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ALASKA COURT SYSTEM .
SB 32 - Fiscal Analysis
Personal Services:
Salary  Benefits Total
2 - Court Clerk 11, Range 10B,
Anchorage, PFT - 12 months §45672 $16,580 $62,252
1 ourt Clerk 11, Range 108,
Fairbanks, 12 °months 25,740 §,936 34,676
L - Court Clerk I, Range 10B,
Juneau, TFT - 12 months * 22,8306 §,290 31,126
L - Court Clerk 11, Range l(%B,
Ketchikan, PPT - s months 11,418 4145 15,563
otal Personal Services 143,617

Equipment:  (one-time cost)

Desk, chair, ypewr|ter and filing cabinet
NeW POSItion 11,540

otal First-Year Cost $&55,157
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PREFACE

This report is the work of the many people identified in the
preceding pages, and to fill of them 1 am very ?rateful. |
particularly wish to thank my d|5Uﬂ£U|shed colleagues on the study
committee, ‘upon_whose expert knowledge and critical judgment this
report rests.  They responded conscientiously to all the demands
placed on them, and they did so with a promptness and grace that made

my task easy. o , .
No study of this kind can be carried out without the help of a

skilled statf. We were fortunate to have had the nssistance of a
devoted and,h|Eh|y capable staff team led by Enrigveta C. Bond and
Linda S. Dujack. "They coordinated the efforts of tie committee, the
panel, the consultants, and the Institute of Medicine staff, and they
nlayed the key role in keeping everything on schedule. Moreover,
they carried out this formidable task with tact and common sense. On
behalf of the committee, | wish publicly to acknowledge our
indebtedness to the 1OM staff.* and | also wish to express my personal
thanks to Drs. Bond and Dujack for their unfailing support and
cooperation.

CFinally, 1 owish to acknowledge my appreciation of the editorial
assistance of Wallace K. W aterfall, whose expert touch is evident
throughout this document. Our aim was to write a report in "a clear
and incisive form for the general public." Any success that we may
have achieved s due in no small measure to his efforts

Arnold S. Reiman, MD
Chairman
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SUMMARY

The Institute of Medicine (IOM) of the National Academ¥ of Sciences
has conducted a L5-raonth study of the health-rulated 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:

* o analyze existing scientific evidence bearing on the possible

hazards to the health and safety of users of marijuana;
analyze data concerning the posnible therapeutic value and

health benefits of marijuana; , 5

* o assess federal research programs in marijuana;

* identify promising new research directions, and make
sugggedtions zo improve the quality and usefulness of future
resed
*

reh; 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 timely because marijuana is now the most
W|deI¥ used of oo 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 Fast decade,
%amcularly,among’ adolescents and young adults, although there has
een 4 |eve||ng-o foin its overall use among high school senigrs in
the past 2 or 3 years and a small decline in the percentage of
seniors who use 1t frequently. Although.-aubstantlally-mogerigh
school students'haveused alCohol-thanhave> aver.used'marijuana, mere
high school aenlorause marijuana 04.a da|Ir,or:.|K»ax.rd*||y. basis -(9
percent) thanvaldehel s percent)., Much of the heavy use of
marijuana, unlike alcohol, takes place in school, where effects on *
behavior, cognition, and psychomotor performance can be particularly
disturbing. “Unlike alcohol, which is rapidly metabolized and,
eliminatedfrom the body, the psychoactive components of marijuana
persist in the body for a IonP time. Similar to alcohol, continued
use of marijuana may cause toferance and dependence. For all these
reasons, it is imperative that we have reliable and detailed

M
J
{
t
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information about the effects of marijuana use on health, both in the
long and short term. _ |

CWhat, then, did we learn from our review of the ﬁubhshed , ,
scientific literature? Numerous acute effects have been described in
animals, in isolated cells and tissues, and in studies of human
volunteers; clinical and,ep|dem|oJoP|caI observations also have been
reportedh This information is briefly summarized in the following
paragraphs,

EFFECTS ON THE NERVOUS SYSTEM AND ON BEHAVIOR

We can say with confidence that marijuana Broduces,acute effects on

the brain, including chemical and electrop y5|0|0q|ca| changes. |ts
tclearly established acute effects are on mental functions and
avior. With a {Mverity directly related to dose, marijuana impairs

or coordination and aff%cw trac ]

c ¢ [

C
{
) racking ability and sensory ang
eptual functions impdrtant for safe driving and the operation of
tﬁer machines; it also impairs s

;
short-term memory and 3lows learning.
hher acute effects include feelings of
3
r

0§ , f
eh |
ot 2
e [
h
, euphoria and other mood

n?es, but there also are disturbing mental phenomena, such as
periods of anxiety, confusion® or psychosis.

There i not yet any conclusive evidence as to whether prolonged
use of marijuana causes Eermanent changes in the nervous system of
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 aré not convincing;

much more work is needed to settle this Important point, ,
Chronic relatively heavy use of marijuana is associated with

I
D
m
p
0
0
C
b

K

behavioral dysfunction and mental disorders in human be|n%s, but
available evidence does not establish if marijuana use under thhse
circumstances 15 a cause or a result of the mental condition, ‘'here
are similar problems in interpreting the evidence linking the use of
marijuana to subsequent use of other illicit drqu,,such as heroin or
cocaine, Association does not prove a causal relation, and the use

of marijuana may merely he symptomatm of an undeHY|ng disposition
to use psychoactive drugs rather than a "stepping stong" to
involvement with more dangerous substances. It Ts also difficult to
sort out the relationship between use of marijuana and the complex
symptoms known as the amotivational syndrome.” Self-selection and
etfects of the drug are probably both contributing to the
motivational problems seen in some chropic users of marijuana,

Thus, the long-term effects of marijuana on the human brain and
on human behavior remain to be defined.” Although we have no
conV|nC|n% evidence thus far of any effects persisting in human
beings after cessation of drug use, there' may wall be subtle but
}@C%%%?ggdphy5|cal and psychological consequences that have not been
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EFFECTS ON THE CARDIOVASCULAR AND RESPIRATORY SYSTEMS

There is good evidence that the smok|n%,of marijuana usually causes
acute changes in the heart and circulation that are characteristic  of
stress, but there is no evidence to indicate that & permanently
deleterious effect on the normal cardiovascular system occurs.  There

e
s good evidence to show that marquana increases the work of the
¢

|
heart, usually by _raising heart rate and, in some persons, by raising
blood pressure. “This rise in workload poses a threat to patients
wsﬁh hypfrtens|on, cerebrovascular disease, and coronary
atherosclerosis,

[0

. Acute exposure to marijuana smoke generally elicits broncho-
dilation; chronic heavy smoking of marijuang 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
'}ar") and brological effects similar to those of tobacco smoke, but

also some unigue ingredients. This suggests the strong possibility
that prolon%ed heavy smoking of m anzuana,,l|ke,tobacco, will lead to
cancer of the respiratory tract and to serious impairment o{llung

function. Although there is evidence of impaired lung function 1n
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 .o years, and data have not
been collected systematically n other countries with a much longer
history of heavy marijuana use.

EFFECTS ON THE REPRODUCTIVE SYSTEM AND ON CHROMOSOMES
Although studies in animals have shown that A-9-THC (the magpr
Bsychoacuve constituent of marijuana) lowers the concentration in

lood serum of pituitary hormones (gonadotropins) that control
reproductiva 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 Eroduct|on In men, but there
1S 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 ferfility and child-bearing have been carried out. Although
A-9-THC is known to cross the placenta readily and to cause birth
defects when administered in large*doses to experimental animala, no
adequate clinical studies have been carried out to determine if
marijuana yse can harm the human fetus. There is no conclusive ,
idence of teratogenicity in human offspr|ng, but a slowly developing

low-level effect might be undetected bY the studies done so far
e effects of marijuana on reproductive function and on the fetus
e ounclear; they maY prove to be negl|g|ble, but further research to
tablish or rule out such effects would be of great importance
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Extracts from marijuana smoke particulates ("tar") have been
found to groduce dose-related mutations in bacteria; however,
A-9-THC, by itself/ is not muta?emc. Marijuana and A-9-THC do
not appear to break chromosomes/ but marijuana may affect chromosome
segregation during cell division/ result|n% in an abnormal number of
chromosomes in daughter cells, Although these results are of
concern/ their clinical significance 1S unknown,

THE IMMUNE SYSTEM

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

THERAPEUTIC POTENTIAL

mmittee also has examined the evidence on the theragquc,
marijuana in a variety of medical disorders. Preliminary
gest that maru\uana and its derivatives or analogues might
n the treatment of the raised intraocular pressure of
nthe control of the severe nausea and vomiting caused by
otherapy/ and in the treatment of asthma. There also s
stituent (cannabidiol)
fepileptic

cancer
tue

5 0

her nervous system
[m

I

|

|

some pr
might b
Selzure
disease |
needed. Because marijuana and A-9-THC often pr
Psychotropm or cardiovascular side-effects tha
herapeutic usefulness/ particularly in older p
therapeutic potential probably lies in the use
of marijuana derivatives with higher ratios of
undesirable effects,

|
em
iminary evidence that a marijuana con
helpful in the treatment of Certain type
[ ag well as for spastic disorders and ot !
. Butr in these and all other conditions/ much more work is
duce troublesome
imit their
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THE NEED FDR MORE RESEARCH ON MARIJUANA

The explanation for all of these unanswered questions is insufficient
research. Vineed 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 un subhuman primates. Basic Elharmacologm information
obtained in animal experiments will ultimately have to be tested in
clinical studies on human bemqs. _ ,
CoUntil 10 or 15 years ago/ there was virtually no systematic/
rigorously controlled research on the human health-reldted effects of
marijuana and its major copstituents. -Even now, when standardized
marijuana and pure synthetic cannabinoids are available for
experimental studies’, and good qualitative methods exist for the
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measurement of A-9-THC and its metabolites in body fluids, well-
designed studies on human be|n([1,s are relatively few, There are
diffrculties in studying the clinical effects of marijuana in human
beings, é},arncu arl% the effects of long-term use, And yet, without
such studios the debate about the safety or hazard of marijuana will
remain unresolved. Prospective cohort studies, as well as retro-
spective case-control studies, would be useful in identifying long-
term _behavioral and b|0|0?|pa| consequences of mamAuana Use.

The federal investment in research on the health-related effects
fomarijuang has been small, both in relation to the expenditure on
ther iflicit drugs and in absolute terms. The committee considers
he research particularly inadequate when viewed in [ight of the
xtent of marijuana use n this country, especially by young people.
We believe there should be a greater investment in’ research on
marijugna, and that investigator-initiated research grants should be
the l%nmary vehicle of support, N

he committee considers all of the areas of research on marijuana
that are suEported by the National Institute on Drug Abuse to be
important, but we did not judge the appropriateness of the allocation
cf resources among those areas, other than to conclude that there
should be increased emphasis on studies in human beings and other
primates. Recommendations for future research are presented at the
end of Chapters L-7 of this report.

0
0
t
¢

CONCLUSIONS

The scientific evidence published to date indicates that marijuana
has a broad range of psychological and biological effects, some of
which, at least under certain conditions, aré harmful to humap
health., Unfortunately, the available information does not tell us how
serious this risk may be. , ,

Our major concluSion js that what [ittle ve 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 1s the extent of our |%norance about many of the mos. basic
and important questions about The drug, Our major recommendation is
thot there be a greatly intensified and more comprehensive program of
resee}rch into the effects of marijuana on the health of the American
people.



INTRODUCTION

The Institute of Medicine (IOM) of the National Academy of Sciences
has undertaken this review and analysis of the health-related effects
of marijuana* at the request of the Secretary of the Department of
Health and Human Services (DHHS) and the Director of the National
Institutes of Health (NIH).

Scientific;controtersy and'public eonfusiorr"about marijuana,
continue unabated" and- perfiape™eventare®expendingv notwithstanding
numerous reports on the topic from authoritative agencies and
organizations (Fifth, Sixth, Seventh, and Eighth Annual Reports from
the Secretary of Health, Education and Welfare to the Con‘gress on
Marijuana and Health: Fehr, et al., Cannabis; Adverse Effects on
Health, 1980a; Tinklenberg, Marijuana and Health Hazards and _
Marijuana in the '80s, a report of the Council on Scientific Affairs,
the American Medical Associatio 980). Increasing use of this

J

0 1

n .
substance and growing concern about its possible long- and short-term
consequences for human health have added some urgency to the need for
reassessment of the available data. Interest has been further
hm&;_htened by recent suggestions that marijuana maY also have some
medical therdpeutic value, which only intensifies the debate about
what our Pu,blm policy towards marijuana ought to be. ,

With this as background, the Secretary of Health, Education, and
Welfare, Joseph A. Califano, Jr., in a press statement on April 18,
1979, announced the intention of his department to undertake a review
that would ™. .. assess the information and scientific work now
available on the effects of marijuana.” He followed that with a
memorandum on May 16, 3979, to Donald S. Fredrickson, Director of NIH
In which he further stated;

This review must be undertaken by an independent scientific
body that has not staked out a position in this highly
controversial field. This review should ba conducted by a

oThe terms marijuana and cannabis will be used interchangeably in

this report. Strictly speaking, they are not synonymous; cannabis is
the more general term’. (See Glossary, page 9.

6
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group of distinguished biomedical and clinical scientists and
should involve “thorough, systematic review and analysis of
the research literature. .. . The report should identify the
most urgently needed and promising lines of inquiry to build
firmer base for decision-making in years to come, The
information should be available Tn a clear and incisive form
or the general public.

While the Alcohol, Drug Abuse, and Mental Health
Administration (ADAMHA) and "its National Institute on Drug
Abuse (NIDA) have provided leadership in research related to

0I0?|ca| and health effects of marijuana, it is moat impor-
nt that we have a review by an independent nongovernmental
dy, such as the Institute of Medicine. In order to avoid
en the appearance of a conflict of interest inasmuch as
is review will cover part of the research plan of

|ADAI\/]HA-NIDA, | believe 1t is important that the National
N
58

d
I
f

stitutes of Health serve as the responsible DHHS agency for
eing that such a review is conducted.

Following Mr. Califano's resignation, subsequent secretaries have
confirmed to the Director of the NIH their desire to see this review
carried forward. Accordingly, a contract between the NIH and the [OM
was executed to provide for a study to commence September 30, 1980,
and be completed by December 29, 1981,

THE COMMITTEE'S TASK
Under this contract, the IOM agreed to appoint a committee to:

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

o, analyze data copcerning the possible therapeutic value and
health benefits of marijuana; , ,

. assess federal research programs in this area;

b, identify promising new research directions, and make
suggestions to |mFr0ye the quality and usefulness of future research;
. 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.
Such an assessment also should ‘be helpful to private citizens who

want to make their own informed decisions about this subject.

The _committee's_charq_e specifically excluded the analysis or
formulation of public policy.

PROCEDURE FOR THE STUDY

Primary responsibility for the conduct of the study was vested in a
steering committee of 2o biologists, behavioral scientists, and
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clinicians. Although they all were ex(Fe.rts in relevant disciplines,
only a few had previously been Involved in the study of marijuana or
had taken public positions on the subject. The committee was divided
into fix. panels, each concerned with maHor scientific areas:
cardiovascular and respiratory system effects; neuro,bmloPmal
effects; epidemiological, behavioral, ang Fsychosomal effects,
reproductive biology and effects on the fetus; pharmacology, cell
biology, and immunology; and genetic and oncogenic effects. Each
panel was chaired oy a member of the committee and usually had one or
more additional committee members and several expert consultants
Whose names _aﬁpear in the front of this report. The committee also
consulted wit man% other experts, in the course of its work and
received valuable help from many fataona and organizations, ,

The full committee met five times to coordinate and assess its
progress. In the intervals between these meetings, the panels held
their own independent sessions and various ad hoC working ?roups met
as necessary. The chairman and members of the committee staff were
invited observers at the Conference on Adverse Health and Behavioral
Consequences of Cannabis Use, which was sponsored by the Addiction |
Research Foundation (ART) of Ontario and the World Health Organization
(SWHO) and held in Toronto, Canada, from March 30 to April 3, 1981,

ther members of our committee serveqd as workmq members of that
conference. We were also fortunate in bemg{ able to work closely

with members of the ARF/WHO conference staft and havmq access to all
the documents prepared for the Canadian meeting as well as the
revised draft of the summary report of the conference (1981).
~The committee- bega.n:b¥ s%stemaucalllly reviewing"all the-* e
literature published-sine® 1875 on-aarijuana and related subjectsr -
which had been collected by our staff-througfra Medline computer
searchi  Earlier literature was selectively examined, as were a
variety of other documents, reviews, and monographs on the subject.
Our objective was not merely to compile and summarize, but also to
evaluate the evidence critically and, with the aid of our consultants,
form some Aud%ment of the quality and reliability of the work. Our
report 1s an assessment of what Ts and 1a not &

I
best |,nterPretati0ns of the scientific literatur
attention h

yown, based on our

e. We confined our
e primary sources of
field to select the

0 published scientific articles as t
|

information, relying heavily on experts in each

relevant papers and help us interpret the data, _

TOinSbSsiia .siidAhlspsjfe imf— mtimm and opinions from the- public and

o O , , effects of marjjuana,

we:unBticai*e<L wei**em-reepenees in'a notice'ln"the Te&etal-Kbglater of

Fehsmssy«y*T5tn, Responses were received and icorporated into the
records of ‘the committee. (See Appendix A for a complete
description.) The responses fell ‘into three categories:

1. The dangers of marijuana. Letters in this cate%ory came from
mothers whose children were using ¢? had used marijuana. These
parents believed that d_ru? use by their children led to a lack
motivation and loss of interest in school and other activities.
Letters about the harmfulness of the use of marijuana were also
received from physicians and scientiats,

0f
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2. The therapeutic potential of marijuana, Half of the
res&pnses were from people who used marijuana illegally for various
medical problems and who urged that it be made easily available to
patients, Several letters submitted by Ie?|ﬂators and doctors
described problems in obtaining marijuana for therapeutic use (see
Appendix B). A,gmuP interested in the legitimate medical use of
cannabis emphasized the need for continuing investigation into the
numerous constituents of the marquana plant for therapeutic uses.

. Support of general use and legalization of marijuana,
Letters were received from individuals and groups favoring the use of
marijuana and actively promoting its legalization,

This report covers most of the concerns expressed by the public
except the question of legalization, The various statements included
many opinions_and much angcdotal evidence from laymen and
scientists. The committee took note of this matérial, but has not
C|ted,anY of 1t in this report unless it was supported by published
data in the scientific literature.

THE ORGANIZATION OF THE REPORT

This report is divided into eight chapters and a summary. The
summary includes the principal findings and conclusions of the study,
together with suggestions for future Tesearch, ,

The first chapter reviews what is known -jhout the chemistry and
pharmacology of marijuana. Chapter 2 deals with the epidemiology and
demograﬁhy of the use of marijuana in the Jnited States. The next
three chapters discuss the effects of marijuana on cells, tissues,
organs, and biological s¥stems. Chaptrr o deals with behavioral and
psychosocial effects. Chapter 7 discusses the present status of
I an#uana as 4 therapeutic agent. Chapter s describes and analyzes
the federal research Ero%ram on marijuang.

This report is intended to be intelligible to readers who arenot
expert on the subjects at hand. We have tried. to use technical
language only where accuracy would be compromised by leas precis
terms, and to keeR the discussions as brief and as Clearly state
IS consistent with our obl|%at|0n to present avalid critique o

of knowledge in this field. — Although wehave surveyed th
ture as thoroyghly as possible, our citations are selectiv
ther than exhaustive, "hecause they are intended to illustrate or
cument only the key points in the discussion. For comprehensive
bl|%%g%ph|es, see Waller et al., 1976; Abel, 1979; and Kalant et

B
d as
fthe
£
:

GLOSSARY OF TERMS FOR MARIJUANA-RELATED PRODUCTS

CANNABIDIOL ﬁBD) and CANNABINOL (CM@ are major cannabinoids
generally present in cannabis (see CANNABIS and CANNABINOIDS).
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CANNABINOIDS are a class of 21-carbon compounds present in
nnabis aa'.iva. The basic structure contains a six-raembered
droaromatic ring and a benzene ring joined by a pyran moiety (see
gure 1-1in Chapter 1), Derivatives include a number of carboxylic
1ds, their analogues, ‘and transformation ﬁroduc_ts. _

CANNABIS is a general term for any of the various é)repara,nons 0f
the plant Cannabis sativa and the cannabinoids obtained from it.
"Cannabinoid" is a generic term for a class of compounds. Cannabjs
sativa, also called "hemp, is an herbaceous annual plant that readily
grows In temperate climates. Depending on the geographic region, and
other considerations, the various natural preparations of cannabis
possess different phz,smal chargcteristics 2n<?  "centrations of
cannabinoids. Cannabis preparations may contact, over 420 different
compounds; of these, 61 have been identified as cannabinoids, many of
which possess some biological activity. Marijuana, hashish, and
tetrahg,drocannabmol are examnles of different forms or components of
cannabis,
.~ HASHISH s a resin, generally more Eptent than marijuana, which
i obtained from Cannabis sativa by shaking, pressing, or scrapmq
the leaves and flowers of the plant and usually contains some of the
3

latter,

MARIJUANA is a general term for crude preparations obtained from
the plant Cannabis Sativa and is a mixture of crushed leaves, twigs,
seeds, and sometimes the flowers of this plant. In the United ,
States, the term "marijuana” has often been used interchangeably with
cannabis to refer to any part of the Plant or extract theréfrom or
any of the synthetic cannabinoids that induce somatic and psychic
changes in man. _ _ 5

 SINSEMILLA is a seedless variety of high-potency marijuana,
originall %rown in California. ,

TETRAHYDROCANNABINOL (THC) is ong of the major groups of
cannabinoids. Delta-9-THC *is the principal active Constituent in
natural cannabis [preparatmns. Delta-9-TBC is also known as,
A-I-TBC, by a different system of nosMnclature. (In the United
States, che A-5-THC content of marijuana ranges from unmeasurable
amounts to about,s peccant,) Another active isomer, A-e-THC, i
less often present in marijuana and tyﬁmally occurs in minute
amounts.  Many derivatives of A-9-THC have been synthesized,

ﬁa
H
ac
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CHEMISTRY AND PHARMACOLOGY
0P MARIJUANA

The cannabia Flant (Cannabis sativa) thrives under a variety of
%rcwrng conditions. |t has been cu rvated for centuries# mainly for
eap fibers but als 0 for It psychoacnve and putarve medrcmal
properties (Abel# 1980; Turner et al.# 1980). "Although t
behavioral and psychologrcal effects were well described |n
literature of the nineteenth century (Kalant and Kalants 1968)% the
complex chemrstry and pharmacology of the cannabis plant discouraged
extensive investigation until about IS years ago.

The most prominent effects of cannabis are on psychologica
phenomena and behavior. Psychopharmacology and behaviora
pharmacology have develoPed as divisions of scientific inquiry only
over the past 25 years; therefore# the older cannabis literatures no
matter how vaIuabIe for observatrons on other matters# does not
provide a basis for quantitative pharmacological analysis and
evaluation,

EarI Fharmacologrsts could work onlh With crude extracts of the

plant gh the general structure of the cannabinoids (Figure 1)

was known bx , urn of the century, the pa i'icular canpabinolds

that were r entr r earIy and were available as pure supstances were

largely devoid of the characteristic psychoactive and other

pharmacologrcaleffec S f cannahis, ~Synt henc cannabinoids with

cannabislike activity be came avarlable in the 1930s. |t was not

unt il 1964 that an active rn%redren tof cannabis was ident rfred 2
A-9- taHahydrueannahrncl (THC) and synthesized (Fr%ure 1) (Gaoni

and Mechoulam# 1964; Mechoulam and Gaoni# 19654 19 7). In “the

m|d19605# the isolation and shnthesrs of the main ps Kchoacrve ,
component of cannabis and related cannabinoids# together with a rapid
increase in the use of marijuana by middle class North American
students# stimulated_scientific activity (Waller et al., 1976; Waller
tal.# in press; This chap terg an overview of cannabis chemistry
and pharmacology emphasizes difficulties in the study of thrs drug
(explored further in subsequent chapters) and in evaluating t

literature.



CH, CjHn
A-9-THC Cannabinol

Cannabidiol L1-hydroxy-A-9-THC
FIGURE 1 Cannabi.-oid structures.

CANNABIS CHEMISTRY
Chemistry of the Plant
ontains
s DUt
Table-1).

Cannabis, the crude material from the plant Cannabis sativa,, ¢
hundreds of chemicals. Most of these e found in other plant
61, termed cannabinoids, 'e-are'unigue -to- the- cannabis Flan
Natural and most synthetic cannab|n0|d are-relatively |nso|ubl Wi
Water, but dissolve in fats and fat solven ts and are therefore cal
lipid soluble.

A single cannabinoid, A-O-THC, produces almost all the char**
acteristic specific pharmacoJoan“'* fects of the comglex crude
cannabis mixtures, A nump -atic cannab|n0|ds ave Rharmaco
logical effects similar tc Other cannapinoids in t
plant, for example, cannabiitol (Figure 1}, are-elmoet-.inecties
pharmacol08|0*4 CAUMPI4% tareoti wiedSAf-we- to modify Its?
actions, One cannabinoid, cannabidiol (CBD) can |nf|uence the

N
e

metabolism of another, A-9-TH C (Siemens et al.. 976). A fe$
cannabinoids haveeffeet»‘*qB ezdlff*rsnt fre®~ I**f« raG* -For
example, cannab|d|0IMFIncre*') His*relatively* [ittle psychoactive' A
and cardiovascula be*effective-anticonvulsant (Karler And
Turkanis» 1981)-,
Inveanator hsve chemmally altered the A-9-THC molecule in
an attempt Yo determine which of jts structural elements are required
produce behavioral or other effects (Mechoulam et al., 0
Stud|es of structure-activity reIat|onsh|ps imdicate that, to produce
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TABLE 1 Chemical Constituents of Cannabis Preparations

1. Cannab|n0|ds 61 known

Cannabigerol (CBG) type: & known
b. Cannabichromene (CBC) type: 4 known
¢. Cannabidiol (CBD) type: T known
d. A-5-Tetrahydrocs annabinol (A-9-THC) type: 9 knowr
e, A-g*Tetrahjarocannabinol A-gq-THC type known
2. CannamecIoI CBL) type: known
%. Cannabielsoin (CBE) type: 3 known
. Cannabinol (CB tmge s known
I, Cannabinodiol (CBND) type: 2 known

type: & known

L. Cannabitriol (CBT)

. Miscellaneous types:” 9 known
L. Other cannabinoids: 4 known
Nitrogenous compounds: 20 known
Amino acids: 18 known

Proteins, glycoproteins, and enzymes: 9 known

(3 o T Y O Y

Sugars and related conpounds: 34 known
s. Hydrocarbons: 50 known

7. Simple alcohols: 7 known

s, Simple aldehydes: 12 known

9. Simple ketones: 13 known

10, Simple acids: 20 known

L1, Patty acids: 12 known

12, Simple esters and lactones: 13 known
13, Steroids: 11 known

L4, Terpenes: 103 known

15, Noncannabinoid phenols: 16 known

16, Plavanoid glycosidei: 19 known

L7, Vitamins: L known

18. Pigments: 2 known

SOURCE: Adapted from Turner, 1980,
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effects on behavior, apxran ring must be part of the three-ring
syBtem, a free phenolic hydroxyl on the aromatic ring at O, and a
lipophilic side chain' (CsHii) at C-3. (Figure 1). Understan,dmgi
chemical structure-effect refationships 1s important to guide the
synthesis of cannabinoids_with differing pharmacological effects.
Diifferent effects of A-9-THC activity by chemical design will

require further syntheses and pharmacological study of a large number
of cannabinoids.

Chemistry of the Smoke

It is impossible to understand the effects of cannabis without
quantitative control of the composition and the amount of the active
substances, that is, control over the dose. Sy*tegmm.c>pharmacology
must therefore be performed using pure compounds. In the United -
States, cannabis usually is smoked, which, complicates the*
pharmacology* , , ,
The sacks from any burnmq plant contains hundreds; of chemichla
that maK have biological effects. -This poses a dilemma for
researchors, because consequences of smoking cannabis cannot be fully
determined Dby studies only of the pure cannabinoids. Studies also
are needed with doses of A-o—THC delivered, however imperfectly, by

smoking.

Tge dose of A-9-TSC obtained from smoking cannabis varies
%r atlg, depending on sany factors (Tabled). ™ First, ths content of
-9-THC depends on the gieneuc background or phenotype >of the
Flant the sex of the planté conditions of growth-and storage, aftd
he plant preparation smoked* Second# auch®oft the A-O-THC in fresh
leaves that can be detected b gas-||qU|d.chr0r0atocraph.y/’(Gch' is in
inactive carboxylated form. Decarboxylation to the active A-9-THC

d rapidly during heating, such as

occurs in smoking or GLC analysis. ~Third# the way in which »
cigarette is smoked can great { affect bow auch-of-the-A-g-IHC
content is absorbed by the amoker* ,

~Cannabis smoke i$ similar to tobacco smoke ‘Ifr'that* it*18"S
mixture of very saall partidea and a gas-v_apor_F.hase. Both the
perticulate and vapo_rphasaMcontanrmanY identitied "and probably
sane still unidentified cooetitusnts thaté based on clinical'
experience with spisBaccoriefes= W ist be assuaed to be potentially
harmful (Leuchtenberger and Leuchtenbergers L1976).  The amounts of
some materials in tobacco cigarette and marijuana cigarette smoke are
compared in Table 3. Toxic- Substances# such as carbon aonoxide, _
hydrogen cyanide, and nitrosaailnes occur'ltr'siailaf'*cohcentrations' fiA
tobacco and marijuana amok*; so do the amounts of the particulate
material known collectively as "tars." _

It is not easy to compare the toxicity of a given number of

occurs slowly during storage an

marijuana cigarettes to a given number of tobacco cigarettes. There
are general similarities in the comBosmon of the smoke, but the
variations in composition of both tobacco and marijuana cigarettes
and differences in smoking techniques aake .simple--extrapolations of
risks of tobacco versus marijuana smoking not valid,
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TABLE 2 Concentrations of A-g-THC in Different Varieties of

Marijuana

Type

NepalS,
Mexiccs.
Pakistani
Colombia?.
Indiat

Jamaica (Ganja)ll
United Statess,
Sinaemilla (fiber)!

Sinseoilla
(intermediate) —

Sinsemilla (drug)ii

Hashish
(UN. standard)—

NIDA (cigarette 1)f
NIDA (cigarette 2)f

Crude maruuana
extract?,

Ilicit hashish oilSL

Research harvests!

SOURCES: ESa) Jones,
Turner, 19 Se) Tur
Rosenkrantz, 1981; ()

Per
(P

2

1

ercent A-9-the

ercent by Weight)
2.81

1.30

0.46

(grown above 2000 m)
1.39

(grown below 2000 m)
2.80 (mean)

0.35

3.58

6.28

2,22 (1.40)-

0.84

186 (2.3)2

0.00- 30 00

(up to 60)4.
0.90-2.80

(b)lBraenden 1972,

shman et al.,

Turner et al7
1976.

Normalized
Averages”

3.00-3.50

3.00-11.00

1.90

20.00
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TABLE 3 Marijuana and Tobacco Reference Cigarette

Analysis of Mainstream Smoke

A. Cigarette*

Average weight, Nng
Moietura, percent
Praaaura drop, ca

Static burning rata, ag/a
Puff nuabar

B. Mainatraam saoka
I. Goa phaaa

Carbon monoxide, vol. parcant

m9 .
Carbon dioxlda, vol. parcant

Aaaonia, ug
HCN, ug
Cyanogan (OOj, ug
laoprana, ug
Acataldahyda, ug
Acatona, ug
Acrolain, ug
Acatonitrila, ug
Banzana, ug
Toluana, ug
Vinyl chlorida, ngA.
Dioathylnitroaaaina, ngA
Mathylathylnitrosaaina, ngA,
pU, third puff

fifth puff

aavanth puff

ninth puff

tanth puff

Il. Particulate Phaaa

Total particulata matter, dry, ag
Phenol, ug

0-Creaol, ug

a- and £-Cr*sol, ug
Oiaathylphanol, ug
Catechol, ug

Cannabidiol, ug
AM-T*trahydrocannabinol, ug
Cannabinol, ug

Nicotine, ug
N-Nitroaonornicotine, ngi
Naphthalene, ug
1-Mathylnaphthalane, ug
2-Hathylnaphthalana

Ban* (a)anthracene*, ng4
Banio(a)pyrana, ng%

ilndicatae known carcinogen*.

SOUJCISi Boffaann at al.. 1975. 1976; Brunnaaann at al..

Hanjuana
Cigarette
(85 am

1115
10.3
14.7

0.88
10.7

22.7
76.8
17.9-
54.4
6,8
IBB,
190j.
920*

3.%
6.1
3.6 *

Tobacco
Cigarette
(85 am)

1110
11.1

= O~
= 0N
o

4 .5B.
20.2,
9.3B*
65. O*
199
498
20 r,
3107
980
578 T,
85
123
67
108
12.4 ™
14/\ *
30-*
6.14
6.15

1976, 1977.
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Other Preparations

Besides the crude plant leaf material for smoking/ usually called
marijuanal resinous material from the %Iants called hashish/ and
solvent extracts of the Flant/ termed hashish oil# sometimes appear
on the illicit market. In many parts of the world, hashish is more
commonly used than marijuana. ~As with all canpabis preparations, the
A-9-THC content of hashish varies enor_mousl¥, but the upper limits
of A-g-THC content are usually much hlgher, han for _marijuana: 7
perceit or higher and even higher for hashish oil (Table 2).

However, even these generally morg ]pHoéent forms of cannabis may

occasionally contain much less A- , o

The mere de5|%nat|on of the nature of a cannabis preparation is
an unreliable predictor of its A-9-THC content. The practical
consequence of this for the clinical researcher is that the exposure
to cannabis users is not known.

What Potency of Marijuana Is Available From Street Samples?

cause of the many confounding variables aentioned-above “it is

fficult to know_what potency of psychoacnve,drug IS in marjjuana

Id illicitly* The concentration of A-9-THC in a given sample

1 vary (Ritzlin et al., 1979). The content of A-?-THC from

rious Street samples has been ‘assayed. Marijuana from Drug

forcement Administration confiscated samples; samples received

ough psychiatrists, police departments; and state crime

ratories, and fugitive* samples were quantitatively analxzed for

HC and other camnabinoids, A p.hrsmal description of the

le was made—e.g., buds, sinsemilla. The Plants were also*

orized by origin—where t,he,\/ were cultivated. The analysis

ed that tremendous variability exists in the potency of A-9-the
he street;~norfflaliaed:#aBiplea'ranged from zero to .1 percent

-9-THC (Turner, 1981). -
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Analytic Methods

Detection and measurement of cannabinoids and their metabolites in
body fluids is far more difficult than with such drugs as alcohol,
tissue levels result;n_q from use of ordinary"cannabis™
arc--vesys?la***-nanogra***-='per V¥ illilitar_or lowet. In addition*
compoundsmike steroids,.occurring norrally in.body.?luidsintarfere
With; thi* jmeasurement of cannabinoids in blood and can make the test
much' less sensitive than if pure cannabinoids in an uncontaminated

*Samples received, when no arrests were made,
tone Dbillionth of a gram,
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lution are being analyzed (Harvey et al.# 1980; Harvey and Paton,

50
1980).

, combination of ga,s-l|(1U|d chromatography and mass spectrometry
IS the most sensitive direct method of measuring cannabinoids. That,
however, requires skilled technicians and expensive equipment not
readily avaitlable. Using modifications of this experimental ,
technique, one can measure as little as 5 picograma* of A-9-THC in

a milliliter of plasma (Harvey et al,, 1980; Harvey and Paton,

1980?. Radioimmunoassay and enzyme immunoassay techniques also are
available, the lower limits of sensitivity of these methods now are
not adequate for reliable measurements of A-9-THC in human blood
more than a few hours after drug administration. A seedily'available
enzyme immunoassay will detect cannabis metabolites in the urine for
as long as a week after the smoking of a single marijuana ¢igarette.
Thus, & positive urine test by this method’is*not-necessarily ,
indicative of use within the previous few hours and does not provide
evidence of recent intoxication as a breath test does for alcohol,
Assays for cannabinoids are likely to remain far more complicated
than for alcohol and many other drugs.

PHARMACOLOGY OF CANNABIS
Implicit in a discussion of the effects of any drug is some
determination of dose. The intensity and duration of effects in
relation to ,druq dose must be determined or inferred from adequate
pharmacologic sud{. The intensity and duration of a drug effect
depends on at least three major factors:

L. _Theconcentration of the drug at the sites of actioninthe
body..  Thisis determined bdy the dose, what the drug is dissolvedin
ofr {nh|xeg with, the route of administration, and the pharmacokinetics
of the drug.

3 1ghesensitivity of the cells the drug acts upon. .

3. Thephysiological state of the bodily systems bein
affected. TRis, in tdrn, depends on interactions with othe systems
and, especially for drugs with behavioral and psychological effects,
as well as environmental and experiential factors, including the
presence of other drugs.

With cannabfjfy*WDWjr*br'even most of these-factor* 2«e-nob'always —
measurable or'UtWy *» ~¢contgolhog™en tnveeeigatora**

!
r

*1 pg * 10"~ grams.
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otency and Pharmacokinetic Considerations

Pharmacokinetic studies of the absorption, distribution, me abol|sm,
and elimination of A-9-THC determine how fon A-9-TEC™ and it
metabo|| tes remain in the body. Pharmac0k|net|cs vary with he route
0f dru% administration and "uch factors as lipid solubility;
A-g-THC tends to remain for long periods of time in fatty tissue,
When smoked, A-9-THC s ra(n|d|y absorbed bd the blood in the
2

lung. If taken orally, A-O-THC is not absorbe into the blood as
rap|dly. T e rate of d|sappearance 0f A-g-iac from the blood
Varies with |me (Lemberder et al., 1971ab, 1972, Ohlsson.et al.,
198 0& Hig onAIeY« faIIvrap|A|X,J7or the fi rs} 30 minutes, as
the TH istributes to tissues'withaighvbloodJflow A fter the
initial-dist ut lon, the blood level falls much more slowln W|th 3
half-life* f 19 hours or more (Bunt and Jones, 1980). Metabolitest
0f A-9-the have their own independent rates of elimina
Tnpmally metabolites-are. eliminated moreA I Wly,. bay|ng a hilf-life’
0 aKprommaer,SO hours (Hunt and | ones'“l OL !

fter an injection of a single dose of A-O-THC, approxims el%
25-30 percent of the compound and its metabol|tes remain in the Dbody
at 1 weak (lemberger et al., 1971b; Hunt and Jones, 1980).
Essentially, complete elimination of a single dose may take 30 days or
Ionger,Jdone||JA1980) Thus repeated administration of even small
doses may lead* to an accumulation of drug higher than levels reached
at any time after a single dose.

Absorption

|nhaI|ng smoke from a cannabis C|gare te or pipe is pharmaco-
kineti IIy different from ingesting cannabis, Smokmd s 4 far more
ff|e|e tway of delivering cannabinoids to the brain than |ngest|on
hecause of the large surface area of the lungs. [Inhaled,
cannabinoids in the smoke go rapidly from the fungs |n0 the blood to
the left side of the heart and are carried in seconds to the bra|n
and other organs before passmq through the ||ver When smoked
drug reaches the brain with rela little time for meahohsm or

tive
dilution. Many supstances with high >(|p|d solubility such as
cannabinoids go quickly from blood into tissues, including brain
tissues. Psythological and cardiovascular effects of cannabis are

*The half-life is a measure of how rapidly a dru% is eliminated. It
is the time required for the level of a drug to be reduced by

one-half, If starting levels are ten units and the half-life is 24
hours, then 1 day aftér administration, the level will be 5 unitB, 2

i ¥s after administration 2.5 units, efc. ,
Mhere are more than 45 metabolites of major canpabinoids identified
in different species, at least one of which, 11-OH-A-9-THC, is

psychoactwe
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evident within a few seconds of inhalation. Peak effects occur about
the time-smoking- is completed. , ,

When taken by mouth# cannabinoids usually are in solutions or
suspensions. The material they are mixed with affects the rate of
absorption. For examplet blood levels of A-9-THC were hlqher and
laster Ionger when given in an oily solytion than in an ethyl alcohol
solution 5 erez-Reyés et al.# _1973?. This suggests that cannabis
caten in food mixtures containing fat is better absorbed.

An important difference between smoking and |n?est|0n s that
when cannabinoids are absorbed froar the b,ood*con,tammq
them first goes directly through the liver." The liver rapidly clears
the A-9-THC from the blood and enzym,atmallz changes much of ‘the
A-9-TBC to other metabolites before'it reaches the brain (Hunt_ang"
Jones, 1980). A large amount is metabolized to |I-hYdroxy-A;T-THC
(Figure 1), It is unknown if the spectrum of effects of this
metabolite is identical to that of A-g-THC. When taken by mouth#
in contrast to when smoked, two or thiee times more A-9-THC is
reauwed to obtain equivalent acute psychological and physiological
efrects. After oral doses the effects develop more slowly# last,
longer# are more variable# and cannot be controlled bg the recipient
once the cannabis has been swallowed. In contrasté the smoker feels
the effects quickly and can modify inhalation at any time, although
overdosage is still possible. Unpleasant reactions to overdose are
more common following ingestion than inhalation.

A,vauet;r of other routes of administration have been used
exPerlmentaIy in humans and in animals# including intravenous#
intraperitoneal# subcutaneous# intramusculars topical (on the skin)#
and into the con{uncnval sac (eye). These various routes influence
the time to onsel of effect® duration and peak intensity# and the
rate with which the effect disappears. Direct comparison of findings
in studies using differing administration routes is difficult and
must take these factors into consjderation.

Human users of cannabis vary in their preferred routes of use,
In some coyntries and cultures cannabis is mainly taken by |ngest|on
LSfo,r example# India) and in others by inhalation (for examples the
nited States), Because of the effects of route of administration on
pharmacology, it is reasonable to expect different health consequences

of the diffgrent routes of administration; therefore#-ccMparie one'«hf
health statiatigffc*Maag™oaumtries-mist be tead™r with care. ,

Although smokmg avoids many of the absorption problems discussed
aboved a host of'other variables affecting dose are introduced# such
as the size and packing of the cannabis cigarettes# the way the smoke
is inhaled# the number of puffs and the interval between puffss the
temperature %roduced in the burning cigarette# and whether a cigarette
is shared. Because of the Frogresswe concentration of cannabis
constituents in the cigarette Dutté the last few puffs %ueld con-
siderably more A-9-THC and particulate matter than do the earlier
puffs. AIl these and other factors affect the dose received# and
only rarely have they been measured. Only some of these factors are
under the conscious control of the cannabis smoker, About )>alf of *
the A-9-THC originally in a cannabis cigarette is lost by
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combustion/ by butt entrapment, in smoke not inhaled, and in smoke
exhaled (Fehr and Kalant, 19727 Rosenkrantz, 1981).

It has been reported that, like nonsmokers of tobacco, individuals
in a poorly ventilated room where cannabis is smoked may pasuvely
inhale active components (Zeidenberg et al., 1977). Because-.only
trace, amounts..of .cannabinoid. metabolites are present--in unne of
these passive inhalers, it.is. unlikely, that the low- levels OF i
absomed cannabinoids ﬂom the-ambient a|racc0un t for the so- caHed

"contact high." Experiencing stheC|ve cannabm ef ecm in the
Fremnce of cannabis smokers could be explained b Q“ ologic

actors in addition to any pharmacologm ones. ButH ecause studies
have shown tI -t children of parents who, smoke tobacco are more likely
to have respiratory- jhfec' Hona durlng the first year-of -life—which
may be due to their be |n? ‘exposed to-cigarette smoke in-the-atmosphere
(U'S. Depart ment f'H althrEducation' and Welfare, 1979)—the issue
of passive inhalation fmamumasmokew onhfwhersudy

P

Distribution

The lipid sofubility of A-9-the and other cannabinoids, including
hose With h|?hestpharmacologm activity, facilitates distribution

readHy into fissues and cells throughout the body so blood levels
rop rapidly. itially, cannabino] concentranons are h|ghest m

such tigsues aslun% liver, and kidney t athave 2 |%
9, 1970 KMumerandD|ne 1971). -DeHa9THC

(Agurell et al., 1989, 1

crosses the placenta and enters the fetus of exper|men aI animals
(Kemde and WaddeH, 1972). Canms&|noxk|evﬂs the humanf etug,
have nol. been studi ed -Small amounts are aho ound in the milk of

experlmental animals and can be transferred to progeny ( Jakubovic et

1973; Chao et al., 19763 After |n|t|a| distribation,
concentrauons of cannabinoids in tissuss, cells, and subcwllular
compartments are highly nonuniforn, determined no doubt by solubility
and other physicochemical characteristics. Themfore blood
concentrations do nofc-reflect concentrations at pharmacologically
active sites, as they do with alcohol.

Metabolism and Elimination

Elimination of drugs and, he|r metabolites is mostly thro u%h _
excretion bK the kidney into the urine or by the % all bladder via the
bile into the intestineg and out with the feces. Cannabinoids do not
pass out of the bMod into the fungs and do not appear|n breath in
appreciable quantities, Soms cannabinoids going into the intestine
with bile are reabsorbed.  Some also diffuse back hrough the k|dneY
tubules during the Frocess of urine formation, the amounm finally
excremd per unt of time are small. Thannnkxswlt AJViAa >
reeyehn% S, t at the cannabinoids-arm only slowly*-e |m|nMed from
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Studies of the disappearance of A-O-THC from human plasma have
led to reports of values of half-lives that ran%ed from 19 hours in
experienced users (Hunt and Jones, 1980) to 57 hours in naive users
(Lember%er et al,, 1971b). Whether this difference in half-life is
due to the experience of the user has not been established. Because
of their high lipid/water partition coefficients, A-9-THC and some
of its metabolites can be sequestered in fatty tissues. Following
the intravenous administration of radioactive A-9-THC to human ,
volunteers, however, €7 percentof .the?radioactivity was excreted in
L oweek, 22 percent in the.urine att<i..4SLpercevit®in feces (Lemberger et
al., 1971a). Almost-no A-9-THe-itaeUwwax excxetod in the urine,
There may be fairly rapid and complete metabolism of free A-9-THC
llowed "by slow release and metabolism of sequestered A-9-THC and
ained metabolites. Because no direct measurements of cannabinoid
els have been made in tissue samPIes,from human cannabis users and
data are limited in ex,Penmenta animals, one can only infer from
od levels what metabolites are accumulating and where,

CInorats, after inhalation or intravenous administration of
radioactive A-g-THC, radioactivity persisted in the brain for at
least 7 days, mostly as metabolites (Ho et al., 1970). When given
subcutaneousi% in rats, even at intervals as great as a day or two
aBart, A-9-THC will accumulate as metabolites (Kreuz and Axelrod,
1973). Accumulation of some cannabinoids with even less frequent
take appears likely. Although most metabolites are concentrated in
tty tissues, they will slqwl;{ pass into plasma and circulate though
| parts of the body, particularly including such organa as the

ain, and generally all membranes. The health consequences of the
continued presence of such foreign molecules are not known. The
marked élemstence of the cannabinoids is quite unlike other widely
consumed agents, such as alcohol, nicoting, and caffeine, that are
,raHJIy metabolized and leave no trace a few hours after moderate
intake:
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WHAT IS A LARGE OR SMALL CANNABIS DOSE?

doses of any drug are more likely to produce
cts than small infrequent doses of the drug.
Thus, judgments of health consequences of the use of cannabis can
only be made with implicit or explicit knowledge about dose. For the
reasons discussed abovte the range of cannabinoid doses consumed
|
p

Large and frequen

{00
adverse health effect
:

varies widely. Investigators usually report dose in terms of
marijuana cigarettes per unit of time, or they give seme estimate of
the concentration of A-9-THC used for oral aPphcaHon_ This is

not an adequate way to quantif éhe,amounto gannablftqlds..Agtm MM
entering the bodY. Onlﬁewre ldeaiolopto-*tody provides a breakdown
of varying dos* lav*ls~1a~*xesss-'of‘«ne -cannabift&«ioa*etty daily,
XBachman et al.V*I195ir. Epidemiologic surveys have not quantified
-9-THC levels.  When reporting less frequent use patterns than one
cigarette per day, investigators use measures that make it difficult
to pom{)are studies. In this report, any general or average dose
estimates are approximations,



It is generally agreed that smoking five or six 1-qlram cannabis
m%arettes daily is a large dose (Dornbush et al., 197 ? Rosenkrantz,
19 l}. Because of the variability of A-9-THC content of cannabis
available from street samples, it would be more apé)ropuate to
consider this heavy use. The definition of a low qose is more
controversial. Scam consider one marijuana'cigarotta a day to be a

large-dose. "Others think even one cigarette a week is regular,
freq\t;ve,nt, and a highdose.

, ith tobacco and alcohol, for which dose is easier to quantlf%,
|t took many years to establish what a small or large dose might be
in terms of sp_ecn‘ymg doses that significantly increased the risk of
various behavioral and health consequences. Even with those drug’s,
there is still disagreement as to precisely what a small and "safe”
dose might be.  There will be even more problems in specifying
typical cannabis doses and predicting their likely health
consequences. . ,

In controlled laboratory conditions, ingested doses of more than
20 Mg of A-g-rac generally are considered by both investigators and
cannabis usérs to be large doses. Doses of less than 10 mg are
considered small, Marijuana cigarettes containing more than 20 rag of
A-9-THC seem to be a large dose, and those with 10 mg produce
effects generally considered the result of a small dose. When
volunteers were allowed to select their own self-determined smoked
doses in controlled experiments, some smoked only one or fwo 20-rag
cigarettes daily, while other similar voluntegrs smoked six to ten or
more cigarettes per day. Variability in smoking patterns is great
and not easily quantified; only broad range estimates of dose are

possible.

GENERAL TOXICOLOGY

elta-9-THC and related cannabinoids have ver¥ low lethal to
hat Is, a very high single acute doftrofr-S-THC is require
T half of a population of experimental animals. This let
or 50 percent of .the..animals is called, the -U>50« The lack.
ell-authenticated, cases of human-deaths- from acute A-g-THQ
nabis-overdostisabdiM rittffVAMH FfAK 'experiMintBl animal data,,
lethal dose increases as the phylogenetic tree is ascended. The
has an LDso 0f 40 mglkg intravenously, in coptrast to a 125
g in the monkey (Rosenkrantz, 1981)." Death is usually due to
|aabcind0)€§£unct|on. Delta-9-THC appears to be the most toxic of the
Studies of chropic cannabis administration to animals have
demonstrated delayed lethality. Animals die after several days of a
repeated high dose (Rosenkrantz, 1981). The reason for this pattern
isounclear.” It could be related to accumulation of A-9-THC or
metabolites in tissues, ,

A L-year chronic treatment of-r*ts with lower doses of
nnabinpids produced a pattern of toxicity consisting of weight
ss, pulmonary pathology when the drug is” inhaled, and slowly

icity*
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developing behavioral toxicity characterized by hype rac
vertical qumping, fighting, and seizures (Rosenkrant

RELEVANCE OP NONHUMAN ANIMAL MODELS

Much of what is known about cannabis comes from ex(PeHments in
animals. Seme aspects of the pharmacology of any rug can only be
studied in animals other han human beings, Findings from-aninsr
experiments have beea. pr|£\ A0 b jawe of whatwere thought-to be
unteasonably high doses o £t o * th#.aAipals..as. compared
with doses commonly used by™huxjwurbeings. Ihough extrapolatmn 0f
human effects from animal Tata must be done with cau lon Dbecause of
spemes d|fferences in metabolic pathways and diff erlngb sensmvn

physiology, a blanket criticism of animal studies because of |?
doses is inappropriate. When an effect of a drug occyrs congsistently
in several species, it is likely to occur in human beings. Compari-
50N of A-g-THC blood levels in human beings and in several species
suggest roughly similar intensity of effects at similar blood levels
in “the various species (Rosenkrantz and Fleishman, 1979),

CAIWABIST

On oceasion cannab|s has b"en reported not only to contain the

herbmde paraquat, but also salmonella bacteria and asperglilus
%us Dehberate addition of such drugs as lysergic acid

d|e lami- Ie LSD) heroin, and phencyclidine (yPCP) has been

cIa|med Aplant material such &s cannabis is not always handled ir

the most sanitary way, and a variety©* contaminants are possible.

Paraguat

There is no question that large doses of paraquat by mouth or by
aerosol can cause pulmonary frbrosis, but no cases in human beings
have yet been proved to result from paraguat- contammated cannabis.
Few cannabis smokers are expected to be exposed to the large amounts
0f Paraquat known to cause severe lung damage. Th|s IS not to say
that no lung damage WI|| oceur from such exposure. A more extensive
d|scu33|on of pardquat is in Appendix D

Bacteria and Fungi

A few outbreaks of salmonellosis epidemiologically linked to
marijuana use were reported from Ohio and Michigan (Schrader et al
19811) Marijuana was found to be contaminated W|th the same type of
salmonella that was obtained from the 62 patients experiencing
diarrhea, fever and abdominal pain.
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AsFergHIus fungus,_is a common contam n some cannabis
(Llewe Iyn and 0'Rear, 1977, Llamas et al., 197 ) The spores pass
easily hrough contam|na ted ‘marijuana cigarettes and when smoked are

presumed to enter the body.

e CELLULAR'TOXICITY— |

A var|et% of effects on cellular Processes have Dheen reported,
usually Dbased on studies of in vitro systems. The low water
solubility of the, cannabinoids and the need to add solvents and
emulsifiers, alongcommon tendency tor'use higher™In vitro
concentrations. thsiroccur* Tn living aniaals'rstakes inter pretat|on of
such experiments

Inrelated studies, A-9-THC alters the actions of a number of
|ntraoeIIu|ar enzyme systems. The b|o|og|ca| relevance of these
drug/enzyme |nteract|ons B st|I| unclear at this time, bat, together

h
the cyto oxmg, it su&dg ts thst A-9-THC |s producing markeo
ffeots oncell membranes and _intra cellul processes. .
Almost nothing 15 known 02 the! molecular mechanisms by which
cannabinoids produce their effects in cells,

TOLERANCE AND DEPENDENCE

Repeated administration of most psychoac ive drugs leads to the
development of tolerance. This state of increased dru re3|stance
results from twe general mechanisms (Kalant et al., 1):

* Dispositional tolerance resulting from lower drug
concentrations at sites of action, usually because of increased rates
of drug metabolism or elimination

*“Functional tolerance arising from decreased sensitivity of

the target cells.

s has been demonstrated both

Tolerance to most cannabinoid effect
1t Tolerance can develop
f1

fec
inanimals and human beings (Jones, 198

rapldly ef ter-onay'e feh ema|I doeerv*i'ltL diea ppeer* at an equally
rapid rat*, for many effects, although*-after'large* dosef in
-xper]mn‘tl fanlmal Some oleranoe may persist for long periods
Jdones 1981). Systematic* studies-oftolerance"loes have_rarel* been
jone.  Many charaot |st|os of tolerance to A-9-THC, particularly

its pattern of rapid acqumﬂon and loss, are s|m||ar that
oceurring with o 0piates, nicotine, and cocajne (ones 1981) Most

evidenge nggttA fiiBCtlonal father than Wispositionai~iaeins of

aoqumng olerance.
e development of such tolerance 'th ‘carinablavdoes' nofe |

neoessanly have health |mpI|oat|ons However, if tolerance should
lead to higher or more frequent doses, adverse consequences, ..,
respiratory effects, associated with higher usage could result.
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Physical dependence, manifested by withdrawal signs and symptoms,
can develop rapidly in animals and in human beings (ngones., 19815):
The withdrawal-syndrome is not [life threatenln%. It is similar in
many respects to the mild dependence produced Y low doses of other
sedatives,* "WithafreWaT'symptoms can include restlessness,
irritability, mild*agitation, insomnia,* and sleep EEG disturbance.
Cannabis dependente does not mean the save thing as cannabis
addiction. Dependence mean* only., that-a-.withdrawalrsyndrcae can
occur when drug taking. is stopped. Addiction implies compulsive
behavior to acquire the drug. The relationship between dependence -
and increased,drug, see,hmF or drug using is more-theoretical than
well documentalparticularly in experiments with human beings.
Given the appearance of tolerance and dependence with almost any
psychoacnve_druF, it would be unusual not to find tolerance and
dependence with the right dose and dosage schedule of canngbis. Good
studies of the relationship of dependence, if any, to persistent drug
use are important,

DRUG INTERACTIONS

Because cannabis often is consumed with other dr
I

b ugs
can be expected. Other illicit drugs, tobacco cgf |
over-the-counter or prescribed medications sho I(E be studied In

[

[0
combination with cannabis, because A-o-THC and its first metabolite
are strongly bound to proteins in the plasma (Garrett and Hunt, 1974)
and may interact with other drugs similarly bound, Cannabis and many
other drugs share disposition by the hepatic metabolic enzyme systems,
and there are possible. intaractionm-a%. tha, dEUo:>aatabol.am:'I*W«l.  For
example, drugs such as alcohol or-penfobarbital can inhibit metabolism
of A-o-THC by enzyme substrate competition. Or, if after a period
of inhibition ong drug is removed, the enzyme activity can increase

s0 that faster than expected metabolism follows. If givepy *
THC can slow metabolism of

interactions
d feine. alcohol, and
¢ 3
t f
0

simultaneously with other druq,s, A-9- ,
drugs such as theophyllin, antipyrine,“hamol, and pentobarbital
(Benowitz and JO%95|, 1977: Jusko, 1978). Cannabidiol can also

0

B
inhibit the metabolism of a variety of drugs normally metabolized by
the shared hepatic enzyme systems. ,

Drug interactions also can occur by means of furicfcfonar *
mechanises. These can be additive, resulting in enhancement or
prolongation of behavioral and psychological effects bg cannabis when
combingd with other central nervous systém depressant ru%s_, Such as
alcohol and barbiturates. Animals less tolerant to canpadbis will
also be less sensitive to other central nervous system depressants,
This phenomenon is known as cross-tolerance. Drug interactions will
be mentioned in subsequent chapters.



SUMMARY AND CONCLUSIONS

Cannabis is not a single drug/ but a complex Rreparanon containing
many biologically active chemicals. The psychological and
phxsmlogma] effects produced by A-9-THC probably result from
actions at sites within the central nervous system and elsewhere in
the body, leading to the likelihood of complicated effects depending
on dose, duration of use, and m,ang,o,ther considerations.

The intensity of effect an inQividual experiences varies
considerably according to the cannabis preparation and the amount
taken, route of administration, frequency of use,_ and probably other
not-wel_l-recogmzed,b|0|0g|ca,l considerations. Dose variability must
be considered bottf iIT conducting "arid in |nterp[et|nP"'<<fhy'stud|es 0f
the effects of cannabis,, particularly when trying fo predict "health
consequences. _

In research the use of pure A-9-THC avoids some problems of
dose control but cannot provide a complete picture of cannabis
effects, because the effects of A-g-THC in crude preparations of
the plant may be nfluenced by other components. Other consequences
of cannabis dse, for example, "exposure to harmful components in its
smoke, will have deleterious health consequences in addition to
anything produced,bY the A-9-THC. = ,

The Iong persistence of cannabinoid*metabolites TM “the body way
have delayed effects or health implications not'y M fSASfajfffitdd,
because, even with relativalv infrequent use, there is chronic
exposure to biologically unknown materials. In this respect, m
cannabis differs.fundamentallyvE?om such drugs as alcohol, nicotine,
andt,caf{)ehne, which are rapidly..metabolised and,elimlgated.froo the-
entire hody.

, Cannabymold effects can be modified by many events, |nc|ud|n%
interaction with other drugs and the devefopment of tolerance. _Both
tolerance and dependence develop to many effects of the druP. The
health significance of tolerance and dependence, particularly their
importance in drug-seeking and drug-using behavior, has not been
studied properly. T _ _

It is unlikely adeﬂuate ep|dam|o|0%_|c datawirllbe available
(soon) |to elnable*good esthation™ fA2he'thealtil*COTSeef?ceh ofvarious -
usage levels.

gA rerequisite is that adequate chemical analytical methods be
applied on a large-scale basis to monitor actual €xposures. Continued
studies in experimental animals will play an essential role in the
assessment of the health risks of cannabis. For example, the
biological activities of A-o-THC metabolites can be assessed in
experimental animals, but these tests are technically more difficult
to do in human beings.

;
¢
f
t

RECOMMENDATIONS FOR RESEARCH

Several research priorities are identified by the preceding
discussion:
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* Cannabinoids and their metabolites persist for rela |vely

lond periods in the body. More information is needed on

biological 3|%n|f|cance of that persistence in human beln%s As 4
first step, the toxicological effects of the various metabolites need
to be determined.

* Drug interactions altar the actions of cannabis. Cannabis
use alters other drug effects, More information is necessary to make
the combined effects of cannabis and other licit and illicit drugs
more predict able( speC|aIIy With respect to behaV|oraI impairment

;
and toX|cmg to ung liver, and other organs.
ies of the mechanism of action of cannabis should

continue, Knowledge of mechanism is l|kely to provide powerful

insights into the potential health effects.
* Improved chemical analytical methods are necessary.

Epidemiologic appralsal of the health effects of cannabinoids
requires methods suitable for wide-scale assays of exposures
Pharmacologlcal verll ication of the self repotted extent of use will
make experiments d clinical results much easier to interpret, A
chemical "marker" of the fr edu Nt user would be useful. Screening
techniques for the ur ose of identifying and discouraging

cannabis-impaired dr|V|ng would also be valuable.

* Charac terization of the toxicological significance of common
cannabis contaminants such as paraquat and other chemicals, fungi
and bacteria should be continued.

¥ The development of tolerance is "4 factor thal

the expression of all psychoactlve drug effect
o the rates of acquisition and loss of tolerance and
ship. of these phenomena to dependence are pecessary,

| significance of the changes that underlie the development
e should be establlshed The relationship, if any,
erance and dependence and drug-seeking .behavior should be

Do tentlal
Cts

ifi
e
t|on
Flca
eranc
en tol
lished,
Cannabis products are variable and complex More
|nforma tion on the amount, nature, and potency of the various
preparations used around the world would facilitat e calculatlons 0f

exposures to its constituents. For example, what is the biological
and toxicological significance of the minor components of cannabis

smoke?
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USE 0P MARIJUANA
IN THE UNITED STATES

Epidemiologic studies provide information on the use of drugs in
various subgroups of the population and on the changes in patterns of
use over time. The epidemiologic approach is particularly useful in
defining patterns of use of marijuana in American society” and in
describing and analyzm% the befavioral and psychosocial antecedents
and consequences of that use. One of .the more difficult questions is
whether particular behavior or effects--thataat* associated’ with use
of a drug are the consequences of that-uss* or whether attitudes* -
values* and behavior develop about the use of drugs .to constitute
factors that may actually'lead to tha-*use of dru?s. One of the more
useful epidemiologic study dem%ns Is a cohort study that follows the
same individual with repeated observations at reqular intervals over
time. Such fongitudinal studies have the potential for obtaining the
most compelling evidence on the antecedents of known patterns of use
of marjjuana* as well as possible long-term psychosocial and
biological outcomes for these individuals.

f %onsulltants* SOUght answers in
e

The committee* with the help , i
ollowing five questions:

0
the epidemiologic literature to th

L. What are important patterns of use of marijuana in the
Amerlcanvfopulatmn including special groyps? 5

2. What are the general characteristics of users of marijuana?
b _39. What is the profile of a user of marijuana on a "daily™
asis’

4. What is known about the antecedents of use of marijuana?

5. How is use of marijuana related to the use of other dru?s?
CThe epidemiologic and survey literature have been e,xtenslve¥
reviewed and the major longitudinal studies are summarized in a table
in Appendix C. Much of our recent knowledge derives from two
well-designed major* continuing nationwide monitoring efforts

*When placed in quotation marks* "daily*'i® ueedras defined by-
Johnston et ali,.(198QDb} *ei*w* r'those-individuale using Biarijuéna~20
or sore tiaa®*;1ib-fch*'preceding 30 days.
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sponsored by the National Institute on Drug Abuse. One is based on
general household population samples, the National Household
Suneys. The second™ . ,feased on populations of high school seniors
and is called Monitoring the-Future.

The National Household Surveys of the general population are
conducted on an annual or biannual basis by Response Analysis
Corporation and The George Washington University (Fishbume et al .,
1980). There have been six cross-sectional studies since 1971.. The
latest one was In the winter of 1979-1980, and the next one will be
initiated in 1982. The subjects are classified as youth (12-17),
young adults (18-25), ad older adults (6 ad older). The questions
relate to marijuana and other psychoactive drugs, Including
inhalants, hallucinogens, cocaine, heroin, stimnulants, sedatives, ad
analgesics. Samples vary from about >",000 to more than 7,200 new
respondents at each sunvey. These are samples that document pattems
of use of drugs iIn the specified populations at a given tine.

Monitoring the Future (Johnston et al., 1980b) uses a
cohort—sequential longitudinal design, iIn which a new cohort of high
school seniors iIs surveyed each year, and a representative panel
selected from that senior class is also folloned over time iIn
successive annual or biannual testings. The earliest panel has now
been reinterviened six times. This survey design makes it possible
1o disentangle antecedents from consequences of use as well as to
distinguish changes due to increased age from changes due to cohort
peculiarities or historical circunstances. Initiated «la;™>if7/Shy! “the
Survey Research Center of the University of Michigan, and directed by
Lloyd Johnston and Jerald Bachman, the surnvey inwlves a question—
naire self-adninistered each year by more <than™ 16,000 high school
seniors In 130 public and private sdools—throughou™;<th>United
States, and longitudinal mail follow-ups of about 2,000 former
students drawn, as parels, from each-of*—the previously—participating
senior classes (Johnston et al., 1979a,b; 1980a,b).

Because the National Household Surnveys and Monitoring the Future
are surveys of persons iIn households or in high school, they=emolude
persons most likely to be usind % ng*,+thevtransients, those without
regular addressesr -the- school absentees or—-dro{k-outa»>acr those-living
in Institutions or group—quarters. These persons constitute a small
proportion of the general population, and their exclusion does not
significantly bias the epidemiologic estimates reported for the total
population (Kadel, 19/5a). Honever, data on the very heavy use of
drugs may be underrepresented.

PATTERNS AND TRENDS OF USE OF MARIJUANA
General Population

The National Household Surveys foud, .thatsmsljemn m smiths*wokt
comonly _used of all the nonlcgal”™s"choik™tive drugs”investigated,
including inhalants, hallucinogens, cocaine, heroin, stimulants,
sedatives, tranquilizers, and analgesics (Fishbume et al., 1980).
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In 1979 more than 50 million persona had tried marijuana at least
once iIn their livess 68.2 percent of young adults (18-25), or about
21 million* 30.9 percent of youth (12-17), or more than 7 million;
and 19.6 percent of older adults (6 ard older), or 25 million. The
young adult age—group (1325 years) has consistently shoned the
highest rates of current use (Used In past month) and ever use
(Iifetime prevalence), and the older adult groups (X% and older) had
the lonest user rates. Male users outhnurnbered females In all age
groups. Between 1977 and 1979, significant increases iIn current use
and ever use of marijuana were observed among the young adult ad
older adult cohorts (Figure 2). [In 1979, in the young adult cohort,
the most significant increases in use iIn the past month were foud iIn
males, whites, high school nongraduates, people In the southem
United States, and those living in nonmetropolitan areas. In te
older adult groups, the most significant recent Increase iNn current
use of marijuana was observed in males, whites, college graduates,
and people living iIn the southem states Miller and Clsin, 1980).

In the early 19680s, illicit drug use iIn the United States wes
chiefly a phenomenon of large coastal cities. But since then, rates
in other regions of the country and iIn cities of all sires have
rapidly increased until pattems of use are becoming iIncreasingly
comparable for all sectors iIn the United States. At current levels
of use, some experience with marijuana In adolescence s becoming the
nom rather than the exception throughout the United States. Other
major survey studies have confimed the Findings of the National
Household Survey for comparable cohort populations (Gallup Opinion
Index, 1976; O"Donrell et al., 1976).

Military Personnel

Much attention has recerntly been focused on what appear to be high
rates of use of illicit drugs anmong military personnel. Studies of
drug use among male amy wveterans of the Vietnam War iIn 1972 showed
that marijuana was the most commonlly used illicit drug before and
after the wvar (Robins, 1974). A random sample of 470 men was selected
from the 13,760 enlisted men who returmed to the U.S. i1n September
1971. OF the 451 men who were interviewed™ 8 percent had used
marijuana while. In.Vietnam, with*29-—percent stating this was their
Ffirat™"jkfxtbedrug . Ihe lifetime prevalence of use of marijuana
wes-FI"EMFIJIrtt prior to Vietnam; 45 percent of the veterans reported
using marijuana in the 10 months followving retum to the United
States. Among this group the prevalence of weekly use doubled from
12 pasm i LpriotA™ o Vietnan to 25 percent following the war.

A worldwide survey of nommedical use of drugs and alcohol among
U.S. active duty military personnel was conducted in 1980 under the
sponsorship of the U.S. Department of Defense (@Burt et al., 1980).
In an anonymous, self-adninistered questionnaire given to a repre—
sentative sarmple of more than 16,000 persons, marijuana was found to
be the most comonly used illicit drug.— Twenty-six percent adnitted
to having used "‘marijuana/hashish™ within the pest 0 days and 35



1972 76 77 1979

YEAR

1960 1%/

YEAR
FIGURE 2 Marijuana: tranda in lifetime experience, youth, and young
Highlights from

adults. Adapted from J.D. Miller and 1.H. Cisin.

the National Survey on Drug Abuse: 1979. Washington, D.C.i U.S.
Govermment Frinting Office, 1980. Youth 1?2 to 17 years old; young
adults =8 to 25 years old.
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percent to having used i1t In the past 12 moiths. Five percent of the
sample reported use of marijuana daily.

When users of drugs were itemized according to military pay
classificationsr the largest.percentage of currant use of marijuana
was in-thej;lone3t ranks of the military.

Adollescents and Young Adults

Patterms and Trends

One of the compelling reasons to focus on adolescence iIn studying
marijuana is the pervasive and increasing use by this age group. As
was mentioned earlier, iIn 1980 all geographical regions of the United
States and all socioeconomic classes had high and increasingly
comnparable involvement iIn use of marijuana.

The year 1960 has been taken as a baseline year that represents
the stable level of overall use of marijuana that had characterized
the United States for most of Its history. Figure 2 shows the trends
for use of marijuana from 1960 through 1979, revealing the sharp
upnard climb of use ..dF marijuana starting iIn 1967. The*dramatic rise
in use of marijuana by adolescents has recently slowed, ,and the
lifetime prevalence rates, (ever” use) "of"marijuana have remained at
approximately* 60 percent of air high school seniors for the years
1979 and 1980" (Figure . To put it another way, In 1979 over 2.5
million high school seniors had tried or were users of marijuana-
(This Figure is derived from calculations based on 1979 Census Bureau
data that give a Ffigure of 4,276,000 for number of 18-year-olds iIn
the population. The comittee is anare that all 18-year-olds are not
high school seniors and that such a calculation may underreport the
nurbers of users of marijuana, particularly heavy users who have been
showmn to be more likely to have dropped out of school. Similar
calculations have been attempted throughout this chapter.)

The use of other types of drugs by young people also increased
beginning in 1967 Miller and Cisin, 1980). Figure 4 gives the rost
recent nationwide Figures for use of 11 types of drugs among Arerican
high school seniors (average age 18 years). With the exception of
negligible use of heroin, the figures for use of all other drugs are
substantial. Increases in pattems of use have not been as dramatic
for other drugs (except for recent cocaine increases) as they have
been for marijuana. Use of marijuana, tobacco, and alcohol far
outstrips that of all other drugs. Ur=<1980" ta—=1lfetiae—prevalence
(ever vee—£er These—-substances by high-school seniora \es?o<*
aari JUr&I£r "<& perceat**tobacco——71 percent. .axd- alcohol-93—percent.*

OF even greater Interest are™the—percentages of high school
seniors who use the 11 types of drugs "‘daily.”~ In 1980 marijuana wes
used daily’’ by 9.1 percent (@bout 390,000), alcohol by 6.0 percent
(about 256,000), and tobacco cigarettes by 21.3 percent (@bout
900,000) of high school seniors (Johnston et al., 1980a). No other
substance was used that frequently by as many as 1 percent of the
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FIGURE 3 Trends iIn prevalence of marijuana use by high school
seniors, 1975-1980 (in school). Adapted from L_.D. Johnson, J.G.
Bacdrman, and P.M. O Falley, Highlights from Student Drug Use 1In

Arerica, 1975-1980. DHHS Publication No. (DM 81-1065. Washington,
.C.: U.S. Govermment Printing Office, 1980a.
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- 3
gl\ggz Trebadetn: Ttatpdaka’rﬁmtaha’adwlnﬂftta
FIGURE 4 Prevalence and recency of use. Eleven types of drugs™
class of 1980. SOURCE: Johnson™ L.D., Bachman™ J.G.* and O“Malley*
P_.M. Highlights from Student Drug Use in Arverica* 1975-1980. DHHS
Publication Mo. (M) 81-1066. Washington* D.C.: U.S. Govermmertt
Printing Office* 1980a.

students. These fFigures show that legal (for adults) drugs are used
much more frequently than illegal ones. Reports of illegal use of
drugs show that experimentation with marijuana has* by far* the
highest prevalence. It should be noted®* also* that "'daily” Use of
marijuana @ percent) among high school seniors is now more prevalent
than "'daily'’ drinking (G percent) of alcoholic beverages.

In 1980* for. tha first time since 1975 when the Monitoring the
AP\itwur™l i™>»aidl i fetl” beeaniiudoshigh school sehlbrs. the percentage
of "‘daily*Usersof marijuana“among senior* lir.tFi™&choc™ declined
significantiy™ ftcsEAOV'S pcroentMLEF-177?2779*1 percent 1n-1980 =
(Figure 3)* and there wes* a leveling of lifetime prevalence at
approximately &0 percent. Furthermore,- the proportion of enrrent
users among—those-who ever usedarijuans~aliso sBhwhgy-sfcstiatically
signifieantr defcl"redn'"198(J as cesrpared “tc ™ 1979rn6* 760" percant™ to
56 percent . MHowever™ “'dailly’’ users may be increasingly underrepre-
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sented In recent senior high school classes due to absenteeism and
drop-out associated with iIncreasingly earlier and extensive
imnvolvement in use of marijuana. The extent to which long—term
"daily'' users have dropped out of school by the senior year of high
school cannot be ascertained fron monitoring the future. Kandel
(9/5a) found that absentees differed fron students attending school
regularly. Fifty-six percent of absentees r$aQr&fELIM.pE marijuana
as coopered t©- 3B percent of in—class "studehts= Studies that document
the patterhs of marijuana use In school drop-outs are needed.

Correlates of Use

Overall levels of use of marijuana have been shomn to correlate with
pattems of use of the drnug.

1. Increased prevalance is associated with younger age of
initiation ino use of marijuana. As successive cohorts of high
school seniors have showmn increasingly higher levels of experience
with marijuana from 1975 through 1980, these cohorts also report
increasingly earlier ages at first use of marijuana. For exanple, In
the senior class of 1980, which had a lifetime prevalence of &)
percent by senior year, 25 percent of those using marijuana had begun
in the eighth grade (averWe a™e 14} or belov. In 1975 when lifetime
prevalence was 47 percernt, 15.3 percent of marijuana users had begun
in eighth grade or belowv. It is of some interest to compare reported
age of use of marijuana by grade for the senior class of 1980
(lifetime prevalence 60 percent) and alcohol (lifetime prevalence
93.2 percent). The more prevalent drug? alcohol, *li~usM at earlier
ages than marijuana™—* Thirty ™ three* percent—of alcohol users had
started at eighth grade as camnpared,-to"2179 "percernt Of mari juana
users (Johnston et al., 1980a).-

2. Earlier onset of use of any drug is associated with greater
imnvolvementt In use of all other drugs. The earlier ,th"; In&roduction
to legal (for adults) drugs, the greater the probability that the -~
adolescent will also experiment with illicit drugs. --For example,
among young adults 18-25 years cfF age surveyed from the general
population In 1979-1980, the proportion who had experimented with any
illicit drug other than marijuana ranged fron 87 percent among those
who reported having First tried alcohol or marijuana at ages 13 or
14, to 47 percent among those who First tried these drugs at ages
1517, and 5 percent anmong those who First experimented at age 18 or
over (Kittenhouse, 1980). The- finding tha* threadier, ,the
experimentation with, marijuana,
imnvolvement- and~the _greater Jhj?e,JJjc tUhPPdrai>using more serious
drugs has been confirmed in-many studies (e.g-, Miller and Cisin,
1980; Johnston et al., 1980a; Kandel et al_., 1981).

3. Greater overall prevalence of use of marijuana iIs associated
with greater persistence of use of marijuana into later years of
adult life. The current prevalence rates for use of marijuana by
persons iIn their midl-30s are increasing (Cisin et al., 1978). Many
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studies have not sampled this population in the belief that use of
marijuana drops off sharply In the mid20s. Among males, the
prevalence rate for use of marijuana In the past month for
over—26-year olds went from 4 percent iIn 1977 to 9 percent in 19/9.
It will be exceedingly important to monitor the trends in all older

adult age groups.

Marijuana and the Dse of Other Drugs

le of the key questions asked over the years is, does marijuana lead
to the use of other drugs. In "any population, the use of various
drugs appears interrelated and users of any type of drug, whether
legal or illegal, are much more likely to use other types of drugs
than nonusers. For exanple, young people who smoke tobacco are>alao
much more likely to have used alcohol or marijuana than nonsmokers
(Fishbume et al., 1980). Similarly, there is a strong association
between the use of marijuana and cF other illicit drugs. Young
people who use marijuana are more likely to be consuming other
substances, such as alcohol and tobacco, as well as other illicit
drugs (@ohnston et al., 1980b). The association increases with
extent of marijuana involvement and is especially striking among
those young peoplle who use marijuana on a “daily’ basis, as will be
discussed below.

Results from the National Household Surveys and from samples of
high school seniors had indicated that the ratio of rates of use of
illicit drugs other than marijuana to use of marijuana declined
through 1979 (Kandel, 1980; Miller and Ci3in, 1980). In 1980,
honever, the ratio started to rise again. Thus, In 1980, 65 percent
of marijuana users among the high school seniors had also used other
illicit drugs as conpared to 61 percent in 1979 (Johnston et al.,
1980a) -

"Daily’” Users in High School

Because arnty health risks resulting from the use of marijuana would be
most likely to appear First iIn chronic users of the drug, the young
persons who are chronic and heavy users are of special interest. The
comittee reports In sore detail the Findings on this group. The
ranks of "'daily* users are large. In 1980 they represented more than
9 percent of high school seniors or over 390,000 18-year-olds in the
United States. One out of 11 seniors fitted the definition of
“dailly* users (@0 or more occasions of reported use within the
preceding 30 days). Collection of systematic data on such users
began in 1975 with the annual monitoring of in—school high school
seniors. There are many gaps in our knowledge about this group, but
sufficient data have been accumulated that It is now possible to
describe many of the behavioral attributes of the "‘daily” Users.

Moat of theae/data ..COM | row Monitoring- the Future™ Some of the
Ffindings recently reported by Johnston (1980, 1981) and Bachman et
al. (8D are as follows:
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Demographic Findings

Rates of "'daily'’ use do not vary among regions of the couttry, bub
"daily'' use shons a strong positive relationship to the size of the
comunity and is sore prevalent iIn urban areas* Males are”™ "'daily”~
users at almost double the rate of females (03 percent versus 7
percent). "Daily'’ use among white students is double that for blacks
1 percent versus 5 percent). 'Daily” use is spread evenly across
socioeconomic levels as defined In terms of parents®™ education.
"Daily” Uuse is onlly slightly higher among those from hamnes in which
one or both parents are absent.

Academic Performance and Goals

"Daily’’ use iIs associated with poor school achievement. Among
non—-colllege-bound seniors the rate of "'daily'’ use is almost double
that found among the college-bound (3 percent versus 7 percent).
There are strong ad- positive*correlations at "thily/~,use and cutting
classes, school absences, and truancy.

Much of "'daily” Use takes place within the school setting- A
statewide study of seventh through twelfth grade pupils In New York,
conducted in 1978 by the New York State Drug Abuse Commission, found
that 50 percent of those using marijuana within the last 6 months had
been INntoxicated one or more times while iIn class (Johnson and Uppal,
1980). Zn cotrast, alcohol tends to be used most frequently after
school and on weekends.

Religious Commitment

A comitment to religion and self-ratings of strong belief iIn
lanv—abiding behavior are associated with lower than average rates of
daily” Use.

Dating and Social Life

Dating and socikie. ;fotfakdow atfirfg re3. iflonships>with-“daily’ ", use—of *
marijuana. Those"wfaospend more—tine on dates™ have-the—highest- rates
of "'dailly* = NSH i1 drel & "“Aeongthose”™ "studonti"whd go outor -7

nightsaw e s t - n e v o r &at_hce™34 _percet are

"'dai ly” msari jesfivineedrs.

Use of Other Drugs

""Dailly” Tnarijuana users are much more likaly than their peers to be
extensive users of other drugs. Thus, of seniors iIn the class of
1979, 27 percent of "‘dally’’ users of marijuana drank alcohol as
frequently, versus 7 percent for the age-group as a whole; and 59
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percent of "daily'’ users of marijuana smoked cigarettes as frequently
versus 25 percent for the group as a whole (Johnston et al ., 1980b).

With respect to use of cother illicit drugs, the rates for "daily"
users of marijuana generally run five to seven times the average for
the age group as a whole; 47 percent of "'daily” users are current™
users of amphetamines; 31 percent of cocaine; and theilr current usage
Figures run fron 15 to 17 percent for barbiturates, for lysergic acid
diethylamide (), for phencyclidine (PCP), for methagualone, ad
for tranquilizers. Since nearly two-thirds of daily marijuana users
®&A percont) are current users of hashish, they have substantial
exposure to a high-potencyform of marijuana.

We also know from dataon age at First use that many of these
"dailly* marijuana users began their use of cigarettes, alcohol, and
veriouei othetr.iUlcih drugs at quite an. early age. To illustrate, by
the end of eighth grade 40 percent of them had smoked cigarettes
“dailly' and 90 percent hadtaken their first drink.Just about half
of them (@8 percent) TFirsttried marijuana by the eighth grade, and
most of the remainder (@nother 0 percent) started In ninth grade.
These are very early ages of initiation for all three drugs.
Similarly, these youngsters tend to take up the other illicit drugs
at an earlier than average age— though most of that use still is
initiated after ninth grade. "Daily’ use tends to persist longer
into adult life than anticipated. In 1979, 4 years after graduation
from high school, 51 percent of marijuana users of the senior class
of 1975 were still "daily’ users and an additional 34 percent were
current although not "daily’” users (Johnston, 1980).

"Daily’’ Users After High School

Using a national sample of 19- to 22-year-olds derived from the
follov-up surveys of Monitoring the Future. Johnston (1981) reported
on "'dailly’’ use of marijuana after high school. (These findings are
reproduced nearly verbatim below.)

College Student Status

Student status after high school correlates negatively with “‘daily”
use; that is, full-time college students have the lowest rate @B
percent), part-time students the next lonest Q0 percent), ad
nonstudents the highest rate (3 percent). Honever, although
full-time students have a loner than average rate of “‘daily” use,
they shoned the greatest increase after high school (p from 4.5 to
8.3 percent): they simply started from a very lov level and In a
sense were ‘‘catching up.™

*A current user iIs one who has used the-drug iIn the thirty days
preceding the suneys.
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Living Status
ﬂp

Young people who are living anway from hame have a higher proportion
of "'daily'’ use than those still living with their parents (2 percent
versus 10 percent), probably reflecting the result of reduced social
control by parents. Those who remained living with their parents
(rearlly half) shoved relatively” little®increase in use (W 1.3
percent), whille those who moved out iInoreesed their daily use rate
substantially (Up 3.9 percent).

Marital Status

Those who are single are almost twice as likely to be "'daily'’ users

as those who are married (1.4 percent versus 6.6 percent), and those
without children are somewhat more likely t© use marijuana than those
with children (1 percent versus 8 percent). [t appears that thepe
role responsibilities have a dampening effect on use. In the face of
an overall 2.6 percent increase iIn "daily’ prevalence after high
school for the whole sanpler those .whoever* married shoned virtually
no Increase (W 0.2 percent) and. ttortwith children actually* hed*a *1
decline Iin use (dowmn 1.5 percent).

Type of dnelling

"Daily’” use is highest for those living in a rented room (4 percent)
ol* gpartment (2 percent), and lonest for those living In a college
aurm @ percent). Obviously one®s dwelling arrangement is highly
correlated with his or her major activity after high school, as these
differences reflect.

Employment

Ermployment status is unrelated to "‘daily’” use. For those iIn military
service, "“daily” use dropped slightly after high school (fraon 13.4
percent to 12.4 percent). The activity group with by far the lonest
""dailly” Use raterare tfFa*" full-time-heewukerpercent), which
certainly ocsusjfosria“Part™ccauM they-nearly all. era* faraler™""*
married, and™ttWBIiy" "usaeertene. .young chilldren.

Reasons for Using or Abstaining
Reasons for "Daily’ Use of Marijuana
What reasons do "‘daily’’ users give for their use of marijuana? They
tend to use marijuana to produce an intoxicated feeling, to cope

psychologically with feelings of distress, to augrent the effects of
other drugs, and to participate iIn drug-using friendships. On a
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checklist of 13 posaible reasons, nearly all of the seniors who were
“dailly’" users checked "“to feel- gooddaipe™*thigh” (A4 percent) ad "‘to
have a good time with my friends'” (@ percent). Two-thirds said they
used It to relax ($&7pereent) and nearly half said they used It t©
relieve boredom (45percent). Roughly a quarter of the "'daily’ users
checked each of the followving: "‘to get away from my problems™ &7
percent), "because of anger or frustration' (&3 percent), and "‘to get
through the day" (2 percent). These psychological coping motives in
particular seem to distinguish the "'daily’ users from the less
frequent users. A Tairly high proportion (0 percent) also said that
they used marijuana to Increase the effects of other drugs, while
only 10 percent of the other current users gave this reason. Only 11
percent of the "daily’" users, or 1 percent of the total sample,
stated that they used it because they felt ""hooked” br had to have
it. All of these responses for seniors were closely replicated among
the "'daily'’ users iIn the 19- to 22-year-old sample (Jonston, 1981).

Nearly all "'daily" users (Ower 85 percent), whether iIn high
school or past high school, say (@) that most or all of their friends
smoke marijuana, (@ that most or all of their friends drink alcohol,
@ that more than a few of their friends get drunk every week, @
that more than a few of their friends shoke cigarettes, and G that
at least a few of theilr friends use a nurber of other illicit drugs.
This degree of immersion in a drug-using friendship circle contrasts
sharply to what we observe for thoir peers, even those who are
current but less frequent users of marijuana. Clearly the social
supports and the social pressures are there, both during and after
high school, for the "'daily’’ user to continue his orlher habit.

Reasons for Quitting and Abstaining

A number of users of- marijuin*-stopusing ts™drugmgJohnstonr 1981) .
Among studNMtesNrf the classes *ofF 197FF '‘through ""11980 corbined), those
who have used marijuana 40 or more times but have stopped by their
senior year give as their most camonlly mentioned reason on a
caomnprehensive list of 17 reasons that "‘they don™t feel like getting
high' (G6 percent mentioned). Also frequently mentioned, honever,
are concems about ppssibla, -poyeical ; efFect>™41*percent) ; concem
aboue, psychologicAireffects "(EB;pax"'cent) > ad, more
speci”™M™oeoearoqtiBefri loNi—eflenergy-ot —arbition ,.AlL percent) .
ThesetIS?33os also ranked high among those young people who smoked
less than 40 times before they stopped, as did two additional
reasons— coocazm. about “Parental Jisapproyal .end™Finding.- - that use. of—,
marijuana wee-iiet intrinsically?eofarsbien™
Concerfuahiat-ft-ssibxe health effects appears to play a role in
young people™s giving up the drjg and is mentioned considerably more
often among quitters now than in 1976 Concermn about physical health
increased substantially between 1976 and 1980 among all high school
seniors, fron 35 percent to 57 percent, whille concem about
psychological damage went from 34 percent to 53 percent. A similar
analysis of tha reasons given for abstaining by the minority (@bout
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40 percent) of seniors who have never tried marijuana reveals concem
about physical (71 percent) and psychological (@3 percent)
consequences, which are mentioned far more often than any other tyne
of reason. Social or ideological constraints or disinterest in
getting high are infregquently mentioned. There also has been a
significant increase iIn health concems among the abstaining segrent
3ince 1976, though not as large as among quitters.

In sumary, many “‘daily’’ users themselves sea some negative
consequences of their habit, and there perhaps are some consequences
of which they are unaware. The fact that the "‘daily’” smoking of
marijuana is proving to bo more enduring and stable than many may
have thought increases the probability of cunulative, long—term
effects. The fact that so many young people are becoming “‘daily”
users now puts a substantial nurber of people at risk of whatever the
long—-term consequences may prove to be.

Sequence of Drug Use

Regardless of the age of onset, there is a predictable sequence iIn
the patterms of initiation into the use of available drugs.
Independent Tongitudinal studies have confirmed and identified a
stable sequence of drug use (Hanburg et, al._r; 13755 197.%; _ .
Kandel ad Faust, 1975). The.leg™wdrIdW«u™Npt™MItyi>aiiuwxclilalcohol
and tobacco, are an early, - iiiifocegrelMaf$ueiail c.part;ge thp'*-
sequence. *Their*use—precedes the u=e. of all illicit drugs. AL least
four distinct successive stages of d@dolescent involvement with drugs,
can be identified: @) use of beer-or*wine™*-)ruse-of. ,tobacco
cigarettes or hard liquor, @ use of marijuana, anrd & uae of other
illicit drugs (Kadel, 19750). A fifth stage, problem drinking, may
take place between marijuana and other illicit drugs (Jensor et al.,
1980). Adolescents rarely proceed from beer and wine to illicit
drugs without uio of either*herd liquortobecco.cigerettes as an
intermediate atep - J"urthermor’*th*** rim an additive _effect euch ,
that the highest proportion: _.ofrmdolesourits who nw” tojMrijuana are
those who have experience— withi? both™-hard liquor and tobacco. ™ Fae,
example, among 12- to- 17-year-olds Tn the general population, the
proportion who have ever experimented with marijuana is 8l percent
among current tobacco cigarette smokers as compared to 24 percent
among nonsmokers (Fishbume et al., 1980). HowevweXv wWRosit.ion..on*a
particular ppinggi H-Hits sequancerdoee not indicate that the young
person wiiriTecMs«iJY prp8r»s»—to.other diruge higher up In the
sequence Particypalion®In each stage iIs a necessary but not
sufficient condition for participation in a later stage. Themals*,no
evidence to support the belief that™the ucevoi”™one drug will*_*,
inevitably lead to use of enjrotherdrugs- In other words, persons at
the top of the ladder of use of drugs typically will have used all
substances at loner levels, including marijuana. However, those at
loner rungB may stay there and not move to higher rungs of the ladder.

For exanple, data fron the National Household Surveys (Fishbume
et al., 1980) iIindicate that
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Mci juexrjklaofttral Iriar™ users—of “thbaccd-or alcobol j jrhovever™only
slightly»« a thanmm>»fgourtkofthi 1g=to"25~ear-old” . population-

iiwm .iMI lioiiir
7™ 1 oM n mo ifry other™ illagplidnuy; aalr k< \ey Y1l peseeattgefc—
i epre’ Vil /O rEnt ‘usefi—~ Flshbume' " WK M o).

Although i1t Is of great interest, relatively little is kown
about the factors that determine which persens will choose to go
through the sequence of drug use or the rapidity with which they will
do so. FE*isting- Tes«rch gi?es us same —<clues that use?*"of illicit-
drug# possess™ sore distinguishing features.

There are four clusters of variables——p«ent*1™NigSivp SSAPec™
ieflueneee™. adolescenttinelyecent \gp.deviant behaviors, ad
adclascent™el i»£B-"and 4Tie&tat assume differential importance
for predicting involvement at each stage of drug behavior (Kadel et
al_, 1973a,b).

IhinolySait; with. -4rpK: legar B5-"Hid e imshe earliest level of
drug user Adolescents who start to drink are exposedHEo peers®and
parents who drink, suggesting that these youths leam drinking
patterms from their parents. Adolescents who have engaged In a
number of delinquent or deviant activities, and who seek high levels
of sociability with their peers are likely to becore involved with
alacdol., Similar pattems are found with tobacco smoking, also one
of the earliest drugs to be tried.

The use of marijuana folloas that of alcohol and tobacco. It is
preceded by acceptance of a cluster of beliefs and values that often
reflect disavonal of many standards upheld by adults. Involvement iIn
a marijuana—using peer ernvironment strongly predisposes to its use
and is the best predictor (@GBeder, 1953; Goode, 1970). Participation
in «*Tthw, . k«t™Na™rP_recede
tHh--ummbT4 ™M 1N, JA4qupt™» sopw ™M 1 pe«<l«tF™ pr«carsor . T

Antecedents of Adolescent Use of Marijuana

When use of marijuana First care under research scrutiny in the late
1960s, very few youths had experimerntted with illicit drugs. Much was
made of the deviant status of use of marijuana and of the counter—
cultural and rebellious meaning that came to be attached t© using the
drug Gudrman, 1968). Yet even today, when over 60 percent of all
high school seniors have used marijuana, those youths who use
marijuana are quite different fron nonusers. The*aari juana users "In

jbhm 1ipI- - _____ . T Tl —mmiifT nrmn
< - 1 most recent data show that
marijuana usersperform more poorly In school, mrq&JI1fMdzZ&il&l&Qsf
have performed more delinquent acts, are iIn trouble with the law,
have more traffic accidents, ad use more illicit drugs than nonusers.
Those persons who also use several illicit drugs show the highest
involvement in deviant behaviors. Thoso, ; 140foNmigjut.colofelashlp
with degree of involvement with illicit drugs, such that persons
using mdV?FFIFF "R?yu”™vety are onl’giJarivol "PtNel?>dfiffiarerit from
those NoJte*e"3™MFP2VWET7<FRP?TYFtiN 1aohneden et al., 1980b).
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In tho cross-sectional national samples of high school students,
suneyed In 1974 and 1978, Jessor et al. have foud that not only are
the patterms of association between use of marijuana and deviant
characteristics similar Iin both sunveys, hbut also that the strength
of the associations, as reflected in the sizes of the correlation
coefficients, are almost identical. The very same conclusions derive
from anmalyses based on five successive cohorts of high school seniors,
sarpled at yearly intervals in Monitoring the Future (@Bachman et al .,
1981).

Longitudinal studies of students aged 12-21 have done much to
extend aur understanding of the precursors of using various forms of
drugs. Studies have been reviewed iIn detail by Kandel (1978a,b;
1980a; also see Appendix ©) and document that marny of the factors
found to be associated with use of drugs at ae point In tigs™.fuch
as low academic performance, crime, self \Steem™depressive mood,
rebelliousness, and otherd3AriSHarityTitharaCe"flIticsT*
use of drugs (see iIn particular Mellinger et al., 1976; Jessor and
Jessor, 1977; Johnston et al., 1978; Kandel, 197/8a; Kandel et al._,
1978b,c; Kaplan and Pokormy, 1978; Smith ad Fogg, 1978; Wingard et
al., 19/9; Kaplan, 1980). Same of the prMiet, IW"Ea¥Erft™>can be
identified In childhood, such as a™9tesjlv«MM_With or without
association with shyness (Kellam et al7Vv 1980, in press) and
rebelliousness (Gnith ad Fogg, 1978).-

Other longitudinal-studies .also docurent™that many of theT&ctors
found to be associated "drugs at ae point iIn time, such
as lowv academic performance, delinquency, lov self-esteem, and
depressive mood actually precede™the"use" "tfiffu=a " (O"Malley, 1975;
Mellinger et al., 1976; Jessor and Jessor, 1977; Johnston et al.,
1978; Kancel et al., 1978a; Kaplan and Pokomy, 1978; Wingard et al .,
1979; Kgplan, 1980).

One stidy shows not onlly that certain behaviors predict use of
marijuama, but Nlso that drugs may aggravate or exaggerate certain
behaviors. A cohort of high school students wes followed at annual
inten/als throughout the four years of high school (Jessor and Jessor,
1977). During this time annual scores for various attributes were
charted In four groups of students distinguished by differing drug
histories: veteran users, who used drugs pre-high school; early
inftiates, who began relatively early iIn their high school career,
i.e., between the first and second year of testing; late initiates,
who began relatively late, i1.e., between the secod and the third
year; ad nonusers, who had not started to use marijuana at the last
testing In the senior year of high school (Uessor and Jessor, 1977,
1978). These four groups of students differed on measures, such as
gereral deviant behavior @ 12-item scale measuring frequency of
inolhvement in stealing, Fighting, property destruction, truancy, or
other delinquent activities iIn the last year) or value on academic
achievemennit @ five-item scale, measuring the value placed on the
attaiment of success iIn school work), at the beginning of the study.
Scores predicted If and when students initiated use of marijuana.
Those students already involved iIn use of drugs before high school
scored highest on deviance and lonest on achievement motivation at
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initial testing and throughout subsequent retests. The scores of all
groups of users converged over tire so that all three groups
increased iIn deviance scores ad decreased in their achievement
orientation over the four years. nNahazpprtefaatngaa™1"""IMre?
oecur eced img™the drug use.

Peer Influences

The most consistent and reproducible Finding In drug research is “le
strong relationship between an individual™s drug behavior and the
concurrent use of drugs by his frieaxds. The relationship iIs stroger
when based on adolescents®™ perogptions of the friends®™ behavior than
on the fried:.1 self-repcrM (oo, 1370; Johnson, 1973; Kandel,
1973; Goldstein, 197/5; O"Donnell et al., 1376; Brook et al., 1977;
Jessor and Jessor, 1977; Kandel et al., 1978a; Orcutt, 1978; Smart et
al., 1978; Huba et al., 197/9). OfWertiheg+f@ariR?t¥HsTO-age
and sex is the Similarity within adolescent "“friandship ciTriOaa. i»ich
as Nosasrii&iNity
results not only from socialization, the InfFluence of one friend on
the other, but also from a process of interpersonal selection
(assortive pairing), iIn which adolescents with similar values ad
behavior seek each other out as friends. Longitudinal data on the
Fformation and dissolution of friendships iIndicate that selection ad
socialization contribute about egually to the similarity In values
and behaviors Kaxdel, 1978d). Awvailable data on sex differences iIn
peer infFluence iIndicate that females are more susceptible than males
1t 3uch iInfluence (Jessor et al., 1973; Margulies et al., 1977).
Susceptibility to peer influence is related to involvement in
peer-related activities, e.g., dating or getting together with
friends, and to degree of attachment to and reliance on peers rather
than parents (Uessor and Jessor, 1978; Kandel et al., 1978a; Brook
et al., 1980). Contact with other users increases the likelihood
that the individual will have iIncreased opportunities to get the
drug. Feemwdiated-approaches.have.been- shown, to bt an effective
vehicle for Inkejosyndays.ta.prs™t, sscklira of tcbacco In

adollescents. , fvans, 1977;-McAlister, 19.79" of. J*

peer infFluence orjthe uee of marijuanma would, seem, Fmauggeat™t&at. It

wouldxJisd™tiTai iItFiPNiYpreventive ™ weri juana prograns. ™" VT
SUMVARY

There has been a steep rise iIn the use of marijuana and other illicit
drugs In the past decade. So far It is primarily a youth phenomenon.
Since 1971 there has been at least a doubling of lifetime experience
with marijuana in every cohort iIin tte 12- ,0 24-year age group. OF
all psychoactive drugs investigated (inciting inhalants, hallucino—
gens, cocaine, Mroin, stimulants, sedatives, and tranquilizers),
marijuana is by far the most comonly used 1llicit drug- Legal drugs
for adults, such as alcohol and tthecoo, are the most widely used of
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all drugs among adolescents. Although substantially more students
have ever used alcohol iIn their lifetime than have ever used
marijuana, more high school seniors use marijuana on a "‘'daily” basis
@ percent) than use alcohol that frequently @ percent). ‘"Daily”
users report the use of marijuana In school# whereas daily use of
alcohol tends to occur after school ad on weekends.

Sotr,e trends 1IN use of marijuana are agpparent. The continuing
dramatic rise in the use of marijuana has recently sloned. It is too
early to tell whether this decrease“will continue or is merely a
pause In the rise. The overall prevalence of use of marijuana has
remained at approximately 60 percent of higlr school seniors for the
years 1978, 1979Vand 198(T;"" Between 1975 and 1978 there VMiea an
almost twofold increase In “daily’ use of marijuana fron 6 percent iIn
1975 to a peak rate of 11 percent in 197/8. In 1980 the "‘daily "“Use
rate of high school seniors dropped-by 1.2.percentage points, oOr more
then. 10-percent. This may signal a reversal of the upnard trend iIn
"daily’' use unless higher absenteeism ad school drop-out of daily
users are significant factors iIn the decline. Multiple sources
suggest that out—of-school age mates are heavier users than those iIn
school. Other trends have not sloned. There was a continuing rise
in 1980 of the proportion of high school seniors who during the year
hed used saome illicit drug other than marijuana, from 28 percent iIn
19/ to 30 percent iIn 1980.

Throughout the 1970s# as a. correlate of continuing “rise "in "’
prevalence rates®™, there,was JAtrend tonardl.younger ages” of” first™ use'
of all of-thes=" druga™® For marijuana this age trend continues but *
hes slowved somenhat. In 1979, 23 percent of seniors who had used
marijuana started their use In the eighth grade or below as compared
1 25 percent in 1980.

"Daily’" use of marijuana iIn high school and iIn early adult life
is very high and merits special attention. Drawing on data from
Monitoring the Future, characteristics of "'daily'’ users were
described. For high school seniors the rate of "'daily'’ marijuana use
in 1980 was 9.1 percent. Such users have very high involverent with
other drugs and begin their use of drugs at very early ages. "Daily”
us=rs are predominantly urban although rates do not vary by geographi —
cal regions of the country, whereas use anong white students is double
that for blacks. 'Daily” use is only slightly higher in disrupted or
sigle parent homes than in nuclear families, and use is associat i
with poor school achievement, abseriteeism, and dropout. Non-college-
boud students are twice as likely to be "'daily” Users as were
students planning to attend college. Religious comitment and
self—ratings; "tp|M Isg¥P "“belief In lav-abiding behavior are associated
with loner “daily’’ uee Trstes. 'Daily’ users are involved In more
automobile accidents and delinquency.

Post-high school "‘daily'’ user rates are lowest among full-time
oollege students and those living in a college domitory.>. _"Dally*
use among non—colllege pfcttomts wes™ not related to joblessness,
eaployment, or military service™. Single persons are twice as likely
as married persons to be "'daily” users. Among the married, those
virh chilldren had very lowv rates of "daily’ use. The "'daily" use
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habit has a remarkable stability. By 4 years after high scool, 8
percent of "daily” using seniors in the class of 1975 were still
u.—ing marijuana, with 51 percent of them continuing to-be "daily”
users.

In these studies, students report reasons for using marijuana:
1o have a good time with friends, to get ""high,” "to relieve boredan,
1o enhance the effects of other drugs, and to cope with stress.
""Daily” Users are deeply immersed in a drug-using circle of friends.

Same “‘daily’” users have discontinued theilr habit. Reasons given
for stopping use of marijuana are loswnslMnterest iIn getting "higs>""
concem about harmful physical or psychological effects, and concem
about their loss of energy or arbition.

More is known about the antecedents of using marijuana than is
known about the consequences of using marijuana (tbe discussed
“urther iIn the chapters thatfollow). Longitudinal studies have
established that iraa—of marijuana la preceded by acceptance of,,a.
cluster of belief* and values ttet.._.ae favorable to use of marijuana
and also by the"adoption of deviant behaviors. The deviant psycho—
social attributes of marijuana users that were described almost a
decade ago, when use of marijuana was a rare event, are just as
characteristic of marijuana users today, when &) percent of all high
school seniors report sare experience with the use of marijuana.
Daily users showv the extremes of these deviant behaviors but less
deeply Involved users also exhibit some deviancy. Friendship
pattems and peer influence play a uniquely ponerful role iIn
determining youthful marijuana use. HegathveNparental relationships
do not appear to be associated as an antecedent to use of marijuana.

RECOMMENDATIONS FOR RESEARCH

Additional research needed includes (@ epidemiologic studies on
pattems of use of drugs among young adolescents, including those who
leave school, @ longitudinal studies to Investigate the antecedents
and consequences of use of marijuana, ad @ studies of the effects
of marijuana In corbination with use of other drugs.

Because samples of high school seniors exclude youths most at
risk for high marijuana involvement, namely adolescents not regularly
attending the high school, additional cohort—sequential epidemiologic
surnveys beginning with prepubertal children are needed iIn order to
follow development and behavior fron early in life. An all-conclusive
approach would be both a prospective (concurrernit) cohort study and a
retrospective case-control study of possible outcomes of and risk
factors for marijuana use (this recommendation is described in detail
in Chapter 6).

""Daily” Users have been understudied and may have the most severe
L"isk in terms of loss of leaming potential, biological risk, ad
psychosocial handicap- Studies should be undertaken to predict who
among the large numbers of young people who try marijuana are at risk
of becoming ''daily'’ users.
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Research on the factors involved iIn cessation of the use of
mari juana should also be carried out. Tobacco smoking s declining
among youth (National Institute of Education, 1979). The reason* for
this decline. .could?Orapplicable Te asij-uexc™ us™and-should,
sought, ~

Studies should be undertaken''to learm how peer IinfFluence can be
reliably used to moderate or prevent marijuana use in young
adollescents.

Properly planned longitudinal cohort studies should be conducted
on both the behavioral and physiological antecedents and consequences
of the use of marijuana. Detailed and continuing medical and
psychosocial data are needed on the life careers of American adults
who use marijuana "‘daily.”” Retrospective studies of middle-iged ad
elderly persons who have a history of chronic heavwy use of marijuana
would be systematically studied for medical and psychosocial
attributes and for effects on job performance. These are especially
needed for urban industrialized populations.

Little is knowmn about theIcontoguencesof weilogmeri juana in
camnbination with other druggy esauafa="as the rates of tte=*of other
drugs are”™to high, this "ia of"geiSt s*H*«ceJWhtotoisdiplinsry aid
col laborative efforts mrr crucial if the complaxitiwkKoff multiple
drugs and intercorrelated behaviors are to be disentangled.
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.3 :
EFFECTS OF MARIJUANA ON THE RESPIRATORY
AND CARDIOVASCULAR SYSTEMS

RESPIRATORY SYSTEM
Performance (Pulmonary Function)

Th. “re the natural target for the hafmfol -effects of smoked
merer*—*_  TMir /jis*tni* for emarijaajJAjw foc-toBACI1J M In-both™ *
instancesr smoke is"dfalVdrfiito—£he” lungs where it can harm not only
the cells that line the ainvays (trachea, nasophanynx, bronchi, and
alveoll) and constitute the lung tissue, but also Impair such cells
az lug macrophages, which are part of the imune system. As a
result, the soke may inflict injury directly on parts of the system
and also make the lungs wulnerable to agents that normally are held
at bay by selfCleansing and self—protecting mechanisms.

Different effects would be expected from tobacco and marijuana
smoking because of the striking differences in the way In which the
™o substances are soked: marijuana smoke usually is dravmn deeply
into the lungs by one or a few deliberately deep breaths, whereas
tobacco smoking is generally more automatic, repetitive, and variable
in pattem. Moreover, because marijuana is a "‘street drug,’” It not
only is Inconsistent in its content baficaladHfcett iy j et t6vEon€ amEni Sr:ic
doir. Also, filters are not usually used by marijuana smokers,
although water pipes are used occasionally. Cogeeqguat
natural conditions it is"difficult "to\judge dosage” ofTactfved
ingredients, , t t o
cochage" N5cenNp N Ti st Bssirljul MMt o< <amoke

BExper i«<oy"\Jjeni j isv;yesra' Vifach cigarette— Nhetothat
continued e a ~amka entails the risk of producing-
chronie brdikeflilpSW I eeiwtl Itiee™ietM lung. But, sietwogra™
cannabis prai- ts Fees ban sawvled for eentwi»s, —rfe*«KaMy™littte
is recorded abotrttfesir ‘effastasa thalunfe™-Wha*— * ocoafcayBo>icy™
information exist™* "is cdnfPtM idtFtdT CBS s dtiwt —swSgawe&juaiWw
stokers aremlllso tofescmrr noMtfFr

In recent years, iInterest has heightened In the smoking of
marijuana as a theragpeutic measure. The Inhalation route takes
advantage of the large surface area afforded by the lungs for
adninistering the effective constituents of marijuana. Hownever, this
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practice entails the disadvantage of adninistering a therapeutic
agent in a cloud of air pollutants.

In brief/ our appraisal must assess the iInpact of chronic
bronchial irritation and inflamation on the airvays ad
gas—exchanging surfaces of the lugs.

Acute Effects

Marijuana affects the control of the breathing patterm in different
ways depending upon the dose/ the preparation/ and its psychotropic
effect on the consumer*ntkMggygNtf 2 1l«Qvi>tto;gener«lirrfltlaaletes
vAntllatijenM M faif*exASftg”™ betweew -tJiiy "aw frliaefeiftbieattaAr™- in'

VO n.r"» 11 TR rtimv7FTa =
efc_jjijiLies—ISV—SwalferevArciviitee). On the other hand/  laogexaktoeeg
of smoked marijuana venti lation and responsiveness to

the 0O stimullus (\eil et al./ 1963; Bellville et al./ 1975). <"le
i 11 lanewinie ednlal ill mSAei> e*i< | Hi TImTiTHTTTmL ilnsea hue hi i
deax*ofr*anre«aoctexrbBheesoweta vent” lIStlon”OF oyrthe'"effecttbvenees

ofJiO.fyAerespirator a9/
Much more consistent and predictable is the effect of marijuana
on thewimmrm The inhalation of small amounts of marijuana smoke
& Beneh™«bxda ieorr*i Tr pgrsona—wittsett:" &~ n f R z able™lwng
(Tashkin et al./ 1973; Vachon et al./ 1973). 73*
bronchodi lation. is”easily demonstrable;the inhalation

feshkin etal. , 1973).. 3Ingestion
of A-9-THC is less effective than smoking marijuana in producing

Aecogg-1ed N-9-THC has a local mrritating effect on the ainays,

which often overrides the bronchodilating effect to the point of

making It unsuitable for therapeutic purposes (Tashkin et al., 1977a)
ryrsTit I im  tm nnkiii HititW n iflMrob —ffnmra t r r ~ " ™o—

mwismsmtgpji,JO »Mtowh5*gtein

Redfoffoaarh
) . >hnhadfl- »1IP" -
— — a— -~ 9 imee-- w*k teunfctoatks
Uihi—iimp WTHTw Liiiii in fmehnin mm nd m [iBt)
by :(Shepirb et

7TMT/ eraedhaniifiIB by which bronchodilation is effected is
not clear, but does not involve stimulation of beta—adrenergic
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receptors or blockade of muscarinic receptors iIn airmay smooth muscle
(Shapiro et al., 1976a). Adding to the difficulties of
Interpretation are the psychotropic effects of marijuana: fetircs
the individuals whohad previously used cannabis dowM ‘'distinguish
the marijuana ciVsrpha®"-fr™""ths platebo on the baai"s"of the
intoxicating experience afforded by the matijUlna~aoKfc. Although
the four subjects without previous cannabis experience did not
experience any central nervous system effects, they did note mild
somolence or light-headedness after marijuana use.”

Among the experiments with induced asthma were sare that employed
the inhalation of cannabinoid-free marijuana soke (Tashkin et al .,
1975). The results indicate that the smoke of the marijuana cigarette
does not prevent methachol ine-induced bronchospasm (Tashkin et al._,
1976). Smoking, of marijuana did not aggravate or perpetuate
bronchoconstriction instable aathmitics>:and Ifcoreernptiy*reversed
experimentally induced :brioncftospasn (TashkitfFet aliex<<19-)F."; "Addition
of A-9-THC to placebo”smoke®Caused-a prompt, comp lete>"~and
sustained™ reversal of methachol ine-induced bronchospas™ Although
ingestion of 4-9-thc iIn a sesame oil"Vehicle hes™ produced
bronchodi lation In asthmatic patients, less dilation was noted than
after smaller doses of A—-g-THC delivered by smoking (Tashkin et
al_, 1974)_

Although It appears that the mechanism of 4-9-THC-induced
bronchial dilation is mediated by the autonomic nervous system, the
process of dilation is not understood (@Gill and Paton, 1970; Cavero
et al., 1972; Shapiro et al., 1973).

Subacute Effects

Pulmonary function _teats -in 28 healthy young experieneed”ocannabis
users before ad. after."'at47-5.9_rdsy"periodbof heaviertan customary
marijuana usage, (groupjJai hWaverage of 5;2 cigarettes"IwftB a-daily
mean range of 1.7 to 10 cigafdttis per''subject disclosnT tlie
developrent of mild but™Mign™ ificat"dilet"eases-in specific, ainay
conductance and forced explrator™ Ffloviar well-as in<«diffusimg, -,
capacity (Jashkinet " ' "Ceaiwtion, by reduction in smoking,
gradually restom” ;i rfthtovard nor»ar”™ The-blinical
significance .g~fchei™ “B. ucer@ain"- The-marijuana
smoked and =th«™N M T INBN1dqulTOoe-ty- function, coupled with the
observatiorti IWHp™MtibI™: Q. f/function was—-incceplete 1 week
after marijoaittpiiDkinbed stopped, suggests that heavy mari juana
sacking over: "FINFEIN adbld- 1das™tO"—cldnically
significant anClulllreadily reversible inmpairment' 'of pulmonary

function.

Chronic Effects

A study of 31 Arerican soldiers stationed®in Hoat;Beraany whoT voked
large quantities ofl grias—df More per month for periods

— Ml e« N e



of 6 t 15 moths) found their=ilant>  be, pdinclpal lywsespiratory,
including bronchitis* sinusitis* asthma* and rhinopharnyngitis
(Gnflanination of the nasopharynxX) ((Temant et al_.* 1971). In
one—third of the soldiers* cputum-producing coughs* difficulty in
breathing™ and wheezing folloned 3 to 4 months of regular use of
hashish. H3wSii™ lus~graphi "a™h"~fcal
sputumr Antibioctics failed to relieve the synptaons. The symptomatic
patients %uld not vvtlaTrkWarql Vfour required, hospital izartigl;u;r4 ,g«'rst VT
unpPNiNed , "U«ea™ ™M J7omainmption inmprovedl jtojg.jgpisfemp}

Pulmonary function tests in these individuals Shoned. juid, airnway
obstruction after 3 days of lessened hashish intake™ “Moreover™ the
response of these individuals to isoproterenol suggested that
rever«ibl™; ,b*wchospasm and/or the accumulation of fluid In the
bronchi-was imnvolved iIn the pathogenesis of the airnay obstruction.
Patch and serological tests failed to inplicate allergy as a cause of
the upper respiratory symptons and signs.

In Jamaica (Hall* 1975) * where marijuana usage is heaw™ etfftalicc*
bromehiti*—-4de—«r*quent. mairi jw\sapktny is"usually
associated™wirthrrtofesop. sankint * woislr ssnJevnia. imfeerprtatiérfu tssu-
the effiegts. fttimarl jnems—cAone. Adding to the uncertainty about the
effects of marijuana as a cause of chronic regulatory abnormalities
are two other, studies, one In. Jaaaj”.JRuMUN; paaitas” 1973 :ad
ths other-In Costa—*i1ca™baraaxdso-"anoailj ~41.M976), whidn'
failed njfLdiffsrencerla™thi3prevalence;of _chrc*nich
respiratory disease. :between. _.smokersnonfmokers cf™wi juan*.
These results cannot be accepted as conclusive™ because In each study
the nurber of marijuana smokers was small* the subjects were not
randomly selected™ imirvnai It > —— —>» re—JIniL

oci 41 F1980) =£

in resistais;a- . _MWlert-I>—tii™ large airnays without an appreciable
effect on conventional tests. <

Ancther study was of 200 Arerican soldiers stationed iIn West
Germany who voluntarily sought medical atternttion for such respiratory
symptons as pharyngitis® sinusitis* bronchitis* and asthma related to
chronic heavy IWwBFfSfPuwking (Henderson et al.* 1972). AftfAipsis."kF
the hashish available and in use iIn the locale of this, tiLdy*. shoned
conci\"\jUi™a;at z 5-§K3,J.Q percent. tpNpercant of””

TecesT— TMaspecEs oT RAashish smoking are relevant to the question
of lutg injury produced by hashish: 1) hashish is usually smoked iIn
a pipo (occasiomally In a water pipe)* although i1t is occasionally
eaten™ drunk as a tea* or rolled INto a cigarette and soked™ and 2)
hashish smoke generally is regarded by users as buming much hotter
than tobacco smoke.

Soldiers with pharyngitis usually stoked less than 25 grams of
hashish monthly; those with bronchitis and astima consumed more than
50 grams per moth. The common complaint of sore throat in these
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heavy hashish smokers occurred most often iIn those who smoked hashish
in a pipe without a screen or cotton filter; In then# the roof of the
mouth and the bedk, of the throat were inflared. Persistent rhinitis
(inflanmation of the nasal mucous membranes) was present in 26
patients. As a rule# allergy could not be inplicated in the
nasopharyngeal manifestations. Treatment with—~"antibiotics#
decongestants# and phenylephrine (@ vasoconstrictor) relieved™the
symptoms# but they recurred in those who continued smoking hashish.

Twenty high-dose tarbifdl smokers (more thsir50 graas/Mmth) hed
chronic bronchitis as manifested by a chronic sputum-producing cough#
shortness of breatt# and decreased exercise tolerance. On physical
examinatiort abnormal respiratory sounds— rhonchi# wheezes# and
rales— were present. Chest radiographs were consistently normal# but
pulmonary function was abnormal”™ tte™“VvitFfil capacity”the™ maximum
volume of gas taken IN) was 15 ™WW percent’” below normal. In six of
these subjects who smoked 50 or more grams per montdw biopsy of
bronchial mucosa revealed changes that resenbled the abnormalities
that cccur iIn older heavwy smokers of tobacco (Auerbach et al.#

1961). The biopsies also tumed up atypical cells not found iIn
tobacco smokers.

The study of a respiratory disease In hashish or marijuana
smokers is difficult because the great majority also smoke tobacco
cigarettes. Also# the illegality of marijuana smoking prevents
people from volunteering information and cooperating iIn experimental
studies. Baseline physiological or clinical studies are difficult?
because the subject is not identified until he seeks medical help.

Rats (Fleischman et al # 197/9) and dogs (Roy et al.# 1976) hawve
been exposed experimentally to marijuana smoke over long periods
year and 900 days# respectively) to determine its morphological
effects on the lugs. At autopsy# the animals demonstrated damage of
the ainays and also of the lung substance. However# Urtis™Ndiffiault”’
1 relate the results of, these™Miaal™exeyinsntiV trwhich thel
artificial pattem of sixkinf~"differed markedlyfroe*ttmt of, the _
human smoker# to the efFictir that ‘chronic mari juana smoking might
elicit In man.

Defense Mechanisms (Alveolar Macrophages)

Little is knonm:aftbnfcériffe«*W tlrdjuhircht®ft4~-«efehse ™
mechanisms of Although some observations have been made
on the alveolafF'macrophage, an Important element in this systenwt the
results have beeiirwecttiiitent™ For exanple# acne studies of the rat
lug found that macrophages obtained by washing out the lung and
exposing them to marijuana smoke manifested a depression iIn
bactericidal activity (Huhber et al .# 1975%# 1979%a¢b# 1980). On the
other band# another report™y&lled fo:disclose-e significant-effbet,
not only of marijuana# but also of tobacco stoke on the bactericidal
activity of macrophages (@Orath et al.# 1979). Finallyrothere-have
found that alveolarmecrophagwrdiffer slightly ™ Their™ morphological
responses to tobacco and to marijuana stwoke. The significance of
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these differences, especially in terms of their long-term effect on
pulmonary defense mechanisns, remains to be defined.

Explants of lug have also been examined after exposure iIn
culture to marijuana stoke (Leuchtenberger et al., 1973a,b;
Leuchtenberger and Leuchtenberger, 1976). Striking changes have been
observed iIn the appearance and growth characteristics of exposed
cells.

Carcinoma of the Lug

The effect of marijuana as a carcinogen, for_lung® ainays, and upper
respiratory organ, bea. not .bem, systematically., explored. Bvaluating
the carcinogenicity of marijuana is difficult, because most marijuana
smokers also are. tobacco cigarette smokers and.because such
carcinogenicity could have a long period of latency; studies of
tobacco carcinogenesis indicate that 20 to 30 years.of exposure must
occur before*tunmors, gopear, In the lug. It is understandable that
information conceming the carcinogenic properties of marijuana are
not yet available, particularly iIn the United States, where the agent
has care INto extensive use only during the past two decades. An
important problem in evaluating carcinogenicity is the fact that the
leafF is used by igniting it and the inhaled products of iIts
comnbustion may be carcinogenic, &s;rin: tha case*of tobacco products. .
Even 1f it proved to be carcinogenic, the question would 3till remain
as to what constituent in marijuana stoke was at fault.

The potency of a substance as a mutagen @bility to change
genetic material) can provide a clue as to Its possible role as a
carcinogen. Induction of genetic mutations by a substance In test
strains of bacteria correlates with induction of tumors In test
animals. Fractions fron extracts of marijuana soke particulates
(t@ar’) have been found to produce dose-related mutations in four out
of five test strains of bacteria Busch et al., 1979; Seid ad Wei,
1979; Wehner et al., 1980). By~ itself, A 9-THC was not active.as a
mutagen in bacterial-strains (@Glatt et al., 19/9) or in mamalian
test systars™ (Van Went, 1978).

The extent to which marijuana smoke differs from tobacco smoke is
discussed in detail Iin Chapter 1. In general, except, for te
presence,of, cannabinoids In. one and tobacco"alkaloids “(nicotirne) in
the otABKN-_Tebs"oorbustion products of tobacco and marijuana are
qualitatively similar. On occasion, hosever, differences that may be
meaningful have been found. For exanple, ocos™study. .(Hoffmam, et al .,
1975)~repor > that™ ™ tohbacoo- smoke contains more isoprene and wvolatile
phenols, whereas marijuana smoke conmtains about 50 percent more
carcinogenic hydrocarbons.

Tumorigenicity of marijuana ad. tobacco.smoke condensates on
mouse skin bavsibeen reported. In.mic*,Minted*threaltimes weekly
with a—tar jmiocersiofi of smoke densate*survival at-74 weeks “was
betterln*toa'Smrijuana grO U ptcj(xrln € ~Mwbeoci$ SWPP? Si~pFroo *
mice painted with™, mari juana, condensate—developed skin tunors, ail of
which were benign, whereas 14 of 100 iIn the tobacco condensate group
developed tumors, two of them malignant (Hoffman et al., 197/5).
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Because marijuana smoke has adverse actions similar to tobacco
smoke on cell-function in the respiratory and cardiovascular systems,
it has been proposed that marijuana smoke, rather than only the
cannabinoid, should be used to obtain information about effects on
cell injury ad response (Leuchtenberger and Leuchtenberger, 1971).
Exposure of hus™ lung cells in culture to freshly generated marijuana
smoke for up to 2 months resulted iIn iIncreased mitotic indices,
stimullation of DNA synthesis, and an increase in the population of
cells with four times the DNA content of control cells or those
exposed to tobacco smoke (Leuchtenberger et al., 1973a,b). Long-term
exposure of hanster lung cells to the smoke of either marijuana or
tobacco led to abnormal proliferation and malignant transformation
within 3 to"6 months of exposure ((Leuchtenberger and Leuchtenberger,
1976). Since malignant™transformation was also noted iIn unexposed
lug cells after 12-249donthr- of culture, It appears that the™"smoke
of marijuana—or toWee®Saccelerates, rather than initiates, te
mal ignant change.

Although no instance”"ot human lug® carcinoma attributable solely
o marijuana” jtooking™Nhas yet been reported, abnormalities suggestive
of cancerous lesions have been recorded. For exanple, In several of
the U.S. servicemen who smoked 50"grraau of fe/ftristror more per month
and devoloped upper respiratory disorders, mucosal biopsy shoned
extensive cellular abnormalities, including loss of cilia,
proliferation of basal epithelial cells, ad atypical cells (Temant
et al_, 1971; Henderson et al., 1972). Comparison of 30 Arerican
hashish smokers (5150 grams/month for 3-24 months; 23 also smoked
tobacco and 7 did not), 3 tobacco smokers (.6 packs/day for 11_3
years) who did not smoke marijuana and 3 nonsmokers of tobacco or
hashish, iIndicated posure™td~ "corbined sari juahi Did tobacco smoke
produced more harmful effects than that produced by either substance
alone (Temant—et A" 1980). In the*hashish eswkers who did not
smoke tobacoco, abnormalitis*™- In theP tracheal ™ bibpsies were- no more
frequent or severe than in-thosegersons™who smoked™fenl™MtobaCco/

Exception has been taken to the idea of an additive effect of
tobacco and hashish soke. A Greek study—that ‘compared chronic
hashish and tobacco users with tobmoctt” "Vaiofd ™ abl ifkKKidrd that
although the hashiabaamkerkE had considerably more/throat; Irritation
and cough## v Mmoo "gVoupsnST about the
sare (Boulougourirtet®al ., 1976); no biopsies were taken. The
differences between the Greek and Arerican studies may reflect
differences between the two populations: The Aswrlean"study, done iIn
Germany, fawvored inclusion of men with severe respiratory disturbances
(Tenant et al., 1980), whereas™"the Greek study (Boulougouris et al.,
1976) appears to have iIncluded persons with lass severe illness.

Tha finding of knowmn carcinogens iIn marijuana smoke and the
presence of epithelial abnomalities knowmn to bw thw precursors "oi
lung cancer iIn heavy smokers of"tobacco suggest the possible
development of lung®cancer Itrchronic, heavy users of marijuana and/
or hashish after s"prolonged period of uvee*wetpecial I€*iT they are
also smokers of tobacco. “owever/ BvMDice'to syjolrarthfe™ *
hypothesis”Is"itet Available. Belclﬁtuse marihuana smoking i ahraclent™
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custom In Ami* and the Middle East* lung cancer would be expected to
be more prevalent In these parts of the world if a causal
relationahips-did exist. Unfortunately, no reliable data have been
gathered to settle this question. Heavwy smoking of marijuana, In
quantities comparable to that of"tobacco, has been relatively
uncomon in the United” States. "1"Therefore™ the—contribution of
marijuana smoking to the incidence of.primary, lung cancer cannot yet
be answered with any authoritative data.

Sumary: Respiratory SyBtem
Lung Function and Defense Mechanisms

The most important question about the effects of marijuana on the
health of the respiratory system is whether acute or chronic

mari juana smoking cause detectable structural or functional
impairment of the lungs. Mild but measurable airnay obstruction,
affecting both large ad small airnays, can be shomn 10" exist after 6
1o 8 weeks of smoking marijuana daily, averaging five marijuana
cigarettes a.dayt™this,  decr«aemin. . function is reversible,” but does
not retum-to normal within on* week of abstaining from smoking.

In persons with histories of heavy smoking, particularly of
hashish, chronic IinfFlamatory changes are seen in the bronchi and
uvula, often iIn association with chronic sinusitis. These manifesta—
tions of upper respiratory disturbance have been described iIn
individuals with histories of marijuana smoking usually In excess of
3 years and are reversible when marijuana smoking is stopped.

Acute eqosure of alv JDlar macrophages in vitro to marijuana
smoke causes a reduction i1 . phagocytic activity, a cell defense
mechanism. The agents responsible for this change iIn macrophage
function are iIn the rapes phase-ofrmarijuana stoke and are not 4
related to the presence of A-9—thc. Also, lug explants eqosed to
marijuana smoke iIn vitro show changes in the chromosomal structure of
nuclei.

There is as yac-no-information about the effects of prolonged
smoking ofymrijuana# that is, beyond 5 years. Although some
populations have been examined for the effects of chronic marijuana
smoking, controlled studies are sparse and populations exposed to
marijuana smoke only— without exposure to tobacco— apparently are not
available. Particularly conspicuous ia, the, lackiof information about
the effect of:chronic marijuana asoklng begun, In late childhood or
adollescence end continued to adulthood. Such studies would require
morphological examination of biopsy material from tha bronchi and
respiratory passages to determine the presence of structural changes
that indicate the development of chronic bronchitis and/or lug
cancer. Morphologiosl changes associated with smoking mari juana
could be compared with “the morphological abnormal itfea7associated
with chronic tobecco smoking.-

The acute response to inhalation of marijuana is an appreciable
bronchodi lation, both In normal subjects and In individuals with
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bconchial asttha. Honever# the bronchodilator effects of marijuana
are a response to acute exposure; chronic exposure usually evokes
bronchoconstriction.

With respect to therapeutic application# the effects of smoking
marijuana in producing bronchial dilatation do not exceed those that
follow the Inhalation of beta—agonist drugs. Moreover# the doses
required for bronchodilatation usually elicit the psychotropic effects
of marijuana and may be associated with changes in the structure of
bronchial and parenchymal lung cells# the significance of which
remains to be assessed. For these reasons therapeutic usefulness as
a bronchodilator drug s open to serious question (see Chapter 7).

Carcinoma of the Lug

One of the great uncertainties about marijuana smoking iIs Its
neoplastic potential. No reliable dat* are available conceming the
incidence of carcinoma of the lungs and upper respiratory passages in
long-term users of cannabis.

But a variety of experimental studies has sounded the alert that
marijuana smoking—just as tobacco smoking— may be carcinogenic and
that a corbination of tobacco and marijuana smoke may have-greater
neoplastic potential than either one alone. Although the experimental
observations have raised the suspicio¥ long-term observations on
human subjects— and possibly on smoking animals— will be necessary to
settle the issue.

Recommendations for Research

Lung Function and Defense Mechanisms

With respect to the performance and defenses of the lungs# these
*Judies would be informative:

* the physiological# biochemical# and morphological
interactions of combined exposures of the respiratory tract to
tobacco and marijuana smoke;

* the interactions of cannabis and alcohol on the function of
the respiratory tract;

* the long-tem effects# i1.e.# 10 to 0 years# ofF exposure of
the respiratory tract to frequent use of cannabis iIn the absence ad
pressure of exposure to tobacco smoke (for this purpose# large-scale
epidemiological studies may b« required);

* the physiological effects and clinical consequences of
exposure of alveolar macrophages and other lung cells to long—term
exposure to marijuana smoke;

* the imunologic effects of marijuana smoke exposure on cells
ad on the entire body. “~_
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Carcinoma of the Lung
With respect to carcinoma of the lug, these studies seem essantial;

* an epidemiological survey to determine over the next 20 to
0 years If there will be an increased incidence of primary luyg,
laryngeal, oropharyngeal, esophageal, nasal, or sinus cancer iIn
chronic marijuana smokers;

* epidemiologic and pathological studies In humans and
experimental studies In animals to evaluate the carcinogenic
potential of chronic marijuana smoking on the lug, lanynx,
oropharynx, nasal, and sinus epithelium.

CARDIOVASCULAR SYSTEM

Normal Heart and Circulation

Heart (Oirect Effects)

With respect to the heart and circulation, the most evident effect iIn
human beings of smoking marijuana, or of iIngesting the active
ingredient (A-9-TEC), iS—amllxik iIncrease* in heart rate
(tachycardia). Although, this® is not threatening to the normal
heart, the rapid heart -actionicaqo«<lhar™-to. . thezheart iIn which
the ciraulation is compromised by atherosclerosis or is bn te" verge
of failing.

The responses of?ther cardiovascular system to acute exposure to
mari juana differ "between humanebeinge-sand moat other, mammals iIn that
the human subject typically responds with an increase In heart rate
@Bright et al., 1971; Beaconsfield et al., 1972; Perez—Reyes et al.,
1973), whereas most mamals show a slowing iIn rate (bradycardia)
(Cavero et al., 1973; Graham and Li, 1973; Rosenkrantz and Braude,
1974; Gllmer et al., 1974; Adamns et al., 1976; Hardman and Hosko,
1976; Kanasaki et al., 1980). Human:Mood pressure usually iIncreases
moderately on acute administration of A-9-THC, but iIn monkeys arnd
dogs.acuta adninistration is folloned by a decrease iIn systemic
arterial pressure. Typical effects on heart rate and blood pressure
have been attributed to altered autonomic function (oene, 1944;
Joachimoglu, 1965; Ares, 1968; Gill and Paton, 1970).

Effects on tha cardiovascular system are to some extert a
function of dose, route of adninistration, and duration of exposure.
Tolerance to samre of the cardiovascular effects In human brings
develops with chronic use (Benowitz and Jones, 1975, 1977a,b; Nowlan
and Cohan, 1977), but continued use does not reralt;in,ay—-Persistent”
alteration in cardiovascular function After''cassation of exposure
@Oombush and Kokkevi, 1976).

Effects on Heart Rate In healthy young adults, acuta administration
of marijuana by Banking (10 mg total dose} causes a promnpt increase
in heart rate (Increasing by up t 90 beats/minute) for about 1 hour.
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The change In heart rate caused by A-9-THC appears to result from
alterations iIn both sympathetic and parasympathetic efferent activity
1o the normal cardiac pacemaker (Beaconsfield et al., 1972; Martz et
al., 1972; Sulkonski et al., 1977). The results of studies designed
1o determine whether beta-adrenergic stimulation is responsible for
the tachycardia have roi. been consistent: In one series of reports,
prior administration of propranolol,* iIn a dose sufficient to block
the heart"s beta—adrenergic receptors, prevented the increase in
heart rate @right et al., 1971; Beaconsfield et al., 1972;
Perez-Reyes et al., 1973), whereas iIn other reports, propranolol
Tfailed to block the marijuana-induced tachycardia (Kanakis et al .,
1976; Tashkin et al., 1978). Although part of the discrepancy may be
attributable to differences iIn dosages, not all of i1t can be
rationalized this way, leaving an unexplained disparity.-

Hemodynamic Effects Effects of marijuana on blood pressure ard
cardiac output, as mentioned®abova;"are''a function of the nature of
exposure (acute or chronic), of tha dose, and of the body position;
also, there are differences among human beings and a nurber of
mammalian species. In human beinga lying supine, acuta exposure to
A-9-THC typically cauuvea™i abdes€Jnfreald-in blood pressure,
although In same Instances no significant"change iIn"pressure has been
observed (BeaconsfField et al., 1972; Kanakis et al., 1976; Benowitz
et al., 1979). On assuming thd~ujiright posture, blood pressure may”
drop considerably. Cardiac output, iIn the supine position following
an injection of A-9-THC, has been found to iIncrease by as much as
3D percent QValit et al., 19/5; Tashkin et al., 197/b). The increase
in cardiac output in the face of only a modest increase in blood
pressure clearly results iIn a substantial decrease iIn peripheral
vascular resistance. The change In resistance varies among the
different vascular beds, beiling greatest iIn the vessels to te
skeletal nuscles. - _
Chronic administration-OF quite large.oral doses of-A-9-TBC
exerts different” effects- (than the acute) on the circulation
Bemstein et al., 1974; Benovitx and *™Xres, 1975; Benowitz et"al._,
1979). Systolic and diastolie—presmrs—usually fall slightly, but
these changes arm not alwvays™aus™.ainrd. Aa tha blood pressure falls,
the heart rate slons fron tha high levels caussd.by .initial marijuana
adninistration. The-deorsue®in blood pressur<t.c*n be accentuated 'f
the mihjert == frhliitnrs * "The extat._.to which 1t drops
appears to TfunOtlOsfof the extent to which,plasma

volume has InereiSidT

Effects on Heart Muscle "D*t* shoot ehahf>«—in“"Human left
ventricular function caused bymiirildaeftV are-ndt—entirely—convincing
because most studies have relied on noninvasivm.measurement™ and

*Propranolol is an agent that blocks beta—adrenergic neurctransmitters
and is used iIn treatment of cardiac arrhythmias.
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because i1t has not been possible to control separately the several
variables that nodify left ventricular function and are changed by
administration of A9-TBC. Changes iIn heart rate, afterload
(systemic vascular resistance, blood pressure), or preload (plasma
wvolure, venous retum) iIndividually can cause changes iIn heart size
and ventricular performance. In spite of these limitations,
conclusions can be drawmn from the observations on human beings.
Definitive animal studies of A-9-THC effects on ventricular
performance have not been done.

Indices of cardiac performance usually improve after marijuana or
A9-TBC*. “Alnost— invariably this Inproverent Tan be attributed to
the increase In beart rate- (Gash®et al., 1978). The acute
adnministration of A-9-THC (&5 ug/Zkg intravenously) to healthy
young males elicits, In association with the increase iIn heart rate,
changes in the ventricular contraction periods (@ increase iIn
ejection time and shortening of the preinjection period), while
systemic arterial pressure is unaffected (Meiss et al., 1972; Kanakis
et al., 1976). Beta—adrenergic blockade by propranolol is folloned
by less striking changes iIn the contraction time intenvals. Ancther
study of 17 subjects who smoked two to three cigarettes (@ ng
A-9-THC per cigarette) found cardiac output increased by 28 percent
and heart rata by 30 percent, in conjunction with a slight decrease
in stroke wvolure, which affects pulse pressure (Tashkin et al.,
1977b).

Autonomic Nervous System

Marijuana could InFluence autonomic function iIn several ways: @ by
changing the sensitivity of reflexes that InfFluence and control
cardiovascular function; this effect could result either fron changes
in the processing of nerve inpulses In the central nervous system or
autonomic ganglia (@ group of nerve cells outside the central nervous
system), from changes iIn the liberation or metabolism of transmitters
at the autonomic nerve terminals, or from changes In the sensitivity
of the pre- or postjunctional receptors; (@ by a change In the
levels of neurotransmitters, the catecholamines (norepinegphrine,
epinephrine) in the blood as a result of actions on the adrenal
medulla, which secretes these neurotransmitters; activation of the
adrenals could be a direct effect or by reflexes or by a central
action of &9-THC; and @ by exerting effects on dopamine activity
(@ intermediate product iIn the synthesis of norepinephrine) either
in the central nervous system or periphery.

Unfortunately, it is unclear bow the effects of A<9-THC are
exerted on the autonomic nervous system (Truitt and Anderson, 1971;
BeaconsfField et al., 1972; Weiss et al., 1972; Englert et al., 1973;
Ho et al., 1973; Honves and Osgood, 1974; Ho and Johnson, 1976; Huot,
1976; Benowitz and Jones, 1977a,b; Gash et al., 1978; Stefanis, 1978).
The data are Insufficient to determine, If the effects cane by way of

the central nervous system, or by peripheral neural structures, or by
the adrenal medulla. It is also difficult to assess the role of



