WLIctONA LLUR'LY U LU o 1.1y, ZUuos-2Z2UUD OU |1 £

11794 SENATE .. OlIfKTE serv- nwsH5SE






ssessinc the Science Base

1

Introduction

This report summarizes and analyzes what is known about
the medical use of marijuana: it emphasizes evidence-hased
medicine (derived from knowledge and experience
informed by rigorous scientific analysis), as opposed to
belief-hased 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 inconclusive and what sort of evidence is needed to
support particular claims about the harms or benefits attributed to
marijuana. Ideally, this report will enahle 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 concerns,
which lie outside the scope of this rep MI. Controversies concerning
nonmedical use of marijuana spill over onto the medical marijuana debate
and tend to obscure the real state of scientific knowledge. In contrast 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 scientific
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 fundamental differences



out of the shadows of misunderstanding and misinformation that currently
prevail. Scientific analysis cannot be t L 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 u
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
compatible with current regulatory policy. Although many have argued that
current drug laws pertaining to marijuana are inconsistent with scientific
data, it is important to understand that decisions about drug requlation are
based on a variety of moral and social considerations, as well as on
medical and scientific ones.

Even when a drug is used onh for medical purposes, value judgments
affect policy decisions concerning its medical use. For example, the
magnitude of a drug's expected medical henefit affects regulatory
judgments about the acceptability of risks associated with its use. Also,
although a drug is normally approved tor medical use only on proof of its
"safety and efficacy," patients with life-threatening conditions are
sometimes (under protocols for "compassionate use") allowed access to
unapproved drugs whose benefits and risks are uncertain. Value judgment'’
play an even more substantial role in regulatory decisions concerning
drugs, such as marijuana, that are sought and used for nonmedical
purposes. Then policymakers must take into account not only the risks and
benefits associated with medical use but also possible interactions between
the requlatory arrangements governing medical use and tiie integrity of the
legal controls set up to restrict nonmedical use.

It should be clear that many elements of drug control policy lie outside
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
evaluate the biological and medical factors that should be taken into
account 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 perspective?
on the medical use of marijuana. Scientific experts in various fields were
selected to talk about the latest research on marijuana, cannabinoids, 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 marijuana 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 isolated
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 tojudge the results

themselves.

The Institute of Medicine (IOM) appointed a panel of nine experts to
advise the study team on technical issues. These included neurology ant*
the treatment of pain (Howard Fields); requlation of prescription drugs (J.
Richard Crout): AIDS wasting and clinical trials (Judith Feinberg);
treatment and pathology of multiple sclerosis (Timothy Vollmer); drug
dependence among adolescents (Thomas Crowley); varieties of drug
dependence (Dorothy Hatsukami); internal medicine, health care delivery,
and clinical epidemiology (Eric B. Larson): cannabinoids and marijuana
pharmacology (Billy R. Martin); and cannabinoid neuroscience (Steven R.

Childers),

Public outreach i..eluded setting up a Web site that provided
information about the study and asked for input from the public. The Web
site was open for comment from November 1997 until November 1998,
Some 130organizations 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 w. s not conducive
to expressing their views; they wer> rnvited 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
CultivateClub, the Los Angeles Cannabis Resource Center, and
Californians Helping Alleviate Medical Problems, or CHAMPS) and two
HIV/AIDS clinics (AIDS Health Care Foundation in Los Angeles and
Louisiana State University Medical Center in New Orleans). We listened to
many individual stories from the buyers' club: 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 ™"-tetrahydrocannabinol (THC) in pill form and is available by
prescription 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 southwestern
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 purposes.
Marijuana was first requlated 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 effectively
prohibited nonmedical use of the drug. Although the act did not make
medical use of marijuana illegal, it did make it expensive and inconvenient.
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
marijuana use among adolescents and young adults. The current legal
status of marijuana was established in 1970 with the passage of the
Controlled Substances Act, which divided drugs into five schedules and
placed marijuana in Schedule 1 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 Legislation (NORML), an organization that supports
decriminalization of marijuana, unsuccessfully petitioned the Bureau of
Narcotics and Dangerous Drugs to move marijuana from Schedule | to
Schedule II. NORML argued that marijuana is therapeutic in numerous
serious ailments, less toxic, and in many cases more effective than

conventional medicines. ' 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 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 exploit 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 1973to 1978, 11states adopted
statutes 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 defendants
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). Although most

courts rejected these claims, some accepte-  c¢cm/

Against that backdrop, voters in California and Arizona in 1996 passed
two referenda that attempted to legalize the medical use of marijuana 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. However, those referenda are at odds with
:deral laws regulating marijuana, and their implementation raises complex

iegal questions.

Despite the current level of interest, referenda and public discussions
have not been well informed by carefully reasoned scientific debate.
Although 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 marijuana,
few of the recent investigators have had the time or resources to permit
detailed analysis. The results of those advances, only now beginning to be
explored, have significant implications for the medical marijuana debate.

Several months after the passage of the California and Arizona medical
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. The
charge to IOM was to review the medical use of marijuana and the harms
and benefits attributed to it (details arc given in Appendix D).

Medical Marijuana Legislation Among the
States

The 1996 California referendum known as
Proposition 215 allowed seriously 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 anv
right or privilege for recommending marijuana to
patients who suffer from any illness for which
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marijuan. il provide relief,

The 1996 Arizona referendum known as
Proposition 200 was largely about prison reform
but also gave physicians the option to prescribe
controlled substances, including those in Schedule
1(e.g., marijuana), to treat the disease or relieve
the suffering of seriously or terminally ill patients.
Five months after the icferendum was passed, it
was stalled whenArizona legislators voted that all
prescription medications must be approved by the
Food and Drug Administration, anJ marijuana is
not so approved. In November 1998, Arizona
voters passed a second referendum designed to
allow physician's to prescribe marijuana as
medicine, but this is still at odds with federal

law.s

As of summer 1998, eight states—Califomia.
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. In November 1998, five states--Arizona.
Alaska. Oregon. Nevada, and Washington--passed
medical marijuana ballot 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
appropriations bill; however, exit polls suggested
that a majority of voters had approved the

measure.

MARIJUANA AND MEDICINE

Marijuana plants have been used since antiquity for both herbal
medication and intoxication. The current debate over the medical use of
marijuana 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, XL However, modem medicine adheres to different
standards 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;
contaminants and inconsistent ingredients in our health treatments arc 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 /-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).W hen 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 1536 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 modem Western pharmaceuticals. Most current
prescriptions have their roots either directly or indirectly in plant
remedies. At the same time, most current prescriptions are synthetic
compounds that arc only distantly related to the natural compounds that led
to the.r 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 Indians
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 advances,
drug development is likely to be less and less reliant on plants and more
reliant on the tools of modem science. Molecular biology, bioinformatics
software, and DNA array-based analyses of genes and chemistry are all
beginning to yield great advances in drug disc very and development. Until
recently, drugs could only be discovered; now they can be designed. Even
the discovery process has been accelerated through the use of modem
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 effective 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 modem pharmacological toolbox becomes more
sophisticated and hiotechnology yields an ever greater abundance of
therapeutic drugs, people increasingly seek alternative, low-technology
therapies.4- In 199746 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
number of visits to primary" care physicians.Recent interest in the
medical use of marijuana coincides with this trend tow'ard self-help and a

search for "natural" therapies. Indeed, several people who spoke at the
IOM public hearings in support of the medical use of marijuana said that



they generally 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).”

WHO USES MEDICAL MARIJUANA?

There have heen 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
reflect the situation in which they were conducted and are not necessarily
characteristic of medical marijuana users as a whole. Respondents to
surveys 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
marijuana 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 Francisco
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 hail tested positive for marijuana only; the other half tested
positive for drugs in addition to marijuana (23% for cocaine and 13% for
amphetamines). The predominant disorder was AIDS, followed by roughly
equal numbers of members who reported chronic pain, mood disorders, and
musculoskeletal disorders (7able 1.1).

The membership profile of the San Francisco club was similar to .hat 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, [able 12 shows a distribution of conditions somewhat different
from that in SFCCC respondents, probably hecause of a different
membership 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 w'ere over 55 years old.

Jeffrey Jones, executive director of the Oakland Cannabis Buyers'
Cooperative, 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
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 reported



using marijuai.a for chronic pain also reported that it reduced nausea 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 to
that center arrive with incorrect diagnoses or with pain of unknr ,r. origin.
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 conditions
have previously used it recreationally. An estimated 95% of the LACRC
members had uset marijuana before joining the club. It is important 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 " buyers' club,
membership in a population sector that uses marijuana more often than
others (for example, men 20—30years 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).

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. pH
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 II; the stories have
been edited for brevity, but each case is presented i ‘'he patient's words

and with the patient’s permission.

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 collection
of anecdotal data, although useful, is limited. We heard many positive
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 anecdotal
reports. Marijuana clearly seems to relieve some symptoms for some
people-even if only as a placebo effect. But what is the balance of
harmful 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 saliva, a hemp plant that
grows throughout temperate and tropical climates The most recent review

of the constituents of marijuana lists 66 cannabinoids (Table t.5).,f’ But
that does not mean there are 66 different cannabinoid effects or
interactions. Most of the cannabinoids are closely related; they fall into
only 10 groups of closely related cannabinoids, many of which differ by
only a single chemical moiety and might be midpoints along biochemical

pathways—that is.degradation products, precursors, or byproducts.If,jix **
-tetrahydrocannabinol (a 9-THC) is the primary' psychoactive ingredient;
depending on the particular plant, cither THC or cannabidiol is the most
abundant cannabinoid in marijuana (Figure 1.1). Throughout this report,

THC is used to indicate At,-THC. In the few cases where variants of THC
are discussed, the full names are used. All the cannabinoids are lipophilic-
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, m arijuana 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 marijuana
should be underst(x>d 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
compounds 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 (especially
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 braeteole (the small
leaf-like part below the flower). The amounts of cannabinoids and their
relative abundance in a marijuana plant vary with growing conditions,
including humidity, temperature, and soil nutrients (reviewed in Pate,

1994 1). The chemical stahility of cannabinoids in harvested plant material
is also affected by moisture, temperature, sunlight, and storage. They
degrade under any storage condition.

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 knowledge
gaps, promising research directions, and potential therapies based on
scientific advances in cannabinoid biology.

Chapter 2reviews basic cannabinoid biology and provides a foundati
to understand the medical value of marijuana or its constituent
cannabinoids. 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 4analyzes the most credible clinical data relevant to the
medical 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
cellular actions of cannabinoids, and the levels of proof needed to show
that marijuana is an effective treatment for specific symptoms. It docs not
analyze the historical literature; history is informative in enumerating uses
of marijuana, but it docs 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
organized largely by symptoms as opposed to disease categories. Finally,
chapter 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
cannabinoid drug development.
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2
Cannabinoids and Animal Physiology

INTRODUCTION

Much has been learned since the publication of the 1982

Institute of Medicine (IOM) report M arijuana 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. Too little was known about cannabinoid physiology
to offer any scientific insights into the harmful or therapeutic effects of
marijuana. That is no longer true. During the past 16years, there have been
major advances in what basic science discloses about the potential medical
benefits of cannabinoids, the group of compounds related to THC. Many
variants are found in the marijuana plant, and other cannahinoids not found
in the plant have heen 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 (lable 2.1).

Basic science is the wellspring for developing new medications and is
particularly 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 marijuana
enhances its medical value. An understanding of those specific effects is
what basic science can provide. The multiple effects of marijuana ¢?n be
singled out and studied with the goals of evaluating the medical value of
mariju; na 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
substantive clinical data, basic science has made it clear that cannabinoid*
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 differei., systems. This
chapter reviews the components of that machinery with enough detail to
permit the reader to compare what is known abouf 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 cannahinoid hiology
are the identification of two types of cannabinoid receptors (CB| 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 CB | receptor is found primarilauin the brain and
mediates the psychological effects of THC. The CB 2receptor is
associated with the immune system; its role remains unclear.

 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 modulation,
control of movement, and memory.

« Animal research has shown that the potential for cannabinoid
dependence exists, and cannabinoid withdrawal symptoms can be
observed. However, both appear to be mild compared to dependence
and withdrawal seen with other drugs.

« Basic research in cannabinoid biology has revealed a variety of
cellular pathways through which potentially therapeutic drugs could
act on the cannabinoid system. In addition to the known
cannabinoids. such drugs might include chemical derivatives of
plant-derived cannabinoids or of endogenous cannahinoids 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.

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 associated
with this study argued that animal studies of marijuana are not relevant 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. A 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

% -THC and 4S-THC are the only compounds in the marijuana plant
that produce all the psychoactive effects of marijuana. Because Ay-THC is
much more abundant than ~S-THC, the psychoactivity of marijuana has
been attributed largely to the effects of *A-THC. 11-OH- ~g-THC is the
primary product of Ay-THC metabolism by the liver and is about three
times as potent as A g-THC.i:s

There have been considerably fewer experiments with cannabinoids

other than A J-THC, although a few studies have heen 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;" 4 however, later studies

reported that CBD did not attenuate the psychological effects of THC.11
One double-blind study of eight volunteers reported that CBD can block

the anxiety induced by high doses of THC (0.5 mg/kg).1 There are
numerous anecdotal reports claiming that marijuana with relatively higher
ratios of THC:CBD is less likely to induce anxiety in the user than
marijuana 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. ‘e 1 It
exerts that effect by inactivating cytochrome P450s. which are the most
important class of enzymes that metabolize drugs. Like many P450
inactivators. CBD can also induce P450s after repeated doses.

Experiments in which mice were treated with CBD followed by THC
showed that CBD treatment was associated with a substantial increase in
brain concentrations of THC and its major metabolites, most likely because

it decreased the rate of clearance of THC from the hody.

In mict, THC inhibits the release of luteinizing hormone, the pituitary'
hormone that triggers the release of testosterone from the testes; this effect



is increased when THC s given with cannabinol or CBD.

Cannabinol also lowers body temperature and increases sleep duration

inmice. 1" It is considerably less active than THC in the brain, but studies
of immune cells have shown that it can modulate immune function (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.:
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 general, 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, S0-called
because they selectively hind 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. Agonists
and antagonists are both ligands; that is, they bind to receptors. Hormones,
neurotransmitters, and drugs can all act as ligands. Morphine and naloxone
provide a good example of how agonists and antagonists interact. A large
dose of morphine acts as an agonist at opioid receptors in the brain and
interferes with, or even arrests, breathing. Naloxone, a powerful opioid
antagonist, blocks morphine's effects on opiate receptors, thereby allowing
an werdose victim to resume breathing normally. Naloxone itself has no

effect on breathing.

Another key tool involves identifying the receptor protein and
determining how it works. That makes it possible to locate where a drug
activates its receptor in the brain-both the general region of the brain and
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
radioactive 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-hased
solution, it is easier to deliver water-soluble molecules than to deliver 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 synthetic
agonist CP 55,940. which is more water soluble than THC, was the first
useful research tool for studying cannabinoid receptors because of its hign
potency and ability to be labeled with a radioactive molecule, which
enahled researchers to trace its activity.

CANNABINOID RECEPTORS

The cannahinoid 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," Abood and Martin,1Felder and

Glass,4-and Pertwee. T4 Cannabinoid receptor ligands bind reversibly
(they bind to the receptor briefly aH then dissociate) and stereoselectively
(when there are molecules that are n :rror images of each other, only one
version activates the receptor). Thus far. two cannahinoid receptor subtypes
(CB |and CB2) have heen identified, of which only CB |is found in the

brain.

The cell responds in a variety of ways when a ligand hinds to the
cannabinoid receptor (Figure 2.5). The first step is activation of G proteins,
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 depends 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 signal 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 endogenous

agonists.

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

of morphine.1
The cannabinoid receptor in the brain is a protein referred to as CB |.

The peripheral receptor (outside the nervous system), CB 2, is most
abundant on cells of the immune system and is not generaliy found in the
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brain. Although no other receptor subtypes have been identified, there
is a genetic variant known as CB jA (such variants are somewhat different
proteins that have been produced by the same genes via alternative
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.

CBj and CB2are 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 CB |and CB2receptors 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 hetween the receptor subtypes, most cannabinoid

compounds bind with similar affinity* to both CB| and CB2receptors. One
exception is the plant-derived compound CBD, which appears to have
greater binding affinity for CB2than for CBj ZI*although another research

group has failed to substantiate that observation.1" Other exceptions
include the synthetic compound WIN 552212-2. which shows greater
affinity for CB2than CB j,and the endogenous ligands, anan-damide and

2-AG, which show greater affinity for CB |than CB2.! The search for

compounds that bind to only one or the other of the cannabinoid receptoi
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.1" The evolutionary history of vertebrates and
invertebrates diverged more than 500 million years ago, so cannabinoid
receptors 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 similar

among different species. ®1Thus, cannabinoid receptors likely fill many
similar functions in a broad range of animals, including humans.

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 fo
such compounds in the area of the body that produces the receptors and
ends with a determination of the natural function of those compounds. So
far, the search has yielded several endogenous compounds that bind



selectively to cannabinoid receptors. The best studied of them are

anandamide' and arachidonyl glycerol (2-AG).[n 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 cannahinoid receptor "keyhole," therehy 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
22 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 cannabinoid

systems.

Anandamide

The first endogenous cannabinoid to be discovered was arachidonyl-
ethanolamine, named anandamide from the Sanskrit word ananda, meaning

"bliss." v . Compared with THC, anandamide has only moderate affinity for
CB |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. Rapid degradation of
active molecules is a feature of neurotransmitter systems that allows them
control of signal timing by regulating the abundance of signaling
molecules. It creates problems for interpreting the results of many
experiments and might explain why in vivo studies with anandamide
injected into the brain have yielded conflicting results.

Anandamide appears to have both central (in the brain) and peripheral
(in the rest of the body) effects. The precise neuroanatomical localization
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 neurotransmitter.
The importance of knowing specific brain circuits that involve anandamide
(and other endogenous cannabinoid ligands) is that such circuits are the
pivo'al elements for requlating specific brain functions, such as mood,
memory, and cognition. Anandamide has been found in numerous regions
of the human brain: hippocampus (and parahippocampic cortex), striatum,
and cerebellum; but it has not been precisely identified with specific
neuronal circuits. CB| receptors are abundant in these regions, and this
further implies a physiological role for endogenous cannabinoids in the
brain functions controlled by these areas. But substantial concentrations of
anandamide are also found in the thalamus, an area of the brain that has



relatively few CB ( receptors.

Anandamide has alsc been found outside the brain. It has been found in
spleen tissue, which also has high concentrations of CB 2receptors, and

small amounts have been detected in heart tissue.44

In general, the affinity of anandamide for cannahinoid receptors is only
one-fourth to one-half that of THC (see Tahle 2.3). The differences depend
on the cells or tissue that are tested and on the experimental conditions,

such as the binding assay used (reviewed by Pertwee4).

The molecular structure of anandamide is relatively simple, and it can
be formed from arachidonic acid and ethanolainine. 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
seems to be through enzymatic cleavage of N-arachidonyl-phosphatidyl-
ethanolamine (NAPE), which yields anandamide and phosphatidic acid

(reviewed by Childers and Breivogel* ).

Anandamide can be inactivated in the brain via two mechanisms. In one
it is enzymatically cleaved to yield arachidonic acid and ethanolamine--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 activation of
neighboring neurons,

Other Endogenous Agonists

Several otiier endogenous compounds that are chemically related to
anandamide and that bind to cannabinoid receptors have been discovered.

one of which is 2-AG .MN 2-AG s 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 cannahinoid receptors have
receinly been isolated from brain tissue, but they have not been identified,
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 probably
perform a broad range of natural functions in the brain. This neural
signaling system is rich and complex and has many subtle variations, mar""
of which await discovery. In the next few years much more will probably
be known about these naturally occurring cannahinoids.

Some effects of cannabinoid agonists are receptor independent. For



example, both THC and CBD can be neuroprotcctive 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-hound enzymes (such as ATPase), arachidonic acid release, and
perturbation of membrane lipids. An important caution in interpreting those
reports is that concentrations of 1ilC 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 ,'chieved by smoking marijuana.

Novel Targets for Therapeutic Drugs

Drugs that alter the natural biology of anandamide or other endogenous
cannabinoids might have therapeutic uses (Table 2.4). For example, drugs
that selectively inhibit neuronal uptake of anandamide would increase the
brain's own natural cannabinoids, thereby mimicking some of the effects of
THC. A number of 'mportant 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 endogenous
cannabinoids would be to develop drugs that act on the enzymes involved
in anandamide synthesis. Some antihypertensive drugs work by inhibiting
enzymes involved in the synthesis of endogenous hypertensive agents. For
example, anti-converting enzyme (ACE) inhibitors are used in hypertensive
patients to interfere with the conversion of angiotensin I. which is inactive,
to the active hormone, angiotensin I,

SITES OF ACTION

Cannahinoid receptors are particularly abundant in some areas of the
brain. The normal biology and hehavior associated with these brain areas
are consistent with the behavioral effects produced by cannabinoids (Table
25 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 »end to have

impaired functions in these regions.

CB| receptors are also abundant in the putamen, part of the relay system

within the basal ganglia that requlates body movements; the cerebellum,
which coordinates body movements; the hippocampus, which is involved
in learning, memory, and response to stress; and the cerebral cortex, which
is concerned with the integration of higher cognitive functions.

CB]| receptors are found on various parts of neurons, including the

axon, cell bodies, terminals, and dendrites. " 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 ncurotransmitter, g-aminobutyric acid (GABA);'44 in other
cases, cannabinoids can augment the effects of GAr \. 0The 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
synapse) and inhibit the release of GABA. cannabinoids would diminish
GABA effects; the net effect would be stimulation. However, if
cannabinoid 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 '44-'™

CB |is the predominant brain cannabinoid receptor. CB 2receptors have
not generally been found in the brain, but there is one isolated report
suggesting some in mouse cerebellum.1" CB2is found primarily on cells
of the immune system. CB| receptors are also found in immune cells, but
CB2is considerably more abundant there (Table 2 A) (reviewed hy

Kaminski8 in 1908)

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

CANNABINOID RECEPTORS AND BRAIN FUNCTIONS
Motor Effects

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

Cannabinoids clearly affect movement in rodents, but the effects depend
on the dose: low doses stimulate and higher doses inhibit

locomotion. XL Cannabinoids mainly inhibit the transmission of neural
signals, and they inhibit movement through their actions or he basal
ganglia and cerebellum, where cannabinoid receptors are pa.ticularly
abundant (Figure 2.6)- Cannabinoid receptors are also found in the neurons
that project from the striatum and subthalamic nucleus, which inhibit and

stimulate movement respectively. A’

Cannabinoids decrease hoth the inhif iOry and stimulatory inputs to t
substantia nigra and therefore might provide dual regulation of movement
at this nucleus. In the substantia nigra, cannahinoids decrease transmission

from Dboth the striatum and the subthalamic nucleus.24 The globus pallidus



has been implicated in mediating the cataleptic effects of large doses of

cannabinoids in rats.1-6 (Catalepsy is a condition of diminished
responsiveness usually characterized by trancelike states and waxy rigidity
of the muscles.) Several other brain regions--the cortex, the cerebellum,
and the neural pathway from cortex to striatum—are also involved in the

control of movement and contain abundant cannabinoid receptors.<0v,-Jn!
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.@That is consistent with the abundance of CB|
receptors in the hippocampus, the brain region most closely associated with

memory. The effects of THC resemble a temporary hippocampal lesion. ”
Deadwyler and colleagues have demonstrated that cannabinoids decrease

neuronal activity in the hippocampus and its inputs.-'048 in vitro, several
cannabinoid ligands and endogenous cannabinoids can block the cellular

processes associated with memory formation.1 15 ,|6 Furthermore,
cannahinoid agonists inhibit release of several neurotransmitters:

acetylcholine from the hippocampus,1  norepinephrine from human and
guinea pig (but not rat or mouse) hippocampal slices.11 and glutamate in

cultured hippocampal cells. 4" Cholinergic and noradrenergic neurons
project into the hippocampus, but circuits within the hippo-campus are

glutamatergic/ Thus, cannabinoids could Mock transmission bot'linto and
within the hippocampus by blocking presynaptic neurotransmitter 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
research presented below has shown intriguing parallels with anecdotal
reports of the modulating effects of cannahinoids on pain--both the effects
of cannabinoids acting alone and the effects of their interaction with

opioids.
Behavioral Studies

Cannabinoids reduce reactivity to acute painful stimuli in laboratory
animals. In rodents, cannabinoids reduced the responsiveness to pain
induced through various stimuli, including thermal, mechanical, and

chemical stimuli. :*|<)*46,'-,66'1'4' 14 Cannabinoids were comparable with
opiates in potency and efficacy in these experiments. -

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/0 This is an



important advance because chronic pain frequently results in a series of
neural changes that increase suffering due to allodynia (pain elicited hy
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.4" 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 different

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."” " Anandamide acts primarily at the CB |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
analgesic drug; a mixture of CBtand CB2agonists. Because there are few,

if any, CB2receptors in the brain, it might be possible to develop drugs
that enhance the peripheral analgesic effect while minimizing the
psychological 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 pathwr.vs (neural pathways that project from the brain to the

spinal cord).2 "I Although more work is needed to produce a
comprehensive map of the sites of cannahinoid analgesia, it is clear that the
effect: are limited to particular areas, most of w'hich have an established

role in pain.

Specific sites where cannabinoids act to affect pain processing include
the periaqueductal gray, 24 rostral ventral medulla,2 '"1" thalamic nucleus
submedius,I- thalamic ventroposterolateral nucleus,10 dorsal horn of the
spinal cord,046" and peripheral sensory nerves."4001 Those nuclei also
participate in opiate analgesia. Although similar to opiate analgesia,

cannahinoid analgesia is not mediated by opioid receptors; morphine and
cannabinoids sometimes act synergistically, and opioid antagonists
generally have no effect on cannabinoid-induced analgesia. 1However, a
kappa-receptor antagonist has heen shown to attenuate spinal, but not
supraspinal,cannabinoid analgesia.18'1" I(kappa opioid receptors
constitute one of the three major types of opioid receptors; the other two
types arc mu and delta receptors.)



Neurophysiology and Neurochemistry of Cannabinoid
Analgesia

Because of the marked effects of cannahinoids on motor function,
behavioral studies in animals alone cannot provide sufficient grounds for
the conclusion that cannabinoids depress pain perception. Motor behavior is
typically used to measure responses to pain, but this behavior is itself
affected by cannabinoids. Thus, experimental results include an
unmeasured 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 inmediate-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/'7,10- Those changes are mediated
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/' 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

cannabinoids are blocked from acting at CB, receptors.22<e | 111

Administration of cannabinoid antagonists in either the spinal cord  or

paw2increase the sensitivity of animals to pain. In addition, there is
evidence that cannabinoids act at the site of injury to reduce peripheral

inflammation. '

Current data suggest that the endogenous cannabinoid analgesic system
might offer protection against the long-lasting central hyperalgesia and
allodynia that sometimes follow skin or nerve injuries.1 - ' 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
repetitive use of a drug and is the condition in which, after repeated
exposure 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 mechanisms 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 tolerance to
many of the acute effects of THC, including memory disruption/4
decreased locomotion,"'1 hypothermia.4-'%" neuroendocrine effects. '4
and analgesia.' Tolerance also develops to the cardiovascular and
psychological effects of THC and marijuana in humans (see also discussion

in chapter 3)."3'SsF

Tolerance to cannahinoids appears to result from both pharmacokinetic
changes (how the drug is absorbed, distributed, metabolized, and excreted)
and pharmacodynamic changes (how the drug interacts with target cells).
Chronic treatment with the cannabinoid agonist, CP 55.940. increases the
activity of the microsomal cytochrome P450 oxidative system." the system
through which drugs are metabolized in the liver; this suggests
pharmacokinetic tolerance. Chronic cannabinoid treatment also produces
changes in brain cannabinoid receptors and cannahinoid receptor mRNA
concentrations--an indication that pharmacodynamic effects are important

as well,

Most studies have found that brain cannabinoid receptor concentrations
usually decrease after prolonged exposure to agonists,4-' w1, 'Ly

although some studies have reported increases  or no changes in
receptor binding in brain. Differences among studies could be due to the
particular 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.4 This might be explained by differences in
efficacy hetween these two agonists. "V': 1 A time course study revealed
differences among brain regins in the rates and magnitudes of receptor
down regulation. Those findings suggest that tolerance to different effects
of cannabinoids develops at different rates.

Chronic treatment with THC also produces variable effects on
cannabinoid-mediated signal transduction systems. It produces substantial
desensitization of cannahinoid-activated G proteins in a number of rat

brain regions.}4 The time course of this desensitization varies across br
regions.u

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,118compared 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 hehavior)
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
biochemical adaptations to chronic cannabinoid administration occur in
laboratory 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-administer
cannabinoids generally do not choose to do so, which has led to the

conclusion that they are not reinforcing and rewarding." However,

behavioral'™ and brain stimulation '4studies have shown that THC can he
rewarding to animals. The hehavioral 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 hetween 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 models
studied, cannabinoids are only rewarding at midrange; doses that are too
low are not rewarding; doses that are too high can be aversive. Mice will
self-administer the cannabinoid agonist WIN 55/12-2 but only at low

doses.|(" This effect is specifically mediated by CB| receptors and

indicates that stimulation of those receptors is rewarding to the mice.
Antagonism of cannabinoid receptors is also rewarding in rats; in
conditioned place preference tests, animals show a preference for the place
they receive the cannabinoid antagonist SR 141716A at both low and high

doses.24' Cannahinoids increase dopamine concentrations in the
mesolimbic dopamine system of rats, a pathway associated with
reinforcement.™ ' 1' 1However, the mechanism by which THC increases
dopa-tnine concentrations appears to be different from that of other abused
drugs'1(see chapter 3for further discussion of reinforcement). T'HC-
induced increases in dopamine are due to increases in the firing rate of

dopamine cells in the ventral tegmental area by * -THC. ' However,
these increases in firing rate in the ventral tegmental area could not be
explained by increases in the firing of the A 10dopamine cell group, where

other abused drugs have been shown to act.
Physical dependence on cannahinoids has been observed only under

experimental conditions of "precipitated withdrawal" in which animals are
first treated chronically with cannabinoids and then given the CB |

aniagonist SR 14171 6 A . T h e 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
metabolite, 11-OH-THC.can prevent substantial abstinence symptoms.
The precipitated withdrawal produced by SR 141716A has some of the
characteristics 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 chionic 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
investigators 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. " However, the
withdrawal syndrome for cannabinoids and the corresponding increase in
corticotropin-releasing hormone are observed only after administration of

the CB i antagonist SR 141716A to cannabinoid-tolerant animals. '11,16 The
implications of data based on precipitated withdrawal in animals for human

cannabinoid abuse have not been established. " Furthermore, acute
administration of THC also produces increases in corticotropin-releasing
hormone and adrenocorticotropin release; hoth are stress-related

hormones.  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 neurobiological
effects of other drugs abused by humans, but the underlying mechanisms of
these actions and their value for determining the reinforcement and
dependence liability of cannabinoids in humans remain undetermined.

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 response' (summarized
in Table 2.7). However, the natural function of cannabinoids in the
immune 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 immune
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
particularly abundant in immune tissues, with an expression level 10— 100
times higher than that of CB |. In spleen and tonsils the CBt mRNAS

content is equivalent to that of CB |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. Intonsils the CB: receptors appear to be restricted to
B-lymphocyte-enriched areas. In contrast. CBt receptors are mainly
expressed in the central 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.

Cannabinoid Receptors and Intracellular Action in Immune
Cells

CB2 appears to be the predominant gene expressed in resting
leukocytes. 81" The level of CB| gene activity is normally low in resting

cells but increases with cell activation.  Thus the CB| receptor might be
important only when immune responses are stimulated, but the
physiological relevance of this observation remains to be determined.
Some of the cannahinoid effects observed in immune systems, especialiy at
high drug concentrations, are likely mediated through nonreceptor

mechanisms, but these have not yet been identified.’

Ligand binding to either CB ('or CB: 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). e increases in intracellular CAMP concentrations
lead to immune enhancement, and decreases lead to an inhibition of the

immune response.  Cannabinoids inhibit the rise in intracellular cAMP
that normally results from leukocyte activation, and this might be the
pathway through which cannabinoids suppress immune cell

functions. -741" In addition, cannabinoids activate other molecular
pathways such as the nuclear factor-kB pathway, and therefore these

signals might be modified in drug-treated immune cells.

Tand B Cells

When stimulated by antigen, lymphocytes (see Box 2.1) first proliferate
and then mature or differentiate to become potent effector cells, such as B
cells that release antibodies or T cells that release cytokines. The normal T-
cell proliferation that is seen when human lymphocytes and mouse

splenocytes (spleen cells) are exposed to antigens and mitogens'lcan be
inhibited by THC, 11-OH-THC,cannabinol, and 2-AG, as well as
synthetic cannabinoid agonists such as CP 55.940; WIN 55,212-2; and

HU-210." 1 " &> In contrast, one study testing anandamide



revealed little or no effect on T cell proliferation.

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 proliferation
and higher doses suppress proliferation. Doses that are effective in
suppressing immune function are typically greater than 10/”M in cell
culture studies and greater than 5mg/kg in whole-animal studies.XLBy
comparison, at 0.05 mg/kg, people will experience the full psychoactive
effects of THC; however, because of their high metabolic rates, small
rodents 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." "

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

proliferation. Conversely, low doses of THC, CP 55,940 and WIN
55/12-2 increase B cell proliferation in cultured human cells exposed to

mitogen. This effect possibly involves the CBt receptor, because the
effect appears to be the same when the CB j receptor was blocked by the
antagonist SR 141716A (which does not block the CBt 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/day )

or two injections of a high dose (40 mg/kg'*) suppress the ability of NK
cells to destroy foreign cells in rats and mice. THC can also suppress
cytolytic activity of the NK cells in cell cultures; 11-OH-THC is even

more potent. In contrast, THC concentrations below 10/vM had no effect
on NK cell activity in mouse cell cultures. s

Macrophages

Macrophages perform various functions, including phagocytosis
(ingestion and destruction of foreign substances), cytolysis, antigen
presentation to lymphocytes, and production of active proteins involved in
destroying microorganisms, tissue repair, and modulation of immune cells.
Those functions can be suppressed by THC doses similar to those capab

of modulating lymphocyte functions (see above).SKMu

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, cannabinoids can
either increase or decrease cytokine production depending upon
experimental conditions.

Some cytokines, such as interferon- 7 and interleukin-2 (IL-2), are
produced by T helper-1(Thl) 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 infection

(see below). ~ Cannabinoids also modulate interferons induced by viral

infection, ~as well as other interferon inducers. ~ Furthermore, in human
cell cultures, interferon production can be increased by low concentrations

but decreased by high concentrations of either THC or CBD.1" In addition
to Thl cytokines, cannabinoids modulate the production of cytokines such
as interleukin-1(IL-1). tumor necrosis factor (TNF), and intcrleukin-6 (IL*

6).1 ' At 8mg/kg, THC can increase the in vivo mobilization of serum

acute-phase cytokines, including IL-1, TNF. and IL-6." Finally, although
these studies suggest that cannahinoids can induce an increase in cytokines,

other studies suggest that they can also suppress cytokine production/
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. v.7's-.n\!42.im |Ht)Wever 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 accessory cells). Conversely, antibody responses
to several T-cell-independent antigens were not inhibited by THC; this
suggests that B cells are relatively insensitive to inhibition by

cannabinoids.

Resistance to Infection in Anin.als Exposed to Cannabinoids

Evaluation of bacterial infections in mice that received injections of
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 hacteria 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
challenge.4' 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 m
failed to develop immune memory in response to the initial sublethal

infection/ Note that these are very high doses and are considerably hig.ier
than doses experienced by marijuana users (see Figure 3.1)."1 In rats,
doses of 40 mg/kg THC are aversive,

Few studies have been done to evaluate the effect of 1 HC on viral

infections, and this subject needs further study.-" 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 cofac*or with the virus in advancing the
progression to death in an immunodeficient mouse model infected with a

leukemia virus.8 However. THC given as a single dose (100 mg/kg) two
days before herpes simplex virus infection did not promote the progression
to death. Hence, whether THC is immunosuppressive probably depends on
the timing of THC exposure relative to an infection.

Antiinflammatory Effects

As discussed above, cannabinoid drugs can modulate the production (
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 encephalomyelitis
(an experimental model used to study multiple sclerosis), cannabinoids
were shown to attenuate the signs and the symptoms of central nervous

system damage.""el - (Some believe that nerve damage associated with
multiple sclerosis is caused by an inflammatory reaction.) Likewise, the
cannahinoid. HU-211, was shown to suppress brain inflammation that
resulted from closed-head injuryl or infectious meningitis in studies on
rats. HU-211is a synthetic cannabinoid that does not bind to cannabinoid
receptors and is not psychoactive; thus, without direct evidence, 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. 1Nt is a nonpsychoactive synthetic derivative of
1I-THC-oic acid (a breakdown product of THC) and does not appear to
bind to cannabinoid receptors. 2' Cannabichromene, a cannabinoid found
in marijuana, has also been reported to have antiinflammatory

properties.1 "No mechanism of action for possible antiinflammatory
effects 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
analgesia 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

formalin.-2-¢ Both THC and anandamide can increase serum levels of

ACTH and corticosterone in animals.16' Those hormones are involved in
regulating 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 potential
therapeutic uses of cannabinoid drugs but has not yet been established.

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
factors 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 SyM in vitro and over 5/°g/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 diseases.
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
inflammatory diseases.

CONCLUSIONS AND RECOMMENDATIONS

Given the progress of the past 15years 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 heen
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 pharmacology
and neurobiology of brain cannabinoid systems, this field is still in its early
developmental stages. A key focus for future study is the neurobiology of
endogenous cannabinoids; establishing the precise brain localization (in
which cells and where) of cannabinoids, cellular storage and release
mechanisms, and uptake mechanisms will be crucial in determining the
biological role of this system. Technology needed to establish the



biological 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 fur various opioid-receptor types.-61n ,both CB |
and CB2knockout mice were generated by a team of scientists at the
National Institutes of Health, and a group in France har developed anoth

strain of CBj knockout mice.4-

Several research tools will greatly aid such investigations, in particular a
greater selection of agonists and antagonists that permit discrimination in
activation between CBj and CB2and hydrophilic agonists that can he
delivered to animals or cells more effectively than hydrophobic
compounds. In the area of drug development, future progress should
continue to provide more specific agonists and antagonists for CB | and

CB 2receptors, with varying potential for therapeutic uses.

There are certain areas that will provide keys to a better understanding
of the potential therapeutic value of cannabinoids. For example, basic
bio’ogy indicates a role for cannahinoids in pain and control of movement,
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,
although it should be noted that this is a new area and other, better studied,
neuroprotective drugs have not yet been shown to be therapeutically
useful. Cannabinoid research is clearly relevant no* only to drug abuse b’
also to ui derstanding basic human biology. Furthei, it offers the potential
for the discovery and development of new therapeutically useful drugs.

Conclusion: At this point, our knowledge about the hiology of
marijuana and cannabinoids allows us to make some general
conclusions:

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
dependence, 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
benzodiazepines, such as diazepam (Valium).



conclusion: The different cannabinoid receptor types found in the
body appear to play different roles in norma) ph>iioiogy. In addition,
some effects of cannabinoids appear to be independent 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: Research should continue into the
physiological 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,
cannabinoid 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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Notes

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

Affinity is a measure of how avidly a compound binds to a receptor. The higher the affinity
of a compound, the higher its potency: that is. lower doses are needed to produce its effects.

Eicosanoids all contain a chain of 20 carbon atoms and are named after eikosi. the Greek
word for 20.

4 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.

After a gene is transcribed, it is often spliced and modified into mMRNA. 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.

Mitogens are substances that stimulate cell division (mitosis) and cell transformation.

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

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 animal.
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First, Do No Harm:
Consequences of Marijuana
Use and Abuse

Prirnum non nocere. This is the physician's first rule:
whatever treatment a physician prescribes to a patient-
first, that treatment must not harm the patient.

The most contentious aspect of the medical marijuana
debate is not whether marijuana can alleviate particular symptoms but
rather the degree jf harm associated with its use. This chapter explores the
negative health consequences 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
alternating with periods of introspective dreaminess followed by lethargy

and sleepiness (see reviews by Adams and Martin, 1996.1Hall and

Solowij,™ and Hall et al. ). A characteristic feature of a marijuana "high”
is a distortion in the sense of time associated with deficits in short-term
memory and learning. A marijuana smoker typically has a sense of
enhanced physical and emotional ensitivity, including a feeling of greater
interpersonal closeness. The most obvious behavioral abnormality
displayed by someone under the influence of marijuana is difficulty in
carrying on an intelligible 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 reduction.



and mild sedation can be desirable qualities in medications-particularly
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 symptoms. 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 marijuana,
adverse mood reactions can occur. Such reactions occur most frequently in
inexperienced users after large doses of smoked or oral marijuana. They
usually disappear within hours and respond well to reassurance and a
supportive environment. Anxiety and paranoia are the most common acute

adverse reactions;v4 others include panic, depression, dysphoria,

depersonalization, delusions, illusions, and hallucinations.l,4uh().<uOf
regular marijuana smokers, 17% report that they have experienced at least

one of the symptoms, usually early in their use of marijuana.}4 Those
observations are particularly relevant for the use of medical marijuana in

people who have not previously used marijuana.

DRUG DYNAMICS

There arc many misunderstandings about drug abuse and dependence

(see review's b> O'Brien144and Goldstein ‘4). The terms and concepts used
in this report are as defined in the most recent Diagnostic and Statistical

ManualofMental Disorders (D SM -1v )/ the most influential system in
the United States for diagnoses of mental disorders, including substance
abuse (see Box .VI). Tolerance, dependence, and withdraw'al are often
presumed to imply abuse or addiction, but this is not the case. Tolerance
and dependence are norm al physiological adaptations to repeated use of
any drug. The correct use of prescribed medications for pain, anxiety, and
even hypertension commonly produces tolerance and some measure of

physiological dependence,

Even a patient who takes a medicine for appropriate medical indications
and at the correct dosage can develop tolerance, physical dependence, and
withdrawal symptoms if the drug is stopped ibruptly rather than gradually.
For example, a hypertensive patient receiving a beta-adrenergic receptor
blocker, such as propranolol, might have a good therapeutic response; but
if the drug is slopped abruptly, there can be a withdrawal syndrome that
consists of tachycardia and a rebound increase in blood pressure to a point
that is temporarily higher than before administration of the medication

began.
Because it is an illegal substance, some people consider any use of
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marijuana as substance »buse. However, this report uses the medical
definition; that is, substance abuse is a maladaptive pattern of repeated
substance use manifested by recurrent and significant adverse

consequences.' Substance abuse and dependence are both diagnoses of
pathological substance use. Dependence is the more serious diagnosis and
implies compulsive drug use that is difficult to stop despite significant
substance-related problems (see Box 3.2).

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
stimulant as caffeine are typical of reinforcement by addicting drugs

(reviewed by Goldstein’4in 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 reinforcing 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). ' 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. 111

A specific set of neural pathways has been proposed to be a "reward
system” that underlies the reinforcement of drugs of abuse and other
pleasurable stimuli.” 1Reinforcing 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 accumbcns are associated with brain
reward pathways.ss Cocaine, amphetamine, alcohol, opioids, nicotine, and
THC 14all increase extracellular fluid dopamine in the nucleus accumbens

region (reviewed by Koobh and Le Moals*and Nestler and Aghajanianlll
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 develops
is an important consideration for its safety and efficacy. For medical use.
tolerance to some effects of cannabinoids might be desirable. Differences
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 respiratory arrest. Because
tolerance to the various effects of cannabinoids might 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,"4,1*,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 (perhaps

due to differences in smoking behavior).”

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/’ 1<20ne
group was given marijuana ciga”™nes to smoke four times per day for four
consecutive days; another group ..as given THC pills on the same schedule.
During the four-day period, both groups became tolerant to feeling "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 produced 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 reported 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 experiences to the IOM study

team.

The oral and smoked doses were designed to deliver roughly equivalent
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
daring 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 minutes ; the peak effect of oral
THC is usually not felt until about an hour and lasts for several hours.

Withdrawal

A distinctive marijuana and THC withdrawal syndrome has been
identified, but it is mild and subtle compared with the profound physical

syndrome of alcohol or heroin withdrawal.” 1, 1The symptoms of
marijuana withdrawal include restlessness; irritability, mild agitation,
insomnia, 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
Dependence on Marijuana and Other Drugs”). ' 1In a residential study of
daily marijuana users, withdrawal symptoms included sweating and runny
nose, in addition to those listed above.,v A marijuana withdrawal
syndrome, however, has been reported only in a group of adolescents in

treatment for substance abuse problems *1and in a research setting where
subjects were given marijuana or THC daily/’2, 4

Withdrawal symptoms have been observed in carefully controlled
laboratory studies of people after use of both oral THC and smoked

marijuana/'1,62 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. 4 During the abstinence period
at the end of the stuy, the study subjects were irritable and showed
insomnia, runny nose, sweating, and decreased appetite. The withdrawal
symptoms, however, were short lived. In four days they had abated. The
time course contrasts 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/’ 1,12

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
syndrome is pronounced, and the behavior of the animals becomes

hyperactive and disorganized.l ’ The half-life of THC in brain is about an
hour.1124 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
administration of a receptor-blocking drug is probably not due to a
prolonged 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,
alcohol, cocaine, and opiates but has not specifically addressed
marijuana.11’ Thus, while this section briefly review's what is known about
drug craving, its relevance to marijuana use has not been established.

Most people who suffer from addiction relapse within a year of
abstinence, and they often attribute their relapse to craving.vs As addiction
develops, craving increases even as maladaptive consequences accumulate.

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.l Whether neurobiological conditions change during the
manifestation of an abstinence syndrome remains an unanswered question
in drug abuse research.”™ The "liking" of sweet foods, for example, is
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.|,.t

Anticraving medications have been developed for nicotine and alcohol.
The antidepressant, bupropion, blocks nicotine craving, while naltrexone

blocks alcohol craving.11' Another category of addiction medication
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.1 Marijuana use is most prevalent among 18-

to 25-year-olds and declines sharply after the age of 34 (Figure 3.1). -1
Whites are more likely than blacks to use marijuana in adolescence,

although the difference Jecreases by adulthood.1v

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.wlinitiation is not, of
course, synonymous with continued or regular use. A cohort of 456
students who experimented with marijuana during their high school years
were surveyed about their reasons for initiating, continuing, and stopping

their marijuana use/’ 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 responsibility and



decreased regular contact with other marijuana users. Among high school
students who quit, parental disapproval was a stronger 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.*0

The age distribution of marijuana users among the general population
contrasts with that of medical marijuana t'-ers. Marijuana use generally
declines sharply after the age of 34 years, whereas medical marijuana users
lend to be over 35. That raises the question of what, if any, relationship
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 environment
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
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 arc 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.
lable 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
EVEI 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 users is
relatively rare. This might be due to differences in specific drug effects, the
availability of or penalties associated with the use of the different drugs, or

some combination.

Daily use of most illicit drugs is extremely rare in the general
population. In 1989. daily use of marijuana among high school seniors was

less than that of alcohol (2.9% and 4.2%, respectively)."1



Drug dependence is more prevalent in some sectors of the population

than in others. Age, gender, and race or ethnic group are all important.*
Excluding tobacco and alcohol, the following trends of drug dependence

are statistically significant:* 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
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 psychiatric
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). 6 The most frequent co-occurring disorder is alcohol abuse;
60% of men and 30% of women with a diagnosis of drug dependence also
abuse alcohol. In women who are drug dependent, phobic disorders and
major depression are almost equally common (2396 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 disorders 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
personality or its precursor, conduct disorder, is also widely reported in

children 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.

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.1 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 disruptive 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 remains to be determined.

Psychiatric disorders are more prevalent among adolescents who use

drugs—including alcohol and nicotine—than among those who do not. V)
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. Tf is, although dal Y cigarette smoking
among adolescent boys is more strongly associated with psychiatric



disorders than is any use of illicit substances, it does not follow that this
comparison is true for every amount of cigarette smoking.74

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.14,14 Dependence appears to be less severe among people who
use only marijuana than among those who abuse cocaine or those who

abuse marijuana with other drugs (including alcohol).14,14*

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

population were dependent on marijuana at some time.* Similar results for
the frequency of substance abuse among the general population were
obtained 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 nicotine,
marijuana v is the substance most frequently associated with a diagnosis 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. 1Adolescents meet the criteria for drug dependence at
lower rates of marijuana use than do adults, and this suggests that they are

more vulnerable to dependence than adults2’ (see Bo . 3.2).

Youths who are already dependent on other substances are particularly
vulnerable to marijuana dependence. For example. Crowley and co—

workers ** 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-
wiorkers developed conduct disorders hefore marijuana abuse. That is
consistent with reports that the more symptoms of conduct disorders

children have, the younger they begin drug abuse,l- and that the earlier



they begin drug use, the more likely it is to be followed by abuse or
dependence.1%

Genetic factors are known to play a role in the likelihc. J of abuse for

drugs other than marijuana, <124 and it is not unexpected that genetic
factors play a role in the marijuana experience, including the likelihood of
abuse. A study of over 8,000 male twins listed in the Vietham Era Twin
Registry indicated that genes have a statistically significant influence on

whether a person finds the effects of marijuana pleasant.4 Not
surprisingly, 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 diffcrences-perhaps associated with the brain's reward system--
influence whether a person will continue using marijuana. Similar results

were found in a study of female twins.*6 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
influenced by genetic factors. Those results are consistent with the finding

that the degree to which rats find THC rewarding is genetically based. -

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), md marijuana dependence appears to be
less severe than dependence on other drugs. Drug dependence 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 possildity of dependence, particularly
for patients at high risk for substance dependence. Some controlled
substances that are approved medications produce dependence after long—
term use; this, however, is a normal part of patient management 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 precede,
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 greatei
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"
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 marijuana first.*I*2
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.*240

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 pharmacological

properties of marijuana itself.*2The 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 literature, and it
is supported, although not proven, by the available data.

The stepping stone hypothesis applies to marijuana only in the broadest
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 generally 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 t! it dose over
time is a stepping stone to increased drug use.

Whereas the stepping stone hypothesis presumes a predominan y
physiological component of drug progression, the gateway theory is a
social theory. The latter does not suggest that the pharmacological qualities
of marijuana make it a risk factor for progression to other drug use.

Instead, the legal status of marijuana makes it a gateway drug.*2

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-workers'lwere dependent on an
ave’ige of 3.2 substances, and this suggests that their conduct disorders
Weie associated with increased risk of progressing from one drug to
another. Abuse of a single substance is probably also a risk factor 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 Davies s). 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 rmrc;:wt\?an

100 times did progress to using other illicit drugs 10 or more times.
Comparable 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
marijuana use. and psychiatric disorders. However, progression to illicit
drug use is not synonymous with heavy or persistent drug use. Indeed,
although the age of onset of use of licit drugs (alcohol and nicotine)
predicts later illicit drug use, it does N0t appear to predict persistent or

heavy use of illicit drugs.40

Data on the gateway phenomenon are c*4 >overinterpreted. For
example, one study reports that "marijuan, s role as a gateway drug

appears to have increased."” It was a retrospective study based on
interviews 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 1,00%*51sed crack and about two per 1.000 used heroin in

the preceding month.

Many of the data on which the gateway theory is based do not measure
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 evidence of an
inexorable causal progression; rather they note that identifying 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.2’

In the sense that marijuana use typically precedes rather than follows
initiation into ise of other illicit drugs, it is indeed a gateway drug.
However, it doe:, 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 history of

psychopathology (including alcoholism).,s,s'



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

ot prescription psychoactive drugs in their study of drug use progression
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 progression
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 simpl) because of the "ict that marijuana would be used for medical

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 poseJ 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 powerful
medicines are also dangerous medicines. These two facets of medicine—
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 marijuana
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 examine
the relationship between their medical use and their abuse. In a "natural
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
California and ask w-hether it had any measurable impact on marijuana
consumption 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-workers1® 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.- 4° Few people begin



their drug addiction problems with misuse of drugs that have been

prescribed 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 nonmedical use.
Medications with abuse potential are placed in Schedule (I 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 scheduling
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. 2 Another study reported
somewhat conflicting evidence indicating that decriminalization had

increased marijuana use.11 That study used data from the Drug Awareness
Warning Network (DAWN), which has collected data on drug-related
emergency room (ER) cases since 1975. There was a greater increase 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 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-decrirninalized states
had higher rates of marijuana use hefore 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. niors 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 limitations

inherent in how the DAWN data are collected.10



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 during
the seven years after the policy change, which suggests that the change
itself had little effect; how-ever. in 1984, when Dutch "coffee shops" that
sold marijuana commercially spread throughout Amsterdam, marijuana use

began to increase.4* 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 possession.
Furthermore, during this period, approximately equal percentages of
American and Dutch 18 year olds used marijuana; Norwegian 18 ypor olds
were about halfas 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 increased
use. Thus, there is little evidence that decriminalization of marijuana 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

between 1996 and 1997.1,2 (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 passage
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 1997.1'- 1In summary,
there is no evidence that the medical marijuana debate has altered

adolescents' perceptions of the risks associated with marijuana use. *
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
intoxicating effects when it is used for nonmedical purposes. Thus, the
literature 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 marijuana
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
psychological 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 related to
marijuana or cannabinoids for any medical condition.

Psychiatric Disorders

A major question remains as to whether marijuana can produce lasting
mood disorders or psychotic disorders, such as schizophrenia. Georgotas

and Zeidenberg’ 2 reported that smoking 10—22 marijuana cigarettes 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 ON€ cigarette is

enough to make a person feel "high™ for about —3hours, '’ 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.1 1 There are clinical
reports of marijuana-induced psychosis-like states (schizophrenia-like,
depression, and/or mania) lasting for a week or more.11- Hollister suggests
that, because of the varied nature of the psychotic stales induced by
marijuana, there is no specific "marijuana psychosis.” Rather, the marijuana
experience might trigger latent psychopathology of many types."6 More
recently. Hall and colleagues60 concluded that "there is reasonable
evidence that heavy cannabis use, and perhaps acute use in sensitive
individuals, 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 produces

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.’ 496,1*1As noted earlier,
drug abuse is common among people with psychiatric disorders. Estimates
of the prevalence of marijuana use among schizophrenics vary

considerably but are in general agreement that it is at least as great as that

among the general population.1'4 Schizoprg}renics prefer the effects of
(i
marijuana to those of alcohol and cocaine.” which they seem to use less

often than does the general population.1lu The reasons for this are
unknown, but it raises the possibility that schizophrenics might obtain some
symptomatic relief from moderate marijuana use. But overall, compared
with the general population, people with schizophrenia QL 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
cognition.B0, «'*2 Positron emission tomography (PET) imaging allows
investigators 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.11611 Marijuana smoking increases blood flow in
other brain regions, such as the frontal lobes and lateral cerebellum.1(111”
Earlier studies purporting to show structural changes in the brains of heavy

marijuana users2- have not been replicated with more sophisticated

techniues. - %Y

Nevertheless, recent studies14,122 have found subtle defects in cognitive
tasks in heavy marijuana users after a brief period (19—24 hours) of
marijuana abstinence. Longer term cognitive deficits in heavy marijuana
users have also been reported. ML 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.l” The complex methodological issues facing research in this

area are wWell reviewed in an article by Pope and colleagues.11 Care must
be exercised so that studies are designed to differentiate betw-een changes
in brain function caused the effects of marijuana and by the iliness for
which marijuana is being given. AIDS dementia is an obvious example of
this possible confusion. It is also important to determine whether repealed
use of marijuana a> therapeutic dosages produces any irreversible cognitive

effects.

Psychomotor Performance

Marijuana administration has been reported to affect psychomotor



performance on a number of tasks. The review by Chait and Pierri  not
only details the studies that have been done but also points out the
inconsistencies among studies, the methodological shortcomings of many
studies, 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
psychomotor 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
attention, and the digit-symbol substitution test. A study of experienced
airplane pilots showed that even 24 hours after a single marijuana cigarette

their performance on flight simulator tests was impaired.1’" Before the
tests, however, they told the study investigators that they were sure their

performance would be unaffected.

Cognitive impairment.1 issociated with acutely administered marijuana
limit the activities that people would be able to do safely or productively.
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
production of an "amotivational syndrome."” This syndrome is not a
medical diagnosis, but it has been used to describe voung 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
symptoms, the drug is often cited as the cause, but no convincing data
demonstrate a causal relationship between marijuana smoking and these

behavioral characteristics.2’ 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 die 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 QL
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 cognitive
and psychomotor functioning should be assessed before and regularly
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
marijuana could be determined. That would allow a more thorough
assessment 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
potential therapeutic value. Those effects are potentially undesirable
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.

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 medical
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.1>
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 cannot 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 cannabinoids.

Immune System

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

marijuana use.



Despite the many claims that marijuana suppresses the human immune
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 marijuana
on the human immune system. Each has serious limitations, which arc
discussed below.

Assays of Leukocytes from Marijuana Smokers. one of the more
common approaches has been to isolate peripheral blood leukocytes from
people who have smoked marijuana in order to evaluate the immune
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 leukocyte
function. The major problem with the approach is that alter 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
centrifugation followed by extensive washing of the cells, which removes
the cannabinoid; perhaps for this reason no adverse effects have been
demonstrated in peripheral blood leukocytes from marijuana

smokers.

Leukocyte Responses to THC. Another approach is to isolate peripheral
blood leukocytes from healthy control subjects who do not smoke
marijuana and then to measure the effect of THC on the ability of these
cells to proliferate in response to mitogenic stimulation IN VItr0. 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.
Moreover, the immunomodulatory activity of many of the other
cannabinoid compounds has never been tested, and it is now k=*an that at
least one of those—cannabinol (CBN)--has greater activity on the immune
system than on the central nervous system.”4so it is unclear whether the
profile of activity observed with THC accurately represents the effects of
marijuana 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: CB (and CB2-

An additional factor that might affect the immunomodulatory activity of
cannabinoids in leukocytes is metabolism. Leukocytes have very low levels
of the cytochrome P-450 drug-metabolizing enzymes,*4' so the metabolism

of cannabinoids is probably different between in vivo and it, vitro
exposure. That last point is pertinent primarily to investigations of chronic.



not acute, cannabinoid exposure.

Hunan-Derived Cell Lincs. A third approach for investigating the effects
of cannabinoids on human leukocytes has been to study human-derived

cell lines.2 As described above, the cell lines are treated IN VItr0 with
cannabinoids to test their responses to different stimuli. Although cell lines
are a convenient source of hurman 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
cannabinoids in rodents, using rodent-derived cells IN VItf0. 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
substantial 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 smoking 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.w Thus, it is important to consider the relationship between
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.  The difference is due primarily to the
differences in filtration and smoking technique between tobacco and
marijuana smokers. Marijuana cigarettes usually do not have filters, and
m i'ilana smokers typically develop a larger puff volume, inhale more

deeply, and hold their breath several limes longer than tobacco smokers.



However, a marijuana cigarette smoked recreationally typically is not
packed 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 arc 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
subtype of humoral antibody (1gG), whereas two other subtypes (IgA and

IgM) remained normal and one (IgE) was increased.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 cellsT'

and a decrease in a different subset (CD8).1 It appears that marijuana use
is associated with intermittent disturbances in | and B cell function, but the

magnitude is small and other measures are often normal.

Macrophages. Alveolar macrophages are the principal immune-cffector
cells in the lung and are primarily responsible for protecting the lung
against infectious microorganisms, inhaled foreign sub ances, and tumor
cells. They are increased during tissue inflammation. In a large sample of
volunteers, habitual marijuana smokers had twice as many alveolar
macrophages as nonsmokers, and smokers of both marijuana and tobacco

had twice as many again.1l Marijuana smoking also reduced the ability of

alveolar macrophages to kill fungi, such as Candida albicans,' pathogenic
bacteria, such as Staphylococcus aureus; and tumor targe* cells. The
reduction 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. XLFurthermore, marijuana smoking depressed production
of proinflammatory cytokines, such as TNF-1 and IL-6. but not of

immunosuppressive cytokines. " 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 bade al organisms, as well as turner

cells.

The inability of alveolar macrophages from habitual marijuana smokers
without apparent disease to destroy fungi, bacteria, and tumor cells and to
release proinflammatory cytokines, suggests that marijuana might be an
immunosuppressant with clinically significant effects on host delense.
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),4and acute and
chronic pneumonia have been observed in various species exposed to

different doses of marijuana smoke.41,42,i-s |n 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."

Chronic Bronchitis and Respiratory 1lIness. 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 (HMC), marijuana users were more likely to seek
help for respiratory illnesses than people who smoked neither marijuana or

tobacco.120 However, the incidence of seeking help for respiratory 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 observed
differences. Another limitation is that the survey relied on self-reporting;
tobacco, alcohol, and marijuana use might have been under-reported (S.

Sidney, 1OM workshop).

When marijuana smokers were compared with nonsmokers and tobacco
smokers in a group of 446 volunteers, 15—20% of the marijuana smokers
reported symptoms of chronic bronchitis, including chronic cough and
phlegm production, w and 20—25% of the tobacco smokers reported
symptoms of chronic bronchitis. Despite a marked disparity in the amount
of each substance smoked per day (three or four joints of marijuana versus
more than 20 cigarettes of tobacco), the difference in the percentages of
tobacco smokers and marijuana smokers experiencing symptoms of chronic
bronchitis was statistically insignificant.110 Similar findings were reported
by Bloom and co-workers,¥who noted an additive 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 marijuana or
tobacco smokers have increased redness (erythema) and swelling (edema)

of the airway tissues and increased mucous secretions.4” " In marijuana
smokers the number and size of small blood vessels in the bronchial 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.140 Overproduction of mucus by the increased



numbers of mucous-secreting cells in the presence of decreased numbers
of ciliated cells lends 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. 14

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

increased risk of cancer.122The 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 abnormalities
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.12,40 " Tenant
found similar results in U.S. servicemen who suffered from respiratory
symptoms and were heavy hashish smokers. (Hashish is the resin from the

marijuana plant.)

Chronic Obstructive Pulmonary Disease. In the absence of
epidemiological data, indirect evidence, such as nonspecific airway
hyperresponsiveness and measures of lung function, offers an indicator of

the vulnerability of marijuana smokers to COPD. 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 conllicting evidence on whether regular marijuana use harns
the small airways of the lungs. Bloom and co-workers found that an
average of one joint smoked per day significantly impaired the function of

small airways.1' But Tashkin and co-workers14' 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.4 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
respiratory symptoms are similar to those of tobacco smokers, and the
combination 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.l1’
(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 possibility 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 because
patients increased their use of marijuana at the endstages of the disease to
treat their symptoms. However, the association between marijuana use and
AIDS deaths was similar even when the subjects who died earliest in the
first five years of this 12-year study, ai.d who were presumably 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 stunts,but the relationship of marijuana
to the progression to AIDS in HIV-seropositive patients is a reasonable
question. It remains unclear whether marijuana smoking is an independent
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/'4or in the San Francisco Men's Health Study.
in which 451 HIV-seropositive men were studied for six years. ' In
contrast, the Sydney AIDS Project in Australia, in which 386 HIV-

seropositive men were studied for 12 months.lv reported that marijuana
use was associated with increased risk of progression to AIDS. | he 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



definition 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.1
Reports of opportunistic fungal and bacterial pneumonia in AIDS patients
who used marijuana suggest that marijuana smoking either suppresses the

immune system’’ or exposes patients to an added burden of pathogens.*1
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
carcinogenic 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
marijuana than only tobacco, and marijuana smokers are more likely to

underreport their smoking.

Case Studies. Results of several case series suggest that marijuana might
play a role in the development of human respiratory’ cancer. Reports
indicate an unexpectedly large proportion of marijuana users among people

with lung cancer14l 140 and cancers of the upper aerodigcstive tract-that
is. the oral cavity, pharynx, larynx, and esophagus-that occur before the

age of 4 5 . 14D Respiratory tract cancers associated with heavy tobacco

and alcohol consumption are not usually seen before the age of 60, ’and
the occurrence of such cancers in marijuana users younger than 60 suggests
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 isolated
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-workersl
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
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 Slates 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 cultures to
marijuana smoke led to malignant transformations/* and exposure of
human lung explants to marijuana smoke resulted in chromosomal and

DNA alterations.1 The tar from marijuana smoke also induced mutations
similar to those produced bv tar from the same quantity of tobacco in a

common bacterial assay for mutagenicity.1

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 produce
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 marijuana
plus tobacco smokers, and nonsmokers, two of them (F.GFR and Ki-67)
were markedly higher in the marijuana smokers than in the nonsmokcrs
and the tobacco smokers. Moreover, the effects of marijuana and tobacco

were additive. 4l 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 marijuana

smokers and in those of their newborns.4 This is an important study
because the investigators were caref ul to exclude tobacco smokers--a
problem in previous studies that cited mutagenic effects of marijuana
smoke.2v/ 4,°4 14* The same investigators found similar effects in previous
studies among tobacco smokers.v ‘ 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—ether than
cannabinoids—are responsible for a large part of the mutagenic effect.



Preliminary Findings suggest that marijuana smoke activates cytochrome
P4501Al (CYP1AI). the enzyme that converts PAHS, such as benz|«

Ipyrenc. into active carcinogens.Bronchial epithelial cells in tissue
biopsies taken from marijuana smokers show more binding to CYP1AL
antibodies than do comparable cells in biopsies from nonsmokers (D.
Tashkin, IOM workshop). That suggests that there is more of CYPIAI
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
widespread marijuana use among young people in our society, and such
studies should now be feasible.

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

1 Case control studies to determine whether marijuana use is
associated with an increased risk of respiratory cancer. Despite the lack
of compelling epidemiological evidence, findings from the biochemical,
cellular, 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
demonstrate a statistically significant association, if one exists. Because of
the long period required for induction of human carcinomas and the
infrequent use of marijuana in the general U.S. population before 1966. no
epidemiological studies so far have been extensive enough to measure the
association between marijuana and cancer adequately. However,
epidemiological investigation of this association is probably possible now
in that some 30 years have elapsed since the star. f widespread marijuana
use in the United States among teenagers and young adults.

2. Molecular markers of respiratory cancer progression in
marijuana smokers. 1f 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.
pi6, NATZ. and GSTML--that could be predictive of genetically increased

risk of carcinogenesis in marijuana users.

3. Prospective epidemiological studies of populations with HIV



seropositivity or at high risk for HIV infection. Because HIV/AIDS
patients constitute the largest group that reports smoking marijuana for
medical purposes and they are particularly vulnerable to
immunosuppressive effects, there is a pressing need for a better
understanding of the relative risk posed by and the rewards of smoking
marijuana. Such studies 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 often
do not question patients about marijuana use and rarely document its

use.1® Among 452 Kaiser Pcrmanente patients who reported daily or
almost daily marijuana use. physicians recorded marijuana use in only 3%
of their medical records (S. Sidney, 10M 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
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
infectivity and replication of alveolar macrophages harvested from habitual
marijuana users with those harvested from nonusers or infrequent
marijuana users. Cell culture studies could be used to compare the
susceptibility of HIV-infected alveolar macrophages to additional infection
with opportunistic pathogens. Similarly, further studies on cell cultures of
peripheral 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/' " 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."** In some cases, blood
pressure increases while a person is in a reclining position but decreases
inordinately on standing, resulting in postural hypotension (decreased
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. '



In animals, THC decreases heart rate and blood pressure.
However, most of the animal studies have been conducted in anesthetized
animals, and anesthesia causes hypertension. Thus, those studies should be
interpreted as reports on the effects of cannabinoids in hypertensive
subjects. 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. I',°

Tolerance can appear after a few days of frequent daily administration
(two or three doses per day) of oral THC or marijuana extract, with heart
rate decreasing, reclining blood pressure falling, and postural hypotension

disappearing. 1Thus, 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 mari juana 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 disease.
Cardiovascular diseases arc the leading causes of death in the United States
(coronary heart disease is first; stroke is third), so any effect of marijuana
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 sy mptomatic 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
functions on a short-term basis. In both male and female animals, 1HC

injections suppress reproductive hormones and behavior.11’1 Studies
have consistently shown that injections of THC result in rapid, dose-

dependent suppression of serum luteinizing hormone (LH). IL(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. cannabinol.
and anandamide—can decrease the fertilizing capacity of sea urchin



sperm. 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 /~"M,1201’ which are higher than those likely to
be experienced by marijuana smokers. The presence of cannabinoid
receptors 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 prescribed
doses has a clinically significant effect on the fertilizing capacity of human

sperm.

Exposure to THC IN ULEr0 can resuit in long-term changes. Many N
UtEro effects interfere with embryo implantation (see review by Wenger

and co-workers |"°). Exposure to THC shortly before or after birth can
result in impaired reproductive behavior in mice when they reach
adulthood: females are slower to show sexual receptivity, and males arc

slower to mount.i(l/

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. "

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
consistent 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 iti 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).I'" 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 development
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.



