 248

Sinusitis
from amyl and butyl nitrites, 753
from cocaine, 830

ska Maria, 961–965. See also Salvia 
divinorum

ska Pastora, 961–965. See also Salvia 
divinorum

Skin popping, 552
Skippy, 57–65. See also

Methylphenidate
Skittles, 527–535. See also

Dextromethorphan (bromide)
Slipped capital femoral epiphysis, from 

human growth hormone 
(hGH), 341

Smarties, 177f, 179–180

Smoke, tobacco. See Tobacco smoke
Smurfi ng, 21
Snake plant, 938–942. See also

Morning glory family 
(Convolvulaceae)

Snappers, 633–639. See also Volatile 
substance abuse

Snow, 805–848. See also Cocaine
Snow lights, from cocaine, 824
Snuff, 971. See also Tobacco 

(Nicotiana tabacum)
Soap, 89–100. See also

γ-hydroxybutyrate (GHB)
Soapers, 504–510. See also

Methaqualone
Sobriety tests, standardized fi eld 

(SFSTs), 425–428
body sway in, 427
divided attention tasks in, 427
horizontal gaze nystagmus (HGN) 

in, 426–427
odor in, 427–428
principles, use, and accuracy of, 

425–426, 426t
Sodium bicarbonate, as nutritional 

supplement, 360
Sodium citrate, as nutritional 

supplement, 360
Sodium oxybate, 89–100. See also

γ-hydroxybutyrate (GHB)
Sodium sulfate, 225
Somatomedin C, 344–345, 345f
Somatotropin, 334–343. See also

Human growth hormone 
(hGH)

Sopers, 504–510. See also
Methaqualone

Sorbitol, 225
Spadic, 806–807. See also Cocaine
Spatiotemporal dislocation, from 

Salvia divinorum, 964
Speciociliatine, in kratom, 881, 881f, 

883
Speciofoline, in kratom, 881
Speciogynine, in kratom, 881, 881f
Speciophylline, in kratom, 881
Speed

amphetamine, 3–18 (See also
Amphetamine)

methamphetamine, 18–43 (See also
Methamphetamine)

Speed freak, 23
Speed run, 24
Speedball

cocaine with heroin, 807, 808, 819
herbal (kratom), 880–884 (See also

Kratom (Mitragyna speciosa))
Speedballing, 23, 558

Sperm abnormalities
from anabolic-androgenic steroids, 

286, 287
from ethanol, 396t
from human chorionic gonadotropin 

(hCG), 330
from khat, 876
from testosterone administration, 

330
Spermatogenesis, reduced

from anabolic-androgenic steroids, 
286

human chorionic gonadotropin 
(hCG) for prevention of, 328, 
330

from testosterone administration, 
330

Spice, 889, 915–919. See also
Cannabinoids, synthetic

Spinal cord myelopathy, from nitrous 
oxide, 672, 673

Spinal cord vasculitis, from heroin, 557
Spirits, distilled, 367, 378. See also

Ethanol
Spironolactone, on methadone 

clearance, 584
Spongiform leukoencephalopathy, 

from heroin, 547, 555, 556, 
557, 557t, 565

Squamous cell carcinoma, from 
marijuana, 903

Standardized fi eld sobriety tests 
(SFSTs), 425–428

body sway in, 427
divided attention tasks in, 427
horizontal gaze nystagmus (HGN) 

in, 426–427
odor in, 427–428
principles, use, and accuracy of, 

425–426, 426t
Star-Spangled Powder, 805–848. See 

also Cocaine
Stereotyped behavior

from amphetamine, 10, 11, 12, 13
from methamphetamine, 23, 31
from phencyclidine (PCP), 623
from phenmetrazine, 240

Steroids, 277t
anabolic-androgenic, 275–289 (See 

also Anabolic-androgenic 
steroids)

chemical structures of, 276, 276f, 
277f

classes of, 276
Stipulatine, in kratom, 881
Stones

renal
from bisacodyl, 216
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from human growth hormone 
(hGH), 341

ureteral, from diuretics, 203
STP, 158f, 174
Striae, from anabolic-androgenic 

steroids, 286
Stroke

from anabolic-androgenic steroids, 
284, 285

caffeine on risk of, 796–797
from cocaine, 820, 826t, 828, 829, 

842
from ethanol, 396
from heroin, 556, 557
from khat, 877
from marijuana, 901
from methylenedioxymethamphet-

amine (MDMA), 145, 146
from recombinant human erythro-

poietin (rHuEPO), 306, 310, 
313–314, 315

from sibutramine, 265
from tobacco smoking, 980

Stroke, hemorrhagic
from amphetamine, 13
from cocaine, 829
from ephedrine, 237
from methamphetamine, 31
from phenylpropanolamine, 244, 

245, 246
Stroke, ischemic

from amphetamine, 13
caffeine on risk of, 797
from cocaine, 829
from ephedrine, 237
from methamphetamine, 31

Subarachnoid hemorrhage. See
Intracranial hemorrhage

Subepithelial mononuclear cells, from 
tobacco smoking, 976

Submucosal glandular hypertrophy, 
from tobacco smoking, 976

Succinate, from γ-hydroxybutyrate 
(GHB), 92

Succinic semialdehyde, from 
γ-hydroxybutyrate (GHB), 92, 
92f, 93

Sudden cardiac death. See also specifi c 
types

from anabolic-androgenic steroids, 
285

from butane inhalation, 638
from chlorofl uorocarbon propellant 

inhalation, 638
from ethanol, 396
from ether inhalation, 638
from fl uorinated alkane inhalation, 

638

from heroin, 556
from methadone, 587–588, 593
from 1,1-trichloroethane inhalation, 

638
from trichloroethylene (TCE) 

inhalation, 638
Sudden death, alcohol-related, 392
Sufentanil, 539–544, 540f. See also

Fentanyl analogues
Suffocation

feeling of, from dimethyl ether, 
650

from fl uorinated alkanes, 680
Sunshine, 452–462. See also Lysergic 

acid diethylamide (LSD)
Super cool, 608–625, 609, 610f, 611. 

See also Phencyclidine (PCP)
Super grass, 608–625. See also

Phencyclidine (PCP)
Super joint, 608–625. See also

Phencyclidine (PCP)
Super weed, 608–625. See also

Phencyclidine (PCP)
Supplements, nutritional, 351–360. See 

also Nutritional supplements; 
specifi c supplements

Surfer, 608–625. See also
Phencyclidine (PCP)

Sway, body
from ethanol intoxication, 427
from marijuana, 911, 913

Syndrome of inappropriate secretion 
of antidiuretic hormone 
(SIADH)

from 3,4-methylenedioxyamphet-
amine (MDA), 163

from methylenedioxymethamphet-
amine (MDMA), 136

from sibutramine, 269
Synephrine, 946
Synesthesia, from Salvia divinorum,

964
Synthetic erythropoiesis protein, 307, 

308t. See also Erythropoietin 
stimulation

Synthetic Heroin, 539–544. See also
Fentanyl analogues

Syrian rue, harmala alkaloids in, 770. 
See also Harmala alkaloids

Syrup of ipecac, 206–213. See also
Ipecac, syrup of

Tabernaemontana australis, 868. See 
also Ibogaine

Tabernaemontana orientalis, 868. See 
also Ibogaine

Tabernanthe iboga, 867, 868. See also
Ibogaine

Tabernanthe manii, 867. See also
Ibogaine

Tabernanthine, 868
Tail, 18–43. See also

Methamphetamine
Tchat, 873–878. See also Khat (Catha 

edulis)
Tea, 788–800. See also Caffeine
Tecal, 889. See also Marijuana 

(Cannabis sativa)
Temburni, with tobacco, 969, 970t
Tenamphetamine, 159–163. See also

3,4-Methylenedioxyamphet-
amine (MDA)

Tendu leaves, with tobacco, 969, 970t
Teonanácatl, 950
tert-butanol, from isobutane, 685
Testosterone

prohormones of, 277
structure of, 277, 277f

1-Testosterone, as testosterone 
prohormone, 277

1,1,2,2-Tetrachloro-1,2-difl uoroethane, 
676–681. See also Fluorinated 
alkanes

Tetraethyl lead, in gasoline, 695–699
Tetrafl uoroethane, 676–681. See also

Fluorinated alkanes
Δ9-Tetrahydrocannabivarin-9-

carboxylic acid, from 
dronabinol, 910

Δ9-Tetrahydrocannabivarin carboxylic 
acid, in natural marijuana, 
891

Δ8-Tetrahydrocannabinol, in 
marijuana, 887

Δ9-Tetrahydrocannabinol (THC), 
886–915. See also Marijuana 
(Cannabis sativa)

biotransformation of, 887, 888f, 
893–894, 894f (See also
Marijuana)

in marijuana, concentration of, 890
with methylenedioxymethamphet-

amine (MDMA), 133
physicochemical properties of, 

887–888, 888t
potency of enantiomers of, 888, 888f
structures and nomenclature of, 887, 

888f
synthesis of, 890–891

Δ9-trans-Tetrahydrocannabinol (THC)
in marijuana, 889
synthesis of, 890–891

Δ9-cis-Tetrahydrocannabinol (THC), 
synthesis of, 890–891

Tetrahydrogestrinone (THG), 
277–278
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Tetrahydroharmine
in ayahuasca, 771–772, 772t
in Banisteriopsis caapi, 771, 771t
as biomarker, 775, 775f
in Peganum harmala, 771
in Psychotria viridis, 771, 771t

1,3,7,9-Tetramethyluric acid, 789, 790t. 
See also Caffeine

Texas shoe shine, 633–639. See also
Volatile substance abuse

TFMPP, 177f, 178, 181–182
Thalamo-corticothalamic loop, 657
Theacrine, 789, 790t. See also Caffeine
Thebaine

in poppy seeds, 549
in Tasmanian opium, 551

Thebaol, 547, 549–550. See also
Heroin and opium poppy 
plant

Theobromine, 789, 790t. See also
Caffeine

in caffeinated beverages, 789, 790t
from caffeine, 793, 794f
in mate tea, 932, 933–934, 933f

Theophylline
from caffeine, 793, 794f
with caffeine, 795
in mate tea, 932, 933f

1-(1-[2-Thienyl]cyclohexyl) piperidine 
(TCP), 626

Thiocyanate, from tobacco, 981, 
982

Thirst
diminished, from betel quid/areca 

nut, 784
increased

from creatine, 356
from ethanol, 202
from furosemide, 202
from marijuana, 901
from methanol, 711
from methylenedioxymethamphet-

amine (MDMA), 134, 136, 
137, 137t, 139t

Thom, 880–884. See also Kratom 
(Mitragyna speciosa)

(+)Threo-ephedrine, from 
methcathinone, 121

(−)Threo-ephedrine, from 
methcathinone, 121

Throat constriction, from betel quid/
areca nut, 784

Throat irritation
from butane, 686
from cocaine, freebasing, 830
from gasoline sniffi ng, 696
from methamphetamine lab 

exposure, 22

Thrombocytopenia
from castor oil, 222
from cocaine, 841
from heroin, 564
from marijuana, 911
from methamphetamine, 39
from methaqualone, 508, 509, 510

Thrombophlebitis, from IV heroin, 
558

Thrombosis. See also Myocardial 
infarction (MI, AMI)

coronary
from anabolic-androgenic steroids, 

283, 285
from cocaine, 819, 820, 822, 824, 

830, 832
from ethanol, 396
from methylenedioxymethamphet-

amine (MDMA), 138
from recombinant human erythro-

poietin (rHuEPO), 313–315, 
319

from recombinant human erythro-
poietin (rHuEPO) abstinence, 
315

venous, from recombinant human 
erythropoietin (rHuEPO), 
315, 319

Thrombotic renal microangiopathy, 
from cocaine, 823

Thrust, 751–756. See also Butyl nitrite
α-Thujone, 763, 763f, 763t. See also

Absinthe
β-Thujone, 763, 763f, 763t. See also

Absinthe
Thyroid abnormalities, from human 

growth hormone (hGH), 343
Thyroid hormone

cannabinoids on, 899
marijuana on, 899

Tick, 807
Tics

from methylenedioxymethamphet-
amine (MDMA), 137

from methylphenidate, 63
of Tourette syndrome, methylpheni-

date on, 62
vocal, from methamphetamine, 31

Tinnitus
from castor oil, 222
from clenbuterol, 298
from furosemide, 202
from salbutamol, 302
from toluene, 729

Tobacco (Nicotiana tabacum), 968–985
with areca nut, 782, 783
botanical description of, 968–969, 

969f

classifi cation of, 971
clinical response to, 977–981

acute nicotine poisoning in, 977
green tobacco sickness in, 977
with involuntary smoking, 981
with tobacco smoking, 977–981 

(See also Tobacco smoke, 
clinical response to)

diagnostic testing for, 981–984
abnormalities in, 983–984
analytic methods in, 981–982
biomarkers in, 982–983

dose effect of, 972–973
exposure to, 969–972

composition of
tobacco products in, 970–971
tobacco smoke in, 971–972, 971t

origin and types of, 969–970, 970f, 
970t

histopathology and pathophysiology 
of

tobacco in, 976
tobacco smoke in, 976–977, 977f

history of, 968
identifying characteristics of, 969, 

969f, 969t
toxicokinetics of, 973–976

absorption in, 973–974
biotransformation in, 974–975, 

974f
distribution in, 974
drug interactions in, 976
elimination in, 975, 975f, 976t
maternal and fetal kinetics in, 

975–976
treatment for, 984–985

Tobacco smoke. See also Tobacco 
(Nicotiana tabacum)

carcinogens in, 972, 972t, 976, 977f
clinical response to, 977–981

abstinence syndrome in, 981
cancer in, 978

cervix, 979
leukemia, 979
lung, 978
upper aerodigestive tract, 978
upper digestive tract, 978–979
urinary tract, 979

cardiovascular disease in, 979–980
cerebrovascular disease in, 980
morbidity and mortality in, 

977–978
pulmonary disease in, 980
on reproduction, 981

composition of, 971–972, 971t
dose effect of, 972
histopathology and pathophysiology 

of, 976–977, 977f
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mainstream
carcinogens in, 972, 973t
chemicals in, 971–972, 971t

risk assessment for, 973
secondhand, 972, 972t
sidestream, 971–972

Toilet Water, 751–756. See also Butyl 
nitrite

Tolicyclidine, 626
Toluene, 725–733

clinical response to, 729–730
diagnostic testing for, 730–733

abnormalities in, 732–733
analytic methods in, 730–731
biomarkers in, 731–732

dose effect of, 725–726
on driving, 733
exposure to, 725
histopathology and pathophysiology 

of, 727–729, 729t
history of, 725
identifying characteristics of, 725, 

726f, 726t
toxicokinetics of, 726–727, 727f
treatment for, 733

Toot, 805–848. See also Cocaine
Tooth decay, from methamphetamine, 

30
Tooth erosion

from betel quid/areca nut, 784
from khat, 875
from methamphetamine, 30
from syrup of ipecac, 210

Tooth staining
from betel quid/areca nut, 784
from khat, 877

TopCat, 123–124, 123f
Torch, 633–639. See also Volatile 

substance abuse
Torsade de pointes

from bisacodyl, 217, 219
from cocaine, 822, 827
from diethylpropion, 235
from heroin, 565, 569
from laxative abuse, 217, 219
from methadone, 569, 593
from sibutramine, 268

Toxic leukoencephalopathy
from cocaine, 829
from heroin, 565
from methadone, 586

Trace metals. See also specifi c metals
from creatine manufacture, 352

Tracheobronchitis, from amyl and 
butyl nitrites, 753

Track marks, 552
Transfusion, for blood doping, 306, 

308t

Transient ischemic attacks (TIAs), 
from recombinant human 
erythropoietin (rHuEPO), 
314, 315

Transverse myelitis, from heroin, 558
Tranylcypromine, 5f. See also

Amphetamine
Trazodone, with cocaine, 819
Triazolam, with ethanol, 388
1,1,1-Trichloro-2,2,2-trifl uoroethane, 

676–681. See also Fluorinated 
alkanes

1,1,2-Trichloro-1,2,2-trifl uoroethane, 
676–681. See also Fluorinated 
alkanes

Trichloroacetaldehyde, from 
trichloroethylene (TCE), 744

Trichloroacetic acid
from trichloroethane (TCA), 738, 

739
from trichloroethylene (TCE), 744, 

745, 745f
1,1,1,-Trichloroethane, 737–741. See 

also Trichloroethane (TCA)
Trichloroethane (TCA), 737–741

clinical response to, 740
diagnostic testing for, 740–741
dose effect of, 738–739
exposure to, 738
histopathology and pathophysiology 

of, 739
identifying characteristics of, 737, 

738f, 738t
toxicokinetics of, 739–740
treatment for, 741

2,2,2-Trichloroethanol
from trichloroethane (TCA), 738, 

739
from trichloroethylene (TCE), 738

Trichloroethanol, from 
trichloroethylene (TCE), 744, 
745, 745f

Trichloroethylene (TCE), 743–748
clinical response to, 746–747
diagnostic testing for, 747–748
dose effect of, 744
exposure to, 737, 743–744
histopathology and pathophysiology 

of, 746
history of, 743
identifying characteristics of, 743, 

744t
sudden death from, 740–741
with toluene, 727
toxicokinetics of, 744–746, 745f
treatment for, 748

Trichloromethane, 642–646. See also
Chloroform

Trichloromonofl uoromethane, 
676–681. See also
Fluorinated alkanes

Trichlorotrifl uoroethane, 676–681. See 
also Fluorinated alkanes

Trichocereus pachanoi, mescaline in, 
945

Trichocereus peruvianus, mescaline in, 
945

Tricyclic antidepressants
with cocaine, 819
with heroin, 555
with lysergic acid diethylamide 

(LSD), 456
with methylenedioxymethamphet-

amine (MDMA), 133
Triethyl lead

from gasoline, 696, 697
from tetraethyl lead, 696

Trifl uoroacetic acid
from halothane, 665
from isofl urane, 657

Trifl uoroacetic anhydride (TFAA) 
method, of heroin synthesis, 
550, 552

3-Trifl uoroacetyl-6-acetylmorphine, 
from heroin synthesis, 552

Trifl uoroacetyl chloride, from 
halothane, 665

Trifl uoroacetylcodeine, from heroin 
synthesis, 552

bis-Trifl uoroacetylmorphine, from 
heroin synthesis, 550, 552

m-Trifl uoromethylbenzoic acid, from 
fenfl uramine, 257

m-Trifl uoromethylhippuric acid, from 
fenfl uramine, 257

1-(3-Trifl uoromethylphenyl) piperazine 
(TFMPP), 177f, 178, 181–182

with 1-benzylpiperazine (BZP), 179, 
181–182

3,4,5-Trimethoxy-β-phenylethylamine, 
944–948. See also Peyote 
(Lophophora williamsii)

Trimethoxycocaine, in cocaine, 835
3,4,5-Trimethoxyphenylacetic acid, 

from mescaline, 947
3,4,5-Trimethoxyphenylethylamine 

(TMA), 156, 157t, 158f. See 
also Phenethylamine 
compounds

N,N,N-Trimethyl-4-
phosphoryloxytryptamine, 
from Inocybe aeruginascens,
952

1,3,7-Trimethylxanthine, 788–800. See 
also Caffeine

in mate tea, 932
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Trip and Fall, 77–85. See also
Flunitrazepam

Triple C, 527–535. See also
Dextromethorphan (bromide)

Tropacocaine
in cocaine, 835
from cocaine extraction, 810

Truxillic acid
from cocaine extraction, 810
from cocaine manufacture, 835

Truxilline, in cocaine, 835
Truxilline compounds, from cocaine 

extraction, 810
Truxinic acid

from cocaine extraction, 810
from cocaine manufacture, 835

Tryptamine compounds, 770, 770f. 
See also N,N′-
Dimethyltryptamine (DMT)

Tryptamine designer drugs, 193–197
α-ethyltryptamine (AET), 195–197, 

196t
α-methyltryptamine (AMT), 

195–197
N,N-diethyl-tryptamine (DET), 

193
5-methoxy-N,N-diisopropyl-trypt-

amine (foxy), 193–195, 194f
Ts and blues, 57–65. See also

Methylphenidate
Ts and Rs, 57–65. See also

Methylphenidate
Turbina corymbosa, 454, 938–942. See 

also Morning glory family 
(Convolvulaceae)

Type I collagen telopeptide (ICTP), 
from human growth hormone 
(hGH), 342, 342t

Type III procollagen (P-III-P), from 
human growth hormone 
(hGH), 342–343, 342t

Tyrosine-containing foods, with 
harmala alkaloids, 773

Uppers, 3–18. See also Amphetamine
Uragoga acuminata, 207
Ureteral tones, from diuretics, 203
Urochloralic acid, from 

trichloroethane (TCA), 
738

Uterine contraction
from ketamine, 115
from lysergic acid diethylamide 

(LSD), 457
premature, from syrup of ipecac, 

209
Uterine stimulation, from morning 

glory family, 941

γ-Valerolactone, from n-hexane, 703, 
704f

Valvular heart disease
from dexfenfl uramine, 259, 262, 263, 

264
from fenfl uramine with/without 

phentermine, 255, 256, 258, 
259–260, 262, 264

from heroin, 565
Vapor, 653
Vascular insuffi ciency

from heroin, 558
from lysergic acid diethylamide 

(LSD), 462
Vasoconstriction

from amphetamine, 11, 41
from cocaine, 822

cerebral, 820
coronary artery, 820, 821
therapeutic use of, 812

from fenfl uramine with/without 
phentermine

pulmonary, 256, 264
valvular endocardium, 259

from heroin, 558
from methamphetamine, 28, 29
from 3,4-methylenedioxyamphet-

amine (MDA), 163
from methylenedioxymethamphet-

amine (MDMA), 135, 145
peripheral

from mephedrone, 123
from methamphetamine, 29
from methylenedioxymethamphet-

amine (MDMA), 135
from phenylpropanolamine, 245
from prophylhexedrine, local, 74
from recombinant human erythro-

poietin (rHuEPO), arterial, 
314

Vecuronium, inhaled anesthetics on 
effects of, 655

Ventricular fi brillation
from amobarbital, 473
from amphetamine, 14
from anabolic-androgenic steroids, 

284
from butane, 686, 687
from caffeine, 793, 796, 797, 799, 800
from cocaine, 821, 823, 827, 828, 845
from ethyl chloride, 693
from fenfl uramine, 260
from fl uorinated alkanes, 679, 680
from methadone, 593
from pentobarbital, 478
from phentermine, 242
from sevofl urane, 660
from sibutramine, 268

from syrup of ipecac, 211
from toluene, 728, 729
from trichloroethane (TCA), 740
from trichloroethylene (TCE), 747
from volatile substance abuse, 637

Verapamil
with caffeine, 794
on methadone clearance, 584

Virilization
from anabolic-androgenic steroids, 

in females, 281, 286
from testosterone and chorionic 

gonadotropin for pituitary 
dwarfi sm, 334

Virola spp., 776
5-methoxy-N,N-dimethyltryptamine 

(5-MeO-DMT) in, 771 (See 
also 5-Methoxy-N,N-dimeth-
yltryptamine (5-MeO-DMT))

Vision loss
from amyl and butyl nitrites, 754
peripheral

from cocaine, 824
from ethanol, 420, 423
from γ-hydroxybutyrate (GHB), 94

Vitamin B12, in nitrous oxide toxicity, 
671, 672, 674

Vitamin G, 89–100. See also
γ-hydroxybutyrate (GHB)

Vitamin R, 57–65. See also
Methylphenidate

Voacanga africana, 868. See also
Ibogaine

Voacangine, 868
Voice change

from clenbuterol, 298t
from human growth hormone 

(hGH), 341
Volatile substance abuse, 633–639. See 

also specifi c substances
classifi cation and sources of, 633, 

634t, 635–636, 636t
clinical response to, 637–638
diagnostic testing for, 638–639
dose effect of, 636
exposure to, 634–636
histopathology and pathophysiology 

of, 637
history of, 633
identifying characteristics of, 633, 

634t, 635t
toxicokinetics of, 636–637
treatment for, 639

Vomiting, cyclical, from marijuana, 
901

Wallbanger, 504–510. See also
Methaqualone
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Waterpipes, for tobacco, 971, 971f, 
971t

Wavy caps, psilocybin in, 950, 951f
Wax, 18–43. See also

Methamphetamine
Weed, 886–915. See also Marijuana 

(Cannabis sativa)
Wernicke encephalopathy

pathophysiology of, 390, 391f, 
395

treatment for, 431
Wernicke-Korsakoff syndrome, 390, 

395
Wet, 889. See also Marijuana 

(Cannabis sativa)
Wheezing, from marijuana, 902
Whippets, 670. See also Nitrous oxide; 

Volatile substance abuse
volatile substances, 670

White, 805–848. See also Cocaine
White Girl, 805–848. See also

Cocaine
White Lady, 805–848. See also

Cocaine
White lightning, 452–462. See also

Lysergic acid diethylamide 
(LSD)

White matter damage
from amyl nitrites, 755
from buprenorphine, 519
from cocaine, 829, 842
from creatine, 357
from ethanol in Marchiafava-

Bignami disease, 390

from heroin, 557, 565
from methadone, 586
from methanol, 711
from toluene, 726, 728, 729, 732

White pipe, 505
Whiz

amphetamine, 3–18 (See also
Amphetamine)

methamphetamine, 18–43 (See also
Methamphetamine)

Widmark equation, 384–385, 
384f

WIN-55,212-2, 915–919, 917f. See also
Cannabinoids, synthetic

Window panes, 452–462. See also
Lysergic acid diethylamide 
(LSD)

Wine, 367. See also Ethanol
Wingate test, 340
Witpyp, 505
Wolfi es

fl unitrazepam, 77–85 (See also
Flunitrazepam)

γ-hydroxybutyrate, 89–100 (See also
γ-hydroxybutyrate (GHB))

Woodrose, 938–942. See also Morning 
glory family (Convolvulaceae)

Wormwood, 761–762, 762f. See also
Absinthe

Wormwood oil, 761–766. See also
Absinthe

Wound botulism
from cocaine, 825, 826t
from heroin, 557

from mephedrone, 557
from peyote, contaminated, 947

X4, 176
meta-chlorophenylpiperazine 

(mCPP), 177f, 179–180
4 piperazines, 177f, 179–180

Yellow Bullet, 476–480. See also
Pentobarbital

Yellow caps, 452–462. See also
Lysergic acid diethylamide 
(LSD)

Yellow Doll, 476–480. See also
Pentobarbital

Yellow drops, 452–462. See also
Lysergic acid diethylamide 
(LSD)

Yellow Football, 476–480. See also
Pentobarbital

Yellow Jacket, 476–480. See also
Pentobarbital

Yerba-buena tea, 932–936. See also
Mate tea (Ilex paraguariensis)

Yopo, 776. See also 5-Methoxy-N,N-
dimethyltryptamine 
(5-MeO-DMT)

Zidovudine, with heroin, 555
Zipeprol, 528
Zonked, 89–100. See also

γ-hydroxybutyrate (GHB)
Zoom, 608–625. See also

Phencyclidine (PCP)


