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men of advanced years who have been hauled before the courts.

Decriminalisation would require amending the Act in such a way as to allow for possession
of small amounts for personal private use by adults.

The Drug Court Act

The Drug Court (Treatment and Rehabilitation of Offenders) Act, consistent with the 1988
Convention, adopts a health-related, rather than a punitive approach to drug use. It provides
for the establishment of a Drug Court aimed at facilitating treatment and rehabilitation of
drug offenders. It comprises a Resident Magistrate and two Justices of the Peace, one of

whom must be a woman, specially appointed by the Minister.

Those brought before the Drug Court must be persons who appear to be dependent on the
use of drugs but are of sound mind.

Where ganja is concerned, the Drug Court will hear cases involving smoking or otherwise
using the substance, possession of utensils in connection with smoking, and possession of
up to eight ounces cr the matter. An approved treatment provider will provide the Court with
an assessment of the person charged and pleaded guilty, in order to enable the Court to
decide whether to order a prescribed treatment. On successful completion of the treatment
he will be discharged and the offence not form part of his criminal record, unless convicted
more tinn twice. Failure to comply or to complete the prescribed programme would result in

the imposition of sentencing.

If the Dangerous Drugs Act were to be amended as indicated above, in order to provide for
adult, private use of ganja, the Drug Court Act would have to e similarly amended.
Provisions could be made to allow entry into the treatment and rehabilitation programme of
persons who voluntarily seek such, or who have been referred by a competent authority,
such as parents in the case of minors, or medical personnel, where it can be established that
ganja is the cause of acts inimical to the safety of others.

But would such amendments be possible without breaching the 1961 Single Convention
and the 1988 Conve itionl

1961 Single Conver lon
The 1961 Convention. Article 4, is explicit on the general obligations of the parties:

The }Farti_es shall take such legislative and administrative measures as ma% be necessary:
a.  To give effect to and carry out the provisions of this Convention with'n their own

territories:
b.  To co-operate with other States in the execution of the provisions ofthis Convention;

and
Subject to the provisions of this Convention, to limit exclusively to medical and

scientific purposes the production, manufacture, export, import distribution of. trade in,
use and possession of drugs.

C.

Under Article 4(c), the use and possession of cannabis, one of the Scheduled substances, is
limited to medical and scientific purposes. And again, under Article 28(3), wdiich speaks
specifically to the Control of Cannabis, 'The Parties shall adopt such measures as may be
necessary to prevent the misuse of, and illicit traffic in, the leaves of the cannabis plant”

But it is Article 36. on Penal Provisions, specifically paragraphs 1(a) and 1 (b), and Article
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38, on Measures Against the Abuse of Drugs, that frame in greater detail the obligations of
Parties. Article 36, paragraph 1(a) reads:

Subject to its constit"tional limitations, each Party shall adopt such measures as will ensure
that cultivation, production, manufacture, extraction, preparation, possession, offering,
offerln% for sale, distubution, pu. hase, sale, delivery on any terms whatsoever, brokerage
dispatch, dispatch in transit, transport, importation and exportation of drugs contrary to the
Erovmons of this Convention, and: / other action which in the opinion of such Party may

e con_tra(rjy_to the provisions of the Convention, shall be punishable offences when
committed intentionally, a  that serious offences shall be liable to adequate punishment
particularly by imprisonment or other penalties of deprivation of liberty.

Use is not mentioned here as an offence, thus in theory it could be thought of as being
excluded, making it possible to decriminalise use without contravening the Convention.

Paragraph 1(b) of the Article presents the Parties the choice of conviction and punishment
or treatment and rehabilitation. This is followed in greater detail in Aj Irle 38. where
reventive measures, education, treatment and after-care, and training of personnel are called

or.

Legal Expertise

The Commission sou\%t the advice of international law expert Dr Stephen Vasciannie of
the University of the West Indies, and in a well-researched and thorough brief, this is what

he wrote relative to the 1961 Single Convention.

"\W]hen Articles 36 (1) (a) and (b) are read together, the legal situation seems to be as
follows: (a) the Single Narcotics Convention requires States to subject certain activities
concerning marijuana to criminal sanctions (including the cultivation, production,
manufacture, possession, exportation and importation of that drug): (b) the Convention does
not require States to prohibit the use (or consumption) of marijuana per se\ and (c) in the
event that an abuser of mar|[|)uana has committed an offence that would require criminal
sanctions when committed by a non-abuser of the drug, it is open to the State to lorego the

application of criminal sanctions against the abuser.

On this reading of the Single Narcotics Convention, it would be possible for Jamaica to
amend its national legislation in order to decriminalise marijuana use, and make its private
use legal, without necessarily placing the country in breach of its obligations under the

Convention."

But. notes Dr Vasciannie. the difficult) that would arise from such a step would be the
contradiction whereby ganja use would be legal but its procurement illegal. In his opinion.
"|t|his seems quite unworkable." However, the Commission has | Tore it the experience of
the Dutch, who. without being cited as breaching any of the Conventions, have adopted a
contradictory, if pragmatic policy, giving restricted decriminalised status to cannabis
distribution and consumption of small quantities, while applying penal sanction to its

production, importation and trafficking.

According to A Guide to Dutch Policy put out by the Foreign Information Division of The
Netherlands MinistrJy of Foreldgn Affairs, in coopeiation with the Ministries of Health,

Welfare and Sport, Justice, and Interior and Kingdom Relations, "[t]he use of drugs is not
an offence under international agreements. Nor is it an offence in Germany, Italy, Denmark
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or, indeed, most countries of the European Union" (2000. p. 6). The Government sees itself
in compliance with the UN Conventions of 1961, 1971 and 1988, not to mention other
bilateral and multilateral aﬁre_ements on drugs. The policy is based on the “principle of
exBe_dle_ncy", whereby authorities are given “discretion to decide, on the grounds of the
publi interest not to bring criminal action in a given case." High priority is given to
suPpressm? the sale of hard drugs and trafficking of large quantities of drugs, hard and
soft, while Tow priority is given to curbing the sale and possession of soft drugs for
personal use. In this context "soft drugs" refer to cannabis and its derivatives.

Thus, notwithstanding the evident contradiction of decriminalising personal use while
suppressing the sale and trafficking, a half-way position, which some would reject, is
nonetheless possible under the 1961 Sinlg<le Convention, which does not explicitly prohibit
use. Noted retired Solicitor General. Dr Kenneth Rattray, in verbal communication with the
Chairman of the Commission, argues that the omission of rmctions against personal
consumption was not an oversight by the Parties to the Con" ntion. but rather an attempt to
set a threshold beyond which actions of the S'atc could be deemed to be in breach of certain
fundamental human rights. In this regard, there are three principles of human rights that
governed and have governed this and other similar Conventions: the_principles of the right
to personal privacy, and the right to religious freedom, and the principle of proportionality,
by which the sanction should be proportionate to the offence. That the Parties to the
Convention would have been mindful of these constraints is clearly evident in the
interpretations given the Convention by the Secretary-General's Commentary on the
Convention and by the International Narcotics Control Board, according to both of which
the Single Convention imends the criminalisation of possession for the purposes of illicit

trafficking and not for persona! use.

Although Dr Vasciannie argues that had the negotiating Parties intended to limit possession
to illicit traffic they would have said so. and therefore "|t|he fact that they did not must carry
considerable significance in directing us to interpret Article 36(1) in keeping with the plain
meaning of its text," Dr Rattray, with considerable experience in international law. _
emphasises the contextual and interpretive framework of negotiated agreements and treaties.
He is therefore of the opinion that the interpretation of the international Narcotics Control

Board carries weight.

In addition. Dr Rattray argues, the interpretation of the Conventions must be done in the
context of the obligations assumed under International Human Rights Conventions, which
have been long recognised as an aid to interpretation, particularly in cases of uncertainly or

ambiguity.
He further contends that there is a growing body of international jurisprudence, which
recognises that International Human Rights Conventions are of a  uperior order to

obligations under other Conventions, and that in case of a conflict or inconsistency between
such obligations, the obligation under the Human Rights Conventions must prevalil.

Since Jamaica is a Party to the International Convention on Civil and Political Rights, which
protects against invasion of privacy as well as protects freedom of religfion, tin j obligations
would have to be considered in the determination as to whether an?/ obligations under the
Drug Conventions must yield L<Jamaica’s obligations under the [nternational Convention

on Civil and Political Rights.

In sum. therefore, decriminalisation of possession for personal use and of use itself does
not breach the 1961 Single Convention.

1988 Convention
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The 1988 Convention also does not explicitly criminalise personal consumption, but by
bringing under the purview of the criminal justice system cultivation, purchase and
possession for personal use. it goes further than the 1961 Single Convention. The relevant
article is Art' "2 3. pa_ra?_raph Z which reads: _

"Subject to its constitutional principles and the bas concepts of its legal system, each
Party shall adopt such measures as may be necessary to establish as a criminal offence
under its domestic law, when commuted intentionally, the possession, purchase or
cultivation of narcotic drugs or psychotropic substances for personal consumption contrary
to the provisions of the 1961 Convention, the 1%1 Convention as amended or the 1971

Convention."

Translated into practice, it would have to be argued that b¥ the strict letter of the law. the
possession of an unlit spliff would constitute a criminal offence, but the smoking of it not.
According to Dr Vasciannie. the same contradictions noted in respect of the 1961
Convention would also apply, for _ _
"Article 3 (2) would mean that all important stages preceding consumption, but not
consumption itse'f, must be subject to the criminal law: the cultivator, the purchaser and the
gerson In possession are all guilty of criminal offences in the perspective of the 1988
onvention. For parties tc his Convention, therefore, decriminalisation for personal
“onsumption would appear to be a position possible in form but implausible in practice."

He examines other legal options available to Jamaica. Amendment as a possible route
would require the Secretary-General to notify the Council and all the Parties of the amended
text. A decision may be taken on the basis of the comments of the Parties, or ihe Council
may convene a conference, whether or not objections are raised. If the amendment is not
rejected within eighteen months of its circulation, it enters into force. Given the fact that so
many countries have seen it fit to ratify the Conventions (515_7 in the case of the 1961 Single
Convention. 154 in the case of the 1988 Convention), and given also the relatively recent
adoPtlon of the 1988 Convention, it is hardly likely, Dr Vasciannie believes, that Jamaica
could muster enough support to carry such an amendment.

The other legal option for which provision is made is denunciation. By denunciation, the
Secretary-General is advised by written instrument of the withdrawal of consent which
would then take effect the year following its submission. Legally, this is open to Jamaica to
do. but, opines Dr Vasciannie. from a geo-political perspective it would make little sense.

The Commission agrees.

The Commission does not however, agree with his conclusion that while “"the main drug
conventions...do not in themselves require Jamaica to subjec*  minal sanctions to
marijuana use...this does not necessarily permit decriminalisation in a mam.er that would be
workable in Jamaica", and that therefore "the status quo. with all its deficiences, ought to be

recommended.”

Given the clear intent of the Convention not to violate certain fundamental human rights, a
workable if untidy arrangement is possible, which would seek 110 significant change In the
status quo at present other than relief to the thousands who annually are brought before the
court for personal use. The suppression of the growing, large scale trafficking and export of
ganja w'ould and must continue, not least to guard against decertification by the 1’nited

tates. The suppression of public use would also continue. What would cease is the
prosecution of adults for the possession of small amounts for private use.

By itself that would not be enough, if we are to allay the fears of our partners that we are
reneging 011 our international obligations or to reduce the abuse of ganja not to mention
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other substances. It would require, also, a sustained education campaign, to deepen the work

already going on at community levels and in the schools. Such an approach is actually quite

consistent with both the letter and spirit of Article 38 of the 1961 Single Convention, on

Measures Against the Abuse of Drugs. _

1 The Parties shall give special attention to and take practicable measures for the
prevention of abuse of drugo and for the early identification, treatment, education, after-
care. reha! ilitation and social reintegration fo thepersons involved anJ shall co-ordinate
their efforts to these ends. o _

2. The Panes shall as far as possible promote the training of personnel in the treatment,
after cn e, rehabilitation and social reintegration of abusers of drugs. _

3. Thf F”.ties shall take all practicable measures to assist persons whose work so requires
to qam an understanding of the problems of abuse of drugs and of its prevention, and
shal' also promote such understanding among the general public if there is a risk that
abu .e of drugs will become widespread.

In the context of Jamaica, given the place of gand'a in social and cultural life,

decrii i alisation represents the first step towards prevention, early identification, treatment
and education. This is the unanimous position of all those working in the area of drug
abuse In the words of the Chief Medical Officer of Health, decriminalisation becomes a
platform-one might say the only realistic platform, for demand reduction.

A realistic education campaign would seek to present in as balanced a way as possible the
availa . experience and scientific know ledge of ganja, treating it as distinctly separate from
all othei substances, legal and illegal. It would continue to target but now with greater
confidence of success, young males who now needing no longer to tear condemnation and

ostracism would be more ready to discuss it ojienly.

Decrinm alisation will also require diplomatic efforts to join ranks with a growing number
of Parties who unilaterally are taking measures to ameliorate their own anti-marijuana
practices with respect to possession and use, our aim being to get the international
community ap ro_Brlater to amend the Conventions. In the Caribbean, where, according to a
report by the Caribbean drug control Coordination Mechanism on 1999/2000 drug trends
in the region, cannabis "is. in fact, the drug of choice" and "|u]nlike crack cocaine or
cocaine...is. to a large extent, socially acceptable,” diplomatic intiatives to get CARICOM to
adopt a single position will undoubtedly strengthen Jamaica’s ability to exert greater
influence at the international level.

It will require finally, practical proof that the country remains committed to the suppression
of all drugs. Police interdiction of cocaine trafficking and use would need to be stepped up,
which, if the Member of Parliament who appeared before the Commission is to be believed,

is a matter of will.

The Commission has good reason to believe that it is the failure to do this that will threaten
the country's certification status with the United States, and not the decriminalisation of
personal possession and use of ganja. Were even a single cocaine trafficker to be caught,
tried and sentenced, it would enhance the country’s standing. The decriminalisation being
recommended would free up more of Jamaica’s human and financial resources to focus on
the trafficking of cocaine. According to a well-informed source, this is where the Americans

are frustrated with Jamaica.

Human Rights

Decriminalising on the basis that the Conventions do not prohibit use does_not constitute
the only justifiable rationale. There may be a better way. The Commission is grateful to



Lord Anthony Gifford for opening up the following consideration.

All the relevant articles of the Conventions are prefaced by constitutional limitations,
variously phrased. For example. Paragraph | (ag) of Article 36 of the 1961 Single
Convention on Narcotic Drugs, is qualified by the clause: "Subject to its constitutional
limitations, each Party shall adopt such measures as will ensure etc."

Paragraph 2 of Article 3 of the 1988 Convention Against lllicit Traffic is similarly prefaced:
"Subject to its constitutional principles and the basic concepts of its legal system, each Party
shall adopt such measures etc." In other words the Conventions pay due regard to the

peculiarities of each country, such as would be reflected in its supreme law, the Constitution.

The Constitutional guarantees to individual rights and freedoms could normally have been
invoked to allow personal use of ganja, as an expression of religious freedom or of the right
to privacy, or other ri_hi without breaching international obligations. Unfortunately, such a
loophole would not "ow apply to Jamaica, because of a saving clause which allows the
Jamaican Constitution to be superseded by any statute in existence prior to the appointed
day when the Constitution came into effect. In the case of Dennis Forsythe V. the Director
of Public Prosecutions and the Attorney General, in which Forsythe argued that his
constitutional right to freedom of religion as a Rastafarian who used ganja for sacramental
purposes, and his right to the privacy of his home were violated when he was charged with
possession of the prohibited substance, the Supreme Court handed dow njudgment which
Included among other reasons the fact that Section 26 (8) of the Constitution plainly
declared that "any law in force immediately before die appointed day shall not be held to be
inconsistent with any of the provisions" of Chapter 11l of the Constitution which sets out the
Rights and Freedoms of the Jamaican citizen. The Dangerous Drugs Act being in force
prior to the appointed da Washudged by the Supreme Court to be not inconsistent with the
Constitution, and so Dr Forsythe's motion was dismissed. Thus, Jamaica cannot at the
present time make use of the constitutional limitation clause allowed by the Conventions.

However, the Charier ofRights being debated for adoption by Parliament were it to take
effect, would replace the existing chapter of the Constitution, override the saving clause of
Section 26 (8? of the Constitution and pave the way for Jamaica to take advantage of the
Constitutional Limitation clause. There are two Drafts, one by the governing People's
National Party, the other by the Opposition Jamaica Labour Party.

The Government’s Draft at Section 13 (2) reads:

Save only for laws that are required for the _%pver_nance of the State in periods of public
emergency, or as may be demonstrably justified in a fret and democratic society. Parliament
shall pass no law and no public authority or any essential entity shall take any action which

abrogates, abridges or infringes--

(b) the right to freedom of conscience, belief and observance of religious and political
doctrines;

(I) the right to protection for privacy of home and odier property; enjoyment and beneficial
ownership of property.

The Opposition Draft at Section 14(1) reads:

Save only for laws that are required for the governance of the State in Periods of public
emergency or public disaster or as may be demonstrably justified in a free and democratic
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society. Parliament shall 1pass no law and no organ of the State shall take any action which
abrogates, abridges or infringes:

d(C)tth'e ight to freedom of conscience, belief and observance of religious and political
octrines;

(k) the right to enjoyment and beneficial ownership of property;

(I)the right to respect for private and family life, privacy of the home and of communication.

Ganja could be decriminalised for personal use and justified under the constitutionally
protected right of enjoyment of the privacy of one’s home, and possession in limited
quantities for such private use .ikewise decriminalised. Also to be decriminalised in like
manner would be the possession and use of ganja in pursuit of the right to freedom to

manifest religious doctrines.

As Lord Gifford points out in his written submission, in effect supporting the above point
of Dr Rattray, international human rights conventions as well as recent judicial decisions in
otherjurisdictions add some weight to the argument.

The rights to privacy and to the freedom to manifest one's religion as contained in both

Drafts of the Charter of Rights are consistent with Articles 17 and 18 of the International

Covenant of Civil and Political Rights, and Articles 11.2 and 12.1 of the American

Convention on Human Rights. These rights are not absolute, and both Drafts include
rovisions to override them, although the Opposition Draft Section 19 of the Opposition's
raft goes so far as to make void any law or rule of law if: N _
S:\) it requires or authorizes anything to be done in contravention of any provision ol this

chapter (1.e. the Charier]; _ _

a) it prohibits the exercise of any right or freedom protected by this chapter; or

b) if it restricts the exercise of any such right or freedom in a manner not authorized by

this chapter.

The overriding provisions are. in the first place, those contained in the qualifier "Save only
for laws, etc.", which cover emergency situations or such laws "as may be demonstrably
justified in a free and democratic society.” It is hard to see what kind of emergency could
make it necessary to ban the private use of ganja, and equally how, given its cultural
entrenchment and medical status, the criminalisation of Panja possession for personal use
and the use itself could be "demonstrably justified in a free and democratic society." But the

Constitutional Coumjvould be called on to judge.

But secondly-and this is spelt out in the Government’s Draft, the private possession and
use of ganja would be subject to any law "which is reasonably required-

(a)in the interests of defence, public safety, public order, public morality, public health...;
(d)for the purpose of protecting the rights or freedoms of other persons.”

It is conceivable that ganlia use, even in private, could be challenged as being against public

morality and public health, or for infringing the rights and freedoms of others. But here
again the issue would be subject to argument before the Constitutional Court.
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Recent decisions in the United States and Canada also strengthen the case for
decriminalisation. We quote extensively from Lord Gifford's written submission:

In US vBauer and others. cited as 1996 WL 264776 (9th Cir. (Mont)), the United States
Federal Court of Appeal had to consider a plea from Defendants charged with trafficking
and possession of marijuana, that they had the right to a ‘religious use’ defence. They relied
on the Religious Freedom Restoration Act. a U.S. statue whic giuaranteed freedom of
religion. The District Court had held that the relevant marijuana law ‘substantially burdened
the free exercise of the Rastafarian religion’, but decided that ‘the Government had an
overriding interest in regulatmgi marijuana.’ The Court of Appeal reversed the District
Court’s decision. The court held that if the freedom of a person’s exercise of religion is
substantially burdened, the Government had to meet two tests: (a?‘a ‘compelling

overnmental interest; and (b) that the application of the law is “the least restrictive means of
urthering that compelling governmental interest.” The Court found that the Government
had not shown that a universal law against marHuana was the ‘least restrictive means’ of
preventing the distribution of marijuana. Accor mgw the defendants who were charged with
simple possession would be re tried, and they would have a defence if they could show that
the use of marijuana was part of their religious practice as Rastafarians. The defendants
char?ed with trafficking would have no such defence, since religious freedom was not

involved.

The conclusion drawn by LoiJ Gifford is that "even in the United States, the possession of
marijuana may be fo ndto be legal by the courts if it is associated with the exercise of a

fundamental right such as religious freedom."

In the Canadian case of R v Terrance Barker (Docket C28372. decided on 3 st July 2000),
the issue concerned the use of ganja for medical purposes. The Ontario Court of Atppea_l
considered the evidence concerning the harmful as well as the therapeutic effects of ganja,
and in making its ruling applied Section 7 of the Charter of Rights, according to which only
by virtue of ‘the prmcclfles of fundamental justice’ may the right to liberty and security of

the person be infringed.

The Court found that "the m_ariluana laws did infringe Parker's security in ﬁreventing him
from undertaking a safe medical treatment for his condietion of epilepsy. P held that a
blanket prohibition did breach the ‘i)rln(:lples of fundamental justice™, anu so permitted the
ossession of marijuana for medical use. Significantly, the Court of Appeal took note of the
act that the United Nations /9¢%" Convention had, as the Convention stipulated, to be
subject to Canada’s constitutional principles and basic concepts of its legal system.

IAy?ar later, Canada became the first state to pass legislation making "medical marijuana"
egal.

Clearly, then, a strong legal case for the decriminalisation of ganja for personal, private use
exists once both Government and O(}))posmon are agreed on the terms of the Charier, and it
becomes law by Act of Parliament. Once it becomes law. the decriminalisation of ganja for
personal use. based on the right of privacy of the home, and its decriminalisation for
religious use. based on the right of observance of religious doctrines, could then be covered
by the Constitutional limitation respected by the United Nations Conventions.
Decriminalisation would not remove the patent contradiction exposed by Dr Vasciannie
above, but it would be the more satisfactory of the two options in providing a sounder legal

basis.
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CHAPTER 5
CONCLUSIONS ANI) RECOMMENDATIONS

The National Commission on Ganja accepts that ganja is not entirely safe. Despite its
proven folk medicinal qualities, its use can be injurious to health. There is evidence that for
those who smoke it the inhalation of tar and other compounds can affect the lungs; that
users can experience short term memory loss and delayed reaction time; and that among
young people it can retard the learning process. There 1s also documented evidence that the
substance can produce in some people a mentally disturbed state of ganja psychosis.

Notwithstanding these and other ill effects, the Commission is of the view that many, if not
most, persons who use ganja in moderation suffer no apparent short or long term debility.
Not only that, but its reputation among the people as a panacea and a spiritually enhancing
substance is so strong that it is must be relgarded_qs culturally entrenched. As a result, the
practice of criminalising the users of small quantities does far more harm than good to the
society as a whole. The Commission is mindful also that there are legally available
substances that have been shown to have physiological and psychological ill-effects that
based on current evidence, are more injurious than those of ganja. Such is the case with

alcohol and tobacco.

It is the view of the Commission that the punitive sanctions administered by the justice
system to users of small quantities is not only unjust but is a major source of disrespect and
contempt for the legal system as a whole. Moreover, the punishment meted out to such
offenders has not had and is not likely to have the desired effect of a deterrent.
Administering the present laws as they apply to possession and use of small quantities of
g; nja not only puts an unbearable strain on the relationship of the police with the
communities, in particular the male youth, but also ties up the justice system and the work of
the police, who could use their time to much greater advantage in the relentless pursuit of

crack/cocaine trafficking.

Accordingly the Commission recommends as follows: _
1 that the relevant law's be amended so that ganja be decriminalised for the private,

personal use of small quantities by adults; _ o

2. that decriminalisation for personal use should exclude smoking by juveniles or by
anyone in premises accessible to the public; o

3. that ganja should be decriminalised for use as a sacrament for religious purposes;

4. that a sustained all-media, all-schools education programme aimed at demand reduction
accompany the process of decriminalisation. and that its target should be. in the main,
young people: U - .

5. that the security forces intensify their interdiction of large cultivation of ganja and
trafficking of all illegal drugs, in Fartlcul_ar crack/cocaine; _

6. that, in order that Jamaica be not left behind, a Cannabis Research Agency be set up. in
collaboration with other countries, to coordinate research into all aspects of cannabis,
including its epidemiological and psychological effects, and importantly as well its
pharmacological and economic potential, such as is being done by many other
countries, not least including some of the most vigorous in its suppression; and

7. that as a matter of great urgency Jamaica embark on diplomatic initiatives with its
CARICOM npartners and other countries outside the Region, in particular members of
the European Union, with a view (a) to elicit support for its internal position, and (b) to
influence the international community to re-examine the status of cannabis.
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Dear Dr. Pollin:

| transmit herewith, a report of the National Research Council's Committee on Substance
Abuse and Habitual Behavior:

"An Analysis of Marijuana Policy" prepared at the request of the National Institute on
Drug Abuse.

The Committee on Substance Abuse and Habitual Behavior, composed of 18 experts in the
several relevant _dlsu#)llnes, has weighed carefully the available data regarding the costs,
risks, and benefits of the major i)ollcy alternatives regarding the control of marijuana use
and supply. The Committee Is clear in pointing to the deficiencies of this body of evidence
and cautions about the hazards of formulating policy recommendations based solely or in
part thereon. In this regard. I call your attention to the following statement by Louis Lasagna
and Gardner Lindzey contained in the Preface to the report:

The Committee wishes to make clear what it regards as the limits of this report for the
selection of policy alternatives. Scientific judgment can estimate the prevalence of different
kinds of use, risks to health, economic costs, and the like under current policies and try to
project such estimates for new policies. It can come to some conclusions based on those
estimates. But selection of an alternative is always a value-governed choice, which can

ultimately be made only by the political process.

This caveat notwithstanding, the Committee has derived from its examination of the
scientific data a conclusion about the major policy choices facing the nation with respect to



marijuana; complete prohibition, prohibition of supply only, and regulatory approaches.
Specifically, the Committee concurs with thefudgment of the National Commission on
arijuana and Drug Abuse, rendered in 1971, that a policy of prohibition of supply only is

preferable to a policy of complete prohibition of supply and use.

THE NATIONAL RESEARCH COUNCIL, THE PRINCIPAL OPERATING
ACENCY OF THE NATIONAL ACADEMY OF SCIENCES AND IHE
NATIONAL ACADEMY OF EGINEERING

Dr. William Pollin
June 21.1982

Page Two

‘What must be understood by the public, the media, and all who read the Committee's report
is that its decision to endorse a policy change was not fashioned from scientific _
information-old or new-alone. Rather it was the analysis of a combination of factors which
affect policy decisions, including the cost and efficacy of enforcement practices. Values
were necessarily involved in balqncin? these factors and there are those within the _
membership ‘and governing bodies of the Academies and the National Research Council
who might not have come to the same policy conclusions, after reviewing the same data.

My own view is that the data available to the Committee were insufficient to justify on
scientific or analytical grounds changes in current policies dealing with the use of
marijuana. In this respect |am concerned that the Committee may have gone beyond its
charge in stating ajudgment so value-laden, that it should have been left to the political

process.

| have one further concern that cannot go unaddressed. | fear that this report, coming as it
does from a well-known and well-respected scientifip_organization, will be misunderstood
by the media and the public to imply that new scientific data are suddenly available that
justify changes in public attitudes on the use of marijuana. This would be unfortunate at a
time when daily use trends by high school students are down significantly. As the
Committee's discussion of marijuana’s behavioral and health-related effects clearly
demonstrates, there is no new scientific information exonerating marijuana. In fact, the
review by our Institute of Medicine, published a few months ago, reevaluated exwtmg
scientific evidence and concluded, as have others, that marijuana is a harmful drug whose

use justifies serious national concern.
Dr. William Pollin
June 21, 1982
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| wish to remind you that this is a committee report; the only position that can be interred
with resPect to the National Research Council on the issue of marijuana policy is that the
National Research Council is satisfied that the Committee was competent to examine the
issue and diligent in carrying out its task. Despite my personal disagreement I (relieve that
the Committee has performed a useful service by illuminating many of the complex issues

surrounding this highly controversial subject.

Yours sincerely,



Frank Press Chairman
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PREFACE

In 1978 the Committee on Substance Abuse and Habitual Behavior began a study of
marijuana policy at the request and with the support of the National Institute on Drug
Abuse. Sharp increases in marijuana use along with suggestions for reform of existing
marijuana laws from scientists and polllt\:Av makers prompted a renewed look at those laws. In
addition, the National Commission on Marijuana and Drug Abuse, in its 1973 final report.
Drug Lise in America: Problem in Perspective, had recommended that a follow-up
commission he appointed to review possible changes in the situation four years later. That
recommendation was not implemented, so the Committee took as a framework for its task
the assessment that the Commission recommended, especially the assessment of new
evidence regarding the effects of recent changes in state marijuana policies.

The Committee conducted its study with awareness of the intensity of past controversies
about marijuana use in U.S. society. In the four years since the Committee began its work,
there has been an increase in visible concern amon_? many parents about marijuana use
among youth, its potential risks to the health of children, and the possibility that heavy use
by some young people may seriously threaten their education. Parents who have _
experienced problems with their own children, or observed those of others, have organized
to make marijuana policies a major item on current political agendas. In comparison with the
situation at the inception of this study, there is today dgreater rancor in public discussion,
press reports, legislative hearings, and policy-oriented technical meetings related to

marijuana use.

This is the context in v liich the Committee completed its review of the evidence and
arguments of earlier studies and weighed the significance of subsequent evidence for the
major policy alternatives. Every policy has potentially fngOd and potentially bad effects, and
policy choices involve difficult comparisons of such effects. It is important to recognize that
to allow the inertia developed by existing policies to prevent change s itself a choice.

The Committee is aware that analyzing qtoEic that is the subject of heated social debate has
its hazards. Many of those E)artlmpatmg in the marijuana debate have already selected what
they take to be the admissible terms of the discussion and look with disfavor on anyone's
insistence on a wider set of considerations. For example, some would settle the issue on
physiological grounds alone: whether cannabis products, in the dose ranges customarily
used by most Beople, cause tissue damage. Defenders of marijuana use may seize on the
ambiguity' or absence of evidence for such damage and ignore any other effects on
education or safety; those opposed to marijuana use may emphasize the possibility of



chronic disease that is suggested by sc.ne laboratory findings and ignore the social,
political, and economic costs of fighting a well-established custom.

This report does not review and analyze every conceivable Policy nuance or option. It
addresses the macjjor choices--hoth because these families of alternative policies subsume
many variants and because the choice among these major options must be discussed before

specific, perhaps new, policy instruments can be designed.

The Committee wishes to make clear what it regards as the limits of this report for the
selection of policy alternatives. Scientific judgment can estimate the prevalence of different
kinds of use, risks to health, economic costs, and the like under current policies and can try
to project such estimates for new policies. It can come to some conclusions based on those
estimates. But selection of an alternative is always a value-governed choice, which can
ultimately be made only bg the political process. The role of scientific evidence in this
process is not inconsiderable, even though, at times, the strongest evidence may be pushed
aside and the wildest speculation prevail. But the weight of the evidence is only one factor in
the process of policy formation; ultimately, that process involves value choices.

In completing its report the Committee has benefited from many people in formulating,
revising, and updating the analyses and data. A very early version of this repol was
discussed at the Committee's annual conference in 1979, and subsequent versions benefited
from comments by staff of the National Institute on Drug \buse and of the National
Research Council. The final draft received close and consti ictive attention by members of
the National Research Council's Commission on Behavioral and Social Sciences and
Education, the Institute of Medicine, and the Report Review Committee of the National

Academy of Sciences.

We have also maintained a close liaison with the staff and members of the Institute of
Medicine’s Committee to Study the Health-Related Effects of Cannabis and Its Derivatives,
on which three members of our Committee also served, and whose recently published
report. Marijuana and Health, significantly contributed to our work.

Two former Committee members, Troy Duster and Michael Agar, assisted in the early
greparqtlo_n of the report. At later stages we were very ably assisted by the staff of the
ommission on Behavioral and Social Sciences and Education, in particular David Goslin,
executive director, and Eugema Grohman, associate director for reports. Without their help,
it is doubtful that we could have completed this task. Finally, we are indebted to the staff and
members of the Committee, for their diligence, patience, and commitment to a difficult

assignment.
Louis Lasagna, Chair
Gardner Lindzey, Chair, 1977-1980

Committee on Substance Abuse and Habitual Behavior
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INTRODUCTION

Since the early 1960s the use of marijuana as an intoxicant by a growing proportion of the
American population has been an issue of major national concern. Despite repeated
warnings of possible adverse health consequences and persistent efforts by law enforcement
agencies to restrict the supply and use of marijuana available data indicate that
experimentation with or regular use of the drug is no longer restricted to a small minority of
Americans. In 1979, for example, 68 percent of young adults between the ages of 18 and 25
reported having tried marijuana; 35.4 percent reported having used marijuana in the last
month. Among adults over a%e 26, the proportion having ever used marijuana has more than
doubled since 1971) from 9.2 percent to 19.6 percent (Fishburne et al.. 1980; seeTable .

below).

Although "the marijuana problem" may be viewed as of recent origin, marijuana is not a
new drug. The cannabis plant has been cultivated and used both for its intoxicating
properties and for its fiber d(hemp) throughout the world for more than 10,000 years (Abel,
1980). At various times and places attempts have been made to restrict its use as an
intoxicant; at other times and places its virtues have been extolled for medical purposes, and
it has played a significant role in religious ritual. Because cannabis is easily grown-indeed.
it is one of the hardiest of all plant species—its resin has been used for centuries along with
tobacco, fermented distillates of grains and fruits (alcohol), and opium derivatives as one
means of relieving stresses associated with daily life.

Despite its long history) the use of cannabis as an i.itoxicant was relatively unknown in the
United States until the latter part of the nineteenth century) and even then its use as a drug
was 1, .tncted to a tiny fraction of the population) primarily immigrants from Mexico. The
first efforts to restrict its use in this country did not occur until 1911) when Congress)
which at that time was considering proposals for federal antinarcotics le |sIat|on§)I|s_tened to
arguments that cannabis should be included in the list of illegal drugs. That effort failed) but
during the next two decades a number of state legislatures moved to prohibit the possession
of marijuana unless prescribed by a physician. It was not until 1937, when the Marijuana
Tax Law was enacted) that the federal governmei. jecame involved in the attempt to control
its use. Even this law recognized the industrial uses of hemp and also exempted the seeds of
the plant) which were then being sold as bird feed. In 1956. Congress included marijuana in
the Narcotics Act of that year and, in 1961, the United Nations adopted the Single
Convention on Narcotic Drugs, the terms of which state that each participati_nF country
could "adopt such measures as may be necessary to prevent misuse of, and illicit traffic m%
the leaves of the cannabis plant.” Congress approved participation in the convention in 1967
and three years later passed the Comprehensive Drug Abuse Prevention and Control Act,
which provides the basis for current tederal prohibitions regarding marijuana use.



Despite this history it was not until the 1960s that most Americans became aware of
marijuana. The political and cultural protests of  period focused public attention on
young people, their life-styles, and their use of drugs, including marijuana. That period
created the context in which public policies regardln?_ marijuana use have been debated since
the early 1970s. As Abel (1980) points Out, for the first time marijuana use was not
restricted to minority groups and fringe elements of society: many of the new users were
native-born, middle-class, white college students. Without doubt, the.political and cultural
context in which marijuana emerged as an issue of national concern has strongly influenced

the subsequent policy debate about its use.

The policy debate about marijuana use has also brought into sharp focus two conflictin

but deeﬁly held beliefs of large and overlapping segments of the American population. To
many, the use of drugs of any kind solely for the purpose of producing states of _
intoxication is abhorrent, entirely apart from any presumed health effects. At the same time,
many peoEIe strongly defend the right of individuals to privately indulge their desires, so
long as others are not adversely affected. Adding to the complexity of the issues are
continuing uncertainties about the health and developmental consequences of marijuana use,
concern over the grow ing number of adolescent users, the social consequences of
prosecuting otherwise law-abiding citizens for possession and use of marijuana, the
relationship between the distribution of marijuana and that of other illegal drugs, the costs of
enforcement of current laws, and the economic implications of the persistence of very large

illegal markets.

The next section of this report presents a brief summary of existing evidence regarding the
health consequences of marijuana use. drawing heavily on the recently completed study by
the Institute of Medicine. The third section summarizes existing federal ana state laws
relating to the supply and use of marijuana. The fourth section of the report reviews the
conclusions of the report of the National Commission on Marijuana and Drug Abuse
(1972). The next two sections deal, respectively, with policies regarding the use and the
supply of marijuana. The two final sections present a summary of the committee's
conclusions regarding major policy options and recommendations for research needed to

more adequately assess those options.

An Analysis of Marijuana

Policy
Iﬁ%onal Research Council of the National Academy of Science,

THE DANGERS OF MARIJUANA

Marijuana is not a harmless drug. Although available evidence suggests that marid'uana _
may be less likely than opiates, barbiturates, or alcohol to induce psychological and physical

9



dependence in its users, it has the capacity to reduce the effective functioning of individuals
under its influence, and prolonged or excessive use may cause serious harmful biological

and social effects in many users.
The recent report, and Health, of the Institute of Medicine in the appendix concludes:

The scientific evidence published to date indicates that marijuana has a broad range of
ﬁsychologlcal and biological effects, some of which, at least under certain conditions, are
armful to human health. Unfortunately, the available information does not tell us how

serious this risk may be.

Overall, the report concludes (p. 5):

(WJhat little we know for certain about the effects of marijuana on human health--and all
that we have reason to suspect—justifies serious national concern.

The complete summary of the Institute of Medicine report appears as the appendix to this
report.

Over the past 40 years, marijuana has been accused of causing an array of antisocial effects,
including: in the 1930s, provoking crime and violence; in the early 1950s, leading to heroin
addiction; and in the latel9b0s. making people passive, lowering motivationand
productivity, and destroying the American work ethic in young people. Although beliefs in
these effects persist among many people, they have not been substantiated by scientific

evidence.

Concerns about how marijuana affects citizenship, motivation, and job performance have
become less salient in recent years as marijuana has moved more into the mainstream of
society and has become less exclusively associated with radicals, hippies, or disadvantaged
minorities Though there is stillwidespread belief that heavy marijuana use may be
incompatible with a responsible, productive life, evidence that marijuana has not adversely
affected either the productivity or the sense of social responsibility of some groups of users
(see, e.g., Hochman and Brill, 1973) has tempered earlier fears of a widespread "motivation
syndrome." Research that correlates marijuana use with undesirable behavior, such as
alienation or inattention to school studies, has not established the direction of causality or
ruled out spurious associations (see. e.g., Beachy et al., 1979). This issue, however,
continues to be the subject of lively controversy and the Institute of Medicine report
(1982:125) concludes that "it appears Ilkel?/ that both self-selection and authentic drug
effects contribute to the 'motivational' problems seen in some chronic marijuana users."

Recently, a body of literature has accumulated that reports on links between marijuana use
and such health impairments as lung disease, chromosome damage, reduced reproductive
function, and brain dysfunction (summarized in Institute of Medicine, 1982. and National
Institute on Drug Abuse, 1980). In some areas—for example, effects on the nervous system
and behavior and on the cardiovascular and respiratory systems-there is clear evidence that
marijuana produces acute short-term effects (Institute of Medicine. 1982:2,3):

With a severity directly related to dose, marijuana impairs motor coordination and affects
tracking ability and sensory and perceptual functions important for safe drlvmgi and the
operation of other machines.... |It also| increase8 the work of the heart, usually by raising

the heart rate and, in some persons, by raising blood pressure.

There is as yet no such clear evidence on the possible long-term effects in these areas, or of
other potential health consequences of marijuana use; further research is needed. In



addition) most studies on human populations have been Iaborator?/ studies of young,
healthy adult males. Differential effects of marijuana use on the elderly, on pregnant women,
on groups that are f)sychlatrlcally vulnerable or at risk for disease or dysfunction, and
particularly on adolescents have not been studied systematically

In our view, the most troublesome aspects of marijuana use are its potential effects on the
development of adolescents. Parents as well as a number of clinicians and researchers are
concerned that the social and intellectual development of teenagers may be harmed by
chronic marijuana use. There is good evidence that intoxication may seriously impair such
important skills as comprehension and retention of newly presented educational materials
(Institute of Medicine, 1982). Rapidly growing tissues have been show n to be particularly
vulnerable to some, although by 110 means all. toxic agents, and there is at least a possibility
that toxic effects may be subtle and not clearly manifest until adulthood. Scientifically, these
are difficult relationships to identify, and the research to date is still insufficient to strongly

support any relationship.

Perhaps more significant than any lasting biological effect is the eftect of the drug in
different patterns of use on emotional development, on the formation of habits, and on the
acquisition of coping skills for stress situations. Indeed, although the many issues raised by
the use of intoxicants to escape stressful challenge have not been systematically studied, the
evident attractiveness of marijuana to many adolescents, and its Possmle dose-related
interference with the study and hard w-ork needed for intellectual development in the crucial
high school years, make this a special matter for concern. This is particularly so in light of
the fact that, unlike alcohol, marijuana is used by many adolescents durm? school hours.
Finally, reports of the effects of marijuana use on automobile driving skills are worrisome.

This Committee has reviewed the scientific literature surveys of marijuana effects on health
and behavior, including the major recent study conducted by the Institute of Medicine

1982) and those by the National Institute on Drug Abuse {1979; 1980), Tashkin et al.
1978), Nahas (1977), and Fried (1977). We agree with the conclusion of the Institute of
edicine report that it is likely that long-term heavy marijuana use will be shown to result in
measurable damage to health, just as Ionﬂ-term chronic tobacco and alcohol use have proven
to cause such damage. It is evident that the full impact of marijuana use on human health
will not be clear without careful epidemiological studies involving substantial populations of
users-a matter of some decades-even though it is predictable that this drug—like all others-
-w cause harm in some of its si. rs, particularly in its heaviest users, and amonlq these, in
its heaviest adolescent users. At this time, however, our judgment as to behavioral and
health-related hazards is that the research has not established a danger both large and grave
enough to override all other factors affecting a policy decision

National Research Council of the National Academy of Science,
1982



OVERVIEW OF CURRENT MARIJUANA
POLICIES

Current federal and state marijuana laws are in part governed by international treaty. The
major federal law relevant to marijuana is the Comprehensive Drug Abuse Prevention and
Control Act of 1970, which repealed all prior federal legislation and reduced federal
penalties for possession and sale. Althou?h manguana possession and sale are still
prohibited, possession has been reduced from a felony to a misdemeanor offense; the
maximum penalty for a First offense is $5,000 and one year's imprisonment. The Act also
provides for conditional dischar%e_, by which First offenders found guilty of simple
possession or casual transfer éw ich'is treated as 3|mi)le €;)ossessmn) may be placed on
probation for up to one year (Congressional Digest, 1979).

The Uniform Controlled Substance Act of 1970, drafted by the National Conference of
Commissioners on Uniform State Laws, was designed to make state laws more compatible
with the new federal law. Like the federal act, the Uniform Act reclassiFied marijuana as a
hallucinogen rather than a narcotic and reduced the penalty for p05session from the felony
to the misdemeanor level; a majority of the states have adopted the Uniform Act Eleven
states have withdrawn the criminal sanction from possession for personal use. In these
states, arrest has been replaced with a trafFic-ticket type of citation, and a small Fine is the
sole allowable penaltg. About 30 states include some provision for conditional discharge of
first offenders, and about a dozen of them provide for all records of the offense to be
expunged. The Alaska Supreme Court ruled in 1975 that possession for personal use bg_
adults at home was protected by the constitutional light to privacy and hence was not subject

to any penalty (Rosenthal, 1979).

State penalties for second-offense possession and for selling marijuana are extremely
variable. ﬁee National Organization for the Reform of Marijuana Laws and Center for
Study of Non-Medical Drug Use, 1979. for summary tables of state marijuana I_aws.? Sale
is almost always a felony, with maximum sentences rangln% from two years to life, although
casual transfer, or "accommodation,” is sometimes exempt from felony treatment. All but 15
jurisdictions loun_ls_h cultivation as he vily as they do sale; the Uniform Act includes the two
In the same classification (manufacture), with the same penalty provisions.

Federal Prohibition of small-scale possession is virtually unenforced. At the March 1977
House of Representatives hearings on decriminalization, the chief of the criminal division of
the Department of Justice testified that the federal government no longer effectively
prosecutes the use of marijuana, "nor do we. under any conceivable way, in the Federal
Government have the resources to do so" (Select Committee on Narcotics Abuse and
Control, 1977:13). In terms of its effects from a law enforcement point of view, the present
official federal policy of complete prohibition does not differ in fact from a policy of
prohibition of supply only. Complete prohibition is the federal law, but partial prohil ion is
the practice. However, the law, even though partly unenforced, has probably had a
restraining influence on the willingness of states to adopt policies of less than complete
prohibition. The states traditionally have followed the federal lead in drug abuse legislation,
although they are not legally, required to do so (see the testimony of Jay Miller, American
Civil Liberties Union, to the Select Committee on Narcotics Abuse and Control, 19772. In
summary, in most states and according to federal law, U.S. marijuana policy is one o
complete prohibition-that is, prohibition of both supply and use

12



Major alterr-uives to complete prohibition include prohibition of supply only-called i)artial
prohibition-and regulation.* Prohibition of supply only means havmgi no or only civi
penalties) for use, possession, or. sometimes, “casual transfer" of small quantities of
marijuana, while having criminal penalties for manufacture, importation, or commercial sale
of marijuana. Regulation means not only eliminating penalties for use but also allowing

controlled production and distribution.

Within each of die three broad policy options--complete prohibition, prohibition of supply
only, and regulation-numerous subsidiary policy choices exist. For example, a policy of
complete prohibition necessitates decisions about die resources to be devoted to
enforcement, the appropriate penalties to be imposed for violations, and whether marijuana
should be made available for any medical uses. Under a policy of prohibition of su(ﬂ)_ly
only, decisions must still be made about penalties and permitted medical uses. In addition,
one must also determine how to distinguish between users and suppliers; whether
cultivation should be permitted; how stronger preparations of the cannabis plant, such as
hashish, should be treated; whether to criminalize small-scale casual transfers, made with or
without payment; and what should be done about certain specific behaviors, such as the
EJUbIIC use of marijuana and the operation of motor vehicles under the influence of the drug.

nder a policy of regulation, some of the issues to be decided are the type of control system
(e.g.. state monopoly or licensed sale), the rules as to potency and quality, and appropriate
penalties for violation of the system's rules.

*In this discussion, we use the terms "complete prohibition,” and "prohibition of supply
and use” interchangeably. We also use the terms “partial prohibition,” "prohibition of
supﬁ_lg/_qnly," and "decriminalization” as equivalent. We generally prefer the terms "partial
prohibition," or "prohibition of supply only" since many people seem to regard
decriminalization as the equivalent of legalization or reﬁulatlon—_whlch it most certainly is
not. (The policy of partial prohibition has also been called the vice model.) Finally, we use

“regulation” and "legalization" as equivalent terms.

The variety of choices within each of the broad policy options su %ests that none can he
characterized in a monolithic way. Some regulatory systems could be so stringent as to have
results similar to prohibitory laws: e.g., a regulatory system that raised the price drastically
above what the illegal market charges. Similarly, lack of enforcement could strongly reduce
the impact of a prohibitory option. As we have already noted, this latter effect has already
occurred in some jurisdictions in which the law provides for complete prohibition but users

are not in fact prosecuted.

Analysis of Marijuana

National Research Council of the National Academy of Science,
1982



A REVIEW OF THE REPORT OF THE NATIO

TIONA
COMMISSION ON MARIJUANA AND DRUG AB

L
USE

An attempt to describe a full array of policy options together with associated benefits and
detriments of each of them was made by the National Coumission on Marijuana and Drug
Abuse in its 1972 report Marijuana: A Signal of Misunderstanding. With respect to the
major policy choices, the Commission did a thorough joh. The members and staff
recognized the limited knowledge base for their deliberations and subsequentl
recommended that a second commission be appointed to review the situation four years
later. Such a follow-up commission was never apﬁo_inted. It seems appropriate, then, that
this Committee reappraise the Commission's work in light of subsequent research findings,
especially those relating to recent changes in marijuana policies.

The Commission examined the spectrum of social policies available to control marijuana
use and the benefits and detriments of implementing each policy. The legal alternatives
presented included those identified above:

complete prohibition; prohibition of supply only; and

regulatory approaches. The Commission emphasized that choosing among the three
approaches requires consideration of the social milieu, cultural values, and practicalities of
implementation. The Commission cor idered such social conditions partlcularlﬁ_ important
in examining marijuana controls because both use of the drug and the laws prohibiting
suPpIy and use had symbolic importance, representing a clash of values between a dominant
culture that opposed marijuana use and a large minority that either used marijuana or
condoned its use. The probable effects of the various policies considered by the
Commission include changes in use patterns, enforcement costs, and influence on related
social concerns such as the marketing of other illicit drugs and general respect for law.

The Commission commented on all three broad policy options. It suggested first that total
prohibition has resulted in costly enforcement, alienation of the young, discrimination
th_roulgh selective enforcement, some deterrence of supply (especially to middle aged and
iniddle-class potential users), but minimal detei.ence of use by those with access to the
drug. Second, the Commission stated its belief that prohibition ot supply only would
support the official policy of d_|sc0ura?|ng use. but at the same time would recognize the
practical difficulties of attempting to eliminate use. The report listed a number of choices
that might be made under a system of partial prohibition and described some of the practical
problems they m'Eiht entail (e.g., the need to distinguish between casual and commercial
dgstrlbutorsg. Finally, the Commission described regulation as a policy that only mildly
disapproved of occasional use and that concentrated on controlling excessive use. but was
mostly designed to lower the costs of prohibiting the drug. The Commission argued that
marijuana consumption would increase considerably if complete prohibition were replaced
by regulation. In addition, the Commission considered a major drawback of any regulator)'
system to be that its elimination of the main symbol of society's disapproval-criminal
sanctions—would cause resentment amon? the nonuser majority of the population.
Marijuana was described as being symbolic of countercultural lifestyles: "the drug's
symbolism creates a risk of strong political reaction to any liberalization of the present laws
%older members of the society” (National Commission on Marijuana and Drug Abuse.

72, Appendix Volume 11:1149),

On balance, the Commission concluded that since the threat of punishment had not
apparently deterred the millions of people wdio had already used marijuana, the replacement
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of complete by ﬁartial prohibition would not produce a significant increase in marijuana use.
Consequently, the Commission recommended that individual marijuana users should not be
subject to criminal prosecution for their private use or possession of small amounts of the
drug, and that, on balance, the best policy was one of prohib:,;on of suppg/ only. In
accordance with this view, the Commission recommended that federal and state laws should
be amended to achieve partial prohibition. In the decade since the Commission report, a
number of states have changed their laws in varying ways. These legal changes can be
viewed as natural experiments, and one can use the data from them to reassess the
Commission's conclusions regarding these policies.

An Analysis of Marijuana
Policy

I\]%)nal Research Council of the National Academy of Science,

MARIJUANA: COMPARING COMPLETE
L

THE USE OF
AND PARTIAL PROHIBITION

To compare the two types of marijuana control policies presently used in the United States-
-prohibition of supply and use and prohibition of supply only—we need to consider only the

one particular in which they differ:

the application of criminal sanctions against marijuana users. To compare the effects of the
two policies, we can examine the effects of the prohibition of use and determine whether
prohibition results in more costs than benefits or vice versa.

In recent years the prohibition of marijuana use has come under increasing criticism. Many
students of the U.S. marijuana situation, including the National Commission on Marijuana
and Drug Abu”e, members of Congress, political analysts, and legal experts, have suggested
that existing laws prohibiting marijuana use be repealed. These sug%estlons have been
prompted by the failure of current policies to deter large numbers of users, the consequent
criminalization of large numbers of young Americans, and the high social costs of such law
enforcement. A number of ?rofesslo_nal associations and agencies have also gone on record
in support of the removal of all criminal penalties for the private possession and use of
marijuana as a means of reducing the economic costs of law enforcement and the social
costs of arrest or imprisonment ?crlmmallzat_lon) of young people who are otherw ise not
criminally involved or labeled. The organizations and agencies that have expressed this view
include the American Medical Association, the American Bar Association, the American
Public Health Association, the Canadian Commission of Inquiry into the Non-Medical Use
of Drugs, the National Council of Churches, the National Advisory Commission on
Criminal Justice Standards and Goals, the National Commission on Marijuana and Drug
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Abuse, among others. Eleven states, with one-third of the nation Is population, have adopted
some version of partial r;])_rohlbl_tlon or decriminalization.” (In Oregon. Alaska, Maine.
Colorado, California, Ohio, Minnesota, Mississippi. New York. North Carolina, and
Nebraska, citations and small fines have replaced arrests and incarceration for use-only

marijuana-related offenses.)

At first glance, criminalizing the selling of marijuana might appear inconsistent with failing
to punish its purchase. But In the drafting of laws, a line 1s often drawn between legal and
illegal conduct so that the maximum reduction in the proscribed hehavior can be gained at
minimum sacial cost. Frequently it turns out that laws aimed solely at suppressing sales are
more cost-effective in reducing both the possession and use of a substance than are laws
that attempt to suppress possession directly. There are several reasons for this. First there
are fever sellers than bugers; this permits a concentration of law enforcement efforts where
they do the most good. Second, juries arc likely to be more sympathetic to a "mere" user,
who may be ill-advised, than to a dealer making a profit from the weaknesses of other..
Offenses treated under the vice model (partial prohibition) range from gambling-the person
who takes |IIe?aI bets is guilty of a crime while the person who places them is not—to the -
offense of selling new automobiles not eqmpged with seat belts—the seller, not the buyer, is
guilty of an offense. Even Prohibition in 1919 never criminalized the possession or use of

alcohol, only its manufacture and sale.

Effects of Partial Prohibition

‘Probably the most important fact about a policy of prohibition of supply only is that where
it has been adopted it has apparently not led to appreciably higher levels of marijuana use
than would have existed if use were also prohibited. The National Commission on _
Marijuana and Drug Abuse's speculations about the lack of change in use patterns resulting
from repeal of prohibitions on use have been confirmed by data since 1972. Reports from
California, Oregon, and Maine indicate no appreciable increase in use following
decriminalization of use, at least in the short term.

Oregon, the first state to repeal prohibition of use (in October 1973) has been studied in a
series of Drug Abuse Council surveys (National Governors' Conference. 1_977?1. Surveys in
1974 and 1975 showed no major increase foIIowm? decriminalization. While the percentage
of adults who were current users had increased by January 1977 (from 20 to 24 percent),
use had increased similarly nationwide in the same period, suggesting that the causes for the
adult increase in Oregon were the same as those for increases In the rest of the country
rather than the result of changes in the law. Indeed, die percentage of adult ever-users in
Oregon in 1976 (24 percent) was lower than the average percentage of adult ever-users in
the western United States (28 percent) in 1975-1976, although higher than the national
average (21.3 percent). (It should be noted that aggregate use rates in the western United
States are heavily weighted by use rates in California, the largest western state, which had
relatively high rates even prior to the state repeal of prohibition of use.) That the increase in
use in Oregon from 1973 to 1976 was probably not due to the new law is suggested by
other survey data. Only a small lg)roportlon of non-users said fear of legal prosecution was a
reason for nonuse in 1974. 1975.and 1976 (National Governors' Conference. 1977). On the
guestlon of the fear of health dangers) Drug Abuse Council survey data show that such fear
ecreased significantly over those years but has increased since 1976.

The state of Maine, which repealed criminal penalties for marijuana use in May 1976,
surveyed the effects of legislation in July and August 1978 (State of Maine Department of
Human Services, 1979). Its study concluded that the change from criminal to civil penalties
has not caused a large increase in marijuana use: less than | percent of all adults and 3.1
percent of all high school students reported any increase in their use as a result of the new
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law; 3.5 percent of adult regular users and 7 percent of high school regular users reported
any increase in their use directly attributable to the change in the law. There is also
preliminary evidence, based on a nationwide study of high school students between 1975
and 1979, that "any increase in marijuana use in the decriminalized states, taken as a group,
was equal to or less than the increases bemg observed in the rest of the country where
decriminalization was not _takln(}; place” (Johnston, 1980:5). It could be argued that because
dt fncto repeal of prohibition of use has been taking place throughout the country, one
should not expect to see larger increases in use in states that Iegi]aIIY decriminalize than in
others, Even if this is true, however, the important point is that the legal change to
decriminalization does not, in itself, appear to lead to increases in use.

This lack of change is not particularly surprising. The statistical chance that any person
would be apprehended for his or her use i8, in fact extremely low throughout the United
States (though, as we note below, the large number of users is sufficient to generate a
substantial volume of arrests in states that do prohibit use). As a result it is hard to imagine
that the deterrent effect of prohibition laws on any given user would be very great.

It has been suggested that repeal of government i)rohib_iti_ons might change attitudes related
to health or morals, Perhapg symbolizing that health officials certify marijuana use to be
safe. The absence of large increases in marijuana use in repeal states, however, indicates that
either the change in policy has not had such a symbolic effect, or that, if it has. its causal
significance is not appreciable--though it must be acknow ledged that changes of this type
might take generations to occur.

Costs of Prohibition of Use

The costs of policies directed at the user are not negligible, although actual savings in law
enforcement costs attributable to repeal of prohibition of use per se are difficult to estimate.
The difficulty arises in part because marijuana arrests have decreased nationally in recent
years, reflecting the overall tendency to relax enforcement of marijuana laws, and that
change could lead to inaccurate estimates of the impact of repeal. Nevertheless, reduced law
enforcement activities seem to have led to substantial savings in states that have repealed

laws that prohibit use.

California made a careful study of the economic impact of its law repealing prohibition of
use. which went into effect in January 1976 (State Office of Narcotics and Drug Abuse,
1977). The law reduced the penalty for personal possession of one ounce or less of
marijuana from a possible felor.y to a citable misdemeanor, punishable as an infraction with
a maximum fine of $100 without resard to prior possession offenses. Criminal custody,
booking, and pretrial incarceration procedures were eliminated. Possession of more than
one ounce was also made a misdemeanor, with a maximum fine of $500, six months in jail,
or both. According to the study, these changes resulted in a 74 percent reduction in what the
state had been spending yearly to enforce its marijuana laws. (Estimates of what the state
had been spending ranged from $35 million to more than $100 million yearly; see National
Governors'Conference, 1977.) _ o _

In addition to its economic benefits, repealing prohibition of use saves the social costs of
criminalizing the marijuana user. In recent years, close to 400.000 people have been arrested
each year for marijuana-related offenses despite the general nonenforcement of criminal
sanctions for use 3Federal Bureau of Investigation, 1980). Only a small fraction of the
arrests are made under federal law. largely tor importation of marijuana. About 85 percent
of all marijuana-related arrests are for possession, usually of one ounce or less (see. e.g..
State Office of Narcotics and Drug Abuse, 1977).

A study by the National Commission on Marijuana and Drug Abuse of a sample
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consisting of some 3.000 of the people arrested for marijuana-related offenses in 1970
indicated that the marijuana arrest was usually the arrestee's first experience with the
criminal justice system, particularly among juveniles (National Commission on Marijuana
and Drug Abuse, 1972). Yet, "it is standard practice for law enforcement agencies to report
such offenses to prospective employers, licensing agencies, and other authorities as ‘narcotic
drug arrests™ (testimony of Jay Miller, American Civil Liberties Union to the Select
Committee on Narcotics Abuse and Control, 1977). Thus young users, who are often
otherwise law-abiding people, are subject to an arrest record, or even a prison term, with
implications extending into many aspects of their lives.

A
Alienation from the rule of law in democratic society may be the most serious cost of
current marijuana laws. The National Commission on Marijuana and Drug Abuse was
concerned that young people who see no rational basis for the legal distinction between
alcohol and marijuana may become cynical about America’s political institutions and
democratic process. The Ame.ican Bar Association report (printed in Select Committee on
Narcotics and Drug Abuse. 1977) concurs in the view that marijuana laws that criminalize
the millions of Americans who have used marijuana engender disrespect for the law.

Public Attitudes Toward Partial Prohibition

Although the National Commission on Marijuana and Drug Abuse concluded that
rohibition of supply only would be a better policy than prohibition of supply and use. it
elt that a serious disadvantage of such a course would be the upset and moral outrage 8uch
a policy would engender. Hindsight now shows that the Commission was mistaken in
Eredlc_tmg a strong uniform Rubllc reaction to the adoption of partial prohibition policies.
xperience since 1973 has shown that repeal of criminal penalties for use of marijuana has
massive public protest in the states in which it occurred and, in

not been accompanied b
Yof the majority of citizens in those states (National Governors'

fad has had the approva
Conference. 1977;).

Nationally, attitude trends are consistent with the experience of the repeal states. Roffman
(1978) reports that public opinion surveys indicate a slowly increasing preference for a
reduction in penalties for marijuana offenses; a 1975 national survey ? ational Institute on
Drug Abuse, 1975-1976) found that 52 percent of American adults favored only a fine or
probation for small marijuana offenses; and a 1977 Gallup poll showed that 28 percent of
the public favored legalization, compared with 12 percent in 1969.

An Analysis of Marijuana

Policy

National Research Council of the National Academy of Science,
1982



THE SUPP MARIJUANA: COMPARING
PR T D REGU

E S LY
OHIBITED GULATED MARKETS

Policy implementation does not occur in an ideal world. Prohibition of supply has nol in
practice, meant that no one nas had access to marijuana-though this may have been the
Intent of those who framed that law. Similarly, reglulatlpn_ of supply does not mean that
everyone who uses marijuana will use it moderately, minimizing its harm. Prohibition of
supply does make marijuana less accessible than it might otherwise be to a large number of
Americans, and thus it almost certainly reduces the total amount of the druP used and the
number of users. Such reduction is the purpose of a partial prohibition policy and to some
extent it is accomplished. Arguments for a regulated, legal suh)ply_of marijuana are largely
based on the social costs and mcomﬁ!et_e_ effectiveness of pronibition of supply and on the
belief that regulating rather than prohibiting the supp' would not lead to an unacccptably

large increase in use.

OF
AN

Under a regulatory policy, the cultivation, importation, manufacture, distribution, retailing,
and, of course, use of marijuana would no longer be illegal per se. Within this broad
category, specific policy options range from a virtual withdrawal of the government from
martjuana control (allowing the drug to be freely produced, advertised, and sold, very much
as coffee is today--but protecting the consumer against harmful adulterants), to a carefully
controlled system of licensing, to a government monopoly on retail sales, wholesale
distribution, or manufacture of marijuana. Thus, controls might be placed on such factors as
quality, potency, amount purchased, time and place of sales, age of buyers, etc. If marijuana
were regulated as is alcohol, restrictions - ould derive from federal, state, or local statutes,
with the majority of them not at the fed-.*! level. Regulations might also include legally
fixed prices--as in state-controlled alcohol beverage retailing or as a consequence of the

levying of excise taxes.

The specific form and content of any proposed regulatory system are very important for
those Taced with the decision as to whether and under what conditions to remove penalties
for the distribution of marijuana, but such details are beyond the scope of this report.

The advantages of a policy of regulation include the disappearance of most illegal market
activity, the savings in economic and social costs of law enforcement directed against illegal
supply systems, better controls over the quality and safety of the product and, possibly,
increased credibility for warnings about risks. The major disadvantages are a consequence
of increased marijuana use—ncreases in harm to physical health and to individual

development and behavior.

Costs of Prohibition of Supply

The number of arrests for violations related to supply is much lower than for those related
to use. But enforcement of prohibition of supply is far more costly per arrest. Long
undercover investigations, the purchase of expensive hardware, and the major consumption
ol trial and correctional resources are largely attributable to the prohibition of supply

The National T*stitute on Drug Abuse §1975) estimated that in 1974 costs for enforcement
of marijuana laws totaled $600 million for state and local agencies. If we extrapolate from
the California data ?Stat_e Office of Narcotics and Drug Abuse, 1977). about three-fourths of
the total is spent enforcing the law against marijuana supply. The total federal drug abuse
law enforcement budget was more than $400 million in 1979, about half of which was the
budget for the Drug Enforcement Administration. At the federal level, authorities do not
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break down their expenditures on enforcement between marijuana and other drugs: virtually
all of the federal resources that are allocated to marijuana are spent in attempting to enforce

the laws against supply.

The task of attempting to make the prohibition of s_upFI  effective is, of course, formidable.
In 1969 Operation Intercept demonstrated the practica |ff|cuI(tjy of sealing off the Mexican
border. In the weeks the operation lasted, hundreds of thousands of vehicles and passengers
were searched every day: ensuing traffic jams caused expenditures by U.S. tourists and
commuters to Mexico to drop 50-70 ﬁercent below normal (Kaplan. 1971). The situation
was intolerable and the program was halted. However, the federal government has continued
efforts to improve border surveillance and to penetrate trafficking networks. The While
House Strategy Council on Drug Abuse §19 9) notes that more than 5.6 million pounds of
marijuana w'as seized at the Mexican border over a 12-month period in 1977-1973: a large
increase over the 1.5 million pounds seized during the previous 12 months, “but a fraction
of marijuana entering the country." Recently, the Council has suggested s_tr_engthenmﬁ
border surveillance by cooperative efforts of the Drug Enforcement Administration, the
Customs Service, the Coast Guard, and the Department of State and by the use of the
detection capabilities of the armed forces as well.

In our view, the prospects for major success in these ventures are not great. Nor is there
much likelihood that some recently sug%e_st_e_d measures against marijuana production
outside the U.S. would make future prohibition of supply more effective. For example, the
White House Strategy Council on Drug Abuse has supi)orted crop eradication ﬁrograms,
provided that the proposed method of eradication is evaluated for possible health and
environmental consequences and that a readily distinguishable marker is added to any
chemical herbicides that are used, but the political obstacles to this course would be
significant. Entirely apart from the views of producer nations, which arc likely to be quite
negative, the public is unlikely to support the use of chemicals of unknown toxicity on an
import product legal or not that may be used by large numbers of Americans. And
irrespective of the degree of success of controlling |mports] the problem of domestic
production under a policy of partial prohibition remains. Although the illegal domestic
Industry is thought to account for only about 15 percent of American marijuana
consumption, marijuana grows easily in many parts of the United States. The National
Commission on Marijuana and Drug Abuse cited a Department fAgriculture estimate that
in 1972 there were S million acres containing wild marijuana in the United States and an
undetermined but obviously growing number of acres under cultivation.

Law enforcement costs are by no means the only costs of prohibition of supply. There are
large amounts of money being made in marijuana—which, like any illegal business, carries
with it the likelihood of corruption of public officials and the loss of tax dollars. Violence is
also a cost of attemptmg to prohibit marijuana supply: this problem is not confined to illegal
marijuana production abroad. There has been violence in marijuana-growing regions in the
United States. The extent of such violence is not know-n with any precision, hut there have
been popular r;])ress reports of kidnappings, assaults, burglaries, and homicides known to be
connected with the marijuana business in northern California and elsewhere.

Another major cost of attempts to prohibit the s_ulpply of marijuana is related to the fact that
many illegal sellers of marijuana also sell other illegal drugs, e.g., PCP. amphetamine, and
barbiturates (Blum, 1971). Itis likely, therefore, that prohibition of the supply of marijuana
increases access to and use of other illegal drugs through the creation of an illegal
marketing system for all drugs. Little is known about the structures and activities of illicit
drug markets. It is clear, however, that there are many small-scale marijuana dealers) that
manﬁ sellers service only their friends and acquaintances, and that those who sell marijuana
are thereby more likely to come into contact with users and sellers of more dangerous



drugs, to use such drugs, and to make them available to their clientele (Blum, 1971).
Moreover, there is reason to believe that marijuana sellers may become socialized into other

illegal activities.

TABLE 1 Lifetime Prevalence and Use in Past Month of Marijuana 1971-1979, by
Category of User (percentage)
Cateﬁor of User 1971 1972 1974 1976 1977 1979
Youth: Ages 12-17

Ever used 14.0 14.0 23.0 22.4 28.0 30.9

Used in past month 6.0 7.0 12.0 12.3 16.6 16.7
Young Adults: Ages 18-25

Ever used 39.3 47.9 52.7 52.9 59.9 68.2

Used in past month 17.3 27.8 25.2 25.0 27.4 35.4
Older Adults: Ages 26+
Everused 9.2 7.4 9.9 12.9 153 19.6

Used in past month 1.3 2.5 2.03.5 3.3 6.0

(Number) (3.186) (3.265) (4,022) (3.576) (4,594) (7,224)
0

Costs of Regulating Supply

The wide availability and use of marijuana are not only major factors in the cost of attempts
to prohibit the suEp y of the drug, they also have |mFI|cat|ons for the likely magnitude of
increases in use that could be expected under a regulatory policy. Greater use of marijuana
under a re?ulatory policy is re%arded as the most significant cost of such a policy. Inan
analysis of this potential cost, however, it is important to note that under the present policy
of prohibition, prevalence and frequency of marijuana use are substantial and have increased

in recent years.*

*Thc data indicating rates of use are based on self-reports; as such, their reliability and
validity may be questioned. Nevertheless, as Radosevich et al. (1979) indicate, studies of
guestions on drug use have consistently demonstrated reliable responses within the same
instrument and over time. Furthermore, there are indications that most drug surveys do not
have serious validity problems (see Whitehead and Smart and Abelson and Atkinson, both
cited in Radosevich et al., 1979; Johnston etal 1982).

A National Institute on Drug Abuse general household s_urveg (Fishburne et al., 1980
shows that 35.4 percent ol the 18-25-year-olds in the United States report having use
marijuana in the month preceding the survey. Yearly surveys show a steady increase from
1971 to 1979 in the percentage of people who report having ever used marlﬁuana as Well as
in the percentage of people who report being current users ggsee Table I). These survey
results (Fishburne et al., 1980) also indicate that between 1976 and 1977. the percentage of
current users among 12-17-year-olds increased from 12.3 to 16.6 percent: this trend had
leveled off by 1979 and has since shown a decline. In an annual survey of national samples
of some 17,000 high school seniors, Johnston et al. 31982) found that 7.0 percent of the
class of 1981 reported daily marijuana use. compared with 6.0 percent in 1975 and 10.7
percent in 1978, the peak year (see Table 2). There has been a similar trend in initial use at

younger ages.

TABLE 2 Trends in Prevalence of Marijuana Use by High School Seniors (percentage)

C\ass
Prevalence 1975 1976 1977 1978 1979 1980 1981

Ever useJ 47.3 52.8 56.4 59.2 60.4 60.3 59,.r
Used in last
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12 months 40.0 44.5 47.6 50.2 50.8 48.8 46.1

Used in last

30 days 27.] 32.2 35.4 37.1 36.5 33.7 31.6

Used daily in

last 30 days 6.0 8.29.1 10.7 10.39.1 7.0 o

51)Daily use defined as using marijuana on 20 or more occasions in the last 30 days.

Although the present policy of prohibition of supply is not preventing the current levels of
marijuana use, mcludmgi use among the very young, it is probable that most strategies under
a regulatory policy would result in an overall increase in use. Even more important than
overall use rates, however, are likely changes in consumption patterns; such patterns are the
most difficult changes to predict. The smallest increases in numbers of users can be
expected to occur amon% those to whom marijuana is now most readily available-the
young. Johnston et al. (1982) found that close to 90 percent of the high school seniors in
their national sample survey report that marijuana is "fairly easy" or "ver5y ea8y for them to
get. This percentage remained relatively stable over the seven years, 1975-1981. At the same
time, the reported availability of most other illegal dru%s %exc_ept cocaine) declined
considerably. For example, while 46.2 percent of the 1975 high school seniors said that
LSD would be "fairly easy" or "very easy" to get, only 32.2 percent of the class of 1978
gave those responses. It would appear, therefore, that the reports of easy availability are not

ue to a tendency of adolescents to report any illegal drug as easy to get, but reflect their
actual access to the drug. It might also be noted that only 13.9 percent of the class of 1978
reported having no friends who smoke marijuana; thus it is reasonable to expect that at least
86 percent have a factual basis for estimating the availability of the drug.

Other survey data corroborate these findir]Ps. Radosevich et al. 61979) report that a 1975
national survey by the Drug Abuse Council found that at least 70 percent of the hlgh school
students in their sample reported marijuana "easy to gel and O'Donnell et al. (1976) found
similar results. There are no contrary reports for recent years. In sum, one can be ~
reasonably confident tlial at least with respect to older adolescents, the prohibition against
supply does not succeed in suppressing access to marijuana. (The effect on price is

discussed below.)

Regulation could be expected to provide the greatest increase in availability to those to
whom the drug is now least available, i.e., older adults who are not in contact with marijuana
sellers or a drug-using subculture and who are most likely to avoid illegal "connections."

It has been argued that a serious cost of the adoption of a regulatorr policy for marijuana is
the likelihood that such a change might delude many people into believing that the drug is
safe. As noted above, there is no indication that the elimination of penalties for marijuana
use has caused the drug to be regarded as any less dangerous. Moreover, alcohol and
tobacco are almost universally regarded as involving risks to health, and these drugs are
already made available under regulatory systems.

To the extent that marijuana use causes harm, one is necessarily concerned about policy
changes that will lead to increases in use. As we have noted, however, it is a fact that _
marijuana is already wideiy available despite the Ie%al prohibition of supply and thal despite
the best efforts of government under any foreseeable set of conditions, it will continue to be.
Though a regulatory policy would increase the availability of the drug, estimates ot the size
of these increases, and associated increases in harm, must be weighed against estimates of
the costs and weaknesses ofcontmumg prohibitions of supply. In pragmatic terms, the
issue is whether more harm would be done, overall, by retaining the partl?/ effective, costly
prohibition of supply or by moving to a system of legalized regulated sales—wherein



presumably more people would use more marijuana, but some of the costs imposed by
prohibition of supply would be removed.

Regulatory Systems: Some Concrete Aspects

To this point, a policy of regulation has been discussed rather abstractly in contrast with the
more concrete discussion of prohibition policies. Experimentation with varymF systems of
regulation followed by adjustment and readjustment based on experience would be
necessary hefore those most appropriate for particular circumstances could be developed.
This can be a complex matter. For instance, U.S. alcohol policy, developed with the repeal
of Prohibition, consists of an umbrella of national policy and a wide variety of supporting
state and local regulation. The national policy umbrella includes controls on importation,
taxation) potency% packagmg, labeling, advertising, use in federal jurisdictions (e.g.. parks,
military installations), and use in Systems requlated b¥ the federal government (e.q.. air
transportation); it also provides funds and guidelines for the treatment of casualties of
excessive use. Under the umbrella policy, states and local jurisdictions regulate taxes, retail
sales, hours of availability, age limits, and the like, where supply is legal, or ?_rohlblt sales
entirely. Some states have monopoly systems for package sales, others use licensed private
stores. Historically, under this system, the strictness of controls has reflected local sentiment
about the cons1mption of alcohol. Although few “dry" jurisdictions exist today, various
degrees of local "dryness" were quite widespread until very- recently (National Research

Council, 1981).

Controlling Use

A regulated system of marijuana sale might attempt to moderate use by inhibiting the
frequency of use and the amounts used as well as by prescribing conditions of purchase
and use. However, it is likely that under a regulatory system consumption would in great
part be controlled by informal social norms-as it is today.

Mam(;)ulatmg the price of the drug is an obvious means of inhibiting use. It has been

argued that most adults would be willing to pay a higher price for legal marijuana than they
currently pay for |Ileg¥al supplies in return for not having to seek out “connections" and
bemP relieved of the feeling that they may be supporting organized crime. A high price
would be comparatively more restrictive for young people-precisely those whom one would
most want to discourage from use--since, though they seem affluent compared with youn
people in previous times, their budgets are in fact more constrained than those of adults. The
possibility of illegal markets selling to %o_ung people remains, but today's kind of illegal
market for marijuana would_Bro_bany shrink greatly under a regulatory system in the same
way that |Ileﬁal alcohol distribution systems have become so scarce. Young users would be
much more likely to gain access to marijuana bK diversion from the legal market-as they do
today for alcohol-or from homegrown plants than from a wholly illegal chain of
distributors. Such a development would make marijuana selling a. less profitable and status-
producing occupation amor]? the young, _ _

It has been suggested that it legal limits were imposed on the potency of legally available
marijuana, a substantial illegal market for high-potency forms of the drug, including
hashish, would still exist. Since it is I_|kelf¥_ that there w'ould continue to be some users who
prefer high-potency forms of cannabis, this is a reasonable concern. But there isno
compelling a priori reason to believe that a legal structure for retail marijuana sales, which
includes limits on potency, would result in any increase in the availability and use of high-

potency products.

Home Cultivation
Cultivation of marijuana by users is another issue that would have to be confronted in
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devising a regulatory system. Gr_owin? marii'u_ana without payment of a tax might be treated
as a revenue offense. Without criminal penalties or vigorous enforcement, however, -
deterrent effects would be minimal since marijuana can be %rown indoors anywhere in the
United States using artificial light-and at comparatively little expense. A recent British
study of options for mar_léuana control (Logan, 1979) sug?e;sts_that, from a law enforcement
perspective, it is not feasible to attempt to control home cultivation. Whether users would
take the trouble to grow their own marijuana would depend in part on the legal price. The
relatively high (Jorlces that might be char%ed in order to discourage use and to increase
revenues would also tend to encourage home cultivation. Whatever its disadvantages,
however, the use of homegrown ma_rlhuana at least would not bring users into contact with
those who illegally sell the drug. With respect to young people, moreover, marijuana under
cultivation is much harder for children to hide from parents than is the purchased prepared
drug, and cultivation by juveniles could remain illegal if age limits on use were imposed.
Nonetheless, the treatment of home cultivation represents a major issue for the design of a

regulatory system.

Public Education

Excessive use may be discouraged by policies aimed at public education and at the use of
the media, including a ban on commercial advertising. Although information on how to use
drugs, on drug hazards, and on the attributes of drugZS is passed along most effectively
through informal channels (see, e.g., Hanneman, 1972), media and education programs can
make such information far more readily available.

Research on the communication of messages to the public has identified source credibility
as a major factor contributing to the persuasive power of a message (McGuire. 1969). It
appears that the public i now extremely wary of some government information programs
that attempt to influence health behaviors. The credibility of the federal government may t
especially suspect when it issues health warnings about an illegal substance that it is clearl
trylngf_to prohibit. Rosenthal (1979) asserts that distrust of the government and the medica
establishment has grown because of past exaggerations and distortions of the effects of

some mind-altering drugs.
Informal Social Controls

In an assessment of possibilities for governmental controls under a regulatory system, the
operation of informal norms for controlling substance use practices must be taken into
account (Maloff et al., 1980). National experience w-ith alcohol use. for example, provides
evidence that there are informal rituals and sanctions that generally encourage moderation in
the use of recreational drugs. Moreover, moderation is encourai]ed when a drug is
introduced 8radua||y, that 1s, to a growing population of users, like marijuana in the 1960s
and early 1970s. One might expect that when a new drug is introduced into a society,
governmental control would be particularly important since no informal controls for
teaching people appropriate rules for use would have developed. If a potent drug is made
widely available precipitously and verK cheaply to a novice population, severe societal
disruptions may occur: for example, the gin epidemics of early eighteenth-century England
(see Clark, 1976). Because in the past two decades infomial norms for controlling
marijuana use have spread in the United States under conditions of greatly increased
availability of marijuana, there is reason to believe that widespread uncontrolled use would
not occur under regulation. Indeed, regulation might facilitate patterns of controlled use by
diminishing the "forbidden fruit" aspect of the _

drug and perhaps increasing the likelihood that an adolescent would be introduced to the
drug through families and friends who practice moderate use, rather than through their

heaviest-using, most drug-involved peers.
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Relations Among States

As has historically been the case with respect to alcohol, state governments differ in their
approaches to marijuana. So long as present federal law continues to prohibit cultivation and
distribution of marijuana, states cannot adopt a regulatory system, althou?h they are legally
free to reduce or eliminate their own penalties for sale and are not compelled to enforce
federal laws. If federal law were changed, however, the institution of a regulatory system in
one state would have reverberations in other states. Residents of states that continued to
prohibit marijuana could be expected to cross state lines to Purchase the drug in a state with
a regulated system, thus further compromising the ability of states to enforce prohibition of
supply among its residents. Furthermore, states that attempted to curtail consumption by
ral_sm% prices might Find their populations turning to lower-cost marijuana from
neighboring states with lower P“C?S- This is a familiar situation. Large numbers of both
cigarettes and guns are smuggled illegally into New York from other states. Moreover, New
Yorkers may travel to New Jersey to gamble in a casino, or Virginians to the District of
Columbia to buy cheaper liquor. It is difficult to see how state prohibitions could remain
effective if the number of states with regulatory systems grew very large unless the changes
occurred in only one reglon of the country. However, there mag be advantages in permitting
a state-by-state approach. Conditions governing the costs and benefits both of partial
rohibition and of regulation vary among the states. In this area of uncertainty, we may learn
rom experiment. If one regulatory system proved successful, other states would be more
likely to adopt similar systems: similarly, if it worked poorly in one state, other states would

be less inclined to adopt a regulatory policy.

Fffects on Foreign Relations

The 1961 Single Convention on Narcotic Drugs, which now obligates the U.S. government
to prevent the Importation of marijuana and to prohibit the adoption of a licensing system by
any state is a serious (although not an insurmountable) obstacle to the adoption of a federal
regulatory policy and the development of state licensing. The treaty allows a signatory to
terminate its adherence to the agreement at any time after two years from the date of the
convention. Of course the general impact of any move to withdraw from the convention
includes a broad foreign policy context, which is beyond the expertise of this Committee to

judge.

An Analysis of Marijuana

Policy

Iil9a8ti20nal Research Council of the National Academy of Science,

CONCLUSIONS
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For the last decade, concern with health hazards attributable to marijuana has been rising.
The hearts, Iungs, reproductive functions, and mental abilities of children have been reported
to be threatened by marijuana, and such threats are not to be taken lightly. Heavy use by
anyone or any use by gro_me children should be discouraged. Although conclusive
evidence is lacking of major, lor -term public health problems caused by marijuana, they
are worrisome possibilities, and ooth the reports and the a priori likelihood of developmental
damage to some young users makes marijuana use a cause for extreme concern

At the same time, the effectiveness of the present federal 5polic of complete prohibition
falls far short of its goal-preventing use. An estimated 55 million Americans have tried
marijuana, federal enforcement of prohibition of use is wrtuallY nonexistent, and 11 states
have repealed criminal penalties for private possession of small amounts and for private use.
It can no longer be ar_%ued that use would be much more widespread and the problematic
effects greater today if the policy of complete prohibition did not exist: The existing
evidence on policies of partial prohibition indicates that partial prohibition has been as
effective in controlling consumption as complete prohibition and has entailed considerabl
smaller social, legal, and economic costs. On balance, therefore, we believe that a policy o
partial prohibition is clearly preferable to a policy of complete prohibition of supply and

use.

We believe, further that current J)olicies directed at controlling the supply of marijuana
should be seriously reconsidered. The demonstrated ineffectiveness of control of use
through _ﬁrohlbltlon of supply and the hl%h costs of_lmplqmentln? such a policy make it
very unlikely that any kind of partial prohibition R/cl)llcy will be effective in reducing
marijuana use significantly below present levels. Moreover, it seems Ilkelty to us that
removal of criminal sanctions will be given serious considera,:on by the federal government
and by the states in the foreseeable future. Hence, a variety of uiternative policies should be

considered.

At this time, the form of specific alternatives to current policies and their probable effect on
patterns of use cannot be determined v -th confidence. It is possible that, after careful studP(,
all alternatives will turn out to have so n.aiiy disadvantages that none could command public
consensus. To maximize the likelihood of sound policy for the long run, however, further
research should be conducted on the biological, behavioral, developmental, and social
consequences of marijuana use, on the structure and operation of drug markets, and on the

relations of various conditions of availability to patterns of use.

An Analysis ofMarijuana

Policy
National Research Council of the National Academy of Science,
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1982

RECOMMENDATIONS FOR RESEARCH

Health and Behavior

‘The persistent concern about the health-related effects of marijuana requires both an
immediate and a continuing response. First, as the report of the Institute of Medicine
(1982:5) recommends, there should be “a greatly intensified and more comprehensive
program of research into the effects of marijuana on the health of the American people.” An
Important goal of this research program should be the identification of subgroups at high
risk for physiological and psychological damage in relation to patterns of use and doses of
marijuana. The report presents a detailed agenda of needed research. Second I to the extent
that potential health hazards are identified, policy research should address possible
safeguards and precautions to protect the user.

If marijuana use can be scientifically shown to entail grave risks--to the brain, the
cardiovascular and respiratory systems, or to reproductive functions, for example-that are
currently not known, it can be argued that, as was the case with cigarette smoking,
knowledge of those effects will be more effective than criminal enforcement as a deterrent to

use.
Drug Markets

Research on the price elasticity of demand in Iegal and illegal markets is a clear priority.
The result of such research will be important in determining the likelihood of controlllnﬁ
heavg use thr_ough_ price mechanisms and in computing the amount of money-if any—that
could be realized in taxation of marijuana.

Presen* knowledge of the structure and activities of drug markets and networks is
insufficient to allow prediction of the effects of policy ¢ an%es on them. Research in this
area is difficult but the questions are important. 1f many dealers who sell cocaine. PCP,
amphetamines, and barbiturates as well as marijuana would be put out of business if
marijuana were available through legal channels, it might result in a curtailed market for a
variety of other drugs. On the other hand, it is also possible that the market structure is so
loosely organized, and dealers so transiently involved, that removing marijuana from the
illegal markets would have little effect. To be sure, much research on some of these
questions could not be conducted unless a regulatory system were in place in some state.
Nonetheless, some research, ﬁartlcularly ethnographic and economic studies, should be
undertaken now to discover the importance of marijuana profits to drug-dealing networks;
the transiency, size, and nature of such networks; etc. It is essential for research in this area

to be supported by appropriate government agencies.

Effects on Use

Although many questions remain to be answered before the most informed choices can be
made between prohlbltl_ng_an_d regulating supply, there are many thlngs that cannot be
known unless some jurisdiction tries a re(]}_u atory policy. Although adoption of a re?ulatory'
policy is likely to result in increased use. little is known about changes in patterns of use
that are likely to result. If federal laws prohibiting supply are changed to allow states to

21



license marijuana sales, epidemiological research programs must be ready to monitor any
changes in use and their consequences. To do so, research should be organized and
operating well in advance of any such policy changes in order to determine rates of use
before the change. Althoulgh the shift in the law from complete to partial prohibition in 11
states has a%parently had little effect on consumFtlon patterns there, we do not know the
degree to which legally available marijuana would attract a Iargier market. The impact on use
of educational campaigns, health « arnings, and informal social controls under a regulatory

system should be investigated.

In the absence of the opportunity for states to adopt regulatory policies, there can ongl be
educated guesses about which age groups are likely to Increase use or whether individuals
who now use marijuana will use more, etc. Meanwhile, every bit of analysis to predict the
answers to these questions, by surveyingi public attitudes, assessing past experiences with
the spread of drug use in soclety (e.1g., alcohol use followin% the repeal of Prohibition), and
critically reviewing the experience of other societies in which marijuana is more readily
available, will be valuable.

Marijuana regulation would permit systematic provision of comprehensive, clearly
communicated health warnings on package inserts or covers, in loublic health education, b
medical practitioners, and by public health interest grpu_i)_s as well as by the government. The
extent to which such warnings would have more credibility for users than current health
warnings, generated in an atmosphere of prohibition, is an important subject for research.
Despite widespread pessimism about the failures of drug education campaigns, there are
encouraging results in educational approaches based on the Stanford Heart Disease
Prevention Program experience. With appropriate, research-based models and techniques,
ublic health education may be an attractive means for limiting excessive use (see. e.g.,

accohv, 1979).

An Analysis ofMarijuana

Policy

I}I&pnal Research Council of the National Academy of Science,
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APPENDIX: SUMMARY OF MARIJUANA AND HEALTH

The Institute of Medicine (IOM) of the National Academy of Sciences has conducted a 15-
month study of the health-related effects of marijuana, at the request of the Secretary of
Health and Human Services and the Director of the National Institutes of Health. The IOM

appointed a 22-member committee to:

analyze existing scientific evidence bearing on the possible hazards to the health and safety
of users of marijuana;

analyze data concerning the possible therapeutic value and health benefits of marijuana;

assess federal research programs in marijuana;

identify promisin% new research directions, and make su?gestior_ls to improve the quality
and usefulness of future research: and draw conclusions from this review that would
accurately assess the limits of present knowledge and thereby provide a factual, scientific

basis for the development of future government policy.

This assessment of knowledge of the health-related effects of marijuana is important and
rimely because marijuana is now the most widely used of all the illicit drugs available in the
United States. In 1979, more than 50 million persons had tried it at least once. There has
been a steep rise in its use during the past decade, particularly among adolescents and
young adults, although there has been a IeveImP-o fin its overall use among high school
seniors in the past 2 or 3 years and a small decline in the percentage of seniors who use it
frequent(ljy. Although substantially more high school students have used alcohol than have
ever used marijuana, more high school seniors use marijuana on a daily or near-dan)(] basis
(9 percent) than alcohol (6 percent) Much of the heavy use of marijuana, unlike alcohol.
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takes place in school, where effects on behavior, c_o%n_ition,_and psychomotor performance
can be particularly disturbing. Unlike alcohol, which is rapidly metabolized and eliminated
from the body, the psychoactive components of marijuana persist in the body for a long
time. Similar to alcohol, continued use of marijuana may cause tolerance and dependence.
For all these reasons, it is imperative that we have reliable and detailed information about the
effects of marijuana use on health, both in the long and short term.

What. then, did wc leam from our review of the published scientific literature? Numerous
acute effects have been described in animals, in isolated cells and tissues, and in studies of
human volunteers; clinical and epidemiological observations also have been reported. This

information is briefly summarized in the following paragraphs.
EFFECTS ON THE NERVOUS SYSTEM AND ON BEHAVIOR

We can say with confidence that marijuana produces acute effects on the brain, including
chemical and electrcyohysmlpglcal_changes. Its most clearly established acute effects are on
mental functions ana behavior. With a severity directly related to dose, manguana_ impairs
motor coordination and affects tracking ability and sensory and perceptual functions
important for safe driving and the operation of other machines; it also impairs short-term
memory and slows learning. Other acute effects include feelings of euphoria and other
mood changes, but there also are disturbing mental phenomena, such as brief periods of

anxiety, confusion, or psychosis.

There is not yet any conclusive evidence as to whether prolonged use of marijuana causes
Berma_nen_t changes in the nervous system or sustained impairment of brain function and
behavior in human beings. In a few unconfirmed studies in experimental animals,
impairment of learning and changes in electrical brain-wave recordings have been observed
several months after the cessation of chronic administration of marijuana. In the judgment
of the committee, widely cited studies purporting to demonstrate that marijuana affects the
gross and microscopic structure of the human or monkey brain are not convincing; much

more work is needed to settle this important point,

Chronic relatively heavy use of marijuana is associated with behavioral dysfunction and
mental disorders In human beings, but available evidence does not establish if marijuana use
under these circumstances is a cause or a result of the mental condition. There are similar
problems in interpreting the evidence linking the use of marijuana to subsequent use of
other illicit drugs, such as heroin or cocaine. Association does not prove a causal relation,
and the use of marijuana may merely be symptomatic of an underlying disposition to use
psychoactive drugs rather than a "stepping stone" to involvement with more dangerous
substances. It is also difficult to sort Out the relationship between use of marijuana and
the complex symptoms known as the motivational syndrome. Self-selection and eflects of
the drug are probably both contributing to the motivational problems seen in some chronic

users of marijuana.

Thus, the long-term effects of mari%uana on the human brain and on human behavior
remain to be defined. A_Ithou%h we have no convincing evidence thus far of any effects
persisting in human beings after cessation of drug use. there may well be subtle but
Important physical and psychological consequences that have not been recognized.

EFFECTS ON THE CARDIOVASCULAR AND RESPIRATORY SYSTEMS

There is good evidence that the smoking of marijuana usually causes acute changes in the
heart and circulation that are characteristic of stress, but there is no evidence to indicate that
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a permanently deleterious effect on the normal cardiovascular system occurs. There is good
evidence to show that marijuana increases the work of the heart usually by raising heart rate
and. in some ﬁersons, by raising blood pressure. This rise in workload poses a threat to
patients with hypertension, cerebrovascular disease, and coronary atherosclerosis.

Acute exposure to marijuana smoke generally elicits broncho-dilation; chronic heavy
smoking of marijuana causes inflammation and pre-neoplastic changes in the airways,
similar to those produced by smoking of tobacco. Marijuana smoke is a complex mixture
that not only has many chemical components (including carbon monoxide and "tar") and
biological effects similar to those of tobacco smoke, but also some unique ingredients. This
su_ﬂgests the strong possibility that prolonged heavy smoking of marl%uana, Iike tobacco,
will lead to cancer of the respiratory tract and to serious impairment of lung function.
Although there is evidence of impaired lung function in chronic smokers, no direct
confirmation of the likelihood of cancer has yet been provided, possibly because marijuana
has been widely smoked in this country for only about 20 years, and data have not been
collected systematically in other countries v ith a much longer history of heavy marijuana

use.
EFFECTS ON THE REPRODUCTIVE SYSTEM AND ON CHROMOSOMES

Although studies in animals have shown that delta-9-THC (the major psychoactive
constituent of marijuana) lowers the concentration in blood serum of pituitary hormones
(gonadotropins) that control reproductive functions, it is not known if there is a direct effect
on reproductive tissues. Delta-9-THC appears to have a modest reversible suppressive effect
on sperm Productlon in men, but there is no proof that it has a deleterious effect on male
fertility. Effects on human female hormonal function have been reported, but the evidence is
not convincing. However, there is convincing evidence that marijuana interferes with
ovulation in female monkeys. No satisfactory studies of the relation between use of
marijuana and female fertility and child-bearing have been carried out. Although delta-9-
THC is known to cross the placenta readily and to cause birth defects when administered in
large doses to experimental animals, no adequate clinical studies have been carried out to
determine if marijuana use can harm the human fetus. There is no conclusive evidence of
teratogenicity in human offspring, but a slowlty developing or low-level effect might be
undetected by the studies done so far. The effects of_marlg)uana on reproductive function and
on the fetus are unclear; they may prove to be negligible, but further research to establish or

rule out such effects would be of great importance.

Extracts from marijuana smoke particulates ("tar") have been found to produce dose-related
mutations in bacteria; however, delta-9-THC, by itself, is not mutagenic. Marijuana and
delta-9-THC do not af)pe_ar_ to break chromosomes, but marijuana may affect chromosome
segregation during cell division, resulting in an abnormal number of chromosomes in
daughter cells. Although these results are of concern, their clinical significance is unknown.

THE IMMUNE SYSTEM

Similar limitations exist in our understanding of the effects of marijuana on other body
systems. For example, some studies of the immune system demonstrate a mild,
immunosuppressant effect on human beings, but other studies show no effecL

THERAPEUTIC POTENTIAL
The committee also has examined the evidence on the therapeutic effects of marijuana in a

variety of medical disorders. Preliminary studies suggest that marijuana and its derivatives
or analogues might be useful in the treatment of the raised intraocular pressure of glaucoma.
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in the control of the severe nausea and vomiting caused by cancer chemotherapy, and in the
treatment of asthma. There also is some preliminary evidence that a marijuana constituent
(cannabidiol) might be helpful in the treatment of certain types of epileptic seizures, as well
as for spastic disorders and other nervous system diseases. But, in these and all other
conditions, much more work is needed. Because marijuana and delta-9-THC often produce
troublesome psychotropic or cardiovascular side-effects that limit their therapeutic
usefulness, particularly in older Patlen_ts, the greatest therapeutic potential probably lies in
the use of synthetic analogues of marijuana derivatives with higher ratios of therapeutic to

undesirable effects.
THE NEED FOR MORE RESEARCH ON MARIJUANA

The explanation for all of these unanswered questions is insufficient research. We need to
know much more about the metabolism of the various marijuana chemical compounds and
their biologic effects. This will require many more studies in animals, with particular
emphasis on subhuman primates. Basic pharmacologic information obtained in animal
experiments will ultimately have to be tested in clinical studies on human beings.

Until 10 or 15 years a?o, there was virtually no systematic, rigorously controlled research
on the human health-related effects of marijuana and its major constituents. Even now, when
standardized marijuana and pure synthetic cannabinoids are available for experimental
studies, and good qualitative methods exist for the measurement of delta-9-THC and its
metabolites in body fluids, WeII-_de_smined, studies on_human beings are relatively few. There
are difficulties in studying the clinical effects of marijuana in human beings, particularly the
effects of long-term use. And yet, without such studies the debate about the safety or hazard
of marijuana will remain unresolved. Prospective cohort studies, as well as retrospective
case-control studies, would be useful in identifying long-term behavioral and biological

consequences of marijuana use.

The federal investment in research on the health-related effects of marijuana has been small,
hoth in relation to the expenditure on other illicit drugs and in absolute terms. The
Committee considers the research partlpularlg inadequate when viewed in light of the extent
of marijuana use in this country, especially by young people. We believe there should be a
greater investment in research on marijuana, and that investigator-iniuated research grants
should be the primary vehicle of support B

The committee considers all of the areas of research on marijuana that are supported by the
National Institute on Drug Abuse to be important, but we did notjudge the appropriateness
of the allocation of resources among those areas, other than to conclude that there should be
increased emphasis on studies in human beings and other primates. Recommendations foi
future research arc presented at the end of Chapters 1-7 of this report.

CONCLUSIONS

The scientific evidence published to date indicates that marijuana has a broad range of
ﬁsychologlcal and biological effects, some of which, at least under certain conditions, are
armful to human health. Unfortunately, the available information does not tell us how

serious this risk may be.

The major conclusion is that what little we know for certain about the effects of marijuana
on human health-and all that we have reason to suspect-justifies serious national concern.
Of no less concern is the extent of our ignorance about many of the most basic and
important questions about the drug. Our major recommendation is that there be a greatly
intensified and more comprehensive program of research into the effects of marijuana on

the health of the American people.
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story of the new, allegedly stronger and more dangerous marijuana was rebirthed in January 1986 by the
late Sidney Cohen, M.D., Professor of Psychiatry at UCLA: " ... material ten or more times potent than the
product smoked ten years ago is being used, and the intoxicated state is more intense and lasts longer." In
addition, Cohen (1986) asserted that “the amount ol THC (tetrahydrocannabinol) in confiscated street

samples averaged 4.1 percent THC during 1984.

The sinsemilla varieties w-ere about 7 percent with some samples reaching 14 percent. ... all marijuana
research to datPhas been done on 1or 2 percent THC material and we may be underestimating present day

smoking practices."

The average potency of marijuana samples seized by the Drug Enforcement Administration (DEA) increased
from 0.5 percent THC in 1974 to 3.5 percent in 1985-1986. with sinsemilla (seedless marijuana) at 6.5 to 12
percent, announced Dr. Richard Haw'ks of NIDA later that year (Kerr 1986: I). "Parents who experimented
in their youth are not aw'are that the potency is much higher," added Donald M. Delzer, Chairman of the

National Federation of Parents for Drug Free Youth (Kerr 1986: 18).

"Now perceived as a hard drug, marijuana has increased 1.400 percent in potency since 1970," proclaimed

the flyer of a national conference on marijuana (Henry Ohlhoff Outpatient Programs 1986). Drug abuse

treatment professionals soon elaborated on the outcry. Tennant (1986) asserted that the drug of the 1970

contained one to three percent THC, while that of the 19807 contained five to 15 percent. Furthermore, the

u-ain registers the difference exponentially, so the difference between one percent and 10 percent THC was
nine percent, but more like 900 percent (Garcia 1986: 3). Smith (1987) stated that Cohen "taught us that
rijuana was a lot more dangerous than we originally thought, particularly with the use of more potent
preparations by young people." Inaba (1987) added that "this new, stronger marijuana has a more disruptive

effect on brain chemistry and body physiology than we had imagined previously," and mentioned heretofore



undescribed side effects among athletes: "Baseball players who get beaned a lot admit to smoking
marijuana. It impairs their ability to follow the ball."

In a column for drug abuse counselors, Meyers (1987) advised "supportive therapy" for the effects of the
ew" marijuana, which were described as "depersonalization, disorientation, derealization, changes in
K« ception. and alterations in body image ,.. acute brain syndromes with temporary clouding of menial
processes ... a change of time sense— where minutes seem like hours— slowed thinking, and feared
perception of brain damage." Schick Shadel Health Services drug abuse treatment clinics (Unsigned 1987)
now advertise that "marijuana has increased THC content from on percent THC in 1975 to six to fourteen

percent THC in 1985 due to hybridization techniques----

For those who have become addicted to marijuana, whether it was years ago, or recently, treatment is
necessary-even more critical today."

Despite the respectability of these authorities, none of these alarming claims arc new, and neither is the
potency issue. There are several claims intertwined: (1) that the marijuana available today is much stronger
than that available previously, particularly since the early 1970's; (2) that the effects of this so-called new
marijuana are different from effects known earlier: and (3) that all previous marijuana research has been
done with weak material and is therefore irrelevant. Before leaping on the bandwagon, one should examine

the validity of these assertions.

HISTORICAL PERSPECTIVE

Extremely potent marijuana has been described for 150 years by Western scientists and (with the possible
exception of the bean-ball syndrome) so have the effects of the new marijuana. There has been a great deal

of research on high-potency cannabis in many countries.

ANthe paper that introduced cannabis to Western melicine, O'Shaughnessy (1839) discussed the widespread
social and medical uses of ganja (sinsemilla) in India and noted symptoms of "delirium which the
incautious use of the Hemp preparations often occasions, especially among young men first commencing the
practice." Cannabis tinctures soon appeared in Europe and America (Robertson 1847; Savory 1843) and
Fitz Hugh Ludlow (1857) described florid psychedelic trips after their oral ingestion, including all the
symptoms mentioned by Meyers (1987). The Ohio State Medical Society (McMeens 1860) reviewed some
15 years of clinical experience with the drug and acknowledged the intense but physiologically benign

mental effects caused by high doses or idiosyncratic sensitivity.

Wood (1869) reported the subjective effects of a tincture made from North American marijuana,
experiencing a distortion in time sense, convulsions and memory loss, but no adverse aftereffects. He
reported considerable success with it in the treatment of severe neuralgia. However, 15 years later Wood and
Smith (1884) commented on the variable potency of cannabis and outlined appropriate treatment for

overdoses in medical practice.

Early investigators (McMeens 1860: Bell 1857) attributed this variability to "defective pharmaceutic
processes” employed in foreign countries, and recommended that extracts prepared at home w'ould be
preferable. How'ever. extreme variations in locally manufactured preparations were soon recognized in the
Dispensatory of the United States (Wood & Bache 1868: 379-382). A practical bioassay technique was
gradually perfected starting from the systematic observations of Hare (1887), followed by Evans (1894) and

irshall (1898), to compensate for batch-to-batch potency variations.

Nagmatically, the solution to the overdose/potency problem in both the United States (Wood & Bache
1868: 382) and England w-as to titrate the dose. In London, a patient who signed a letter to the editors of
Lancet, W.W. (1890) reported a typical case: W.W. had inadvertently been given an overdose of cannabis



for treatment of neuralgia by his doctor and had suffered perceptual distortion, agitation, mood swings, and
fear of death. Sir J. Russell Reynolds. M.D., F.R.S., physician to Queen Victoria's household, responded
with a recommendation based on 30 years of experience with the drug (Reynolds 1890). stating “that Indian
hemp, when pure and administered carefully, is one of the most valuable medicines we possess. ... a
limum dose should be given to begin with, and ... the dose should be very gradually and cautiously

° Teased.”

During the nineteenth century, social and scientific research on marijuana, as well as tinctures, were

cot ducted with much stronger material than is available on the illicit market today. For example, the Indian
Hemp Drugs Commission of 1893-1894 investigated the social, religious and medical uses of bhang
(marijuana), ganja (sinsemilla) and charas (hashish). The potencies of varieties from different parts of the
subcontinent were evaluate ’ by government chemists and botanists (Evans 1894; hooper 1894). using the
"acknowledged superiority of Bengal ganja as the standard. The Commission found that the moderate use
of even highly potent marijuana caused no significant physical, mental or moral damage (Kaplan 1969;

Mikuriya 1968).

In the 1890's, at the peak of medical interest in the drug. British chemists (Wood, Spivey & Easterfield
1899) isolated an impure active principle, cannabinol. using a "red oil" distilled from Indian cannabis as a
starting point, which was considered to be the active ingredient until the 1930's (Work. Bergel & Todd
1939; Cahn 1931). In 1909. Marshall demonstrated that oxidation during storage was the primary cause of
the drug's variable potency. With this advance the pharmaceutical industry shifted its attention to the
production of standard extracts that could be used to assay medicinal compounds (Colson 1920). Because it
had long been known that ganja and charas produced the most reliable extracts (Wallich 1883; Robertson
1847), in practical terms this meant the European and American producers had to learn how to grow ganja.

Sinsemilla cultivation by the Indian technique of culling male plants from the fields before female plants
ild set seeds—the very process to which recent researchers attribute the potency of the new marijuana—
s exhaustively described by the British government in India (Kaplan 1969: 59-84; Prain 1893; Kerr
1877). In an effort to promote Bengali ganja. the British Raj imposed an export duty on inferior Bombay

ganja at the turn of the century, and pharmacognosists in Europe and the U.S. began learning sinsemilla

cultivation (Mair 1900).

Holmes (1900) discussed the potencies of Calcutta and Bombay ganja and recommended that the former be
used for pharmaceutical preparations, either by home cultivation of ganja according to the Bengal methods
he outlined (Holmes 1902a) or by extracting it immediately in Bengal and shipping it in tightly closed
containers (Holmes 1902b). Comparing the potency of cannabis from Uganda, France and India, Holmes
(1905) urged that only Indian sinsemilla preparations be admitted to the British Pharmacopoeia.

Likewise. Whineray (1909) and Hooper (1908) described ganja cultivation and manufacture, pointing out
that cannabis grown in North America by the Indian methods could be as fully potent as Indian hemp. The
National Standard Dispensatory of 1909. which included medicines from the pharmacopoeias of the U.S.,
Britain and Germany, gave the details of sinsemilla cultivation and Matured a drawing of a perfect Calcutta
ganja flower top (see Figure 1) as an example to be emulated by Western cultivators (Hare. Caspari &

Rusby 1909: 374).

In the U.S.. Hamilton and his colleagues (Hamilton 1918; Hamilton 1915: Hamilton, Lescohier & Perkins
1913: Houghton & Hamilton 1908) demonstrated that if care was exercised in cultivating and processing the
nt for extraction. American-grown ganja and its extracts were as reliable as those from India and would
deteriorate significantly if stored properly. Information on cultivation of extremely potent seedless
marijuana was thus widely disseminated to Western pharmaceutical producers during the first two decades

of the twentieth century.



The U.S. government ignored these sensimilla cultivation techniques at the first federal marijuana farm
established in 1904 on the Potomac Rats (where the Pentagon now sits) in Washington. D.C. (Silver 1979:
262-263). and as a result the 10-fou marijuana plants grown there and elsewhere in America proved to be
much less potent than good samples of Indian hemp (Eckler & Miller 1912). However, private
rmaceutical firms were more successful. The Eli Lilly and Parke-Davis companies ran a cooperative
ture at Parkedale (Parke-Davis's farm near Rochester, Michigan) from 1913 until 1938 to develop
cannabis extracts for medical use, at first from Cannabis indica, but later standardized on a highly potent

strain they developed that they called Cannabis Americana (Wheeler 1968).

Pharmaceutical companies were marketing cannabis extracts that were uniformly effective at 10 mg dose
levels (Parke-Davis & Company 1930: 82) 11 years before its official removal from medicinal availability.

In 1941, cannabis was removed Irom the United States Pharmacopoeia (USP) at the behest of the Federal
Bureau of Narcotics, which suddenly claimed that marijuana had no medical uses (Mikuriya 1973: xx). Yet
even the removal of cannabis from the USP did not end scientific and social research on highly potent forms
of cannabis, ranging from the red-dirt marijuana of the Midwest to the red oil of the laboratories. Adams,
Pease and Clark (1940) described improved procedures for preparing purified red oil from Minnesota wild
hemp, and comparison of the potencies of Minnesota marijuana and red oil was of significant interest to
Loewe. pharmacological director of the LaGuardia Committee (Mayor's Committee on Marihuana 1944:
186ff). Red oil concentrates were used along with marijuana in the LaGuardia

Committee's experiments on prisoners, under Loewe's personal direction (Mayor's Committee on Marihuana
1944: 32); fora subjective account see Mezzrow and Wolfe (1946: 317ff). In the 1940's, Adams and Loewe
in the U.S. and Todd in England isolated other cannabinoids. including THC, which Adams (1940)

postulated as the active principle.

N fe:h isolates were the mainstay of marijuana research during the 1940% and 1950's. A potent marijuana oil
created as a truth drug for interrogation purposes by the Office of Strategic Services during World War II
(Lee & Shlain 1985: 3-5) was the forerunner of later clandestine experiments conducted by the CIA and the
Department of Defense at the Edgewood Arsenal in Maryland from the 1950's to the 1970's (Mikuriya
1973: xxii). Experiments with the designer drug synhexyl, a potent analog of delta3-THC, were conducted
from the 1940% (Adams et al. 1941) until the mid-1970's (Lemberger 1976; Pars & Razdan 1976), but were

abandoned before its potential was fully explored.

In the 1960's, the identification of pure delta9-THC as the active principle in cannabis (Gaoni &
Mechoulam 1964) made it possible to assay the relative potencies of cannabinoids directly in human
subjects (Isbell et al. 1967). Although Weil, Zinberg and Nelsen (1968) demonstrated the safety of human
marijuana research, much of the U.S. research of the 1970's was conducted with low-potency marijuana
because the government would not approve human research with high-potency strains. Indeed, in one early
study (Jones & Stone 1970), a THC concentrate was removed from Mexican marijuana and then
redistributed back into the bulk marijuana to return its potency to 0.9 percent THC. Outside the U.S., these
strictures did not apply: The fact that cannabidiol interferes with the effects of delta9-THC was discovered

in Brazil, using both purified cannabinoids on humans (Karniol et al. 1974).

The 1960's and 1970's saw a worldwide flowering of cannabis research, including its social, psychological,

chemical, botanical and legal aspects as well as covering an enormous range of potencies and dosages.

Major botanical work involved potency questions: observing phenotypes at the University of Mississippi
ptterman et al. 1971) and in Canada (Small 1979); establishing a lectotype for Cannabis sativa L. (Stearn
74); distinguishing C. sativa from C. indica and C. ruderalis (Schultes et al. 1974); and cultivation
techniques for increased THC production (Clarke 1981; Frank & Rosenthal 1978).



Thus the claim by Cohen (1986) that "all marijuana research to date has been done on 1lor 2 percent THC
material" is not accurate for the ]1970's or for any other decade going back to 1839. It ignores much of the
laboratory research in the U.S. that was summarized by Cohen himself (Cohen & Stillman 1976), Hollister
M986) and the National Academy of Sciences (1982), and all of the social research ot. high-potency
jjuana in Jamaica (Rubin & Comitas 1975; Bowman & Pihl 1973), Costa Rica (Carter & Doughty
6), Greece (Fink et al. 1976) and Africa (DuToit 1980). It is difficult to think of any country in which

the claim is true.

RECENT ESTIMATES OF POTENCY

Since the advent of quantitative analysis technology, there has been sporadic reportage of die percentage of
delta9-THC and other cannabinoids in natural and semisynthetic cannabis products. Notwithstanding the
psychophysical effects of other cannabinoids, the amount of THC present in a marijuana sample is believed
to determine the drug's potency (National Commission on Marihuana and Drug Abuse 1972: 50). and
potency is usually expressed in percent THC by weight. The results of quantitative analyses performed on
street samples of marijuana have been published since the late 1960's. These results are generally higher
than the alleged 0.5 percent THC content of marijuana cited for the early 1970's.

Lemer and Zeffert (1968) described the development of quantitative analysis for the determination of THC
content, and noted much variation among samples of marijuana, hashish, and red oil (still being used
experimentally in the 1960's). The THC content of confiscated Mexican marijuana was 0.8 to 1.4 percent,

hashish averaged eight percent and red oil 31 percent in 1968.

Quantitative analyses of street samples of marijuana and hashish conducted by Canadian laboratories in
1971 for the Commission of Inquiry into the Non-Medical Use of Drugs (1972: 28-29) showed a range of
° 02 to 3.46 percent THC (median=0.93%) for marijuana, with hashish ranging from 1.0 to 14.3 percent
C (median=4.82%). Samples seized in police raids were less potent: marijuana was 0.05 to 1.65 percent
(<C (median=0.2I %), while hashish was 0.0 to 8.6 percent THC (median=1.3%). The reported difference
between confiscated police seizures and street samples submitted to laboratories for analysis may be due to
the voluntary samples being submitted precisely because of their extraordinary potency, or that storage

conditions in police evidence lockers are hardly optimal for potency stability.

This has a bearing on the potency question because the low potency cited by both Cohen (1986) and Hawks
(see Kerr 1986) referred to samples confiscated by the DEA. It has been known since the early days ol its
isolation (Wollner et al. 1942) that THC oxidizes to cannabinol rapidly in samples stored at room
temperature (240C). Lemer (1963) reported that the concentration of THC in marijuana decreased at a rate
of three to five percent under normal room conditions, and Razdan (1970) reported a rate of 10 percent per

month.

The influence of temperature, light and age on potency was addressed by Starks (1977: 13-15). The low-
baseline percentage of THC reported for the early 1970 may be due to this deterioration in confiscated,
stored samples. In any case, the low baseline makes the difference in the THC content ol later-reported

samples appear much greater than it may have been in actuality, assuming that the marijuana smoked by

consumers was fresher than stored police seizures.

For a short while in the early 1970's, PharmChem Laboratories in Palo Alto. California, tested and reported
the percent of the THC content in anonymously submitted marijuana samples. For 1973, PharmChem
lorted an average THC content of 1.62 percent in marijuana, compared with hashish at 4.6 percent and

@ ohoil (a refined extract of hashish) at 135 percent (Ratcliffe 1974).

In 1974, the DEA published guidelines that no longer allowed laboratories to provide quantitative results



directly to the Sample donors. This, in effect, restricted public access to analysis information to whatever
government officials wished to reveal. However, nonspecific summaries of THC percentage ranges were

allowed to be published (Unsigned 1974).

results of an independent examination of gas-liquid chromatographs of street samples of marijuana
California that were submitted to PharmChem during 1973 and 1974 are shown in Table 1.

Seeded varieties ranged in THC from an average of 2.2 percent (Mexican) to 4.9 percent (Panama Red),
while sinsemilla averaged 2.8 percent for Big Sur "Holy Weed" to above six percent for Thai Sticks and
Hawaiian "Maui Wowie." This would appear to be a much more representative sample of the types of
marijuana available in California in 1973-1974 than the half-percent grade cited by Cohen (1986) and
Hawks (see Kerr 1986), or the one to three percent grade cited by Tennant (1986).

A retrospective summary of street-drug analysis trends from 1969 through 1975 published by Phanr.Chcm
(Perry 1977) confirms the fact that quite potent forms of cannabis were available on the illicit U.S. market
by 1975: "Early quantitative work showed a range of 1.0-2.5 percent THC for average marijuana. In 1975,
the range was 1.0-2.5 percent; samples in the range of 5.0-10.0 percent were not uncommon, and some
contained as much as 14.0 percent THC.... Hash oil (concentrated from hash, usually amber or red in
color) and grass oil (from marijuana, dark green or black in color) ... vary greatly in potency, some samples
(containing| up to 40 percent THC." Abundant information on the comparative potencies of cannabis grown
in the U.S. and other countries in the mid-1970's was summarized by Starks (1977: 41-87).

In the spring of another election year, 1980. Cohen and DuPont launched a similar campaign, stating that
confiscated marijuana in 1975 contained only 0.4 percent THC, while in 1979 the average was four percent,
a 10-fold increase (Brody 1980: Cl). This data conflicts directly with that published by PharmChem for
'975 street samples (Perry 1977) and that shown in Table I. Perhaps one should be thankful that, according
fliese estimates, marijuana potency d* >pped from four percent THC in 1979 to 3.5 percent THC in 1986

rr 1986).

The most recent comparison of cannabis potencies was compiled from published sources from 1972 through
1981 by the National Academy of Sciences (1982: 16), and is summarized in Table II. It again demonstrates
the great range of products available legally (i.e., NIDA samples) and illegally during that decade, and may
in fact underestimate some potencies. For example, the 2.8 percent THC content cited for Jamaican ganja
(Marshman, Popham & Yawney 1976) is slightly lower than the mean 2.96 percent THC material studied by
Rubin and Comitas in 1970 through 1972 (Unsigned 1973), and significantly lower than the four to eight
percent THC Jamaican ganja cited by the National Commission on Marihuana and Drug Abuse (1972: 50).

The government "research harvests" in Table Il (Rosenkrantz 1981) are considerably less potent than the
sinsemilla samples that averaged three to 11 percent THC (Turner 1981, 1980). Perhaps this is because
cultivators at the government marijuana farm at the University of Mississippi, like their predecessors in
1904, never learned proper sinsemilla cultivation (Turner et al. 1979), while illicit cultivators in California
and Hawaii w'ere making it standard for the industry (Frank & Rosenthal 1978: 258-259). It so, this alone
could explain the wide discrepancies between the potency of marijuana reported by government sources and

that actually being growm in the U.S. during the 1970’ and 1980°%.

SELF-ADJUSTMENT OF DOSE

| important consideration in regard to the potency issue is autotitration, the adjustment of dose by the
ividual user to obtain optimal effects and avoid unpleasant ones. As noted above, cautious titration of
0se w'as standard practice when cannabis preparations were used in medicine. Smoking marijuana,
customary in present social use of the drug, requires knowledge of w'hen to stop in order to avoid symptoms



of overdose. The smoked route gives rapid feedback to the user with regard to levels of effect because the
drug goes directly to the brain from the lungs, unimpeded by the gut or the liver.

Researchers for the Mayor's Committee on Marihuana (1944: 13) were among the first to notice that

:rienced marijuana smokers in the "tea-pads" of Harlem routinely practiced autotitration. The confirmed
K« , they noted, "appears to be quite conscious of the quantity he requires to reach the effect called *high.1

Once the desired effect is obtained he cannot be persuaded to consume more. He knows when he has had
enough ... and is ever-conscious of preventing himself from becoming 'too high.™ Similarly the
Commission of Inquiry into the Non-Medical Use of Drugs (1972: 48) observed that "great variations in
potency are usually accommodated by the experienced user through a 'titration' of dose (intake is reduced or
stopped when the smoker reaches the preferred level of intoxication)." For U.S users, the National
Commission on Marihuana and Drug Abuse (1972: 166) commented: *\ .. whatever the potency of the drug
used, individuals tend to smoke only the amount necessary to achieve the desired effect.”

SUMMARY AND CONCLUSIONS

Observation of the real world of social marijuana use, where autotitration is the norm, renders the scare
tactics of the new marijuana proponents not only inaccurate but irrelevant. There is much published
evidence about the availability of highly potent varieties of cannabis from the nineteenth century through the
present day. The effects attributed to the new marijuana are the same ones debated for centuries in many
different cultures. The assertion that "all marijuana research to date has been done on | or 2 percent THC
material" (Cohen 1968) ignores several thousand years of human experience with the drug. The old medical
cannabis extracts were stronger than most of the forms now available, though the potency of illicit hash oils
by the mid- 1970's was approaching the level of medicinal preparations available before their removal from

he USP.

ANile it may be true that sinsemilla is more widely available than 10 or 15 years ago, its potency has not
changed significantly from the 2.4 to 9.5 percent THC materials available in 1973-1974 (see Table 1), or the

five to 14 percent sinsemilla of 1975 (Perry 1977).

The range of potencies available then (marijuana at 0.1% to 7.8% THC, averaging 2.0% to 5.0% THC by
1975) was approximately the same as that reported now. With such a range, the evidence simply cannot
support the argument by Cohen (1986) that marijuana is "ten or more times more potent than the product
smoked ten years ago." And to say that marijuana potency has increased 1.400 percent since any date in

history is patent nonsense.

It is not legitimate iO imply that average low potencies represent the full range of potencies available in
reality. Neither is it valid to cite the low end of the range then as a baseline to compare with the high end of
the range now. The claimed baseline for THC content in the early 1970's would appear to be too low,
probably because confiscated, stored police samples w'ere utilized; and this low baseline makes the claimed

difference in potency appear to be greater than it has been in reality.

In sum. the new' marijuana is not new and neither is the hyperbole surrounding this issue. The implications
of the new disinformation campaign are serious. Many people, particularly the experienced users of the
1960% and their children, will once again shrug off the warnings of drug experts and not heed more
reasonable admonishments about more dangerous drugs. This is not only abusive to those who look to
Aence. the medical profess’on, and government for intelligent leadership, but will sully the reputations of
ABkg educators who w'ittingly cry- wolt, and will inevitably diminish the credibility of drug abuse treatment

professionals who pass on such flawed reports.
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Summary
The active compound in herbal cannabis, A’-tetrahydro-

cannahinol, exerts all of its known central effects
through the CBi cannabinoid receptor. Research on

cannabinoid mechanisms has been facilitated by Un-

availability of selective antagonists acting at L'B| recep-
tors and the generation of CB, receptor knockout mic<-
Purticularly important classes of neurons that express
high levels of CB| receptors are GABAergic interneur-
ons in hippocampus, amygdala and cerebral cortex,
which also contain the neuropeptides cholecystokinin.
Activation of CB, receptors leads to inhibition of the
release of amino acid and monoamine neurotransmit-
ters. The lipid derivatives anandamide and 2-arachido-
nylglycerol act as endogenous ligands for CB| receptors
lendocannabinoids). They may act as retrograde synap-
tic mediators of the phenomena of depolarization-
induced suppression of inhibition or excitation in hippo-
cumpus and cerebellum. Central effects of cannabinoids
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include disruption of psychomotor behaviour, short-
term memory impairment, intoxication, stimulation of
appetite, antinociceptive actions (particularly against
pain of neuropathic origin) and anti-emetic effects.
Although there are signs of mild cognitive impairment
in chronic cannabis users there is little evidence that
such impairments are irreversible, or that they are
accompanied by drug-induced neuropathology. A pro-
portion of regular users of cannabis develop tolerance
and dependence on the drug. Some studies have linked
chronic use of cannabis with an increased risk of psy-
chiatric illness, but there is little evidence for any causal
link. The potential medical applications of cannabis in
the treatment of painful muscle spasms and other symp-
toms of multiple sclerosis are currently being tested in
clinical trials. Medicines based on drugs that enhance
the function of cndocannabinoids may offer novel thera-
peutic approaches in the future.

Keywords: cannabinoid CBt receptor; A%-letrahvdrocannabinol; nmonabani (SR141716A): anandamide;

2-arachidonyiglyccrol

Abbreviations: 2-AG = 2-arachidonylglyccrol; DSI
amide hydrolase; Gi/o -

G-proleins negatively linked to adenylate cyclase or to inositol phosphates: LTD =

= dcpolari/.alion-induccd suppression of inhibition; FAAH = fatty acid

long-term

depression; LTP -mlong-term potentiation; mGlu = meiaboiropic glutamate; NMDA = Mmethyl-D-aspartate: THC = Al-

tctrahydrocannabinol

Introduction
A large literature exists on the effects of cannabis, with many

of the earlier studies conducted in human subjects
(Mendelson et aI., 1976; Jones, 1978; Hollister. 1986).
Unfortunately, much of this research would now be regarded
as inadequately controlled and poorly designed. However,
research on cannabis has been stimulated in recent years by
the recognition that specific receptors ex t in the brain that
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recognize cannabinoids, and by the discovery of a scries of
endogenous cannabinoids that act as ligands foi these
receptors. As was the case with opiate research in the
1970s, research on a psychoactive drug of plant origin has
revealed a hitherto unknown physiological control mechan-
ism. This review will focus mainly on the more recent
literature in this field.



Anandamide

2-Arachidonylglyccrol (2-AG)

Fig. I Chemical structures of THC the synthetic CB| receptor
agonist WIN 55.2122 and the cndocannabinoids.

The cannabinoid system in brain

Exogenous cannabinoids and their receptors

The principal active component in the complex mixture of
cannabinoids present in extracts of the plant Cannabis
saliva is ~-tetrahydrocannabinol (THC) (Mcchoulam,
1970) (Fig. 1). THC is a sticky resin that is not soluble
in water. Smoking remains the most efficient means of
delivering the drug and experienced users can titrate the
dose by adjusting the frequency and depth of inhalation
(lversen, 2000). THC or cannabis extracts can also be
taken orally in fat-containing foods or dissolved in a
suitable pharmaceutical oil, but absorption is delayed and
variable (lversen, 2000). A series of man-made synthetic
cannabinoids, some of which arc more potent and more
water soluble than THC, is also available (Pertwee, 1999)
(Fig. 1). All of these compounds act as agonists al the CB|
cannabinoid receptor (Malsuda €l al., 1990), which is the
only one known to be expressed in the brain. A second
cannabinoid receptor, CBI, is expressed only in peripheral
tissues, principally in the immune system (Munro €l al.,
1993; Felder and Glass, 1998; Pertwce, 1999). THC and

Cannabis and the brain 1253

SRI41714A

Fig. 2 Chemical Mmcture of the CB, selective antagonist drug
nmonobanl (SK141716A>.

the synthetic cannabinoids also act to some extent as
agonists at the CB2 receptor. Both cannabinoid receptors
are members of the G-protcin coupled class, and their
activation is linked to inhibition of adenylic cyclase
activity (Howlctt €t al., 1988). A series of synthetic drugs
is also now available that act as specific antagonists at CB|
or CBi receptors (D'Souza and Kostcn, 2001). One of
these compounds, nmonabant(SR141716A), which acts
selectively to block CB, receptors (Rinaldi-Carmona
cl al, 1994; compton € al., 1996), has been widely
used in studies of the actions of cannabinoids in the CNS

(Fig. 2).

Endogenous cannabinoids

Following the discovery of specific cannabinoid receptors, a
search was made for naturally occurring ligands of these
receptors in mammalian tissues. This led t .ie discovery of a
series of arachidonic acid derivatives wiui potent actions at
cannabinoid receptors. These arc: anandamide (iV-arachido-
nyl-elhanolaminc; Devane €l .. 1992), 2-arachidonylglvcer-
ol (2-AG; Mcchoulam €l al.. 1995; Sugiura etal., 1995 Stella
el al.. 1997) and 2-arachidonylglyccryl ether (Hanus € al.,
2001) (Fig 1). Of these, anandamide is the ligand that has
been most extensively studied so far. The endogenous
cannabinoids known as ‘cndocannabinoids’ are present only
in small amounts in the brain or other tissues. Like other lipid
mediators (e.g. prostaglandins) they appear to be synthesized
and released locally on demand (sec below). Anandamide and
the other endogenous cannabinoids are rapidly inactivated by
acombination of a transporter mechanism and by the enzyme
fatly acid amide hydrolase (FAAH) (Di Marzo €l aI., 1994;
piomelli Cl al., 1998; Giuffrida €l @l., 2001). Genetically
engineered mice lacking FAAH displayed elevated levels ol
anandamide in brain and were supersensitive to the biological
actions of anandamide (Cravatt € al., 2001). The discovery of
agents that could interfere with the inactivation of endogen-
ous cannabinoids may provide a novel means of pharmaco-
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J1ig. 3 Distribution ot cannabinoid CB, receptors in rat brain rev-
binding of radioactively labeled CP-55940 (a high affinity agr

-0 by an autoradiograph of the
ligand) to a sagittal brain section. The

brain regions labelled are: Ch = cerebellum: CbN = deep cere, .-'lar nucleus; cc = corpus callosum: EP
= entopeduncular nucleus; fi = fimbria hippocampus; Fr = front... cortex; FrPaM = frontoparietal cortex
motor area; GP = globus pallidus; Hi = hippocampus; 1C = inferior colliculus; LP = lateral posterior
thalamus; Me = medial amygdaloid nucleus; PO = primary olfactory cortex; PCRt = parvocellular
reticular nucleus; SNR = substantia nigra reticulate; Tu = olfactory tubercle; VP = ventroposterior
bhéakmus, holograph kindly supplied by Dr Miles Herkenham. National Institute of Mental Health,

logically modifying cannabinoid function in the brain
(Piomelli €t ul,, 2000/,

Neuroanatomical distribution of CB/ receptors

in brain

The distribution of cannabinoid receptors was first mapped in
rat brain in autoradiographic studies, using the radioligand
IH’JCP-SS™O, which binds with high affinity to CB, sites
(Herkenham etal., 1991) (Fig. 3). The validity of using this
radioligand was confirmed by autoradiographic studies in
CBj receptor knockout mice, in which no detectable [H3]CP-
55,940 hinding sites were observed (Zimmer € al., 1999).
More recently, antibodies that target the C- or N-terminal
regions of the CBt receptor protein have been used for
immunohistochcmical mapping studies (Egertova €t aI.,
1998; Pettit € al., 1998; Egertova and Elphick, 2000).
Immunohistochemistry provides a superior degree of spatial
resolution to autoradiography, but the overall pattern of
distribution of CB| receptors revealed by the two approaches
is very similar (Elphick and Egcrtov  2001).

The mapping studies in rat bi. .,» owed that CB| receptors
are mainly localized to axons and nerve terminals and are
largely absent from the neuronal soma or dendrites. The
finding that cannabinoid receptors are predominantly prc-
synaptic rather than poslsynaptic is consistent with the
postulated role of cannabinoids in modulating neurotrans-
initter release (see below ).

In both animals and man the cerebral cortex, particularly
frontal regions, contains high densities of CB, receptors.

There are also very high densities in the basal ganglia and
m the cerebellum (Fig. 3). In the limbic forebrum CB,
receptors are found particularly in the hypothalamus and in
Ihe anterior cingulate cortex. The hippocampus also
contains a high density of CB| receptors. The relative
absence of lhe cannabinoid receptors from brainstem nuclei
may account for the low toxicity of cannabinoids when
given in overdose.

The regional distribution of the CB| receptor in brain
correlates only poorly with the levels of anandamide and
other endocannabinoids in different brain regions (Felder
etal.. 1996; Bisogno €l al., 1999) However, measurements of
endocannabinoids have yielded variable results, and a strict
correlation would not be expected for ligands that arc only
produced on demand. There is a belter correlation between
the regional distribution of CB| receptors and the enzyme
FAAH. FAAH is widely distributed in CNS and other tissues,
suggesting that its role is not confined to inactivating
endogenous cannabinoids. Nevertheless, particularly high
levels of FAAH were found in brain regions that are enriched
in CB, receptors, and immunohistochcmical staining sug-
gested a complementary relationship between FAAH and
CB, receptors at the synaptic level (Egertova el a, 1998)
Elphick and Egertova, 2001). In cerebellum, hippocampus
and neoconex FAAH was expressed at high levels in the
somalo-dendritic regions of neurons that were poslsynaptic to
CB|-positive axon terminals. The close and complementary
relationship between CB, receptors and FAAH led to the
hypothesis that FAAH may participate in the inactivation of
endogenous cannabinoids released locally at synapses



(Elphick and Egertova, 2001). These authors postulated a
retrograde cannabinoid signalling mechanism, wherehy
endogenous cannabinoids are released in response to synaptic
activation, feedback to presynaptic receptors on these axon
terminals, and arc subsequently inactivated by FAAH after
then uptake into the poslsynaptic compartment. This hypoth-
esis has been supported independently by ncurophysiological
findings, as described below.

Effects of cannabinoids on synaptic function
Inhibition of neurotransmitter release

The presynaptic localization of CB| receptors suggests a role
for cannabinoids in modulating the release of neurotransmit-
tcrs from axon terminals, and this has been confirmed by a
substantial body of experimental data. Early reports (Gill
el al.. 1970: Roth, 1978) showed that THC inhibited
acetylcholine release from electrically stimulated guinea
pig ileum, Similar inhibitory effects of THC and other
cannabinoid” on the release of a variety of neurotransmitters
from CNS ecu ons have been observed in many subsequent
studies (Schlicker and Kathmann, 2001). The neurotransmit-
tcrs involved include L-glutamale, GABA, noradrenaline,
dopamine, 5-HT and acetylcholine. The brain regions most
often studied IN VITO, usually in tissue slice preparations,
have been cerebellum, hippocampus or neocortcx.
Ncuroiransmiticr release has been studied directly in super-
fused preparations, and indirectly by measuring poslsynaptic
cuncnts. Although most of these studies involved rat or
mouse brain, a few studies have shown similar results using
human brain tissue (Katona et aI., 2000; Schlicker and
Kathmann, 2001). Because THC is only poorly water soluble,
the more soluble synthetic CBJ| receptor agonists
WIN552123, HU210 or CP55-2940 were used in these
I VItrO studies. The specificity of the cannahinoid effects
were confirmed by demonstrating that the inhibitory effects
of the agonists were completely blocked by the CBJ-sclective
antagonist rmionabant.

The cellular mechanisms involved in the inhibition of
neurotransmitter release by cannabinoids remain unclear.
Some have suggested that there is a direct inhibitory effect of
CB| receptor activation on N'-type Ca24 currents (Caulfield
and Brown, 1992; MacKic and Hill, 1992). However, the
effect appears more likely to involve sites downstream of
voltage-dependent Ca24 channels, since a number of studies
have shown that cannabinoids reduce the frequencies of
miniature excitatory or inhibitory synaptic currents, which
are Ca24 independent, rather than altering their amplitude,
which is Ca24 sensitive (Schlicker and Kathmann. 2001).
Deadwylcr €tal. (1995) suggested that the inhibitory effect of
CB| receptor activation on adenylate cyclase activity causes a
decreased phosphorylation of A-type K4 channels by the
CAMP-dependent enzyme protein kinase A. This, in turn,
would activate the A-type K4channels and cause a shortening
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of the duration of presynaptic action potentials as they invade
axon terminals.

biosynthesis of endocannabinoids

Despite their similar chemical structures, the endocannahi-
noids arc produced through distinct biochemical pathways.
The formation of anandamide is thought to result from the
hydrolysis of the precursor A-arachidonoyl phophatidylctha
nolamme. catalysed by the phosphodiesterase enzyme
phospholipasc D (Di Marzo C al., 1994; Cadas €t 4l.
1997). 2-AG, on the other hand, is produced by cleavage of an
inositol-1.2-diacylglyccrol, catalysed by phospholipasc C.
Although both anandamide and 2-AG can activate CB|
receptors, it is not clear whether hoth function as cndocannn-
hinoids. and whcthci their synthesis and release arc inde-
pendently controlled. The levels of 2-AG found in brain
(2-10 nmol/g) are 50-1000 times higher than those of
anandamide (10-50 pmol/g). There is some evidence for
separate control of thcii biosynthesis. Stimulation of
glutamate release from Schaffer collaterals in rat hippocam-
pal slices increased levels of 2-AG, but not anandamide
(Stella € .. 1997), On the other hand, another study using
IN VIVO microdialysis probes showed that local administration
ol the dopamine D2 receptor agonist quinpirolc caused an
increased release of anandamide from rat striatum without
affecting levels of 2-AG (Giuffridu Ct ., 1999). Indeed,
despite the much higher tissue levels of 2-AG relative to
anandamide and the availability of a very sensitive assay, no
2-AG could be delected at all in the striatal dialysate samples.
In cultured rat cortical neurons activation of Ca24 influx by
stimulation of glutamate N-methyl-D-aspartate (NMDA)
receptors caused an increase in 2-AG formation but not
anandamide (Stella and Piomelli, 2001). However, if NMDA
activation was combined with a cholinergic agonist (carba-
chol) the formation of both endocannabinoids was increased.
In both cases Ca24 influx was required for cndocannabinoid
synthesis. Itis clear that much remains to be learned about the
relative roles played by the different endocannabinoids. The
hiosynthesis of the most recently discovered third endocan
nabinoid, 2-arachidonylglyceryl ether, remains to be
characterized.

Endogenous cannabinoids act as retrograde

signal molecules at synapses

Important new insights into the physiological role of
cannabinoids has emerged from ncurophysiological studies
published independently by three different research groups in
2001. A phenomenon known as depolarization-induced
suppression of inhibition (DSI) has been known to neuro-
physiologists for some years (Alger and Pitler. 1995). It is a
form of fast retrograde signalling from postsynaptic neurons
hack to inhibitory cells that innervate them, and is particularly
prominent in the hippocampus and cerebellum. Three prop-
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crties of DSI suggested to Wilson and Nicoll (2001) that a
cannabir.oid mechanism might be involved. First DSI. like
cndocannabinoid synthesis, requires Ca2 influx into the
poslsynaptic neuron (Lenz et al., 1998). Secondly. DSI is
prohably presynaptic. since the sensitivity of the poslsynaptic
cell to GABA s unaffected (Hitler and Alger. 1992). Finally.
DSI is blocked hy pertussin toxin, which interacts with the
Gi-protcins negatively linked to adenylate cyclase or to
inositol phosphates (Gi/o) protein to which the CB| receptor
is coupled (Pitlcr and Alger, 1994). Wilson and Nicoll (2001J
used slice preparations of rat hippocampus and induced DSI
by brief depolarizing steps in the holding potential of voltage
clamped CAI pyramidal neurons. They found that DSI was
completely blocked by the cannabinoid CB( receptor antag-
onists AM25I or rimonabanl and could be mimicked by
application of the CBt receptor agonist WIN55.2122, but the
continued presence of the ugonist prevented DSI by
occlusion. Wilson and Nicoll (2001) were also able to show
by recording from pairs of nearby CAI neurons that
depolarizing one of these neurons caused DSI to spread and
affect adjacent neurons up to 20 pm away. They suggested
that the small, lipid-soluble, freely diffusible endocannabi-
noids act as retrograde synaptic signals that can affect axon
terminals in sphere of influence some 40 pm in diameter.

Ohno-Shosaku €t al. (200') came to a similar conclusion
using a different experimental paradigm. They recorded from
pairs of cultured hippocampal neurons with inhibitory
synaptic connections. They found that depolarization of the
poslsynaptic neurons lead to DSI in approxim y two-thirds
of the neuron pairs, and showed that this was d-. to inhibition
of GABA release. Those thut exhibited DSI, but not Ihe
others, proved to be sensitive to the CB| receptor agonist
WIN55.2122, which mimicked the inhibitory effect or DSI.
Both DSI and the cannabinoid effect could be blocked by the
CBt receptor antagonists AM 281 or rimonabanl.

Further support for the conclusion that a cannabingid-
mediated mechanism underlies DSI came from Varma €l a.
(2001). who found that DSI was cr  elely absent in
hippocampal slices prepared from CB. receptor knockout
mice (Ledcnt €t al., 1999). Varma €t al. (2001) also reported
that agonists which stimulate metabotropic glutamate (mGlu)
receptors enhanced DSI. whereas the broad-spcctrum antag-
onist of inGlu receptors, LY 341495, tended to reduce DSI.
suggesting that glutamate may also be involved. Interestingly.
varma €. (2001) found that mGIu agonists failed to have
any effect on DSI in the CB| knockout animals, suggesting
that glutamate acts to enhance the cndocannabinoid signal.

Retrograde signalling by endocannabinoids is not restricted
to the inhibitory inputs to poslsynaptic neurons. Kreilzer and
Regehr (2001In) showed that depolarizatio-' of rat cerebellar
Hurkinje cells leads to a transient inhibition of excitatory
inputs Irom parallel fibre and climbing fibre inputs, a
phenomenon described as depolarization-induced suppres-
sion of excitation (DSE). They found that DSE vas triggered
by Ca2influx into the Purkinje cells, and could be completely
blocked bv the CB| antagonist AM-251, and mimicked and

occluded by the CB| receptor agonist WIN55.2122 Kreitzer
and Regehr (20016) went on to show that inhibitory inputs to
rat cerebellar Purkinje cells from basket cells and stellate
cells were subject to DSI, and that this was also blocked by
AM-251 and occluded by WIN55.2122. The DSE phenom-
enon in the cerebellum is also linked to mGlu receptors.
Magjima €t . (2001) reported that mGlu agonists acting on
mouse Purkinje cells mimicked DSE, and the effects could be
clocked by CB| antagonists.

These findings suggest that cndocannabinoids are involved
in the rapid modulation of synaptic transmission in CNS by a
retrograde signalling system that can influence synapses in a
local region of some 40 pm diameter, causing inhibitory
effects on both excitatory and inhibitory ncurotransmitter
release that persist for tens of seconds. This may play an
important role in the control of neural circuits, particularly in
cerebellum and hippocampus (see below). Exogenously
administered THC or other cannabinoids cannot mimic the
physiological effects of locally released cndocannabinoids.
Since they cause long-lasting activation of CB| receptors in
all nrain regions, their overall effect is to cause a persistent
inhibition of neurotransmitter release from those nerve
terminals that express CB| receptors, and as a conscquci.ee
they temporarily occlude and prevent the phenomena of DSI
and DSE.

Effects of cannabinoids on CNS function
Psychomotor control
CB| receptors are expressed at particularly high densities in
the basal ganglia and cerebellum, so it is not surprising that
cannabinoids have complex effects on psychomotor function
(reviewed by Rodriguez de Fonseca €l al., 1998). One of the
earliest reports of the effects of cannabis extracts in
experimental animals described the awkward swaying and
rolling gait caused by the drug in dogs, with periods of intense
activity provoked by tactile or auditory stimuli, and followed
eventually by catalepsy and sleep (Dixon. 1s99). In rodents
cannabinoids tend to have a triphasic effect. Thus in rats low
doses of THC (0.2 mg/kg) decreased locomotor activity,
while higher doses (1-2 mg/kg) stimulated movements, und
catalepsy emerged at doses of 2.5 mg/kg (Sanudo-fena etal.,
2000). Similarly in mice. Adams and Martin (1996) described
a ‘popcorn effect' in animals treated with THC Groups of
mice are sedated by the drug, but will jump in response to
auditory or tactile stimuli, as they fall into other animals these
in turn jump, resembling com popping in a popcorn machine
Interestingly, the CB, receptor antagonist rimonabanl stimu-
lated locomotor activity in mice, suggesting that there is tonic
activity in the endocannabinoid system that contributes to the
control of spontaneous h'els of activity (Compton €f d,
1996).

Th)ese effects of cannabinoids may be due, in part, to
actions at cerebellar or striatal receptors. Patel and Hillard
(2001) used tests of specific cerebellar functions to show that



cannabinoids caused increased gait width and the number of
slips on a bar cross test. DcSanty and Dar (2001) observed
rotorod impairments in mice alter direct injection of synthetic
cannabinoids into the cerebellum. These defects were no
longer seen in animals prctrc ited with o "bellar injections of
an antisense olconuclcotidc directed to a sequence in the CB|
receptor.

In human subjects it is also possible to dcmonstr~.e that
cannabis causes jmpaired performance in lest of balance
(Greenberg €f a@l., 1994), or in tests that require fne
psychomotor control, for example tracking a moving poini
Ot light on a screen (Manno r*al., 1970). Human cannabis
users may also seek isolation and remain immobile for long
periods.

A number of authors have attempted to combine what is
known ot the ncuroanutomical distribution of the canna-
binoid system and the results of behavioural and electro-
physiological studies to speculate on the mechanisms
underlying cannabinoid modulation of psychomotor func-
tion (Breivogcl and Childers, 1998; Sanudo-Pena et aI.,
1999; Giuffnda €t al., 2000; Elphick and Egertova, 2001).
The CB, receptor is expressed particularly by sinaial
GABAcrgie medium-spiny projection neurons, and is
abundant in regions conlaning the axon terminals of
these cells (globus pallidus, entopeduncular nucleus and
substunlia nigra reticulata, and in axon collaterals feeding
back to medium-spiny projection neurons in striatum). CB,
receptors arc also abundant on the terminals of glutama-
tergic projection neurons from the subthalamic nucleus to
globus pallidus, entopeduncular nucleus and substantia
nigra reticulata. Cannubinoids might thus be expected to
inhibit GABA release in striatum and GABA and
glutamate release in Ilie other nuclei. Sanudo-Pena €f ul
(1999) suggested that the primary role of the cndocanna-
hinoid system may be to inhibit tonic release of glutamate
in liic substantia nigra, regulating levels of basal motor
activity. Exogenous cannabinoids also lead to decreased
GABA release in substantia nigra, which could lead to a
disinhibition of the inhibitory nigral input to the thalamo-
cortical pathway, resulting in inhibition of movement. To
what extent the effects of cannabinoids on motor function
arc due to actions in the cerebellum remains unclear,
although as described above it is likely that effects on
posture and balance are mediated in this brain region. As
described previously, CB| receptors are known to occur
abundantly on nearly all of the principal excitatory
(glutamatergic) and inhibitory (GABAergic) inputs to
cerebellar Purkinje cells.

The results of eliminating the expression of CB| receptors
in knockout mice have vyielded conflicting results. The
knockout animals studied by Zimmer €t . (1999) displayed
reduced levels of basal activity, in support of the hypothesis
put forward by Sanudo-Pena Ct d. (1999), suggesting that
tonic activation of CBi receptors promotes movement.
However, the CB| knockout animals studied by Ledent €f .
(1999) showed no change in spontaneous activity, and in
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some tests they exhibited increased motor activity. This is in
line also with the observations of Compton etal. (1996) that
the CB| antagonist SR141716 caused an increase in
locomotor activity, The reasons for the discrepant findings
in different strains of CB| knoclont mice are unknown,
Clearly, there is as yet only a p*.. understanding of the
actions of cannabinoids in the basal ganglia and cerebellum.
Interactions with other chemical signalling systems in the
brain are likely to be important. Giuffrida € al. (1999)
showed, for example, that dopamine D2 receptor agonists
caused an increase in anandamide synthesis and release in
striatum. Dcadwylcr etal. (1995) described the convergence
of multiple presynaptic controls on the terminals of granule
cells in cerebellum. In addition to the CBi receptor, these
terminals also express high densities of kappa opioid,
adenosine A, and GABA-B receptors, all of which are
coupled through a similar Gi/o type G-protcin to inhibit
adenylate cyclase and urc capable of inhibiting glutamate
release. Such complexities arc likely to prove the norm.

There is anecdotal evidence that cannabis can relieve
muscle pain and spasticity in patients suffering from multiple
sclerosis (Consroe dgal, 1996). Experimental data obtained
by Baker € al. (2000) in an animal model of multiple
sclerosis appears to support such claims. Mice immunized
with myelin antigens develop spasticity and tremor. Both
symptoms were ameliorated by administration of cannabi-
noids, and the symptoms were exacerbated by rimonabanl,
suggesting the involvement ol CB| receptors and tonic
activity in the cndocannabinoid system. Controlled clinical
trials of cannabis-based medicines lor the treatment of
multiple sclerosis are currently under way.

Cannabinoid mechanisms in the hippocampus

and effects on memory

One of the well established effects of acute intoxication with
cannabis in man is an impairment of short-term memory (the
extensive literature on human studies is reviewed by Jones,
1978; Miller and Branconmer. 1983; Solowij, 1998,
Earleywinc, 2002). Many studies have shown significant
effects on short-term memory, particularly when tests were
used that depend heavily on attention (Abel, 1971,
Mcndelson & al., 1976). Animal studies have also found
that THC, svnthctic cannabinoids and anandamide cause
deficits in short-term memory in spatial learning tasks (for a
review see Hampson and Deadwylcr. 1999). These include
delayed matching or non-matching tests in rodents (Mallet
and Bcninger, 1998: Hampson and Dcadwylcr. 1999),
performance in a radial arm maze (Sliglick and Kalunt,
1985; Lichtman and Martin, 1996), and a fixed ratio food
acquisition task in squirrel monkeys (Nakamura-Palacios
etal., 2000). The effects of both cannabinoids (Lichtman and
Martin, 1996) and anandamide (Mallet and Bcninger, 1998)
were reversed by rimonabanl, indicating that they are
mediated by the CB| receptor.
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A probable site for these effects is the hippocampus.
Hampson and Deadwyler (1999) claimed Ihai the effects of
the treatment of rats with cannabinoids on short-term memory
in a delayed non-matching to sample lest were equivalent to
the effects seen after surgic.nl removal of the hippocampus. In
each case the animals were unable to segregate information
between trials in the task because of disruptions to the
processing of sensory information in hippocampal circuit;,.
CB| receptors are expressed at high densities in the
hippocampus. They are particularly abundant on the termin-
als of a sub-set of GABAergic basket cell inlemcurons, which
also contain the neuropeptide cholccystokinin (Katona €t al,
1999), and this is also the case in human hippocampus
(Katona etal, 2000). These arc presumably the GABAergic
neurons involved in the cndocannabinoid-mediatcd DSI
phenomenon described above. The terminals of these cells
surround large pyramidal neuron somata in the CAI-CA4
fields. GABAergic neurons in the dentate gyrus also express
CB| receptors, with terminals concentrated al the boundary of
the molecular and granule cell layers (Egertova and Elphick.
2000). In addition CBt receptors are expressed, al a lower
level, in the glutamatcrgic pyramidal cells and their terminals.
Cannabinoids can thus inhibit both the release of GABA and
glutamate in hippocampal circuits.

The mechanisms underlying synaptic plasticity have been
studied more intensely in the hippocampus than in any other
brain region In particular, the elcctrophysiological phenom-
ena of long-term potentiation (LTP) and long-term depression
(LTD) are thought to be involved in memory formation at
glutamatcrgic synapses in the hippocampus. A number of
studies ha\c shown clearly that cannabinoids inhibit the
induction of both LTP and LTD (for review see Elphick and
Egertova, 2001). Cannabinoids appear to work by reducing
glutamate release below the level needed to activate NMDA
receptors, a requirement for LTP and LTD (Shen ¢l al. 1996;
Misner and Sullivan, 1999). Although the actions of
cannabinoids in reducing GABA release from hippocampal
intemeurons might have been expected to increase the level
of excitability of hippocampal pyramidal cells, n seems that
Ihe carmabinoid-indueed reduction in glutamaic release
predominates. The administration of exogenous cannabinoids
is, of course, wholly unphvsiologica! and cannot mimic the
effects of endocabinnciids that are released in discrete local
regions in response lo particular patterns of afferent inputs
CB| receptors are capable of regulating both inhibitory and
excitatory neurotransmitter release in the hippocampus and
are thus capable of subtle control of synaptic plasticity. The
CB,-containing GABcrgic intemeurons arc thought to control
oscillatory electrical activity in the hippocampus in the thcta
and gamma frequencies, which plays a role in synchronizing
pyramidal cell activity (Hoffman and Lupica, 2000). CB|
agonists decrease the power of such oscillations in hippo-
campal slices (Hajos €l al., 2000) and may thus influence the
synchronous activity of pyramidal cells. The physiological
importance of cannabinoid-mcdiated DSI may In* to decrease
GABAergic inhibition of thvsc cells and thus facilitate

learning when hippocampal inputs are active (‘Wilson and
Nicoll. 2001).

One approach to answering the question of what role the
tonic release of endocannabinoids may play in hippocampal
function has been to examine the effects of CB, receptor
knockoul or of selective CB| receptor antagonists. Un-
fortunately, these studies heve so far yielded conflicting
results. Bohme €t a. (2000) reported a significant enhance-
ment of LTP in CB| knockout mice, and Reibaud €fal. (1999)
found a significant enhancement of memory in such animals.
However, tests with the CB, antagonist rimonabanl showed
no effects on LTP (Terranova etal., 1995) ot on learning and
memory in u spatial learning task (Mallet and Bcnin:er,
1998), “although Terranova € al (1996) reported (hat
rimonabanl enhanced memory in a short-term olfactory
memory test in rats (social recognition lest),

Cannabinoids and the neocortex

Like other intoxicant drugs cannabis causes profound
changes in a variety of higher brain functions. The literature
on the acute effects of the drug in human subjects is large, and
can only be summarized here (for reviews see Jones, 1978;
Solowij, 1998; Iversen, 2000: Earlcywine, 2002). The
distribution of CB| receptors in the neocorlcx has been
described in detail (Herkenham ¢l al., 1991; Egertova and
Elphick, 2000). As in ihe hippocampus, the majority of
cortical intemeurons expressing high levels of CB| receptor
arc GABAergic cells, which also express cholccystokinin
(Marsicano and Lutz, 1999). CBi-positive terminals arc
concentrated in layers 1I-HI and layers V-VI, with few in
layers | or IV Despite the obvious importance of the
abundant CB| receptors in the neocortex there have so far
been few elcctrophysiological studies of their effects on
neural activity.

The tarlici literature, however, contains several reports of
the eflects of acute and chronic cannabis use on EEG activity,
both in man and animals (reviewed by Adams and Martin,
1996; Solowij, 1998). Most studies in man have observed
changes consistent with a stale of drowsiness, with increases
in relative and absolute ct power particularly in frontal
regions of cortex. In contrast, the CB| antagonist rimonabanl
was show i it>induce EEG changes characteristic of arousal in
rits, and increased die time spent in wakefulness as opposed
to sleep (Santucci O al.. 1996). Mechoulani cr al. (1997) have
suggested that anandamide may play a role in the control of
the sleep-waking cvclc.

Studies of the effects of cannabis on perceptual abilities
have yielded a variety of often conflicting results. While users
often report a subjective enhancement of visual and auditory
perception, sometimes with synesthesia (sounds take on
visual colourful qualities), laboratory studies have usually not
shown marked changes in visual or auditory perception. One
subjective effect that has been confirmed is the sensation that
cannabis users experience time as passing more quickly
relative lo real tinv. in laboratory tests subjects overestimate



the amount of elapsed time when asked to estimate, or
produce shorter than required intervals when asked to signal a
period of elapsed lime (Hicks €t &, 1984; Mathew €f at,,
1998). This curious effect can also be seen in rats trained to
respond for food reward using a fixed interval schedule
*'hen treated with THC or WIN5S5.2122 the animals short-
ened their response interval, whereas the antagonist rimona-
ba. ’englhened this interval (Han and Robinson, 2001).

There hav» been many studies of the acute and chronic
effects of cannabis on human cognitive function (Jones, 1978;
Solowij, 1998; Earleywine, 2002). Performance on a variety
of tests of cognitive function is impaired by the drug, but by
comparison with alcohol the effects of cannabis arc subtle.
Whereas even moderate doses of alcohol, for example, impair
reaction time, most studies with cannabis have failed to show
consistent effects on measures of simple reaction time. Thus
the drug's ability to disrupt cognitive function cannot be due
to an inability to respond promptly. Among the impairments
of cognitive function that have been observed in many, but
not all. human studies arc: decreased ability to inhibit
responses, decreased vigilance, especially for long and horing
tasks, decreased ability to perform complex mental arithmetic
and impairments in tests of complex reaction times. On the
other hand, intoxicated subjects can perform simple arith-
metic, learn simple lists ol words and recall memories laid
down earlier.

Other studies have addressed the question of whether more
severe deficits in cognitive function might develop in chronic
heavy users of cannabis, or in animals treated for prolonged
periods with the drug. The human studies are fraught with
difficulties, as described in detail by Earleywine (2002).
Among the confounding factors in human studies arc that
comparisons have to be made between groups of drug users
versus non-users, but it is usually impossible lo compare Ihe
haseline performance of these groups prior to cannabis use to
see if they are properly matched. Statistical analysis of such
data has often been poor, common errors being the use of so
many different tests that the likelihood of finding some
significant differences is increased, or the use of inadequate
sample sizes. Other drug use can also confound the data.
Results have been very variable. Some studies in long-term
very heavy users of cannabis (10-20 joints per day for more
than 10ycars) in Jamaica (Bowman and Pihl, 1973) and Costa
Rica (Satz Cf aI., 1976) tailed to show any significant
difference between users versus non-users using a battery of
test assessments of cognitive function, and similar negative
results were reported in some studies of US college students
(Earleywine, 2002). However, most reports have shown that
there are deficits in the performance ofcomplex cognitive tasks
in long-term cannabis users, although there is little evidence
that these arc qualitatively or quantitatively more severe than
those seen after acute use of the drug (Earleywine, 2002).

Even more controversial is the question of whether long
term cannabis use can cause irreversible deficits in higher brain
function that persists after drug use stops. Many studies have
suffered from poor design. It is not sufficient to identify agroup
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of cannabis users and simply to test ihem after stopping
cannabis use. Pope €f d. (2001), for example, recruited u3
current heavy users, who had smoked cannabis at least 5000
times in their lives, and 72 control subjects. Subjects under-
went a 28-day washout from cannabis use, monitored by urine
assays. At days 0. I and 7 the heavy users scored significantly
below control subjects on a battery of neuropsychological
tests, particularly in recall of word lists. However, by day 28
there were virtually no differences between the groups on any
of the test results, and no significant association between
cumulative lifetime cannabis use and test scores. The fact that
drug-induced effects on cognitiv performance can persist for
up to a week after stopping the drug (perhaps because of the
persistence of THC in the body, or because of a subtle
withdrawal syndrome) means that many earlier studies that nd
not allov asufficiently long washout period may be invalid. On
the other hand, some well designed studies have shown subtle
persistent cognitive deficits in ex-cannabis users. Solowij
(1998) recruited a group of people who had used cannabis
regularly for at least 5 years but who had slopped on average 2
years before the experiment. The subjects were given a very
difficult task. They had to listen to a series of tones, some in the
right car some in the left; Ihe tones were long or short (but
differing by only 51 ms) and high or low pitch (but differing
very little). Participants had to press a button as fast as possible
in response to longer tones of a specified pitch in the correct
car Previous research using this paradigm showed that current
regular cannabis users had difficulty in discriminating between
the tones. Measurements of event-related potentials also
revealed small but significant abnormalities in the P300
wave (Solowij, 1998). The ex-users continued to make
significant errors in the discrimination task, but they showed
normal P3CX) waves. Tfic conclusion of these and many other
studies in ex-users seems lo be that regular cannabis use can
cause small but significant impairments in cognitive function
that may persist after drug use stops. Such impairments appear
to be associated with long-term heavy use of the drug and are
unlikely to affect most recreational users.

E ffects ofcannabinoids on "\pothalamic

control of appetite

Many subjective reports suggest that cannabis intoxication is
associated with an increased appetite, particularly lor sweet
foods, even in subjects who were previously satiated. This
effect can be confirmed under laboratory conditions
(Hollister, 1971; Mattes etal., 1994), although results from
studies in human subjects have (ended to be variable, perhaps
hecause the increased appetite is focused on certain types of
food. Ne\erthclcss, controlled clinical trials showed that THC
(dronabinol) had significant beneficial effects in counteract-
ing the loss of appetite and reduction in body weight in
patients suffering from the AIDS-related wasting syndrome
(Beal ctal, 1995). and this is one of the medical indications
for which the drug has official approval in the USA.
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THC also stimulates food intake in experimental animals,
and again the effect is specific for high-fat or sweet high-fat
diets, and is not seen in animals offered standard rat chow
(Koch, 2001). The cndocannabinoid anandamide also stimu-
lates food intake in rats, and the effect is blocked by
rimonabanl (Williams and Kirkham, 1999). Conversely the
CB| antagonist rimonabant given on its own suppressed food
intake and led to reduced body weight in adult nun-obese rats
(Colombo €t ., 1998). These results suggest that cannabi-
noids may play a role in the regulation of food intake and
body weight (Mechoulam und Fride. 2001). A possible
reciprocal link between cndocannabinoid mechanisms and
the appetite-suppressing hormone leplin was suggested |  Di
Marzo €t al. (2001a). They found that food-deprived CB1
receptor knockout mice eat less than their wild-type litter
mates, and the CB, antagonist rimonabant reduced food
intake in the wild-type animals but not in the knockouts,
Animals with defective leplin signalling (obese db/db or
ob/ob mice and Zucker rats) exhibited elevated hypothalamic
levels of anandamide and 2-AG. On the other hand, treatment
of normal rats or ob/ob (leptin deficient) mice with leptin
caused decreases in hypothalamic levels of the cndocanna-
hinoids. These findings suggest that hypothalamic cndocan-
nabinoids may play an important role in mediating the
appeiile-xuppressani effects of leptin. At some stages during
development these effects of endocannabinoids may be of
critical importance. Fride €f d. (2001) found that adminis-
tration of the CB| antagonist rimonabant to new-born mouse
pups had a devastating effect in decreasing milk ingestion and
growth, continuing treatment with ihe antagonist led to death
within 4-8 days. The effect of rimonabunt could be almost
fully reversed by co-administertng THC.

L Iversen

Cannabinoids as anti-emetic ag- nts

The ability of THC and the synthetic cannabinoid nabilone to
control the nausea and vomiting associated with cancer
chemotherapy is one of the few well documented medical
applications for these drugs (for reviews of the controlled
clinical trials see Vincent € al., 1983; British Medical
Association. 1997; Joy et aI., 1999; and the meta-analysis
reported by Tramcr el aI., 2(X)1). THC (dronabinol) and
nabilone were approved for medical use in the USA, although
neither drug has found much utility. The narrow window
between the anti-emetic dose and that causing unwanted
psychic effects made these drugs difficult to use. The advent
of serotonin 5-HTj receptor antagonists as new and more
powerful anti-emetic drugs that were free of unwanted
psychic effects during the 1980s also made the cannabinoids
less attractive.

Studies in experimental animals have confirmed that the
anti-emetic effects of cannabinoids arc mediated through CB|
receptors (Darmani, 2002), and in some susceptible species
(e.g. the least shrew) the CB| antagonist rimonabanl is
emetic, an effect that can be blocked by THC or WIN55.2122
(Darmani, 2001).

Cannabinoids and pain

Cannabis was widely used in 19th century medicine for pain
relief and there is renewed interest in cannabis-based
medicines, with pain as one of the key therageutic targets
(British Medical Association, 1997; Joy €I d. 1999).
Endogenous cannabinoids and cannabinoid receptors exist
at various levels in the pain pathways, from peripheral
sensory nerve endings to spinal cord and supraspinal centres,
in a system that is parallel to but distinct from that involving
endorphins and opiate receptors.

Systemically administered THC and synthetic cannabi-
noids have anti-nociceptive . id anti-hyperalgcsic effects in a
variety of animal models of acute and inflammatory pain (for
reviews see Pertwee, 2001; Iversen and Chapman, 2002).
Since cannabinoids inhibit motor activity this could prevent
animals from exhibiting lhe normal behavioural reactions in
analgesic tc.now ever, anumber of studies have also shown
that cannabinoids suppress electrophysiological responses ol
spinal cord neurons to noxious stimulation, and block spinal
c-fos expression in response to such stimulation (Walker
ct aI., 1(,99; Pertwee, 2001: Iversen and Chapman, 2(X)2).
Cannabinoids and anandamide also exert anti-nociceptive
effects in animal models of inflammatory pain when injected
directly into spinal cord, brain stem or thalamus (Pertwee,
2(X)1). Behavioural studies have shown that cannabinoids
reduce thermal and mechanical allodyniu in rat models of
neuropathic pain (Hcrzberg Cf at, 1997; Fox € at. 2001;
Iversen and Chapman. 2002). Furthermore, noxious stimula-
tion evoked an increased release of anandamide in the
periaqueductal grey region of brainstem, a key site for
modulating nociceptive information (Walker Ct af, 1999).
The anti-nociceptive effects of cannabinoids are blocked by
the CB| antagonist rimonabanl, but the antagonist itself does
not alter basal pain thresholds, suggesting that these arc not
controlled hy tonic activity in the cndocannabinoid system
(Compton et at, 1996).

Results obtained with CB, receptor knockout mice,
however, suggest that not all of the anti-nociceptive effects
of THC or anandamide are mediated via CB | receptors. Thus,
although Di Mar/o €t . (20(X)) found that the anti-
nociceptive effects of THC were virtually absent m the
knockout animals, anandamide continued to show analgesic
activity in the hot-plate test. It is possible that the analgesic
effects of anandamide are mediated in part through an action
at other as yet ill-defined cannabinoid receptors (Breivogel
¢t al., 2001; Hajos ¢t .. 2001). Alternatively, it has been
proposed that the effects of anandamide might be mediated
through its ability to bind to the vanilloid VRi receptoi,
which is present in primary afferent neurons and known to
play an important role in nociceptive responses (Di Marzo
et at, 2001/d. To complicate matters further. Zimmei €l at
(1999), in a different strain of CB, receptor knockout mice,
found that THC continued to exert some anti-nociceptive
actions in hot-plate and formalin tests in (he knockout
animals. The reasons for the discrepant results obtained



with different strains of CB| receptor knockout mice arc
unknown.

There is evidence for an interaction between cannabinoid
and opioid mechanisms. In tests of acute pain (Fuenles €t dl.,
1999) and chronic_inflammatory pain Welch and Stevens.
1992; Smith €t al, 1998) THC and morphine acted
syncrgically—one potentiated the anti-nociceptive actions
of the other. This potentiation could lie blocked by cither
rimonabant or by naloxone, indicating that both CB| and
(é{)iate receptors were involved (Fuentes etal., 1999). Mcng

. (1998) showed that temporary inactivation of neural
activity in the rostral ventromedial medulla (RVM) in rat
brainstem prevented the analgesic effects of systcmically
administered cannabinoids, while leaving their effects on
motor activity unaffected. An elcctrophysiological analysis of
the effects of cannabinoids on single cell firing patterns in
RVM revealed that the effects of cannabinoids were similar lo
those elicited by morphine. The authors concluded that
cannabinoids may produce analgesia through activation of a
brainstem circuit that is also required for opiate analgesia,
although the two mechanisms arc pharmacologically c"..dnct.

Basic research into the role of cannabinoids and endocan-
nabinoids in pain mechanisms is progressing rapidly. Clinical
progress, however, has been slow. A meta-analysis of clinical
trials of cannabinoids as analgesics concluded that thee was
not enough evidence lo justify their use in this indication
(Campbell eal., 2001). However, this may merely reflect the
paucity of data from adequately sized controlled clinical
trials, and cannabis-based medicines may yet lind genuine
medical applications in this field.

Cannubis as an intoxicant and drug of

dependence

Cannabis intoxication

Despite being illegal, cannabis is one  1the most widely used
intoxicants; almost half of all 18 yeaj olds in the USA and in
most European countries admit to having tried it at least once,
and -10% of that age group arc regular users (Iversen. 2000).
There have been many subjective accounts of the cannabis
‘high’ (see Iversen. 2000; Earleywine. 2002). The experience
is highly variable, depending on the dose of drug, the
environment and the experience and expectations of the drug
user. A typical ‘high’ is preceded initially by a transient stage
of tingling sensations felt in the body and head accompanied
by a feeling of dizziness or lightheadedness. The ‘high' is a
complex experience, characterized by a quickening of mental
associations and a sharpened sense of humour, sometimes
described as a suite of ‘fatuous euphoria’. The user feels
relaxed and calm, in a dreamlike slate disconnected from real
world. The intoxicated subject often has difficulty in carrying
on a coherent conversation, and may drift into daydreams and
fantasies. Drowsiness and sleep may eventually ensue. The
feelings of heightened perception, increased appetite and
distortion of the sense of time have already been referred to.
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A survey of 1333 young British cannabis users (Atha and
Blanchard, 1997) reported that the most common positive
henefits reported were relaxation and relief from stress
(25.6%), insight/personal development (8.7%) and euphoria
(4.9%0: more than half reported some positive henefits. But
21% of the users also attributed some adverse effects to
cannabis use. including impaired memory (6.1%). paranoia
(5.6%) and amotivation/laziness (4.8%).

As with other intoxicant drugs, little is known about the
brain mechanisms that underlie the cannabis ‘high*. The
intoxicant effects are clearly mediated via CB, receptors.
Huestis €t al. (2001) carried out a well controlled study in 63
healthy cannabis users, who received either rimonabant or
placebo and smoked cither a THC-containing or placebo
marijuana cigarette. The CB| antagonist blocked the acute
psychological effects of the active cigarettes. Interestingly
nmonabant itself when given alone (with placebo cigarette
produced no significant psychological effects. Mathew eldl.
(1997) used H;150 and PET to measure changes in regional
cerebral blood flow in a double Minded study in 32 volunteers
comparing THC with placebo. Self ratings of cannabis
intoxication correlated most markedly with increased blood
flow in the right frontal region.

Endocannabinoids and CB| receptors arc present in man
legions of the limbic forchram. For example, Katona €
(2001) reported that CB, receptors were expressed in high
densities in lateral and basal nuclei in the rat amygdala. As in
hippocampus, the CBt receptors in these regions were located
presynaptically on the terminals of cholecystokinin-contain-
ing GABAergic intemeurons. Elcctrophysiological experi-
ments showed that cannabinoids modulated GABAergic
synaptic transmission The authors suggested that such effects
might underlie some of the actions of cannabinoids on
emotional behaviour. Other experiments have revealed that,
m common with other euphoriant drugs, THC selectively
activates dopaminergic neurons in the ventral tegmental area.
In an elcctrophysiological study French etal. (1997) reported
that low doses of THC increased the firing of these cells.
Tanda C 4. (1997) used microdialysis probes to show thai
low doses of THC (0.15 mg/kg intravenously) caused an
increased release of dopamine from the shell region of the
nucleus aceumbens, an effect that is also seen after admin-
istration of heroin, cocaine, d-ampheiaminc and nicotine.
Tanda € al. (1997) found that the increased release ol
dopamine provoked by THC could be blocked by adminis-
tration of the p-opiate receptor antagonist naloxonazine,
suggesting the involvement of an opioid mechanism.

Tolerance and dependence

Many animal studies have shown that tolerance develops to
most of the behavioural and physiological effects of THC (for
review see Pertwee, 1991). The earlier clinical literature
suggested that tolerance also occurs after repeated adminis-
tration of THC in man, although many of these studies were
poorly controlled (for reviews see Jones, 1978, 1987,



Hollister, 1986). Bui for many years cannabis was not
considered to be a drug of addiction. Withdrawal of the drug
did not lead to any obvious physical withdrawal symptoms
either in people or in animals, and animals failed to self-
administer the drug, a behaviour usually associated with
drugs of addiction.

Attitudes have changed markedly in recent years. The DSM-
IV (American Psychiatric Association, 1994) defines sub
stance dependence' and ‘substance abuse’ rather than ‘addic-
tion’. When the DSM-IV criteria arc applied to populations of
regular cannabis users surprisingly h' ;h proportions appear lo
be positive by these definitions. Swift etal. (2001) undertook a
survey of 10 M| Australians aged 18 years and older. They
reported that almost onc-lhird of reqular cannabis users fell
within the definitions of 'substance abuse’ (10.7%) or 'sub-
stance dependence' (21%). In the USA, Anthony etal. (1994)
reported the results obtained from a large scale survey which
indicated that some 46% of those interviewed had ever used
cannabis and 9% of users became dependent More carelully
controlled studies have also shown that areliable and clinically
significant withdrawal syndrome does occur in human canna-
bis users when the drug is withdrawn. The symptoms include
craving lor cannabis, decreased appetite, sleep difficulty and
weight loss, and may sometimes be accompanied by anger,
aggression, increased irritability, restlessness and strange
dreams (Budney €tal., 2001)

The existence of dependence on cannabinoids in animals is
also much more clearly observable because of the availability
of CB | receptor antagonist drugs that can be used to precipitate
withdrawal. Thus, Accto €ta,. (1996) described a behavioural
withdrawal syndrome precipitated by nmoiiabant in rats
treated lor only 4 days with doses of THC as low as 0.5—4.0
mg/kg per day. The syndrome included scratching, fact-
rubbing, licking, wet dog shakes, arched back and ptosis—
many of the same signs are seen in rats undergoing opiate
withdrawal. Similar withdrawal signs could be elicited by
rimonabant in rats treated chronically with the synthetic
cannabinoids CP-55.940 (Rubino et al., 1998) or WLN55.21 "1
(Accto el aI., 2001). Rimonahunt-indu”cd withdrawal after 2
weeks of treatment of rats with the cannabinoid HU-120 was
accompanied by marked elevations of release of the stress-
related neuropeptide corticotropin-releasing factor in the
amygdala, a result also seei in animals undergoing heroin
will -lrawal (Rodriguez de Fonseca el al., 1997). An electro-
, uysiological ,>tudy showed that precipitated withdrawal was
also associated with reduced firing of dopamine neurons in the
ventral tegmental area of rat brain (Diana etal., 1998). These
data indicate clearly that chronic administration of cannabi-
noids leads lo adaptive changes in the brain, some of which are
similar to those seen with other drugs of dependence. The
ability of THC to cause a selective release of dopamine from
the nucleus accumbens (Tanda etal., 1997) also suggests some
similarity beiwcen THC and other drugs in this category.

Furthermore, although many earlier attempts to obtain
reliable self-administration behaviour with THC were unsuc-
cessful (Pertwee, 1991), some success has been achieved

recently. Squint! monkeys were trained to sclf-administer low
dosesof THC (2 pg/kg per injection), but only after the animals
had first been trained to sclf-administer cocaine (Tanda €al.,
2(XX)). THC is difficult to administer intravenously and these
authors succeeded perhaps in part because they succeeded in
delivering the drug intravenously in doses comparable lo those
to which human cannabis users are exposed. The potent
synthetic cannabinoids arc far more water soluble than THC,
which makes intravenous administration easier. Mice could be
trained lo sell administer intravenous WIN55.2122. but CB|
receptor knockout animals failed to exhibit this behaviour
(Lcdent €t aI., 1999). Another way of demonstrating the
rewarding effects of drugs in animals is (lie conditioned place
preference paradigm, in which an animal Icams to approach an
environment in which it had previously received a rewaiding
stimulus. Rats demonstrated a positive THC place preference
after doses as low as 1 mg/kg (Lcporc etal.. 1995).

A number of studies have suggested that there may be links
hetween the development of dependence to cannabinoids and
to opiates (Manzanares €l al., 1999). Some of the behavioural
signs of rimonabant-induced withdrawal in THC treated rats
can be mimicked by administration of the opiate antagonist
naloxone (Kaymakfalan €t al., 1977). Conversely, the with-
drawal syndrome precipitated by naloxone in morphine-
dependent mice can be partly relieved by administration of
THC (Hine etal.. 1975) or by endocannabinoids t Yainaguchi
et al. 2001). Rats treated chronically with the cannabinoid
WIN'55,2122 became sensitized to the behavioural effects of
heroin (Ponticri €t al., 2001). Such interactions can also be
demonstrated acutely. A synergy beiwcen cannabinoids and
opiate analgesics has already been described above. THC also
facilitated the anti-nociceptive effects ol RB 101. an inhibitor
of enkephalin inactivation (Valvcrde € a. 2001). These
authors found that acute administration of THC caused an
increased release of Met-enkephalin into microdialysis probes
placed into the rat nucleus accumbens.

The availability of receptor knockout animals has also
helped to illustrate cannabinoid-opioid interactions. CB|
receptor knockout mice exhibited greatly reduced morphine
sell-administration behavioui and less severe naloxone-
induced withdrawal signs than in wild-type animals, although
the anti-nociceptive actions of morphine were unaffected in
the knockout animals (Ledent €tal., 1999). The rimonabanl-
precipitatcd withdrawal syndrome in THC-Irealed mice was
significantly attenuated in animals with knockout of the pro-
enkcphalin gene iValverde cl al.. 2000). Knockout of the p-
opioid receptor also reduced rimonabant-induced withdrawal
signs in THC-treated mice, and there was an attenuated
naloxone withdrawal syndrome in morphine dependent CB|
knockout mice (Lichtman € al., 2IK)lu, b).

These findings point clearly to interactions between the
endogenous cannabinoid and opioid systems in CNS.
although the neural circuitry involved remains unknown.
Whether this relationship is relevant to the so-called 'gale
way’ theory is unclear. The US National Household survey of
Drug Abuse (US Department of Health and Human Services.



1999) indicated that respondents aged 22 ycais or older who
had started cannabis use before the age of 21 years were 24

times more likely than non-cannabis users to initiate use of

hard drugs. But the proportion of cannabis users who progress

in this way remains very small (-1% or less), and mathemat-

ical modelling using the Monte Carlo method suggested that

the association between cannabis use and hard drug use need

not be causal but could relate to some common predisposing

factor, e g. ‘drug-use propensity' (Morral €f d, 2002).

Adverse effects of cannabis on the CNS

Is cannabis neurotoxic?
Although there have been claims that chronic cannabis use
may permanently damage the brain, there is little scientific
evidence to support these claims flor reviews sec Domhush
aI., 1976; Hollister, 1986. 1998; Zimmer and Morgan,
1997). As described above, some studies have revealed a
modestly impaired ability to focus attention and filter out
irrelevant information in ex-cannabis users (Solowij, 1998),
but other studies failed to find any impairments in cognitive
function (Pope €t al., 2001). There is little evidence that
cannabis use impairs work performance or leads lo an
‘amotivational syndrome' (Dombush etal., 1976; Hollister,
1986; Abood and Martin, 1992), nor is there any convincing
evidence for neuropathological changes in the brains of
cannabis users (Hollister, 1986). The earlier studies have been
complemented by the application of powerful modem
neuroimaging methods. For example, an MRI study com-
pared 18 current, frequent, young adult cannabis user wiui
13 comparable non-users and found no evt lcnce of cerebral
atrophy or regional changes in tissue volumes (Block etal,
2000).

Animal studies have yielded conflicting results. Treatment
of rats with high doses of THC given orally for 3 months
(Scallet €t al, 1987) or subcutaneously for 8 months
(Landfield €t aI, 1988) was reported to lead to neural
damage in the hippocampal CA3 zone, with shrunken
neurons, reduced synaptic density and loss of cells.
However, in another study the ootcnt synthetic cannabinoid
WIN55.2122 was administered twice daily (2 mg/kg) to rats
and led to an apparent increase in hippocampal granule
cell density, and increased dendritic length in the CA3 zone.
In perhaps the most severe test of all, rats and mice were
treated with THC 5 days each week for 2 years and no
histopathological changes were observed in brain, even after
50 mg/kg/day (rats) or 250 mg/kg/day (mice) (Chan €t aI,
1996). Although claims were made that exposure of a small
number of rhesus monkeys to cannabis smoke led to
ultrastruetural changes in septum and hippocampus (Harper
et al, 1977; Heath €t al, 1980), subsequent larger scale
studies failed to show any cannabis-induced histopathology
in monkey brain (Scallet. 1991). L

Studies of the effects of cannabinoids on neurons IN VIO
have also yielded inconsistent results. Exposure of rat conical
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neurons to THC was reported to decrease their survival, with
twice as many cells dead after 2 h exposure to 5 pM THC than
in control cultures (Downer €t al, 2001). Concentrations of
THC as low as 0.1 pM had a significant effect. The effects of
THC were accompanied by release of cytochrome C,
activation of caspasc-3 and DNA fragmentation, suggesting
an apoptoiic mechanism. All of the effects of THC could be
blocked by the antagonist AM-251 or by pcnussis toxin,
suggesting that they were mediated through CB( receptors,
Toxic effects of THC have also been rcponed on hippocam-
pal neurons in culture, with 50% cell death after 2 h exposure
to 10 pM THC or after 5 days exposure to 1pM dnig (Chan
et aI, 1998). The antagonist rimonabant blocked these
effects, but not pertussis toxin. The authors proposed a
toxic mechanism involving arachidonic acid release and
lormalion of free radicals. However, other authors failed to
observe any damage in rat cortical neurons exposed for up to
15 days to 1 pM THC, although they found that this
concentration of THC killed rat C6 glioma cells, or human
astrocytoma U373MG and mouse neuroblastoma N18TG12
cells (Sanchez €t al, 1998). In a remarkable study injections
of THC into solid tumours of C6 glioma in rodent brain led lo
increased survival times, and a complete eradication of the
tumours was evident in 20-35% of the treated animals
(Galve-Roperh etal., 2000). The anti-proliferative effects ol
cannabinoids has suggested a potential utility lor such drugs
in cancer treatment (Guzman etal. 2001).

Some studies have reported neuroprotcciive actions of
cannabinoids. Administration of WIN55.2122 was found to
reduce cerebral damage in rat hippocampus or cerebral_cortex
after global ischaemia or focal ischacmia models N VIVO
(Nagayania €f af. 1999), The endocannabinoid 2-AG
protected against damage elicited by closed head injury in
mouse brain, and the protective effects were blocked by
rimonabanl (I’anikashvili €f al. 2001). THC had a similar
effect INVIVOIin protecting against damage elicited by ouabain
(Van der Stelt etal. 200)) Rat hippocampal neurons in tissue
culture were protected against glutamate-mediated damage
by low concentrations of WIN55.2122 or CP-55,940 and
these effects were mediated through CB, receptors (Shen and
Thayer, 1998). But not al) of these effects seem to require
mediation via cannabinoid receptors. Nagayama etal. (1999)
reported protective effects of WIN55.2122 that did not
require either cannabinoid receptor in cortical neurons
exposed to hypoxia, and similar findings were reported for
the protective actions of anandamide and 2-AG in cortical
neuron cultures (Sinor € al, 2000). Both THC and
cannabidiol, which is not active on cannabinoid receptors,
protected rat cortical neurons against glutamate toxicity
(Hampson €l al, 1998) and these effects, were also
independent of CB| receptors. The authors suggested that
(lie protective effects of THC in their studies might be due to
the antioxidant properties of these polyphenolie molecules,
which have redox potentials higher than those of known
antioxidants (e.g. ascorbic acid).
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The mixed reports of ncurotoxic and neuroprotective
effects of cannabinoids are confusing. While i( may tie
lossiblc to demonstrate neurotoxic actions after exposure of
icurons to high concentrations of cannabinoids IN VITrQ. there
is little evidence for any significant neural damage IN VIVO
after the administration of pharmacologically relevant doses
of these drugs.

Cannabis an d psychiatric illness
A temporary form of drug-induced psychosis can occur in
some cannabis users. In some of the psychiatric literature this
is referred to as ‘cannabis psychosis' (or 'marijuunu psych-
0sis'). Research psychiatrists, particularly in Britain
(Thomas, 1993; Hall and Degenhardt, 2000; Johns. 2001),
have studied this condition carefully. It nearly always results
from taking large doses of the drug, often in food or drink, and
the condition may persist for some lime, perhaps as the
accumulated body load of THC is washed out. The acute toxic
psychosis that is sometimes caused by cannabis can be
sufficiently serious to lead to the subject being admitted to
hospital, and die initial diagnosis can be confused with
schizophrenia, since the patients may display some of the
characteristic symptoms of schizophrenic illness. These
include delusions of control (being under the control of
some outside being or force), grandiose identity, persecution,
thought insertion, auditory hallucinations (hearing sounds,
eually non-verbal in nature), changed perception and
taunting of the emotions. Not all symptoms will be seen in
every patient, but there is a considerable similarity to
paranoid schizophrenia. This has led some to propose a
‘cannabinoid hypothesis of schizophrenia’, suggesting that
the symptoms of schizophrenic illness might be caused by an
abnormal ovcr-activity of endogenous cannabinoid mechan-
isms in the brain (Emrich €t al., 1997).

A number ot studies have addressed the more contentious
question of whether cannabis use can precipitate long-term
psychiatric illness The strongest evidence seemed to come
from a study in Sweden that involved taking detailed medical
records and information about the social hackground and
drug-taking habits of 45 570 conscripts on entry to the
Swedish army at age 18 years and following up of their
subsequent medical history over a 15-ycar period
(Andreasson €f a, 1987). A total of 4293 of the conscripts
admitted having taken cannabis at least once, but the cannabis
users accounted for a disproportionate number of the 246
cases of schizophrenic illness diagnosed in the overall group
on follow-up. The relative risk of schizophrenia in those who
had used cannabis was 2.4 times greater than in the non-users.
In the small number of heavy users (who had taken the drug
on more than 50 occasions) the relative risk of schizophrenia
increased to 6.0. The authors concluded that cannabis was an
independent risk factor for schizophrenia. There have been
other similar reports (Mathers and Godsc, 1992; Hall and
Degenhardt, 2000; Johns, 2001). Hambrccht and Hafner
(2000), for example, studied 232 patients in Germany with

first-episode schizophrenia, They found that 13% of these had
a history of cannabis use. a rate twice that of matched normal
controls. At first viewing these findings seem convincing, but
they do not prove any cause-and-effcct relationship with
cannabis, it may simply be that both cannabis use and
schizophrenia arc related to some common predisposing
(iietor, such as personality. Indeed some psychologists und
psychiatrists believe that they can identify psychological
traits that are described as 'schizotypy' and which may
predict an increased nsk of developing clinical psychosis.
Some studies in healthy adults have reported that those
subjects who used cannabis scored higher on schizotypy
scales than non-users (Williams et aI., 1996; Skosnik and
Spatz, 2001). Half of the cannabis-using subjects in the
ongtnal Swedish study had used cannabis more than 10 times
and subsequently developed schizophrenia had also taken
amphetamine, a drug known to be capable of inducing a
schizophrenia-like psychosis. The cannabis users also came
from deprived social backgrounds, another known risk factor
of schizophrenia. More detailed follow-ups of some of the
original Swedish cohort, however, claimed |o have answered
some of these criticisms (Andreasson Cf al., 1989; Zaninnt
etal. 2002). In addition, further reports from New Zealand
(Arscneault & al., 2002; Fergusson Ct al., 2003), Australia
(Patton €t al.. 2002) and France (Verdoux €f al., 2003) add
weight to the hypothesis that the development of cannabis
dependence in young people is associated with increased
rates of psychiatric symptoms, both of psychosis and
depression and anxiety (Patton etal, 2002).

Nevertheless, the existence of a causative relationship
between cannabis use and long-term psychotic illness
remains unproven. If cannabis use did precipitate schizo-
phrenia one might expect to have seen a large increase in the
numbers of sufferers from this illness as cannabis use became
more common in the West during the past 30 years However,
a detailed review of the epidemiological evidence up to 1990
appeared to show that this has not been the case (Thomtcroft,
1990).

On the other hand, it is clear that cannabis can exacerbate
the symptoms of existing psychotic illness. While schizo
phrenic naticnts scent lo use cannabis and other psychoactive
drugs  a form of 'self-medication’, cannabis can make the
key symptoms of delusions and hallucinations worse and it
tends to counteract the anti-psychotic effects of the drugs
used to treat the illnrss (Negrete €t al., 1986; Linzen €l al.
1994). C'd tne other hand, one Swedish study reported that
cannabis use made schizophrenic patients less withdrawn and
more likely to speak (Peralta and Cucxta, 1992). It would
seem prudent, nevertheless, to discourage the use of cannabis
in patients with existing psychotic illness.

Conclusion

The discovery of the endocannabinoids and the availability of
new pharmacological tools, together with the development of
strains of genetically engineered knockout mice that lack



funciionul cannabinoid receptor*, has revitalized the held of
cannabis research in the past few years. The effects of
administering THC or other cannabinoids can never simulate
the highly localized function of the cndocannabinoids, which
appear to act as a fine contro. system to regulate neuro-
transmitter release at the synaptic level. There has been
renewed interest in the potential therapeutic applications of
cannabis-based medicines (British Medical Association,
1997; Joy €l al.. 1999; Robson. 2001). THC or other
cannabinoid agonists all suffer from the problem of a narrow
therapeutic window between the desired clinical benefits and
the unwanted psychic sidc-effccts. It is possible that the
pharmacological manipulation of the cndocannabinoid sys-
tem, boosting function, for example by drugs that inhibited
the inactivation of the endocannabinoids, may offer a safer
and more subtle approach to cannabis-based medicines in the
future (Piomelli €l al.. 2000).
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Glossary of key terms

Abuse

Vague term with a variety of meanings depending on the social, medical and legal contexts.
Some equate any use of illicit drugs to abuse: for example, the international conventions
consider that any use of drugs other than for medical or scientific purposes is abuse. The
Diagnosis and Statistical Manual »fthe American Psychiatric Association defines abuse as
a maladaptive pattern of substance use leading to clinically significant impairment or
distress as defined by one or more of four criteria (see Chapter 7). In the Report we prefer

the term excessive use (or harmful use).

Acute effects

Refers to effects resulting from the administration of any drug and specifically to its short
term effects. These effects are distinguished between central (cerebral functions) and

peripheral (nervous system). Effects are dose-related.

Addiction

General term referring to the concepts of tolerance and dependency. According to WHO
addiction is the repeated use of a psychoactive substance to the extent that the user is
periodically or chronically intoxicated, shows a compulsion to take the preferred substance,

has great difficulty in voluntarily ceasing or modifying substance use, and exhibits
determination to obtain the substance by almost any means. Some authors prefer the term
addiction to dependence, because the former also refers to the evolutive process preceding

dependence.

Agonist

A substance that acts on receptor sites to produce certain responses.

Anandamide

Agonist neurotransmitter of the endogenous cannabinoid system. Although not yet fully
understood in research, these neurotransmitters seem to act as modulators as THC
increases, the liberation of dopamine in nucleus accumbens and in the cerebral cortex.



At-risk use
Use behaviour which makes users at risk of developing dependence to the substance.

Cannabinoids

Endogenous receptors of the active cannabis molecules, particularly Delta 9-THC. Two
endogenous receptors have been identified: CBI densely concentrated in the hippacampus,
basal ganglia, cerebellum and cerebral cortex, and CB2, particularly abundant ui the immune
system. The central effects of cannabis appear to be related only to CBI.

Cannabis

Three varieties of the cannabis plant exist: cannabis saliva,cannabis indica, and cannabis
rurcdalis. Cannabis sativa IS the most commonly found, growing in almost any soil
condition. The cannabis plant has been known in China for about 6(KK) years. The
flowering tops and leaves are used to produce the smoked cannabis. Common terms used to
refer to cannabis arc pot, marijuana, dope, ganja hemp. Hashish is produced from the
extracted resin. Classified as a psychotropic drug, cannabis is a modulator of the central
nervous system. It contains over 460 known chemicals, of which 60 are cannabinoids.

Delta-9-tetrahydrocannabinol. referred to as THC, is the principal active_ingiredient of
cannabis. Other components such delta-8-te'trahydrocannabinol, cannabinol and cannabidiol

are present in smaller quantities and have no significant impacts on behaviour or perception.
However, they may modulate the overall effects of the substance.

Commission on narcotic drugs (CND)

The Commission on Narcotic Drugs (CND) was established in 1946 by the Economic and
Social Council of the United Nations. It is the central policy-making body within the UN
system for dealing with all drug-related matters. The Commission analyses the world drug
abuse situation and develops proposals to strengthen international drug control.

Chronic effects

Refers to effects which are delayed or develop after repeated use. In the report we prefer to
use the term consequences of repeated use rather than chronic effects.

Decriminalization

Removal of a behaviour or activity from the scope of the criminal justice system. A
distinction is usually made between de jure decriminalization, which entails an amendment
to criminal legislation, and defacto decriminalization, which involves an administrative
decision not to prosecute acts that nonetheless remain against the law. Decriminalization



