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Executive Summary

Public opinion on the medical value of marijuana haen sharply
divided. Some dismiss medical marijuana as a hieatxexploits our
natural compassion for the sick; others claim & isiquely soothing
medicine that has been withheld from patients thinonegulations based
on false claims. Proponents of both views citeéistfic evidence" to
support their views and have expressed those \a¢wee ballot box in recent state
elections. In January 1997, the White House OfficRational Drug Control Policy
(ONDCP) asked the Institute of Medicine (IOM) tandaoict a review of the scientific
evidence to assess the potential health benefitsisks of marijuana and its constituent
cannabinoids (see the Statement of Task on padé8).review began in August 1997
and culminates with this report.

The ONDCP request came in the wake of staedlital marijuana” initiatives. In
November 1996, voters in California and Arizonageakreferenda designed to permit
the use of marijuana as medicine. Although Arizenaferendum was invalidated five
months later, the referenda galvanized a nati@sganse. In November 1998, voters in
six states (Alaska, Arizona, Colorado, Nevada, One@nd Washington) passed ballot
initiatives in support of medical marijuana. (Thel@ado vote will not count, however,
because after the vote was taken a court rulingrated there had not been enough
valid signatures to place the initiative on thdddg)

Can marijuana relieve health problems? lafié $or medical use? Those
straightforward questions are embedded in a wedn@fl concerns, most of which lie
outside the scope of this report. Controversieseonng the nonmedical use of
marijuana spill over into the medical marijuanaateband obscure the real state of
scientific knowledge. In contrast with the manyadjseements bearing on social issues,
the study team found substantial consensus amaquegtexn the relevant disciplines on
the scientific evidence about potential medicabusemarijuana.

This report summarizes and analyzes whatasvknabout the medical use of
marijuana; it emphasizes evidence-based medicerevétl from knowledge and
experience informed by rigorous scientific analysas opposed to belief-based medicine
(derived from judgment, intuition, and beliefs wste® by rigorous science).

Throughout this repomnarijuanarefers to unpurified plant substances, including
leaves or flower tops whether consumed by ingesiraamoking. References to the
"effects of marijuana” should be understood toudelthe composite effects of its
various components; that is, the effects of tetabgannabinol (THC), which is the
primary psychoactive ingredient in marijuana, aduded among its effects, but not all
the effects of marijuana are necessarily due to TEHDnabinoidsare the group of
compounds related to THC, whether found in the joania plant, in animals, or
synthesized in chemistry laboratories.



Three focal concerns in evaluating the medisal of marijuana are:

1. Evaluation of the effects of isolated cdnnaids;

2. Evaluation of the risks associated withrttetlical use of marijuana; and

3. Evaluation of the use of smoked marijuana.

EFFECTS OF ISOLATED CANNABINOIDS

Cannabinoid Biology

Much has been learned since the 1982 IOM tdparijuana and HealthAlthough it
was clear then that most of the effects of marguarre due to its actions on the brain,
there was little information about how THC actedbwpain cells (neurons), which cells
were affected by THC, or even what general arediseobrain were most affected by
THC. In addition, too little was known about canimaid physiology to offer any
scientific insights into the harmful or therapewgftects of marijuana. That all changed
with the identification and characterization of nahinoid receptors in the 1980s and
1990s. During the past 16 years, science has aedagreatly and can tell us much more
about the potential medical benefits of cannabisoid

Conclusion: At this point, our knowledge about the biology cdmuana and
cannabinoids allows us to make some general canoksis

o

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

The natural role of cannabinoids in immune systentigely multi-faceted
and remains unclear.

The brain develops tolerance to cannabinoids.

Animal research demonstrates the potential for ciégece, but this
potential is observed under a narrower range oflitons than with
benzodiazepines, opiates, cocaine, or nicotine.

Withdrawal symptoms can be observed in animalappear to be mild
compared to opiates or benzodiazepines, such aspdien (Valium).

Conclusion: The different cannabinoid receptor types founchimlbody appear to
play different roles in normal human physiologyabidition, some effects of
cannabinoids appear to be independent of thosetarse The variety of
mechanisms through which cannabinoids can influéicean physiology
underlies the variety of potential therapeutic Useslrugs that might act
selectively on different cannabinoid systems.

Recommendation 1. Resear ch should continueinto 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 resear ch should include, but not be
restricted to, effects attributableto THC alone.

Efficacy of Cannabinoid Drugs

The accumulated data indicate a potentiabiheutic value for cannabinoid drugs,
particularly for symptoms such as pain relief, cohtf nausea and vomiting, and
appetite stimulation. The therapeutic effects ainabinoids are best established for
THC, which is generally one of the two most aburiddithe cannabinoids in marijuana.
(Cannabidiol is generally the other most abundannhabinoid.)

The effects of cannabinoids on the symptomgistl are generally modest, and in
most cases there are more effective medicationseMer, people vary in their responses
to medications, and there will likely always beudgopulation of patients who do not
respond well to other medications. The combinatibcannabinoid drug effects (anxiety
reduction, appetite stimulation, nausea reductod, pain relief) suggests that
cannabinoids would be moderately well suited fatipalar conditions, such as
chemotherapy-induced nausea and vomiting and AlBSiing.

Defined substances, such as purified cannabgsmmpounds, are preferable to plant
products, which are of variable and uncertain casitpm. Use of defined cannabinoids
permits a more precise evaluation of their effestsgther in combination or alone.
Medications that can maximize the desired effettaonabinoids and minimize the
undesired effects can very likely be identified.

Although most scientists who study cannabis@idgree that the pathways to
cannabinoid drug development are clearly markestetis no guarantee that the fruits of
scientific research will be made available to thélg for medical use. Cannabinoid-
based drugs will only become available if publigaatment in cannabinoid drug research
is sustained and if there is enough incentive forape enterprise to develop and market
such drugs.

Conclusion: Scientific data indicate the potential therapeuélue of
cannabinoid drugs, primarily THC, for pain reliegntrol of nausea and
vomiting, and appetite stimulation; smoked maripiamowever, is a crude THC
delivery system that also delivers harmful substanc

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

Influence of Psychological Effects on Therapeutic E ffects
The psychological effects of THC and similangabinoids pose three issues for the

therapeutic use of cannabinoid drugs. First, fones@atients--particularly older patients
with no previous marijuana experience--the psyafjickd effects are disturbing. Those



patients report experiencing unpleasant feelinglsdisorientation after being treated
with THC, generally more severe for oral THC thangmoked marijuana. Second, for
conditions such as movement disorders or nause#jich anxiety exacerbates the
symptoms, the antianxiety effects of cannabinoigydrcan influence symptoms
indirectly. This can be beneficial or can createdampressions of the drug effect. Third,
for cases in which symptoms are multifaceted, tiralination of THC effects might
provide a form of adjunctive therapy; for exam@A&)S wasting patients would likely
benefit from a medication that simultaneously rexuanxiety, pain, and nausea while
stimulating appetite.

Conclusion: The psychological effects of cannabinoids, sucaresety
reduction, sedation, and euphoria can influencie gotential therapeutic value.
Those effects are potentially undesirable for cenppatients and situations and
beneficial for others. In addition, psychologictkets can complicate the
interpretation of other aspects of the drug's éffec

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

RISKS ASSOCIATED WITH MEDICAL USE OF MARIJUANA
Physiological Risks

Marijuana is not a completely benign substaiide a powerful drug with a variety of
effects. However, except for the harms associatddsmoking, the adverse effects of
marijuana use are within the range of effects &atat for other medications. The harmful
effects to individuals from the perspective of pblesmedical use of marijuana are not
necessarily the same as the harmful physical sffgfairug abuse. When interpreting
studies purporting to show the harmful effects afinana, it is important to keep in
mind that the majority of those studies are baseshaokednarijuana, and cannabinoid
effects cannot be separated from the effects @limép smoke from burning plant
material and contaminants.

For most people the primary adverse effeeonftemarijuana use is diminished
psychomotor performance. It is, therefore, inadis#@o operate any vehicle or
potentially dangerous equipment while under thrierfce of marijuana, THC, or any
cannabinoid drug with comparable effects. In addita minority of marijuana users
experience dysphoria, or unpleasant feelings. Findle short-term immunosuppressive
effects are not well established but, if they exase not likely great enough to preclude a
legitimate medical use.

Thechroniceffects of marijuana are of greater concern fodiced use and fall into
two categories: the effects of chronic smoking enedeffects of THC. Marijuana
smoking is associated with abnormalities of cefisg the human respiratory tract.
Marijuana smoke, like tobacco smoke, is associiddincreased risk of cancer, lung



damage, and poor pregnancy outcomes. Althoughlaellgenetic, and human studies all
suggest that marijuana smoke is an important astof for the development of
respiratory cancer, proof that habitual marijjuamalsing does or does not cause cancer
awaits the results of well-designed studies.

Conclusion: Numerous studies suggest that marijuana smokeims@ortant risk
factor in the development of respiratory disease.

Recommendation 4: Studiesto definetheindividual health risks of smoking
marijuana should be conducted, particularly among populationsin which
marijuana useis prevalent.

Marijuana Dependence and Withdrawal

A second concern associated with chronic mamnig use is dependence on the
psychoactive effects of THC. Although few marijuarsers develop dependence, some
do. Risk factors for marijuana dependence are airtol those for other forms of
substance abuse. In particular, anti-social petdprand conduct disorders are closely
associated with substance abuse.

Conclusion: A distinctive marijuana withdrawal syndrome hastmeélentified,
but it is mild and short lived. The syndrome in&@gdestlessness, irritability, mild
agitation, insomnia, sleep disturbance, nauseageamdping.

Marijuana as a "Gateway" Drug

Patterns in progression of drug use from abalece to adulthood are strikingly
regular. Because it is the most widely used illititg, marijuana is predictably the first
illicit drug most people encounter. Not surprisinghost users of other illicit drugs have
used marijuana first. In fact, most drug users m&gth alcohol and nicotine before
marijuana--usually before they are of legal age.

In the sense that marijuana use typically gues rather than follows initiation of
other illicit drug use, it is indeed a "gatewaylidr But because underage smoking and
alcohol use typically precede marijuana use, manguis not the most common, and is
rarely the first, "gateway" to illicit drug use. &ie is no conclusive evidence that the drug
effects of marijuana are causally linked to thessgjfuent abuse of other illicit drugs. An
important caution is that data on drug use prograssannot be assumed to apply to the
use of drugs for medical purposes. It does nob¥olrom those data that if marijuana
were available by prescription for medical use,ghtern of drug use would remain the
same as seen in illicit use.

Finally, there is a broad social concern Hzatctioning the medical use of marijuana
might increase its use among the general populatibthis point there are no convincing
data to support this concern. The existing dataansistent with the idea that this would



not be a problem if the medical use of marijuaneeves closely regulated as other
medications with abuse potential.

Conclusion: Present data on drug use progression neither supmorefute the
suggestion that medical availability would incredseg abuse. However, this
guestion is beyond the issues normally considesechedical uses of drugs and
should not be a factor in evaluating the therapeautitential of marijuana or
cannabinoids.

USE OF SMOKED MARIJUANA

Because of the health risks associated witbksmy, smoked marijuana should
generally not be recommended for long-term medisal Nonetheless, for certain
patients, such as the terminally ill or those vdébilitating symptoms, the long-term
risks are not of great concern. Further, despéddbal, social, and health problems
associated with smoking marijuana, it is widelydibg certain patient groups.

Recommendation 5: Clinical trials of marijuana use for medical purposes
should be conducted under the following limited circumstances: trials should
involve only short-term marijuana use (lessthan six months), should be
conducted in patientswith conditionsfor which thereisreasonable
expectation of efficacy, should be approved by institutional review boards,
and should collect data about efficacy.

The goal of clinical trials of smoked marij@awould not be to develop marijuana as a
licensed drug but rather to serve as a first sieitd the possible development of
nonsmoked rapid-onset cannabinoid delivery systétagever, it will likely be many
years before a safe and effective cannabinoid elglisystem, such as an inhaler, is
available for patients. In the meantime there atespts with debilitating symptoms for
whom smoked marijuana might provide relief. The olsemoked marijuana for those
patients should weigh both the expected efficaapaiffijuana and ethical issues in
patient care, including providing information abtle known and suspected risks of
smoked marijuana use.

Recommendation 6: Short-term use of smoked marijuana (lessthan six
months) for patientswith debilitating symptoms (such asintractable pain or
vomiting) must meet the following conditions:

o failureof all approved medicationsto providerelief has been
documented,

o thesymptomscan reasonably be expected to berelieved by rapid-
onset cannabinoid drugs,

o such treatment isadministered under medical supervision in a
manner that allowsfor assessment of treatment effectiveness, and

o involvesan oversight strategy comparableto an institutional review
board processthat could provide guidance within 24 hoursof a



submission by a physician to provide marijuanato a patient for a
specified use.

Until a nonsmoked rapid-onset cannabinoid dielgvery system becomes available,
we acknowledge that there is no clear alternativgéople suffering froroshronic
conditions that might be relieved by smoking mauija, such as pain or AIDS wasting.
One possible approach is to treat patients@afs1 clinical trials (single-patient trials), in
which patients are fully informed of their statssexperimental subjects using a harmful
drug delivery system and in which their conditisrciosely monitored and documented
under medical supervision, thereby increasing tieedge base of the risks and
benefits of marijuana use under such conditions.

STATEMENT OF TASK

The study will assess what is currently kn@mad not known
about the medical use of marijuana. It will incluadesview of
the science base regarding the mechanism of aation
marijuana, an examination of the peer-reviewednsitie
literature on the efficacy of therapeutic uses afijnana, and
the costs of using various forms of marijuana vesproved
drugs for specific medical conditions (e.g., glanep multiple
sclerosis, wasting diseases, nausea, and pain).

The study will also include an evaluationtod facute and
chronic effects of marijuana on health and behawaor
consideration of the adverse effects of marijusse@aompared
with approved drugs; an evaluation of the efficatdifferent

delivery systems for marijuana (e.g., inhalationoral); an
analysis of the data concerning marijuana as avggterug; and
an examination of the possible differences in fifeces of
marijuana due to age and type of medical condition.

Specific Issues

Specific issues to be addressed fall undeetbroad
categories: science base, therapeutic use, ano s

Science Base

Review of the neuroscience related to marijuana,
particularly the relevance of new studies on aduticand
craving

Review of the behavioral and social science base of




marijuana use, particularly an assessment of thave
risk of progression to other drugs following maaina
use

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

Therapeutic Use

« Evaluation of any conclusions on the medical use of
marijuana drawn by other groups
Efficacy and side effects of various delivery syssefor
marijuana compared to existing medications for
glaucoma, wasting syndrome, pain, nausea, or other
symptoms
Differential effects of various forms of marijuatieat
relate to age or type of disease

Economics

« Costs of various forms of marijuana compared witbte
of existing medications for glaucoma, wasting symak,
pain, nausea, or other symptoms

- Assessment of differences between marijuana and
existing medications in terms of access and avétiab

RECOMMENDATIONS

Recommendation 1: Resear ch should continueinto 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 resear ch should include, but
not berestricted to, effects attributableto THC alone.

Scientific data indicate the potential thexatpevalue of
cannabinoid drugs for pain relief, control of naused
vomiting, and appetite stimulation. This value wbhbk
enhanced by a rapid onset of drug effect.

Recommendation 2: Clinical trials of cannabinoid drugsfor
symptom management should be conducted with the goal of




developing rapid-onset, reliable, and safe delivery systems.

The psychological effects of cannabinoidspabably
important determinants of their potential theraewutlue. They
can influence symptoms indirectly which could cesfaise
impressions of the drug effect or be beneficiah &srm of
adjunctive therapy.

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

Numerous studies suggest that marijuana smscke
important risk factor in the development of resyura diseases,
but the data that could conclusively establishefuite this
suspected link have not been collected.

Recommendation 4: Studiesto definetheindividual health
risks of smoking marijuana should be conducted,
particularly among populationsin which marijuana useis
prevalent.

Because marijuana is a crude THC deliveryesyghat also
delivers harmful substances, smoked marijuana digrrerally
not be recommended for medical use. Nonethelesguaraa is
widely used by certain patient groups, which ralsath safety
and efficacy issues.

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

If there is any future for marijuana as a rogwd, it lies in its
isolated components, the cannabinoids and thethstin
derivatives. Isolated cannabinoids will provide mcgliable
effects than crude plant mixtures. Therefore, ting@se of
clinical trials of smoked marijuana would not bed&velop
marijuana as a licensed drug but rather to sereefiast step
toward the development of nonsmoked rapid-onseatatainoid




delivery systems.

Recommendation 6: Short-term use of smoked marijuana
(lessthan six months) for patientswith debilitating
symptoms (such asintractable pain or vomiting) must meet
the following conditions:

failure of all approved medicationsto providerelief
has been documented,

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

such treatment isadministered under medical
supervision in a manner that allows for assessment of
treatment effectiveness, and

involves an oversight strategy comparable to an
institutional review board processthat could provide
guidance within 24 hours of a submission by a
physician to provide marijuanato a patient for a
specified use.
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Introduction

This report summarizes and analyzes what is kndwnutahe medical
use of marijuana; it emphasizes evidence-basedcmediderived from
knowledge and experience informed by rigorous s$idiemnalysis), as
opposed to belief-based medicine (derived from fjuelgt, intuition, and
beliefs untested by rigorous science).

Scientific data on controversial subjects@emonly misinterpreted,
overinterpreted, and misrepresented, and the medexgjuana debate is no exception.
We have tried to present the scientific studiesuich a way as to reveal their strengths
and limitations. One of the goals of this repotioiselp people to understand the
scientific data, including the logic behind theestific conclusions, so it goes into
greater detail than previous reports on the subljeechany cases, we have explained why
particular studies are inconclusive and what sbevadence is needed to support
particular claims about the harms or benefitstaitad to marijuana. Ideally, this report
will enable the thoughtful reader to interpret nevormation about marijuana that will
continue to emerge rapidly well after this repsrpublished.

Can marijuana relieve health problems? lafié $or medical use? Those
straightforward questions are embedded in a wedn@fl concerns, which lie outside the
scope of this report. Controversies concerning restioal use of marijuana spill over
onto the medical marijuana debate and tend to obgsbe real state of scientific
knowledge. In contrast with the many disagreembea&sing on the social issues, the
study team found substantial consensus, amongtexpehe relevant disciplines, on the
scientific evidence bearing on potential medica&. tshis report analyzes science, not the
law. As in any policy debate, the value of scieat@nalysis is that it can provide a
foundation for further discussion. Distilling sci#ic evidence does not in itself solve a
policy problem. What it can do is illuminate thenmmon ground, bringing to light
fundamental differences out of the shadows of mdsustanding and misinformation that
currently prevail. Scientific analysis cannot be #&nd of the debate, but it should at least
provide the basis for an honest and informed dsous

Our analysis of the evidence and argumentsaroig the medical use of marijuana
focuses on the strength of the supporting evidamckedoes not refer to the motivations
of people who put forth the evidence and argumdiitat is, it is not relevant to scientific
validity whether an argument is put forth by someewino believes that all marijuana use
should be legal or by someone who believes that@aryjuana use is highly damaging to
individual users and to society as a whole. Noisdbés report comment on the degree to
which scientific analysis is compatible with curreegulatory policy. Although many
have argued that current drug laws pertaining tagjuz@na are inconsistent with scientific



data, it is important to understand that decisetmsut drug regulation are based on a
variety of moral and social considerations, as &elbn medical and scientific ones.

Even when a drug is used only for medical paes, value judgments affect policy
decisions concerning its medical use. For exantipéemagnitude of a drug's expected
medical benefit affects regulatory judgments altbatacceptability of risks associated
with its use. Also, although a drug is normally egyed for medical use only on proof of
its "safety and efficacy,” patients with life-thteaing conditions are sometimes (under
protocols for "compassionate use") allowed acoesmapproved drugs whose benefits
and risks are uncertain. Value judgments play @&mewnore substantial role in regulatory
decisions concerning drugs, such as marijuanaatieatought and used for nonmedical
purposes. Then policymakers must take into accoomnbnly the risks and benefits
associated with medical use but also possibledntems between the regulatory
arrangements governing medical use and the inyegfrihe legal controls set up to
restrict nonmedical use.

It should be clear that many elements of dmgtrol policy lie outside the realm of
biology and medicine. Ultimately, the complex maat social judgments that underlie
drug control policy must be made by the Americaogbe and their elected officials. A
goal of this report is to evaluate the biologiaadlanedical factors that should be taken
into account in making those judgments.

HOW THIS STUDY WAS CONDUCTED

Information was gathered through scientifiakstops, site visits, analysis of the
relevant scientific literature, and extensive cdtagion with biomedical and social
scientists. The three 2-day workshops--in Irvinaliférnia; New Orleans, Louisiana; and
Washington, D.C.--were open to the public and idetliscientific presentations and
reports, mostly from patients and their familidsoat their experiences with and
perspectives on the medical use of marijuana. 8ficeexperts in various fields were
selected to talk about the latest research on naed, cannabinoids, and related topics
(listed inAppendix B. Selection of the experts was based on recomntienday their
peers, who ranked them among the most accomplstiedtists and the most
knowledgeable about marijuana and cannabinoidseim own fields. In addition,
advocates for (John Morgan) and against (Eric AhYthe medical use of marijuana
were invited to present scientific evidence in suppf their positions.

Information presented at the scientific wokkshwas supplemented by analysis of the
scientific literature and evaluating the methodsdus various studies and the validity of
the authors' conclusions. Different kinds of clalistudies are useful in different ways:
results of a controlled double-blind study with qdate sample sizes can be expected to
apply to the general population from which studlgjeats were drawn; an isolated case
report can suggest further studies but cannot ésupned to be broadly applicable; and
survey data can be highly informative but are galhelimited by the need to rely on
self-reports of drug use and on unconfirmed medi@dnoses. This report relies mainly
on the most relevant and methodologically rigorstuslies available and treats the results



of more limited studies cautiously. In additionydf results are presented in such a way
as to allow thoughtful readers to judge the reghksnselves.

The Institute of Medicine (IOM) appointed anphof nine experts to advise the study
team on technical issues. These included neur@agdythe treatment of pain (Howard
Fields); regulation of prescription drugs (J. Rich@rout); AIDS wasting and clinical
trials (Judith Feinberg); treatment and patholofjgnaltiple sclerosis (Timothy Vollmer);
drug dependence among adolescents (Thomas Crowéeigties of drug dependence
(Dorothy Hatsukami); internal medicine, health caeévery, and clinical epidemiology
(Eric B. Larson); cannabinoids and marijuana phaotogy (Billy R. Martin); and
cannabinoid neuroscience (Steven R. Childers).

Public outreach included setting up a Webtsié¢ provided information about the
study and asked for input from the public. The \Biéd was open for comment from
November 1997 until November 1998. Some 130 orgaioizs were invited to
participate in the public workshops. Many peopl¢hi@ organizations--particularly those
opposed to the medical use of marijuana--felt #hatiblic forum was not conducive to
expressing their views; they were invited to comroate their opinions (and reasons for
holding them) by mail or telephone. As a resultgitly equal numbers of persons and
organizations opposed to and in favor of the médisa of marijuana were heard from.

The study team visited four cannabis buyéduticin California (the Oakland
Cannabis Buyers' Cooperative, the San Franciscod®é Cultivators Club, the Los
Angeles Cannabis Resource Center, and Califortiahsing Alleviate Medical
Problems, or CHAMPS) and two HIV/AIDS clinics (AlDealth Care Foundation in
Los Angeles and Louisiana State University Med@anter in New Orleans). We
listened to many individual stories from the buyehsbs about using marijuana to treat a
variety of symptoms and heard clinical observatiomshe use of Marinol to treat AIDS
patients. Marinol is the brand name for dronabindlich is 4 °-tetrahydrocannabinol
(THC) in pill form and is available by prescriptiéor the treatment of nausea associated
with chemotherapy and AIDS wasting.

MARIJUANA TODAY
The Changing Legal Landscape

In the 20th century, marijuana has been usae fior its euphoric effects than as a
medicine. Its psychological and behavioral effé@ge concerned public officials since
the drug first appeared in the southwestern antheau states during the first two
decades of the century. By 1931, at least 29 skatéprohibited use of the drug for
nonmedical purposésMarijuana was first regulated at the federal ldwethe Marijuana
Tax Act of 1937, which required anyone producingtrbuting, or using marijuana for
medical purposes to register and pay a tax andhnéffectively prohibited nonmedical
use of the drug. Although the act did not make weddise of marijuana illegal, it did
make it expensive and inconvenient. In 1942, maniguwas removed from the U.S.



Pharmacopoeia because it was believed to be a hlsarmd addictive drug that caused
psychoses, mental deterioration, and violent bemavi

In the late 1960s and early 1970s, there wsigagp increase in marijuana use among
adolescents and young adults. The current legalsstd marijuana was established in
1970 with the passage of the Controlled Substaicesvhich divided drugs into five
schedules and placed marijuana in Schedule I,ategyory for drugs with high potential
for abuse and no accepted medical useAppendix G Scheduling Definitions). In
1972, the National Organization for the Reform adrijuana Legislation (NORML), an
organization that supports decriminalization of ijmana, unsuccessfully petitioned the
Bureau of Narcotics and Dangerous Drugs to movéuaaa from Schedule | to
Schedule II. NORML argued that marijuana is theadipgn numerous serious ailments,
less toxic, and in many cases more effective tiwventional medicine’ Thus, for 25
years the medical marijuana movement has beenlgladesd with the marijuana
decriminalization movement, which has colored tebade. Many people criticized that
association in their letters to IOM and during phublic workshops of this study. The
argument against the medical use of marijuana ptegaenost often to the IOM study
team was that "the medical marijuana movementfli®fn horse”; that is, it is a
deceptive tactic used by advocates of marijuanardewlization who would exploit the
public's sympathy for seriously ill patients.

Since NORML's petition in 1972, there haverbaevariety of legal decisions
concerning marijuana. From 1973 to 1978, 11 stdepted statutes that decriminalized
use of marijuana, although some of them recrimmealimarijuana use in the 1980s and
1990s. During the 1970s, reports of the medicalevalf marijuana began to appear,
particularly claims that marijuana relieved the seaiassociated with chemotherapy.
Health departments in six states conducted smalles to investigate the reports. When
the AIDS epidemic spread in the 1980s, patientadahat marijuana sometimes relieved
their symptoms, most dramatically those assocaiddAIDS wasting. Over this period
a number of defendants charged with unlawful passef marijuana claimed that they
were using the drug to treat medical conditions thiatl violation of the law was therefore
justified (the so-called medical necessity defenahough most courts rejected these
claims, some accepted thém.

Against that backdrop, voters in California &rizona in 1996 passed two referenda
that attempted to legalize the medical use of manig under particular conditions. Public
support for patient access to marijuana for medisalappears substantial; public
opinion polls taken during 1997 and 1998 generaported 60—70 percent of
respondents in favor of allowing medical uses ofijuana:> However, those referenda
are at odds with federal laws regulating marijuamal their implementation raises
complex legal questions.

Despite the current level of interest, refei@and public discussions have not been
well informed by carefully reasoned scientific debalthough previous reports have all
called for more research, the nature of the rebaaat will be most helpful depends
greatly on the specific health conditions to beradsed. And while there have been



important recent advances in our understandingephysiological effects of marijuana,
few of the recent investigators have had the timesources to permit detailed analysis.
The results of those advances, only now beginrorigetexplored, have significant
implications for the medical marijuana debate.

Several months after the passage of the Cail#@nd Arizona medical marijuana
referendums, the Office of National Drug Controli&o(ONDCP) asked whether IOM
would conduct a scientific review of the medicalueaof marijuana and its constituent
compounds. In August 1997, IOM formally began ttuelg and appointed John A.
Benson Jr. and Stanley J. Watson Jr. to serverasgal investigators for the study. The
charge to IOM was to review the medical use of jmana and the harms and benefits
attributed to it (details are given Appendix D.

Medical Marijuana Legislation Among the States

The 1996 California referendum known as Prapos215
allowed seriously ill Californians to obtain andeusarijuana for
medical purposes without criminal prosecution arcsan. A
physician's recommendation is needed. Under the law
physicians cannot be punished or denied any rightivilege
for recommending marijuana to patients who suffemfany
illness for which marijuana will provide relief.

The 1996 Arizona referendum known as Propms@00 was
largely about prison reform but also gave physEidre option
to prescribe controlled substances, including thiosxhedule |
(e.g., marijuana), to treat the disease or relibeesuffering of
seriously or terminally ill patients. Five montHsea the
referendum was passed, it was stalled whenArizegialhtors
voted that all prescription medications must berapgd by the
Food and Drug Administration, and marijuana is swt
approved. In November 1998, Arizona voters passstand
referendum designed to allow physician's to presamarijuana
as medicine, but this is still at odds with feddaa®

As of summer 1998, eight states--Californian@ecticut,
Louisiana, New Hampshire, Ohio, Vermont, Virgiraad
Wisconsin--had laws that permit physicians to pribsc
marijuana for medical purposes or to allow a mddieaessity
defensé In November 1998, five states--Arizona, Alaska,
Oregon, Nevada, and Washington--passed medicajuaaai
ballot initiatives. The District of Columbia alsoted on a
medical marijuana initiative, but was barred froouicting the




votes because an amendment designed to prohibitftioen
doing so was added to the federal appropriatioiishiowever,
exit polls suggested that a majority of voters hpdroved the

measure.

MARIJUANA AND MEDICINE

Marijuana plants have been used since anyifitboth herbal medication and
intoxication. The current debate over the medisal of marijuana is essentially a debate
over the value of its medicinal properties relatiw¢he risk posed by its use.

Marijuana's use as an herbal remedy befor@@trecentury is well documentéd
However, modern medicine adheres to different statglfrom those used in the past.
The question is not whether marijuana can be useoh derbal remedy but rather how
well this remedy meets today's standards of effiea safety. We understand much
more than previous generations about medical riSkis.society generally expects its
licensed medications to be safe, reliable, and@ign efficacy; contaminants and
inconsistent ingredients in our health treatmergsat tolerated. That refers not only to
prescription and over-the-counter drugs but alsatimin supplements and herbal
remedies purchased at the grocery store. For exathg essential amino adid
tryptophan was widely sold in health food storea astural remedy for insomnia until
early 1990 when it became linked to an epidemia néw and potentially fatal illness
(eosinophilia-myalgia syndromé&j? When it was removed from the market shortly
thereafter, there was little protest, despite #ut that it was safe for the vast majority of
the population. The 1,536 cases and 27 deathslaterdraced to contaminants in a
batch produced by a single Japanese manufacturer.

Although few herbal medicines meet today'sd&ads, they have provided the
foundation for modern Western pharmaceuticals. Mostent prescriptions have their
roots either directly or indirectly in plant remesf At the same time, most current
prescriptions are synthetic compounds that are distantly related to the natural
compounds that led to their development. Digitadés discovered in foxglove, morphine
in poppies, and taxol in the yew tree. Even asgaoetylsalicylic acid) has its
counterpart in herbal medicine: for many generatigimerican Indians relieved
headaches by chewing the bark of the willow tre@ctvis rich in a related form of
salicylic acid.

Although plants continue to be valuable resesifor medical advances, drug
development is likely to be less and less reliamplants and more reliant on the tools of



modern science. Molecular biology, bioinformatioftware, and DNA array-based
analyses of genes and chemistry are all beginwiryetd great advances in drug
discovery and development. Until recently, drugsldmnly bediscoveregdnow they can
bedesignedEven the discovery process has been acceleratmigh the use of modern
drug-screening techniques. It is increasingly gaedo identify or isolate the chemical
compounds in a plant, determine which compoundsem@onsible for the plant's effects,
and select the most effective and safe compountiserdor use as purified substances or
as tools to develop even more effective, safeless expensive compounds.

Yet even as the modern pharmacological tooli@mpomes more sophisticated and
biotechnology yields an ever greater abundanckevapeutic drugs, people increasingly
seek alternative, low-technology therapiesn 1997, 46 percent of Americans sought
nontraditional medicines and spent over 27 billimmeimbursed dollars; the total number
of visits to alternative medicine practitioners eprs to have exceeded the number of
visits to primary care physiciaf§.Recent interest in the medical use of marijuana
coincides with this trend toward self-help and arsk for "natural” therapies. Indeed,
several people who spoke at the IOM public hearingsipport of the medical use of
marijuana said that they generally preferred hemmedicines to standard
pharmaceuticals. However, few alternative therabsg® been carefully and
systematically tested for safety and efficacy sagquired for medications approved by
the FDA (Food and Drug Administratiof).

WHO USES MEDICAL MARIJUANA?

There have been no comprehensive surveyeadmographics and medical
conditions of medical marijuana users, but a feports provide some indication. In each
case, survey results should be understood to téfecsituation in which they were
conducted and are not necessarily characteristicenfical marijuana users as a whole.
Respondents to surveys reported to the IOM stuain teere all members of "buyers'
clubs," organizations that provide their memberhwnarijuana, although not necessarily
through direct cash transactions. The atmosphetteeaharijuana buyers' clubs ranges
from that of the comparatively formal and closedgulated Oakland Cannabis Buyers'
Cooperative to that of a "country club for the mpetit,” as Denis Peron described the San
Francisco Cannabis Cultivators Club (SFCCC), winieldirected.

John Mendelson, an internist and pharmacdiagithe University of California, San
Francisco (UCSF) Pain Management Center, surve@@driembers of the SFCCC who
were using marijuana at least weekly. Most of g#spondents were unemployed men in
their forties. Subjects were paid $50 to particpatthe survey; this might have
encouraged a greater representation of unemplaygdds. All subjects were tested for
drug use. About half tested positive for marijuandy; the other half tested positive for
drugs in addition to marijuana (23% for cocaine &8¢ for amphetamines). The
predominant disorder was AIDS, followed by rougbtual numbers of members who
reported chronic pain, mood disorders, and muskaletal disordersIiable 1.).



The membership profile of the San Francisob glas similar to that of the Los
Angeles Cannabis Resource Center (LACRC), where @&3¥%e 739 patients were men,
45% were 36—45 years old, and 71% were HIV posifieble 1.2shows a distribution
of conditions somewhat different from that in SFCf@8pondents, probably because of a
different membership profile. For example, canseganerally a disease that occurs late
in life; 34 (4.7%) of LACRC members were over 5aggeold; only 2% of survey
respondents in the SFCCC study were over 55 ydars o

Jeffrey Jones, executive director of the Oadtl@annabis Buyers' Cooperative,
reported that its largest group of patients is ksitive men in their forties. The second-
largest group is patients with chronic pain.

Among the 42 people who spoke at the publickalmops or wrote to the study team,
only six identified themselves as members of manaibuyers' clubs. Nonetheless, they
presented a similar profile: HIV/AIDS was the predpnant disorder, followed by
chronic pain {ables 1.3and1.4). All HIV/AIDS patients reported that marijuana
relieved nausea and vomiting and improved theietg About half the patients who
reported using marijuana for chronic pain also regzbthat it reduced nausea and
vomiting.

Note that the medical conditions referredr@nly those reported to the study team
or to interviewers; they cannot be assumed to sgmtecomplete or accurate diagnoses.
Michael Rowbotham, a neurologist at the UCSF Paamadgement Center, noted that
many pain patients referred to that center arriith imcorrect diagnoses or with pain of
unknown origin. At that center the patients whoorémedical benefit from marijuana
say that it does not reduce their pain but enahk®s to cope with it.

Most--not all--people who use marijuana taeregd medical conditions have
previously used it recreationally. An estimated 980 he LACRC members had used
marijuana before joining the club. It is importémtemphasize the absence of
comprehensive information on marijuana use betsrase for medical conditions.
Frequency of prior use almost certainly dependsany factors, including membership
in a buyers' club, membership in a population sebt@t uses marijuana more often than
others (for example, men 20—30 years old), andrtedical condition being treated with
marijuana (for example, there are probably rel&fitewer recreational marijuana users
among cancer patients than among AIDS patients).

Patients who reported their experience withijoena at the public workshops said
that marijuana provided them with great relief freygmptoms associated with disparate
diseases and ailments, including AIDS wasting, tspsfrom multiple sclerosis,
depression, chronic pain, and nausea associatactcheimotherapy. Their circumstances
and symptoms were varied, and the IOM study teasneéin a position to make
medical evaluations or confirm diagnoses. Threeaisgmtative cases presented to the
IOM study team are presentedBox 1.1, the stories have been edited for brevity, but
each case is presented in the patient's words @hdhe patient's permission.




The variety of stories presented left the gtighm with a clear view of people's
beliefs about how marijuana had helped them. Batdbllection of anecdotal data,
although useful, is limited. We heard many posist@ies but no stories from people
who had tried marijuana but found it ineffectivdigis a fraction with an unknown
denominator. For the numerator we have a samppesifive responses; for the
denominator we have no idea of the total numbgreople who have tried marijuana for
medical purposes. Hence, it is impossible to egdérttge clinical value of marijuana or
cannabinoids in the general population based oodmtal reports. Marijuana clearly
seems to relieve some symptoms for some peoplerievaly as a placebo effect. But
what is the balance of harmful and beneficial ¢ hat is the essential medical
guestion that can be answered only by careful arsabf data collected under controlled
conditions.

CANNABIS AND THE CANNABINOIDS

Marijuana is the common name @annabis sativaa hemp plant that grows
throughout temperate and tropical climates. Thetmezent review of the constituents of
marijuana lists 66 cannabinoidBaple 1.5.2° But that does not mean there are 66
different cannabinoid effects or interactions. Mosthe cannabinoids are closely related,;
they fall into only 10 groups of closely relatedinabinoids, many of which differ by
only a single chemical moiety and might be midpo@ibng biochemical pathways--that
is, degradation products, precursors, or byprod§é¥ 4 2-tetrahydrocannabino 4 °-

THC) is the primary psychoactive ingredient; depegan the particular plant, either
THC or cannabidiol is the most abundant cannabimoidarijuana Eigure 1.).
Throughout this report, THC is used to indicA2THC. In the few cases where variants
of THC are discussed, the full names are usedhalcannabinoids are lipophilic--they
are highly soluble in fatty fluids and tissues bat in water. Indeed, THC is so lipophilic
that it is aptly described as "greasy."

Throughout this repomparijuanarefers to unpurified plant extracts, includingves.
and flower tops, regardless of how they are conskiwhether by ingestion or by
smoking. References to the effects of marijuanalshiee understood to include the
composite effects of its various components; thathie effects of THC are included
among the effects of marijuana, but not all the@# of marijuana are necessarily due to
THC. Discussions concernimgnnabinoidgefer only to those particular compounds and
not to the plant extract. This distinction is imiaont; it is often blurred or exaggerated.

Cannabinoids are produced in epidermal glamdbe leaves (especially the upper
ones), stems, and the bracts that support the ftoafehe marijuana plant. Although the
flower itself has no epidermal glands, it has tlghést cannabinoid content anywhere on
the plant, probably because of the accumulatiaesih secreted by the supporting
bracteole (the small leaf-like part below the fleyydhe amounts of cannabinoids and
their relative abundance in a marijuana plant watl growing conditions, including
humidity, temperature, and soil nutrients (revieweate, 1994). The chemical
stability of cannabinoids in harvested plant malas also affected by moisture,
temperature, sunlight, and storage. They degraderiany storage condition.



ORGANIZATION OF THE REPORT

Throughout the report, steps that might benal fill the gaps in understanding both
the potential harms and benefits of marijuana amhabinoid use are identified. Those
steps include identifying knowledge gaps, promisesggarch directions, and potential
therapies based on scientific advances in cannabimology.

Chapter Zeviews basic cannabinoid biology and providesumdflation to understand
the medical value of marijuana or its constituemr@abinoids. In consideration of the
physician's first rule, "first, do no harm," thetgitial harms attributed to the medical use
of marijuana are reviewed before the potential weddenefitsChapter Jeviews the
risks posed by marijuana use, with emphasis oncatdse.

Chapter 4analyzes the most credible clinical data relevarmbe medical use of
marijuana. It reviews what is known about the pblggjical mechanisms underlying
particular conditions (for example, chronic paiomiting, anorexia, and muscle
spasticity), what is known about the cellular acsi@f cannabinoids, and the levels of
proof needed to show that marijuana is an effec¢tie@&ment for specific symptoms. It
does not analyze the historical literature; hisisripformative in enumerating uses of
marijuana, but it does not provide the sort of infation needed for a scientifically
sound evaluation of the efficacy and safety of juana for clinical use. Because
marijuana is advocated primarily as affording ffiefiiem the symptoms of disease rather
than as a cure, this chapter is organized largelyinptoms as opposed to disease
categories. Finallyghapter 4compares the conclusions of this report with thafsather
recent reports on the medical use of marijuana.

Chapter Kdescribes the process of and analyzes the prasipeatannabinoid drug
development.
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Cannabinoids and Animal Physiology

INTRODUCTION

Much has been learned since the publication o882 Institute of
Medicine (IOM) reporMarijuana and HealtH Although it was clear
then that most of the effects of marijuana weretdues actions on the
brain, there was little information about how THEeal on brain cells
(neurons), which cells were affected by THC, orrewat general areas
of the brain were most affected by THC. Too litilas known about cannabinoid
physiology to offer any scientific insights intcetharmful or therapeutic effects of
marijuana. That is no longer true. During the d#&syears, there have been major
advances in what basic science discloses abopbtieatial medical benefits of
cannabinoids, the group of compounds related to .TMi&hy variants are found in the
marijuana plant, and other cannabinoids not fourithé plant have been chemically
synthesized. Sixteen years ago it was still a maftdebate as to whether THC acted
nonspecifically by affecting the fluidity of cellembranes or whether a specific pathway
of action was mediated by a receptor that resposdittively to THCTable 2.).

Basic science is the wellspring for developing meedications and is particularly
important for understanding a drug that has as neffiegts as marijuana. Even
committed advocates of the medical use of marijubmaot claim that all the effects of
marijuana are desirable for every medical use.tBey do claim that the combination of
specific effects of marijuana enhances its mediahle. An understanding of those
specific effects is what basic science can providhe multiple effects of marijuana can
be singled out and studied with the goals of evalgahe medical value of marijuana
and cannabinoids in specific medical conditionsyalt as minimizing unwanted side
effects. An understanding of the basic mechanis$mmigh which cannabinoids affect
physiology permits more strategic development of deugs and designs for clinical
trials that are most likely to yield conclusiveuks.

Research on cannabinoid biology offers neughis into clinical use, especially
given the scarcity of clinical studies that adeglya¢valuate the medical value of
marijuana. For example, despite the scarcity oturttive clinical data, basic science has
made it clear that cannabinoids can affect paimstrassion and, specifically, that
cannabinoids interact with the brain's endogen@isid system, an important system for
the medical treatment of pain (sg&pter 4.

The cellular machinery that underlies the oesg of the body and brain to
cannabinoids involves an intricate interplay ofeli€ént systems. This chapter reviews the
components of that machinery with enough detaileionit the reader to compare what is
known about basic biology with the medical useppsed for marijuana. For some



readers that will be too much detail. Those readdus do not wish to read the entire
chapter should, nonetheless, be mindful of th@falg key points in this chapter:

- The most far reaching of the recent advances inatainoid biology are the
identification of two types of cannabinoid recept¢(CB, and CB) and of
anandamide, a substance naturally produced byaithe that acts at the
cannabinoid receptor and has effects similar tesg¢haf THC. The CBreceptor is
found primariladin the brain and mediates the pelagical effects of THC. The
CB, receptor is associated with the immune systemmoiésremains unclear.

« The physiological roles of the brain cannabinoigtegn in humans are the subject
of much active research and are not fully knowmnydner, cannabinoids likely
have a natural role in pain modulation, controhmfvement, and memory.

« Animal research has shown that the potential fanahinoid dependence exists,
and cannabinoid withdrawal symptoms can be obsertedever, both appear to
be mild compared to dependence and withdrawal wéarother drugs.

- Basic research in cannabinoid biology has revealeariety of cellular pathways
through which potentially therapeutic drugs coutti@n the cannabinoid system.
In addition to the known cannabinoids, such drugghirinclude chemical
derivatives of plant-derived cannabinoids or of@yehous cannabinoids such as
anandamide but would also include noncannabinaidgithat act on the
cannabinoid system.

This chapter summarizes the basics of cannabbiology--as known today. It thus
provides a scientific basis for interpreting claifosnded on anecdotes and for evaluating
the clinical studies of marijuana presentedhapter 4

The Value of Animal Studies

Much of the research into the effects of cénmaids on the brain is based on animal
studies. Many speakers at the public workshopscased with this study argued that
animal studies of marijuana are not relevant to dmsnAnimal studies are not a
substitute for clinical trials, but they are a resagy complement. Ultimately, every
biologically active substance exerts its effecthatcellular and molecular levels, and the
evidence has shown that this is remarkably comgistmong mammals, even those as
different in body and mind as rats and humans. Ahstudies typically provide
information about how drugs work that would notdiéainable in clinical studies. At the
same time, animal studies can never inform us cetalyl about the full range of
psychological and physiological effects of marijaa cannabinoids on humans.

The Active Constituents of Marijuana

AS.THC andA8-THC are the only compounds in the marijuana piaat produce all
the psychoactive effects of marijuana. Bece286'HC is much more abundant th4§-
THC, the psychoactivity of marijuana has beenlaited largely to the effects 4°-
THC. 11-OH A°-THC is the primary product (2 °-THC metabolism by the liver and is
about three times as potentA$THC 28



There have been considerably fewer experimeititscannabinoids other thi4 °-
THC, although a few studies have been done to examhether other cannabinoids
modulate the effects of THC or mediate the nonpshodical effects of marijuana.
Cannabidiol (CBD) does not have the same psychogctis THC, but it was initially
reported to attenuate the psychological respon3#i® in humang*” however, later
studies reported that CBD did not attenuate thetpsipgical effects of THE®® One
double-blind study of eight volunteers reported tBBD can block the anxiety induced
by high doses of THC (0.5 mg/kf)’. There are numerous anecdotal reports claiming that
marijuana with relatively higher ratios of THC:CB®less likely to induce anxiety in the
user than marijuana with low THC:CBD ratios; baken together, the results published
thus far are inconclusive.

The most important effect of CBD seems totbénterference with drug metabolism,
including 4 °-THC metabolism in the livef*t It exerts that effect by inactivating
cytochrome P450s, which are the most importansadé&nzymes that metabolize drugs.
Like many P450 inactivators, CBD can also inducB(@4after repeated dosés.
Experiments in which mice were treated with CBDdwaled by THC showed that CBD
treatment was associated with a substantial inergealsrain concentrations of THC and
its major metabolites, most likely because it daseel the rate of clearance of THC from
the body*

In mice, THC inhibits the release of luteingihormone, the pituitary hormone that
triggers the release of testosterone from thedg#ies effect is increased when THC is
given with cannabinol or CBB

Cannabinol also lowers body temperature aockases sleep duration in mié@lt is
considerably less active than THC in the brain,dtutlies of immune cells have shown
that it can modulate immune function (see "Cannaldlsyand the Immune System" later
in this chapter).

The Pharmacological Toolbox

A researcher needs certain key tools in ai@lenderstand how a drug acts on the
brain. To appreciate the importance of these tawls,must first understand some basic
principles of drug action. All recent studies hawdicated that the behavioral effects of
THC are receptor mediatéfiNeurons in the brain are activated when a compbimis
to its receptor, which is a protein typically loedton the cell surface. Thus, THC will
exert its effects only after binding to its recepta general, a given receptor will accept
only particular classes of compounds and will bafigtted by other compounds.

Compounds that activate receptors are caljguhists Binding to a receptor triggers
an event or a series of events in the cell thatites a change in the cell's activity, its
gene regulation, or the signals that it sends tghi®ring cells Eigure 2.}. This
agonist-induced process is called signal transdacti



Another set of tools for drug research, wtbelsame available only recently for
cannabinoid research, are tieeeptor antagonisiso-called because they selectively
bind to a receptor that would have otherwise bemilable for binding to some other
compound or drug. Antagonists block the effectaginists and are tools to identify the
functions of a receptor by showing what happensmwtsenormal functions are blocked.
Agonists and antagonists are bbgfands that is, they bind to receptors. Hormones,
neurotransmitters, and drugs can all act as ligavidsphine and naloxone provide a
good example of how agonists and antagonists etteddarge dose of morphine acts as
an agonist at opioid receptors in the brain anerfates with, or even arrests, breathing.
Naloxone, a powerful opioid antagonist, blocks ninimp's effects on opiate receptors,
thereby allowing an overdose victim to resume ltmegtnormally. Naloxone itself has
no effect on breathing.

Another key tool involves identifying the rgter protein and determining how it
works. That makes it possible to locate where g dativates its receptor in the brain--
both the general region of the brain and the gekk twhere the receptor is located. The
way to find a receptor for a drug in the brainasriake the receptor "visible" by
attaching a radioactive or fluorescent marker ®drug. Such markers show where in
the brain a drug binds to the receptor, althoughighnot necessarily the part of the brain
where the drug ultimately has its greatest effects.

Because drugs injected into animals must §sotlred in a water-based solution, it is
easier to deliver water-soluble molecules thanelovdr fat-soluble (lipophilic) molecules
such as THC. THC is so lipophilic that it can stiokglass and plastic syringes used for
injection. Because it is lipophilic, it readily @n$ cell membranes and thus can cross the
blood brain barrier easily. (This barrier insulaties brain from many blood-borne
substances.) Early cannabinoid research was hitdbgréne lack of potent cannabinoid
ligands (THC binds to its cannabinoid receptoreentveakly) and because they were
not readily water soluble. The synthetic agonist35®40, which is more water soluble
than THC, was the first useful research tool fadging cannabinoid receptors because
of its high potency and ability to be labeled wathadioactive molecule, which enabled
researchers to trace its activity.

CANNABINOID RECEPTORS

The cannabinoid receptor is a typical membbéh® largest known family of
receptors: the G protein-coupled receptors witlr tistinctive pattern in which the
receptor molecule spans the cell membrane sevess ffigure 2.2. For excellent recent
reviews of cannabinoid receptor biology, see Chiided Breivoget’Abood and
Martin? Felder and Glas§ and Pertwees* Cannabinoid receptor ligands birelersibly
(they bind to the receptor briefly and then disat®)i andstereoselectivelgwhen there
are molecules that are mirror images of each otirdy,one version activates the
receptor). Thus far, two cannabinoid receptor quisy(CB and CB) have been
identified, of which only CBis found in the brain.



The cell responds in a variety of ways whdigand binds to the cannabinoid receptor
(Figure 2.3. The first step is activation of G proteins, flist components of the signal
transduction pathway. That leads to changes inraewvgracellular components--such as
cyclic AMP and calcium and potassium ions--whictinuately produce the changes in
cell functions. The final result of cannabinoideptor stimulation depends on the
particular type of cell, the particular ligand, aheé other molecules that might be
competing for receptor binding sites. Different aigts vary in bindingpotency which
determines the effective dose of the drug, efifidacy which determines the maximal
strength of the signal that they transmit to the &&e potency and efficacy of THC are
both relatively lower than those of some synthetionabinoids; in fact, synthetic
compounds are generally more potent and efficadioars endogenous agonists.

CB, receptors are extraordinarily abundant in therbr@ihey are more abundant than
most other G protein-coupled receptors and 10 timea® abundant thanu opioid
receptors, the receptors responsible for the effaicmorphing=®

The cannabinoid receptor in the brain is dginoreferred to as GBThe peripheral
receptor (outside the nervous system),,G8most abundant on cells of the immune
system and is not generally found in the bfaf? Although no other receptor subtypes
have been identified, there is a genetic varianilknas CBA (such variants are
somewhat different proteins that have been prodogdtie same genes via alternative
processing). In some cases, proteins producedtermative splicing have different
effects on cells. It is not yet known whether thare any functional differences between
the two, but the structural differences raise thesgbility.

CB, and CB are similar, but not as similar as members of nathgr receptor
families are to each other. On the basis of a colsgaof the sequence of amino acids
that make up the receptor protein, the similarftthe CB, and CB receptors is 44%
(Figure 2.2. The differences between the two receptors inditaat it should be possible
to design therapeutic drugs that would act onlypoe or the other receptor and thus
would activate or attenuate (block) the appropriaienabinoid receptors. This offers a
powerful method for producing biologically seleetigffects. In spite of the difference
between the receptor subtypes, most cannabinoig@ends bind with similar affinify
to both CB and CB receptors. One exception is the plant-derived eaamgd CBD,
which appears to have greater binding affinity@@, than for CB,*? although another
research group has failed to substantiate thatedtsen12’ Other exceptions include the
synthetic compound WIN 55,212-2, which shows greafinity for CB, than CB, and
the endogenous ligands, anan-damide and 2-AG, vehiotv greater affinity for CB
than CB.* The search for compounds that bind to only orth@other of the
cannabinoid receptor types has been under wayfaral years and has yielded a
number of compounds that are useful research smmlhave potential for medical use.

Cannabinoid receptors have been studied moariebrates, such as rats and mice.
However, they are also found in invertebrates, sscleeches and molluskS.The
evolutionary history of vertebrates and invertedsativerged more than 500 million
years ago, so cannabinoid receptors appear toldemreconserved throughout evolution



at least this long. This suggests that they semienportant and basic function in animal
physiology. In general, cannabinoid receptor mdiesare similar among different
species? Thus, cannabinoid receptors likely fill many sianifunctions in a broad range
of animals, including humans.

THE ENDOGENOUS CANNABINOID SYSTEM

For any drug for which there is a receptog, lthgical question is, "Why does this
receptor exist?" The short answer is that thepeabably an endogenous agonist (that is,
a compound that is naturally produced in the brdia) acts on that receptor. The long
answer begins with a search for such compoundsiartea of the body that produces the
receptors and ends with a determination of therabtunction of those compounds. So
far, the search has yielded several endogenousaamdp that bind selectively to
cannabinoid receptors. The best studied of theraaadamid¥ and arachidonyl
glycerol (2-AG) X% However, their physiological roles are not yet\kmno

Initially, the search for an endogenous cammat was based on the premise that its
chemical structure would be similar to that of THRat was reasonable, in that it was
really a search for another "key" that would fitoithe cannabinoid receptor "keyhole,"
thereby activating the cellular message system.dDtige intriguing discoveries in
cannabinoid biology was how chemically differentTldnd anandamide are. A similar
search for endogenous opioids (endorphins) alseated that their chemical structure is
very different from the plant-derived opioids, opitand morphine.

Further research has uncovered a varietpmipounds with quite different chemical
structures that can activate cannabinoid recegla@isle 2.2andFigure 2.4. It is not yet
known exactly how anandamide and THC bind to camaédh receptors. Knowing this
should permit more precise design of drugs tha&icsigkly activate the endogenous
cannabinoid systems.

Anandamide

The first endogenous cannabinoid to be diseal/e/as arachidonyl-ethanolamine,
named anandamide from the Sanskrit wamdnda meaning "bliss2 Compared with
THC, anandamide has only moderate affinity for, @eptor and is rapidly metabolized
by amidases (enzymes that remove amide groupspitBets short duration of action,
anand-amide shares most of the pharmacologicaltefté THC3"*>? Rapid degradation
of active molecules is a feature of neurotransmgystems that allows them control of
signal timing by regulating the abundance of signgaimolecules. It creates problems for
interpreting the results of many experiments anghtnéxplain whyin vivo studies with
anandamide injected into the brain have yieldedlicting results.

Anandamide appears to have both central @rbthain) and peripheral (in the rest of
the body) effects. The precise neuroanatomicalilkatgon of anandamide and the
enzymes that synthesize it are not yet known. ifi@mation will provide essential
clues to the natural role of anan-damide and aerstahding of the brain circuits in



which it is a neurotransmitter. The importance wdwing specific brain circuits that
involve anandamide (and other endogenous cannabligands) is that such circuits are
the pivotal elements for regulating specific brainctions, such as mood, memory, and
cognition. Anandamide has been found in numerogismne of the human brain:
hippocampus (and parahippocampic cortex), striaamd,cerebellum; but it has not been
precisely identified with specific neuronal cir&iCB receptors are abundant in these
regions, and this further implies a physiologicdérfor endogenous cannabinoids in the
brain functions controlled by these areas. But suthsl concentrations of anandamide
are also found in the thalamus, an area of thenlbhait has relatively few GB

receptors®

Anandamide has also been found outside the.dtdas been found in spleen tissue,
which also has high concentrations of @Bceptors, and small amounts have been
detected in heart tissdé.

In general, the affinity of anandamide for mabinoid receptors is only one-fourth to
one-half that of THC (se€able 2.3. The differences depend on the cells or tissat th
are tested and on the experimental conditions, as¢he binding assay used (reviewed
by Pertwe&?).

The molecular structure of anandamide is iradbt simple, and it can be formed from
arachidonic acid and ethanolamine. Arachidonic acalcommon precursor of a group
of biologically active molecules known as eicosalspincluding prostaglandiris.
Although anandamide can be synthesized in a vaofetyays, the physiologically
relevant pathway seems to be through enzymativatgaofN-arachidonyl-
phosphatidyl-ethanolamine (NAPE), which yields ateanide and phosphatidic acid
(reviewed by Childers and Breivog8|

Anandamide can be inactivated in the brainw@mechanisms. In one it is
enzymatically cleaved to yield arachidonic acid atfthnolamine--the reverse of what
was initially proposed as its primary mode of sysik. In the other it is inactivated
through neuronal uptake--that is, by being tranggbinto the neuron, which prevents its
continuing activation of neighboring neurons.

Other Endogenous Agonists

Several other endogenous compounds that areically related to anandamide and
that bind to cannabinoid receptors have been déisedy one of which is 2-A&% 2-AG
is closely related to anandamide and is even muuadant in the brain. At the time of
this writing, all known endogenous cannabinoid ptéoeagonists (including
anandamide) were eicosanoids, which are arachidanicmetabolites. Arachidonic acid
(a free fatty acid) is released via hydrolysis @mbrane phospholipids.

Other, noneicosanoid, compounds that bind @lainid receptors have recently been
isolated from brain tissue, but they have not hdentified, and their biological effects



are under investigation. This is a fast-movingdfief research, and no review over six
months old will be fully up to date.

The endogenous compounds that bind to canoiahiaceptors probably perform a
broad range of natural functions in the brain. Ttesral signaling system is rich and
complex and has many subtle variations, many otlwhivait discovery. In the next few
years much more will probably be known about theserally occurring cannabinoids.

Some effects of cannabinoid agonists are tecamependent. For example, both
THC and CBD can be neuroprotective through thetioaidative activity; that is, they
can reduce the toxic forms of oxygen that are seldavhen cells are under stréss.
Other likely examples of receptor-independent chimmad activity are modulation of
activation of membrane-bound enzymes (such as Ad)Pasachidonic acid release, and
perturbation of membrane lipids. An important cantin interpreting those reports is that
concentrations of THC or CBD used in cellular ségdisuch as these, are generally much
higher than the concentrations of THC or CBD inlbey that would likely be achieved
by smoking marijuana.

Novel Targets for Therapeutic Drugs

Drugs that alter the natural biology of ananaike or other endogenous cannabinoids
might have therapeutic useésaple 2.4. For example, drugs that selectively inhibit
neuronal uptake of anandamide would increase #hia'srown natural cannabinoids,
thereby mimicking some of the effects of THC. A raenof important
psychotherapeutic drugs act by inhibiting neuratnaitter uptake. For example,
antidepressants like fluoxetine (Prozac) inhibibsanin uptake and are known as
selective serotonin reuptake inhibitors, or SSRimther way to alter levels of
endogenous cannabinoids would be to develop dhagsatt on the enzymes involved in
anandamide synthesis. Some antihypertensive dragshy inhibiting enzymes
involved in the synthesis of endogenous hypertenagents. For example, anti-
converting enzyme (ACE) inhibitors are used in htgresive patients to interfere with
the conversion of angiotensin I, which is inactiteethe active hormone, angiotensin IlI.

SITES OF ACTION

Cannabinoid receptors are particularly abuhttesome areas of the brain. The
normal biology and behavior associated with theaekareas are consistent with the
behavioral effects produced by cannabinoitsb{e 2.5andFigure 2.5. The highest
receptor density is found in cells of the basalgyjarthat project locally and to other
brain regions. These cells include the substaimgi@ampars reticulata, entopeduncular
nucleus, and globus pallidus, regions that are rgélgenvolved in coordinating body
movements. Patients with Parkinson's or Huntingtdisease tend to have impaired
functions in these regions.

CB, receptors are also abundant in the putamen, ptre gelay system within the
basal ganglia that regulates body movements; ttedebum, which coordinates body



movements; the hippocampus, which is involved amrieng, memory, and response to
stress; and the cerebral cortex, which is concewtidthe integration of higher
cognitive functions.

CB, receptors are found on various parts of neuramdyding the axon, cell bodies,
terminals, and dendrité51%° Dendrites are generally the "receiving" part ofearon,
and receptors on axons or cell bodies generallyutate other signals. Axon terminals
are the "sending" part of the neuron.

Cannabinoids tend to inhibit neurotransmissadtihhough the results are somewhat
variable. In some cases, cannabinoids diministetteets of the inhibitory
neurotransmitter, g-aminobutyric acid (GABAY:in other cases, cannabinoids can
augment the effects of GABK? The effect of activating a receptor depends onravite
is found on the neuron: if cannabinoid receptoespresynaptic (on the "sending” side of
the synapse) and inhibit the release of GABA, cammads would diminish GABA
effects; the net effect would be stimulation. Hoe\f cannabinoid receptors are
postsynaptic (on the "receiving” side of the syedasd on the same cell as GABA
receptors, they will probably mimic the effects®ABA,; in that case, the net effect
would be inhibition:14418

CB, is the predominant brain cannabinoid receptor. @Beptors have not generally
been found in the brain, but there is one isolaggdrt suggesting some in mouse
cerebellunt>° CB; is found primarily on cells of the immune systed®, receptors are
also found in immune cells, but @& considerably more abundant theralfle 2.6
(reviewed by Kaminsk? in 1998).

As can be appreciated in the next sectionptisence of cannabinoid systems in key
brain regions is strongly tied to the functions gathology associated with those
regions. The clinical value of cannabinoid systésrisest understood in the context of the
biology of these brain regions.

CANNABINOID RECEPTORS AND BRAIN FUNCTIONS
Motor Effects

Marijuana affects psychomotor performanceumbns. The effects depend both on
the nature of the task and the experience withjozara. In general, effects are clearest in
steadiness (body sway and hand steadiness) andtan tasks that require attention. The
results of testing cannabinoids in rodents are nuledrer.

Cannabinoids clearly affect movement in rodebtt the effects depend on the dose:
low doses stimulate and higher doses inhibit lodiond***>? Cannabinoids mainly
inhibit the transmission of neural signals, and/timnibit movement through their
actions on the basal ganglia and cerebellum, wteamaabinoid receptors are particularly
abundantKigure 2.6§. Cannabinoid receptors are also found in theoreuthat project



from the striatum and subthalamic nucleus, whittibih and stimulate movement,
respectively®1%

Cannabinoids decrease both the inhibitorysaimdulatory inputs to the substantia
nigra and therefore might provide dual regulatibmovement at this nucleus. In the
substantia nigra, cannabinoids decrease transmisim both the striatum and the
subthalamic nucleu$! The globus pallidus has been implicated in meniigtihe
cataleptic effects of large doses of cannabineidsist?® (Catalepsy is a condition of
diminished responsiveness usually characterizadangelike states and waxy rigidity of
the muscles.) Several other brain regions--theegpthe cerebellum, and the neural
pathway from cortex to striatum--are also involuwedhe control of movement and
contain abundant cannabinoid receptéfél® They are therefore possible additional

sites that might underlie the effects of cannaldis@n movement.
Memory Effects

One of the primary effects of marijuana in lams is disruption of short-term
memory®® That is consistent with the abundance of, @&eptors in the hippocampus,
the brain region most closely associated with megmbine effects of THC resemble a
temporary hippocampal lesiéhDeadwyler and colleagues have demonstrated that
cannabinoids decrease neuronal activity in theddpmpus and its input&?*82 In vitro,
several cannabinoid ligands and endogenous cammdbioan block the cellular
processes associated with memory formatightte42%2%3 Fyrthermore, cannabinoid
agonists inhibit release of several neurotransmitecetylcholine from the
hippocampué?>! norepinephrine from human and guinea pig (butrapor mouse)
hippocampal slice¥? and glutamate in cultured hippocampal cE{<Cholinergic and
noradrenergic neurons project into the hippocamipuiscgircuits within the hippo-
campus are glutamaterdidhus, cannabinoids could block transmission both and
within the hippocampus by blocking presynaptic ng@nsmitter release.

Pain

After nausea and vomiting, chronic pain wasdabandition cited most often to the
IOM study team as a medical use for marijuana. Re@search presented below has
shown intriguing parallels with anecdotal reportshe modulating effects of
cannabinoids on pain--both the effects of cannabgacting alone and the effects of
their interaction with opioids.

Behavioral Studies

Cannabinoids reduce reactivity to acute paistinuli in laboratory animals. In
rodents, cannabinoids reduced the responsivengssrtanduced through various
stimuli, including thermal, mechanical, and cherhatamuli 121946.7296153.174
Cannabinoids were comparable with opiates in pgtand efficacy in these
experiments?/2




Cannabinoids are also effective in rodent nedechronic pain. Herzberg and co-
workers found that cannabinoids can block allodmd hyperalgesia associated with
neuropathic pain in rafé.This is an important advance because chronicfpaguently
results in a series of neural changes that increafering due to allodynia (pain elicited
by stimuli that are normally innocuous), hyperalgésabnormally increased reactivity to
pain), and spontaneous pain; furthermore, somenchpain syndromes are not amenable
to therapy, even with the most powerful narcotialgesics:>

Pain perception is controlled mainly by netansmitter systems within the central
nervous system, and cannabinoids clearly playainoihe control of pain in those
system$?> However, pain-relieving and pain-preventing medsmas also occur in
peripheral tissues, and endogenous cannabinoidgaafpplay a role in peripheral
tissues. Thus, the different cannabinoid recepibtygpes might act synergistically.
Experiments in which pain is induced by injectinigig formalin into a mouse's paw
have shown that anandamide and palmitylethanola(fB®&) can block peripheral
painZ4”2 Anandamide acts primarily at the CBceptor, whereas PEA has been
proposed as a possible €&jonist; in short, there might be a biochemicais#or their
independent effects. When injected together, tladgasic effect is stronger than that of
either alone. That suggests an important strategghe development of a new class of
analgesic drug: a mixture of @&nd CB agonists. Because there are few, if any, CB
receptors in the brain, it might be possible toedep drugs that enhance the peripheral
analgesic effect while minimizing the psychologie#fects.

Neural Sites of Altered Responsiveness to Painful S timuli

The brain and spinal cord mediate cannabian#&lgesia. A number of brain areas
participate in cannabinoid analgesia and suppertdle of descending pathways (neural
pathways that project from the brain to the spauatl)221% Although more work is
needed to produce a comprehensive map of thedditasinabinoid analgesia, it is clear
that the effects are limited to particular areagsshof which have an established role in
pain.

Specific sites where cannabinoids act to &ff@ processing include the
periaqueductal gra¥* rostral ventral medull®>+19 thalamic nucleus submeditf§,
thalamic ventroposterolateral nucléd&dorsal horn of the spinal cofé® and peripheral
sensory nerve¥%°13! Those nuclei also participate in opiate analgeSifiough similar
to opiate analgesia, cannabinoid analgesia is ediated by opioid receptors; morphine
and cannabinoids sometimes act synergistically,ogmaid antagonists generally have no
effect on cannabinoid-induced analgesiaHowever, &appareceptor antagonist has
been shown to attenuate spinal, but not supraspmiaahabinoid analgesta+%t*
(Kappaopioid receptors constitute one of the three migjoes of opioid receptors; the
other two types armuanddeltareceptors.)

Neurophysiology and Neurochemistry of Cannabinoid A nalgesia



Because of the marked effects of cannabinmdsiotor function, behavioral studies
in animals alone cannot provide sufficient groufatghe conclusion that cannabinoids
depress pain perception. Motor behavior is typycafled to measure responses to pain,
but this behavior is itself affected by cannabisoithus, experimental results include an
unmeasured combination of cannabinoid effects otonand pain systems. The effects
on specific neural systems, however, can be medsuithe neurophysiological and
neurochemical levels. Cannabinoids decrease tippmes of immediate-early genes
(genes that are activated in the early or immedittge of response to a broad range of
cellular stimuli) to noxious stimuli in the spinadrd, decrease response of pain neurons
in the spinal cord, and decrease the responsiverigssn neurons in the ventral
posterolateral nucleus of the thalarfi{f$? Those changes are mediated by cannabinoid
receptors, are selective for pain neurons, andmraated to changes in skin temperature
or depth of anesthesia, and they follow the tima&ree of the changes in behavioral
responses to painful stimuli but not the time cewsmotor change¥.On-cells and off-
cells in the rostral ventral medulla control pasmnsmission at the level of the spinal
cord, and cannabinoids also modulate their resgonsg manner that is very similar to
that of morphiné°

Endogenous Cannabinoids Modulate Pain

Endogenous cannabinoids can modulate pairntisgégghrough both central and
peripheral mechanisms. For example, animal studige shown that pain sensitivity can
be increased when endogenous cannabinoids arecldakn acting at CB
receptorg2®2110130158 Agmjnjstration of cannabinoid antagonists in eitthe spinal
cord™® or paw? increase the sensitivity of animals to pain. Iditidn, there is evidence
that cannabinoids act at the site of injury to mdperipheral inflammatiot*

Current data suggest that the endogenous beruig analgesic system might offer
protection against the long-lasting central hypmgraia and allodynia that sometimes
follow skin or nerve injuries3®1*8 These results raise the possibility that therdpeut
interventions that alter the levels of endogenamnabinoids might be useful for
managing pain in humans.

CHRONIC EFFECTS OF THC

Most substances of abuse produce tolerangsjqath dependence, and withdrawal
symptomsToleranceis the most common response to repetitive usedofi@ and is the
condition in which, after repeated exposure tougydncreasing doses are needed to
achieve the same effe&hysical dependenakevelops as a result of a resetting of
homeostatic mechanisms in response to repeatedudeug olerance, dependence, and
withdrawal are not peculiar to drugs of abuse. Mamgglicines that are not addicting can
produce these types of effects; examples of suchaat@ons include clonidine,
propranolol, and tricyclic antidepressants. Théofeing sections discuss what is known
about the biological mechanisms that underlie &vlee, reward, and dependence; clinical
studies about those topics are discussethapter 3



Tolerance

Chronic administration of cannabinoids to agmresults in tolerance to many of the
acute effects of THC, including memory disruptimlecreased locomotigrt?
hypothermia?*2° neuroendocrine effectd? and analgesiaTolerance also develops to
the cardiovascular and psychological effects of Tafh@ marijuana in humans (see also

discussion irchapter 3°>°%%

Tolerance to cannabinoids appears to resutt tstothpharmacokinetichanges (how
the drug is absorbed, distributed, metabolized,exudeted) angharmacodynamic
changes (how the drug interacts with target celltiyonic treatment with the
cannabinoid agonist, CP 55,940, increases theitgativthe microsomal cytochrome
P450 oxidative systefitthe system through which drugs are metabolizétdriver;
this suggests pharmacokinetic tolerance. Chromoaainoid treatment also produces
changes in brain cannabinoid receptors and canoighieceptor mRNA concentrations--
an indication that pharmacodynamic effects are ntaod as well.

Most studies have found that brain cannabinecgptor concentrations usually
decrease after prolonged exposure to agoffists:613 although some studies have
reported increas&¥ or no changésn receptor binding in brain. Differences among
studies could be due to the particular agoniseteshe assay used, the brain region
examined, or the treatment time. For example, tH€ &nalogue, levonantradol,
produces a greater desensitization of adenylylasgcinhibition than does THC in
cultured neuroblastoma ceffsThis might be explained by differences in efficacy
between these two agonisfs*’ A time course study revealed differences amonimbra
regins in the rates and magnitudes of receptor degulation:® Those findings suggest
that tolerance to different effects of cannabinaldselops at different rates.

Chronic treatment with THC also produces \#daaffects on cannabinoid-mediated
signal transduction systems. It produces substatdésensitization of cannabinoid-
activated G proteins in a number of rat brain regi8’ The time course of this
desensitization varies across brain regins.

It is difficult to extend the findings of shiderm animal studies to human marijuana
use. To simulate long-term use, higher doses a® imsanimal studies than are normally
achieved by smoking marijuana. For example, theaasehuman will feel "high™ after
injection of THC at a level of 0.06 mg/R¢f compared with the 10—20 mg/kg per day
used in many chronic rat studies. At the same tdoees of marijuana needed to observe
behavioral changes in rats (usually changes imtmtor behavior) are substantially
higher than doses at which people feel "high." pharmacokinetics of THC distribution
in the body are also dramatically different betwess and humans and depend heavily
on whether it is inhaled, injected, or swalloweds llikely that some of the same
biochemical adaptations to chronic cannabinoid a@stration occur in laboratory
animals and humans, but the magnitude of the sfiadiumans might be less than that
in animals in proportion to the doses used.



Reward and Dependence

Experimental animals that are given the oppoty to self-administer cannabinoids
generally do not choose to do so, which has leéddaonclusion that they are not
reinforcing and rewarding. However, behaviordl and brain stimulatiofi studies have
shown that THC can be rewarding to animals. Thebiehnal study used a "place
preference" test, in which an animal is given rép@aoses of a drug in one place, and is
then given a choice between a place where it reddive drug and a place where it did
not. The animals chose the place where they redeheeTHC. These rewarding effects
are highly dose dependent. In all models studiadnabinoids are only rewarding at
midrange; doses that are too low are not rewardioges that are too high can be
aversive. Mice will self-administer the cannabinagbnist WIN 55,212-2 but only at
low doses® This effect is specifically mediated by CRceptors and indicates that
stimulation of those receptors is rewarding torttiee. Antagonism of cannabinoid
receptors is also rewarding in rats; in conditioptte preference tests, animals show a
preference for the place they receive the cannabarttagonist SR 141716A at both low
and high dose¥? Cannabinoids increase dopamine concentratiorreeimesolimbic
dopamine system of rats, a pathway associatedreiitforcemen#>3212! However, the
mechanism by which THC increases dopa-mine coratgonis appears to be different
from that of other abused dri@g¢seechapter For further discussion of reinforcement).
THC-induced increases in dopamine are due to isesgem the firing rate of dopamine
cells in the ventral tegmental area 2§-THC 2’ However, these increases in firing rate
in the ventral tegmental area could not be expthlmeincreases in the firing of the A10
dopamine cell group, where other abused drugs bese shown to aét.

Physical dependence on cannabinoids has lesmved only under experimental
conditions of "precipitated withdrawal" in whichiarals are first treated chronically with
cannabinoids and then given the GBitagonist SR 1417168 The addition of the
antagonist accentuates any withdrawal effect bypmimg with the agonist at receptor
sites; that is, the antagonist helps to clear agewiff and keep them off receptor sites.
This suggests that, under normal cannabis usdonigehalf-life and slow elimination
from the body of THC and the residual bioactivifyite metabolite, 11-OH-THC, can
prevent substantial abstinence symptoms. The ptatgd withdrawal produced by SR
141716A has some of the characteristics of opiatedwawal, but it is not affected by
opioid antagonists, and it affects motor systerffemdintly. An earlier study with
monkeys also suggested that abrupt cessation ohichfHC is associated with
withdrawal symptom& Monkeys in that study were trained to work fordaafter which
they were given THC on a daily basis; when the stigators stopped administering
THC, the animals stopped working for food.

A study in rats indicated that the behaviaainabinoid withdrawal syndrome is
consistent with the consequences of withdrawal fodiner drugs of abuse in that it
correlates with the effects of stimulation of cahamygdaloid corticotropin-releasing
hormone releas€> However, the withdrawal syndrome for cannabinaidd the
corresponding increase in corticotropin-releasiogrtone are observed only after
administration of the CBantagonist SR 141716A to cannabinoid-tolerant afsft®



The implications of data based on precipitated @vaival in animals for human
cannabinoid abuse have not been establi¥ideirthermore, acute administration of
THC also produces increases in corticotropin-reéhgalsormone and adrenocorticotropin
release; both are stress-related horméh@&kis set of withdrawal studies may explain
the generally aversive effects of cannabinoidsiimals and could indicate that the
increase in corticotropin-releasing hormone is myeagebound effect. Thus,
cannabinoids appear to be conforming to some of¢ueobiological effects of other
drugs abused by humans, but the underlying meamara$ these actions and their value
for determining the reinforcement and dependerad®lily of cannabinoids in humans
remain undetermined.

CANNABINOIDS AND THE IMMUNE SYSTEM

The human body protects itself from invadetgh as bacteria and viruses through the
elaborate and dynamic network of organs and cefésned to as the immune system.
Cannabinoids, especially THC, can modulate thetfanof immune cells in various
ways--in some cases enhancing and in others dinimgjghe immune resporfSe
(summarized iTable 2.5. However, the natural function of cannabinoid¢h@ immune
system is not known. Immune cells respond to canoals in a variety of ways,
depending on such factors as drug concentratimmgi of drug delivery to leukocytes in
relation to antigen stimulation, and type of calhdétion. Although the chronic effects of
cannabinoids on the immune system have not bedred{ased on acute exposure
studies in experimental animals it appears that THentrations that modulate
immunological responses are higher than those medjfor psycho-activity.

The CB receptor gene, which is not expressed in the pigjmarticularly abundant in
immune tissues, with an expression level 10—10@sgiimgher than that of GBIn
spleen and tonsils the GBIRNA’ content is equivalent to that of €BIRNA in the
brain?® The rank order, from high to low, of GBARNA levels in immune cells is B-
cells > natural killer cells >> monocytes > polymbonuclear neutrophil cells > T8 cells
> T4 cells. In tonsils the CBeceptors appear to be restricted to B-lymphoeyirgched
areas. In contrast, GBeceptors are mainly expressed in the centralousrgystem and,
to a lesser extent, in several peripheral tissuel as adrenal gland, heart, lung, prostate,
uterus, ovary, testis, bone marrow, thymus, andilsan

Cannabinoid Receptors and Intracellular Action in | mmune Cells

CB; appears to be the predominant gene expressestingéukocyte<®1? The
level of CB gene activity is normally low in resting cells batreases with cell
activation®2 Thus the CBreceptor might be important only when immune resgs are
stimulated, but the physiological relevance of thservation remains to be determined.
Some of the cannabinoid effects observed in imnayseems, especially at high drug
concentrations, are likely mediated through norpememechanisms, but these have not
yet been identified.



Ligand binding to either GBr CB; inhibits adenylate cyclase, an enzyme that is
responsible for cCAMP production and is, thus, dagral aspect of intracellular signal
transduction (seBigure 2.3.23=552eoa529520 Increases in intracellular cAMP
concentrations lead to immune enhancement, aneases lead to an inhibition of the
immune respons¥.Cannabinoids inhibit the rise in intracellular cRMhat normally
results from leukocyte activation, and this migatthe pathway through which
cannabinoids suppress immune cell functi$is®’ In addition, cannabinoids activate
other molecular pathways such as the nuclear f&&qgrathway, and therefore these
signals might be modified in drug-treated immunksc&”

T and B Cells

When stimulated by antigen, lymphocytes Ber 2.1]) first proliferate and then
mature or differentiate to become potent effecediscsuch as B cells that release
antibodies or T cells that release cytokines. Tovenal T-cell proliferation that is seen
when human lymphocytes and mouse splenocytes (spidis) are exposed to antigens
and mitogenscan be inhibited by THC, 11-OH-THC, cannabinoll 2RAG, as well as
synthetic cannabinoid agonists such as CP 55,94R;5%,212-2; and HU-
21081899399121135 | contrast, one study testing anandamide reveiiiedor no effect on
T cell proliferation®®

However, these drug effects are variable apedd on experimental conditions, such
as the experimental drug dose used, the mitogeh tleepercentage of serum in the
culture, and the timing of cannabinoid drug expesur general, lower doses of
cannabinoids increase proliferation and higher slas@press proliferation. Doses that
are effective in suppressing immune function apecglly greater than 10 uM in cell
culture studies and greater than 5 mg/kg in whaolesal studie€> By comparison, at
0.05 mg/kg, people will experience the full psycttoee effects of THC; however,
because of their high metabolic rates, small ral&etjuently require drug doses that are
100-fold higher than doses needed for humans teeeltomparable drug effects. Thus,
the immune effects of doses of cannabinoids higtear those ever experienced by
humans should be interpreted with cautidn.

As with T cells, B cell proliferation can beppressed by various cannabinoids, such
as THC, 11-OH-THC, and 2-AG, but B cell prolifematiis more inhibited at lower drug
concentrations than T cell proliferatié??> Conversely, low doses of THC, CP 55,940
and WIN 55,212-2ncreaseB cell proliferation in cultured human cells expddo
mitogen® This effect possibly involves the GBeceptor, because the effect appears to
be the same when the €&ceptor was blocked by the antagonist SR 141 {W6¥ch
does not block the CBeceptor). The reason for the differences in Breslponsiveness
to cannabinoids is probably due to differenceselhtgpe and source; for example, B
cells collected from mouse spleen might resporchtmabinoids somewhat differently
than B cells from human tonsils.

Natural Killer Cells



Repeated injections of relatively low doseFHiC (3 mg/kg/da¥?) or two
injections of a high dose (40 mgfpsuppress the ability of NK cells to destroy fgrei
cells in rats and mice. THC can also suppress yi¢activity of the NK cells in cell
cultures; 11-OH-THC is even more potéhtn contrast, THC concentrations below 10
1M had no effect on NK cell activity in mouse callitures®

Macrophages

Macrophages perform various functions, inalgddhagocytosis (ingestion and
destruction of foreign substances), cytolysis,gartipresentation to lymphocytes, and
production of active proteins involved in destraymicroorganisms, tissue repair, and
modulation of immune cells. Those functions carsiygpressed by THC doses similar to
those capable of modulating lymphocyte functior® @bove§21®

Cytokines

Cytokines are proteins produced by immunesc®ihen released from the producing
cell, they can alter the function of other cellsytitome in contact with. In a sense they
are like hormones. Thus, cannabinoids can eitteeease or decrease cytokine
production depending upon experimental conditions.

Some cytokines, such as interfe T rand interleukin-2 (IL-2), are produced by T
helper-1 (Th1) cells. These cytokines help to atéwcell-mediated immunity and the
killer cells that eliminate microorganisms from thedy (sedBox 2.1). When injected
into mice, THC suppresses the production of thgsekmes that modulate the host
response to infection (see belot)Cannabinoids also modulate interferons induced by
viral infection? as well as other interferon inducé$zurthermore, in human cell
cultures, interferon production can be increasebtblayconcentrations but decreased by
high concentrations of either THC or CB#.In addition to Th1 cytokines, cannabinoids
modulate the production of cytokines such as iatain-1 (IL-1), tumor necrosis factor
(TNF), and interleukin-6 (IL-65">2’® At 8 mg/kg, THC can increase tirevivo
mobilization of serum acute-phase cytokines, inicigdL-1, TNF, and IL-62 Finally,
although these studies suggest that cannabinonsdace an increase in cytokines,
other studies suggest that they can also suppy&siire productior?> The different
results might be due to different cell culture dtinds or because different cell lines
were studied.

Antibody Production

Antibody production is an important measuréwioral immune function as
contrasted with cellular (cell-mediated) immuniéntibody production can be
suppressed in mice injected with relatively lowemsf THC (>5 mg/kg) or HU-210
(>0.05 mg/kg) and in mouse spleen cell culturesgd to a variety of cannabinoids,
including THC, 11-OH-THC, cannabinol, cannabidi©oR 55,940, or HU-
210>206178798485142164 1y 5\vever, the inhibition of antibody response bgrebinoids

was only observed when antibody-forming cells wexgosed to T-cell-dependent



antigens (the responses require functional T eglésmacrophages as accessory cells).
Conversely, antibody responses to several T-cdipendent antigens were not inhibited
by THC; this suggests that B cells are relativaensitive to inhibition by
cannabinoids

Resistance to Infection in Animals Exposed to Canna  binoids

Evaluation of bacterial infections in micettheceived injections of THC can suppress
resistance to infection, although the effect depesrdthe dose and timing of drug
administration. Mice pretreated with THC (8 mg/kgle day before infection with a
sublethal dose of the pneumonia-causing bacteggonella pneumophiliand then
treated again one day after the infection with Té@eloped symptoms of cytokine-
mediated septic shock and died; control mice theaktwot pretreated with THC became
immune to repeated infection and survived the bidtehalleng€? If only one injection
of THC was given or doses less than 5 mg/kg weed ,ual the mice survived the initial
infection but failed to survive later challengehwé lethal dose of the bacteria; hence,
these mice failed to develop immune memory in raspdo the initial sublethal
infection®’ Note that these are very high doses and are amasily higher than doses
experienced by marijuana users (Begure 3.).22%In rats, doses of 4.0 mg/kg THC are
aversive™

Few studies have been done to evaluate theteff THC on viral infections, and this
subject needs further stuéCompared to healthy animals, THC might have greate
immunosuppressive effects in animals whose immystesis are severely weakened.
For example, a very high dose of THC (100 mg/kgggitwo days before and after
herpes simplex virus infection was shown to befaator with the virus in advancing the
progression to death in an immunodeficient mousdahimfected with a leukemia
virus22 However, THC given as a single dose (100 mg/kg)days before herpes
simplex virus infection did not promote the progies to death. Hence, whether THC is
immunosuppressive probably depends on the timingHs exposure relative to an
infection.

Antiinflammatory Effects

As discussed above, cannabinoid drugs can latedilne production of cytokines,
which are central to inflammatory processes inbay. In addition, several studies have
shown directly that cannabinoids can be antiinflatory. For example, in rats with
autoimmune encephalomyelitis (an experimental maded to study multiple sclerosis),
cannabinoids were shown to attenuate the signshenslymptoms of central nervous
system damag€?1? (Some believe that nerve damage associated witfipfetsclerosis
is caused by an inflammatory reaction.) Likewibe, ¢annabinoid, HU-211, was shown
to suppress brain inflammation that resulted fréosed-head injury® or infectious
meningiti< in studies on rats. HU-211 is a synthetic canr@tithat does not bind to
cannabinoid receptors and is not psychoactivers, without direct evidence, the effects
of marijuana cannot be assumed to include thost#Je211. CT-3, another atypical
cannabinoid, suppresses acute and chronic joilainimhation in animals® It is a



nonpsychoactive synthetic derivative of 11-THC-ated (a breakdown product of THC)
and does not appear to bind to cannabinoid recefffaEannabichromene, a cannabinoid
found in marijuana, has also been reported to hatignflammatory properties= No
mechanism of action for possible antiinflammatdifg&s of cannabinoids has been
identified, and the effects of these atypical céanmaids and effects of marijuana are not
yet established.

It is interesting to note that two reportahnabinoid-induced analgesia are based on
the ability of the endogenous cannabinoids, ananidiaand PEA, to reduce pain
associated with local inflammation that was expentally induced by subcutaneous
injections of dilute formalif?™ Both THC and anandamide can increase serum lefrels
ACTH and corticosterone in animaf§. Those hormones are involved in regulating many
responses in the body, including those to inflannmmafl he possible link between
experimental cannabinoid-induced analgesia andtegantiinflammatory effects of
cannabinoids is important for potential therapeusies of cannabinoid drugs but has not
yet been established.

Conclusions Regarding Effects on the Immune System

Cell culture and animal studies have estabtistannabinoids as immunomodulators--
that is, they increase some immune responses anelade others. The variable responses
depend on such experimental factors as drug dosiegtof delivery, and type of
immune cell examined.

Cannabinoids affect multiple cellular targets ia thmune system and a variety of
effector functions. Many of the effects noted abappear to occur at concentrations over
5 pMin vitro and over 5 pg/kin vivo® By comparison, a 5-mg injection of THC into a
person (about 0.06 mg/kg) is enough to producengtpsychoactive effects. It should be
emphasized, however, that little is known aboutittiaune effects of chronic low- dose
exposure to cannabinoids.

Another issue in need of further clarificatiomolves the potential usefulness of
cannabinoids as therapeutic agents in inflammatimgases. Glucocorticoids have
historically been used for these diseases, butsymmptropic cannabinoids potentially
have fewer side effects and might thus offer anraw@ment over glucocorticoids in
treating inflammatory diseases.

CONCLUSIONS AND RECOMMENDATIONS

Given the progress of the past 15 years iretstdnding the effects of cannabinoids,
research in the next decade is likely to reveahewere. It is interesting to compare how
little we know about cannabinoids with how much kmew about opiateg.able 2.8
suggests good reason for optimism about the futiicannabinoid drug development.
Now that many of the basic tools of cannabinoidrptaeology and biology have been
developed, one can expect to see rapid advandesathdegin to match what is known
of opiate systems in the brain.



Despite the tremendous progress in understgrile pharmacology and neurobiology
of brain cannabinoid systems, this field is stilits early developmental stages. A key
focus for future study is the neurobiology of enelogus cannabinoids; establishing the
precise brain localization (in which cells and wdjesf cannabinoids, cellular storage and
release mechanisms, and uptake mechanisms witLisgatin determining the biological
role of this system. Technology needed to estalttistbiological significance of these
systems will be broad based and include such res¢anls as the transgenic or gene
knockout mice, as has already been accomplishedhfamus opioid-receptor typésin
1997, both CBand CB knockout mice were generated by a team of scisrdisthe
National Institutes of Health, and a group in Feahas developed another strain of,CB
knockout mice?

Several research tools will greatly aid suslestigations, in particular a greater
selection of agonists and antagonists that pensuttichination in activation between B
and CB and hydrophilic agonists that can be deliverednionals or cells more
effectively than hydrophobic compounds. In the aredrug development, future
progress should continue to provide more specgansts and antagonists for C&nd
CB, receptors, with varying potential for therapeuises.

There are certain areas that will provide keya better understanding of the potential
therapeutic value of cannabinoids. For exampldachaslogy indicates a role for
cannabinoids in pain and control of movement, wisatonsistent with a possible
therapeutic role in these areas. The evidencdatuely strong for the treatment of pain
and, intriguing although less well established,fmvement disorders. The neuropro-
tective properties of cannabinoids might provedpeutically useful, although it should
be noted that this is a new area and other, b&tidred, neuroprotective drugs have not
yet been shown to be therapeutically useful. Caimoédbresearch is clearly relevant not
only to drug abuse but also to understanding basican biology. Further, it offers the
potential for the discovery and development of nlegrapeutically useful drugs.

Conclusion: At this point, our knowledge about the biology dcdimjuana and
cannabinoids allows us to make some general caoaks

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

o The natural role of cannabinoids in immune systentigely multi-faceted
and remains unclear.

o The brain develops tolerance to cannabinoids.

o Animal research has demonstrated the potentialdpendence, but this
potential is observed under a narrower range oflitons than with
benzodiazepines, opiates, cocaine, or nicotine.

o Withdrawal symptoms can be observed in animalappear mild
compared with those of withdrawal from opiates enzodiazepines, such
as diazepam (Valium).



Conclusion: The different cannabinoid receptor types founthenbody appear to
play different roles in normal physiology. In addit, some effects of
cannabinoids appear to be independent of thosetase The variety of
mechanisms through which cannabinoids can influéicean physiology
underlies the variety of potential therapeutic Useslrugs that might act
selectively on different cannabinoid systems.

Recommendation: Research should continueinto the physiological effects of
synthetic and plant-derived cannabinoids and the natural function of
cannabinoidsfound in the body. Because different cannabinoids appear to
have different effects, cannabinoid resear ch should include, but not be
restricted to, effects attributableto THC alone.

This chapter has summarized recent progressderstanding the basic biology of
cannabinoids and provides a foundation for the heatchapters which review studies
on the potential health risksiapter $ and benefits of marijuana usghépter 3.
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Notes

1 The field of neuroscience has grown substantaifige the publication of the 1982 IOM report. The
number of members in the Society for Neurosciemogiges a rough measure of the growth in research
and knowledge about the brain: as of the midd®9&B, there were over 27,000 members, more thale tri
the number in 1982.

2 Affinity is a measure of how avidly a compound binds tecaptor. The higher the affinity of a
compound, the higher its potency; that is, lowesedoare needed to produce its effects.

3 Eicosanoids all contain a chain of 20 carbon atantsare named afteikosi the Greek word for 20.

4 Neurons are often defined by the primary neurasimitier released at their terminals. Thellinergic
neurons release acetylcholimaradrenergicneurons release noradrenalin (also known as m@phiine),
andglutamergicneurons release glutamate.

5 After a gene is transcribed, it is often spliced anodified into mRNA, or message RNA. The CB-2
MRNA is the gene "message" that moves from thenceglleus into the cytoplasm where it will be
translated into the receptor protein.

5 Mitogens are substances that stimulate cell dixigmitosis) and cell transformation.

Z\While 3 mg/kg would be a high dose for humans {&&ge 3.), in rodents, it is a low dose for
immunological effects and a moderate dose for biehaleffects.

8 n vitro studies are those in which animal cells or tisangeremoved and studied outside the aniinal;
vivo studies are those in which experiments are corduatthe whole animal.
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First, Do No Harm:
Consequences of Marijuana
Use and Abuse

Primum non nocereThis is the physician's first rule: whatever tneent
a physician prescribes to a patient--first, theattment must not harm the
patient.

The most contentious aspect of the medical margubabate is not
whether marijuana can alleviate particular symptbotsrather the degree of harm
associated with its use. This chapter exploreségative health consequences of
marijuana use, first with respect to drug abusen finom a psychological perspective,
and finally from a physiological perspective.

THE MARIJUANA "HIGH"

The most commonly reported effects of smokeadijoana are a sense of well-being or
euphoria and increased talkativeness and laughéenating with periods of
introspective dreaminess followed by lethargy deé@ness (see reviews by Adams and
Martin, 1996 Hall and Solowif? and Hall et al®9). A characteristic feature of a
marijuana "high" is a distortion in the sense ofdiassociated with deficits in short-term
memory and learning. A marijuana smoker typicallg la sense of enhanced physical
and emotional sensitivity, including a feeling oéagter interpersonal closeness. The most
obvious behavioral abnormality displayed by somaam#er the influence of marijuana
is difficulty in carrying on an intelligible conveation, perhaps because of an inability to
remember what was just said even a few words earlie

The high associated with marijuana is not gaheclaimed to be integral to its
therapeutic value. But mood enhancement, anxielyateon, and mild sedation can be
desirable qualities in medications--particularly patients suffering pain and anxiety.
Thus, although the psychological effects of manpare merely side effects in the
treatment of some symptoms, they might contribureectly to relief of other symptoms.
They also must be monitored in controlled clinicglls to discern which effect of
cannabinoids is beneficial. These possibilitiestaseussed later under the discussions of
specific symptoms ichapter 4

The effects of various doses and routes avelgl of THC are shown ifiable 3.1

Adverse Mood Reactions



Although euphoria is the more common reactosmoking marijuana, adverse mood
reactions can occur. Such reactions occur mostérmty in inexperienced users after
large doses of smoked or oral marijuana. They bsdaappear within hours and
respond well to reassurance and a supportive anmieat. Anxiety and paranoia are the
most common acute adverse reactigrsthers include panic, depression, dysphoria,
depersonalization, delusions, illusions, and hattations4%°® Of regular marijuana
smokers, 17% report that they have experienceshat bne of the symptoms, usually
early in their use of marijuart& Those observations are particularly relevantlieruse
of medical marijuana in people who have not presfipused marijuana.

DRUG DYNAMICS

There are many misunderstandings about drugeaénd dependence (see reviews by
O'Brient™* and Goldstei®). The terms and concepts used in this reportscefined in
the most receriiagnostic and Statistical Manual of Mental DisorsléDSM-1V),2 the
most influential system in the United States fagtioses of mental disorders, including
substance abuse (sBex 3.]). Tolerance, dependence, and withdrawal are often
presumed to imply abuse or addiction, but thisoisthe case. Tolerance and dependence
arenormalphysiological adaptations to repeated use of ang.drhe correct use of
prescribed medications for pain, anxiety, and dwgrertension commonly produces
tolerance and some measure of physiological depeede

Even a patient who takes a medicine for appatgomedical indications and at the
correct dosage can develop tolerance, physicalndigmee, and withdrawal symptoms if
the drug is stopped abruptly rather than gradublby.example, a hypertensive patient
receiving a beta-adrenergic receptor blocker, siscbropranolol, might have a good
therapeutic response; but if the drug is stoppedly, there can be a withdrawal
syndrome that consists of tachycardia and a rebowmdase in blood pressure to a point
that is temporarily higher than before administmatof the medication began.

Because it is an illegal substance, some pempisider any use of marijuana as
substance abuse. However, this report uses thecatefdifinition; that is, substance
abuse is a maladaptive pattern of repeated sulestesgcmanifested by recurrent and
significant adverse consequené&ubstance abuse and dependence are both diagnoses
of pathological substance use. Dependence is the sevious diagnosis and implies
compulsive drug use that is difficult to stop désignificant substance-related
problems (se8&ox 3.9.

Reinforcement

Drugs vary in their ability to produce gooeéliags in users, and the more strongly
reinforcing a drug is, the more likely it will béased (G. Koob, Institute of Medicine
(IOM) workshop). Marijuana is indisputably reinfarg for many people. The
reinforcing properties of even so mild a stimulastcaffeine are typical of reinforcement
by addicting drugs (reviewed by Goldst&iim 1994). Caffeine is reinforcing for many
people at low doses (100—200 mg, the average anudwatffeine in one to two cups of



coffee) and is aversive at high doses (600 mgaveeage amount of caffeine in six cups
of coffee). The reinforcing effects of many drugs different for different people. For
example, caffeine was most reinforcing for tesgectis who scored lowest on tests of
anxiety but tended not to be reinforcing for thestrenxious subjects.

As an argument to dispute the abuse potestti@arijuana, some have cited the
observation that animals do not willingly self-adister THC, as they will cocaine. Even
if that were true, it would not be relevant to humee of marijuana. The value in animal
models of drug self-administration is not that tlaeg necessary to show that a drug is
reinforcing but rather that they provide a modelimch the effects of a drug can be
studied. Furthermore, THC is indeed rewarding tonals at some doses but, like many
reinforcing drugs, is aversive at high doses (4gdkg) > Similar effects have been found
in experiments conducted in animals outfitted writinavenous catheters that allow them
to self-administer WIN 55,212, a drug that mimies effects of THG®

A specific set of neural pathways has beepgsed to be a "reward system" that
underlies the reinforcement of drugs of abuse ahdr@leasurable stimult.Reinforcing
properties of drugs are associated with their @giiii increase concentrations of
particular neurotransmitters in areas that areqfafte proposed brain reward system.
The median forebrain bundle and the nucleus accoséke associated with brain reward
pathway<2 Cocaine, amphetamine, alcohol, opioids, nicotame, THG** all increase
extracellular fluid dopamine in the nucleus accunsbegion (reviewed by Koob and Le
Moal®® and Nestler and Aghajanifiin 1997). However, it is important to note that
brain reward systems are not strictly "drug reioémnent centers." Rather, their
biological role is to respond to a range of positstimuli, including sweet foods and
sexual attraction.

Tolerance

The rate at which tolerance to the variousa@$f of any drug develops is an important
consideration for its safety and efficacy. For nsatluse, tolerance to some effects of
cannabinoids might be desirable. Differences inr#ltes at which tolerance to the
multiple effects of a drug develops can be dangerbar example, tolerance to the
euphoric effects of heroin develops faster thaeréoice to its respiratory depressant
effects, so heroin users tend to increase thdly dases to reach their desired level of
euphoria, thereby putting themselves at risk fepmatory arrest. Because tolerance to
the various effects of cannabinoids might develogiifferent rates, it is important to
evaluate independently their effects on mood, mpé&rformance, memory, and attention,
as well as any therapeutic use under investigation.

Tolerance to most of the effects of marijuaaa develop rapidly after only a few
doses, and it also disappears rapidly. Tolerantarge doses has been found to persist in
experimental animals for long periods after cessadf drug use. Performance
impairment is less among people who use marijuaaaily than it is among those who
use marijuana only occasionaf{ 2412 possibly because of tolerance. Heavy users tend
to reach higher plasma concentrations of THC tigint Lsers after similar doses of



THC, arguing against the possibility that heavyrsishow less performance impairment
because they somehow absorb less THC (perhap® diiféerences in smoking
behavior)®

There appear to be variations in the develaopogtolerance to the different effects
of marijuana and oral THC. For example, daily memija smokers participated in a
residential laboratory study to compare the devaleqt of tolerance to THC pills and to
smoked marijuan&-% One group was given marijuana cigarettes to smmketimes per
day for four consecutive days; another group wasrgifHC pills on the same schedule.
During the four-day period, both groups becamemieto feeling "high" and what they
reported as a "good drug effect." In contrast,hegigroup became tolerant to the
stimulatory effects of marijuana or THC on appetliolerance” does not mean that the
drug no longer produced the effects but simply thateffects were less at the end than at
the beginning of the four-day period. The marijuamaking group reported feeling
"mellow" after smoking and did not show toleranaéttis effect; the group that took
THC pills did not report feeling "mellow." The déifence was also reported by many
people who described their experiences to the I@dysteam.

The oral and smoked doses were designed iteedebughly equivalent amounts of
THC to a subject. Each smoked marijuana dose dedsid five 10-second puffs of a
marijuana cigarette containing 3.1% THC; the mitdstained 30 mg of THC. Both
groups also received placebo drugs during otherday periods. Although the dosing of
the two groups was comparable, different routesdofinistration resulted in different
patterns of drug effect. The peak effect of smakedijuana is usually felt within
minutes and declines sharply after 30 mintit&sthe peak effect of oral THC is usually

not felt until about an hour and lasts for sevamirs*®

Withdrawal

A distinctive marijuana and THC withdrawal dyome has been identified, but it is
mild and subtle compared with the profound physsgaldrome of alcohol or heroin
withdrawal®*”* The symptoms of marijuana withdrawal include essthess, irritability,
mild agitation, insomnia, sleep EEG disturbanceisea, and crampindéble 3.2. In
addition to those symptoms, two recent studiesche¢éeeral more. A group of
adolescents under treatment for conduct disordsosreported fatigue and illusions or
hallucinations after marijuana abstinence (thislgis discussed further in the section on
"Prevalence and Predictors of Dependence on Magjaad Other Drugs®.In a
residential study of daily marijuana users, withelthsymptoms included sweating and
runny nose, in addition to those listed ab&v&.marijuana withdrawal syndrome,
however, has been reported only in a group of agdel&s in treatment for substance
abusgzegoblen% and in a research setting where subjects were gnagijuana or THC

daily.

Withdrawal symptoms have been observed ifullyeontrolled laboratory studies
of people after use of both oral THC and smokedjoara®®®? In one study, subjects
were given very high doses of oral THC: 180—210pagday for 10—20 days, roughly



equivalent to smoking 9—10 2% THC cigarettes pgr’d®uring the abstinence period
at the end of the study, the study subjects wetabie and showed insomnia, runny
nose, sweating, and decreased appetite. The withtlsymptoms, however, were short
lived. In four days they had abated. The time c®amntrasts with that in another study
in which lower doses of oral THC were used (80—fRfJday for four days) and
withdrawal symptoms were still near maximal afmurfday+?

In animals, simply discontinuing chronic healosing of THC does not reveal
withdrawal symptoms, but the "removal" of THC fréhe brain can be made abrupt by
another drug that blocks THC at its receptor if adstered when the chronic THC is
withdrawn. The withdrawal syndrome is pronounceudi the behavior of the animals
becomes hyperactive and disorganiz&€d.he half-life of THC in brain is about an
hour2* Although traces of THC can remain in the brainrfarch longer periods, the
amounts are not physiologically significant. Thilng lack of a withdrawal syndrome
when THC is abruptly withdrawn without administaatiof a receptor-blocking drug is
probably not due to a prolonged decline in braincemtrations.

Craving

Craving, the intense desire for a drug, isniost difficult aspect of addiction to
overcome. Research on craving has focused on me&aticohol, cocaine, and opiates but
has not specifically addressed marijudRarhus, while this section briefly reviews what
is known about drug craving, its relevance to manja use has not been established.

Most people who suffer from addiction relapsthin a year of abstinence, and they
often attribute their relapse to cravitigds addiction develops, craving increases even as
maladaptive consequences accumulate. Animal studiezate that the tendency to
relapse is based on changes in brain functioncthrdtinue for months or years after the
last use of the druff®> Whether neurobiological conditions change durhmey t
manifestation of an abstinence syndrome remainsyanswered question in drug abuse
researcif® The "liking" of sweet foods, for example, is mediby opioid forebrain
systems and by brain stem systems, whereas "was@egns to be mediated by
ascending dopamine neurons that project to theens@ccumbert®

Anticraving medications have been developeadiootine and alcohol. The
antidepressant, bupropion, blocks nicotine crawvigle naltrexone blocks alcohol
cravingX*® Another category of addiction medication includesgs that block other
drugs' effects. Some of those drugs also blockimga¥or example, methadone blocks
the euphoric effects of heroin and also reducegrmga

MARIJUANA USE AND DEPENDENCE
Prevalence of Use

Millions of Americans have tried marijuanat Iouost are not regular users. In 1996,
68.6 million people--32% of the U.S. population o¥2 years old--had tried marijuana



or hashish at least once in their lifetime, butyd# were current usets Marijuana use
is most prevalent among 18- to 25-year-olds antlrdecsharply after the age of 34
(Figure 3.).77132Whites are more likely than blacks to use mariguemadolescence,
although the difference decreases by adultHod.

Most people who have used marijuana did sb diuring adolescence. Social
influences, such as peer pressure and prevalengediy peers, are highly predictive of
initiation into marijuana us&Initiation is not, of course, synonymous with dooed or
regular use. A cohort of 456 students who expertetewith marijuana during their high
school years were surveyed about their reasornisif@ting, continuing, and stopping
their marijuana uséStudents who began as heavy users were excluotectlie
analysis. Those who did not become regular margussers cited two types of reasons
for discontinuing. The first was related to healtid well-being; that is, they felt that
marijuana was bad for their health or for their iigrand work relationships. The second
type was based on age-related changes in circuocestaimcluding increased
responsibility and decreased regular contact witleromarijuana users. Among high
school students who quit, parental disapproval avssonger influence than peer
disapproval in discontinuing marijuana use. Initiigation of marijuana use, the reverse
was true. The reasons cited by those who contitnede marijuana were to "get in a
better mood or feel better." Social factors wereansignificant predictor of continued
use. Data on young adults show similar trends. @hd®s0 use drugs in response to social
influences are more likely to stop using them tthasse who also use them for
psychological reasorfs.

The age distribution of marijuana users amiweggeneral population contrasts with
that of medical marijuana users. Marijuana use giyedeclines sharply after the age of
34 years, whereas medical marijuana users tend twdr 35. That raises the question of
what, if any, relationship exists between abusemaadical use of marijuana; however,
no studies reported in the scientific literaturgénaddressed this question.

Prevalence and Predictors of Dependence on
Marijuana and Other Drugs

Many factors influence the likelihood thatatpcular person will become a drug
abuser or an addict; the user, the environmentftamdrug are all important factors
(Table 3.3 The first two categories apply to potential abofsany substance; that is,
people who are vulnerable to drug abuse for indizideasons and who find themselves
in an environment that encourages drug abuse iialjnlikely to abuse the most readily
available drug--regardless of its unique set ad@@f on the brain.

The third category includes drug-specific effebit influence the abuse liability of a
particular drug. As discussed earlier in this chgpghe more strongly reinforcing a drug
is, the more likely that it will be abused. The sbliability of a drug is enhanced by how
quickly its effects are felt, and this is deterntiigy how the drug is delivered. In general,
the effects of drugs that are inhaled or injectedfelt within minutes, and the effects of
drugs that are ingested take a half hour or more.



The proportion of people who become addictateg among drug3.able 3.4shows
estimates for the proportion of people among threegd population who used or became
dependent on different types of drugs. The proportf users that ever became
dependent includes anyone who wasrdependent--whether it was for a period of
weeks or years--and thus includes more than thdseane currently dependent.
Compared to most other drugs listed in this tadidg@endence among marijuana users is
relatively rare. This might be due to differencespecific drug effects, the availability of
or penalties associated with the use of the diffiedeugs, or some combination.

Daily use of most illicit drugs is extremebre in the general population. In 1989,
daily use of marijuana among high school seniors less than that of alcohol (2.9% and
4.2%, respectively}®

Drug dependence is more prevalent in someseof the population than in others.
Age, gender, and race or ethnic group are all itapof Excluding tobacco and alcohol,
the following trends of drug dependence are stedithy significant® Men are 1.6 times
as likely than women to become drug dependent,Hispanic whites are about twice as
likely as blacks to become drug dependent (thediffce between non-Hispanic and
Hispanic whites was not significant), and people-24 years old are more than three
times as likely as those over 45 years old to becdrag dependent.

More often than not, drug dependence co-oaeitlsother psychiatric disorders.
Most people with a diagnosis of drug dependencardiés also have a diagnosis of a
another psychiatric disorder (76% of men and 65%ahen)™ The most frequent co-
occurring disorder is alcohol abuse; 60% of menZ0f# of women with a diagnosis of
drug dependence also abuse alcohol. In women véhdrag dependent, phobic disorders
and major depression are almost equally common @3828%, respectively). Note that
this study distinguished only between alcohol, fireand "other drugs"; marijuana was
grouped among "other drugs." The frequency withcwlirug dependence and other
psychiatric disorders co-occur might not be theeséwn marijuana and other drugs that
were included in that category.

A strong association between drug dependemd@atisocial personality or its
precursor, conduct disorder, is also widely rembitechildren and adults (reviewed in
1998 by Robin¥9). Although the causes of the association are taiceRobins recently
concluded that it is more likely that conduct daens generally lead to substance abuse
than the revers&® Such a trend might, however, depend on the aghiah the conduct
disorder is manifested.

A longitudinal study by Brooks and co-workerged a significant relationship
between adolescent drug use and disruptive disordgtoung adulthood; except for
earlier psychopathology, such as childhood condistrder, the drug use preceded the
psychiatric disorderf In contrast with use of other illicit drugs andbé@co, moderate
(less than once a week and more than once a montigavy marijuana use did not
predict anxiety or depressive disorders; but it giaslar to those other drugs in
predicting antisocial personality disorder. Theesabf disruptive disorders increased with



increased drug use. Thus, heavy drug use amongsadoits can be a warning sign for
later psychiatric disorders; whether it is an eangnifestation of or a cause of those
disorders remains to be determined.

Psychiatric disorders are more prevalent anamlujescents who use drugs--including
alcohol and nicotine--than among those who do"hdable 3.5indicates that adolescent
boys who smoke cigarettes daily are about 10 tasdgely to have a psychiatric
disorder diagnosis as those who do not smoke. Heryéwe table does not compare
intensity of use among the different drug clas$ésis, althougldaily cigarette smoking
among adolescent boys is more strongly associatbdpgychiatric disorders than is any
use of illicit substances, it does not follow thi@s comparison is true for every amount
of cigarette smoking’

Few marijuana users become dependent dralti¢ 3.4, but those who do encounter
problems similar to those associated with deperglenmther drug§** Dependence
appears to be less severe among people who usenanjyana than among those who
abuse cocaine or those who abuse marijuana witr dtings (including alcohotf*

Data gathered in 1990—1992 from the Natior@hGrbidity Study of over 8,000
persons 15—54 years old indicate that 4.2% of #reetpl population were dependent on
marijuana at some tinfeSimilar results for the frequency of substancesatamong the
general population were obtained from the Epideogiclhl Catchment Area Program, a
survey of over 19,000 people. According to datdected in the early 1980s for that
study, 4.4% of adults have, at one time, met thier@ for marijuana dependence. In
comparison, 13.8% of adults met the criteria faobabl dependence and 36.0% for
tobacco dependence. After alcohol and nicotinejju@ara was the substance most
frequently associated with a diagnosis of substaependence.

In a 15-year study begun in 1979, 7.3% of 1,@0olescents and young adults in
suburban New Jersey at some time met the criterimérijuana dependence; this
indicates that the rate of marijuana dependencétrbig even higher in some groups of
adolescents and young adults than in the genepailgiion’* Adolescents meet the
criteria for drug dependence at lower rates of juamnia use than do adults, and this
suggests that they are more vulnerable to deperdban adulS (seeBox 3.2.

Youths who are already dependent on othertanbss are particularly vulnerable to
marijuana dependence. For example, Crowley andarzexs? interviewed a group of
229 adolescent patients in a residential treatmpegram for delinquent, substance-
involved youth and found that those patients weggeddent on an average of 3.2
substances. The adolescents had previously begnodi@d as dependent on at least one
substance (including nicotine and alcohol) andthagke or more conduct disorder
symptoms during their life. About 83% of those wiaml used marijuana at least six
times went on to develop marijuana dependence. #dxqual numbers of youths in the
study had a diagnosis of marijuana dependence draaosis of alcohol dependence;
fewer were nicotine dependent. Comparisons of digrare potential between different
drugs should be made cautiously. The probabili&g ghparticular drug will be abused is



influenced by many factors, including the speadaifiag effects and availability of the
drug.

Although parents often state that marijuanased their children to be rebellious, the
troubled adolescents in the study by Crowley andotkers developed conduct
disorderseforemarijuana abuse. That is consistent with repbesthe more symptoms
of conduct disorders children have, the youngey tegjin drug abus€’ and that the
earlier they begin drug use, the more likely tioie followed by abuse or
dependenc&

Genetic factors are known to play a role mlikelihood of abuse for drugs other than
marijuana?®® and it is not unexpected that genetic factors plagle in the marijuana
experience, including the likelihood of abuse. Adst of over 8,000 male twins listed in
the Vietnam Era Twin Registry indicated that gein@ge a statistically significant
influence on whether a person finds the effectsafijuana pleasaff.Not surprisingly,
people who found marijuana to be pleasurable usadre often than those who found it
unpleasant. The study suggested that, althoughlsofiuences play an important role in
the initiation of use, individual differences--pagds associated with the brain's reward
system--influence whether a person will continuagisnarijuana. Similar results were
found in a study of female twif§ Family and social environment strongly influencied
likelihood of ever using marijuana but had littieet on the likelihood of heavy use or
abuse. The latter were more influenced by genatitofs. Those results are consistent
with the finding that the degree to which rats fildC rewarding is genetically bas&d.

In summary, although few marijuana users dgvdependence, some do. But they
appear to be less likely to do so than users @ratrugs (including alcohol and
nicotine), and marijuana dependence appears tesBesevere than dependence on other
drugs. Drug dependence is more prevalent in sogterseof the population than others,
but no group has been identified as particulariyperable to the drug-specific effects of
marijuana. Adolescents, especially troubled oneg,people with psychiatric disorders
(including substance abuse) appear to be moreyltkah the general population to
become dependent on marijuana.

If marijuana or cannabinoid drugs were appdoiee therapeutic uses, it would be
important to consider the possibility of dependempeeticularly for patients at high risk
for substance dependence. Some controlled substtrateare approved medications
produce dependence after long-term use; this, hexyvessa normal part of patient
management and does not generally present undue tilse patient.

Progression from Marijuana to Other Drugs

The fear that marijuana use might cause, pesgu to merely precede, the use of
drugs that are more harmful is of great concernju@ige from comments submitted to
the IOM study team, it appears to be of greateceonthan the harms directly related to
marijuana itself. The discussion that marijuana gateway" drug implicitly recognizes
that other illicit drugs might inflict greater dageto health or social relations than



marijuana. Although the scientific literature geadbrdiscusses drug use progression
between a variety of drug classes, including altahd tobacco, the public discussion
has focused on marijuana as a "gateway" drug dlaals|to abuse of more harmful illicit
drugs, such as cocaine and heroin.

There are strikingly regular patterns in thegpession of drug use from adolescence
to adulthood. Because it is the most widely usiggtitirug, marijuana is predictably the
first illicit drug that most people encounter. Muoirprisingly, most users of other illicit
drugs used marijuana first¥ In fact, most drug users do not begin their drseg with
marijuana--they begin with alcohol and nicotinejaly when they are too young to do

so legally?4%°

The gateway analogy evokes two ideas thabféea confused. The first, more often
referred to as the "stepping stone" hypothesi$iesdea that progression from marijuana
to other drugs arises from pharmacological propsmif marijuana itsef€ The second is
that marijuana serves as a gateway to the woriliegal drugs in which youths have
greater opportunity and are under greater socesgure to try other illegal drugs. The
latter interpretation is most often used in thestfic literature, and it is supported,
although not proven, by the available data.

The stepping stone hypothesis applies to oarg only in the broadest sense. People
who enjoy the effects of marijuana are, logicathgre likely to be willing to try other
mood-altering drugs than are people who are ndingito try marijuana or who dislike
its effects. In other words, many of the factorsoagated with a willingness to use
marijuana are, presumably, the same as those as=evith a willingness to use other
illicit drugs. Those factors include physiologicaactions to the drug effect, which are
consistent with the stepping stone hypothesisalsat psychosocial factors, which are
independent of drug-specific effects. There is vidence that marijuana serves as a
stepping stone on the basis of its particular piggical effect. One might argue that
marijuana is generally used before other illicitadealtering drugs, in part, because its
effects are milder; in that case, marijuana ip@nhg stone only in the same sense as
taking a small dose of a particular drug and timengasing that dose over time is a
stepping stone to increased drug use.

Whereas the stepping stone hypothesis presamesiominantly physiological
component of drug progression, the gateway theoaysocial theory. The latter does not
suggest that the pharmacological qualities of mana make it a risk factor for
progggssion to other drug use. Instead, the leagalsof marijuana makes it a gateway
drug-=

Psychiatric disorders are associated withtanies dependence and are probably risk
factors for progression in drug use. For exampile ttoubled adolescents studied by
Crowley and co-workefSwere dependent on an average of 3.2 substanakthian
suggests that their conduct disorders were assdoigth increased risk of progressing
from one drug to another. Abuse of a single sulestasprobably also a risk factor for
later multiple drug use. For example, in a longiadi study that examined drug use and



dependence, about 26% of problem drinkers repdindhey first used marijuana after
the onset of alcohol-related problems (R. Pand®d® workshop). The study also found
that 11% of marijuana users developed chronic oeamg problems; most also had
alcohol problems.

Intensity of drug use is an important riskiéaen progression. Daily marijuana users
are more likely than their peers to be extensiwrasf other substances (for review, see
Kandel and Davi€g). Of 34- to 35-year- old men who had used marigua®—99 times
by the age 24—25, 75% never used any other iticig; 53% of those who had used it
more than 100 times did progress to using otheitilrugs 10 or more time&
Comparable proportions for women are 64% and 50%.

The factors that best predict use of illigiigs other than marijuana are probably the
following: age of first alcohol or nicotine use awy marijuana use, and psychiatric
disorders. However, progression to illicit drug iseot synonymous with heavy or
persistent drug use. Indeed, although the ages#taf use of licit drugs (alcohol and
nicotine) predicts later illicit drug use, it doast appear to predict persistent or heavy
use of illicit drugs®

Data on the gateway phenomenon are oftenrtegpreted. For example, one study
reports that "marijuana’s role as a gateway drpgans to have increased.lt was a
retrospective study based on interviews of drugsatsuwho reported smoking crack or
injecting heroin daily. The data from the study\pde no indication of what proportion
of marijuana users become serious drug abuseherrahey indicate that serious drug
abusers usually use marijuana before they smokd orainject heroin. Only a small
percentage of the adult population uses crack mimeéaily; during the five-year period
from 1993 to 1997, an average of three people [@80lused crack and about two per
1,000 used heroin in the preceding marith.

Many of the data on which the gateway thesryased do not measure dependence;
instead, they measure use--even once-only use, Taysshow only that marijuana
users are more likely to use other illicit drugegee if only once) than are people who
never use marijuana, not that they become depeondeven frequent users. The authors
of these studies are careful to point out that thi@ia should not be used as evidence of
an inexorableausalprogression; rather they note that identifyingyet@ased user
groups makes it possible to identify the speci& factors that predict movement from
one stage of drug use to the next--the real isstieei gateway discussién.

In the sense that marijuana use typically gues rather than follows initiation into the
use of other illicit drugs, it is indeed a gateveiaiyg. However, it does not appear to be a
gateway drug to the extent that it is ttaiseor even that it is the most significant
predictor of serious drug abuse; that is, care esaken not to attribute cause to
association. The most consistent predictors obasrdrug use appear to be the intensity
of marijuana use and co-occurring psychiatric disog or a family history of
psychopathology (including alcoholisrf2



An important caution is that data on drug pisEgression pertain teonmedicadrug
use. It does not follow from those data that if jnana were available by prescription for
medicaluse, the pattern of drug use would be the sammdédand co-workers also
included nonmedical use of prescription psychoaadtirugs in their study of drug use
progressiori? In contrast with the use of alcohol, nicotine, dticit drugs, there was not
a clear and consistent sequence of drug use imgthie abuse of prescription
psychoactive drugs. The current data on drug usgr@ssion neither support nor refute
the suggestion that medical availability would gese drug abuse among medical
marijuana users. Whether the medical use of margunmight encourage drug abuse
among the general community--not among medicaljoara users themselves but
among others simply because of the fact that nearguwvould be used for medical
purposes--is another question.

LINK BETWEEN MEDICAL USE AND DRUG ABUSE

Almost everyone who spoke or wrote to the I&iMdy team about the potential harms
posed by the medical use of marijuana felt thaoitld send the wrong message to
children and teenagers. They stated that informattmout the harms caused by marijuana
is undermined by claims that marijuana might haeglical value. Yet many of our
powerful medicines are also dangerous medicinessd kwo facets of medicine--
effectiveness and risk--are inextricably linked.

The question here is not whether marijuanabeaboth harmful and helpful but
whether the perception of its benefits will increds abuse. For now any answer to the
guestion remains conjecture. Because marijuanatiamapproved medicine, there is
little information about the consequences of itsliva use in modern society.
Reasonable inferences might be drawn from some gheamOpiates, such as morphine
and codeine, are an example of a class of drugsstbath abused to great harm and used
to great medical benefit, and it would be usefudxamine the relationship between their
medical use and their abuse. In a "natural expetthturing 1973—1978 some states
decriminalized marijuana, and others did not. Fjnane can examine the short-term
consequences of the publicity surrounding the If8@ical marijuana campaign in
California and ask whether it had any measurabfgghon marijuana consumption
among youth in California; the consequences of $ags" that marijuana might have
medical use are examined below.

Medical Use and Abuse of Opiates

Two highly influential papers published in th@20s and 1950s led to widespread
concern among physicians and medical licensingdsoduat liberal use of opiates would
result in many addicts (reviewed by Moulin and corkers® in 1996). Such fears have
proven unfounded; it is now recognized that fegorotducing addicts through medical
treatment resulted in needless suffering amongp@tiwith pain as physicians
needlessly limited appropriate doses of medicatféffs=ew people begin their drug
addiction problems with misuse of drugs that hasenbprescribed for medical Usé.



Opiates are carefully regulated in the medicalrsgtand diversion of medically
prescribed opiates to the black market is not galysronsidered to be a major problem.

No evidence suggests that the use of opiatesaaine for medical purposes has
increased the perception that their illicit useage or acceptable. Clearly, there are risks
that patients will abuse marijuana for its psychtivaceffects and some likelihood of
diversion of marijuana from legitimate medical chels into the illicit market. But those
risks do not differentiate marijuana from many gted medications that are abused by
some patients or diverted from medical channelsidmmedical use. Medications with
abuse potential are placed in Schedule Il of thet@bded Substances Act, which brings
them under stricter control, including quotas omamount that can be legally
manufactured (seghapter or discussion of the Controlled Substances Aldtat
scheduling also signals to physicians that a dagydibuse potential and that they should
monitor its use by patients who could be at rigkdiug abuse.

Marijuana Decriminalization

Monitoring the Future, the annual survey direa and lifestyles of high school
seniors, revealed that high school seniors in deodlized states reported using no more
marijuana than did their counterparts in statesrevhearijuana was not decriminaliz&d.
Another study reported somewhat conflicting evigemelicating that decriminalization
had increased marijuana U$&That study used data from the Drug Awareness \Wgrni
Network (DAWN), which has collected data on drutpted emergency room (ER) cases
since 1975. There was a greater increase from tt®¥978 in the proportion of ER
patients who had used marijuana in states thatlbadminalized marijuana in 1975—
1976 than in states that had not decriminalizé@able 3.§. Despite the greater increase
among decriminalized states, the proportion of jmana users among ER patients by
1978 was about equal in states that had and sketead not decriminalized marijuana.
That is because the non-decriminalized states g hrates of marijuana ubefore
decriminalization. In contrast with marijuana usses of other illicit drug use among ER
patients were substantially higher in states tithhdt decriminalize marijuana use. Thus,
there are different possible reasons for the gréateease in marijuana use in the
decriminalized states. On the one hand, decrindatin might have led to an increased
use of marijuana (at least among people who sdugdith care in hospital ERs). On the
other hand, the lack of decriminalization might @&ncouraged greater use of drugs that
are even more dangerous than marijuana.

The differences between the results for hidtosl seniors from the Monitoring the
Future study and the DAWN data are unclear, althdbg author of the latter study
suggests that the reasons might lie in limitatimhgrent in how the DAWN data are
collected:®

In 1976, the Netherlands adopted a policyldration for possession of up to 30 g of
marijuana. There was little change in marijuanadigéng the seven years after the
policy change, which suggests that the changd hsell little effect; however, in 1984,
when Dutch "coffee shops" that sold marijuana concrally spread throughout



Amsterdam, marijuana use began to incréafeiring the 1990s, marijuana use has
continued to increase in the Netherlands at theegate as in the United States and
Norway--two countries that strictly forbid marijumsale and possession. Furthermore,
during this period, approximately equal percentagjesmerican and Dutch 18 year olds
used marijuana; Norwegian 18 year olds were abalfials likely to have used

marijuana. The authors of this study conclude tinate is little evidence that the Dutch
marijuana depenalization policy led to increasedjmana use, although they note that
commercialization of marijuana might have contrézlto its increased use. Thus, there
is little evidence that decriminalization of madpa use necessarily leads to a substantial
increase in marijuana use.

The Medical Marijuana Debate

The most recent National Household Survey agAbuse showed that among
people 12—17 years old the perceived risk assatiaih smoking marijuana once or
twice a week had decreased significantly betwe@®® Bhd 19973 (Perceived risk is
measured as the percentage of survey respondeateepbrt that they "perceive great
risk of harm™ in using a drug at a specified frague) At first glance, that might seem to
validate the fear that the medical marijuana debti®96--before passage of the
California medical marijuana referendum in Novemb@97--had sent a message that
marijuana use is safe. But a closer analysis ofitta shows that Californian youth were
an exception to the national trend. In contrash&national trend, the perceived risk of
marijuana use did not change among California ybetiveen 1996 and 1997 In
summary, there is no evidence that the medicaljuzera debate has altered adolescents’
perceptions of the risks associated with marijusset2

PSYCHOLOGICAL HARMS

In assessing the relative risks and beneditged to the medical use of marijuana, the
psychological effects of marijuana can be viewett las unwanted side effects and as
potentially desirable end points in medical treaitmelowever, the vast majority of
research on the psychological effects of marijussbeen in the context of assessing
the drug's intoxicating effects when it is usedrfonmedical purposes. Thus, the
literature does not directly address the effectmalfijuana taken for medical purposes.

There are some important caveats to considaitémpting to extrapolate from the
research mentioned above to the medical use ofuand. The circumstances under
which psychoactive drugs are taken are an impomdioence on their psychological
effects. Furthermore, research protocols to studsjoana's psychological effects in
most instances were required to use participantsaifeady had experience with
marijuana. People who might have had adverse ogecto marijuana either would
choose not to participate in this type of studyvould be screened out by the
investigator. Therefore, the incidence of adveesetions to marijuana that might occur
in people with no marijuana experience cannot bienased from such studies. A further
complicating factor concerns the dose regimen €meldboratory studies. In most
instances, laboratory research studies have loaktt effects of single doses of



marijuana, which might be different from those okied when the drug is taken
repeatedly for a chronic medical condition.

Nonetheless, laboratory studies are usefsiiggesting what psychological functions
might be studied when marijuana is evaluated fodioa purposes. Results of laboratory
studies indicate that acute and chronic marijuaeahas pronounced effects on mood,
psychomotor, and cognitive functions. These psyadiodl domains should therefore be
considered in assessing the relative risks anapleettic benefits related to marijuana or
cannabinoids for any medical condition.

Psychiatric Disorders

A major question remains as to whether mamguean produce lasting mood disorders
or psychotic disorders, such as schizophrenia. §a¢as and Zeidenbefyeported that
smoking 10—22 marijuana cigarettes per day wascassd with a gradual waning of
the positive mood and social facilitating effectsrarijuana and an increase in
irritability, social isolation, and paranoid thimkj. Inasmuch as smokimmgecigarette is
enough to make a person feel "high" for about 1-e@ 22218 the subjects in that
study were taking very high doses of marijuana.drisphave described the development
of apathy, lowered motivation, and impaired edwrsl performance in heavy marijuana
users who do not appear to be behaviorally impairedher ways2*% There are
clinical reports of marijuana-induced psychosiglgtates (schizophrenia-like,
depression, and/or mania) lasting for a week orefiéHollister suggests that, because
of the varied nature of the psychotic states indumemarijuana, there is no specific
"marijuana psychosis." Rather, the marijuana expes might trigger latent
psychopathology of many typ&SMore recently, Hall and colleag@ésoncluded that
"there is reasonable evidence that heavy cannabisamd perhaps acute use in sensitive
individuals, can produce an acute psychosis in lwbanfusion, amnesia, delusions,
hallucinations, anxiety, agitation and hypomanimptoms predominate.” Regardless of
which of those interpretations is correct, the teports agree that there is little evidence
that marijuana alone produces a psychosis thaispeedter the period of intoxication.

Schizophrenia

The association between marijuana and schieophis not well understood. The
scientific literature indicates general agreembat heavy marijuana use can precipitate
schizophrenic episodes but not that marijuana asecause the underlying psychotic
disorder®%45! As noted earlier, drug abuse is common among peaiph psychiatric
disorders. Estimates of the prevalence of marijus@aamong schizophrenics vary
considerably but are in general agreement thatdt least as great as that among the
general populatiot®* Schizophrenics prefer the effects of marijuangénase of alcohol
and cocainé which they seem to use less often than does thergiepopulatiof®® The
reasons for this are unknown, but it raises thaipdsy that schizophrenics might obtain
some symptomatic relief from moderate marijuana Bsé¢ overall, compared with the
general population, people with schizophrenia dahaifamily history of schizophrenia



are likely to be at greater risk for adverse psytriu effects from the use of
cannabinoids.

Cognition
As discussed earlier, acutely administeredjozara impairs cognitiof%2®112
Positron emission tomography (PET) imaging allomaestigators to measure the acute
effects of marijuana smoking on active brain fuoictiHuman volunteers who perform
auditory attention tasks before and after smokingaajuana cigarette show impaired
performance while under the influence of marijuahés is associated with substantial
reduction in blood flow to the temporal lobe of thrain, an area that is sensitive to such
taskst® Marijuana smoking increases blood flow in otheibregions, such as the
frontal lobes and lateral cerebelldft>> Earlier studies purporting to show structural
changes in the brains of heavy marijuana G$ées/e not been replicated with more
sophisticated techniqué®®

Nevertheless, recent studi&é? have found subtle defects in cognitive tasks imye
marijuana users after a brief period (19—24 hoafsharijuana abstinence. Longer term
cognitive deficits in heavy marijuana users hase &leen reportef? Although these
studies have attempted to match heavy marijuana usth subjects of similar cognitive
abilities before exposure to marijuana use, thegaaey of this matching has been
questioned>® The complex methodological issues facing reseirthis area are well
reviewed in an article by Pope and colleagtfé€are must be exercised so that studies
are designed to differentiate between changesaim iwnction caused the effects of
marijuana and by the illness for which marijuanbegg given. AIDS dementia is an
obvious example of this possible confusion. ltisbamportant to determine whether
repeated use of marijuana at therapeutic dosagésiges any irreversible cognitive
effects.

Psychomotor Performance

Marijuana administration has been reporteaffiect psychomotor performance on a
number of tasks. The review by Chait and Pi&not only details the studies that have
been done but also points out the inconsistenoesg studies, the methodological
shortcomings of many studies, and the large indaidiifferences among the studies
attributable to subject, situational, and methodmal factors. Those factors must be
considered in studies of psychomotor performancenwgarticipants are involved in a
clinical trial of the efficacy of marijuana. Thepiys of psychomotor functions that have
been shown to be disrupted by the acute adminmtraf marijuana include body sway,
hand steadiness, rotary pursuit, driving and fhygimgulation, divided attention, sustained
attention, and the digit-symbol substitution tésstudy of experienced airplane pilots
showed that even 24 hours after a single marijeayaette their performance on flight
simulator tests was impaireé®f Before the tests, however, they told the study
investigators that they were sure their performamgoeld be unaffected.



Cognitive impairments associated with acugglyninistered marijuana limit the
activities that people would be able to do safelpreductively. For example, no one
under the influence of marijuana or THC should e@wehicle or operate potentially
dangerous equipment.

Amotivational Syndrome

One of the more controversial effects clairfednarijuana is the production of an
"amotivational syndrome." This syndrome is not alio& diagnosis, but it has been used
to describe young people who drop out of socialvdiets and show little interest in
school, work, or other goal-directed activity. Wheravy marijuana use accompanies
these symptoms, the drug is often cited as theegdug no convincing data demonstrate
a causal relationship between marijuana smokinglaesk behavioral characteristiést
is not enough to observe that a chronic marijuaa lacks motivation. Instead, relevant
personality traits and behavior of subjects musassessed before and after the subject
becomes a heavy marijuana user. Because suchalesaaronly be done on subjects
who become heavy marijuana users on their owrrge lgopulation study--such as the
Epidemiological Catchment Area study describederan this chapter--would be
needed to shed light on the relationship betweetivatimn and marijuana use. Even
then, although a causal relationship between tleectwld, in theory, be dismissed by an
epidemiological study, causality could not be prave

Summary

Measures of mood, cognition, and psychomogofgpmance should be incorporated
into clinical trials evaluating the efficacy of nijaana or cannabinoid drugs for a given
medical condition. Ideally, participants would cdetp mood assessment questionnaires
at various intervals throughout the day for a pebefore; every week during; and,
where appropriate, after marijuana therapy. Apslychological screening of research
participants should be conducted to determine véndtiere is an interaction between the
mood-altering effects of chronic marijuana use tedpsychological characteristics of
the subjects. Similarly, the cognitive and psychtonéunctioning should be assessed
before and regularly during the course of a chroegimen of marijuana or cannabinoid
treatment to determine the extent to which toleeaindhe impairing effects of marijuana
develops and to monitor whether new problems dgvelo

When compared with changes produced by etlaeebo or an active control
medication, the magnitude of desirable therapeaitects and the frequency and
magnitude of adverse psychological side effectmafijuana could be determined. That
would allow a more thorough assessment of thelrgsiefit ratio associated with the use
of marijuana for a given indication.

Conclusion: The psychological effects of cannabinoids, sucaresety
reduction, sedation, and euphoria, can influene# thotential therapeutic value.
Those effects are potentially undesirable in soateepts and situations and



beneficial in others. In addition, psychologicdkeets can complicate the
interpretation of other aspects of the drug's effec

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 tearfawor of the medical use of
marijuana cited the absence of marijuana overdasevidence that it is safe. Indeed,
epidemiological data indicate that in the geneagdysation marijuana use is not
associated with increased mortafi§ However, other serious health outcomes should be
considered, and they are discussed below.

It is important to keep in mind that most o€ tstudies that report physiological harm
resulting from marijuana use are based on the tsffefanarijuana smoking. Thus, we
emphasize that the effects reported cannot be mesto be caused by THC alone or
even in combination with other cannabinoids foumdharijuana. It is likely that smoke is
a major cause of the reported effects. In mostissutie methods used make it
impossible to weigh the relative contributions wfake versus cannabinoids.

Immune System

The relationship between marijuana and theumarsystem presents many facets,
including potential benefits and suspected harrhgs Jection reviews the evidence on
suspected harms to the immune system caused byamiuse.

Despite the many claims that marijuana suge®ethe human immune system, the
health effects of marijuana-induced immunomodutatice still unclear. Few studies
have been done with animals or humans to assegéféuts of marijuana exposure on
host resistance to bacteria, viruses, or tumors.

Human Studies

Several approaches have been used to detetimiéfects of marijuana on the
human immune system. Each has serious limitatiwh&h are discussed below.

Assays of L eukocytesfrom Marijuana Smokers. One of the more common approaches
has been to isolate peripheral blood leukocytas fpeople who have smoked marijuana
in order to evaluate the immune response of thelig ia vitro--most often by measuring
mitogen-induced cell proliferation, a normal immuesponse. Almost without
exception, this approach has failed to demonstiayereduction in leukocyte function.
The major problem with the approach is that afteoth samples are drawn from the
study subjects the leukocytes must be isolated fitwwle blood before they are tested.
That is done by high-speed centrifugation follovagcextensive washing of the cells,



which removes the cannabinoid; perhaps for thisaeao adverse effects have been
demonstrated in peripheral blood leukocytes fromijomena smoker§>2:123160

L eukocyte Responsesto THC. Another approach is to isolate peripheral blood
leukocytes from healthy control subjects who dosmbke marijuana and then to
measure the effect of THC on the ability of thesksao proliferate in response to
mitogenic stimulationn vitro. One important difference between leukocytes tedla

from a marijuana smoker, as described above, akbbyte cell cultures to which THC
has been added directly is in the cannabinoid c@itipn. Marijuana smoke contains
many distinct cannabinoid compounds of which TH{s one. Moreover, the
immunomodulatory activity of many of the other cabimoid compounds has never been
tested, and it is now known that at least one a$¢h-cannabinol (CBN)--has greater
activity on the immune system than on the centealous systerff: so it is unclear
whether the profile of activity observed with THCcarately represents the effects of
marijuana smoke on immune competence. Likewisegxhent to which different
cannabinoids in combination exhibit additive, sgistic, or antagonistic effects with
respect to immunomodulatory activity is uncleareT$sue is complicated by the fact that
leukocytes express both types of cannabinoid receptB and CB.

An additional factor that might affect the imnomodulatory activity of cannabinoids
in leukocytes is metabolism. Leukocytes have vewylevels of the cytochrome P-450
drug-metabolizing enzymé8 so the metabolism of cannabinoids is probablyedfiit
betweernin vivo andin vitro exposure. That last point is pertinent primary t
investigations of chronic, not acute, cannabinociposure.

Human-Derived Cell Lines. A third approach for investigating the effects of
cannabinoids on human leukocytes has been to swmgn-derived cell linesAs
described above, the cell lines are trea@tedtro with cannabinoids to test their
responses to different stimuli. Although cell lireee a convenient source of human cells,
the problems described above apply here as wediddiition, the cell lines might not be
the same as the original cells. For example, redkldo not necessarily have the same
number of cannabinoid receptors as the originaldruoells.

Rodent Studies

The most widely used approach is to evaluseetfects of cannabinoids in rodents,
using rodent-derived cella vitro. The rationale is that the human and rodent immune
systems are remarkably similar, and it is assurnatithe effects produced by
cannabinoids on the rodent immune system will belar to those produced in humans.
Although no substantial species differences in imensystem sensitivity to cannabinoids
have been reported, the possibility should be cemed.

Summary

The complete effect of marijuana smoking omume function remains unknown.
More important, it is not known whether smokingdsdo increased rates of infections,



tumors, allergies, or autoimmune responses. Thelgrois how to duplicate the
"normal” marijuana smoking pattern while removiriges potential immunomodulating
lifestyle factors, such as alcohol and tobacco Bpalemiological studies are needed to
determine whether marijuana users have a high&tence of such diseases, as
infections, tumors, allergies, and autoimmune diseaStudies on resistance to bacterial
and viral infection are clearly needed and shomlblve the collaboration of
immunologists, infectious disease specialists, mysts, and pharmacologists.

Marijuana Smoke

Tobacco is the predominant cause of such disepses as cancer and emphysema,
and marijuana smoke contains many of the compoméntbacco smok& Thus, it is
important to consider the relationship between toaabmarijuana smoking and some
lung diseases.

Given a cigarette of comparable weight, ashmagfour times the amount of tar can
be deposited in the lungs of marijuana smokers #sei lungs of tobacco smokéféThe
difference is due primarily to the differencesiitrdtion and smoking technique between
tobacco and marijuana smokers. Marijuana cigaraegaally do not have filters, and
marijuana smokers typically develop a larger pafme, inhale more deeply, and hold
their breath several times longer than tobacco snsdk However, a marijuana cigarette
smoked recreationally typically is not packed ghtly as a tobacco cigarette, and the
smokable substance is about half that in a tobeigarette. In addition, tobacco smokers
generally smoke considerably more cigarettes pgtlten do marijuana smokers.

Cellular Damage

Lymphocytes: T and B Cells. Human studies of the effect of marijuana smoking on
immune cell function are not all consistent witmgabinoid cell culture and animal
studies. For example, antibody production was @s&@ in a group of hospitalized
patients who smoked marijuana for four days (12r&@ties/day), but the decrease was
seen in only one subtype of humoral antibody (Ig@jereas two other subtypes (IgA
and IgM) remained normal and one (IgE) was incré&$dn addition, T cell
proliferation was normal in the blood of a groupmdrijuana smokers, although closer
evaluation showed an increase in one subset ol§€eand a decrease in a different
subset (CD8¥! It appears that marijuana use is associated wighrittent disturbances
in T and B cell function, but the magnitude is draald other measures are often
normal?’

Macrophages. Alveolar macrophages are the principal immuneetdiiecells in the lung
and are primarily responsible for protecting thegw@against infectious microorganisms,
inhaled foreign substances, and tumor cells. Theyr&ereased during tissue
inflammation. In a large sample of volunteers, haddlimarijuana smokers had twice as
many alveolar macrophages as nonsmokers, and ssnolkieoth marijuana and tobacco
had twice as many agathMarijuana smoking also reduced the ability of alae
macrophages to kill fungi, such @andida albicans pathogenic bacteria, such as



Staphylococcus aureuand tumor target cells. The reduction in abildydestroy fungal
organisms was similar to that seen in tobacco smsoRée inability to kill pathogenic
bacteria was not seen in tobacco smok&Rirthermore, marijuana smoking depressed
production of proinflammatory cytokines, such asFFNand IL-6, but not of
immunosuppressive cytokin€5Cytokines are important regulators of macrophage
function, so this marijuana-related decrease ilamimatory cytokine production might
be a mechanism whereby marijuana smokers arebéssoadestroy fungal and bacterial
organisms, as well as tumor cells.

The inability of alveolar macrophages from ihazdd marijuana smokers without
apparent disease to destroy fungi, bacteria, anditeells and to release
proinflammatory cytokines, suggests that marijuaunght be an immunosuppressant with
clinically significant effects on host defense. fidfere, the risks of smoking marijuana
should be seriously weighed before recommendingsigsin any patient with preexisting
immune deficits--including AIDS patients, cancetigats, and those receiving
immunosuppressive therapies (for example, transplacancer patients).

Bronchial and Pulmonary Damage

Animal Studies. A number of animal studies have revealed respydtact changes and
diseases associated with marijuana smoking, berstimve not. Extensive damage to
the smaller airways, which are the major site abaolt obstructive pulmonary disease
(COPD)? and acute and chronic pneumonia have been observadious species
exposed to different doses of marijuana snioket? In contrast, rats exposed to
increasing doses of marijuana smoke for one yebnali show any signs of COPD,
whereas rats exposed to tobacco smokédid.

Chronic Bronchitisand Respiratory IlIness. Results of human studies suggest that
there is a greater chance of respiratory illneggemple who smoke marijuana. In a
survey of outpatient medical visits at a large trealaintenance organization (HMO),
marijuana users were more likely to seek helpdspiratory illnesses than people who
smoked neither marijuana or toba¢édHowever, the incidence of seeking help for
respiratory illnesses was not higher in those wholsed marijuana for 10 years or more
than in those who smoked for less than 10 years.e@planation for this is that people
who experience respiratory symptoms are more liteeyuit smoking and that people
who continue to smoke constitute a set of survivdre do not develop or are indifferent
to such symptoms. One limitation of this studyhigttno data were available on the use of
cocaine, which when used with marijuana could dbute to the observed differences.
Another limitation is that the survey relied onfgeporting; tobacco, alcohol, and
marijuana use might have been under-reported (e$8j IOM workshop).

When marijuana smokers were compared withmokRksrs and tobacco smokers in a
group of 446 volunteers, 15—20% of the marijuanalsns reported symptoms of
chronic bronchitis, including chronic cough andegjth productior?° and 20—25% of
the tobacco smokers reported symptoms of chrowiedhitis. Despite a marked disparity
in the amount of each substance smoked per dage(thrfour joints of marijuana versus



more than 20 cigarettes of tobacco), the differen¢be percentages of tobacco smokers
and marijuana smokers experiencing symptoms ofnetifwronchitis was statistically
insignificant2*® Similar findings were reported by Bloom and co-kevs> who noted an
additive effect of smoking both marijuana and tawac

Bronchial Tissue Changes. Habitual marijuana smoking is associated with giearnn

the lining of the human respiratory tract. Many fuana or tobacco smokers have
increased redness (erythema) and swelling (edehthg airway tissues and increased
mucous secretiori§=° In marijuana smokers the number and size of sphadld vessels
in the bronchial wall are increased, tissue edenmadsent, and the normal ciliated cells
lining the inner surface of the bronchial wall &aegely replaced by mucous-secreting
goblet cells. The damage is greater in people winoke both marijuana and tobacéd.
Overproduction of mucus by the increased numbemsumfous-secreting cells in the
presence of decreased numbers of ciliated celtlstenleave coughing as the only major
mechanism to remove mucus from the airways; thghivéxplain the relatively high
proportion of marijuana smokers who complain ofociic cough and phlegm
productiont*2

A 1998 study has shown that both marijuanatabhdcco smokers have significantly
more cellular and molecular abnormalities in braaképithelium cells than nonsmokers;
these changes are associated with increased ristnoer? The tobacco-only smokers in
that study smoked an average of 25 cigarettesggmnehereas the marijuana-only
smokers smoked an average of 21 marijuana ciganggteweek. Although the marijuana
smokers smoked far fewer cigarettes, their cellabarormalities were equivalent to or
greater than those seen in tobacco smokers. THisarlier studies have shown that such
abnormalities are greatest in people who smoke atfijuana and tobacco; hence,
marijuana and tobacco smoke might have additiveceffon airway tissug3=¢
Tenant® found similar results in U.S. servicemen who swffiefrom respiratory
symptoms and were heavy hashish smokers. (Hashibk resin from the marijuana
plant.)

Chronic Obstructive Pulmonary Disease. In the absence of epidemiological data,
indirect evidence, such as nonspecific airway hygsgonsiveness and measures of lung
function, offers an indicator of the vulnerabilitf marijuana smokers to COPEf. For
example, the methacholine provocative challenge wieed to evaluate airway
hyperresponsiveness, showed that tobacco smokestogenore airway
hyperresponsiveness. But no such correlation haxs flkown between marijuana
smoking and airway hyperresponsiveness.

There is conflicting evidence on whether raguharijuana use harms the small
airways of the lungs. Bloom and co-workers fourat #in average of one joint smoked
per day significantly impaired the function of shaitways?® But Tashkin and co-
workers?® did not observe such damage among heavier masijusers (three to four
joints per day for at least 10 years), althougly thated a narrowing of large central
airways. Tashkin and co-workers' long-term studyicl adjusted for age-related decline
in lung function (associated with an increased fiskdeveloping COPD), showed an



accelerated rate of decline in tobacco smokersiiin marijuana smokeré! Thus, the
guestion of whether usual marijuana smoking havs#senough to cause COPD remains
open.

Conclusion. Chronic marijuana smoking might lead to acute @manic bronchitis and
extensive microscopic abnormalities in the celisly the bronchial passageways, some
of which may be premalignant. These respiratorypgms are similar to those of
tobacco smokers, and the combination of marijuaitet@bacco smoking augments these
effects. At the time of this writing, it had notdyeestablished whether chronic smoking
marijuana causes COPD, but there is probably arced®on.

HIV/AIDS Patients

The relationship between marijuana smokingtaechatural course of AIDS is of
particular concern because HIV patients are thgeekrgroup who report using marijuana
for medical purposes. Marijuana use has been liblo¢la to increased risk of progression
to AIDS in HIV-seropositive patients and to incredsnortality in AIDS patients.

For unknown reasons, marijuana use is assacwith increased mortality among
men with AIDS but not among the general populat®ifThe relative risk of AIDS
mortality for current marijuana users in this 124ystudy was 1.90, indicating that
almost twice as many marijuana users died of AIB8id noncurrent marijuana users.)
Never-married men used twice as much marijuanasaged men and accounted for
83% of the AIDS deaths in the study. The authorthefstudy note that, while marital
status is insufficient to adjust for lifestyle faxt--particularly, homosexual behavior--a
substantial proportion of the never-married memwiIDS were probably homosexuals
or bisexuals. That raises the possibility thatabgociation of marijuana use with AIDS
deaths might be related to indirect factors, sichse of other drugs or high-risk sexual
behavior, both of which increase risks of infectiorwhich AIDS patients are more
susceptible. The higher mortality of AIDS patiemtso were current marijuana users also
raises the question of whether this was becausenpaincreased their use of marijuana
at the endstages of the disease to treat theirteyngp However, the association between
marijuana use and AIDS deaths was similar even wiiesubjects who died earliest in
the first five years of this 12-year study, and wyere presumably the most sick, were
excluded from the analysis. In summary, it is preme&ato conclude what the underlying
causes of this association might be.

For the general population, the mortality agsed with marijuana use was lower than
that associated with cigarette smoking, and tobaomoking was not an independent risk
factor in AIDS mortality. The authors of the stutigscribed above concluded that
therapeutic use of marijuana did not contributth®increased mortality among men
with AIDS.

Marijuana use has been associated with a hglegalence of HIV seropositivity in
cross-sectional studiéSput the relationship of marijuana to the progmsso AIDS in
HIV-seropositive patients is a reasonable questiaemains unclear whether marijuana



smoking is an independent risk factor in the pregi@ of AIDS in HIV-seropositive
men. Marijuana use did not increase the risk of &ID HIV-seropositive men in the
Multicenter AIDS Cohort Study, in which 1,795 HI\&®positive men were studied for
18 month<$? or in the San Francisco Men's Health Study, incii51 HIV-seropositive
men were studied for six yea¥sln contrast, the Sydney AIDS Project in Austraiig,
which 386 HIV-seropositive men were studied fomi@nths™? reported that marijuana
use was associated with increased risk of progreseiAIDS. The results of the Sydney
study are less reliable than those of the otherstwdies noted; it was the shortest of the
studies and, according to the 1993 definition dD8] many of the subjects probably

already had AIDS at the beginning of the stfidy.

The most compelling concerns regarding mamgusmoking in HIV/AIDS patients
are the possible effects of marijuana on immuHityReports of opportunistic fungal and
bacterial pneumonia in AIDS patients who used marnia suggest that marijuana
smoking either suppresses the immune sy$temexposes patients to an added burden
of pathogen$! In summary, patients with preexisting immune defidue to AIDS
should be expected to be vulnerable to serious leatreed by smoking marijuana. The
relative contribution of marijuana smoke versus Tét@ther cannabinoids is not known.

Carcinogenicity

The gas and tar phases of marijuana and tolsmoke contain many of the same
compounds. Furthermore, the tar phase of marijsarake contains higher
concentrations of polycyclic aromatic hydrocarb@a8HSs), such as the carcinogen
benzopyrene. The higher content of carcinogenic #iHnarijuana tar and the greater
deposition of this tar in the lung might act in porction to amplify the exposure of a
marijuana smoker to carcinogens. For those reabensarcinogenicity of marijuana
smoke is an important concern.

It is more difficult to collect the epidemigizal data necessary to establish or refute
the link between marijuana smoke and cancer tharbgtween tobacco smoke and
cancer. Far fewer people smoke only marijuana timytobacco, and marijuana
smokers are more likely to underreport their smgkin

Case Studies. Results of several case series suggest that rmaaijonight play a role in
the development of human respiratory cancer. Repadicate an unexpectedly large
proportion of marijuana users among people witlyloancet***? and cancers of the
upper aerodigestive tract--that is, the oral caytyarynx, larynx, and esophagus--that
occur before the age of 452149 Respiratory tract cancers associated with heavgcto
and alcohol consumption are not usually seen béferage of 66> and the occurrence
of such cancers in marijuana users younger thaaug@ests that long-term marijuana
smoking potentiates the effects of other risk feggteuch as tobacco smoking, and is a
more potent risk factor than tobacco and alcohelinghe early development of
respiratory cancers. Most studies lack the necgssamparison groups to calculate the
isolated effect of marijuana use on cancer risknyviaarijuana smokers also smoke



tobacco, so when studies lack information regardiggrette smoking status, there is no
way to separate the effects of marijuana smokea@matco smoke.

Epidemiological Evidence. As of this writing, Sidney and co-workéf$had conducted
the only epidemiological study to evaluate the esdmn between marijuana use and
cancer. The study included a cohort of about 651860 and women 15—49 years old.
Marijuana users were defined as those who hadmsegliana on six or more occasions.
Among the 1,421 cases of cancer in this cohortjjuaara use was associated only with
an increased risk of prostate cancer in men whadidmoke tobacco. In these relatively
young HMO clients, no association was found betweanjuana use and other cancers,
including all tobacco-related cancers, colorecsaicer, and melanoma. The major
limitation associated with interpreting this studyhat the development of lung cancer
requires a long exposure to smoking, and most naarg users quit before this level of
exposure is achieved. In addition, marijuana usedegn widespread in the United States
only since the late 1960s; therefore, despitedhgel cohort size there might not have
been a sufficient number of heavy or long-term juaria smokers to reveal an effect.

Cellular and Molecular Studies. In contrast with clinical studies, cellular andleqular
studies have provided strong evidence that mamdsamoke is carcinogenic. Cell culture
studies implicate marijuana smoke in the develogrogoancer. Prolonged exposure of
hamster lung cell cultures to marijuana smoke deghalignant transformatiorfs and
exposure of human lung explants to marijuana smeseted in chromosomal and DNA
alterations=* The tar from marijuana smoke also induced mutat&milar to those
produced by tar from the same quantity of tobaoca common bacterial assay for
mutagenicity:>®

Molecular studies also implicate marijuana kenas a carcinogen. Proto-oncogenes
and tumor suppressor genes are a group of gertesffibet cell growth and
differentiation. Normally, they code for proteirtgat control cellular proliferation. Once
mutated or activated, they produce proteins thase&ells to multiply rapidly and out of
control, and this results in tumors or canc@hen the production of these proteins was
evaluated in tissue biopsies taken from marijutstzacco, and marijuana plus tobacco
smokers, and nonsmokers, two of them (EGFR and/Kia&re markedly higher in the
marijuana smokers than in the nonsmokers and tiect@ smokers. Moreover, the
effects of marijuana and tobacco were additit&hus, in relatively young smokers of
marijuana, particularly those who smoke both manpand tobacco, marijuana is
implicated as a risk factor for lung cancer.

DNA alterations are known to be early eventthe development of cancer, and have
been observed in the lymphocytes of pregnant neargismokers and in those of their
newborns: This is an important study because the investigatere careful to exclude
tobacco smokers--a problem in previous studiesdited mutagenic effects of marijuana
smoke?®23%3142 The same investigators found similar effects &wvjwus studies among
tobacco smoker¥ so the effects cannot be attributed solely to T @ther

cannabinoids. Although it can be determined onlglkgeriment, it is likely that the



smoke contents--other than cannabinoids--are regdperfor a large part of the
mutagenic effect.

Preliminary findings suggest that marijuanakenactivates cytochrome P4501Al
(CYP1AI), the enzyme that converts PAHSs, such axz|®|pyrene, into active
carcinogens? Bronchial epithelial cells in tissue biopsies taf®m marijuana smokers
show more binding to CYP1A1 antibodies than do caraple cells in biopsies from
nonsmokers (D. Tashkin, IOM workshop). That sugg#sat there is more of CYP1Al
itself in the bronchial cells of marijuana smokdxgt different experimental methods will
be needed to establish that possibility.

Conclusions

There is no conclusive evidence that marijusmees cancer in humans, including
cancers usually related to tobacco use. Howevbular genetic, and human studies all
suggest that marijuana smoke is an important astof for the development of
respiratory cancer. More definitive evidence thaitual marijuana smoking leads or
does not lead to respiratory cancer awaits thdtsestiwell-designed case control
epidemiological studies. It has been 30 years dimeénitiation of widespread marijuana
use among young people in our society, and suchestshould now be feasible.

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

1.Case control studiesto deter mine whether marijuana useis associated with an
increased risk of respiratory cancer. Despite the lack of compelling epidemiological
evidence, findings from the biochemical, cellularmunological, genetic, tissue, and
animal studies cited above strongly suggest thaijuaaa is a risk factor for human
cancer. What is required to address that hypotimesre convincingly is a population-
based case control study of sufficiently large namalof people with lung cancer and
upper aerodigestive tumors (cancers of the oratycamnd pharynx, larynx, and
esophagus), as well as noncancer controls, to demabe a statistically significant
association, if one exists. Because of the longgdeequired for induction of human
carcinomas and the infrequent use of marijuanbergeneral U.S. population before
1966, no epidemiological studies so far have be#nsive enough to measure the
association between marijuana and cancer adequbli@lyever, epidemiological
investigation of this association is probably pbsnow in that some 30 years have
elapsed since the start of widespread marijuananube United States among teenagers
and young adults.

2.Molecular markersof respiratory cancer progression in marijuana smokers. If
an epidemiological association between marijuamsansl risk of respiratory cancer is
demonstrated, studies would be warranted to exphar@resence of molecular markers--
such as TP53, p16, NATZ, and GSTML--that could telmtive of genetically increased
risk of carcinogenesis in marijuana users.



3.Prospective epidemiological studies of populationswith HIV seropositivity or
at high risk for HIV infection.? Because HIV/AIDS patients constitute the largestig
that reports smoking marijuana for medical purp@sesthey are particularly vulnerable
to immunosuppressive effects, there is a presseg for a better understanding of the
relative risk posed by and the rewards of smokiagijorana. Such studies should include
history of marijuana use in the analysis of potdmisk factors for seroconversion and
acquisition of opportunistic infections or progiessto AIDS. The studies could be
carried out in the context of any federally appibeinical trials of medical marijuana in
immuno-compromised patients and should providdlaveup period long enough to
capture potential adverse events.

4.Regularized recording of marijuana use by patients. Although marijuana is the
most commonly used illicit drug, medical providefsen do not question patients about
marijuana use and rarely document itst¥$@&mong 452 Kaiser Permanente patients
who reported daily or almost daily marijuana udg/gicians recorded marijuana use in
only 3% of their medical records (S. Sidney, IOMrksihop).

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

The question that needs to be addressed thamEHC or marijuana is a risk factor
for HIV infection, for progression to more sevetages of AIDS, or for opportunistic
infection among HIV-positive patients. Studies aeeded to determine the effects of
marijuana use on the function of alveolar macropkay§ would be important to compare
the HIV infectivity and replication of alveolar ntaphages harvested from habitual
marijuana users with those harvested from nonusdargrequent marijuana users. Cell
culture studies could be used to compare the stibitiyp of HIV-infected alveolar
macrophages to additional infection with opporttiaipathogens. Similarly, further
studies on cell cultures of peripheral blood morubear cells could be used to assess the
effects of exposure to THC on HIV infectivity argplication.

Cardiovascular System

Marijuana smoke and oral THC can cause tachiacérapid heart beat) in humans,
20—100% above baselifi€®® The increase in heart rate is greatest in thefids—20
minutes after smoking and decreases sharply aadigtedepending on whether smoked
marijuana or oral THC is used, this can last thmefive hours, respectiveR#® In some
cases, blood pressure increases while a persoraigeclining position but decreases
inordinately on standing, resulting in postural bigmsion (decreased blood pressure due
to changing posture from a lying or sitting positio a standing position, which can
cause dizziness and faintness). In contrast witlheaadministration of THC, chronic oral
ingestion of THC reduces heart rate in huntdns.



In animals, THC decreases heart rate and hoessuré’1>® However, most of the
animal studies have been conducted in anesthediziethls, and anesthesia causes
hypertension. Thus, those studies should be irgergras reports on the effects of
cannabinoids in hypertensive subjects. The resiilfise animal and human studies are
consistent with the conclusion that cannabinoiéshgpotensive at high doses in
animals, as well as humat.

Tolerance can appear after a few days of &efjdaily administration (two or three
doses per day) of oral THC or marijuana extracth \Weart rate decreasing, reclining
blood pressure falling, and postural hypotensisapipearing? Thus, the intensity of the
effects depends on frequency of use, dose, andlmadynposition.

The cardiovascular changes have not posedlthhgroblem for healthy, young users
of marijuana or THC. However, such changes in hedetand blood pressure could
present a serious problem for older patients, ealpethose with coronary arterial or
cerebrovascular disease. Cardiovascular diseasélealeading causes of death in the
United States (coronary heart disease is firskstis third), so any effect of marijuana
use on cardiovascular disease could have a suiastampact on public health (S. Sidney,
IOM workshop). The magnitude of the impact remambe determined as chronic
marijuana users from the late 1960s enter the dgaworonary arterial and
cerebrovascular diseases become common. Smokingiamar is also known to decrease
maximal exercise performance. That, with the inseeeheart rate, could theoretically
induce angina (S. Sidney, IOM workshop), so, thises the possibility that patients with
symptomatic coronary artery disease should be edwist to smoke marijuana, and THC
might be contraindicated in patients with restdatardiovascular function.

Reproductive System

Animal Studies. Marijuana and THC can inhibit many reproductivedtions on a short-
term basis. In both male and female animals, TH€xtions suppress reproductive
hormones and behavit¥*>® Studies have consistently shown that injectionsH€
result in rapid, dose-dependent suppression ofrsérteinizing hormone (LH¥? (LH is
the pituitary hormone that stimulates release efgbnadal hormones, testosterone and
estrogen.) Embryo implantation also appears tobibited by THC. But it does not
necessarily follow that marijuana use will intedevith human reproduction. With few
exceptions, the animal studies are based on awatenents (single injections) or short-
term treatments (THC injections given over a sesfedays). The results are generally
observed for only several hours or in females sonest for only one ovulatory cycle.

Acute treatments with cannabinoids--includindC, CBD, cannabinol, and
anandamide--can decrease the fertilizing capatisga urchin sperft>*3’ The sea
urchin is only a distant relative of humans, bt tellular processes that regulate
fertilization are similar enough that one can expesimilar effect in humans. However,
the effect of cannabinoids on the capacity of spierfiertilize eggs is reversible and is
observed at concentrations of 6—100 %2’ which are higher than those likely to be
experienced by marijuana smokers. The presencanoiabinoid receptors in sperm



suggests the possibility of a natural role for al@amide in modulating sperm function
during fertilization. However, it remains to be el@hined whether smoked marijuana or
oral THC taken in prescribed doses has a clinicdipificant effect on the fertilizing
capacity of human sperm.

Exposure to TH@ uterocan result in long-term changes. Manyteroeffects
interfere with embryo implantation (see review bgijer and co-workers). Exposure
to THC shortly before or after birth can resulinmpaired reproductive behavior in mice
when they reach adulthood: females are slowerdw stexual receptivity, and males are
slower to mount”’

Although THC can act directly on endocrinetiss, such as the testes and ovaries, it
appears to affect reproductive physiology througtactions on the brain, somewhere
other than the pituitary. Some of the effects ofCTate exerted through its action on
stress hormones, such as cortiol.

Human Studies. The few human studies are consistent with theesanimal studies:
THC inhibits reproductive functions. However, seglof men and women who use
marijuana regularly have yielded conflicting reswdhd show either depression of
reproductive hormones, no effect, or only a shemtteffect. Overall, the results of
human studies are consistent with the hypotheaistHC inhibits LH on a short-term
basis but not in long-term marijuana users. Inothads, long-term users develop
tolerance to the inhibitory effect of THC on LH. & hesults in men and women are
similar, with the added consideration of the maratcycle in women; the acute effects
of THC appear to vary with cycle stage. THC app#atsave little effect during the
follicular phase (the phase after menses and befaration) and to inhibit the LH pulse
during the luteal phase (the phase after ovulaitwhbefore mense&¥ In brief,

although there are no data on fertility itself, quana or THC would probably decrease
human fertility--at least in the short term--forthanen and women. And it is reasonable
to predict that THC can interfere with early pregoy particularly with implantation of
the embryo. Like tobacco smoke, marijuana smokagisly likely to be harmful to fetal
development and should be avoided by pregnhant wanedrthose who might become
pregnant in the near future. Nevertheless, althdedhity and fetal development are
important concerns for many, they are unlikely éoob much concern to people with
seriously debilitating or life-threatening diseasHse well-documented inhibition of
reproductive functions by THC is thus not a seriooiscern for evaluating the short-term
medical use of marijuana or specific cannabinoids.

The results of studies of the relationshipvMaein prenatal marijuana exposure and
birth outcome have been inconsistent (reviewe®®61by Cornelius and co-worké®s
Except for adolescent mothers, there is little emik that gestation is shorter in mothers
who smoke marijuani. Several studies of women who smoked marijuanaadgu
during pregnancy show that they tend to give histower weight babie®®® Mothers
who smoke tobacco also give birth to lower weigdhibs, and the relative contributions
of smoking and THC are not known from these studies



Babies born to mothers who smoked marijuamangyregnancy weighed an average
of 3.4 ounces less than babies born to a contoalgyof mothers who did not smoke
marijuana; there was no statistically significaifteslence in either gestational age or
frequency of congenital abnormaliti8 Those results were based on women whose
urine tests indicated recent marijuana exposurgenter, when the analysis was based
only on self-reports of marijuana use (without fieation by urine tests), there was no
difference in weight between babies born to womén veported themselves as
marijuana smokers and those born to women who teghtinat they did not smoke
marijuana. That raises an important concern albautrtethods used to measure the
effects of marijuana smoking in any study, perh&psn more so in studies on the effects
of marijuana during pregnancy, when subjects nlghless likely to admit to smoking
marijuana. (The study was conducted in the lastasier of pregnancy, and there was no
information about the extent of marijuana use eart pregnancy.)

For most of these studies, much of the hasn@ated with marijuana use is
consistent with that associated with tobacco use,sanoking is an important factor, so
the contribution of cannabinoids cannot be confanmdowever, Jamaican women who
use marijuana rarely smoke it; but instead prejta®ted’ In a study of neonates born
to Jamaican women who did or did not ingest maniguduring pregnancy, there was no
difference in neurobehavioral assessments madieest tlays after birth and at one
month28 A limitation of the study is that there was noedirmeasure of marijuana use.
Estimates of marijuana use were based on self4gpohich might be more accurate in
Jamaica than in the United States because lessd stigima is associated with marijuana
use in Jamaica but still are less reliable thaeatlimeasures.

Newborns of mothers who smoke either marijuam@bacco have statistically
significantly higher mutation rates than those @fismokers:

Since 1978, the Ottawa Prenatal ProspectivdyStas measured the cognitive
functions of children born to mothers who smokedijumana during pregnancy.
Children of mothers who smoked either moderatehe (m six marijuana cigarettes per
week) or heavily (more than six marijuana cigagefer week) have been studied from
the age of four days to 9—12 years. It is importarkeep in mind that studies like this
provide important data about the risks associatiéia iwarijuana use during pregnancy,
but they do not establish tisausef any such association.

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

Prenatal marijuana exposure was not, howevigrout lasting effect. At ages 5—6
years and 9—12 years, children in the same stuadywsére prenatally exposed to
tobacco smoke scored lower on tests of languadje akid cognitive functioning® In

another stud$>*° 9 to 12 year olds who were exposed to marijuaragtally scored



lower than control subjects on tasks associateal t@itecutive function,” a term used by
psychologists to describe a person's ability to péaticipate, and suppress behaviors that
are incompatible with a current g&illt was reflected in how the mothers describedrthei
children. Mothers of the marijuana-exposed childeeme more likely to describe their
offspring as hyperactive or impulsive than weremeas of control children. The

alteration in executive function was not seen iideén born to tobacco smokers. The
underlying causes might be the marijuana exposumn@ght be more closely related to

the reasons underlying the mothers' use of maijuaming pregnancy.

Mice born to dams injected with the endogermmabinoid, anan-damide, during
the last trimester of pregnancy also showed delajfedts. No effect of anandamide
treatment during pregnancy was detected until tioe meere adults (40 days old), at
which time they showed behavioral changes thatamemon to the effects of other
psychotropic drugs or prenatal strésas with the children born to mothers who smoked
marijuana, it is not known what aspect of the tre;att caused the effect. The dams might
have found the dose (20 mg/kg of body weight) aralamide aversive, in which case
the effect could have resulted from generalizegsstras opposed to a cannabinoid-
specific effect. Either is possible. Despite theantainty as to the underlying causes of
the effects of prenatal exposure to cannabinoidgriti is prudent to advise against
smoking marijuana during pregnancy.

SUMMARY AND CONCLUSIONS

This chapter summarizes the harmful effectsafijuana on individual users and, to a
lesser extent, on society. The harmful effectsnalividuals were considered from the
perspective of possible medical use of marijuarthcam be divided into acute and
chronic effects. The vast majority of evidence amtful effects of marijuana is based on
smokednarijuana, and, except for the psychoactive effdwt can be reasonably
attributed to THC, it is not possible to distinduibe drug effects from the effects of
inhaling smoke from burning plant material.

For most people the primary adverse effeeonftemarijuana use is diminished
psychomotor performance; it is inadvisable for areyander the influence of marijuana
to operate any equipment that might put the usettwers in danger (such as driving or
operating complex equipment). Most people can Ipeebed to show impaired
performance of complex tasks, and a minority exgree dysphoria. People with or at
risk of psychiatric disorders (including substadependence) are particularly vulnerable
to developing marijuana dependence, and marijuaeavould be generally
contraindicated for them. The short-term immunopsagsive effects are not well
established; if they exist at all, they are propatat great enough to preclude a
legitimate medical use. The acute side effectsarfjomana use are within the risks
tolerated for many medications.

Thechroniceffects of marijuana are of greater concern fodice use and fall into
two categories: the effects of chronic smoking tedeffects of THC. Marijuana smoke
is like tobacco smoke in that it is associated witlreased risk of cancer, lung damage,



and poor pregnancy outcome. Smoked marijuana ikalyto be a safe medication for
any chronic medical condition. The second categotiyat associated with dependence
on the psychoactive effects of THC. Despite paspskism, it has been established that,
although it is not common, a vulnerable subpopaoiatf marijuana users can develop
dependence. Adolescents, particularly those wittdaot disorders, and people with
psychiatric disorders, or problems with substarmesa appear to be at greater risk for
marijuana dependence than the general population.

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

Finally, there is the broad social concern faactioning the medical use of marijuana
might lead to an increase in its use among thergepepulation. No convincing data
support that concern. The existing data are caistith the idea that this would not be
a problem if the medical use of marijuana werelasety regulated as the use of other
medications that have abuse potential, but we aglatge a lack of data that directly
address the question. Even if there were eviddratetie medical use of marijuana
would decrease the perception that it can be afidsubstance, this is beyond the scope
of laws regulating the approval of therapeutic druthose laws concern scientific data
related to the safety and efficacy of drugs foividial use; they do not address
perceptions or beliefs of the general population.

Marijuana is not a completely benign substaiide a powerful drug with a variety of
effects. However, except for the harm associatél synoking, the adverse effects of
marijuana use are within the range tolerated foeiomedications. Thus, the safety issues
associated with marijuana do not preclude somecgakdses. But the question remains:
Is it effective? That question is covered herania thapterschapter Zummarizes what
has been learned about the biological activityasfrabinoids in the past 15 years
through research in the basic sciences,cuagbter 4eviews clinical data on the
effectiveness of marijuana and cannabinoids fotrgetment of various medical
conditions.

Threefactorsinfluence the safety of marijuana or cannabinoid drugs for medical
use: thedelivery system, the use of plant material, and the side effects of
cannabinoid drugs. (1) Smoking marijuana is clearly harmful, espdgiad people with
chronic conditions, and is not an ideal drug deingystem. (2) Plants are of uncertain
composition, which renders their effects equallgartain, so they constitute an
undesirable medication. (3) The side effects ohahimoid drugs are within the
acceptable risks associated with approved medicatiodeed, some of the side effects,
such as anxiety reduction and sedation, might begal#e for some patients. As with
many medications, there are people for whom theyldvprobably be contraindicated.

Conclusion: Present data on drug use progression neither supmorefute the
suggestion that medical availability would incredsgg abuse. However, this



guestion is beyond the issues normally considesech&dical uses of drugs, and
it should not be a factor in the evaluation of titerapeutic potential of marijuana
or cannabinoids.

Conclusion: A distinctive marijuana withdrawal syndrome hasrbeentified,
but it is mild and short lived. The syndrome in&@gdestlessness, irritability, mild
agitation, insomnia, sleep EEG disturbance, nawsehcramping.

Conclusion: Numerous studies suggest that marijuana smokeimsortant risk
factor in the development of respiratory disease.

Recommendation: Studiesto definetheindividual health risks of smoking
marijuana should be conducted, particularly among populationsin which
marijuana useisprevalent.
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Notes

1 Although Arizona also passed a medical marijuafierendum, it was embedded in a broader referendum
concerning prison sentencing. Hence, the debateizona did not focus on medical marijuana the \tay

did in California, and changes in Arizona youthstwades likely reflect factors peripheral to mealic
marijuana.

2 Cell lines are created by removing cells from egaaism and then treating them so they are
"immortalized," meaning they will continue to dieichnd multiply indefinitely in culture. Cellular
processes can then be studied in isolation frotin diiginal source.

3 candida albicansgs a yeast infection that is particularly prevalamong people whose immune systems
are suppressed, such as in AIDS patients.

4 COPD is a slow progressive obstruction of the aysy loss of their elasticity, and loss of lungwog,
characterized by chronic shortness of breath, ¢hfmonchitis, and reduced oxygenation of blood.

® Ciliated cells have hair-like projections that étion to transport mucus toward the mouth by rapsgre-
like motion.

®In 1993 the diagnosis of AIDS was expanded tauitielanyone with a CD4 count of less than 200. Prior
to 1993 this alone would have been insufficientdatiagnosis of AIDS.

I Some of the genes involved in the developmenting kcancer include those that encode for Ki-67 (a
nuclear proliferation protein responsible for adilision), the p53 tumor suppressor (a protein that
normally suppresses cell growth), and epidermalgrdactor receptor (EGFR) (a receptor found on a
variety of cell types, especially epithelial cetlsat promotes cellular growth and proliferationemtbound
to epidermal growth factor).

8 A prospective studig one in which a group of subjects is identifedi then studied over the course of
time. Such a study allows an experimenter to balaifferent factors that may contribute to the gtud
outcome. For example, age, family history, and dngkre risk factors for lung cancer. In a prosjvect
study, these factors can be balanced to measurertumiv smoking increases the risk of lung cancer. A
retrospective studis one in which people with a particular diseaseidentified and their histories are
studied. Such studies are easier and less expensiemduct, but they generally lack the explanator
power of prospective studies.



4

The Medical Value of Marijuana and Related
Substances

During the course of drug development, a typicahpound is found to
have some medical benefit and then extensive aestsndertaken to
determine its safety and proper dosage for medsal In contrast,
marijuana has been widely used in the United Sfatedecades$®? In
1996, 68.6 million people--32% of the U.S. popwatover 12 years old--
had tried marijuana or hashish at least once; 5% wearrent user$?

The data on the adverse effects of marijjuaaarere extensive than the data on its
effectiveness. Clinical studies of marijuana afédalilt to conduct: researchers interested
in clinical studies of marijuana face a seriesafriers, research funds are limited, and
there is a daunting thicket of regulations to bgatiated at the federal level (those of the
Food and Drug Administration, FDA, and the Drug &nément Agency, DEA) and
state levels (seehapter % Consequently, the rapid growth in basic research
cannabinoids contrasts with the paucity of subshalinical studies on medical uses.

This chapter is devoted to an analysis otlieeapeutic value of marijuana and
cannabinoids for specific symptoms associated vatious conditions. The risks
associated with the medical use of marijuana aeudsed ichapter 31t should be
noted that THC, the primary active ingredient irrijnana, is an FDA-approved drug
referred to as dronabinol and marketed as MarMaltijuana is advocated primarily for
relief from the symptoms of disease rather thaa asre.

For the most part, the logical categoriestiermedical use of marijuana are not based
on particular diseases but on symptoms--such aseaaappetite loss, or chronic pain--
each of which can be caused by various diseasegeorby treatments for diseases. This
chapter is therefore organized by symptoms ratkeer by diseases. There are eight
sections. The first section explains clinical sjahe following five deal with specific
symptoms and conditions, and the last two summahnizenedical benefits of marijuana
and cannabinoids. The five sections on symptomsanditions are as follows: pain,
nausea and vomiting, wasting syndrome and appsimnteilation, neurological symptoms
(including muscle spasticity), and glaucoma.

The Institute of Medicine (IOM) study team ea@d reports of more than 30 different
medical uses of marijuana, more than could be clyatviewed in a report of this
length; even more uses are reported elsewli&t&or most of the infrequently
mentioned medical uses of marijuana there are @ifidyv anecdotal reports. This report
reviews only the most prominent symptoms that epertedly relieved by marijuana.
However, many of those diseases not reviewed lere £ommon symptoms, such as



pain, nausea and vomiting, and muscle spasms, wihight be relieved by cannabinoid
drugs.

STANDARDS FOR EVALUATING CLINICAL TRIALS

Before evaluating individual clinical trialsrcerning the efficacy and safety of
medical uses of marijuana and cannabinoids, iseésul to review the general qualities of
clinical trials. Clinical trials involve groups aidividuals in which different treatments
are compared among different groups. Such triasore the efficacy of a medication
and are required by the FDA for approval of any mewg or new use of a drug
(discussed further iohapter 3.

The degree of assurance that the outcomelaiiaal trial is due to the treatment
being tested depends on how well the trial is desig Three important factors to
consider in evaluating the design of a clinicaltére sample selection, subjective
effects, and effects that are independent of #egrtiment. Fosample selectioit is
important to ensure that patients are allocatetifferent treatment groups in such a way
that the groups are not biased toward a partictéatment outcome. For example, the
health status, gender, and ages of different trewaitigroups should be equivalent.
Subjective effectsiust be controlled because they influence expetiaheesults in two
important ways. First, a patient's expectation ghaeatment will be effective can
influence the degree of its effect (for exampleth@ control of nausea). Second, the
investigator's expectation can influence his orihrpretation of the treatment effect
(for example, when assessing the level of pain espeed by a patient). For these
reasons, double blinding, in which neither the sabpor the person who assesses the
drug's effect is aware of the subject's treatmemtg is particularly important in
cannabinoid drug studies. Another important corftsosubjective effects includes the
use of placebo drugs, which are inert substanee¢beaise of comparison drugs that
have effects similar to the experimental drug. Fn#e quality of the experimental
design depends on controlling for factors thatuamelated to the test drug but that might
nonetheless influence the treatment outcorequg&ncing effectsre one example of such
factors. For example, patients might react diffdyeto the same medication depending
on whether the medication was administered aftefimctive or an ineffective treatment.
Likewise, a patient whose symptoms are initiallydhmight react differently to a drug
than would a patient whose symptoms are initiadlyese. Because psychological effects
are associated with cannabinoid drugs, it is ingadrto consider how such side effects
might influence the therapeutic value of the treattnConditions such as pain and
nausea are especially susceptible to subjectigeinées. For example, depending on the
person, THC can reduce or increase anxiety; mgoirtant to determine to what extent
this "side effect" contributes to the therapeuffed.

While double-blind, randomized, controllechatial trials offer the highest degree of
assurance of drug efficacy, such trials are noagbseasible. Vulnerable populations,
such as children, older patients, and women oflddaring age, are often excluded from
experimental drug trials for safety reasons. Nogless, such patients are part of
everyday clinical practice. The challenge of intgong the ideal of standardized and



rigorous processes for treatment evaluation widgrlay clinical practice has
encouraged interest in single-patient trfalsethods for such trials have been
established and tested in a variety of clinicairsgs$, usually under everyday
conditions®®1%2>° They are particularly valuable when physicianpatients are
uncertain about the efficacy of treatment for syonpdtic diseases. Controls can be
incorporated even in this kind of trial. Such tsiabn be double blinded and can involve
cross-over designs in which the patient is treatgld alternating treatments, such as
placebo-drug-placebo or one drug followed by anodineg. As with any other clinical
trial, a single-patient trial should be designegéomit objective comparison between
treatments.

ANALGESIA

Pain is the most common symptom for whichgresi seek medical assistaRdeain
associated with structural or psychophysiologicsbitiers can arise from somatic,
visceral, or neural structureéSomatic pairresults from activation of receptors outside the
brain and is transmitted to the brain via peripheeaves.Visceral painresults from
activation of specific pain receptors in the intestvisceral nociceptive receptors); it is
characterized as a deep aching or cramping senshtibits source is often experienced
at sites remote from the site of receptor activeteophenomenon known as referred pain.
Neuropathic pairresults from injury to peripheral receptors, nena the central
nervous system; it is typically burning, the skaels abnormally unpleasant when gently
touched (dysesthesia), and it often occurs in aa af sensory loss, as in the case of
postherpetic neuralgia (shingles).

All of the currently available analgesic (paatieving) drugs have limited efficacy for
some types of pain. Some are limited by dose-relsitde effects and some by the
development of tolerance or dependence. A cannabhiapother analgesic, could
potentially be useful under any of the followingccimstances:

- There is a medical condition for which it is mofeeetive than any currently
available medication.

- It has a broad clinical spectrum of efficacy anechaue side effect profile.

« It has synergistic interactions with other analgesi

It exhibits "side effects"” that are considered ukif some clinical situations.

+ lIts efficacy is enhanced in patients who have dged tolerance to opioids.

There have not been extensive clinical studi¢ke analgesic potency of
cannabinoids, but the available data from animaldist indicate that cannabinoids could
be useful analgesics. In general, cannabinoids sed&® mild to moderate analgesics.
Opiates, such as morphine and codeine, are thewndsly used drugs for the treatment
of acute pain, but they are not consistently eiffedn chronic pain; they often induce
nausea and sedation, and tolerance occurs in satieafs. Recent research has made it
clear that CBreceptor agonists act on pathways that partialerlap with those
activated by opioids but through pharmacologicdistinct mechanisms (sebapter 2.



Therefore, they would probably have a differeneséfect profile and perhaps additive
or synergistic analgesic efficacy.

In light of the evidence that cannabinoids aduce pain in animals, it is important to
re-evaluate the evidence of analgesic efficacyuimdns and to ask what clinical
evidence is needed to decide whether cannabinaigs dény use in the treatment of pain.

Clinical Studies of Cannabinoids

There have been three kinds of studies oétfeets of cannabinoids on pain in human
volunteers: studies of experimentally induced apaiie, studies of postsurgical acute
pain, and studies of chronic pain. Overall, thexeehbeen very few studies--only one
since 1981--and they have been inconclusive.

Experimentally Induced Acute Pain

Early studies of cannabinoids on volunteedgsmdit demonstrate consistent analgesia
when experimental pain models were used. In faotgtearly volunteer studies of THC
and experimental pain caused by a variety of padatities--electrical stimulation,
tourniquet pair;,B?lrEg thermal pain--resulted inremeasein pain sensitivity

(hyperalgesiaj:

Other studies also failed to show an analgeféect of THC, but they were not well
designed. Raft and co-workers found no evidencEHEE effect on pain thresholds and
pain tolerance following electrical stimulation amakious pressure? But their study
suffers from two major methodological problemssgithey measured only the extremes
of pain sensationthreshold(the lowest intensity at which a particular stiosuls
perceived as painful) artdlerance(the maximum intensity of pain that a subject can
withstand). However, most pain is experienced imérmediate range, where effects on
pain suppression are most detectable. Modern metbigoain assessment in humans
typically use ratings of the intensity of the sditgaof pain; those methods are superior
to assessing the effects of a drug on the extrergsin®? Second, Raft and co-workers
did not include a positive control; that is, theg dot demonstrate the adequacy of their
method by showing that an established analgesit, @8l an opiate or narcotic, was
effective under their study conditions.

Clark and co-workefstested the effect of smoked marijuana on therrai m
volunteers and failed to observe an analgesic teffemvever, because of the study
design, the results are inconclusive. First, theas no positive control to demonstrate the
adequacy of their methods; second, the study sishyegre habitual marijuana users.
During the study, they were hospitalized and alldfvee access to marijuana cigarettes
for a period of four weeks, consuming an averagewfto 17 marijuana cigarettes per
day. Pain was tested "approximately every one toweks."” Thus, it is quite likely that
the subjects were tolerant to THC at the time sfing.

Surgical Acute Pain



Raft and co-worket found no analgesic effect of THC on surgical patuced by
tooth extraction. However, that study suffered freeneral serious limitations: the tooth
extraction included treatment with the local anesthlidocaine, the pain during the
procedure was assessed 24 hours later, and theneon@ositive control. Levonantradol
(a synthetic THC analogue) was tested in 56 patiefio had moderate to severe
postoperative or trauma pathThey were given intramuscular injections of
levonantrodol or placebo 24 hours after surgerycdmtrol for previous drug exposure,
patients with a history of drug abuse or addicdod those who received an analgesic,
antiinflammatory, tranquilizer, sedative, or anesithagent within 24 hours of the test
drug were excluded from the study. On average, dief was significantly greater in
the levonantradol-treated patients than in theglladreated patients. Because the
authors did not report the number or percentageople who responded, it is not clear
whether the average represents consistent pagf melall levonantradol-treated patients
or whether some people experienced great reliebaedr experienced none.

Chronic Pain

The most encouraging clinical data on theat$fef cannabinoids on chronic pain are
from three studies of cancer pain. Cancer pairbeatiue to inflammation, mechanical
invasion of bone or other pain-sensitive structareerve injury. It is severe, persistent,
and often resistant to treatment with opioids. e study, Noyes and co-workers found
that oral doses of THC in the range of 5—20 mg peoed analgesia in patients with
cancer paif2*%° The first experiment was a double-blind, placebntmlled study of
10 subjects and measured both pain intensity aimdrelef4° Each subject received all
drug treatments: placebo and 5, 10, 15, and 20fmglG in pill form; each pill was
identical in appearance and given on successive dée 15- and 20-mg doses of THC
produced significant analgesia. There were no temdmausea or vomiting. In fact, at
least half the patients reported increased app#titih a 20-mg dose of THC, patients
were heavily sedated and exhibited "depersonabzdtcharacterized by a state of
dreamy immobility, a sense of unreality, and dismted thoughts. Five of 36 patients
exhibited adverse reactions (extreme anxiety) agie w&liminated from the study. Only
one patient experienced this effect at the 10-nsgdd THC. The mean age of the
patients was 51 years, and they were probablyxp#reenced marijuana smokers. A
limitation of this study is that there were no piog controls--that is, other analgesics
that could provide a better measure of the degreealgesia produced by THC.

In a later larger single-dose study, the samwestigators reported that the analgesic
effect of 10 mg of THC was equivalent to that ofr6@ of codeine; the effect of 20 mg of
THC was equivalent to that of 120 mg of codeffigNote that codeine is a relatively
weak analgesic.) The side effect profiles werelaimihough THC was more sedating
than codeine. In a separate publication the saiti®eupublished data indicating that
patients had improved mood, a sense of well-beind,less anxiet}?*®

The results of the studies mentioned aboveamcer pain are consistent with the
results of using a nitrogen analogue of THC. Tviaidrwere reported: one compared this
analogue with codeine in 30 patients, and a secomgpared it with placebo or



secobarbital, a short-acting barbitur&feFor mild, moderate, and severe pain, the THC
analogue was equivalent to 50 mg of codeine andrgugo placebo and to 50 mg of
secobarbital.

Case Reports and Surveys

The few case reports of clinical analgesegrof cannabinoids are not
convincing®1% There are, however, anecdotal surveys that raespdassibility of a role
for cannabinoids in some patients who have chrpaic with prominent spasticity. A
recent survey of over 100 patients with multiplkesusis reported that a large number
obtained relief from spasticity and limb pain (dissed further under the section on
multiple sclerosis} Several said that it relieved their phantom paid eadaché&:

Migraine Headaches

There is clearly a need for improved migramedications. Sumatriptan (Imitrex) is
the best available medication for migraine headsdmet it fails to abolish migraine
symptoms in about 30% of migraine patieffs*’ Marijuana has been proposed
numerous times as a treatment for migraine headabliethere are almost no clinical
data on the use of marijuana or cannabinoids fgrame. Our search of the literature
since 1975 yielded only one scientific publicatmmthe subject. It presents three cases
of cessation of daily marijuana smoking followedrbigraine attacks--not convincing
evidence that marijuana relieves migraine headathgse same result could have been
found if migraine headaches were a consequencaojuana withdrawal. While there is
no evidence that marijuana withdrawal is followgohtigraines, when analyzing the
strength of reports such as these it is importaobnsider all logical possibilities.
Various people have claimed that marijuana reli¢kies migraine headaches, but at this
stage there are no conclusive clinical data oriphbt surveys about the effect of
cannabinoids on migraine.

However, a possible link between cannabinait$ migraine is suggested by the
abundance of cannabinoid receptors in the periaguaidgray (PAG) region of the brain.
The PAG region is part of the neural system thppsesses pain and is thought to be
involved in the generation of migraine headactide link or lack thereof between
cannabinoids and migraine might be elucidated layreming the effects of cannabinoids
on the PAG regioh’ Recent results indicating that both cannabinoigpéor subtypes
are involved in controlling peripheral p&irsuggest that the link is possible. Further
research is warranted.

Conclusions: Analgesia

A key question to address is whether theamisreceptor selectivity for the analgesic
efficacy of cannabinoids. Are the unwanted sidea§ (amnesia and sedation) caused by
the same receptors in the same brain regions as firoducing the analgesia? If the
answer is/es enhancing efficacy will not solve the problemseflation. Similarly, are
the pleasant side effects due to an action atatregeceptor? Can the feelings of well-



being and appetite stimulation be separated bycutdedesign? Recent results
indicating that both cannabinoid receptor subtygresndependently involved in
controlling peripheral paffi (discussed ihapter  strongly suggest that this is possible
and that further research is warranted.

Further research into the basic circuitry uhyileg cannabinoid analgesia should be
valuable. The variety of neural pathways that uleléine control of pain suggests that a
synergistic analgesia "cocktail” would be effectiFer example, Lichtman and Martin
have shown the involvement of @2 adrenoreceptor in cannabinoid analgé&Sia.
Perhaps a combination of a C&yonist and a™ 2 agonist (such as clonidine) would
provide enhanced analgesia with less severe didetef

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

- Chemotherapy patients, especially those beingetdatr the mucositis, nausea,
and anorexia.

- Postoperative pain patients (using cannabinoidsapioid adjunct to determine
whether nausea and vomiting from opioids are reduce

- Patients with spinal cord injury, peripheral newathyc pain, or central poststroke
pain.

- Patients with chronic pain and insomnia.

« AIDS patients with cachexia, AIDS neuropathy, oy aignificant pain problem.

In any patient group an essential questidretaddressed is whether the analgesic
efficacy of opioids can be augmented. The strategyld be to find the ceiling analgesic
effect with an opioid (as determined by pain inignand tolerability of side effects) and
then add a cannabinoid to determine whether additipain relief can be obtained. That
would begin the investigation of potential drug dmmations. As with any clinical study
on analgesic drugs, it will be important to invgate the development of tolerance and
physical dependence; these are not themselvesnetsexclude the use of cannabinoids
as analgesics, but such information is essentitleananagement of many drugs that are
associated with tolerance or physical dependence.

A secondary question would be whether TH®ésdnly or the best component of
marijuana for analgesia. How does the analgesecedif the plant extract compare with
that of THC alone? If there is a difference, ithkié important to identify the
combinations of cannabinoids that are the mostt¥ke analgesics.

In conclusion, the available evidence frormzaliand human studies indicates that
cannabinoids can have a substantial analgesice®ee exception is the lack of
analgesic effect in studies on experimentally iredliacute pain, but because of
limitations in the design of those studies theyeniaconclusive. Further clinical work is
warranted to establish the magnitude of the effedifferent clinical conditions and to



determine whether the effect is sustained. Althaihghusefulness of cannabinoids
appears to be limited by side effects, notably sedaother effects such as anxiolysis,
appetite stimulation, and perhaps antinausea atspasticity effects should be studied
in randomized, controlled clinical trials. Theseyw&special” effects might warrant
development of cannabinoid drugs for particulamichl populations.

NAUSEA AND VOMITING

Nausea and vomiting (emesis) occur under i@tyanf conditions, such as acute viral
illness, cancer, radiation exposure, cancer chesnaply, postoperative recovery,
pregnancy, motion, and poisoning. Both are prodigeexcitation of one or a
combination of triggers in the gastrointestinattydrain stem, and higher brain centers
(Figure 4.1 Emesis-stimulating pathway<Y. There are numerous cannabinoid receptors
in the nucleus of the solitary tract, a brain cettiat is important in the control of
emesis~® Although the same mechanisms appear to be invatveiygering both
nausea and vomiting, either can occur without thero Much more is known about the
neural mechanisms that produce vomiting than athmste that produce nausea, in large
part because vomiting is a complex behavior invg\doordinated changes in the
gastrointestinal tract, respiratory muscles, argtyre, whereas nausea is a sensation
involving primarily higher brain centers and laeksiscrete observable actit%

Most reports on the antiemetic effects of marijjuanaannabinoids are based on
chemotherapy-induced emesis; they are the subjéiee dollowing section.

Chemotherapy-Induced Nausea and Vomiting

The use of effective chemotherapeutic drugsgnaduced cures in some malignancies
and retarded the growth of others, but nausea amiting are frequent side effects of
these drugs. Nausea ranks behind only hair loascascern of patients on
chemotherapy, and many patients experience iteagtinst side effect of chemotherapy.
The side effects can be so devastating that patadrgndon therapy or suffer diminished
quality of life. As a result, the development dieetive strategies to control the emesis
induced by many chemotherapeutic agents is a rgaglrin the supportive care of
patients with malignancies.

The mechanism by which chemotherapy inducesituay is not completely
understood. Studies suggest that emesis is cays&drulation of receptors in the
central nervous system or the gastrointestinat.tidds stimulation appears to be caused
by the drug itself, a metabolite of the drug, @reairotransmitte¥23 In contrast with an
emetic like apomorphine, there is a delay betwheratiministration of chemotherapy
and the onset of emesis. This delay depends ochfraotherapeutic agent; emesis can
begin anywhere from a few minutes after the adrirati®n of an agent like mustine to
an hour for cisplatif?

The most desirable effect of an antiemetio isontrol emesis completely, which is
currently the primary standard in testing new angéc agents (R. Gralla, IOM
workshop). Patients recall the number of emetis@ges accurately, even if their



antiemetics are sedating or affect memdfthus, the desired end point of complete
control is also a highly reliable method of evailolat The degree of nausea can be
estimated through the use of established visudbgna scale$+>>1%

Another consideration in using antiemetic driggthat the frequency of emesis varies
from one chemotherapeutic agent to another. Fanpla cisplatin causes vomiting in
more than 99% of patients who are not taking areamrgtic (with about 10 vomiting
episodes per dose), whereas methotrexate causssemiess than 10% of
patients>*282 Among chemotherapeutic agents, cisplatin is thetrmonsistent emetic
known and has become the benchmark for judging@muetiic efficacy. Antiemetics that
are effective with cisplatin are at least as effectvith other chemotherapeutic agents.
Controlling for the influence of prior chemotheragyd balancing predisposing factors
such as, sex, age, and prior heavy alcohol use gsstady groups are vital for reliability.
Reliable randomization of patients and blindindhteques (easier when there are no
psychoactive effects) are also necessary to ewathatcontrol of vomiting and nausea.

THC and Marijuana Therapy for Chemotherapy-Induced
Nausea and Vomiting

Cannabinoids are mildly effective in prevegtemesis in some patients who are
receiving cancer chemotherapy. Several cannabiraids been tested as antiemetics,
including THC (bottA°-THC and28-THC) and the synthetic cannabinoids nabilone and
levonantradol. Smoked marijuana has also been eweaini

Antiemetic Properties of THC

The quality and usefulness of antiemetic stsidiepend on adherence to the
methodological considerations outlined above. Mainhe reported clinical experiences
with cannabinoids are not based on definitive expental methods. In studies that
compared THC with a placebo, THC was usually folsndossess antiemetic properties.
However, the chemotherapeutic drug varied in nrgast and some studies included
small numbers of patients. In one study THC wasfoto be superior to a placebo in
patients receiving methotrexate, an agent thavtisrstrong emetit2 When the same
investigators studied THC in a small number ofgras who were receiving a
chemotherapeutic drug that is more likely to caersesis than anthracycline, the
antiemetic effect was poo.

Other trials were designed to compare THC witt of Compazine
(prochlorperazine¥**1®° |n the 1980s, prochlorperazine was one of the raffeetive
antiemetics available, but it was not completelys&actory, and the search for better
agents continued. THC and prochlorperazine givallyoshowed similar degrees of
efficacy, but the studies often used various chéerapeutic agents. Even when
administered in combination, THC and prochlorparafailed to stop vomiting in two-
thirds of patients?



In a carefully controlled double-blind studyneparing THC with the antiemetic drug
metoclopramide, in which no patient had previouslyeived chemotherapy and in which
anticipatory emesis was therefore not a factopatients received the same dose of
cisplatin and were randomly assigned to the THQigmr the metoclopramide group.
Complete control of emesis occurred in 47% of thosated with metoclopramide and
13% of those treated with THE& Major control (two or fewer episodes) occurred8%
of the patients given metoclopramide compared &b B7those given THC. There were
many flaws in experimental methods, but those tesuiggest that THC has some, but
not great, efficacy in reducing chemotherapy-induemesis®22%1% The studies also
indicate that the degree of efficacy is not high1985, the FDA approved THC in the
form of dronabinol for this treatment (discussedhapter .

The THC metabolite, 11-OH-THC, is more psydtiva than THC but is a weaker
antiemetict® Thus, it might be possible to design antiemetimedinoids without the
psychological effects associated with marijuan@té€. 28-THC is less psychoactive
than THC>! but was found to completely block both acute asldykd chemotherapy-
induced emesis in a study of eight children, aged 3 years. Two hours before the start
of each cancer treatment and every six hours tfierdar 24 hours, the children were
given A8-THC as oil drops on the tongue or in a bite oBlrél8 mg/rbody surface
area). The children received a total of 480 treatselhe only side effects reported were
slight irritability in two of the youngest childrg8.5 and 4 years old). Based on the
prediction that the THC-induced anxiety effects Wdoe less in children than in adults,
the authors used doses that were higher than teosenmended for adults (5—10
mg/nf body surface area).

Antiemetic Properties of Synthetic THC Analogues

Nabilone (Cesamet) and levonantradol weredeist various settings; the results were
similar to those with THC. Efficacy was observedaveral trials, but no advantage
emerged for these agerf&2®® As in the THC trials, nabilone and levonantradmluced
emesis but not as well as other available agentsoaberately to highly emetogenic
settings. Neither is commercially available in taited States.

Antiemetic Properties of Marijuana

Among the efforts to study marijuana was dimieary study conducted in New York
state on 56 cancer patients who were unresporsieenventional antiemetic agerité.
The patients were asked to rate the effectivenessnjuana compared with results
during prior chemotherapy cycles. In this survedfa3of patients rated marijuana as
moderately or highly effective. The authors coneldithat marijuana had antiemetic
efficacy, but its relative value was difficult tetérmine because no control group was
used and the patients varied with respect to pusvexperiences, such as marijuana use
and THC therapy.

A Canadian oncology group conducted a doubietpcross-over, placebo-controlled
study comparing smoked marijuana with THC in gl in 20 patients who were



receiving various chemotherapeutic drdysThe degree of emetic control was similar:
only 25% of patients achieved complete controlrmoésis; 35% of the patients indicated
a slight preference for the THC pills over marijaaB0% preferred marijuana, and 45%
expressed no preferenéé’

Neither study showed a clear advantage foksehonarijuana over oral THC, but
neither reported data on the time course of antiersentrol, possible advantages of
self-titration with the smoked marijuana, or thge to which patients were able to
swallow the pills. Patients with severe vomitinguibhave been unlikely to be able to
swallow or keep the pills down long enough for thieniake effect. The onset of drug
effect is much faster with inhaled or injected THi@n it is for oral delivery?12141
Although many marijuana users have claimed thakeehonarijuana is a more effective
antiemetic than oral THC, no controlled studiesehgwt been published that analyze this
in sufficient detail to estimate the extent to whihis is the case.

Side Effects Associated with THC and Marijuana in A ntiemetic Therapy

Freguent side effects associated with THC anjomana are dizziness, dry mouth,
hypotension, moderate sedation, and euphoria quhayil81920107143160176185 14
patients, dry mouth and sedation are the leasblirayside effects. Perhaps the most
troubling side effects are orthostatic hypotensind dizziness, which could increase the

patient's distress.

There is disagreement as to whether the psyitive effects of THC correlate with its
antiemetic activity. In the prospective double-tltnial comparing THC with
metoclopramide, the authors reported no relatignsbtween the occurrence of complete
antiemetic control and euphoria or dysphéfi@ther investigators believe that the
occurrence of euphoria or dysphoria is often assediwith improved antiemetic
controlX®® Nevertheless, there is a consensus among investghaat dysphoric effects
are more common among patients who have had nogxjpeerience with cannabinoids.
An important and unexpected problem encountergldrNew York state open trial with
marijuana was the inability of nearly one-fourthtloé patients to tolerate the
administration of marijuana by smokif§. The intolerance could have been due to
inexperience with smoking marijuana and is an irtgparconsideration.

Therapy for Chemotherapy-Induced Nausea and Vomitin g
Present Therapy

New classes of antiemetics that have emergedtbe past 10 years have dramatically
reduced the nausea and vomiting associated witteca@hemotherapy and transformed
the acceptance of cisplatin by cancer patients.nEweantiemetics--including selective
serotonin type 3 receptor antagonists, substitokedamides, corticosteroids,
butyrophenones, and phenothiazines--have few $idete when given over a short term
and are convenient in various clinical settings.



The most effective commonly used antiemetressarotonin receptor antagonists
(ondansetron and granisetron) with or without cogteroids?2088145155 | 5
combination trial of dexamethasone (a corticosthrand a serotonin antagonist,
complete control of acute cisplatin-induced emesis observed in about 75% of
patients. If the chemotherapy was only moderateigtegenic, up to 90% of the patients
who received the combination achieved completerobaf emesis. Side effects of those
antiemetic agents include headache, constipatrahahlerations in liver function, but
they are generally well tolerated by most patiéfts.

Other commonly used antiemetics are phendtieazprochlorperazine (Compazine)
and haloperidol--and metoclopramide. Metoclopransdgomewhat less effective than
the serotonin antagonists and has more side effactading acute dystonic reactions,
drowsiness, diarrhea, and depressfih Side effects associated with phenothiazines are
severe or acute dystonic reactions, hypotensiamtea vision, drowsiness, dry mouth,
urinary retention, allergic reactions, and occaasigaundice:

The cost of effective antiemetic regimens ary markedly, depending on the agent,
dose, schedule, and route of administration. Olerall regimens cost less than
intravenous regimens because of lower pharmacydmdnistration costs, as well as
lower acquisition costs in many countries. Regimeitls a cost to the pharmacy as low
as about $30 to $35 per treatment session havesheem to be effectiv®’ these costs
are for treatment of acute emesis and delayed smai generic agents where available.

Although it is generally not well known by tpablic, major progress in controlling
chemotherapy-induced acute nausea and vomitingdéers made since the 1970s.
Patients receiving the most difficult to controletia agents now have no more than
about a 20—30% likelihood of experiencing acute €878> whereas in the 1970s the
likelihood was nearly 100% despite antiemeti®8.As has been seen, most antiemetic
studies with cannabinoids had methodological diffies and are inconclusive. The
evidence from the well-conducted trials indicatat ttannabinoids reduce emesis in about
one-fourth of patients receiving cancer chemother@annabinoids are not as effective
as several other classes of agents, such as stdx$iitenzamides, serotonin receptor
antagonists, and corticosteroids. The side effesgsciated with cannabinoid use are
generally tolerable. Like cannabinoids, smoked jmania, was apparently effective, but
the efficacy was no greater than that of availalliteemetic agents now considered to be
marginally satisfactory. At present, the most dffecantiemetic regimens are
combinations of oral serotonin receptor antagonigtis dexamethasone in single-dose
regimens given before chemotherapy. Neither melgumse regimens nor intravenous
antiemetics provide better control, and both aduegessary costd??

Future Therapy

Advances in therapy for chemotherapy-inducaasea and vomiting will require
discovery of agents that work through mechanisrfisrdnt from those of existing
antiemetics, including the serotonin antagonisteoAg the proposed new pathways,
neurokinin-1 (NK-1) receptor antagonists appedragahe most promising. Neurokinin



receptors are found in brain and intestine andhameght to be involved in motor activity,
mood, pain and reinforcement. They might well belwed in mediating intestinal
sensations, including nausea. In animal modelsjtagkat block the NK-1 receptor
prevent cisplatin-induced emesis. At the time o thriting, clinical trials with NK-1
receptor antagonists were under way (phase Il atlgghase Ill comparison studies).
Preliminary results indicated that these agent heeful activity in both acute and
delayed chemotherapy-induced emesis (that is, beqgror persisting 24 or more hours
after chemotherapy) and are safe to administe

It is theoretically possible, considering ttteg mechanism of cannabinoid action
appears to differ from that of the serotonin reaepnhtagonists and of corticosteroids,
that THC added to more effective regimens mightaeck control of emesis. Such
combinations should aim to be as convenient aslgesand have few additional side
effects. The critical issue is not whether maripan cannabinoid drugs might be
superior to the new drugs, but whether some gréygatents might obtain added or
better relief from marijuana or cannabinoid drugs.

Even with the best antiemetic drugs, the abraf nausea and vomiting that begins or
persists 24 hours after chemotherapy remains iragierfhe pathophysiology of delayed
emesis appears different from that of acute emasijt is more likely to occur with a
strong emetic agent, but it varies from patierpatient. Treatment to prevent this emesis
requires dosing both before and after chemothef&py.

Conclusions: Chemotherapy-Induced Nausea

Most chemotherapy patients are unlikely to ttaruse marijuana or THC as an
antiemetic. In 1999, there are more effective amtigc agents available than were
available earlier. By comparison, cannabinoidsoalg modest antiemetics. However,
because modern antiemetics probably act throudéreift mechanisms, cannabinoids
might be effective in people who respond poorlguarently used antiemetic drugs, or
cannabinoids might be more effective in combinatiatthh a new drug than is either
alone. For both reasons, studies of the effectglpinctive cannabinoids on
chemotherapy-induced emesis are worth pursuingdbents whose emesis is not
optimally controlled with other agents.

While some people who spoke to the IOM studynt described the mood-enhancing
and anxiety-reducing effects of marijuana as atpascontribution to the antiemetic
effects of marijuana, one-fourth of the patientthe@ New York state study described
earlier were unable to tolerate smoked marijuanerél, the effects of oral THC and
smoked marijuana are similar, but there are diffees. For example, in the residential
studies of experienced marijuana users by Haneyxaswabrkers, subjects reported that
marijuana made them feel "mello# Whereas comparable doses of oral THC did’fhot.
Such differences might be due to the differentesutf delivery of THC, as well as the
different mixture of cannabinoids found in the mana plant. As of this writing, no
studies had been published that weighed the relatwtributions of those different
factors.



The goal of antiemetic medications is to préveausea and vomiting. Hence,
antiemetics are typically given before chemotheyrapyhich case a pill is an effective
from of drug delivery. However, in patients alreakperiencing severe nausea or
vomiting, pills are generally ineffective becau$¢he difficulty in swallowing or
keeping a pill down and slow onset of the drugaff€hus, an inhalation (but preferably
not smoking) cannabinoid drug delivery system wdidcadvantageous for treating
chemotherapy-induced nausea.

Until the development of rapid-onset antiemdtug delivery systems, there will
likely remain a subpopulation of patients for whetandard antiemetic therapy is
ineffective and who suffer from debilitating emesiss possible that the harmful effects
of smoking marijuana for a limited period of timeghmt be outweighed by the antiemetic
benefits of marijuana, at least for patients foowhstandard antiemetic therapy is
ineffective and who suffer from debilitating emes$sich patients should be evaluated on
a case-by-case basis and treated under close rheudjpEavision.

WASTING SYNDROME AND APPETITE STIMULATION

Wasting syndrome in acquired immune deficiesyagydrome (AIDS) patients is
defined by the Centers for Disease Control anddfrgan as the involuntary loss of more
than 10% of baseline average body weight in thegiree of diarrhea or fever of more
than 30 days that is not attributable to otheratisgprocesse$ Anorexia (loss of
appetite) can accelerate wasting by limiting thteke of nutrients. Wasting (cachexia)
and anorexia are common end-stage features of &daleliseases, such as AIDS, and of
some types of metastatic cancers. In AIDS, weigés bf as little as 5% is associated
with decreased survival, and a body weight aboattbird below ideal body weight
results in deatf?>®

There are two forms of malnutrition: starvatemd cachexia. Starvation, the
deprivation of essential nutrients, results fromnifae or poverty, malabsorption, eating
disorders such as anorexia nervosa, and so owa8tar leads to metabolic adaptations
that deplete body fat before losses of lean tisSaehexia results from tissue injury,
infection, or tumor and is characterized by a dipprtionate loss of lean body mass,
such as skeletal muscle. The effects of starvasgardless of the cause can usually be
reversed by providing food, whereas the effectsaghexia can be reversed only through
control of the underlying disease and--at leasstwne patients--drugs that stimulate
metabolism, such as growth hormone or androgerabalit hormones.

Malnutrition in HIV-Infected Patients

By 1997 more than 30 million people worldwidere infected with human
immunodeficiency virus (HIV), and the number isgioted to increase to almost 40
million by the year 2006%°22° Malnutrition is common among AIDS patients andypla
an independent and important role in their proggiosf®:>8 Because treatment for
malnutrition depends on whether it is caused biywateon or cachexia, one needs to



know the effects of HIV infection on metabolic pesses. The answer depends on the
clinical situation and can be either or béth.

The development of malnutrition in HIV infemti has many facets. Malnutrition in
HIV-infected patients results in a disproportionaépletion of body cell masgptal
body nitrogen, and skeletal muscle mass; all ansistent with cachexi#%* Body
composition studies show that the depletion of baeliymass precedes the progression to
AIDS (falling CD4 lymphocyte counts); this suggettat malnutrition is a consequence
of the inflammatory response to the underlyinghiméection, rather than a general
complication of AIDS*** In contrast, weight loss is often episodic andte to acute
complications, such as febrile opportunistic infats 2 Mechanisms underlying
wasting in HIV-infected patients depend on the staigHIV infection and on specific
associated complications.

The many reasons for decreased food intakengrAtDS patients include mouth,
throat, or esophageal infections or ulcers (oropigeal and esophageal pathology);
adverse effects of medicatioi§diarrhea; enteric infection; malabsorption; sesiou
systemic infection; focal or diffuse neurologica#ehse; HIV enteropathy; depression;
fatigue; and poverty. Nutrient malabsorption iaofthe result of microorganism
overgrowth or infection in the intestine, espegiatl the later stages of AIDB’

Marijuana and THC for Malnutrition in HIV-Infected Patients

Despite their frequency of use, little hasrbpeblished about the effectiveness of
marijuana or cannabinoids for the treatment of mn@ithon and wasting syndrome in
HIV-infected patients. The only cannabinoid evadubin controlled clinical studies is
THC, or dronabinol. Short-term (six-week) and Idegn (one-year) therapy with
dronabinol was associated with an increase in @pptd stable weight, and in a
previous short-term (five-week) clinical trial iivé patients, dronabinol was shown to
increase body fat by 19617 In 1992, the FDA approved THC, under the tradeexam
Marinol (dronabinol), as an appetite stimulanttfoe treatment of AIDS-related weight
loss. Megestrol acetate (Megace) is a synthetivatére of progesterone that can
stimulate appetite and cause substantial weigint\ghen given in high doses (320—640
mg/day) to AIDS patients. Megestrol acetate is nedfective than dronabinol in
stimulating weight gain, and dronabinol has no tdelieffect when used in combination
with megestrol acetaté& HIV/AIDS patients are the largest group of patiewho use
dronabinol. However, some reject it because ofritensity of neuropsychological
effects, an inability to titrate the oral dose Basind the delayed onset and prolonged
duration of its actiof.There is evidence that cannabinoids modulatentinetine system
(seechapter 2"Cannabinoids and the Immune System"), and thigdcbe a problem in
immunologically compromised patients. No publiskadlies have formally evaluated
use of any of the other cannabinoids for appetiteutation in wasting.

Anecdotes abound that smoked marijuana isilisefthe treatment of HIV-
associated anorexia and weight 165%.Some people report a preference for smoked
marijuana over oral THC because it gives them hilyato titrate the effects, which



depend on how much they inhale. In controlled latwy studies of healthy adults,
smoked marijuana was shown to increase body weiglpetite, and food intaké®
Unfortunately, there have been no controlled stidighe effect of smoked marijuana on
appetite, weight gain, and body composition in AlReients. At the time of this writing,
Donald Abrams, of the University of California, Sarancisco, was conducting the first
clinical trial to test the safety of smoked marjaan AIDS patients, and the results were
not yet available.

A major concern with marijuana smoking in Hifected patients is that they might
be more vulnerable than other marijuana users taunosuppressive effects of
marijuana or to the exposure of infectious orgasisgssociated marijuana plant material
(seechapter 3"Marijuana Smoke").

Therapy for Wasting Syndrome in HIV-Infected Patien ts
Present Therapy

Generally, therapy for wasting in HIV-infectpdople focuses on appetite stimulation.
Few therapies have proved successful in treatnfedhecAlDS wasting syndrome. The
stimulant studied most is megestrol acetate, whashbeen shown to increase food
intake by about 30% over baseline for reasonsrémain unknown. Its effect in
producing substantial weight gain is dose dependentmost of the weight gained is in
fat tissue, not lean body mass. Although the figdiare still preliminary, anabolic
compounds, such as testosterone or growth hornnaigét be useful in preventing the
loss of or in restoring lean body mass in AIDS grts!®44%41%0 Enteral and parenteral
nutrition have also been evaluated and shown tease weight, but again the increase is
due more to body fat than to lean body n74sS.

Encouraging advances in the antiviral treatnoéil1V infection and developments in
the prophylaxis of and therapy for opportunisti@ations have recently changed the
outlook for the long-term health of HIV-infectedqpde. Death rates have been halved,

and the frequency of serious complications, inecigdnalnutrition, has fallen
markedly*3

Future Therapy

The primary focus of future therapies for wagin HIV-infected patients is to
increase lean body mass as well as appetite. Asjistemic infections are associated
with profound anorexia, which is believed to be m&ztl by cytokines that stimulate
inflammation through their actions in and outside braint*? Cytokine inhibitors, such
as thalidomide, have been under investigation tenpial treatments to increase lean
body mass and reduce malnutrition. Even thoughatainnids do not appear to restore
lean body mass, they might be useful as adjuntieeapy. For example, cannabinoids
could be used as appetite stimulants, in patieittsdiminished appetite who are
undergoing resistance exercises or anabolic thammgrease lean body mass. They
could also be beneficial for a variety of effestsch as increased appetite, while reducing



the nausea and vomiting caused by protease infskatod the pain and anxiety
associated with AIDS.

Considering current knowledge about malnainitin HIV infection, cannabinoids, by
themselves, will probably not constitute primargrépy for this condition but might be
useful in combination with other therapies, suclebolic agents. Specifically, the
proposed mechanism of action of increasing fooakmtvould most likely be ineffective
in promoting an increase in skeletal muscle maddamctional capacity--the goal in the
treatment of cachexia in AIDS patients.

Malnutrition in Cancer Patients

Malnutrition compromises the quality of lifé many cancer patients and contributes
to the progression of their disease. About 30% mieAcans will develop cancer in their
lifetimes, and two-thirds of those who get cancérdie as a result of it.Depending on
the type of cancer, 50—80% of patients will devataphexia and up to 50% of them
will die, in part, as a result of cachex{d® The cachexia appears to result from the tumor
itself, and cytokines (proteins secreted by theé Hagng an immune response to tumor)
are probably important factors in this developm@achexia does not occur in all cancer
patients, but generally occurs in the late stafesleanced cancer of the pancreas, lung,
and prostate.

The only cannabinoid evaluated for treatinghexia in cancer patients is dronabinol,
which has been shown to improve appetite and premetght gair’® Present treatments
for cancer cachexia are similar to that for cach@xiAIDS patients. These treatments are
usually indicated in late stages of advanced desaad include megestrol acetate and
enteral and parenteral nutrition. Megestrol acetateulates appetite and promotes
weight gain in cancer patients, although the gamastly in fat mass (reviewed by
Bruera 1998"). Both megestrol acetate and dronabinol have delaged side effects that
can be troublesome for patients: megestrol acetateause hyperglycemia and
hypertension, and dronabinol can cause dizzines$etimargy. Cannabinoids have also
been shown to modulate the immune systemdbapter 2"Cannabinoids and the
Immune System"), and this could be contraindicatesbme cancer patients (both the
chemotherapy and the cancer can be immunosuppegssiv

Future treatments will probably depend ondéeelopment of methods that block
cytokine actions and the use of selective [32-adgenesceptor agonists to increase
muscle mas&*”2 Treatments for cancer cachexia will also mostyikeed to identify
individual patients' needs. Some patients mightreedy a cytokine inhibitor, whereas
others could benefit from combined approaches, as@m appetite stimulant and 32-
adrenergic receptor agonists. In this respect, sanhabinoids as THC might prove
useful as part of a combination therapy as an @ppimulant, antiemetic, analgesic,
and anxiolytic, especially for patients in lateg&ts of the disease.

Anorexia Nervosa



Anorexia nervosa, a psychiatric disorder ctimrized by distorted body image and
self-starvation, affects an estimated 0.6% of tb®. Population, with a greater
prevalence in females than matdss mortality is high, and response to standard
treatments is poor.

THC appears to be ineffective in treating thisease. In one study it caused severe
dysphoric reactions in three of 11 patiefit&ine possible explanation of the dysphoria is
that THC increases appetite and thus intensifiesrténtal conflict between hunger and
food refusaf® Furthermore, such patients might have underlysyghiatric disorders,
such as schizophrenia and depression, in whichatamoids might be hazardous (see
chapter 3"Psychological Harms").

Current treatments include psychological tégpines to overcome emotional or
behavioral problems and dietary intervention teerse the malnutritiof>
Pharmacological treatments, such as antidepres$avis been used in addition to
psychotherapy but tend to lack the desired leveffiidacy>2 Recently, alterations in a
gene for one of the serotonin receptors have kEtified in some patients with
anorexia nervos& The possibility of a genetic component suggestataway for the
development of new drugs to treat this disease.

Conclusions: Wasting Syndrome and Appetite Stimulat ion

The profile of cannabinoid drug effects suggdisat they are promising for treating
wasting syndrome in AIDS patients. Nausea, appletEg pain, and anxiety are all
afflictions of wasting, and all can be mitigatedrbgrijuana. Although some medications
are more effective than marijuana for these problghey are not equally effective in all
patients. A rapid-onset (that is, acting within otes) delivery system should be
developed and tested in such patients. Smokingumaa is not recommended. The long-
term harm caused by smoking marijuana makes iba gag delivery system,
particularly for patients with chronic ilinesses.

Terminal cancer patients pose different issbesthose patients the medical harm
associated with smoking is of little consequenag.términal patients suffering
debilitating pain or nausea and for whom all intedamedications have failed to provide
relief, the medical benefits of smoked marijuanghlhoutweigh the harm.

NEUROLOGICAL DISORDERS

Neurological disorders affect the brain, spotad, or peripheral nerves and muscles
in the body. Marijuana has been proposed most aféemsource of relief for three
general types of neurological disorders: musclstspty, particularly in multiple
sclerosis patients and spinal cord injury victimsvement disorders, such as Parkinson's
disease, Huntington's disease, and Tourette's ayrgjrand epilepsy. Marijuana is not
proposed as a cure for such disorders, but it mgjl@ve some associated symptoms.

Muscle Spasticity



Spasticity is the increased resistance toipassretch of muscles and increased deep
tendon reflexes. Muscles may also contract invalalyt(flexor and extensor spasms). In
some cases these contractions are debilitatingpaimdul and require therapy to relieve
the spasms and associated pain.

There are numerous anecdotal reports thajuaagd can relieve the spasticity
associated with multiple sclerosis or spinal coidry, and animal studies have shown

that cannabinoids affect motor areas in the braieas that might influence
spasticity>+/8130168

Multiple Sclerosis

Multiple sclerosis (MS) is a condition in whiultiple areas of the central nervous
system (CNS) are affected. Many nerve fibers becdemeyelinated, some are destroyed,
and scars (sclerosis) form, resulting in plaquesteed throughout the white matter of
the CNS. (Myelin is the lipid covering that surraismerve cell fibers and facilitates the
conduction of signals along nerve cells and ultetyabetween the brain, the spinal cord,
and the rest of the body.) MS exacerbations appdae caused by abnormal immune
activity that causes inflammation and myelin dedian in the brain (primarily in the
periventricular area), brain stem, or spinal c@édmyelination slows or blocks
transmission of nerve impulses and results in eayasf symptoms such as fatigue,
depression, spasticity, ataxia (inability to cohtr@luntary muscular movements),
vertigo, blindness, and incontinence. About 909%WI&f patients eventually develop
spasticity. There are an estimated 2.5 million M8gnts worldwide, and spasticity is a
major concern of many patients and physicigASpasticity is variably experienced as
muscle stiffness, muscle spasms, flexor spasmsaoras, muscle pain or ache. The
tendency for the legs to spasm at night (flexossp can interfere with sleep.

Marijuana is often reported to reduce the reuspasticity associated with M3:2% In
a mail survey of 112 MS patients who regularly msijuana, patients reported that
spasticity was improved and the associated pairctmiis decreaséd’ However, a
double-blind placebo-controlled study of postuesiponses in 10 MS patients and 10
healthy volunteers indicated that marijuana smokimgaired posture and balance in
both MS patients and the volunte&rdlevertheless, the 10 MS patients felt that they
were clinically improved. The subjective improverjemhile intriguing, does not
constitute unequivocal evidence that marijuanaves spasticity. Survey data do not
measure the degree of placebo effect, estimatbd &5 great as 30 percent in pain
treatments22L3! Furthermore, surveys do not separate the efféetedjuana or
cannabinoids on mood and anxiety from the effentspasticity.

The effects of THC on spasticity were evaldatea series of three clinical trials
testing a total of 30 patients**#8” They were "open trials,” meaning that the patients
were informed before treatment that they woulddzeiving THC. Based on patient
report or clinical exam by the investigator, spastiwas less severe after the THC
treatment. However, THC was not effective in aligrats and frequently caused



unpleasant side effects. Spasticity was also regdd be less severe in a single case
study after nabilone treatmertigure 4.3.2

In general, the abundant anecdotal reportaairevell supported by the clinical data
summarized iMable 4.1 But this is due more to the limitation of thedsas than to
negative results. There are no supporting animal tdeencourage clinical research in
this area, but there also are no good animal maddle spasticity of MS. Without an
appropriate model, studies to determine the phygical basis for how marijuana or
THC might relieve spasticity cannot be conductednétheless, the survey results
suggest that it would be useful to investigatepgbtntial therapeutic value of
cannabinoids in relieving symptoms associated i Such research would require the
use of objective measures of spasticity, such@gémdulum testSince THC is mildly
sedating, it is also important to distinguish tfifect from antispasticity effects in any
such investigations. Mild sedatives, such as Bemadibenzodiazepines, would be
useful controls for studies on the ability of capimaids to relieve muscle spasticity. The
regular use of smoked marijuana, however, woulddsgraindicated in a chronic
condition like MS.

Spinal Cord Injury

In 1990, there were about 15 million patiemtsldwide with spinal cord injury, and
an estimated 10,000 new cases are reported eachnyba United States alor&32
About 60% of spinal cord injuries occur in peoptaigger than 35 years old. Most will
need long-term care and some lifelong ¢&fe.

Many spinal cord injury patients report thatrijuana reduces their muscle spastis.
Twenty-two of 43 respondents to a 1982 survey oppewith spinal cord injuries
reported that marijuana reduced their spasticitfdne double-blind study of a paraplegic
patient with painful spasms in both legs suggestatioral THC was superior to codeine
in reducing muscle spasrfe2 Victims of spinal cord injury reporting at IOM
workshops noted that smoking marijuana reduces thescle spasms, their nausea, and
the frequency of their sleepless nights. The cavwascribed for surveys of spasticity
relief in MS patients also apply here.

Therapy for Muscle Spasticity

Present Therapy. Present therapy for spasticity includes the varimedications listed

in Table 4.2 Baclofen and tizanidine, the most commonly pribgct antispasticity drugs,
relieve spasticity and spasms with various degoéssiccess. The benefit of these agents
is generally only partial. Their use is complicabgdthe side effects of drowsiness, dry
mouth, and increased weakness.

Future Therapy. The discovery of agents that work through mechasidiffierent from
those of existing antispasticity drugs will be arportant advance in the treatment of
spasticity. The aim of new treatments will be tiiernee muscle spasticity and pain

without substantially increasing muscle weaknessomditions that result in spasticity.



The treatment for MS itself will likely be directed immunomodulation. Various
immunomodulating agents, such as beta-interferdrgéatiramer acetate, have been
shown to reduce the frequency of symptomatic astatle progression of disability, and
the rate 5of appearance of demyelinated lesiongt@etgd by magnetic resonance
imaging?

Conclusion: Muscle Spasticity

Basic animal studies describedirapter Zhave shown that cannabinoid receptors are
particularly abundant in areas of the brain thatti movement and that cannabinoids
affect movement and posture in animals as weluasams. The observations are
consistent with the possibility that cannabinoidsénantispastic effects, but they do not
offer any direct evidence that cannabinoids afépetsticity, even in animals. The
available clinical data are too meager to eitheeptor dismiss the suggestion that
marijuana or cannabinoids relieve muscle spastiBity the few positive reports of the
ability of THC and related compounds to reduce sgas together with the prevalence
of anecdotal reports of the relief provided by npuama, suggest that carefully designed
clinical trials testing the effects of cannabinomsmuscle spasticity should be
considered (seghapter )1.2°°? Such trials should be designed to assess thealagre
which the anxiolytic effects of cannabinoids cdmiite to any observed antispastic
effects.

Spasticity occurring at night can be veryulgive to sleep. Thus, a long-lasting
medication would be especially useful for MS paseat bedtime--when drowsiness
would be a beneficial rather than an unwanted sifet and mood-altering effects
would be less of a problem. One caution is rel&watie effects of THC on the stages of
sleep, which should be evaluated in MS patients @ sleep disturbances. If THC is
proven to relieve spasticity, a pill might be thefprred route of delivery for nighttime
use because of its long duration of action. Conparehe currently available therapies,
the long half-life of THC might allow for a smoothdrug effect throughout the day. The
intensity of the symptoms resulting from spastigigrticularly in MS, can rapidly
increase in an unpredictable fashion such thap#tient develops an "attack” of intense
muscle spasms lasting minutes to hours. An inhialed of THC (if it were shown to be
efficacious) might be appropriate for those patient

Movement Disorders

Movement disorders are a group of neurologioalditions caused by abnormalities in
the basal ganglia and their subcortical connectibrsugh the thalamus with cortical
motor areas. The brain dysfunctions ultimately itasuabnormal skeletal muscle
movements in the face, limbs, and trunk. The moverdisorders most often considered
for marijuana or cannabinoid therapy are dystadimtington's disease, Parkinson's
disease, and Tourette's syndrome. Movement disoederoften transiently exacerbated
by stress and activity and improved by factors thdtice stress. This is of particular
interest because for many people marijuana redaceasty.



Dystonia

Dystonia can be a sign of other basal ganglisarders, such as Huntington's disease
and tardive dyskinesia (irreversible developmeritebluntary dyskinetic movements)
and can be a primary basal ganglion disorder. Ryimhgstonias are a heterogeneous
group of chronic slowly progressive neurologicalaiders characterized by dystonic
movements--slow sustained involuntary muscle catitras that often result in abnormal
postures of limbs, trunk, and neck. Dystonias aaednfined to one part of the body,
such as spasmaodic torticollis (neck) or Meige'sdsgme (facial muscles), or can affect
many parts of the body, such as dystonia musculateformans. Dystonia can cause
mild to severe disability and sometimes pain seaontb muscle aching or arthritis.
Some dystonias are genetic; others are causedigg.drhe specific neuropathological
changes in these diseases have not been determined.

No controlled study of marijuana in dystonatipnts has been published, and the only
study of cannabinoids was a preliminary open tfadlannabidiol (CBD) that suggested
modest dose-related improvements in the five dystoatients studietf In mutant
dystonic hamsters, however, the cannabinoid recaginist, WIN 55,212-2, can
produce antidystonic effects®

Huntington's Disease

Huntington's disease is an inherited degewerdtsease that usually appears in
middle age and results in atrophy or loss of nesiiorihe caudate nucleus, putamen, and
cerebral cortex. It is characterized by arrhythmapid muscular contractions (chorea),
emotional disturbance, and dementia (impairmenitellectual and social ability).

Animal studies suggest that cannabinoids havelzoec activity, presumably because
of stimulation of CB receptors in the basal gangif&®

On the basis of positive results in one of flduntington’'s disease patients, CBD and
a placebo were tested in a double-blind crossauelyf 15 Huntington's disease
patients who were not taking any antipsychotic drddneir symptoms neither improved
nor worsened with CBD treatmert:®

The effects of other cannabinoids on patieritis Huntington's disease are largely
unknown. THC and other GEgonists are more likely candidates than CBD, wiices
not bind to the CBreceptor. Those receptors are densely distribonetie very neurons
that perish in Huntington's diseaSéThus far there is little evidence to encourage
clinical studies of cannabinoids in Huntington'sedise.

Parkinson's Disease
Parkinson's disease, a degenerative disdésetsaabout 1 million Americans over

the age of 567 It is characterized by bradykinesia (slowness avement), akinesia
(abrupt stoppage of movement), resting tremor, miascigidity, and postural instability.



Theoretically, cannabinoids could be usefultfeating Parkinson's disease patients
because cannabinoid agonists specifically inhitetgathways between the subthalamic
nucleus and substantia nigra and probably alspdlievays between the subthalamic
nucleus and globus pallidus (these structures slio®imure 2.6.2°%1% The latter effect
was not directly tested but is consistent with wh&nown about these neural pathways.
Hyperactivity of the subthalamic neurons, obselweaoth Parkinson's patients and
animal models of Parkinson's disease, is hypotads be a major factor in the
debilitating bradykinesia associated with the disaFurthermore, although
cannabinoids oppose the actions of dopamine ictingéds, they augment dopamine
activation of movement in an animal model of Paskims disease. This suggests the

potential for adjunctive therapy with cannabinoipists:®>—167 169

At the time of this writing, we could find gnbne published clinical trial of marijuana
involving five cases of idiopathic Parkinson's dise'® That trial was prompted by a
patient's report that smoking marijuana reduceaare but the investigators found no
improvement in tremor after the five patients sntbkerijuana--whereas all subjects
benefited from the administration of standard matlns for Parkinson's disease
(levodopa and apomorphin&)Although new animal data might someday indicatse
for cannabinoids in treating Parkinson's diseasegent data do not recommend clinical
trials of cannabinoids in patients with Parkinsah&ease.

Tourette's Syndrome

Tourette's syndrome usually begins in childhand is characterized by motor and
vocal tics (involuntary rapid repetitive movemeatssocalizations). It has been
suggested that the symptoms might be mediatedréguection in the activity of limbic-
basal ganglia-thalamocortical circuits (showiFigure 2.3.%% These circuits, while not
well understood, appear to be responsible for laéing a person's intentions to move
into actual movements. Damage to these structaeais|to either involuntary increases
in movement (as in Huntington's disease) or thbiliato make voluntary movements
(as in Parkinson's disease). The nature of theitdefiTourette's syndrome is unknown.

No clear link has been established betweerpgyms of Tourette's syndrome and
cannabinoid sites or mechanism of action. Pimoaitt®haloperidol, two widely used
treatments for Tourette's syndrome, inhibit effentdiated by the neurotransmitter
dopamine, whereas cannabinoids can increase dopaelgasé>*8 The physiological
relevance, if any, of these two observations haseen established.

Clinical reports consist of four case histsriredicating that marijuana use can reduce
tics in Tourette's patienf8%3 In three of the four cases the investigators ssighet
beneficial effects of marijuana might have been tugnxiety-reducing properties of
marijuana rather than to a specific antitic efféét.

Therapy for Movement Disorders



Various drugs are availabl€able 4.3 to treat the different movement disorders.
Common side effects of many of these drugs aretisedéethargy, school and work
avoidance, social phobia, and increased risk diipsonism and tardive dyskinesia. With
some of the medications, like those used for dyataificacy is lacking in up to 50% of
the patients. In addition to medications, surgicedrventions, such as pallidotomy and
neurosurgical transplantation of embryonic subgamigra tissue into the patient's
striatum, have been tried in Parkinson's diseasera. Surgery is generally palliative
and is still considered to be in the developmepitalse.

Conclusion: Movement Disorders

The abundance of GBeceptors in basal ganglia and reports of animaliass
showing the involvement of cannabinoids in the oardaf movement suggest that
cannabinoids would be useful in treating movemésdrders in humans. Marijuana or
CB; receptor agonists might provide symptomatic redfethorea, dystonia, some
aspects of parkinsonism, and tics. However, cliregadence is largely anecdotal; there
have been no well-controlled studies of adequatelaus of patients. Furthermore,
nonspecific effects might confound interpretatidmesults of studies. For example, the
anxiolytic effects of cannabinoids might make patisefeel that their condition is
improved, despite the absence of measurable chartlgeir condition.

Compared to the abundance of anecdotal reponiserning the beneficial effects of
marijuana on muscle spasticity, there are relatif@l claims that marijuana is useful for
treating movement disorders. This might refleccklof effect or a lack of individuals
with movement disorders who have tried marijuanary case, while there are a few
isolated reports of individuals with movement ddsms who report a benefit from
marijuana, there are no published surveys indigdtiat a substantial percentage of
patients with movement disorders find relief frorarjuana. Existing studies involve too
few patients from which to draw conclusions. Thestqromising reports involve
symptomatic treatment of spasticity. If the repdmeuroprotective effects of
cannabinoids discussedghapter Zorove to be therapeutically useful, this couldddgn
patients with movement disorders, but without fartata such a benefit is highly
speculative. Since stress often transiently exatesamovement disorders, it is
reasonable to hypothesize that the anxiolytic &fe€ marijuana or cannabinoids might
be beneficial to some patients with movement disdHowever, chronic marijuana
smoking is a health risk that could increase threléx of chronic conditions, such as
movement disorders.

Cannabinoids inhibit both major excitatory amldibitory inputs to the basal ganglia.
This suggests that a cannabinoid agonist couldym®dpposite effects on movement,
depending on the type of transmission (excitatomyloibitory) that is most active at the
time of drug administration. This property couldused to design treatments in basal
ganglia movement disorders, such as Parkinsoréaskswhere either the excitatory
subthalamic input becomes hyperactive or the inbipistriatal input becomes
hypoactive. The dose employed would be a majoofantthe therapeutic uses of
cannabinoids in movement disorders; low doses shoeildesirable, while higher doses



could be expected to aggravate pathological canditiThus, there is a clear reason to
recommend pre-clinical studies; that is, animadligtsi to test the hypothesis that
cannabinoids play an important role in movemendrdiers.

With the possible exception of multiple scksp the evidence to recommend clinical
trials of cannabinoids in movement disorders iatreg¢ly weak. Ideally, clinical studies
would follow animal research that provided strong@dence than is currently available
on the potential therapeutic value of cannabingidbe treatment of movement
disorders. Unfortunately, there are no good animadiels for these disorders. Thus,
double-blind, placebo-controlled clinical trialsieblated cannabinoids that include
controls for relevant side effects should be cotetlicSuch effects include anxiolytic and
sedative effects, which might either mask or ctwitie to the potential therapeutic effects
of cannabinoids.

Epilepsy

Epilepsy is a chronic seizure disorder théga$ about 2 million Americans and 30
million people worldwide=® It is characterized by recurrent sudden attackstefed
consciousness, convulsions, or other motor actiitgeizure is the synchronized
excitation of large groups of brain cells. Thesealmal electrical events have a wide
array of possible causes, including injury to th&@rband chemical changes derived from
metabolic faults of exposure to toxiHs.

Seizures are classified as partial (focalyemeralized. Partial seizures are associated
with specific sensory, motor, or psychic aberragitdmt reflect the function of the part of
the cerebral cortex from which the seizures afisneralized seizures are usually the
result of pathological conditions of brain siteattproject to widespread regions of the
brain. Such pathology can produce petit mal seizarenajor grand mal convulsions.

Cannabinoids in Epilepsy

There are anecdotal and individual case refbéat marijuana controls seizures in
epileptics (reviewed in a 1997 British Medical Asistion report), but there is no solid
evidence. While there are no studies indicating ¢ither marijuana or THC worsen
seizures, there is no scientific basis to justifgtsstudies.

In the only known case-controlled study thaswlesigned to evaluate illicit drug use
and the risk of first seizure, Ng and co-work&tsoncluded that marijuana is a
protective factor for first-time seizures in mert hat women. Men who used marijuana
reportedly had fewer first-time seizures than méwo @id not use marijuana. That report
was based on a comparison of 308 patients who &l &dmitted to a hospital after their
first seizure with a control group of 294 patieritee control group was made up of
patients who had not had seizures and were adniittezmergency surgery, such as
surgery for appendicitis, intestinal obstructionaoute cholecystitis. Compared to men
who did not use marijuana, the odds ratio of Seszure for men who had used marijuana
within 90 days of hospital admission was 0.36 (¥$fidence interval = 0.18—0.74).



An odds ratio of less than one is consistent withduggestion that marijuana users are
less likely to have seizures. The results for womvere not statistically significant.
However, this was a weak study. It did not inclaggasures of health status prior to
hospital admissions for the patients' serious dan, and differences in their health
status might have influenced their drug use raiem--as suggested by the authors--that
differences in their drug use influenced their tieal

The potential antiepileptic activity of CBD$hbkeen investigated but is not promising.
Three controlled trials were conducted in which CB&s given orally to patients who
had had generalized grand mal seizures or focalises Table 4.4. Two of these studies
were never published, but information about one peddished in a letter to thgouth
African Medical Journgland the other was presented at the 1990 Marijlraaenational
Conference on Cannabis and Cannabingitls.

Even if CBD had antiepileptic properties, #nstudies were likely too small to
demonstrate efficacy. Proving efficacy of anticolsants generally requires large
numbers of patients followed for months becausdrdwgiency of seizures is highly
variable and the response to therapy varies depgrmui seizure typ&*

Therapy for Epilepsy

Present Therapy. Standard pharmacotherapy for partial and genechkeizures, listed
in Table 4.5 involves a variety of anticonvulsant drugs. Theseys suppress seizures
completely in approximately 60% of patients whodatronic epilepsy and improve
seizures in another 15% of patients. All of thecmvulsants listed ifable 4.5have
side effects, some of the more common of whichdeogsiness, mental slowing, ataxia,
tremor, hair loss, increased appetite, headackerrinia, and rash. Nevertheless,
recurrent seizures are physically dangerous andienadly devastating, and preventing
them outweighs many undesirable side effects atamiulsant drugs.

Future Therapy. The goal of epilepsy treatment is to halt thewiz with minimal or

no side effects and then to eradicate the causst Mdahe anticonvulsant research on
cannabinoids was conducted before 1986. Since thany new anticonvulsants have
been introduced and cannabinoid receptors havedseovered. At present, the only
biological evidence of antiepileptic propertiescahnabinoids is that GBeceptors are
abundant in the hippocampus and amygdala. Botlemegire involved in partial seizures
but are better known for their role in functionselated to seizure$.Basic research

might reveal stronger links between cannabinoidksaizure activity, but this is not

likely to be as fruitful a subject of cannabinogsearch as others. Given the present state
of knowledge, clinical studies of cannabinoids jileptics are not indicated.

Alzheimer's Disease
Food refusal is a common problem in patierits wuffer from Alzheimer's type

dementia. The causes of anorexia in demented paopleot known but may be a
symptom of depression. Antidepressants improva@ati some but not all patients with



severe dementia. Eleven Alzheimer's patients weegdd for 12 weeks on an alternating
schedule of dronabinol and placebo (six weeks ol éi@atment). The dronabinol
treatment resulted in substantial weight gainsdeudines in disturbed behavitf.No
serious side effects were observed. One patienalsgizure and was removed from the
study, but the seizure was not necessarily caugelddnabinol. Recurrent seizures
without any precipitating events occur in 20% dfigras who have advanced dementia
of Alzheimer's typé®® Nevertheless, these results are encouraging ertougbommend
further clinical research with cannabinoids.

The patients in the study discussed above imdong-term institutional care, and
most were severely demented with impaired memoitofigh short-term memory loss
is a common side effect of THC in healthy patient&as not a concern in this study.
However, the effect of dronabinol on memory in Adizher's patients who are not as
severely disturbed as those in the above studyduoeilan important consideration.

GLAUCOMA

After cataracts, glaucoma is the second-lepdause of blindness in the world,;
almost 67 million people are expected to be afféuterldwide by the year 2088 (for
an excellent review, see Alward, 1898The most common form of glaucoma, primary
open-angle glaucoma (POAG), is a slowly progresdiserder that results in loss of
retinal ganglion cells and degeneration of thecopérve, causing deterioration of the
visual fields and ultimately blindness. The mecbkars behind the disease are not
understood, but three major risk factors are kncage, race, and high intraocular
pressure (IOP). POAG is most prevalent among ttherkgi, with 1% affected in those
over 60 years old and more than 9% in those oveln8@frican Americans over 80,
there is more than a 10% chance of having the skseand older African Caribbeans
(who are less racially mixed than African Americahnave a 20—25% chance of having
the diseas&®

The eye's rigid shape is normally maintaimegart by IOP, which is regulated by the
circulation of a clear fluid, the aqueous hurmbetween the front of the lens and the
back of the cornea. Because of impaired outflowaqfeous humor from the anterior
chamber of the eye, a high IOP is a risk factorgtlaucoma, but the mechanism by which
it damages the optic nerve and retinal gangliots cemains uncled* The two leading
possibilities are that high IOP interferes withrrarit blood flow to the region of the
optic nerve or that it interferes with transpornatrients, growth factors, and other
compounds within the optic nerve axon (P. Kaufm@ workshop). If the interference
continues, the retinal ganglion cells and optio/eewill permanently atrophy; the result
is blindnes$® Because high IOP is the only known major riskdathat can be
controlled, most treatments have been designeetiace it. However, reducing it does
not always arrest or slow the progression of vispsg221%

Marijuana and Cannabinoids in Glaucoma



Marijuana and THC have been shown to reduéb@an average of 24% in people
with normal IOP who have visual-field changes. imumnber of studies of healthy adults
and glaucoma patients, IOP was reduced by an avefdzb% after smoking a marijuana
cigarette that contained approximately 2% THC-duotion as good as that observed
with most other medications available toda$#22+123133 Simjlar responses have been
observed when marijuana was eaten or THC was givpitl form (10—40 mg) to
healthy adults or glaucoma patieft& But the effect lasts only about three to four
hours. Elevated IOP is a chronic condition and nbestontrolled continuously.

Intravenous administration 4°-THC, A%.-THC, or 11-OH-THC to healthy adults
substantially decreased IOP, whereas cannabindD, @Bd 3-OH-THC had little
effect®2%® The cause for the reduction in IOP remains unkndwnthe effect appears to
be independent of the frequently observed dropterial systolic blood pressure (Keith
Green, Medical College of Georgia, personal comgation).

Three synthetic cannabinoids were investigedddi29Y, BW146Y, and nabilone.
They were given orally to patients who had high I18®/146Y and nabilone were as
effective as ingesting THC or smoking marijuanadoydin with a very short duration of
action; BW29Y was ineffectiv&?®182

Topical treatments with cannabinoids have beefiective in reducing IOP. Whe4
®-THC was applied topically as eye drops, whetheear four times a day, there was no
decrease in I0F”2° Suspensions of lipophilic THC tended to be irfitgtto the eye.

In summary, cannabinoids and marijuana canaedOP when administered orally,
intravenously, or by inhalation but not when admstieied topically. Even though a
reduction in IOP by standard medications or surgtegrly slows the rate of glaucoma
symptom progression, there is no direct evidendseokfits of cannabinoids or

marijuana in the natural progression of glauconsyal acuity, or optic nerve
atrophy2212

In addition to lowering IOP, marijuana redubésod pressure and has many
psychological effects. Merritt and co-workers répdrhypotension, palpitations, and
psychotropic effects in glaucoma patients aftealation of marijuan&® Cooler and
Gregd* also reported increased anxiety and tachycartba itravenous infusion of
THC (1.5—3 mg). All those side effects are problémaarticularly for elderly
glaucoma patients who have cardiovascular or cevelscular diseas&he reduction in
blood pressure can be substantial and might adyeafect blood flow to the optic
nerver?* Many people with systemic hypertension have thigiod pressure reduced to
manageable and acceptable levels through medictibithis does not seem to affect
their IOP. In contrast, there is evidence that céidua in blood pressure to considerably
below-normal levels influences IOP and ocular blfiod.*#1%2 Hence, in the case of
an eye with high IOP or an optic nerve in poor ¢bod and susceptibility to high IOP,
reduced blood flow to the optic nerve could compeana functional retina and be a
factor in the progression of glaucoma.



Because it is not known how these compound&witas also not known how they
might interact with other drugs used to treat gtama. If the mechanism involves a final
common pathway, the effects of cannabinoids mightie additive and might even
interfere with effective drugs.

Therapy for Glaucoma
Present Therapy

Six classes of drugs are used to treat glaacathreduce I0PTable 4.2 In the
late 1970s, when early reports of the effects afijoena on IOP surfaced, only
cholinomimetics, epinephrine, and oral carbonicyain&ise inhibitors were available.
They are not popular today because of their sifdetsf such as pupil constriction or
dilation, brow ache, tachycardia, and diuresispfithem have been superseded by the
other classes of dru§dSurgical options are also available today to lol@#®, including
laser trabeculoplasty, trabeculectomy/sclerostaiminage implantation, and
cyclodestruction of fluid-forming tissué& Thus, there are now many effective options
to slow the progression of glaucoma by reducing.lOP

One important factor in slowing the progreasad glaucoma via medications that
reduce IOP is patient compliance with dosing regisa&Vith respect to compliance, the
ideal glaucoma drug is one that is applied at nwise a day (P. Kaufman, IOM
workshop). If the dose must be repeated every tlorézur hours, patient compliance
becomes a problem; for this reason, marijuana laadannabinoids studied thus far
would not be highly satisfactory treatments forugiama. Present therapies, especially
combinations of approved topical drugs, can con®& when administered once or
twice a day, at a cost of about $60 per month.

Future Therapy

In all likelihood the next generation of glanta therapies will deal with neural
protection, neural rescue, neural regeneratioblawd flow, and the optic nerve and
neural retina will be treated directly rather thast by lowering IOP (P. Kaufman, IOM
workshop). There is some evidence that a syntbatoabinoid, HU-211, might have
neuroprotective effecis vitro; this presents a potential approach that has rptbido
with IOP22Y HU-211 is commonly referred to as a cannabinoithbse its chemical
structure is similar to THC; however, it does nimidoto cannabinoid receptor.

It is known that cannabinoids lower IOP fasiybstantially but not how. No one has
tested whether the effect is receptor mediated@tin, IOM workshop). To do so, one
could test whether a receptor antagonist blockecktfects of THC or other
cannabinoids. If the decrease were shown to b@t@cmediated, it would be important
to know whether it was through GBvhich mediates central nervous system effects, or
CB,, which is not involved in CNS effects. If it we@Bs,, it might be possible to reduce
IOP without the CNS side effects. Finally, it i kmown whether the endogenous
cannabinoid system is a natural regulator of IOP.



Conclusion: Glaucoma

Although glaucoma is one of the most frequeaitied medical indications for
marijuana, the data do not support this indicatidigh intraocular pressure (IOP) is a
known risk factor for glaucoma and can, indeed;daieiced by cannabinoids and
marijuana. However, the effect is too and shoediand requires too high doses, and
there are too many side effects to recommend hfglase in the treatment of glaucoma.
The potential harmful effects of chronic marijuamaoking outweigh its modest benefits
in the treatment of glaucoma. Clinical studiestmneffects of smoked marijuana are
unlikely to result in improved treatment for glauta.

Future research might reveal a therapeutecefif isolated cannabinoids. For
example, it might be possible to design a cannatbidikaug with longer-lasting effects on
IOP and with less psychoactivity than THC.

SUMMARY

Advances in cannabinoid science of the pagteb8s have given rise to a wealth of
new opportunities for the development of medicabgful cannabinoid-based drugs. The
accumulated data suggest a variety of indicatipagijcularly for pain relief, antiemesis,
and appetite stimulation. For patients such asethoth AIDS or who are undergoing
chemotherapy, and who suffer simultaneously fromeeepain, nausea, and appetite
loss, cannabinoid drugs might offer broad-spectreinef not found in any other single
medication. The data are weaker for muscle spgshat moderately promising. The
least promising categories are movement disoreeikepsy, and glaucoma. Animal data
are moderately supportive of a potential for cammats in the treatment of movement
disorders and might eventually yield stronger emagement. The therapeutic effects of
cannabinoids are most well established for THC ctvis the primary psychoactive
ingredient of marijuana. But it does not followrndhis that smoking marijuana is good
medicine.

Although marijuana smoke delivers THC and ptianabinoids to the body, it also
delivers harmful substances, including most of ¢himsind in tobacco smoke. In addition,
plants contain a variable mixture of biologicallstise compounds and cannot be
expected to provide a precisely defined drug effieéot those reasons there is little future
in smoked marijuana as a medically approved meditalf there is any future in
cannabinoid drugs, it lies with agents of moreaartnot less certain, composition.
While clinical trials are the route to developimpeoved medications, they are also
valuable for other reasons. For example, the patsoadical use of smoked marijuana--
regardless of whether or not it is approved--tatteertain symptoms is reason enough to
advocate clinical trials to assess the degree tohwthe symptoms or course of diseases
are affected. Trials testing the safety and effyaaicmarijuana use are an important
component to understanding the course of a dispastgularly diseases such as AIDS
for which marijuana use is prevalent. The argunagainst the future of smoked
marijuana for treating any condition is not tharehis no reason to predict efficacy but



that there is risk. That risk could be overcomehsydevelopment of a nonsmoked rapid-
onset delivery system for cannabinoid drugs.

There are two caveats to following the traxtisil path of drug development for
cannabinoids. The first is timing. Patients who@raently suffering from debilitating
conditions unrelieved by legally available drugsd avho might find relief with smoked
marijuana, will find little comfort in a promise afbetter drug 10 years from now. In
terms of good medicine, marijuana should rarelydsemmended unless all reasonable
options have been eliminated. But then what?dbisceivable that the medical and
scientific opinion might find itself in conflict i drug regulations. This presents a
policy issue that must weigh--at least temporattie needs of individual patients
against broader social issues. Our assessmerg stibntific data on the medical value
of marijuana and its constituent cannabinoids tsome component of attaining that
balance.

The second caveat is a practical one. Althaughkt scientists who study cannabinoids
would agree that the scientific pathways to cammaitdidrug development are clearly
marked, there is no guarantee that the fruits iehsiéic research will be made available
to the public. Cannabinoid-based drugs will becawveglable only if there is either
enough incentive for private enterprise to develo@ market such drugs or sustained
public investment in cannabinoid drug researchdawtlopment. The perils along this
pathway are discussedghapter 5Although marijuana is an abused drug, the logical
focus of research on the therapeutic value of dainoal-based drugs is the treatment of
specific symptoms or diseases, not substance abhss, the most logical research
sponsors would be the several institutes withinNbagonal Institutes of Health or
organizations whose primary expertise lies in #lewant symptoms or diseases.

Conclusion: Scientific data indicate the potential therapeuélue of
cannabinoid drugs, primarily THC, for pain reliegntrol of nausea and
vomiting, and appetite stimulation; smoked maripiamowever, is a crude THC
delivery system that also delivers harmful substanc

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

Recommendation: Clinical trials of marijuana use for medical purposes
should be conducted under the following limited circumstances: trials should
involve only short-term marijuana use (lessthan six months), should be
conducted in patientswith conditionsfor which thereisreasonable
expectation of efficacy, should be approved by institutional review boards,
and should collect data about efficacy.

Recommendation: Short-term use of smoked marijuana (lessthan six
months) for patientswith debilitating symptoms (such asintractable pain or
vomiting) must meet the following conditions:



o failureof all approved medicationsto providerelief has been
documented,

o thesymptomscan reasonably be expected to berelieved by rapid-
onset cannabinoid drugs,

o such treatment isadministered under medical supervision in a
manner that allowsfor assessment of treatment effectiveness, and

o involvesan oversight strategy comparableto an institutional review
board processthat could provide guidance within 24 hoursof a
submission by a physician to provide marijuanato a patient for a
specified use.

Until a nonsmoked rapid-onset cannabinoid dielgrery system becomes available,
we acknowledge that there is no clear alternativgpgople suffering frorashronic
conditions that might be relieved by smoking mauija, such as pain or AIDS wasting.
One possible approach is to treat patientsais1 clinical trials, in which patients are
fully informed of their status as experimental gatg using a harmful drug delivery
system and in which their condition is closely mored and documented under medical
supervision, thereby increasing the knowledge béa#ege risks and benefits of marijuana
use under such conditions. We recommend thasfel clinical trials using the same
oversight mechanism as that proposed in the alBmemmendations.

OTHER REPORTS ON MARIJUANA AS MEDICINE

Since 1996, five important reports pertainimghe medical uses of marijuana have
been published, each prepared by deliberative groimedical and scientific experts
(Appendix B. They were written to address different facetthefmedical marijuana
debate, and each offers a somewhat different petrspeWith the exception of the
report by the Health Council of the Netherlandgheaoncluded that marijuana can be
moderately effective in treating a variety of syomps. They also agree that current
scientific understanding is rudimentary; indee@, $entiment most often stated is that
more research is needed. And these reports reltershime problem with herbal
medications as noted here: the uncertain compostigplant material makes for an
uncertain, and hence often undesirable, medicine.

The 1996 report by the Health Council of thethérlands concluded that there is
insufficient evidence to justify the medical usemdrijuanaor THC, despite the fact that
the latter is an approved medication in the Un@&ates and Britain. However, that
committee addressed only whether there was suifieieidence to warrant the
prescription of marijuana or cannabinoids, not \weethe data are sufficient to justify
clinical trials. Conclusions of the Health Courdilthe Netherlands contrast with that
country's tolerance of marijuana use. The healtimcidis report noted that marijuana use
by patients in the terminal stages of illness israded in hospitals. It also said that the
council did "not wish to judge patients who consumaaihuana (in whatever form)
because it makes them feel better. . . ."



In contrast, the American Medical Associatibouse of Delegates, National Institutes
of Health (NIH), and the British Medical Associaticecommend clinical trials of
smoked marijuana for a variety of symptoms. The Kdplort, however, was alone in
recommending clinical studies of marijuana for tteatment of glaucoma--and even then
there was disagreement among the panel membersafWil. Beaver, chair, NIH Ad
Hoc Expert Panel on the Medical Use of Marijuareaaspnal communication, 1998).

Recent reviews that have received extensteat&in from those who follow the
medical marijuana debate have been written by gtamvocate$or (Grinspoon and
Bakalar, 199%; Zimmer and Morgan, 199%) or against(Voth and Schwartz, 196%)
the medical use of marijuana. Those reports reptdéle individual views of their
authors, and they are not reviewed here but hase teviewed in major scientific
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Notes

1 Thevisual analogue scalis a continuous line representing all possiblelewf a particular sensation. It
is an estimation of a patient's subjective evatuasind not a true measurement. Patients seleéht po
anywhere on the line to demonstrate the level n§agon they are experiencing, with one end repiese
one extreme, such as no sensations, and the ottieepresenting the opposite extreme, such as a
maximum level of that sensation.

2 Note that the authors of this study chose to A8eTHC because it is more stable and easier to peduc

than 4 °-THC; it does not follow from this particular stuthyat marijuana, with its mixture of
cannabinoids, should be a more powerful antientkéin ASTHC.

3 Body cell mass is the fat-free cellular masss kamposed of the cells of the muscle and orgdns, p
circulating hematopoietic cells and the aqueouspartment of adipocytes. It is not fat, extracelluiater,
or extracellular solids (such as tendons).

4 Thependulum tesis an objective and accurate measure of MS-indapediticity. It is done by
videotaping a patient who lies supine on a tabté Wis or her leg extending off the edge. The &g i
dropped and the resulting motion is mathematicatiglyzed by computer to provide a quantitative
measure of spasticity.

® The cornea and lens must be optically clear, whielans that there cannot be blood circulation és¢h
tissues. The aqueous humor is a clear fluid thattfons as alternative circulation across the oédne
cornea and to the lens, providing nutrients ancbréng waste from these tissues.
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Development of Cannabinoid Drugs

Medicines today are expected to be of known contiposand quality.
Even in cases where marijuana can provide relisiyofptoms, the crude
plant mixture does not meet this modern expectafibe future of
medical marijuana lies in classical pharmacologita development,
and indeed there has been a resurgence of saeasfivell as public,
interest in the therapeutic applications of canmaidis. After an initial burst of scientific
activity in the 1970s, today's renewed interesthesen fueled by major scientific
discoveries discussed in previous chapters: thdifamtion and cloning of endogenous
cannabinoid receptors, the discovery of endogesobistances that bind to these
receptors, and the emergence of synthetic cannidkitiwat also bind to cannabinoid
receptors. These scientific accomplishments havpghied interest in developing new
drugs that can treat more effectively or more yatet constellation of symptoms for
which cannabinoids might have therapeutic benséie¢hapter 4. Through the process
of what is referred to as "rational drug desigejéstists manipulate the chemical
structures of known cannabinoids to design belierajpeutic agents. Several new
cannabinoids are being developed for human useydné has reached the stage of
human testing in the United States.

The purpose of this chapter is to describgtbeess of and analyze the prospects for
development of cannabinoid drugs. It first discegbe regulatory hurdles that every new
drug encounters en route to market. It then pracémdescribe the regulatory and
market experiences of dronabinol (tetrahydrocammpor THC, in sesame oil), the only
approved cannabinoid in the United States. Thest@oss serve as a road map to
determine whether the therapeutic potential of ahmoids is likely to be exploited
commercially to meet patient needs. Finally, thaptr describes what would be needed
to bring marijuana to market as a medicinal plant.

The terntannabinoidss used in this chapter to refer to a group of t@arases that are
structurally related to THC--by virtue of a tricickchemical structure--or that bind to
cannabinoid receptors, such as the natural ligaad@damide. From a chemist's point of
view, this definition encompasses a variety ofidggtchemical classes. But because the
purpose of this chapter is to explore prospectsifog development, both chemical
structure and pharmacological activity are impdrtdrerefore, the broader definition of
cannabinoids is used.

FEDERAL DRUG DEVELOPMENT POLICY

Like controlled substances, cannabinoids agpeal for medical use encounter a
gauntlet of public health regulatory controls adistered by two federal agencies: the
Food and Drug Administration (FDA) of the U.S. Depgent of Health and Human



Services (DHHS) and the Drug Enforcement Adminigira(DEA) of the U.S.
Department of Justice. The FDA regulates humamtgsind the introduction of new
drugs into the marketplace, whereas the DEA detexsiihe schedule of and establishes
production quotas for drugs with potential for abdts prevent their diversion to illicit
channels. The DEA also authorizes registered playsdo prescribe controlled
substances. Some drugs, such as marijuana, atedagehedule | in the Controlled
Substance Act, and this adds considerable complard expense to their clinical
evaluation. It is important to point out that Schied status does not necessarily apply to
all cannabinoids.

Food and Drug Administration

Under the Federal Food, Drug, and Cosmetic&E€PAct, the FDA approves new
drugs for entry into the marketplace after thefegsaand efficacy are established through
controlled clinical trials conducted by the drugmsbnsors® FDA approval of a drug is
the culmination of a long, research intensive pssagf drug development, which often
takes well over a decadé* Drug development is performed largely by pharmtcal
companies, but some targeted drug developmentaregare sponsored by the National
Institutes of Health (NIH) to stimulate further ddepment and marketing by the private
sector. The NIH's drug development programs--inalgithose for AIDS, cancer,
addiction, and epilepsy--have been instrumentakimering new drugs to market in
collaboration with pharmaceutical compariéfn fact, as noted later, most of the
preclinical and clinical research on dronabinol wapported by NIH.

Drug development begins with discovery, tkathe synthesis and purification of a
new compound with expected biological activity d@nerapeutic value. The next major
step is the testing of the compound in animalge&on more about its safety and efficacy
and to predict its utility for humans. Those eatyivities are collectively referred to as
the preclinical phase. When evidence from the preal phase suggests a promising
role in humans, the manufacturer submits an Ingastinal New Drug (IND) application
to the FDA. The IND submission contains a planhfieman clinical trials and includes
the results of preclinical testing and other infatimnZ® Absent FDA objection, the IND
becomes effective after 30 days, allowing the mactufer to conduct clinical testing
(testing in humans), which generally involves thpbases (seigure 5.). The three
stages of clinical testing are usually the mosetetonsuming phases of drug
development, lasting five years on aver&gehe actual time depends on the complexity
of the drug, availability of patients, durationusfe, difficulty of measuring clinical end
points, therapeutic class, and indication (theasieeor condition for which the drug has
purported benefits}:

Drug development is a long and financiallkyiprocess. For every drug that
ultimately reaches clinical testing through an INBQusands of drugs are synthesized
and tested in the laboratory. And only about onevndrugs initially tested in humans
succeslsgully secures FDA approval for marketingulgh a new drug application
(NDA).=



The manufacturer submits an NDA to the FDAam approval for marketing when
clinical testing is complete. An NDA is a massivaedment, the largest portion of which
contains the clinical data from Phase |1—IlII testimge other technical sections of an
NDA include chemistry, manufacturing, and controlsnclinical pharmacology and
toxicology; and human pharmacokinetics and bioabdity.? In the case of a new
cannabinoid, an abuse liability assessment wowsldl lobably be part of an NDA
submission. In 1996 the median time for FDA revadvan NDA, from submission to
approval, was 15.1 months, a review period conaldgrshorter than that in 1990, when
the figure was 24.3 mont#$The shortening of approval time is an outgrowttthef
Prescription Drug User Fee Act of 1992, which atittenl the FDA to hire additional
review staff with so-called user fees paid by induand imposed clear deadlines for
FDA action on an NDA. With respect to the cost siragle drug's development, a
number of recent studies have provided a rangstohates of about $200—$300
million, depending on the method and year of caltoh 2344

With FDA approval of an NDA, the manufactuiepermitted to market the drug for
theapproved indicationAt that point, although any physician is at lifyeio prescribe
the approved drug for another indication (an "atfdl use"), the manufacturer cannot
promote it for that indication unless the new imdiicn is granted separate marketing
approval by the FDA.To obtain such approval, the manufacturer is reguio compile
another application to the FDA for what is knowmieasly as an "efficacy supplement,”
a "supplemental application," or a "supplementa¥ deug application.”" Those terms
connote that the application is supplemental td\Bé\. In general, collecting new data
for FDA approval of an efficacy supplement is netirstensive a process as that for an
NDA,; it generally requires the firm to conduct tadditional Phase Ill studies, although
under some circumstances only one additional sofitlye drug's efficacy is needéd.
The preclinical studies, for example, ordinarilyedenot be replicated. The average cost
to the manufacturer for obtaining approval for tieev indication is typically about $10—
$40 million22 The review time to obtain FDA approval for the niedication can be
considerable; a recent study of supplemental itidics approved by the FDA in 1989—
1994 found the approval time to exceed that foroifiginal NDA2 a reflection, in part,
of the lower priority that the FDA accords to tleeiew of efficacy supplements as
opposed to new druds.

The manufacturer also must apply to the FDAetive marketing approval for a new
formulation of a previously approved drug. A newnfiallation is a new dosage form,
including a new route of administration. An exampiesuch a new formulation is an
inhaled version of Marinol, which is currently apped only in capsule form. The
manufacturer is required to establish bioequivaesafety, and efficacy of the new
formulation. The amount of evidence required fqorapal is highly variable, depending
on the similarities between the new formulation #velapproved formulation. New
formulations are evaluated case by case by the fibthe case of Marinol, for example,
an inhaled version is likely to require not onlywnstudies of efficacy but also new
studies of abuse liability. There appear to be uiaiphed peer-reviewed studies of the
average cost and time for approval of a new fortrara



Two other FDA programs might be relevant @ plotential availability of new
cannabinoids. One program is authorized under tipda» Drug Act of 1983, which
provides incentives to manufacturers to develogslto treat "orphan diseases." An
orphan disease, as defined in an amendment taecthis ane that affects 200,000 or
fewer people in the United StateShe act's most important incentive is a period of
exclusive marketing protection of seven years,rduwhich time the FDA is prohibited
from approving the same drug for the same indicatfcSome of the medical conditions
for which cannabinoids have been advocated--Hutdimg disease, multiple sclerosis,
and spinal cord injury (sezhapter ¥-might meet the definition of an orphan disease a
thus enable manufacturers to take advantage @tdifefinancial incentives to bring
products to market. If a disease affects more #1)000 people, the manufacturer
sometimes subdivides the patient population intalEmnunits to qualify. For example, a
drug for the treatment of Parkinson's disease tisikely to receive an orphan
designation because its prevalence exceeds 20@006rphan designation has been
accorded to drugs for subsets of Parkinson's gatieach as those suffering from early-
morning motor dysfunction in the late stages ofdiseasé>

The other program is the Treatment-IND progratmnich was established by
regulation in 1987 (and codified into law in 199@)allow patients with serious and life-
threatening diseases to obtain experimental medisatsuch as marijuana, before their
general marketing Treatment INDs may be issued during Phase lllistth patients
who are not enrolled in clinical trials, providemh@ng other requirements that no
comparable alternative drug is availaf&33 Thus, the treatment IND program can
provide a mechanism for some patients to obtairomising new cannabinoid before its
widespread commercial availability if it reached thte stages of clinical testing for a
serious or life-threatening disease.

Drug Enforcement Administration

The DEA is responsible for scheduling con&dlsubstances, that is, drugs and other
agents that possess a potential for absaseis generally defined as nonmedical use
that leads to health and safety hazards, divefsoon legitimate channels, self-
administration, and other untoward resdits- The legislation that gives DEA the
authority to regulate drugs of abuse is the Colettlobubstances Act, which was passed
in 1970 and amended several times. The overallgsarpf the CSA is to restrict or
control the availability of drugs to prevent thabuse.

Under the CSA, the DEA places each drug thatdbuse potential into one of five
categories. The five categories, referred to ag@des I—V, carry different degrees of
restriction. Schedule | is the most restrictiveyaring drugs that have "no accepted
medical use" in the United States and that havie &lyise potential. The definitions of
the categories and examples of drugs in eachsdes linAppendix C Each schedule is
associated with a distinct set of controls thadetfmanufacturers, investigators,
pharmacists, practitioners, patients, and recneakiosers. The controls include
registration with the DEA, labeling and packagipgduction quotas, security,
recordkeeping, and dispensifig-or instance, patients with a legitimate mediesdfor



drugs in Schedule Il, the most restrictive scheflml@rugs "currently with accepted
medical use," can neither refill their prescripgoror have them telephoned to a
pharmacy (except in an emergency).

The scheduling of substances under the C®Anslled case by case. It may be
initiated by DEA, by DHHS, or by petition from amtérested party, including the drug's
manufacturer or a public-interest gra@the final decision for scheduling rests with the
DEA, but for this purpose the secretary of DHH®&@ndated to provide a
recommendation. The secretary's recommendatioBEA is based in part on results
from abuse liability testing that the FDA requitdghe manufacturer seeking approval of
a new drug. Abuse liability testing is not a singgst; it is a compilation of seveial
vitro human and animal studies, of which some of thé lesvn are drug self-
administration and drug discrimination studi€¥’ The secretary's recommendation for
scheduling is formally guided by eight legal criggincluding the drug's actual or
relative potential for abuse, scientific evidené&®pharmacological effect, risk to
public health, and its psychic or physiological eegence liability (21 U.S.C. § 811 (b),
(c)). Once the DEA receives a scheduling recomm@nats scheduling decision,
including the requirement for obtaining public coemty usually takes weeks to
months® In practice, the DEA usually adheres to the recemuation of the secretaty.
Beyond the DEA, various state scheduling laws afgect the manufacture and
distribution of controlled substanc&s?

Under the CSA, marijuana and TH&e in Schedule I, the most restrictive schedule.
The scheduling of any other cannabinoid underabidirst hinges on whether it is found
in the plant All cannabinoids in the plant are automaticatiySichedule | because they
fall under the act's definition of marijuana (21SUC. § 802 (16)). In addition, under
DEA's regulations, synthetic equivalents of thessahces contained in the plant and
"synthetic substances, derivatives, and their isefnghose "chemical structure and
pharmacological activity” are "similar" to THC alace automatically in Schedule | (21
CFR §1308.11(d)(27). Based on the examples listéie regulations, the wosdmilar
probably limits the applicability of the regulatibmisomers of THC, but DEA's
interpretation of its own regulations would carigrsficant weight in any specific
situation.

Prompted by a 1995 petition from Jon Gettnagiormer president of the National
Organization for the Reform of Marijuana Laws (NORMto remove marijuana and
THC from Schedule |, DEA gathered information whieas then submitted to DHHS for
a medical and scientific recommendation and sclegloécommendation, as required by
the CSA. For the reasons noted above, any changeheduling of marijuana and THC
would also affect other plant cannabinoids. Forgresent, however, any cannabinoid
found in the plant is automatically controlled ioh®dule 1.

Investigators are affected by Schedule | resients even if their research is being
conductedn vitro or on animals. For example, researchers studyngabinoids found
in the plant are required under the CSA to subneirtresearch protocol to DEA, which
issues a registration that is contingent on FD#&weation and approval of the protocol



(21 CFR 8§ 1301.18). DEA also inspects the resedschecurity arrangements. However,
the regulatory implications are quite different éannabinoidsiot found in the plant

Such cannabinoids appear to be unscheduled uhie$€XA or DEA decides that they
are sufficiently similar to THC to be placed autdivelly into Schedule | under the
regulatory definition outlined above or the FDAtbe manufacturer deems them to have
potential for abuse, thereby triggeridg novathe scheduling process noted above. Thus
far, the cannabinoids most commonly used in preainesearchT{able 5.) appear to

be sufficiently distinct from THC that they are mirrently considered controlled
substances by definition (F. Sapienza, DEA, pelscoramunication, 1998). No new
cannabinoids other than THC have yet been clinid¢alited in the United States, so
scheduling experience is limited. The unscheduletlis of some cannabinoids might
change as research progresses. Results of eanilyatliesearch could lead a
manufacturer to proceed with or lead the FDA tainexjabuse liability testing.
Depending on the results of such studies, DHHS tragmight not recommend
schedulingde novao DEA, which makes the final decision case by case

Will newly discovered cannabinoids be subjecicheduling? That is a complex
guestion that has no simple answer. The answemndspntirely on each new
cannabinoid--whether it is found in the plant,dtemical and pharmacological
relationship to THC, and its potential for abusevsl cannabinoids with strong
similarity to THC are likely to be scheduled at sopoint before marketing, whereas
those with weak similarity might not be. The mamtfizer's submission to FDA, which
contains its own studies and its request for daqaar schedule, can also shape the
outcome. Cannabinoids found in the plant are autically in Schedule | until the
manufacturer requests and provides justificatigrrdecheduling. The CSA does permit
DEA to reschedule a substance (move it to a diftesehedule) and to deschedule a
substance (remove it from control under the CSApeding to the scheduling criteria
(seeAppendix B and the process outlined above.

The possibility of scheduling is a major deterant of whether a manufacturer
proceeds with drug developméfin general, pharmaceutical firms perceive scheduli
to be a deterrent because it limits their abilitythieve market share for the following
reasons: restricted access, physician disinclinabgrescribe scheduled substances,
stigma, the additional expense for abuse liabditydies, and expensive delays in
reaching the market due to federal and state stihgdarocesses® Empirical evidence
to support that widely held perception is diffictdtfind, but at least one large survey of
physicians found them to have moderate concernstgdnescribing opioids because of
actual or perceived pressure from regulatory agsnsiuch as DEA. On the basis of a
legal analysis and widespread complaints from rebeas and pharmaceutical
executives, the Institute of Medicine (IOM, 1985ecommended changes in the CSA to
eliminate the act's barriers to undertaking clinftegearch and development of controlled
substances; this position was supported in a tefrt on marijuans

DEVELOPMENT AND MARKETING OF MARINOL



The following material is based on the publishéeréiture (where cited), workshops
sponsored by the IOM, and an interview with Robertley, senior vice president of
Unimed Pharmaceuticals, Inc., the manufacturer afilbl and the holder of the NDA.
Unimed markets Marinol jointly with Roxane Labonés, Inc.

Marinol (dronabinol) is the only cannabinoidiwapproval for marketing in the
United Stated.The following description covers its developmeagulatory history,
pharmacokinetics, adverse effects, abuse liabdityl market growth. The experience
with Marinol can serve as a possible bellwethetherregulatory and commercial fate of
new cannabinoids being considered for development.

Development and Regulatory History

Marinol is manufactured as a capsule contgifiiHC in sesame oll; it is taken orally.
It was approved by the FDA in 1985 for the treath@mausea and vomiting associated
with cancer chemotherapy. In 1992, the FDA appraweadketing of dronabinol for the
treatment of anorexia associated with weight logsattients with AIDS?2 The preclinical
and clinical research on THC that culminated inRB&\'s 1985 approval was supported
primarily by the National Cancer Institute (NCl)hase research support goes back to the
1970s. NCI's contribution appears pivotal, considethat Unimed, the pharmaceutical
company that holds the NDA, estimates its contrdruto have been only about 25% of
the total research effort. The FDA's review andrapal of Marinol took about two years
after submission of the NDA, according to Unimed.obtain approval for Marinol's
second indication (through an efficacy supplemeh®,FDA required two more
relatively small Phase Il studies. The studieteldishree years and cost $5 million to
complete.

Physical Properties, Pharmacokinetics, and Adverse Events

Marinol is synthesized in the laboratory ratthen extracted from the plant. Its
manufacture is complex and expensive because aiuimerous steps needed for
purification. The poor solubility of Marinol in agous solutions and its high first-pass
metabolism in the liver account for its poor biodaaility; only 10—20% of an oral dose
reaches the systemic circulatitii® The onset of action is slow; peak plasma
concentrations are not attained until two to foomis after dosing>=® In contrast,
inhaled marijuana is rapidly absorbed. In a stugsingaring THC administered orally, by
inhalation, and intravenously, plasma concentrgteaked almost instantaneously after
both inhalation and intravenous administration; npasticipants' peak plasma
concentrations after oral administration occurre@aor 90 minutes. Variation in
individual responses is highest for oral THC armhbailability is lowest?

Marinol's most common adverse events are agedowith the central nervous system
(CNS): anxiety, confusion, depersonalization, diess, euphoria, dysphoria,
somnolence, and thinking abnormafi#>>2 In two recent clinical trials, CNS adverse
events occurred in about one-third of patients,dmly a small percentage discontinued



the drug because of adverse effé€tsowering the dose of dronabinol can minimize side
effects, especially dysphoria (disquiet or malafée)

Abuse Potential and Scheduling

On commercial introduction in 1985, Marinolsyalaced in Schedule II. This
schedule, the second most restrictive, is resdivethedically approved substances that
have "high potential for abuse” (21 U.S.C. 8 812()). Unimed did not encounter any
delays in marketing as a result of the schedulioggss because the scheduling decision
was made by the DEA before FDA's approval for minige Nor did Unimed encounter
any marketing delays as a result of state scheglldins. Unimed was not specifically
asked by the FDA to perform abuse liability stud@sthe first approval, presumably
because such studies had been conducted earlier.

Unimed later petitioned the DEA to reschedvlginol from Schedule Il to Schedule
lll, which is reserved for medically approved sabstes that have some potential for
abuse (21 U.S.C. § 812 (b) (3)). To buttress fsiest for rescheduling, Unimed
supported an analysis of Marinol's abuse liabbyyesearchers at the Haight Ashbury
Free Clinic of San Francisco, which treats manyehis-dependent patients and people
who have HIV/AIDS. The analysis found no evidentalmuse or diversion of Marinol
after a literature review and surveys and intergi@ivmedical specialists in addiction,
oncology, cancer research, and treatment of HId,@@ople in law enforcement. The
authors attribute Marinol's low abuse potentiatg¢slow onset of action, its dysphoric
effects, and other factot$On November 5, 1998, the DEA announced a progiosal
reschedule Marinol to Schedule HIAs of this writing, no formal action on that prcgao
had been taken.

The rescheduling of a drug from Schedule Bthedule Il is considered important
because it lifts some of the restrictions on awlity. For example, Unimed expects a
sales increase of about 15—20% as a result of edsding. In its judgment and that of
many other pharmaceutical compariescheduling limits market penetration; the more
restrictive the schedules, the greater the linutatirhe reasons are that physicians and
other providers are reluctant to prescribe Scheldiulaigs; patients are deterred from
seeking prescriptions because of Schedule Il priatibof refills, as opposed to other
commercially available scheduled substances; aahditirestrictions are imposed by
several states, such as quantity restrictionsefample, 30-day supply limits) and
triplicate prescription&? and some Schedule Il drugs are excluded from taispi
formularies because of onerous security and papkmeguirements under federal and
state controlled substances laws.

Market Growth and Transformation

Annual sales of Marinol are estimated at $20an, according to Unimed. Of
Marinol's patient population 80% use it for HIV,%@or cancer chemotherapy, and
about 5—10% for other reasons. The latter grodpasght to consist of Alzheimer's
patients drawn to the drug by a recently publistigdcal study indicating Marinol's



promise for the treatment of their anorexia antudized behavio?® As noted earlier,
Unimed cannot promote Marinol for this unlabeledi@ation, but physicians are free to
prescribe it for such an indication. Unimed is aactthg additional research in pursuit of
FDA approval of a new indication for Marinol in tireatment of Alzheimer disease.

The 1992 approval of Marinol for the treatmeh&norexia in AIDS patients marked a
major transformation in the composition of the gatipopulation. Marinol's use had been
restricted to oncology patients. The oncology miafeMarinol gradually receded as a
result of the introduction of newer medicationglurding such serotonin antagonists as
ondansetron, which are more effective (skeapter 4"Nausea and Vomiting) and are not
scheduled. Much of the recent growth of the maideMarinol (which is about 10% per
year) is attributed to its increasing use by HIVigras being treated with combination
antiretroviral therapy. Marinol appears to haveialeffect, not only stimulating appetite
but also combating the nausea and vomiting assatiaith combination therapy.

Unimed is supporting a Phase Il study to examimsedbmbined effect and, with
promising results, plans to seek FDA approval fiss hew indication.

Unimed has two forms of market protectionN&arinol. In December 1992, the FDA
granted Marinol seven years of exclusive marketinder the Orphan Drug Act. The
market exclusivity is related to Marinol's use moeexia associated with AIDS. Because
of the designated orphan indication, the activeadgnt, THC, cannot be marketed by
another manufacturer for the same indication Wetember 1999. Other pharmaceutical
manufacturers are not constrained from manufagjuaimd marketing THC for itsther
indication, antiemesis for cancer chemotherapynbue appears to be interested in what
is, by pharmaceutical company standards, a smakenhdn addition to market
exclusivity, Unimed secured in June 1998 a "usergafor dronabinol for the treatment
of disturbed patients with dementia; this confeatept protection to Unimed for this use
for 20 years from the date of filing of the apptioa® assuming that this indication
eventually gains FDA approval.

The rate-limiting factors in the growth of tharket for Marinol, according to
Unimed are the lack of physician awareness of thg'sl efficacy, its adverse effects, and
its restricted availability as a result of placeti@rSchedule 1l. Unimed perceives only a
small percentage of its market to be lost to "caitipa” from marijuana itself, but there
are, admittedly, no reliable statistics on the nendf people who have chosen to treat
their symptoms with illegally obtained marijuanasgite their ability to obtain Marinol.

New Routes of Administration

It is well recognized that Marinol's oral rewdf administration hampers its
effectiveness because of slow absorption and pati@esire for more control over
dosing. A drug delivered orally is first absorbeanfi the stomach or small intestine and
then passed through the liver, where it undergosseanetabolism before being
introduced into the circulation. To overcome th&adencies of oral administration,
Unimed activated an IND in 1998 as a step towaxetldping new formulations for
Marinol. Four new formulations--deep lung aerosealsal spray, nasal gel, and sublingual



preparation--are under study in Phase | cliniaadlists being conducted in conjunction
with Roxane Laboratories. These formulations seeadetiver Marinol to the circulation
more rapidly and directly. The first two fall undahalation as a route of administration.
Inhalation is considered the most promising metloedng to the rapidity of onset of its
effects and potential for better titration of thesd by the patient, but it might also carry
an increased potential for abuse. The abuse ai@abrrelates with its rapidity of onset
(G. Koob, IOM workshop). Sublingual route (undeg tbngue) administration also
affords rapid absorption into the circulation, lstcase from the oral mucosa. Other
researchers are pursuing the delivery of THC thnaegtal suppositories, but this slower
route might not be acceptable to many patientsasdermal (skin patches)
administration, which is best suited to hydrophilicgs, is precluded by the lipophilicity
of THC. Thus, the choice of routes of administnatiiepends heavily on the
physicochemical characteristics of the drug andssafety, abuse liability, and
tolerability.

Unimed expects the FDA to require it to cortdgiadies of the bioavailability,
efficacy, and possibly abuse liability of any newnrfiulation it seeks to market. Any
formulation that expedites Marinol's onset of attias suggested above, is thought to
carry greater possibility of abuse. The cost ofeligping each new formulation is
estimated by Unimed at $7—3$10 million.

Unimed and Roxane are developing, or considedevelopment of, five new
indications for Marinol: disturbed behavior in AEmer's disease, hausea and vomiting
in HIV patients who are receiving combination thmraspasticity in multiple sclerosis,
intractable pain, and anorexia in cancer and reisehse.

Costs of Marinol and Marijuana

During the IOM public workshops held during ttourse of this study, many people
commented that an important advantage of usingjuaaia for medical purposes is that it
is much less expensive than Marinol. But this comnspa is deceptive. While the direct
costs of marijuana are relatively low, the indiregsts can be prohibitive. Individuals
who violate federal or state marijuana laws riskaaety of costs associated with
engaging in criminal activity, ranging from incredsvulnerability to theft and personal
injury legal fees to long prison terms. In additishen purchasing illicit drugs there is
no guarantee that the product purchased is whaelber claims it is or that it is not
contaminated.

The price of Marinol for its most commonly dgadication, anorexia in AIDS, is
estimated at $200 per month. The less common itidica nausea and vomiting with
cancer chemotherapy--is not as expensive becaissedt chronic. Regardless of
indication, patients' out-of-pocket expenses tendet much less--often minimal--because
of reimburse-ment through public or private healgurance. For indigent patients who
are uninsured, Roxane sponsors a patient assigtangem to defray the cost.



The street value of marijuana, according ®MEA's most recent figures, is about
$5—$10 per bag of loose plafif. At the California buyers' clubs, the price is $2:6%
per gram, depending on the grade of marijuana.cbseto a patient using marijuana
depends on the number of cigarettes smoked eachtihday THC content, and the
duration of use. Insurance does not cover theafastrijuana. In addition, it is possible
for a person to cultivate marijuana privately wittie financial investment.

Thus, Marinol appears to be less expensive tharijuana for patients with health
insurance or with financial assistance from Rox&ha.if the full cost of Marinol is
borne out of pocket by the patient, the cost comparis not so unambiguous. In this
case the daily cost in relation to marijuana vaaiesording to the number of cigarettes
smoked: If the patient smokes two or more marijuggarettes per day, Marinol might
be less expensive than marijuana; if the patiemtk&® only one marijuana cigarette per
day, Marinol might be more expensive than marijyagaording to an analysis
submitted to the DEA by Unimed. The cost compasseill depend on fluctuations in
the retail price and street value of Marinol andijuana, respectively, and will vary if
marijuana becomes commercially available.

In summary, Marinol has been on the U.S. ntaskee 1985. Its commercial
development depended heavily on research suppoytdte NIH. Marinol's market has
grown to $20 million in annual sales. Further mad@wth is expected but is still
constrained by lack of awareness, adverse efféesyral route of administration, and
restrictions imposed by drug scheduling. The mastufar is proceeding with research
on new forms of delivery to overcome the problessoaiated with oral administration.
The manufacturer also is proceeding with reseancanoarray of new indications for
Marinol.

MARKET OUTLOOK FOR CANNABINOIDS

The potential therapeutic value of cannabisasdextremely broad. It extends well
beyond antiemesis for chemotherapy and appetiteukition for AIDS, the two
indications for which the FDA has approved dronab{iMarinol). Chapter 4of this
report assesses the possible wider therapeutiatedtef marijuana and THC in
neurological disorders, glaucoma, and analgesiaealitions for which clinical
research has been under way to fulfill unmet pateeds. New therapeutic uses are
being explored in preclinical research. For antheke therapeutic indications, will novel
cannabinoids reach the market to satisfy the medesds of patients?

Economic Factors in Development

The outcomes of preclinical and clinical resbhaletermine whether a drug is
sufficiently safe and effective to warrant FDA apyal for marketing. But the decisions
to launch preclinical research and to proceeditocdl trials if early results are
promising are dictated largely by economic factérgharmaceutical company must
decide whether to invest in what is universallyarelgd as a long and risky research path.
For any given drug the question is, Will there headequate return on investment? The



investment in this case is the high cost of devalpp drug. The expectation of high
financial returns on investment is what drives diegelopment*>3

Market analyses are undertaken to forecastheha drug will reap a substantial
return on investment. The market analysis for anabmoid is likely to be shaped by
various factors. The average cost of developingramabinoid is likely to be higher than
that of developing other drugs if its clinical indtion is in the therapeutic categories of
neuropharmaceutical or nonsteroidal antiinflammatisug, the two therapeutic
categories associated with the highest researcl@relopment costs.One reason for
higher costs is the need to satisfy the DEA's i@gQuy requirements related to drug
scheduling.

On the "market return” side are multiple fast@\ market analysis examines the
expected returns from the possible markets for whicannabinoid could be clinically
pursued. The financial size of each market is ¢ated mostly on the basis of the current
and projected patient prevalence (for a given cdihindication), sales data (if available),
and competition from other products. The duratibose is also factored in--a drug
needed for long-term use in a condition with anyeage of onset is desirable from a
marketing perspective. Factors that can augmedinanish market return include
patentability and other forms of market protecti@imbursement climate, restrictions in
access due to drug scheduling, social attitudesrad effect profile, and drug
interactions2>2 New cannabinoids generally can receive produemniss giving the
patent holder 20 years of protection from otheeks® to manufacture or sell the same
product. According to U.S. patent law, the producist be novel and "nonobvious" in
relation to prior patent®

Cannabinoids under Development

From publicly available sources, the IOM whkedo learn of several cannabinoids
being developed for human udeable 5.2. With the exception of Marinol and
marijuana, all are in the preclinical phase ofitgsin the United States. This list might
not be comprehensive, inasmuch as other compowudd be under development, but
that information is proprietar. The table does not list the full complement of
cannabinoids, both agonists and antagonists, hesed in research as tools to understand
the pharmacology of cannabinoids (for more comprsive lists of cannabinoids, see
Felder and Glass, 1998Mechoulam et al., 1988 Howlett, 1995% Pertwee 199%).

Nor does it list cannabinoids once considered é&wetbpment but later discontinued. An
18-year survey of analgesics in development in 398898 found that six of the nine
cannabinoids under development for analgesia wisoentinued or undevelopéd* but
work on most of these was halted before 1988, viheffirst endogenous cannabinoid
receptor was discoverednapter 3.

Three points can be made on the basigabfe 5.2 First, virtually all of the listed
cannabinoids are being developed by small pharniaeéaompanies or by individuals.
In general, that implies that their developmertdssidered especially risky from a
commercial standpoint in that small companies #&enawilling to assume greater



development risks than larger more establishedsfiiW\i. Schmidt, personal
communication, 1998). Without the benefit of salegenues, small companies are able
to fund their research through financing from veatcapital, stock offerings, and
relationships with established pharmaceutical corigsd>

Second, with the exception of THC, no constitis of the marijuana plant appear to
be undergoing development by pharmaceutical corepaA number of plant
compounds have been tested in experimental moddlb@nans. For example, the
antiemetic properties and negligible side effetA & THC were demonstrated in a
clinical trial in children who were undergoing canchemotherapyput no sponsor was
interested in developinA8THC for commercial purposes (R. Mechoulam, Hebrew
University, personal communication, 1998). The abseof plant cannabinoids under
development implies that the specter of automdsicgment in Schedule | under the
CSA is an important deterrent, even though resdimefwould occur before
marketing*2 The point from the earlier discussion is that endtic, as opposed tie
novg scheduling appears to cast a pall over developofencannabinoid found in the
plant. Another impediment is that a cannabinoidaoted from the plant is not likely to
fulfill the criteria for a product patent, althougther forms of market protection are
possible. Marinol, for example, was accorded orpdaig status and its manufacturer
obtained a use patent.

Third, cannabinoids are being developed ferapeutic applications beyond those
discussed earlier in this chapter andhapter 4 One of the most prominent new
applications of cannabinoids is for "neuroprotattidhe rescue of neurons from cell
death associated with trauma, ischemia, and negicallodisease$*® Cannabinoids are
thought to be neuroprotective--through receptoredelent: as well as receptor-
independent pathways; both THC, which binds tq €Beptors, and CBD, which does
not, are potent antioxidants, effective neuropratats because of their ability to reduce
the toxic forms of oxygen (free radicals) that fmened during cellular stre$8The
synthetic cannabinoid HU-211 (dexanabinol) is atoardant and an antagonist of the
NMDA receptor, rather than an agonist at the caimuad receptor? Earlier research
demonstrated that HU-211 protects neurons fromatexicity induced by excess
concentrations of the excitatory neurotransmittatagnate. Excess release of glutamate,
which acts by binding to the NMDA receptor, is asated with trauma and disea¥es
an NMDA antagonist, HU-211 blocks the damagingacbf glutamate and other
endogenous neurotoxic agefts® After having been studied in the United Kingdom in
Phase I clinical trials, HU-211 progressed to PHbsknical trials in Israel for treatment
of severe closed-head trauma (Knoller et al., 1698)

Market Prospects

It is difficult to gauge the market prospeftisnew cannabinoids. There certainly
appears to be scientific interest, particularlytfee discovery of new cannabinoids, but
whether this interest can be sustained commerdialbugh the arduous course of drug
development is an open question. Research andageweht experience is limited; only
one cannabinoid, dronabinol, is commercially addaand most of its research and



development costs were shouldered by the fedexargment. Furthermore, the size of
dronabinol's market (at about $20 million) is mdadgspharmaceutical company
standards. None of the other cannabinoids in dpwedmt has reached clinical testing in
the United States. Their scientific, regulatoryd @emmercial fates are likely to be very
important in shaping future investment patterngdtience with the drug scheduling
process also is likely to be watched very carefuflyhe early products are heavily
regulated in the absence of strong abuse liabflityire development might be deterred.
For the present, what seems to be clear from thgldef products in development and
the small size of the companies sponsoring thetlratscannabinoid development is seen
as especially risky.

One scenario is that cannabinoids will be pedsfor lucrative markets that reflect
large unmet medical needs. Of the therapeutic nieedghich cannabinoid receptor
agonists have been tested, analgesia is by féartpest. The annual U.S. prescription and
over-the-counter analgesic market in 1997 was Billian.* Given the long-standing
need for less addictive, safer, easier to usenzoré effective drugs for acute and
chronic pain, it would not be surprising to seenainoids developed to treat some
segments of the current analgesic market, if thefiety and effectiveness were clearly
established in clinical trials.

In addition to cannabinoid receptor agonist®, classes of cannabinoid-related drugs
might prove therapeutically useful: cannabinoicagohists and inverse agonists,
compounds that bind to receptors but produce effggposite those of agonists. Neither
would be subject to the same scheduling concernarasabinoid agonists because they
are not found in marijuana and would be highly kedly to have any abuse potential.
Another set of cannabinoid-related drugs, suclmaset that affect the synthesis, uptake,
or inactivation of endogenous cannabinoids migbwyédver, have abuse potential
because they would influence the signal strengéndbgenous cannabinoids.

The development of specific cannabinoid amésis, like SR141716A for CB
receptors and SR144528 for £#ceptors, has provided a substantial impetus to
understand cannabinoid actions. Those compound& blany of the effects of THC in
animals, and their testing in humans has just beGannabinoid antagonists have
physiological effects on their own, in the abseot&@HC. They might have important
therapeutic potential in a variety of clinical sitions. For example, THC reduces short-
term memory, so it is possible that aGBitagonist like SR141716A could act as a
memory-enhancing agent. Similarly, for conditionsvhich cannabinoids decrease
immune function (presumably by binding to £®ceptors in immune cells), a €B
antagonist might be useful as an immune stimulant.

Cannabinoid inverse agonists would exert ¢dfepposite those of THC and might
thus cause appetite loss, short-term memory enh@mienausea, or anxiety. Those
effects could possibly be separated by moleculsigdein which case inverse agonists
might have some therapeutic value. One report Bas published suggesting that the
CB; receptor antagonist, SR14161%As an inverse agonist, and there will likely be
others.



REGULATION OF AND MARKET OUTLOOK FOR MARIJUANA

Marijuana is not legally marketed in the Uditates No sponsor has ever sought
marketing approval from the FDA for medical usearafrijuana. One sponsor has an IND
for a clinical safety study on HIV anorexia (D. Alons, University of California at San
Francisco, personal communication, 1998). Anotlasrdn IND pending for the
treatment of migraine headaches (E. Russo, Webtemana Clinic, personal
communication, 1998). Since 1970, marijuana's matufe and distribution have been
tightly restricted under the CSA, which places foama in Schedule I, which is reserved
for drugs or other substances with "a high potéftiaabuse,” "no currently accepted
medical use," and "lack of accepted safety for.usaunder medical supervision” (21
U.S.C. § 812 (b)(2)).

Marijuana has remained in Schedule | desmtsigtent efforts at rescheduling since
the 1970s by advocacy groups, such as NORML. Thregitions to the DEA,
advocacy groups contend that marijuana does nitiefitegal criteria for a Schedule |
substance, owing to its purported medical usedauidof high abuse liability*4
Another rescheduling petition, which was filed 805, is being evaluated by the FDA
and DEA.

Availability for Research

To use marijuana for research purposes, relse@ must register with the DEA, as
well as adhere to other relevant requirements®fa8A and other federal statutes, such
as the FD&C act. The National Institute on Drug A®(NIDA), one of the institutes of
NIH, is the only organization in the United Staliesnsed by the DEA to manufacture
and distribute marijuana for research purposes A\WBrforms this function under its
Drug Supply Progran: Through this program, NIDA arranges for marijuatoshe
grown and processed through contracts with tworoegéions: the University of
Mississippi and the Research Triangle Institutee Umiversity of Mississippi grows,
harvests, and dries marijuana; and the instituteg®ses it into cigarettes. A researcher
can obtain marijuana free of charge from NIDA tlglo@n NIH-approved research grant
to investigate marijuana, or through a separatopob review?? Research grant
approvals are handled through the conventional pder review process for extramural
research, a highly competitive process with a sseccate in 1997 of 32% of approved
NIDA grants®* Through the separate protocol review, in whicksearcher funds
research independently of an NIH grant, NIDA sulsrthie researcher's protocol to
several external reviewers who evaluate the protmedhe basis of scientific merit and
relevance to the mission of NIDA and NIH.

Through those two avenues marijuana has hggrlied to several research groups--
most of those that apply. While there has been ndisztussion of NIDA's alleged failure
to supply marijuana for research purposes, we agvare of recent cases in which they
failed to supply marijuana to an investigator watihNIH-approved grant for research on
marijuana. Donald Abrams's difficulty in obtainirgsearch funding and marijuana from
NIDA has been much discusseHut the case of a single individual should not be



presumed to be representative of the communityasfjoana researchers. Failure of
investigators who apply to NIH for marijuana resdagrants to receive funding is hardly
exceptional: in 1998 less than 25%adiffirst-time investigator-initiated grant
applications (known as RO1s) to the NIH were funtfed

To import marijuana under the CSA for resegrefposes, the procedures are more
complex. Under DEA regulations, marijuana can bearted, provided that the
researcher is registered with the DEA, has approvaharijuana research (21 CFR §
1301.11, .13, and .18), and has a DEA-approvedip&mmportation (21 CFR 8
1312.11, .12, and .13), and that the exporterarfdheign country has appropriate
authorization by the country of exportation. Imabidn would enable U.S. researchers to
conduct research on marijuana grown by HortaPharrompany that has developed
unique strains of marijuana. However, no U.S. netea has imported HortaPharm's
marijuana because Dutch authorities have refusesst® an export permit, despite the
issuaqge of an import permit by the DEA (D. PatertelPharm, personal communication,
1998):>

HortaPharm, which is in the Netherlands, grovesijuana as a raw material for the
manufacture of pharmaceuticals. Through selectigeding and controlled production,
HortaPharm has developed marijuana strains thatrieaingle cannabinoids, such as
THC or cannabidiol. The plants contain a consi$geistean” phytochemical profile and
a higher concentration of THC (16%) or other dektannabinoids than seized
marijuana. Marijuana seized in the United States9®@6 had a THC content averaging
about 5% Consistency of THC content is desirable becausesitcomes the natural
variability due to latitude, weather, and soil cimhs. Product consistency is a basic
tenet of pharmacology because it enables stan@ardiasing for regulatory and
treatment purposes.

The difficulties of conducting research on ijuana were noted in the 1997 NIH
report? that recommended that NIH facilitate clinical r@mh by developing a
centralized mechanism to promote design, apprewal,conduct of clinical trials.

Regulatory Hurdles to Market

For marijuana to be marketed legally in thetéthStates, a sponsor with sufficient
resources would be obliged to satisfy the regwatequirements of both the FD&C act
and the CSA.

Under the FD&C act, a botanical product likarjjuanatheoreticallymight be
marketed in oral form as a dietary supplemf@impwever, as a practical matter, only a
new drug approval is likely to satisfy the provissoof the CSA, which require
prescribing and distribution controls on drugs lofise that also have an "accepted
medical use." (The final paragraphs of this sectianify the criteria for "accepted
medical use.")



Bringing marijuana to market as a new drugrnsharted terrain. The route is fraught
with uncertainty for at least three pharmacologrealsons: marijuana is a botanical
product, it is smoked, and it is a drug with abpstential. In general, botanical products
are inherently more difficult to bring to markeathare single chemical entities because
they are complex mixtures of active and inactivgrédients. Concerns arise about
product consistency, potency of the active ingneidiecontamination, and stability of
both active and inactive ingredients over time.sEhare among the concerns that a
sponsor would have to overcome to meet the reqeinésfor an NDA, especially those
related to safety and to chemistry, manufacturamgl control.

A handful of botanical preparations are onrtteket, but none received formal
approval as a new drug by today's standards ofysafel efficacy (FDA, Center for Drug
Evaluation and Research, personal communicatid®8)19 he three marketed botanical
preparations are older drugs that came to marlasyeefore safety and efficacy studies
were required by legislative amendments in 19381862, respectively. One of the
botanical preparations is the prescription prodigitalis. Because it came to market
before 1938, it is available today, having beemtgfathered" under the law; but it does
not necessarily meet contemporary standards fetysahd effectivene$d. Two other
botanical preparations, psyllium and senna, canmeaidket between 1938 and 1962.
Drugs entering the market during that period waterlrequired to be evaluated by the
FDA in what is known as the over-the-counter drenjew procesé’ through which
psyllium and senna were found to be generally rezegl as safe and effective and so
were allowed to remain on the market as over-thextsr drugs? Although no botanical
preparations have been approved as new drugsmp@tant to point out that a number
of individual plant constituents, either extractedsynthesizede nove have been
approved (for example, taxol and morphine). Buséhe@rug approvals were for single
constituents rather than botanical preparationmsieédves The FDA is developing
guidance for industry to explain how botanicalsrargeewed as new drugs, but the final
document might not be available before 1999.

That marijuana is smoked might pose an eveatgr regulatory challenge. The risks
associated with smoking marijuana are describethapter 2 The FDA would have to
weigh those risks with marijuana’s therapeutic bent arrive at a judgment about
whether a sponsor's NDA for marijuana met the mequents for safety and efficacy
under the FD&C act. Marijuana delivered in a noval that avoids smoking would
overcome some, but not all, of the regulatory cameeVaporization devices that permit
inhalation of plant cannabinoids without the caog@nic combustion products found in
smoke are under development by several groups;deabes would also require
regulatory review by the FDA.

The regulatory hurdles to market posed byaBé are formidable but not
insurmountable. If marijuana received market apakag a drug by the FDA, it would
most likely be rescheduled under the CSA, as wasdle for dronabinol. That is
because a new drug approval satisfies the "accepeelcal use" requirement under the
CSA for manufacture and distribution in commeFcBut a new drug approval is not the
only means to reschedule marijuana under the E$#&r years advocates for



rescheduling have argued that marijuana does éagpepted medical use," even in the
absence of a new drug approval. Although advodaes been unsuccessful in
rescheduling efforts, their actions prompted theADR& specify the criteria by which it
would determine whether a substance had "accepéelical use.” In the DEA's 1992
denial of a rescheduling petition, it listed thetaments as constituting "accepted
medical use": the drug's chemistry must be knowhraproducible, there must be
adequate safety studies, there must be adequateaircbntrolled studies proving
efficacy, the drug must be accepted by qualifieoleets, and the scientific evidence must
be widely availablé?

Assuming that all of those criteria were $ads marijuana could be rescheduled--but
into which schedule? The level of scheduling wdugddictated primarily by a medical
and scientific recommendation to the DEA made leystcretary of DHHS' As noted
earlier, this recommendation is determined by the $cheduling criteria listed in the
CSA. However, scheduling in a category less rdaste¢han Schedule Il might be
prohibited by international treaty obligations. Thiegle Convention on Narcotic Drugs,
a treaty ratified by the United States in 1967trrets scheduling of the plant and its resin
to at least Schedule I (the more restrictive Saketlis another optior’

Market Outlook

The market outlook for the development of puana as a new drug, on the basis of
the foregoing analysis, is not favorable, for atladscientific, regulatory, and
commercial reasons. From a scientific point of viesgearch is difficult because of the
rigors of obtaining an adequate supply of legalngardized marijuana for study. Further
scientific hurdles are related to satisfying thaaig requirements for FDA approval of
a new drug. The hurdles are even more exacting bmtanical product because of the
inherent problems with, for example, purity and sistency. Finally, the health risks
associated with smoking pose another barrier to Bpgroval unless a new smoke-free
route of administration is demonstrated to be dagpending on the route of
administration, an additional overlay of regulatoeguirements might have to be
satisfied.

From a commercial point of view, uncertaingé®und. The often-cited cost of new
drug development, about $200—$300 million, might ayaply, but there are probably
additional costs needed to satisfy the FDA's remoénts for a botanical product. As
noted above, no botanical products have ever bgemeed as new drugs by the FDA
under today's stringent standards for safety afichefy. Satisfying the legal
requirements of the CSA also will add substantitdlyhe cost of development. On the
positive side, so much research already has besmnttlat some development costs will
be lower. The cost of bringing dronabinol to market example, was reduced
dramatically as a result of clinical trials supjeorivith government funding.
Nevertheless, it is impossible to estimate the abdeveloping marijuana as a new drug.
Estimating return on investment is similarly ditflc A full-fledged market analysis
would be required for the indication being sou@uch an analysis would take into



account the market limitations resulting from deatpeduling restrictions, stigma, and
patentability.

The plant does not constitute patentable stibjatter under U.S. patent law because
it is unaltered from what is found in nature. Stlezhproducts of nature are not generally
patentablé® New marijuana strains, however, could be pateatsbihe United States
under a product patent or a plant patent becaeseatk altered from what is found in
nature. (A product patent prohibits others from aofaoturing, using, or selling each
strain for 20 years; a plant patent carries somelelsa protection.) HortaPharm has not
yet sought any type of patent for its marijuanaiss in the United States, but it has
received approval for a plant registration in E@d@pavid Watson, HortaPharm,
personal communication, 1998).

In short, development of the marijuana plariéset by substantial scientific,
regulatory, and commercial obstacles and unceainthe prospects for its
development as a new drug are unfavorable unléssren investment is not a driving
force. It is noteworthy that no pharmaceutical finas sought to bring it to market in the
United States. The only interest in its developnagptears to be in England in a small
pharmaceutical firm (see Boseley, 189&nd in the United States among physicians
without formal ties to pharmaceutical firms (D. Abts, University of California at San
Francisco, and E. Russo, Western Montana Clinisgmal communications, 1998).

CONCLUSIONS

Cannabinoids are an interesting group of camgs with potentially far-reaching
therapeutic applications. There is a surge of sifiemterest in their development as
new drugs, but the road to market for any new dswexpensive, long, risky, and studded
with scientific, regulatory, and commercial obs¢asclExperience with the only approved
cannabinoid, dronabinol, might not illuminate trehway because of the government's
heavy contribution to research and developmentaltonol's scheduling history, and its
small market.

There appear to be only two novel cannabinadively being developed for human
use, but they have yet to be tested in humansitJtiited States. Their experience is
likely to be more predictive of the marketing prests for other cannabinoids. It is too
early to forecast the prospects for cannabinoitterahan to note that their development
at this point is considered to be especially ris&yjudge by the paucity of products in
development and the small size of the pharmacdditioes sponsoring them.

The market outlook in the United States isimicsly unfavorable for the marijuana
plant and for cannabinoids found in the plant. Caroal interest in bringing them to
market appears nonexistent. Cannabinoids in the pl@ automatically placed in the
most restrictive schedule of the Controlled SulstarAct, and this is a substantial
deterrent to development. Not only is the plarglitsubject to the same scheduling
strictures as are individual plant cannabinoids$,davelopment of marijuana also is



encumbered by a constellation of scientific, regurig and commercial impediments to
availability.
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Notes

1 FDA policies for off-label use are being transfedras a result of the Food and Drug Administration
Modernization Act of 1997. The FDA recently promatigd new rules to give manufacturers greater
flexibility to disseminate information about offdal uses (FDA, 19986). As of this writing, however,
court decisions have left the status of the neesrsbmewhat unclear.

2 The FDA can grant orphan designation to a drugnisked for a condition that affects a larger pojporeif
the manufacturer's estimated expenses are unliddg recovered by sales in the United States {®ubl
Law 98-551).

2 Marijuana cigarettes were available under a spE@&-sponsored Compassionate Investigational New
Drug Program for desperately ill patients until lglad 992, when the program was closed to new
participants®®

4 The FDA and the National Institute of Drug Abuseg agencies of DHHS, work jointly to develop the
medical and scientific analysis that is forwardedhe secretary, who makes a recommendation to the
administrator of the DEA (DEA, 19%3.

5 Under the CSA, "the recommendations of the Segrétathe Attorney General shall be binding on the
Attorney General as to such scientific and medicatters, and if the Secretary recommends that@airu
other substance not be controlled, the Attorneye&arshall not control the drug or other substarf2é"
U.S.C.8 811 (b)).

8 Technically, the CSA and the regulations use ¢hent'tetrahydrocannabinols.”

 The only cannabinoid licensed outside the UnitedeS is nabilone (Cesamet), which is an analofue o
THC available in the United Kingdom for the managainof nausea and vomiting associated with cancer
chemotherapy (Pertwee, 1997).

8 A use patent--also known as a process patentr@s@uotection for a method of using a composition
compound. A use patent is not considered as stsragproduct patent, which prohibits others from
manufacturing, using, or selling the product fdnuales, rather than for the specific use defineal irse
patent.

? The DEA did not provide an estimate of the weighmarijuana per bag.

1 Information about the existence of an IND is piefary; it can be confirmed only by the manufacture
not the FDA.

1 Discontinued: levonantradol, nabitan, nantradodi pravadoline. Undeveloped: CP-47497 and CP-
55244,

12 As a result of the FDA's approval of an NDA, thragiwould be, at a minimum, rescheduled in Schedule
II. Depending on abuse liability data supplied by tmanufacturer and the FDA's recommendation, the
drug could be moved to a less restrictive schedulee descheduled.

B Under the CSA, its only legal use is in reseancthen strictly defined conditions.

¥ This is also the program through which severakepés receive marijuana under a compassionate use
program monitored by the FDA. For history and infation on this effort, see Randall (1993).



151t might eventually be possible to import HortaRh's marijuana from England, where HortaPharm is
growing its marijuana strains for research usdimaal trials for multiple sclerosis (Boseley, 1%3°
England, as the country of origin, would have tovie appropriate authorization for export of thraiss
to the United States. Permission to export foraedepurposes is part of the basis for HortaPharm's
participation in this project with GW Pharmaceuscdrough a special set of licenses with the 8hiti
Home Office (David Pate, HortaPharm, personal comication, 1998).

% |nhaled products may not lawfully be marketed iatadly supplements.

1 Over-the-counter monographs for these products baen issued as tentative final monographs
(proposed rules) but have not yet been issuedhal form as final rules (FDA, Center for Drug E\vation
and Research, personal communication, 1998).

18 At present, there is no practical mechanism foregating such a recommendation outside the new drug
approval process, although such a mechanism cthedretically, be developéd.



