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ABSTRACT

 

Aims

 

To determine the acute lethal toxicity of  a range of  psychoactive
substances in terms of  the dose customarily used as a single substance for non-
medical purposes.

 

Design and method

 

A structured English-language literature search was
conducted to identify experimental studies and clinical reports that docu-
mented human and non-human lethal doses of  20 abused substances that are
distributed widely in Europe and North America. Four inclusion criteria were
specified for the reports, and approximately 3000 relevant records were
retrieved from search engines at Biosis, Science Citation Index, Google and the
National Library of  Medicine’s Gateway. In order to account for different drug
potencies, a ‘safety ratio’ was computed for each substance by comparing its
reported acute lethal dose with the dose most commonly used for non-medical
purposes.

 

Findings

 

The majority of  published reports of  acute lethal toxicity indicate
that the decedent used a co-intoxicant (most often alcohol). The calculated
safety ratios varied between substances by more than a factor of  100. Intrave-
nous heroin appeared to have the greatest direct physiological toxicity; several
hallucinogens appeared to have the least direct physiological toxicity.

 

Conclusions

 

Despite residual uncertainties, the substantial difference in
safety ratios suggests that abused substances can be rank-ordered on the basis
of  their potential acute lethality.

 

KEYWORDS

 

Acute toxicity, lethality, positive subjective effects, safety

 

ratio, therapeutic index.

 

INTRODUCTION

 

It is commonly assumed that abused substances differ
with respect to their acute physical toxicity. However,
public opinion and public policies are often based on
anecdotal reports and statistical information that is not
adjusted for factors such as prevalence of  use. The present
study addressed this issue by undertaking a comparison
of  the toxicity of  abused substances based on reports of
experimental human and non-human animal research
and on published toxicological analyses of  overdose
fatalities.

Most  substances  have  multiple  mechanisms  of
toxicity and multiple target organs, each with its own vul-

nerability to the administered compound. Because
detailed toxicological evaluation is time-consuming and
expensive, drug concentrations in plasma or whole blood
are used routinely as surrogate measures in overdose
cases. Several well-known compilations of  cases have
listed the lethal human blood concentrations for a range
of  hazardous substances and drugs: Druid & Holmgren
(1997), Repetto & Repetto (1997) Schulz & Schmoldt
(1997), Ekwall 

 

et al.

 

 (1998), National Toxicology
Program (2001) and Baselt (2002). Blood analysis of  a
decedent is not, however, without measurement compli-
cations. Different substances have varying patterns of
postmortem redistribution from organ tissue to the blood-
stream (Pounder & Jones 1990; Leikin & Watson 2003).
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Furthermore, a drug such as heroin might not be detected
at all in postmortem blood samples because it has an arte-
rial half-life of  only about 3 minutes (Rentsch 

 

et al

 

. 2001)
and its metabolite morphine-3-glucuronide has a half-life
of  approximately 90 minutes. Once a blood sample has
been obtained, factors of  storage and measurement tech-
niques may also affect the result. Cocaine, for example, is
notoriously susceptible to decomposition in storage.

Fortunately, non-human animal models can provide
supplementary and detailed descriptions of  toxic pro-
cesses. The median lethal dose (LD

 

50

 

) of  a new compound
is often the first estimate of  toxicity that is established in
pre-clinical research within a rodent population (Gad &
Chengelis 1998). Specifically, the dose–response relation-
ship is documented by plotting the number of  deaths
occurring among the group of  experimental animals
against the range of  drug doses administered. The LD

 

50

 

 is
simply the dosage at which 50% of  the animals die within
a specified interval of  time. Several governmental organi-
zations (cf. Interagency Coordinating Committee 2002;
OECD 2002) have promulgated guidelines for experimen-
tally establishing LD

 

50

 

s, and a list of  lethal oral starting
doses of  347 chemicals has been published by the
National Toxicology Program (2001). In order to reduce
animal suffering, vigorous efforts have been made to
develop  alternative  methods  of  toxicity  assessment
(cf. Gad 2000).

The LD

 

50

 

 is just one data-point along an entire range
of  potential responses, and therefore it does not provide
information about the 

 

shape

 

 of  a dose–response curve.
Two drugs might have the same LD

 

50

 

, but in practice
present a different degree of  health hazard. A drug with a
relatively ‘flat’ dose–response curve might have a low
threshold of  lethality but require large changes in dosage
before 50% of  the animals die. In contrast, a drug with a
‘steep’ dose–response curve might have a much higher
initial lethal threshold, but need only small additional
quantities of  the chemical to reach the 50% level of  fatal-
ities. The second drug would be safer in most applica-
tions, unless users were unwilling or unable to measure
dosages accurately (a condition that frequently occurs in
social situations). Despite limitations, the LD

 

50

 

 remains
an important benchmark. In terms of  ‘generating the
most information per animal, the LD

 

50

 

 is the most simple
single summary statistic to measure on the dose–
response curve’ (Interagency Coordinating Committee
2002, Addendum III, p. 1).

Similar to dose–response curves for acute lethality,
dose–response curves for desired effects can be plotted in
order to establish the median effective dose (ED

 

50

 

) of  a
substance. A well-established tradition of  assessing abuse
liability in diverse settings and among diverse popula-
tions provides a substantial database of  controlled studies
(e.g. Balster & Bigelow 2003). Several research strategies

are particularly relevant to documenting preferred dos-
ages by including variables such as positive subjective
effects (e.g. rates of  drug self-administration, experimen-
tal choice procedures and user responses on standardized
questionnaires such as the Addiction Research Center
Inventory, Profile of  Mood States or Single-Dose Question-
naire (cf. Jasinski & Henningfield 1989).

A notable series of  studies by Brady 

 

et al

 

. (1987) dem-
onstrated the feasibility of  rank-ordering the abuse liabil-
ity of  anorectic drugs in terms of  a ratio between a dose
that produces an anorectic/therapeutic effect and a dose
that produces a reinforcing/toxic effect. The authors
noted that such comparison is similar to the ‘therapeutic
index’ or ‘therapeutic ratio’ used commonly to assess the
relative toxicity of  medications. A few studies (e.g. Buck-
ley 

 

et al

 

. 1995; Whyte 

 

et al

 

. 2003) have rank-ordered sub-
stances within a specific class of  drugs based on the
traditional therapeutic ratio which compares the thera-
peutic dose to the 

 

lethal

 

 dose. The present review can be
distinguished from this previous work in two respects: (1)
the ‘therapeutic ratio’ was calculated by comparing the
customary 

 

non-medical

 

 dose of  a substance to its lethal
dose and (2) the rank-ordering covered 

 

multiple classes

 

 of
drugs. (The term ‘safety ratio’ rather than ‘therapeutic
index’ or ‘therapeutic ratio’ will be used hereafter with
reference to abused substances because the intended
application is not therapeutic.)

 

METHODS

 

In order to ensure that a range of  psychoactive sub-
stances would be represented, 20 drugs were identified
from seven broadly defined categories of  drug action: nar-
cotic analgesics, psychomotor stimulants, central ner-
vous system depressants, anti-anxiety agents, sedative/
hypnotics, hallucinogens/psychedelics and cannabis. The
selection focused on substances that are distributed most
widely in Europe and North America and that are known
to have abuse potential.

A simple inductive search procedure was used to
locate relevant English-language sources. The current
edition of  standard reference works was consulted ini-
tially to provide an overview of  relative toxicities (e.g.
Gangolli 1999; Hardman & Limbird 2001; Baselt 2002).
Concurrently, a structured literature search was con-
ducted using the National Library of  Medicine’s (NLM)
Gateway (including Medline, Oldmedline and Pubmed).
The generic or popular trade name of  each the 20 sub-
stances was keyed into the NLM 

 

Gateway

 

 search engine as
a means of  locating journal articles or conference papers
in which the substance appeared, during the years
1953–2003, in conjunction with one of  the following
medical subject headings: ‘fatal overdose’, ‘lethal dose
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50’ or ‘LD 50’. The same procedure was followed using
Scifinder to access Biosis Previews covering serial publi-
cations between 1969 and 2003. The Google search
engine was also used to locate creditable toxicological
reports in its extensive database and to access material
safety data sheets.

Estimates of  commonly used non-medical doses for
the 20 substances were derived in the same manner as
described previously. However, the search procedure used
the descriptors ‘positive subjective effects’, ‘effective
dose’, ‘therapeutic index’ and ‘safety index’. In addition,
publications focusing on the pharmacology of  non-
medical drug use (e.g. Julien 2001; Stafford 1992) were
scanned manually for references to non-medical drug
dose quantities.

An item retrieved from NLM Gateway, Biosis, Science
Citation Index or Google was considered potentially rele-
vant if  it met four criteria: (1) the abstract made reference
to the quantification of  a lethal or non-medical effective
dose of  one of  the target substances; (2) the substance
was not used in combination with another substance; (3)
the source appeared to be technical or scholarly in
nature; and (4) the target substance was administered to
a human or non-human animal presumed to be in nor-
mal health. Thus, popular or non-technical sources that
appeared to be unsubstantiated or secondary in nature
(e.g. newspapers, magazines, website commentary) were
excluded. Articles citing data generated from special sit-
uations or populations (e.g. extremes of  age, metabolic or
genetic anomalies, adherence to abnormal diets) were
similarly excluded. Various types of  empirical evidence
(e.g. controlled clinical trials, laboratory experiments,
case studies, meta-analyses) were acceptable if  the data
appeared to be from a reputable original source.

 

RESULTS

 

Identification of  reports

 

The large majority of  retrieved documents focused on top-
ics of  pharmacokinetics, drug interactions, drug synthe-
sis, pharmacogenetics, research methodology, overdose
management or epidemiology. When ‘lethal dose 50’ or
‘LD

 

50

 

’ was cross-indexed with the 20 target substances,
the NLM Gateway search resulted in a total of  765
records; the Biosis search resulted in 307 records. The
term ‘fatal overdose’ resulted in 294 and 51 records for
Gateway and Biosis, respectively. Approximately 70% of
the cited items had abstracts. (No articles in Medline prior
to 1975 or in Oldmedline have abstracts.) The abstracted
articles were screened on the basis of  the four previously
mentioned criteria. If  an electronic version of  the entire
article was not available immediately, the abstract was
printed in order to facilitate subsequent retrieval of  a hard

copy. Manual searches were conducted to locate relevant
references cited in the retrieved articles. The most rele-
vant research or review papers were keyed into the Sci-
ence Citation Index in order to scan the titles of
subsequent publications citing that paper.

Because the Google search engine retrieves pages on
the basis of  the number of  websites that use the chosen
descriptors, there were numerous secondary citations
and much unsubstantiated commentary. More than
31 000 records were retrieved by Google when the 20
substances were cross-indexed with ‘LD50’; therefore, a
systematic search was abandoned. Citation tracking
within European and North American literature was
undoubtedly incomplete, but the reported LD

 

50

 

 values
from experimental studies with rodents seldom varied by
more than a factor of  2. Case study data from human
fatalities showed more variability.

When the descriptor ‘positive subjective effects’ was
combined with each of  the 20 substances, a total of  195
records was generated from Gateway but only 25 from
Biosis. Separate searches in Biosis were conducted subse-
quently using the terms ‘positive effects’ and ‘subjective
effects’, which resulted in a total of  475 citations for the
20 substances. The term ‘effective dose’ resulted in 3457
citations from Gateway and 320 from Biosis. ‘Therapeu-
tic index’ retrieved 1071 items from Gateway and 70
items from Biosis. Gateway and Biosis citations showed
considerable redundancy with respect to articles citing
doses for medical purposes, but relatively few citations
and little redundancy of  articles citing non-medical
doses. 

 

Google

 

 listed 158 items for ‘positive subjective
effects’, 52 800 for ‘effective dose’, 15 712 for ‘therapeu-
tic index’ and 14 700 for ‘safety index’. Again, systematic
screening of  Google records was discontinued.

In addition to experimental studies of  abuse liability,
several dozen reasonably detailed self-reports (e.g. Mitch-
ell 1896, cited in Metzer 1989; Bennett 1960; Gelpke
1981) and other creditable publications (e.g. 

 

Heffter
Review

 

 1998/2001; Shulgin & Shulgin 1991, 1997;
Strassman 2001) were useful in estimating effective dose
levels. When all the lethal and effective dose search terms
were combined with all 20 substances, a grand total of
approximately 6500 records was retrieved from Gateway
and Biosis

 

.

 

 Approximately 3000 articles survived screen-
ing, and were printed and filed between 1995 and 2003.
Due to space limitations, only two references for each
substance are cited in Table 1. Unfortunately, this leaves
much original and detailed research work unacknowl-
edged in this review.

 

Safety ratio estimates

 

Lethality and effective-dose data for each of  the 20 sub-
stances are summarized in Table 1. The number of  fatal
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human cases listed in Table 1 reflects, for most sub-
stances, a notable reduction in the total number of  cases
reported in clinical and research literature. A docu-
mented fatality was not included in Table 1 when the
decedent was reported to have used a significant amount
of  a co-intoxicant or died as a result of  accidental trauma.
For example, in an exceptionally detailed summary of
168 fatal cases involving four selective serotinin reuptake
inhibitor (SSRI) drugs (Goeringer 

 

et al.

 

 2000), only one
case was verified for this review as having been caused
exclusively by a fluoxetine overdose.

The range of  concentrations and doses in Table 1
incorporate the findings of  individual case studies as well
as compilations that reported aggregated data. Most of
the toxicological compilations did not present descriptive
statistics beyond either a mean or a median. Thus, the
present review favored the somewhat colloquial terms
‘usual’ and ‘customary’ to describe concentrations or
doses so that a precise measure of  central tendency would
not be implied. Furthermore, so few cases were located for
several substances (e.g. isobutyl nitrite, LSD) that any
measure of  central tendency would not be meaningfully
robust.

The LD

 

50

 

 values cited in Table 1 are the estimates of  a
customary dose for a normally healthy 70-kg adult who
has not developed tolerance to the substance in question,
and who does not have residues of  the substance in the
body from previous administrations. The estimates do not
take into account factors such as environmental stressors
or individual differences with respect to sex or ethnicity.

Phenobarbital can be used to illustrate the nature of
the data sources and some of  the challenges involved in
specifying a lethal dose. This class of  drugs is generally
cited as having a therapeutic (safety) index of  about 10
times the hypnotic dose (Harrison, Mendelson & de Wit
1995; Charney, Mihic & Harris 2001). Phenobarbital, in
particular, can be expected to have a higher safety ratio
than most barbiturates because gastrointestinal absorp-
tion of  phenobarbital is slower and its capacity to produce
respiratory depression is less. Although one handbook
has cited the average human lethal dose of  phenobarbital
as 1.5 g (True & Dreisbach 2002), a small compilation of
cases by Ekwall, Wallum & Bondesson (1998) cited a
lethal range of  4.8–7.8 g. Non-human animal studies
reported oral LD

 

50

 

 doses of  mice at 168 and 137 mg/kg,
and rats at 162 mg/kg (National Toxicology Program
1991). An unadjusted extrapolation of  the rodent aver-
age of  156 mg/kg would put the median lethal dose of
phenobarbital for a 70-kg person (who has not developed
tolerance) at approximately 11 g. However, in order to
allow for interspecies variation, some toxicologists (e.g.
Neubert 1999) and regulatory agencies (e.g. UN Interna-
tional Programme on Chemical Safety, US Food and Drug
Administration) routinely lower a rodent LD

 

50

 

 by a factor

of  10, based on body weight, when generalizing results to
humans. Thus, we can be reasonably confident that the
human lethal dose lies somewhere between 1 and 8 g.

In an effort to be more specific, an LD

 

50

 

 estimate was
calculated from pharmacokinetic information about
blood concentrations of  phenobarbital. In adults, single
oral doses of  30 mg and 100 mg have produced peak
serum concentrations of  0.7 and 2.3 mg/l, respectively
(Viswanathan, Booker & Welling 1979; Yska 

 

et al

 

. 2000).
A compilation of  nine fatalities by Druid & Holmgren
(1997) reported a median postmortem femoral blood
concentration of  75 mg/l. A series of  15 fatalities sum-
marized by Crafoord & Ekwall (1997) reported an average
lethal blood concentration of  114 mg/l. Assuming a nor-
mal distribution of  lethal concentrations among these 24
cases, the median lethal blood level of  phenobarbital
would be approximately 95 mg/l. At a constant rate of
drug absorption, a 95-mg/l concentration would require
a minimal dose of  4 g. Baselt (2002, p. 613) noted that
acute human fatalities have occurred ‘after ingestion of
as little as 6 g of  phenobarbital’ with a resulting blood
concentration between 78 and 116 mg/l. Table 1 lists the
lethal dose of  oral phenobarbital as 5 g. (Only a small
minority of  reviewed studies cited both the lethal drug
dose that was presumably administered and the associ-
ated blood concentration.)

The estimated human lethal dose of  all substances
was corroborated by non-human animal studies; how-
ever, for six of  the substances (DMT, ketamine, LSD, mar-
ijuana, mescaline and psilocybin) fewer than three
reports of  human fatality were located. In this situation,
the lethal dose in Table 1 is extrapolated from the animal
studies. The extrapolated value, reduced by a factor of  10,
is noted in the table, and a question-mark follows the
related safety ratio. The clinical validity of  animal models
is always suspect, but the data probably provide a justifi-
able estimate in the absence of  direct evidence (cf. Gad
& Chengelis 1998). It should be noted that, for all 20
substances, there were ‘survivor’ or ‘near-fatal’ human
cases, not referenced in Table 1, that helped set the
parameters of  a lethal dose.

For a few substances such as intranasal cocaine
hydrochloride, human fatalities were rarely reported for
the route of  administration specified in Table 1 unless
another substance was co-administered by the decedent.
In this circumstance, a dose–response relationship was
inferred from typical blood concentrations of  the specified
drug when research participants reported psychoactive
effects (e.g. Javaid 

 

et al

 

. 1983) and from blood concentra-
tions of  the drug in overdose fatalities where a variety of
administration routes may have been used (e.g. Cravey
1990). This interpolation necessarily ignores changes in
pharmacokinetics that are impacted by different dosage
routes, drug quantities and postmortem redistribution.
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Substantially more data were available for estimating
the effective dose than the lethal dose of  most substances.
Information from a few well-documented self-reports
(e.g. Blofeld 1966; Gelpke 1981; Shulgin & Shulgin
1997) was augmented by data from pharmacodynamic
and drug preference studies (e.g. Hetem et al. 2000; Hart
et al. 2001). For example, studies administering intrana-
sal hydrochloride cocaine of  25–30 mg have produced
mixed results with respect to ratings of  ‘high’ and ‘pleas-
antness’ (Resnick et al. 1977; Van Dyke et al. 1982),
while 50 mg could be discriminated from placebo on the
basis of  peripheral effects other than anesthesia of  the
nasal passage (Schuh, Schubiner & Johanson 2000).
Doses of  53, 64, 96 and 105 mg have generally shown a
consistent increase in both cocaine plasma concentra-
tions and ratings of  ‘high’ (Yang et al. 1982; Javaid et al.
1983). Pharmacokinetic and drug treatment studies
have occasionally employed doses as large as 2 mg/kg
(140 mg for a 170-kg person) as an experimental dose
(Lange et al. 1989; Tuncel et al. 2002). Assuming that a
70-kg non-medical user will insufflate two or three ‘lines’
of  cocaine containing between 20 and 30 mg each (Fis-
chman 1984), the dosage range would be 40–90 mg,
with the associated subjective effects ranging from pleas-
ant excitement to moderate elation. Because a notable
characteristic of  cocaine use is the strong urge to repeat
the experience and escalate the dosage, the higher end of
this range, 80 mg, was listed in Table 1 as the estimated
effective dose for a non-tolerant user.

The results of  the present review disclosed substantial
differences in the safety ratio of  abused substances. The
most toxic substances appear to have a lethal dose less
than 10 times the effective dose. These substances
include: GHB (oral), heroin (intravenous) and isobutyl
nitrite (inhaled). Less acutely toxic substances, with
safety ratios from 10 to 20, include: alcohol (oral),
cocaine (intranasal), codeine (oral), dextromethorphan
(oral), MDMA (oral), methadone (oral) and methamphet-
amine (oral). A diverse group of  drugs have still wider
ratios, ranging from above 20–80: DMT (oral), fluni-
trazepam (oral), ketamine (inhaled), mescaline (oral) and
phenobarbital (oral). Five substances have ratios of  100
or above: fluoxetine (oral), LSD (oral), marijuana (oral),
nitrous oxide (inhaled) and psilocybin (oral). These safety
ratio estimates should be interpreted with caution.
Because they are based on aggregated data, none of  the
ratios in Table 1 is applicable to any particular individual.

DISCUSSION

The  findings  of  this  review  indicate  that  abused  drugs
are substantially dissimilar with respect to their acute
lethal toxicity. Due to inherent imprecision in toxicity

assessments, it would be a flagrant misinterpretation of
the numbers in Table 1 to assume that they could be
mathematically manipulated. None the less, the range of
safety ratios is so wide that the data appear to have the
attributes of  an ordinal scale. For example, we can be rea-
sonably sure that the safety ratio of  nitrous oxide is larger
than the safety ratio of  GHB. We need not assert that the
safety ratio of  nitrous oxide is 20 times greater than GHB
in order to make a valid ranking.

The practice of  ordinally ranking drugs and substances
is a widely accepted element of  risk assessment and man-
agement. For example, the Canadian National Pollutant
Release Inventory lists 230 substances that have been
ranked into eight categories on the basis of  specified health
threats (Olewiler & Dawson 1998). The US Environmental
Protection Agency (2001) has classified all pesticide prod-
ucts into four categories based on studies of  relative acute
toxicity. With respect to psychotropic substances, proba-
bly the most challenging task has been fulfilling legislative
requirements to assign substances to (partially rank-
ordered) drug-control schedules (cf. Australian Drugs,
Poisons, and Controlled Substances Act; UK Misuse of
Drugs Regulations). Although the toxicity of  a substance
may be comparatively low, other lethal and non-lethal fac-
tors (e.g. neurological complications, pulmonary disease,
chemical dependence) must be considered and may ulti-
mately determine the assignment of  the substance to a
particular schedule. The US Drug Enforcement Adminis-
tration (2001, p. 20041) noted, for example, that ‘mari-
juana has a low level of  toxicity when compared to other
drugs of  abuse’, but the agency denied a petition to re-
classify marijuana, citing other pharmacological and
behavioral risks.

The present paper has focused narrowly on acute,
single-dose systemic toxicity. For this reason, the data
presented have varied applicability. A rank-ordering of
substances with respect to their acute toxicity might con-
tribute to drug education programs utilizing evidence-
based prevention messages that ‘discuss the risks associ-
ated with initial use of  alcohol, marijuana and cocaine’
(NIDA 2003, np, see also NAC 2003). However, the find-
ings of  the present review probably have less application
to treatment programs where participants tend to be
chronic users.

A broader and more ecologically valid review of  drug
toxicity must take into account several common charac-
teristics of  non-medical drug use:
1 The probability of  adverse effects is increased substan-
tially when more than one substance is administered.
Tanaka (2002) reported a substantial increase in fatali-
ties among humans when alcohol was ingested with  a
benzodiazepine, despite the relatively wide therapeutic
index of  benzodiazepines. Darke et al. (2002) found that
among 42 deaths from heroin overdose, postmortem
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tests revealed that substances other than morphine were
detected in over 80% of  the cases.
2 The risk of  overdose is increased when the user repeats
administration of  the drug. A user may believe mistak-
enly that the initial dose is ineffective or no longer present
in the body. After oral administration of  MDMA, for
example, plasma concentration does not peak for about 2
hours (Mas et al. 1999). A life-threatening situation may
also arise from administering seemingly modest daily
doses of  methadone because the drug has a long elimina-
tion half-life (averaging 22 hours, with a reported range
of  5–130 hours), thus allowing a toxic level of  metha-
done to accumulate gradually (cf. Drummer et al. 1992;
Eap, Buclin & Baumann 2002).
3 Acute effects do not, by definition, take into account
the health effects of  chronic use. Direct acute lethality
from alcohol or nicotine is quite rare, given prevalence of
use. However, alcohol and tobacco use, along with obe-
sity, are among the leading long-term causes of  prevent-
able death (WHO 2002).
4 The safety ratios in Table 1 do not reflect metabolic or
functional tolerance that a user might have developed. In
situations where tolerance to the reinforcing effects of  the
drug increases more rapidly than to the metabolic effects
of  the same or a concomitant drug, the safety ratio will
narrow.
5 Non-drug variables can significantly alter toxic reac-
tions. The psychophysiological effects of  environment,
diet, physical exertion, expectation and stress are known
to have a significant impact on drug reactions (see, e.g.
Gomita et al. 1983; Marzuk et al. 1998).
6 A safety ratio does not reflect serious non-lethal
sequelae that may burden the user and society. At rela-
tively low non-toxic levels, psychoactive substances may
induce dangerous performance decrements. LSD has a
larger safety ratio than codeine, but it would certainly not
be the drug-of-choice while operating machinery.

Millions of  people have risked arrest and their health
for the positive subjective effects of  psychoactive sub-
stances. Hence, no catalog of  toxicity—regardless of  how
complete—can account adequately for the continuing,
and often troubling, human attraction to chemical alter-
ation of  consciousness. However, by taking into account
the customary non-medical dosages of  these substances,
we can more realistically assess their hazards to public
health.

Acknowledgements

Data collection was supported, in part, by the Life Science
Research Group, Inc. I thank Evan Claudeanos for
manuscript assistance and Scot Johnson of  the Kaiser
Permanente Medical Group for his review. I also wish to
acknowledge the help of  Michael Yost, Supervising Coro-

ner Investigator, Alameda County, California, as well as
the foresight and guidance of  Cristina Campbell, Chief
Librarian, Public Health Library, University of  California,
Berkeley.

References

Allen, J. W., Merlin, M. D. & Jansen, K. L. R. (1991) An ethno-
mycological review of  psychoactive agarics in Australia and
New Zealand. Journal of  Psychoactive Drugs, 23, 39–69.

Balster, R. L. & Bigelow, G. E. (2003) Guidelines and method-
ological reviews concerning drug abuse liability assessment.
Drug and Alcohol Dependence, 70, S13–S40.

Baselt, R. C. (2002) Disposition of  Toxic Drugs and Chemicals in
Man, 6th edn. Foster City, CA: Biomedical Publications.

Bennett, C. C. (1960) The drugs and I. In: Uhr, L. & Miller, J.G.,
eds. Drugs and Behavior, pp. 596–609. New York: Wiley &
Sons.

Blofeld, J. (1966) A high yogic experience achieved with mesca-
line. Psychedelic Review, 1, 27–32.

Bradberry, S. M., Whittington, R. M., Parry, D. A. & Vale, A.
(1994) Fatal methemoglobinemia due to inhalation of  isobu-
tyl nitrite. Clinical Toxicology, 32, 179–184.

Brady, J. V., Griffiths, R. R., Hienz, R. D., Ator, N. A., Lukas, S. E.
& Lamb, R. J. (1987) Assessing drugs for abuse liability and
dependence potential in laboratory primates. In: Bozarth,
M.A., ed. Methods of  Assessing the Reinforcing Properties of
Abused Drugs, pp. 45–85. New York: Springer-Verlag.

Buckley, N. A., Dawson, S. H., Whyte, I. M. & O’Connell, D. L.
(1995) Relative toxicity of  benzodiazepines in overdose. BMJ,
310, 219–220.

Callaway, J. C., McKenna, D. J., Grob, C. S., Brito, G. S., Raymon,
L. P., Poland, R. E., Andrade, E. N., Andrade, E. O. & Mash, D.
C. (1999) Pharmacokinetics of  Hoasca alkaloids in healthy
volunteers. Journal of  Ethnopharmacology, 65, 243–256.

Charney, D. S., Mihic, S. J. & Haris, R. A. (2001) Hypnotics and
sedatives. In: Hardman, J. G., Limberg, L. E. & Gilman, A. G.,
eds. Goodman and Gilman’s The Pharmacological Basis of  Thera-
peutics, 10th edn, pp. 399–327. New York: McGraw-Hill.

Crafoord, B. & Ekwall, B. (1997) Time-Related Lethal Blood Con-
centrations from Acute Human Poisoning of  Chemicals. Part 2.
Phenobarbital. Monograph no. 24. Retrieved 3 September
2002. Available at: http://www.ctlu.se.

Cravey, R. H. (1990) Cocaine toxicity. Trauma, 32, 43–53.
Dalpe-Scott, M., Degouffe, M., Garbutt, D. & Drost, M. (1995) A

comparison of  drug concentrations in postmortem cardiac
and peripheral blood in 320 cases. Canadian Society of  Forensic
Science Journal, 28, 113–121.

Darke, S., Hall, W., Kaye, S., Ross, J. & Duflou, J. (2002) Hair
morphine concentrations of  fatal heroin overdose cases and
living heroin users. Addiction, 97, 977–984.

Drug Enforcement Administration (2001) Notice of  denial of
petition. Federal Register, 66, 20038–20052.

Druid, O. H. & Holmgren, P. (1997) A compilation of  fatal and
control concentrations of  drugs in postmortem femoral blood.
Journal of  Forensic Sciences, 42, 79–87.

Druid, O. H., Holmgren, P. & Ahlner, J. (2001) Fluntrazepam: an
evaluation of  use, abuse and toxicity. Forensic Science Interna-
tional, 122, 136–141.

Drummer, O. H., Opeskin, K., Syrjanen, M. & Cordner, S. M.
(1992) Methadone toxicity causing death in ten subjects
starting on a methadone maintenance program. American
Journal of  Forensic Medicine and Pathology, 13, 346–350.

http://www.ctlu.se


© 2004 Society for the Study of  Addiction Addiction, 99, 686–696

694 Robert S. Gable 

Eap, C. B., Buclin, T. & Baumann, P. (2002) Interindividual vari-
ability of  the clinical pharmacokinetics of  methadone: impli-
cations for the treatment of  opioid dependence. Clinical
Pharmacokinetics, 41, 1153–1193.

Ekwall, B. & Clemedson, C. (1997) Time-Related Lethal Blood Con-
centrations from Acute Human Poisoning of  Chemicals, Part 2.
Ethanol. Monograph no. 9 (1st internet edition). Stanga, Swe-
den: Uppsala Cytotoxicology Laboratory.

Ekwall, B., Wallum, E. & Bondesson, I. (1998) MEIC evaluation
of  acute systemic toxicity, Part V. ATLA (Alternatives to Labo-
ratory Animals), 26, 571–616.

Fischman, M. W. (1984) The behavioral pharmacology of
cocaine in humans. In: Grabowski, J., ed. Cocaine: Pharmacol-
ogy, Effects, and Treatment of  Abuse. NIDA Research Mono-
graph no. 50, pp. 72–89. Rockville, MD: National Institute on
Drug Abuse.

Fysh, R. R., Oon, M. C., Robinson, K. N., Smith, R. N., White, P.
C. & Whitehouse, M. J. (1985) A fatal poisoning with LSD.
Forensic Science International, 28, 109–113.

Gad, S. C. (2000) In Vitro Toxicology, 2nd edn. New York: Taylor
& Francis.

Gad, S. C. & Chengelis, C. P. (1998) Acute Toxicology Testing. San
Diego, CA: Academic Press.

Gangolli, S., ed. (1999) Dictionary of  Substances and Their Effects,
2nd edn. Cambridge, UK: Royal Society of  Chemistry.

Garcia-Repetto, R., Moreno, E., Soriano, T., Jurado, C., Gimenes,
M. P. & Menendez, M. (2003) Tissue concentrations of  MDMA
and its metabolite MDA in three fatal cases of  overdose. Foren-
sic Science International, 135, 110–114.

Garriott, J. & Petty, C. S. (1980) Death from inhalant abuse: tox-
icological and pathological evaluation of  34 cases. Clinical
Toxicology, 16, 305–315.

Gartz, J., Samorini, G. & Festi, F. (1996) On the presumed French
case of  fatality caused by ingestion of  Liberty Caps. Eleusis:
Journal of  Psychoactive Plants and Compounds, 6, 40–51.

Gelpke, R. (1981) On travels in the universe of  the soul: reports
on self-experiments with delysid (LSD) and psilocybin (CY).
Journal of  Psychoactive Drugs, 13, 81–89.

Gerault, A. & Picart, D. (1996) Fatal poisoning after a group of
people voluntarily consumed hallucinogenic mushrooms. Le
Bulletin de la Societe Mycologique de France, 112, 1–14.

Gillin, J. C., Tinklenberg, J., Stoff, D. M., Stillman, R.,
Shortlidge, J. S. & Wyatt, R. J. (1976) 5-methoxy-N,N-
dimethyltyrptamine: behavioral and toxicological effects in
animals. Biological Psychiatry, 11, 355–358.

Goeringer, K. E., Raymon, L., Christian, G. D. & Logan, B. K.
(2000) Postmortem forensic toxicology of  selective serotonin
reuptake inhibitors: a review of  pharmacology and report of
168 cases. Forensic Sciences, 45, 633–648.

Goldberger, B. A., Cone, E. J., Grant, T. M., Caplan, Y. H., Levine,
B. S. & Smialek, J. E. (1994) Disposition of  heroin and its
metabolites in heroin-related deaths. Journal of  Analytical Tox-
icology, 18, 24–28.

Gomita, Y., Kaataoka, Y., Ichimaru, Y. & Ueki, S. (1983) Meth-
amphetamine mortality to emotional stimuli administered in
the form of  affective communication. Life Sciences, 32, 941–
947.

Green, S. M., Clark, R., Hostetler, M. A., Cohen, M., Carlson, D. &
Rothrock, S. G. (1999) Inadvertent ketamine overdose: clini-
cal manifestations and outcome. Annuals of  Emergency Medi-
cine, 34, 492–497.

Griggs, E. A. & Ward, M. (1977) LSD toxicity: a suspected cause
of  death. Kentucky Medical Journal, 75, 172–173.

Hardman, J. G., Limbird, L. E. & Gilman, A. G. eds (2001) Good-

man and Gilman’s The Pharmacological Basis of  Therapeutics,
10th edn. New York: McGraw-Hill.

Harrison, N., Mendelson, W. B. & de Wit, H. (1995) Barbitu-
rates. In: Bloom, F.E. & Kupfer, J.D., eds. Psychopharmacology:
the Fourth Generation of  Progress, Chapter 169, np. New York:
Raven  Press,  retrieved  3  February  2004.  Available  at:
http://www.acnp.org/citations/GN401000173.

Hart, C. L., Ward, A. S., Haney, M., Foltin, R. W. & Fischman,
M. W. (2001) Methamphetamine self-administration by
humans. Psychopharmacology (Berlin), 157, 75–81.

Heffter Review of  Psychedelic Research (1998/2001) Volumes 1 &
2. Santa Fe, NM: Heffter Research Institute.

Henry, J. L., Epley, L. & Rohrig, T. (2003) The analysis and dis-
tribution of  mescaline in postmortem tissues. Journal of  Ana-
lytical Toxicology, 27, 381–382.

Hetem, L. A., Danion, J. M., Diemunsch, P. & Brandt, C. (2000)
Effect of  a subanesthetic dose of  ketamine on memory and
conscious awareness in healthy volunteers. Psychopharmacol-
ogy (Berlin), 152, 283–288.

Heyndrickx, A., Scheiris, C. & Schepens, P. (1969) Toxicological
study of  a fatal intoxication by man due to cannabis smoking.
Journal de Pharmacie de Belgique, 24, 271–376.

Horne, D. K., Waterman, M. R., Simon, V. M., Garriott, J. C. &
Foerster, E. H. (1979) Methemoglobinemia from sniffing butyl
nitrite. Annals of  International Medicine, 91, 417–418.

Hornfeldt, C. S., Lothridge, K. & Upshaw-Downs, J. C. (2002)
Forensic science update: gamma-hydroxybutyrate (GHB).
Forensic Science Communications, 4, np. Washington, DC: FBI.
Retreived 10 May 2003. Available at: http://fbi.gov/hg/fsc/
backissu/jan2002/hornfelt.htm.

Interagency Coordinating Committee on the Validation of  Alter-
native Methods (2002) The Revised Up-and-Down Procedure: a
Test Method for Determining the Acute Oral Toxicity of  Chemicals
and Products. NIH publication no. 02–4501. Bethesda, MD:
National Toxicology Program.

Jasinski, D. R. & Henningfield, J. E. (1989) Human abuse liability
assessment by measurement of  subjective and physiological
effects. In: Fischman, M. W. & Mello, N. K., eds. Testing for
Abuse Liability of  Drugs in Humans, pp. 73–100. NIDA
Research Monograph no. 95. Rockville, MD: National Insti-
tute on Drug Abuse.

Javaid, J. I., Musa, M. N., Fischman, M., Schuster, C. R. & Davis,
J. M. (1983) Kinetics of  cocaine in humans after intravenous
and intranasal administration. Biopharmaceutics and Drug Dis-
position, 4, 9–18.

Jones, A. W. & Holmgren, P. (2003) Comparison of  blood–
ethanol concentrations in deaths attributed to acute alcohol
poisoning and chronic alcoholism. Journal of  Forensic Sciences,
48, 874–879.

Julien, R. M. (2001) A Primer of  Drug Action: a Concise, Non-
technical Guide to the Action, Uses and Side Effects of  Psychoactive
Drugs, 9th edn. New York: W. H. Freedman.

Kalant, H. (2001) The pharmacology and toxicology of  ‘ecstasy’
(MDMA) and related drugs. Canadian Medical Association Jour-
nal, 165, 917–928.

Kalant, H., Corrigal, W. A., Hall, W. & Smart, R. G., eds (1999)
The Health Effects of  Cannabis. Toronto: Center for Addiction
and Mental Health.

Kalasinsky, K. S., Dixon, M. M., Schmunk, G. A. & Kish, S. J.
(2001) Blood, brain, and hair GHB concentrations following
fatal ingestion. Journal of  Forensic Sciences, 46, 728–730.

Kincaid, R. L., McMullin, M. M., Crookham, S. B. & Rieders, F.
(1990) Report of  a fluoxetine fatality. Journal of  Analytical Tox-
icology, 14, 327–329.

http://www.acnp.org/citations/GN401000173
http://fbi.gov/hg/fsc/


Comparison of  acute lethal toxicity 695

© 2004 Society for the Study of  Addiction Addiction, 99, 686–696

Klock, J. C., Boerner, U. & Becker, C. E. (1975) Coma, hyper-
thermia, and bleeding associated with massive LSD
overdose: a report of  eight cases. Clinical Toxicology, 8, 191–
203.

La Barre, J. (1959) The pharmacological properties and thera-
peutic uses of  dextromoramide. Bulletin on Narcotics, Issue 4,
np. Retrieved 10 May 2003. Available at: http://www.unodc/
unodc/bulletin/bulletin_1959-01-01-4.

Lange, R. A., Cigarroa, R. G., Yancy, C. W., Willard, J. E., Popma,
J. J., Sills, M. N., McBride, W., Kim, A. S. & Hillis, L. D. (1989)
Cocaine-induced coronary-artery vasoconstriction. New
England Journal of  Medicine, 321, 1557–1562.

Leikin, J. B. & Watson, W. A. (2003) Post-mortem toxicology:
what the dead can and cannot tell us. Journal of  Toxicology—
Clinical Toxicology, 41, 47–56.

Logan, B. K., Fligner, C. L. & Haddix, T. (1998) Cause and man-
ner of  death in fatalities involving methamphetamine. Journal
of  Forensic Sciences, 43, 28–34.

Marzuk, P. M., Tardiff, K., Leon, A. C., Hirsch, C. S., Portera,
L., Iqbal, M. I., Nock, M. K. & Hartwell, N. (1998) Ambient
temperature and mortality from unintentional cocaine over-
dose. Journal of  the American Medical Association, 279, 1795–
1800.

Mas, M., Farre, M., de la Torre, R., Roset, P. N., Ortuno, J. & Seg-
ura, J. (1999) Cardiovascular and neuroendocrine effects and
pharmacokinetics of  3,4-methylene-dioxymethamphetamine
in humans. Journal of  Pharmacology and Experimental Thera-
peutics, 290, 136–145.

Meissner, C., Recker, S., Reiter, A., Friedrich, H. J. & Oehmichen,
M. (2002) Fatal versus non-fatal heroin ‘overdose’: blood
morphine concentrations with fatal outcome in comparison
to those of  intoxicated drivers. Forensic Science International,
130, 49–54.

Metzer, W. S. (1989) The experimentation of  S. Weir Mitchell
with mescal. Neurology, 39, 303–304.

Mitchell, S. W. (1896) Remarks on the effects of  Anhalonium
lewinii (mescal button). BMJ, 2, 1625–1629.

Mittleman, R. E. & Wetli, C. V. (1984) Death caused by recre-
ational cocaine use: an update. Journal of  the American Medical
Association, 252, 1889–1893.

Moore, K. A., Kilbane, E. M., Jones, R., Kunsman, G. W., Levine,
L. & Smith, M. (1997) Tissue distribution of  ketamine in a
mixed drug fatality. Journal of  Forensic Sciences, 42, 1183–
1185.

National Addiction Centre (NAC) (2003) Dangerousness of  Drugs:
a Guide to the Risks and Harms Associated with Substance Abuse.
London: Department of  Health.

National Toxicology Program (1991) Material Safety Data Sheet
ID no. 001392. Phenobarbital. Research Triangle Park, NC:
NTP.

National Toxicology Program (2001) Guidance document on
using in vitro data to estimate in vivo starting doses for acute
toxicity. Publication no. 01–4500, Appendix A. Bethesda,
MD: National Institutes of  Health.

Neubert, D. (1999) Risk assessment and preventative hazard
minimization. In: Marquardt, H., Schafer, S. G., McClellan, R.
& Welsch, F., eds. Toxicology, pp. 1153–1186. San Diego, CA:
Academic Press.

National  Institute  on  Drug  Abuse  (NIDA)  (2003)  Fiscal
Year 2004 Budget Information. Available at: http://
www.drugabuse.gov/funding/budge04.html.

Nolte, K. B. & Zumwalt, R. E. (1999) Fatal peyote ingestion asso-
ciated with Mallory–Weiss lacerations. West Journal of  Medi-
cine, 170, 328.

Organization for Economic Co-operation and Development
(OECD) (2002) OECD Guidelines for the Testing of  Chemicals.
Paris: OECD.

Olewiler, N. & Dawson, K. (1998) Analysis of  national pollutant
release inventory data on toxic emissions by industry.  Working
paper, pp. 97–16. Ottawa: Department of  Finance.

Pounder, D. J. & Jones, G. R. (1990) Post-mortem drug
redistribution—a toxicological nightmare. Forensic Science
International, 45, 253–263.

Ramcharan, S., Meenhorst, P. L., Otten, J. M., Koks, C. H., de
Boer, D., Maes, R. A. & Beijnen, J. H. (1998) Survival after
massive ecstasy overdose. Clinical Toxicology, 36, 727–731.

Rammer, L., Holmgren, P. & Sandler, H. (1988) Fatal intoxica-
tion by dextromethorphan: a report on two cases. Forensic Sci-
ence International, 37, 233–236.

Rentsch, K. M., Kullak-Ublick, G. A., Reichel, C., Meier, P. J.
& Fattinger, K. (2001) Arterial and venous pharmacokinet-
ics of  intravenous heroin in subjects who are addicted to
narcotics. Clinical Pharmacology and Therapeutics, 70, 337–
346.

Repetto, M. R. & Repetto, M. (1997) Habitual, toxic and lethal
concentrations of  103 drugs of  abuse in humans. Clinical
Toxicology, 35, 1–9.

Resnick, R. B., Kestenbaum, R. S. & Schwartz, L. K. (1977)
Acute systemic effects of  cocaine in man: a controlled study
by intranasal and intravenous routes. Science, 195, 696–
698.

Robertson, M. D. & Drummer, O. H. (1998) Postmortem distri-
bution and redistribution of  nitrobenzodiazepines in man.
Journal of  Forensic Sciences, 43, 9–13.

Schuh, K. J., Schubiner, H. & Johanson, C.-E. (2000) Discrimi-
nation of  intranasal cocaine. Behavioral Pharmacology, 11,
511–515.

Schulz, M. & Schmoldt, A. (1997) Therapeutic and toxic blood
concentrations of  more than 500 drugs. Pharmazie, 52, 895–
911.

Seymour, A., Black, M., Jay, J., Cooper, G., Weir, C. & Oliver, J.
(2003) The role of  methadone in drug-related deaths in the
west of  Scotland. Addiction, 98, 995–1002.

Shulgin, A. & Shulgin, A. (1991) Pihkal: Phenethylamines I Have
Known and Loved—a Chemical Love Story. Berkeley, CA: Trans-
form Press.

Shulgin, A. & Shulgin, A. (1997) Tihkal: Tryptamines I Have
Known and Loved—the Chemistry Continues. Berkeley, CA:
Transform Press.

Smart, R. G. & Anglin, L. (1987) Do we know the lethal dose of
cocaine? Journal of  Forensic Sciences, 32, 297–303.

Stafford, P. (1992) Psychedelics Encyclopedia, 3rd edn. Berkeley,
CA: Ronin Publishing.

Strassman, R. (2001) DMT: the Spirit Molecule. Rochester, VT:
Park Street Press.

Tanaka, E. (2002) Toxicological interactions between alcohol
and benzodiazepines. Clinical Toxicology, 40, 69–75.

True, B.-L. & Dreisbach, R. H. (2002) Dreisbach’s Handbook of  Poi-
soning, 13th edn, p. 392. Boca Raton, FL: Parthenon/CRC
Publishing Group.

Tuncel, M., Wang, Z., Arbique, D., Fadel, P. J., Victor, R. G. &
Vongpatanasin, W. (2002) Mechanism of  the blood pressure-
raising effect of  cocaine in humans. Circulation, 105, 1054–
1059.

US Environmental Protection Agency (2001) Pesticide labeling
and other regulatory revisions. Federal Register, 65, 64759–
64768.

Van Dyke, C., Ungerer, J., Jatlow, P., Barash, P. & Byck, R. (1982)

http://www.unodc/
http://


© 2004 Society for the Study of  Addiction Addiction, 99, 686–696

696 Robert S. Gable 

Intranasal cocaine: dose relationships of  psychological effects
and plasma levels. International Journal of  Psychiatry and Med-
icine, 12, 1–13.

Viswanathan, C. T., Booker, H. E. & Welling, P. G. (1979)
Pharmacokinetics of  phenobarbital following single and
repeated doses. Journal of  Clinical Pharmacology, 19, 282–
289.

Wallace, M. E. & Squires, R. (2000) Fatal massive amphetamine
ingestion associated with hyperpyrexia. Journal of  the Ameri-
can Board of  Family Practice, 13, 302–304.

World Health Organization (WHO) (2002) World Health Report
2002. Geneva: WHO.

Whyte, I. M., Dawson, A. H. & Buckley, N. A. (2003) Relative
toxicity of  venlafaxin and selective serotonin reuptake

inhibitors in overdose compared to tricyclic antidepressants.
Quarterly Journal of  Medicine, 96, 369–374.

Winek, C. L., Wahba, W. W. & Rozin, L. (1995) Accidental death
by nitrous oxide. Forensic Science International, 73, 139–141.

Worm, K., Steentoft, A. & Kringsholm, B. (1993) Methadone
and drug addicts. International Journal of  Medicine, 106, 119–
123.

Yang, J. C., Clark, W. C., Dooley, J. C. & Mignogna, F. V. (1982)
Effect of  intranasal cocaine on experimental pain in man.
Anesthesia and Analgesia, 61, 358–361.

Yska, J. P., Essink, A. W. G., Bosch, F. H., Lankhaar, G. & van
Sorge, A. A. (2000) Phenobarbital: comparable oral bioavail-
ability from a solution in Myvacet 9–08, a suspension, and a
tablet. Pharmaceutical World Science, 22, 67–71.




