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Table 1.5 Cannabinoids Identified in Marijuana

66 Cannabinoids Identified in Marijuana
Number of
Cannabinoid Group Common :nﬁmn:::iwn in
Abbreviation each group
AS-Tetrahydrocannabinol A9-THC 9
A8.Tetrahydrocannabinol A8-THC 2
Cannabichromene CBC 5
Cannabicyclol CBL 3
Cannabidiol CBD 7
Cannabielsoin CBE 5
Cannabigerol CBG 6
Cannabinidiol CBND 2
Cannabinol CBN 7
Cannabitriol CBT 9
Miscellaneous types i1
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INTRODUCTION

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 will be identified. Those steps include identifying knowledge gaps, promising
research directions, and potential therapies based on scientific advances in
cannabinoid biology.

Chapter 2 reviews basic cannabinoid biology and provides a foundation 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 4 analyzes 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 does not analyze the historical literature; history is informative in
enumerating uses of marijuana, but it does not provide the sort of information needed
for a scientifically sound evaluation of the efficacy and safety of marijuana for
clinical use. Because marijuana is advocated primarily as affording relief from the
symptoms of disease rather than as a cure, this chapter is 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.

1.23



References

10.

11.

12.

13.

14,

15.

Abel EL. 1980. Marijuana: the first twelve thousand years. New York: Plenum Press.

Angell M, Kassirer JP. 1998. Alternative Medicine - The Risks of Untested and Unregulated
Remedies. The New England Journal of Medicine 339:839-841.

Bonnie RJ, Whitebread I CH. 1974. The marihuana conviction: A history of marihuana
prohibition in the United States. Charlottesville, VA: University Press of Virginia.

Eisenberg DM. 1997. Advising patients who seek alternative medical therapies. Annals of
Internal Medicine 127:61-69.

Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van Rompay M, Kessler RC. 1998.
Trends in Alternative Medicine Use in the United States, 1990-1997: Results of a
Follow-up National Survey. Journal of the' American Medical Association 280:1569-
1575. '

Eisenberg DM, Kessler RC, Foster C, Norlock FE, Calkins DR, Delbanco TL. 1993.
Unconventional medicine in the United States: Prevalence, costs, and patterns of use.
New England Journal of Medicine 328:246-252.

Grifo F, Newman D, Fairfield A, Bhattacharya B, Grupenhoff JT. 1997. The Origins of
Prescription Drugs. In: Grifo F, Rosenthal J Editors Biodiversity and Human Health.
Washington, D.C.: Island Press. Pp. 131-163.

Herstek J. 1998. Behavioral Health Issue Briefs. Medical Marijuana. Washington, D.C.: Health
Policy Tracking Service, National Conference of State Legislatures.

Kilbourne EM, Philen R M, Kamb M L, Falk H. 1996. Tryptophan produced by Showa Denko
and epidemic eosinophilia-myalgia syndrome. Journal of Rheumatology Supplement
46:81-88. Comment on: Journal of Rheumatology Supplement 1996 46: 44-58 and
60-72; discussion 58-59.

Mathre ML, Editor. 1997. Cannabis in Medical Practice. Jefferson, North Carolina:
MacFarland and Company, Inc.

Mechoulam R. 1986. The pharmacohistory of Cannabis Sativa. In: Mechoulam R Editor
Cannabinoids as therapeutic agents. Boca Raton, FL: CRC Press, Inc. Pp. 1-19.

Milburn DS, Myers CW. 1991. Tryptophan toxicity: a pharmacoepidemiologic review of
eosinophilia-myalgia syndrome. DICP 25:1259-1262.

NORML. The Medical Use of  Marijuana [Www Document].URL
http://norml.org/medical/index.html (accessed July 9, 1998).

Pate DW. 1994. Chemical ecology of cannabis. Journal of the International Hemp Association
1:29,32-37.

Peterson K. 15 January 1997. Notes: Weighing in on a medical controversy; USA Today's
Baby Boomer Panel. USA Today, sec. Life, p. 12D.

1.24



INTRODUCTION

16. Ross SA, Elsohly MA. 1995. Constituents of Cannabis Sativa L. XXVIII a review of the
natural constituents: 1980-1994. Zagazig Journal for Pharmaceutical Sciences 4:1-10.

17. Taura F, Morimoto S, Shoyama Y. 1995. First direct evidence for the mechanism of deltal-
tetrahydrocannabinolic acid biosysnthesis. Journal of the American Chemical Society
117:9766-9767.

18. Tumer CE, Elsohly MA, Boeren E.G. 1980. Constituents of Cannabis Sativa L. XVIIL. A
review of the natural constituents. Journal of Natural Products 43:169-234.

1.25



CANNABINOIDS AND ANIMAL PHYSIOLOGY

CHAPTER 2. CANNABINOIDS AND ANIMAL PHYSIOLOGY ................... 2

Introduction 2
Cannabinoid Receptors 9
The Endogenous Cannabinoid System 13
Sites of Action 21
Cannabinoid Receptors and Brain Functions 25
Chronic Effects of THC k)|
Cannabinoids and the Inmune System 34
Conclusions and Recommendations 43
References 46

2.1



Chapter 2. Cannabinoids and Animal Physiology

Introduction

Much has been learned since the publication of the 1982 IOM report on
Marijuana and Health. * Although it was clear then that most of the effects of
marijuana were due to its actions on the brain, there was little information about how
THC acted on brain cells (neurons), which cells were affected by THC, or even what
general areas of the brain were most affected by THC. 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 last 16 years,
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 cannabinoids not found in the
plant have been chemically synthesized. Sixteen years ago, it was still a matter of
debate as to whether THC acted nonspecifically by affecting the fluidity of cell
membranes or whether a specific pathway of action was mediated by a receptor that
responded selectively to THC (table 2.1).

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 can be singled out and studied with the goals of
evaluating the medical value of marijuana and cannabinoids in specific medical
conditions, as well as minimizing unwanted side effects. An understanding of the
basic mechanisms through which cannabinoids affect physiology permits more
strategic development of new drugs and designs for clinical trials that are most likely
to yield conclusive results.

Research on cannabinoid biology offers new insights into clinical use,
especially given the scarcity of clinical studies that adequately evaluate the medical
value of marijuana. For example, despite the scarcity of substantive clinical data,
basic science has made it clear that cannabinoids can affect pain transmission and
specifically that, cannabinoids interact with the brain’s endogenous opioid system, an
important system for the medical treatment of pain (see chapter 4).

® The field of neuroscience has grown substantially since the publication of the 1982 IOM report.
The number of members in the Society for Neuroscience provide a rough measure of the growth in
research and knowledge about the brain: as of the middle of 1998, there are over 27,000 members,
more than triple the number in 1982.
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CANNABINOIDS AND ANIMAL PHYSIOLOGY

The cellular machinery that underlies the response of the body and brain to

cannabinoids involves an intricate interplay of different systems. This chapter
reviews the components of that machinery with enough detail to permit the reader to
compare what is known about basic biology with specific indications proposed for
marijuana. For some readers, that will be too much detail. Those readers who do not
wish to read the entire chapter should, nonetheless, be mindful of the following key
points in this chapter.

The most far-reaching of the recent advances in cannabinoid biology are the
identification of two types of cannabinoid receptors (CB, and CB,) 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 primarily in the brain, and mediates the psychological effects of THC.

The CB, receptor 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 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 cannabinoids such as
anandamide, but would also include non-cannabinoid drugs that act on the
cannabinoid system.

This chapter summarizes the basics of cannabinoid biology—as known today.

It thus provides a scientific basis for interpreting claims founded on anecdotes and
for evaluating the clinical studies of marijuana presented in chapter 4.
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Table 2.1 Landmark Discoveries Since the 1982 IOM Report

Since the Previous IOM Report on Marijuana in 1982;
A Decade of Landmark Discoveries

Year
1986

1988

1990

1992

1993

1994

1998

Discovery

Potent cannabinoid agonists are
developed—the key to discovering
the receptor

First conclusive evidence of
specific cannabinoid receptors

The cannabinoid brain receptor
(CB,) is cloned, its DNA sequence
is identified, and its location in the
brain is determined

Anandamide is discovered—a
naturally occurring substance in the
brain that acts on cannabinoid
receptors

A cannabinoid receptor is
discovered outside the brain; this
receptor (CB,) is related to the
brain receptor but is distinct

The first specific cannabinoid
antagonist, SR141716A, is
developed

The first cannabinoid antagonist,
SR144528, that can distinguish
between CB, and CB, receptors
discovered.

Primary Investigators
M.R. Johnson and L.S. Melvin™®

A. Howlett and W. Devane>®
L. Matsuda et al,'” and M.

Herkenham et a] ¢

R. Mechoulam and W. Devane®’

S. Munro'"?

M Rinaldi-Carmona'*?

M. Rinaldi-Carmona'*
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CANNABINOIDS AND ANIMAL PHYSIOLOGY

nE 2 10,

The Value of Animal Studies —~ _
IN eporton
. AL dr v [ ..

Much of the research into the effects of cannabinoids on the brain is based on
animal studies. Many speakers in the public worksheps assoetated with this study
argued thatanimal studies of marijuana are not relevant to humans. While animal
studies are no substitute for clinical trials, they are a necessary complement.
Ultimately, every biologically active substance exerts its effects at the cellular and
molecular level, and at this level, the evidencehas s#own refharkable consistency
among mammals, even those as different in bédy a#mtifind as rats and humans.
Animal studies typically provide information about how drugs work that would not
be obtainable in clinical studies. At the samg time, animal studies can never
completely inform us about the full range of psychological and physiological effects
of marijuana or cannabinoids on humans. -

2¢ L
; H.
N ST
The Active Constituents of Marijuana
-ec R

A%-THC and A%-THC are the only compounds-ifitthe marijuana plant that
show all the psychoactive effects of marijuana®!iBecause A%-THC is much more
abundant than A%-THC, the psychoactivity of marijuana has been largely attributed
to the effects of A>-THC. 11-OH-A%THC issthe primary product of A’-THC
metabolism by the liver and is about three times as3poteftas A%-THC.'*®

There have been considerably fewer expdlimients with cannabinoids other
than A’-THC, although a few studies have beet*done to examine whether other
cannabinoids modulate the effects of THC or meitiate the non-pychological effects
of marijuana. Cannabidiol (CBD) does not haveithe same psychoactivity as THC,
but it was initially reported to attenuate the psychological response to THC in
humans®” ' however, later studies reported that CBD did, not attenuate the
psychological effects of THC.'" ® One doubfé}blind study of eight volunteers
reported that CBD can block the anxiety indiced by high doses of THC (0.5
mg/kg).!”’” There are numerous anecdotal reporis’ 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 significant effects of cannabidiol (CBD) seem to be its interference
with drug metabolism in the liver, including A>-THC metabolism.'* ' CBD exerts
this effect by inactivating cytochrome P450s, which are the most important class of
enzymes that metabolize dru§s. 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 significant




increase in brain levels of THC and its major metabolites, most likely because of its
effects on decreasing the clearance rate of THC from the body."®

In mice, THC inhibits the release of luteinizing hormone (LH), the pituitary
hormone that triggers the release of testosterone from the testis in males; this effect is
increased when THC is given together with cannabinol or CBD.'"

Cannabinol is considerably less active than THC in the brain, but studies of
immune cells have shown that it can modulate immune function (see section on
Cannabinoids and the Immune Systems). In mice, cannabinol lowers body
temperature and increases sleep duration."?

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 tool for drug research, which only recently became available for
cannabinoid research, are the receptor antagonists, so-called because they selectively
bind to a receptor that would have otherwise been available for binding to some other
compound or drug. Antagonists block the effects of agonists and are tools to identify
receptor functions by showing what happens when a receptor's normal functions are
blocked. Agonists and antagonists are both l/igands; that is, they bind to receptors.
Hormones, neurotransmitters, and drugs can all act as ligands. Morphine and
naloxone provide a good example. 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 overdose 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. 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 so that it can be detected.
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CANNABINOIDS AND ANIMAL PHYSIOLOGY

Such markers show where in the brain it binds to the receptor, but this is not
necessarily the part of the brain where the drug ultimately has its greatest effects.

Because drugs injected into animals must be dissolved in a water-based
solution, it is easier to deliver water-soluble molecules than to 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, became the
first useful research tool for studying cannabinoid receptors because of its high
potency, and the ability to label it with a radioactive molecule, which enabled
researchers to trace its activity.
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Figure 2.1 Diagram of neuron with synapse

How receptors work: Individual nerve cells, or neurons, both
cellular signals to and from neighboring neurons, but for the purpc
only one activity is indicated for each cell. Neurotransmitter m:
black dots) are released from the neuron terminal and move acro
the “sending” and “receiving” neurons. A signal is transmitte
neuron when the neurotransmitters has bound to the receptor o
effects of a transmitted signal include:

» Changing the cell’s permeability to ions such as calciun

« Turning a particular gene on or off.

 Sending a signal to another neuron.

« Increasing or decreasing the responsiveness of the ce

signals.
Those effects can lead to cognitive, behavioral, or physiological «
on which neuronal system is activated.

The expanded view of the synapse illustrates a variety
molecules that bind to receptors. Anandamide is a substance prc
that binds to and activates cannabinoid receptors; it is an endoge
can also bind to and activate cannabinoid receptors, but is not na
body; it is an exogenous agonist. SR141617A binds to, but
cannabinoid receptors. In this way, it prevents agonists, such :
THC, from activating cannabinoid receptors by binding to the
activating them; SR141617A is an antagonist, but it is not normz
body. Endogenous antagonists, that is, those normally produced
also exist, but none have been identified.
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CANNABINOIDS AND ANIMAL PHYSIOLOGY

Cannabinoid Receptors

The cannabinoid receptor is a typical member of the largest known family of
receptors: the G-protein-coupled receptors with their distinctive pattern in which the
receptor molecule spans the cell membrane seven times (figure 2.2). For excellent
recent reviews of cannabionoid receptor biology, see Childers and Breivogel,”’
Abood and Martin,' Felder and Glass,” and Pertwee.’”®  Cannabinoid receptor
ligands bind reversibly (they bind to the receptor briefly and then dissociate) and
stereoselectively (when there are molecules that are mirror images of each other, only
one version activates the receptor). Thus far, two cannabinoid receptor subtypes
(CB, and CB,) have been identified, of which only CB, is found in the brain.

The cell responds in a variety of ways when a ligand binds to the cannabinoid
receptor (figure 2.3). The first step is activation of G-proteins, the first components
of the signal- transduction pathway. That leads to changes in several intercellular
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 ten times more abundant
than mu opioid receptors, the receptors responsible for the effects of morphine.'*®
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Figure 2.2 Cannabinoid receptors

Receptors are proteins, and proteins are made up of strings of amino acids. Each
circle in the diagram represents one amino acid. The shaded bar represents the cell
membrane, which like all cell membranes in animals, is largely composed of
phospholipids. Like many receptors, the cannabinoid receptors span the cell
membrane; some sections of the receptor protein are outside the cell membrane
(extracellular), some are inside (intracellular). THC, anandamide, and other known
cannabinoid receptor agonists bind to the extracellular portion of the receptor,
thereby activating the signal pathway inside the cell.

The CB, molecule is larger than CB,. The receptor molecules are most
similar in four of the seven regions where they are embedded in the cell membrane
(known as the transmembrane regions). The intracellular loops of the two
cannabinoid receptor sub-types are quite different, which might affect the cellular
response to the ligand, because these loops are known to mediate G-protein
signaling—that is, the next step in the cell signaling pathway after the receptor.
Receptor homology between the two receptor sub-types is 44 percent for the full-
length protein, and 68 percent within the seven transmembrane regions. The ligand
binding sites are typically defined by the extracellular loops and the transmembrane
regions.
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CANNABINOIDS AND ANIMAL PHYSIOLOGY

Figure 2.3 How cannabinoids affected neuron signals

Figure legend. Intracellular events that happen when cannabinoid agonists bind to
receptors. Cannabinoid receptors are embedded in the cell membrane where they are
coupled to G-proteins (G) and the enzyme, adenylyl cyclase (AC). Receptors are
activated when they bind with ligands such as anandamide or THC in this case. This
triggers a variety of reactions including inhibition ( (-) ) of AC which decreases the
production of cAMP and cellular activities dependent on cAMP, opening potassium
(K+) channels which decreases cell firing, and closing calcium (Ca®*) channels
which decreases the release of neurotransmitters. These changes can influence
cellular communication.
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The cannabinoid receptor in the brain is a protein referred to as CB,. The
peripheral receptor (outside the nervous system), CB,, is most abundant on cells of
the immune system and is not generally found in the brain.** 1% Although no other
receptor subtypes have been identified, there is a genetic variant known as CB,A
(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. '

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

Cannabinoid receptors have been studied most in vertebrates, such as rats and
mice. However, they are also found in invertebrates, such as leeches and
mollusks."*®  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 physiolo‘gy. In general, cannabinoid receptor
molecules are similar among different species.'*® Thus, cannabinoid receptors likely
fill many similar functions in a broad range of animals, including humans.

® Affinity is a measure of how avidly a drug binds to a receptor. The higher the affinity of a drug, the
higher its potency; that is, lower doses are needed to produce its effects.
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CANNABINOIDS AND ANIMAL PHYSIOLOGY

The Endogenous Cannabinoid System

For any drug for which there is a receptor, the logical question is, “Why does
this receptor exist?” The short answer is that there is probably an endogenous
agonist (that is, a compound that is naturally produced in the brain) that acts on that
receptor. The long answer begins with a search for such compounds in the area of
the body that produce 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 receg;tors. The best studied of them
are anandamide®’ and arachidonyl glycerol (2-AG).'® However, their physiological
roles are not yet known.

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

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

Anandamide

The first endogenous cannabinoid to be discovered was
arachidonylethanolamine, named anandamide from the Sanskrit word ananda,
meaning “bliss.” >’ Compared with THC, anandamide has only moderate affinity for
CB,, and is rapidly metabolized by amidases (enzymes that remove amide groups).
Despite its short duration of action, anandamide shares most of the pharmacological
effects of THC." '*2 Rapid degradation of active molecules is a feature of
neurotransmitter systerns 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
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essential clues to the natural role of anandamide 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 pivotal elements for regulating 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 also been found outside the brain. It has been found in
spleen, which also has high concentrations of CB, receptors; and small amounts have
been detected in heart.*

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

The molecular structure of anandamide is relatively simple, and it can be
formed from arachidonic acid and ethanolamine. Arachidonic acid is a common
precursor of a group of biologically active molecules known as eicosanoids,
including prostaglandins.® Although anandamide can be synthesized in a variety of
ways, the physiologically relevant pathway 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,
anandamide 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—i.e., by being transported into the
neuron, which prevents its continuing activation of neighboring neurons.

€ Eicosanoids all contain a chain of 20 carbon atoms, and are named after eikosi, the Greek word for
twenty.
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Table 2.2 Compounds that bind to cannabinoid receptors

Compound

Compounds That Bind to Cannabinoid Receptors’

Properties

Agonists (Receptor Activators)

Plant-derived compounds

AY-THC

A8-THC

11-0H-A9-THC

Main psychoactive cannabinoid in the marijuana plant; largely responsible
for psychological and physiological effects. (Except in discussions of the
different forms of THC, THC is used as a synonym for A9-THC))

Slightly less potent than A9-THC and much less abundant in the marijuana
plant, but otherwise similar.

Bioactive compound formed when the body breaks down A9-THC.
Presumed to be responsible for some of the effects of marijuana.

Cannabinoid agonists found in animals =~ .

anandamide
(arachidonyl-
ethanolamide)
2-AG
(arachidonyl
glycerol)

THC analogues

dronabinol
nabilone
CP 55,940

levonantradol
HU-210

Found in animals ranging from mollusks to mammals. Appears to be
primary endogenous cannabinoid agonist in mammals. Chemical structure
very different from plant cannabinoids, and related to prostaglandins.

Endogenous agonist. Structurally similar to anandamide. More abundant
but less potent than anandamide.

Synthetic THC. Marketed in the US under the name Marinol® for nausea
associated with chemotherapy and for AIDS-related wasting.

THC analogue. Marketed in the UK under the name Cesamet® for the same
indications as dronabionol.

Synthetic cannabinoid; THC analogue; that is, it is structurally similar to
THC

THC analogue.
THC analogue, 100-800 fold greater potency than THC.””

Chemical structure unlike THC or anandamide

WIN-55,212

SR 141716A
SR 144528

Chemical structure different from known cannabinoids, but binds to both
cannabinoid receptors. Chemically related to cyclo-oxygenase inhibitors,
which include antiinflammatory drugs.

Antagonists (Receptor Blockers)
132

Synthetic CB| antagonist; developed in 1994.l33

Synthetic CB3 antagonist; developed in 1997,

? Sources: Mechoulam et al. 1998'” | Felder and Glass 1998* : BMA 1997"
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Figure 2.4 Chemical structures of cannabinoid agonists
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Figure 2.4 Chemical structures of compounds that bind to cannabinoid receptors

IO

CP-55,940

2-Arachidonyi glycerol

WIN 55,212

Figure Legend. Selected cannabinoid agonists, or molecules that bind to and activate
cannabinoid receptors. THC is the primary psychoactive molecule found in marijuana.
CP 55,940 is a THC-analogue; that is, its chemical structure is related to THC.
Anandamide and 2-arachidonyl glycerol (2-AG) are endogenous molecules, meaning
they are naturally produced in the body. Although the chemical structure of WIN 55,212
is very different from either THC or anandamide, it is also a cannabinoid agonists.
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Table 2.3 Comparison of cannabinoid receptor agonists

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

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

Receptor Binding
in Brain Tissue'?*

Compound | Potency Relative
to THC

CP 55,940 59

A9-THC 1

Anandamide | 0.47

2-AG 0.08
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Other endogenous agonists

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

Other, non-eicosanoid, compounds that bind cannabinoid receptors have
recently 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 can 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, many of which await discovery.
In the next few years, much more will likely by known about these naturally-
occurring cannabinoids. _

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

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 and mimic some of the effects of THC. A number of important
psychotherapeutic drugs act by inhibiting neurotransmitter uptake. For example,
antidepressants like fluoxetine (Prozac®) inhibit serotonin uptake, and are known as
selective serotonin reuptake inhibitors, or SSRI’s. Another way to alter levels of
endogenous cannabinoids would be to develop drugs that act on the enzymes
involved in anandamide synthesis. Some anti-hypertensive drugs work by inhibiting
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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 II. :
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Table 2.4. Cellular processes that can be targeted for drug development

TABLE LEGEND. Endogenous cannabinoids are part of a cellular signalling system.
This table lists categories of natural processes that regulate such systems, and shows
the results of altering those processes.

Cellular Processes That Can Be Targeted for Drug Development

Drug action
Block synthesis

Inhibit
degradation

Facilitate
neuronal
uptake

Synthesis of bioactive
compounds is a continuous
process and is one means by
which concentrations of that
compound are regulated.

Chemical breakdown is one
method the body uses to
inactivate endogenous
substances.

Neuronal uptake is one of the
natural ways in which a

receptor agonist is inactivated.

220

Biological Result
Weaker signal, due to

decreased agonist concentration.

Stronger signal, due to
increased agonist concentration
increased.

Stronger signal, due to
increased amount of time during
which agonist is present in the
synapse where it can stimulate
the receptor.
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Sites of Action

Cannabinoid receptors are particularly abundant in some areas of the brain.
The normal biology and behavior associated with these brain areas are consistent
with the behavioral effects produced by cannabinoids (table 2.5 and figure 2.5). The
highest receptor density is found in cells of the basal ganglia that project locally and
to other brain regions. These cells include the substantia nigra pars reticulata,
entopeduncular nucleus, and globus pallidus, regions that are generally involved in
coordinating body movements. Patients with Parkinson and Huntington disease tend
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 regulates 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 concened 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—like the inhibitory neurotransmitter y-aminobutyric acid
(GABA)—tend to inhibit neurotransmission, although the results are somewhat
variable. In some cases, cannabinoids diminish the effects of the inhibitory
neurotransmitter, y-aminobutyric acid (GABA);'* in other cases, cannabinoids can
augment the effects of GABA.'?® The effect of activating a receptor depends on
where it is found on the neuron: if cannabinoid receptors are presynaptic (on the
“sending” side of the 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 robablg' mimic the effects of GABA;
in that case, the net effect would be inhibition.'*® '* !¢

CB, is the predominant brain cannabinoid receptor. CB, receptors have not
generally been found in the brain, but there is one isolated report suggesting some in
mouse cerebellum.'*’ CB, is found primarily on cells of the immune system. CB,
receptors are also found in immune cells, but CB, is considerably more abundant
there (table 2.6) (reviewed by Kaminski® in 1998).

As can be appreciated in the next section, the presence of cannabinoid
systems in key brain regions is strongly tied to the functions and pathology
associated with those regions. The clinical value of cannabinoid systems is best
understood in the context of the biology of these brain regions.
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Table 2.5 Brain regions in which cannabinoid receptors are abundant®

Brain Region -~ | Functions Associated with Region

Brain regions in which cannabinoid receptors are abundant

Basal ganglia Movement control

Substantia nigra pars reticulata
Entopeduncular nucleus

Globus pallidus

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

frontal, and parietal regions

Nucleus accumbens Reward center

Brain regions in which cannabinoid brain receptors are moderately concentrated

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

Amygdala Emotional response, fear
Spinal cord Peripheral sensation, including pain
Brain Stem Sleep and arousal, temperature
regulation, motor control
Central gray Analgesia
Nucleus of the solitary tract Visceral sensation, nausea and vomiting

® Based on reviews by Pertwee 1997'** and Herkenham 1995°” ; This table will be accompanied by a
figure.
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Figure 2.5. Location of brain regions in which cannabinoid receptors are
abundant.

See table 2.5 for summary of functions associated with those regions.
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Table 2.6 Summary table of cannabinoid receptors

CB,

Effects of various cannabinoids

A9-THC Agonist
Anandamide Agonist

Cannabinol (CBN) Weak agonist

Cannabidiol (CBD) Does not bind to

receptor
Receptor distribution
Areas of greatest Brain

abundance

CB,

Weak antagonist
Agonist

Agonist; greater affinity for CB,
than for CB,

Does not bind to receptor

Immune system, especially B cells
and natural killer cells

2.24




CANNABINOIDS AND ANIMAL PHYSIOLOGY

Cannabinoid Receptors and Brain Functions

Motor effects

Marijuana affects psychomotor performance in humans. The effects depend
both on the nature of the task and the experience with marijuana. In general, effects
are clearest in steadiness (body sway and hand 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.''" '*
Cannabinoids mainly inhibit the transmission of neural signals, and they inhibit
movement through their actions on the basal ganglia and cerebellum, where
cannabinoid receptors are particularly abundant (figure 2.6a and 2.6b). Cannabinoid
receptors are also found in the neurons that project from the striatum and subthalamic
nucleus, which inhibit and stimulate movement, respectively.ss’ 101

Cannabinoids decrease both the inhibitory and stimulatory inputs to the
substantia nigra, and therefore might provide dual regulation of movement at this
nucleus. In the substantia nigra, cannabinoids decrease transmission from both the
striatum and the subthalamic nucleus.'*' The globus pallidus has been implicated in
mediating the cataleptic effects of large doses of cannabinoids in rats.'?® (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.”' 59101 They are,
therefore, possible additional sites that might underlie the effects of cannabinoids on
movement.
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Figure 2.6a & b Diagrams showing motor regions of the brain

Figure 2.6. Basal ganglia are a group of three brain regions, or nuclei—caudate,
putamen, and globus pallidus. Figure 2.6a is a 3-dimensional view showing the
location of those nuclei in the brain. Figure 2.6b shows those structures in a vertical
cross-sectional view. The major output pathways of the basal ganglia arise from the
globus pallidus and pars reticula of the substantia nigra. Their main target is the
thalamus.
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Memory effects

One of the primary effects of marijuana in humans is disruption of short-term
memory.68 That is consistent with the abundance of 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
s 23,24, 83 . A ..
its inputs. In vitro, several cannabinoid ligands and endogenous cannabinoids
can block the cellular processes associated with memory formation,2> 3% !16: 157 163
Furthermore, cannabinoid agonists inhibit release of several neurotransmitters:
acetylcholine from the hippocampus,*® 3% ! norepinephrine from human and guinea
pig (but not rat or mouse) hippocampal slices,'¥ and glutamate in cultured
hippocampal cells.'* Cholinergic and noradrenergic neurons project into the
hippocampus, but circuits within the hippocampus are glutamatergic.” Thus,
cannabinoids could block transmission both into 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 cannabinoids 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 stimulj.!? 1% 46 72. 9. 154, 174
Cannabinoids were comparable with opiates in potency and efficacy in these
experiments. 12.72

Cannabinoids are also effective in rodent models of chronic pain. Herzberg
and coworkers found that cannabinoids can block allodynia and hyperalgesia

" Neurons are often defined by the primary neurotransmitter released at their terminals. Thus,
cholinergic neurons release acetylcholine, noradrenergic neurons release noradrenalin (also known as
norepinephrine), and glutamergic neurons release glutamate.
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associated with neuropathic pain in rats.'"’ (Allodynia refers to pain elicited by
stimuli that are normally innocuous; hyperalgesia refers to abnormally increased
reactivity to pain.) This is an important advance, because chronic pain frequently
results in a series of neural changes that increase suffering due to allodynia,
hyperalgesia, and spontaneous pain; furthermore, some chronic pain syndromes are
not amenable to therapy, even with the most powerful narcotic analgesics.'

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.*’ 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.zz' 2 Anandamide acts primarily at the CB, receptor,
whereas PEA has been proposed as a possible CB, 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 CB, and
CB, agonists. Because there are few, if any, CB, receptors in the brain, it might be
possible to develop drugs that enhance the peripheral analgesic effect while
minimizing the psychological effects.
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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 descendin
pathways (neural pathways that project from the brain to the spinal cord).!® 10
Although more work is needed to produce a comprehensive map of the sites of
cannabinoid analgesia, it is clear that the effects are limited to particular areas, most
of which have an established role in pain.

Specific sites where cannabinoids act to affect Pam processing include the
periaqueductal gray,m the rostral ventral medulla,'® "'° and the thalamic nucleus
submedius,'® the thalamic ventroposterolateral nucleus,'” dorsal hom of the spinal
cord,** ®* and peripheral sensory nerve_s.“’ 65.66. 51 Those nuclei also participate in
opiate analgesia. Although similar to opiaté analgesia, cannabinoid analgesia is not
mediated by opioid receptors; morphine and cannabinoids sometimes act
synergistically, and opioid antagonists generally have no effect on cannabinoid-
induced analgesia.'”' However, a kappa-receptor antagonist has been shown to
attenuate spinal, but not supraspinal, cannabinoid analgesia.'>> "% 1! (Kappa opioid
receptors constitute one of the three major types of opioid receptors; the other two
types are mu and delta receptors.)
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Neurophysiology and neurochemistry of cannabinoid analgesia

Because of the marked effects of cannabinoids 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 immediate-early genes (genes that are activated in the early
or immediate stage of response to a broad range of cellular stimuli) to noxious
stimuli in spinal cord, decrease response of pain neurons in the spinal cord, and
decrease the resl:onsiveness of pain neurons in the ventral posterolateral nucleus of
the thalamus.” ' Those changes are mediated by cannabinoid receptors, selective
for pain neurons, and 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.*’ Cannabinoids also modulate the
responses of on-cells and off-cells in the rostral ventral medulla in a manner that is
very similar to that of morphine.”‘ """ These cells control pain transmission at the
level of the spinal cord.

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, receptorsn' 62,110, 130, 158 A dministration of cannabinoid antagonists in either
the spinal cord™ or paw22 increase the sensitivity of animals to pain. In addition,
there is evidence that cannabinoids also act at the site of injury to reduce peripheral
inflammation"*"!

Current data suggest the endogenous cannabinoid analgesic system might
offer protection against the long-lasting central hyperalgesia and allodynia that
sometimes follow skin or nerve injuries’” '** These results raise the possibility that
therapeutic interventions that alter the levels of endogenous cannabinoids might be
useful for managing pain in humans.
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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
the same drug (not necessarily a drug of abuse) 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 tolerance (adaptation) produced by a
resetting of homeostatic mechanisms in response to repeated drug use. It is
important to reiterate that the phenomena of tolerance, dependence, and withdrawal
are not associated uniquely with drugs of abuse. Many medications 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 on 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,®® decreased
locomotion,z' 19 hypothermia,'u' 125 heuroendocrine effects,l and analgesia.'1
Tolerance also develops to the cardiovascular and psychological effects of THC and
marijuana in humans (see also discussion in chapter 3).55' 56.76

Tolerance to cannabinoids appears to result from both pharmacokinetic (how
the drug is absorbed, distributed, metabolized, and excreted) and pharmacodynamic
(how the drug interacts with target cells) changes. Chronic treatment with the
cannabinoid agonist, CP 55,940, increases the activity of the microsomal cytochrome
P450 oxidative system.”’ Because this is the system through which drugs are
metabolized in the liver, this suggests pharmacokinetic tolerance. Chronic
cannabinoid treatments also produce changes in brain cannabinoid receptors and
cannabinoid receptor mRNA levels, indicating that pharmacodynamic effects are
important, as well.

Most studies bave found that brain cannabinoid receptor levels usually
decrease after prolonged exposure to agonists,*> !!% 136. 138 although some studies
have reported increases'’ or no changes2 in receptor binding in brain. Differences
among studies may be due to the particular agonist tested, the assay used, brain
region examined, or treatment time. For example, the THC analogue, levonantradol,
produces a greater desensitization of adenylyl cyclase inhibition than THC in
cultured neuroblastoma cells,*® which may be explained by the efficacy differences
between these two agonists.'® '”  Furthermore, a time course study revealed
differences in the rates and magnitudes of receptor down-regulation across brain
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regions.'® These 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. Chronic THC treatment produces significant
desensitization of cannabinoid-activated G-proteins in a number of rat brain
regions.:;7 Moreover, the time course of this desensitization varies across brain
regions.

It is difficult to extend the findings of these short-term animal studies to
human marijuana use. In order to simulate long-term use, the doses used in animal
studies are higher than normally achieved by smoking marijuana. For example, the
average human will feel “high” after a 0.06 mg/kg injection of THC,''® compared to
10-20 mg/kg/day used in many chronic studies in rats. At the same time, doses of
marijuana needed to observe behavioral changes in rats (usually changes in

locomotor behavior) are substantially higher than doses at which people feel “high.” -

In addition, pharmacokinetics of THC distribution in the body are dramatically
different between rats and humans, as well as being highly dependent on the THC
delivery system—that is, whether it is inhaled, injected, or swallowed. Nevertheless,
it is likely that some of the same biochemical adaptations to chronic cannabinoid
administration occur in both laboratory animals and humans, but the magnitude of
the effects in humans may be smaller in proportion to the respective 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.38 However, behavioral®® and brain
stimulation® studies have shown that THC can be rewarding to animals. The
behavioral study used a “place-preference” test, in which an animal is given repeated
doses of a drug in one place, and is then given a choice between a place where it did
not receive the drug and one where it did; 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 mid-range; doses that are too low are not
rewarding, doses that are too high can be aversive. Mice will self-administer the
cannabinoid agonist, WIN 55212, but only at low doses.'®  This effect is
specifically mediated by CB, receptors, and indicates that stimulation of those
receptors is rewarding (o 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, SR141716A, at both low and
high doses.'*® Cannabinoids increase dopamine levels in the mesolimbic dopamine
system of rats, a pathway associated with reinforcement.?> 3% ¢! However, the
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mechanism by which THC increases dopamine levels appears to be different from
that of other abused drugs®' ¢ (see chapter 3 for further discussion of reinforcement).

Physical dependence on cannabinoids has only been observed under
experimental conditions of “precipitated withdrawal” in which animals are first
treated chronically with cannabinoids and then given the CB, antagonist,
SR141716A.> ' The addition of the antagonist accentuates any withdrawal effect
by competing with the agonist at receptor sites; that is, the antagonist helps to clear
agonists off and keep them off receptor sites. This suggests that, under normal
cannabis use, the long half-life and slow elimination from the body of THC, and the
residual bioactivity of its metabolite, 11-OH -THC, may prevent significant
abstinence symptoms. The precipitated withdrawal effects produced by SR141716A
have some of the characteristics of opiate withdrawal, but are not affected by opioid
antagonists and affect motor systems differently. An earlier study with monkeys also
suggested that abrupt cessation of chronic THC is associated with withdrawal
symptoms.® 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 correlates with stimulation of central amygdaloid corticotropin-releasing
hormone release, consistent with the consequences of withdrawal from other abused
drugs."* However, the withdrawal syndrome for cannabinoids and the
corresponding increase in corticotropin-releasing hormone are only observed
following administration of the CB, antagonist, SR 141716A, to cannabinoid-
tolerant animals;* '® 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, both of which are stress-related
hormones.”'  This set of withdrawal studies may explain the generally aversive
effects of cannabinoids in animals, and may indicate that the increase in
corticotropin-releasing hormone is merely a rebound effect. Thus, while
cannabinoids appear to be conforming to some of the neurobiological effects of other
drugs abused by humans, the underlying mechanisms of these actions and their
significance in determining the reinforcement and dependence liability of
cannabinoids in humans remain undetermined.

% These increases in dopamine are due to increases in the firing rate of dopamine cells in the ventral
tegmental area by A-THC"’. However, these increases in firing rate in the ventral tegmental area
could not be explained by increases in the firing of the A10 dopamine cell group, where other abused
drugs have been shown to act’' .
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Cannabinoids and the Inmune 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 (see box on Cells of the Immune System).

Cannabinoids, especially THC, can modulate the function of immune cells in
various ways—in some cases enhancing, and in others diminishing the immune
response85 (summarized in table 2.7). However, the natural function of the
cannabinoids in the immune system is not known. Immune cells respond to
cannabinoids in a variety of ways, depending upon experimental factors such as drug
concentration, timing of drug delivery to leukocytes in relation to antigen
stimulation, and the type of cell function analyzed. 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 the concentrations of THC which
modulate immunological responses are higher than those required for psychoactivity.
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Table 2.7 Effects of Cannabinoids on the Immune System

Orug tested Cell Types
o " . Tested or Type Drug _ _ .
of Animal .~ Concentration® Result Reference
Experiment
. Luo, 1992,
THC Lymphocytgs and | 0.1-30 uM Higher doses suppress T cell Pross, 1992+
2-AG splenocytes in proliferation Klein, 19854
l l 'OH'THC Vitro s”c(er, l 9909
CBN Lee, 1995 %
Herring, 1998
THC Lymphocytes and | 0.1-25 uM Lower doses increase T cell Luo,1992; Lee,
2-AG splenocytes proliferation in vitro 1995 % Pross, 1992+
. . . Lee, 1995
Anandamide Splenocytes in 1-25 uM Lml.e or no effect on T cell Devane, 1992
vitro proliferation
i *
THC, 11- Splenocytes in 3-30 uM Decrease B cell proliferation :f:ml ;::i
OH-THC AG- | vitro ’
2
THC Lymphocytes in ?6'&:01 -0.1uM] Increase B cell proliferation Derocg, 1995
CP 55,940 vitro ' ’
WIN 55,212-
2
THC Mice were > 5 mg/kg Antibody production was suppressed [ o\ og3
injected with Schatz, 1993
HU-210 drug >0.05 mg/kg Titishov, 1989
THC Splenocytes in 1-30uM Antibody production was suppressed | Klein, 1990
11-OH-THC vitro Baczynsky, 1983
CBD Kaminski, 1994
CBN Herring, 1998
THC Rodents were 3mg/kg/day for Repeated low doses or a high dose of Patel, 1985
injected with drug | 25days- THC suppress the activity of natural | Klein,1987
40mg/kg/day for 2 | killer cells
days
THC Natural killer 0.1-32 uM Doses of 210 uM suppress natural Klein, 1987
11-OH-THC | cells in vitro : killer cell cytolytic activity, doses <10 | Luo,1989
1M produced no effect
THC Peritoneal 3-30 uM Variable doses of THC suppress Lopez-Cepero,
macrophages and macophage functions in vitro 1986 Specter,
monocytes 1991 Tang,
1992
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THC Mice injected > Smg/kg for 4 THC suppresses normal immune Cabral, 1986
CBD with drug; in one | days or 50 mg/kg response; interferons failed to Blanchard, 1986
case, in vitro tests | every S days forup | increase when exposed to cytokine
done on spleens to 8 weeks inducer, while CBD had no
suppressive effect
g};g Peripheral blood <0.1 yM Increased interferon production Watzl, 1991
mononuclear cells
in vitr
i vitro 30 uM Decreases interferon production
THC Splenocytes and 10 uM Both THC and CBD suppress IL-2 Condie, 1996
CBD T cells in vitro secretion and the number of IL-2
transcripts
THC Phorbol myristate | 10-20 uM Increase in tumor necrosis factor Shivers, 1994
acetate production and IL-1 supernatant
differentiated bioactiviy
macrophage in .
vitro
THC Endotoxin- 10-30 uM Increase processing and release of IL- Zhu, 1994
activated 1 rather than cellular production of
macrophages in the IL-1
vitro
THC Peritoneal 10-30 uM Increased IL-1 bioactivity Klein, 1990
macrophages in
vitro
THC Mice were 8mg/kg given Cytokine-mediated septic shock and Klein, 1993 and
injected with drug | before and after death occurs with exposure to 1994
and either bacteria infection sublethal dose of the bacteria Newton, 1994
sublethal or
Z‘hz::;: of < 5 mg/kg doses, or | Survival occurs, but with greater
nfumo hilia one 8 mg/kg or 4 susceptiblity to infection when
pneumop mg/kg dose given | challenged with bacteria and death
before bacteria when challenged with a lethal dose of
infection bacteria
THC Immuno-deficient | 100mg/kg before Two high doses of THC potentiates Specter, 1991
mice injected with | and after virus the effects of herpes simplex and
drug angd herpes infection enhances the progression of death
simplex virus 100 mg/kg before A single dose did not promote death

virus infection

= cell density dependent; * mitogen dependent; ¢ % serum dependent; # dependent on timing of drug exposure relative
to mitogen exposure.

8 Drug concentrations are given in the standard format of molarity (M). A one molar solution is the molecular weight of
the compound (in grams) dissolved in 1 liter of water or other solvent. The molecular weight of THC is 314 so a | molar
solution would be 314 grams of THC dissolved in 1 liter of solution, a 10 MM solution would be 3.14 mg THC/liter.

A 1-10 uM concentration will generally elicit a physiologically relevant response in immune cell cultures.

Higher doses are often suspected of not being biologically meaningful, because they are a much larger dose than would
ever be achieved in the body. The doses listed in this table are, for the most part, very high. See text for further

discussion.

2.36




CANNABINOIDS AND ANIMAL PHYSIOLOGY

Cells of the Imnmune System

The various organs of the immune system are positioned throughout the body and
include bone marrow, thymus, lymph nodes and spleen. The cells of the immune system
consist of white blood cells, or leukocytes, which are formed in the bone marrow from stem
cells—so-called because a great variety of cells descend from them (see below). There are
two kinds of leukocytes: lymphocytes and phagocytes. Lymphocytes consist of B cells, T
cells,” and natural killer cells (NK), and the major phagocytes include monocytes,
macrophages and neutrophils. Phagocytes have many important roles in the immune
response, but most significantly they initiate these responses by engulfing and digesting
foreign substances (e.g., bacteria, viruses, foreign proteins), or antigens, that enter the body.
Once digested, the antigen is exposed to specialized lymphocytes (i.e., B cells and T cells)
so that antibodies and effector T cells can be produced to help destroy any remaining
antigens in the body. Antibodies are proteins produced by B cells that bind to antigens and
promote antigen destruction. Effector T cells include killer T cells which attack and kil
antigen laden cells, and helper T cells, which secrete special proteins called cytokines that
promote antigen elimination. Natural killer cells are specialized lymphocytes that are also
activated by antigen to either kill infected targets or secrete immunoregulatory cytokines.

Stem Cell
Myeloid Lymphoid

Precursor Precursor
T Killer celis

Neutrophil

T Helper cells
Monocyte '

S ¢

Antibodies

Natural
Killer cells

" The B and T refer to where the cells mature, either in the bone marrow (B) or thymus (T).
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The CB, 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 CB, mRNA' content is equivalent to that of CB, mRNA in the
brain.** The rank order, from high to low, of CB, mRNA levels in immune cells is
B-cells > natural killer cells >> monocytes > polymorphonuclear neutrophil cells >
T8 cells > T4 cells. In tonsils, the CB, receptors appear to be restricted to B-
lymphocyte-enriched areas. In contrast, CB, receptors are mainly expressed in the
central nervous system and, to a lower 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

CB, appears to be the predominant gene expressed in resting leukocytes.’s’
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 cannabinoid effects observed in immune systems,
especially at high drug concentrations, are likely mediated through non-receptor
mechanisms, but these have not yet been identified.

Ligand binding to either the CB, or CB, receptors 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).5% % 91 122, 139, 151, 167 " o e in
intracellular cAMP concentrations lead to immune enhancement, while decreases
lead to an inhibition of immune responses.”’”  Cannabinoids inhibit the rise in
intracellular cAMP that normally results from leukocyte activation, and this mith be
the pathway through which cannabinoids suppress immune cell functions.?® ™ 7 [
addition, cannabinoids activate other molecular pathways such as the nuclear factor-
kB pg;.h%vay and therefore these signals might be modified in drug treated immune
cells.™

112

 After a gene is transcribed it is often spliced and modified into mRNA, or message RNA. The CB-2
mRNA is the gene “message” that moves from the cell nucleus into the cytoplasm where it will be
transiated into the receptor protein.
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T and B Cells

When stimulated by antigen, lymphocytes (see box on Cells of the Immune
System) 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’ can 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 and HU-210°"#%%12%:155 15 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, mitogen used, percent of serum
in the culture, and timing of cannabinoid drug exposure. In general, lower doses of
cannabinoids increase proliferation while higher doses suppress proliferation. Doses
that are effective in suppressing immune function are typically greater than 10 uM in
cell culture studies and greater than 5 mg/kg in whole animal studies.®’ By
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 ex?erienced by humans, should be interpreted with caution.

89, 93.93. 120, 155 A5 with T cells, B cell proliferation can be suppressed by
various cannabinoids, such as THC, 11-OH-THC and 2-AG, but B cell proliferation
is more inhibited at lower drug concentrations than T cell proliferation.®> %
Conversely, low doses of THC, CP 55,940 and WIN 55,212-2 increase B-cell
proliferation in cultured human cells exposed to mitogen.®> This effect possibly
involves the CB, receptor, because the effect appears to be the same when the CB,
receptor was blocked by the antagonist, SR-141716A (which does not block the CB,
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.

/ Mitogens are substances that stimulate cell division (mitosis) and cell transformation.
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Natural Killer Cells

Repeated injections of relativel6y low doses of THC (3 mg/kg/day'?' *) or two
injections of a high dose (40 mg/kg® ) suppress the ability of natural killer (NK)
cells to destroy foreign cells in rats and mice. THC can also suppress natural killer
cell cytolytic activity in cell cultures; 11-OH-THC, is even more poterlt.86 In
contrast, THC doses below 10uM had no effect on natural killer cell activity in
mouse cell cultures.*®

Macrophages

Macrophages perform various functions including phagocytosis (ingestion
and destruction of foreign substances), cytolysis, antigen presentation to
lymphocytes, and production of a variety 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 capable of modulating lymphocyte
functions (see above).ss' 109

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.

Certain cytokines, such as interferon-y 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 microbes from the body (see Box on cells of the
immune system). When injected into mice, THC suppresses the production of those
cytokines that modulate the host response to infection (see below).l ' 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 cannabidiol.'® In addition to Thl cytokines, cannabinoids also modulate the
production of cytokines such as interleukin-1 (IL-1), tumor necrosis factor (TNF),
and interleukin-6 (IL-6). 145. 176 At 8 mg/kg, THC can increase the in vivo
mobilization of serum acute phase cytokines including IL-1, TNF, and IL-6.%°
Finally, although these studies suggest that cannabinoids 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.

* While 3 mg/kg would be a high dose for humans (see table 3.1); in rodents, it is a low dose for
immunological effects, and a moderate dose for behavioral effects.
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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 HU210
(>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.% & 61 78,79, 84, 85, 142, 164 However, the inhibition of antibody response by
cannabinoids was only observed when antibody-forming cells were exposed to T
cell-dependent antigens (the responses require functional T cells and macrophages as
accessory cells). Conversely, antibody responses to several T cell-independent
antigens were not inhibited by THC, suggesting that the B cell is relatively
insensitive to inhibition by cannabinoids.'*?

)

Resistance To Infection In Animals Exposed To Cannabinoids

Bacterial infections evaluated in mice demonstrated that THC can suppress
resistance to infection, although the effect depends upon the dose and timing of drug
administration. Mice pre-treated with THC (8 mg/kg) one day prior to infection with
a sublethal dose of the pneumonia-causing bacteria, Legionella pneumophilia, and
then treated again one day after the infection with THC, developed symptoms of
cytokine-mediated septic shock and died; control mice that were not pre-treated with
THC became immune to repeated infection and survived the bacterial challenge.”® If
only one injection of THC was given or doses less than 5 mg/kg were used, all of the
mice survived the initial infection, but failed to survive a subsequent challenge with a
lethal dose of the bacteria; hence these mice failed to develop immune memory in
response to the initial sublethal infection.®’ Note that these are very high doses, and
are considerably higher than doses experienced bg marijuana users (see figure
3.1)."" In rats, doses of 4.0 mg/kg THC are aversive”

Few studies have been done to evaluate the effect of THC on viral infections,
and this is an area that 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
twice, two days before and after herpes simplex virus infection, was shown to be a
co-factor with herpes simplex virus in enhancing the progression to death in an
immunodeficient mouse model infected with a leukemia virus.*’ However, THC
given as a single dose (100 mg/kg) two days before herpes simplex virus infection
did not promote the progression to death in these animals. Hence, whether THC is
immunosuppressive likely depends on the timing of THC exposure relative to an
infection.
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Anti-inflammatory Effects

As discussed above, cannabinoid drugs can modulate the production of
cytokines, which are central to inflammatory processes in the body. In addition,
several studies have shown directly that cannabinoids can be anti-inflammatory. 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.'® ' (Some believe that nerve
damage associated with multiple sclerosis is caused by an inflammatory reaction.)
Likewise, the cannabinoid, HU-211, was shown to suppress brain inflammation that
resulted from closed head injury'“’ or infectious meningitis7 in studies on rats. HU-
211 is a synthetic cannabinoid that does not bind to cannabinoid receptors, and is not

S choactive;7 thus, without direct evidence, the effects of marijuana cannot be
psy 1]

assumed to include those of HU-211. CT-3, another atypical cannabinoid,
suppresses acute and chronic joint inflammation in animals.'’® It is a
nonpsychoactive, synthetic derivative of 11-THC-oic acid (a breakdown product of
THC), and does not appear to bind to cannabinoid receptors.'? Cannabichromene, a
cannabinoid found in marijuana, has also been reported to have anti-inflammatory
properties.'”  No mechanism of action for possible anti-inflammatory 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, anandamide and PEA, to
reduce pain associated with local inflammation that was experimentally induced by
subcutaneous injections of dilute formalin.?*  Both THC and anandamide can
increase serum levels of ACTH and corticosterone in animals.'® 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 anti-inflammatory effects of cannabinoids is important for
potential therapeutic uses of cannabinoid drugs, but has not yet been established.

Conclusions regarding effects on immune system

Based on cell culture and animal studies, cannabinoids have been established
as immunomodulators—that is, they increase some immune responses and decrease
others. The variable responses depend upon experimental factors such as drug dose,
timing of delivery, and type of immune cell examined.

Cannabinoids affect multiple cellular targets within the immune system and a
variety of effector functions. Many of the effects noted above appear to occur at
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concentrations of > 5 uM in vitro and > 5 mg/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 effects of chronic low dose exposure to cannabinoids on the immune system.

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 non-psychotropic cannabinoids
potentially have fewer side effects and might thus offer an improvement over
glucocorticoids in treating inflammatory diseases.

Conclusions and Recommendations

Following the progress of the past fifteen years in understanding the effects
of cannabinoids, research over the next decade is likely to reveal even more. It is
interesting to compare how little we know about the cannabinoids with how much
we know about the opiates (table 2.8). This table, in fact, suggests good reason for
optimism about the future of cannabinoid drug development. Now that many of the
basic tools of cannabinoid pharmacology and biology have been developed, one can
expect to see rapid advances that can begin to match what is known for 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—i.e., in which
cells and where in those cannabinoids are found, cellular storage and release
mechanisms, and uptake mechanisms will be crucial in determining the biological
role of this system. Technology that will be crucial in establishing the biological
significance of these systems will be broad based and include such research tools as
the transgenic, or gene knockout mice, as have already been accomplished for
various opioid receptor types.® In 1997, both CB, and CB, receptor knockout mice
were generated by a team of scientists at NIH and a group in France has developed
another strain of CB, receptor knockout mice.’

' 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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Table 2.8 Historical comparisons between cannabinoids and opiates

Comparisons between cannabinoids and opiates

Cannabinoids Opiates
Pharmacological Discoveries
Discovery of receptor 1988 1973
existence (Howlett and Devane)36, 40 (Pert and Snyder, Terenius, and
Simon) 1 23, 149, 162
Identification of receptor 1994 pre-1973
antagonist SR141716A (Rinaldi- Naloxone
Carmona)132
Discovery of 1st 1992 1975
endogenous ligand Anandamide (Devane and Met- and Leu-enkephalin
Mechoulam)37 (Hughes et al)70
1st Receptor cloned 1990 1992
(Matsuda)107 (Evans et al. and Kieffer et al.)41, 82
Natural functions of Unknown Pain, reproduction, mood, movement,
cannabinoid / opiate and others
systems

There are several research tools that will greatly aid such investigations—in
particular, a greater selection of agonists and antagonists that permit discrimination
between the activation of CB, versus CB, receptors; hydrophilic agonists (that can be
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, receptors, 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 biology indicates a
role for cannabinoids 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 intriguingly, although less well-established, for movement
disorders. The neuroprotective 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 not only to drug abuse, but also to
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understanding basic human biology. Further, it offers the potential for the discovery
and development of new, therapeutically useful drugs.

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

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

e The natural role of cannabinoids in immune systems is likely
multifaceted and remains unclear.

o The brain develops tolerance to cannabinoids.

* Animal research demonstrates the potential for dependence, but this
potential is observed under a narrower range of conditions than with
benzodiazepines, opiates, cocaine, or nicotine.

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

CONCLUSION: The different cannabinoid receptor types found in the body
appear to play different roles in normal physiology. 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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CHAPTER 3: First, Do No Harm: Consequences of Marijuana
Use and Abuse

Primum non nocere. This is the physician’s first rule: whatever treatment a
physician prescribes to a 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 of harm associated
with its use. This chapter thus explores the negative health consequences of
marijuana use, first with respect to drug abuse, then from 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, and Hall 1994 and 1998"°* %), 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 sensitivity, 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
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Table 3.1 Psychoactive Doses of THC in Humans

THC Delivery ... | THC Dase o Rcsulfing . Subjects’ Reactions Reference
System . .| Administered - Levelof THC | - ..
One 2.75% THC | 0.32 mg/kg* 50-100 ng/ml | At higher level subjects felt 100% Heishman and
cigarette smoked “high” and psychomotor coworkers

performance is decreased. At 50 1990

ng/m! subjects feit about 50% “high”
1 gm marijuana 0.25-0.50 mg/kg* | Not measured | Enough to feel psychological effects | Kelly and
cigarette smoked of THC coworkers
(2% or 3.5% 1993
THC)
19 mg THC Approx. 0.22 100 ng/ml Subjects felt “high” Ohlsson and
cigarette smoked | mg/kg** coworkers
(approx 1.9% 1980
THC)
5 mg THC Approx. 0.06 100 ng/m] Subjects felt “high”
injected i.v. mg/kg**
Chocolate chip -Approx. 0.24 8 ng/ml Subjects rated “high” as only about
cookie containing | mg/kg 40%
20 mg THC
19 mg THC 12 mg was 85 ng/ml Subjects felt “high” after 3 minutes, | Lindgren and
cigarette smoked | smoked (after 3min.) | and maximally high after 10-20 coworkers
to “desired high” | (7 mg remained in | 35 ng/ml minutes (average self ratings of 5.5 1981

cigarette butt) (after 15 min.) | on a 10-point scale)

S mg THC 0.06 mg/kg*** 300 ng/ml Subjects felt maximally “high” after
injected i.v. (after 3 min.) 10 minutes (average self ratings of

7.5 on a 10-point scale)

65 ng/ml
(after 15 min.)

* Subjects’ weights and cigarette weights were not given. Calculation based on 85 kg body weight,
and 1 g cigarette weight. Note that some THC would have remained in the cigarette butt and some

wouid have been lost in side-stream smoke, so these represent maximal possible doses administered.
Actual doses would have been slightly less.

** Based on estimated average weight of 85 kg for 11 men aged 18-35 years.

*¢* Based on approximately weight of 80 kg (subjects included men and women).
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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;®
others include panic, degression, dysphoria, depersonalization, delusions, illusions,
and hallucinations." ** ¢ % of regular marijuana smokers, 17% report that they have
experienced at least one of the symptoms, usually early in their use of marijuana.'*
Those observations are particularly relevant for the use of medical marijuana in
people who have not previously used marijuana.

Drug dynamics

There are many misunderstandings about drug abuse and dependence (see
reviews by O’Brien'"> and Goldstein™ ). The terms and concepts used in this report
are as defined in the most recent Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV? ), the most influential system in the United States for diagnoses
of mental disorders, including substance abuse (see box on definitions). Tolerance,
dependence, and withdrawal are often presumed to imply abuse or addiction, but this
is not the case. Tolerance and dependence are normal 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
physical 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 abruptly 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 stopped
abruptly, there can be a withdrawal syndrome that consists of tachycardia and a
rebound increase in blood pressure to a point, temporarily higher than before
administration of the medication began.

Because it is an illegal substance, some people consider any use of marijuana
as substance abuse. However, this report uses the medical 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 on criteria for substance dependence).

34



FIRST, DO NO HARM: CONSEQUENCES OF MARIJUANA USE AND ABUSE

~_ Definitions

Addlctlon Substance dependence

Craving refers to the intense desire for a drug and is the most dlfﬁcult aspect of
addiction to overcome.

Physiological dependence is diagnosed when there is evidence of either tolerance or

withdrawal; it lS sometimes, but not always, manifested i n substance
dependence :

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

Substance dependence is a cluster of cognitive, behavxoral and pbysxologlcal
- symptoms indicating that a person continues use of the substance desplte
significant substance-related problems. e

Tolerance is the most common response to: repetmve use of a drug and can be .
-defined as the reductmn in responses to the drug aﬁer repeated T
administrations. ~

Withdrawal. The colleetwe symptoms that occur when the drug is abruptly
‘withdrawn are known as withdrawal syndrome and are oﬁen the only
‘evidence of physwal dependence '
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DSM-IV Crlterla for Substance Dependence

A maladaptlve pattem of substance use, leadmg to chmca]ly 51gmﬁcant
impairment or distress, as manifested by three (or more) of the following,
occurring at any time in the same 12-month penod :

¢y

@

3
@

)

©)

@) The

Tolerance, as deﬁned by either of the following:
(2) A need for markedly increased amount of the substance to achieve
_ intoxication or desired effect.
(b) Markedly diminished effect with contmued use of the same amount of
the substance. ' :

Withdrawal, as defined by either of the following: :
(a) The characteristic withdrawal syndrome for the substance.
(b) The same (or a closely related) substance is taken to reheve or avoxd '

The substance is oﬁen ta.ken in larger amounts or overa longer period than
was intended. _ _ .

There is a persistent desue or unsuccessful efforts to cut down or control
§ substance use. ) 5

A great deal of time is spent in activities- necessary to obtam t.he substance

(e.g-, visiting multiple doctors or driving long dtstances) use the substance
(e g, cham—smokmg), or recover ﬁ'om tts etfects PR

Impommt socxal occupanonal or recreatlonal acnvmes are glven upor-

' reduced because of substance use.

The substance use is contmued desptte knowledge of havmg a pemlstent or
recurrent physical or psychological problem that is likely to have been
caused or exacerbated by the substance (e.g., current cocaine use despite

. recognition of cocaine-induced depression or continued drinking - desplte

recognmon that an ulcer was made worse by alcohol consumptxon)

Substance abnse with physmloglcal dependence is dtagnosed if there is -
evidence of tolerance or wrthdrawal

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

Drugs vary in their ability to produce good feelings in the user, and the more
strongly reinforcing a drug is, the more likely it will be abused (G. Koob, 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®* in 1994). Caffeine is reinforcing for many
people at low doses (100-200 mg, the average amount of caffeine in one to two cups
of coffee), and 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).92
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.*”

A specific set of neural pathways has been ?roposed to be a “reward system”
that underlies the reinforcement of drugs of abuse®® and other pleasurable stimuli.’!
Reinforcing properties of drugs are associated with their ability to increase
concentrations of particular neurotransmitters in areas that are part of the proposed
brain reward system. The median forebrain bundle and the nucleus accumbens are
associated with brain reward pathways.87 Cocaine, amphetamine, alcohol, opioids,
nicotine, and THC'® all increase extracellular fluid dopamine in the nucleus
accumbens region (reviewed by Koob®” and Nestler'” 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

37




respiratory depressant effects, so heroin users tend to increase their daily doses to
reach their desired level of euphoria, thereby putting them 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 mari;ua.na heavily than it is
among those who use marijuana only occasionally,?> ' 143 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, a group of daily marijuana smokers
participated in a residential laboratory study to compare the development of tolerance
to THC pills and to smoked marijuana.60, 61  One group was given marijuana
cigarettes to smoke four times per day for four consecutive days. Another group was
given THC pills on the same schedule. During the 4-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. Note that tolerance does not mean the drug no longer produced those
effects, simply that the effects were less at the end than they were at the beginning of
the 4-day period. The marijuana smoking group reported feeling “mellow” after
smoking, and did not show tolerance to this effect. Interestingly, the group who took
THC pills did not report feeling “mellow,” a difference that 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 to THC to the subject. Each smoked marijuana dose consisted of five 10-
second puffs of a 3.1% marijuana cigarette; the pills contained 30 mg of THC. Both
groups also received placebo drugs during other four-day periods. While the dosing
of the two groups was comparable, different routes of administration result in
different patterns of drug effect. The peak effect of smoked marijuana is felt within
minutes, and declines sharply after 30 minutes,67. 94 ; the peak effect of oral THC is
usually not felt until about an hour and lasts for several hours.117

Withdrawal

A distinctive marijuana and THC withdrawal syndrome has been identified,
but it is mild and subtle compared to the profound physical syndrome of alcohol or
heroin withdrawal.’"  The marijuana withdrawal syndrome includes restlessness,
irritability, mild agitation, insomnia, sleep EEG disturbance, nausea, and cramping
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(table 3.2). This syndrome, however, has only been reported in a group of
adolescents in treatment for substance abuse problems® or in a research setting
where subjects were given marijuana or THC on a daily basis.”
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Table 3.2 Drug Withdrawal Symptoms

Nicotine Alcohol - Marijuana Cocaine Opioids
Restlessness Tremor Restlessness Dysphoria Restlessness
Irritability Irritability Irritability Depression Irritability
Dysphoria Nausea Mild agitation Bradycardia Increased
sensitivity to
pain
Impatience, Sleep disturbance Sleep EEG Sleepiness, Dysphoria
hostility disturbance fatigue
Depression Tachycardia . Insomnia Cocaine craving Insomnia,
o anxiety
Difficulty Perceptual .Nausea, Muscle aches
concentrating distortion .cramping
Anxiety Hypertension Nausea, cramps
Decreased heart Sweating Opioid craving
rate
Increased appetite  Seizures

or weight gain

Alcohol craving

Delirium tremens
(severe agitation,
confusion, visual
hallucinations,
fever, profuse
sweating, nausea,
diarrhea, dilated
pupils)

Table Iegend. This summary of withdrawal symptoms is from O'Brien's 1996
review.'"* In addition to the established symptoms listed above, two recent studies
have reported 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 under the section on “Prevalence and
Predictors of Dependence”).31
withdrawal symptoms included sweating and rhinorrhea (runny nose), in addition to
those listed above®' (this study is discussed further under the section on

31
“Tolerance™).
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Withdrawal symptoms have been observed in carefully controlled laboratory
studies of people following use of both oral THC and smoked marijuana (Haney and
coworkers in press). In one study, subjects were given very high doses of oral THC:
180-210 mg per day for 10 to 20 days, roughly equivalent to smoking 9-10 two-
percent THC cigarettes per day.73 During the abstinence period at the end of the
study, the study subjects were irritable and showed insomnia, rhinorrhea (runny
nose), sweating, and decreased appetite. The withdrawal symptoms, however, were
short-lived. After four days they had abated. This time course contrasts with 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 (Haney and
coworkers, in press).

In animals, simply discontinuing chronic heavy dosing of THC does not
reveal withdrawal symptomsl7 However, in animal studies, the “removal” of THC
from the brain can be made abrupt by another drug that blocks THC at its receptor
when administered at the same time the chronic THC is withdrawn. In this case, the
withdrawal syndrome is quite ?ronounced, and the behavior of the animals becomes
hyperactive and disorganized.”? The half-life of THC in brain is approximately one
hour.'® ¢ 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 seen if THC is abruptly withdrawn without the addition of a receptor-
blocking drug is not likely due to a prolonged decline in brain levels.

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.''® Thus, while this section
briefly reviews what is known about drug craving, its relevance to marijuana use has
not been established.

Most individuals who suffer from addiction relapse within a year of
abstinence, and they often attribute their relapse to craving.57 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.''*  Whether the
neurobiology changes 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 certain opioid forebrain systems and by brain-stem systems,
whereas “wanting” seems to be mediated by ascending dopamine neurons that
project to the nucleus accumbens.'®

Anti-craving medications have been developed for nicotine and alcohol. The
antidepressant, bupropion, blocks nicotine craving, while naltrexone blocks alcohol
craving.““ Another category of addiction medication includes drugs that block
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another drug’s effects. Some of these addiction medication drugs also block craving.
For example, methadone blocks the euphoria 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 or 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."! Marijuana use is most prevalent among 18-25 year olds and declines
sharply after age 34 (figure 3.1).”¢ 1! Among adolescents, whites are more likely
than blacks to use marijuana, although this difference decreases by adulthood. '*!

Most people who have used marijuana did so first during adolescence. Social
influences, such as peer pressure and grevalence of use by peers, are highly
predictive of initiation into marijuana use.” Initiation is not, of course, synonymous
with continued or even 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 drug 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 their health and
well-being; that is, they felt marijuana was bad for their health or their family and
work relationships. The second type was based on age-related changes in
circumstances, including increased responsibility and less regular contact with other
marijuana users. Interestingly, 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 after
initiation. 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 drugs for psychological reasons.”

The age distribution of marijuana users among the general population
contrasts with that of medical marijuana users. Marijuana use generally declines
sharply after age 34, whereas medical marijuana users tend to be over 35 (figure 3.1).
This raises the question as to what, if any, relationship exists between abuse and
medical use of marijuana; however, there are no studies reported in the scientific
literature that address this question.
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Figure 3.1 Age distribution of marijuana users among the general population
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Prevalence and Predictors of Drug Dependence

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)."° The first two categories apply to potential abuse of any
substance; that is, someone who is vulnerable to drug abuse for individual reasons,
and who finds themselves in an environment that encourages drug abuse, is 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 it will be abused. The abuse liability of a drug
is enhanced by how quickly its effects are felt, and this is determined by how the
drug is delivered. In general, the effects of drugs that are inhaled or injected are felt
within minutes, those that are ingested take half an hour or more. The proportion of
people who become addicted varies among drugs (table 3.4).
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Table 3.3 Factors that are correlated with drug dependence

Individual Factors ,
Pharmacological effects of the drug
Gender

Age

Genetic factors

Individual risk-taking propensities
History of prior drug use

Environmental Factors

Availability of the drug

Acceptance of the use of that drug within society

Balance of social reinforcements and punishments for use
Balance of social reinforcements and punishments for abstinence

Source: Crowley and Rhine (1985)*

Table legend. Factors that can influence the likelihood that an individual will
become dependent on a drug.
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Table 3.4 Prevalence of Drug Use and Dependence Among the General Population

Proportion Who  Proportion Of
L "~ HaveEverUsed Users ThatEver

Drug Category = - . Different Types  Became

o of Drug ' Dependent
Tobacco 76 % 32%
Alcohol 92 % 15%
Marijuana 46 % 9%
(including hashish)
Anxiolytics 13% 9%
(including sedatives
and hypnotic drugs)
Cocaine 16% 17 %
Heroin 2% 23 %

Table legend. The table shows estimates for the proportion of people among the
general population who used or became dependent on different types of drugs. The
proportion of users that ever became dependent includes anyone who was ever
dependent—whether it was for a period of weeks or years—and thus includes more
than those who are currently dependent. The diagnosis of drug dependence used in
this study was based on DSM-III-R criteria.’ Adapted from table 2 in Anthony and
coworkers (1 994).8

Compared to most other drugs listed in this table, dependence among
marijuana users is relatively rare. This might be due to differences in the specific
drug effects; in the availability of, or penalties associated with the use of, the
different drugs—or, some combination of these possible reasons.

Note that the percent listed are from the Epidemiological Catchment Area
study, and (of people who ever used marijuana) (46 %), are higher than that reported
by the National Household Survey on Drug abuse (32%). The differences are likely
due to different survey methods (for discussion see Kandel 1992 7 ).
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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)”

Drug dependence is more prevalent in certain sectors of the population than
others. Age, gender, and race or ethnic group are all significant factors.® Excluding
tobacco and alcohol, the following trends of drug dependence are statistically
sigm'ﬁcant:s Men are 1.6 times more likely than women to become drug dependent.
Non-Hispanic whites are about twice as likely as African-Americans to become drug
dependent. (The difference between non-Hispanic and Hispanic whites was not
significant.) Lastly, people aged 25-44 years are more than three times as likely as
those over 45 years to become drug dependent.

More often than not, drug dependence co-occurs with one or more other
psychiatric disorders. The majority of individuals diagnosed with a drug dependence
disorder are also diagnosed with another psychiatric disorder (76 % of men, 65 % of
women).” The most frequent co-occurring disorder is alcohol abuse; 60 % of men
and 30 % for women diagnosed as drug dependent also abuse alcohol. For women
who are drug dependent, phobic disorders and major depression are almost equally
common (29 % and 28 %, respectively). Note that this study distinguished only
between alcohol, nicotine and “other drugs,” the category that included marijuana.
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 of “other drugs.”

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

A longitudinal study by Brooks and coworkers indicated that while childhood
conduct disorder may lead to later drug use for older adolescents there is no evidence
that depression, anxiety, or conduct disorders precede heavy drug use.18 Rather, the
drug use preceded the psychiatric disorders. In contrast to tobacco and other illicit
drugs, moderate (less than once a week, more than once a month) to heavy marijuana
use did not predict anxiety or depressive disorders, but was consistent with those
other drugs in predicting antisocial personality disorder. The rates of disruptive
disorders increased with increased levels of drug use. Thus, heavy drug use among
adolescents can be a warning sign for later psychiatric disorders; whether it is an
early manifestation of symptoms for those disorders or a causal factor remains to be
determined.

317



Psychiatric disorders are more prevalent among adolescents who use
drugs—including alcohol and nicotine.”®  Table 3.5 indicates that daily cigarette
smoking among adolescent boys is associated with an approximately tenfold increase
in the likelihood of being diagnosed with a psychiatric disorder compared to those
who do not smoke. Note, however, that the table does not compare equivalent
intensity of use among the different drug classes. Thus, although daily cigarette
smoking among adolescents 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.”®
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Table 3.5 Psychiatric disorders associated with drug use among children

Relative prevalence of diagnoses for psychiatric
disorders associated with drug use among children
SRR Relative Prevalence

o Estimates _
Drug Use - ~ Boys Girls
Weekly alcohol use 6.1 1.6 (n.s.)
Daily cigarette smoking 9.8 2.1 (ns.)
Any illicit substance use 3.2 5.3

Table legend. The subjects ranged in age from 9-18 years, with an average age of 13

years.

A ratio of one means that the relative prevalence of the disorder is equal
among those who do and those who do not use the particular type of drug; that is,
there is no measurable association. A ratio greater than one indicates that the factor
is associated. Thus boys who smoke daily are as almost ten times more often
diagnosed as having a psychiatric disorder (not including substance abuse) as those
who smoke less. Substance abuse was excluded from this analysis since the subjects
being analyzed were already grouped by their high drug use. Except where noted

(n.s.) all values are statistically significant.
Data are from table 4 in Kandel and coworkers 19977
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Marijuana Dependence

Few marijuana users become dependent (table 3.4), but those who do
encounter problems similar to those associated with dependence on other drugs.'* 142
The severity of dependence appears to be less among people who use only marijuana
than among those who abuse cocaine or abuse marijuana with other drugs (including
alcohol).' 142

Data gathered in 1990-1992 from the National Comorbidity Study of over
8,000 persons aged 15-54 years indicate that 4.2 % of the general population were
dependent on marijuana at one time in their life.® 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. Based
on data collected in the early 1980s for that study, 4.4 % of adults have, at one time,
met the criteria for marijuana dependence. For comparison, 13.8 % of adults met the
criteria for alcohol-dependence and 36.0 % met them for tobacco. After alcohol and
nicotine, marijuana was the substance most frequently associated with a diagnosis of
substance dependence. :

In a fifteen-year study begun in 1979 of 1,201 adolescents and young adults
in suburban New Jersey, 7.3 % of those subjects, at one time, met the criteria for
marijuana dependence, indicating that the rate of marijuana dependence might be
even higher in some groups of adolescents and young adults than for the general
population.” Adolescents meet the criteria of drug dependence at lower rates of
marijuana use than do adults, suggesting that they are more vulnerable to dependence
than adults® (see box on Criteria for Substance Abuse).

Youths who are already dependent on other substances are particularly
vulnerable to marijuana dependence. For example, Crowley and coworkers’!
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 different substances. The adolescents in this study 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.
Among those troubled adolescents, about 83 % of those who had previously used
marijuana at least six times went on to develop marijuana dependence.
Approximately equal numbers of youths in this study were diagnosed as marijuana-
dependent as were diagnosed as alcohol-dependent; fewer were diagnosed as
nicotine-dependent. However, comparisons between the dependence potential of
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.
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Although parents often state that marijuana caused their children to be
rebellious, the troubled adolescents in the study by Crowley and coworkers
developed conduct disorders before marijuana abuse. This is consistent with reports
showing that the more symptoms of conduct disorders children have, the younger
they begin drug abuse,'?® and that the younger they begin drug use, the more likely it
is to be followed by abuse or dependence. '?

Genetic factors are known to play a role in the likelihood of substance abuse
for drugs other than marijuana," 122" and it is not unexpected that genetic factors
might play a role in the marijuana experience, including the likelihood of abuse. A
study of over 8,000 male twins listed in the Vietnam Era Twin Registry indicated
that genes have a si gm’ﬁcant influence on whether an individual finds the effects of
marijuana pleasant.”®  Not surprisingly, individuals who found marijuana to be
pleasurable used it more often than those who found it unpleasant. The study
suggested that, although social influences play an important role in the initiation of
use, individual differences—perhaps associated with the brain’s reward
system—influence whether an individual will continue using marijuana. Similar
results were found in a study of female twins.® Family and social environment
strongly influenced the likelihood of ever using marijuana, but had little impact on
the likelihood of heavy use or abuse. The latter were more influenced by genetic
factors. These results are consistent with the finding that the degree to which rats
find THC rewarding is genetically based.”"

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

If marijuana or cannabinoid drugs were approved for therapeutic uses, it
would be important to consider the possibility of dependence, particularly for
patients in high risk groups for substance dependence. Certain controlled substances
that are approved medications produce dependence after long term use. This is,
however, a normal part of patient management and does not generally present undue
risk to the patient.
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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. Judging from comments
submitted to the IOM study team, this appears to be an even greater concern than the
harms directly related to marijuana itself. The discussion that marijuana is a
“gateway” drug implicitly recognizes that other illicit drugs might inflict greater
damage to health or social relations than marijuana. Although the scientific literature
generally discusses drug use progression between a variety of drug classes, including
alcohol and tobacco, the public discussion has focused on marijuana as a “gateway”
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 most people encounter. Not surprisingly, most
users of other illicit drugs have used marijuana first.**®' In fact, most drug users do
not begin their drug use with marijuana; they bcugin with alcohol and nicotine—and
usually when they are too young to do so legally. L&

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.®’ The second interpretation 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. This is the interpretation most often used in the
scientific literature, and is supported by—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 that are independent of drug-specific effects. There is
no evidence that marijuana serves as a stepping stone on the basis of its particular
drug effect. One might argue that marijuana is generally used before other illicit
mood-altering drugs, in part, because its effects are milder, but in that case,
marijuana is a stepping stone only in the same sense as taking a small dose of a
particular drug and then increasing that dose over time is a stepping stone to
increased drug use.

Whereas the stepping stone hypothesis presumes a predominantly
physiological component to 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 it is the legal status of
marijuana that makes it a gateway drug.al
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Psychiatric disorders are associated with substance dependence, and are likely
risk factors for progression in drug use. For example, the troubled adolescents
studied by Crowley and coworkers’' were dependent on an average of 3.2
substances, suggesting that their conduct disorders are associated with increased risk
of progressing from one drug to another. Substance abuse of a single substance is
also a likely risk factor for subsequent multiple drug use. For example, in a
longitudinal study that examined drug use and dependence, about 26 % of problem
drinkers report they first used marijuana after the onset of alcohol-related problems
(R. Pandina, IOM workshop). This study also found that 11 % of marijuana users
developed chronic marijuana problems, although most also had alcohol problems.

Intensity of drug use is also 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’’ )- Seventy-five percent of 34-35
year old men who had used marijuana 10-99 times by age 24-25 never used any other
illicit drug; 53 % of those who had used it more than 100 times did progress to using
other illicit drugs 10 or more times. ’ Comparable proportions for women are 64 %
and 50 %.

The factors that best predict illicit drug use other than marijuana are likely the
following: age of first alcohol or nicotine use, heavy marijuana use, and psychiatric
disorders. However, it is important to keep in mind that progression to illicit drug
use is not synonymous with heavy or persistent drug use. Indeed, although the age
of onset for licit drug alcohol and nicotine) use predicts later illicit drug use, age of
first ugg of licit drugs does not appear to predict persistent or heavy use of those
drugs.

Data on the gateway phenomenon are frequently over-interpreted. For
example, one study reports that “marijuana’s role as a gateway drug appears to have
increased” (Golub and Johnson 1994). This was a retrospective study based on
interviews of drug abusers who reported smoking crack or injecting heroin on a daily
basis. Those data 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 percent of the
adult population use crack or heroin on a daily basis; during the five-year period
from 1993-1997, an average of three people Fer 1000 had used crack and about two
per 1000 had used heroin in the past 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 those data show
only that, compared to people who never use marijuana, marijuana users are more
likely to use those drugs (maybe even only once), not that they become dependent or
even frequent users. Note that 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—this is the real issue in the gateway discussion.?’
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In the sense that marijuana use typically precedes rather than follows
initiation into the use of other illicit drugs, it is indeed a gateway drug. However, it
does not appear to be a gateway drug to the extent that it is the most significant
predictor or even the cause of heavy drug abuse; that is, care must be taken not to
attribute cause to association. The most consistent predictors of heavy drug use
appear to be the intensity of marijuana use, and co-occtu'ring psychiatric disorders or
a family history of psychopathology including alcoholism). 8

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 coworkers also studied nonmedical use of prescription psychoactive
drugs in their study of drug use progression.®’ In contrast to alcohol, nicotine, and
illicit drugs, there was not a clear and consistent sequence of drug use involving the
abuse of prescription psychoactive drugs. At present, the data on drug use
progression neither support nor refute the suggestion that medical availability would
increase drug abuse among medical marijuana users. It is, admittedly, another
question as to whether the medical use of marijuana might encourage drug abuse
among the general community—not among medical marijuana users themselves, but
among others simply because of the fact that marijuana is used for medical purposes.

The Link Between Medical Use and Drug Abuse

Almost everyone who spoke or wrote to the IOM study team about the
potential harms of the medical use of marijuana felt that it would send the wrong
message to children and teenagers. They stated that information about the harms of
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. The following are three examples from which reasonable inferences
might be drawn. 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 medical use and abuse.
Another example is the natural experiment during 1973-1978 in which 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. Did this have any measurable impact on the marijuana
consumption among youth in California? The consequences of this “message” that
marijuana might have medical use are examined below.
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Medical Use and Abuse of Opiates

Two highly influential papers published in the 1920s and 1950s led to a
widespread concern among physicians and medical licensing boards that liberal use
of opiates would result in many addicts reviewed by Moulin and coworkers'® in
1996). Such fears have proven unfounded; it is now recognized that fear of
producing addicts through medical treatment resulted in needless suffering among
patients with pain, as physicians needlessly limited appropriate doses of
medications.27. 44 Few individuals begin their drug addiction problems by misuse
of drugs that have been prescribed for medical use.'® In general, 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.

There is no evidence to suggest that the use of opiates or cocaine for medical
purposes has increased the perception that:the illicit use of these drugs is safe or
acceptable. Clearly, there are risks that patients may abuse marijuana for its
psychoactive effects as well as risks of diversion of marijuana from legitimate
medical channels into the illicit market. Again, this does not differentiate marijuana
from many accepted medications that are abused by some patients or diverted from
medical channels for non-medical use. Where this has taken place, medications have
been placed in Schedule II of the Controlled Substances Act, which brings the drug
under stricter control, including quotas on the amount that can be legally
manufactured (see chapter 5 for discussion of the Controlled Substances Act). This
scheduling also signals to physicians that the drug has abuse potential and that they
should monitor the use of the medication by patients that may be at risk for drug
abuse.

Effect of Marijuana Decriminalization

Monitoring the Future, the annual survey of values and life-styles of high
school seniors, revealed that high school seniors in decriminalized states reported
using no more mari;uana than did their counterparts in states where marijuana was
not decriminalized.”!  Another study reported somewhat conflicting evidence
indicating that decriminalization had increased marijuana use.'™® That study used
data from the Drug Awareness Warning Network (DAWN), which has collected data
since 1975 on drug-related emergency (ER) room cases. Among states that had
decriminalized marijuana in 1975-1976, there was a greater increase from 1975 to
1978 in the proportion of ER patients who had used marijuana than in states that did
not decriminalize marijuana (table 3.6). Despite the greater increase among
decriminalized states, by 1978, the proportion of marijuana users among ER patients
was about equal in states that did and states that did not decriminalize marijuana.
This is because the non-decriminalized states had higher rates of marijuana use
before decriminalization. In contrast to marijuana use, rates of other illicit drug use
among ER patients were substantially higher among states that did not decriminalize
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marijuana use. Thus, there are different possible reasons for the relatively 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 seek health care in hospital emergency rooms). On the other hand, the
lack of decriminalization might have encouraged greater use of drugs that are even
more dangerous than marijuana. Interpretations are ambiguous.

The differences between the results for high school seniors from the
Monitoring the Future study and DAWN data are unclear, although the author of the
latter study suggests the reasons might lie in limitations inherent in how the DAWN
data are collected.'® In sum, there is not strong evidence that decriminalization
causes a significant increase in marijuana use.

In 1976, the Dutch 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
following this policy change, suggesting that the policy change itself had little
impact; however, in 1984 when Dutch “coffee shops” that sold marijuana
commercially spread throughout Amsterdam, marijuana use began to increase.”’
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. Further, during this period, approximately equal
percentages of American and Dutch 18-year olds used marijuana; Norwegian 18-year
olds were approximately half as likely to have used marijuana. The authors of this
study conclude that there is little evidence that the Dutch marijuana depenalization
policy led to increased levels of marijuana use, although they note that
commercialization of marijuana might have contributed to its increased use.

In sum, there is little evidence that decriminalization of marijuana use
necessarily leads to a substantial increase in marijuana use.
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Table 3.6 Decriminalization and Marijuana Use

Effect of Decriminalization on Marijuana Use in ER Cases
Total Reports of Drug Use per ER

Time States that States that did not
Period(States the  Decrniminalized decriminalize
decriminalized did Marjuana marijjuana
So after 1975 and
before 1978
Marijuana use 1975 0.8 1.5
1978 2.7 2.5
Other drug use 1975 47 55
1978 55 70

Table legend. The values shown indicate the frequency of drug use among ER
patients in states that decriminalized marijuana from July 1975- July 1977 and in
those that did not. Data are based on patient self-reports. The 1975 values reflect
ER marijuana reports before or in the first months of decriminalization, whereas the
1978 values reflect ER reports when decriminalization laws had been in effect at
least one year. The 1978 levels are median values for quarters in 1978, and are
derived from figures 1 and 2 in Model (1993).104 The values in the column for states
that did not decriminalize represent what might have been seen if the states in the
first column had not decriminalized.
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Effect of the Medical Marijuana Debate

The most recent National Household Survey on Drug Abuse showed that
among youth ages 12-17 the perceived risk of smoking marijuana once or twice a
week had decreased significantly between 1996 and 1997.'3! (Perceived risk is
measured as the percent of survey respondents who report that they “perceive great
risk of harm” in using a drug at a specified frequency.) At first glance, this might
seem to validate the fear that the medical marijuana debate of 1996—prior to the
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. The perceived risk of
marijuana use did not change among California youth between 1996 and 1997.13! ¢
In sum, there is no evidence that the medical marijuana debate has altered
perceptions among adolescents about the risks of marijuana use. !

Psychological Harms

In assessing the relative risks and benefits of the medical use of marijuana,
the psychological effects of marijuana may be viewed both as unwanted side effects
as well as potentially desirable end points in medical treatment. However, the vast
majority of research on the psychological effects of marijuana has been done in the
context of assessing the drug’s intoxicating effects when used for non-medical
purposes. Thus the literature does not directly address what effects will occur when
marijuana is taken for medical purposes.

There are some important caveats to consider in attempting to extrapolate
from this research to the medical use of marijuana. The circumstances under which
psychoactive drugs are taken are an important influence on the psychological effects
produced. Further, research protocols to study marijuana’s psychological effects in
most instances were required to use participants who had prior experience with
marijuana. Clearly, people who might have had adverse reactions to marijuana
would either choose to not 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 individuals 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 than that observed
when the drug is taken repeatedly for a chronic medical condition.

Nonetheless, laboratory studics are useful in suggesting what psychological
functions might be studied when marijuana is evaluated for medical purposes.

“ Although Arizona also passed a medical marijuana referendum, it was embedded in a broader
referendum concerning prison sentencing. Hence the debate in Arizona did not focus on medical
marijuana the way it did in California, and changes in Arizona youth attitudes likely reflect factors
peripheral to medical marijuana .)
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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 benefits
of the therapeutic use of 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™
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. Considering that
smoking one cigarette is enough to make a person feel “high” for about one to three
hours,”” * "7 the subjects in that study were taking very high doses marijuana.
Reports have described the development of apathy, lowered motivation and impaired
educational performance in heavy marif'uana users who do not appear to be
behaviorally impaired in other ways.m' 2l There are clinical reports of marijuana-
induced psychotic-like states (schizophrenia-like; depression and/or mania) lasting
for a week or more.'"! Hollister suggests that because of the varied nature of the
psychotic states induced by marijuana, there is no specific “marijuana psychosis.”
Rather, the marijuana experience may trig%er latent psychopathology of many
types.“ More recently, Hall and colleagues5 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
these interpretations is correct, both 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.”®* ** '*° As 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 a%reement that it is
greater than or equal to use among the general population.!*? Interestingly,
schizophrenics prefer the effects of marijuana over those of alcohol and cocaine,*
which they generally use less often than does the general population.'** 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, individuals with schizophrenia or with a family history of
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schizophrenia are likely to be at greater risk of suffering adverse psychiatric effects
from the use of cannabinoids.

Cognition

As discussed earlier, acutely administered marijuana impairs cognition.*” **
PET imaging (positron emission tomography) 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. ''> "¢ n other brain regions, such as the frontal lobes and
lateral cerebellum, marijuana smoking increases blood flow.'® !5 Earlier studies
purporting to show structural changes in the brains of hea marijuana users?2 (have
not been replicated using more sophisticated techniques. 2%

Nevertheless, recent studies'?! '* 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.'*
Although these studies have attempted to match heavy marijuana users with subjects
with similar cognitive abilities prior to exposure to marijuana use, the adequacy of
this matching has been questioned.'* A consideration of the complex
methodological issues facing research in this area is well reviewed in an article by
Pope and colleagues.'”® Care must be exercised in this area so that studies are
designed to differentiate between changes in brain function caused by the illness for
which marijuana is being given and the effects of marijuana. AIDS dementia is an
obvious example of this possible confusion. It is also important to determine
whether the repeated use of marijuana at therapeutic dosage levels produces any
irreversible cognitive effects.

111

Psychomotor Performance

Marijjuana administration has been reported to affect psychomotor
performance on a number of different tasks. The review by Chait and Pierri® details
not only the studies which have been done in this area but also points out the
inconsistencies across 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 when designing
studies of psychomotor performance in participants 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
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When compared to changes produced by either placebo or an active control
medication, the magnitude of desirable therapeutic effects produced by marijuana
could be determined, as well as the frequency and magnitude of adverse
psychological side effects. This would allow a more thorough assessment of the
risk:benefit ratio associated with the use of marijuana for a given indication.

CoNcCLUSION: The psychological effects of cannabinoids, such as anxiety
reduction, sedation, and euphoria can influence their potential therapeutic
value. Those effects are potentially undesirable for certain patients and
situations, and beneficial for others. In addition, psychological effects can
complicate the interpretation of other aspects of the drug 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—for the general population—marijuana
use is not associated with increased mortality.(Sidney 1997a ) However, there are
other serious health outcomes to consider, and they are discussed below.

It is important to keep in mind that most of the studies that report
physiological harms 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 impact of marijuana-induced immunomodulation is 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.
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performance on flight simulator tests was impaired (Yesavage and coworkers 1985'%?
). Before the tests, however, they told the study investigators that they were sure
their performance would be unaffected.

Clearly, cognitive impairments associated with acutely administered
marijuana limit the activities that individuals being treated with marijuana 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 of the 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 young people who drop out of social
activities and show little interest in school, work, or other goal-directed activity.
When heavy marijuana use accompanies these symptoms, the drug is often cited as
the cause, but there are no convincing data to demonstrate a causal relationship
between marijuana smoking and these behavioral characteristics.?® 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, as well as, after
the subject becomes a heavy marijuana user. Because such research can only be
done on subjects who become heavy marijuana users on their own, a large population
study—such as the Epidemiological Catchment Area study described earlier in this
chapter—would be needed to shed light on the relationship between motivation and
marijuana use. Even then, while a causal relationship between the two could, in
theory, be dismissed by an epidemiological study, causality not be proven.

Summary on Psychological Effects

Measures of mood, cognition, and psychomotor performance should be
incorporated into clinical trials evaluating the efficacy of marijuana or cannabinoid
drugs for a given medical condition. Ideally, participants would complete mood
assessment questionnaires at various intervals throughout the day for a period prior
to and at weekly intervals during treatment, and, where appropriate, after the
cessation of 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 individual. Similarly, the cognitive and psychomotor
functioning of individuals should be assessed prior to and at regular intervals during
the course of a chronic regimen of marijuana or cannabinoid treatment to determine
to what extent tolerance develops to the impairing effects of marijuana and to
monitor whether new problems develop.
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Human studies

Several approaches have been used to determine the effects of marijuana on
the human immune system, but each of these has serious limitations which will be
discussed below.

Leukocyte assays from marijuana smokers

One of the more common approaches has been to isolate peripheral blood
leukocytes from individuals 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 this approach is that after drawing blood samples from the study
subjects, the leukocytes need to be isolated from whole blood before they are tested.
This is done by high-speed centrifugation followed by extensive washing of the cells,
thus resulting in removal of the cannabinoid; perhaps for that reason no adverse
effects h%vge0 Pz%eflsgdemonstrated in peripheral blood leukocytes from marijuana
smokers. " 77

Leukocyte responses to THC

Another approach is to isolate peripheral blood leukocytes from healthy
control individuals 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 vitro. However, it is notable that one significant difference between leukocytes
isolated from a marijuana smoker, as described above, and the in vitro studies in
which THC has been added directly to leukocyte cell cultures is in the cannabinoid
composition. Marijuana smoke contains many distinct cannabinoid compounds of
which THC is just one. Moreover, since the immunomodulatory activity of many of
the other cannabinoid compounds present in marijuana smoke has never been tested,
and because it is now known that at least one of those—cannabinol (CBN)—has
greater activity on the immune system than the central nervous system,® it is
unclear whether the profile of activity observed with THC accurately represents the
effects of marijuana smoke on immune competence. Likewise, it is unclear to what
extent different cannabinoids in combination exhibit additive, synergistic or
antagonistic effects with respect to their immunomodulatory activity. This issue is
further complicated by the fact that leukocytes express both types of cannabinoid
receptors, CB; and CB,.

One additional factor which may affect the immunomodulatory activity of
cannabinoids in leukocytes is metabolism. Since leukocytes have very low levels of
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the cytochrome P-450 drug metabolizing enzymes” , the metabolism of
cannabinoids is probably different between in vivo and in vitro exposure. This last
point is primarily pertinent to investigations of chronic and not acute cannabinoid
exposure. :

Human-derived cell lines

A third approach for investigating the effects of cannabinoids on human
leukocytes has been to study human-derived cell lines.® As described above, the cell
lines are treated in vitro with cannabinoids to test their responses to different stimuli.
Although cell lines are a convenient source of human cells, the same problems
described above apply. Additionally, 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 vitro. The rationale for this approach is based
on the fact 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 significant species
differences in immune system sensitivity to cannabinoids have been reported, it is
important to consider the possibility.

Summary

The complete effect of marijuana smoking on immune function remains
unknown. More importantly, 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 at the same time
removing other potential immune modulating life-style factors such as alcohol and
tobacco use. Epidemiological studies are needed to determine whether marijuana
users have a higher incidence of diseases such as infections, tumors, allergies, and
autoimmune disease. Studies on resistance to bacterial and viral infection are clearly
needed, and should involve the collaboration of immunologists, infectious disease
specialists, oncologists, and pharmacologists.

® Cell lines are created by removing cells from an organism and then treating them so they are
“immortalized,” meaning they will continue to divide indefinitely in culture. Cellular processes can
then be studied in isolation from their original source.
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Marijuana Smoke

Tobacco is the predominant cause of lung diseases such as cancer and
emphysema, and marijuana smoke contains many of the same components as
tobacco smoke.” Thus, it is important to consider the relationship between habitual
marijuana smoking and certain 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 compared to tobacco
smokers.'®"  This is primarily due to the differences in filtration and smoking
technique between tobacco and marijuana smokers. Marijuana cigarettes usually do
not have filters, and marijuana smokers typically develop a larger puff volume,
inhale more deeply, and hold their breath several times longer than tobacco
smokers.''® However, a marijuana cigarette smoked recreationally typically is not
packed as tightly as a tobacco cigarette, and thus 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 agents are not
all consistent with cannabinoid cell culture and animal studies. For example,
antibody production was decreased in a group of hospitalized patients who smoked
marijuana for four days (twelve cigarettes/day), but this decrease was seen in only
one subtype of humoral antibody (IgG), while two other subtypes (IgA and IgM)
remained normal and one (IgE) was elevated.'”’ Additionally, T cell proliferation
was normal in the blood of a group of marijuana smokers, although when evaluated
more closely, there was an increase in one subset of T cells'®® and a decrease in a
different subset (CD8).'*®  From these studies it appears that marijuana use is
associated with intermittent disturbances in T and B cell function, but the magnitude
is small and other measures are frequently normal.®®

Macrophages

Alveolar macrophages are the principal immune-effector cells in the lung and
are primarily responsible for protecting the lung against infectious microorganisms,
inhaled foreign substances, and tumor cells. They are increased during tissue
inflammation. In a large sample of volunteers, habitual marijuana smokers had twice
as many alveolar macrophages as nonsmokers, and smokers of both marijuana and
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tobacco had twice as many again."! Marijuana smoking also reduced the ability of
alveolar macrophages to kill fungus such as Candida albicans,® pathogenic bacteria
such as Staphylococcus aureus, and tumor target cells. This 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.'° Furthermore,
marijuana smoking depressed pro-inflammatory cytokine production (such as TNF-a
and IL-6), but not immunosuppressive cytokines.'” Since cytokines are important
regulators of macrophage function, this marijuana-related decrease in inflammatory
cytokine production might be a mechanism whereby marijuana smokers are less able
to destroy fungal and bacterial organisms, as well as tumor cells.

The inability of alveolar macrophages from habitual marijuana smokers
without apparent disease to destroy fungus, bacteria, and tumor cells, and to release
pro-inflammatory  cytokines, suggests that marijuana  might be an
immunosuppressant with clinically significant effects on host defense. Therefore,
the risks of smoking marijuana should be seriously weighed before recommending
its use in any patient with pre-existing immune deficits—including AIDS patients,
cancer patients, and those receiving immunosuppressive therapies (for example,
transplant or cancer patients).

Bronchial-pulmonary Damage
Animal Studies

A number of animal studies have revealed certain respiratory tract changes
and diseases associated with marijuana smoking, while others have not. Extensive
damage to the smaller airways, which are the major site of chronic obstructive
pulmonary disease (COPD),” as well as acute and chronic pneumonia have been
observed in various species exposed to different doses of marijuana smoke.*! 4> 17
In contrast, rats exposed to increasing doses of marijuana smoke for one year did not
show any signs of COPD, whereas rats exposed to tobacco smoke did.%

Chronic Bronchitis and Respiratory lliness

Human studies suggest that there is a greater chance of respiratory illness in
individuals who smoke marijuana. In a survey of outpatient medical visits in a large
HMO, marijuana users were more likely to seek hclp for respiratory illnesses than

. . 119 . .
people who smoked neither marijuana nor tobacco. However, the incidence of

© A yeast infection that is particularly prevalent among people whose immune systems are suppressed,
such as in AIDS patients. '

“A slow progressive obstruction of the airways, loss of their elasticity, and loss of lung volume.
Characterized by chronic shortness of breath, chronic bronchitis and reduced oxygenation of blood.
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seeking help for respiratory illnesses was not elevated for those who smoked
marijuana for 10 years or more when compared to 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 the people who continue to smoke represent a
set of survivors who do not develop or are indifferent to such symptoms. A
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, and tobacco, alcohol and
marijuana use might have been underreported (S. Sidney, IOM workshop).

When marijuana smokers were compared to non-smokers and tobacco-
smokers in a group of 446 volunteers, 15-20 % reported symptoms of chronic
bronchitis, including chronic cough and phlegm production.'*® Twenty to 25 % of
the tobacco smokers also reported symptoms of chronic bronchitis. Despite a
marked disparity in the amount of each substance smoked per day (3-4 joints of
marijuana versus more than 20 cigarettes of tobacco), the difference in the percent of
tobacco-smokers and marijuana-smokers experiencing symptoms of chronic
bronchitis was insignificant.'*®  Similar findings were reported by Bloom and
coworkers,” and these investigators 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 mucus
secretions.” % 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 mucus-
secreting goblet cells.. Moreover the damage is even greater in people who smoke
both marijuana and tobacco.'? Overproduction of mucus by the increased numbers
of mucus-secreting cells in the face of diminished numbers of ciliated cells tends to
leave cough as the only major mechanism to remove mucus from the airways. This
might explain the relatively high proporuon of marijuana smokers who complain of
chronic cough and phlegm production.'

A 1998 study has shown that, compared to nonsmokers, both marijuana and
tobacco smokers have significantly more cellular and molecular abnormalities in
bronclua] epithelium cells; those changes are associated with increased risk of
cancer.'? The tobacco-only smokers in that study smoked an average of 25 cigarettes
per day, whereas the marijuana-only smokers smoked an average of 21 marijuana
cigarettes per week. Despite the fact that the marijuana smokers smoked many fewer

® Ciliated cells have hair-like projections that function to transport mucus toward the mouth by rapid
wave-like motion.
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cigarettes, their cellular abnormalities were equivalent, or greater than, those seen in
tobacco smokers. This and earlier studies have shown than such abnormalities are
greatest in people who smoke both marijuana and tobacco, suggesting an additive
effect of marijuana and tobacco smoke on airway tissue.'* ** %  Tenant and
coworkers'* 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 are conflicting results as to whether regular marijuana use harms the
small airways of the lungs. Bloom found that an average of one joint smoked per
day significantly impaired the function of small airways.'* On the other hand,
Tashkin and coworkers'* did not observe such damage among heavier marijuana
users (3-4 joints per day for at least 10 years), but did note a narrowing of large,
central airways. Tashkin’s 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.'*
Thus the question as to 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 pre-malignant. These respiratory symptoms are similar to
that of tobacco smokers, and the combination of marijuana and tobacco smoking
augments these effects. At the time of this writing, it has 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
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marijuana for medical purposes. Marijuana use has been linked to both increased
risk of progression to AIDS in HIV-seropositive patients, and to increased mortality
in AIDS patients.

For reasons as yet unknown, marijuana use is associated with increased
mortality among men with AIDS, but not among the general population.l37 (The
relative risk of AIDS mortality for current marijuana users in this 12-year study was
1.90, indicating that, compared to non-current marijuana users, almost twice as many
marijuana users died of AIDS.) 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 likely homosexuals or bisexuals. This 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 as to whether this was because patients increased their use marijuana at the
end-stages 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 S years of this 12 year study, and who were presumably the most sick,
were excluded from the analysis. In sum, it is premature to conclude what the
underlying causes of this association might be.

For the general population, the risk of 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 in this study. Interestingly, the
authors of this study concluded that therapeutic use of marijuana did not contribute
to the increased mortality among men with AIDS.

Marijuana use has been associated with a éher prevalence of HIV-
seropositivity in cross-sectional studies,(Ostrow 1994 )™ 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,*® or in the
San Francisco Men’s Health Study, in which 451 HIV-seropositive men were studied
for 6 years>* In contrast, the Sydney AIDS Project in Australia (386 HIV-
seropositive men were studied for 12 months) reported that marijuana use was
associated with increased risk of progression to AIDS. But the results of the 1988
Sydney study are less reliable than the other two studies described. For one, this
was the shortest of the studies; and, second, according to the 1993 definition of
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AIDS,f many of the subjects probably already had AIDS at the beginning of the
study.

The most compelling concerns regarding marijuana smokinF in HIV/AIDS
patients are the possible effects of marijuana on human immunity.''? Reports of
opportunistic fungal and bacterial pneumonia in patients with AIDS who used
marijuana suggest that marijuana smoking either suppresses the immune system,>’ or
that it exposes patients to an added burden of pathogens.?! In sum, patients with pre-
existing immune deficits due to AIDS should be expected to be vulnerable to serious
harms 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 the marijuana smoker to carcinogens. For these reasons the
carcinogenicity of marijuana smoke is an important concern.

Compared to studies on tobacco smoke, it is more difficult to collect the
epidemiological data necessary to establish or refute the link between marijuana
smoke and cancer. Far fewer people smoke only marijuana than who smoke only
tobacco, and marijuana smokers are more likely to underreport their smoking.

Case Studies

Several case-series suggest that marijuana might play a role in the
development of human respiratory cancer. Those reports indicate an unexpectedly
large proportion of marijuana users among cases of lung cancer'** '*® and cancers of
the upper aerodigestive tract—that is, the oral cavity, pharynx, larynx, and
esophagus—that occur before age 45 years.’® ¥ !4 Respiratory tract cancers
associated with heavy tobacco and alcohol consumption are not usually seen before
the age of 60 years,' and the occurrence of such cancers in marijuana users
younger than 60 years 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.
Unfortunately, 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 from tobacco smoke.

’In 1993, the diagnosis of AIDS was expanded to include anyone with a CD4 count less than 200.
Prior to 1993, this alone would have been insufficient for a diagnosis of AIDS.
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Epidemiological Evidence

As of this writing, Sidney and coworkers'® have conducted the only
epidemiological study to evaluate the association between marijuana use and cancer.
The study included a cohort of approximately 65,000 men and women between the
ages of 15 and 49 years. 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 or 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.
Additionally, marijuana use has only been widespread in the U.S. since the late
1960s; therefore, despite the large cohort size there might not have been a sufficient
number of heavy and/or long-term marijuana smokers to observe an effect.

Cellular and Molecular Studies

In contrast to clinical studies, the evidence from cellular and molecular
studies provides 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 human lung explants exposed to marijuana smoke resulted in
chromosomal and DNA alterations.'* Additionally, the tar from marijuana smoke
induced mutations similar to those produced by tar from the same quantity of
tobacco in a common bacterial assay for mutagenicity.'>’

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, those genes code for proteins that control cellular
proliferation. Once mutated or activated, these genes produce proteins which cause
cells to multiply rapidly and out of control, resulting in tumors or cancer.? When the
production of these proteins was evaluated in tissue biopsies taken from marijuana,
tobacco, marijuana plus tobacco smokers, and non-smokers, respectively, two of
them (EGFR and Ki-67) were markedly increased in the marijuana smokers
compared to non-smokers and tobacco smokers. Moreover, the effects of marijuana
and tobacco were additive.'*° Thus, in relatively young smokers of marijuana, and

¥ Some of the genes involved in the development of lung cancer include those that encode for Ki-67
(a nuclear proliferation protein responsible for cell division), the p53 tumor suppressor (a protein that
normally suppresses cell growth), and epidermal growth factor receptor (EGFR) (a receptor found on
a variety of cell types, especially epithelia, and which promotes cellular growth and proliferation
when bound to epidermal growth factor).
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particularly in 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, as well
as in those of their newborns. This is an important study because the investigators
were careful to exclude tobacco smokers—a 2problem in previous studies that cited
mutagenic effects of marijuana smoke.? %3 %% ! These same investigators found
similar effects in previous studies among tobacco smokers,” ¢ so the effects cannot
be attributed solely to THC or other cannabinoids. Although it can only be
determined by experiment, it is likely that the smoke contents—other than
cannabinoids—are responsible for a large part of the mutagenic effect.

Preliminary findings suggest that marijuana smoke activates cytochrome
P4501Al (CYP1ALl), the enzyme that converts PAHs, such as benz[a]pyrene, into
active carcinogens.”® Bronchial epithelial cells in tissue biopsies taken from
marijuana smokers show more binding to CYP1A1 antibodies than do comparable
cells in biopsies from nonsmokers (D.Tashkin, IOM workshop). This suggests that
there is more of the carcinogen-producing enzyme, CYP1Al, itself in bronchial cells
of marijuana smokers, but different experimental methods will be needed to
definitely establish that possibility.

Conclusions

At this time, 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 maybe an important risk factor
for the development of respiratory. cancer. More definitive evidence that habitual
marijuana smoking does or does not lead to respiratory cancer awaits the results of
well-designed case-controlled epidemiological studies. It has been 30 years since the
initiation of widespread marijuana use among young individuals in our society, and
such studies should now be feasible.

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

1. Case-control studies to determine whether marijuana use is associated
with an increased risk of respiratory cancer: Despite the lack of compelling
epidemiological evidence to date, findings from the biochemical, cellular,
immunologic, genetic, tissue and animal studies cited above strongly suggest that
marijuana is a risk factor for human cancer. What is required to address this
hypothesis more convincingly is a population-based case-controlled study of
sufficiently large numbers of lung cancer cases and cases of upper aerodigestive
tumors (cancers of the oral cavity and pharynx, larynx and esophagus), as well as
non-cancer controls, to demonstrate a statistically significant association, if one
exists. Because of the long time period required for induction of human carcinomas
and the infrequent use of marijuana in the general U.S. population prior to 1966, no
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epidemiological studies so far have been extensive enough to adequately measure the
association between marijuana and cancer. However, epidemiological investigation
of this association is probably possible now, since approximately 30 years have
elapsed since the start of widespread marijuana use in the U.S. among teenagers and
young adults.

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

3. Prospective epidemiological studies of populations with HIV-seropositivity
or at high risk for HIV infection. Because HIV/AIDS patients are 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 and 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/progression to AIDS.” These studies
could be carried out in the context of any federally approved clinical trials of
medicinal marijuana in immunocompromised patients and should provide a
sufficiently long period of follow-up to capture any 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.'®! Among 452 Kaiser-
Permanente patients who reported daily or almost daily marijuana use, physicians
recorded marijuana use in only 3 % of their medical records (S. Sidney, IOM
workshop).

3. Additional cellular, animal and human studies to investigate further the
impact of THC and marijuana on immune function, including their 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
non- or infrequent marijuana users. Cell culture studies could be used to compare the

"A prospective study is one in which a group of subjects is identified and then studied over the course
of time. Such a study allows an experimenter to balance different factors that may contribute to the
study outcome. For example, age, family history, and smoking are risk factors for lung cancer. In a
prospective study these factors can be balanced to measure how much smoking increases the risk of
lung cancer. A retrospective study is one in which people with a particular disease are identified and
their histories are studied. Such studies are easier and less expensive to conduct, but they generally
lack the explanatory power of prospective studies.
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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 impact of exposure to THC on
HIV infectivity and replication. '

Cardiovascular System

Marijuana smoke and oral THC can cause tachycardia (elevated heart rate) in
humans, usually 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 are used, these side effects can
last 3 or 5 hours, respectively.67‘ " In some cases, blood pressure can be increased
while a person is in a reclining position, but can decrease inordinately on standing,
resulting in postural hypotension.’ In contrast to acute administration of THC,
chronic oral ingestion of THC reduces heart rate in humans."

In animals, THC decreases heart rate and blood pressure.”® '3 However,
most such animals studies are conducted in anaesthetized 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 (see 1998 review by Wagner and
coworkers).” 3 _

Tolerance can appear after a few days of frequent daily dosing (2 - 3 times
per day) of oral THC or marijuana extract with heart rate slowing, reclining blood
pressure falling, and postural hypotension disappearing.72 Thus, the intensity of
these effects depends on the frequency of use, dose, and even body position.

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

' Decreased blood pressure due to changing posture from a lying or sitting position to a standing
position, which can cause dizziness and faintness.
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Reproductive System
Animal studies

Marijuana and THC can inhibit many reproductive functions on a short-term
basis. In both male and female animals, THC injections suppress reproductive
hormones and behavior.'” '*® Studies have consistently shown that injections of
THC result in rapid, dose-dependent suppression of serum luteinizing hormone (LH)
levels.® (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 from this that marijuana use
will interfere with human reproduction. With few exceptions, the animal studies are
based on acute (i.e., single injections) or short-term treatments (i.e., THC injections
given over a series of days). The results are generally observed for only several
hours, or sometimes in females for only one ovulatory cycle.

Acute treatments of cannabinoids, including THC, CBD, and cannabinol, and
anandamide can decrease the fertilizing capacity of sea urchin sperm.'>* 135 13
While the sea urchin is only a distant relative of humans, 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 s?erm to fertilize
eggs is reversible, and is observed at 6-100 uM concentrations, '*> '*® which are
higher than those likely to be experienced by marijuana smokers. At the same time,
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 utero can result in long-term changes. Many in utero
effects interfere with embryo implantation (see review by Wenger and coworkers' >
)- Exposure to THC close to the time of, or shortly after, their birth can also result in
impaired reproductive behavior in adult mice: females are slower to show sexual
receptivity and males are slower to mount.'®

Although THC can act directly on endocrine tissues, such as the testes or
ovaries, it appears to affect reproductive physiology through its actions on the brain,
but somewhere other than the pituitary. Some, but not all, of the effects of THC are
through its effect 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
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reproductive hormones, no effect, or only a short-term effect. Overall, the results
from 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 women
are similar, with the added consideration of the menstrual cycle; 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).'” In
brief, although there are no data on fertility per se, marijuana or THC would likely
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
implantation of the embryo. Like tobacco, marijuana smoke is highly likely to be
harmful to fetal development and should be avoided by pregnant women as well as
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. :

Developmental impact of use during pregnancy

Among the studies that have investigated the relationship between prenatal
marijuana exposure and birth outcome, the results have been inconsistent (reviewed
by Comelius and coworkers*® in 1995). Except for adolescent mothers, there is little
evidence that gestation is shorter in mothers who smoke marijuana®®  Several
studies of women who smoked marijuana rigu.larly during pregnancy show that they
tend to give birth to lower weight babies.* * Mothers who smoke tobacco also give
birth to lower weight babies, and the relative contributions of smoking versus THC
are not known from these studies.

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

For most of these studies, much of the harms associated with marijuana use
are consistent with those associated with tobacco use, and smoking is a significant
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factor so the contribution of cannabinoids cannot be confirmed. However, Jamaican
women who use marijuana rarely smoke it, but instead prepare it as tea.’’ Ina study
of neonates born to Jamaican women who either did or did not ingest marijuana
during pregnancy, there was no difference in neurobehavioral assessments made at 3
days after birth and at one month.® A limitation of this study is that there was no
direct measure of marijuana use. Estimates of marijuana use were based on self-
reports, which might be more accurate in Jamaica than in the U.S. since there is less
social stigma associated with marijuana use in Jamaica, but are nonetheless less
reliable than direct measures

Newborns of mothers who smoke either marijuana or tobacco have

significantly higher mutation rates than those of non-smokers.* *
Since 1978, the Ottawa Prenatal Prospective Study has been measuring the cognitive
functions of children born to mothers who smoked marijuana during pregnancy.”’
Children of mothers who smoked either moderately (1-6 marijuana cigarettes per
week) or heavily (more than 6 marijuana cigarettes per week) have been studied from
age four days to 9-12 years. It is important to keep in mind that studies like this
provide important data about the risks associated with marijuana use during
pregnancy, but they do not establish the causes of any such association.

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

Prenatal marijuana exposure was not, however, without lasting impact. By
comparison, at both ages 5-6 and 9-12, children in the same study who were
prenatally exposed to tobacco smoke scored 51gmﬁcantl lower on tests of language
skills and cognitive funcnomng In another study, ® nine-to-twelve years olds
who were exposed to marijuana prenatally scored lower than control subjects on
tasks associated with “executive function,” a term used by psychologists to describe
an individual’s ability to plan ahead, anticipate, and suppress behaviors that are
incompatible with a current goal.”® This was reflected in how the mothers described
their children. The mothers of the marijuana-exposed children were more likely to
describe their offspring as hyperactive or impulsive than did mothers of control
children. This alteration in executive function was not seen in children bomn to
tobacco smokers. The underlying causes might be the marijuana exposure, or might
be more closely related to the reasons underlying their mothers’ use of marijuana
during pregnancy.

Mice born to dams injected with the endogenous cannabinoid, anandamide,
during the last trimester of pregnancy also showed delayed effects. No effect of
anandamide treatment during pregnancy was detected until the mice were adults (40
days of age), at which time they showed behavioral changes that are common to the
effects of other psychotropic drugs or prenatal stress.* As with the children born to
mothers who smoked marijuana, it is not known what aspect of the treatment caused
the effect. The dams might have found the dose (20 mg/kg of body weight) of

347



anandamide aversive, in which case, the effect could have resulted from generalized
stress, as opposed to a cannabinoid-specific effect. Either case is possible.

Despite the uncertainty as to the underlying causes of impact of prenatal
exposure to cannabinoid drugs, it is, nonetheless, prudent to advise against smoking
marijuana during pregnancy.

Summary and Conclusions

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

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

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

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

Finally, there is the broad social concern that sanctioning the medical use of
marijuana might lead to an increase in its use among the general population. At this
point there are no convincing data to support this concern. The existing data are

3.48




FIRST, DO NO HARM: CONSEQUENCES OF MARIUUANA USE AND ABUSE

consistent with the idea that this would not be a problem if the medical use of
marijuana were as closely regulated as other medications with abuse potential, but
we acknowledge that there are no data that directly address this question. Even if
there were evidence that the medical use of marijuana would decrease the perception
that it can be a harmful substance, this is beyond the scope of laws regulating the
approval of therapeutic drugs. Those laws concern scientific data concerning safety
and efficacy of drugs for individual use, and do not address perceptions or beliefs of
the general population.

Marijuana is not a completely benign substance. It is a powerful drug with a
variety of effects. However, except for the harms associated with smoking, the
adverse effects of marijuana use are within the range tolerated for other medications.
Thus the safety issues associated with marijuana do not preclude certain medical
uses. But the question remains: is it effective? This topic is covered here in two
chapters: chapter 2 summarizes what has been learned about the biological activity of
cannabinoids in the past fifteen years from research in the basic sciences; chapter 4
reviews the clinical data on the effectiveness of marijuana and cannabinoids for the
treatment of a variety of medical conditions.

Three factors influence the safety of marijuana or cannabinoid drugs for
medical uses: the delivery system, the use of plant material, and the side effects
of cannabinoid drugs. (1) Smoking marijuana is clearly harmful, and especially for
chronic conditions, and is not an ideal drug delivery system. (2) Plants are of
uncertain composition which render their effects equally uncertain, hence an
undesirable medication. (3) The side effects of cannabinoid drugs fall within the
acceptable risks for approved medications. Indeed, some of the ‘side effects’, such
as anxiety reduction and sedation, might be desirable for certain patients. As with
many medications, there are people for whom they would likely be contraindicated.

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

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

CoNCLUSION:  Numerous studies suggest that marijuana smoke is an
important risk factor in the development of respiratory disease.
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RECOMMENDATION: Studies to define the individual health risks of

smoking marijuana should be conducted, particularly among
populations in which marijuana use is prevalent.
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