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roflex adjustments in the heart and systemic circulation. Finally,
other possibilities, such as desensitization or blockade of
peripheral adrenergic receptors, have not been examined.

Although the data on human beings are not adequate to determine
how marijuana infFluences autonomic function, evidence that it does
has been obtained. For example, A-9-THC appears to reduce a number
of autonomic refllexes: After.marijuana, the typical changes iIn heart
rate and blood pressure elicited by the Valsalva maneuver @ forced
exhalation effort against the closed glottis} are decreased, and so
are the reflex circulatory responses to 1ocaersion of . the hand in cold
water @Beaconsfield. et ab»,, 1972; Benowitz et al., 1979). Honever,
during chrpaic. administration of A-9-rac, no change occurs iIn the
reflex decrease iIn heart rate caused by infusion of.a dose of tha
vasoconstrictor phenylephrine sufficient to increase the blood
pressure—(Benowitz and Jones, 1975; Benowitz ot al., 1979).

Exercise

Acute exposure to A-9-TKGAaodifies; ,exercise: .performancet,by human,
beings. =" "Snoking”" (0 sg-of A-9-TBC) decreased the duration of-
exercise but caused ,mo change iIn any cardiopulmonary parameter at:-any
work load except for heart rate, which increased (Ghapiro et al.,
1976b)

Other Effects (Plasma Volure, Sodium Retention)

Acuta administration Jwould not be expected to have
prominent effects on sodiun balance or plasma volure. Chronic
adninistration,, on the otte.? hand, has_distinct effects.*T With
chronicNingestiorr, of large.dosef~ofthere iIs a consistent
gain iIn body weight and-pisnaoiume)” "the latter causmd by sodium - >
retention (Benowits"a™N"Jones, 1975, 1977a,bl* _ The change iIn plasma
volume seems to be causally related to the decrease iIn orthostatic
hypotension during chronic exposure. The mechanisms responsible for
the retention of salt and water have not been explored and may
include changes iIn renal perfusion, inhibition of prostaglandin @&
substance that affects blood pressure) syrithesis by A-9-THC
Burstein ad Raz, 1972; Howes and Osgood, 1976), or sore
modification iIn pituitary-adrenal function (Biminghan and Bartova,
1976) -

Abnormal Heart and Circulation

Although —sroking marijuana or te*_introduction™, Ar9cTHC into the _.
body is—apparently without "deleterious effect mm ttet normal-heart?and
ciraulation,—the possibility "1*"gxaat that the abnormal heart and s
circulation will not bn-am tolerant of an agent that speeds up the
heart, sometimes unpredictably raises or drops the blood pressure,
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ad modifies the activities of the autononic nervous system.
Therefore# it is pertinent to examine the prospects that OYrijuama
{or A9-THO) nay be harmful iIn individuals with coronary heart
disease# cerebrovascular tf. iscase/-hypertensio and-hearf failure.
Moreover#...Tt may be iInmportant to determine if A-9-THC interacts in
its effects on the abnormal heart or circulation“¥lth other agents
that are being administered ?Cr~therapeutifi "purposes; =~

Coronary Heart Disease

Data on this topic are sparse# presurmably because of the relatively
short time that marijuana has been available In this country. Those
who have smoked marijuana are just entering the age when coronary
atherosclerosis is comon. However# it has been shown both in normal
individuals at’, in individuals with coronary artery disease that™the
acute adninistration of A-9-THC by smoking or injection can cause
changes in" the"electrocardiogram™(BCG) (Johnson and Domino# 1971;
Beaconsfield et al . # 1972; Kochar and Hosko# 1973). Premature beats
have also been noted. The reasons for the changes are uxclear. Also
not understood is the contribution-of<the-inerease~in heart rate
itself to the ECG changes and to the premature beats.—

In scme—patients with coronary artery disease# increased
catecholamines can induce arrhytmias. It seens likely that In such
patients A-9-THC could have the sare effect. Also# In patients
with coronary artery disease a large increase in heart:rate can
induce angina (ain) and even ischemic damage from insufficient
oxygen at a result of an obstructed blood vessel. I A-9-THC were
1o increase heart rate markedly in such patients# and at the sare
time increase the need for cardiac perfusion because of the iIncreased
cardiac work and because of the intensified effect of catecholamines
on the heart?# it seemns reasonable that there could be iInduction of
angina and potentially precipitation of ischemic damage. Furthermoret
iT &9-THC dulled™"the appreciation of pain and the appropriate
responses to pain, the patient might not take suitable measure to
relieve the angina, thereby increasing the risk of damage or
arrhytimias.

A decrease iIn oxygon—-carrying capacity of blood because of
formation of carboxyhemoglobin could also be troublesome. Exercise
tolerance baa been reportedJto decrease, In individuals with angina
after_viiiN|p &uiJuana; this ddCrfcaie™i s En Contrast To "the™ ~
unaffected exercise tolerance after smoking a placebo marijuana
cigarette (Aronow and Cassidy# 1974). Oral ingestion of A-5-THC or
smokind marijuana apparently can causelmarked hypertension in
association with an increase iIn systemic vascular resistance
Baowitz et al # 1979)# which would place the heart with coronary
artery disease at risk of damage;”

These observations concur iIn indicating that marijuana ad
A-9-THC increase the work of the heart# often In many ways. The
conclusion seema inescapable that this iIncreased work# coupled with
stimulation by catecholamines# may tax the heart to the point of
clinical hazard.

FTI* /71
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Cerebrovascular Disease

There are few, If any, Indications tat. A-9-THCThas direct effects
on the cerebral—roircttiation that would be Inportant iIn patients with
cerebrovasculai”Slfiease. In tha occasional patient who develops
hypertension aE€E-"1*oking, there would be an increased risk of a
cerebral vascular accident (stroke). Also, because A-9-THC
adninistered after atropine can cause marked increases in blood
pressure, this corbination would place the patient with cerebro—
vascular disease at risk, as would usoking after ingestion of other
muscarinic blockers. In some patients, postural hypotension could be
a problem, not onlly for persons with abnormal cerebral circulations,
but also with abnormal coronary circulations.

Hypertension

The factors that act to intensify angina would be of Importance iIn
hypertensive patients. Alt_tough data are lacking on the magnitude of
change iIn blood pressure caused by A-9-TBC iIn hypertensives, it
seems reasonable to assume that hypertensives smoking mari juana might
have a greater increase iIn blood pressure than normals do. The
increase iIn plasma volume and sodium retention that are associated
with chronic exposure to A-9-THC coulld increase blood —pressure iIn
hypertensives and the mechanisms responsible for these changes very
likely would interfere with the action of a nurber of
antihypertensive medications.

Heart Failure

Because marijuana can cause tachycardia, a decrease iIn systemic
vascular resistance (required for Increased cardiac output to sustain
blood pressure) and salt and water retention might place.patient™
with severe heart failure at a disadvantage by &xpdsure™to'"'S-SFTH.
Data on such patients are lacking. [In older patients treated by
A-9-THC or who have smoked mari juana for glaucoma or cancer,
orthostatic hypotension has been both disabling and a threat of
cardiovascular complications (Merritt et al., 1980Q). Honever,
tolerance to orthostatic hypotension seems to develop during
continued intake of A-9-TBC or continued smoking of marijuana.
Dehydration, as during vomiting or diuretic therapy, predisposes to
the orthostatic hypotensive effects and resist? the developrent of
tolerance because it prevents expansion of blood volure.

Interactions with Cardioactive Drugs

Few studies evaluate iInteractions between A-9-THC and other drugs
that act dimctly or indirectly on the heart. Propranoclol usually
attenuates the Increase In heart rate caused by A-9-THC. Atropine



can greatly potentiate the ability of A-9-thC to iIncrease systemic
arterial pressure (Benowitz and Jones, 1977a,b). A number of pocsible
interactions can be imagined. [IFf a patient were @icing a drug that
blocked uptake of catecholamines by nernve teminals, then those
effects of A—-g-THC that are mediated by catecholamines would be
intensified. Because a great many psychotropic and antihypertensive
drugs modify metabolism of neurotransmitters in the central nervous
system and periphery, a wide variety of interactions with A-9-THC
seemns possible.

Sumary: Cardiovascular System

The smoking of marijuana causes, dage*.—F* the. heart and circulation
that are characteristic. ofL._stress™ But there is no evidence to
indicate that it exerts, N.permanently deleterious effect bn the
normal cardiovascular system. Neither is there convincing evidence
that marijuana would be of particular benefit iIn treating any of the
major forms of cardiovascular disease.

The situation is quite different for those with an abnormal heart
or circulation.~ Evidence abounds that marijuana increases the work
of the heart, usually by iIncreasing heart rate, and iIn some persons
by increasing blood pressure. This increase In workload poses a
threat to patients with hypertension, cerebrovascular disease, and
coronary atheroscleroses. The magnitude and incidence of the threat
remains 1o be determined because marijuana smoking has largely been
confined to younger adults who are onlly now entering the age of
serious complications of atherosclerosis on the heart, brain, and
peripheral vessels.

Marijuana also can cause postural hypotension. This drop iIn
bj.oad pressure could be hazardous iIn those individuals with
compromised blood flov to the heart or kaain, especially if they are
volure-depleted (dethyvdrated) or 1f otner drugs have inpaired reflex
control of their blood vessels.

Marijuana appears to intensify the effects of the sympathetic
nenvous system on the heart, an undesirable consequence In patiernts
with coronary artery disease and In those susceptible to arrhytmias.
Many of the undesirable effects of marijuana on the cardiovascular
system seem to becore less severe following chronic eqosure.  Whether
the relative paucity of reports of the ill-effects of marijuana on
the abnormal cardiovascular system is a consequence of adaptation to
chronic usage or to lack of exposure 1t marijuana of a population
that is sufficiently advanced iIn years to be susceptible to Its
untonard effects remains to be determined.

Recommendations for Research

Additional studies are needed both (@) to provide information on the
mechanisms responsible for the observed .effects of marijuana on the
cardiovascular system and @ to provide new data on the effects of
marijuana In patients with knom forma of cardiovascular disease.
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* The manner iIn which A-9-7THC acta ot the heart t change
the rate and force of contraction needs clarification. Direct
effects on the heart are not likely to differ among species, and thus
experiments can be planned for a "'standard’” heart preparation.

* Direct effects on electrical activity, which might relate to
reports of changes iIn electrical activity and production of premature
impulses as well as changes In sinus rate, should be evaluated "'ith
standard methods and standard preparations.

* Direct effects of 6-9-THC on vascular smooth muscle should
be explored. 7or this purpose, It would be essential to use some
vessels that did, and others that did not, have functioning nerve
terminals. It would be inportant here to include studies on selected
coronary vessels and on vessels which play a dominant role in the

regulation of systemic vascular resistance.
* A nurber of related studies are needed before the effects on

humans can be exlained in full, particularly the effects of
A-9-THC on the renin-angiotensin system in the kidney, which
provides control of *rt*i;ial pressure, and on tha several sequences
of prostaglandin metabolism.

Studies also are indicated to obtain new data about the effects
of marijuana on:

*  persona with hypertension, coronary artery disease, ad
cerebrovascular disease;

* increases iIn systemic arterial pressure in lov- ad
high-renin hypertension and the iInteractions between A-9-THC ard
several classes of antihypertensive medications;

* the iInteractions between the salt and water-retaining effect
of A-9-THC and diuretics that could be employed both iIn
hypertensives and those with heart failure.

Additionally, studies should be done on the use of standard
monitoring techniques to quantify any effect of marijuana smoking on
tendencies tonard arrhytimias, and on interactions of A—g-THC with
drugs that modify synaptic transmission in the central nervous system.
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EFFECTS OF MARIJUANA ON THE BRAIN

The nost clefitiy established effects of cannabis are upon behavior.
These effects, dascribed In Chapter 6, indicate that major actions of
cannabinoids are upon the brain. The ways iIn which marijuana alters
the brain to produce its behavioral effects are not known.

Efforts to discover the causes of the behavioral effects have
included studies on brain morphology, physiology, and chemistry to be
reviened iIn this chapter. Effects of marijuana on brain electrical
activity and on brain chemistry lave been measured, but their
significance for brain function is not knom because of our limited
knowledge of brain-behavior relations. Marijuana causes temporary
intoxication and.results iIn changes in brslirphysiologyand chemistry
similar to those "‘dausedby-other ihtoxidating drugs; Although these
kinds of studies may ultimately shed light on the way marijuana
produces i1ts behavioral changes, they do not provide answers to
important clinical guestions. Does marijuana cause long—term changes
in the brain that lead to chronic psychiatric or neurological
disorders? So far, the studies reviewed below provide no corwvincing
evidence for long-term changes Because-of use<«of marijuana

BRAIN MORPHOLOGY

There is substantial controversy about whether marijuana causes
changes iIn brain structure or in brain cells. Twou.studies-,lanve
reported That™ mari juana produces changes. . in_brain?morphology -~ Boph
aufferj ;" N\IfXcx«nt™Friom methodologic. atsxissterprefcatioccal defects
that theY"CEMNlusiomi cannot-be<accepted*= furthermore, other
studies not found changee iIn morphology-

Gross Morphology

Data suggesting that use of marijuana causes brain atrophy were
obtained by pneumoencephalography (injection of air Into spaces iIn
and surrounding the brain) on 10 users of marijuana who had sought
medical atterttion because of neurologic complaints (Campbell et al.,
1971). The size of the largest brain cavities (Qentricles) was

&0
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reeraured to determine whether loss of brain tissue had occurred. The
authors interpreted their data as showing that atrophy was present.

One of the first critics of this report questioned the
interpretation of the radiologic techniques used @ull, 1971). The
results also have been seriously criticized because of the marijuana
users studied. They had neurological symptons or signs sufficient to
Justify an invasive and painful diagnostic test™ but there is nr
evidence that such neurological complaints occur with greater
frequency iIn users of marijuana than In the general population.
Further* Campbell~™s patients did not only use earijuana®* but also
used such behavior-altering drugs* as lysergic acid diethylamide
D) and ashetamines.

More recert evidence has been provided by computed tomography
(€D scans of the brain. This technique* which iIs noninvasive™
painless* and yields more precise and quantifiable measures of Drain
atrophy, has replaced pneumoencephalography as a diagnostic test.
Using CT methods* two studies failed to find evidence of cerebral
atrophy i1n healthy chronic marijuana users (o et al._r 1977; Keuhnle
et al_* 1977). These latter results suggest that the earlier
Ffindings were attributable to the imprecision of conventional
pneumoencephalography, or to the fact that a group with neurologic
complaints was studied, or to the use of multiple psychoactive drugs
by these individuals. This _lest possibility is reinforced by CT
scans of animals who received a variety of psychoactive drugs.
Marijuana alone produced no evidence of brain atrophy* whereas other i
drugs* such as—amphetamines™ did produce changes (Rurbaugn et al.*

W

1980) .

Microscopi - Morphology

Three post mortem studies on monkeys iIn the sare laboratory have
reported changes iIn the microscopic morphology of the brain at the
ultrastructural level (Harper et al.* 1977; Meyers and Heath* 1979;
Heath et al.* 1980). No similar studies on human beings have been
reported. The monkeys received either chronic exposure to marijuana
smoke or chronic injections of A-9-THC. Changes reported to have
occurred in the brains included alteration In synaptic* cleft width*
increased density of synaptic cleft material, a decrease iIn volume of
rough endoplasmic reticulun™ presence of clunping of synaptic vesicles
in axon teminals (Were impulses travel anay fron the cell body)*
and an increase iIn intranuclear inclusions. Thet@{iingem.-appear
dramatic* but they must be iInterpreted with caution. The three
studies are based principally upon examination of two limited brain
areas only iIn three treated monkeys*™ two receiving- marijuana smoke

*A synapse iIs the region of comunication between nerve cells*
forming the place where a nervous iImpulse is transmitted from one
nerve cell to another.
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and one intravenous A-g-THC; a fourth treated animal was added to
the last study and more brain areas were analyzed in it (Heath et
al., 1980). Further, although the material was evaluated
macioubleblind” after electron micrographs had been made, it would
appear that.fixation, tissue preparation,—-and photography were
carried out before these safeguards against bias were gpplied. It is
possible that unknovm but systematic differences occurred between
experimental (beated) and control animals in Ffixation ad
preparation of tissue or in selection of samples for micrography. In
addition, it should be noted that at least one of—-the changes noted,
clumping of synaptic vesicles (Harper st=al., 1977},~is a normal
variant in the synaptic morphology of axon terminals in mamalian
brain (Sipe and Moore, 1977) and does not represent a pathological
change. Also, these studies have not been replicated and, because
the basis for interpretation is such a limited sanple, it is conr
eluded that no definitive iInterpretation cap be»aade™at this time.
Honever, the posaibi-iity”~"thkt marijuana may—"yroduce chronic, ultra—
structural™hahges in brain has rot. been ruled out and should be
investigated.

NEUROPHYSIOLOGY

One source of Information on the mechanisms of action of a drug, such
as marijuana, iIs the study of its physiological effeots. Effects of
marijuana on the electrical activity of the brain have been
demonstrated by means of the electroencephalogram (BEEG). The
standard, or clinical, EEG measures tiny variations at the scalp of
voltages produced by the electrical activity of the brain. Voltage
differences between two points on the scalp, or between the scalp and
an inactive reference site, are recorded on moving paper, producing a
graph of voltage over time. The waves observed are classified
according to frequencies as delta, theta, alpha, and beta. While te?
changes iIn,EEG described belonv are of interest, their biological™ -
significance ieMiliknonn.

Acute (Ghort-Term) Effects iIn Waking EEG

Ingested Marijuana br A-9-thc produces rather slight effects on the
EEG ofNin""anake subject. Relatively high doses. (riQ-og™rS™rac or
its equivalent/day) have failed to produce measurable changes even
though marked-behavioral effects were observed.* The BEOieffect most
frequently reported iIn rebent studies has been anincreased™abundance
of alpha waves associated with a“slight slowing (@bout 0.25 H2) of
the alpha frequency (Rodin et al., 1970; Volavka et al., 1971; Fink,
1976). However, reduced-alpha abundance and Increased fast frequency
activity (eta) have also been reported (Wikler and Lloyd, 1945;
Jones and Stone, 1970). Most studies which report EEG changes have
noted that tolerance develoMfcoitfit™tepfcated drug administration. No
significance with respect to hazard can be inferred fron_the effects
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of cannabis on the waking EEG. For a furthar review of this
literature, see Fried (Q977).

Persistant Effects iIn Waking EEG

The occurrence of persistent,,.Uang-lasting) changes in SBG with use
of aarijuana would cause concerm even If their significance for brain
function was unknom. However, In attempting to investigate the
question of whether such changes occur, there inevitably arise crucial
issues of subject selections [IFf one selects only chronic marijuana
users who are in good health, one may be eliminating systematically
those who have been adversely affected by use of tho drug and who
might have shom EEG changes. On the other hand, If one includes in
such studies marijuana users who suffer from various illnesses or
behavioral disturbances, one might find abnormalities of the EEG that
result from these conditions rather than from the marijuana.,™. _

Long—term use of marijuana; ertier In tha modest doses customn-,
arily used In this country or the heavy doses of hashish and ganga
used by certain studied populations abroad, has not been showmn to
produce changes iIn the EEG. No abnormalities were found in the EEG
of 10 healthy students who had smked, mari juana—-regularly for 1 year
(Rodin et al., 1970). Another study compared clinical EEG records of
4t hashish users and 40 matched controls iIn Greece (Firk, 1976).

Each record was evaluated independently by four qualified neurologist-
electroencephalographers. Noudifferseces. wece™observed in the
incidence of abnormal records iIn the users and controls, a result
consistent with'" ther absence of; _significant differences, between the

™/ groups iIn various tests-of neurological function.

Essentially, the sare- negative results were obtained iIn studies
of ganga users iIn Jamaica (Rubin and Coaitas, 19/5) and marijuana
users iIn Costa Rica (Karacan et al., 1976). In these later studies
subjects were carefully selected to include only those in good health
who were functioning adequately iIn the comunity. As mentioned abowve,
this method of selection runs the risk of eliminating subjects whose
health or behavior were adversely affected by marijuana and who might
have showmn EEG channes. This methodological difficulty cannot be
eliminated in any small sample investigation of marijuana users.

Acute Effects iIn BEvent—-Related Potentials

One can employ aoptiterr averaging to retrieve from the EEG certain
information thst is not detectable by visual inspection. In this
way, the electrical events that follow a stimulus may be studied iIn
subjects who are at rest, asleegp, or carrying out certain tasks.
These coevutez—averaged< potentials provide clues to the sequential
processing of Information by the brain.

Although the literature iIs Inconsistent, it is Clear"tha€&-cannabis ~
can produce effects on event-related potentials () GHoming et
al., 1979). Effects on amplitude are more often reported than effects
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on latency of the event-related waves. Several studies with
inconsistent results have gopeared; these Inconsistencies result from
differences iIn task* dose, or duration of administration. Thus, EPs
in response to sensory stimuli are unaffected or even increased by .
cannabic If the subject is passive, but are decreased In amplitude ifF
the subject is performing a task. One study found th». First;negative
wave, a camponent of the auditory EP, was reduced ate dose of 180-210
mg per day, but not at a-dose of 70-90 rgg per day during acute ( t©
3 days) administration (Heming et al., 1979). Aftci™ 2 weeks at the
higher dosage, this effect was observed only for the more difficult
tasks. This study demonstrates differences in marijuana effects on
EPs according to dose, duration of adninistration, and task
complexity.

Acute Effects in Sleep EEG

Drugs often produce siarked effects on the EEG during sleep, but
producing little or-no change in the"waking BG —.:—Thif—i* the. case
with marijuana and A-9-THC.

In relatively high dcses (70210 my/day) *.,A-9-TBC and marijuana
extract produced -soded: "effect» on -slegp EEG (7ainberg et al., 1975,
1976). On initial adninistration,vthe time-spent in REM slegp™
(stage REM duration) "wa* reduced below baseline levels (placsbo) by
18 percent”™-mdrthe number .of .eye noemats, -fey.,49 paraats,._. Some
tolerance (etum toward baseline levels) was apparent during the
period (12-16 days) of drug adninistration. On withdrawal, REM
duration was iIncreased above Yeseline; KE_49pfooent. and -rapid eye
movements were increased by 67 percent. While these effects are
quite large, their clinical significance is unknomn. They wark< not
accompanied by such unusual behavioral changes as hallucinations or
disorientation; "although thera was evidence of withdranal—
irritability, increased reflexes,-and mild agitation. With much
smaller doses of >9-TBC> either a-small reduction-in-REM:sleep
Pivik et al*, I972? Preenmon, 1974) or no change''has been reported
(Barratt et air/ 1974; Hosko™et al.r, 19737 "Pranikciff et Al"."T 1973).

PersistentiEffects* in Sleep EEG

We are not aware of any investigation of sleep iIn abstinent long-term
marijuana users. Howevert 32 male chronic marijuana users and matched
contrg™r,were.studied iIn Costa Rica; (Karacan et al., 1976). The
users habitually smoked 2.5 to 23.3 cigarettes per day (ean ==O_2)
and hid used-the drug for 10 to 27-yeara*afchey:cortinued their usual
intake during the study-(Costa Rican cigarettes contain about 200 ng

*A stage iIn sleep during which Rapid Eye Movements may be detected
and vivid draining usually occurs.
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of marijuana). The subjects selected for this study had normal
medical, neurologic, ™ ind, " laboratory evaluations.

Sleep was recorded for 8 consecutive nightso Prior to each
night™s recording, the users described their marijuana intake during
the previous 24 hours. This iIntake was not directly monitored or
controllled by the experimenters, because the goal was to observe
sleep pattems under Tnaturalistic” tonditions. The subjects were
forbidden 1O use marijuana during the 2-3 hours prior to sleep
recording. (or further details of this extensive study, see Karacan
et al., 1.96.)

All of the major variables derived from visual sleep stage
classification were examined. The only statistically significant
differences between marijuana users and their matched controls were
in one of the slegp latency measures and 1IN REM percentage of total
sleep and average REM period length. The differences were quite
small and may have been due to the subjects experiencing early
withdranal at the time their sleep was recorded. This is a likely
explanation for these Findings according to studies described
previously (Feinberg et al., 1975, 1976).

The Costa Rican study concluded there was a lack of evidence of.,,
major disturbances of EEG "Sleep™patterms in user subjects studied in
situ (Karacan at al., 197/6)." Thus, long-term marijuana.use has not
been demonstrated to cause marked anff consistent abnormalities of
sleep EEG that cun be diSKmnstrat™tMiiF studies with"small samples.

Electrophysiological Studies in Animals

Sleep Studies

The Findings of several animal studies carried out to Investigate the
effects of marijuana on EEG differ In sane respects to those In human
beings. Species differences are thought to be responsible for sarne
of the variations found from species to species. For example, 5 and
10 mg/kg A-9-THC adminiatered acutely to raks suppressed RBEM,
reduced slov-wave slegp, and increased wakefulness (Voreton and
Davis, 1973). Chronic adninistration caused an initial suppression
of REM, which retumed to baseline after 4 days and remained at
baseline levels for a further 16 days. In contrast to the human
studies, there was no withdrawal increaas In REM above baseline
during a 10-day withdranal period. Similar results were obtained in
a short—term study that employed Intravenous doses of A-9-THC (O.5
ad 1.0 mg/kg) t rabfelin(Fujuimori and Himvich, 1973).

Appreciable qualitative differences in sleep EEG response to
A-9-THC have also been detected iIn primates when compared with
human studies. When 1.2 ogZ/kg A-9-THC is adninistered to squirrel
monkeys in a single oral dose, daily for & days, no significant
effects on RIM slegp duration occurred; iInstead, a decrease iIn EEG
stages 3 and 4 was noted (Adams and Barratt, 19/5).7 .
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EEG Studies iIn Subcortical Structures

Electrode inplantation is rarely possible In man, but is a routine
and essential technique for the study of brain electrophysiology In
animals =Mnimal experiments also permit use of higher doses and more
prolonged administration than is possible with human subjects. For
these reasons, animal experiments can yield important data that
cannot be obtained In human studies. In gerneral, EEG recordings
after short—term administration of marijuana are similar from surface
(cortexX) or from deep brain (subcortex) regions. However, after
chronic administration of high doses of A-9-THC, abnormal recordings
"Tene been observed in subcortical regi® ma of sare animals, readings
not seen in the cortex. Although these findings have not been
replicated, they are of particular concem; because they raise the
possibility that chronic exposure to high doses of marijuana produces
long-lasting effects on brain physiology.-

After intravenous adninistration of a range of A-9-THC doses
(fran 0.05 o 12.8 my/kg) 1o rhesus nonkeys, a general increase iIn
EEG synchrony was observed; and at higher dose ranges, there were
specific EEG changes iIn the limbic system, frontal cortex, thalamus
and fastigial nuclei (Martinez et al_, 1972). In this study, the
increase iIn high-voltage activity shoned a good dose-response
relationship. In a second study, oral dosing of three rhesus monkeys
with a crude marijuana extract containing 25 percent A-9—THC
produced dose-related EEG changes, including slow waves in the
hippocampus, amnygdala, and septunm (Stadnicki et al., 1974).
Tolerance to the behavioral and EEG changes occurred with daily
treatment, which was stopped after 517days. Behavioral withdranal
effects were noted, but EEG changes during withdrawal were minimal
and there was no evidence of EEG changes persisting beyond the period
of A-9-THC ingestion.

Two studies that monitored EEG recording from deep brain sites
after chronic administration of high doses of marijuana found Changes
in EEGs from deep.brain sites that were not observed iIn surface areas
after drug withdranmal (ehr et al., 1976; Heath, 1976; Heath et al.,
1979). Studies of twbtits with electrodes implanted iIn the anterior
neocortex, dorsal hippocampus, and mesencephalic reticular formation
1 year after exposure to 20 mg/kg for 6 months (Fehr et al., 1976)
yielded hippocampal recordings with "‘epileptiform’” abnormalities, in
contrast CC oncrControl and two alcohol-treatsd animals.

The second study was carried out on thirtssn feral-raised rhesus
mondciys (Heath 1976; Heath et al., 1979). Ten monkeys had electrodes
implantted iIn deep sites and iIn brain cortex. Four monkeys were made
1o smoke marijuana three times a day, 5 days per week for 6 months;
two other monkeys with implants were given 0.6 mg/kg A-9-THC each
day, 5 days per week for 6 months; still other monkeys were used as
controls or received smaller doses of marijuana. In three high-dose
monkeys, to smoking and one ingesting A-9-THC, changes iIn EEG
could be detected iIn recordings from deep brain sites; the changes
continued 7 months after cessation of marijuana axpoaure. No EEG
abnormalities ware present in recordings from the brain surface.
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On* of the major criticisns of both these studies is their use of
small numbers of animals. Furthermore/ there have been no attempts
at replication by othfJt@a™itia*-" Nevertheless/ because these
Findings provide some of the only evidence for a possible
irreversible effect of-chronic high doses of marijuana/ they are
mentioned here with a strong urging for additional studiis iIn an,
effort to replicate these findings.

EPILEPSY

Because of the effects of marijuana on brain electrical activity,
questions have been raised about Its association with epilepsy. Two
questions are raised in the literature. First, does marijuana
produce seizures? Second, does marijuana or a derivative prevent
seizures? The First question will be discussed here. The second is
reviened iIn Chapter 7, which iIs concermed with the potential
therapeutic use3 of cannabis.

There are anecdotal reports..in the literature that suggest
selzures ngy-,tle induced by marijuana iIn acne persons with a known
selzure disorder. A rigorous study, using adequate nurbers of
patients with docurented seizure pattems, has not been done.
Reports of experimental animal studies are conflicting and varied
(Feerey et al., 1973, 197/9; Lemberger, 1980). There are samne
circunstances iIn which cannabis adninistration does not alter certain
types of seizures such as the photosensitive, .seizures in thife_baboon
(Meldrunm et al., 1974), and others iIn which it seens that seizures
are induced. A single rabtortithat responded to A-9-THC adminis—
tration with seizures was bred to establish a colony of rabbits with
similar response (Consroe and Fish, 1981). It will be of consider—
able interest to determine mechanisms of seizure iInduction ard
pharmacologic response pattems in this unusual animal model.
Honenver, as described further in Chapter 7, the bulk of the animal
literature and saore data from human studies”suggest™that the more
prominent effect of marijUaWderivi thves, espacialljr carirebiriol”™ aid
cannabidiol, is 1o decrecse”™ fitfieFMTtUITINO" =" sWwresuscepti-
bility (s=e KArler "ad TutkihiirVv 19817''for review).

NEUROCHEMISTRY

Our knowledge of the effects of marijuana on brain chemistry has come
largely from studies in animals. Cannabis and sore of iIts
derivatives have been showmn to cause chemical effects in the brain,
as demonstrated by effects on neurotransmitters and on nucleic

acids. The evidence is reviened below.

Neurotransmitters

The brain is composed of many information—-processing networks of
nenve cells. Within each of these networks the transfer of Informa-
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tion from one nerve cell to another is dependent upon chemicals
called neurotransmitters. These substances are produced by nerve
cells*, released when the cells are stimulated and act to alter the
excitability of neighboring nenve cells. Neurotransmitters play an
essential-role iIn the transmission and processing of Information* and
it is not"surprising that many drugs that alter behavior do so by
their actions"thrtheurottansnitters. "The understanding of the effects
of marijuana on the brain must iIinclude knowvledge of Its effects on
neurotransmitter systens.

Several different classes of chemicals act as neurotransmitters.
The First chemical to be demonstrated t© have this function was
acetylcholine* ard is now established that acetylcholine is the
neurotransraitter for several nerve cell networks In the brain. A
nurber of studies In animals have examined the effect of marijuana on
brain acetylcholine (see Domino* 1981* for a brief review of the
extensive literature). The most clear—cut effects have been on -
acetylcholine tumover* a measure of the level of-activity of neurons
producing the chemical. Small doses-of A-9-THC cause a reduction
in acetylcholine twrmover iIn the hippocampus (@onino et al.* 1978;
Revuelta at al.*, 1978; Domino* 1981) and this results fron reduced
activity of the acetylcholine neurons. It is noteworthy that the
effect is produced by small doses and only by cannabinoids.
Administration of physostignine™ a drug that enhances acetylcholine
action by partially blocking its breakdomn, to five healthy human
wvolunteers @ hours after ingestion of 20 to 40 rgg of A-9-THO)
produced enhancement of the lethargy and somnolence occurring late in
the course of the A-9-THC intoxication (Freemon et al._* 197£). The
results of this study* and others In man and animals (El-Yousef et
al.* 1973; Low et al.* 1973; Drew and Miller* 1974; Freemon e al.*
1975)* have led to the conclusion that A-9-THC acts to inhibit
acetylcholine nernve cell networks. The exact nature of this action
is not knom* but It may be related to the memory deficits produced
@Comino* 1981).

There have been studies of cannabinoids on several other
neurotransmitters in brain* including catecholamines* seroctonin* and
gar. a aminobutyric acid (Barerjee et al., 197/5; Braes et al.* 197/5).
Although some effects have been reported, they-jerther are produced by
a very high doee or are *TxfriNjWntary thitTheir-iaplications are-
unclear.y"The effects™f cannabinoids on neurotransmitters that have
been studJIM™Mtb date# "‘other "“than "'acetylcdholine* are not striking-" In
particularr there is no evidence fa* any significant™ long-term toxic
effect™tarcanneblhoids on any of the nerve cell networks that produce
identiftj " IMurbtransmitters.

Proteins* Enzymes™ Nucleic Acids

A very few studies have examined the effects of marijuana on
neurochemical variabless other than neurotransmitters (Luthra ad
Rosenkrantz, 1974; Luthra et al .* 19/5* 1976). After chronic
administration to rits "iither of A-9-THC or marijuana smwoke (for
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periods fron 28 to 180 days), these investigators examined brain
lipid, protein, and ribonucleic acid (R\W) content. With very high
doses of A-9-TBC (uftto .80 mg/kg/day), seme decrease In brain
protein and SNA was noted} no decrease was noted in lipid®content.
Honever, with smaller doses, or admninistration of marijuana smwoke, no
consistent or marked changes were noted. The significance of these
effects is unknomn. Whether additional effects might be observed
with more sophisticated and sensitive methods directed to more
restricted analytical problems cannot be ansnered at presernt.

SUVWARY

There is no persuasive evidence that marijuana causes morphological
changes In the brain. Computer tomography studies on users of
marijuana reveal no gross changes iIn brain structure. Electron
micrographic studies of monkey brains indicating morphologic changes
are methodologically flawned and cannot be used as evidence for an
effect of marijuana on brain cell morphology-. Clear effects on brain
electrical activity In human beings and In animals have been found
after drug eqosure. These effects have not been demonstrated™to
persist, in.human beings after the drug has been discontinued.
Studies of EEG from deep brain structures in chronically treated
animals have showmn changes after the withdrawl of the drug. These
Iimited findings need to be confimed by further studies. Studies iIn
human beings and animals indicate that, despite the neurophysiologic
effects demonstrated iIn EEG studies, marijuana does notappear to
increase epileptic seizure susceptibility. Current evidence has
shown marijuana causes some chemical changes iIn brain™. Cannabinoids
affect several neurotransmitter systems, especially tha cholinergic
system. At high doses marijuana also has been shomn to affect
nucleoprotein synthesis. The significance of these findings for
brain function as demonstrated by human behavior or their clinical
relevance is unknown?

RECOMVENDATIONS FOR RESEARCH

In view of the widespread use of cannabis, It would be worthwhile to
carry out further and more systematic studies of the effects of
cannabis on brain structure, chemistry, and electrophysiology. Such
studies should be closely correlated with behavior, e.g., leaming,
psychoootor coordination (see Chapter 6). One useful approach might
be to investigate the effects of mediun and high doses of cannabis
(defined iIn terms of the pattems of human consunption) on juvenile
and adult monkeys during and after long-term exposure. Juvenile
monkeys should be included because the Imature nervous system may be
more sensitive to harmful drug effects; this issue is of great
clinical concem, because marijuana use by human beings now begins
quite early in life (see Chapter 2). Observations- also should be
made during long—-term abstinence after previous long—term exposure to
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determine whether any persistent abnormalities have been produced. A
systematic approach to these questions using modem methods of
measurement and analysis could extend our present knowledge
substantially.
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EFFECTS OF MARIJUANA ON
OTHER BIOLOGICAL SYSTEMS

This chapter covers what little iIs known about the effects of
cannabis on male and female reproduction and endocrine systems, birth
defects and teratogenic effects, genetics, the Imure system, ad

body temperature.

MAI 3 REPRODUCTIVE FUNCTION

A variety of studies iIndicate that marijuana* and saneof iIts -
derivatives have reversible, suppressive effects upor“testicular
function.inanimalsand men _"""These have been measured In terms of
diminished weights of the prostate gland, seminal vesicles, or
testes, and In decreased levels of testosterone (the male hormone) iIn
blood plasma or suppression of spermatogenesis followving chronic.or

__acute administration of cannabis or A-9-THC. Appropriaterobserva-

— tionSvihys  i1jrficaedN|had™that e FFscMofFJCamab™ fkoeidson-ths- male

— repr™uctTvs™"traMif"Wsstfcuil irr™fuhetion™re completely

- reversed 1 month *

There is no general agreement as to the cause or magnitude of
these effects. The major reasons for this lack of agreement relate
1o major differences iIn study design, iIncluding species studied @an,
monkey yar. rodant), route of drug adninistration, and purity of the

drug,

Human Studies

In 1974, a group of 20 men were studied who had used marijuana at
least 4 days a week for a minimum of 6 months without the use of
other drugs (Kolodny et al.", 1974). Plasma testosterone levels iIn
subjects smoking five to nine marijuana cigarettes per week were
—significantly lover than controls (hovev3rr Gitty~Z“Fairievels out of
—the normal” Fang™-A"?T"BeKv 20U "wyzdll'7 *11 but 1 of the men
smoking more than 10 marijuana cigarettes per week had testosterone
levels belov 400 ng/Zdl. These results suggest that there was a
dose—dependent effect of marijuana on testosterone levels. Plasma
levels of lutenizing hormone (H) ad follicle-stimulating hormone
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(FSH), gonadotropins that control the growth of the ovaries or testes
and their hormonal activities, were in the normal range; however, in
men smoking more than 10 marijuana cigarettes per week, the FSH level
was significantly lower than for those who smoked 5 to 10 marijuana
cigarettes per week. Because only random samples of blood were
obtained for gonadotropic measurements, small but significant changes
could have been missed. Levels of prolactin, the female hormone
involved in lactation and also present in small quantities 1in men,
were all in the low normal range. In addition, the men who smoked
more than 10 marijuana cigarettes per week had significantly lower
sperm counts them those who smoked the lesser quantity (26 versus 68
million/ml). These individuals obtained marijuana from a variety of
sources, and there was no way to- determine whether they were taking
other drugs that could lower plasma testosterone.

Later in 1974, another study reported that plasma testosterone
levels were not suppressed in 27 men studied in a research ward
(Mendelson et al., 1974) These individuals smoked marljuana"
cigarettes supplied by the federal "government .“”"For unexplained
reasons, tha mean testosterone levels in-these individuals were~"
greater than 1,000 ng/dl (higher than the normal s»anKbefiflfywtd*“*
during tha aaoking periods. This is in marked contrast to the mean
value of 742 ng/dl for nonsmokers 1in the study of Kolodny et al.
mentioned above. There was no report of gonadotropic values or semen
analysis in the Mendelson Study.

A study of slfirpatlent*”"ona- metabolic wafd"VBO”3HWked NIpA
cigarettei *(Hembree etral”r~"1S79K«*howed that" 9-*t o -6-week"s of
high-dose -{27percent) lma*A}uana~adsiinistrafclo»rH8«2frrcigHrecces/day)
was associated"with e"deeiino-in sperm "cdunt during-therftftfratld
sixth weeks aftet initiateion-0ff*"dru$":4fcpOsurev- This was preceded by
a decrease in .sperm motility and an 1increase 1in abnormal forms of
sperm. Once a week during the study five blood samples were obtained
at 15-minute intervals for measurement of testosterone, L5, and FSH.
No change 1in these hormone levels was notf&r~hroughwiirTEKe~tuay"
(although no values were reported). The relationship in time of
these samples to the last previous cigarette was not mentioned,
therefore the teat would not have excluded a transient decline 1in
hormonal levels after each cigarette. However, because hormonal
suppression of spermatogenesis takes longer than 4 weeks and usually
is not associated with an increase in tha number of abnormal forms
and a decrease in motility, the authors concluded that the effect
upon the seminiferous tubular epithelium waa direct rather than by
suppression of gonadotropins. This is the only reported study 1in man
that measured the hour-to-hour fluctuations in gonadotropic levels.

Another,. sta”YECo~iflte eVal/zZz~"1Tgrevaluat"tfatrfrerltft-vyrtlitf-~
of 84. fflterijuana 8B»ker#AwHo ““had used the agent"Hrtfy or -morg"tfmes
per weekvfQo»»*alniaKiK-cf""1?" years o- Testosterone-levels"*we Te””
measured in 38" userBTKIN3Fff rionuier8* - Tflf"nean levelr~and”ahgei-
wers virtually IldenticalT This heterogeneous group of men patients
studied in Costa Rica was not recruited for the purpose of studying
the pituitary-gonadal axis. No gonadotropic levels or semen samples

were studied.
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Endocrine function studies are briefly mentioned in a paper by

Cohen (1976). Subjects were recruited on the basis of heavy marijuana
use and were studied in a metabolic ward. They smoked an average of
five marijuana cigarettes per day* which was believed to be the
equivalent of 103 mg of A-9-THC. During*acute.administration* mean"®

levels of plasma testosterone declined from 754 to*. 533”ng/dX-over a
3-hour period~r® After 9 weeks of smoking* plasms testosterone levels
had declined from 740 to 509 ng. Plasma LH levels were reported to
have fallen after the fourth week; however* no absolute values were
given. In addition* no standard errors are given for any of the
means presented 1in this paper. _Zhareforer<-ifc"Impossible to
evaluate the-significance of>the-reported findings.

In Greece* a population of 47 chronic hashish users was studied.
Electron microscope studies of the acrosome* the head of the spernm,
showed abnormality in some patients (lIssidorides* 1979). It-is
difficult to evaluate the study because-no.”quantitative- data were

presented.

Animal Studies

All of tha studies-mentioned below-are.. substantially* different ffriift
thoee of human beings becausar«*rith--onei.eicceBtion”-tha active -agent
(usually A-9-TnC)*v @as»adadkftistered--?intraperitoneally <at a dose of9
2.5 to 25 ag/kg*- Based-on calculatioes igivan-by Cohen-(1976) r 3-tofr
mg/kg/day would berc«/nsidesed.£xlarge»dose in human beings.*- Also*
husan beingsraelf-edainiater*-theidrtrg,rover many hours rather~flg&ah"as
a singlo~dose.

In castrated rhesus monkeys* plasma LH and FSH fell acutely
following acute administration of A-9-THC (Smith et al.* 1980).
During this suppression period* both gonadotropins could be
stimulated by lutenizing hormone-releasing factor (LHRF)* which
causes the release of LH. The.)eff.ecfcfcof -4«-9-JIHC-way to suppress
prolactin release* which* 1in turn* could, be stimulated by
thyrotropinfreleeeing -hormone® (W)*-; Studies in other species have
tended to" Confirm these observations in monkeys.

The results aYeftCenpatlbln-w&té&jthetthypothesis-that the effect of
marijuana-r-eaA-lta.dertvsfcls- nwlstowagonadotropic secretion (Farclerode

et al.*"*j~r7JE»"-1»atrtcular*cytochrome P-450 fan enzyme) decreased in

the ratt"~ftHowing 2 to 9 weeks of treatment. The concentrations of
this ensy- jn*pluai-a*varietY of other testicular9markers* were restored
with fBawenfTay ttteTepy The effect of various cannabinoids has been

studied on sperm morphology in the mouse (Zimmerman et al.* 1979).

¢Rosenkrantz (1981) considers 0.6-3.0 mg/kg by inhalation and 1.8-9,.0

mg/kg orally to be large doses 1in human beings. For the monkey*
1.8-9<0 mg/kg inhaW E T r e d
a high doae. (The«T."boilcefrtrrat®toni*“are equivalent to six

cigarettes/day.)
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Mica war® given five daily,intraperitoneal 1injections of A-9-THC,
cannabidiol# or cannabinol.at, doses approaching or exceeding the
LD50 (the.,dose, necasmary; Jtcrkill 50 percent of the animals).
Thirty-five daye-after®"-the last treatment#- animals were killed and
sperm were evaluated by scanning electron microscopy. Control
animals had..1.5 perce”i~-abnormal forme.- — AnimalflT-tftat "received LD50
doses of the varioufl~derivatives* had<-2/¢~fcBP"SV0 percent abnormal
forms.

Only a few studies have examined the effects of cannabis on
spermatogenesis (Huang et al.» 3.979). Marijuana -vaa*administered to
rata iIn a smoke machine. After 30 day*"offexposure# marijuana®smoke
lowered tha sperm counterin® ani*el*; significantly, as did
cannabinoid-free smoke. 73* days*"~teweverr;only* the marijuana
smoke group maintained a"low-aparm count. In tie “rijuana-treated
group# there was an increased number of abnormal form:*# particularly
with an increase in dissociation of sperm heads and tails. In the
discussion of this paper# the authors reported elevated aerum FSH
levels following marijuana exposure, but did not present data. They*
concluded that marijuana has s direct affect on the testis. A
variety of in vitro studies support this suggssticn (Jakubovic et
al.# 1977, 1979).

Marijuans and its derivatives also have been shown to be
antiandrogenic -(antagonistic to male hormones) (Purohit et al. #

1980) . Several constituents# including A-9-THC# can bind to the"
receptor for androgen. Ma*ljunn»-*1so"bas Jtoaeit»demo«etrate<5-tcfbe
estrogenic (like female-sex i) "In vivo# and recent studies
suggest that*these “effects may be mediated via the estrogen

receptor. These observations have- been*diep«*ed*6yrdtfcers previewed
by Purohit et al_.# 1980). The ability to inhibit or mimic the action
of sex steroids provides one mechanism by which these agents can
produce their effects. There obviously are many others.

FEMALE REPRODUCTIVE FUNCTION

The effect of cannabis on female reproduction has been studied 1in
rats# mica# rabbits# andmonkey!"" Thm-.worJe-iir rhaauasmonkeys, is of
particular 1importance# because of the~IBlmliarity 1in" the menstrual

cycle among primate species# 1including human beings.

Human Studies

There is only-OfrtaPitftay~®caportadTow *h*y*ffeets of marijuana on
reproductive function 1in women. The work haa appeared 1in print as a
report of the proceedings of a 1978 symposium held in Mexico City
(Bauman et al.# 1979) and as part of the congressional record
subsequent to testimony before a Senate committee hearing (Bauman#
1980) These -publications* do not" provide" details "onlmethodology- or
on individuarl®"horwne9Valtidif7w WEf»renewe*"15<flrweefi<th* control™* and
experimental groupsy”eCbghl”~ed"try-the investigators# could -b# of"--
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importance; alcohol.use, for sample? vas more frequent in the
marijuana-using group. The study attempted to establish the endocrine
(hormonal) profile and menstrual patterns of women who used marijuana
on a chronic and frequent basis. Twenty-six woman who-used it-3at"
least utre«"feiaealjfcweek for 6°"months were®coopered with,J? yooen who
hadnevei”isea the substance. The number of €Tycles studled for each
varlabla“invastigated®ia-not-cleaf"from ths-publications. This*®
difficulty notwithstanding,” the report revesls no difference in"plssms
levels of LH and»?S& between the.,two groups, end no change 1in peaks"
and basal values of the foible,JjVrmones estradiol®or progesterone,

the critical"hormone levels controlling the®"process of ovulation. It
would be expected that no.major difference was found 1in the 1incidence
of anovulatory cycles between the two groups. By combining anovula-—
tion and shortened 1uteal-phase,. however,,.tha authors report a
statistically significant difference in the marijuana-using group,
which could be clinically important 1in causing subfertility. This
evidence 1s, at beat, only suggestive. The observation that

testosterone levels 1in marijuana-using women are elevated 1is
difficult to interpret in terms of clinical significance; apparently,
the subject* did not-report-"eplsodes of aone> abnormal hairiness, or
other teetosterone-dependentu"Side-effects. "According to the authors,
serum prolactin levels are lower in marijuana users than in controls.
The implications of thi3 observation for fertility, lactation, or the
development of breast cancer are not clear.

Thoabsenco-of- other-sfetidies.cn userarof. marijuana makes It
difficult to draw conclusions on the implications of the data cited

above. Several of the effects noted are different from the more
extensive and experimentally controlled observations 1in rhesus
monkeys and other laboratory animals. This situation calls attention

to the urgent need for more comprehensive endocrine and gynecologic

investigations of women who use marijuana.

Studies

Administration of crude marijuana extract to rats or mies"resulted
generally 1in suppression of ovarian function and 1in various aspects
of estrogen activity, such as uterine metabolism, weight, glycogen
content, and levels of RNA and sialic acid (Chakravarty et al., 1975;
Dixit et *1., 1975).

The administration of crude marijuana extract for 30 days to rats
and mice abolished the eatrua cycle and caused a significant reduction
in the size ofovaries and in some primordial ova (Dixit et al.,

1975). Intraperitoneal.; administration of A-g-niC to rats,
appropriately timed, has-also beea~xtpor ,4-to- block ovulation (Nir
et al., 1973). This effect of A-9-thc was exerted by suppressing
the characteristic preovulatory surge of plasma LH. Other

investigators have reported suppression also of plasma PSH and
prolactin when A-9-THC is given just before ovulation (Ayalon et
al., 1977). The substance was found to depress plasma concentration
of LH in ovariectooized rats (Marks, 1973) Tyrey, 1978, 1980) and
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rhesus monkeys (Besch et al.# 1977). Asch et al. (1979) also showed
in the rabbit/ a reflex ovulator# that a precoltal single*dose” of
A-9-THC blocks the postcoital LH surge and ovulation.

Administration of LHRF was able to bring about the release of LH
in A-9-THC treated rats and rhesus monkeys (Smith et al./ 1979)
These results indicate a direct”effect off.cannabinoids- at the level
of the hypothalaatts#.p«rt“0o”Braln Important"irTreproductlve®-hormone
regulation. The ovulation-blocking effect of the cannabinoids was
further investigated by Cordova et al. (1980). Natural and
chemically modified cannabinoids blocked ovulation in rats.

Administration of A-9-THC to rhesus monkeys during the follicu—
lar phase resulted in prole jed periods of amennorhea (absence or
abnormal stoppage of the menstrual flow)# absence of midcycle LH
surge# and progesterone levels characteristic of anovulation (Asch et
al.# 1981).

BIRTH DEFECTS «AND--Tt*ATPC*IFICTTT

Because "~-9-THC crosses the placenta it is a potential teratogen#

an agent that causes defects 1in the developing embryo. This effect
could cccus in either of two ways: (1) exposure to cannabis prior to
conception could harm the sex cells (the ova and sperm) # or (2) the
fetus could be harmed directly during organogenesis. In addition#

a-9-thc can be secreted in breast milk and# therefore# can be toxic

postnatally.

Huwt+Studies

The evidence for teratogenicity 1in human beings 1is very difficult to
interpret, although there 1is widespread,, use of marijuana in young
women of reproductive age, thereJL”no eyidence yet of any teratogenic *
effects of high frequency or consistent®aisoclation with the drug.
There are isolated reports of congenital anomalies in the offspring
of marijuana users# "btrt wire |Is rto"evidence- that, they"-occurred-more
often in“users”™ th3m”~In ncnuie7slan3f In"those cases there*was -U >
coincident use "~"theit 2rugiftfubtlegevelopment effeotsrin
offspring, auctijja® nervous system abiwraalitier”3a@and?reduction* 1in
birth weight and h"efgTvf*may*liftdeedexist (Finnegan# 1980; Fried#
1980";"Hingaon"et "AKVi~prefi) .*"Additional carefully designed#
prospective studies should provide valuable information 1in this area.

Animal Studies
Crude marijuana extract-and "A-~-TSC are-taratogenic at .csrtain

doses in anixala.* e

Bibliography available upon request from the Institute of Medicine#

National Academy of Sciences.



100

One study reported that subcutaneous Injection of pregnant
haunters end- rabbits with various doses of crude marijuana extract
caused malformations of the brain, spinal cord, forelirab, and liver,
as well as edema of the head and spinal region in developing embryos

(Gerber and Schramm, 1969). In hamsters, significant ewbryocidal and
growth retardation effects also were noted. It was concluded that
doses greater than 200 mg/kg in hamsters and 250 mgA9 in rabbits
were teratogenic. Caution in interpreting these findings must be

xercised because the teratogenic effects may be caused by any
combination of constituents of the cannabis extract.

In a study of mice, the teratological effects of A-9-thc were
evaluated for doses ranging from 3.0 to 400 mg/kg by various routes
of administration- intravenous, subcutaneous, and intragastric
(Joneja, 1976). Significant fetal growth retardation was 1induced at
higher dose levels and by some routes of administration. For
example, a high dose of 400 mg/kg was significantly teratogenic by
the intragastric route; 12.1 percent of the live fetuses were
malformed.

In a study of female-aoeksys given an oral dose of 2.4 mg/kg
A-9-THC for 1 to 4 years, a nonspecific pattern of reproductive
difficulties was observed characteristic of "high-risk” pregnancies,
including a high rate of offspring loss during pregnancy or in the
early postnatal period (Sassenrath et al., 1979).

GENETIC EFFECTS

The potential genetic effects of marijuana are of major concern
because of 1its prevalent use by young people in their reproductive
years (see Chapter 2). Although there is a growing amount of
evidence that drugs can induce mutations, and an improving ability to
use toxicological methods to evaluate agents for their mutagenic
potential (such as the Ames test, which detects changes or damages 1in
the genetic material), the available information "0On the genetic
hazards or even on tha potantial genetic hazards of -tha use -of

marijuana ia extremely limited.

Mutagtnicity

Elsewhere in this report (Chapter 3) the scientific evidence that
marijuana Broke and tar are mutagenic has been discussed. Lung
explants of mice and human fibroblast cultures exposed to fresh smoke
showed abnormalities of cell division, as well as changes 1in
chromosome structure and in DNA synthesis (Leuchtenberger and
Leuchtenberger, 1971; Leuchtenberger, et al., 1973a,b). Moreover,
extracts and smoke condensates of marijuana are mutagenic when
evaluated by the Amea test (Busch et al., 1979; Seid and Wei, 1979;
Wehner et al., 1980). Animal studies on rodents painted with
marijuana tar, three times weekly for 1 year, resulted in skin
papillomas, carcinomas, and fibrosarcomas (Hoffmann et al., 1975).
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However, extenalvm testing with A-9-THC using three established
teste for mutageneai* -failed to detect any mutagenic effect, or any
effect as an inhibito”Of-rDNA repair (Legator et al., 1976; Glatt et

al., 1979; Zimmerman et al., 1978).

Cytogenetic Effects

The numbers and kinds of chromosomes (structures in a cell nucleus
that contain and transmit genetic information carried in DNA) are
highly characteristic for a given species. Structural variation and
changes 1in numbers of chromosomes may be evidence for genetic damage
produced by drugs and other chemical,agents. ,Unfortunately, the
literature on the effects of marijuana on chronwsanesrfis ~flimited®a"Ad
conflicting. Studies suggesting that marijuana probably does-not*- ---

break chromoacees,are fairly conclusive. "There.ls.less evidence that
marijuana may produce .aneuploidy, (abnormal numbers of chromosomes) 1in

some daughter cells during cell division.
Does marijuana cause chromosome breaks? The weight of the

evidence from in vitro cultures of human cells and froe In vivo-
animal and human studies is “that”neither maHjuana"nor-A-9-TBC

causes chromosome breaks.

In Vitro and Animal Studies

Cultures of human leukocytes, exposed to different concentrations of
A-9-THC, showed no-increase 1in.the incidence of chromosome breaks

or gaps when coepared to controls (Stenchever and Allen, 1972).
Studies of golden hamsters given subcutaneous injections for 10 days
of marijuana extract distillate containing 17.1 percent A-9-THC
(Nicholson et al., 1973), and of beagle dogs trained tonsnoke high
doses of marijuana (3 g/day/week for 30 months), ahoved"tio"Significant
differences in chromosome; gaps,-~"break*,;wb#D-compared with control
groups (Genest et al. , 1976).

Human Studies

Cytogenetic analysis of chromosomes from peripheral blood leukocytes
and cultures of auhjemt*uexposed to marijuana smoking, marijuana
extract, or aynthe~lc . ™ ft-TBC.revealed no increase in chromosome
breakage attributaHlarto”"these compounds (Nichols et al., 1974;
Matauyaaa, 197S; Mogiafiime-et® al., 1979). Doses ranged from 20 mg
A-9-THC per day to 12-16 marijuana cigarettes per day. Studies

that have reported chromosome®*breaks nr gapi in cell

users of marijuan*~bay«L.1*i9<!1&Jpeh*>acriad out-onuraltii®/iadrug
users, and the breaks and gjsps may be due "to”other®*factrrm associatede“
with a life of heayx drug”Vs*"IGilsour et al_ri971i;”brHawand Obe,
1974). However, in a retrospective study on college,students,

chromosome breaks were found.in blood cultilrs* of 49 light (one or



102

less exposure per week) and heavy (more than two exposures per week)
users of marijuana (Stenchever et al.# 1974). One problem in this
study 1i1a the poor dose characterization. Furthermore# the 1incriace
in the numbers of breaks in both light and heavy users of marijuana
was not dose-related; the same frequency of breaks was observed in
both groups. Although the evidence 1is. inconclusive#"it suggests that
marijuana does not*ceurte®"chromosome breaks.

Does marijuana intjrfere with cell division and chromosome
segregation, thereby resulting in abnormal numbers of chromosomes?
There 1is conflicting evidence in the literature.- On the one hand# no
significant effects of marijuana smoke or A-9-THC on chromosome
complement have been reported using the raicronuclei test in mice or
in cytogenetic studies in dogs (Genest et al.# 1976; Legator et al.,
1976) . On the other hand, more extensive studies have demonstrated
aneuploidy resulting from in vitro exposure of cells to marijuana as
well as in vivo studies of animals and human beings.

In Vitro and Animal Studies

Exposure of mouse lung and adult human lung tissue culture to
marijuana smoke in vitro resulted in abnormal cell proliferation and
abnormalities in DNA content (Leuchtenberger and Leuchtenberger,
1971; Leuchtenberger, et al., 1973b). Addition of A-9-THC and
olivetol, a compound with a ring structure similar to cannabinoids,
to normal human leukocyte cultures induced hypodiploidy (defined as
metaphase nuclei with a chromosome complement of less than 30
chromosomes- a .normal human cell contains 46 chromosomes) (Morishiraa

et al., 1976). Hybrid mice treated for 5 constacutive days with
A-9-THC, cannabinol, and cannabidiol at a dose of 10 mg/kg had a
three- to fivefold increase of micronuclei over controls. The number
of micronuclei 1increased with increasing A-9-THC dosage. Examina—

tion of bone marrow mitosis in these same mice showed a five- to
sevenfold increase in chromosome number aberrations during metaphase
(Zimmerman and Raj, 2.980).

Human Studies

Studies of lymphocytes cultured from human marijuana smokers defined
either as "moderate™ wusers (at least one marijuana cigarette per
week# range 1-10 for a minimum of two years) or "heavy’” users (more
than three times per week) all of whom consumed between 12.9 and 15.3
marijuana cigarettes per day during the experiment, -turmtfrUpt>*
significantly larger number of cells with-lass than 30"chromosomes
than would be found in normal control cultures (Morlshima et al.,
1979). These positive-findings suggest that marijuana may affect
chromosome segregation during cell division, and-xasult®In oella with
fewer than the normel mn#bef ®»dfrfcBfe®bror»«*r<=*>fhat"the»0 "fiT>dtng8
mean in terms of risk for ateermelittfsAW*"dffspring or- possible
disease 1is not-known?>* Findings 1iri "lyephoeyts culturee-mey* not be
relevant to what 1is happening 1in the germ cells (sex cells).

*
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THE IMMUNE SYSTEM

The immune system functions 1in protecting the body against viruses,
bacteria, and other infections. It also plays a major role 1in
preventing the growth and dissemination of.canearousLpells.

There have been reports that cannabis ia immunogenic, capable of
activating components in the immune systenm. These components include
such cells as lymphocytes, some of which produce antibodies 1in
response to invasion by a foreign agent, and macrophages, which can
be stimulated by inflammation to ingest invaders.

Human Studies

There have been reports that cannabis interferes with components in
the iImmune system in man. Antibodies will develop 1iIn response to
marijuana in some people, along with an allergic response, while
others develop antibodies without apparent allergic reaction (Liskow
et al., 1971; Shapiro et al., 1974, 1976; Lewis and Slavin, 1975).
However, the studies reporting these effects were not designed to
determine which components of tha marijuana are immunogenic and which
are allergenic.

Studies of various aspects of the immune system in persona who
were chronic users of marijuana have 1indicated mild decreases in
activity of one or another component of the system” however,.other

investigators have noted no .changa; tside 0of .thesnormal”~anga -"
(Gupta et al., 1974; Petersen et al., 1975, 1976; White et al., 1975;
Lau et al., 1976; Rachelefsky et al., 1976; Silverstein and Lessin,
1976; Cushman and Khurana, 1977; McDonough et al., 1980). These

apparent inconsistencies may stem from the variability in the amount
of marijuana consumed among users 1in different studies and the
differences in the immune system®"assays. Hashish,Biscdifttiact. from,
marijuana, was shewn to have a .slight temp9racy.mtimulatory.;effect on
the immune system (Kaklamani et al., 1978; Kalofoutis et al., 1978)".

Animal Studies

A number of studies have shown that A-9-TEC and other cannabinoids

Induce immunologiciiirkdmfacts;.in Petersen and Lemberger,"
1976; Lefkowit* ;masW*ilClarer>"*1i97t, Lefkowitz et al., 1978; Preuss and
Lefkowitz, 1978). The doses varied from 5 to 25 ag/kg (intra-

peritoneally) to 100 mgj<hg*"O0rally>r- At the higher doses there was a
diminution of immune response, as measured by standard immunological
assays. Delta-9-THC had the same effects on cells grown in vitro.
Other cannabinoids also have been tested for their effects.
Cannabinol, A-8-THC, and I-methyl-A-8-THC had the same
immunosuppressive effects as A-9-TEC, but~gagn”bidiol had no
immunosuppressive effect. Immunizing ewith A-9-THC

resulted in the production of antibodies (Chiarotti et al., 1980).
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BODY TEMPERATURE

Regulation of body temperature 1is a complex process that can be
influenced by drugs. In several species of animals? A-9-THC
produces a lowering of body temperature *"{hypothermia). The effect 1is
seen when iffiMliirare housed at normal room temperatures? and it is
greater with colder ambient temperatures (Pertwee and Travendale?
1979). Marijuana apparently causes a decrease in heat production for
reasons that are unclear.

In experiments with human subjects? marijuana has produced little
or no change 1ih body temperature when given in a cool environment

(Beaconsfield et al.? 1972; Hanna et al.? 1976). In a hot environment
(40=C) marijuana caused 1inhibition of sweating and a consistent rise
in body temperature (Jones et al.? 1980). Thus? there 1is evidence

that marijuana does interfere with temperature regulation? although
there is no currently known clinical significance to. this finding.

Cannabis appears, to interfere with temperature regulation? but
the clinical significance 1s unknown.

SUMMARY
Male Reproductive Function

In animals? marijuana and its derivatives can acutely lower
gonadotropic secretion when administeced”™intupeirittavMally* There 1is
also some evidence in animals to suggest that these agents can
directly affect the seminiferous tubule. In"menr sperm number and
motility are decreasedr.during chronic marijuana-use.-Froa the
available studies? it appears this was due to.a direct effect of the
cannabinoids either on the seminiferous.tubular epithelium or the
epididymal sperm. Due to conflicting and incomplete evidence? it 1is
not possible to conclude"at *he"present time whether marijuana
smoking has a significant effect upon-gonadotropic-and testosterone
concentrations in humans.- Whether..the decrease in sperm number or
nratility has any .-effect? otr fertAlify~ri~iwb.£!»wn. *

Female Reproductive Function

There is only one study of human beings that attempts to establish
the endocrine profile and menstrual patterns of women who used
raarijuana-,on a chronic and frequent basis*, By combining categories
of anovulation and shortened luteal phase? a statistically
significant difference was noticed in the marijuana using group. It
is not known if this leads to problems with fertility or lactation?
or if it leads to cancer of the reproductive organs.

Animal studies have shown that A-9-THC lowers the serunm
gonadotropic levels. It is unknown if there is a direct effect on
the reproductive tissues? particularly under prolonged use of

cannabis products.
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B irth Defects and Teratogencity

Cannabis is teratogenic at high doses in animals. There is no
evidence of obvious teratogenicity or structural defects 1in the
offspring of human users. But the data are not adequate to reveal a
long-range functional 1impairment or a very low level of terato-—
genicity if one 1is present. It may be impossible to identify a
distinct role for canribis in the production of subtle effects 1in
offspring, because of the confounding influences of malnutrition,

smoking, and alcohol.

Genetic Effects

Marijuana and A-g-rHC do not appear to break chromosomes, although
there 1is some conflicting evidence on this point. Multiple drug use
seems to be correlated with an increase in the numbers of gaps and
breaks 1in the genetic material. Furthermore, marijuana may affect
chromosome segregation during cell division, resulting 1in abnormal
numbers of chromosomes 1in daughter cells. While these conflicting
results are worrisome, their clinical significance 1is not known.
Further 1investigations, especially controlled prospective studies, of

human beings are needed.

The Immune Systenm

$
The data from animal*studies suggest chat A-9-THC and some of 1its
analogues have a mild, transient, immunosuppressant effect in both in
vitro and in vivo systems; -tf.er*effects are mild compared with known
immunosuppressant drugs. The studies 1in human beings are contradic—
tory; some demonstrated mild, immunosuppressive effects, but others,
using the same or similar methods, did not find any differences 1in
the immune system between *normals and chronic marijuana smokers. At*
the present time; there have been no human or animal studiaa that
have determined if marijuana smokers are more prone to infections or
other diseases. Because of the widespread use of marijuana, even
weak immunosuppressive effects are a concern. Since further research
may not demonstrate definitive findings, immunologic effects should
be studied along with other variables in a larger investigation. If
marijuana 1is to be used on immunosuppressed patients (for example,
for antiemetic purposes during cancer chemotherapy), even minor
additional suppression might be dangerous.

RECOMMENDATIONS FOR RESEARCH

The committee recommends the following types of studies.

* Further observations should be made regarding the relation
of marijuana use to reproductive defects 1in human beings, especially
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users whose reproductive biology 1is undergoing rapid change.
assessment of endocrine profiles and semen
nonusers# with adequate control of
drug use.

on young
The principal need 1is for
analysis in male users versus
confounding variables--for example, diet, alcohol, other

In women, the principal need 1is for more data on endocrine and

menstrual patterns in users versus nonusers, with particular

attention to the length of cycles, the presence or absence of
ovulation, and the existence or absence of subfertility. More
studies are needed to detect subtle, low-frequency, or cumulative
effects on reproductive function in long-term, heavy users.

* Although routine testing of teratogenicity in human beings
is not recommended at this time, the collection of precise

epidemiologic information on the outcome of human pregnancy 1in

marijuana users 1is of great importance and must be carefully

controlled.

* There are no good animal models for studying the effects of

smoking marijuana, but cytogenetic studies 1in animals after exposure

to &-9-THC by other routes than smoking would be of soma value.

The moat relevant studies still would be 1in vivo human studies.

* Marijuana has been found to have mild immunological effects
but studies of its influence on the
need to

in a variety of test systems,
body®"s immune defense against microorganisms are lacking and
be conducted.

* Critical experiments are needed to test the hypothesis that
A-g-THC causes disruption of thermoregulatory effector responses
rather than an alteration of the level of thermoregulation.

* Inherited variation 1in the way some drugs are metabolized 1is

widely recognized. This type of variation must be evaluated 1in

respect to susceptibility to marijuana.
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BEHAVIORAL AND PSYCHOSOCIAL EFFECTS
OF MARIJUANA USE

The raind-altering effects of marijuana underlie Its widespread and

increasing popularity. Marijuana users who experience effects on
mood, perception, and motivation report that they seek the "high" and
the "mellowing-out." However, under sane circumstances many of these
same effects can be considered adverse. Perceptual distortions that
are sought by users pose risks for driving cars or using other
machines. There is reason to be concerned about effects on learning
by students using®" earljuana*In school. Older adults receiving
A-S-THC as therapy may be highly intolerant of altered consciousness
anc! perceived loss of control. Thus, it has become a matter of

practical as well as scientific interest to learn more about the
effects of marijuana on the brain and behavior.

Many psychological and neuropsychological studies have been
conducted to investigate specific effects of marijuana on behavior.
These include studies of intellectual functions, such as memory,
attention, sequential information processing, and decision-making, as
well as perceptual and psychcmotor functions. There is a methodolog—
ical challenge in trying to design experiments that will discriminate
reliably among these functions and determine precisely which 1is being
affected when a drug produces a particular behavioral outcome. For
example, one®"s ability to process and respond to environmental stimuli

represents a chain of events. The sequence begins with a sensation
or perception. Drugs can influence the manner, speed, and accuracy
with which this 1input is received. The information must then be

stored in memory, even if only very briefly, and then retrieved fronm
memory to be integrated with recalled prior experiences and other
sensory 1inputs. The response from the subject is the result of the
integration of new and cld information. A drug acting at any point
in this chain of events can alter behavioral performance.

Studies of the effects of marijuana on complex behavior must be
carefully interpreted, because there are numerous variables that can

influence the results. First, there is the drug 1itself. The dose,
type of preparation, route of administration, and speed of administra—
tion must be specified. Next, the user- his personality, level of

innate ability, motivation to perform, and especially his"previous
experience with marijuana, are powerful 1influences on test results.
Finally, there is the type of behavioral test and the setting in

112
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which it 1a performed. Simpler and well-practiced skills are less
susceptible to disruption by drug effects than are novel or complex
tasks. The studies in the literature vary 1in their attention to
these factors.

Most of these atuditft have, been carried out on male college
students who volunteer for marijuana research. Although this
age-group (19-25) represents a period of peak use of marijuana, it
cannot be assumed that findings from a college population will
generalize to other sectors of the youth population. The differing
motives of student volunteers seriously confound the interpretation
of results in intellectual areas, where it has been established that

motivation plays a significant role in determining performance. Seme
dedicated users want to do well and demonstrate that marijuana has no
harmful effect. Others are simply interested in obtaining the drug

and enjoying 1its effects with little interest in the experiment.
Additional methodological 1issues that recur 1in this body of research
include: (a) reliance on self-reports by subjects regarding personal
history of frequency and intensity of drug use, (b) occasional -
reliance on self-reports of drug dose and level of intoxication at
the time of the experiment, (c) lack of standardized dosages and
methods of administration of A-9-THC even when the drug is
administered by the investigator, and (d) -lack of attention to
motives and beliefs of users and nonusers with whom they Interact.

A representative sample of studies will be reviewed here, and a
summary table of 88 reports of the relationship between marijuana use
and behavioral and psychosocial"”™ functloning®,is available"from the --

Institute of Medicine by request.*""
PERCEPTUAL AND PSYCHOMOTOR FUNCTIONS

Acute Effects

The studies reported here cover the range of commonly used doses¥*
from very low up to 0.250 mg/kg of A-9-THC 1in marijuana cigarettes

at a single sitting. These are acute effects- changes that can be
seen after a single dose. The effects begin to be seen at about the
same dose level at which a "high" 1is perceived (0.050-0.150 mg/kg
A-9-THC) . Generally uthe.effects"ars dosm-relatsd. In other words,

low doses have smairueffects; higher doses tend to have greater

effects.

*Doses are reported in milligrams per kilogram (mg/kg) where provided

by the authors or as total doses in milligrams with the route of

administration.
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Coordination

Marijuana has b«en found to impair motor coordination at doses
commonly used in social settings by both naive and chronic user3.

The functions studied include: hand steadiness (Mayor®"s Committee on
Marihuana, 1944; Clark et al., 1970; Milstein et al., 1975), body
sway (Mayor®"s Committee on Marihuana, 1944; Kiplinger et al., 1971;
Evans et al., 1973), and accuracy of execution movements (Rafaelsen

et al., 1973; Milstein et al., 1975; Kvalseth, 1977). Studies have
also showed a dose-related increase in impairment of postural
stability as measured by increased body sway (Kiplinger et al., 1971).

Reaction Time

Reaction time 1is defined as the time lag between a,signal and the
response a subject makes to that signal. Most studies examine the
time that it takes a subject to respond to"a visual or auditory e
signal. The effects of marijuana on either speed of initial
detection of"the signal or speed of response have been Inconsistent
at doses commonly used 1in social settings ("low to moderate”) . The
same subjects are impaired at some times, but not at other times
(Mayor®s Committee on Marihuana, 1944; Clark et al., 1970; Dornbush
et al., 1971; Moskowitz et al., 1972, 1974; Borg et al., 1975;
Schaefer et al., 1977; Peeke et al*, 1976; Stillman et al., 1977).
The meaning of this 1inconsistency 1is uncertain, but it probably
involves an effect on attention mechanisms. When a subject 1is
intoxicated with marijuana, he 1is probably less likely to attend to
the reaction time task. e Perhaps it=s when-he does pay attention to
the task that function on this test 1is not impaired.

Tracking

Tracking 1is the term used to describe the act of following a moving
stimulus.”” It is an important component of driving and flying

skills. Tracking behavior 1is highly sensitive to the effects of
marijuana. Impairment of tracking occurs even at very low doses (4.5
mg by smoking) 1in naive subjects (Weil et al., 1968). Studies of
experienced users have also demonstrated consistent 1impairment. The

tracking?ii”~~"fMht has been*"found"to persist for 4 to 8 hours, well
beyond"ffie feeling of intoxication ("high"™) by one laboratory
(Moskotfl£z*andl Sharma, 1979; Moskowitz et al., 1981). No other
studies have measured"the effects of marijuana beyond 2 hours. This
finding on the long-lasting effects has very important implications,
as will be discussed later when the effects of marijuana on driving
are raviewed, and, therefore,”such studies should be repeated” by "
other investigators.

While reaction time studies (as noted above) showed inconsistent
results, tracking behavior is regularly and significantly diminished
by marijuana at doses usually used in social settings. Tracking
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tasks differ from reaction time studies, because the subject must
continuously pay attention to the task. Since reaction time teats
are intermittent, continuous attention 1is not required, and this may
explain why reaction time studies fail to show consistent marijuana

effects.

Sensory and Perceptual Functions

Tests that measure a subject®"s ability to detect a brief flash of
light show significant impairment by low to moderate doses (2-3 mg
are examples) of amokad-i-sarijuana (Sharma and Moskowitz, 1972, 1973,
1974; Moskowitz et al., 1972, 1974; Casswell and Marks, 1973; Jones
and Stone, 1970). Sustained attention 1is required in signal
detection tasks, and the relation between this sustained attention
requirement and motivation effects has not been explored. Signal
detection tasks are prototypes of perceptual demands found 1in
man-machine interactions. The large reductions 1in signal detection
that occur under the influence of marijuana may suggest a substantial
risk for users who are operating machines. Other,isual functions?*
such as visual search, that depend on eye movements are not impaired.

Intellectual and Cognitive Functions

The effects of marijuana on such intellectual and cognitive functions

as verbal fluency, short-term memory, learning ability, calculation
skills, ability to follow complex directions,- and time sense have

been investigated and are reported below. However, this area of
study has been hampered by the lack of standard measures cf
functioning in the intellectual and cognitive areas tested. Overall,

the 1investigation of marijuana effects on intellectual and cognitive

functioning has not followed a logical progression.

Learning and Memory When studying the effects of drugs on learning,
it is difficult to control all of the factors that might influence
the results; for example, as noted above, how hard ,a:subject tries to
perform can make a big difference even in the presence of a sedating

drug. Thus, it is..no”sarpriming that early studies of marijuana“s
effects gave Inconsistent results.- oofifece ot -..

More recently, several studies have demonstrated that a single
moderate dose of marijuana 1impairs short-term memory. This effect 1is

especially noticeable in the phases of short-term memory that are”
heavily dependent on attention, juch as information-acquisition and
storage (Abel, 1970, 1971; Dornbush et al., 1971; Dittrich at al.,
1973; Melges et al., 1974; Belaore and Miller, 1980).. Examples of
the types of impaired tasks would be remembering a sequence of
numbers or syllables_or memorising and following a sequence of
directions.

Physiological changes have been monitored in some of the same
studies in which intellectual impairment has been reported. Miller
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and Cornett (1978) found that increases in heart rate are produced by
marijuana to about the same degree as impairment on intellectual
tasks. This linking of a physiological marker with studies of
behavioral effects is a useful model for research in this field.

Time Sense Another 1intellectual function Influenced by marijuana is
time sense. Under the influence of moderate doses of the drug, most
investigators report that subjects consistently overestimate the
amount of time that has elapsed. Thus, under the Influence of

marijuana, a given,event is reported to last longer than it actually
does last (ciark et al., 1970; Vachon et al., 1974; Tinklenberg et
al., 1976a).

State-Dependent Learning State-dependent learning refers to a-
situation in which material Uhat is learned while under the influence
of a drug 1is remembered best in the state of drug intoxication 1in
which it was originally learned. A series of studies were conducted
with oral doses of 2) mg (in a subsequent study this dose was
calibrated to 0.3 mg/kg) of A-9-thc to investigate the extent to
which learning and memory are linked to the state of intoxication
(Darley et al., 1973a,b, 1974, 1977). This modest dose of marijuana
caused learning to take place more slowly than when the subject was
drug-free. Once -learned,recall of the learning that occurred during
intoxication was bast when the subject was again under the influence
of marijuana. Although state-dependent learning occurs with
marijuana, the quality of learning and recall is impaired because the
information-or problem-solving skills learned in the marijuana-
intoxicated state will be reduced or 1impaired. These 1investigators
believe that the major deficit 1is. in the attention-storage*phase of

learning.

Oral Communication

Marijuana use in low to moderate doses impairs oral communication,
especially clarity of sequential dialogue with" other persons
(Dornbush et al., 1971; Paul and Carson, 1973; Zeidenberg et al.,
1973; Crockett et al., 1976; Millar et al., 1977a-d, 1978a,b, 1979;

Pfefferbaum et al., 1977; Miller and Cornett, 1978; Natale et al.,
1979; Belmore and Miller, 198C). Marijuana at moderate doses

disrupt*»eontinuity of speech by impairing short-term memory (6-13
seconds duration) (Belmore and Miller, 1980}. -Communication while

intoxicated is also impaired by the intrusion of irrelevant words and
ideas into the stream of communication. When a list of words is
learned and then the subjects are asked to recall those words without
regard to sequence, words that were never in the original list are
inserted during recall more often by subjects given A-9-THC than by
those who wera drug-free (Pfefferbaum et al., 1977; Miller and
Cornett, 1978; Miller et al., 1978a,b).- Zeidenberg et al. (1973)
administered 5 mg a-9-thc orally and found that, 1in a social

context, phrases became shorter, speech became slower, and there was
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greater lag time between the cue to talk and the actual onset of
talking. These subjects were also less able to recognize three-
letter nonsense syllables to which they had previously been exposed.
Further, when experimental subjects were all given the same dose of
A-9-THC, they reported different subjective levels of intoxication.
Those who reported more intoxication showed greater disruption of
two-person communication (Paul and Carson, 1973).

Experimental subjects who were asked to tell stories about
ambiguous pictures (the Thematic Apperception Test) demonstrated drug
impaired organization and integration of stories. The authors
reported "a timeless, nonnarrative quality, with greater discontinuity
in thought sequence and more frequent 1inclusion o*. contradictory
ideas”™ (Roth et al., 1975). When asked to talk for five minutes on
any topic, subjects under A-9-THC demonstrated decreased variability
of language and an increase in personal references, as well as less
detailing of items mentioned in the monologue and less critical
evaluation of those items (Natale et al., 1979).

Auto Accidents

Simulator Studies

driving simulator 1is a laboratory instrument that requires the
subject to perform a sample of the behavior required in automobile
driving situations. Simulators differ from most of the laboratory
studies described above in that complex behavior 1is required.
Although simulators are representative of the multitask character of
driving, no one simulator is capable of presenting all aspects of
driving simultaneously. The behavior sampled varies across
simulators; however, in comparison to car driving situations, the
simulator has the advantage of presenting a standard stimulus to all
subjects.

e Most simulator studies reveal impairment of driving skills
following mcderately intoxicating doses of marijuana such as 10-15 mg
(Crancer et al., 1969; Dott, 1972; Zllingstad et al., 1973; Rafaelsen
et al., 1973; Moskowitz et al.,"1976; Smiley et al., 1981). These
impairments have been reported in simulators that test the perceptual
functions as well as those“thefe®test motor skills of car "control.*

¢Another type of simulator study examined marijuana®s effect on
performance in a flying simulator (Janowsky et al., 1976). Subjects
smoked marijuana cigarettes with 0.09 mg/kg A-9-THC, a dose of
A-9-THC cctomonly used 1in social settings. Significant impairment

of short-term memory was noted. Subjects were unable to recall where
they were in the execution of a task. On the simulator they tended
to forget where they were 1in a given flight sequence.



Test Courses

Experimental studies of the effects of marijuana on closed course
automobile driving performance show that this skill is 1impaired by
marijuana. Car handling skills were reduced,; as shown by objective
measures (Klonoff, 1974; Hanatssn et al., 1976; Attwood, 1in press).
It should be noted that these studies, involving subjects under the
influence of marijuana, examined performance in less complex
situations than are actually met 1in real-life driving situations.
However, a closed course has the advantages of standard conditions
and safety factors. In real-life driving situations, the perceptual
and cognitive demands are considerably more complex. The Klonoff
(1974) study of driving performance on city streets indicates that
smoked marijuana* (5-10 mg A-9-THC) 1impairs judgment and
concentration in addition to impairing car handling skills.

Accident Surveys

Experimental evidence of impairments caused by marijuana on

psychomotor functions, judgment, and motor skills involved 1in driving
has led to research on the relationship of the use of marijuana and
automobile accidents. A strongly positive relationship between use
of alcohol and increased driving risk has-long-been established. The
techniques used to establish the relationship of alcohol to accidents
might appear to offer an excellent paradigm for comparable marijuana-
accident research. However, there have been practical reasons why
the roadside survey model of using breath samples obtained fronm
accident drivers and comparing those to breath samples of randomly

selected drivers who are passing the accident site in thesame
direction, the same time of day, and same day of the weekhas not
worked fo” marijuana studies. Whereas there has been 97 percent

cooperation for alcohol breath analysis, marijuana determination
requires a blood sample, and only a minority of drivers willingly
cooperate. Further, marijuana has a quite differentbody
distribution pattern due to its high fat solubility._Delta-9-THC 1is
not only technically quite difficult to detect in samples of body
fluid, but it mayjpe active in the nervous system long after it 1is
not detectable In blood. The detrimental effects on driving skills
(Moskowitz and Sharma, 1979; Moskowitz et al., 1981) may even persist
4 to 8 hours beyond, the time when"tfteraser ham had subjective
feelings “or"X>uphoria or sleepiness.

Several reports of accident surveys have recently, been published

(Teale et al., 1977; Cimbura et al., 1980; McBay and Owens, 1981),
but all .suffer from the problems discussed above and particularly
from the lack of a reasonable comparison group. For example, one
study reported that 16 percent of Boston drivers had A-9-THC 1in
their blood (Sterling-Smith, 1975). Thc-8 was no description of the
group who declined togive-a-blood-sa*ple~but provided breath or
urine samples instead.- Also,-there is no-information as to the

frequency of finding A-g-THC in the blood of those drivers who have
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not had an accident or otherwise ccane to police attention. In
addition# many users of marijuana also use other drugs so that data
are availaole on only a few subjects who only used marijuana.

In an effort to obtain some reference point for the association
of marijuana with accidents as compared with other drugs# Warren et

al. (in press) reanalyzed the Cimbura et al. (1980) data. Twelve
percent of the fatally injured drivers and pedestrians in that study
had been found to have A-9-THC in their blood. The presence of

other drugs was also determined and a culpability index was developed.
A culpability index compares the frequency that a drug 1is found 1in
drivers assigned responsibility for causing a collision with the
frequency in Individuals from the same sample who had not caused an

accident.

Aspirin was found to have a culpability index of 1.0. That 1is#
it was no more frequent in individuals assigned responsibility for a
collision than on those who were not. This is of some significance

because it serves as an internal check on the technique# agreeing
with the a priori assumption that it would be unlikely for aspirin
users to be overrepresented among those responsible for accidents.
In contrast# subjects with cannabinoids present in the urine were
found to have a culpability index of 1.7# the same culpability level

found for the presence of alcohol. ..This indicates an excess of
A-9-THC~positive drivers in the category responsible for
accidents. Tha presence of antihistamines produced a culpability

index of 1.5# and tranquilizers/antidepressants# 1.8.

Given the difficulties in executing epidemiologic studies where
it is so difficult to obtain adequate control groups# it would appear
that only tentative conclusions about marijuana®s role in accidents
can be reached. Supportive evidence that marijuana 1is a contributing
cause of accidents comes from surveys of marijuana users who report
they receive a higher-than-average number of tickets for driving
violations and are involved in a higher-than-average number of
accidents (Johnston# 1980). Nevertheless# the problems described
above are yet to be solved. But the culpability index modtl presents

a methodology that may be refined and utilized in future studies.

Alcohol-Marijuana.lnteractions,

Surveys show that marijuana and alcohol are frequently consumed
together (Fishburne et al.# 1980; Johnston et al.# 1980). Thus# it
is important to determine what interactions# 1if any# occur between
these two drugs. As both drugs have sedative properties# an additive
effect would be expected and has been found in the few systematic
investigations of"the effectsthis ccabination. One study
reported that 0.05 percent blood alcohol level concentration (BAC)
increased the 1impairment produced by 5 mg of smoked A-9-TEC on
tracking behavior (Manno at al.# 1971). In a study using two doses
of alcohol and two doses of marijuana# even the low dose of alcohol
(0.07 percent BAC) and the low dose of A-9-THC (1.4 mg) impaired
complex tracking in an additive fashion (Hanateen et al.# 1976).
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Higher doses produced more pronounced decrements. A combination of
A-9-THC (0.320 mgA?) and ethanol (a dose that produces a peak
blood level of less than 0.08 percent BAC) has also produced an
additive effect on the ability to perform on a psychomotor test
(Belgrave et al., 1979). This additive effect would be of concern to
those operating a motor vehicle.

The 1issue of alcohol-marijuana interactions is an important one,
but currently few data are available~- Clearly, more studies of
marijuana®s interaction with alcohol and other.commonly used drugs

are needed.

Chronic Effects

Animal Studies

Studies of chronic effects are necessary to determine whether a drug
produces changes that persist after administration has stopped. In
view of the theoretical possibility of cumulative or persistent
marijuana effects, 1t is surprising that only a few laboratories have
conducted experiments involving repeated dosing and testing for
residual effects. Mice-injected with 10 mg/k9 A-9-THC for 20-40

days were found®" to be persistently impaired in new learning 100 days
after the injections stopped (Radouco-Thomas et al., 1976).
Similarly, rats given 20 mg/kg of A-9-THC orally for 180 days had
learning still impaired 2 months after the A-9-thc treatment

stopped (Fehr et al.," 1976). This was confirmed by the same group 1in
two subsequent studies (Fehr et al., 1979; Stiglick and Kalant, 1in
press). Another group of investigators,-however,-could find no

residual learning effects 1in aonkaya 20 days after stopping
comparable doses of A-9-UHC (Ferraro and Grilly, 1974).

Human Studies

Clinical reports of memory 1impairment, lack of concentration,
lethargy, etc., in nonintoxicated chronic users of marijuana have led
to studies in which psychological testing was administered to users

of marijuana and controls. The results of these studies are
inconclusive. Several studies show impaired performance 1in users as
compared to controls (Agarwal et al., 1975; Soueif, 1976; Wig and
Varaa, 1977; Mendhlratta et al., 1978); others found no significant
residual effects in the marijuana users (Bowman and Pihl, 1973; Rubin
and Cceritao, 1975; Satz et al., 1976; Ray et al., 1978; Schaeffer et
al., 1981). All of theae studiesjCAn.be.criticized on methodological
grounds, and the results have been disputed. This is not surprising,

because it is technically very difficult to obtain a sample of
chronic marijuana users, get “ihem into a truly drug-free condition,
test them, and similarly test an appropriate group of controls.

Several groups of investigators (Dornbush et al., 1972; Frank et
al., 1976; Harshxnan et al., 1976; Rossi et al., 1977) wexamined
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chronic marijuana users before and after 21-94 days of chronic

intoxication in a research hospital setting. None of tha
investigators found any psychological changes during postdrug
tasting. However/ 2 months of use 1is a relatively short period of

tine for a change to be detected/ and the subjects had already been
using marijuana for at least a year prior to entering each study

(Fehr et al.r 1976).
The available studies of chronic behavioral effects lead to no

clear conclusions. Although sosie animal studies demonstrated a
learning deficit that persisted for months after daily marijuana
exposure vas discontinued/ the human studies have such methodological
weaknesses that they cannot be interpreted. A prospective concurrent
cohort study and a retrospective case-control study of possible
outcomes of and risk factors for use of marijuana could add useful
information. (See research recommendations at the end of this

chapter.)

CLINICAL SYNDROMES™®

In this section we will discuss both acute and chronic behavioral
changes that have been reported in the clinical literature to be
associated with the use of marijuana. An association based on case
reports does not imply causality. Studies of appropriate control
groups are necessary. In general/ acute or immediate clinical
effects of drugs can be determined scientifically much more readily
than chronic or delayed effects. This 1is as true for marijuana as it
is for alcohol and other drugs. Thusf the acute effects of marijuana
are based on more solid evidence than are the reported chronic

effects.

Acute Effects

The acute clinical effects of marijuana seem to occur on a continuunm
from mild dysphoria to acute brain syndrome. In the literature/
three different syndromes have been described/ although there is
blurring of the boundaries in this classification and no general

agreement as to diagnostic criteria.

Anxiety/Panic Reaction/!

A major portion of the evidence for this effect cones from reports by

marijuana users themselves. Marijuana®"s popularity notwithstanding/
a surprisingly high proportion of users report reactions that they
regard as unpleasant or undesirable. For example/ 33"percent of

regular users reported that while intoxicated theyoccasionally
experienced such symptoms as acute panic/ paranoid ™eaction/
hallucinations/ and unpleasant distortions 1in body"image® (Tart/ 1970;
Negrete and Kwan, 1972). Another study reported that 16 percentof
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regular users, reported anxiety, fearfulneaa, confusion, dependency,
or aggressive urges as a "usual occurrence"” (Halikas et al., 1971).
Similar findings®"in groups of stable, well-adjusted, moderate users
have been found by other 1investigators (Annis and Smart, 1973; Marcus
et al., 1974). First-time users are more likely than are experienced
users to report adverse reactions. The frequency of such reactions
appears to be higher when the setting for use 1is not a favorable one;
for example, when the user sees the environment as threatening.

These adverse psychological reactions also have been observed 1in
subjects of laboratory experiments with marijuana. Such controlled
observations of persons whose immediate prior mental status and whose
dosage were known give a basis for concluding that acuta adverse
psychological reactions can occur under single moderate doses- of *

marijuana. These "effects are more likely at higher doses.- They
usually last no longer than 2 to 4 hours. -Acute paranoid reactions
under these controlled conditions have been reported (Mendelson and
Meyer, 1972; Tassinari et al., 1973; Frank et al., 1976; Melges,
1976) . Ingestion, in which titration of dose (dose adjustment as
occurs during smoking) is difficult, may be more likely to produce
adverse effects than administration by smoking marijuana. However,

chronic use and interaction with other psychoactive substances are
not required.

As frequently as>these adverse reactions are observed and
self-reported”medical”~txeatmentJLs rarely sought. For example, a
college student health cxinic reported pnly six students per year
sought medical treatment.for an adverse reaction to marijuana“out of
a student population of 20,000 (PIlllard, 7970)". In"Sft"fergeneral -
population, a.diagnosis of acute cannabis reaction was found in only
10 cases out of 700,000 hospital admissiois in the United States

(Lundberg et al., 1971). In the U.S.."J*my,ronly 18 such”cases were
treated over a several-year.period from aTmilitary population of
33,000 (Tennant-and Groesbeck, 1972}. There are no recent figures

showing requests for medical treatment now that the use of marijuana
is more intense, widespread, and reaching younger age-groups.
However, a unique monitoring of drug causality behavior documenting
emergency room encounters conducted by the Drug Enforcement
Administration .~qc~the National Institute on Drug Abuse (U.S.
Department.,,qfJBealth and Human Services, 1979) may 1in the future
providrjnrdjUtipnal information®about "the frequency of adverse

reactions to use of marijuana.

Dysphotftc~eacfThtt

Therapeutic trials have been carried out testing A-9-THC as a
possible treatment for mood disorders (see Chapter 7). Severe
dysphoric reactions characterized by disorientation, catatonialike
immobility, acute panic, and heavy sedation have occurred in several
patients. The dysphoric symptoms appeared.at moderate doses coetpar-
able to those used in social settings. The# lasted only a fe* hours
and responded to discontinuation of the drug and reassurance of the
patients (Kotin et al., 1973; Ablon and Goodwin, 1974).



Similar dysphoric reactions have been reported 1in cancer patients
who were on a therapeutic trial of A-g-THC to control the nausea
associated with chemotherapy. The symptoms, course/ and response to
ceasing uca of the drug were identical to those described above.
Investigators have suggested that the dysphoric response is more
likely to occur 1in older patients not accustomed to drug use for whonm
the mood-altering effects are unanticipated and unwelcome (Shiling
and Stillman/ 1980).

Acute Brain Syndrome

Diagnostic criteria for the syndrom* now called delirium and
previously called acute brain syndrome appear 1in Diagnostic and
Statistical Manual of Mental Disorders/ Third Edition/ 1980 (DSM
). These includei (a) a clouding of consciousness as manifested
by impairment of ability to sustain attention to environmental
stimuli, or 1impairment of ability to sustain goal-directed thinking
or goal-directed behavior; (b) a disorder of mestory or orientation;
(c) perceptual disturbances; and (d).a change "in sleep pattern and/or
a change in psychomotor activity. The symptoms develop over a short
period of time and fluctuate rapidly.

Both the symptom pattern and the course of the acute brain

syndrome fit the descriptions of one type of behavior disorder

associated with use of marijuana. It has been reported to develop 1in
persons who have a history of prolonged, regular, heavy use of
marijuana. It is defined as an "acute” brain syndrome because 1It-*-*
comes on during the period of drug“use"Ind~it gradi ally disappears
after the drug 1is stopped. The majority of case reports*have come

from Eastern countries where the cannabis products customarily used
have high potency (Spencer, 1970; Chopra and Smith, 1974; Meyer,
1975). It has also been reported in D.S. Army personnel stationed in
Viet Nam (Talbott and Teague, 1969) and in Europe (Tennant, 1972),
where soldiers had access to very high A-9-THC concentrations 1in

cannabis substances. In contrast to the Indian public mental hospital
patients who were hospitalized for many weeks, D.S. soldiers-recovered
in 3 to 11 days and returnedJto duty. "This difference 1in duration

may reflect sociocultural differences in length of in-patient

treatment more than,.* difference 1in the disorder.

Withdrawal Syndrome”-.

Studies of animals and human subjects given moderate to high doses of
marijuana orally or by inhalation several times per day have
demonstrated tolerance to many of the effects of marijuana (see
Chapter 1). When such use of marijuana is stopped after several days,
a withdrawal syndrome occurs. In human subjects, this resembles the
typical mild withdrawal symptoms seen after prolonged sedative use
(Jones and Benowitz, 1976). Subjects show irritability, agitation,
insomnia, and EEG changes (see Chapter 4 ) "These symptoms®are
self-limiting; they peak at 30 hours and disappear by 90 hours.
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There 1da no clinical evidence that physical dependence plays an
important role in persistent use of marijuana. Withdrawal symptoms
would not be expected 1in intermittent users; however, daily
round-the-clock users of high-dose marijuana may be expected to show
some symptoms of withdrawal soon after stopping regular use.

Chronic Effects

Cannabis Psychosis

Cannabis psychosis refers to a.chronic, psychotic condition (out of
contact with reality).reportedly seen in heavy marijuana users* but
extending beyond the period of acuta 1intoxication* Some authors have
described a schizophrenialike picture with delusions and hallucina—
tions, and others have stressed the existence of organic mental

confusion. Most of the reports have come from observation of
hospitalized patients in Aslan and African countries (Asuni, 1964;
Chopra and Smith, 1974; Thacore and Shukla, 1976). There are no
reports in the North American literature. At this time, there 1is

insufficient evidence to say that cannabis psychosis exists as a

separate clinical entitye(Murphy, 1963; Edwards, 1976).

"Amotivatlonal Syndrome”’-

Clinicians coined the term “amotivational syndrome”” to describe* a
characteristic set of personality char ;es seen in some daily users of
marijuana (McGlothlin. and..West,-1968;. Smith* 1968). The changes
include apathy, loss of ambition* loss.of effectiveness, diminished
ability to carry out long-term plans, difficulty in concentrating,

and a decline in school or work performance. As usually described,
these changes are seen in frequent or daily users, and thus they may
be considered a fora of chronic intoxication.. The term "amotivational

syndrome”” is not an official diagnosis, but there is agreement among
many clinicians who treat young people that this constellation of
symptoms is comaon. It may also be seen.in nonmarijuana users, and.
daily usanof marijuana 1is not- always associated with- loss of
motivation**5

The evidence presented for the linking of this syndrome with
marijuana consists of case reports. For example, Baker and Lucas
(1969) described the case of a man whom friends described as
previously conscientious, capable, and effective; but after smoking
hashish daily for 3 years, he changed into a person for whom use of
drugs was a way of life and in whom a serious deterioration of social
function was observed. Other reports consist of groups of cases with
similar histories (Thurlow, 1971). The symptoms mentioned, 1in
addition to loss of motivation, include falling grades, difficulties
in concentration, 1intermittent"confusion,- and. impaired memory. Some
authors report- improvement,when use Of>marijuana 1is. stopped (Rolansky
and Moore, 1971, 1972)



125

A variety of other data support such a condition. In a large
survey, daily marijuana users were asked about the drug®"s adverse
effects (Johnston et al., 1980). The most common response was "loss

of energy” (42 percent). Nearly a third (32 percent) of the daily
users thought that marijuana caused them to be less interested 1in
other activities than they had been before, and a third (34 percent)

thought that it hurt their school and/or job performance. Another
type of evidence comes from comparisons of college students who use
marijuana with others who do not. Several such studies (Shean and

Fechtmann, 1971; Linn, 1972; Simon, 1974; Finnell and Jones, 1975)
found marijuana users had increased levels of psychological
disturbance, lower academic performance, and lower performance on
scales measuring attitudes toward achieveswnt and purpose in life.
But some studies in both the United States and foreign countries have
failed to show significant differences between marijuana users and e
abstainers (Brill and Christie, 1974; Rubin and Comitas, 1975).
Interpretation of the evidence linking marijuana to "amotivational

syndrome" is difficult. Such symptoms have been known to occur 1in

the absence of marijuana. Even 1f there 1is an association between «
this syndrome and use of marijuana, that does not prove that marijuana
causes the syndrome. Many troubled individuals seek an "escape” into*

use of drugs; thus, frequent use of marijuana may “Bbeccae one more in
a series of counterproductive behaviors for< € hesc"unhappy people. ™
The available evidence does not allow a sorting of the various
possibilities in the relationship between use of marijuana and the
complex of symptoms 1in the "amotivational syndrome." It appears
likely that both 3elf-selection and authentic drug effects contribute
to the "motivational™ problems seen in some chronic marijuana users

(see Chapter 2). Persons who are experiencing loss of motivation,
apathy, and the other aforementioned symptoms probably will worsen
the situation by taking any sedating drug. They should be warned to

avoid frequent use of marijuana, alcohol, and other nonprescribed-v

drugs.

"Flashbacks™"

In 1968, Keeler et al. reported four cases of the brief spontaneous
recurrence of a mental state similar to that experienced during

marijuana intoxication 1 to 21 days after the last drug use. Three
of the four subjects complained of hallucinations comparable to
flashbacks usually associated with LSD (Horowitz, 1969). Three

separate reports of marijuana flashbacks followed (Smith, 1968;

Favazza and Dcnino, 1969; Well, 1970) and all of7theseilatter-*

subjects had used LSD prior tc marijuana.- In a survey of 720 1
servicemen, not a single case of flashback 1in*any subject for whon-
hashish was the only drug consumed was documented (Tennant and
Groesbeck, 1972). But in the same sample, 15 subjecte were

identified who had LSD flashbacks precipitated by use*of marijuana.

A larger sample of 2,001 army personnel (Stanton et al."/ 1976)

revealed that use of marijuana had the highest and only* statistically.-~
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significant association with the precipitation of LSD flashbacks
among five classes of abused drugs» Clinical studies also have
provided Evidence that marijuana precipitates a. recurr#nceof the LSD
flashbacks"experience"(Holsten, is76; Abraham, "1981]j.

The existence of flashbacks following use of either LSD or
marijuana is entirely based on self-reports, because there are no
distinctive physical signs or teats, such-as BEG-changes, to identify

this condition. There is no current pharmacological explanation of
the phenomenon, and data regarding dose and time parameters do not
exist. Still, the reports by users are reasonably consistent. Thus,

there is clinical evidence that use of marijuana by those who have
previously used LSD increases .the likelihood of recurrence of the LSD

experience.

Effects on Preexisting Mental Illness

The only evidence available regarding this issue consists of case
reports of patients who had recovered and apparently were doing well
until they used marijuana,”.T&ere.J”no information on the number of
mentally ill patients who have used narijua.l4, without complications.

The available data, therefore, do not prove that marijuana worsens
mental 1illness. Still, there are sufficient numbers of uncontrolled
clinical reports showing a temporal association between use of
marijuana and return of mental symptoms, so that patients should be
warned of this possibility.

Patients with a history of schizophrenia may be particularly
sensitive to marijuana®"s effects. Four schizophrenic patients who
were otherwise well controlled with medication suffered serious
relapse of their schizophrenic symptoms following use of marijuana
(Treffert, 1978). Other cases have been reported (Smith and Mehl,
1970; Weil, 1970; Bernhardson and Gunne, 1972). These all were cases
in which marijuana was purchased on the street, so the dose and
purity were unknown.

Patients with mood disorders have also been .reported to show

worsening of mantal< aynptaawafter uae of marijuana. For example,
four cases am known in which marijuana apparently precipitated a
relapse,o”p~rtet”(hypamanlcl. fceimiP*u;.(Harding and Knight,

1973). 3 r rra&e>-*fceprM«ed patients-treated with A-9-THC have
been observed to show a high 1incidence of dysphoric reactions (Ablon
and Goodwin, 1974)"

Bffects Sometimes Reported By Users

Mood Changes

There is a general belief that use of marijuana alters mood. This
property is one of the desired effects sought by many users.
Investigators have described anumber of variables that enterinto

the mood response to marijuana (Jones, 1971). These includedosage,
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past experience/ attitude# expectations# and setting. For example#
individuals who used marijuana, in isolation tended to be relaxed and
slightly drowsy; 1in contrast# when the user was 1in a group situation#
marijuana was associated with euphoria and lack of sedative effect
(Jones# 1971). Further evidence that mood changes are not attribut—
able solely to the pharmacological action of marijuana cones from a
study that found that elevation in mood occurred immediately before
use of marijuana and immediately after# but that mood was not
correlated with other 1indicatic of the subjective level of
intoxication (Rossi et al.# 1978;. Instead# mood was correlated
significantly with the moods of others# whether or not the other
persons were intoxicated.

It appears that preexisting mood can influence the decision to

use marijuana. High school students who exhibit symptoms of
depression are more likely than are others to begin using marijuana
as well as other illicit drugs (Paton et al.# 1977). There is some

evidence that students use the drug es e self-prescribed remedy for
their own mood problems# often reporting that they use marijuana as a
means of psychological coping (Johnston et al.# 1980; Kaplan# 1980).

A belief that marijuana can be used to alleviate clinical
depression is not supported by other studies; Including one in which
A-9-THC was carefully tasted as an antidepressant. It was given to
depressed patients as an experimental treatment without success
(Ablon and Goodwin# 1974) (see Chapter 7);

Interpersonal Behavior

Adolescents and young adults often report that they use marijuana to

facilitate interaction in new social situations (Mirin and McKenna#

1975). In a survey of 704 midwestern undergraduate students# most
reported that marijuana was a meaningful "tool of social bonding?””
(Linn# 1971). There seems to be a widespread belief that marijuana

smoking has several facilit ative” effecta>-Tincludlng enhanced social
effectiveness# closer social bonding# heightened interpersonal
sensitivity and empathy# and enhanced*sexual pleasure. <The
subcultural lore on one of these measures of interpersonal behavior-
sexual effects- has not been studied systematically either in surveys
or in experimental studies. The effects on sex hormones are
controversial (see Chapter 5). Studies iIn experimental situations
have failed to show any enhancement of social interaction and# in
fact# some decrements were noted (Galanter et al_.# 1974; Clopton et
al.# 1979; Janowsky et al.# 1979). Data from natural settings rather

than experimental settings are not available.

Effects on Aggression

Because marijuana users have been Involved in delinquent behavior# a
number of investigators have .questioned whether uee of-marijuana
enhances aggressiveness in human beings. There are specific concerns



about potential links of use of marijuana to aggression* Both
retrospective and experimental studies 1in human beings have failed to
yield evidence that marijuana use leads to increased aggression.*
Most of-esthe"ifr"studies suggest quite the contrary effect. Marijuana
appears*to* have a sedative .effactr-and it may reduce somewhat the
Intensity of angry feelings and the probability of “interpersonal
aggressive behavior (McGuire and Megaree, 1974; Tinklenberg, 1974;
Salzman et al., 1976; Taylor et al., 1976; Tinklenberg et al.# 1976b;

Hemphill and Fisher/ 1980).

SUMMARY

There is experimental evidence that marijuana seriously impairs
psychomotor performance. Strong evidence for impairment has been

found in:

* coordination as examined by hand steadiness/ body sway/ and
accuracy of execution of movement;

* tracking performance;

* perceptual tasks;

* wvigilance;

* performance on automobile driving and flying simulators; and

* operating autcaobiles on test roadways.

Less reliable evidence; of impairment or "feliabls evidence of a
small degree of impairment was found, in, reaction”~time, simple sensory
functions/ and control of eye movements. Although the effects that
marijuana produces on psychomotor functions used 1in driving are clear/
studies linking marijuana to auto accidents are Inconclusive. The
research is impaired by methodological problems related to the
pharmacology of marijuana. One recent study reported that marijuana
and alcohol had a similar degree of association with fatal accidents/
but more 1investigation is needed.

Studies also have shown acute effects of marijuana on short-ternm
memory. State-dependent learning also has been shown/ in that
information or problem,-solving skills learned in the intoxicated
state will be reduced or impaired in the drug-free state. One
laboratory has shown tracking 1impairment to persist for 4 to 8 hours
beyond the feeling of intoxication. Some animal studies demonstrate
a learning deficit that persists for months after marijuana exposure
has been discontinued,"but human studies do not permit secure
conclusions. ™

The acute clinical effects of marijuana are fairly well
established/ although there is no general agreement as to how to
classify them. Anxiety and panic reactions have been reported by
users and observed 1in experimental situations. They-areznot °
uncommon, but they: irsfsly "require medicaX*attstffeiort"/,A"tfhieWTnarijuana
is used to treat nausea and other conditions/ mental effects can
occur, which some patients, especially older persons, may regard as
unpleasant. These mental effects may require cessation of the

treatment.



Marijuana also has been found to produce an acute brain
syndrome. This is a sore severe mental problem consisting of
confusion and loss of contact with reality. It lasts from several
hours to several days and appears to be more likely to occur with
higher doses.

Chronic effects of any drug are more difficult to assess than are
immediate effects. The evidence that marijuana produces a chronic
psychosis is not convincing. The possible role of marijuana 1in
causing an amotivational syndrome 1is a matter of great concern.
Apathy, poor school work or work performance, and lack of goals
characterize a number of long-term marijuana users. But it has not
been possible to determine how much is caused,by use of marijuana and
how much was antecedent; it seems likely that both factors (drug
effect and self-selection) contribute to the motivational problems
seen in chronic users of marijuana. Existing studies have produced
conflicting results. Hone of the 1investigators has looked at effects
on the very young daily marijuana user, who 1is regarded as potentially
at high risk for damaging effects because of physiological and
psychological immaturity.

There 1is clinical evidence that marijuana use by former LSD useru
may precipitate a recurrence of LSD-type hallucinations known as a
"flashback.” Other clinical evidence raises the possibility that

marijuana use can worsen preexisting mental.illgeas.

RECOMMENDATIONS TOR RESEARCH
The committee recommends the following types of studies.

* Systematic research on acute behavioral and psychosocial
effects of marijuana should be extended to other age groups. There
are virtually no data on prepubertal children, young adolescents,
older adults, and aging persons.

* Studies of effects of daily use of marijuana on school
children are greatly needed. These effects r".ould include the
learning of new material, physical, psychological, and social
development, acquisition of coping skills, and tools of daily living.

* Systematic studies of long-term effects of marijuana are
increasingly possible now that longitudinal studies have identified
representative panels of persons known to be chronic heavy users.
These studies should cover interactive effects of marijuana and other
drugs on behavioral and psychosocial responses, especially
interactions of alcohol and marijuana because of their frequency of

associated use.
* Dosage effects should be restudied, taking into account the

higher potency cannabis Lhat is in current use. Further study is
needed of the timing and depth of inhalation of cigarettes with
standard doses of marijuana. More animal studies at varying doses
are needed. In view of the long-term retention of marijuana in body

tissues, further study is needed to see whether or not chronic users
may have 1impr naents of function even in tna absence of an acute dose
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of marijuana. The factors that influence the persistence of effects
following an acute dose are not understood.

The correlation of changes in a physiological marker/ such
as increased heart rate/ with observations of behavioral effects
should be encouraged.

* Many of these recommendations/ along with those of other
chapters/ could be consolidated and carried out as part of a study
that is both a prospective cohort study and a retrospective
case-control study of possible outcomes ani risk factors with

marijuana use.
* A cohort of drug-naive junior high school students could be
assembled and followed over time to see which students become

marijuana users and which remain nonusers. Students would be
subjected to physical and psychosocial testing at predetermined time
intervals. The two groups would be evaluated in terms of the

incidence of specific outcomes and the relative risks associated with
these outcomes after appropriate follow-up periods.

In order to identify risk factors for marijuana use, 1individuals
who become marijuana users would be compared to individuals who
remain nonusers using a case-control methodology. By combining these
two epidemiologic research strategies, the etiology and effects of

marijuana use may be studied.
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THERAPEUTIC POTENTIAL AND
MEDICAL USES OF MARIJUANA

There has been growing interest in the possibility that cannabis and
its derivatives will be valuable for the treatment of several medical
and psychiatric conditions. The 97th Congress# for example/
introduced a bilLl (H.R. 4498) "to provide for the therapeutic use of
marijuana in situations involving life-threatening or sense-threaten—
ing illness and to provide adequate supplies of marijuana for such

use.

Most of the putative therapeutic effects of cannabis are believed
to be mediated by the central nervour system. These include effects
on appetite# nausea and vomiting# epilepsy# muscle spasticity#l
anxiety# depression# pain# and on glaucosw# asthma# and the symptoms
of withdrawal from alcohol and narcotics. The literature on these
and other therapeutic actions believed mediated by the central
nervous system will be reviewed 1in this chapter.

In general# the committee finds that cannabis shows promise 1in
some of these areas# although the dose necessary to produce the
desired therapeutic affect is often close to one that produces an
unacceptable frequency of toxic (undesirable) side-effects. What 1is*
perhaps more encouraging than the therapeutic effects observedtthds
far is that cannabis seems *feiBJejc«rt:iti*Biihefitfitt iffacts through
mechanisms that diffefrffo*"~"f»ie of"otSii* available drugs. <This
raises the possibility that sane patients who would not be helped by
conventional therapies could be treated effectively with cannabis. A
second possibility is that cannabis could be combined with other
drugs to achieve a therapeutic goal# but with each drug being used at
a lower dose than would be required if either were used alone. As a
res.-1t, fewer side-effects would be expected to occur. It may be
possible to reduce side-effects by synthesizing related molecules
that could have a more favorable ratio of desired to undesired
actions; this line of investigation should have high priority#
because such synthetic derivatives may ultimately have widespread

therapeutic use.
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GLAUCOMA -

Glaucoma la tha leading cause of blindness in tha United stater;* The
term la used to describe a group of ocular diseases characterized by
an increase in intraocular pressure, which damages the optic nerve

and leads eventually to loss of vision." The disease affectronrer*tT0-""7

million Americana of age 35 or oUarwAlttougir there”ir increasing
risk of glaucoma with increasing agtl, thero”a~fe"?orasflu~rdevelop in

infancy. The National Society to Prevent Blindness (1980) also
estimates that 300,000 ne”“cases are diagnosed each year.

Treatment of glaucoma depends on the type and cause. It may be
pharmacological or surgical. _Surgery is-useful treatment ”V
relatively few cases; there is a high incidence of failure and
serious complications may occur. Available antiglaucooa drugs are

effective in regulating intraocular pressure in many patients, and
are the mainstay of treatment in the*most common form of glaucoma,
but there are some adverse side-effects. Some patients -are- refrac—
tory to present forms of treatment and becrme- blind-a* the disease*
progresses; for them, there is a particularly urgent-need to-find *
effective drugs™*

Cannabis (the crude drug). A-9-7SC (the pure compound), and*:.*
some other cannabinoid derivatives lower intraocular pressure when
administered by various routes, such as inhalation# oral,"or*
Intravenous. However, adverse aide-effectir of4cannabis and A-g~TSC
also have been reported. Most patients with glauet»M "are elderly,
and have®"a reduced tolerance for many of these side-effects. ” Even
without the adverse side effects, smoking, oral, and intravenous
routes of administration are not.suitable for the long term. Por
example, to give adequate control for intraocular pressure, fdir
marijuana cigarettes per day of 2 percent A-9-THC would"be
necessary; this amount is considered heavy usage and could pose a
serious health problem in long-term use. Therefore, topical
application would be the moat salutary route of administration for
the patient who needs continuous treatment.

RuMn -"StrdieS*

Interest in using cannabis for the treatment of glaucoma was first
stimulated b” the observation of Hepler et al. .(1971, 1972) that
intraocui*r*prsBsuce decreased when healthy human subjects smoked
jcannabia (0.9 percent and 1.5 percent A-g-THC content) wusing an
ice-cooled water pipe. (See Green, 1979, for an extensive literature

review.) V" -

A study of the acuta ocular effects of cannabis in 429 subjects
showed there was .a doss-related and statistically significant
reduction ofrintraocular pressure following the «»oltihg Wihgestion
of cannabis containing 1,t2, or, 4dlpercent.A-g-rac (Heplef "at*al.,
1976a). Tha .amount "dfwr*esalrp decrease” was in the range of 30
percent .fpr the cannabis that contained 2"percent A-9-THC. I *oy
Nineteen hospitalized subjects who smoked cannabis of 1 or 2 percent
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A-s-TBC content were observed for 35 days and another 29 subjects

were observed as in-patients for a total of 94 days. There was a
consistent drop in intraocular pressure in those smoking the 2 percent
cannabis and the reduction appeared to last 4 to 5.hours (Hepler et

al., 1976a) < The authors noted that there did"hot seem to be much of
a cumulative effecfeon size of pupils or upon intraocular pressure
response. Studies by other investigators have confirmed this effect

of cannabis and A-9-tbc 1iIn causing reduction of Intraocular
pressure in humans (Shapiro, 1974; Purnell and Gregg, 1975).

Perez-Reyes et al. in 1976 investigated the effect of intravenous
infusion of six cannabinoids in healthy volunteers. Delta-8-THC,
A-9-TEC, Il-hydraxy-A-9-THC, cannabinol, cannabidiol, and
3-0-hydroxy-A-9-THC were tested on healthy subjects with normal
intraocular pressure; A-e-THC, A-9-THC, and 11-hydroxy-THC caused
the greatest reduction 1iIn pressure. Of these A-8-TBC caused the
largest decrease in intraocular pressure, with the least number of
psychological side-effects.

In a preliminary study of 11 human glaucoma patients who smoked
marijuana (1, 2, and 4 percent) or 1ingested A-g-THC (15 mg), 1intra—
ocular pressure was lowered an average of 30 percent in 7 out of 11
patients (Hepler et al., 1976a). Another study showed that most
patients had a decrease in Intraocular pressure after 1ingestion of
15, 20, or 30 mg of A-9-THC and after smoking cannabis containing
1, 2, and 4 percent A-9-THC (Hepler et al., 1976b).

ldeally, the synthesis of a preparation that could be applied
topically to the eye would be most desirable for humans, because this

would allow for self-administration. However, initial studies 1in
humans with a topical preparation of A-g-THC have not shown a
consistent effect on intraocular pressure (Merritt et al., 1981).

More work needs to be done on this possibility.

Animal Studies *

While animal studies have supported the observation that A-9-THC
lowers intraocular pressure after oral and topical administration 1in
rabbits (Green et al., 1977a,b; 1978), and after intravenous adminis—
tration in the cat (Innemee et al., 1979), the reduction in intra—
ocular pressure 1is not completely understood. It may result in part
from a central nervous system effect, and in part through action on
the adrenergic system in the eye, probably mediated by the neuro-

transmitter norepinephrine.

Slde-Effects

Marijuana and A-9-thC given orally, 1intravenously, or 1in cigarettes 4
to control glaucoma cause systemic side-effects, such as increase in
heart rate, decrease in blood pressure, and psychotropic effects."

Sane of these side-effects are significant enough to pose problems,
particularly 1in patients with glaucoma, who are usually elderly. But
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on the other hand, some of these effects may disappear as tolerance

(decreased response with repeated use) develops.

Tolerance to the®""intraocular Pressure Rrducing Effect

No tolerance was detected to the ocular effects of cannabis in

rabbits after 1 year®s topical instillation of the synthetic
cannabinoids SP-1, SP-106, and SP-204 (Green and Kin, 1977; Green et
al., 1977b). Hepler et al. (1976b) noted a ceiling effect 1in humans,
in that the smoking of 22 cannabis cigarettes did not result 1in a
significant decrease in eyeball pressure as compared with a subject
who smoked only 2 cigarettes. The area of tolerance will need further
study, especially if a cannabinoid preparation with a satisfactorily
high ratio of therapeutic to side-effects can be found.

Summary

cannabi3, A-g-TEC, other cannabinoid derivatives, and their
synthetics, reduce intraocular pressure in humans when smoked, or

given intravenously or orally. However, there are systemic
side-effects as well as psychotropic effects that are of concern. It
is not yet clear whether an effective topical preparation can be
developed that will not have these side-effects. Future work should

determine whether synthetic cannabinoids or cannabinoid analogues can
be found that will be effective 1in treating glaucoma without causing

side-effects.

ANTIEHBTIC *AfcTIOIT . 1

Certain cancer chemotherapeutic agents regularly produce nausea and

vomiting after oral or intravenous administration. Those that are
most severe in that respect are cisplatin, actinomycin 0, adriamycin,
cyclophosphamide, methotrexate, and the nitrosoureas. Other anti»

cancer compounds may produce nausea less regularly or in less marked
fashion.

Because cancer chemotherapy now can produce increased survival in
patients with some neoplasms (recurrent or metastatic breast cancer,
small cell carcinoma of the lung, ovarian cancer, and others) and
substantial cure rates in several (acuta lymphoblastic leukemia,
Hodgkins disease, germ cell tumors of the testis, etc.) nausea and
vomiting that interfere with patients® willingness to continue
therapy can be a life-threatening side-effact. Even for those
willing to endure the symptoms, they can be extremely unpleasant and
debilitating.

BstabllshM*~IntleMtics (prochlorperazine and other phenothia-
zines)""Srw>het*wery effactive “egalnat .drugrinduced ernesis> and there
is a need for new and more reliable antithetic agents. Metoclopra-
alde, a derivative of procainamide, has recently been shown to be
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more effective than prochlorperazine iIn certain situations and seems
promising (Gralla et al., 1981).

The suggestion that cannabis might have some useful antiemetic
activity in this setting arose about 1973, when patients receiving
intensive chemotherapy for acute leukemia observed that their
"social" use of cannabis appeared to reduce their customary nausea

and vomiting.

Clinical Investigations

Several controlled studies have been reported. In one of the early
ones (Sallan et al., 1975), A-9-THC in 15- or 20-rag doses by mouth
was compared with a placebo in a randomized double-blind crossover
trial in 22 patients whose nausea and vomiting had been shown

refractory to other antiemetics. In 14 of 20 courses of treatment,
patients obtained "complete or partial relief"” with A-9-THC; 1in
none of 22 courses did patients report benefit with the placebo. It

was observed that the antiemetic effect "of A-9-TEC occurred only 1in
association with the "high,"™ and it was necessary to maintain the
"high?” in order to maintain the antiemetic effect.

In another controlled trial (Chang et al., 1979), 14 of 15
patients with osteogenic sarcoma treated with high-dose methotrexate
had less nausea and vomiting with A-9-THC than with the placebo.

In that study, patients with other tumors being treated with cytoxan
and adrlaraycin did not respond as well. That report and others like
it suggested that the antiemetic effect of A-9-THC against those
chemotherapeutic agents that are moderate 1in their emetic potential
(e.g., methotrexate) was pronounced, but that A-9-THC was less
effective against those agents with severe emetic properties. In a
similar study (Lucas and Laszlo, 1980), 38 of 53 patients with nausea
and vomiting refractory to other antiemetics reported good results
with A-9-THC. Among the failures were those treated with

cisplatin, which has been characterized as one of the most emetic
agents used in cancer chemotherapy.

In comparison with p”o”hlorparazina* A-9-rae. has.ralso been,
reported to be store effective in preventing”®nausea and vomiting
(Ekert et al., 1979; Sallan et al., .1980).

In a larger study (Frytak et al., 1979), of 116 patients treated
with 5-fluouracil and methyl-CCKU, A-9-THC was said to be no more
effective than prochlorperazine. In that study, 1in which nearly all
patients were older than those in the other reported trials, the
majority of patients considered the other side-effects of A-9-THC
so unpleasant that they preferred either prochlorparazine or the

placebo.

Another cannabinoid, a synthetic, nabilone, has been provided to
several 1investigators for evaluation an an antiemetic agent; it has
been licensed for use in Canada for treatment of nausea associated
with cancer treatment. In the largest clinical Study to date (Herman

et al*, 1979), nabilone was compared with prochlorperazine 1in a
double-blind crossover trial. It was found more effective than
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prochlorperazine. The patients 1in that study preferred nabilone to
prochlorperazine; the predominant side-effecta ware somnolence, dry
mouth, and dizziness. Hallucinations occurred in a few patients.
Euphoria of the type associated with cannabis was infrequent in that
study. However, a study 1in dogs has revealad previously unrecognized
late neurologic effects of nabilone at high doses (Archer et «1.,
1981). Monkeys and rata did not show similar toxic effects with long—
term administration of nabilone (Archer et al., 1981}, and further

studies will be necessary to clarify the safety of this new agent.

Levonantradol is yet another synthetic cannabinoid, related to
A-9-TEC, which has been shown in preliminary clinical studies to
have antiemetic action 1in patients with refractory chemotherapy-
induced emesis (Diasio at al., 1981).

Uncontrolled® Use of A-9-THC
" ek o4 FweCtJJ.ir?

In response to public and political pressures, the National Cancer
Institute, the United States Drug Enforcement Agency, and the Food
and Drug Administration have agreed to a program whereby the National
Cancer Institute is making A-g-THC available through the pharmacies
of approximately 500 teaching hospitals and cancer centers to
physicians who wish to use A-9-THC in treating the nausea and
vomiting of patients receiving cancer chemotherapy. This broad,
uncontrolled program, 1in which no data other than the reporting of
severe reactions are to be collected, may make it extremely difficult
to obtain continuing valid evaluations of the effectiveness of
A-9-THC 1in the management of nausea and vomiting due to cancer
chemotherapy. Although the extent of use of A-g-THC under this
program is difficult to evaluate, informal communication with the
National Cancer Institute indicates that A-9-THC has been supplied
in substantial quantities to several hundred hospital pharmacies.
The problem 1is. further complicated by the fact that the legislatures
of 23 states have authorized the use of cannabis by any physician for
the management of nausea and vomiting due to cancer chemotherapy. It
is expected that little reliable information will be derived from

Buch use.

Surmary

There- seiwiird.lIttic doubt that A»9-xHC and other cannabinoids are
active” "nahleajlapd” vcel ting3 ed"" £>y~cancer
cheaothefafSeutic agente.. the extent of"this activity, 1its relation
to other antiemetics, and .its relation to the other effects of the
cannabinoids have not yet been accurately determined.

Cannabis leaf, smoked or eaten, is also antiemetic but 1its
activity has been even less well determined than that of A-9-THC.
Studies with other synthetic cannabinoids have barely begun and much
remains to be learned in this field.
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APPETITE STIMULANT
1
It has been stated by "social” users that the smoking of cannabis
increases appetite. On that basis? there have been sporadic attempts
to use it in patients with advanced cancer to overcome their
customary debilitating weight loss.

In several of the studies in which &-9-THC was used as an
antiemetic in patients receiving cancer chemotherapy? they were
reported to have 1increased appetite and food intake. At this time?
it is not certain whether that increase was due merely to relief of
nausea and vomiting or to stimulation of appetite. One comparison of
habitual marijuana users and controls matched for age and educational
background showed increased caloric intake and weight gain among the
users (Greenberg? et al.? 1976). Furthermore? a double-blind
controlled study (Hollister? 1971) of smokers of cannabis or placebo
cigarettes provided with unlimited quantities of a high-caloric
beverage indicated an increase in caloric consumption in those using
cannabis compared with those using the placebo; however? the
variability was very large and there was some question that cannabis
could be considered a clinically significant appetite stimulant.

In another study of the psychological affects of A-9-THC 1in
patients with advanced cancer? it was observed that A-9-Tffi:
appeared to stimulate appetite and retard weight loss (Regelson et
al.? 1976). In that study many patients refused to complete the
2-week trial because of unacceptable side-effects from A-9-TEC.

The evidence to date suggests that there may be some influence of
cannabis on appetite. However? it is not possible to separate that
from the effect on nausea and vomiting. S*urther studies are 1in
progress in cancer patients whose course is not complicated by nausea

and vomiting.

ANTICONVULSANT ACTION

A large number of animal studies have been conducted using cannabis
as an anticonvulsant.” These can be divided into several categories.
The first to be discussed will be maximal electroshock seizures
(MES)* both in the rat and mouse (Loewe and Goodman? 1947; Sofia et
al.? 1971; Fujimoto? 1972; Consroe and Man? 1973; Karler et al.?
1973; Chesher and Jackson? 1974; Karler et al.? 1974; McCaughran et
al.? 1974; Karler and Turkanis? 1976; Consroe and Wolkin? 1977;
Turkanis et al.? 1977). In these studies there is a clear dose-
response effect_ia. the protection tolMET conferred by cannabinol
(CBN) and cannabidiol (CBD). Tolerance to the effect has frequently
been reported. However? the tolerance noted with cannabinoids 1is
similar to that seen with phenytoin (DPH). Further? even though
tolerance to phenytoin develops with MES? this has not been shown to

"Electrical shock of maximum intensity to cause a major seizure.
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be a clinically significant phenomenon. In these studies it 1is
generally found that CBN 1is less effective against MES and against
audiogenic seizures, the latter produced irorredentui by loud noise,
than C3D. In addition, Turkanis et al. (1977) have emphasized the
fact that CBD acts more like DFH than other anticonvulsants and hence
would be expected to be effective against major seizures rather than
against minor seizures.
There i1 jlso extensiyjupiifillM*literature that CBN and CBD"will
protect”against electrically induced, minimal-(kindling)-seizures
(Corcoran et al., 1973; Pried and Mclntyre, 1973; lzquierdo et al.,

1973; Turkanis et al., 1977, 1979). Reduction of seizures produced
by subcortical electrical stimulation in the cat has been reported
(Wada et al., 1973). There appears to be much less effect on
pentylenetetrazol-induced seizures (Consroe and Man, 1973; Turkanis
et al., 1979). Any effect of CBN and CBD on such seizures occurs
with maximal toxic doses (Turkanis et al., 1974). Protection against
audiogenic seizures (Consroe et al., 1973) and against reflex
seizures 1in the gesbJUL (Cox et &1., 1975) have been reported.

Human studies are largely anecdotal and conflicting. There 1is

one study by Cunha et al. (1980) 1in.which 15patients sufferingTTrom
partial complex epilepsy":with a tegporal.J”yua *era:randomly divided
into two groups. Each patient received,”in*a"*doubla-biind procedure,
200-300 mg of CBD or placebo $aily. The drugs were administered for
as long as 4 1/2 months. Throughout the study, clinical-and labora—
tory examinations, electroencephalograms, and electrocardiograms were
performed at 15- to 30-day intervals. The patients continued their
anticonvulsant medications taken before entering the study, on which
all them had previously experienced uncontrolled seizures. All
patients tolerated CBD well, and there were no sigrts of toxicity or
serious side-effects.,<rPouc>jof ~"the.8-,CBp subjects remained nearly
free of convulsions during,-.treatment: and”3-sOther*patients
demonstrated”"partial improvement 1in their clinical condition.
Cannabidiol was ineffective in 1 patient. The placebo group showed
no alteration of seizure frequency. A series of 8 healthy volunteers

given CBD showed no effects of the drug.

Susmary

There is substantial evidence from animal studlas to indicate that
cannabinoids are effective in blocking both kindling seizures and
MES, and this.is particularly true for CBD. MES is a standard
be8t.ih9Ji5fi6MAUMjeb6”e8*4uAtd”e<AAnfcicoovulsaab,drugs.. This 1is
atrong surogy”~”eeiwshSr”*iTrvestlgatfofPTntOvt!»cetilil”?vSjCciDuAn
human epilepsy. The one available_carefully controlledhumanCAtudy

is in accord.with this review.
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MUSCLE RELAXANT ACTION

necdotal reports that cannabis is effective 1in

X spasticity. Petro (1980) has reported such

has carried out a double-blind study of the

on spasticity (Petro and Ellenbergerr
-ed that 10 mg of A-9-THC significantly reduced

clinical measurement and that quadriceps electromyograms

-csid a decrease in interference pattern in four patients with

-<»rily extensor spasticity. These are preliminary observations,

Dut they suggest that further and more rigorous 1investigations of the

use of cannabinoids in spasticity should be suggested to test their
therapeutic effectiveness.

ANTIASTHMATIC EFFECT

Intensive, chronic smoking of concentrated cannabis produces several
adverse effects on the airways, 1including mild bronchoconstriction.
But acute smoking of cannabis as well as the ingestion of A-9-THC
produces bronchodilation in normals and in subjects with chronic,
clinically stable bronchial asthma of minimal to moderate severity
(Tashkin et al., 1974). These bronchodilator effects were also
investigated 1in individuals in whom an asthmatic attack was induced
experimentally by exercise or methalcholine (Tashkin et al., 1975).
Immediately after the development of bronchospasm, subjects smoked a
cigarette containing 500 mg of cannabis assayed at either 1 or 2
percent A-9-THC.

Methalcholine inhalation promptly caused significant broncho—
constriction (an average decrease 1in airway conductance of 40-55
percent) and significant hyperinflation (mean 1increases 1in thoracic
gas volume of 35-43 percent). After placebo smoking or saline
inhalation, airway conductance 1increased cnly modestly, remaining
significantly less than initial control values for 30 to 60 minutes,
and thoracic gas volume decreased only gradually, remaining
significantly increased for 15 minutes. However, after 2 percent
cannabis, and after isoproterenol, there was a prompt return of
airway conductance and thoracic gas volume to control values.

Exercise in the asthma-prone individual resulted in average
decreases in airway conductance of 30-39 percent and average increase
in thoracic gas volume of 25-35 percent. After placebo or saline,
there was only a gradual return to control values during 30-60
minutes, but after cannabis, airway conductance and thoracic gas
volume returned promptly to preexercise values. Four of the subjects
who had previously used cannabis could detect pleasurable sensations
after smoking cannabis, which distinguished these effects from those
of the placebo cigarette. In that sense these experiments were not
strictly blind. The four subjects who had no previous experience
with cannabis did not experience any central nervous system effects
but did note mild somolence or Illght-headedness after cannabis. The
results of this study suggest that any bronchial irritant effects of
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be a clinically significant phenomenon. In thesa studies it is
generally found that CBN is less effective against MES and against
audiogenic seizures, the latter produced im«edeat”™ by loud noise,
than CBD. In addition, Turkanis et al. (1977) have emphasized the
fact that CBD acts more like DPH than other anticonvulsants and hence
would be expected to be effective against major seizures rather than

against minor seizures. o>
There 1is. also exten-1J terature that CBIf andCBD""will

protect*against electrically induced, minimal-(kindling)- seizures
(Corcoran et al., 1973; Pried and Mclntyre, 1973; lzquierdo et al.,

1973; Turkanis at al., 1977, 1979). Reduction of seizures produced
by subcortical electrical stimulation in the cat has been reported
(fcada et al ., 1973). There appears to be much less effect on
pentylenetetrazol-induced seizures (Consroe and Man, 1973; Turkanis
ct al., 1979). Any effect of CBN and CBD on such seizures occurs
with maximal toxic doses (Turkanis et al., 1974). Protection against
audiogenic seizures (Consroe et al., 1973) and against reflex
seizures in the gw&H (Cox et al., 1975} have been reported.

Human studies are largely anecdotal and conflicting. There 1is

one study by Cunha et al. {"™,980) in.which" 15 patiehts”sufferingTfrom
partial complex .epilepsy :with a temporal;JEqgua were randomly divided
into two groups. Each patient received,.,in,a. double~bilnd procedure,
200-300 mg of CBD or placebo daily. The drugs were administered for
as long as 4 1/2 mbnthsi ~Throughout the study, clinical-and labora—
tory exarinations, electroencephalograms, and electrocardiograms were
performed at 15- to 30-day 1intervals. The patients continued their
anticonvulsant medications taken before entering the study, on which
all them had previously experienced uncontrolled seizureso All
patients tolerated CBD well, and there were no signsof toxicity or
serious side-effects...JFoux"Qf -ih«,f-CBD subjects remained nearly
free c¢cf convulsions during,-63D=_fcre«t»ent; and”®"3-other patients
demonstrated*partial improvement 1in their clinical condition.
Cannabidiol was ineffective in 1 patient. The placebo group showed
no alteration of seizure frequency-. A series of 8 healthy volunteers

given CBD showed no effects of the drug.

Summary

There is substantial evidence from animal studies to indicate that
cannabinoids are effective in blocking both kindling seizures and
MES, and this.is particularly true for CBD. MES is a standard
teatin*jrgrUtf.e*torey#luatiO»-/>"Anticoovv5lfcaaS,.drugs. . This 1is
strong 3uro”eS5*ee*sst#etSlrrwihdgatroi*hto"tiI~~tlitili~rv6l!lldfcn”™n
human epilepsy. The one available carefully controlled "bumaaCltudy

is in accord.with this review.



MUSCLE RELAXANT ACTION

There ace widespread* anecdotal reports that cannabis 1is effective 1in
relieving muscle spasm or spasticity. Petro (1980) has reported such
effects in two cases and has carried out a double-blind study of the
administration of A-9-THC on spasticity (Petro and Ellenberger,

1981). They reported that 10 mg of A-9-THC significantly reduced
spasticity by clinical measurement and that quadriceps electromyograms
demonstrated a decrease in interference pattern in four patients with
primarily ext*;isor spasticity. These are preliminary observations,
but they suggest that further and more rigorous investigations of the
use of cannabinoids in spasticity should be suggested to test their

therapeutic effectiveness.

ANTIASTHMATIC EFFECT

Intensive, chronic smoking of concentrated cannabis produces several

adverse effects on the airways, 1including mild bronchoconstriction.
But acute smoking of cannabis as well as the 1ingestion of A-9-THC
produces bronchodilation in normals and in subjects with chronic,
clinically stable bronchial asthma of minimal to moderate severity

(Tashkin et al., 1974). These bronchodilator effects were also
investigated in individuals in whom an asthmatic attack was induced
experimentally by exercise or methalcholine (Tashkin et al., 1975).

Immediately after the development of bronchospasm, subjects smoked a
cigarette containing 500 mg of cannabis assayed at either 1 or 2
percent A-9-THC.

Methalcholine inhalation promptly caused significant broncho-
conetriction (an average decrease in airway conductance of 40-55
percent) and significant hyperinflation (mean Increases in thoracic
gas volume of 35-43 percent). After placebo smoking or saline
inhalation, airway conductance 1increased only modestly, remaining
significantly less than initial control values for 30 to 60 minutes,
and thoracic gas volume decreased only gradually, remaining
significantly increased for 15 minutes. However, after 2 percent
cannabis, and after 1isoproterenol, there wee a prompt return of
airway conductance and thoracic gas volume-to control values.

Exurcise in tha asthma-prone individual resulted in average
decreases in airway conductance of 30-39 percent and average 1increase
in thoracic gas volume of 25-35 percent. After placebo or saline,
there was only a gradual return to control values during 30-60
minutes, but after cannabis, airway conductance and thoracic gas
volume returned promptly to preexercise values. Four of the subjects
who had previously used cannabis could detect pleasurable sensations
after smoking cannabis, which distinguished these eftecta from those
of the placebo cigarette. In that sense these experiments were not
strictly blind. The four subjects who had no previous experience
with cannabis did not experience any central nervous system effects
but did note mild somolence or light-headedness after cannabis. The
result? of this study suggest that any bronchial irritant off cts of
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placebo cannabis smoke were not sufficient to aggravate or perpetuate
existing acute brrnchospasm to an extent greater than that which
sight result from the irritant effect of inhaled saline. The results
also-djp oBStxats that Inhaled &-9-TSC causes a prompt and complete
susta”n*~, reversal of methacholine-induced bronchospasm and correction
of tha~aitsrciated. hyperinflation*. These effects were not signifi—
cantly different from those-observed after isoproterenol, although
there was a tendency toward a greater degree of bronchial dilation
after 1isoproterenol. Similarly, after 1inhalation of A-9-THC, there
was a prompt return of airway conductance and thoracic gas volume
during exercise-induced bronchospasw to the preexercise value. After
exercise the effects of 10 mg A-9-THC was not as efficacious as
1.25 mg isoproterenol.

The way in which A-9-THC 1induces bronchial dilation has not
been determined, but previous studies have shown that this effect is
not mediated by beta-adrenergic stimulation or 1inhibition of muscarine
receptors (Shapiro et al., 1973). A vagolytic mechanism 1is possible,
as suggested by other studies carried out on the dog salivary gland
(Cavero et al.r 1972) and on guinea pig ileum (Gill et al., 1970).

Although 1ingestion of A-9-THC in a sesame oil vehicle has
produced bronchodilation in asthmatic patients (Tashkin et al.,
1974), less dilation was noted than after smaller doses of A-9-THC
delivered by smoking. Its significant bronch.~dilator effect
notwithstanding, A-9-THC does not appear to be suitable for that
therapeutic use, because of its psychotropic effects and possibly
other side-effects. However, other cannabinoid compounds such as
cannabincl and cannabidiol do not produce the central nervous systenm
effects of tachycardia characteristic of cannabis (Hollister, 1973)
and deserve further investigation for possible bronchodilator

activity.

ANTIANXIETY EFFECT

Users of cannabis have often reported that the drug produ“ces”~fieltngs
of relaxation and-calsuiassr and seme have reported-its”"use to reduce
anxiety. ® "X"prdfcflefrvEtfi*#vfcWiitihgcannabises an antianxiety drug,
however, 1is that some subjects report increased anxiety or panic
after using cannabis (see Chapter 6). For example, Regelson et al.
(1976) found less tension and apprehension in cancer patients after
cannabis use; but 6 of 50 subjects receiving A-9-THC reported such
side-effects as severe dizziness, confused thinking, dissociation,
and cor.cern over, loss of sanity. In normals, Pillard et al. (1974)
found no effects of cannabis on experimentally 1induced anxiety.
Nabilone, a synthetic cannabinoid, was found to reduce experimentally
induced anxiety in normal volunteers but it was less effective than
diazepam (Nakano et al., 1978). Nabileoe- waa-found. tobe_more
effective _tbao*Pl*oeb»"-In- patients wlttfpsyehoneurotic anxiety (Fabre
et al.", 1978).

Thera are very few studies of cannabis effects on anxiety.
There is no indication r.t this time that cannabis or nabilone are



more w"fective or reliable than currently available antianxiety

medication.

ANTIDEPRESSANT EFFECT

Regelaon et al. (1976) reported a significant reduction in self-
rated depressive symptoms 1in cancer patients treated with A-9-THC.

However, in a carefully controlled trial with four bipolar and four

unpolar depressed patients, Kotin et al. (1973) found no anti-

depressant activity.

ANALGESIC ACTION

Several animal models have been used to show analgesic effects of
cannabis and its analogues (for example, Grunfeld and Edery, 1969;
Sofia et al., 1973). Human studies have been conflicting. Milstein
et al. (1975) found increase in tolerance to experimentally induced
pain after smoking cannabis, while Hill et al. (1974) were unable to
detect effects using a different kind of experimental pain. Noyes et
eil. (1976) found a reduction 1in pain reports by cancer patients given
oral A-g-THC; Regelson et al. (1976) also studied cancer patients
and found no significant changes 1in pain after A-9-THC.

Those subjects who show analgesic effects of cannabis also show
other pharmacological effects such as mental clouding. The literature

not indicate a specific effect of cannabis on pain pathways nor
than

does
does it suggest that cannabis 1in likely to be more effective

currently available analgesics.
ALCOHOLISM

has been proposed as a treatment for alcoholism (Scher, 1971)
that cannabis and

Cannabis
based upon case reports and on the observation
alcohol were generally not used together. A systematic.evaluation

failed to find cannabis useful 1in alcoholism.

(Rosenberg et al., 1978)
2) indicate that currently the

Moreover, recent surveys (see-Chapter
abuBe of cannabis and alcohol are frequently combined.

OPIATE WITHDRAWAL

Early clinical reports suggested that cannabis might bs useful 1in

suppressing the symptoms of opiate withdrawal (Birch, 1889; Thompson

and Proctor, 1953). Recently a series of animal studies (Hine et
al., 1975a,b; Bhargava, 1976) have, found that"A-P-TBC suppresses
many of the behavioral manifestations of withdrawal precipitated by

in morphine dependent rodents. This effect is enhanced by
(CBD) (Hine et al., 1975a,b), but CBD-is not effective

naloxone
cannabidiol
alone.
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There are no reports of systematic evaluations of cannabis aa a
treatment of opiate withdrawal in human beings. The animal studies
do not present evidence that cannabis 1is likely to be more effective
than currently available treatments for opiate withdrawal.

ANTIWHDR ACTIOIt"

There is very little information abcut the effects of cannabis on
neoplasms. InHbr<#ttudy "(Harris et al.# 1976)# minor- H feetsrwere
seen on the Lewis Lung Tumor but not in L1210 leukemia. 1In another
study (White »t al.# 1976)# it was found that A-9-1BC inhibited
tumor DNA replication somewhat. In that same study# cannabidiol
appeared to Wave a growth enhancing-effect on the Lewis Lung Tumor.
These limitad studies do not support a view that A-9-THC has a
useful effect in inhibiting tumor growth.

SUMMARY

Cannabis and 1its derivatives have shown promise in the treatment of a
variety of disorders. The evidence Is~TOSt"impressive in glaucomat#
where their mechanism-of action appears to bedifferent®"from "the
standard drugs; 1in asthma# where they approach isoproterenol ift
effectiveness; end in the nsusea and vomiting"of cancef_chemot]ierapy,
where they compare favorafcly”itir"phenOthiazines..- b5aailervtrials”
have suggested, cannabis aight”®also be useful 1iIn seizures#-. spasticity#
and other nervous~system disorders. 1lEffective doses usually produce
psychotropic and cardiovascular effects and can be troublesome#
particularly 1in older patients.

Although marijuana has. not been shown unequivocally superior to
any existing therapy for any of these conditions# several important
aspects of its therapeutic potential should be appreciated. First#
its nechaniams-of! action,and..its”toxicity.iii.several diseases are
different £frogpthstse, of drugs "nor heing eused_.tOr tseat™.those
conditions; thus# combined use with other drugs might allow greater
therapeutic efficacy without cumulative toxicity. Second# the
differences in action suggest new approaches to understanding both
the diseases and the drugs used to treat them. Last# thero may be an
opportunity to synthesize derivatives of marijuana that offer better

therapeutic ratios them marijuana itself.

RECOMMENDATIONS FOR RESEARCH

The committee believes that the therapeutic potential of cannabis and
its derivatives and synthetic analogues warrants further research
along the lines described in this chapter. There also may be
significant heuristic benefits to be derived from the study of the
biological mechanisms by which these compounds act.



