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Preface

Public opinion on the medical value of marijuana has been
sharply divided. Some dismiss medical marijuana as a
hoax that exploits our natural compassion for the sick; oth-
ers claim it is a uniquely soothing medicine that has been
withheld from patients through regulations based on false
claims. Proponents of both views cite “scientific evidence”
to support their views and have expressed those views at
the ballot box in recent state elections. In January 1997, the
White House Office of National Drug Control Policy

(ONDCP) asked the Institute of Medicine to conduct a review of the scien-
tific evidence to assess the potential health benefits and risks of marijuana
and its constituent cannabinoids. That review began in August 1997 and
culminates with this report.

The ONDCP request came in the wake of state “medical marijuana”
initiatives. In November 1996, voters in California and Arizona passed
referenda designed to permit the use of marijuana as medicine. Although
Arizona’s referendum was invalidated five months later, the referenda
galvanized a national response. In November 1998, voters in six states
(Alaska, Arizona, Colorado, Nevada, Oregon, and Washington) passed
ballot initiatives in support of medical marijuana. (The Colorado vote will
not count, however, because after the vote was taken a court ruling deter-
mined there had not been enough valid signatures to place the initiative
on the ballot.)

vii
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viii PREFACE

Information for this study was gathered through scientific workshops,
site visits to cannabis buyers’ clubs and HIV/AIDS clinics, analysis of the
relevant scientific literature, and extensive consultation with biomedical
and social scientists. The three 2-day workshops—in Irvine, California;
New Orleans, Louisiana; and Washington, D.C.—were open to the public
and included scientific presentations and individual reports, mostly from
patients and their families, about experiences with and perspectives on
the medical use of marijuana. Scientific experts in various fields were se-
lected to talk about the latest research on marijuana, cannabinoids, and
related topics. (Cannabinoids are drugs with actions similar to THC, the
primary psychoactive ingredient in marijuana.) In addition, advocates for
and against the medical use of marijuana were invited to present scien-
tific evidence in support of their positions. Finally, the Institute of Medi-
cine appointed a panel of nine experts to advise the study team on techni-
cal issues.

Public outreach included setting up a Web site that provided infor-
mation about the study and asked for input from the public. The Web site
was open for comment from November 1997 until November 1998. Some
130 organizations were invited to participate in the public workshops.
Many people in the organizations—particularly those opposed to the
medical use of marijuana—felt that a public forum was not conducive to
expressing their views; they were invited to communicate their opinions
(and reasons for holding them) by mail or telephone. As a result, roughly
equal numbers of persons and organizations opposed to and in favor of
the medical use of marijuana were heard from.

Advances in cannabinoid science over the past 16 years have given
rise to a wealth of new opportunities for the development of medically
useful cannabinoid-based drugs. The accumulated data suggest a variety
of indications, particularly for pain relief, antiemesis, and appetite stimu-
lation. For patients who suffer simultaneously from severe pain, nausea,
and appetite loss,  such as those with AIDS or who are undergoing che-
motherapy, cannabinoid drugs might offer broad-spectrum relief not
found in any other single medication.

Marijuana is not a completely benign substance. It is a powerful drug
with a variety of effects. However, the harmful effects to individuals from
the perspective of possible medical use of marijuana are not necessarily
the same as the harmful physical effects of drug abuse.

Although marijuana smoke delivers THC and other cannabinoids to
the body, it also delivers harmful substances, including most of those
found in tobacco smoke. In addition, plants contain a variable mixture of
biologically active compounds and cannot be expected to provide a pre-
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PREFACE ix

cisely defined drug effect. For those reasons, the report concludes that the
future of cannabinoid drugs lies not in smoked marijuana but in chemi-
cally defined drugs that act on the cannabinoid systems that are a natural
component of human physiology. Until such drugs can be developed and
made available for medical use, the report recommends interim solutions.

John A. Benson, Jr.
Stanley J. Watson, Jr.
Co-Principal Investigators
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EXECUTIVE SUMMARY 1

1

Executive Summary

Public opinion on the medical value of marijuana has been
sharply divided. Some dismiss medical marijuana as a
hoax that exploits our natural compassion for the sick; oth-
ers claim it is a uniquely soothing medicine that has been
withheld from patients through regulations based on false
claims. Proponents of both views cite “scientific evidence”
to support their views and have expressed those views at
the ballot box in recent state elections. In January 1997, the
White House Office of National Drug Control Policy

(ONDCP) asked the Institute of Medicine (IOM) to conduct a review of
the scientific evidence to assess the potential health benefits and risks of
marijuana and its constituent cannabinoids (see the Statement of Task on
page 9). That review began in August 1997 and culminates with this re-
port.

The ONDCP request came in the wake of state “medical marijuana”
initiatives. In November 1996, voters in California and Arizona passed
referenda designed to permit the use of marijuana as medicine. Although
Arizona’s referendum was invalidated five months later, the referenda
galvanized a national response. In November 1998, voters in six states
(Alaska, Arizona, Colorado, Nevada, Oregon, and Washington) passed
ballot initiatives in support of medical marijuana. (The Colorado vote will
not count, however, because after the vote was taken a court ruling deter-
mined there had not been enough valid signatures to place the initiative
on the ballot.)

Can marijuana relieve health problems? Is it safe for medical use?
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2 MARIJUANA AND MEDICINE

Those straightforward questions are embedded in a web of social con-
cerns, most of which lie outside the scope of this report. Controversies
concerning the nonmedical use of marijuana spill over into the medical
marijuana debate and obscure the real state of scientific knowledge. In
contrast with the many disagreements bearing on social issues, the study
team found substantial consensus among experts in the relevant disci-
plines on the scientific evidence about potential medical uses of marijuana.

This report summarizes and analyzes what is known about the medi-
cal use of marijuana; it emphasizes evidence-based medicine (derived
from knowledge and experience informed by rigorous scientific analysis),
as opposed to belief-based medicine (derived from judgment, intuition,
and beliefs untested by rigorous science).

Throughout this report, marijuana refers to unpurified plant sub-
stances, including leaves or flower tops whether consumed by ingestion
or smoking. References to the “effects of marijuana” should be under-
stood to include the composite effects of its various components; that is,
the effects of tetrahydrocannabinol (THC), which is the primary psycho-
active ingredient in marijuana, are included among its effects, but not all
the effects of marijuana are necessarily due to THC. Cannabinoids are the
group of compounds related to THC, whether found in the marijuana
plant, in animals, or synthesized in chemistry laboratories.

Three focal concerns in evaluating the medical use of marijuana are:

1. Evaluation of the effects of isolated cannabinoids;
2. Evaluation of the risks associated with the medical use of mari-

juana; and
3. Evaluation of the use of smoked marijuana.

EFFECTS OF ISOLATED CANNABINOIDS

Cannabinoid Biology

Much has been learned since the 1982 IOM report Marijuana and
Health. Although it was clear then that most of the effects of marijuana
were due to its actions on the brain, there was little information about
how THC acted on brain cells (neurons), which cells were affected by
THC, or even what general areas of the brain were most affected by THC.
In addition, too little was known about cannabinoid physiology to offer
any scientific insights into the harmful or therapeutic effects of marijuana.
That all changed with the identification and characterization of cannab-
inoid receptors in the 1980s and 1990s. During the past 16 years, science
has advanced greatly and can tell us much more about the potential medi-
cal benefits of cannabinoids.
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EXECUTIVE SUMMARY 3

CONCLUSION: At this point, our knowledge about the biology of
marijuana and cannabinoids allows us to make some general con-
clusions:

• Cannabinoids likely have a natural role in pain modulation,
control of movement, and memory.

• The natural role of cannabinoids in immune systems is likely
multi-faceted and remains unclear.

• The brain develops tolerance to cannabinoids.
• Animal research demonstrates the potential for dependence,

but this potential is observed under a narrower range of condi-
tions than with benzodiazepines, opiates, cocaine, or nicotine.

• Withdrawal symptoms can be observed in animals but appear
to be mild compared to opiates or benzodiazepines, such as
diazepam (Valium).

CONCLUSION: The different cannabinoid receptor types found in
the body appear to play different roles in normal human physiol-
ogy. In addition, some effects of cannabinoids appear to be inde-
pendent of those receptors. The variety of mechanisms through
which cannabinoids can influence human physiology underlies
the variety of potential therapeutic uses for drugs that might act
selectively on different cannabinoid systems.

RECOMMENDATION 1: Research should continue into the physi-
ological effects of synthetic and plant-derived cannabinoids and
the natural function of cannabinoids found in the body. Because
different cannabinoids appear to have different effects, cannab-
inoid research should include, but not be restricted to, effects
attributable to THC alone.

Efficacy of Cannabinoid Drugs

The accumulated data indicate a potential therapeutic value for can-
nabinoid drugs, particularly for symptoms such as pain relief, control of
nausea and vomiting, and appetite stimulation. The therapeutic effects of
cannabinoids are best established for THC, which is generally one of the
two most abundant of the cannabinoids in marijuana. (Cannabidiol is gen-
erally the other most abundant cannabinoid.)

The effects of cannabinoids on the symptoms studied are generally
modest, and in most cases there are more effective medications. However,
people vary in their responses to medications, and there will likely al-
ways be a subpopulation of patients who do not respond well to other
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4 MARIJUANA AND MEDICINE

medications. The combination of cannabinoid drug effects (anxiety reduc-
tion, appetite stimulation, nausea reduction, and pain relief) suggests that
cannabinoids would be moderately well suited for particular conditions,
such as chemotherapy-induced nausea and vomiting and AIDS wasting.

Defined substances, such as purified cannabinoid compounds, are
preferable to plant products, which are of variable and uncertain compo-
sition. Use of defined cannabinoids permits a more precise evaluation of
their effects, whether in combination or alone. Medications that can maxi-
mize the desired effects of cannabinoids and minimize the undesired ef-
fects can very likely be identified.

Although most scientists who study cannabinoids agree that the path-
ways to cannabinoid drug development are clearly marked, there is no
guarantee that the fruits of scientific research will be made available to
the public for medical use. Cannabinoid-based drugs will only become
available if public investment in cannabinoid drug research is sustained
and if there is enough incentive for private enterprise to develop and
market such drugs.

CONCLUSION: Scientific data indicate the potential therapeutic
value of cannabinoid drugs, primarily THC, for pain relief, con-
trol of nausea and vomiting, and appetite stimulation; smoked
marijuana, however, is a crude THC delivery system that also
delivers harmful substances.

RECOMMENDATION 2: Clinical trials of cannabinoid drugs for
symptom management should be conducted with the goal of
developing rapid-onset, reliable, and safe delivery systems.

Influence of Psychological Effects on Therapeutic Effects

The psychological effects of THC and similar cannabinoids pose three
issues for the therapeutic use of cannabinoid drugs. First, for some
patients—particularly older patients with no previous marijuana experi-
ence—the psychological effects are disturbing. Those patients report ex-
periencing unpleasant feelings and disorientation after being treated with
THC, generally more severe for oral THC than for smoked marijuana.
Second, for conditions such as movement disorders or nausea, in which
anxiety exacerbates the symptoms, the antianxiety effects of cannabinoid
drugs can influence symptoms indirectly. This can be beneficial or can
create false impressions of the drug effect. Third, for cases in which symp-
toms are multifaceted, the combination of THC effects might provide a
form of adjunctive therapy; for example, AIDS wasting patients would
likely benefit from a medication that simultaneously reduces anxiety,
pain, and nausea while stimulating appetite.
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CONCLUSION: The psychological effects of cannabinoids, such as
anxiety reduction, sedation, and euphoria can influence their po-
tential therapeutic value. Those effects are potentially undesir-
able for certain patients and situations and beneficial for others.
In addition, psychological effects can complicate the interpreta-
tion of other aspects of the drug’s effect.

RECOMMENDATION 3: Psychological effects of cannabinoids such
as anxiety reduction and sedation, which can influence medical
benefits, should be evaluated in clinical trials.

RISKS ASSOCIATED WITH MEDICAL USE OF MARIJUANA

Physiological Risks

Marijuana is not a completely benign substance. It is a powerful drug
with a variety of effects. However, except for the harms associated with
smoking, the adverse effects of marijuana use are within the range of ef-
fects tolerated for other medications. The harmful effects to individuals
from the perspective of possible medical use of marijuana are not neces-
sarily the same as the harmful physical effects of drug abuse. When inter-
preting studies purporting to show the harmful effects of marijuana, it is
important to keep in mind that the majority of those studies are based on
smoked marijuana, and cannabinoid effects cannot be separated from the
effects of inhaling smoke from burning plant material and contaminants.

For most people the primary adverse effect of acute marijuana use is
diminished psychomotor performance. It is, therefore, inadvisable to op-
erate any vehicle or potentially dangerous equipment while under the
influence of marijuana, THC, or any cannabinoid drug with comparable
effects. In addition, a minority of marijuana users experience dysphoria,
or unpleasant feelings. Finally, the short-term immunosuppressive effects
are not well established but, if they exist, are not likely great enough to
preclude a legitimate medical use.

The chronic effects of marijuana are of greater concern for medical use
and fall into two categories: the effects of chronic smoking and the effects
of THC. Marijuana smoking is associated with abnormalities of cells lin-
ing the human respiratory tract. Marijuana smoke, like tobacco smoke, is
associated with increased risk of cancer, lung damage, and poor preg-
nancy outcomes. Although cellular, genetic, and human studies all sug-
gest that marijuana smoke is an important risk factor for the development
of respiratory cancer, proof that habitual marijuana smoking does or does
not cause cancer awaits the results of well-designed studies.
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CONCLUSION: Numerous studies suggest that marijuana smoke is
an important risk factor in the development of respiratory dis-
ease.

RECOMMENDATION 4: Studies to define the individual health risks
of smoking marijuana should be conducted, particularly among
populations in which marijuana use is prevalent.

Marijuana Dependence and Withdrawal

A second concern associated with chronic marijuana use is depen-
dence on the psychoactive effects of THC. Although few marijuana users
develop dependence, some do. Risk factors for marijuana dependence are
similar to those for other forms of substance abuse. In particular, anti-
social personality and conduct disorders are closely associated with sub-
stance abuse.

CONCLUSION: A distinctive marijuana withdrawal syndrome has
been identified, but it is mild and short lived. The syndrome in-
cludes restlessness, irritability, mild agitation, insomnia, sleep dis-
turbance, nausea, and cramping.

Marijuana as a “Gateway” Drug

Patterns in progression of drug use from adolescence to adulthood
are strikingly regular. Because it is the most widely used illicit drug, mari-
juana is predictably the first illicit drug most people encounter. Not sur-
prisingly, most users of other illicit drugs have used marijuana first. In
fact, most drug users begin with alcohol and nicotine before marijuana—
usually before they are of legal age.

In the sense that marijuana use typically precedes rather than follows
initiation of other illicit drug use, it is indeed a “gateway” drug. But be-
cause underage smoking and alcohol use typically precede marijuana use,
marijuana is not the most common, and is rarely the first, “gateway” to
illicit drug use. There is no conclusive evidence that the drug effects of
marijuana are causally linked to the subsequent abuse of other illicit
drugs. An important caution is that data on drug use progression cannot
be assumed to apply to the use of drugs for medical purposes. It does not
follow from those data that if marijuana were available by prescription
for medical use, the pattern of drug use would remain the same as seen in
illicit use.

Finally, there is a broad social concern that sanctioning the medical
use of marijuana might increase its use among the general population. At
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this point there are no convincing data to support this concern. The exist-
ing data are consistent with the idea that this would not be a problem if
the medical use of marijuana were as closely regulated as other medica-
tions with abuse potential.

CONCLUSION: Present data on drug use progression neither sup-
port nor refute the suggestion that medical availability would in-
crease drug abuse. However, this question is beyond the issues
normally considered for medical uses of drugs and should not be
a factor in evaluating the therapeutic potential of marijuana or
cannabinoids.

USE OF SMOKED MARIJUANA

Because of the health risks associated with smoking, smoked mari-
juana should generally not be recommended for long-term medical use.
Nonetheless, for certain patients, such as the terminally ill or those with
debilitating symptoms, the long-term risks are not of great concern. Fur-
ther, despite the legal, social, and health problems associated with smok-
ing marijuana, it is widely used by certain patient groups.

RECOMMENDATION 5: Clinical trials of marijuana use for medical
purposes should be conducted under the following limited cir-
cumstances: trials should involve only short-term marijuana use
(less than six months), should be conducted in patients with
conditions for which there is reasonable expectation of efficacy,
should be approved by institutional review boards, and should
collect data about efficacy.

The goal of clinical trials of smoked marijuana would not be to de-
velop marijuana as a licensed drug but rather to serve as a first step to-
ward the possible development of nonsmoked rapid-onset cannabinoid
delivery systems. However, it will likely be many years before a safe and
effective cannabinoid delivery system, such as an inhaler, is available for
patients. In the meantime there are patients with debilitating symptoms
for whom smoked marijuana might provide relief. The use of smoked
marijuana for those patients should weigh both the expected efficacy of
marijuana and ethical issues in patient care, including providing informa-
tion about the known and suspected risks of smoked marijuana use.

RECOMMENDATION 6: Short-term use of smoked marijuana (less
than six months) for patients with debilitating symptoms (such
as intractable pain or vomiting) must meet the following condi-
tions:
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8 MARIJUANA AND MEDICINE

• failure of all approved medications to provide relief has
been documented,

• the symptoms can reasonably be expected to be relieved
by rapid-onset cannabinoid drugs,

• such treatment is administered under medical supervision
in a manner that allows for assessment of treatment effec-
tiveness, and

• involves an oversight strategy comparable to an institu-
tional review board process that could provide guidance
within 24 hours of a submission by a physician to provide
marijuana to a patient for a specified use.

Until a nonsmoked rapid-onset cannabinoid drug delivery system
becomes available, we acknowledge that there is no clear alternative for
people suffering from chronic conditions that might be relieved by smok-
ing marijuana, such as pain or AIDS wasting. One possible approach is to
treat patients as n-of-1 clinical trials (single-patient trials), in which pa-
tients are fully informed of their status as experimental subjects using a
harmful drug delivery system and in which their condition is closely
monitored and documented under medical supervision, thereby increas-
ing the knowledge base of the risks and benefits of marijuana use under
such conditions.
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STATEMENT OF TASK

The study will assess what is currently known and not known about the
medical use of marijuana. It will include a review of the science base re-
garding the mechanism of action of marijuana, an examination of the peer-
reviewed scientific literature on the efficacy of therapeutic uses of mari-
juana, and the costs of using various forms of marijuana versus approved
drugs for specific medical conditions (e.g., glaucoma, multiple sclerosis,
wasting diseases, nausea, and pain).

The study will also include an evaluation of the acute and chronic ef-
fects of marijuana on health and behavior; a consideration of the adverse
effects of marijuana use compared with approved drugs; an evaluation of
the efficacy of different delivery systems for marijuana (e.g., inhalation vs.
oral); an analysis of the data concerning marijuana as a gateway drug; and
an examination of the possible differences in the effects of marijuana due
to age and type of medical condition.

Specific Issues

Specific issues to be addressed fall under three broad categories: sci-
ence base, therapeutic use, and economics.

Science Base

• Review of the neuroscience related to marijuana, particularly the
relevance of new studies on addiction and craving

• Review of the behavioral and social science base of marijuana use,
particularly an assessment of the relative risk of progression to other drugs
following marijuana use

• Review of the literature determining which chemical components of
crude marijuana are responsible for possible therapeutic effects and for
side effects

Therapeutic Use

• Evaluation of any conclusions on the medical use of marijuana drawn
by other groups

• Efficacy and side effects of various delivery systems for marijuana
compared to existing medications for glaucoma, wasting syndrome, pain,
nausea, or other symptoms

• Differential effects of various forms of marijuana that relate to age or
type of disease

Economics

• Costs of various forms of marijuana compared with costs of existing
medications for glaucoma, wasting syndrome, pain, nausea, or other symp-
toms

• Assessment of differences between marijuana and existing medica-
tions in terms of access and availability
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RECOMMENDATIONS

RECOMMENDATION 1: Research should continue into the physiological ef-
fects of synthetic and plant-derived cannabinoids and the natural func-
tion of cannabinoids found in the body. Because different cannabinoids
appear to have different effects, cannabinoid research should include, but
not be restricted to, effects attributable to THC alone.

Scientific data indicate the potential therapeutic value of cannabinoid
drugs for pain relief, control of nausea and vomiting, and appetite stimula-
tion. This value would be enhanced by a rapid onset of drug effect.

RECOMMENDATION 2: Clinical trials of cannabinoid drugs for symptom man-
agement should be conducted with the goal of developing rapid-onset,
reliable, and safe delivery systems.

The psychological effects of cannabinoids are probably important de-
terminants of their potential therapeutic value. They can influence symp-
toms indirectly which could create false impressions of the drug effect or
be beneficial as a form of adjunctive therapy.

RECOMMENDATION 3: Psychological effects of cannabinoids such as anxiety
reduction and sedation, which can influence medical benefits, should be
evaluated in clinical trials.

Numerous studies suggest that marijuana smoke is an important risk
factor in the development of respiratory diseases, but the data that could
conclusively establish or refute this suspected link have not been collected.

RECOMMENDATION 4: Studies to define the individual health risks of smoking
marijuana should be conducted, particularly among populations in which
marijuana use is prevalent.

Because marijuana is a crude THC delivery system that also delivers
harmful substances, smoked marijuana should generally not be recom-
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mended for medical use. Nonetheless, marijuana is widely used by certain
patient groups, which raises both safety and efficacy issues.

RECOMMENDATION 5: Clinical trials of marijuana use for medical purposes
should be conducted under the following limited circumstances: trials
should involve only short-term marijuana use (less than six months),
should be conducted in patients with conditions for which there is rea-
sonable expectation of efficacy, should be approved by institutional re-
view boards, and should collect data about efficacy.

If there is any future for marijuana as a medicine, it lies in its isolated
components, the cannabinoids and their synthetic derivatives. Isolated can-
nabinoids will provide more reliable effects than crude plant mixtures.
Therefore, the purpose of clinical trials of smoked marijuana would not be
to develop marijuana as a licensed drug but rather to serve as a first step
toward the development of nonsmoked rapid-onset cannabinoid delivery
systems.

RECOMMENDATION 6: Short-term use of smoked marijuana (less than six
months) for patients with debilitating symptoms (such as intractable pain
or vomiting) must meet the following conditions:

• failure of all approved medications to provide relief has been docu-
mented,

• the symptoms can reasonably be expected to be relieved by rapid-
onset cannabinoid drugs,

• such treatment is administered under medical supervision in a man-
ner that allows for assessment of treatment effectiveness, and

• involves an oversight strategy comparable to an institutional review
board process that could provide guidance within 24 hours of a
submission by a physician to provide marijuana to a patient for a
specified use.
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1

Introduction

This report summarizes and analyzes what is known
about the medical use of marijuana; it emphasizes evi-
dence-based medicine (derived from knowledge and ex-
perience informed by rigorous scientific analysis), as op-
posed to belief-based medicine (derived from judgment,
intuition, and beliefs untested by rigorous science).

Scientific data on controversial subjects are commonly
misinterpreted, overinterpreted, and misrepresented, and
the medical marijuana debate is no exception. We have

tried to present the scientific studies in such a way as to reveal their
strengths and limitations. One of the goals of this report is to help people
to understand the scientific data, including the logic behind the scientific
conclusions, so it goes into greater detail than previous reports on the
subject. In many cases, we have explained why particular studies are in-
conclusive and what sort of evidence is needed to support particular
claims about the harms or benefits attributed to marijuana. Ideally, this
report will enable the thoughtful reader to interpret new information
about marijuana that will continue to emerge rapidly well after this report
is published.

Can marijuana relieve health problems? Is it safe for medical use?
Those straightforward questions are embedded in a web of social con-
cerns, which lie outside the scope of this report. Controversies concerning
nonmedical use of marijuana spill over onto the medical marijuana de-
bate and tend to obscure the real state of scientific knowledge. In contrast
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14 MARIJUANA AND MEDICINE

with the many disagreements bearing on the social issues, the study team
found substantial consensus, among experts in the relevant disciplines,
on the scientific evidence bearing on potential medical use. This report
analyzes science, not the law. As in any policy debate, the value of scien-
tific analysis is that it can provide a foundation for further discussion.
Distilling scientific evidence does not in itself solve a policy problem.
What it can do is illuminate the common ground, bringing to light funda-
mental differences out of the shadows of misunderstanding and misinfor-
mation that currently prevail. Scientific analysis cannot be the end of the
debate, but it should at least provide the basis for an honest and informed
discussion.

Our analysis of the evidence and arguments concerning the medical
use of marijuana focuses on the strength of the supporting evidence and
does not refer to the motivations of people who put forth the evidence
and arguments. That is, it is not relevant to scientific validity whether an
argument is put forth by someone who believes that all marijuana use
should be legal or by someone who believes that any marijuana use is
highly damaging to individual users and to society as a whole. Nor does
this report comment on the degree to which scientific analysis is compat-
ible with current regulatory policy. Although many have argued that cur-
rent drug laws pertaining to marijuana are inconsistent with scientific
data, it is important to understand that decisions about drug regulation
are based on a variety of moral and social considerations, as well as on
medical and scientific ones.

Even when a drug is used only for medical purposes, value judg-
ments affect policy decisions concerning its medical use. For example, the
magnitude of a drug’s expected medical benefit affects regulatory judg-
ments about the acceptability of risks associated with its use. Also, al-
though a drug is normally approved for medical use only on proof of its
“safety and efficacy,” patients with life-threatening conditions are some-
times (under protocols for “compassionate use”) allowed access to unap-
proved drugs whose benefits and risks are uncertain. Value judgments
play an even more substantial role in regulatory decisions concerning
drugs, such as marijuana, that are sought and used for nonmedical pur-
poses. Then policymakers must take into account not only the risks and
benefits associated with medical use but also possible interactions be-
tween the regulatory arrangements governing medical use and the integ-
rity of the legal controls set up to restrict nonmedical use.

It should be clear that many elements of drug control policy lie out-
side the realm of biology and medicine. Ultimately, the complex moral
and social judgments that underlie drug control policy must be made by
the American people and their elected officials. A goal of this report is to
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evaluate the biological and medical factors that should be taken into ac-
count in making those judgments.

HOW THIS STUDY WAS CONDUCTED

Information was gathered through scientific workshops, site visits,
analysis of the relevant scientific literature, and extensive consultation
with biomedical and social scientists. The three 2-day workshops—in
Irvine, California; New Orleans, Louisiana; and Washington, D.C.—were
open to the public and included scientific presentations and reports,
mostly from patients and their families, about their experiences with and
perspectives on the medical use of marijuana. Scientific experts in various
fields were selected to talk about the latest research on marijuana, cannab-
inoids, and related topics (listed in Appendix B). Selection of the experts
was based on recommendations by their peers, who ranked them among
the most accomplished scientists and the most knowledgeable about mari-
juana and cannabinoids in their own fields. In addition, advocates for
(John Morgan) and against (Eric A. Voth) the medical use of marijuana
were invited to present scientific evidence in support of their positions.

Information presented at the scientific workshops was supplemented
by analysis of the scientific literature and evaluating the methods used in
various studies and the validity of the authors’ conclusions. Different
kinds of clinical studies are useful in different ways: results of a controlled
double-blind study with adequate sample sizes can be expected to apply
to the general population from which study subjects were drawn; an iso-
lated case report can suggest further studies but cannot be presumed to
be broadly applicable; and survey data can be highly informative but are
generally limited by the need to rely on self-reports of drug use and on
unconfirmed medical diagnoses. This report relies mainly on the most
relevant and methodologically rigorous studies available and treats the
results of more limited studies cautiously. In addition, study results are
presented in such a way as to allow thoughtful readers to judge the re-
sults themselves.

The Institute of Medicine (IOM) appointed a panel of nine experts to
advise the study team on technical issues. These included neurology and
the treatment of pain (Howard Fields); regulation of prescription drugs (J.
Richard Crout); AIDS wasting and clinical trials (Judith Feinberg); treat-
ment and pathology of multiple sclerosis (Timothy Vollmer); drug depen-
dence among adolescents (Thomas Crowley); varieties of drug depen-
dence (Dorothy Hatsukami); internal medicine, health care delivery, and
clinical epidemiology (Eric B. Larson); cannabinoids and marijuana phar-
macology (Billy R. Martin); and cannabinoid neuroscience (Steven R.
Childers).
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Public outreach included setting up a Web site that provided infor-
mation about the study and asked for input from the public. The Web site
was open for comment from November 1997 until November 1998. Some
130 organizations were invited to participate in the public workshops.
Many people in the organizations—particularly those opposed to the
medical use of marijuana—felt that a public forum was not conducive to
expressing their views; they were invited to communicate their opinions
(and reasons for holding them) by mail or telephone. As a result, roughly
equal numbers of persons and organizations opposed to and in favor of
the medical use of marijuana were heard from.

The study team visited four cannabis buyers’ clubs in California (the
Oakland Cannabis Buyers’ Cooperative, the San Francisco Cannabis Cul-
tivators Club, the Los Angeles Cannabis Resource Center, and Califor-
nians Helping Alleviate Medical Problems, or CHAMPS) and two HIV/
AIDS clinics (AIDS Health Care Foundation in Los Angeles and Louisi-
ana State University Medical Center in New Orleans). We listened to many
individual stories from the buyers’ clubs about using marijuana to treat a
variety of symptoms and heard clinical observations on the use of Marinol
to treat AIDS patients. Marinol is the brand name for dronabinol, which is
∆9-tetrahydrocannabinol (THC) in pill form and is available by prescrip-
tion for the treatment of nausea associated with chemotherapy and AIDS
wasting.

MARIJUANA TODAY

The Changing Legal Landscape

In the 20th century, marijuana has been used more for its euphoric
effects than as a medicine. Its psychological and behavioral effects have
concerned public officials since the drug first appeared in the southwest-
ern and southern states during the first two decades of the century. By
1931, at least 29 states had prohibited use of the drug for nonmedical pur-
poses.3 Marijuana was first regulated at the federal level by the Marijuana
Tax Act of 1937, which required anyone producing, distributing, or using
marijuana for medical purposes to register and pay a tax and which effec-
tively prohibited nonmedical use of the drug. Although the act did not
make medical use of marijuana illegal, it did make it expensive and incon-
venient. In 1942, marijuana was removed from the U.S. Pharmacopoeia
because it was believed to be a harmful and addictive drug that caused
psychoses, mental deterioration, and violent behavior.

In the late 1960s and early 1970s, there was a sharp increase in mari-
juana use among adolescents and young adults. The current legal status
of marijuana was established in 1970 with the passage of the Controlled
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Substances Act, which divided drugs into five schedules and placed mari-
juana in Schedule I, the category for drugs with high potential for abuse
and no accepted medical use (see Appendix C, Scheduling Definitions).
In 1972, the National Organization for the Reform of Marijuana Legisla-
tion (NORML), an organization that supports decriminalization of mari-
juana, unsuccessfully petitioned the Bureau of Narcotics and Dangerous
Drugs to move marijuana from Schedule I to Schedule II. NORML argued
that marijuana is therapeutic in numerous serious ailments, less toxic, and
in many cases more effective than conventional medicines.13 Thus, for 25
years the medical marijuana movement has been closely linked with the
marijuana decriminalization movement, which has colored the debate.
Many people criticized that association in their letters to IOM and during
the public workshops of this study. The argument against the medical use

Medical Marijuana Legislation Among the States

The 1996 California referendum known as Proposition 215 allowed se-
riously ill Californians to obtain and use marijuana for medical purposes
without criminal prosecution or sanction. A physician’s recommendation
is needed. Under the law, physicians cannot be punished or denied any
right or privilege for recommending marijuana to patients who suffer from
any illness for which marijuana will provide relief.

The 1996 Arizona referendum known as Proposition 200 was largely
about prison reform but also gave physicians the option to prescribe con-
trolled substances, including those in Schedule I (e.g., marijuana), to treat
the disease or relieve the suffering of seriously or terminally ill patients.
Five months after the referendum was passed, it was stalled whenArizona
legislators voted that all prescription medications must be approved by the
Food and Drug Administration, and marijuana is not so approved. In No-
vember 1998, Arizona voters passed a second referendum designed to al-
low physician’s to prescribe marijuana as medicine, but this is still at odds
with federal law.8

As of summer 1998, eight states—California, Connecticut, Louisiana,
New Hampshire, Ohio, Vermont, Virginia, and Wisconsin—had laws that
permit physicians to prescribe marijuana for medical purposes or to allow
a medical necessity defense.8 In November 1998, five states—Arizona,
Alaska, Oregon, Nevada, and Washington—passed medical marijuana bal-
lot initiatives. The District of Columbia also voted on a medical marijuana
initiative, but was barred from counting the votes because an amendment
designed to prohibit them from doing so was added to the federal appro-
priations bill; however, exit polls suggested that a majority of voters had
approved the measure.
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of marijuana presented most often to the IOM study team was that “the
medical marijuana movement is a Trojan horse”; that is, it is a deceptive
tactic used by advocates of marijuana decriminalization who would ex-
ploit the public’s sympathy for seriously ill patients.

Since NORML’s petition in 1972, there have been a variety of legal
decisions concerning marijuana. From 1973 to 1978, 11 states adopted stat-
utes that decriminalized use of marijuana, although some of them
recriminalized marijuana use in the 1980s and 1990s. During the 1970s,
reports of the medical value of marijuana began to appear, particularly
claims that marijuana relieved the nausea associated with chemotherapy.
Health departments in six states conducted small studies to investigate
the reports. When the AIDS epidemic spread in the 1980s, patients found
that marijuana sometimes relieved their symptoms, most dramatically
those associated with AIDS wasting. Over this period a number of defen-
dants charged with unlawful possession of marijuana claimed that they
were using the drug to treat medical conditions and that violation of the
law was therefore justified (the so-called medical necessity defense). Al-
though most courts rejected these claims, some accepted them.8

Against that backdrop, voters in California and Arizona in 1996
passed two referenda that attempted to legalize the medical use of mari-
juana under particular conditions. Public support for patient access to
marijuana for medical use appears substantial; public opinion polls taken
during 1997 and 1998 generally reported 60–70 percent of respondents in
favor of allowing medical uses of marijuana.15  However, those referenda
are at odds with federal laws regulating marijuana, and their implemen-
tation raises complex legal questions.

Despite the current level of interest, referenda and public discussions
have not been well informed by carefully reasoned scientific debate. Al-
though previous reports have all called for more research, the nature of
the research that will be most helpful depends greatly on the specific
health conditions to be addressed. And while there have been important
recent advances in our understanding of the physiological effects of mari-
juana, few of the recent investigators have had the time or resources to
permit detailed analysis. The results of those advances, only now begin-
ning to be explored, have significant implications for the medical mari-
juana debate.

Several months after the passage of the California and Arizona medi-
cal marijuana referendums, the Office of National Drug Control Policy
(ONDCP) asked whether IOM would conduct a scientific review of the
medical value of marijuana and its constituent compounds. In August
1997, IOM formally began the study and appointed John A. Benson Jr.
and Stanley J. Watson Jr. to serve as principal investigators for the study.

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


INTRODUCTION 19

The charge to IOM was to review the medical use of marijuana and the
harms and benefits attributed to it (details are given in Appendix D).

MARIJUANA AND MEDICINE

Marijuana plants have been used since antiquity for both herbal medi-
cation and intoxication. The current debate over the medical use of mari-
juana is essentially a debate over the value of its medicinal properties
relative to the risk posed by its use.

Marijuana’s use as an herbal remedy before the 20th century is well
documented.1,10,11 However, modern medicine adheres to different stan-
dards from those used in the past. The question is not whether marijuana
can be used as an herbal remedy but rather how well this remedy meets
today’s standards of efficacy and safety. We understand much more than
previous generations about medical risks. Our society generally expects
its licensed medications to be safe, reliable, and of proven efficacy; con-
taminants and inconsistent ingredients in our health treatments are not
tolerated. That refers not only to prescription and over-the-counter drugs
but also to vitamin supplements and herbal remedies purchased at the
grocery store. For example, the essential amino acid l-tryptophan was
widely sold in health food stores as a natural remedy for insomnia until
early 1990 when it became linked to an epidemic of a new and potentially
fatal illness (eosinophilia-myalgia syndrome).9,12 When it was removed
from the market shortly thereafter, there was little protest, despite the fact
that it was safe for the vast majority of the population. The 1,536 cases and
27 deaths were later traced to contaminants in a batch produced by a
single Japanese manufacturer.

Although few herbal medicines meet today’s standards, they have
provided the foundation for modern Western pharmaceuticals. Most cur-
rent prescriptions have their roots either directly or indirectly in plant
remedies.7 At the same time, most current prescriptions are synthetic com-
pounds that are only distantly related to the natural compounds that led
to their development. Digitalis was discovered in foxglove, morphine in
poppies, and taxol in the yew tree. Even aspirin (acetylsalicylic acid) has
its counterpart in herbal medicine: for many generations, American Indi-
ans relieved headaches by chewing the bark of the willow tree, which is
rich in a related form of salicylic acid.

Although plants continue to be valuable resources for medical ad-
vances, drug development is likely to be less and less reliant on plants
and more reliant on the tools of modern science. Molecular biology,
bioinformatics software, and DNA array-based analyses of genes and
chemistry are all beginning to yield great advances in drug discovery and
development. Until recently, drugs could only be discovered; now they can
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be designed. Even the discovery process has been accelerated through the
use of modern drug-screening techniques. It is increasingly possible to
identify or isolate the chemical compounds in a plant, determine which
compounds are responsible for the plant’s effects, and select the most ef-
fective and safe compounds—either for use as purified substances or as
tools to develop even more effective, safer, or less expensive compounds.

Yet even as the modern pharmacological toolbox becomes more so-
phisticated and biotechnology yields an ever greater abundance of thera-
peutic drugs, people increasingly seek alternative, low-technology thera-
pies.4,5 In 1997, 46 percent of Americans sought nontraditional medicines
and spent over 27 billion unreimbursed dollars; the total number of visits
to alternative medicine practitioners appears to have exceeded the num-
ber of visits to primary care physicians.5,6 Recent interest in the medical
use of marijuana coincides with this trend toward self-help and a search
for “natural” therapies. Indeed, several people who spoke at the IOM pub-
lic hearings in support of the medical use of marijuana said that they gen-
erally preferred herbal medicines to standard pharmaceuticals. However,
few alternative therapies have been carefully and systematically tested
for safety and efficacy, as is required for medications approved by the
FDA (Food and Drug Administration).2

WHO USES MEDICAL MARIJUANA?

There have been no comprehensive surveys of the demographics and
medical conditions of medical marijuana users, but a few reports provide
some indication. In each case, survey results should be understood to re-
flect the situation in which they were conducted and are not necessarily
characteristic of medical marijuana users as a whole. Respondents to sur-
veys reported to the IOM study team were all members of “buyers’ clubs,”
organizations that provide their members with marijuana, although not
necessarily through direct cash transactions. The atmosphere of the mari-
juana buyers’ clubs ranges from that of the comparatively formal and
closely regulated Oakland Cannabis Buyers’ Cooperative to that of a
“country club for the indigent,” as Denis Peron described the San Fran-
cisco Cannabis Cultivators Club (SFCCC), which he directed.

John Mendelson, an internist and pharmacologist at the University of
California, San Francisco (UCSF) Pain Management Center, surveyed 100
members of the SFCCC who were using marijuana at least weekly. Most
of the respondents were unemployed men in their forties. Subjects were
paid $50 to participate in the survey; this might have encouraged a greater
representation of unemployed subjects. All subjects were tested for drug
use. About half tested positive for marijuana only; the other half tested
positive for drugs in addition to marijuana (23% for cocaine and 13% for
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amphetamines). The predominant disorder was AIDS, followed by
roughly equal numbers of members who reported chronic pain, mood
disorders, and musculoskeletal disorders (Table 1.1).

The membership profile of the San Francisco club was similar to that
of the Los Angeles Cannabis Resource Center (LACRC), where 83% of the
739 patients were men, 45% were 36–45 years old, and 71% were HIV
positive. Table 1.2 shows a distribution of conditions somewhat different
from that in SFCCC respondents, probably because of a different mem-
bership profile. For example, cancer is generally a disease that occurs late
in life; 34 (4.7%) of LACRC members were over 55 years old; only 2% of
survey respondents in the SFCCC study were over 55 years old.

Jeffrey Jones, executive director of the Oakland Cannabis Buyers’ Co-
operative, reported that its largest group of patients is HIV-positive men
in their forties. The second-largest group is patients with chronic pain.

Among the 42 people who spoke at the public workshops or wrote to
the study team, only six identified themselves as members of marijuana
buyers’ clubs. Nonetheless, they presented a similar profile: HIV/AIDS
was the predominant disorder, followed by chronic pain (Tables 1.3 and
1.4). All HIV/AIDS patients reported that marijuana relieved nausea and
vomiting and improved their appetite. About half the patients who re-
ported using marijuana for chronic pain also reported that it reduced nau-
sea and vomiting.

Note that the medical conditions referred to are only those reported
to the study team or to interviewers; they cannot be assumed to represent
complete or accurate diagnoses. Michael Rowbotham, a neurologist at the
UCSF Pain Management Center, noted that many pain patients referred

TABLE 1.1 Self-Reported Disorders Treated with Marijuana by
Members of San Francisco Cannabis Cultivators Club

Disorder No. of Subjects

HIV 60
Musculoskeletal disorders and arthritis 39
Psychiatric disorders (primarily depression) 27
Neurological disorders and nonmusculoskeletal pain syndromes 9
Gastrointestinal disorders (most often nausea) 7
Other disorders

Glaucoma, allergies, nephrolithiasis, and the
skin manifestations of Reiter syndrome 7

Total disorders 149
Total number of respondents 100
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to that center arrive with incorrect diagnoses or with pain of unknown ori-
gin. At that center the patients who report medical benefit from marijuana
say that it does not reduce their pain but enables them to cope with it.

Most—not all—people who use marijuana to relieve medical condi-
tions have previously used it recreationally. An estimated 95% of the
LACRC members had used marijuana before joining the club. It is impor-
tant to emphasize the absence of comprehensive information on marijuana
use before its use for medical conditions. Frequency of prior use almost
certainly depends on many factors, including membership in a buyers’
club, membership in a population sector that uses marijuana more often
than others (for example, men 20–30 years old), and the medical condition
being treated with marijuana (for example, there are probably relatively
fewer recreational marijuana users among cancer patients than among
AIDS patients).

TABLE 1.2 Self-Reported Disorders Treated with Marijuana by
Members of Los Angeles Cannabis Resource Center (LACRC),
According to Center Staffa

Treated Disorder No. of Subjects % of Subjects

HIVb 528 71
Cancer 40 5.4
Terminal cancer 10 1.4
Mood disorders (depression) 4 0.5
Musculoskeletal (multiple sclerosis,

arthritis) 30 4.1
Chronic pain and back pain 33 4.5
Gastrointestinal 7 2.3
Neurological disorders (epilepsy,

Tourette syndrome, brain trauma) 7 0.9
Seizures or migrainesc 13 1.8
Glaucoma 15 2.0
Miscellaneous 42 5.7

Total number 739 100

aResults are based on a review of 739 individual records by LACRC staff members. In
contrast with Mendelson’s survey of San Francisco Cannabis Cultivators Club (Table 1.1),
only the primary disorder is indicated here. Membership in LACRC is contingent on a
doctor’s letter of acknowledgment, but diagnoses are not independently confirmed.

bHIV patients use marijuana to control nausea, increase appetite (to combat wasting), and
relieve gastrointestinal distress caused by AIDS medications. These uses are not indicated
separately.

cAs described by LACRC staff, some of these cases might also be neurological disorders.
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Patients who reported their experience with marijuana at the public
workshops said that marijuana provided them with great relief from
symptoms associated with disparate diseases and ailments, including
AIDS wasting, spasticity from multiple sclerosis, depression, chronic pain,
and nausea associated with chemotherapy. Their circumstances and
symptoms were varied, and the IOM study team was not in a position to
make medical evaluations or confirm diagnoses. Three representative
cases presented to the IOM study team are presented in Box 1.1; the sto-
ries have been edited for brevity, but each case is presented in the patient’s
words and with the patient’s permission.

TABLE 1.3 Summary of Reports to IOM Study Team by 43
Individuals

Symptoms Dominant Disease Symptoms Dominant Disease

Anorexia, AIDS Pain Migraine
nausea, AIDS Injury
vomiting AIDS Injury

AIDS Epilepsy and postpolio
syndrome

AIDS Trauma and epilepsy
AIDS Degenerative disk disease
AIDS Rheumatoid arthritis
AIDS and cancer Nail-patella syndrome
Cancer Reflex sympathetic dystrophy
Testicular cancer Gulf War chemical exposure
Cancer and multiple Multiple congenital

sclerosis cartilaginous exostosis
Thyroid conditiona Histiocytosis X
Migraine
Wilson’s disease Muscle Spasticitya

spasticity Multiple sclerosis
Mood Depression Multiple sclerosis

disorders Depression Multiple sclerosis
Depression and anxiety Paralysis
Depression and anxiety Spinal-cord injury
Manic depression Spasmodic torticollis

Manic depression Intraocular Glaucoma
Posttraumatic stress pressure
Premenstrual syndrome

Diarrhea Crohn’s disease

aNot specified.
NOTE: This table lists the people who reported to the IOM study team during the public
workshops, or through letters, that they use marijuana as medicine; it should not be inter-
preted as a representative sample of the full spectrum of people who use marijuana as medi-
cine. Each dominant disease represents an individual report.
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The variety of stories presented left the study team with a clear view
of people’s beliefs about how marijuana had helped them. But this collec-
tion of anecdotal data, although useful, is limited. We heard many posi-
tive stories but no stories from people who had tried marijuana but found
it ineffective. This is a fraction with an unknown denominator. For the
numerator we have a sample of positive responses; for the denominator
we have no idea of the total number of people who have tried marijuana
for medical purposes. Hence, it is impossible to estimate the clinical value
of marijuana or cannabinoids in the general population based on anec-
dotal reports. Marijuana clearly seems to relieve some symptoms for some
people—even if only as a placebo effect. But what is the balance of harm-
ful and beneficial effects? That is the essential medical question that can
be answered only by careful analysis of data collected under controlled
conditions.

CANNABIS AND THE CANNABINOIDS

Marijuana is the common name for Cannabis sativa, a hemp plant that
grows throughout temperate and tropical climates. The most recent re-
view of the constituents of marijuana lists 66 cannabinoids (Table 1.5).16

But that does not mean there are 66 different cannabinoid effects or inter-
actions. Most of the cannabinoids are closely related; they fall into only 10

TABLE 1.4 Primary Symptoms of 43 Individuals Who Reported to
IOM Study Team

Symptom Frequency Multiple Symptoms

No.  Who
Reported % of Those

% of Total (primary) Who Reported
Primary No.  of Symptoms Additional Primary
Symptom Reportsa Reported Symptoms Symptoms

Anorexia, nausea,
vomiting 21 31 13 62

Diarrhea 4 6 3 75
Intraocular pressure 2 3 1 50
Mood disorders 12 18 7 58
Muscle spasticity 12 18 7 58
Pain 16 24 13 81

Total 67 44 66

aForty-three persons reporting; 20 reported relief from more than one symptom.
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groups of closely related cannabinoids, many of which differ by only a
single chemical moiety and might be midpoints along biochemical path-
ways—that is, degradation products, precursors, or byproducts.16,18 ∆9-
tetrahydrocannabinol (∆9-THC) is the primary psychoactive ingredient;
depending on the particular plant, either THC or cannabidiol is the most
abundant cannabinoid in marijuana (Figure 1.1). Throughout this report,
THC is used to indicate ∆9-THC. In the few cases where variants of THC
are discussed, the full names are used. All the cannabinoids are lipo-
philic—they are highly soluble in fatty fluids and tissues but not in water.
Indeed, THC is so lipophilic that it is aptly described as “greasy.”

Throughout this report, marijuana refers to unpurified plant extracts,
including leaves and flower tops, regardless of how they are consumed—
whether by ingestion or by smoking. References to the effects of mari-
juana should be understood to include the composite effects of its various
components; that is, the effects of THC are included among the effects of
marijuana, but not all the effects of marijuana are necessarily due to THC.
Discussions concerning cannabinoids refer only to those particular com-
pounds and not to the plant extract. This distinction is important; it is
often blurred or exaggerated.

Cannabinoids are produced in epidermal glands on the leaves (espe-
cially the upper ones), stems, and the bracts that support the flowers of
the marijuana plant. Although the flower itself has no epidermal glands,
it has the highest cannabinoid content anywhere on the plant, probably
because of the accumulation of resin secreted by the supporting bracteole

TABLE 1.5 Cannabinoids Identified in Marijuana

Cannabinoid Common No. of Known
Group Abbreviation Variants in Each Group

∆9-Tetrahydrocannabinol ∆9-THC 9
∆8-Tetrahydrocannabinol ∆8-THC 2
Cannabichromene CBC 5
Cannabicyclol CBL 3
Cannabidiol CBD 7
Cannabielsoin CBE 5
Cannabigerol CBG 6
Cannabinidiol CBND 2
Cannabinol CBN 7
Cannabitriol CBT 9
Miscellaneous types 11

Total 66
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FIGURE 1.1 Cannabinoid biosynthesis. Arrows indicate cannabinoid biosynthe-
sis pathway; dark arrows indicate established pathways; the light gray arrow in-
dicates a probable but not well-established pathway (R. Mechoulam, Hebrew
University, personal communication, 1999).11 The great majority of studies report-
ing on the effects of cannabinoids refer to THC; most of the rest are about CBD
and CBN. Other cannabinoids found in marijuana do not appear to play an im-
portant role in the drug’s effects.

(the small leaf-like part below the flower). The amounts of cannabinoids
and their relative abundance in a marijuana plant vary with growing con-
ditions, including humidity, temperature, and soil nutrients (reviewed in
Pate, 199414). The chemical stability of cannabinoids in harvested plant
material is also affected by moisture, temperature, sunlight, and storage.
They degrade under any storage condition.
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BOX 1.1 Selected Cases from the Public Sessions

G.S. spoke at the IOM workshop in Louisiana about his use of mari-
juana first to combat AIDS wasting syndrome and later for relief from
the side effects of AIDS medications.

Skin rashes, dry mouth, foul metallic aftertaste, numbness of the face,
swelling of the limbs, fever spikes, headaches, dizziness, anemia, clinical
depression, neuropathy so crippling that I could not type, so painful that
the bed sheets felt like sandpaper, nausea so severe that I sometimes had to
leave the dinner table to vomit, and diarrhea so unpredictable that I dared
not leave the house without diapers.

These are some of the horrors that I have endured in the past 10 years
during my fight for life against the human immunodeficiency virus. But
these ravages were not caused by HIV itself, or by any of the opportunistic
infections that mark the steady progression of AIDS. Each of these night-
mares was a side effect of one of the hundreds of medications I have taken
to fight one infection after another on my way to a seemingly certain early
grave.

Had you known me three years ago, you would not recognize me now.
After years of final-stage AIDS, I had wasted to 130 lb. The purple Kaposi’s
sarcoma lesions were spreading. The dark circles under my eyes told of
sleepless nights and half-waking days. I encountered passages of time
marked by medication schedules, nausea, and diarrhea. I knew that I was
dying. Every reflection shimmered with death, my ghost-like pallor in the
mirror, the contained terror on the face of a bus passenger beside me, and
most of all the resigned sadness in my mother’s eyes.

But still I was fortunate because along the way I rediscovered the an-
cient understanding of marijuana’s medicinal benefit. So I smoked pot.
Every day. The pot calmed my stomach against handfuls of pills. The pot
made me hungry so that I could eat without a tube. The pot eased the pain
of crippling neural side effects so that I could dial the phone by myself. The
pot calmed my soul and allowed me to accept that I would probably die
soon. Because I smoked pot I lived long enough to see the development of
the first truly effective HIV therapies. I lived to gain 50 lb., regain my vigor,
and celebrate my 35th birthday. I lived to sit on the bus without frightening
the passenger beside me.

Even at this stage of my recovery I take a handful of pills almost every
day and will probably continue to do so for the rest of my life. While I am
grateful for the life-saving protease inhibitor therapies, they bring with them
a host of adverse reactions and undesirable side effects. Different patients
experience different reactions, of course, but almost all patients experience
some. Smoking marijuana relieves many of these side effects.

I am not one of the exceptional eight patients in the United States with

Continued
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legal permission to smoke marijuana. Every day I risk arrest, property for-
feiture, fines, and imprisonment. But I have no choice, you see, just as I
have no choice but to endure the side effects of these toxic medications.
So, many patients like me are breaking the law to enjoy relief that no other
therapy provides.

 I sit here, I believe, as living proof that marijuana can have a beneficial
effect in staving off wasting. Every pound was a day. I figured that for every
pound of body weight I could maintain, that was another day that I could
live in hopes that some effective therapy would emerge.

*  *  *
B.D. spoke at the IOM workshop in Louisiana. She is one of eight pa-
tients who are legally allowed to smoke marijuana under a Compas-
sionate Use Protocol. She uses marijuana to relieve nausea, muscle spas-
ticity, and pain associated with multiple sclerosis.

I was diagnosed with multiple sclerosis in 1988. Prior to that, I was an
active person with ballet and swimming. I now have a swimming pool, so
I swim each and every day, and I smoke marijuana. The government has
given me the marijuana to smoke. Each month I pick up a can filled with
the marijuana cigarettes rolled by the government.

At one time I weighed 85 lb. and I now weigh 105. Twenty pounds is
quite a bit to put on. I could not walk. I did not have the appetite. I use a
scooter now for distance. I can get around the house. I have a standard
poodle who is kind of like an assistant dog. She is good at it. She helps me.

When I found out that there was a program to get marijuana from the
government, I decided that was the answer. I was not a marijuana smoker
before that. In fact, I used to consider the people I knew who smoked the
marijuana as undesirables. Now, I myself am an undesirable.

But it works. It takes away the backache. With multiple sclerosis, you
can get spasms, and your leg will just go straight out and you cannot stop
that leg. You may have danced all of your life and put the leg where you
wanted it to be, but the MS takes that from you. So I use the swimming
pool, and that helps a lot. The kicks are much less when I have smoked a
marijuana cigarette. Since 1991, I’ve smoked 10 cigarettes a day. I do not
take any other drugs. Marijuana seems to have been my helper. At one
time, I did not think much of the people who smoke it. But when it comes
to your health, it makes a big difference.

*  *  *
J.H. spoke at the IOM workshop in Washington, D.C. He was seriously
injured in an accident, suffers from a form of arthritis associated with
abnormal activity of the sympathetic nervous system known as reflex
sympathetic dystrophy, and has hepatitis C. He uses marijuana to re-
lieve nausea from liver disease, pain, and muscle spasms.

I am 48 years old, married with two children. I am a veteran who served
during the Vietnam war. I was exposed to hepatitis C in 1972 by a blood
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transfusion, which I needed because of a motor vehicle accident that broke
my back; ruined my right shoulder, my left thumb, and hand; and almost
amputated my right leg at the knee. My hepatitis C was not diagnosed until
1997—after the disease had destroyed my pancreas* and I had four heart
attacks, one angioplasty, and a minor stroke. In 1989, while at work, I was
involved in an accident with a large soil survey auger. My pelvis was
crushed, and serious nerve damage was the result. I also have reflex sym-
pathetic dystrophy, which is a neurological disease that has a tremendous
amount of pain and muscle spasms.

I have reached what the doctors call end-stage liver disease from the
hepatitis C. I have lost 85 lbs. due to the severe bouts of nausea and vom-
iting. Every time I come home from a hospital stay, my 7 year old asks if I
got the liver transplant. I am on a transplant list, but I am not a candidate
until I am seven days from death.

In October 1997, after trying four different antinausea medications, four
of the doctors that I see told me to go to Europe and see a doctor and try
medicinal cannabis. My primary care doctor wrote me a letter to carry with
my medical records asking that the doctor help me in any way that he
could to alleviate the symptoms of the hepatitis C and the reflex sympa-
thetic dystrophy. Those symptoms are severe nausea and pain from the
hepatitis C and pain and muscle spasms from the neurological disease.

I went to Europe in November 1997, where I saw a doctor of internal
medicine. He prescribed me cannabis, 1–2 g a day. I got the medicine and
a pipe and tried it. Within two minutes of taking two puffs from the pipe,
the nausea was gone. I don’t think that I felt the high, although I was quite
elated. In about 45 min. I was starving. Normally, I have a fear of eating
because I vomit almost always after I eat or take a pill. I forgot about that,
and I think I ate more that night than I had eaten in months. I did feel a little
nauseated after about four hours, but I smoked two more puffs, and in
about two hours I went to bed. The next morning I felt hungry. During my
nine-day stay in Europe, I was able to stay free of vomiting and the waves
of nausea became less frequent.

I had experienced four years of pain control using Tegretol, a drug used
by epileptics to control seizures. Now I can’t use that medication because
of the damage that it causes my cirrhotic liver. When I smoked about 2 g of
marijuana a day, the nausea was gone and I was no longer losing weight.
The pain was at an acceptable level. Sometimes I still find it necessary to
use an opiate painkiller, but only when the pain is at its worst. Surprisingly,
I lost an associated high within a few days. I also think the cannabis has an
antidepressant effect on me, as I no longer have what I call the “poor me”
feelings that I experienced after learning about the hepatitis C.

*This is an unlikely consequence of hepatitis C; it is more likely that the patient’s
liver was damaged.
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ORGANIZATION OF THE REPORT

Throughout the report, steps that might be taken to fill the gaps in
understanding both the potential harms and benefits of marijuana and
cannabinoid use are identified. Those steps include identifying knowl-
edge gaps, promising research directions, and potential therapies based
on scientific advances in cannabinoid biology.

Chapter 2 reviews basic cannabinoid biology and provides a founda-
tion to understand the medical value of marijuana or its constituent can-
nabinoids. In consideration of the physician’s first rule, “first, do no
harm,” the potential harms attributed to the medical use of marijuana are
reviewed before the potential medical benefits.  Chapter 3 reviews the
risks posed by marijuana use, with emphasis on medical use.

Chapter 4 analyzes the most credible clinical data relevant to the medi-
cal use of marijuana. It reviews what is known about the physiological
mechanisms underlying particular conditions (for example, chronic pain,
vomiting, anorexia, and muscle spasticity), what is known about the cel-
lular actions of cannabinoids, and the levels of proof needed to show that
marijuana is an effective treatment for specific symptoms. It does not ana-
lyze the historical literature; history is informative in enumerating uses of
marijuana, but it does not provide the sort of information needed for a
scientifically sound evaluation of the efficacy and safety of marijuana for
clinical use. Because marijuana is advocated primarily as affording relief
from the symptoms of disease rather than as a cure, this chapter is orga-
nized largely by symptoms as opposed to disease categories. Finally, chap-
ter 4 compares the conclusions of this report with those of other recent
reports on the medical use of marijuana.

Chapter 5 describes the process of and analyzes the prospects for can-
nabinoid drug development.
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33

2

Cannabinoids and Animal Physiology

INTRODUCTION

Much has been learned since the publication of the 1982
Institute of Medicine (IOM) report Marijuana and Health.*
Although it was clear then that most of the effects of mari-
juana were due to its actions on the brain, there was little
information about how THC acted on brain cells (neu-
rons), which cells were affected by THC, or even what gen-
eral areas of the brain were most affected by THC. Too

little was known about cannabinoid physiology to offer any scientific in-
sights into the harmful or therapeutic effects of marijuana. That is no
longer true. During the past 16 years, there have been major advances in
what basic science discloses about the potential medical benefits of can-
nabinoids, the group of compounds related to THC. Many variants are
found in the marijuana plant, and other cannabinoids not found in the
plant have been chemically synthesized. Sixteen years ago it was still a
matter of debate as to whether THC acted nonspecifically by affecting the
fluidity of cell membranes or whether a specific pathway of action was
mediated by a receptor that responded selectively to THC (Table 2.1).

*The field of neuroscience has grown substantially since the publication of the 1982 IOM
report. The number of members in the Society for Neuroscience provides a rough measure
of the growth in research and knowledge about the brain: as of the middle of 1998, there
were over 27,000 members, more than triple the number in 1982.
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Basic science is the wellspring for developing new medications and is par-
ticularly important for understanding a drug that has as many effects as
marijuana. Even committed advocates of the medical use of marijuana do
not claim that all the effects of marijuana are desirable for every medical
use. But they do claim that the combination of specific effects of mari-
juana enhances its medical value. An understanding of those specific ef-
fects is what basic science can provide. The multiple effects of marijuana
can be singled out and studied with the goals of evaluating the medical
value of marijuana and cannabinoids in specific medical conditions, as
well as minimizing unwanted side effects. An understanding of the basic
mechanisms through which cannabinoids affect physiology permits more
strategic development of new drugs and designs for clinical trials that are
most likely to yield conclusive results.

Research on cannabinoid biology offers new insights into clinical use,
especially given the scarcity of clinical studies that adequately evaluate
the medical value of marijuana. For example, despite the scarcity of sub-

TABLE 2.1 Landmark Discoveries Since the 1982 IOM Report

 Year Discovery Primary Investigators

1986 Potent cannabinoid agonists are M. R. Johnson and L. S. Melvin75

developed; they are the key to
discovering the receptor.

1988 First conclusive evidence of specific A. Howlett and W. Devane36

cannabinoid receptors.

1990 The cannabinoid brain receptor L. Matsuda107 and M. Herkenham
(CB1) is cloned, its DNA sequence et al.60

is identified, and its location in
the brain is determined.

1992 Anandamide is discovered—a R. Mechoulam and W. Devane37

naturally occurring substance in
the brain that acts on cannabinoid
receptors.

1993 A cannabinoid receptor is discovered S. Munro112

outside the brain; this receptor
(CB2) is related to the brain
receptor but is distinct.

1994 The first specific cannabinoid M. Rinaldi-Carmona132

antagonist, SR 141716A, is developed.

1998 The first cannabinoid antagonist, M. Rinaldi-Carmona133

SR144528, that can distinguish
between CB1 and CB2 receptors
discovered.
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stantive clinical data, basic science has made it clear that cannabinoids
can affect pain transmission and, specifically, that cannabinoids interact
with the brain’s endogenous opioid system, an important system for the
medical treatment of pain (see chapter 4).

The cellular machinery that underlies the response of the body and
brain to cannabinoids involves an intricate interplay of different systems.
This chapter reviews the components of that machinery with enough de-
tail to permit the reader to compare what is known about basic biology
with the medical uses proposed for marijuana. For some readers that will
be too much detail. Those readers who do not wish to read the entire
chapter should, nonetheless, be mindful of the following key points in
this chapter:

• The most far reaching of the recent advances in cannabinoid biol-
ogy are the identification of two types of cannabinoid receptors
(CB1 and CB2) and of anandamide, a substance naturally produced
by the body that acts at the cannabinoid receptor and has effects
similar to those of THC. The CB1 receptor is found primarily in the
brain and mediates the psychological effects of THC. The CB2 re-
ceptor is associated with the immune system; its role remains un-
clear.

• The physiological roles of the brain cannabinoid system in humans
are the subject of much active research and are not fully known;
however, cannabinoids likely have a natural role in pain modula-
tion, control of movement, and memory.

• Animal research has shown that the potential for cannabinoid de-
pendence exists, and cannabinoid withdrawal symptoms can be
observed. However, both appear to be mild compared to depen-
dence and withdrawal seen with other drugs.

• Basic research in cannabinoid biology has revealed a variety of cel-
lular pathways through which potentially therapeutic drugs could
act on the cannabinoid system. In addition to the known cannab-
inoids, such drugs might include chemical derivatives of plant-
derived cannabinoids or of endogenous cannabinoids such as
anandamide but would also include noncannabinoid drugs that
act on the cannabinoid system.

This chapter summarizes the basics of cannabinoid biology—as
known today. It thus provides a scientific basis for interpreting claims
founded on anecdotes and for evaluating the clinical studies of marijuana
presented in chapter 4.
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The Value of Animal Studies

Much of the research into the effects of cannabinoids on the brain is
based on animal studies. Many speakers at the public workshops associ-
ated with this study argued that animal studies of marijuana are not rel-
evant to humans. Animal studies are not a substitute for clinical trials, but
they are a necessary complement. Ultimately, every biologically active
substance exerts its effects at the cellular and molecular levels, and the
evidence has shown that this is remarkably consistent among mammals,
even those as different in body and mind as rats and humans. Animal
studies typically provide information about how drugs work that would
not be obtainable in clinical studies. At the same time, animal studies can
never inform us completely about the full range of psychological and
physiological effects of marijuana or cannabinoids on humans.

The Active Constituents of Marijuana

∆9-THC and ∆8-THC are the only compounds in the marijuana plant
that produce all the psychoactive effects of marijuana. Because ∆9-THC is
much more abundant than ∆8-THC, the psychoactivity of marijuana has
been attributed largely to the effects of ∆9-THC. 11-OH-∆9-THC is the pri-
mary product of ∆9-THC metabolism by the liver and is about three times
as potent as ∆9-THC.128

There have been considerably fewer experiments with cannabinoids
other than ∆9-THC, although a few studies have been done to examine
whether other cannabinoids modulate the effects of THC or mediate the
nonpsychological effects of marijuana. Cannabidiol (CBD) does not have
the same psychoactivity as THC, but it was initially reported to attenuate
the psychological response to THC in humans;81,177 however, later studies
reported that CBD did not attenuate the psychological effects of THC.11,69

One double-blind study of eight volunteers reported that CBD can block
the anxiety induced by high doses of THC (0.5 mg/kg).177  There are nu-
merous anecdotal reports claiming that marijuana with relatively higher
ratios of THC:CBD is less likely to induce anxiety in the user than mari-
juana with low THC:CBD ratios; but, taken together, the results published
thus far are inconclusive.

The most important effect of CBD seems to be its interference with
drug metabolism, including ∆9-THC metabolism in the liver.14,114 It exerts
that effect by inactivating cytochrome P450s, which are the most impor-
tant class of enzymes that metabolize drugs. Like many P450 inactivators,
CBD can also induce P450s after repeated doses.13 Experiments in which
mice were treated with CBD followed by THC showed that CBD treat-
ment was associated with a substantial increase in brain concentrations of
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THC and its major metabolites, most likely because it decreased the rate
of clearance of THC from the body.15

In mice, THC inhibits the release of luteinizing hormone, the pituitary
hormone that triggers the release of testosterone from the testes; this ef-
fect is increased when THC is given with cannabinol or CBD.113

Cannabinol also lowers body temperature and increases sleep dura-
tion in mice.175 It is considerably less active than THC in the brain, but
studies of immune cells have shown that it can modulate immune func-
tion (see “Cannabinoids and the Immune System” later in this chapter).

The Pharmacological Toolbox

A researcher needs certain key tools in order to understand how a
drug acts on the brain. To appreciate the importance of these tools, one
must first understand some basic principles of drug action. All recent
studies have indicated that the behavioral effects of THC are receptor
mediated.27 Neurons in the brain are activated when a compound binds
to its receptor, which is a protein typically located on the cell surface.
Thus, THC will exert its effects only after binding to its receptor. In gen-
eral, a given receptor will accept only particular classes of compounds
and will be unaffected by other compounds.

Compounds that activate receptors are called agonists. Binding to a
receptor triggers an event or a series of events in the cell that results in a
change in the cell’s activity, its gene regulation, or the signals that it sends
to neighboring cells (Figure 2.1). This agonist-induced process is called
signal transduction.

Another set of tools for drug research, which became available only
recently for cannabinoid research, are the receptor antagonists, so-called
because they selectively bind to a receptor that would have otherwise been
available for binding to some other compound or drug. Antagonists block
the effects of agonists and are tools to identify the functions of a receptor
by showing what happens when its normal functions are blocked. Ago-
nists and antagonists are both ligands; that is, they bind to receptors. Hor-
mones, neurotransmitters, and drugs can all act as ligands. Morphine and
naloxone provide a good example of how agonists and antagonists inter-
act. A large dose of morphine acts as an agonist at opioid receptors in the
brain and interferes with, or even arrests, breathing. Naloxone, a power-
ful opioid antagonist, blocks morphine’s effects on opiate receptors,
thereby allowing an overdose victim to resume breathing normally.
Naloxone itself has no effect on breathing.

Another key tool involves identifying the receptor protein and deter-
mining how it works. That makes it possible to locate where a drug acti-
vates its receptor in the brain—both the general region of the brain and

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


38 MARIJUANA AND MEDICINE

RECEIVING NEURON

SENDING NEURON

Antagonists

Dendrite

Dendrite

Axon

Endogenous
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(e.g., anandamide)
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(e.g., THC)
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to receptor.

Cell is activated
when agonist
binds to receptor.

FIGURE 2.1 Diagram of neuron with synapse. Individual nerve cells, or neu-
rons, both send and receive cellular signals to and from neighboring neurons, but
for the purposes of this diagram only one activity is indicated for each cell. Neu-
rotransmitter molecules are released from the neuron terminal and move across
the gap between the “sending” and “receiving” neurons. A signal is transmitted
to the receiving neuron when the neurotransmitters have bound to the receptor
on its surface. The effects of a transmitted signal include:

• Changing the cell’s permeability to ions, such as calcium and potassium.
• Turning a particular gene on or off.
• Sending a signal to another neuron.
• Increasing or decreasing the responsiveness of the cell to other cellular sig-

nals.

Those effects can lead to cognitive, behavioral, or physiological changes, depend-
ing on which neuronal system is activated.

Continued on bottom of p. 39
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the cell type where the receptor is located. The way to find a receptor for a
drug in the brain is to make the receptor “visible” by attaching a radioac-
tive or fluorescent marker to the drug. Such markers show where in the
brain a drug binds to the receptor, although this is not necessarily the part
of the brain where the drug ultimately has its greatest effects.

Because drugs injected into animals must be dissolved in a water-
based solution, it is easier to deliver water-soluble molecules than to de-
liver fat-soluble (lipophilic) molecules such as THC. THC is so lipophilic
that it can stick to glass and plastic syringes used for injection. Because it
is lipophilic, it readily enters cell membranes and thus can cross the blood
brain barrier easily. (This barrier insulates the brain from many blood-
borne substances.) Early cannabinoid research was hindered by the lack
of potent cannabinoid ligands (THC binds to its cannabinoid receptors
rather weakly) and because they were not readily water soluble. The syn-
thetic agonist CP 55,940, which is more water soluble than THC, was the
first useful research tool for studying cannabinoid receptors because of its
high potency and ability to be labeled with a radioactive molecule, which
enabled researchers to trace its activity.

CANNABINOID RECEPTORS

The cannabinoid receptor is a typical member of the largest known
family of receptors: the G protein-coupled receptors with their distinctive
pattern in which the receptor molecule spans the cell membrane seven
times (Figure 2.2). For excellent recent reviews of cannabinoid receptor
biology, see Childers and Breivogel,27Abood and Martin,1 Felder and
Glass,43 and Pertwee.124  Cannabinoid receptor ligands bind reversibly
(they bind to the receptor briefly and then dissociate) and stereoselectively
(when there are molecules that are mirror images of each other, only one

The expanded view of the synapse illustrates a variety of ligands, that is, mol-
ecules that bind to receptors. Anandamide is a substance produced by the body
that binds to and activates cannabinoid receptors; it is an endogenous agonist. THC
can also bind to and activate cannabinoid receptors but is not naturally found in
the body; it is an exogenous agonist. SR 141716A binds to but does not activate
cannabinoid receptors. In this way it prevents agonists, such as anandamide and
THC, from activating cannabinoid receptors by binding to the receptors without
activating them; SR 141716A is an antagonist, but it is not normally produced in
the body. Endogenous antagonists, that is, those normally produced in the body,
might also exist, but none has been identified.
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FIGURE 2.2 Cannabinoid receptors. Receptors are proteins, and proteins are
made up of strings of amino acids. Each circle in the diagram represents one amino
acid. The shaded bar represents the cell membrane, which like all cell membranes
in animals is composed largely of phospholipids. Like many receptors, the can-
nabinoid receptors span the cell membrane; some sections of the receptor protein
are outside the cell membrane (extracellular); some are inside (intracellular). THC,
anandamide, and other known cannabinoid receptor agonists bind to the extracel-
lular portion of the receptor, thereby activating the signal pathway inside the cell.
The CB1 molecule is larger than CB2. The receptor molecules are most similar in
four of the seven regions where they are embedded in the cell membrane (known
as the transmembrane regions). The intracellular loops of the two receptor sub-
types are quite different, which might affect the cellular response to the ligand
because these loops are known to mediate G protein signaling, the next step in the
cell signaling pathway after the receptor. Receptor homology between the two
receptor subtypes is 44% for the full-length protein and 68% within the seven
transmembrane regions. The ligand binding sites are typically defined by the ex-
tracellular loops and the transmembrane regions.

version activates the receptor). Thus far, two cannabinoid receptor sub-
types (CB1 and CB2) have been identified, of which only CB1 is found in
the brain.

The cell responds in a variety of ways when a ligand binds to the
cannabinoid receptor (Figure 2.3). The first step is activation of G pro-
teins, the first components of the signal transduction pathway. That leads
to changes in several intracellular components—such as cyclic AMP and
calcium and potassium ions—which ultimately produce the changes in
cell functions. The final result of cannabinoid receptor stimulation de-
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pends on the particular type of cell, the particular ligand, and the other
molecules that might be competing for receptor binding sites. Different
agonists vary in binding potency, which determines the effective dose of
the drug, and efficacy, which determines the maximal strength of the sig-
nal that they transmit to the cell. The potency and efficacy of THC are
both relatively lower than those of some synthetic cannabinoids; in fact,
synthetic compounds are generally more potent and efficacious than en-
dogenous agonists.

CB1 receptors are extraordinarily abundant in the brain. They are
more abundant than most other G protein-coupled receptors and 10 times
more abundant than mu opioid receptors, the receptors responsible for
the effects of morphine.148

FIGURE 2.3 Cannabinoid agonists trigger a series of reactions within cells. Can-
nabinoid receptors are embedded in the cell membrane, where they are coupled
to G proteins (G) and the enzyme adenylyl cyclase (AC). Receptors are activated
when they bind to ligands, such as anandamide or THC in this case. This triggers
a variety of reactions, including inhibition (–) of AC, which decreases the produc-
tion of cAMP and cellular activities dependent on cAMP; opening of potassium
(K+) channels, which decreases cell firing; and closing of calcium (Ca2+) channels,
which decreases the release of neurotransmitters. Each of those changes can influ-
ence cellular communication.
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The cannabinoid receptor in the brain is a protein referred to as CB1.
The peripheral receptor (outside the nervous system), CB2, is most abun-
dant on cells of the immune system and is not generally found in the
brain.43,124 Although no other receptor subtypes have been identified,
there is a genetic variant known as CB1A (such variants are somewhat
different proteins that have been produced by the same genes via alterna-
tive processing). In some cases, proteins produced via alternative splicing
have different effects on cells. It is not yet known whether there are any
functional differences between the two, but the structural differences raise
the possibility.

CB1 and CB2 are similar, but not as similar as members of many other
receptor families are to each other. On the basis of a comparison of the
sequence of amino acids that make up the receptor protein, the similarity
of the CB1 and CB2 receptors is 44% (Figure 2.2). The differences between
the two receptors indicate that it should be possible to design therapeutic
drugs that would act only on one or the other receptor and thus would
activate or attenuate (block) the appropriate cannabinoid receptors. This
offers a powerful method for producing biologically selective effects. In
spite of the difference between the receptor subtypes, most cannabinoid
compounds bind with similar affinity* to both CB1 and CB2 receptors.
One exception is the plant-derived compound CBD, which appears to
have greater binding affinity for CB2 than for CB1,112 although another
research group has failed to substantiate that observation.129  Other ex-
ceptions include the synthetic compound WIN 55,212-2, which shows
greater affinity for CB2 than CB1, and the endogenous ligands, anan-
damide and 2-AG, which show greater affinity for CB1 than CB2.43  The
search for compounds that bind to only one or the other of the cannab-
inoid receptor types has been under way for several years and has yielded
a number of compounds that are useful research tools and have potential
for medical use.

Cannabinoid receptors have been studied most in vertebrates, such as
rats and mice. However, they are also found in invertebrates, such as
leeches and mollusks.156 The evolutionary history of vertebrates and in-
vertebrates diverged more than 500 million years ago, so cannabinoid re-
ceptors appear to have been conserved throughout evolution at least this
long. This suggests that they serve an important and basic function in
animal physiology. In general, cannabinoid receptor molecules are simi-
lar among different species.124  Thus, cannabinoid receptors likely fill
many similar functions in a broad range of animals, including humans.

*Affinity is a measure of how avidly a compound binds to a receptor. The higher the affin-
ity of a compound, the higher its potency; that is, lower doses are needed to produce its
effects.
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THE ENDOGENOUS CANNABINOID SYSTEM

For any drug for which there is a receptor, the logical question is,
“Why does this receptor exist?” The short answer is that there is probably
an endogenous agonist (that is, a compound that is naturally produced in
the brain) that acts on that receptor. The long answer begins with a search
for such compounds in the area of the body that produces the receptors
and ends with a determination of the natural function of those com-
pounds. So far, the search has yielded several endogenous compounds
that bind selectively to cannabinoid receptors. The best studied of them
are anandamide37  and arachidonyl glycerol (2-AG).108  However, their
physiological roles are not yet known.

Initially, the search for an endogenous cannabinoid was based on the
premise that its chemical structure would be similar to that of THC; that
was reasonable, in that it was really a search for another “key” that would
fit into the cannabinoid receptor “keyhole,” thereby activating the cellular
message system. One of the intriguing discoveries in cannabinoid biology
was how chemically different THC and anandamide are. A similar search
for endogenous opioids (endorphins) also revealed that their chemical
structure is very different from the plant-derived opioids, opium and
morphine.

 Further research has uncovered a variety of compounds with quite
different chemical structures that can activate cannabinoid receptors
(Table 2.2 and Figure 2.4). It is not yet known exactly how anandamide
and THC bind to cannabinoid receptors. Knowing this should permit
more precise design of drugs that selectively activate the endogenous can-
nabinoid systems.

Anandamide

The first endogenous cannabinoid to be discovered was arachidonyl-
ethanolamine, named anandamide from the Sanskrit word ananda, mean-
ing “bliss.”37 Compared with THC, anandamide has only moderate affin-
ity for CB1 receptor and is rapidly metabolized by amidases (enzymes that
remove amide groups). Despite its short duration of action, anand-amide
shares most of the pharmacological effects of THC.37,152 Rapid degrada-
tion of active molecules is a feature of neurotransmitter systems that al-
lows them control of signal timing by regulating the abundance of signal-
ing molecules. It creates problems for interpreting the results of many
experiments and might explain why in vivo studies with anandamide in-
jected into the brain have yielded conflicting results.

Anandamide appears to have both central (in the brain) and periph-
eral (in the rest of the body) effects. The precise neuroanatomical localiza-

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


44 MARIJUANA AND MEDICINE

TABLE 2.2 Compounds That Bind to Cannabinoid Receptors

Compound Properties

Agonists (receptor activators)
Plant-derived compounds

∆9-THC Main psychoactive cannabinoid in marijuana plant; largely
responsible for psychological and physiological effects
(except in discussions of the different forms of THC, THC
is used as a synonym for ∆9-THC).

∆8-THC Slightly less potent than ∆9-THC and much less abundant
in marijuana plant but otherwise similar.

11-OH-∆9-THC Bioactive compound formed when body breaks down ∆9-
THC; presumed to be responsible for some effects of
marijuana.

Cannabinoid agonists found in animals
Anandamide Found in animals ranging from mollusks to mammals;

(arachidonyl- appears to be primary endogenous cannabinoid agonist in
ethanolamide) mammals; chemical structure very different from plant

cannabinoids and related to prostaglandins.

2-AG (arachidonyl Endogenous agonist; structurally similar to anandamide;
glycerol) more abundant but less potent than anandamide.

THC analogues
Dronabinol Synthetic THC; marketed in the United States as Marinol

for nausea associated with chemotherapy and for AIDS-
related wasting.

Nabilone THC analogue; marketed in the United Kingdom as
Cesamet  for same indications as dronabionol.

CP 55,940 Synthetic cannabinoid; THC analogue; that is, it is
structurally similar to THC.

Levonantradol THC analogue.

HU-210 THC analogue, 100- to 800-fold greater potency than THC97.

Chemical structure unlike THC or anandamide
WIN-55,212-2 Chemical structure different from known cannabinoids, but

binds to both cannabinoid receptors; chemically related to
cyclo-oxygenase inhibitors, which include antiinflam-
matory drugs.

Antagonists (receptor blockers)
SR 141716A Synthetic CB1 antagonist; developed in 1994132.

SR 144528 Synthetic CB2 antagonist; developed in 1997133.

SOURCES:  Mechoulam et al., 1998;109 Felder and Glass, 1998;43 and British Medical Associa-
tion.17
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FIGURE 2.4 Chemical structures of selected cannabinoid agonists or molecules
that bind to and activate cannabinoid receptors. THC is the primary psychoactive
molecule found in marijuana. CP 55,940 is a THC analogue; that is, its chemical
structure is related to THC. Anandamide and 2-arachidonyl glycerol (2-AG) are
endogenous molecules, meaning they are naturally produced in the body. Al-
though the chemical structure of WIN 55,212 is very different from either THC or
anandamide, it is also a canabinoid agonist.

tion of anandamide and the enzymes that synthesize it are not yet known.
This information will provide essential clues to the natural role of anan-
damide and an understanding of the brain circuits in which it is a neu-
rotransmitter. The importance of knowing specific brain circuits that in-
volve anandamide (and other endogenous cannabinoid ligands) is that
such circuits are the pivotal elements for regulating specific brain func-
tions, such as mood, memory, and cognition.  Anandamide has been
found in numerous regions of the human brain: hippocampus (and
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parahippocampic cortex), striatum, and cerebellum; but it has not been
precisely identified with specific neuronal circuits. CB1 receptors are abun-
dant in these regions, and this further implies a physiological role for en-
dogenous cannabinoids in the brain functions controlled by these areas.
But substantial concentrations of anandamide are also found in the thala-
mus, an area of the brain that has relatively few CB1 receptors.124

Anandamide has also been found outside the brain. It has been found
in spleen tissue, which also has high concentrations of CB2 receptors, and
small amounts have been detected in heart tissue.44

In general, the affinity of anandamide for cannabinoid receptors is
only one-fourth to one-half that of THC (see Table 2.3). The differences
depend on the cells or tissue that are tested and on the experimental con-
ditions, such as the binding assay used (reviewed by Pertwee124).

The molecular structure of anandamide is relatively simple, and it
can be formed from arachidonic acid and ethanolamine. Arachidonic acid
is a common precursor of a group of biologically active molecules known
as eicosanoids, including prostaglandins.* Although anandamide can be
synthesized in a variety of ways, the physiologically relevant pathway

TABLE 2.3 Comparison of Cannabinoid Receptor Agonists

Potency can be measured in a variety of ways, from behavioral to physiological to
cellular. This table shows potency in terms of receptor binding, which is the most broadly
applicable to the many possible actions of cannabinoids. For example, anandamide binds
to the cannabinoid receptor only about half as avidly as does THC. Measures of potency
might include effects on activity (behavior) or hypothermia (physiologic).

The apparently low potency of 2-AG may, however, be misleading. A study published
late in 1998 reports that 2-AG is found with two other closely related compounds that by
themselves are biologically inactive; but in the presence of those two compounds, 2-AG is
only three times less active than THC.9 Further, 2-AG is much more abundant than
anandamide, although the biological significance of this remains to be determined.

Receptor Binding in Brain Tissue124

Potency Relative
Compound to ∆9-THC

CP 55,940  59
∆9-THC  1
Anandamide  0.47
2-AG  0.08

*Eicosanoids all contain a chain of 20 carbon atoms and are named after eikosi, the Greek
word for 20.
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seems to be through enzymatic cleavage of N-arachidonyl-phosphatidyl-
ethanolamine (NAPE), which yields anandamide and phosphatidic acid
(reviewed by Childers and Breivogel27).

Anandamide can be inactivated in the brain via two mechanisms. In
one it is enzymatically cleaved to yield arachidonic acid and ethanola-
mine—the reverse of what was initially proposed as its primary mode of
synthesis. In the other it is inactivated through neuronal uptake—that is,
by being transported into the neuron, which prevents its continuing acti-
vation of neighboring neurons.

Other Endogenous Agonists

Several other endogenous compounds that are chemically related to
anandamide and that bind to cannabinoid receptors have been discov-
ered, one of which is 2-AG.108  2-AG is closely related to anandamide and
is even more abundant in the brain. At the time of this writing, all known
endogenous cannabinoid receptor agonists (including anandamide) were
eicosanoids, which are arachidonic acid metabolites. Arachidonic acid (a
free fatty acid) is released via hydrolysis of membrane phospholipids.

Other, noneicosanoid, compounds that bind cannabinoid receptors
have recently been isolated from brain tissue, but they have not been iden-
tified, and their biological effects are under investigation. This is a fast-
moving field of research, and no review over six months old will be fully
up to date.

The endogenous compounds that bind to cannabinoid receptors prob-
ably perform a broad range of natural functions in the brain. This neural
signaling system is rich and complex and has many subtle variations,
many of which await discovery. In the next few years much more will
probably be known about these naturally occurring cannabinoids.

Some effects of cannabinoid agonists are receptor independent. For
example, both THC and CBD can be neuroprotective through their
antioxidative activity; that is, they can reduce the toxic forms of oxygen
that are released when cells are under stress.54 Other likely examples of
receptor-independent cannabinoid activity are modulation of activation
of membrane-bound enzymes (such as ATPase), arachidonic acid release,
and perturbation of membrane lipids. An important caution in interpret-
ing those reports is that concentrations of THC or CBD used in cellular
studies, such as these, are generally much higher than the concentrations
of THC or CBD in the body that would likely be achieved by smoking
marijuana.
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Novel Targets for Therapeutic Drugs

Drugs that alter the natural biology of anandamide or other endog-
enous cannabinoids might have therapeutic uses (Table 2.4). For example,
drugs that selectively inhibit neuronal uptake of anandamide would in-
crease the brain’s own natural cannabinoids, thereby mimicking some of
the effects of THC. A number of important psychotherapeutic drugs act
by inhibiting neurotransmitter uptake. For example, antidepressants like
fluoxetine (Prozac) inhibit serotonin uptake and are known as selective
serotonin reuptake inhibitors, or SSRIs. Another way to alter levels of en-
dogenous cannabinoids would be to develop drugs that act on the en-
zymes involved in anandamide synthesis. Some antihypertensive drugs
work by inhibiting enzymes involved in the synthesis of endogenous hy-
pertensive agents. For example, anti-converting enzyme (ACE) inhibitors
are used in hypertensive patients to interfere with the conversion of an-
giotensin I, which is inactive, to the active hormone, angiotensin II.

SITES OF ACTION

Cannabinoid receptors are particularly abundant in some areas of the
brain. The normal biology and behavior associated with these brain areas

TABLE 2.4 Cellular Processes That Can Be Targeted for Drug
Development

Drug Action Biological Result

Block synthesis Synthesis of bioactive compounds Weaker signal, due to
is a continuous process and is decreased agonist
one means by which concentrations concentration.
of that compound are regulated.

Inhibit Chemical breakdown is one method Stronger signal, due to
degradation the body uses to inactivate increased agonist

endogenous substances. concentration.

Facilitate Neuronal uptake is one of the natural Stronger signal, due to
neuronal uptake ways in which a receptor agonist increased amount of time

is inactivated. during which agonist is
present in the synapse
where it can stimulate the
receptor.

NOTE: Endogenous cannabinoids are part of a cellular signaling system. This table lists
categories of natural processes that regulate such systems and shows the results of altering
those processes.
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are consistent with the behavioral effects produced by cannabinoids
(Table 2.5 and Figure 2.5). The highest receptor density is found in cells of
the basal ganglia that project locally and to other brain regions. These
cells include the substantia nigra pars reticulata, entopeduncular nucleus,
and globus pallidus, regions that are generally involved in coordinating
body movements. Patients with Parkinson’s or Huntington’s disease tend
to have impaired functions in these regions.

CB1 receptors are also abundant in the putamen, part of the relay sys-
tem within the basal ganglia that regulates body movements; the cerebel-
lum, which coordinates body movements; the hippocampus, which is in-
volved in learning, memory, and response to stress; and the cerebral
cortex, which is concerned with the integration of higher cognitive func-
tions.

CB1 receptors are found on various parts of neurons, including the

TABLE 2.5 Brain Regions in Which Cannabinoid Receptors Are
Abundant

Brain Region Functions Associated with Region

Brain regions in which cannabinoid receptors are abundant

Basal ganglia Movement control
Substantia nigra pars reticulata
Entopeduncular nucleus
Globus pallidus
Putamen

Cerebellum Body movement coordination
Hippocampus Learning and memory, stress
Cerebral cortex, especially cingulate, Higher cognitive functions

frontal, and parietal regions
Nucleus accumbens Reward center

Brain regions in which cannabinoid brain receptors are moderately concentrated

Hypothalamus Body housekeeping functions (body
temperature regulation, salt and water
balance, reproductive function)

Amygdala Emotional response, fear
Spinal cord Peripheral sensation, including pain
Brain stem Sleep and arousal, temperature regulation,

motor control
Central gray Analgesia
Nucleus of the solitary tract Visceral sensation, nausea and vomiting

SOURCES: Based on reviews by Pertwee (1997b)124 and Herkenham (1995).57
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FIGURE 2.5 Locations of brain regions in which cannabinoid receptors are abun-
dant. See Table 2.5 for a summary of functions associated with those regions.

axon, cell bodies, terminals, and dendrites.57,165 Dendrites are generally
the “receiving” part of a neuron, and receptors on axons or cell bodies
generally modulate other signals. Axon terminals are the “sending” part
of the neuron.

Cannabinoids tend to inhibit neurotransmission, although the results
are somewhat variable. In some cases, cannabinoids diminish the effects
of the inhibitory neurotransmitter, g-aminobutyric acid (GABA);144 in
other cases, cannabinoids can augment the effects of GABA.120 The effect
of activating a receptor depends on where it is found on the neuron: if
cannabinoid receptors are presynaptic (on the “sending” side of the syn-
apse) and inhibit the release of GABA, cannabinoids would diminish
GABA effects; the net effect would be stimulation. However, if cannab-
inoid receptors are postsynaptic (on the “receiving” side of the synapse)
and on the same cell as GABA receptors, they will probably mimic the
effects of GABA; in that case, the net effect would be inhibition.120,144,160

CB1 is the predominant brain cannabinoid receptor. CB2 receptors
have not generally been found in the brain, but there is one isolated report
suggesting some in mouse cerebellum.150 CB2 is found primarily on cells
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of the immune system. CB1 receptors are also found in immune cells, but
CB2 is considerably more abundant there (Table 2.6) (reviewed by
Kaminski80 in 1998).

As can be appreciated in the next section, the presence of cannabinoid
systems in key brain regions is strongly tied to the functions and pathol-
ogy associated with those regions. The clinical value of cannabinoid sys-
tems is best understood in the context of the biology of these brain re-
gions.

CANNABINOID RECEPTORS AND BRAIN FUNCTIONS

Motor Effects

Marijuana affects psychomotor performance in humans. The effects
depend both on the nature of the task and the experience with marijuana.
In general, effects are clearest in steadiness (body sway and hand steadi-
ness) and in motor tasks that require attention. The results of testing can-
nabinoids in rodents are much clearer.

Cannabinoids clearly affect movement in rodents, but the effects de-
pend on the dose: low doses stimulate and higher doses inhibit locomo-
tion.111,159 Cannabinoids mainly inhibit the transmission of neural signals,
and they inhibit movement through their actions on the basal ganglia and
cerebellum, where cannabinoid receptors are particularly abundant (Fig-
ure 2.6). Cannabinoid receptors are also found in the neurons that project
from the striatum and subthalamic nucleus, which inhibit and stimulate
movement, respectively.58,101

Cannabinoids decrease both the inhibitory and stimulatory inputs to
the substantia nigra and therefore might provide dual regulation of move-

TABLE 2.6 Cannabinoid Receptors

CB1 CB2

Effects of various cannabinoids
∆9-THC Agonist Weak antagonist
Anandamide Agonist Agonist
Cannabinol Weak agonist Agonist; greater affinity for CB2 than

for CB1
Cannabidiol Does not bind Does not bind to receptor

to receptor

Receptor distribution
Areas of greatest Brain Immune system, especially B cells and

abundance natural killer cells
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FIGURE 2.6 Diagrams showing motor regions of the brain. Basal ganglia are a
group of three brain regions, or nuclei—caudate, putamen, and globus pallidus.
Figure 2.6a is a three-dimensional view showing the location of those nuclei in the
brain. Figure 2.6b shows those structures in a vertical cross-sectional view. The
major output pathways of the basal ganglia arise from the globus pallidus and
pars reticulata of the substantia nigra. Their main target is the thalamus.
SOURCE:  Figure 2.6a is reprinted from Principles of Neural Science, 2nd ed., 1985
(E.R. Kandel and J.H. Schwartz, eds.), with permission from the copyright holder,
Appleton and Lange.
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ment at this nucleus. In the substantia nigra, cannabinoids decrease trans-
mission from both the striatum and the subthalamic nucleus.141 The glo-
bus pallidus has been implicated in mediating the cataleptic effects of
large doses of cannabinoids in rats.126 (Catalepsy is a condition of dimin-
ished responsiveness usually characterized by trancelike states and waxy
rigidity of the muscles.) Several other brain regions—the cortex, the cer-
ebellum, and the neural pathway from cortex to striatum—are also in-
volved in the control of movement and contain abundant cannabinoid
receptors.52,59,101 They are therefore possible additional sites that might
underlie the effects of cannabinoids on movement.

Memory Effects

One of the primary effects of marijuana in humans is disruption of
short-term memory.68 That is consistent with the abundance of CB1 recep-
tors in the hippocampus, the brain region most closely associated with
memory. The effects of THC resemble a temporary hippocampal lesion.63

Deadwyler and colleagues have demonstrated that cannabinoids decrease
neuronal activity in the hippocampus and its inputs.23,24, 83 In vitro, sev-
eral cannabinoid ligands and endogenous cannabinoids can block the cel-
lular processes associated with memory formation.29,30,116,157,163 Further-
more, cannabinoid agonists inhibit release of several neurotransmitters:
acetylcholine from the hippocampus,49-51 norepinephrine from human
and guinea pig (but not rat or mouse) hippocampal slices,143 and
glutamate in cultured hippocampal cells.144 Cholinergic and noradrener-
gic neurons project into the hippocampus, but circuits within the hippo-
campus are glutamatergic.* Thus, cannabinoids could block transmission
both into and within the hippocampus by blocking presynaptic neu-
rotransmitter release.

Pain

After nausea and vomiting, chronic pain was the condition cited most
often to the IOM study team as a medical use for marijuana. Recent re-
search presented below has shown intriguing parallels with anecdotal
reports of the modulating effects of cannabinoids on pain—both the ef-
fects of cannabinoids acting alone and the effects of their interaction with
opioids.

*Neurons are often defined by the primary neurotransmitter released at their terminals.
Thus, cholinergic neurons release acetylcholine, noradrenergic neurons release noradrenalin
(also known as norepinephrine), and glutamergic neurons release glutamate.
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Behavioral Studies

Cannabinoids reduce reactivity to acute painful stimuli in laboratory
animals. In rodents, cannabinoids reduced the responsiveness to pain in-
duced through various stimuli, including thermal, mechanical, and chemi-
cal stimuli.12,19,46,72,96,154,174 Cannabinoids were comparable with opiates
in potency and efficacy in these experiments.12,72

Cannabinoids are also effective in rodent models of chronic pain.
Herzberg and co-workers found that cannabinoids can block allodynia
and hyperalgesia associated with neuropathic pain in rats.62 This is an
important advance because chronic pain frequently results in a series of
neural changes that increase suffering due to allodynia (pain elicited by
stimuli that are normally innocuous), hyperalgesia ( abnormally increased
reactivity to pain), and spontaneous pain; furthermore, some chronic pain
syndromes are not amenable to therapy, even with the most powerful
narcotic analgesics.10

Pain perception is controlled mainly by neurotransmitter systems
within the central nervous system, and cannabinoids clearly play a role in
the control of pain in those systems.45 However, pain-relieving and pain-
preventing mechanisms also occur in peripheral tissues, and endogenous
cannabinoids appear to play a role in peripheral tissues. Thus, the differ-
ent cannabinoid receptor subtypes might act synergistically. Experiments
in which pain is induced by injecting dilute formalin into a mouse’s paw
have shown that anandamide and palmitylethanolamide (PEA) can block
peripheral pain.22,73 Anandamide acts primarily at the CB1 receptor,
whereas PEA has been proposed as a possible CB2 agonist; in short, there
might be a biochemical basis for their independent effects. When injected
together, the analgesic effect is stronger than that of either alone. That
suggests an important strategy for the development of a new class of an-
algesic drug: a mixture of CB1 and CB2 agonists. Because there are few, if
any, CB2 receptors in the brain, it might be possible to develop drugs that
enhance the peripheral analgesic effect while minimizing the psychologi-
cal effects.

Neural Sites of Altered Responsiveness to Painful Stimuli

The brain and spinal cord mediate cannabinoid analgesia. A number
of brain areas participate in cannabinoid analgesia and support the role of
descending pathways (neural pathways that project from the brain to the
spinal cord).103,105 Although more work is needed to produce a compre-
hensive map of the sites of cannabinoid analgesia, it is clear that the ef-
fects are limited to particular areas, most of which have an established
role in pain.
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Specific sites where cannabinoids act to affect pain processing include
the periaqueductal gray,104 rostral ventral medulla,105,110 thalamic nucleus
submedius,102 thalamic ventroposterolateral nucleus,102 dorsal horn of the
spinal cord,64,65 and peripheral sensory nerves.64-66,131 Those nuclei also
participate in opiate analgesia. Although similar to opiate analgesia, can-
nabinoid analgesia is not mediated by opioid receptors; morphine and
cannabinoids sometimes act synergistically, and opioid antagonists gen-
erally have no effect on cannabinoid-induced analgesia.171 However, a
kappa-receptor antagonist has been shown to attenuate spinal, but not su-
praspinal, cannabinoid analgesia.153,170,171 (Kappa opioid receptors consti-
tute one of the three major types of opioid receptors; the other two types
are mu and delta receptors.)

Neurophysiology and Neurochemistry of Cannabinoid Analgesia

Because of the marked effects of cannabinoids on motor function, be-
havioral studies in animals alone cannot provide sufficient grounds for
the conclusion that cannabinoids depress pain perception. Motor behav-
ior is typically used to measure responses to pain, but this behavior is
itself affected by cannabinoids. Thus, experimental results include an un-
measured combination of cannabinoid effects on motor and pain systems.
The effects on specific neural systems, however, can be measured at the
neurophysiological and neurochemical levels. Cannabinoids decrease the
response of immediate-early genes (genes that are activated in the early
or immediate stage of response to a broad range of cellular stimuli) to
noxious stimuli in the spinal cord, decrease response of pain neurons in
the spinal cord, and decrease the responsiveness of pain neurons in the
ventral posterolateral nucleus of the thalamus.67,102 Those changes are me-
diated by cannabinoid receptors, are selective for pain neurons, and are
unrelated to changes in skin temperature or depth of anesthesia, and they
follow the time course of the changes in behavioral responses to painful
stimuli but not the time course of motor changes.67 On-cells and off-cells
in the rostral ventral medulla control pain transmission at the level of the
spinal cord, and cannabinoids also modulate their responses in a manner
that is very similar to that of morphine.110

Endogenous Cannabinoids Modulate Pain

Endogenous cannabinoids can modulate pain sensitivity through both
central and peripheral mechanisms. For example, animal studies have
shown that pain sensitivity can be increased when endogenous cannab-
inoids are blocked from acting at CB1 receptors.22,62,110,130,158 Administra-
tion of cannabinoid antagonists in either the spinal cord130 or paw22 in-
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crease the sensitivity of animals to pain. In addition, there is evidence that
cannabinoids act at the site of injury to reduce peripheral inflammation.131

Current data suggest that the endogenous cannabinoid analgesic sys-
tem might offer protection against the long-lasting central hyperalgesia
and allodynia that sometimes follow skin or nerve injuries.130,158 These
results raise the possibility that therapeutic interventions that alter the
levels of endogenous cannabinoids might be useful for managing pain in
humans.

CHRONIC EFFECTS OF THC

Most substances of abuse produce tolerance, physical dependence,
and withdrawal symptoms. Tolerance is the most common response to re-
petitive use of a drug and is the condition in which, after repeated expo-
sure to a drug, increasing doses are needed to achieve the same effect.
Physical dependence develops as a result of a resetting of homeostatic
mechanisms in response to repeated drug use. Tolerance, dependence,
and withdrawal are not peculiar to drugs of abuse. Many medicines that
are not addicting can produce these types of effects; examples of such
medications include clonidine, propranolol, and tricyclic antidepressants.
The following sections discuss what is known about the biological mecha-
nisms that underlie tolerance, reward, and dependence; clinical studies
about those topics are discussed in chapter 3.

Tolerance

Chronic administration of cannabinoids to animals results in toler-
ance to many of the acute effects of THC, including memory disruption,34

decreased locomotion,2,119 hypothermia,42,125 neuroendocrine effects,134

and analgesia.4 Tolerance also develops to the cardiovascular and psy-
chological effects of THC and marijuana in humans (see also discussion in
chapter 3).55,56,76

Tolerance to cannabinoids appears to result from both pharmacokinetic
changes (how the drug is absorbed, distributed, metabolized, and ex-
creted) and pharmacodynamic changes (how the drug interacts with target
cells). Chronic treatment with the cannabinoid agonist, CP 55,940, in-
creases the activity of the microsomal cytochrome P450 oxidative system,31

the system through which drugs are metabolized in the liver; this sug-
gests pharmacokinetic tolerance. Chronic cannabinoid treatment also pro-
duces changes in brain cannabinoid receptors and cannabinoid receptor
mRNA concentrations—an indication that pharmacodynamic effects are
important as well.

Most studies have found that brain cannabinoid receptor concentra-
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tions usually decrease after prolonged exposure to agonists,42,119,136,138 al-
though some studies have reported increases137 or no changes2 in recep-
tor binding in brain. Differences among studies could be due to the par-
ticular agonist tested, the assay used, the brain region examined, or the
treatment time. For example, the THC analogue, levonantradol, produces
a greater desensitization of adenylyl cyclase inhibition than does THC in
cultured neuroblastoma cells.40 This might be explained by differences in
efficacy between these two agonists.18,147 A time course study revealed
differences among brain regins in the rates and magnitudes of receptor
down regulation.16 Those findings suggest that tolerance to different ef-
fects of cannabinoids develops at different rates.

Chronic treatment with THC also produces variable effects on can-
nabinoid-mediated signal transduction systems. It produces substantial
desensitization of cannabinoid-activated G proteins in a number of rat
brain regions.147 The time course of this desensitization varies across brain
regions.16

It is difficult to extend the findings of short-term animal studies to
human marijuana use. To simulate long-term use, higher doses are used
in animal studies than are normally achieved by smoking marijuana. For
example, the average human will feel “high” after injection of THC at a
level of 0.06 mg/kg,118 compared with the 10–20 mg/kg per day used in
many chronic rat studies. At the same time, doses of marijuana needed to
observe behavioral changes in rats (usually changes in locomotor behav-
ior) are substantially higher than doses at which people feel “high.” The
pharmacokinetics of THC distribution in the body are also dramatically
different between rats and humans and depend heavily on whether it is
inhaled, injected, or swallowed. It is likely that some of the same bio-
chemical adaptations to chronic cannabinoid administration occur in labo-
ratory animals and humans, but the magnitude of the effects in humans
might be less than that in animals in proportion to the doses used.

Reward and Dependence

Experimental animals that are given the opportunity to self-adminis-
ter cannabinoids generally do not choose to do so, which has led to the
conclusion that they are not reinforcing and rewarding.38 However, be-
havioral95 and brain stimulation94 studies have shown that THC can be
rewarding to animals. The behavioral study used a “place preference”
test, in which an animal is given repeated doses of a drug in one place,
and is then given a choice between a place where it received the drug and
a place where it did not. The animals chose the place where they received
the THC. These rewarding effects are highly dose dependent. In all mod-
els studied, cannabinoids are only rewarding at midrange; doses that are
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too low are not rewarding; doses that are too high can be aversive. Mice
will self-administer the cannabinoid agonist WIN 55,212-2 but only at low
doses.106 This effect is specifically mediated by CB1 receptors and indi-
cates that stimulation of those receptors is rewarding to the mice. Antago-
nism of cannabinoid receptors is also rewarding in rats; in conditioned
place preference tests, animals show a preference for the place they re-
ceive the cannabinoid antagonist SR 141716A at both low and high
doses.140 Cannabinoids increase dopamine concentrations in the
mesolimbic dopamine system of rats, a pathway associated with reinforce-
ment.25,39,161 However, the mechanism by which THC increases dopa-
mine concentrations appears to be different from that of other abused
drugs51 (see chapter 3 for further discussion of reinforcement). THC-
induced increases in dopamine are due to increases in the firing rate of
dopamine cells in the ventral tegmental area by ∆9-THC.47 However, these
increases in firing rate in the ventral tegmental area could not be explained
by increases in the firing of the A10 dopamine cell group, where other
abused drugs have been shown to act.51

Physical dependence on cannabinoids has been observed only under
experimental conditions of “precipitated withdrawal” in which animals
are first treated chronically with cannabinoids and then given the CB1
antagonist SR 141716A.3,166 The addition of the antagonist accentuates any
withdrawal effect by competing with the agonist at receptor sites; that is,
the antagonist helps to clear agonists off and keep them off receptor sites.
This suggests that, under normal cannabis use, the long half-life and slow
elimination from the body of THC and the residual bioactivity of its me-
tabolite, 11-OH-THC, can prevent substantial abstinence symptoms. The
precipitated withdrawal produced by SR 141716A has some of the charac-
teristics of opiate withdrawal, but it is not affected by opioid antagonists,
and it affects motor systems differently. An earlier study with monkeys
also suggested that abrupt cessation of chronic THC is associated with
withdrawal symptoms.8 Monkeys in that study were trained to work for
food after which they were given THC on a daily basis; when the investi-
gators stopped administering THC, the animals stopped working for food.

A study in rats indicated that the behavioral cannabinoid withdrawal
syndrome is consistent with the consequences of withdrawal from other
drugs of abuse in that it correlates with the effects of stimulation of central
amygdaloid corticotropin-releasing hormone release.135 However, the
withdrawal syndrome for cannabinoids and the corresponding increase
in corticotropin-releasing hormone are observed only after administra-
tion of the CB1 antagonist SR 141716A to cannabinoid-tolerant animals.3,166

The implications of data based on precipitated withdrawal in animals for
human cannabinoid abuse have not been established.166 Furthermore,
acute administration of THC also produces increases in corticotropin-
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releasing hormone and adrenocorticotropin release; both are stress-related
hormones.71 This set of withdrawal studies may explain the generally
aversive effects of cannabinoids in animals and could indicate that the
increase in corticotropin-releasing hormone is merely a rebound effect.
Thus, cannabinoids appear to be conforming to some of the neurobiologi-
cal effects of other drugs abused by humans, but the underlying mecha-
nisms of these actions and their value for determining the reinforcement
and dependence liability of cannabinoids in humans remain undeter-
mined.

CANNABINOIDS AND THE IMMUNE SYSTEM

The human body protects itself from invaders, such as bacteria and
viruses through the elaborate and dynamic network of organs and cells
referred to as the immune system. Cannabinoids, especially THC, can
modulate the function of immune cells in various ways—in some cases
enhancing and in others diminishing the immune response85 (summarized
in Table 2.7). However, the natural function of cannabinoids in the im-
mune system is not known. Immune cells respond to cannabinoids in a
variety of ways, depending on such factors as drug concentration, timing
of drug delivery to leukocytes in relation to antigen stimulation, and type
of cell function. Although the chronic effects of cannabinoids on the im-
mune system have not been studied, based on acute exposure studies in
experimental animals it appears that THC concentrations that modulate
immunological responses are higher than those required for psycho-
activity.

The CB2 receptor gene, which is not expressed in the brain, is particu-
larly abundant in immune tissues, with an expression level 10–100 times
higher than that of CB1. In spleen and tonsils the CB2 mRNA* content is
equivalent to that of CB1 mRNA in the brain.48 The rank order, from high
to low, of CB2 mRNA levels in immune cells is B-cells > natural killer cells
>> monocytes > polymorphonuclear neutrophil cells > T8 cells > T4 cells.
In tonsils the CB2 receptors appear to be restricted to B-lymphocyte-
enriched areas. In contrast, CB1 receptors are mainly expressed in the cen-
tral nervous system and, to a lesser extent, in several peripheral tissues
such as adrenal gland, heart, lung, prostate, uterus, ovary, testis, bone
marrow, thymus, and tonsils.

*After a gene is transcribed, it is often spliced and modified into mRNA, or message RNA.
The CB-2 mRNA is the gene “message” that moves from the cell nucleus into the cytoplasm
where it will be translated into the receptor protein.
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TABLE 2.7 Effects of Cannabinoids on the Immune System

Cell Types Tested or Drug
Drug Tested Type of Animal Experiment Concentration*

THC, 2-AG, Lymphocytes and splenocytes in vitro 0.1–30 µM
11-OH-THC, CBN

THC, 2-AG Lymphocytes and splenocytes 0.1–25 µM

Anandamide Splenocytes in vitro 1–25 µM

THC, 11-OH-THC,  2-AG Splenocytes in vitro 3–30 µM

THC, CP 55,940, Lymphocytes in vitro 0.1–100 nM
WIN 55,212-2 (0.0001–0.1 µM)

THC Drug injected into mice >5 mg/kg

HU-210 Drug injected into mice >0.05 mg/kg

THC, 11-OH-THC, Splenocytes in vitro  1–30 µM
CBD, CP 55,940, CBN

THC Drug injected into rodents 3 mg/kg per day for
25 days, 40 mg/kg
per day for 2 days

THC, 11-OH-THC Natural killer cells in vitro  0.1–32 µM

THC Peritoneal macrophages and 3–30 µM
monocytes

THC, CBD Drug injected into mice; in one case, >5 mg/kg per day for
in vitro tests done on spleens 4 days or 50 mg/kg

every 5 days for up
to 8 weeks

THC, CBD Peripheral blood mononuclear cells <0.1 µM
in vitro 30 µM

THC, CBD Splenocytes and T cells in vitro 10 µM

THC Phorbol myristate acetate- 10–20 µM
differentiated macrophage in vitro

THC Endotoxin-activated macrophages 10–30 µM
in vitro

THC Peritoneal macrophages in vitro 10–30 µM
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Result Reference

Higher doses suppressed T cell Luo, 1992; Pross, 1992;b Klein, 1985;c

proliferation Specter, 1990;d Lee, 1995;a Herring, 1998

Lower doses increased T cell proliferation Luo, 1992; Lee, 1995;a Pross, 1992b

in vitro
Little or no effect on T cell proliferation Lee, 1995;a Devane, 1992

Decreased B cell proliferation Klein, 1985;c Lee, 1995a

Increased B cell proliferation Derocq, 1995

Antibody production suppressed Baczynsky, 1983; Schatz, 1993

Antibody production suppressed Titishov, 1989

Antibody production suppressed Klein, 1990; Baczynsky, 1983; Kaminski,
1992, 1994; Herring, 1998

Repeated low doses or a high dose of THC Patel, 1985; Klein, 1987
suppressed the activity of natural killer cells

Doses of ≥10 µM suppressed natural killer Klein, 1987; Luo, 1989
cell cytolytic activity; doses <10 µM
produced no effect

Variable doses of THC suppressed Lopez-Cepero, 1986; Specter, 1991;
macophage functions in vitro Tang, 1992

THC suppressed normal immune response; Cabral, 1986; Blanchard, 1986
interferons failed to increase when
exposed to cytokine inducer; CBD had no
suppressive effect

Increased interferon production Watzl, 1991
Decreased interferon production

Both THC and CBD suppressed Condie, 1996
interleukin-2 secretion and number of
interleukin-2 transcripts

Increased tumor necrosis factor production Shivers, 1994
and interleukin-1 supernatant bioactivity

Increased processing and release of Zhu, 1994
interleukin-1 rather than cellular
production of interleukin-1

Increased interleukin-1 bioactivity Klein, 1990

Continued
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THC Drug and sublethal or lethal dose of 8 mg/kg before and
Legionella pneumophilia after bacterial
injected in mice infection

<5 mg/kg doses
or one 8 mg/kg or
4 mg/kg dose before
bacteria infection

THC Drug and herpes simplex virus 100 mg/kg before
injected in immunodeficient mice and after viral

infection
100 mg/kg before

virual infection

TABLE 2.7 Continued

Cell Types Tested or Drug
Drug Tested Type of Animal Experiment Concentration*

aCell density dependent.
bMitogen dependent.
cDependent on serum concentration in cell culture medium.
dDependent on timing of drug exposure relative to mitogen exposure.
*Drug concentrations are given in the standard format of molarity (M). A 1-M solution

is the molecular weight of the compound (in grams) in 1 liter (L) of solution. The molecular

Box 2.1 Cells of the Immune System

The various organs of the immune system are positioned throughout the
body and include bone marrow, thymus, lymph nodes, and spleen. The
cells of the immune system consist of white blood cells, or leukocytes,
which are formed in the bone marrow from stem cells—so-called because
a great variety of cells descend from them (see below). There are two kinds
of leukocytes: lymphocytes and phagocytes. Lymphocytes consist of B cells,
T cells (B and T refer to where the cells mature, either in the bone marrow
[B] or thymus [T]), and natural killer (NK) cells; the major phagocytes are
monocytes, macrophages, and neutrophils. Phagocytes have many impor-
tant roles in the immune response; most important is that they initiate the
response by engulfing and digesting foreign substances, or antigens (such
as bacteria, viruses, and foreign proteins), that enter the body. Once di-
gested, the antigens are exposed to specialized lymphocytes, some of which
produce antibodies and effector T cells, which help destroy any antigens
remaining in the body. Antibodies are proteins produced by B cells that
bind to antigens and promote antigen destruction. Effector T cells include
killer T cells, which attack and kill antigen laden cells, and helper T cells,
which secrete special proteins called cytokines that promote antigen elimi-
nation. NK cells are specialized lymphocytes that are also activated by
antigen to either kill infected targets or secrete immunoregulatory cytokines.
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Cytokine-mediated septic shock and death Klein, 1993, 1994; Newton, 1994
occurred with exposure to sublethal
dose of bacteria

Survival occurred, but with greater susceptiblity
to infection when challenged with bacteria
and death when challenged with a lethal
dose of bacteria

Two high doses of THC potentiated the Specter, 1991
effects of herpes simplex and enhanced the
progression of death

Single dose did not promote death

Result   Reference

weight of THC is 314, so a 1-M solution would be 314 g of THC in 1 L of solution, and a
10-µM solution would be 3.14 mg THC/L.

A 1- to 10-µM concentration will generally elicit a physiologically relevant response in
immune cell cultures. Higher doses are often suspected of not being biologically meaningful
because they are much larger than would ever be achieved in the body. The doses listed in
this table are, for the most part, very high. See text for further discussion.

Stem cell

Lymphoid
precursor

Myeloid
precursor

T cells

B cells

Antibodies

Neutrophil

Monocyte

Macrophage

Natural
killer cells

T killer cells

T helper cells
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Cannabinoid Receptors and Intracellular Action in Immune Cells

CB2 appears to be the predominant gene expressed in resting leuko-
cytes.78,112 The level of CB1 gene activity is normally low in resting cells
but increases with cell activation.32 Thus the CB1 receptor might be im-
portant only when immune responses are stimulated, but the physiologi-
cal relevance of this observation remains to be determined. Some of the
cannabinoid effects observed in immune systems, especially at high drug
concentrations, are likely mediated through nonreceptor mechanisms, but
these have not yet been identified.4

Ligand binding to either CB1 or CB2 inhibits adenylate cyclase, an
enzyme that is responsible for cAMP production and is, thus, an integral
aspect of intracellular signal transduction (see Figure 2.3).53,79,91,122,139,151,167

Increases in intracellular cAMP concentrations lead to immune enhance-
ment, and decreases lead to an inhibition of the immune response.77 Can-
nabinoids inhibit the rise in intracellular cAMP that normally results from
leukocyte activation, and this might be the pathway through which can-
nabinoids suppress immune cell functions.28,74,167 In addition, cannab-
inoids activate other molecular pathways such as the nuclear factor-kB
pathway, and therefore these signals might be modified in drug-treated
immune cells.33,74

T and B Cells

When stimulated by antigen, lymphocytes (see Box 2.1) first prolifer-
ate and then mature or differentiate to become potent effector cells, such
as B cells that release antibodies or T cells that release cytokines. The nor-
mal T-cell proliferation that is seen when human lymphocytes and mouse
splenocytes (spleen cells) are exposed to antigens and mitogens* can be
inhibited by THC, 11-OH-THC, cannabinol, and 2-AG, as well as syn-
thetic cannabinoid agonists such as CP 55,940; WIN 55,212-2; and HU-
210.61,89,93,99,127,155 In contrast, one study testing anandamide revealed little
or no effect on T cell proliferation.93

However, these drug effects are variable and depend on experimental
conditions, such as the experimental drug dose used, the mitogen used,
the percentage of serum in the culture, and the timing of cannabinoid
drug exposure. In general, lower doses of cannabinoids increase prolif-
eration and higher doses suppress proliferation. Doses that are effective
in suppressing immune function are typically greater than 10 µM in cell
culture studies and greater than 5 mg/kg in whole-animal studies.85 By

*Mitogens are substances that stimulate cell division (mitosis) and cell transformation.
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comparison, at 0.05 mg/kg, people will experience the full psychoactive
effects of THC; however, because of their high metabolic rates, small ro-
dents frequently require drug doses that are 100-fold higher than doses
needed for humans to achieve comparable drug effects. Thus, the immune
effects of doses of cannabinoids higher than those ever experienced by
humans should be interpreted with caution.93

As with T cells, B cell proliferation can be suppressed by various can-
nabinoids, such as THC, 11-OH-THC, and 2-AG, but B cell proliferation is
more inhibited at lower drug concentrations than T cell proliferation.89,93

Conversely, low doses of THC, CP 55,940 and WIN 55,212-2 increase B cell
proliferation in cultured human cells exposed to mitogen.35 This effect
possibly involves the CB2 receptor, because the effect appears to be the
same when the CB1 receptor was blocked by the antagonist SR 141716A
(which does not block the CB2 receptor). The reason for the differences in
B cell responsiveness to cannabinoids is probably due to differences in
cell type and source; for example, B cells collected from mouse spleen
might respond to cannabinoids somewhat differently than B cells from
human tonsils.

Natural Killer Cells

Repeated injections of relatively low doses of THC (3 mg/kg/day121*)
or two injections of a high dose (40 mg/kg86) suppress the ability of NK
cells to destroy foreign cells in rats and mice. THC can also suppress cy-
tolytic activity of the NK cells in cell cultures; 11-OH-THC is even more
potent.86 In contrast, THC concentrations below 10 µM had no effect on
NK cell activity in mouse cell cultures.98

Macrophages

Macrophages perform various functions, including phagocytosis (in-
gestion and destruction of foreign substances), cytolysis, antigen presen-
tation to lymphocytes, and production of active proteins involved in de-
stroying microorganisms, tissue repair, and modulation of immune cells.
Those functions can be suppressed by THC doses similar to those capable
of modulating lymphocyte functions (see above).88,109

*While 3 mg/kg would be a high dose for humans (see Table 3.1), in rodents, it is a low
dose for immunological effects and a moderate dose for behavioral effects.
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Cytokines

Cytokines are proteins produced by immune cells. When released
from the producing cell, they can alter the function of other cells they
come in contact with. In a sense they are like hormones. Thus, cannab-
inoids can either increase or decrease cytokine production depending
upon experimental conditions.

Some cytokines, such as interferon-γ and interleukin-2 (IL-2), are pro-
duced by T helper-1 (Th1) cells. These cytokines help to activate cell-
mediated immunity and the killer cells that eliminate microorganisms
from the body (see Box 2.1). When injected into mice, THC suppresses the
production of those cytokines that modulate the host response to infec-
tion (see below).115 Cannabinoids also modulate interferons induced by
viral infection,21 as well as other interferon inducers.85 Furthermore, in
human cell cultures, interferon production can be increased by low con-
centrations but decreased by high concentrations of either THC or CBD.168

In addition to Th1 cytokines, cannabinoids modulate the production of
cytokines such as interleukin-1 (IL-1), tumor necrosis factor (TNF), and
interleukin-6 (IL-6).145,176 At 8 mg/kg, THC can increase the in vivo mobi-
lization of serum acute-phase cytokines, including IL-1, TNF, and IL-6.90

Finally, although these studies suggest that cannabinoids can induce an
increase in cytokines, other studies suggest that they can also suppress
cytokine production.85 The different results might be due to different cell
culture conditions or because different cell lines were studied.

Antibody Production

Antibody production is an important measure of humoral immune
function as contrasted with cellular (cell-mediated) immunity. Antibody
production can be suppressed in mice injected with relatively low doses
of THC (>5 mg/kg) or HU-210 (>0.05 mg/kg) and in mouse spleen cell
cultures exposed to a variety of cannabinoids, including THC, 11-OH-
THC, cannabinol, cannabidiol, CP 55,940, or HU-210.5,6,61,78,79,84,85,142,164

However, the inhibition of antibody response by cannabinoids was only
observed when antibody-forming cells were exposed to T-cell-dependent
antigens (the responses require functional T cells and macrophages as ac-
cessory cells). Conversely, antibody responses to several T-cell-indepen-
dent antigens were not inhibited by THC; this suggests that B cells are
relatively insensitive to inhibition by cannabinoids.142

Resistance to Infection in Animals Exposed to Cannabinoids

Evaluation of bacterial infections in mice that received injections of
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THC can suppress resistance to infection, although the effect depends on
the dose and timing of drug administration. Mice pretreated with THC (8
mg/kg) one day before infection with a sublethal dose of the pneumonia-
causing bacteria Legionella pneumophilia and then treated again one day
after the infection with THC developed symptoms of cytokine-mediated
septic shock and died; control mice that were not pretreated with THC
became immune to repeated infection and survived the bacterial chal-
lenge.90 If only one injection of THC was given or doses less than 5 mg/kg
were used, all the mice survived the initial infection but failed to survive
later challenge with a lethal dose of the bacteria; hence, these mice failed
to develop immune memory in response to the initial sublethal infection.87

Note that these are very high doses and are considerably higher than doses
experienced by marijuana users (see Figure 3.1).115 In rats, doses of 4.0
mg/kg THC are aversive.95

Few studies have been done to evaluate the effect of THC on viral
infections, and this subject needs further study.20 Compared to healthy
animals, THC might have greater immunosuppressive effects in animals
whose immune systems are severely weakened. For example, a very high
dose of THC (100 mg/kg) given two days before and after herpes simplex
virus infection was shown to be a cofactor with the virus in advancing the
progression to death in an immunodeficient mouse model infected with a
leukemia virus.85 However, THC given as a single dose (100 mg/kg) two
days before herpes simplex virus infection did not promote the progres-
sion to death. Hence, whether THC is immunosuppressive probably de-
pends on the timing of THC exposure relative to an infection.

Antiinflammatory Effects

As discussed above, cannabinoid drugs can modulate the production
of cytokines, which are central to inflammatory processes in the body. In
addition, several studies have shown directly that cannabinoids can be
antiinflammatory. For example, in rats with autoimmune encephalomy-
elitis (an experimental model used to study multiple sclerosis), cannab-
inoids were shown to attenuate the signs and the symptoms of central
nervous system damage.100,172 (Some believe that nerve damage associ-
ated with multiple sclerosis is caused by an inflammatory reaction.) Like-
wise, the cannabinoid, HU-211, was shown to suppress brain inflamma-
tion that resulted from closed-head injury146 or infectious meningitis7 in
studies on rats. HU-211 is a synthetic cannabinoid that does not bind to
cannabinoid receptors and is not psychoactive;7 thus, without direct evi-
dence, the effects of marijuana cannot be assumed to include those of HU-
211. CT-3, another atypical cannabinoid, suppresses acute and chronic
joint inflammation in animals.178 It is a nonpsychoactive synthetic deriva-
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tive of 11-THC-oic acid (a breakdown product of THC) and does not ap-
pear to bind to cannabinoid receptors.129 Cannabichromene, a cannabinoid
found in marijuana, has also been reported to have antiinflammatory
properties.173 No mechanism of action for possible antiinflammatory ef-
fects of cannabinoids has been identified, and the effects of these atypical
cannabinoids and effects of marijuana are not yet established.

It is interesting to note that two reports of cannabinoid-induced anal-
gesia are based on the ability of the endogenous cannabinoids, anan-
damide and PEA, to reduce pain associated with local inflammation that
was experimentally induced by subcutaneous injections of dilute forma-
lin.22,73 Both THC and anandamide can increase serum levels of ACTH
and corticosterone in animals.169 Those hormones are involved in regulat-
ing many responses in the body, including those to inflammation. The
possible link between experimental cannabinoid-induced analgesia and
reported antiinflammatory effects of cannabinoids is important for poten-
tial therapeutic uses of cannabinoid drugs but has not yet been estab-
lished.

Conclusions Regarding Effects on the Immune System

Cell culture and animal studies have established cannabinoids as
immunomodulators—that is, they increase some immune responses and
decrease others. The variable responses depend on such experimental fac-
tors as drug dose, timing of delivery, and type of immune cell examined.
Cannabinoids affect multiple cellular targets in the immune system and a
variety of effector functions. Many of the effects noted above appear to
occur at concentrations over 5 µM in vitro and over 5 µg/kg in vivo.* By
comparison, a 5-mg injection of THC into a person (about 0.06 mg/kg) is
enough to produce strong psychoactive effects. It should be emphasized,
however, that little is known about the immune effects of chronic low-
dose exposure to cannabinoids.

Another issue in need of further clarification involves the potential
usefulness of cannabinoids as therapeutic agents in inflammatory dis-
eases. Glucocorticoids have historically been used for these diseases, but
nonpsychotropic cannabinoids potentially have fewer side effects and
might thus offer an improvement over glucocorticoids in treating inflam-
matory diseases.

*In vitro studies are those in which animal cells or tissue are removed and studied outside
the animal; in vivo studies are those in which experiments are conducted in the whole ani-
mal.
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CONCLUSIONS AND RECOMMENDATIONS

Given the progress of the past 15 years in understanding the effects of
cannabinoids, research in the next decade is likely to reveal even more. It
is interesting to compare how little we know about cannabinoids with
how much we know about opiates. Table 2.8 suggests good reason for
optimism about the future of cannabinoid drug development. Now that
many of the basic tools of cannabinoid pharmacology and biology have
been developed, one can expect to see rapid advances that can begin to
match what is known of opiate systems in the brain.

Despite the tremendous progress in understanding the pharmacol-
ogy and neurobiology of brain cannabinoid systems, this field is still in its
early developmental stages. A key focus for future study is the neurobiol-
ogy of endogenous cannabinoids; establishing the precise brain localiza-
tion (in which cells and where) of cannabinoids, cellular storage and re-
lease mechanisms, and uptake mechanisms will be crucial in determining
the biological role of this system. Technology needed to establish the bio-
logical significance of these systems will be broad based and include such
research tools as the transgenic or gene knockout mice, as has already
been accomplished for various opioid-receptor types.26 In 1997, both CB1
and CB2 knockout mice were generated by a team of scientists at the Na-
tional Institutes of Health, and a group in France has developed another
strain of CB1 knockout mice.92

TABLE 2.8 Historical Comparisons Between Cannabinoids and
Opiates

Pharmacological
Discoveries Cannabinoids Opiates

Discovery of receptor 1988   (Devane et al. 1973 (Pert and
existence and Dill and Snyder, Simon,

Howlett )36,40 and Terenius )123,149,162

Identification of 1994 SR 141716A Before 1973: naloxone
receptor antagonist (Rinaldi-

Carmona et al.)132

Discovery of first 1992 anandamide 1975 met- and
endogenous ligand (Devane et al.)37 leu-enkephalin

(Hughes et al.)70

First receptor cloned 1990 (Matsuda et al.)107 1992 (Evans et al.
and Kieffer et al.)41,82

Natural functions Unknown Pain, reproduction, mood,
movement, and others
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Several research tools will greatly aid such investigations, in particu-
lar a greater selection of agonists and antagonists that permit discrimina-
tion in activation between CB1 and CB2 and hydrophilic agonists that can
be delivered to animals or cells more effectively than hydrophobic com-
pounds. In the area of drug development, future progress should con-
tinue to provide more specific agonists and antagonists for CB1 and CB2
receptors, with varying potential for therapeutic uses.

There are certain areas that will provide keys to a better understand-
ing of the potential therapeutic value of cannabinoids. For example, basic
biology indicates a role for cannabinoids in pain and control of move-
ment, which is consistent with a possible therapeutic role in these areas.
The evidence is relatively strong for the treatment of pain and, intriguing
although less well established, for movement disorders. The neuropro-
tective properties of cannabinoids might prove therapeutically useful, al-
though it should be noted that this is a new area and other, better studied,
neuroprotective drugs have not yet been shown to be therapeutically use-
ful. Cannabinoid research is clearly relevant not only to drug abuse but
also to understanding basic human biology. Further, it offers the potential
for the discovery and development of new therapeutically useful drugs.

CONCLUSION: At this point, our knowledge about the biology of
marijuana and cannabinoids allows us to make some general con-
clusions:

• Cannabinoids likely have a natural role in pain modulation,
control of movement, and memory.

• The natural role of cannabinoids in immune systems is likely
multi-faceted and remains unclear.

• The brain develops tolerance to cannabinoids.
• Animal research has demonstrated the potential for depen-

dence, but this potential is observed under a narrower range of
conditions than with benzodiazepines, opiates, cocaine, or
nicotine.

• Withdrawal symptoms can be observed in animals but appear
mild compared with those of withdrawal from opiates or ben-
zodiazepines, such as diazepam (Valium).

CONCLUSION: The different cannabinoid receptor types found in
the body appear to play different roles in normal physiology. In
addition, some effects of cannabinoids appear to be independent
of those receptors. The variety of mechanisms through which can-
nabinoids can influence human physiology underlies the variety
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of potential therapeutic uses for drugs that might act selectively
on different cannabinoid systems.

RECOMMENDATION: Research should continue into the physiologi-
cal effects of synthetic and plant-derived cannabinoids and the
natural function of cannabinoids found in the body. Because
different cannabinoids appear to have different effects, cannab-
inoid research should include, but not be restricted to, effects
attributable to THC alone.

This chapter has summarized recent progress in understanding the
basic biology of cannabinoids and provides a foundation for the next two
chapters which review studies on the potential health risks (chapter 3)
and benefits of marijuana use (chapter 4).
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3
First, Do No Harm:

Consequences of Marijuana
Use and Abuse

Primum non nocere. This is the physician’s first rule:
whatever treatment a physician prescribes to a pa-
tient—first, that treatment must not harm the patient.

The most contentious aspect of the medical marijuana de-
bate is not whether marijuana can alleviate particular
symptoms but rather the degree of harm associated with
its use. This chapter explores the negative health conse-
quences of marijuana use, first with respect to drug abuse,

then from a psychological perspective, and finally from a physiological
perspective.

THE MARIJUANA “HIGH”

The most commonly reported effects of smoked marijuana are a sense
of well-being or euphoria and increased talkativeness and laughter alter-
nating with periods of introspective dreaminess followed by lethargy and
sleepiness (see reviews by Adams and Martin, 1996,1 Hall and Solowij,59

and Hall et al. 60).  A characteristic feature of a marijuana “high” is a dis-
tortion in the sense of time associated with deficits in short-term memory
and learning. A marijuana smoker typically has a sense of enhanced physi-
cal and emotional sensitivity, including a feeling of greater interpersonal
closeness. The most obvious behavioral abnormality displayed by some-
one under the influence of marijuana is difficulty in carrying on an intelli-
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gible conversation, perhaps because of an inability to remember what was
just said even a few words earlier.

The high associated with marijuana is not generally claimed to be
integral to its therapeutic value. But mood enhancement, anxiety reduc-
tion, and mild sedation can be desirable qualities in medications—par-
ticularly for patients suffering pain and anxiety. Thus, although the
psychological effects of marijuana are merely side effects in the treatment
of some symptoms, they might contribute directly to relief of other symp-
toms. They also must be monitored in controlled clinical trials to discern
which effect of cannabinoids is beneficial. These possibilities are discussed
later under the discussions of specific symptoms in chapter 4.

The effects of various doses and routes of delivery of THC are shown
in Table 3.1.

Adverse Mood Reactions

Although euphoria is the more common reaction to smoking mari-
juana, adverse mood reactions can occur. Such reactions occur most
frequently in inexperienced users after large doses of smoked or oral mari-
juana. They usually disappear within hours and respond well to reassur-
ance and a supportive environment. Anxiety and paranoia are the most
common acute adverse reactions;59  others include panic, depression, dys-
phoria, depersonalization, delusions, illusions, and hallucinations.1,40,66,69

Of regular marijuana smokers, 17% report that they have experienced at
least one of the symptoms, usually early in their use of marijuana.145

Those observations are particularly relevant for the use of medical mari-
juana in people who have not previously used marijuana.

DRUG DYNAMICS

There are many misunderstandings about drug abuse and depen-
dence (see reviews by O’Brien114  and Goldstein54). The terms and con-
cepts used in this report are as defined in the most recent Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV ),3 the most influential sys-
tem in the United States for diagnoses of mental disorders, including sub-
stance abuse (see Box 3.1). Tolerance, dependence, and withdrawal are
often presumed to imply abuse or addiction, but this is not the case. Toler-
ance and dependence are normal physiological adaptations to repeated
use of any drug. The correct use of prescribed medications for pain, anxi-
ety, and even hypertension commonly produces tolerance and some mea-
sure of physiological dependence.

Even a patient who takes a medicine for appropriate medical indica-
tions and at the correct dosage can develop tolerance, physical depen-
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TABLE 3.1 Psychoactive Doses of THC in Humans

Resulting
Plasma

THC Delivery THC Dose Concentrations
Investigators System Administered of THC Subjects’ Reactions

Heishman and One 2.75% 0.32 mg/kga 50–100 ng/ml At higher level, subjects
co-workers THC felt 100% “high” and
(1990)62a cigarette psychomotor

smoked performance
was decreased;
at 50 ng/ml, subjects
felt about 50% “high”

Kelly and 1-g marijuana 0.25–0.50 Not measured Enough to feel
co-workers cigarette mg/kga psychological effects
(1993)85 smoked (2% or of THC

3.5% THC)

Ohlsson and 19-mg THC About 0.22 100 ng/ml Subjects felt “high”
co-workers cigarette mg/kgb

(1980)118 smoked
(about 1.9%
THC)

5 mg of THC About 0.06 100 ng/ml Subjects felt “high”
injected mg/kgb

intravenously

Chocolate chip About 0.24 8 ng/ml Subjects rated “high”
cookie mg/kg as only about 40%
containing
20 mg of THC

Lindgren and 19-mg THC 12 mg smoked 85 ng/ml Subjects felt “high”
co-workers cigarette (7 mg after 3 min., after 3 min., and
(1981)95 smoked to remained 35 ng/ml maximally high

“desired high” in cigarette after 15 min. after 10–20 min.
butt) (average self-ratings of

5.5 on 10-point scale)
5 mg of THC 0.06 mg/kgc 300 ng/ml Subjects felt maximally
injected after 3 min., “high” after 10 min.
intravenously 65 ng/ml (average self ratings of

after 15 min. 7.5 on a 10-point scale)

aSubjects’ weights and cigarette weights were not given. Calculation based on 85-kg body
weight and 1-g cigarette weight. Note that some THC would have remained in the cigarette
butt and some would have been lost in sidestream smoke, so these represent maximal pos-
sible doses. Actual doses would have been slightly less.
bBased on estimated average 85-kg weight of 11 men 18–35 years old.
cBased on approximate 80-kg weight of subjects (including men and women).
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Box 3.1
Definitions

Addiction. Substance dependence.
Craving refers to the intense desire for a drug and is the most difficult aspect

of addiction to overcome.
Physiological dependence is diagnosed when there is evidence of either tol-

erance or withdrawal; it is sometimes, but not always, manifested in
substance dependence.

Reinforcement. A drug—or any other stimulus—is referred to as a reinforcer
if exposure to it is followed by an increase in frequency of drug-seeking
behavior. The taste of chocolate is a reinforcer for biting into a choco-
late bar. Likewise, for many people the sensation experienced after
drinking alcohol or smoking marijuana is a reinforcer.

Substance dependence is a cluster of cognitive, behavioral, and physiologi-
cal symptoms indicating that a person continues use of the substance
despite significant substance-related problems.

Tolerance is the most common response to repetitive use of a drug and can
be defined as the reduction in responses to the drug after repeated ad-
ministrations.

Withdrawal. The collective symptoms that occur when a drug is abruptly
withdrawn are known as withdrawal syndrome and are often the only
evidence of physical dependence.

dence, and withdrawal symptoms if the drug is stopped abruptly rather
than gradually. For example, a hypertensive patient receiving a beta-
adrenergic receptor blocker, such as propranolol, might have a good thera-
peutic response; but if the drug is stopped abruptly, there can be a with-
drawal syndrome that consists of tachycardia and a rebound increase in
blood pressure to a point that is temporarily higher than before adminis-
tration of the medication began.

Because it is an illegal substance, some people consider any use of
marijuana as substance abuse. However, this report uses the medical defi-
nition; that is, substance abuse is a maladaptive pattern of repeated sub-
stance use manifested by recurrent and significant adverse consequences.3
Substance abuse and dependence are both diagnoses of pathological sub-
stance use. Dependence is the more serious diagnosis and implies com-
pulsive drug use that is difficult to stop despite significant substance-
related problems (see Box 3.2).
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Box 3.2
DSM-IV Criteria for Substance Dependence

A maladaptive pattern of substance use, leading to clinically significant
impairment or distress, as manifested by three (or more) of the following,
occurring at any time in the same 12-month period:

(1) Tolerance, as defined by either of the following:
(a) A need for markedly increased amount of the substance to

achieve intoxication or desired effect.
(b) Markedly diminished effect with continued use of the same

amount of the substance.
(2) Withdrawal, as defined by either of the following:

(a) The characteristic withdrawal syndrome for the substance.
(b) The same (or a closely related) substance is taken to relieve

or avoid withdrawal symptoms.
(3) The substance is often taken in larger amounts or over a longer

period than was intended.
(4) There is a persistent desire or unsuccessful efforts to cut down or

control substance use.
(5) A great deal of time is spent in activities necessary to obtain the

substance (e.g., visiting multiple doctors or driving long distances),
to use the substance (e.g., chain-smoking), or to recover from its
effects.

(6) Important social, occupational, or recreational activities are given
up or reduced because of substance use.

(7) The substance use is continued despite knowledge of having a
persistent or recurrent physical or psychological problem that is
likely to have been caused or exacerbated by the substance (e.g.,
current cocaine use despite recognition of cocaine-induced
depression or continued drinking despite recognition that an ulcer
was made worse by alcohol consumption).

Substance abuse with physiological dependence is diagnosed if there is
evidence of tolerance or withdrawal.

Substance abuse without physiological dependence is diagnosed if there is
no evidence of tolerance or withdrawal.

Reinforcement

Drugs vary in their ability to produce good feelings in users, and the
more strongly reinforcing a drug is, the more likely it will be abused (G.
Koob, Institute of Medicine (IOM) workshop). Marijuana is indisputably
reinforcing for many people. The reinforcing properties of even so mild a

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


88 MARIJUANA AND MEDICINE

stimulant as caffeine are typical of reinforcement by addicting drugs (re-
viewed by Goldstein54 in 1994). Caffeine is reinforcing for many people at
low doses (100–200 mg, the average amount of caffeine in one to two cups
of coffee) and is aversive at high doses (600 mg, the average amount of
caffeine in six cups of coffee). The reinforcing effects of many drugs are
different for different people. For example, caffeine was most reinforcing
for test subjects who scored lowest on tests of anxiety but tended not to be
reinforcing for the most anxious subjects.

As an argument to dispute the abuse potential of marijuana, some
have cited the observation that animals do not willingly self-administer
THC, as they will cocaine. Even if that were true, it would not be relevant
to human use of marijuana. The value in animal models of drug self-
administration is not that they are necessary to show that a drug is rein-
forcing but rather that they provide a model in which the effects of a drug
can be studied. Furthermore, THC is indeed rewarding to animals at some
doses but, like many reinforcing drugs, is aversive at high doses (4.0 mg/
kg).93  Similar effects have been found in experiments conducted in
animals outfitted with intravenous catheters that allow them to self-
administer WIN 55,212, a drug that mimics the effects of THC.100

A specific set of neural pathways has been proposed to be a “reward
system” that underlies the reinforcement of drugs of abuse and other plea-
surable stimuli.51  Reinforcing properties of drugs are associated with their
ability to increase concentrations of particular neurotransmitters in areas
that are part of the proposed brain reward system. The median forebrain
bundle and the nucleus accumbens are associated with brain reward path-
ways.88  Cocaine, amphetamine, alcohol, opioids, nicotine, and THC144  all
increase extracellular fluid dopamine in the nucleus accumbens region
(reviewed by Koob and Le Moal88 and Nestler and Aghajanian110 in 1997).
However, it is important to note that brain reward systems are not strictly
“drug reinforcement centers.” Rather, their biological role is to respond to
a range of positive stimuli, including sweet foods and sexual attraction.

Tolerance

The rate at which tolerance to the various effects of any drug devel-
ops is an important consideration for its safety and efficacy. For medical
use, tolerance to some effects of cannabinoids might be desirable. Differ-
ences in the rates at which tolerance to the multiple effects of a drug
develops can be dangerous. For example, tolerance to the euphoric effects
of heroin develops faster than tolerance to its respiratory depressant
effects, so heroin users tend to increase their daily doses to reach their
desired level of euphoria, thereby putting themselves at risk for respira-
tory arrest. Because tolerance to the various effects of cannabinoids might
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develop at different rates, it is important to evaluate independently their
effects on mood, motor performance, memory, and attention, as well as
any therapeutic use under investigation.

Tolerance to most of the effects of marijuana can develop rapidly after
only a few doses, and it also disappears rapidly. Tolerance to large doses
has been found to persist in experimental animals for long periods after
cessation of drug use. Performance impairment is less among people who
use marijuana heavily than it is among those who use marijuana only
occasionally,29,104,124 possibly because of tolerance. Heavy users tend to
reach higher plasma concentrations of THC than light users after similar
doses of THC, arguing against the possibility that heavy users show less
performance impairment because they somehow absorb less THC (per-
haps due to differences in smoking behavior).95

There appear to be variations in the development of tolerance to the
different effects of marijuana and oral THC. For example, daily marijuana
smokers participated in a residential laboratory study to compare the
development of tolerance to THC pills and to smoked marijuana.61,62  One
group was given marijuana cigarettes to smoke four times per day for
four consecutive days; another group was given THC pills on the same
schedule. During the four-day period, both groups became tolerant to feel-
ing “high” and what they reported as a “good drug effect.” In contrast,
neither group became tolerant to the stimulatory effects of marijuana or
THC on appetite. “Tolerance” does not mean that the drug no longer pro-
duced the effects but simply that the effects were less at the end than at
the beginning of the four-day period. The marijuana smoking group re-
ported feeling “mellow” after smoking and did not show tolerance to this
effect; the group that took THC pills did not report feeling “mellow.” The
difference was also reported by many people who described their experi-
ences to the IOM study team.

The oral and smoked doses were designed to deliver roughly equiva-
lent amounts of THC to a subject. Each smoked marijuana dose consisted
of five 10-second puffs of a marijuana cigarette containing 3.1% THC; the
pills contained 30 mg of THC. Both groups also received placebo drugs
during other four-day periods. Although the dosing of the two groups
was comparable, different routes of administration resulted in different
patterns of drug effect. The peak effect of smoked marijuana is usually felt
within minutes and declines sharply after 30 minutes68,95; the peak effect
of oral THC is usually not felt until about an hour and lasts for several
hours.118

Withdrawal

A distinctive marijuana and THC withdrawal syndrome has been
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identified, but it is mild and subtle compared with the profound physical
syndrome of alcohol or heroin withdrawal.31,74 The symptoms of mari-
juana withdrawal include restlessness, irritability, mild agitation, insom-
nia, sleep EEG disturbance, nausea, and cramping (Table 3.2). In addition
to those symptoms, two recent studies noted several more. A group of
adolescents under treatment for conduct disorders also reported fatigue
and illusions or hallucinations after marijuana abstinence (this study is
discussed further in the section on “Prevalence and Predictors of Depen-
dence on Marijuana and Other Drugs”).31  In a residential study of daily

TABLE 3.2 Drug Withdrawal Symptoms

Opioids (e.g., heroin
Nicotine Alcohol Marijuana Cocaine or morphine)

Restlessness Restlessness Restlessness
Irritability Irritability Irritability Irritability
Impatience, Mild agitation
   hostility
Dysphoria Dysphoria Dysphoria
Depression Depression
Anxiety Anxiety
Difficulty
   concentrating

Sleep Insomnia Sleepiness, Insomnia
   disturbance    fatigue

Sleep EEG
   disturbance

Nausea Nausea Nausea
Cramping Cramping

Decreased Tachycardia, Bradycardia
   heart rate    hypertension

Sweating Muscle aches
Seizures Increased sensitivity

   to pain
Alcohol craving Cocaine craving Opioid craving

Increased Delirium
   appetite or    tremensa

   weight gain
Tremor
Perceptual
   distortion

aSevere agitation, confusion, visual hallucinations, fever, profuse sweating, nausea,
diarrhea, dilated pupils.
SOURCE: O’Brien (1996).113
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marijuana users, withdrawal symptoms included sweating and runny
nose, in addition to those listed above.62  A marijuana withdrawal syn-
drome, however, has been reported only in a group of adolescents in treat-
ment for substance abuse problems31 and in a research setting where sub-
jects were given marijuana or THC daily.62,74

Withdrawal symptoms have been observed in carefully controlled
laboratory studies of people after use of both oral THC and smoked mari-
juana.61,62  In one study, subjects were given very high doses of oral THC:
180–210 mg per day for 10–20 days, roughly equivalent to smoking 9–10
2% THC cigarettes per day.74  During the abstinence period at the end of
the study, the study subjects were irritable and showed insomnia, runny
nose, sweating, and decreased appetite. The withdrawal symptoms, how-
ever, were short lived. In four days they had abated. The time course con-
trasts with that in another study in which lower doses of oral THC were
used (80–120 mg/day for four days) and withdrawal symptoms were still
near maximal after four days.61,62

In animals, simply discontinuing chronic heavy dosing of THC does
not reveal withdrawal symptoms, but the “removal” of THC from the
brain can be made abrupt by another drug that blocks THC at its receptor
if administered when the chronic THC is withdrawn. The withdrawal syn-
drome is pronounced, and the behavior of the animals becomes hyper-
active and disorganized.153  The half-life of THC in brain is about an
hour.16,24  Although traces of THC can remain in the brain for much longer
periods, the amounts are not physiologically significant. Thus, the lack of
a withdrawal syndrome when THC is abruptly withdrawn without ad-
ministration of a receptor-blocking drug is probably not due to a pro-
longed decline in brain concentrations.

Craving

Craving, the intense desire for a drug, is the most difficult aspect of
addiction to overcome. Research on craving has focused on nicotine, alco-
hol, cocaine, and opiates but has not specifically addressed marijuana.115

Thus, while this section briefly reviews what is known about drug crav-
ing, its relevance to marijuana use has not been established.

Most people who suffer from addiction relapse within a year of absti-
nence, and they often attribute their relapse to craving.58  As addiction
develops, craving increases even as maladaptive consequences accumu-
late. Animal studies indicate that the tendency to relapse is based on
changes in brain function that continue for months or years after the last
use of the drug.115  Whether neurobiological conditions change during the
manifestation of an abstinence syndrome remains an unanswered ques-
tion in drug abuse research.88  The “liking” of sweet foods, for example, is

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


92 MARIJUANA AND MEDICINE

mediated by opioid forebrain systems and by brain stem systems, whereas
“wanting” seems to be mediated by ascending dopamine neurons that
project to the nucleus accumbens.109

Anticraving medications have been developed for nicotine and alco-
hol. The antidepressant, bupropion, blocks nicotine craving, while
naltrexone blocks alcohol craving.115  Another category of addiction medi-
cation includes drugs that block other drugs’ effects. Some of those drugs
also block craving. For example, methadone blocks the euphoric effects of
heroin and also reduces craving.

MARIJUANA USE AND DEPENDENCE

Prevalence of Use

Millions of Americans have tried marijuana, but most are not regular
users. In 1996, 68.6 million people—32% of the U.S. population over 12
years old—had tried marijuana or hashish at least once in their lifetime,
but only 5% were current users.132  Marijuana use is most prevalent
among 18- to 25-year-olds and declines sharply after the age of 34 (Figure
3.1).77,132 Whites are more likely than blacks to use marijuana in adoles-
cence, although the difference decreases by adulthood.132

Most people who have used marijuana did so first during adolescence.
Social influences, such as peer pressure and prevalence of use by peers,
are highly predictive of initiation into marijuana use.9  Initiation is not, of
course, synonymous with continued or regular use. A cohort of 456 stu-
dents who experimented with marijuana during their high school years
were surveyed about their reasons for initiating, continuing, and stop-
ping their marijuana use.9  Students who began as heavy users were
excluded from the analysis. Those who did not become regular marijuana
users cited two types of reasons for discontinuing. The first was related to
health and well-being; that is, they felt that marijuana was bad for their
health or for their family and work relationships. The second type was
based on age-related changes in circumstances, including increased re-
sponsibility and decreased regular contact with other marijuana users.
Among high school students who quit, parental disapproval was a stron-
ger influence than peer disapproval in discontinuing marijuana use. In
the initiation of marijuana use, the reverse was true. The reasons cited by
those who continued to use marijuana were to “get in a better mood or
feel better.” Social factors were not a significant predictor of continued
use. Data on young adults show similar trends. Those who use drugs in
response to social influences are more likely to stop using them than those
who also use them for psychological reasons.80

The age distribution of marijuana users among the general popula-
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FIGURE 3.1 Age distribution of marijuana users among the general population.

tion contrasts with that of medical marijuana users. Marijuana use gener-
ally declines sharply after the age of 34 years, whereas medical marijuana
users tend to be over 35. That raises the question of what, if any, relation-
ship exists between abuse and medical use of marijuana; however, no
studies reported in the scientific literature have addressed this question.

Prevalence and Predictors of Dependence on
Marijuana and Other Drugs

Many factors influence the likelihood that a particular person will
become a drug abuser or an addict; the user, the environment, and the
drug are all important factors (Table 3.3).114 The first two categories apply
to potential abuse of any substance; that is, people who are vulnerable to
drug abuse for individual reasons and who find themselves in an envi-
ronment that encourages drug abuse are initially likely to abuse the most
readily available drug—regardless of its unique set of effects on the brain.
The third category includes drug-specific effects that influence the abuse
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liability of a particular drug. As discussed earlier in this chapter, the more
strongly reinforcing a drug is, the more likely that it will be abused. The
abuse liability of a drug is enhanced by how quickly its effects are felt,
and this is determined by how the drug is delivered. In general, the effects
of drugs that are inhaled or injected are felt within minutes, and the effects
of drugs that are ingested take a half hour or more.

The proportion of people who become addicted varies among drugs.
Table 3.4 shows estimates for the proportion of people among the general
population who used or became dependent on different types of drugs.
The proportion of users that ever became dependent includes anyone who
was ever dependent—whether it was for a period of weeks or years—and
thus includes more than those who are currently dependent. Compared
to most other drugs listed in this table, dependence among marijuana us-
ers is relatively rare. This might be due to differences in specific drug
effects, the availability of or penalties associated with the use of the differ-
ent drugs, or some combination.

Daily use of most illicit drugs is extremely rare in the general popula-
tion. In 1989, daily use of marijuana among high school seniors was less
than that of alcohol (2.9% and 4.2%, respectively).76

Drug dependence is more prevalent in some sectors of the population
than in others. Age, gender, and race or ethnic group are all important.8
Excluding tobacco and alcohol, the following trends of drug dependence
are statistically significant:8 Men are 1.6 times as likely than women to
become drug dependent, non-Hispanic whites are about twice as likely as
blacks to become drug dependent (the difference between non-Hispanic

TABLE 3.3 Factors That Are Correlated with Drug Dependence

Individual Factors
• Pharmacological effects of the drug
• Gender
• Age
• Genetic factors
• Individual risk-taking propensities
• Prior drug use

Environmental Factors
• Availability of the drug
• Acceptance of use of that drug in society
• Balance of social reinforcements and of punishments for use
• Balance of social reinforcements and of punishments for abstinence

SOURCE: Crowley and Rhine (1985).32
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and Hispanic whites was not significant), and people 25–44 years old are
more than three times as likely as those over 45 years old to become drug
dependent.

More often than not, drug dependence co-occurs with other psychiat-
ric disorders. Most people with a diagnosis of drug dependence disorder
also have a diagnosis of a another psychiatric disorder (76% of men and
65% of women).76 The most frequent co-occurring disorder is alcohol
abuse; 60% of men and 30% of women with a diagnosis of drug depen-
dence also abuse alcohol. In women who are drug dependent, phobic dis-
orders and major depression are almost equally common (29% and 28%,
respectively). Note that this study distinguished only between alcohol,
nicotine and “other drugs”; marijuana was grouped among “other drugs.”
The frequency with which drug dependence and other psychiatric dis-
orders co-occur might not be the same for marijuana and other drugs that
were included in that category.

A strong association between drug dependence and antisocial per-
sonality or its precursor, conduct disorder, is also widely reported in chil-
dren and adults (reviewed in 1998 by Robins126). Although the causes of
the association are uncertain, Robins recently concluded that it is more
likely that conduct disorders generally lead to substance abuse than the
reverse.126 Such a trend might, however, depend on the age at which the
conduct disorder is manifested.

TABLE 3.4 Prevalence of Drug Use and Dependencea in the
General Population

Proportion That Have Proportion of Users That
Drug Category Ever Used (%) Ever Became Dependent (%)

Tobacco  76  32
Alcohol  92  15
Marijuana (including hashish)  46b  9
Anxiolytics (including sedatives 13  9

and hypnotic drugs)
Cocaine  16  17
Heroin  2  23

aDiagnosis of drug dependence used in this study based on DSM-III-R criteria.2
bThe percentage of people who ever used marijuana is higher than that reported by the
National Household Survey on Drug Abuse (32%), probably due to different survey meth-
ods (for discussion, see Kandel, 199276).
SOURCE: Adapted from Table 2 in Anthony and co-workers (1994).8

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


96 MARIJUANA AND MEDICINE

A longitudinal study by Brooks and co-workers noted a significant
relationship between adolescent drug use and disruptive disorders in
young adulthood; except for earlier psychopathology, such as childhood
conduct disorder, the drug use preceded the psychiatric disorders.18 In
contrast with use of other illicit drugs and tobacco, moderate (less than
once a week and more than once a month) to heavy marijuana use did not
predict anxiety or depressive disorders; but it was similar to those other
drugs in predicting antisocial personality disorder. The rates of disrup-
tive disorders increased with increased drug use. Thus, heavy drug use
among adolescents can be a warning sign for later psychiatric disorders;
whether it is an early manifestation of or a cause of those disorders re-
mains to be determined.

Psychiatric disorders are more prevalent among adolescents who use
drugs—including alcohol and nicotine—than among those who do not.79

Table 3.5 indicates that adolescent boys who smoke cigarettes daily are
about 10 times as likely to have a psychiatric disorder diagnosis as those
who do not smoke. However, the table does not compare intensity of use
among the different drug classes. Thus, although daily cigarette smoking
among adolescent boys is more strongly associated with psychiatric dis-
orders than is any use of illicit substances, it does not follow that this
comparison is true for every amount of cigarette smoking.79

Few marijuana users become dependent on it (Table 3.4), but those
who do encounter problems similar to those associated with dependence
on other drugs.19,143 Dependence appears to be less severe among people

TABLE 3.5 Relative Prevalence of Diagnoses of Psychiatric Disorders
Associated with Drug Use Among Childrena

Relative Prevalence Estimatesb

Drug Use Boys Girls

Weekly alcohol use 6.1  1.6 (n.s.)
Daily cigarette smoking 9.8  2.1 (n.s.)
Any illicit substance use 3.2  5.3

aSubjects were from 9 to 18 years old (average, 13 years old).
bAn estimate of 1 means that the relative prevalence of the disorder is equal in those who

do and those who do not use the particular type of drug; that is, there is no measurable
association. An estimate greater than 1 indicates that the factor is associated. Substance abuse
was excluded because the subjects were already grouped by high drug use. Except where
noted (n.s.), all values are statistically significant.
SOURCE: Data from Table 4 in Kandel and co-workers (1997).79
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who use only marijuana than among those who abuse cocaine or those
who abuse marijuana with other drugs (including alcohol).19,143

Data gathered in 1990–1992 from the National Comorbidity Study of
over 8,000 persons 15–54 years old indicate that 4.2% of the general popu-
lation were dependent on marijuana at some time.8 Similar results for the
frequency of substance abuse among the general population were ob-
tained from the Epidemiological Catchment Area Program, a survey of
over 19,000 people. According to data collected in the early 1980s for that
study, 4.4% of adults have, at one time, met the criteria for marijuana
dependence. In comparison, 13.8% of adults met the criteria for alcohol
dependence and 36.0% for tobacco dependence. After alcohol and nico-
tine, marijuana was the substance most frequently associated with a diag-
nosis of substance dependence.

In a 15-year study begun in 1979, 7.3% of 1,201 adolescents and young
adults in suburban New Jersey at some time met the criteria for marijuana
dependence; this indicates that the rate of marijuana dependence might
be even higher in some groups of adolescents and young adults than in
the general population.71 Adolescents meet the criteria for drug depen-
dence at lower rates of marijuana use than do adults, and this suggests
that they are more vulnerable to dependence than adults25 (see Box 3.2).

Youths who are already dependent on other substances are particu-
larly vulnerable to marijuana dependence. For example, Crowley and co-
workers31 interviewed a group of 229 adolescent patients in a residential
treatment program for delinquent, substance-involved youth and found
that those patients were dependent on an average of 3.2 substances. The
adolescents had previously been diagnosed as dependent on at least one
substance (including nicotine and alcohol) and had three or more conduct
disorder symptoms during their life. About 83% of those who had used
marijuana at least six times went on to develop marijuana dependence.
About equal numbers of youths in the study had a diagnosis of marijuana
dependence and a diagnosis of alcohol dependence; fewer were nicotine
dependent. Comparisons of dependence potential between different
drugs should be made cautiously. The probability that a particular drug
will be abused is influenced by many factors, including the specific drug
effects and availability of the drug.

Although parents often state that marijuana caused their children to
be rebellious, the troubled adolescents in the study by Crowley and co-
workers developed conduct disorders before marijuana abuse. That is con-
sistent with reports that the more symptoms of conduct disorders chil-
dren have, the younger they begin drug abuse,127 and that the earlier they
begin drug use, the more likely it is to be followed by abuse or depen-
dence.125

Genetic factors are known to play a role in the likelihood of abuse for
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drugs other than marijuana,7,129 and it is not unexpected that genetic fac-
tors play a role in the marijuana experience, including the likelihood of
abuse. A study of over 8,000 male twins listed in the Vietnam Era Twin
Registry indicated that genes have a statistically significant influence on
whether a person finds the effects of marijuana pleasant.97 Not surpris-
ingly, people who found marijuana to be pleasurable used it more often
than those who found it unpleasant. The study suggested that, although
social influences play an important role in the initiation of use, individual
differences—perhaps associated with the brain’s reward system—influ-
ence whether a person will continue using marijuana. Similar results were
found in a study of female twins.86 Family and social environment
strongly influenced the likelihood of ever using marijuana but had little
effect on the likelihood of heavy use or abuse. The latter were more influ-
enced by genetic factors. Those results are consistent with the finding that
the degree to which rats find THC rewarding is genetically based.92

In summary, although few marijuana users develop dependence,
some do. But they appear to be less likely to do so than users of other
drugs (including alcohol and nicotine), and marijuana dependence
appears to be less severe than dependence on other drugs. Drug depen-
dence is more prevalent in some sectors of the population than others, but
no group has been identified as particularly vulnerable to the drug-
specific effects of marijuana. Adolescents, especially troubled ones, and
people with psychiatric disorders (including substance abuse) appear to
be more likely than the general population to become dependent on
marijuana.

If marijuana or cannabinoid drugs were approved for therapeutic
uses, it would be important to consider the possibility of dependence,
particularly for patients at high risk for substance dependence. Some con-
trolled substances that are approved medications produce dependence
after long-term use; this, however, is a normal part of patient manage-
ment and does not generally present undue risk to the patient.

Progression from Marijuana to Other Drugs

The fear that marijuana use might cause, as opposed to merely pre-
cede, the use of drugs that are more harmful is of great concern. To judge
from comments submitted to the IOM study team, it appears to be of
greater concern than the harms directly related to marijuana itself. The
discussion that marijuana is a “gateway” drug implicitly recognizes that
other illicit drugs might inflict greater damage to health or social relations
than marijuana. Although the scientific literature generally discusses drug
use progression between a variety of drug classes, including alcohol and
tobacco, the public discussion has focused on marijuana as a “gateway”
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drug that leads to abuse of more harmful illicit drugs, such as cocaine and
heroin.

There are strikingly regular patterns in the progression of drug use
from adolescence to adulthood. Because it is the most widely used illicit
drug, marijuana is predictably the first illicit drug that most people
encounter. Not surprisingly, most users of other illicit drugs used mari-
juana first.81,82 In fact, most drug users do not begin their drug use with
marijuana—they begin with alcohol and nicotine, usually when they are
too young to do so legally.82,90

The gateway analogy evokes two ideas that are often confused. The
first, more often referred to as the “stepping stone” hypothesis, is the idea
that progression from marijuana to other drugs arises from pharmaco-
logical properties of marijuana itself.82 The second is that marijuana serves
as a gateway to the world of illegal drugs in which youths have greater
opportunity and are under greater social pressure to try other illegal
drugs. The latter interpretation is most often used in the scientific litera-
ture, and it is supported, although not proven, by the available data.

The stepping stone hypothesis applies to marijuana only in the broad-
est sense. People who enjoy the effects of marijuana are, logically, more
likely to be willing to try other mood-altering drugs than are people who
are not willing to try marijuana or who dislike its effects. In other words,
many of the factors associated with a willingness to use marijuana are,
presumably, the same as those associated with a willingness to use other
illicit drugs. Those factors include physiological reactions to the drug
effect, which are consistent with the stepping stone hypothesis, but also
psychosocial factors, which are independent of drug-specific effects. There
is no evidence that marijuana serves as a stepping stone on the basis of its
particular physiological effect. One might argue that marijuana is gener-
ally used before other illicit mood-altering drugs, in part, because its
effects are milder; in that case, marijuana is a stepping stone only in the
same sense as taking a small dose of a particular drug and then increasing
that dose over time is a stepping stone to increased drug use.

Whereas the stepping stone hypothesis presumes a predominantly
physiological component of drug progression, the gateway theory is a
social theory. The latter does not suggest that the pharmacological quali-
ties of marijuana make it a risk factor for progression to other drug use.
Instead, the legal status of marijuana makes it a gateway drug.82

Psychiatric disorders are associated with substance dependence and
are probably risk factors for progression in drug use. For example, the
troubled adolescents studied by Crowley and co-workers31 were depen-
dent on an average of 3.2 substances, and this suggests that their conduct
disorders were associated with increased risk of progressing from one
drug to another. Abuse of a single substance is probably also a risk factor
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for later multiple drug use. For example, in a longitudinal study that
examined drug use and dependence, about 26% of problem drinkers
reported that they first used marijuana after the onset of alcohol-related
problems (R. Pandina, IOM workshop). The study also found that 11% of
marijuana users developed chronic marijuana problems; most also had
alcohol problems.

Intensity of drug use is an important risk factor in progression. Daily
marijuana users are more likely than their peers to be extensive users of
other substances (for review, see Kandel and Davies78). Of 34- to 35-year-
old men who had used marijuana 10–99 times by the age 24–25, 75% never
used any other illicit drug; 53% of those who had used it more than 100
times did progress to using other illicit drugs 10 or more times. 78  Compa-
rable proportions for women are 64% and 50%.

The factors that best predict use of illicit drugs other than marijuana
are probably the following: age of first alcohol or nicotine use, heavy mari-
juana use, and psychiatric disorders. However, progression to illicit drug
use is not synonymous with heavy or persistent drug use. Indeed, al-
though the age of onset of use of licit drugs (alcohol and nicotine) predicts
later illicit drug use, it does not appear to predict persistent or heavy use
of illicit drugs.90

Data on the gateway phenomenon are often overinterpreted. For
example, one study reports that “marijuana’s role as a gateway drug
appears to have increased.”55 It was a retrospective study based on inter-
views of drug abusers who reported smoking crack or injecting heroin
daily. The data from the study provide no indication of what proportion
of marijuana users become serious drug abusers; rather, they indicate that
serious drug abusers usually use marijuana before they smoke crack or
inject heroin. Only a small percentage of the adult population uses crack
or heroin daily; during the five-year period from 1993 to 1997, an average
of three people per 1,000 used crack and about two per 1,000 used heroin
in the preceding month.132

Many of the data on which the gateway theory is based do not mea-
sure dependence; instead, they measure use—even once-only use. Thus,
they show only that marijuana users are more likely to use other illicit
drugs (even if only once) than are people who never use marijuana, not
that they become dependent or even frequent users. The authors of these
studies are careful to point out that their data should not be used as evi-
dence of an inexorable causal progression; rather they note that identify-
ing stage-based user groups makes it possible to identify the specific risk
factors that predict movement from one stage of drug use to the next—the
real issue in the gateway discussion.25

In the sense that marijuana use typically precedes rather than follows
initiation into the use of other illicit drugs, it is indeed a gateway drug.
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However, it does not appear to be a gateway drug to the extent that it is
the cause or even that it is the most significant predictor of serious drug
abuse; that is, care must be taken not to attribute cause to association. The
most consistent predictors of serious drug use appear to be the intensity
of marijuana use and co-occurring psychiatric disorders or a family his-
tory of psychopathology (including alcoholism).78,83

An important caution is that data on drug use progression pertain to
nonmedical drug use. It does not follow from those data that if marijuana
were available by prescription for medical use, the pattern of drug use
would be the same. Kandel and co-workers also included nonmedical use
of prescription psychoactive drugs in their study of drug use progres-
sion.82 In contrast with the use of alcohol, nicotine, and illicit drugs, there
was not a clear and consistent sequence of drug use involving the abuse
of prescription psychoactive drugs. The current data on drug use progres-
sion neither support nor refute the suggestion that medical availability
would increase drug abuse among medical marijuana users. Whether the
medical use of marijuana might encourage drug abuse among the general
community—not among medical marijuana users themselves but among
others simply because of the fact that marijuana would be used for medi-
cal purposes—is another question.

LINK BETWEEN MEDICAL USE AND DRUG ABUSE

Almost everyone who spoke or wrote to the IOM study team about
the potential harms posed by the medical use of marijuana felt that it
would send the wrong message to children and teenagers. They stated
that information about the harms caused by marijuana is undermined by
claims that marijuana might have medical value. Yet many of our power-
ful medicines are also dangerous medicines. These two facets of medi-
cine—effectiveness and risk—are inextricably linked.

The question here is not whether marijuana can be both harmful and
helpful but whether the perception of its benefits will increase its abuse.
For now any answer to the question remains conjecture. Because mari-
juana is not an approved medicine, there is little information about the
consequences of its medical use in modern society. Reasonable inferences
might be drawn from some examples. Opiates, such as morphine and
codeine, are an example of a class of drugs that is both abused to great
harm and used to great medical benefit, and it would be useful to exam-
ine the relationship between their medical use and their abuse. In a “natu-
ral experiment” during 1973–1978 some states decriminalized marijuana,
and others did not. Finally, one can examine the short-term consequences
of the publicity surrounding the 1996 medical marijuana campaign in Cali-
fornia and ask whether it had any measurable impact on marijuana con-
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sumption among youth in California; the consequences of “message” that
marijuana might have medical use are examined below.

Medical Use and Abuse of Opiates

Two highly influential papers published in the 1920s and 1950s led to
widespread concern among physicians and medical licensing boards that
liberal use of opiates would result in many addicts (reviewed by Moulin
and co-workers106 in 1996). Such fears have proven unfounded; it is now
recognized that fear of producing addicts through medical treatment
resulted in needless suffering among patients with pain as physicians
needlessly limited appropriate doses of medications.27,44 Few people begin
their drug addiction problems with misuse of drugs that have been pre-
scribed for medical use.114 Opiates are carefully regulated in the medical
setting, and diversion of medically prescribed opiates to the black market
is not generally considered to be a major problem.

No evidence suggests that the use of opiates or cocaine for medical
purposes has increased the perception that their illicit use is safe or
acceptable. Clearly, there are risks that patients will abuse marijuana for
its psychoactive effects and some likelihood of diversion of marijuana
from legitimate medical channels into the illicit market. But those risks do
not differentiate marijuana from many accepted medications that are
abused by some patients or diverted from medical channels for non-
medical use. Medications with abuse potential are placed in Schedule II of
the Controlled Substances Act, which brings them under stricter control,
including quotas on the amount that can be legally manufactured (see
chapter 5 for discussion of the Controlled Substances Act). That schedul-
ing also signals to physicians that a drug has abuse potential and that they
should monitor its use by patients who could be at risk for drug abuse.

Marijuana Decriminalization

Monitoring the Future, the annual survey of values and lifestyles of
high school seniors, revealed that high school seniors in decriminalized
states reported using no more marijuana than did their counterparts in
states where marijuana was not decriminalized.72 Another study reported
somewhat conflicting evidence indicating that decriminalization had
increased marijuana use.105  That study used data from the Drug Aware-
ness Warning Network (DAWN), which has collected data on drug-
related emergency room (ER) cases since 1975. There was a greater in-
crease from 1975 to 1978 in the proportion of ER patients who had used
marijuana in states that had decriminalized marijuana in 1975–1976 than
in states that had not decriminalized it (Table 3.6). Despite the greater

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


CONSEQUENCES OF MARIJUANA USE AND ABUSE 103

increase among decriminalized states, the proportion of marijuana users
among ER patients by 1978 was about equal in states that had and states
that had not decriminalized marijuana. That is because the non-decrimi-
nalized states had higher rates of marijuana use before decriminalization.
In contrast with marijuana use, rates of other illicit drug use among ER
patients were substantially higher in states that did not decriminalize
marijuana use. Thus, there are different possible reasons for the greater
increase in marijuana use in the decriminalized states. On the one hand,
decriminalization might have led to an increased use of marijuana (at least
among people who sought health care in hospital ERs). On the other hand,
the lack of decriminalization might have encouraged greater use of drugs
that are even more dangerous than marijuana.

The differences between the results for high school seniors from the
Monitoring the Future study and the DAWN data are unclear, although
the author of the latter study suggests that the reasons might lie in limita-
tions inherent in how the DAWN data are collected.105

In 1976, the Netherlands adopted a policy of toleration for possession
of up to 30 g of marijuana. There was little change in marijuana use dur-
ing the seven years after the policy change, which suggests that the change
itself had little effect; however, in 1984, when Dutch “coffee shops” that
sold marijuana commercially spread throughout Amsterdam, marijuana

TABLE 3.6 Effect of Decriminalization on Marijuana Use in
Emergency Room (ER) Cases

Total Reports of Drug Use per ERa

States That States That Did Not
Decriminalized Decriminalize

Periodb Marijuana Marijuana

Marijuana use 1975 0.8 1.5
1978 2.7 2.5

Other drug use 1975 47 55
1978 55 70

aData are based on patient self-reports.
bStates that decriminalized marijuana did so after 1975 and before 1978. The 1975 values

reflect ER marijuana reports before or in the first months of decriminalization, whereas 1978
values reflect ER reports when decriminalization laws had been in effect at least a year. The
1978 levels are median values for quarters in 1978 and are derived from Figures 1 and 2 in
Model (1993).105

SOURCE: Adapted from Figures 1 and 2 in Model (1993).105
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use began to increase.98 During the 1990s, marijuana use has continued to
increase in the Netherlands at the same rate as in the United States and
Norway—two countries that strictly forbid marijuana sale and posses-
sion. Furthermore, during this period, approximately equal percentages
of American and Dutch 18 year olds used marijuana; Norwegian 18 year
olds were about half as likely to have used marijuana. The authors of this
study conclude that there is little evidence that the Dutch marijuana
depenalization policy led to increased marijuana use, although they note
that commercialization of marijuana might have contributed to its in-
creased use.  Thus, there is little evidence that decriminalization of mari-
juana use necessarily leads to a substantial increase in marijuana use.

The Medical Marijuana Debate

The most recent National Household Survey on Drug Abuse showed
that among people 12–17 years old the perceived risk associated with
smoking marijuana once or twice a week had decreased significantly be-
tween 1996 and 1997.132 (Perceived risk is measured as the percentage of
survey respondents who report that they “perceive great risk of harm” in
using a drug at a specified frequency.) At first glance, that might seem to
validate the fear that the medical marijuana debate of 1996—before pas-
sage of the California medical marijuana referendum in November 1997—
had sent a message that marijuana use is safe. But a closer analysis of the
data shows that Californian youth were an exception to the national trend.
In contrast to the national trend, the perceived risk of marijuana use did
not change among California youth between 1996 and 1997.132* In sum-
mary, there is no evidence that the medical marijuana debate has altered
adolescents’ perceptions of the risks associated with marijuana use.132

PSYCHOLOGICAL HARMS

In assessing the relative risks and benefits related to the medical use
of marijuana, the psychological effects of marijuana can be viewed both as
unwanted side effects and as potentially desirable end points in medical
treatment. However, the vast majority of research on the psychological
effects of marijuana has been in the context of assessing the drug’s intoxi-
cating effects when it is used for nonmedical purposes. Thus, the litera-

*Although Arizona also passed a medical marijuana referendum, it was embedded in a
broader referendum concerning prison sentencing. Hence, the debate in Arizona did not
focus on medical marijuana the way it did in California, and changes in Arizona youths’
attitudes likely reflect factors peripheral to medical marijuana.
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ture does not directly address the effects of marijuana taken for medical
purposes.

There are some important caveats to consider in attempting to
extrapolate from the research mentioned above to the medical use of
marijuana. The circumstances under which psychoactive drugs are taken
are an important influence on their psychological effects. Furthermore,
research protocols to study marijuana’s psychological effects in most
instances were required to use participants who already had experience
with marijuana. People who might have had adverse reactions to mari-
juana either would choose not to participate in this type of study or would
be screened out by the investigator. Therefore, the incidence of adverse
reactions to marijuana that might occur in people with no marijuana
experience cannot be estimated from such studies. A further complicating
factor concerns the dose regimen used for laboratory studies. In most
instances, laboratory research studies have looked at the effects of single
doses of marijuana, which might be different from those observed when
the drug is taken repeatedly for a chronic medical condition.

Nonetheless, laboratory studies are useful in suggesting what psy-
chological functions might be studied when marijuana is evaluated for
medical purposes. Results of laboratory studies indicate that acute and
chronic marijuana use has pronounced effects on mood, psychomotor,
and cognitive functions. These psychological domains should therefore
be considered in assessing the relative risks and therapeutic benefits re-
lated to marijuana or cannabinoids for any medical condition.

Psychiatric Disorders

A major question remains as to whether marijuana can produce last-
ing mood disorders or psychotic disorders, such as schizophrenia.
Georgotas and Zeidenberg52 reported that smoking 10–22 marijuana ciga-
rettes per day was associated with a gradual waning of the positive mood
and social facilitating effects of marijuana and an increase in irritability,
social isolation, and paranoid thinking. Inasmuch as smoking one ciga-
rette is enough to make a person feel “high” for about 1–3 hours,68,95,118

the subjects in that study were taking very high doses of marijuana.
Reports have described the development of apathy, lowered motivation,
and impaired educational performance in heavy marijuana users who do
not appear to be behaviorally impaired in other ways.121,122 There are clini-
cal reports of marijuana-induced psychosis-like states (schizophrenia-like,
depression, and/or mania) lasting for a week or more.112 Hollister sug-
gests that, because of the varied nature of the psychotic states induced by
marijuana, there is no specific “marijuana psychosis.” Rather, the mari-
juana experience might trigger latent psychopathology of many types.66
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More recently, Hall and colleagues60 concluded that “there is reasonable
evidence that heavy cannabis use, and perhaps acute use in sensitive indi-
viduals, can produce an acute psychosis in which confusion, amnesia,
delusions, hallucinations, anxiety, agitation and hypomanic symptoms
predominate.” Regardless of which of those interpretations is correct, the
two reports agree that there is little evidence that marijuana alone pro-
duces a psychosis that persists after the period of intoxication.

Schizophrenia

The association between marijuana and schizophrenia is not well
understood. The scientific literature indicates general agreement that
heavy marijuana use can precipitate schizophrenic episodes but not that
marijuana use can cause the underlying psychotic disorder.59,96,151 As
noted earlier, drug abuse is common among people with psychiatric
disorders. Estimates of the prevalence of marijuana use among schizo-
phrenics vary considerably but are in general agreement that it is at least
as great as that among the general population.134 Schizophrenics prefer
the effects of marijuana to those of alcohol and cocaine,35 which they seem
to use less often than does the general population.134 The reasons for this
are unknown, but it raises the possibility that schizophrenics might obtain
some symptomatic relief from moderate marijuana use. But overall, com-
pared with the general population, people with schizophrenia or with a
family history of schizophrenia are likely to be at greater risk for adverse
psychiatric effects from the use of cannabinoids.

Cognition

As discussed earlier, acutely administered marijuana impairs cogni-
tion.60,66,112 Positron emission tomography (PET) imaging allows investi-
gators to measure the acute effects of marijuana smoking on active brain
function. Human volunteers who perform auditory attention tasks before
and after smoking a marijuana cigarette show impaired performance
while under the influence of marijuana; this is associated with substantial
reduction in blood flow to the temporal lobe of the brain, an area that is
sensitive to such tasks.116,117 Marijuana smoking increases blood flow in
other brain regions, such as the frontal lobes and lateral cerebellum.101,155

Earlier studies purporting to show structural changes in the brains of
heavy marijuana users22 have not been replicated with more sophisticated
techniques.28,89

Nevertheless, recent studies14,122  have found subtle defects in cogni-
tive tasks in heavy marijuana users after a brief period (19–24 hours) of
marijuana abstinence. Longer term cognitive deficits in heavy marijuana
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users have also been reported.140 Although these studies have attempted
to match heavy marijuana users with subjects of similar cognitive abilities
before exposure to marijuana use, the adequacy of this matching has been
questioned.133 The complex methodological issues facing research in this
area are well reviewed in an article by Pope and colleagues.121 Care must
be exercised so that studies are designed to differentiate between changes
in brain function caused the effects of marijuana and by the illness for
which marijuana is being given. AIDS dementia is an obvious example of
this possible confusion. It is also important to determine whether repeated
use of marijuana at therapeutic dosages produces any irreversible cogni-
tive effects.

Psychomotor Performance

Marijuana administration has been reported to affect psychomotor
performance on a number of tasks. The review by Chait and Pierri23 not
only details the studies that have been done but also points out the incon-
sistencies among studies, the methodological shortcomings of many stud-
ies, and the large individual differences among the studies attributable to
subject, situational, and methodological factors. Those factors must be
considered in studies of psychomotor performance when participants are
involved in a clinical trial of the efficacy of marijuana. The types of psy-
chomotor functions that have been shown to be disrupted by the acute
administration of marijuana include body sway, hand steadiness, rotary
pursuit, driving and flying simulation, divided attention, sustained atten-
tion, and the digit-symbol substitution test. A study of experienced air-
plane pilots showed that even 24 hours after a single marijuana cigarette
their performance on flight simulator tests was impaired.163 Before the
tests, however, they told the study investigators that they were sure their
performance would be unaffected.

Cognitive impairments associated with acutely administered mari-
juana limit the activities that people would be able to do safely or produc-
tively. For example, no one under the influence of marijuana or THC
should drive a vehicle or operate potentially dangerous equipment.

Amotivational Syndrome

One of the more controversial effects claimed for marijuana is the pro-
duction of an “amotivational syndrome.” This syndrome is not a medical
diagnosis, but it has been used to describe young people who drop out of
social activities and show little interest in school, work, or other goal-
directed activity. When heavy marijuana use accompanies these symp-
toms, the drug is often cited as the cause, but no convincing data demon-
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strate a causal relationship between marijuana smoking and these behav-
ioral characteristics.23 It is not enough to observe that a chronic marijuana
user lacks motivation. Instead, relevant personality traits and behavior of
subjects must be assessed before and after the subject becomes a heavy
marijuana user. Because such research can only be done on subjects who
become heavy marijuana users on their own, a large population study—
such as the Epidemiological Catchment Area study described earlier in
this chapter—would be needed to shed light on the relationship between
motivation and marijuana use. Even then, although a causal relationship
between the two could, in theory, be dismissed by an epidemiological
study, causality could not be proven.

Summary

Measures of mood, cognition, and psychomotor performance should
be incorporated into clinical trials evaluating the efficacy of marijuana or
cannabinoid drugs for a given medical condition. Ideally, participants
would complete mood assessment questionnaires at various intervals
throughout the day for a period before; every week during; and, where
appropriate, after marijuana therapy. A full psychological screening of
research participants should be conducted to determine whether there is
an interaction between the mood-altering effects of chronic marijuana use
and the psychological characteristics of the subjects. Similarly, the cogni-
tive and psychomotor functioning should be assessed before and regu-
larly during the course of a chronic regimen of marijuana or cannabinoid
treatment to determine the extent to which tolerance to the impairing
effects of marijuana develops and to monitor whether new problems
develop.

When compared with changes produced by either placebo or an active
control medication, the magnitude of desirable therapeutic effects and the
frequency and magnitude of adverse psychological side effects of mari-
juana could be determined. That would allow a more thorough assess-
ment of the risk:benefit ratio associated with the use of marijuana for a
given indication.

CONCLUSION: The psychological effects of cannabinoids, such as
anxiety reduction, sedation, and euphoria, can influence their po-
tential therapeutic value. Those effects are potentially undesir-
able in some patients and situations and beneficial in others. In
addition, psychological effects can complicate the interpretation
of other aspects of the drug’s effect.
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RECOMMENDATION: Psychological effects of cannabinoids, such
as anxiety reduction and sedation, which can influence medical
benefits, should be evaluated in clinical trials.

PHYSIOLOGICAL HARMS: TISSUE AND ORGAN DAMAGE

Many people who spoke to the IOM study team in favor of the medi-
cal use of marijuana cited the absence of marijuana overdoses as evidence
that it is safe. Indeed, epidemiological data indicate that in the general
population marijuana use is not associated with increased mortality.138

However, other serious health outcomes should be considered, and they
are discussed below.

It is important to keep in mind that most of the studies that report
physiological harm resulting from marijuana use are based on the effects
of marijuana smoking. Thus, we emphasize that the effects reported can-
not be presumed to be caused by THC alone or even in combination with
other cannabinoids found in marijuana. It is likely that smoke is a major
cause of the reported effects. In most studies the methods used make it
impossible to weigh the relative contributions of smoke versus cannab-
inoids.

Immune System

The relationship between marijuana and the immune system presents
many facets, including potential benefits and suspected harms. This sec-
tion reviews the evidence on suspected harms to the immune system
caused by marijuana use.

Despite the many claims that marijuana suppresses the human im-
mune system, the health effects of marijuana-induced immunomodulation
are still unclear. Few studies have been done with animals or humans to
assess the effects of marijuana exposure on host resistance to bacteria,
viruses, or tumors.

Human Studies

Several approaches have been used to determine the effects of mari-
juana on the human immune system. Each has serious limitations, which
are discussed below.

Assays of Leukocytes from Marijuana Smokers. One of the more com-
mon approaches has been to isolate peripheral blood leukocytes from
people who have smoked marijuana in order to evaluate the immune
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response of those cells in vitro—most often by measuring mitogen-
induced cell proliferation, a normal immune response. Almost without
exception, this approach has failed to demonstrate any reduction in leu-
kocyte function. The major problem with the approach is that after blood
samples are drawn from the study subjects the leukocytes must be isolated
from whole blood before they are tested. That is done by high-speed cen-
trifugation followed by extensive washing of the cells, which removes the
cannabinoid; perhaps for this reason no adverse effects have been demon-
strated in peripheral blood leukocytes from marijuana smokers.75,91,123,160

Leukocyte Responses to THC. Another approach is to isolate peripheral
blood leukocytes from healthy control subjects who do not smoke mari-
juana and then to measure the effect of THC on the ability of these cells to
proliferate in response to mitogenic stimulation in vitro. One important
difference between leukocytes isolated from a marijuana smoker, as
described above, and leukocyte cell cultures to which THC has been added
directly is in the cannabinoid composition. Marijuana smoke contains
many distinct cannabinoid compounds of which THC is just one. More-
over, the immunomodulatory activity of many of the other cannabinoid
compounds has never been tested, and it is now known that at least one of
those—cannabinol (CBN)—has greater activity on the immune system
than on the central nervous system,64 so it is unclear whether the profile
of activity observed with THC accurately represents the effects of mari-
juana smoke on immune competence. Likewise, the extent to which
different cannabinoids in combination exhibit additive, synergistic, or
antagonistic effects with respect to immunomodulatory activity is unclear.
The issue is complicated by the fact that leukocytes express both types of
cannabinoid receptors: CB1 and CB2.

An additional factor that might affect the immunomodulatory activ-
ity of cannabinoids in leukocytes is metabolism. Leukocytes have very
low levels of the cytochrome P-450 drug-metabolizing enzymes,20 so the
metabolism of cannabinoids is probably different between in vivo and in
vitro exposure. That last point is pertinent primarily to investigations of
chronic, not acute, cannabinoid exposure.

Human-Derived Cell Lines. A third approach for investigating the effects
of cannabinoids on human leukocytes has been to study human-derived
cell lines.* As described above, the cell lines are treated in vitro with can-
nabinoids to test their responses to different stimuli. Although cell lines

*Cell lines are created by removing cells from an organism and then treating them so they
are “immortalized,” meaning they will continue to divide and multiply indefinitely in cul-
ture. Cellular processes can then be studied in isolation from their original source.
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are a convenient source of human cells, the problems described above
apply here as well. In addition, the cell lines might not be the same as the
original cells. For example, cell lines do not necessarily have the same
number of cannabinoid receptors as the original human cells.

Rodent Studies

The most widely used approach is to evaluate the effects of cannab-
inoids in rodents, using rodent-derived cells in vitro. The rationale is that
the human and rodent immune systems are remarkably similar, and it is
assumed that the effects produced by cannabinoids on the rodent immune
system will be similar to those produced in humans. Although no sub-
stantial species differences in immune system sensitivity to cannabinoids
have been reported, the possibility should be considered.

Summary

The complete effect of marijuana smoking on immune function
remains unknown. More important, it is not known whether smoking
leads to increased rates of infections, tumors, allergies, or autoimmune
responses. The problem is how to duplicate the “normal” marijuana smok-
ing pattern while removing other potential immunomodulating lifestyle
factors, such as alcohol and tobacco use. Epidemiological studies are
needed to determine whether marijuana users have a higher incidence of
such diseases, as infections, tumors, allergies, and autoimmune diseases.
Studies on resistance to bacterial and viral infection are clearly needed
and should involve the collaboration of immunologists, infectious disease
specialists, oncologists, and pharmacologists.

Marijuana Smoke

Tobacco is the predominant cause of such lung diseases as cancer and
emphysema, and marijuana smoke contains many of the components of
tobacco smoke.69  Thus, it is important to consider the relationship be-
tween habitual marijuana smoking and some lung diseases.

Given a cigarette of comparable weight, as much as four times the
amount of tar can be deposited in the lungs of marijuana smokers as in
the lungs of tobacco smokers.162 The difference is due primarily to the
differences in filtration and smoking technique between tobacco and mari-
juana smokers. Marijuana cigarettes usually do not have filters, and mari-
juana smokers typically develop a larger puff volume, inhale more deeply,
and hold their breath several times longer than tobacco smokers.119 How-
ever, a marijuana cigarette smoked recreationally typically is not packed
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as tightly as a tobacco cigarette, and the smokable substance is about half
that in a tobacco cigarette. In addition, tobacco smokers generally smoke
considerably more cigarettes per day than do marijuana smokers.

Cellular Damage

Lymphocytes: T and B Cells. Human studies of the effect of marijuana
smoking on immune cell function are not all consistent with cannabinoid
cell culture and animal studies. For example, antibody production was
decreased in a group of hospitalized patients who smoked marijuana for
four days (12 cigarettes/day), but the decrease was seen in only one sub-
type of humoral antibody (IgG), whereas two other subtypes (IgA and
IgM) remained normal and one (IgE) was increased.108 In addition, T cell
proliferation was normal in the blood of a group of marijuana smokers,
although closer evaluation showed an increase in one subset of T cells161

and a decrease in a different subset (CD8).157 It appears that marijuana
use is associated with intermittent disturbances in T and B cell function,
but the magnitude is small and other measures are often normal.87

Macrophages. Alveolar macrophages are the principal immune-effector
cells in the lung and are primarily responsible for protecting the lung
against infectious microorganisms, inhaled foreign substances, and tumor
cells. They are increased during tissue inflammation. In a large sample of
volunteers, habitual marijuana smokers had twice as many alveolar mac-
rophages as nonsmokers, and smokers of both marijuana and tobacco had
twice as many again.11  Marijuana smoking also reduced the ability of
alveolar macrophages to kill fungi, such as Candida albicans;* pathogenic
bacteria, such as Staphylococcus aureus; and tumor target cells. The reduc-
tion in ability to destroy fungal organisms was similar to that seen in
tobacco smokers. The inability to kill pathogenic bacteria was not seen in
tobacco smokers.10 Furthermore, marijuana smoking depressed produc-
tion of proinflammatory cytokines, such as TNF-I and IL-6, but not of
immunosuppressive cytokines.10 Cytokines are important regulators of
macrophage function, so this marijuana-related decrease in inflammatory
cytokine production might be a mechanism whereby marijuana smokers
are less able to destroy fungal and bacterial organisms, as well as tumor
cells.

The inability of alveolar macrophages from habitual marijuana smok-
ers without apparent disease to destroy fungi, bacteria, and tumor cells

*Candida albicans is a yeast infection that is particularly prevalent among people whose
immune systems are suppressed, such as in AIDS patients.

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


CONSEQUENCES OF MARIJUANA USE AND ABUSE 113

and to release proinflammatory cytokines, suggests that marijuana might
be an immunosuppressant with clinically significant effects on host de-
fense. Therefore, the risks of smoking marijuana should be seriously
weighed before recommending its use in any patient with preexisting
immune deficits—including AIDS patients, cancer patients, and those
receiving immunosuppressive therapies (for example, transplant or cancer
patients).

Bronchial and Pulmonary Damage

Animal Studies. A number of animal studies have revealed respiratory
tract changes and diseases associated with marijuana smoking, but others
have not. Extensive damage to the smaller airways, which are the major
site of chronic obstructive pulmonary disease (COPD),* and acute and
chronic pneumonia have been observed in various species exposed to dif-
ferent doses of marijuana smoke.41,42,128  In contrast, rats exposed to
increasing doses of marijuana smoke for one year did not show any signs
of COPD, whereas rats exposed to tobacco smoke did.67

Chronic Bronchitis and Respiratory Illness. Results of human studies
suggest that there is a greater chance of respiratory illness in people who
smoke marijuana. In a survey of outpatient medical visits at a large health
maintenance organization (HMO), marijuana users were more likely to
seek help for respiratory illnesses than people who smoked neither mari-
juana or tobacco.120  However, the incidence of seeking help for respira-
tory illnesses was not higher in those who smoked marijuana for 10 years
or more than in those who smoked for less than 10 years. One explanation
for this is that people who experience respiratory symptoms are more
likely to quit smoking and that people who continue to smoke constitute a
set of survivors who do not develop or are indifferent to such symptoms.
One limitation of this study is that no data were available on the use of
cocaine, which when used with marijuana could contribute to the ob-
served differences. Another limitation is that the survey relied on self-
reporting; tobacco, alcohol, and marijuana use might have been under-
reported (S. Sidney, IOM workshop).

When marijuana smokers were compared with nonsmokers and to-
bacco smokers in a group of 446 volunteers, 15–20% of the marijuana
smokers reported symptoms of chronic bronchitis, including chronic

*COPD is a slow progressive obstruction of the airways, loss of their elasticity, and loss of
lung volume, characterized by chronic shortness of breath, chronic bronchitis, and reduced
oxygenation of blood.
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cough and phlegm production,146 and 20–25% of the tobacco smokers re-
ported symptoms of chronic bronchitis. Despite a marked disparity in the
amount of each substance smoked per day (three or four joints of mari-
juana versus more than 20 cigarettes of tobacco), the difference in the per-
centages of tobacco smokers and marijuana smokers experiencing symp-
toms of chronic bronchitis was statistically insignificant.146  Similar
findings were reported by Bloom and co-workers,15  who noted an addi-
tive effect of smoking both marijuana and tobacco.

Bronchial Tissue Changes. Habitual marijuana smoking is associated
with changes in the lining of the human respiratory tract. Many mari-
juana or tobacco smokers have increased redness (erythema) and swell-
ing (edema) of the airway tissues and increased mucous secretions.43,56  In
marijuana smokers the number and size of small blood vessels in the bron-
chial wall are increased, tissue edema is present, and the normal ciliated
cells* lining the inner surface of the bronchial wall are largely replaced by
mucous-secreting goblet cells. The damage is greater in people who smoke
both marijuana and tobacco.130  Overproduction of mucus by the increased
numbers of mucous-secreting cells in the presence of decreased numbers
of ciliated cells tends to leave coughing as the only major mechanism to
remove mucus from the airways; this might explain the relatively high
proportion of marijuana smokers who complain of chronic cough and
phlegm production.148

A 1998 study has shown that both marijuana and tobacco smokers
have significantly more cellular and molecular abnormalities in bronchial
epithelium cells than nonsmokers; these changes are associated with in-
creased risk of cancer.12  The tobacco-only smokers in that study smoked
an average of 25 cigarettes per day, whereas the marijuana-only smokers
smoked an average of 21 marijuana cigarettes per week. Although the
marijuana smokers smoked far fewer cigarettes, their cellular abnormali-
ties were equivalent to or greater than those seen in tobacco smokers. This
and earlier studies have shown that such abnormalities are greatest in
people who smoke both marijuana and tobacco; hence, marijuana
and tobacco smoke might have additive effects on airway tissue.12,43,56

Tenant150 found similar results in U.S. servicemen who suffered from res-
piratory symptoms and were heavy hashish smokers. (Hashish is the resin
from the marijuana plant.)

Chronic Obstructive Pulmonary Disease. In the absence of epidemio-
logical data, indirect evidence, such as nonspecific airway hyperrespon-

*Ciliated cells have hair-like projections that function to transport mucus toward the mouth
by rapid wave-like motion.
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siveness and measures of lung function, offers an indicator of the vulner-
ability of marijuana smokers to COPD.154  For example, the methacholine
provocative challenge test, used to evaluate airway hyperresponsiveness,
showed that tobacco smokers develop more airway hyperresponsiveness.
But no such correlation has been shown between marijuana smoking and
airway hyperresponsiveness.

There is conflicting evidence on whether regular marijuana use harms
the small airways of the lungs. Bloom and co-workers found that an aver-
age of one joint smoked per day significantly impaired the function of
small airways.15  But Tashkin and co-workers146  did not observe such
damage among heavier marijuana users (three to four joints per day for at
least 10 years), although they noted a narrowing of large central airways.
Tashkin and co-workers’ long-term study, which adjusted for age-related
decline in lung function (associated with an increased risk for developing
COPD), showed an accelerated rate of decline in tobacco smokers but not
in marijuana smokers.147  Thus, the question of whether usual marijuana
smoking habits are enough to cause COPD remains open.

Conclusion. Chronic marijuana smoking might lead to acute and chronic
bronchitis and extensive microscopic abnormalities in the cells lining the
bronchial passageways, some of which may be premalignant. These res-
piratory symptoms are similar to those of tobacco smokers, and the com-
bination of marijuana and tobacco smoking augments these effects. At the
time of this writing, it had not been established whether chronic smoking
marijuana causes COPD, but there is probably an association.

HIV/AIDS Patients

The relationship between marijuana smoking and the natural course
of AIDS is of particular concern because HIV patients are the largest group
who report using marijuana for medical purposes. Marijuana use has been
linked both to increased risk of progression to AIDS in HIV-seropositive
patients and to increased mortality in AIDS patients.

For unknown reasons, marijuana use is associated with increased
mortality among men with AIDS but not among the general population.138

(The relative risk of AIDS mortality for current marijuana users in this 12-
year study was 1.90, indicating that almost twice as many marijuana users
died of AIDS as did noncurrent marijuana users.) Never-married men
used twice as much marijuana as married men and accounted for 83% of
the AIDS deaths in the study. The authors of the study note that, while
marital status is insufficient to adjust for lifestyle factors—particularly,
homosexual behavior—a substantial proportion of the never-married men
with AIDS were probably homosexuals or bisexuals. That raises the pos-
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sibility that the association of marijuana use with AIDS deaths might be
related to indirect factors, such as use of other drugs or high-risk sexual
behavior, both of which increase risks of infection to which AIDS patients
are more susceptible. The higher mortality of AIDS patients who were
current marijuana users also raises the question of whether this was be-
cause patients increased their use of marijuana at the endstages of the
disease to treat their symptoms. However, the association between mari-
juana use and AIDS deaths was similar even when the subjects who died
earliest in the first five years of this 12-year study, and who were presum-
ably the most sick, were excluded from the analysis. In summary, it is
premature to conclude what the underlying causes of this association
might be.

For the general population, the mortality associated with marijuana
use was lower than that associated with cigarette smoking, and tobacco
smoking was not an independent risk factor in AIDS mortality. The
authors of the study described above concluded that therapeutic use of
marijuana did not contribute to the increased mortality among men with
AIDS.

Marijuana use has been associated with a higher prevalence of HIV
seropositivity in cross-sectional studies,84 but the relationship of mari-
juana to the progression to AIDS in HIV-seropositive patients is a reason-
able question. It remains unclear whether marijuana smoking is an inde-
pendent risk factor in the progression of AIDS in HIV-seropositive men.
Marijuana use did not increase the risk of AIDS in HIV-seropositive men
in the Multicenter AIDS Cohort Study, in which 1,795 HIV-seropositive
men were studied for 18 months,84 or in the San Francisco Men’s Health
Study, in which 451 HIV-seropositive men were studied for six years.34  In
contrast, the Sydney AIDS Project in Australia, in which 386 HIV-sero-
positive men were studied for 12 months,152 reported that marijuana use
was associated with increased risk of progression to AIDS. The results of
the Sydney study are less reliable than those of the other two studies
noted; it was the shortest of the studies and, according to the 1993 defini-
tion of AIDS, many of the subjects probably already had AIDS at the
beginning of the study.*

The most compelling concerns regarding marijuana smoking in HIV/
AIDS patients are the possible effects of marijuana on immunity.111 Re-
ports of opportunistic fungal and bacterial pneumonia in AIDS patients
who used marijuana suggest that marijuana smoking either suppresses
the immune system33 or exposes patients to an added burden of patho-

*In 1993 the diagnosis of AIDS was expanded to include anyone with a CD4 count of less
than 200. Prior to 1993 this alone would have been insufficient for a diagnosis of AIDS.
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gens.21  In summary, patients with preexisting immune deficits due to
AIDS should be expected to be vulnerable to serious harm caused by
smoking marijuana. The relative contribution of marijuana smoke versus
THC or other cannabinoids is not known.

Carcinogenicity

The gas and tar phases of marijuana and tobacco smoke contain many
of the same compounds. Furthermore, the tar phase of marijuana smoke
contains higher concentrations of polycyclic aromatic hydrocarbons
(PAHs), such as the carcinogen benzopyrene. The higher content of carci-
nogenic PAHs in marijuana tar and the greater deposition of this tar in the
lung might act in conjunction to amplify the exposure of a marijuana
smoker to carcinogens. For those reasons the carcinogenicity of marijuana
smoke is an important concern.

It is more difficult to collect the epidemiological data necessary to
establish or refute the link between marijuana smoke and cancer than that
between tobacco smoke and cancer. Far fewer people smoke only mari-
juana than only tobacco, and marijuana smokers are more likely to under-
report their smoking.

Case Studies. Results of several case series suggest that marijuana might
play a role in the development of human respiratory cancer. Reports indi-
cate an unexpectedly large proportion of marijuana users among people
with lung cancer141,149  and cancers of the upper aerodigestive tract—that
is, the oral cavity, pharynx, larynx, and esophagus—that occur before the
age of 45.36,39,149  Respiratory tract cancers associated with heavy tobacco
and alcohol consumption are not usually seen before the age of 60,154 and
the occurrence of such cancers in marijuana users younger than 60 sug-
gests that long-term marijuana smoking potentiates the effects of other
risk factors, such as tobacco smoking, and is a more potent risk factor than
tobacco and alcohol use in the early development of respiratory cancers.
Most studies lack the necessary comparison groups to calculate the iso-
lated effect of marijuana use on cancer risk. Many marijuana smokers also
smoke tobacco, so when studies lack information regarding cigarette
smoking status, there is no way to separate the effects of marijuana smoke
and tobacco smoke.

Epidemiological Evidence. As of this writing, Sidney and co-workers139

had conducted the only epidemiological study to evaluate the association
between marijuana use and cancer. The study included a cohort of about
65,000 men and women 15–49 years old. Marijuana users were defined as
those who had used marijuana on six or more occasions. Among the 1,421
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cases of cancer in this cohort, marijuana use was associated only with an
increased risk of prostate cancer in men who did not smoke tobacco. In
these relatively young HMO clients, no association was found between
marijuana use and other cancers, including all tobacco-related cancers,
colorectal cancer, and melanoma. The major limitation associated with
interpreting this study is that the development of lung cancer requires a
long exposure to smoking, and most marijuana users quit before this level
of exposure is achieved. In addition, marijuana use has been widespread
in the United States only since the late 1960s; therefore, despite the large
cohort size there might not have been a sufficient number of heavy or
long-term marijuana smokers to reveal an effect.

Cellular and Molecular Studies. In contrast with clinical studies, cellular
and molecular studies have provided strong evidence that marijuana
smoke is carcinogenic. Cell culture studies implicate marijuana smoke in
the development of cancer. Prolonged exposure of hamster lung cell cul-
tures to marijuana smoke led to malignant transformations,94  and expo-
sure of human lung explants to marijuana smoke resulted in chromosomal
and DNA alterations.154  The tar from marijuana smoke also induced
mutations similar to those produced by tar from the same quantity of
tobacco in a common bacterial assay for mutagenicity.158

Molecular studies also implicate marijuana smoke as a carcinogen.
Proto-oncogenes and tumor suppressor genes are a group of genes that
affect cell growth and differentiation. Normally, they code for proteins
that control cellular proliferation. Once mutated or activated, they pro-
duce proteins that cause cells to multiply rapidly and out of control, and
this results in tumors or cancer.* When the production of these proteins
was evaluated in tissue biopsies taken from marijuana, tobacco, and mari-
juana plus tobacco smokers, and nonsmokers, two of them (EGFR and Ki-
67) were markedly higher in the marijuana smokers than in the non-
smokers and the tobacco smokers. Moreover, the effects of marijuana and
tobacco were additive.131  Thus, in relatively young smokers of marijuana,
particularly those who smoke both marijuana and tobacco, marijuana is
implicated as a risk factor for lung cancer.

DNA alterations are known to be early events in the development of
cancer, and have been observed in the lymphocytes of pregnant mari-
juana smokers and in those of their newborns.4  This is an important study

*Some of the genes involved in the development of lung cancer include those that encode
for Ki-67 (a nuclear proliferation protein responsible for cell division), the p53 tumor sup-
pressor (a protein that normally suppresses cell growth), and epidermal growth factor
receptor (EGFR) (a receptor found on a variety of cell types, especially epithelial cells, that
promotes cellular growth and proliferation when bound to epidermal growth factor).
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because the investigators were careful to exclude tobacco smokers—a
problem in previous studies that cited mutagenic effects of marijuana
smoke.26,53,63,142 The same investigators found similar effects in previous
studies among tobacco smokers,5,6 so the effects cannot be attributed
solely to THC or other cannabinoids. Although it can be determined only
by experiment, it is likely that the smoke contents—other than cannab-
inoids—are responsible for a large part of the mutagenic effect.

Preliminary findings suggest that marijuana smoke activates cyto-
chrome P4501Al (CYP1Al), the enzyme that converts PAHs, such as
benz[α]pyrene, into active carcinogens.99 Bronchial epithelial cells in
tissue biopsies taken from marijuana smokers show more binding to
CYP1A1 antibodies than do comparable cells in biopsies from nonsmok-
ers (D. Tashkin, IOM workshop). That suggests that there is more of
CYP1A1 itself in the bronchial cells of marijuana smokers, but different
experimental methods will be needed to establish that possibility.

Conclusions

There is no conclusive evidence that marijuana causes cancer in
humans, including cancers usually related to tobacco use. However,
cellular, genetic, and human studies all suggest that marijuana smoke is
an important risk factor for the development of respiratory cancer. More
definitive evidence that habitual marijuana smoking leads or does not
lead to respiratory cancer awaits the results of well-designed case control
epidemiological studies. It has been 30 years since the initiation of wide-
spread marijuana use among young people in our society, and such stud-
ies should now be feasible.

The following studies or activities would be useful in providing data
that could more precisely define the health risks of smoking marijuana.

1. Case control studies to determine whether marijuana use is asso-
ciated with an increased risk of respiratory cancer. Despite the lack of
compelling epidemiological evidence, findings from the biochemical, cel-
lular, immunological, genetic, tissue, and animal studies cited above
strongly suggest that marijuana is a risk factor for human cancer. What is
required to address that hypothesis more convincingly is a population-
based case control study of sufficiently large numbers of people with lung
cancer and upper aerodigestive tumors (cancers of the oral cavity and
pharynx, larynx, and esophagus), as well as noncancer controls, to dem-
onstrate a statistically significant association, if one exists. Because of the
long period required for induction of human carcinomas and the infre-
quent use of marijuana in the general U.S. population before 1966, no epi-
demiological studies so far have been extensive enough to measure the
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association between marijuana and cancer adequately. However, epide-
miological investigation of this association is probably possible now in
that some 30 years have elapsed since the start of widespread marijuana
use in the United States among teenagers and young adults.

2. Molecular markers of respiratory cancer progression in marijuana
smokers. If an epidemiological association between marijuana use and
risk of respiratory cancer is demonstrated, studies would be warranted to
explore the presence of molecular markers—such as TP53, p16, NATZ,
and GSTML—that could be predictive of genetically increased risk of car-
cinogenesis in marijuana users.

3. Prospective epidemiological studies of populations with HIV se-
ropositivity or at high risk for HIV infection.* Because HIV/AIDS pa-
tients constitute the largest group that reports smoking marijuana for
medical purposes and they are particularly vulnerable to immunosup-
pressive effects, there is a pressing need for a better understanding of the
relative risk posed by and the rewards of smoking marijuana. Such stud-
ies should include history of marijuana use in the analysis of potential
risk factors for seroconversion and acquisition of opportunistic infections
or progression to AIDS. The studies could be carried out in the context of
any federally approved clinical trials of medical marijuana in immuno-
compromised patients and should provide a follow-up period long
enough to capture potential adverse events.

4. Regularized recording of marijuana use by patients. Although
marijuana is the most commonly used illicit drug, medical providers of-
ten do not question patients about marijuana use and rarely document its
use.102  Among 452 Kaiser Permanente patients who reported daily or
almost daily marijuana use, physicians recorded marijuana use in only
3% of their medical records (S. Sidney, IOM workshop).

5. Additional cellular, animal, and human studies to investigate the
effects of THC and marijuana on immune function. The effects studied
should include effects on proinflammatory versus immunosuppressive
cytokines and on the function of leukocytes that present antigen to T cells.

The question that needs to be addressed is whether THC or marijuana
is a risk factor for HIV infection, for progression to more severe stages of

*A prospective study is one in which a group of subjects is identified and then studied over
the course of time. Such a study allows an experimenter to balance different factors that may
contribute to the study outcome. For example, age, family history, and smoking are risk
factors for lung cancer. In a prospective study, these factors can be balanced to measure how
much smoking increases the risk of lung cancer. A retrospective study is one in which people
with a particular disease are identified and their histories are studied. Such studies are easier
and less expensive to conduct, but they generally lack the explanatory power of prospective
studies.
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AIDS, or for opportunistic infection among HIV-positive patients. Studies
are needed to determine the effects of marijuana use on the function of
alveolar macrophages. It would be important to compare the HIV infec-
tivity and replication of alveolar macrophages harvested from habitual
marijuana users with those harvested from nonusers or infrequent mari-
juana users. Cell culture studies could be used to compare the susceptibil-
ity of HIV-infected alveolar macrophages to additional infection with
opportunistic pathogens. Similarly, further studies on cell cultures of pe-
ripheral blood mononuclear cells could be used to assess the effects of
exposure to THC on HIV infectivity and replication.

Cardiovascular System

Marijuana smoke and oral THC can cause tachycardia (rapid heart
beat) in humans, 20–100% above baseline.57,85  The increase in heart rate is
greatest in the first 10–20 minutes after smoking and decreases sharply
and steadily; depending on whether smoked marijuana or oral THC is
used, this can last three or five hours, respectively.68,95  In some cases,
blood pressure increases while a person is in a reclining position but de-
creases inordinately on standing, resulting in postural hypotension (de-
creased blood pressure due to changing posture from a lying or sitting
position to a standing position, which can cause dizziness and faintness).
In contrast with acute administration of THC, chronic oral ingestion of
THC reduces heart rate in humans.13

In animals, THC decreases heart rate and blood pressure.57,156  How-
ever, most of the animal studies have been conducted in anesthetized ani-
mals, and anesthesia causes hypertension. Thus, those studies should be
interpreted as reports on the effects of cannabinoids in hypertensive sub-
jects. The results of the animal and human studies are consistent with the
conclusion that cannabinoids are hypotensive at high doses in animals, as
well as humans.156

Tolerance can appear after a few days of frequent daily administra-
tion (two or three doses per day) of oral THC or marijuana extract, with
heart rate decreasing, reclining blood pressure falling, and postural hy-
potension disappearing.73  Thus, the intensity of the effects depends on
frequency of use, dose, and even body position.

The cardiovascular changes have not posed a health problem for
healthy, young users of marijuana or THC. However, such changes in
heart rate and blood pressure could present a serious problem for older
patients, especially those with coronary arterial or cerebrovascular dis-
ease. Cardiovascular diseases are the leading causes of death in the United
States (coronary heart disease is first; stroke is third), so any effect of mari-
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juana use on cardiovascular disease could have a substantial impact on
public health (S. Sidney, IOM workshop). The magnitude of the impact
remains to be determined as chronic marijuana users from the late 1960s
enter the age when coronary arterial and cerebrovascular diseases become
common. Smoking marijuana is also known to decrease maximal exercise
performance. That, with the increased heart rate, could theoretically
induce angina (S. Sidney, IOM workshop), so, this raises the possibility
that patients with symptomatic coronary artery disease should be advised
not to smoke marijuana, and THC might be contraindicated in patients
with restricted cardiovascular function.

Reproductive System

Animal Studies. Marijuana and THC can inhibit many reproductive func-
tions on a short-term basis. In both male and female animals, THC injec-
tions suppress reproductive hormones and behavior.107,159  Studies have
consistently shown that injections of THC result in rapid, dose-dependent
suppression of serum luteinizing hormone (LH).70  (LH is the pituitary
hormone that stimulates release of the gonadal hormones, testosterone
and estrogen.) Embryo implantation also appears to be inhibited by THC.
But it does not necessarily follow that marijuana use will interfere with
human reproduction. With few exceptions, the animal studies are based
on acute treatments (single injections) or short-term treatments (THC
injections given over a series of days). The results are generally observed
for only several hours or in females sometimes for only one ovulatory
cycle.

Acute treatments with cannabinoids—including THC, CBD, cannab-
inol, and anandamide—can decrease the fertilizing capacity of sea urchin
sperm.135-137  The sea urchin is only a distant relative of humans, but the
cellular processes that regulate fertilization are similar enough that one
can expect a similar effect in humans. However, the effect of cannabinoids
on the capacity of sperm to fertilize eggs is reversible and is observed at
concentrations of 6–100 µM,136,137  which are higher than those likely to be
experienced by marijuana smokers. The presence of cannabinoid recep-
tors in sperm suggests the possibility of a natural role for anandamide in
modulating sperm function during fertilization. However, it remains to
be determined whether smoked marijuana or oral THC taken in pre-
scribed doses has a clinically significant effect on the fertilizing capacity
of human sperm.

Exposure to THC in utero can result in long-term changes. Many in
utero effects interfere with embryo implantation (see review by Wenger
and co-workers159). Exposure to THC shortly before or after birth can re-
sult in impaired reproductive behavior in mice when they reach adult-
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hood: females are slower to show sexual receptivity, and males are slower
to mount.107

Although THC can act directly on endocrine tissues, such as the testes
and ovaries, it appears to affect reproductive physiology through its
actions on the brain, somewhere other than the pituitary. Some of the
effects of THC are exerted through its action on stress hormones, such as
cortisol.70

Human Studies. The few human studies are consistent with the acute
animal studies: THC inhibits reproductive functions. However, studies of
men and women who use marijuana regularly have yielded conflicting
results and show either depression of reproductive hormones, no effect,
or only a short-term effect. Overall, the results of human studies are con-
sistent with the hypothesis that THC inhibits LH on a short-term basis but
not in long-term marijuana users. In other words, long-term users develop
tolerance to the inhibitory effect of THC on LH. The results in men and
women are similar, with the added consideration of the menstrual cycle
in women; the acute effects of THC appear to vary with cycle stage. THC
appears to have little effect during the follicular phase (the phase after
menses and before ovulation) and to inhibit the LH pulse during the luteal
phase (the phase after ovulation and before menses).103  In brief, although
there are no data on fertility itself, marijuana or THC would probably
decrease human fertility—at least in the short term—for both men and
women. And it is reasonable to predict that THC can interfere with early
pregnancy, particularly with implantation of the embryo. Like tobacco
smoke, marijuana smoke is highly likely to be harmful to fetal develop-
ment and should be avoided by pregnant women and those who might
become pregnant in the near future. Nevertheless, although fertility and
fetal development are important concerns for many, they are unlikely to
be of much concern to people with seriously debilitating or life-
threatening diseases. The well-documented inhibition of reproductive
functions by THC is thus not a serious concern for evaluating the short-
term medical use of marijuana or specific cannabinoids.

The results of studies of the relationship between prenatal marijuana
exposure and birth outcome have been inconsistent (reviewed in 1995 by
Cornelius and co-workers30). Except for adolescent mothers, there is little
evidence that gestation is shorter in mothers who smoke marijuana.30

Several studies of women who smoked marijuana regularly during preg-
nancy show that they tend to give birth to lower weight babies.46,65

Mothers who smoke tobacco also give birth to lower weight babies, and
the relative contributions of smoking and THC are not known from these
studies.

Babies born to mothers who smoked marijuana during pregnancy
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weighed an average of 3.4 ounces less than babies born to a control group
of mothers who did not smoke marijuana; there was no statistically sig-
nificant difference in either gestational age or frequency of congenital
abnormalities.164  Those results were based on women whose urine tests
indicated recent marijuana exposure. However, when the analysis was
based only on self-reports of marijuana use (without verification by urine
tests), there was no difference in weight between babies born to women
who reported themselves as marijuana smokers and those born to women
who reported that they did not smoke marijuana. That raises an impor-
tant concern about the methods used to measure the effects of marijuana
smoking in any study, perhaps even more so in studies on the effects of
marijuana during pregnancy, when subjects might be less likely to admit
to smoking marijuana. (The study was conducted in the last trimester of
pregnancy, and there was no information about the extent of marijuana
use earlier in pregnancy.)

For most of these studies, much of the harm associated with mari-
juana use is consistent with that associated with tobacco use, and smok-
ing is an important factor, so the contribution of cannabinoids cannot be
confirmed. However, Jamaican women who use marijuana rarely smoke
it; but instead prepare it as tea.37  In a study of neonates born to Jamaican
women who did or did not ingest marijuana during pregnancy, there was
no difference in neurobehavioral assessments made at three days after
birth and at one month.38  A limitation of the study is that there was no
direct measure of marijuana use. Estimates of marijuana use were based
on self-reports, which might be more accurate in Jamaica than in the
United States because less social stigma is associated with marijuana use
in Jamaica but still are less reliable than direct measures.

Newborns of mothers who smoke either marijuana or tobacco have
statistically significantly higher mutation rates than those of non-
smokers.4,5

Since 1978, the Ottawa Prenatal Prospective Study has measured the
cognitive functions of children born to mothers who smoked marijuana
during pregnancy.47  Children of mothers who smoked either moderately
(one to six marijuana cigarettes per week) or heavily (more than six mari-
juana cigarettes per week) have been studied from the age of four days to
9–12 years. It is important to keep in mind that studies like this provide
important data about the risks associated with marijuana use during preg-
nancy, but they do not establish the causes of any such association.

The children in the different marijuana exposure groups showed no
lasting differences in global measures of intelligence, such as language
development, reading scores, and visual or perceptual tests. Moderate
cognitive deficits were detectable among these children when they were
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four days old and again at four years, but the deficits were no longer
apparent at five years.

Prenatal marijuana exposure was not, however, without lasting effect.
At ages 5–6 years and 9–12 years, children in the same study who were
prenatally exposed to tobacco smoke scored lower on tests of language
skills and cognitive functioning.48  In another study,49,50  9 to 12 year olds
who were exposed to marijuana prenatally scored lower than control sub-
jects on tasks associated with “executive function,” a term used by psy-
chologists to describe a person’s ability to plan, anticipate, and suppress
behaviors that are incompatible with a current goal.50  It was reflected in
how the mothers described their children. Mothers of the marijuana-
exposed children were more likely to describe their offspring as hyper-
active or impulsive than were mothers of control children. The alteration
in executive function was not seen in children born to tobacco smokers.
The underlying causes might be the marijuana exposure or might be more
closely related to the reasons underlying the mothers’ use of marijuana
during pregnancy.

Mice born to dams injected with the endogenous cannabinoid, anan-
damide, during the last trimester of pregnancy also showed delayed ef-
fects. No effect of anandamide treatment during pregnancy was detected
until the mice were adults (40 days old), at which time they showed be-
havioral changes that are common to the effects of other psychotropic
drugs or prenatal stress.45  As with the children born to mothers who
smoked marijuana, it is not known what aspect of the treatment caused
the effect. The dams might have found the dose (20 mg/kg of body
weight) of anandamide aversive, in which case the effect could have
resulted from generalized stress, as opposed to a cannabinoid-specific
effect. Either is possible. Despite the uncertainty as to the underlying
causes of the effects of prenatal exposure to cannabinoid drugs, it is pru-
dent to advise against smoking marijuana during pregnancy.

SUMMARY AND CONCLUSIONS

This chapter summarizes the harmful effects of marijuana on indi-
vidual users and, to a lesser extent, on society. The harmful effects on
individuals were considered from the perspective of possible medical use
of marijuana and can be divided into acute and chronic effects. The vast
majority of evidence on harmful effects of marijuana is based on smoked
marijuana, and, except for the psychoactive effects that can be reasonably
attributed to THC, it is not possible to distinguish the drug effects from
the effects of inhaling smoke from burning plant material.

For most people the primary adverse effect of acute marijuana use is
diminished psychomotor performance; it is inadvisable for anyone under
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the influence of marijuana to operate any equipment that might put the
user or others in danger (such as driving or operating complex equip-
ment). Most people can be expected to show impaired performance of
complex tasks, and a minority experience dysphoria. People with or at
risk of psychiatric disorders (including substance dependence) are par-
ticularly vulnerable to developing marijuana dependence, and marijuana
use would be generally contraindicated for them. The short-term immuno-
suppressive effects are not well established; if they exist at all, they are
probably not great enough to preclude a legitimate medical use. The acute
side effects of marijuana use are within the risks tolerated for many medi-
cations.

The chronic effects of marijuana are of greater concern for medical use
and fall into two categories: the effects of chronic smoking and the effects
of THC. Marijuana smoke is like tobacco smoke in that it is associated
with increased risk of cancer, lung damage, and poor pregnancy outcome.
Smoked marijuana is unlikely to be a safe medication for any chronic
medical condition. The second category is that associated with depen-
dence on the psychoactive effects of THC. Despite past skepticism, it has
been established that, although it is not common, a vulnerable subpopu-
lation of marijuana users can develop dependence. Adolescents, particu-
larly those with conduct disorders, and people with psychiatric disorders,
or problems with substance abuse appear to be at greater risk for mari-
juana dependence than the general population.

As a cannabinoid drug delivery system, marijuana cigarettes are not
ideal in that they deliver a variable mixture of cannabinoids and a variety
of other biologically active substances, not all of which are desirable or
even known. Unknown substances include possible contaminants, such
as fungi or bacteria.

Finally, there is the broad social concern that sanctioning the medical
use of marijuana might lead to an increase in its use among the general
population. No convincing data support that concern. The existing data
are consistent with the idea that this would not be a problem if the medi-
cal use of marijuana were as closely regulated as the use of other medica-
tions that have abuse potential, but we acknowledge a lack of data that
directly address the question. Even if there were evidence that the medi-
cal use of marijuana would decrease the perception that it can be a harm-
ful substance, this is beyond the scope of laws regulating the approval of
therapeutic drugs. Those laws concern scientific data related to the safety
and efficacy of drugs for individual use; they do not address perceptions
or beliefs of the general population.

Marijuana is not a completely benign substance. It is a powerful drug
with a variety of effects. However, except for the harm associated with
smoking, the adverse effects of marijuana use are within the range toler-
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ated for other medications. Thus, the safety issues associated with mari-
juana do not preclude some medical uses. But the question remains: Is it
effective? That question is covered here in two chapters: chapter 2 sum-
marizes what has been learned about the biological activity of cannab-
inoids in the past 15 years through research in the basic sciences, and
chapter 4 reviews clinical data on the effectiveness of marijuana and can-
nabinoids for the treatment of various medical conditions.

Three factors influence the safety of marijuana or cannabinoid
drugs for medical use: the delivery system, the use of plant material,
and the side effects of cannabinoid drugs. (1) Smoking marijuana is
clearly harmful, especially in people with chronic conditions, and is not
an ideal drug delivery system. (2) Plants are of uncertain composition,
which renders their effects equally uncertain, so they constitute an unde-
sirable medication. (3) The side effects of cannabinoid drugs are within
the acceptable risks associated with approved medications. Indeed, some
of the side effects, such as anxiety reduction and sedation, might be desir-
able for some patients. As with many medications, there are people for
whom they would probably be contraindicated.

CONCLUSION: Present data on drug use progression neither sup-
port nor refute the suggestion that medical availability would in-
crease drug abuse. However, this question is beyond the issues
normally considered for medical uses of drugs, and it should not
be a factor in the evaluation of the therapeutic potential of mari-
juana or cannabinoids.

CONCLUSION: A distinctive marijuana withdrawal syndrome has
been identified, but it is mild and short lived. The syndrome in-
cludes restlessness, irritability, mild agitation, insomnia, sleep
EEG disturbance, nausea, and cramping.

CONCLUSION: Numerous studies suggest that marijuana smoke is
an important risk factor in the development of respiratory dis-
ease.

RECOMMENDATION: Studies to define the individual health risks
of smoking marijuana should be conducted, particularly among
populations in which marijuana use is prevalent.
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4

The Medical Value of Marijuana and
Related Substances

During the course of drug development, a typical com-
pound is found to have some medical benefit and then
extensive tests are undertaken to determine its safety and
proper dosage for medical use. In contrast, marijuana has
been widely used in the United States for decades.162 In
1996, 68.6 million people—32% of the U.S. population over
12 years old—had tried marijuana or hashish at least once;
5% were current users.162

The data on the adverse effects of marijuana are more
extensive than the data on its effectiveness. Clinical studies of marijuana
are difficult to conduct: researchers interested in clinical studies of mari-
juana face a series of barriers, research funds are limited, and there is a
daunting thicket of regulations to be negotiated at the federal level (those
of the Food and Drug Administration, FDA, and the Drug Enforcement
Agency, DEA) and state levels (see chapter 5). Consequently, the rapid
growth in basic research on cannabinoids contrasts with the paucity of
substantial clinical studies on medical uses.

This chapter is devoted to an analysis of the therapeutic value of mari-
juana and cannabinoids for specific symptoms associated with various
conditions. The risks associated with the medical use of marijuana are
discussed in chapter 3. It should be noted that THC, the primary active
ingredient in marijuana, is an FDA-approved drug referred to as
dronabinol and marketed as Marinol. Marijuana is advocated primarily
for relief from the symptoms of disease rather than as a cure.

For the most part, the logical categories for the medical use of mari-
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juana are not based on particular diseases but on symptoms—such as
nausea, appetite loss, or chronic pain—each of which can be caused by
various diseases or even by treatments for diseases. This chapter is there-
fore organized by symptoms rather than by diseases. There are eight
sections. The first section explains clinical trials, the following five deal
with specific symptoms and conditions, and the last two summarize the
medical benefits of marijuana and cannabinoids. The five sections on
symptoms and conditions are as follows: pain, nausea and vomiting, wast-
ing syndrome and appetite stimulation, neurological symptoms (includ-
ing muscle spasticity), and glaucoma.

The Institute of Medicine (IOM) study team received reports of more
than 30 different medical uses of marijuana, more than could be carefully
reviewed in a report of this length; even more uses are reported else-
where.62,63  For most of the infrequently mentioned medical uses of mari-
juana there are only a few anecdotal reports. This report reviews only the
most prominent symptoms that are reportedly relieved by marijuana.
However, many of those diseases not reviewed here share common symp-
toms, such as pain, nausea and vomiting, and muscle spasms, which
might be relieved by cannabinoid drugs.

STANDARDS FOR EVALUATING CLINICAL TRIALS

Before evaluating individual clinical trials concerning the efficacy and
safety of medical uses of marijuana and cannabinoids, it is useful to review
the general qualities of clinical trials. Clinical trials involve groups of indi-
viduals in which different treatments are compared among different
groups. Such trials measure the efficacy of a medication and are required
by the FDA for approval of any new drug or new use of a drug (discussed
further in chapter 5).

The degree of assurance that the outcome of a clinical trial is due to
the treatment being tested depends on how well the trial is designed.
Three important factors to consider in evaluating the design of a clinical
trial are sample selection, subjective effects, and effects that are indepen-
dent of the treatment. For sample selection it is important to ensure that
patients are allocated to different treatment groups in such a way that the
groups are not biased toward a particular treatment outcome. For ex-
ample, the health status, gender, and ages of different treatment groups
should be equivalent. Subjective effects must be controlled because they
influence experimental results in two important ways. First, a patient’s
expectation that a treatment will be effective can influence the degree of
its effect (for example, in the control of nausea). Second, the investigator’s
expectation can influence his or her interpretation of the treatment effect
(for example, when assessing the level of pain experienced by a patient).
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For these reasons, double blinding, in which neither the subject nor the
person who assesses the drug’s effect is aware of the subject’s treatment
group, is particularly important in cannabinoid drug studies. Another
important control for subjective effects includes the use of placebo drugs,
which are inert substances, or the use of comparison drugs that have
effects similar to the experimental drug. Finally, the quality of the experi-
mental design depends on controlling for factors that are unrelated to the
test drug but that might nonetheless influence the treatment outcome.
Sequencing effects are one example of such factors. For example, patients
might react differently to the same medication depending on whether the
medication was administered after an effective or an ineffective treatment.
Likewise, a patient whose symptoms are initially mild might react differ-
ently to a drug than would a patient whose symptoms are initially severe.
Because psychological effects are associated with cannabinoid drugs, it is
important to consider how such side effects might influence the therapeu-
tic value of the treatment. Conditions such as pain and nausea are espe-
cially susceptible to subjective influences. For example, depending on the
person, THC can reduce or increase anxiety; it is important to determine
to what extent this “side effect” contributes to the therapeutic effect.

While double-blind, randomized, controlled clinical trials offer the
highest degree of assurance of drug efficacy, such trials are not always
feasible. Vulnerable populations, such as children, older patients, and
women of child-bearing age, are often excluded from experimental drug
trials for safety reasons. Nonetheless, such patients are part of everyday
clinical practice. The challenge of integrating the ideal of standardized
and rigorous processes for treatment evaluation with everyday clinical
practice has encouraged interest in single-patient trials.67  Methods for
such trials have been established and tested in a variety of clinical set-
tings, usually under everyday conditions.66,105,159  They are particularly
valuable when physicians or patients are uncertain about the efficacy of
treatment for symptomatic diseases. Controls can be incorporated even in
this kind of trial. Such trials can be double blinded and can involve cross-
over designs in which the patient is treated with alternating treatments,
such as placebo-drug-placebo or one drug followed by another drug. As
with any other clinical trial, a single-patient trial should be designed to
permit objective comparison between treatments.

ANALGESIA

Pain is the most common symptom for which patients seek medical
assistance.5 Pain associated with structural or psychophysiological dis-
orders can arise from somatic, visceral, or neural structures. Somatic pain
results from activation of receptors outside the brain and is transmitted to
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the brain via peripheral nerves. Visceral pain results from activation of
specific pain receptors in the intestine (visceral nociceptive receptors); it is
characterized as a deep aching or cramping sensation, but its source is
often experienced at sites remote from the site of receptor activation, a
phenomenon known as referred pain. Neuropathic pain results from injury
to peripheral receptors, nerves, or the central nervous system; it is typi-
cally burning, the skin feels abnormally unpleasant when gently touched
(dysesthesia), and it often occurs in an area of sensory loss, as in the case
of postherpetic neuralgia (shingles).

All of the currently available analgesic (pain-relieving) drugs have
limited efficacy for some types of pain. Some are limited by dose-related
side effects and some by the development of tolerance or dependence. A
cannabinoid, or other analgesic, could potentially be useful under any of
the following circumstances:

• There is a medical condition for which it is more effective than any
currently available medication.

• It has a broad clinical spectrum of efficacy and a unique side effect
profile.

• It has synergistic interactions with other analgesics.
• It exhibits “side effects” that are considered useful in some clinical

situations.
• Its efficacy is enhanced in patients who have developed tolerance

to opioids.

There have not been extensive clinical studies of the analgesic potency
of cannabinoids, but the available data from animal studies indicate that
cannabinoids could be useful analgesics. In general, cannabinoids seem to
be mild to moderate analgesics. Opiates, such as morphine and codeine,
are the most widely used drugs for the treatment of acute pain, but they
are not consistently effective in chronic pain; they often induce nausea
and sedation, and tolerance occurs in some patients. Recent research has
made it clear that CB1 receptor agonists act on pathways that partially
overlap with those activated by opioids but through pharmacologically
distinct mechanisms (see chapter 2). Therefore, they would probably have
a different side effect profile and perhaps additive or synergistic analgesic
efficacy.

In light of the evidence that cannabinoids can reduce pain in animals,
it is important to re-evaluate the evidence of analgesic efficacy in humans
and to ask what clinical evidence is needed to decide whether cannab-
inoids have any use in the treatment of pain.

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


MEDICAL VALUE OF MARIJUANA AND RELATED SUBSTANCES 141

Clinical Studies of Cannabinoids

There have been three kinds of studies of the effects of cannabinoids
on pain in human volunteers: studies of experimentally induced acute
pain, studies of postsurgical acute pain, and studies of chronic pain. Over-
all, there have been very few studies—only one since 1981—and they have
been inconclusive.

Experimentally Induced Acute Pain

Early studies of cannabinoids on volunteers did not demonstrate con-
sistent analgesia when experimental pain models were used. In fact, three
early volunteer studies of THC and experimental pain caused by a variety
of pain modalities—electrical stimulation, tourniquet pain, and thermal
pain—resulted in an increase in pain sensitivity (hyperalgesia).22,84,108

Other studies also failed to show an analgesic effect of THC, but they
were not well designed. Raft and co-workers found no evidence of THC
effect on pain thresholds and pain tolerance following electrical stimula-
tion and noxious pressure.150  But their study suffers from two major meth-
odological problems. First, they measured only the extremes of pain
sensation—threshold (the lowest intensity at which a particular stimulus is
perceived as painful) and tolerance (the maximum intensity of pain that a
subject can withstand). However, most pain is experienced in an interme-
diate range, where effects on pain suppression are most detectable. Mod-
ern methods of pain assessment in humans typically use ratings of the
intensity of the sensation of pain; those methods are superior to assessing
the effects of a drug on the extremes of pain.192 Second, Raft and co-
workers did not include a positive control; that is, they did not demon-
strate the adequacy of their method by showing that an established
analgesic, such as an opiate or narcotic, was effective under their study
conditions.

Clark and co-workers22 tested the effect of smoked marijuana on ther-
mal pain in volunteers and failed to observe an analgesic effect. However,
because of the study design, the results are inconclusive. First, there was
no positive control to demonstrate the adequacy of their methods; sec-
ond, the study subjects were habitual marijuana users. During the study,
they were hospitalized and allowed free access to marijuana cigarettes for
a period of four weeks, consuming an average of four to 17 marijuana
cigarettes per day. Pain was tested “approximately every one to two
weeks.” Thus, it is quite likely that the subjects were tolerant to THC at
the time of testing.
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Surgical Acute Pain

Raft and co-workers150 found no analgesic effect of THC on surgical
pain induced by tooth extraction. However, that study suffered from
several serious limitations: the tooth extraction included treatment with
the local anesthetic lidocaine, the pain during the procedure was assessed
24 hours later, and there was no positive control. Levonantradol (a syn-
thetic THC analogue) was tested in 56 patients who had moderate to
severe postoperative or trauma pain.89  They were given intramuscular
injections of levonantrodol or placebo 24 hours after surgery. To control
for previous drug exposure, patients with a history of drug abuse or
addiction and those who received an analgesic, antiinflammatory, tran-
quilizer, sedative, or anesthetic agent within 24 hours of the test drug
were excluded from the study. On average, pain relief was significantly
greater in the levonantradol-treated patients than in the placebo-treated
patients. Because the authors did not report the number or percentage of
people who responded, it is not clear whether the average represents con-
sistent pain relief in all levonantradol-treated patients or whether some
people experienced great relief and a few experienced none.

Chronic Pain

The most encouraging clinical data on the effects of cannabinoids on
chronic pain are from three studies of cancer pain. Cancer pain can be due
to inflammation, mechanical invasion of bone or other pain-sensitive
structure, or nerve injury. It is severe, persistent, and often resistant to
treatment with opioids. In one study, Noyes and co-workers found that
oral doses of THC in the range of 5–20 mg produced analgesia in patients
with cancer pain.139,140 The first experiment was a double-blind, placebo-
controlled study of 10 subjects and measured both pain intensity and pain
relief.140 Each subject received all drug treatments: placebo and 5, 10, 15,
and 20 mg of THC in pill form; each pill was identical in appearance and
given on successive days. The 15- and 20-mg doses of THC produced sig-
nificant analgesia. There were no reports of nausea or vomiting. In fact, at
least half the patients reported increased appetite. With a 20-mg dose of
THC, patients were heavily sedated and exhibited “depersonalization,”
characterized by a state of dreamy immobility, a sense of unreality, and
disconnected thoughts. Five of 36 patients exhibited adverse reactions (ex-
treme anxiety) and were eliminated from the study. Only one patient ex-
perienced this effect at the 10-mg dose of THC. The mean age of the pa-
tients was 51 years, and they were probably not experienced marijuana
smokers. A limitation of this study is that there were no positive con-
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trols—that is, other analgesics that could provide a better measure of the
degree of analgesia produced by THC.

In a later larger single-dose study, the same investigators reported
that the analgesic effect of 10 mg of THC was equivalent to that of 60 mg
of codeine; the effect of 20 mg of THC was equivalent to that of 120 mg of
codeine.139 (Note that codeine is a relatively weak analgesic.) The side
effect profiles were similar, though THC was more sedating than codeine.
In a separate publication the same authors published data indicating that
patients had improved mood, a sense of well-being, and less anxiety.139

The results of the studies mentioned above on cancer pain are consis-
tent with the results of using a nitrogen analogue of THC. Two trials were
reported: one compared this analogue with codeine in 30 patients, and a
second compared it with placebo or secobarbital, a short-acting barbitu-
rate.175 For mild, moderate, and severe pain, the THC analogue was
equivalent to 50 mg of codeine and superior to placebo and to 50 mg of
secobarbital.

Case Reports and Surveys

The few case reports of clinical analgesia trials of cannabinoids are
not convincing.85,120 There are, however, anecdotal surveys that raise the
possibility of a role for cannabinoids in some patients who have chronic
pain with prominent spasticity. A recent survey of over 100 patients with
multiple sclerosis reported that a large number obtained relief from
spasticity and limb pain (discussed further under the section on multiple
sclerosis).28 Several said that it relieved their phantom pain and
headache.41

Migraine Headaches

There is clearly a need for improved migraine medications.
Sumatriptan (Imitrex) is the best available medication for migraine head-
aches, but it fails to abolish migraine symptoms in about 30% of migraine
patients.118,147 Marijuana has been proposed numerous times as a treat-
ment for migraine headaches, but there are almost no clinical data on the
use of marijuana or cannabinoids for migraine. Our search of the litera-
ture since 1975 yielded only one scientific publication on the subject. It
presents three cases of cessation of daily marijuana smoking followed by
migraine attacks—not convincing evidence that marijuana relieves
migraine headaches.43 The same result could have been found if migraine
headaches were a consequence of marijuana withdrawal. While there is
no evidence that marijuana withdrawal is followed by migraines, when
analyzing the strength of reports such as these it is important to consider
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all logical possibilities. Various people have claimed that marijuana
relieves their migraine headaches, but at this stage there are no conclusive
clinical data or published surveys about the effect of cannabinoids on
migraine.

However, a possible link between cannabinoids and migraine is sug-
gested by the abundance of cannabinoid receptors in the periaqueductal
gray (PAG) region of the brain. The PAG region is part of the neural
system that suppresses pain and is thought to be involved in the genera-
tion of migraine headaches.52 The link or lack thereof between cannab-
inoids and migraine might be elucidated by examining the effects of
cannabinoids on the PAG region.110  Recent results indicating that both
cannabinoid receptor subtypes are involved in controlling peripheral
pain15 suggest that the link is possible. Further research is warranted.

Conclusions: Analgesia

A key question to address is whether there is any receptor selectivity
for the analgesic efficacy of cannabinoids. Are the unwanted side effects
(amnesia and sedation) caused by the same receptors in the same brain
regions as those producing the analgesia? If the answer is yes, enhancing
efficacy will not solve the problem of sedation. Similarly, are the pleasant
side effects due to an action at the same receptor? Can the feelings of well-
being and appetite stimulation be separated by molecular design? Recent
results indicating that both cannabinoid receptor subtypes are indepen-
dently involved in controlling peripheral pain15 (discussed in chapter 2)
strongly suggest that this is possible and that further research is
warranted.

Further research into the basic circuitry underlying cannabinoid anal-
gesia should be valuable. The variety of neural pathways that underlie
the control of pain suggests that a synergistic analgesia “cocktail” would
be effective. For example, Lichtman and Martin have shown the involve-
ment of an α2 adrenoreceptor in cannabinoid analgesia.111  Perhaps a com-
bination of a CB1 agonist and an α2 agonist (such as clonidine) would
provide enhanced analgesia with less severe side effects.

Clinical studies should be directed at pain patients for whom there is
a demonstrated need for improved management and where the particular
side effect profile of cannabinoids promises a clear benefit over current
approaches. The following patient groups should be targeted for clinical
studies of cannabinoids in the treatment of pain:

• Chemotherapy patients, especially those being treated for the
mucositis, nausea, and anorexia.
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• Postoperative pain patients (using cannabinoids as an opioid
adjunct to determine whether nausea and vomiting from opioids
are reduced).

• Patients with spinal cord injury, peripheral neuropathic pain, or
central poststroke pain.

• Patients with chronic pain and insomnia.
• AIDS patients with cachexia, AIDS neuropathy, or any significant

pain problem.

In any patient group an essential question to be addressed is whether
the analgesic efficacy of opioids can be augmented. The strategy would be
to find the ceiling analgesic effect with an opioid (as determined by pain
intensity and tolerability of side effects) and then add a cannabinoid to
determine whether additional pain relief can be obtained. That would
begin the investigation of potential drug combinations. As with any clini-
cal study on analgesic drugs, it will be important to investigate the devel-
opment of tolerance and physical dependence; these are not themselves
reasons to exclude the use of cannabinoids as analgesics, but such infor-
mation is essential to the management of many drugs that are associated
with tolerance or physical dependence.

A secondary question would be whether THC is the only or the best
component of marijuana for analgesia. How does the analgesic effect of
the plant extract compare with that of THC alone? If there is a difference,
it will be important to identify the combinations of cannabinoids that are
the most effective analgesics.

In conclusion, the available evidence from animal and human studies
indicates that cannabinoids can have a substantial analgesic effect. One
exception is the lack of analgesic effect in studies on experimentally
induced acute pain, but because of limitations in the design of those stud-
ies they were inconclusive. Further clinical work is warranted to establish
the magnitude of the effect in different clinical conditions and to deter-
mine whether the effect is sustained. Although the usefulness of cannab-
inoids appears to be limited by side effects, notably sedation, other effects
such as anxiolysis, appetite stimulation, and perhaps antinausea and
antispasticity effects should be studied in randomized, controlled clinical
trials. These very “special” effects might warrant development of cannab-
inoid drugs for particular clinical populations.

NAUSEA AND VOMITING

Nausea and vomiting (emesis) occur under a variety of conditions,
such as acute viral illness, cancer, radiation exposure, cancer chemo-
therapy, postoperative recovery, pregnancy, motion, and poisoning. Both
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are produced by excitation of one or a combination of triggers in the gas-
trointestinal tract, brain stem, and higher brain centers (Figure 4.1, Emesis-
stimulating pathways).127 There are numerous cannabinoid receptors in
the nucleus of the solitary tract, a brain center that is important in the
control of emesis.79,80  Although the same mechanisms appear to be
involved in triggering both nausea and vomiting, either can occur with-
out the other. Much more is known about the neural mechanisms that
produce vomiting than about those that produce nausea, in large part
because vomiting is a complex behavior involving coordinated changes
in the gastrointestinal tract, respiratory muscles, and posture, whereas
nausea is a sensation involving primarily higher brain centers and lacks a
discrete observable action.104,128 Most reports on the antiemetic effects of
marijuana or cannabinoids are based on chemotherapy-induced emesis;
they are the subject of the following section.

Chemotherapy-Induced Nausea and Vomiting

The use of effective chemotherapeutic drugs has produced cures in
some malignancies and retarded the growth of others, but nausea and

HIGHER
CENTERS

Memory, fear,
dread, and
anticipation

(medulla)
EMETIC CENTER

CEREBELLUM

SOLITARY TRACT
NUCLEUS

(5-HT3, D2, M, H1)

(area postrema)
CHEMORECEPTOR

TRIGGER ZONE
(5-HT3, D2, M, H1)

INNER EAR
(motion)

aminoglycosides

SENSORY INPUT
(pain, smell, sight)

CNS

Blood-brain
barrier

PERIPHERY

BLOODBORNE EMETICS
cytotoxic drugs

opioids
cholinomimetics

cardiac glycosides
L-DOPA

bromocriptine
apomorphine

emetine (ipecac)

LOCAL IRRITANTS
cytotoxic drugs

CuSO4

radiation
bacteria
viruses

STOMACH
SMALL INTESTINE

(5-HT3)

Vagal and
sympathetic

afferents

Glossopharyngeal
and trigeminal

afferents

PHARYNX
(gagging)

 (H1,  M)
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vomiting are frequent side effects of these drugs. Nausea ranks behind
only hair loss as a concern of patients on chemotherapy, and many pa-
tients experience it as the worst side effect of chemotherapy. The side
effects can be so devastating that patients abandon therapy or suffer
diminished quality of life. As a result, the development of effective strate-
gies to control the emesis induced by many chemotherapeutic agents is a
major goal in the supportive care of patients with malignancies.

The mechanism by which chemotherapy induces vomiting is not com-
pletely understood. Studies suggest that emesis is caused by stimulation
of receptors in the central nervous system or the gastrointestinal tract.
This stimulation appears to be caused by the drug itself, a metabolite of
the drug, or a neurotransmitter.6,12,35 In contrast with an emetic like
apomorphine, there is a delay between the administration of chemo-
therapy and the onset of emesis. This delay depends on the chemothera-
peutic agent; emesis can begin anywhere from a few minutes after the
administration of an agent like mustine to an hour for cisplatin.12

The most desirable effect of an antiemetic is to control emesis com-
pletely, which is currently the primary standard in testing new antiemetic
agents (R. Gralla, IOM workshop). Patients recall the number of emetic
episodes accurately, even if their antiemetics are sedating or affect
memory;101 thus, the desired end point of complete control is also a highly
reliable method of evaluation. The degree of nausea can be estimated
through the use of established visual analogue scales.*21,55,101

Another consideration in using antiemetic drugs is that the frequency
of emesis varies from one chemotherapeutic agent to another. For ex-
ample, cisplatin causes vomiting in more than 99% of patients who are
not taking an antiemetic (with about 10 vomiting episodes per dose),
whereas methotrexate causes emesis in less than 10% of patients.55,82,83

Among chemotherapeutic agents, cisplatin is the most consistent emetic
known and has become the benchmark for judging antiemetic efficacy.
Antiemetics that are effective with cisplatin are at least as effective with
other chemotherapeutic agents. Controlling for the influence of prior che-
motherapy and balancing predisposing factors such as, sex, age, and prior
heavy alcohol use among study groups are vital for reliability. Reliable
randomization of patients and blinding techniques (easier when there are
no psychoactive effects) are also necessary to evaluate the control of vom-
iting and nausea.

*The visual analogue scale is a continuous line representing all possible levels of a particu-
lar sensation. It is an estimation of a patient’s subjective evaluation and not a true measure-
ment. Patients select a point anywhere on the line to demonstrate the level of sensation they
are experiencing, with one end representing one extreme, such as no sensations, and the
other end representing the opposite extreme, such as a maximum level of that sensation.
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THC and Marijuana Therapy for Chemotherapy-Induced
Nausea and Vomiting

Cannabinoids are mildly effective in preventing emesis in some pa-
tients who are receiving cancer chemotherapy. Several cannabinoids have
been tested as antiemetics, including THC (both ∆9-THC and ∆8-THC) and
the synthetic cannabinoids nabilone and levonantradol. Smoked mari-
juana has also been examined.

Antiemetic Properties of THC

The quality and usefulness of antiemetic studies depend on adher-
ence to the methodological considerations outlined above. Many of the
reported clinical experiences with cannabinoids are not based on defini-
tive experimental methods. In studies that compared THC with a placebo,
THC was usually found to possess antiemetic properties. However, the
chemotherapeutic drug varied in most trials, and some studies included
small numbers of patients. In one study THC was found to be superior to
a placebo in patients receiving methotrexate, an agent that is not a strong
emetic.18 When the same investigators studied THC in a small number of
patients who were receiving a chemotherapeutic drug that is more likely
to cause emesis than anthracycline, the antiemetic effect was poor.19

Other trials were designed to compare THC with that of Compazine
(prochlorperazine).143,160  In the 1980s, prochlorperazine was one of the
more effective antiemetics available, but it was not completely satisfac-
tory, and the search for better agents continued. THC and prochlor-
perazine given orally showed similar degrees of efficacy, but the studies
often used various chemotherapeutic agents. Even when administered in
combination, THC and prochlorperazine failed to stop vomiting in two-
thirds of patients.50

In a carefully controlled double-blind study comparing THC with the
antiemetic drug metoclopramide, in which no patient had previously
received chemotherapy and in which anticipatory emesis was therefore
not a factor, all patients received the same dose of cisplatin and were
randomly assigned to the THC group or the metoclopramide group.
Complete control of emesis occurred in 47% of those treated with
metoclopramide and 13% of those treated with THC.58 Major control (two
or fewer episodes) occurred in 73% of the patients given metoclopramide
compared to 27% of those given THC. There were many flaws in experi-
mental methods, but those results suggest that THC has some, but not
great, efficacy in reducing chemotherapy-induced emesis.18,19,50,161 The
studies also indicate that the degree of efficacy is not high. In 1985, the
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FDA approved THC in the form of dronabinol for this treatment (dis-
cussed in chapter 5).

The THC metabolite, 11-OH-THC, is more psychoactive than THC
but is a weaker antiemetic.121  Thus, it might be possible to design anti-
emetic cannabinoids without the psychological effects associated with
marijuana or THC. ∆8-THC is less psychoactive than THC151 but was
found to completely block both acute and delayed chemotherapy-induced
emesis in a study of eight children, ages 3–13 years.* Two hours before the
start of each cancer treatment and every six hours thereafter for 24 hours,
the children were given ∆8-THC as oil drops on the tongue or in a bite of
bread (18 mg/m2 body surface area). The children received a total of 480
treatments. The only side effects reported were slight irritability in two of
the youngest children (3.5 and 4 years old). Based on the prediction that
the THC-induced anxiety effects would be less in children than in adults,
the authors used doses that were higher than those recommended for
adults (5–10 mg/m2 body surface area).

Antiemetic Properties of Synthetic THC Analogues

Nabilone (Cesamet) and levonantradol were tested in various settings;
the results were similar to those with THC. Efficacy was observed in sev-
eral trials, but no advantage emerged for these agents.176,185 As in the THC
trials, nabilone and levonantradol reduced emesis but not as well as other
available agents in moderately to highly emetogenic settings. Neither is
commercially available in the United States.

Antiemetic Properties of Marijuana

Among the efforts to study marijuana was a preliminary study con-
ducted in New York state on 56 cancer patients who were unresponsive to
conventional antiemetic agents.188 The patients were asked to rate the
effectiveness of marijuana compared with results during prior chemo-
therapy cycles. In this survey, 34% of patients rated marijuana as moder-
ately or highly effective. The authors concluded that marijuana had anti-
emetic efficacy, but its relative value was difficult to determine because
no control group was used and the patients varied with respect to previ-
ous experiences, such as marijuana use and THC therapy.

*Note that the authors of this study chose to use ∆8-THC because it is more stable and
easier to produce than ∆9-THC; it does not follow from this particular study that marijuana,
with its mixture of cannabinoids, should be a more powerful antiemetic than ∆9-THC.
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A Canadian oncology group conducted a double-blind, cross-over,
placebo-controlled study comparing smoked marijuana with THC in pill
form in 20 patients who were receiving various chemotherapeutic
drugs.107 The degree of emetic control was similar: only 25% of patients
achieved complete control of emesis; 35% of the patients indicated a slight
preference for the THC pills over marijuana, 20% preferred marijuana,
and 45% expressed no preference. 107

Neither study showed a clear advantage for smoked marijuana over
oral THC, but neither reported data on the time course of antiemetic con-
trol, possible advantages of self-titration with the smoked marijuana, or
the degree to which patients were able to swallow the pills. Patients with
severe vomiting would have been unlikely to be able to swallow or keep
the pills down long enough for them to take effect. The onset of drug
effect is much faster with inhaled or injected THC than it is for oral deliv-
ery.87,112,141  Although many marijuana users have claimed that smoked
marijuana is a more effective antiemetic than oral THC, no controlled stud-
ies have yet been published that analyze this in sufficient detail to esti-
mate the extent to which this is the case.

Side Effects Associated with THC and Marijuana in Antiemetic Therapy

Frequent side effects associated with THC or marijuana are dizziness,
dry mouth, hypotension, moderate sedation, and euphoria or dyspho-
ria.18,19,50,107,143,160,176,185 To patients, dry mouth and sedation are the least
troubling side effects. Perhaps the most troubling side effects are
orthostatic hypotension and dizziness, which could increase the patient’s
distress.

There is disagreement as to whether the psychoactive effects of THC
correlate with its antiemetic activity. In the prospective double-blind trial
comparing THC with metoclopramide, the authors reported no relation-
ship between the occurrence of complete antiemetic control and euphoria
or dysphoria.58 Other investigators believe that the occurrence of eupho-
ria or dysphoria is often associated with improved antiemetic control.160

Nevertheless, there is a consensus among investigators that dysphoric
effects are more common among patients who have had no prior experi-
ence with cannabinoids. An important and unexpected problem encoun-
tered in the New York state open trial with marijuana was the inability of
nearly one-fourth of the patients to tolerate the administration of mari-
juana by smoking.188 The intolerance could have been due to inexperience
with smoking marijuana and is an important consideration.
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Therapy for Chemotherapy-Induced Nausea and Vomiting

Present Therapy

New classes of antiemetics that have emerged over the past 10 years
have dramatically reduced the nausea and vomiting associated with
cancer chemotherapy and transformed the acceptance of cisplatin by
cancer patients. The new antiemetics—including selective serotonin type 3
receptor antagonists, substituted benzamides, corticosteroids, butyro-
phenones, and phenothiazines—have few side effects when given over a
short term and are convenient in various clinical settings.

The most effective commonly used antiemetics are serotonin receptor
antagonists (ondansetron and granisetron) with or without cortico-
steroids.37,56,88,145,155 In a combination trial of dexamethasone (a cortico-
steroid) and a serotonin antagonist, complete control of acute cisplatin-
induced emesis was observed in about 75% of patients. If the
chemotherapy was only moderately emetogenic, up to 90% of the patients
who received the combination achieved complete control of emesis. Side
effects of those antiemetic agents include headache, constipation, and
alterations in liver function, but they are generally well tolerated by most
patients.13

Other commonly used antiemetics are phenothiazines—prochlorpera-
zine (Compazine) and haloperidol—and metoclopramide. Metoclopra-
mide is somewhat less effective than the serotonin antagonists and has
more side effects, including acute dystonic reactions, drowsiness, diar-
rhea, and depression.13,37 Side effects associated with phenothiazines are
severe or acute dystonic reactions, hypotension, blurred vision, drowsi-
ness, dry mouth, urinary retention, allergic reactions, and occasional
jaundice.13

The cost of effective antiemetic regimens can vary markedly, depend-
ing on the agent, dose, schedule, and route of administration. Overall,
oral regimens cost less than intravenous regimens because of lower phar-
macy and administration costs, as well as lower acquisition costs in many
countries. Regimens with a cost to the pharmacy as low as about $30 to
$35 per treatment session have been shown to be effective;57 these costs
are for treatment of acute emesis and delayed emesis with generic agents
where available.

Although it is generally not well known by the public, major progress
in controlling chemotherapy-induced acute nausea and vomiting has been
made since the 1970s. Patients receiving the most difficult to control emetic
agents now have no more than about a 20–30% likelihood of experiencing
acute emesis,155 whereas in the 1970s the likelihood was nearly 100%
despite antiemetics.55,86 As has been seen, most antiemetic studies with
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BOX 4.1
Attitudes of Oncologists Toward Prescribing Marijuana

In the 1990s, two groups of investigators conducted three surveys on
the attitudes of clinical oncologists toward prescribing marijuana as an
antiemetic. These studies are arguably out of date in that the antiemetics
available now are much more effective than those available when the stud-
ies were conducted. Nonetheless, the studies merit attention because they
are still often cited as evidence for or against the use of marijuana as an
antiemetic.

The two groups’ results were contradictory. In 1994, by which time
serotonin receptor antagonists (5-HT receptors) had become available,
Schwartz and Beveridge171 concluded that oncologists had little interest in
prescribing marijuana to control emesis, whereas Doblin and Kleiman39

had concluded in 1991 that interest was great. Since 1994, the two groups
have debated in the literature as to which study represents the true senti-
ment among oncologists.38,172,177 In fact, numerous methodological differ-
ences between the two studies might explain the different results.38,172

Ultimately, these studies are irrelevant. Both deal with perceptions rather
than pharmacological realities based on well-designed outcome studies.177

cannabinoids had methodological difficulties and are inconclusive. The
evidence from the well-conducted trials indicate that cannabinoids reduce
emesis in about one-fourth of patients receiving cancer chemotherapy.
Cannabinoids are not as effective as several other classes of agents, such
as substituted benzamides, serotonin receptor antagonists, and cortico-
steroids. The side effects associated with cannabinoid use are generally
tolerable. Like cannabinoids, smoked marijuana, was apparently effective,
but the efficacy was no greater than that of available antiemetic agents
now considered to be marginally satisfactory. At present, the most effec-
tive antiemetic regimens are combinations of oral serotonin receptor
antagonists with dexamethasone in single-dose regimens given before
chemotherapy. Neither multiple-dose regimens nor intravenous anti-
emetics provide better control, and both add unnecessary costs.59,81

Future Therapy

Advances in therapy for chemotherapy-induced nausea and vomit-
ing will require discovery of agents that work through mechanisms dif-
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ferent from those of existing antiemetics, including the serotonin antago-
nists. Among the proposed new pathways, neurokinin-1 (NK-1) receptor
antagonists appear to be the most promising. Neurokinin receptors are
found in brain and intestine and are thought to be involved in motor
activity, mood, pain and reinforcement. They might well be involved in
mediating intestinal sensations, including nausea. In animal models,
agents that block the NK-1 receptor prevent cisplatin-induced emesis. At
the time of this writing, clinical trials with NK-1 receptor antagonists were
under way (phase II or small phase III comparison studies). Preliminary
results indicated that these agents have useful activity in both acute and
delayed chemotherapy-induced emesis (that is, beginning or persisting
24 or more hours after chemotherapy) and are safe to administer
orally.102,135

It is theoretically possible, considering that the mechanism of cannab-
inoid action appears to differ from that of the serotonin receptor antago-
nists and of corticosteroids, that THC added to more effective regimens
might enhance control of emesis. Such combinations should aim to be as
convenient as possible and have few additional side effects. The critical
issue is not whether marijuana or cannabinoid drugs might be superior to
the new drugs, but whether some group of patients might obtain added
or better relief from marijuana or cannabinoid drugs.

Even with the best antiemetic drugs, the control of nausea and vomit-
ing that begins or persists 24 hours after chemotherapy remains imper-
fect. The pathophysiology of delayed emesis appears different from that
of acute emesis, and it is more likely to occur with a strong emetic agent,
but it varies from patient to patient. Treatment to prevent this emesis re-
quires dosing both before and after chemotherapy.103

Conclusions: Chemotherapy-Induced Nausea

Most chemotherapy patients are unlikely to want to use marijuana or
THC as an antiemetic. In 1999, there are more effective antiemetic agents
available than were available earlier. By comparison, cannabinoids are
only modest antiemetics. However, because modern antiemetics probably
act through different mechanisms, cannabinoids might be effective in
people who respond poorly to currently used antiemetic drugs, or can-
nabinoids might be more effective in combination with a new drug than is
either alone. For both reasons, studies of the effects of adjunctive cannab-
inoids on chemotherapy-induced emesis are worth pursuing for patients
whose emesis is not optimally controlled with other agents.

While some people who spoke to the IOM study team described the
mood-enhancing and anxiety-reducing effects of marijuana as a positive
contribution to the antiemetic effects of marijuana, one-fourth of the
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patients in the New York state study described earlier were unable to
tolerate smoked marijuana. Overall, the effects of oral THC and smoked
marijuana are similar, but there are differences. For example, in the resi-
dential studies of experienced marijuana users by Haney and co-workers,
subjects reported that marijuana made them feel “mellow,”71 whereas
comparable doses of oral THC did not.70  Such differences might be due to
the different routes of delivery of THC, as well as the different mixture of
cannabinoids found in the marijuana plant. As of this writing, no studies
had been published that weighed the relative contributions of those dif-
ferent factors.

The goal of antiemetic medications is to prevent nausea and vomit-
ing. Hence, antiemetics are typically given before chemotherapy, in which
case a pill is an effective from of drug delivery. However, in patients
already experiencing severe nausea or vomiting, pills are generally inef-
fective because of the difficulty in swallowing or keeping a pill down and
slow onset of the drug effect. Thus, an inhalation (but preferably not smok-
ing) cannabinoid drug delivery system would be advantageous for treat-
ing chemotherapy-induced nausea.

Until the development of rapid-onset antiemetic drug delivery sys-
tems, there will likely remain a subpopulation of patients for whom stan-
dard antiemetic therapy is ineffective and who suffer from debilitating
emesis. It is possible that the harmful effects of smoking marijuana for a
limited period of time might be outweighed by the antiemetic benefits of
marijuana, at least for patients for whom standard antiemetic therapy is
ineffective and who suffer from debilitating emesis. Such patients should
be evaluated on a case-by-case basis and treated under close medical
supervision.

WASTING SYNDROME AND APPETITE STIMULATION

Wasting syndrome in acquired immune deficiency syndrome (AIDS)
patients is defined by the Centers for Disease Control and Prevention as
the involuntary loss of more than 10% of baseline average body weight in
the presence of diarrhea or fever of more than 30 days that is not attribut-
able to other disease processes.17  Anorexia (loss of appetite) can acceler-
ate wasting by limiting the intake of nutrients. Wasting (cachexia) and
anorexia are common end-stage features of some fatal diseases, such as
AIDS, and of some types of metastatic cancers. In AIDS, weight loss of as
little as 5% is associated with decreased survival, and a body weight about
one-third below ideal body weight results in death.99,158

There are two forms of malnutrition: starvation and cachexia. Starva-
tion, the deprivation of essential nutrients, results from famine or poverty,
malabsorption, eating disorders such as anorexia nervosa, and so on. Star-
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vation leads to metabolic adaptations that deplete body fat before losses
of lean tissue. Cachexia results from tissue injury, infection, or tumor and
is characterized by a disproportionate loss of lean body mass, such as
skeletal muscle. The effects of starvation regardless of the cause can usu-
ally be reversed by providing food, whereas the effects of cachexia can be
reversed only through control of the underlying disease and—at least for
some patients—drugs that stimulate metabolism, such as growth hormone
or androgenic-anabolic hormones.

Malnutrition in HIV-Infected Patients

By 1997 more than 30 million people worldwide were infected with
human immunodeficiency virus (HIV), and the number is predicted to
increase to almost 40 million by the year 2000.126,186 Malnutrition is com-
mon among AIDS patients and plays an independent and important role
in their prognosis.95,100,158 Because treatment for malnutrition depends on
whether it is caused by starvation or cachexia, one needs to know the
effects of HIV infection on metabolic processes. The answer depends on
the clinical situation and can be either or both.94

The development of malnutrition in HIV infection has many facets.
Malnutrition in HIV-infected patients results in a disproportionate deple-
tion of body cell mass,* total body nitrogen, and skeletal muscle mass; all
are consistent with cachexia.97,194 Body composition studies show that the
depletion of body cell mass precedes the progression to AIDS (falling CD4
lymphocyte counts); this suggests that malnutrition is a consequence of
the inflammatory response to the underlying viral infection, rather than a
general complication of AIDS.144 In contrast, weight loss is often episodic
and related to acute complications, such as febrile opportunistic infec-
tions.113 Mechanisms underlying wasting in HIV-infected patients depend
on the stage of HIV infection and on specific associated complications.

The many reasons for decreased food intake among AIDS patients
include mouth, throat, or esophageal infections or ulcers (oropharyngeal
and esophageal pathology); adverse effects of medications;196 diarrhea;
enteric infection; malabsorption; serious systemic infection; focal or dif-
fuse neurological disease; HIV enteropathy; depression; fatigue; and
poverty. Nutrient malabsorption is often the result of microorganism
overgrowth or infection in the intestine, especially in the later stages of
AIDS.95,157

*Body cell mass is the fat-free cellular mass. It is composed of the cells of the muscle and
organs, plus circulating hematopoietic cells and the aqueous compartment of adipocytes. It
is not fat, extracellular water, or extracellular solids (such as tendons).
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Marijuana and THC for Malnutrition in HIV-Infected Patients

Despite their frequency of use, little has been published about the
effectiveness of marijuana or cannabinoids for the treatment of mal-
nutrition and wasting syndrome in HIV-infected patients. The only can-
nabinoid evaluated in controlled clinical studies is THC, or dronabinol.
Short-term (six-week) and long-term (one-year) therapy with dronabinol
was associated with an increase in appetite and stable weight, and in a
previous short-term (five-week) clinical trial in five patients, dronabinol
was shown to increase body fat by 1%.8,9,179  In 1992, the FDA approved
THC, under the trade name Marinol (dronabinol), as an appetite stimu-
lant for the treatment of AIDS-related weight loss. Megestrol acetate
(Megace) is a synthetic derivative of progesterone that can stimulate
appetite and cause substantial weight gain when given in high doses (320–
640 mg/day) to AIDS patients. Megestrol acetate is more effective than
dronabinol in stimulating weight gain, and dronabinol has no additive
effect when used in combination with megestrol acetate.183 HIV/AIDS
patients are the largest group of patients who use dronabinol. However,
some reject it because of the intensity of neuropsychological effects, an
inability to titrate the oral dose easily, and the delayed onset and pro-
longed duration of its action.3 There is evidence that cannabinoids modu-
late the immune system (see chapter 2, “Cannabinoids and the Immune
System”), and this could be a problem in immunologically compromised
patients. No published studies have formally evaluated use of any of the
other cannabinoids for appetite stimulation in wasting.

Anecdotes abound that smoked marijuana is useful for the treatment
of HIV-associated anorexia and weight loss.23,62 Some people report a pref-
erence for smoked marijuana over oral THC because it gives them the
ability to titrate the effects, which depend on how much they inhale. In
controlled laboratory studies of healthy adults, smoked marijuana was
shown to increase body weight, appetite, and food intake.47,119 Unfortu-
nately, there have been no controlled studies of the effect of smoked mari-
juana on appetite, weight gain, and body composition in AIDS patients.
At the time of this writing, Donald Abrams, of the University of California,
San Francisco, was conducting the first clinical trial to test the safety of
smoked marijuana in AIDS patients, and the results were not yet available.

A major concern with marijuana smoking in HIV-infected patients is
that they might be more vulnerable than other marijuana users to
immunosuppressive effects of marijuana or to the exposure of infectious
organisms associated marijuana plant material (see chapter 3, “Marijuana
Smoke”).
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Therapy for Wasting Syndrome in HIV-Infected Patients

Present Therapy

Generally, therapy for wasting in HIV-infected people focuses on
appetite stimulation. Few therapies have proved successful in treatment
of the AIDS wasting syndrome. The stimulant studied most is megestrol
acetate, which has been shown to increase food intake by about 30% over
baseline for reasons that remain unknown. Its effect in producing sub-
stantial weight gain is dose dependent, but most of the weight gained is in
fat tissue, not lean body mass. Although the findings are still preliminary,
anabolic compounds, such as testosterone or growth hormone, might be
useful in preventing the loss of or in restoring lean body mass in AIDS
patients.10,44,64,170  Enteral and parenteral nutrition have also been evalu-
ated and shown to increase weight, but again the increase is due more to
body fat than to lean body mass.96,98

Encouraging advances in the antiviral treatment of HIV infection and
developments in the prophylaxis of and therapy for opportunistic infec-
tions have recently changed the outlook for the long-term health of HIV-
infected people. Death rates have been halved, and the frequency of
serious complications, including malnutrition, has fallen markedly.94,133

Future Therapy

The primary focus of future therapies for wasting in HIV-infected
patients is to increase lean body mass as well as appetite. Active systemic
infections are associated with profound anorexia, which is believed to be
mediated by cytokines that stimulate inflammation through their actions
in and outside the brain.132 Cytokine inhibitors, such as thalidomide, have
been under investigation as potential treatments to increase lean body
mass and reduce malnutrition. Even though cannabinoids do not appear
to restore lean body mass, they might be useful as adjunctive therapy. For
example, cannabinoids could be used as appetite stimulants, in patients
with diminished appetite who are undergoing resistance exercises or ana-
bolic therapy to increase lean body mass. They could also be beneficial for
a variety of effects, such as increased appetite, while reducing the nausea
and vomiting caused by protease inhibitors and the pain and anxiety
associated with AIDS.

Considering current knowledge about malnutrition in HIV infection,
cannabinoids, by themselves, will probably not constitute primary
therapy for this condition but might be useful in combination with other
therapies, such as anabolic agents. Specifically, the proposed mechanism
of action of increasing food intake would most likely be ineffective in pro-
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moting an increase in skeletal muscle mass and functional capacity—the
goal in the treatment of cachexia in AIDS patients.

Malnutrition in Cancer Patients

Malnutrition compromises the quality of life of many cancer patients
and contributes to the progression of their disease. About 30% of Ameri-
cans will develop cancer in their lifetimes, and two-thirds of those who
get cancer will die as a result of it.5 Depending on the type of cancer, 50–
80% of patients will develop cachexia and up to 50% of them will die, in
part, as a result of cachexia.11,40 The cachexia appears to result from the
tumor itself, and cytokines (proteins secreted by the host during an im-
mune response to tumor) are probably important factors in this develop-
ment. Cachexia does not occur in all cancer patients, but generally occurs
in the late stages of advanced cancer of the pancreas, lung, and prostate.

The only cannabinoid evaluated for treating cachexia in cancer
patients is dronabinol, which has been shown to improve appetite and
promote weight gain.54 Present treatments for cancer cachexia are similar
to that for cachexia in AIDS patients. These treatments are usually indi-
cated in late stages of advanced disease and include megestrol acetate
and enteral and parenteral nutrition. Megestrol acetate stimulates appe-
tite and promotes weight gain in cancer patients, although the gain is
mostly in fat mass (reviewed by Bruera 199814). Both megestrol acetate
and dronabinol have dose-related side effects that can be troublesome for
patients: megestrol acetate can cause hyperglycemia and hypertension,
and dronabinol can cause dizziness and lethargy. Cannabinoids have also
been shown to modulate the immune system (see chapter 2, “Cannab-
inoids and the Immune System”), and this could be contraindicated in
some cancer patients (both the chemotherapy and the cancer can be
immunosuppressive).

Future treatments will probably depend on the development of meth-
ods that block cytokine actions and the use of selective β2-adrenergic
receptor agonists to increase muscle mass.14,73 Treatments for cancer
cachexia will also most likely need to identify individual patients’ needs.
Some patients might need only a cytokine inhibitor, whereas others could
benefit from combined approaches, such as an appetite stimulant and β2-
adrenergic receptor agonists. In this respect, such cannabinoids as THC
might prove useful as part of a combination therapy as an appetite stimu-
lant, antiemetic, analgesic, and anxiolytic, especially for patients in late
stages of the disease.

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


MEDICAL VALUE OF MARIJUANA AND RELATED SUBSTANCES 159

Anorexia Nervosa

Anorexia nervosa, a psychiatric disorder characterized by distorted
body image and self-starvation, affects an estimated 0.6% of the U.S. popu-
lation, with a greater prevalence in females than males.5 Its mortality is
high, and response to standard treatments is poor.

THC appears to be ineffective in treating this disease. In one study it
caused severe dysphoric reactions in three of 11 patients.65 One possible
explanation of the dysphoria is that THC increases appetite and thus
intensifies the mental conflict between hunger and food refusal.13 Fur-
thermore, such patients might have underlying psychiatric disorders, such
as schizophrenia and depression, in which cannabinoids might be haz-
ardous (see chapter 3, “Psychological Harms”).

Current treatments include psychological techniques to overcome
emotional or behavioral problems and dietary intervention to reverse the
malnutrition.195  Pharmacological treatments, such as antidepressants,
have been used in addition to psychotherapy but tend to lack the desired
level of efficacy.33 Recently, alterations in a gene for one of the serotonin
receptors have been identified in some patients with anorexia nervosa.45

The possibility of a genetic component suggests a pathway for the devel-
opment of new drugs to treat this disease.

Conclusions: Wasting Syndrome and Appetite Stimulation

The profile of cannabinoid drug effects suggests that they are promis-
ing for treating wasting syndrome in AIDS patients. Nausea, appetite loss,
pain, and anxiety are all afflictions of wasting, and all can be mitigated by
marijuana. Although some medications are more effective than marijuana
for these problems, they are not equally effective in all patients. A rapid-
onset (that is, acting within minutes) delivery system should be devel-
oped and tested in such patients. Smoking marijuana is not recommended.
The long-term harm caused by smoking marijuana makes it a poor drug
delivery system, particularly for patients with chronic illnesses.

Terminal cancer patients pose different issues. For those patients the
medical harm associated with smoking is of little consequence. For termi-
nal patients suffering debilitating pain or nausea and for whom all indi-
cated medications have failed to provide relief, the medical benefits of
smoked marijuana might outweigh the harm.

NEUROLOGICAL DISORDERS

Neurological disorders affect the brain, spinal cord, or peripheral
nerves and muscles in the body. Marijuana has been proposed most often
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as a source of relief for three general types of neurological disorders:
muscle spasticity, particularly in multiple sclerosis patients and spinal
cord injury victims; movement disorders, such as Parkinson’s disease,
Huntington’s disease, and Tourette’s syndrome; and epilepsy. Marijuana
is not proposed as a cure for such disorders, but it might relieve some
associated symptoms.

Muscle Spasticity

Spasticity is the increased resistance to passive stretch of muscles and
increased deep tendon reflexes. Muscles may also contract involuntarily
(flexor and extensor spasms). In some cases these contractions are debili-
tating and painful and require therapy to relieve the spasms and associ-
ated pain.

There are numerous anecdotal reports that marijuana can relieve the
spasticity associated with multiple sclerosis or spinal cord injury, and ani-
mal studies have shown that cannabinoids affect motor areas in the
brain—areas that might influence spasticity.51,78,130,168

Multiple Sclerosis

Multiple sclerosis (MS) is a condition in which multiple areas of the
central nervous system (CNS) are affected. Many nerve fibers become
demyelinated, some are destroyed, and scars (sclerosis) form, resulting in
plaques scattered throughout the white matter of the CNS. (Myelin is the
lipid covering that surrounds nerve cell fibers and facilitates the conduc-
tion of signals along nerve cells and ultimately between the brain, the
spinal cord, and the rest of the body.) MS exacerbations appear to be
caused by abnormal immune activity that causes inflammation and my-
elin destruction in the brain (primarily in the periventricular area), brain
stem, or spinal cord. Demyelination slows or blocks transmission of nerve
impulses and results in an array of symptoms such as fatigue, depression,
spasticity, ataxia (inability to control voluntary muscular movements),
vertigo, blindness, and incontinence. About 90% of MS patients eventu-
ally develop spasticity. There are an estimated 2.5 million MS patients
worldwide, and spasticity is a major concern of many patients and physi-
cians.134 Spasticity is variably experienced as muscle stiffness, muscle
spasms, flexor spasms or cramps, muscle pain or ache. The tendency for
the legs to spasm at night (flexor spasms) can interfere with sleep.

Marijuana is often reported to reduce the muscle spasticity associated
with MS.62,123 In a mail survey of 112 MS patients who regularly use mari-
juana, patients reported that spasticity was improved and the associated
pain and clonus decreased.287 However, a double-blind placebo-controlled
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study of postural responses in 10 MS patients and 10 healthy volunteers
indicated that marijuana smoking impaired posture and balance in both
MS patients and the volunteers.61  Nevertheless, the 10 MS patients felt
that they were clinically improved. The subjective improvement, while
intriguing, does not constitute unequivocal evidence that marijuana re-
lieves spasticity. Survey data do not measure the degree of placebo effect,
estimated to be as great as 30 percent in pain treatments.122,131  Further-
more, surveys do not separate the effects of marijuana or cannabinoids on
mood and anxiety from the effects on spasticity.

The effects of THC on spasticity were evaluated in a series of three
clinical trials testing a total of 30 patients.24,148,187 They were “open trials,”
meaning that the patients were informed before treatment that they would
be receiving THC. Based on patient report or clinical exam by the investi-
gator, spasticity was less severe after the THC treatment. However, THC
was not effective in all patients and frequently caused unpleasant side
effects. Spasticity was also reported to be less severe in a single case study
after nabilone treatment (Figure 4.2).117

In general, the abundant anecdotal reports are not well supported by
the clinical data summarized in Table 4.1. But this is due more to the limi-
tation of the studies than to negative results. There are no supporting
animal data to encourage clinical research in this area, but there also are
no good animal models of the spasticity of MS. Without an appropriate
model, studies to determine the physiological basis for how marijuana or
THC might relieve spasticity cannot be conducted. Nonetheless, the sur-
vey results suggest that it would be useful to investigate the potential
therapeutic value of cannabinoids in relieving symptoms associated with
MS. Such research would require the use of objective measures of spastic-
ity, such as the pendulum test.* Since THC is mildly sedating, it is also
important to distinguish this effect from antispasticity effects in any such
investigations. Mild sedatives, such as Benadryl or benzodiazepines,
would be useful controls for studies on the ability of cannabinoids to
relieve muscle spasticity. The regular use of smoked marijuana, however,
would be contraindicated in a chronic condition like MS.

Spinal Cord Injury

In 1990, there were about 15 million patients worldwide with spinal
cord injury, and an estimated 10,000 new cases are reported each year in

*The pendulum test is an objective and accurate measure of MS-induced spasticity. It is
done by videotaping a patient who lies supine on a table with his or her leg extending off the
edge. The leg is dropped and the resulting motion is mathematically analyzed by computer
to provide a quantitative measure of spasticity.
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FIGURE 4.2 Effect of nabilone on multiple sclerosis symptoms. This figure
shows the results of a trial in which a 45-year-old man with MS was given four-
week treatments alternately with placebo and nabilone. The patient served as both
experimental subject and control; his treatment sequence was nabilone-placebo-
nabilone-placebo. That pattern of alternating treatments reduces the possibility
that the observed changes are unrelated to the drug and are not simply due to
other factors that changed with time. The results of the trial are consistent with the
possibility that THC might relieve spasticity, but although more rigorous than
many self-report studies of psychoactive substances, it has problems. First, the
patient could not distinguish the treatments at the time of taking them, but after
the nabilone treatment he felt sedated. Thus, it is not possible to know how much
the expectation of relief contributed to his perception of relief. Second, the study
measured his perception of pain, in which spasticity is an important factor but not
the only factor. It is not possible to know the extent to which the perception of
pain was affected by nabilone and how much by the stimulus that generated the
pain—in this case, involuntary muscle contractions. Because it is unaffected by
conscious control, the frequency of nocturia is clearer evidence of the effect of
THC, although it might also represent how well the patient slept. This trial with a
single person is intriguing but not definitive proof that THC can reliably relieve
spasticity. SOURCE: Martyn et al. (1995).117 Reprinted with permission.
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TABLE 4.1 Studies on the Effects of Marijuana and Cannabinoids in
Multiple Sclerosis

Drug and
Dose Study Design Results Reference

Marijuana Mail survey Survey was mailed to 233 MS Consroe and
112/233 MS patients patients, of whom 112 (48%) co-workers

responded; 97% of respondents (1997)28

reported improved spasticity
and reduced pain.

Marijuana Clinical trial Reduction in spasticity and Meinck and
1 MS patient improved ataxia. co-workers

(1989)123

Marijuana Double-blind, MS patients felt they were Greenberg
placebo-controlled improved, but posture and and
10 MS patients; balance were impaired. co-workers
10 normal individuals (1994)61

Oral THC Open trial 5 patients experienced subjective Clifford
5–15 mg 8 MS patients but not objective improvement (1983)24

every 6 hrs, in motor coordination; objective
up to 18 hrs improvement in tremor

demonstrated in 2 of the 8 patients.

Oral THC Double-blind, Spasticity was improved based Petro and
5 and 10 mg, placebo controlled on examiner ratings. Ellenberger
single doses 9 MS patients (1981)148

Oral THC Double-blind, Patients reported subjective Ungerleider
2.5–15 mg, placebo controlled, decreases in spasticity at doses of and
once or twice crossover  7.5 mg or greater, but no changes co-workers
daily for 13 MS patients in objective measures of spasticity (1987)187

5 days or weakness were observed.

Nabilone Placebo-controlled The patient reported increased Martyn and
(THC 1 MS patient well-being, less frequent nocturia, co-workers
analogue) and reduced severity of muscle (1995)117

spasticity during nabilone
treatment (Figure 4.2).

the United States alone.134,138  About 60% of spinal cord injuries occur in
people younger than 35 years old. Most will need long-term care and some
lifelong care.116

Many spinal cord injury patients report that marijuana reduces their
muscle spasms.114  Twenty-two of 43 respondents to a 1982 survey of
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people with spinal cord injuries reported that marijuana reduced their
spasticity.114  One double-blind study of a paraplegic patient with painful
spasms in both legs suggested that oral THC was superior to codeine in
reducing muscle spasms.72,120 Victims of spinal cord injury reporting at
IOM workshops noted that smoking marijuana reduces their muscle
spasms, their nausea, and the frequency of their sleepless nights. The
caveats described for surveys of spasticity relief in MS patients also apply
here.

Therapy for Muscle Spasticity

Present Therapy. Present therapy for spasticity includes the various medi-
cations listed in Table 4.2. Baclofen and tizanidine, the most commonly
prescribed antispasticity drugs, relieve spasticity and spasms with various
degrees of success. The benefit of these agents is generally only partial.
Their use is complicated by the side effects of drowsiness, dry mouth, and
increased weakness.

Future Therapy.  The discovery of agents that work through mechanisms
different from those of existing antispasticity drugs will be an important
advance in the treatment of spasticity. The aim of new treatments will be
to relieve muscle spasticity and pain without substantially increasing
muscle weakness in conditions that result in spasticity. The treatment for
MS itself will likely be directed at immunomodulation. Various
immunomodulating agents, such as beta-interferon and glatiramer ac-
etate, have been shown to reduce the frequency of symptomatic attacks,
the progression of disability, and the rate of appearance of demyelinated
lesions as detected by magnetic resonance imaging.5

Conclusion: Muscle Spasticity

Basic animal studies described in chapter 2 have shown that cannab-
inoid receptors are particularly abundant in areas of the brain that control

TABLE 4.2 Classes of Antispasticity Drugs

Drug Class Drug

GABAB-receptor agonists Baclofen
α-Receptor agonists Tizanidine
Noncompetitive GABAA-receptor agonists Benzodiazepines, including diazepam

Calcium blockers in skeletal muscle Dantrolene
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movement and that cannabinoids affect movement and posture in animals
as well as humans. The observations are consistent with the possibility
that cannabinoids have antispastic effects, but they do not offer any direct
evidence that cannabinoids affect spasticity, even in animals. The avail-
able clinical data are too meager to either accept or dismiss the suggestion
that marijuana or cannabinoids relieve muscle spasticity. But the few
positive reports of the ability of THC and related compounds to reduce
spasticity, together with the prevalence of anecdotal reports of the relief
provided by marijuana, suggest that carefully designed clinical trials test-
ing the effects of cannabinoids on muscle spasticity should be considered
(see chapter 1).25,62  Such trials should be designed to assess the degree to
which the anxiolytic effects of cannabinoids contribute to any observed
antispastic effects.

Spasticity occurring at night can be very disruptive to sleep. Thus, a
long-lasting medication would be especially useful for MS patients at bed-
time—when drowsiness would be a beneficial rather than an unwanted
side effect and mood-altering effects would be less of a problem. One cau-
tion is related to the effects of THC on the stages of sleep, which should be
evaluated in MS patients who have sleep disturbances. If THC is proven
to relieve spasticity, a pill might be the preferred route of delivery for
nighttime use because of its long duration of action. Compared to the
currently available therapies, the long half-life of THC might allow for a
smoother drug effect throughout the day. The intensity of the symptoms
resulting from spasticity, particularly in MS, can rapidly increase in an
unpredictable fashion such that the patient develops an “attack” of in-
tense muscle spasms lasting minutes to hours. An inhaled form of THC (if
it were shown to be efficacious) might be appropriate for those patients.

Movement Disorders

Movement disorders are a group of neurological conditions caused
by abnormalities in the basal ganglia and their subcortical connections
through the thalamus with cortical motor areas. The brain dysfunctions
ultimately result in abnormal skeletal muscle movements in the face,
limbs, and trunk. The movement disorders most often considered for
marijuana or cannabinoid therapy are dystonia, Huntington’s disease,
Parkinson’s disease, and Tourette’s syndrome. Movement disorders are
often transiently exacerbated by stress and activity and improved by fac-
tors that reduce stress. This is of particular interest because for many
people marijuana reduces anxiety.
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Dystonia

Dystonia can be a sign of other basal ganglion disorders, such as
Huntington’s disease and tardive dyskinesia (irreversible development of
involuntary dyskinetic movements) and can be a primary basal ganglion
disorder. Primary dystonias are a heterogeneous group of chronic slowly
progressive neurological disorders characterized by dystonic move-
ments—slow sustained involuntary muscle contractions that often result
in abnormal postures of limbs, trunk, and neck. Dystonias can be con-
fined to one part of the body, such as spasmodic torticollis (neck) or
Meige’s syndrome (facial muscles), or can affect many parts of the body,
such as dystonia musculorum deformans.5  Dystonia can cause mild to
severe disability and sometimes pain secondary to muscle aching or
arthritis. Some dystonias are genetic; others are caused by drugs. The
specific neuropathological changes in these diseases have not been
determined.

No controlled study of marijuana in dystonic patients has been pub-
lished, and the only study of cannabinoids was a preliminary open trial of
cannabidiol (CBD) that suggested modest dose-related improvements in
the five dystonic patients studied.30 In mutant dystonic hamsters, how-
ever, the cannabinoid receptor agonist, WIN 55,212-2, can produce
antidystonic effects.153

Huntington’s Disease

Huntington’s disease is an inherited degenerative disease that usu-
ally appears in middle age and results in atrophy or loss of neurons in the
caudate nucleus, putamen, and cerebral cortex. It is characterized by
arrhythmic, rapid muscular contractions (chorea), emotional disturbance,
and dementia (impairment in intellectual and social ability). Animal stud-
ies suggest that cannabinoids have antichoreic activity, presumably
because of stimulation of CB1 receptors in the basal ganglia.129,168

On the basis of positive results in one of four Huntington’s disease
patients, CBD and a placebo were tested in a double-blind crossover study
of 15 Huntington’s disease patients who were not taking any antipsychotic
drugs. Their symptoms neither improved nor worsened with CBD treat-
ment.27,164

The effects of other cannabinoids on patients with Huntington’s dis-
ease are largely unknown. THC and other CB1 agonists are more likely
candidates than CBD, which does not bind to the CB1 receptor. Those
receptors are densely distributed on the very neurons that perish in
Huntington’s disease.152  Thus far there is little evidence to encourage
clinical studies of cannabinoids in Huntington’s disease.
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Parkinson’s Disease

Parkinson’s disease, a degenerative disease, affects about 1 million
Americans over the age of 50.53  It is characterized by bradykinesia (slow-
ness in movement), akinesia (abrupt stoppage of movement), resting
tremor, muscular rigidity, and postural instability.

Theoretically, cannabinoids could be useful for treating Parkinson’s
disease patients because cannabinoid agonists specifically inhibit the path-
ways between the subthalamic nucleus and substantia nigra and prob-
ably also the pathways between the subthalamic nucleus and globus
pallidus (these structures shown in Figure 2.6).165,169  The latter effect was
not directly tested but is consistent with what is known about these neu-
ral pathways. Hyperactivity of the subthalamic neurons, observed in both
Parkinson’s patients and animal models of Parkinson’s disease, is
hypothesized to be a major factor in the debilitating bradykinesia associ-
ated with the disease.36  Furthermore, although cannabinoids oppose the
actions of dopamine in intact rats, they augment dopamine activation of
movement in an animal model of Parkinson’s disease. This suggests the
potential for adjunctive therapy with cannabinoid agonists.165–167,169

At the time of this writing, we could find only one published clinical
trial of marijuana involving five cases of idiopathic Parkinson’s disease.48

That trial was prompted by a patient’s report that smoking marijuana
reduced tremor, but the investigators found no improvement in tremor
after the five patients smoked marijuana—whereas all subjects benefited
from the administration of standard medications for Parkinson’s disease
(levodopa and apomorphine).48  Although new animal data might some-
day indicate a use for cannabinoids in treating Parkinson’s disease, cur-
rent data do not recommend clinical trials of cannabinoids in patients with
Parkinson’s disease.

Tourette’s Syndrome

Tourette’s syndrome usually begins in childhood and is characterized
by motor and vocal tics (involuntary rapid repetitive movements or
vocalizations). It has been suggested that the symptoms might be medi-
ated by a reduction in the activity of limbic-basal ganglia-thalamocortical
circuits (shown in Figure 2.4).42  These circuits, while not well understood,
appear to be responsible for translating a person’s intentions to move into
actual movements. Damage to these structures leads to either involuntary
increases in movement (as in Huntington’s disease) or the inability to
make voluntary movements (as in Parkinson’s disease). The nature of the
deficit in Tourette’s syndrome is unknown.

No clear link has been established between symptoms of Tourette’s
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syndrome and cannabinoid sites or mechanism of action. Pimozide and
haloperidol, two widely used treatments for Tourette’s syndrome, inhibit
effects mediated by the neurotransmitter dopamine, whereas cannab-
inoids can increase dopamine release.154,181  The physiological relevance,
if any, of these two observations has not been established.

Clinical reports consist of four case histories indicating that marijuana
use can reduce tics in Tourette’s patients.75,163 In three of the four cases the
investigators suggest that beneficial effects of marijuana might have been
due to anxiety-reducing properties of marijuana rather than to a specific
antitic effect.163

Therapy for Movement Disorders

Various drugs are available (Table 4.3) to treat the different move-
ment disorders. Common side effects of many of these drugs are sedation,
lethargy, school and work avoidance, social phobia, and increased risk of
parkinsonism and tardive dyskinesia. With some of the medications, like
those used for dystonia, efficacy is lacking in up to 50% of the patients. In
addition to medications, surgical interventions, such as pallidotomy and
neurosurgical transplantation of embryonic substantia nigra tissue into
the patient’s striatum, have been tried in Parkinson’s disease patients.
Surgery is generally palliative and is still considered to be in the develop-
mental phase.

TABLE 4.3 Drugs Used to Treat Movement Disorders

Dystonia Parkinson’s disease
Benzodiazepines Levodopa
Tetrabenazine Carbidopa+levodopa combination
Intramuscular botulinum toxin Amantadine
Anticholinergics Bromocriptine
Baclofen Pergolide

Pramipexole
Huntington’s disease Ropinirole

Reserpine Selegiline
Tetrabenazine Trihexyphenidyl
Haloperidol Benztropine

Tourette’s syndrome tics
Pimozide
Clonidine
Haloperidol

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


MEDICAL VALUE OF MARIJUANA AND RELATED SUBSTANCES 169

Conclusion: Movement Disorders

The abundance of CB1 receptors in basal ganglia and reports of ani-
mal studies showing the involvement of cannabinoids in the control of
movement suggest that cannabinoids would be useful in treating move-
ment disorders in humans. Marijuana or CB1 receptor agonists might
provide symptomatic relief of chorea, dystonia, some aspects of parkin-
sonism, and tics. However, clinical evidence is largely anecdotal; there
have been no well-controlled studies of adequate numbers of patients.
Furthermore, nonspecific effects might confound interpretation of results
of studies. For example, the anxiolytic effects of cannabinoids might make
patients feel that their condition is improved, despite the absence of mea-
surable change in their condition.

Compared to the abundance of anecdotal reports concerning the ben-
eficial effects of marijuana on muscle spasticity, there are relatively few
claims that marijuana is useful for treating movement disorders. This
might reflect a lack of effect or a lack of individuals with movement dis-
orders who have tried marijuana. In any case, while there are a few
isolated reports of individuals with movement disorders who report a
benefit from marijuana, there are no published surveys indicating that a
substantial percentage of patients with movement disorders find relief
from marijuana. Existing studies involve too few patients from which to
draw conclusions. The most promising reports involve symptomatic treat-
ment of spasticity. If the reported neuroprotective effects of cannabinoids
discussed in chapter 2 prove to be therapeutically useful, this could ben-
efit patients with movement disorders, but without further data such a
benefit is highly speculative. Since stress often transiently exacerbates
movement disorders, it is reasonable to hypothesize that the anxiolytic
effects of marijuana or cannabinoids might be beneficial to some patients
with movement disorders. However, chronic marijuana smoking is a
health risk that could increase the burden of chronic conditions, such as
movement disorders.

Cannabinoids inhibit both major excitatory and inhibitory inputs to
the basal ganglia. This suggests that a cannabinoid agonist could produce
opposite effects on movement, depending on the type of transmission
(excitatory or inhibitory) that is most active at the time of drug adminis-
tration. This property could be used to design treatments in basal ganglia
movement disorders, such as Parkinson’s disease where either the excita-
tory subthalamic input becomes hyperactive or the inhibitory striatal
input becomes hypoactive. The dose employed would be a major factor in
the therapeutic uses of cannabinoids in movement disorders; low doses
should be desirable, while higher doses could be expected to aggravate
pathological conditions. Thus, there is a clear reason to recommend pre-
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clinical studies; that is, animal studies to test the hypothesis that cannab-
inoids play an important role in movement disorders.

With the possible exception of multiple sclerosis, the evidence to
recommend clinical trials of cannabinoids in movement disorders is rela-
tively weak. Ideally, clinical studies would follow animal research that
provided stronger evidence than is currently available on the potential
therapeutic value of cannabinoids in the treatment of movement
disorders. Unfortunately, there are no good animal models for these dis-
orders. Thus, double-blind, placebo-controlled clinical trials of isolated
cannabinoids that include controls for relevant side effects should be con-
ducted. Such effects include anxiolytic and sedative effects, which might
either mask or contribute to the potential therapeutic effects of
cannabinoids.

Epilepsy

Epilepsy is a chronic seizure disorder that affects about 2 million
Americans and 30 million people worldwide.156 It is characterized by re-
current sudden attacks of altered consciousness, convulsions, or other
motor activity. A seizure is the synchronized excitation of large groups of
brain cells. These abnormal electrical events have a wide array of possible
causes, including injury to the brain and chemical changes derived from
metabolic faults of exposure to toxins.156

Seizures are classified as partial (focal) or generalized. Partial seizures
are associated with specific sensory, motor, or psychic aberrations that
reflect the function of the part of the cerebral cortex from which the sei-
zures arise. Generalized seizures are usually the result of pathological con-
ditions of brain sites that project to widespread regions of the brain. Such
pathology can produce petit mal seizures or major grand mal convulsions.

Cannabinoids in Epilepsy

There are anecdotal and individual case reports that marijuana con-
trols seizures in epileptics (reviewed in a 1997 British Medical Association
report13), but there is no solid evidence. While there are no studies indi-
cating that either marijuana or THC worsen seizures, there is no scientific
basis to justify such studies.

In the only known case-controlled study that was designed to evalu-
ate illicit drug use and the risk of first seizure, Ng and co-workers137 con-
cluded that marijuana is a protective factor for first-time seizures in men
but not women. Men who used marijuana reportedly had fewer first-time
seizures than men who did not use marijuana. That report was based on a
comparison of 308 patients who had been admitted to a hospital after
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their first seizure with a control group of 294 patients. The control group
was made up of patients who had not had seizures and were admitted for
emergency surgery, such as surgery for appendicitis, intestinal obstruc-
tion, or acute cholecystitis. Compared to men who did not use marijuana,
the odds ratio of first seizure for men who had used marijuana within 90
days of hospital admission was 0.36 (95% confidence interval = 0.18–0.74).
An odds ratio of less than one is consistent with the suggestion that mari-
juana users are less likely to have seizures. The results for women were
not statistically significant. However, this was a weak study. It did not
include measures of health status prior to hospital admissions for the
patients’ serious conditions, and differences in their health status might
have influenced their drug use rather than—as suggested by the authors—
that differences in their drug use influenced their health.

The potential antiepileptic activity of CBD has been investigated but
is not promising. Three controlled trials were conducted in which CBD
was given orally to patients who had had generalized grand mal seizures
or focal seizures (Table 4.4). Two of these studies were never published,
but information about one was published in a letter to the South African
Medical Journal, and the other was presented at the 1990 Marijuana Inter-
national Conference on Cannabis and Cannabinoids.184

TABLE 4.4 Clinical Trials of Cannabidiol (CBD) in Epileptics

Study Design Results Reference

Double-blind placebo-controlled trial 4 of 8 remained almost free Cunha and
8 epileptic patients were given CBD of convulsions. Three of the co-workers34

at 200–300 mg/day in conjunction with 4 were partially improved
standard antiepileptic therapies. for up to 4.5 months.

Double-blind placebo-controlled study CBD had no effect on Ames4

12 epileptic patients were given CBD seizure frequency.
at 200–300 mg/day along with
standard  antiepileptic drugs.

Double-blind placebo-controlled, CBD had no effect on Trembly and
add-on crossover trial seizures. Sherman,
10 epileptic patients were given CBD 1990184

at 300 mg/day for 6 months. (reviewed in
Consroe and
Sandyk, 199229)

Open trial Seizure frequency was Trembly and
One patient was given CBD at reduced in the patient. Sherman,
900–1,200 mg/day for 10 months. 1990184

(reviewed in
Consroe and
Sandyk, 199229)
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TABLE 4.5 Anticonvulsant Drugs for Various Types of Seizures

Generalized grand mal seizures Partial (focal) seizures
Carbamazepine Carbamazepine
Valproate Phenytoin
Phenytoin Valproate
Phenobarbital Phenobarbital

Clonazepam
Generalized petit mal seizures Gabapentin

Ethosuximide Lamotrigine
Clonazepam Tiagabine (as adjunct therapy)
Valproate

SOURCE: Adapted from Andreoli et al. (1997).5

Even if CBD had antiepileptic properties, these studies were likely
too small to demonstrate efficacy. Proving efficacy of anticonvulsants gen-
erally requires large numbers of patients followed for months because the
frequency of seizures is highly variable and the response to therapy varies
depending on seizure type.4,49

Therapy for Epilepsy

Present Therapy. Standard pharmacotherapy for partial and generalized
seizures, listed in Table 4.5, involves a variety of anticonvulsant drugs.
These drugs suppress seizures completely in approximately 60% of
patients who have chronic epilepsy and improve seizures in another 15%
of patients. All of the anticonvulsants listed in Table 4.5 have side effects,
some of the more common of which are drowsiness, mental slowing,
ataxia, tremor, hair loss, increased appetite, headache, insomnia, and rash.
Nevertheless, recurrent seizures are physically dangerous and emotion-
ally devastating, and preventing them outweighs many undesirable side
effects of anticonvulsant drugs.

Future Therapy. The goal of epilepsy treatment is to halt the seizures
with minimal or no side effects and then to eradicate the cause. Most of
the anticonvulsant research on cannabinoids was conducted before 1986.
Since then, many new anticonvulsants have been introduced and cannab-
inoid receptors have been discovered. At present, the only biological evi-
dence of antiepileptic properties of cannabinoids is that CB1 receptors are
abundant in the hippocampus and amygdala. Both regions are involved
in partial seizures but are better known for their role in functions unre-
lated to seizures.26  Basic research might reveal stronger links between
cannabinoids and seizure activity, but this is not likely to be as fruitful a
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subject of cannabinoid research as others. Given the present state of
knowledge, clinical studies of cannabinoids in epileptics are not indicated.

Alzheimer’s Disease

Food refusal is a common problem in patients who suffer from
Alzheimer’s type dementia. The causes of anorexia in demented people
are not known but may be a symptom of depression. Antidepressants
improve eating in some but not all patients with severe dementia. Eleven
Alzheimer’s patients were treated for 12 weeks on an alternating schedule
of dronabinol and placebo (six weeks of each treatment). The dronabinol
treatment resulted in substantial weight gains and declines in disturbed
behavior.190 No serious side effects were observed. One patient had a sei-
zure and was removed from the study, but the seizure was not necessarily
caused by dronabinol. Recurrent seizures without any precipitating events
occur in 20% of patients who have advanced dementia of Alzheimer’s
type.189  Nevertheless, these results are encouraging enough to recom-
mend further clinical research with cannabinoids.

The patients in the study discussed above were in long-term institu-
tional care, and most were severely demented with impaired memory.
Although short-term memory loss is a common side effect of THC in
healthy patients, it was not a concern in this study. However, the effect of
dronabinol on memory in Alzheimer’s patients who are not as severely
disturbed as those in the above study would be an important consider-
ation.

GLAUCOMA

After cataracts, glaucoma is the second-leading cause of blindness in
the world; almost 67 million people are expected to be affected world-
wide by the year 2000149 (for an excellent review, see Alward, 19982). The
most common form of glaucoma, primary open-angle glaucoma (POAG),
is a slowly progressive disorder that results in loss of retinal ganglion
cells and degeneration of the optic nerve, causing deterioration of the
visual fields and ultimately blindness. The mechanisms behind the dis-
ease are not understood, but three major risk factors are known: age, race,
and high intraocular pressure (IOP). POAG is most prevalent among the
elderly, with 1% affected in those over 60 years old and more than 9% in
those over 80. In African Americans over 80, there is more than a 10%
chance of having the disease, and older African Caribbeans (who are less
racially mixed than African Americans) have a 20–25% chance of having
the disease.106

The eye’s rigid shape is normally maintained in part by IOP, which is
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regulated by the circulation of a clear fluid, the aqueous humor,* between
the front of the lens and the back of the cornea. Because of impaired out-
flow of aqueous humor from the anterior chamber of the eye, a high IOP
is a risk factor for glaucoma, but the mechanism by which it damages the
optic nerve and retinal ganglion cells remains unclear.174 The two leading
possibilities are that high IOP interferes with nutrient blood flow to the
region of the optic nerve or that it interferes with transport of nutrients,
growth factors, and other compounds within the optic nerve axon (P.
Kaufman, IOM workshop). If the interference continues, the retinal gan-
glion cells and optic nerve will permanently atrophy; the result is blind-
ness.68 Because high IOP is the only known major risk factor that can be
controlled, most treatments have been designed to reduce it. However,
reducing it does not always arrest or slow the progression of visual
loss.20,109

Marijuana and Cannabinoids in Glaucoma

Marijuana and THC have been shown to reduce IOP by an average of
24% in people with normal IOP who have visual-field changes. In a num-
ber of studies of healthy adults and glaucoma patients, IOP was reduced
by an average of 25% after smoking a marijuana cigarette that contained
approximately 2% THC—a reduction as good as that observed with most
other medications available today.1,16,32,76,77,125,193 Similar responses have
been observed when marijuana was eaten or THC was given in pill form
(10–40 mg) to healthy adults or glaucoma patients.76,91 But the effect lasts
only about three to four  hours. Elevated IOP is a chronic condition and
must be controlled continuously.

Intravenous administration of ∆9-THC, ∆8-THC, or 11-OH-THC to
healthy adults substantially decreased IOP, whereas cannabinol, CBD,
and β-OH-THC had little effect.31,146 The cause for the reduction in IOP
remains unknown, but the effect appears to be independent of the fre-
quently observed drop in arterial systolic blood pressure (Keith Green,
Medical College of Georgia, personal communication).

Three synthetic cannabinoids were investigated; BW29Y, BW146Y,
and nabilone. They were given orally to patients who had high IOP.
BW146Y and nabilone were as effective as ingesting THC or smoking

*The cornea and lens must be optically clear, which means that there cannot be blood
circulation in these tissues. The aqueous humor is a clear fluid that functions as alternative
circulation across the rear of the cornea and to the lens, providing nutrients and removing
waste from these tissues.

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


MEDICAL VALUE OF MARIJUANA AND RELATED SUBSTANCES 175

marijuana but again with a very short duration of action; BW29Y was
ineffective.136,182

Topical treatments with cannabinoids have been ineffective in reduc-
ing IOP. When ∆9-THC was applied topically as eye drops, whether once
or four times a day, there was no decrease in IOP.60,90 Suspensions of lipo-
philic THC tended to be irritating to the eye.

In summary, cannabinoids and marijuana can reduce IOP when ad-
ministered orally, intravenously, or by inhalation but not when adminis-
tered topically. Even though a reduction in IOP by standard medications
or surgery clearly slows the rate of glaucoma symptom progression, there
is no direct evidence of benefits of cannabinoids or marijuana in the natu-
ral progression of glaucoma, visual acuity, or optic nerve atrophy.92,115

In addition to lowering IOP, marijuana reduces blood pressure and
has many psychological effects. Merritt and co-workers reported hypoten-
sion, palpitations, and psychotropic effects in glaucoma patients after in-
halation of marijuana.125 Cooler and Gregg31 also reported increased anxi-
ety and tachycardia after intravenous infusion of THC (1.5–3 mg). All
those side effects are problematic, particularly for elderly glaucoma pa-
tients who have cardiovascular or cerebrovascular disease. The reduction
in blood pressure can be substantial and might adversely affect blood flow
to the optic nerve.124  Many people with systemic hypertension have their
blood pressure reduced to manageable and acceptable levels through
medication, but this does not seem to affect their IOP. In contrast, there is
evidence that reduction in blood pressure to considerably below-normal
levels influences IOP and ocular blood flow.46,74,142  Hence, in the case of
an eye with high IOP or an optic nerve in poor condition and susceptibil-
ity to high IOP, reduced blood flow to the optic nerve could compromise
a functional retina and be a factor in the progression of glaucoma.

Because it is not known how these compounds work, it is also not
known how they might interact with other drugs used to treat glaucoma.
If the mechanism involves a final common pathway, the effects of cannab-
inoids might not be additive and might even interfere with effective drugs.

Therapy for Glaucoma

Present Therapy

Six classes of drugs are used to treat glaucoma; all reduce IOP (Table
4.6).93  In the late 1970s, when early reports of the effects of marijuana on
IOP surfaced, only cholinomimetics, epinephrine, and oral carbonic an-
hydrase inhibitors were available. They are not popular today because of
their side effects, such as pupil constriction or dilation, brow ache, tachy-
cardia, and diuresis; all of them have been superseded by the other classes
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of drugs.93 Surgical options are also available today to lower IOP, includ-
ing laser trabeculoplasty, trabeculectomy/sclerostomy, drainage implan-
tation, and cyclodestruction of fluid-forming tissues.173 Thus, there are
now many effective options to slow the progression of glaucoma by re-
ducing IOP.

One important factor in slowing the progression of glaucoma via
medications that reduce IOP is patient compliance with dosing regimens.
With respect to compliance, the ideal glaucoma drug is one that is applied
at most twice a day (P. Kaufman, IOM workshop). If the dose must be
repeated every three to four hours, patient compliance becomes a prob-
lem; for this reason, marijuana and the cannabinoids studied thus far
would not be highly satisfactory treatments for glaucoma. Present thera-
pies, especially combinations of approved topical drugs, can control IOP
when administered once or twice a day, at a cost of about $60 per month.

Future Therapy

In all likelihood the next generation of glaucoma therapies will deal
with neural protection, neural rescue, neural regeneration, or blood flow,
and the optic nerve and neural retina will be treated directly rather than
just by lowering IOP (P. Kaufman, IOM workshop). There is some evi-
dence that a synthetic cannabinoid, HU-211, might have neuroprotective
effects in vitro; this presents a potential approach that has nothing to do
with IOP.197 HU-211 is commonly referred to as a cannabinoid because its
chemical structure is similar to THC; however, it does not bind to cannab-
inoid receptor.

It is known that cannabinoids lower IOP fairly substantially but not
how. No one has tested whether the effect is receptor mediated (B. Martin,
IOM workshop). To do so, one could test whether a receptor antagonist

TABLE 4.6 Classes of Drugs Used to Treat Glaucoma

Cholinergic agonists ααααα2-Adrenergic agonists
Pilocarpine Aproclonidine

Brimonidine

βββββ2-Adrenergic agonists Carbonic anhydrase inhibitors
Epinephrine Acetazolamide
Dipivefrin Dorzolamide (Trusopt)

βββββ2-Adrenergic antagonists Prostaglandin-F2a analogues
Timolol Latanoprost
Betaxolol (Betoptic) Unoprostone
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blocked the effects of THC or other cannabinoids. If the decrease were
shown to be receptor mediated, it would be important to know whether it
was through CB1, which mediates central nervous system effects, or CB2,
which is not involved in CNS effects. If it were CB2, it might be possible to
reduce IOP without the CNS side effects. Finally, it is not known whether
the endogenous cannabinoid system is a natural regulator of IOP.

Conclusion:  Glaucoma

Although glaucoma is one of the most frequently cited medical indi-
cations for marijuana, the data do not support this indication. High intra-
ocular pressure (IOP) is a known risk factor for glaucoma and can, indeed,
be reduced by cannabinoids and marijuana. However, the effect is too
and short lived and requires too high doses, and there are too many side
effects to recommend lifelong use in the treatment of glaucoma. The po-
tential harmful effects of chronic marijuana smoking outweigh its modest
benefits in the treatment of glaucoma. Clinical studies on the effects of
smoked marijuana are unlikely to result in improved treatment for glau-
coma.

Future research might reveal a therapeutic effect of isolated cannab-
inoids. For example, it might be possible to design a cannabinoid drug
with longer-lasting effects on IOP and with less psychoactivity than THC.

SUMMARY

Advances in cannabinoid science of the past 16 years have given rise
to a wealth of new opportunities for the development of medically useful
cannabinoid-based drugs. The accumulated data suggest a variety of in-
dications, particularly for pain relief, antiemesis, and appetite stimula-
tion. For patients such as those with AIDS or who are undergoing chemo-
therapy, and who suffer simultaneously from severe pain, nausea, and
appetite loss, cannabinoid drugs might offer broad-spectrum relief not
found in any other single medication. The data are weaker for muscle
spasticity but moderately promising. The least promising categories are
movement disorders, epilepsy, and glaucoma. Animal data are moder-
ately supportive of a potential for cannabinoids in the treatment of move-
ment disorders and might eventually yield stronger encouragement. The
therapeutic effects of cannabinoids are most well established for THC,
which is the primary psychoactive ingredient of marijuana. But it does
not follow from this that smoking marijuana is good medicine.

Although marijuana smoke delivers THC and other cannabinoids to
the body, it also delivers harmful substances, including most of those
found in tobacco smoke. In addition, plants contain a variable mixture of
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biologically active compounds and cannot be expected to provide a pre-
cisely defined drug effect. For those reasons there is little future in smoked
marijuana as a medically approved medication. If there is any future in
cannabinoid drugs, it lies with agents of more certain, not less certain,
composition. While clinical trials are the route to developing approved
medications, they are also valuable for other reasons. For example, the
personal medical use of smoked marijuana—regardless of whether or not
it is approved—to treat certain symptoms is reason enough to advocate
clinical trials to assess the degree to which the symptoms or course of
diseases are affected. Trials testing the safety and efficacy of marijuana
use are an important component to understanding the course of a disease,
particularly diseases such as AIDS for which marijuana use is prevalent.
The argument against the future of smoked marijuana for treating any
condition is not that there is no reason to predict efficacy but that there is
risk. That risk could be overcome by the development of a nonsmoked
rapid-onset delivery system for cannabinoid drugs.

There are two caveats to following the traditional path of drug devel-
opment for cannabinoids. The first is timing. Patients who are currently
suffering from debilitating conditions unrelieved by legally available
drugs, and who might find relief with smoked marijuana, will find little
comfort in a promise of a better drug 10 years from now. In terms of good
medicine, marijuana should rarely be recommended unless all reasonable
options have been eliminated. But then what? It is conceivable that the
medical and scientific opinion might find itself in conflict with drug regu-
lations. This presents a policy issue that must weigh—at least tempo-
rarily—the needs of individual patients against broader social issues. Our
assessment of the scientific data on the medical value of marijuana and its
constituent cannabinoids is but one component of attaining that balance.

The second caveat is a practical one. Although most scientists who
study cannabinoids would agree that the scientific pathways to cannab-
inoid drug development are clearly marked, there is no guarantee that the
fruits of scientific research will be made available to the public. Cannab-
inoid-based drugs will become available only if there is either enough
incentive for private enterprise to develop and market such drugs or sus-
tained public investment in cannabinoid drug research and development.
The perils along this pathway are discussed in chapter 5. Although mari-
juana is an abused drug, the logical focus of research on the therapeutic
value of cannabinoid-based drugs is the treatment of specific symptoms
or diseases, not substance abuse. Thus, the most logical research sponsors
would be the several institutes within the National Institutes of Health or
organizations whose primary expertise lies in the relevant symptoms or
diseases.
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CONCLUSION:  Scientific data indicate the potential therapeutic
value of cannabinoid drugs, primarily THC, for pain relief, con-
trol of nausea and vomiting, and appetite stimulation; smoked
marijuana, however, is a crude THC delivery system that also
delivers harmful substances.

RECOMMENDATION: Clinical trials of cannabinoid drugs for symp-
tom management should be conducted with the goal of devel-
oping rapid-onset, reliable, and safe delivery systems.

RECOMMENDATION: Clinical trials of marijuana use for medical
purposes should be conducted under the following limited cir-
cumstances: trials should involve only short-term marijuana use
(less than six months), should be conducted in patients with
conditions for which there is reasonable expectation of efficacy,
should be approved by institutional review boards, and should
collect data about efficacy.

RECOMMENDATION: Short-term use of smoked marijuana (less
than six months) for patients with debilitating symptoms (such
as intractable pain or vomiting) must meet the following condi-
tions:

• failure of all approved medications to provide relief has
been documented,

• the symptoms can reasonably be expected to be relieved
by rapid-onset cannabinoid drugs,

• such treatment is administered under medical supervision
in a manner that allows for assessment of treatment effec-
tiveness, and

• involves an oversight strategy comparable to an institu-
tional review board process that could provide guidance
within 24 hours of a submission by a physician to provide
marijuana to a patient for a specified use.

Until a nonsmoked rapid-onset cannabinoid drug delivery system be-
comes available, we acknowledge that there is no clear alternative for
people suffering from chronic conditions that might be relieved by smok-
ing marijuana, such as pain or AIDS wasting. One possible approach is to
treat patients as n-of-1 clinical trials, in which patients are fully informed
of their status as experimental subjects using a harmful drug delivery sys-
tem and in which their condition is closely monitored and documented
under medical supervision, thereby increasing the knowledge base of the
risks and benefits of marijuana use under such conditions. We recom-

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


180 MARIJUANA AND MEDICINE

mend these n-of-1 clinical trials using the same oversight mechanism as
that proposed in the above recommendations.

OTHER REPORTS ON MARIJUANA AS MEDICINE

Since 1996, five important reports pertaining to the medical uses of
marijuana have been published, each prepared by deliberative groups of
medical and scientific experts (Appendix E). They were written to ad-
dress different facets of the medical marijuana debate, and each offers a
somewhat different perspective. With the exception of the report by the
Health Council of the Netherlands, each concluded that marijuana can be
moderately effective in treating a variety of symptoms. They also agree
that current scientific understanding is rudimentary; indeed, the senti-
ment most often stated is that more research is needed. And these reports
record the same problem with herbal medications as noted here: the un-
certain composition of plant material makes for an uncertain, and hence
often undesirable, medicine.

The 1996 report by the Health Council of the Netherlands concluded
that there is insufficient evidence to justify the medical use of marijuana
or THC, despite the fact that the latter is an approved medication in the
United States and Britain. However, that committee addressed only
whether there was sufficient evidence to warrant the prescription of mari-
juana or cannabinoids, not whether the data are sufficient to justify clini-
cal trials. Conclusions of the Health Council of the Netherlands contrast
with that country’s tolerance of marijuana use. The health council’s report
noted that marijuana use by patients in the terminal stages of illness is
tolerated in hospitals. It also said that the council did “not wish to judge
patients who consume marihuana (in whatever form) because it makes
them feel better. . . .”

In contrast, the American Medical Association House of Delegates,
National Institutes of Health (NIH), and the British Medical Association
recommend clinical trials of smoked marijuana for a variety of symptoms.
The NIH report, however, was alone in recommending clinical studies of
marijuana for the treatment of glaucoma—and even then there was dis-
agreement among the panel members (William T. Beaver, chair, NIH Ad
Hoc Expert Panel on the Medical Use of Marijuana, personal communica-
tion, 1998).

Recent reviews that have received extensive attention from those who
follow the medical marijuana debate have been written by strong advo-
cates for (Grinspoon and Bakalar, 199362; Zimmer and Morgan, 1997198) or
against (Voth and Schwartz, 1997191) the medical use of marijuana. Those
reports represent the individual views of their authors, and they are not
reviewed here but have been reviewed in major scientific journals.7,69,178,180
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193

5

Development of Cannabinoid Drugs

Medicines today are expected to be of known composition
and quality. Even in cases where marijuana can provide
relief of symptoms, the crude plant mixture does not meet
this modern expectation. The future of medical marijuana
lies in classical pharmacological drug development, and
indeed there has been a resurgence of scientific, as well as
public, interest in the therapeutic applications of cannab-
inoids. After an initial burst of scientific activity in the
1970s, today’s renewed interest has been fueled by major

scientific discoveries discussed in previous chapters: the identification and
cloning of endogenous cannabinoid receptors, the discovery of endog-
enous substances that bind to these receptors, and the emergence of syn-
thetic cannabinoids that also bind to cannabinoid receptors. These scien-
tific accomplishments have propelled interest in developing new drugs
that can treat more effectively or more safely the constellation of symp-
toms for which cannabinoids might have therapeutic benefit (see chap-
ter 4). Through the process of what is referred to as “rational drug design,”
scientists manipulate the chemical structures of known cannabinoids to
design better therapeutic agents. Several new cannabinoids are being
developed for human use, but none has reached the stage of human test-
ing in the United States.

The purpose of this chapter is to describe the process of and analyze
the prospects for development of cannabinoid drugs. It first discusses the
regulatory hurdles that every new drug encounters en route to market. It
then proceeds to describe the regulatory and market experiences of
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dronabinol (tetrahydrocannabinol, or THC, in sesame oil), the only ap-
proved cannabinoid in the United States. These sections serve as a road
map to determine whether the therapeutic potential of cannabinoids is
likely to be exploited commercially to meet patient needs. Finally, the
chapter describes what would be needed to bring marijuana to market as
a medicinal plant.

The term cannabinoids is used in this chapter to refer to a group of
substances that are structurally related to THC—by virtue of a tricyclic
chemical structure—or that bind to cannabinoid receptors, such as the
natural ligand anandamide. From a chemist’s point of view, this defini-
tion encompasses a variety of distinct chemical classes. But because the
purpose of this chapter is to explore prospects for drug development, both
chemical structure and pharmacological activity are important; therefore,
the broader definition of cannabinoids is used.

FEDERAL DRUG DEVELOPMENT POLICY

Like controlled substances, cannabinoids developed for medical use
encounter a gauntlet of public health regulatory controls administered by
two federal agencies: the Food and Drug Administration (FDA) of the
U.S. Department of Health and Human Services (DHHS) and the Drug
Enforcement Administration (DEA) of the U.S. Department of Justice. The
FDA regulates human testing and the introduction of new drugs into the
marketplace, whereas the DEA determines the schedule of and establishes
production quotas for drugs with potential for abuse to prevent their
diversion to illicit channels. The DEA also authorizes registered physi-
cians to prescribe controlled substances. Some drugs, such as marijuana,
are labeled Schedule I in the Controlled Substance Act, and this adds con-
siderable complexity and expense to their clinical evaluation. It is impor-
tant to point out that Schedule I status does not necessarily apply to all
cannabinoids.

Food and Drug Administration

Under the Federal Food, Drug, and Cosmetic (FD&C) Act, the FDA
approves new drugs for entry into the marketplace after their safety and
efficacy are established through controlled clinical trials conducted by the
drugs’ sponsors.23  FDA approval of a drug is the culmination of a long,
research intensive process of drug development, which often takes well
over a decade.19,44  Drug development is performed largely by pharma-
ceutical companies, but some targeted drug development programs are
sponsored by the National Institutes of Health (NIH) to stimulate further
development and marketing by the private sector. The NIH’s drug devel-
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opment programs—including those for AIDS, cancer, addiction, and epi-
lepsy—have been instrumental in ushering new drugs to market in col-
laboration with pharmaceutical companies.33  In fact, as noted later, most
of the preclinical and clinical research on dronabinol was supported by
NIH.

Drug development begins with discovery, that is, the synthesis and
purification of a new compound with expected biological activity and
therapeutic value. The next major step is the testing of the compound in
animals to learn more about its safety and efficacy and to predict its utility
for humans. Those early activities are collectively referred to as the pre-
clinical phase. When evidence from the preclinical phase suggests a prom-
ising role in humans, the manufacturer submits an Investigational New
Drug (IND) application  to the FDA. The IND submission contains a plan
for human clinical trials and includes the results of preclinical testing and
other information.20  Absent FDA objection, the IND becomes effective
after 30 days, allowing the manufacturer to conduct clinical testing (test-
ing in humans), which generally involves three phases (see Figure 5.1).
The three stages of clinical testing are usually the most time-consuming
phases of drug development, lasting five years on average.22  The actual
time depends on the complexity of the drug, availability of patients, dura-
tion of use, difficulty of measuring clinical end points, therapeutic class,
and indication (the disease or condition for which the drug has purported
benefits).31

Drug development is a long and financially risky process. For every
drug that ultimately reaches clinical testing through an IND, thousands of
drugs are synthesized and tested in the laboratory. And only about one in
five drugs initially tested in humans successfully secures FDA approval
for marketing through a new drug application (NDA).19

The manufacturer submits an NDA to the FDA to gain approval for
marketing when clinical testing is complete. An NDA is a massive docu-
ment, the largest portion of which contains the clinical data from Phase I–
III testing. The other technical sections of an NDA include chemistry,
manufacturing, and controls; nonclinical pharmacology and toxicology;
and human pharmacokinetics and bioavailability.23  In the case of a new
cannabinoid, an abuse liability assessment would also probably be part of
an NDA submission. In 1996 the median time for FDA review of an NDA,
from submission to approval, was 15.1 months, a review period consider-
ably shorter than that in 1990, when the figure was 24.3 months.22  The
shortening of approval time is an outgrowth of the Prescription Drug User
Fee Act of 1992, which authorized the FDA to hire additional review staff
with so-called user fees paid by industry and imposed clear deadlines for
FDA action on an NDA. With respect to the cost of a single drug’s devel-
opment, a number of recent studies have provided a range of estimates of
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about $200–$300 million, depending on the method and year of calcula-
tion.33,44

With FDA approval of an NDA, the manufacturer is permitted to
market the drug for the approved indication. At that point, although any
physician is at liberty to prescribe the approved drug for another indica-
tion (an “off-label use”), the manufacturer cannot promote it for that indi-
cation unless the new indication is granted separate marketing approval
by the FDA.* To obtain such approval, the manufacturer is required to
compile another application to the FDA for what is known variously as an
“efficacy supplement,” a “supplemental application,” or a “supplemental
new drug application.” Those terms connote that the application is supple-
mental to the NDA. In general, collecting new data for FDA approval of
an efficacy supplement is not as intensive a process as that for an NDA; it
generally requires the firm to conduct two additional Phase III studies,
although under some circumstances only one additional study of the
drug’s efficacy is needed.24  The preclinical studies, for example, ordi-
narily need not be replicated. The average cost to the manufacturer for
obtaining approval for the new indication is typically about $10–$40 mil-
lion.33  The review time to obtain FDA approval for the new indication
can be considerable; a recent study of supplemental indications approved
by the FDA in 1989–1994 found the approval time to exceed that for the
original NDA,18  a reflection, in part, of the lower priority that the FDA
accords to the review of efficacy supplements as opposed to new drugs.23

The manufacturer also must apply to the FDA to receive marketing
approval for a new formulation of a previously approved drug. A new
formulation is a new dosage form, including a new route of administra-
tion. An example of such a new formulation is an inhaled version of
Marinol, which is currently approved only in capsule form. The manufac-
turer is required to establish bioequivalence, safety, and efficacy of the
new formulation. The amount of evidence required for approval is highly
variable, depending on the similarities between the new formulation and
the approved formulation. New formulations are evaluated case by case
by the FDA. In the case of Marinol, for example, an inhaled version is
likely to require not only new studies of efficacy but also new studies of
abuse liability. There appear to be no published peer-reviewed studies of
the average cost and time for approval of a new formulation.

Two other FDA programs might be relevant to the potential availabil-

*FDA policies for off-label use are being transformed as a result of the Food and Drug
Administration Modernization Act of 1997.  The FDA recently promulgated new rules to
give manufacturers greater flexibility to disseminate information about off-label uses (FDA,
1998b24a). As of this writing, however, court decisions have left the status of the new rules
somewhat unclear.
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ity of new cannabinoids. One program is authorized under the Orphan
Drug Act of 1983, which provides incentives to manufacturers to develop
drugs to treat “orphan diseases.” An orphan disease, as defined in an
amendment to the act, is one that affects 200,000 or fewer people in the
United States.* The act’s most important incentive is a period of exclusive
marketing protection of seven years, during which time the FDA is pro-
hibited from approving the same drug for the same indication.5,6  Some of
the medical conditions for which cannabinoids have been advocated—
Huntington’s disease, multiple sclerosis, and spinal cord injury (see chap-
ter 4)—might meet the definition of an orphan disease and thus enable
manufacturers to take advantage of the act’s financial incentives to bring
products to market. If a disease affects more than 200,000 people, the
manufacturer sometimes subdivides the patient population into smaller
units to qualify. For example, a drug for the treatment of Parkinson’s dis-
ease is not likely to receive an orphan designation because its prevalence
exceeds 200,000, but orphan designation has been accorded to drugs for
subsets of Parkinson’s patients, such as those suffering from early-morn-
ing motor dysfunction in the late stages of the disease.25

The other program is the Treatment-IND program, which was estab-
lished by regulation in 1987 (and codified into law in 1997) to allow
patients with serious and life-threatening diseases to obtain experimental
medications, such as marijuana, before their general marketing.† Treat-
ment INDs may be issued during Phase III studies to patients who are not
enrolled in clinical trials, provided among other requirements that no
comparable alternative drug is available.22,32,33  Thus, the treatment IND
program can provide a mechanism for some patients to obtain a promis-
ing new cannabinoid before its widespread commercial availability if it
reached the late stages of clinical testing for a serious or life-threatening
disease.

Drug Enforcement Administration

The DEA is responsible for scheduling controlled substances, that is,
drugs and other agents that possess a potential for abuse. Abuse is gener-
ally defined as nonmedical use that leads to health and safety hazards,
diversion from legitimate channels, self-administration, and other unto-
ward results.15,21  The legislation that gives DEA the authority to regulate

*The FDA can grant orphan designation to a drug intended for a condition that affects a
larger population if the manufacturer’s estimated expenses are unlikely to be recovered by
sales in the United States (Public Law 98-551).

†Marijuana cigarettes were available under a special FDA-sponsored Compassionate
Investigational New Drug Program for desperately ill patients until March 1992, when the
program was closed to new participants.48
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drugs of abuse is the Controlled Substances Act, which was passed in
1970 and amended several times. The overall purpose of the CSA is to
restrict or control the availability of drugs to prevent their abuse.

Under the CSA, the DEA places each drug that has abuse potential
into one of five categories. The five categories, referred to as Schedules I–
V, carry different degrees of restriction. Schedule I is the most restrictive,
covering drugs that have “no accepted medical use” in the United States
and that have high abuse potential. The definitions of the categories and
examples of drugs in each are listed in Appendix C. Each schedule is asso-
ciated with a distinct set of controls that affect manufacturers, investiga-
tors, pharmacists, practitioners, patients, and recreational users. The
controls include registration with the DEA, labeling and packaging, pro-
duction quotas, security, recordkeeping, and dispensing.15  For instance,
patients with a legitimate medical need for drugs in Schedule II, the most
restrictive schedule for drugs “currently with accepted medical use,” can
neither refill their prescriptions nor have them telephoned to a pharmacy
(except in an emergency).

The scheduling of substances under the CSA is handled case by case.
It may be initiated by DEA, by DHHS, or by petition from an interested
party, including the drug’s manufacturer or a public-interest group.15  The
final decision for scheduling rests with the DEA, but for this purpose the
secretary of DHHS is mandated to provide a recommendation. The
secretary’s recommendation* to DEA is based in part on results from
abuse liability testing that the FDA requires of the manufacturer seeking
approval of a new drug. Abuse liability testing is not a single test; it is a
compilation of several in vitro human and animal studies, of which some
of the best known are drug self-administration and drug discrimination
studies.21,34  The secretary’s recommendation for scheduling is formally
guided by eight legal criteria, including the drug’s actual or relative po-
tential for abuse, scientific evidence of its pharmacological effect, risk to
public health, and its psychic or physiological dependence liability (21
U.S.C. § 811 (b), (c)). Once the DEA receives a scheduling recommenda-
tion, its scheduling decision, including the requirement for obtaining pub-
lic comment, usually takes weeks to months.33  In practice, the DEA usu-
ally adheres to the recommendation of the secretary.† Beyond the DEA,

*The FDA and the National Institute of Drug Abuse, two agencies of DHHS, work jointly
to develop the medical and scientific analysis that is forwarded to the secretary, who makes
a recommendation to the administrator of the DEA (DEA, 199815).

†Under the CSA, “the recommendations of the Secretary to the Attorney General shall be
binding on the Attorney General as to such scientific and medical matters, and if the Secre-
tary recommends that a drug or other substance not be controlled, the Attorney General
shall not control the drug or other substance” (21 U.S.C.§ 811 (b)).
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various state scheduling laws also affect the manufacture and distribu-
tion of controlled substances.33,50

Under the CSA, marijuana and THC* are in Schedule I, the most
restrictive schedule. The scheduling of any other cannabinoid under this
act first hinges on whether it is found in the plant. All cannabinoids in the
plant are automatically in Schedule I because they fall under the act’s
definition of marijuana (21 U.S.C. § 802 (16)). In addition, under DEA’s
regulations, synthetic equivalents of the substances contained in the plant
and “synthetic substances, derivatives, and their isomers” whose “chemi-
cal structure and pharmacological activity” are “similar” to THC also are
automatically in Schedule I (21 CFR § 1308.11(d)(27). Based on the ex-
amples listed in the regulations, the word similar probably limits the
applicability of the regulation to isomers of THC, but DEA’s interpreta-
tion of its own regulations would carry significant weight in any specific
situation.

Prompted by a 1995 petition from Jon Gettman, a former president of
the National Organization for the Reform of Marijuana Laws (NORML),
to remove marijuana and THC from Schedule I, DEA gathered informa-
tion which was then submitted to DHHS for a medical and scientific rec-
ommendation and scheduling recommendation, as required by the CSA.
For the reasons noted above, any changes in scheduling of marijuana and
THC would also affect other plant cannabinoids. For the present, how-
ever, any cannabinoid found in the plant is automatically controlled in
Schedule I.

Investigators are affected by Schedule I requirements even if their re-
search is being conducted in vitro or on animals. For example, researchers
studying cannabinoids found in the plant are required under the CSA to
submit their research protocol to DEA, which issues a registration that is
contingent on FDA’s evaluation and approval of the protocol (21 CFR §
1301.18). DEA also inspects the researcher’s security arrangements. How-
ever, the regulatory implications are quite different for cannabinoids not
found in the plant. Such cannabinoids appear to be unscheduled unless the
FDA or DEA decides that they are sufficiently similar to THC to be placed
automatically into Schedule I under the regulatory definition outlined
above or the FDA or the manufacturer deems them to have potential for
abuse, thereby triggering de novo the scheduling process noted above.
Thus far, the cannabinoids most commonly used in preclinical research
(Table 5.1) appear to be sufficiently distinct from THC that they are not
currently considered controlled substances by definition (F. Sapienza,
DEA, personal communication, 1998). No new cannabinoids other than

*Technically, the CSA and the regulations use the term “tetrahydrocannabinols.”
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THC have yet been clinically tested in the United States, so scheduling
experience is limited. The unscheduled status of some cannabinoids might
change as research progresses. Results of early clinical research could lead
a manufacturer to proceed with or lead the FDA to require abuse liability
testing. Depending on the results of such studies, DHHS might or might
not recommend scheduling de novo to DEA, which makes the final deci-
sion case by case.

Will newly discovered cannabinoids be subject to scheduling? That is
a complex question that has no simple answer. The answer depends en-
tirely on each new cannabinoid—whether it is found in the plant, its
chemical and pharmacological relationship to THC, and its potential for
abuse. Novel cannabinoids with strong similarity to THC are likely to be
scheduled at some point before marketing, whereas those with weak simi-
larity might not be. The manufacturer’s submission to FDA, which con-
tains its own studies and its request for a particular schedule, can also
shape the outcome. Cannabinoids found in the plant are automatically in
Schedule I until the manufacturer requests and provides justification for
rescheduling. The CSA does permit DEA to reschedule a substance (move
it to a different schedule) and to deschedule a substance (remove it from
control under the CSA) according to the scheduling criteria (see Appen-
dix F) and the process outlined above.

The possibility of scheduling is a major determinant of whether a
manufacturer proceeds with drug development.33  In general, pharma-
ceutical firms perceive scheduling to be a deterrent because it limits their
ability to achieve market share for the following reasons: restricted access,

TABLE 5.1 Cannabinoids and Related
Compounds Commonly Used in Research

Agonists
THC
WIN 55,212-2
CP-55940
HU-210
Anandamide (natural ligand)
2-Arachidonylglycerol (natural ligand)

Antagonists
SR 141716A
SR 144528

SOURCES: Felder and Glass (1998)26 and Mechoulam et al.
(1998).36
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physician disinclination to prescribe scheduled substances, stigma, the ad-
ditional expense for abuse liability studies, and expensive delays in reach-
ing the market due to federal and state scheduling processes.33  Empirical
evidence to support that widely held perception is difficult to find, but at
least one large survey of physicians found them to have moderate con-
cerns about prescribing opioids because of actual or perceived pressure
from regulatory agencies, such as DEA.57  On the basis of a legal analysis
and widespread complaints from researchers and pharmaceutical execu-
tives, the Institute of Medicine (IOM, 1995)33  recommended changes in
the CSA to eliminate the act’s barriers to undertaking clinical research
and development of controlled substances; this position was supported in
a later report on marijuana.40

DEVELOPMENT AND MARKETING OF MARINOL

The following material is based on the published literature (where cited),
workshops sponsored by the IOM, and an interview with Robert Dudley,
senior vice president of Unimed Pharmaceuticals, Inc., the manufac-
turer of Marinol and the holder of the NDA. Unimed markets Marinol
jointly with Roxane Laboratories, Inc.

Marinol (dronabinol) is the only cannabinoid with approval for
marketing in the United States.* The following description covers its
development, regulatory history, pharmacokinetics, adverse effects, abuse
liability, and market growth. The experience with Marinol can serve as a
possible bellwether for the regulatory and commercial fate of new can-
nabinoids being considered for development.

Development and Regulatory History

Marinol is manufactured as a capsule containing THC in sesame oil; it
is taken orally. It was approved by the FDA in 1985 for the treatment of
nausea and vomiting associated with cancer chemotherapy. In 1992, the
FDA approved marketing of dronabinol for the treatment of anorexia as-
sociated with weight loss in patients with AIDS.45  The preclinical and
clinical research on THC that culminated in the FDA’s 1985 approval was
supported primarily by the National Cancer Institute (NCI), whose re-
search support goes back to the 1970s. NCI’s contribution appears piv-
otal, considering that Unimed, the pharmaceutical company that holds

*The only cannabinoid licensed outside the United States is nabilone (Cesamet), which is
an analogue of THC available in the United Kingdom for the management of nausea and
vomiting associated with cancer chemotherapy (Pertwee, 1997).46
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the NDA, estimates its contribution to have been only about 25% of the
total research effort. The FDA’s review and approval of Marinol took
about two years after submission of the NDA, according to Unimed. To
obtain approval for Marinol’s second indication (through an efficacy
supplement), the FDA required two more relatively small Phase III stud-
ies. The studies lasted three years and cost $5 million to complete.

Physical Properties, Pharmacokinetics, and Adverse Events

Marinol is synthesized in the laboratory rather than extracted from
the plant. Its manufacture is complex and expensive because of the nu-
merous steps needed for purification. The poor solubility of Marinol in
aqueous solutions and its high first-pass metabolism in the liver account
for its poor bioavailability; only 10–20% of an oral dose reaches the sys-
temic circulation.45,60  The onset of action is slow; peak plasma concentra-
tions are not attained until two to four hours after dosing.45,56  In contrast,
inhaled marijuana is rapidly absorbed. In a study comparing THC admin-
istered orally, by inhalation, and intravenously, plasma concentration
peaked almost instantaneously after both inhalation and intravenous ad-
ministration; most participants’ peak plasma concentrations after oral ad-
ministration occurred at 60 or 90 minutes. Variation in individual re-
sponses is highest for oral THC and bioavailability is lowest.42

Marinol’s most common adverse events are associated with the central
nervous system (CNS): anxiety, confusion, depersonalization, dizziness,
euphoria, dysphoria, somnolence, and thinking abnormality.8,9,45,59  In two
recent clinical trials, CNS adverse events occurred in about one-third of
patients, but only a small percentage discontinued the drug because of
adverse effects.8,9  Lowering the dose of dronabinol can minimize side
effects, especially dysphoria (disquiet or malaise).47

Abuse Potential and Scheduling

On commercial introduction in 1985, Marinol was placed in Schedule
II. This schedule, the second most restrictive, is reserved for medically
approved substances that have “high potential for abuse” (21 U.S.C. § 812
(b) (2)). Unimed did not encounter any delays in marketing as a result of
the scheduling process because the scheduling decision was made by the
DEA before FDA’s approval for marketing. Nor did Unimed encounter
any marketing delays as a result of state scheduling laws. Unimed was
not specifically asked by the FDA to perform abuse liability studies for
the first approval, presumably because such studies had been conducted
earlier.

Unimed later petitioned the DEA to reschedule Marinol from Sched-
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ule II to Schedule III, which is reserved for medically approved substances
that have some potential for abuse (21 U.S.C. § 812 (b) (3)). To buttress its
request for rescheduling, Unimed supported an analysis of Marinol’s
abuse liability by researchers at the Haight Ashbury Free Clinic of San
Francisco, which treats many cannabis-dependent patients and people
who have HIV/AIDS. The analysis found no evidence of abuse or diver-
sion of Marinol after a literature review and surveys and interviews of
medical specialists in addiction, oncology, cancer research, and treatment
of HIV, and people in law enforcement. The authors attribute Marinol’s
low abuse potential to its slow onset of action, its dysphoric effects, and
other factors.12  On November 5, 1998, the DEA announced a proposal to
reschedule Marinol to Schedule III.17  As of this writing, no formal action
on that proposal had been taken.

The rescheduling of a drug from Schedule II to Schedule III is consid-
ered important because it lifts some of the restrictions on availability. For
example, Unimed expects a sales increase of about 15–20% as a result of
rescheduling. In its judgment and that of many other pharmaceutical com-
panies,33  scheduling limits market penetration; the more restrictive the
schedules, the greater the limitation. The reasons are that physicians and
other providers are reluctant to prescribe Schedule II drugs; patients are
deterred from seeking prescriptions because of Schedule II prohibition of
refills, as opposed to other commercially available scheduled substances;
additional restrictions are imposed by several states, such as quantity re-
strictions (for example, 30-day supply limits) and triplicate prescriptions;50

and some Schedule II drugs are excluded from hospital formularies be-
cause of onerous security and paperwork requirements under federal and
state controlled substances laws.

Market Growth and Transformation

Annual sales of Marinol are estimated at $20 million, according to
Unimed. Of Marinol’s patient population 80% use it for HIV, 10% for can-
cer chemotherapy, and about 5–10% for other reasons. The latter group is
thought to consist of Alzheimer’s patients drawn to the drug by a recently
published clinical study indicating Marinol’s promise for the treatment of
their anorexia and disturbed behavior.58  As noted earlier, Unimed cannot
promote Marinol for this unlabeled indication, but physicians are free to
prescribe it for such an indication. Unimed is conducting additional re-
search in pursuit of FDA approval of a new indication for Marinol in the
treatment of Alzheimer disease.

The 1992 approval of Marinol for the treatment of anorexia in AIDS
patients marked a major transformation in the composition of the patient
population. Marinol’s use had been restricted to oncology patients. The
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oncology market for Marinol gradually receded as a result of the intro-
duction of newer medications, including such serotonin antagonists as
ondansetron, which are more effective (see chapter 4, “Nausea and Vom-
iting) and are not scheduled. Much of the recent growth of the market for
Marinol (which is about 10% per year) is attributed to its increasing use
by HIV patients being treated with combination antiretroviral therapy.
Marinol appears to have a dual effect, not only stimulating appetite but
also combating the nausea and vomiting associated with combination
therapy. Unimed is supporting a Phase II study to examine this combined
effect and, with promising results, plans to seek FDA approval for this
new indication.

Unimed has two forms of market protection for Marinol. In Decem-
ber 1992, the FDA granted Marinol seven years of exclusive marketing
under the Orphan Drug Act. The market exclusivity is related to Marinol’s
use in anorexia associated with AIDS. Because of the designated orphan
indication, the active ingredient, THC, cannot be marketed by another
manufacturer for the same indication until December 1999. Other phar-
maceutical manufacturers are not constrained from manufacturing and
marketing THC for its other indication, antiemesis for cancer chemo-
therapy, but none appears to be interested in what is, by pharmaceutical
company standards, a small market. In addition to market exclusivity,
Unimed secured in June 1998 a “use patent” for dronabinol for the treat-
ment of disturbed patients with dementia; this confers patent protection
to Unimed for this use for 20 years from the date of filing of the applica-
tion,* assuming that this indication eventually gains FDA approval.

The rate-limiting factors in the growth of the market for Marinol, ac-
cording to Unimed are the lack of physician awareness of the drug’s effi-
cacy, its adverse effects, and its restricted availability as a result of place-
ment in Schedule II. Unimed perceives only a small percentage of its
market to be lost to “competition” from marijuana itself, but there are,
admittedly, no reliable statistics on the number of people who have chosen
to treat their symptoms with illegally obtained marijuana, despite their
ability to obtain Marinol.

New Routes of Administration

It is well recognized that Marinol’s oral route of administration ham-
pers its effectiveness because of slow absorption and patients’ desire for

*A use patent—also known as a process patent—accords protection for a method of using
a composition or compound. A use patent is not considered as strong as a product patent,
which prohibits others from manufacturing, using, or selling the product for all uses, rather
than for the specific use defined in a use patent.
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more control over dosing. A drug delivered orally is first absorbed from
the stomach or small intestine and then passed through the liver, where it
undergoes some metabolism before being introduced into the circulation.
To overcome the deficiencies of oral administration, Unimed activated an
IND in 1998 as a step toward developing new formulations for Marinol.
Four new formulations—deep lung aerosol, nasal spray, nasal gel, and
sublingual preparation—are under study in Phase I clinical studies being
conducted in conjunction with Roxane Laboratories. These formulations
seek to deliver Marinol to the circulation more rapidly and directly. The
first two fall under inhalation as a route of administration. Inhalation is
considered the most promising method, owing to the rapidity of onset of
its effects and potential for better titration of the dose by the patient, but it
might also carry an increased potential for abuse. The abuse of a drug
correlates with its rapidity of onset (G. Koob, IOM workshop). Sublingual
route (under the tongue) administration also affords rapid absorption into
the circulation, in this case from the oral mucosa. Other researchers are
pursuing the delivery of THC through rectal suppositories, but this slower
route might not be acceptable to many patients. Transdermal (skin
patches) administration, which is best suited to hydrophilic drugs, is pre-
cluded by the lipophilicity of THC. Thus, the choice of routes of adminis-
tration depends heavily on the physicochemical characteristics of the drug
and on its safety, abuse liability, and tolerability.

Unimed expects the FDA to require it to conduct studies of the bio-
availability, efficacy, and possibly abuse liability of any new formulation
it seeks to market. Any formulation that expedites Marinol’s onset of ac-
tion, as suggested above, is thought to carry greater possibility of abuse.
The cost of developing each new formulation is estimated by Unimed at
$7–$10 million.

Unimed and Roxane are developing, or considering development of,
five new indications for Marinol: disturbed behavior in Alzheimer’s dis-
ease, nausea and vomiting in HIV patients who are receiving combination
therapy, spasticity in multiple sclerosis, intractable pain, and anorexia in
cancer and renal disease.

Costs of Marinol and Marijuana

During the IOM public workshops held during the course of this
study, many people commented that an important advantage of using
marijuana for medical purposes is that it is much less expensive than
Marinol. But this comparison is deceptive. While the direct costs of mari-
juana are relatively low, the indirect costs can be prohibitive. Individuals
who violate federal or state marijuana laws risk a variety of costs associ-
ated with engaging in criminal activity, ranging from increased vulner-

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


DEVELOPMENT OF CANNABINOID DRUGS 207

ability to theft and personal injury legal fees to long prison terms. In addi-
tion, when purchasing illicit drugs there is no guarantee that the product
purchased is what the seller claims it is or that it is not contaminated.

The price of Marinol for its most commonly used indication, anorexia
in AIDS, is estimated at $200 per month. The less common indication—
nausea and vomiting with cancer chemotherapy—is not as expensive be-
cause it is not chronic. Regardless of indication, patients’ out-of-pocket
expenses tend to be much less—often minimal—because of reimburse-
ment through public or private health insurance. For indigent patients
who are uninsured, Roxane sponsors a patient assistance program to de-
fray the cost.

The street value of marijuana, according to the DEA’s most recent
figures, is about $5–$10 per bag of loose plant.16* At the California buyers’
clubs, the price is $2–$16 per gram, depending on the grade of marijuana.
The cost to a patient using marijuana depends on the number of cigarettes
smoked each day, their THC content, and the duration of use. Insurance
does not cover the cost of marijuana. In addition, it is possible for a person
to cultivate marijuana privately with little financial investment.

Thus, Marinol appears to be less expensive than marijuana for pa-
tients with health insurance or with financial assistance from Roxane. But
if the full cost of Marinol is borne out of pocket by the patient, the cost
comparison is not so unambiguous. In this case the daily cost in relation
to marijuana varies according to the number of cigarettes smoked: If the
patient smokes two or more marijuana cigarettes per day, Marinol might
be less expensive than marijuana; if the patient smokes only one mari-
juana cigarette per day, Marinol might be more expensive than marijuana,
according to an analysis submitted to the DEA by Unimed. The cost com-
parisons will depend on fluctuations in the retail price and street value of
Marinol and marijuana, respectively, and will vary if marijuana becomes
commercially available.

In summary, Marinol has been on the U.S. market since 1985. Its com-
mercial development depended heavily on research supported by the
NIH. Marinol’s market has grown to $20 million in annual sales. Further
market growth is expected but is still constrained by lack of awareness,
adverse effects, the oral route of administration, and restrictions imposed
by drug scheduling. The manufacturer is proceeding with research on
new forms of delivery to overcome the problems associated with oral ad-
ministration. The manufacturer also is proceeding with research on an
array of new indications for Marinol.

*The DEA did not provide an estimate of the weight of marijuana per bag.
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MARKET OUTLOOK FOR CANNABINOIDS

The potential therapeutic value of cannabinoids is extremely broad. It
extends well beyond antiemesis for chemotherapy and appetite stimula-
tion for AIDS, the two indications for which the FDA has approved
dronabinol (Marinol). Chapter 4 of this report assesses the possible wider
therapeutic potential of marijuana and THC in neurological disorders,
glaucoma, and analgesia—all conditions for which clinical research has
been under way to fulfill unmet patient needs. New therapeutic uses are
being explored in preclinical research. For any of these therapeutic indica-
tions, will novel cannabinoids reach the market to satisfy the medical
needs of patients?

Economic Factors in Development

The outcomes of preclinical and clinical research determine whether
a drug is sufficiently safe and effective to warrant FDA approval for
marketing. But the decisions to launch preclinical research and to proceed
to clinical trials if early results are promising are dictated largely by eco-
nomic factors. A pharmaceutical company must decide whether to invest
in what is universally regarded as a long and risky research path. For any
given drug the question is, Will there be an adequate return on invest-
ment? The investment in this case is the high cost of developing a drug.
The expectation of high financial returns on investment is what drives
drug development.44,53

Market analyses are undertaken to forecast whether a drug will reap
a substantial return on investment. The market analysis for a cannabinoid
is likely to be shaped by various factors. The average cost of developing a
cannabinoid is likely to be higher than that of developing other drugs if
its clinical indication is in the therapeutic categories of neuropharma-
ceutical or nonsteroidal antiinflammatory drug, the two therapeutic cat-
egories associated with the highest research and development costs.19  One
reason for higher costs is the need to satisfy the DEA’s regulatory require-
ments related to drug scheduling.

On the “market return” side are multiple factors. A market analysis
examines the expected returns from the possible markets for which a can-
nabinoid could be clinically pursued. The financial size of each market is
calculated mostly on the basis of the current and projected patient preva-
lence (for a given clinical indication), sales data (if available), and compe-
tition from other products. The duration of use is also factored in—a drug
needed for long-term use in a condition with an early age of onset is desir-
able from a marketing perspective. Factors that can augment or diminish
market return include patentability and other forms of market protection,
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reimbursement climate, restrictions in access due to drug scheduling,
social attitudes, adverse effect profile, and drug interactions.33,53  New
cannabinoids generally can receive product patents, giving the patent
holder 20 years of protection from others seeking to manufacture or sell
the same product. According to U.S. patent law, the product must be novel
and “nonobvious” in relation to prior patents.28

Cannabinoids under Development

From publicly available sources, the IOM was able to learn of several
cannabinoids being developed for human use (Table 5.2). With the excep-
tion of Marinol and marijuana, all are in the preclinical phase of testing
in the United States. This list might not be comprehensive, inasmuch as
other compounds could be under development, but that information is

TABLE 5.2 Cannabinoids Under Development for Human Use

Name of Stage of U.S. FDA Possible
Drug Investigator Development Pharmacology Status Indication(s)

HU-211 Pharmos Corp. Clinical NMDA None Neuroprotection
Phase II receptor (neurotrauma,
in Israel antagonist stroke,

Parkinson’s,
Alzheimer’s)

CT-3 Atlantic Preclinical Nonpsycho- None Antiinflammatory
Pharmaceuticals active analgesia

THC Unimed Roxane Clinical Cannabinoid IND (See text)
Labs Phase I receptor

agonist
Marijuana HortaPharm Clinical Cannabinoid None Multiple sclerosis

plant GW Pharma- in mixture
ceuticals Englanda

Donald Abrams, Clinical Cannabinoid IND HIV-related
M.D. Phase I mixture appetite

stimulation
Ethan Russo, Cannabinoid IND Migraine
M.D. mixture pending

aClinical trials are to proceed in the next few years under a license from the British Home
Office.10

SOURCES: Glain, 199827; Atlantic Pharmaceuticals, 19977; Striem et al., 199755; Nainggolan,
199737; Zurier et al., 199861; D. Abrams and E. Russo, personal communications, 1998; R.
Dudley, personal communication, 1998; Pharmaprojects Database, 1998.
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proprietary.* The table does not list the full complement of cannabinoids,
both agonists and antagonists, being used in research as tools to under-
stand the pharmacology of cannabinoids (for more comprehensive lists of
cannabinoids, see Felder and Glass, 199826; Mechoulam et al., 199836;
Howlett, 199530; Pertwee 199746). Nor does it list cannabinoids once con-
sidered for development but later discontinued. An 18-year survey of an-
algesics in development in 1980–1998 found that six of the nine cannab-
inoids under development for analgesia were discontinued or
undeveloped,49,† but work on most of these was halted before 1988, when
the first endogenous cannabinoid receptor was discovered (chapter 3).

Three points can be made on the basis of Table 5.2. First, virtually all
of the listed cannabinoids are being developed by small pharmaceutical
companies or by individuals. In general, that implies that their develop-
ment is considered especially risky from a commercial standpoint in that
small companies are often willing to assume greater development risks
than larger more established firms (W. Schmidt, personal communication,
1998). Without the benefit of sales revenues, small companies are able to
fund their research through financing from venture capital, stock offer-
ings, and relationships with established pharmaceutical companies.43

Second, with the exception of THC, no constituents of the marijuana
plant appear to be undergoing development by pharmaceutical compa-
nies. A number of plant compounds have been tested in experimental
models and humans. For example, the antiemetic properties and negli-
gible side effects of ∆8-THC were demonstrated in a clinical trial in
children who were undergoing cancer chemotherapy,1 but no sponsor was
interested in developing ∆8-THC for commercial purposes (R.
Mechoulam, Hebrew University, personal communication, 1998). The ab-
sence of plant cannabinoids under development implies that the specter
of automatic placement in Schedule I under the CSA is an important de-
terrent, even though rescheduling would occur before marketing.†† The
point from the earlier discussion is that automatic, as opposed to de novo,
scheduling appears to cast a pall over development of a cannabinoid
found in the plant. Another impediment is that a cannabinoid extracted

*Information about the existence of an IND is proprietary; it can be confirmed only by the
manufacturer, not the FDA.

†Discontinued: levonantradol, nabitan, nantradol, and pravadoline. Undeveloped: CP-
47497 and CP-55244.

††As a result of the FDA’s approval of an NDA, the drug would be, at a minimum, re-
scheduled in Schedule II. Depending on abuse liability data supplied by the manufacturer
and the FDA’s recommendation, the drug could be moved to a less restrictive schedule or be
descheduled.
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from the plant is not likely to fulfill the criteria for a product patent, al-
though other forms of market protection are possible. Marinol, for ex-
ample, was accorded orphan drug status and its manufacturer obtained a
use patent.

Third, cannabinoids are being developed for therapeutic applications
beyond those discussed earlier in this chapter and in chapter 4. One of the
most prominent new applications of cannabinoids is for “neuro-
protection,” the rescue of neurons from cell death associated with trauma,
ischemia, and neurological diseases.29,36 Cannabinoids are thought to be
neuroprotective—through receptor-dependent51 as well as receptor-
independent pathways; both THC, which binds to CB1 receptors, and
CBD, which does not, are potent antioxidants, effective neuroprotectants
because of their ability to reduce the toxic forms of oxygen (free radicals)
that are formed during cellular stress.29  The synthetic cannabinoid
HU-211 (dexanabinol) is an antioxidant and an antagonist of the NMDA
receptor, rather than an agonist at the cannabinoid receptor.52  Earlier
research demonstrated that HU-211 protects neurons from neurotoxicity
induced by excess concentrations of the excitatory neurotransmitter
glutamate. Excess release of glutamate, which acts by binding to the
NMDA receptor, is associated with trauma and disease.54  As an NMDA
antagonist, HU-211 blocks the damaging action of glutamate and other
endogenous neurotoxic agents.52,55  After having been studied in the
United Kingdom in Phase I clinical trials, HU-211 progressed to Phase II
clinical trials in Israel for treatment of severe closed-head trauma (Knoller
et al., 1998).35

Market Prospects

It is difficult to gauge the market prospects for new cannabinoids.
There certainly appears to be scientific interest, particularly for the dis-
covery of new cannabinoids, but whether this interest can be sustained
commercially through the arduous course of drug development is an open
question. Research and development experience is limited; only one can-
nabinoid, dronabinol, is commercially available, and most of its research
and development costs were shouldered by the federal government. Fur-
thermore, the size of dronabinol’s market (at about $20 million) is modest
by pharmaceutical company standards. None of the other cannabinoids
in development has reached clinical testing in the United States. Their
scientific, regulatory, and commercial fates are likely to be very important
in shaping future investment patterns. Experience with the drug schedul-
ing process also is likely to be watched very carefully. If the early prod-
ucts are heavily regulated in the absence of strong abuse liability, future
development might be deterred. For the present, what seems to be clear
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from the dearth of products in development and the small size of the com-
panies sponsoring them is that cannabinoid development is seen as espe-
cially risky.

One scenario is that cannabinoids will be pursued for lucrative mar-
kets that reflect large unmet medical needs. Of the therapeutic needs for
which cannabinoid receptor agonists have been tested, analgesia is by far
the largest. The annual U.S. prescription and over-the-counter analgesic
market in 1997 was $4.4 billion.49  Given the long-standing need for less
addictive, safer, easier to use, and more effective drugs for acute and
chronic pain, it would not be surprising to see cannabinoids developed to
treat some segments of the current analgesic market, if their safety and
effectiveness were clearly established in clinical trials.

In addition to cannabinoid receptor agonists, two classes of cannab-
inoid-related drugs might prove therapeutically useful: cannabinoid
antagonists and inverse agonists, compounds that bind to receptors but
produce effects opposite those of agonists. Neither would be subject to
the same scheduling concerns as cannabinoid agonists because they are
not found in marijuana and would be highly unlikely to have any abuse
potential. Another set of cannabinoid-related drugs, such as those that
affect the synthesis, uptake, or inactivation of endogenous cannabinoids
might, however, have abuse potential because they would influence the
signal strength of endogenous cannabinoids.

The development of specific cannabinoid antagonists, like SR141716A
for CB1 receptors and SR144528 for CB2 receptors, has provided a sub-
stantial impetus to understand cannabinoid actions. Those compounds
block many of the effects of THC in animals, and their testing in humans
has just begun. Cannabinoid antagonists have physiological effects on
their own, in the absence of THC. They might have important therapeutic
potential in a variety of clinical situations. For example, THC reduces
short-term memory, so it is possible that a CB1 antagonist like SR141716A
could act as a memory-enhancing agent. Similarly, for conditions in which
cannabinoids decrease immune function (presumably by binding to CB2
receptors in immune cells), a CB2 antagonist might be useful as an immune
stimulant.

Cannabinoid inverse agonists would exert effects opposite those of
THC and might thus cause appetite loss, short-term memory enhance-
ment, nausea, or anxiety. Those effects could possibly be separated by
molecular design, in which case inverse agonists might have some thera-
peutic value. One report has been published suggesting that the CB1
receptor antagonist, SR141617A,11 is an inverse agonist, and there will
likely be others.
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REGULATION OF AND MARKET OUTLOOK FOR MARIJUANA

Marijuana is not legally marketed in the United States.* No sponsor
has ever sought marketing approval from the FDA for medical use of
marijuana. One sponsor has an IND for a clinical safety study on HIV
anorexia (D. Abrams, University of California at San Francisco, personal
communication, 1998). Another has an IND pending for the treatment of
migraine headaches (E. Russo, Western Montana Clinic, personal com-
munication, 1998). Since 1970, marijuana’s manufacture and distribution
have been tightly restricted under the CSA, which places marijuana in
Schedule I, which is reserved for drugs or other substances with “a high
potential for abuse,” “no currently accepted medical use,” and “lack of
accepted safety for use . . . under medical supervision” (21 U.S.C. § 812
(b)(1)).

Marijuana has remained in Schedule I despite persistent efforts at re-
scheduling since the 1970s by advocacy groups, such as NORML. Through
petitions to the DEA, advocacy groups contend that marijuana does not
fit the legal criteria for a Schedule I substance, owing to its purported
medical uses and lack of high abuse liability.3,4,48  Another rescheduling
petition, which was filed in 1995, is being evaluated by the FDA and DEA.

Availability for Research

To use marijuana for research purposes, researchers must register
with the DEA, as well as adhere to other relevant requirements of the CSA
and other federal statutes, such as the FD&C act. The National Institute
on Drug Abuse (NIDA), one of the institutes of NIH, is the only organiza-
tion in the United States licensed by the DEA to manufacture and distrib-
ute marijuana for research purposes. NIDA performs this function under
its Drug Supply Program.† Through this program, NIDA arranges for
marijuana, to be grown and processed through contracts with two organi-
zations: the University of Mississippi and the Research Triangle Institute.
The University of Mississippi grows, harvests, and dries marijuana; and
the institute processes it into cigarettes. A researcher can obtain marijuana
free of charge from NIDA through an NIH-approved research grant to
investigate marijuana, or through a separate protocol review.39  Research
grant approvals are handled through the conventional NIH peer review

*Under the CSA, its only legal use is in research under strictly defined conditions.
†This is also the program through which several patients receive marijuana under a com-

passionate use program monitored by the FDA. For history and information on this effort,
see Randall (1993).48
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process for extramural research, a highly competitive process with a suc-
cess rate in 1997 of 32% of approved NIDA grants.41  Through the sepa-
rate protocol review, in which a researcher funds research independently
of an NIH grant, NIDA submits the researcher’s protocol to several exter-
nal reviewers who evaluate the protocol on the basis of scientific merit
and relevance to the mission of NIDA and NIH.

Through those two avenues marijuana has been supplied to several
research groups—most of those that apply. While there has been much
discussion of NIDA’s alleged failure to supply marijuana for research pur-
poses, we are unaware of recent cases in which they failed to supply mari-
juana to an investigator with an NIH-approved grant for research on mari-
juana. Donald Abrams’s difficulty in obtaining research funding and
marijuana from NIDA has been much discussed,2 but the case of a single
individual should not be presumed to be representative of the commu-
nity of marijuana researchers. Failure of investigators who apply to NIH
for marijuana research grants to receive funding is hardly exceptional: in
1998 less than 25% of all first-time investigator-initiated grant applica-
tions (known as RO1s) to the NIH were funded.38

To import marijuana under the CSA for research purposes, the proce-
dures are more complex. Under DEA regulations, marijuana can be im-
ported, provided that the researcher is registered with the DEA, has
approval for marijuana research (21 CFR § 1301.11, .13, and .18), and has a
DEA-approved permit for importation (21 CFR § 1312.11, .12, and .13),
and that the exporter in the foreign country has appropriate authorization
by the country of exportation. Importation would enable U.S. researchers
to conduct research on marijuana grown by HortaPharm, a company that
has developed unique strains of marijuana. However, no U.S. researcher
has imported HortaPharm’s marijuana because Dutch authorities have
refused to issue an export permit, despite the issuance of an import per-
mit by the DEA (D. Pate, HortaPharm, personal communication, 1998).*

HortaPharm, which is in the Netherlands, grows marijuana as a raw
material for the manufacture of pharmaceuticals. Through selective breed-
ing and controlled production, HortaPharm has developed marijuana
strains that feature single cannabinoids, such as THC or cannabidiol. The
plants contain a consistently “clean” phytochemical profile and a higher

*It might eventually be possible to import HortaPharm’s marijuana from England, where
HortaPharm is growing its marijuana strains for research use in clinical trials for multiple
sclerosis (Boseley, 1998).10 England, as the country of origin, would have to provide appro-
priate authorization for export of the strains to the United States. Permission to export for
research purposes is part of the basis for HortaPharm’s participation in this project with GW
Pharmaceuticals through a special set of licenses with the British Home Office (David Pate,
HortaPharm, personal communication, 1998).
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concentration of THC (16%) or other desired cannabinoids than seized
marijuana. Marijuana seized in the United States in 1996 had a THC con-
tent averaging about 5%.16  Consistency of THC content is desirable
because it overcomes the natural variability due to latitude, weather, and
soil conditions. Product consistency is a basic tenet of pharmacology
because it enables standardized dosing for regulatory and treatment
purposes.

The difficulties of conducting research on marijuana were noted in
the 1997 NIH report40 that recommended that NIH facilitate clinical
research by developing a centralized mechanism to promote design,
approval, and conduct of clinical trials.

Regulatory Hurdles to Market

For marijuana to be marketed legally in the United States, a sponsor
with sufficient resources would be obliged to satisfy the regulatory re-
quirements of both the FD&C act and the CSA.

Under the FD&C act, a botanical product like marijuana theoretically
might be marketed in oral form as a dietary supplement;* however, as a
practical matter, only a new drug approval is likely to satisfy the provi-
sions of the CSA, which require prescribing and distribution controls on
drugs of abuse that also have an “accepted medical use.” (The final para-
graphs of this section clarify the criteria for “accepted medical use.”)

Bringing marijuana to market as a new drug is uncharted terrain. The
route is fraught with uncertainty for at least three pharmacological rea-
sons: marijuana is a botanical product, it is smoked, and it is a drug with
abuse potential. In general, botanical products are inherently more diffi-
cult to bring to market than are single chemical entities because they are
complex mixtures of active and inactive ingredients. Concerns arise about
product consistency, potency of the active ingredients, contamination, and
stability of both active and inactive ingredients over time. These are
among the concerns that a sponsor would have to overcome to meet the
requirements for an NDA, especially those related to safety and to chem-
istry, manufacturing, and control.

A handful of botanical preparations are on the market, but none
received formal approval as a new drug by today’s standards of safety
and efficacy (FDA, Center for Drug Evaluation and Research, personal
communication, 1998). The three marketed botanical preparations are
older drugs that came to market years before safety and efficacy studies
were required by legislative amendments in 1938 and 1962, respectively.

*Inhaled products may not lawfully be marketed as dietary supplements.
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One of the botanical preparations is the prescription product digitalis.
Because it came to market before 1938, it is available today, having been
“grandfathered” under the law; but it does not necessarily meet contem-
porary standards for safety and effectiveness.20  Two other botanical
preparations, psyllium and senna, came to market between 1938 and 1962.
Drugs entering the market during that period were later required to be
evaluated by the FDA in what is known as the over-the-counter drug re-
view process,20  through which psyllium and senna were found to be gen-
erally recognized as safe and effective and so were allowed to remain on
the market as over-the-counter drugs.* Although no botanical prepara-
tions have been approved as new drugs, it is important to point out that a
number of individual plant constituents, either extracted or synthesized
de novo, have been approved (for example, taxol and morphine). But these
drug approvals were for single constituents rather than botanical prepa-
rations themselves. The FDA is developing guidance for industry to ex-
plain how botanicals are reviewed as new drugs, but the final document
might not be available before 1999.

That marijuana is smoked might pose an even greater regulatory chal-
lenge. The risks associated with smoking marijuana are described in chap-
ter 2. The FDA would have to weigh those risks with marijuana’s thera-
peutic benefits to arrive at a judgment about whether a sponsor’s NDA
for marijuana met the requirements for safety and efficacy under the
FD&C act. Marijuana delivered in a novel way that avoids smoking would
overcome some, but not all, of the regulatory concerns. Vaporization de-
vices that permit inhalation of plant cannabinoids without the carcino-
genic combustion products found in smoke are under development by
several groups; such devices would also require regulatory review by the
FDA.

The regulatory hurdles to market posed by the CSA are formidable
but not insurmountable. If marijuana received market approval as a drug
by the FDA, it would most likely be rescheduled under the CSA, as was
the case for dronabinol. That is because a new drug approval satisfies the
“accepted medical use” requirement under the CSA for manufacture and
distribution in commerce.13  But a new drug approval is not the only means
to reschedule marijuana under the CSA.14  For years advocates for re-
scheduling have argued that marijuana does enjoy “accepted medical
use,” even in the absence of a new drug approval. Although advocates
have been unsuccessful in rescheduling efforts, their actions prompted

*Over-the-counter monographs for these products have been issued as tentative final
monographs (proposed rules) but have not yet been issued in final form as final rules (FDA,
Center for Drug Evaluation and Research, personal communication, 1998).
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the DEA to specify the criteria by which it would determine whether a
substance had “accepted medical use.” In the DEA’s 1992 denial of a re-
scheduling petition, it listed these elements as constituting “accepted
medical use”: the drug’s chemistry must be known and reproducible,
there must be adequate safety studies, there must be adequate and well-
controlled studies proving efficacy, the drug must be accepted by quali-
fied experts, and the scientific evidence must be widely available.14

Assuming that all of those criteria were satisfied, marijuana could be
rescheduled—but into which schedule? The level of scheduling would be
dictated primarily by a medical and scientific recommendation to the DEA
made by the secretary of DHHS.* As noted earlier, this recommendation
is determined by the five scheduling criteria listed in the CSA. However,
scheduling in a category less restrictive than Schedule II might be prohib-
ited by international treaty obligations. The Single Convention on Nar-
cotic Drugs, a treaty ratified by the United States in 1967, restricts sched-
uling of the plant and its resin to at least Schedule II (the more restrictive
Schedule I is another option).13

Market Outlook

The market outlook for the development of marijuana as a new drug,
on the basis of the foregoing analysis, is not favorable, for a host of scien-
tific, regulatory, and commercial reasons. From a scientific point of view,
research is difficult because of the rigors of obtaining an adequate supply
of legal, standardized marijuana for study. Further scientific hurdles are
related to satisfying the exacting requirements for FDA approval of a new
drug. The hurdles are even more exacting for a botanical product because
of the inherent problems with, for example, purity and consistency. Fi-
nally, the health risks associated with smoking pose another barrier to
FDA approval unless a new smoke-free route of administration is demon-
strated to be safe. Depending on the route of administration, an addi-
tional overlay of regulatory requirements might have to be satisfied.

From a commercial point of view, uncertainties abound. The often-
cited cost of new drug development, about $200–$300 million, might not
apply, but there are probably additional costs needed to satisfy the FDA’s
requirements for a botanical product. As noted above, no botanical prod-
ucts have ever been approved as new drugs by the FDA under today’s
stringent standards for safety and efficacy. Satisfying the legal require-

*At present, there is no practical mechanism for generating such a recommendation out-
side the new drug approval process, although such a mechanism could, theoretically, be
developed.33
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ments of the CSA also will add substantially to the cost of development.
On the positive side, so much research already has been done that some
development costs will be lower. The cost of bringing dronabinol to mar-
ket, for example, was reduced dramatically as a result of clinical trials
supported with government funding. Nevertheless, it is impossible to es-
timate the cost of developing marijuana as a new drug. Estimating return
on investment is similarly difficult. A full-fledged market analysis would
be required for the indication being sought. Such an analysis would take
into account the market limitations resulting from drug scheduling re-
strictions, stigma, and patentability.

The plant does not constitute patentable subject matter under U.S.
patent law because it is unaltered from what is found in nature. So-called
products of nature are not generally patentable.28  New marijuana strains,
however, could be patentable in the United States under a product patent
or a plant patent because they are altered from what is found in nature. (A
product patent prohibits others from manufacturing, using, or selling each
strain for 20 years; a plant patent carries somewhat less protection.)
HortaPharm has not yet sought any type of patent for its marijuana strains
in the United States, but it has received approval for a plant registration in
Europe (David Watson, HortaPharm, personal communication, 1998).

In short, development of the marijuana plant is beset by substantial
scientific, regulatory, and commercial obstacles and uncertainties. The
prospects for its development as a new drug are unfavorable unless return
on investment is not a driving force. It is noteworthy that no pharmaceu-
tical firm has sought to bring it to market in the United States. The only
interest in its development appears to be in England in a small pharma-
ceutical firm (see Boseley, 199810) and in the United States among physi-
cians without formal ties to pharmaceutical firms (D. Abrams, University
of California at San Francisco, and E. Russo, Western Montana Clinic, per-
sonal communications, 1998).

CONCLUSIONS

Cannabinoids are an interesting group of compounds with potentially
far-reaching therapeutic applications. There is a surge of scientific interest
in their development as new drugs, but the road to market for any new
drug is expensive, long, risky, and studded with scientific, regulatory,
and commercial obstacles. Experience with the only approved cannab-
inoid, dronabinol, might not illuminate the pathway because of the
government’s heavy contribution to research and development, drona-
binol’s scheduling history, and its small market.

There appear to be only two novel cannabinoids actively being devel-
oped for human use, but they have yet to be tested in humans in the
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United States. Their experience is likely to be more predictive of the
marketing prospects for other cannabinoids. It is too early to forecast the
prospects for cannabinoids, other than to note that their development at
this point is considered to be especially risky, to judge by the paucity of
products in development and the small size of the pharmaceutical firms
sponsoring them.

The market outlook in the United States is distinctly unfavorable for
the marijuana plant and for cannabinoids found in the plant. Commercial
interest in bringing them to market appears nonexistent. Cannabinoids in
the plant are automatically placed in the most restrictive schedule of the
Controlled Substances Act, and this is a substantial deterrent to develop-
ment. Not only is the plant itself subject to the same scheduling strictures
as are individual plant cannabinoids, but development of marijuana also
is encumbered by a constellation of scientific, regulatory, and commercial
impediments to availability.
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APPENDIX A
Individuals and Organizations

That Spoke or Wrote to the
Institute of Medicine About

Marijuana and Medicine

Donald I. Abrams
University of California at San

Francisco

Jill Aguilera
Colorado Federation of Parents

William F. Alden
D.A.R.E. America

Roger D. Anderson
Anderson Clinical Research

M. Douglas Anglin
UCLA Drug Abuse Research

Center

Dave Baleria
Jackson County Sheriff’s Office

Joe Barker

Frank Bartosic
Minister of Universal Life

Church

Dana Beal
Cures Not Wars

J. Bellam
Center for Drug Information

Sandra S. Bennett
Northwest Center for Health and

Safety

Anna T. Boyce
California Senior Legislature

(Prop 215)

William Britt

Richard Brookhiser
National Review

Ronald Brooks
California Narcotic Officers

Association

Bonnie Broussard
L.A. Takes a Stand, Inc.
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Al Byrne
Patients Out of Time

Marvin Edward Chavez, Sr.
O.C. Patient-Doctor-Nurse

Support Group Cannabis
Co-Op

Steven Childers
Bowman Gray School of

Medicine
Wake Forest University

Barb Christensen
Prevention Partners

Gale Cincotta
National People’s Action

Carol Coburn
Prevention Partners

Chris Conrad
Author of Hemp for Health

Paul Consroe
University of Arizona

J. Richard Crout
Private Consultant

Judy Cushing
Oregon Partnership, National

Family Partnership

John De Miranda
Peninsula Health Concepts

Mahendra Dedhiya
Roxane Laboratories, Inc.

Robert Deitch
Cannabis Freedom Fund

Philip Diaz
Physicians for Prevention

Stephen L. Dilts
American Academy of Addiction

Psychiatry

Rick Doblin
MAPS and Kennedy School of

Government

Del Dolton

Barbara Douglass

Drug-Free Youth—USA

Robert Dudley
UNIMED

Victoria Duran
National Parents and Teachers

Association

David Edwards

Edward Ehman
Certified Prevention Specialist

Mahmoud ElSohly
University of Mississippi

Mouncey Ferguson

Howard L. Fields
University of California at San

Francisco

Jody Fitt

Richard W. Foltin
Columbia University
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Etienne Fontan
Cannabis Alliance of Veterans,

1st CAV

Meg Foster

Phyllis Gardner
ALZA Corporation

Charles V. Giannasio
American Academy of Addiction

Psychiatry

Dale Gieringer
California NORML, Friends of

215

Mark Gold
University of Florida Brain

Institute

Richard Gralla
OCHSNER Cancer Institute

Linda Hall
Pride, Omaha, Inc.

Margaret Haney
Columbia University

Ann Hansen
Michigan Communities in Action

for Drug-Free Youth

Jim Hardin

Terry Hensley
Drug-Free America Foundation

Kimberly Hessel
American Cancer Society and

Muscatine General Hospital

Michele Hodak
National Education Association

Leo Hollister
Harris County Psychiatric Center

Jennifer Hudson
Oregonians Against Dangerous

Drugs

Paul Isford

Becki Jelinek
Family Service/South Omaha

Counseling

Jeffery Jones
Oakland Cannabis Buyers’

Cooperative

Linda R. Wolf Jones
Therapeutic Communities of

America

Norbert E. Kaminski
Michigan State University

Robert Kampia
Marijuana Policy Project

Paul L. Kaufman
University of Wisconsin Medical

School

Andrew Kinnon

Thomas Klein
University of South Florida

College of Medicine

Audra Koerber
Orange County Patient, Doctor,

Nurse Support Group
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Ellen Komp
San Luis Obispo Citizens for

Medical Marijuana

George Koob
Scripps Research Institute

Thomas R. Kosten
American Academy of Addiction

Psychiatry

Donald Kotler
St. Luke’s-Roosevelt Hospital

Michael Krawitz
Disabled American Veterans,

American Legion

Kiyoshi Kuromiya
Critical Path AIDS Project

Karin Kyles
Connecticut Communities for

Drug-Free Youth, Inc.

Eric Larson
University of Washington

Medical Center

Linda B. Ledger
O. J. Federation for Drug-Free

Communities

Carla Lowe

Ray Lozano
C.A.D.F.Y.

Patrick Magee
Orange County Hemp Council

Robert L. Maginnis
Family Research Council

Billy R. Martin
Virginia Commonwealth

University

Mary Lynn Mathre
Patients Out of Time

Jeane McCarty
West Coast Neonatology

Todd McCormick

JoAnna McKee
Green Cross Patient Co-Op

Manon McKinnon
Empower America

George McMahon

Peter McWilliams

John Edward Mendelson
University of California at

San Francisco

Bonnie Metcalf
Yuba County Compassionate Use

Co-Op

R. Mikin
American Academy of Addiction

Psychiatry

Alan D. Miller
The Rockefeller University

Jim Montgomery

John P. Morgan
City University of New York

Medical School
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Arlene Munoz
Office of Substance Abuse,

San Joaquin County

Elvy Musikka

Richard E. Musty
University of Vermont

Edgar P. Nace
American Academy of Addiction

Psychiatry

Joyce Nalepka
America Cares

Tammera Nauts
Great Falls Public Schools

Dan Noelle
Multnomah County Sheriff

Stephen O’Brien
East Bay Aids Center

Jerry Olli
Michigan Elks and Michigan

Communities in Action for
Drug-Free Youth

Lynn Osburn
Access Unlimited

Robert Pandina
Rutgers, The State University of

New Jersey

David Pate
HortaPharm B.V.

Maggie Petito
Drug Watch International

Stephen Popolizio
The International Association of

Lions Clubs

Jo Prang
NFP Networker (Oregon

Partnership)
Adolescent Substance Abuse

Prevention, Inc./MEDICAP
Pharmacy

Beny Primm
Addiction Research and

Treatment Corporation

Carol Reeves
Greenville Family Partnership

Irvin Rosenfeld
Stockbroker

Michael Rowbotham
University of California at

San Francisco

A. Kenison Roy
American Society of Addiction

Reid Rubsamen
Aradigm

Sue Rusche
National Families in Action

Clara Sanudo-Pena
Brown University

Peggy Sapp
Informed Families

C. Robert Schuster
Wayne State University School of

Medicine
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Greg Scott

Richard Scribner
Louisiana State University

Medical School

Betty S. Sembler
S.O.S.

Richard W. Sharke
McDowell Drug Task Force/

CADCA

Lynette Shaw
Marin Alliance for Medical

Marijuana

John Sheridan
New York City Marijuana

Buyers’ Club

Cathy Shipp
PRIDE-Omaha, Inc.

Stephen Sidney
Kaiser Permanente

Brian Slater

Kenneth Smuland
Women’s Alliance for Medical

Marijuana

Mark Stone
Washington, D.C., Police

Department

Barb Sweeney
Flower Therapy

Donald Tashkin
University of California at Los

Angeles School of Medicine

Dana Taub

Chuck Thomas
Marijuana Policy Project

Foundation

Bill Tiuen
Gainesville Family Partnership

Joyce Tobias
Parents’ Association to

Neutralize Drug and Alcohol
Abuse, Inc.

Jeanne Trumble
American Academy of Addiction

Psychiatry

Barbara Urist-Fenton
OCHC

Eric A. Voth
International Drug Strategy

Institute

Michelle Voth
Kansas Family Partnership

C. Gary Wainwright
American Civil Liberties Union

J. Michael Walker
Brown University

Gene Weeks
Southern California Medical

Cannabis Consumers’ Co-Op

Sandra Welch
Medical College of Virginia
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Tracy Wells
Family Service–Healthy

Alternatives for Little Ones

Sgt. Larry L. Welty
Oregon State Police

Sis Wenger
National Association of Children

of Alcoholics

Lennice Werth
Virginians Against Drug

Violence

Casey Wilbanks
Green Cross

Carol Wortman
Drug Watch Pennsylvania

Kevin Zeese
Common Sense for Drug Policy

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


232 APPENDIX B

232

APPENDIX B

Workshop Agendas

Workshop on Perspectives on the Medical Use of Marijuana:
Basic and Clinical Science

December 14–16, 1997
Beckman Center, Irvine, California

AGENDA

Sunday, December 14, 1997

2:00 p.m. Introduction
Constance Pechura, IOM Division Director,
Neuroscience and Behavioral Health

2:30 p.m. Public Input Session, 5 minutes per person
Moderator: Stanley Watson, Jr., IOM Study Investigator,
University of Michigan

5:30 p.m. ADJOURN
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Monday, December 15, 1997

CANNABINOID NEUROSCIENCE

8:30 a.m. Moderator: Stanley Watson, IOM Study Investigator,
University of Michigan

8:45 a.m. Neuropharmacology of Cannabinoids and Their Receptors
Steven R. Childers, Wake Forest University School of
Medicine

9:15 a.m. Precipitated Cannabinoid Withdrawal and Sensory
Processing of Painful Stimuli

J. Michael Walker, Brown University

9:45 a.m. Role of Cannabinoids in Movement
Clara Sanudo, Brown University

10:15 a.m. Tolerance and Cannabinoid-Opioid Interactions
Sandra P. Welch, Medical College of Virginia

10:45 a.m. BREAK

MEDICAL USES OF MARIJUANA:
CLINICAL DATA AND BASIC BIOLOGY

11:10 a.m. Moderator: John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

11:15 a.m. Profile of Medical Marijuana Users
John Mendelson, University of California at San Francisco

11:45 a.m. Immune Modulation by Cannabinoids
Norbert Kaminski, Michigan State University

12:15 p.m. Psychological Effects of Marijuana Use
Charles R. Schuster, Wayne State University

12:45 p.m. LUNCH

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


234 APPENDIX B

1:45 p.m. Marijuana and Glaucoma
Paul Kaufman, University of Wisconsin

2:15 p.m. Effects of Marijuana and Cannabinoids in Neurological
Disorders

Paul Consroe, University of Arizona Health Sciences
Center

2:45 p.m. Neural Mechanisms of Cannabinoid Analgesia
Howard Fields, University of California at San Francisco

3:15 p.m. Pain Management
Michael Rowbotham, University of California at
San Francisco

3:45 p.m. Wasting Syndrome Pathogenesis and Clinical Markers
Donald Kotler, St. Luke’s-Roosevelt Hospital

4:15 p.m. Clinical Experience with Marijuana
Stephen O’Brien, East Bay AIDS Center

4:45 p.m. ADJOURN

Tuesday, December 16, 1997

MEDICAL USES OF MARIJUANA:
CLINICAL DATA AND BASIC BIOLOGY

8:30 a.m. Moderator: John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

8:45 a.m. Marijuana in AIDS Wasting: Tribulations and Trials
Donald I. Abrams, University of California at
San Francisco

9:15 a.m. Nausea and Vomiting: Underlying Mechanisms and
Upcoming Treatments

Alan D. Miller, The Rockefeller University

9:45 a.m. Postchemotherapy Nausea and Antiemetics
Richard J. Gralla, Ochsner Cancer Center
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10:15 a.m. BREAK

SUMMARY VIEWS

10:30 a.m. Marijuana Is Different from THC: A Review of Basic
Research and State Studies of Antiemesis

Richard E. Musty, University of Vermont

11:00 a.m. Medical Uses of Crude Marijuana: Medical and
Social Issues

Eric A. Voth, The International Drug Strategy Institute

11:30 a.m. General Questions
Moderator: John A. Benson, Jr., IOM Study Investigator

12:00 noon ADJOURN
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Workshop on
Acute and Chronic Effects of Marijuana Use

January 22–23, 1998
New Orleans Marriott Hotel

New Orleans, Louisiana

AGENDA

Thursday, January 22, 1998

2:00 p.m. Introduction
Constance Pechura, IOM Division Director,
Neuroscience and Behavioral Health

2:30 p.m. Public Input Session, 5 minutes per person
Moderator: Stanley Watson, Jr., IOM Study Investigator,
University of Michigan

4:30 p.m. ADJOURN

Friday, January 23, 1998

8:30 a.m. Moderator: John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

HEALTH CONSEQUENCES OF MARIJUANA USE

9:00 a.m. Health Consequences of Marijuana Use: Epidemiological
Studies

Stephen Sidney, Kaiser Permanente, Oakland, CA

9:30 a.m. Immunity, Infections, and Cannabinoids
Thomas Klein, University of South Florida

10:00 a.m. Pulmonary Effects of Smoked Marijuana
Donald Tashkin, Unversity of California at Los Angeles

10:30 a.m. BREAK
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10:45 a.m. Is Marijuana Carcinogenic?:   Epidemiological and
Biological Evidence

Panel Discussion
Stephen Sidney
Donald Tashkin

12:00 noon LUNCH

EFFECTS OF MARIJUANA ON BEHAVIOR

1:30 p.m. Marijuana: Addictive and Amotivational States,
the Scientific Evidence

John Morgan, City University of New York Medical
School

2:00 p.m. Marijuana’s Acute Behavioral Effects in Humans
Richard Foltin, Columbia University

2:30 p.m. Tolerance and Dependence Following Chronic
Administration of Oral THC or Smoked Marijuana to
Humans

Margaret Haney, Columbia University

3:00 p.m. Patterns of Continuity and Discontinuity of Marijuana Use
in Relationship to Other Drugs

Robert Pandina, Rutgers University

3:30 p.m. ADJOURN
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Workshop on Prospects for Cannabinoid Drug Development

February 23–24, 1998
National Academy of Sciences Building

Washington, D.C.

AGENDA

Monday, February 23, 1998

1:30 p.m. Introduction
Constance Pechura, IOM Division Director,
Neuroscience and Behavioral Health

2:00 p.m. Public Input Session, 5 minutes per person
Moderator: John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

5:30 p.m. ADJOURN

Tuesday, February 24, 1998

8:30 a.m. Introduction
Constance Pechura, IOM Division Director
Neuroscience and Behavioral Health

Moderator: Stanley J. Watson, Jr., IOM Study Investigator,
University of Michigan

OVERVIEWS OF PRECEDING WORKSHOPS

8:45 a.m. Acute and Chronic Effects of Marijuana
Billy R. Martin, Medical College of Virginia

9:25 a.m. Perspectives on the Medical Use of Marijuana
Eric B. Larson, University of Washington Medical School

9:55 a.m. The Neurobiology of Cannabinoid Dependence
George F. Koob, Scripps Research Institute

10:25 a.m. BREAK
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DRUG DEVELOPMENT

10:45 a.m. Regulatory Requirements Affecting Marijuana
J. Richard Crout, Crout Consulting

11:15 a.m. Marinol and the Market
Robert E. Dudley, Unimed Pharmaceuticals, Inc.

11:45 a.m. Development of Cannabis-based Therapeutics
Dave Pate, HortaPharm, B.V.

12:15 p.m. LUNCH

DRUG DELIVERY

1:30 p.m. Alternative Drug Delivery Technologies for the
Therapeutic Use of Marijuana

Phyllis I. Gardner, ALZA Corporation, Stanford University

2:00 p.m. Delivery of Analgesics via the Respiratory Track
Reid M. Rubsamen, Aradigm Corporation

2:30 p.m. Current Concepts for Delivery of THC
Mahendra G. Dedhiya, Roxanne Laboratories, Inc.

3:00 p.m. ∆∆∆∆∆9-THC-Hemisuccinate in Suppository Formulation:
An Alternative to Oral and Smoked THC

Mahmoud A. ElSohly, University of Mississippi,
ElSohly Laboratories, Inc.

3:30 p.m. Concluding Remarks
John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

3:45 p.m. ADJOURN
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Scheduling Definitions

SCHEDULING DEFINITIONS ESTABLISHED BY THE
CONTROLLED SUBSTANCES ACT OF 1970

Schedule I (includes heroin, LSD, and marijuana)

(A) The drug or other substance has a high potential for abuse.
(B) The drug or other substance has no currently accepted medical

use in treatment in the United States.
(C) There is a lack of accepted safety for the use of the drug or other

substance under medical supervision.

Schedule II (includes Marinol, methadone, morphine,
methamphetamine, and cocaine)

(A) The drug or other substance has a high potential for abuse.
(B) The drug or other substance has a currently accepted medical use

in treatment in the United States or a currently accepted medical use with
severe restrictions.

(C) Abuse of the drug or other substances may lead to severe psycho-
logical or physical dependence.

Schedule III (includes anabolic steroids)

(A) The drug or other substance has a potential of abuse less than the
drugs or other substances in Schedules I and II.
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(B) The drug or other substance has a currently accepted medical use
in treatment in the United States.

(C) Abuse of the drug or other substance may lead to moderate or low
physical dependence or high psychological dependence.

Schedule IV (includes Valium and other tranquilizers)

(A) The drug or other substance has a low potential for abuse relative
to the drugs or other substances in Schedule III.

(B) The drug or other substance has a currently accepted medical use
in treatment in the United States.

(C) Abuse of the drug or other substance may lead to limited physical
dependence or psychological dependence relative to the drugs or other
substances in Schedule III.

Schedule V (includes codeine-containing analgesics)

(A) The drug or other substance has a low potential for abuse relative
to the drugs or other substances in Schedule IV.

(B) The drug or other substance has a currently accepted medical use
in treatment in the United States.

(C) Abuse of the drug or other substance may lead to limited physical
dependence or psychological dependence relative to the drugs or other
substances in Schedule IV.

SOURCES: LeCraw (1996) and 21 U.S.C. 812.
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Statement of Task

The study will assess what is currently known and not known about
the medical use of marijuana. It will include a review of the science base
regarding the mechanism of action of marijuana, an examination of the
peer-reviewed scientific literature on the efficacy of therapeutic uses of
marijuana, and the costs of using various forms of marijuana versus
approved drugs for specific medical conditions (e.g., glaucoma, multiple
sclerosis, wasting diseases, nausea, and pain).

The study will also include an evaluation of the acute and chronic
effects of marijuana on health and behavior; a consideration of the adverse
effects of marijuana use compared with approved drugs; an evaluation of
the efficacy of different delivery systems for marijuana (e.g., inhalation
vs. oral); an analysis of the data concerning marijuana as a gateway drug;
and an examination of the possible differences in the effects of marijuana
due to age and type of medical condition.

SPECIFIC ISSUES

Specific issues to be addressed fall under three broad categories: the
science base, therapeutic use, and economics.

Science Base

• Review of neuroscience related to marijuana, particularly the rel-
evance of new studies on addiction and craving.

• Review of behavioral and social science base of marijuana use, par-
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ticularly assessment of the relative risk of progression to other drugs fol-
lowing marijuana use.

• Review of the literature determining which chemical components
of crude marijuana are responsible for possible therapeutic effects and for
side effects.

Therapeutic Use

• Evaluation of any conclusions on the medical use of marijuana
drawn by other groups.

• Efficacy and side effects of various delivery systems for marijuana
compared to existing medications for glaucoma, wasting syndrome, pain,
nausea, or other symptoms.

• Differential effects of various forms of marijuana that relate to age
or type of disease.

Economics

• Costs of various forms of marijuana compared with costs of exist-
ing medications for glaucoma, wasting syndrome, pain, nausea, or other
symptoms.

• Assessment of the differences between marijuana and existing
medications in terms of access and availability.

These specific areas along with the assessments described above will
be integrated into a broad description and assessment of the available
literature relevant to the medical use of marijuana.

Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/6376


244 APPENDIX E

244

APPENDIX E
Recommendations Made in

Recent Reports on the
Medical Use of Marijuana

Recommendations from five recent key reports pertaining to the
medical use of marijuana are listed below by subject. Recommendations
made on issues outside the scope of this report, such as drug law and
scheduling decisions, are not included here. The following reports were
reviewed:

• Health Council of the Netherlands, Standing Committee on Medi-
cine. 1996. Marihuana as Medicine. Rijswikj, the Netherlands: Health
Council of the Netherlands.

• Report of the Council on Scientific Affairs. 1997. Report to the Ameri-
can Medical Association House of Delegates. Subject: Medical
Marijuana.  Chicago: AMA.

• British Medical Association. 1997. Therapeutic Uses of Cannabis.
United Kingdom:  Harwood Academic Publishers.

• National Institutes of Health. 1997. Workshop on the Medical Utility
of Marijuana. Bethesda, MD: National Institutes of Health.

• World Health Organization. 1997. Cannabis: A Health Perspective and
Research Agenda.  Geneva:  WHO.

In November 1998, the British House of Lords Science and Technol-
ogy Committee published Medical Use of Cannabis, in which the commit-
tee reported its conviction that “cannabis almost certainly does have genu-
ine medical applications.” The House of Lords report was released too
late in the preparation of the present Institute of Medicine report to per-
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mit careful analysis and is not summarized here. It is available on the
Internet at: www.parliament.uk.

GENERAL RECOMMENDATIONS

Health Council of the Netherlands

In order to assess the efficacy of marijuana and cannabinoids, the com-
mittee studied literature published during the past 25 years. Based on
those findings, the committee concluded that there was insufficient evi-
dence to justify the medical use of marijuana.

AMA House of Delegates

Adequate and well-controlled studies of smoked marijuana should
be conducted in patients who have serious conditions for which preclini-
cal, anecdotal, or controlled evidence suggests possible efficacy, includ-
ing AIDS wasting syndrome, severe acute or delayed emesis induced by
chemotherapy, multiple sclerosis, spinal cord injury, dystonia, and neu-
ropathic pain.

British Medical Association

Research on the clinical indications for medical prescription of can-
nabinoids should be undertaken. For all indications listed below (anti-
emetics, pain, epilepsy, glaucoma, asthma, immunological effects, mul-
tiple sclerosis, spinal cord injury, and other spastic disorders) further
research is required to establish suitable methods of administration, opti-
mal dosage regimens, and routes of administration. A central registry
should be kept of patients prescribed cannabinoids so that the effects can
be followed up over the long term.

National Institutes of Health

For at least some potential indications, marijuana looks promising
enough to recommend that new controlled studies be done.  The indica-
tions in which varying levels of interest were expressed are the following:
appetite stimulation and wasting, chemotherapy-induced nausea and
vomiting, neurological and movement disorders, analgesia, [and] glau-
coma. Until studies are done using scientifically acceptable clinical trial
design and subjected to appropriate statistical analysis, the question con-
cerning the therapeutic utility of marijuana will likely remain largely un-
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answered. To the extent that the NIH can facilitate the development of a
scientifically rigorous and relevant database, the NIH should do so.

World Health Organization

Therapeutic uses of cannabinoids warrant further basic pharmaco-
logical and experimental investigation and clinical research into their
effectiveness. More research is needed on the basic neuropharmacology
of THC and other cannabinoids so that better therapeutic agents can be
found.

ANALGESIA

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

Controlled evidence does not support the view that THC or smoked
marijuana offers clinically effective analgesia without causing significant
adverse events when used alone. Preclinical evidence suggests that can-
nabinoids can potentiate opioid analgesia and that cannabinoids may be
effective in animal models of neuropathic pain. Further research into the
use of cannabinoids in neuropathic pain is warranted.

British Medical Association

The prescription of nabilone, THC, and other cannabinoids should be
permitted for patients with intractable pain. Further research is needed
into the potential of cannabidiol as an analgesic in chronic, terminal, and
postoperative pain.

National Institutes of Health

Evaluation of cannabinoids in the management of neuropathic pain,
including HIV-associated neuropathy, should be undertaken.

World Health Organization

No recommendations made, although the report notes that some
newly synthesized cannabinoids are extremely potent analgesics; how-
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ever, separation of the analgesia and side effects remains to be demon-
strated.

NAUSEA AND VOMITING

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

THC and smoked marijuana are considerably less effective than cur-
rently available therapies to treat acute nausea and vomiting caused by
chemotherapy, although certain patients still do not respond adequately
to conventional therapy. Research involving THC and smoked marijuana
should focus on their possible use in treating delayed nausea and vomit-
ing and their adjunctive use in patients who respond inadequately to 5-
HT3 antagonists. The use of an inhaled substance has the potential to ben-
efit ambulatory patients who are experiencing the onset of nausea and are
thus unable to take oral medications.

British Medical Association

Further research is needed on the use of ∆8-THC as an antiemetic, the
use of cannabidiol in combination with THC, and the relative effective-
ness of cannabinoids compared with 5-HT3 antagonists. Further research
is needed in other cases, such as postoperative nausea and vomiting.

National Institutes of Health

Inhaled marijuana merits testing in controlled, double-blind, random-
ized trials for nausea and vomiting.

World Health Organization

More basic research on the central and peripheral mechanisms of the
effects of cannabinoids on gastrointestinal function may improve the abil-
ity to alleviate nausea and emesis.
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WASTING SYNDROME AND APPETITE STIMULATION

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

THC is moderately effective in the treatment of AIDS wasting, but its
long duration of action and intensity of side effects preclude routine use.
The ability of patients who smoke marijuana to titrate their dosage accord-
ing to need and the lack of highly effective, inexpensive options to treat
this debilitating disease create the conditions warranting formal clinical
trials of smoked marijuana as an appetite stimulant in patients with AIDS
wasting syndrome.

British Medical Association

Allowing the prescription of nabilone and THC for cancer chemo-
therapy and HIV/AIDS seems justified for preventing weight loss and
treating anorexia in HIV/AIDS irrespective of whether the patient is
experiencing nausea and/or vomiting.

National Institutes of Health

Areas of study for the potential appetite-stimulating properties of
marijuana include the cachexia of cancer, HIV/AIDS symptomatology,
and other wasting syndromes. Investigations should be designed to assess
long-term effects on immunology status, the rate of viral replication, and
clinical outcomes in participants as well as weight gain. In therapeutic
trials of cachexia, research should attempt to separate out the effect of
marijuana on mood versus appetite. Some questions need to be answered
in the studies: (1) Does smoking marijuana increase total energy intake in
patients with catabolic illness? (2) Does marijuana use alter energy expen-
diture? (3) Does marijuana use alter body weight and to what extent?
(4) Does marijuana use alter body composition and to what extent?

World Health Organization

No specific recommendations are made, although the report notes that
dronabinol is an effective appetite stimulant for patients with AIDS wast-
ing syndrome.
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MUSCLE SPASTICITY

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

Considerably more research is required to identify patients who may
benefit from THC or smoked marijuana and to establish whether re-
sponses are primarily subjective in nature. A therapeutic trial of smoked
marijuana or THC may be warranted in patients with spasticity who do
not derive adequate benefit from available oral medications, prior to their
considering intrathecal baclofen therapy or neuroablative procedures.

British Medical Association

A high priority should be given to carefully controlled trials of can-
nabinoids in patients with chronic spastic disorders that have not
responded to other drugs are indicated. In the meantime, there is a case
for the extension of the indications for nabilone and THC for use in chronic
spastic disorders unresponsive to standard drugs.

National Institutes of Health

No recommendations are made, although the report notes that mari-
juana or the use of other cannabinoids as human therapies might be con-
sidered for treating spasticity and nocturnal spasms complicating mul-
tiple sclerosis and spinal cord injury.

World Health Organization

The report notes that cannabinoids have not yet been proven useful in
treating multiple sclerosis, but therapeutic uses of cannabinoids are being
demonstrated by controlled studies as an antispasmodic.  Research in this
area should continue.

MOVEMENT DISORDERS

Health Council of the Netherlands

No recommendations made.
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AMA House of Delegates

Considerably more research is required to identify dystonic patients
who may benefit from THC or smoked marijuana and to establish whether
responses are primarily subjective in nature.

British Medical Association

The potential of (+)-HU-210 for neruodegenerative disorders should
be explored through further research.

National Institutes of Health

No recommendations made, although the report notes that marijuana
or the use of other cannabinoids as human therapies might be considered
for treating for some forms of dystonia.

World Health Organization

No recommendations made, although the report notes that cannab-
inoids have not yet been proven useful in the treatment of movement
disorders.

EPILEPSY

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

No recommendations made.

British Medical Association

Trials with cannabidiol (which is nonpsychoactive), used to enhance
the activity of other drugs in cases not well controlled by other anti-
convulants, are needed.

National Institutes of Health

No recommendations made, although the report notes that marijuana
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or the use of other cannabinoids as human therapies might be considered
for treating various active epilepsy states.

World Health Organization

No recommendations made, although the report notes that cannab-
inoids have not yet been proven useful in the treatment of convulsant
disorders, but therapeutic uses of cannabinoids are being demonstrated
by controlled studies as an anticonvulsant.

GLAUCOMA

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

Neither smoked marijuana nor THC is a viable approach in the treat-
ment of glaucoma, but research on their mechanism of action may be im-
portant in developing new agents that act in an additive or synergistic
manner with currently available therapies.

British Medical Association

Cannabinoids do not at present look promising for this indication,
but much further basic and clinical research is needed to develop and
investigate cannabinoids that lower intraocular pressure, preferably by
topical application (e.g., eye drops, inhalant aerosols), without producing
unacceptable systemic and central nervous system effects.

National Institutes of Health

Further studies to define the mechanism of action and to determine
the efficacy of ∆9-tetrahydrocannabinol and marijuana in the treatment of
glaucoma are justified. There does not appear to be any obvious reason to
use smoked marijuana as a primary “stand-alone” investigational therapy,
as there are many available agents for treatment, and these topical prepa-
rations seem to be potentially ideal. An approach that may be useful is to
study smoked marijuana in incomplete responders to standard therapies.
The suggested design for clinical studies is to add marijuana, oral THC, or
placebo to standard therapy under double-blind conditions: (1) Establish
dose-response and dose-duration relationships for intraocular pressure
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(IOP) and central nervous system effects. (2) Relate IOP and blood pres-
sure measurements longitudinally to evaluate potential tolerance devel-
opment to cardiovascular effects. (3) Evaluate central nervous system ef-
fects longitudinally for tolerance development.

World Health Organization

No recommendations made, although the report notes that, while
THC has long been known to reduce the increased intraocular pressure of
glaucoma, it has not been fully studied therapeutically. The report also
notes that therapeutic uses of cannabinoids are being demonstrated by
controlled studies in the treatment of glaucoma.

PHYSIOLOGICAL HARMS

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

No recommendations made.

British Medical Association

Further research is needed to establish the suitability of cannabinoids
for immunocompromised patients, such as those undergoing cancer che-
motherapy or those with HIV/AIDS.

National Institutes of Health

Risks associated with smoked marijuana must be considered not only
in terms of immediate adverse effects but also long-term effects in patients
with chronic diseases. The possibility that frequent and prolonged mari-
juana use might lead to clinically significant impairments of immune
system function is great enough that relevant studies should be part of
any marijuana medication development research.

Additional studies of long-term marijuana use are needed to deter-
mine if there are or are not important adverse pulmonary, central nervous
system, or immune system problems.
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World Health Organization

Further studies are needed on the fertility effects in cannabis users in
view of the high rate of use during the early reproductive years. Further
clinical and experimental research is required on the effects of cannabis
on respiratory function and respiratory diseases. More studies are needed
to show whether cannabis affects the risk of lung malignancies and at
what level of use that may occur. In addition, more studies are needed to
clarify the rather different results of pulmonary histopathological studies
in animals and man.

More clinical and experimental research is needed on the effects of
cannabis on immunological function. More clarity should be sought con-
cerning the molecular mechanisms responsible for immune effects, includ-
ing both cannabinoid receptor and nonreceptor events.

The possibility that chronic cannabis use has adverse effects on the
cardiovascular system should have a priority in epidemiological research.

Research on chronic and residual cannabis effects is also needed. The
pharmacokinetics of chronic cannabis use in humans are poorly described,
and this lack of knowledge restricts the ability of researchers to relate
drug concentrations in blood or other fluids and observed effects.

PSYCHOLOGICAL HARMS

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

No recommendations made.

British Medical Association

No recommendations made.

National Institutes of Health

No recommendations made.

World Health Organization

There is a need for controlled studies investigating the relationships
between cannabis use, schizophrenia, and other serious mental disorders.
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There is also a need for case-controlled studies comparing those expe-
riencing cannabis problems with people who have, and do not have,
alcohol and other psychoactive substance use problems.

There is a need for better delineation of the clinical features of can-
nabis dependence and for studies of its responsiveness to interventions
aimed at assisting users to stop.

Insufficient research has been undertaken on the “amotivational” syn-
drome which may or may not result from heavy cannabis use. It is not
clear that the syndrome exists, even though heavy cannabis use is some-
times associated with reduced motivation to succeed in school and work.
New research is needed to show whether the reduced motivation seen in
some cannabis users is due to other psychoactive substance use and
whether it precedes cannabis use.

Further development of cognitive and psychomotor tests for con-
trolled studies that are sensitive to the performance effects of cannabis
use and that reflect the complexity of specific daily functions (e.g., driv-
ing, learning, reasoning) also need additional research.

More research is needed to examine the relationship between THC
concentrations in blood and other fluids and the degree of behavioral im-
pairment produced.

SMOKED MARIJUANA AND USE OF PLANTS AS MEDICINE

Health Council of the Netherlands

The committee believes that physicians cannot accept responsibility
for a product of unknown composition that has not been subjected to qual-
ity control.

AMA House of Delegates

No specific recommendations made, but related issues are discussed
in the general recommendation and drug development sections.

British Medical Association

Prescription formulations of cannabinoids or substances acting on the
cannabinoid receptors should not include either cigarettes or herbal
preparations with unknown concentrations of cannabinoids or other
chemicals.

National Institutes of Health

Smoked marijuana should be held to standards equivalent to other
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medications for efficacy and safety considerations. There might be some
patient populations for whom the inhalation route might offer advantages
over the currently available capsule formulation. Smoking plant material
poses difficulties in standardizing testing paradigms, and components of
the smoke are hazardous, especially in the immunocompromised patient.
Therefore, the experts generally favored the development of alternative
dosage forms, including an inhaler dosage form into which a controlled
unit dose of THC could be placed and volatilized.

World Health Organization

Not discussed in the context of medical use, although many health
hazards associated with chronic marijuana smoking are noted.

DRUG DEVELOPMENT

Health Council of the Netherlands

Not discussed.

AMA House of Delegates

The National Institutes of Health should use its resources to support
the development of a smoke-free inhaled delivery system for marijuana
or THC to reduce the health hazards associated with the combustion and
inhalation of marijuana.

British Medical Association

Pharmaceutical companies should undertake basic laboratory inves-
tigations and develop novel cannabinoid analogs that may lead to new
clinical uses.

National Institutes of Health

NIH should use its resources and influence to rapidly develop a
smoke-free inhaled delivery system for marijuana or THC. A recommen-
dation was made for the development of insufflation/inhalation devices
or dosage forms capable of delivering purer THC or cannabinoids to the
lungs free of dangerous combustion byproducts.

World Health Organization

Not discussed.
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Rescheduling Criteria

DRUG ENFORCEMENT AGENCY’S
FIVE-FACTOR TEST FOR RESCHEDULING*

1. The drug’s chemistry must be known and reproducible.
The substance’s chemistry must be scientifically established to permit

it to be reproduced in dosages which can be standardized.  The listing of
the substance in a current edition of one of the official compendia, as
defined by section 201(j) of the Food, Drug, and Cosmetic Act, 21 USC
321(f), is sufficient generally to meet this requirement.

2. There must be adequate safety studies.
There must be adequate pharmacological and toxicological studies

done by all methods reasonably applicable on the basis of which it could
be fairly and responsibly concluded, by experts qualified by scientific
training and experience to evaluate the safety and effectiveness of drugs,
that the substance is safe for treating a specific, recognized disorder.

3. There must be adequate and well-controlled studies proving
efficacy.

There must be adequate, well-controlled, well-designed, well-
conducted, and well-documented studies, including clinical investiga-
tions, by experts qualified by scientific training and experience to evaluate

*Formulated in 1992 in response to a court challenge to scheduling.
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the safety and effectiveness of drugs on the basis of which it could fairly
and responsibly be concluded by such experts that the substance will have
its intended effect in treating a specific, recognized disorder.

4. The drug must be accepted by qualified experts.
The drug must have a New Drug Application (NDA) approved by

the Food and Drug Administration . . . or, a consensus of the national
community of experts, qualified by scientific training and experience to
evaluate the safety and effectiveness of drugs, accepts the safety and
effectiveness of the substance for use in treating a specific, recognized
disorder.  A material conflict of opinion among experts precludes a find-
ing of consensus.

5. The scientific evidence must be widely available.
In the absence of NDA approval, information concerning the chemis-

try, pharmacology, toxicology, and effectiveness of the substance must be
reported, published, or otherwise widely available in sufficient detail to
permit experts, qualified by scientific training and experience to evaluate
the safety and effectiveness of drugs, to fairly and responsibly conclude
the substance is safe and effective for use in treating a specific, recognized
disorder.

SOURCES:  LeCraw (1996) and 57 Federal Register 10499 (1992).
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Index

A

Addiction, see Craving; Dependence;
Tolerance; Withdrawal symptoms

Adjunctive therapy, general, 4, 10, 145, 153,
157, 167, 172, 247

see also Pain, treatment of
Administration of drugs, see Drug delivery
Adolescents, 6, 15, 16, 90, 91, 96, 97, 98, 99,

101, 102, 104, 123, 126
Affinity, receptors, 42, 44, 46, 51

defined, 42(footnote)
African Americans, 173
Age factors, 9, 16, 22, 92-93, 94, 95, 100, 117

adolescents, 6, 15, 16, 90, 91, 96, 97, 98,
99, 101, 102, 104, 123, 126

children, 96, 97, 101, 124-125, 139, 149,
167, 210

clinical trials, 139, 142
prenatal exposure, effects of, 124-125
see also Elderly persons

Agonists, receptor, 34, 37, 38, 39, 43-47, 54,
56-57, 58, 64, 70

glaucoma, 176-177
listed, 44
market considerations, 209, 210, 212
neurological disorders, 166, 167, 168
see also SR 141716A; SR 144528

AIDS, viii, 16, 18, 21, 22, 23, 107, 115-117,
120-121, 145, 178, 252

AIDS wasting, 4, 8, 23, 154-158, 159, 177,
204-205, 207, 209, 234, 246, 248

clinical trials, 8, 156, 213, 245
defined, 154
individual patient account, 27-28
smoking of marijuana, 27-28, 156

Alaska, vii, 17
Alcohol use and abuse, 6, 88, 90, 92, 95, 96,

97, 100, 101, 117, 254
nausea and vomiting, 147

Alternative medicine, general, 19, 20, 180,
215, 216, 217-218, 254-255

Alzheimer’s disease, 173, 204, 205, 209
American Medical Association, 180, 244-

255 (passim)
Amotivational syndrome, see Motivation
Amphetamines, 21, 88, 240
Analgesia, see Pain, treatment of
Anandamide, 34, 41, 43-47, 48, 54, 194
Animal studies, 3, 35, 36-81, 88, 89, 91, 111,

120, 122-123, 125, 140, 145, 195, 199,
212, 246

movement disorders, 164-165, 167, 170
relevance of, general, 36

Anorexia, see Appetite; Wasting syndrome
Anorexia nervosa, 159
Antagonist, receptor, 34, 37, 39, 44, 55, 58, 70

market considerations, 205, 210, 211
nausea and vomiting, 151, 152-153

Antiemesis, see Vomiting
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Antigens, 59, 64, 66, 120
Anxiety, 4, 10, 36, 84, 90, 109, 127, 142, 153,

165, 168, 203
see also Dysphoria; Euphoria; Sedation

Appetite, viii, 3, 4, 10, 21, 23, 142, 144, 156-
159 (passim), 173, 205, 209, 245, 248

see also Nausea; Vomiting; Wasting
syndrome

Arachidonic acid, 46, 47, 57
Arachidonyl glycerol (2-AG), 43, 45, 46, 47,

64, 65
Arizona, vii, 1, 17, 18, 104(footnote)
Arthritis, 28-29
Attitudes

patients, 27-29, 153, 205-206
physicians, prescribing marijuana, 152, 202
risk perception, 104

B

Barbiturates, 143, 172
Basal ganglia, 48-52, 164-166, 168
B cells, 62, 64, 65, 66, 112

see also Lymphocytes, general
Benzodiazepines, 3, 70, 161, 164, 168
Blood pressure

hypertension, 48, 84, 86, 90, 121, 158, 175
hypotension, 121, 150, 151, 175

Brain, general, 3, 35, 36-37, 48-49, 69, 70, 92,
170

basal ganglia, 48-52, 164-166, 168
cannabinoid receptors, 37-65, 69-70
cerebellum, 46, 49, 50, 51, 53, 121, 122
endogenous cannabinoid system, 43-51, 70
globus pallidus, 49, 52, 53, 167
hippocampus, 45-46, 49, 53
putamen, 49, 52, 53, 166
striatum, 46, 51, 53
substantia nigra, 49, 51, 52, 53, 167, 168
thalamus, 46, 49, 51, 52, 53, 55, 165, 167, 169
see Neurons, general

British Medical Association, 180, 244-255
(passim)

Bronchi, 113-114, 115, 119
Buyers’ clubs, see Cannibis buyers’ clubs

C

Cachexia, 145, 154, 155, 158
see also AIDS wasting; Appetite; Wasting

syndrome

Caffeine, 88
California, vii, 1, 16, 17, 18, 101-102, 104,

204, 207
Canada, 150
Cancer

smoking of marijuana as cause, 5, 114,
115, 117-121, 237

treatment of, 22, 23, 142, 145, 154, 158,
159, 204-205; see also Chemotherapy

Cannabidiol (CBD), 3, 36-37, 47, 60-61, 66,
122, 166, 171-172, 214

Cannabinoids, general, vii, viii-ix, 2-4
defined, 2, 25-26, 194
defined substances, 4
standards, general, 19, 213, 216, 217
see also THC

Cannabinol, 25, 37, 64, 66, 110
see also THC

Cannibis buyers’ clubs, viii, 16, 20, 21, 22, 207
defined, 20

Cardiovascular system, 121-122, 251
see also Blood pressure

Case studies, 15, 27-29, 117, 119-120, 254
individual patient accounts, 27-29
single-patient clinical trials, 139, 162

CBD, see Cannabidiol
Cellular biology, 5, 25, 35-59, 69-70, 118-

119, 120-121
see also Genetics; Immune system;

Receptors; Signal transduction
Cerebellum, 46, 49,  50, 51, 53, 121, 122
Cesamet, see Nabilone
Chemotherapy, viii, 4, 16, 23, 144, 146-153

(passim), 177, 205, 207, 234, 245,
247, 248

Children, 96, 97, 101, 124-125, 139, 149, 167,
210

see also Adolescents
Chronic obstructive pulmonary disease,

114-115
Clinical studies, 15, 30, 34-35, 137, 206, 233-

234
glaucoma, 177, 251
movement disorders, 166, 169-170
smoking of marijuana, 9-10

Clinical trials, 7-8, 9-10, 34, 137, 141, 142-
143, 203, 209, 211, 218

age factors, 139, 142
AIDS wasting, 8, 156, 213, 245
animal studies vs, 36
epilepsy, 170-172, 173
Investigational New Drugs, 195, 196
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movement disorders, 167, 168
nausea and vomiting, 7-8, 142, 145-154,

179, 245, 247
pain, 7-8, 141-145, 179
psychological effects, 5, 10, 109, 149
recommendations, 4, 5, 7-8, 9-10, 178,

179-180, 215, 245-255 (passim)
regulatory requirements, 195, 196, 200,

202, 208, 211, 213, 218, 256-257
single-patient trials, 139, 162
spasticity, 160-164, 165, 249
standards for, 7-8, 10, 138-139, 179-180

Cocaine, 3, 20, 70, 88, 90, 95, 102, 240
Colorado, vii, 1
Codeine, 143, 241
Cognitive effects, 49, 83-84, 89, 105, 106-

107, 108, 124-125
disorientation, 4, 142, 203
memory, 35, 49, 53, 56, 84, 89, 106, 144,

173, 212
see also Psychological effects

Connecticut, 17
Controlled Substance Act, 16-17, 102, 198-

204 (passim), 210, 213-219 (passim)
scheduling, 17, 102, 194, 198-213

(passim), 216-217, 218, 240-241, 256-
257

Convulsions, see Seizures
Cost factors, 9, 16, 206-207, 243

antiemetics, 151, 152
drug development, 195, 196, 203, 206,

217-218
CP 47,497, 210
CP 55,244, 210
CP 55,940, 44, 46, 56, 201
Craving, 9, 90, 91-92
CT-3, 67, 209
Cytokines, 62, 66, 67, 112, 120, 157

 D

DEA, see Drug Enforcement
Administration

Delivery modes, see Drug delivery
Department of Health and Human

Services, 199, 200, 201, 217
see also National Institutes of Health

Dependence, 6, 9, 57-59, 70, 84, 86, 237
animal research, 35
criteria, 87
legal issues, 16

marijuana as a gateway drug, 6-7, 9, 20-
21, 98-101

predictors of, 93-98, 99, 100, 101, 126
see also Craving; Tolerance; Withdrawal

symptoms
Depression, 22, 23, 29, 84, 95, 105, 155, 159

fluoxetine, 48
see also Dysphoria

Diagnostic and Statistical Manual of Mental
Disorders, 84, 87

Diarrhea, 24, 155
District of Columbia, 17
Dizziness, 27, 121, 150, 158, 203
Dopamine, 58, 88, 92, 167, 168
Dosage factors, 137, 245, 248, 256

affinity, 42(footnote)
AIDS wasting, 156, 157, 158
caffeine, 88
cardiovascular effects, 121
CBD, 36, 60-61
cognitive effects, 107
glaucoma treatment, 176, 177, 251
immune system effects, 60-63, 64-67, 68
morphine, 37
multiple sclerosis treatment, 163
neurological disorder treatment, 166, 169
overdosing, 37, 109, 206
pain treatment, 102, 142, 143, 149
psychological effects, 84, 85, 105
psychomotor effects, 51, 53, 85
reproductive effects, 122, 125
respiratory effects, 113
THC, 88, 89, 91, 122, 142, 176, 203, 206,

215, 255
anxiety, 36, 142, 149
glaucoma treatment, 176, 177, 251
pain treatment, 102, 142, 143, 149
psychoactive doses, 85
vomiting, 147, 154

vomiting, 147, 151, 152, 154
see also Dependence; Tolerance

Dronabinol, see Marinol
Drug Awareness Warning System, 102-103
Drug delivery, 7, 9, 151, 197, 199, 217, 239,

242, 245
inhalation, 7, 9, 57, 94, 150, 154, 165, 175,

197, 203, 206, 215(footnote), 216,
242, 247, 251, 255; see Smoking,
marijuana

injection, 39, 54, 57, 66, 67, 68, 85, 88, 94,
100, 122, 150, 151, 152, 159, 174, 175,
203
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oral, 4, 9, 16, 57, 84, 89, 91, 121, 122, 142,
148-156 (passim), 163, 164, 165, 171,
174, 175, 202, 203, 205, 206, 207, 215,
242, 247, 249, 251

suppositories, 206
topical, 175, 176, 251

Drug Enforcement Administration (DEA),
137, 198-202, 203-204, 208, 213, 214,
217

Dysphoria, 5, 84, 126, 150, 159, 203
see also Anxiety; Depression

Dystonia, 166, 168, 245, 250

E

Economic factors
access and availability, general, 9, 194-

198, 206-208, 213-214
health insurance, 207
malnutrition, 154, 155
private investment, 178, 195-219
public investment, 4, 137, 178, 211, 214, 218
see also Cost factors

Efficacy, 9, 11, 14, 19, 20, 30, 54, 57, 88, 107,
108, 126, 144, 179, 217, 243, 256

defined, 4-5
regulatory requirements, 197, 212, 215
see also Clinical studies; Clinical trials

Elderly persons, 21
clinical trials, 139
psychological effects, 4, 175

Emesis, see Vomiting
Emotional factors, see Psychological effects
Endorphins (endogenous opioids), 35, 43
Epidemiological Catchment Area Program,

97
Epilepsy, 29, 170-173, 177, 245, 250-251
Euphoria, 5, 16, 83-84, 85, 87, 88, 89, 92, 108,

144, 150, 203
Eye diseases, see Glaucoma

F

Federal government, 194-202
see also Department of Health and

Human Services; Drug Enforcement
Administration; Food and Drug
Administration; Legal issues and
legislation; Public investment

Fluoxetine, 48

Food and Drug Administration, 17, 20, 137,
138, 149, 156, 194-198, 199, 200, 202-
203, 204, 205, 208, 209, 213, 215, 216,
217, 257

Food and Drug Administration
Modernization Act, 197(footnote)

Food, Drug, and Cosmetic Act, 194, 213,
215, 256

Foreign countries, see International
perspectives; specific countries

France, 69
Funding, see Public investment

G

Gamma-aminobutyric acid (GABA), 50
Gateway theory, 6-7, 9, 20-21, 98-101
Gender factors, 20, 22, 94, 95, 115, 170-171
Genetics, 5, 38, 42, 69, 118-119, 120

dependence, 94, 97-98
drug development, 19-20
gene regulation, 37, 38
reproductive system effects, 122-125
transduction, 37, 38, 40-41, 43, 57; see also

Agonists, receptor
see also Cellular biology; Receptor

binding; Receptors
Glaucoma, 9, 22, 24, 173-177, 234, 251-252

agonists, receptor, 176-177
dose effects, 176, 177, 251
intraocular pressure, 175, 176, 251-252
smoking of marijuana, 174, 175, 177, 251

Globus pallidus, 49, 52, 53, 167

H

Hallucinations, 84, 90, 106
Headaches, 151

see also Migraine headaches
Health insurance, 207
Heart, see Cardiovascular system
Herbal medicine, general, see Alternative

medicine, general
Heroin, 88, 90, 92, 95, 99, 100, 240
Hippocampus, 45-46, 49, 53
Hispanics, 94-95
Historical perspectives, 118

antiemetics, 151
legal issues, 16-18
medicinal uses of marijuana, 16-19
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research on marijuana, 33-34, 244-255
HIV, see AIDS
Hormones, 37, 48, 58-59, 66, 122, 123, 155,

157
HortaPharm, 214-215, 218
HU-210/HU-211, 44, 60, 64, 66, 67, 176, 201,

209, 211, 250
Huntington’s disease, 49, 166, 198
Hyperalgesia, 54, 56, 141
Hypertension, 48, 84, 86, 90, 121, 158, 175
Hypotension, 121, 150, 151, 175

I

Immune system, 5, 37, 42, 51, 59-68, 70, 109-
111, 112-113, 116-117, 120, 156, 158,
212, 233, 236, 245, 248, 252

antigens, 59, 64, 66, 120
cytokines, 62, 66, 67, 112, 120, 157
dose effects, 60-63, 64-67, 68
infections, 66-67, 112-113, 155, 236
inflammatory/antiinflammatory effects,

67-68, 112-113, 142, 155, 209
leukocytes, 59, 62, 64, 109-111, 120
lymphocytes, general, 59, 62, 64, 112,

118, 155
B cells, 62, 64, 65, 66, 112
T cells, 59, 62, 64-65, 66, 112

macrophages, 66, 112-113, 121
multiple sclerosis, 160
see also AIDS

Inactivation, 36, 46, 47, 48, 212
Infections, 66-67, 112-113, 155, 236

see also AIDS; Receptors
Inflammatory/antiinflammatory effects,

67-68, 112-113, 142, 155, 209
Information dissemination, see Public

information
Insurance, see Health insurance
International perspectives, 180, 244-255

exporter of marijuana for research, 214-
215, 218

marijuana laws, 103-104
seizure treatment, 171
Single Convention on Narcotic Drugs, 217
see also specific countries

Internet, viii, 16, 245
Intraocular pressure, see Glaucoma
Investigational New Drug applications

(FDA), 195, 196, 198, 206, 213
Israel, 209

L

Legal issues and legislation, 14, 16-18, 86,
126, 206-207, 215-216

Controlled Substance Act, 16-17, 102,
198-204 (passim), 210, 213-219
(passim)

scheduling, 17, 102, 194, 198-213
(passim), 216-217, 218, 240-241, 256-
257

Food and Drug Administration
Modernization Act, 197(footnote)

Food, Drug, and Cosmetic Act, 194, 213,
215, 256

foreign/international, 103-104, 217
Marijuana Tax Act, 16
National Organization for the Reform of

Marijuana Legislation, 17, 18, 200,
213

Orphan Drug Act, 198, 205, 211
patent law, 208-210
Prescription Drug User Fee Act, 195
referenda, vii, 1, 17, 18
Single Convention on Narcotic Drugs,

217
state legislation, 17, 18, 102-103, 200, 206-

207
see also Regulatory issues

Lethargy, see Motivation
Leukocytes, 59, 62, 64, 109-111, 120
Levonantradol, 44, 57, 142, 148, 149, 210
Ligands, 37, 39, 40-41, 42, 45, 53, 64, 194

see also Agonists, receptor; Antagonist,
receptor; Receptor binding

Lipophilic substances, 25, 39, 175, 206
Louisiana, 17
LSD, 240
Lungs, 5, 111-115, 117, 118, 119, 126, 236,

253
Lymphocytes, general, 59, 64, 112, 118, 155

B cells, 64, 65, 66, 112
T cells, 59, 64-65, 66, 112

M

Macrophages, 66, 112-113, 121
Malnutrition, see Appetite; Nutrition
Marijuana, general

active constituents, 36-37
defined, 2, 24-25
prevalence of use, 92-93, 137
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Marijuana and Health, 2, 33
Marijuana Tax Act, 16
Marinol (dronabinol), 16, 44, 137, 149, 156,

158, 173, 194, 195, 240, 248
development of, 193-194, 195, 197, 202-

208, 210, 211, 216, 218
Medical Use of Cannabis, 244-245
Memory, 35, 49, 53, 56, 84, 89, 106, 144, 212

Alzheimer’s disease, 173
Men, see Gender factors
Metabolic processes, 36-37, 65, 110, 203

starvation, 154-155
Methadone, 92, 240
Methodology

drug development, 19-20, 137, 193-219,
238-239, 255; see also Drug
Enforcement Administration; Food
and Drug Administration

costs of, 195, 196, 203, 206, 217-218
other research, 20-22, 24, 119-121, 162,

163, 213-214
recommendations by non-committee

organizations, 244-257
psychological research, 104-105
study at hand, 15-16, 225-243
see also Case studies; Clinical studies;

Clinical trials
Migraine headaches, 22, 23, 143-144, 209, 213
Minority groups, see Racial/ethnic factors
Mood effects, 21, 69, 84, 89, 92, 99, 105, 108,

143, 144, 153, 154, 161, 165, 248
see also Anxiety; Depression; Dysphoria;

Euphoria; Sedation
Morphine, 37, 41, 55, 240
Motivation, 58, 105, 107-108, 158, 168, 237, 254
Motor effects, see Movement disorders;

Psychomotor effects
Movement disorders, 4, 160, 165-170, 177,

233, 245, 249-250
animal studies, 164-165, 167, 170
Parkinson’s disease, 49, 167, 168, 198, 209
seizures, 22, 29, 90, 170-173, 177, 245,

250-251
Tourette’s syndrome, 167-168
see also Basal ganglia; Psychomotor

performance; Spasticity
Mucositis, 144
Multiple sclerosis, 9, 22, 23, 143, 160-161,

162, 163, 170, 198, 209, 245
individual patient account, 28

Muscle spasticity, see Spasticity

N

Nabilone, 44, 148, 149, 161, 162, 163, 174,
202, 246, 248, 249

Naloxone, 37, 92
National Cancer Institute, 202
National Household Survey on Drug

Abuse, 104
National Institute of Drug Abuse, 213-214
National Institutes of Health, 178, 180, 194-

195, 202, 213-214, 215, 244-255
(passim)

National Organization for the Reform of
 Marijuana Legislation, 17, 18, 200, 213

Nausea
antagonist, receptors 151, 152-153
clinical trials, 7-8, 142, 145-154, 245, 247
opioids, 140
palliation, 3, 4, 7-8, 9, 10, 16, 21, 23, 27,

29, 142, 144, 145-154, 159, 164, 202,
205, 207, 234, 245, 247, 248

withdrawal symptoms, 6, 90, 127
see also Appetite; Vomiting

Netherlands, 103-104, 180, 214, 244, 245,
246, 249-255 (passim)

Neurology and neurological disorders, 233,
234, 242, 245, 246, 251

Alzheimer’s disease, 173, 204
dizziness, 27, 121, 150, 158, 203
glaucoma, 173-176 (passim)
seizures, 22, 29, 90, 170-173, 177, 245,

250-251
see Brain; Movement disorders; Multiple

sclerosis; Spasticity; Spinal cord
Neurons, general, 2, 37, 38, 46, 47, 48, 49-50,

53, 55, 167, 211
Neuroprotection, 47, 67, 70, 176, 209, 211
Neurotransmitters, 37, 38, 43, 48, 50, 53, 54,

88, 147, 168, 211
dopamine, 58, 88, 92, 167, 168
see also Endorphins; Gamma-

aminobutyric acid; Serotonin
Nevada, vii, 1, 17
New drug applications (FDA), 195-197, 203,

215, 257
New Hampshire, 17
Nicotine, 3, 70, 88, 90, 92, 96, 97, 100

see also Tobacco
Norway, 104
Nutrition, 154-156, 158

anorexia nervosa, 159
see also Appetite; Wasting syndrome
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O

Office of National Drug Control Policy,
vii, 1

Ohio, 17
Older persons, see Elderly persons
Opioids, 3, 35, 37, 43, 53, 54, 55, 58, 69, 70,

88, 92, 102, 233, 246
heroin, 88, 90, 92, 95, 99, 100, 240
morphine, 37, 41, 55, 240
pain treatment, 140, 142

Oregon, vii, 1, 17
Orphan Drug Act, 198, 205, 211

P

Pain, treatment of, viii, 3, 4, 7, 9, 10, 11, 20-
22, 23, 24, 28-29, 84, 159, 164, 210,
233, 234, 241, 245-247

clinical trials, 7-8, 141-145, 179
dose effects, 102, 142, 143, 149
hyperalgesia, 54, 56, 141
market for, 210, 212
neurophysiology of, 35, 53-56, 70
sedation, 5, 10, 109, 127, 140, 144, 145,

150, 161, 164, 168, 241
standards of analgesic usefulness,

general, 140-141
usefulness of analgesics, general, 140-141

Pain, types of, 141-145, 166
acute, 54, 67-68, 141-142
chronic, 8, 21, 22, 23, 30, 53, 54, 67-68,

138, 142-143
definitional issues, 139-140, 141
depression, 22, 23, 29, 48, 84, 95, 105, 155,

159
dysphoria, 5, 84, 126, 150, 159, 203
inflammatory/antiinflammatory effects,

67-68, 112-113, 142, 155, 209
surgical, 142, 145, 247
withdrawal, 3, 6, 35, 58-59, 70, 84, 86, 87,

89-91, 127, 143-144
Paranoia, 84, 105
Parkinson’s disease, 49, 167, 168, 198, 209

see also Substantia nigra
Peer review, 9, 15
Performance, see Psychomotor performance
Pharmaceutical companies, see Private sector
Political and social factors, vii, 1, 2, 6-7, 13-

15, 17-19, 92, 93, 94, 98, 99, 202, 234

National Organization for the Reform of
Marijuana Legislation, 17, 18, 200, 213

see also Legal issues and legislation;
Referenda

Polycyclic aromatic hydrocarbons, 117, 119
Potency, 41, 46, 214-215
Pregnancy, 122-125, 126, 139, 145
Prescription Drug User Fee Act, 195
Private sector, 178, 195-219
Prostaglandins, 44, 46, 176
Prozac, see Fluoxetine
Psychiatric disorders, see Schizophrenia
Psychological effects, 3, 4-5, 44, 54, 65, 83-

92, 101, 104-109, 126, 233, 237, 253-
254

anorexia nervosa, 159
anxiety, 4, 10, 36, 84, 90, 109, 127, 142,

153, 165, 168, 203
clinical trials, 5, 10, 109, 149
dependence predictors, 95-96, 99, 100,

101, 126
depression, 22, 23, 29, 48, 84, 95, 105, 155,

159
dose effects, 84, 85, 105
DSM-IV, 84, 87
dysphoria, 5, 84, 126, 150, 159, 203
elderly patients, 4, 175
euphoria, 5, 16, 83-84, 88, 92, 108, 150, 203
hallucinations, 84, 90, 106
mood disorders, general, 23, 24
motivation, 58, 105, 107-108, 158, 168,

237, 254
paranoia, 84, 105
receptor physiology, 35
schizophrenia, 105, 106, 159, 253
seizures, impacts of, 172
smoking of marijuana, 5-6, 10-11, 104-109
withdrawal, 3, 6, 35, 58-59, 70, 84, 86, 87,

89-91, 127, 143-144
see also Cognitive effects

Psychomotor performance, 5, 85, 89, 107,
108, 125-126, 254

dizziness, 27, 121, 150, 158, 203
dose effects, 51, 53, 85
movement disorders
physiology of, 35, 49, 51-53, 55
see also Spasticity

Public information, viii, 101
Internet, viii, 16, 245

Public investment, 4, 137, 178, 211, 214, 218
Putamen, 49, 52, 53, 166
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R

Racial/ethnic factors, 94-95, 173
Receptor binding, 37, 39-45, 64, 194, 211

affinity, 42, 44, 46, 51
ligands, 37, 39, 40-41, 42, 45, 53, 64, 194
potency, 41, 46
see also Agonists, receptor; Antagonist,

receptor
Receptors, 2, 3, 33, 34, 35, 37-65, 69-71, 86,

110, 144, 159, 169, 172, 176-177
anandamide, 34, 41, 43-47, 48, 54, 194
brain, 41, 49, 51-59
immune system, 59-64
nausea and vomiting, 146, 147, 152, 153
serotonin, 48, 151, 152-153, 159, 205

Referenda, vii, 1, 17, 18
Regulatory issues, 14, 211, 213-218

clinical trials, 195, 196, 200, 202, 208, 211,
213, 218, 256-257

THC, 200-208, 214-215
see also Drug Enforcement

Administration; Food and Drug
Administration; Legal issues and
legislation; Standards

Reproductive system effects, 122-125, 126,
139, 145, 253

Research methodology, see Methodology
Respiratory system, 5-6, 10, 88, 113-115,

119-120, 127, 146, 236, 253
see also Lungs

S

Scheduling, 17, 102, 194, 198-213 (passim),
216-217, 218, 240-241, 256-257

Schizophrenia, 105, 106, 159, 253
Sedation, 5, 10, 109, 127, 140, 144, 145, 150,

161, 164, 168, 241
Seizures, 22, 29, 90, 170-173, 177, 245, 250-251

types of, 170
Serotonin, 48, 151, 152-153, 159, 205
Side effects, general, 9, 27, 28, 127, 138, 140,

151, 203, 243, 246
marijuana use, 34, 145, 150, 152, 158, 161,

170, 172, 173, 177
see also Anxiety; Chemotherapy;

Memory; Nausea; Sedation;
Vomiting

Signal transduction, 37, 38, 40-41, 43, 57
see also Agonists, receptor; Cellular

biology

Single Convention on Narcotic Drugs, 217
Sleep, 6, 27, 37, 49, 83, 90, 127, 160, 164, 165
Smoking, marijuana, 2, 4, 5, 7-8, 47, 83, 85,

91, 104, 111-127, 177-178, 216, 254-
255

AIDS wasting, 27-28, 156
carcinogenic effects, 5, 114, 115, 117-121,

237
defined, 2
glaucoma, 174, 175, 177, 251
individual patient accounts, 27-29
movement disorders, 167
physiological effects, 5-6, 10-11, 104-109
spasticity, 161, 163
tolerance, 57, 89
vomiting, control of, 150, 152, 153, 154,

179, 247
wasting syndrome, 27-28, 156, 159

Smoking, tobacco, see Tobacco
Social factors, see Political and social factors
Spasticity, 23, 24, 143, 169, 245, 249

clinical trials, THC, 160-164, 165, 249
multiple sclerosis, 9, 22, 23, 28, 143, 160-

161, 162, 163, 198
smoking of marijuana, 161, 163

Spinal cord, 49, 54, 55-56,
injury, 23, 145, 159-160, 161, 163-164, 198,

245, 249
Spleen, 46, 59, 64, 66
SR 141716A, 34, 44, 57-58, 65, 69
SR 144528, 34, 44
Standards

analgesic usefulness, general, 140-141
cannabinoid drugs, 19, 213, 216, 217
clinical trials, 7-8, 10, 138-139, 179-180
DSM-IV, 84, 87

State-level action
legislation, 17, 18, 102-103, 200, 206-207
referenda, vii, 1, 17, 18
see also specific states

Striatum, 46, 51, 53
Substantia nigra, 49, 51, 52, 53, 167, 168

T

Tardive dyskinesia, 166, 168
Taxes, 16
T cells, 59, 62, 64-65, 66, 112, 120

see also Lymphocytes, general
Tetrahydrocannabinol, see Marinol; THC
Thalamus, 46, 49, 51, 52, 53, 55, 165, 167, 169
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THC, viii, 2, 3, 4, 5, 10, 25, 26, 36-37, 39, 41,
71, 85, 88, 107, 109, 127, 177, 212,
234, 246, 247, 255

analogues, 44
Alzheimer’s disease, 173
cardiovascular system, 121-122
dependence, 57-59
dose effects, 88, 89, 91, 122, 142, 176, 203,

206, 215, 255
anxiety, 36, 142, 149
glaucoma treatment, 176, 177, 251
pain treatment, 102, 142, 143, 149
psychoactive doses, 85
vomiting, 147, 154

endogenous cannabinoids and, 43-48
epilepsy, 170
glaucoma, 174-175, 176-177, 251-252
immune system, 59-68 (passim), 110, 117
levonantradol, 44, 57, 142, 148, 149, 210
Marinol (dronabinol), 16, 44, 137, 149,

156, 158, 173, 194, 195, 240, 248
development of, 193-194, 195, 197,

202-208, 210, 211, 216, 218
pain treatment, 7-8, 102, 141-145, 149, 179
regulatory issues, 200-208, 214-215
reproductive system effects, 122-125
spasticity, clinical trials, 160-164, 165, 249
tolerance, 56-57, 89, 121
vomiting, clinical trials, 148-150, 153

Tobacco, viii, 5, 6, 95, 96, 97, 111-112, 113-
114, 117, 118-119, 123

see also Nicotine
Tolerance, 3, 56-57, 70, 84, 86, 88-89, 121,

126-127, 233, 237
analgesics, usefulness of, 140
defined, 86, 87
smoking of marijuana, 57, 89
THC, 56-57, 89, 121
see also Dependence

Tourette’s syndrome, 167-168
2-AG, see Arachidonyl glycerol

U

Unimed Pharmaceuticals, Inc., 202-205
United Kingdom, 180, 209, 211, 218, 244-

255 (passim)

V

Vermont, 17
Virginia, 17
Vomiting, 3, 4, 10, 21, 23, 27, 29, 202, 205,

207, 210, 234, 248
antagonists, receptors, 151, 152-153
clinical trials, 7-8, 142, 145-154, 179, 245,

247
cost of antiemetics, 151, 152
dose effects, 147, 151, 152, 154
drug delivery route, 148-154 (passim),

179, 247
smoking of marijuana, 150, 152, 153, 154,

179, 247
THC, 148-150, 153
see also Nausea

W

Washington, D.C., see District of Columbia
Washington State, vii, 1, 17
Wasting syndrome, 9, 23, 24, 28-29, 144,

154-159, 234, 248
Alzheimer’s disease, 173
definitions, 153-154
smoking of marijuana, 27-28, 156, 159
see also AIDS wasting; Appetite

WIN 55,212, 42, 44, 64, 65, 88
Wisconsin, 17
Withdrawal symptoms, 3, 6, 35, 58-59, 70,

84, 86, 89-91, 127, 143-144
defined, 86, 87

Women, see Pregnancy; Reproductive
system effects

World Health Organization, 244-255
(passim)

World Wide Web, see Internet
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