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Research on the factors involvad in cessation of the use of 

aarijuana should also be carried out. Tobacco smoking is declining 

among youth (National Institute of Education/ 1979)• The reasons for 

this decline could be applicable to marijuana use and should be 

sought.
Studies should be undertaken to learn how peer influence c a n  be 

reliably used to moderate or p r event marijuana use in young 

adolescents.
Properly planned longitudinal cohort studies should be conducted 

on both the behavioral and physiological antecedents and consequences 

of the use of marijuana. Detciled and continuing medv-al and 

psychosocial data are needed o n  the life careers of American adults 

who use marijuana "daily." Retrospective studies of rj.ddle-aged and 

elderly persons who have a history of chronic heavy use of marijuana 

would be systematically studied for medical and psychosocial 

attributes and for effects o n  job performance. These are especially 

needed for urban industrialized populations.

Little is known about the consequences of using marijuana in 

combination with other drugs. Inasmuch as the rates o f  use of other 

drugs are so high/ this is of gre a t  salience. Interdisciplinary and 

collaborative offorts are crucial if the complexities of multiple 

drugs and intercorrelated behaviors are to be disentangled.
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- 4 -
EFFECTS OF MARI J U A N A  O N  THE RESPIRATORY 

AND CARDIOVASCULAR SYSTEMS

RESPIRATORY SYSTEM

Performance (Pulmonary Function)

The lungs are the natural target for the harmful effects of smoked 

materials. This is as true for marijuana as for tobacco. In both 

instances, smoka is drawn into the lungs where it can harm not only 

the cells that line the airways (t r a c h e a , nasopharynx, bronchi, and 

alveoli) and constitute th<a lung tissue, but also impair such cells 

as lung macrophages, which are part of the immune system. As a 

result, the smoke may inflict injury directly on parts of the system 

and also make the lungs vulnerable to agents that normally are held 

at bay by self-cleansing and s e l f - p r o t e c t i m  mechanisms.

Different effects would be expected frc.d tobacco and marijuana 

smoking because of the striking differences in the way in which the 

two substances are smoked: marijuana smoke usually is drawn deeply

into the lungs by one or a few deliberately deep breaths, whereas 

tobacco sroking is generally :oore automatic, repetitive, and variable 

in pattern. Moreover, because marijuana is a "street drug," it not 
only is inconsistent in its content but also is subject to c ontamina­

tion. Also, filters are not usually used by marijuana smokers, 

although water pipes are used occasionally. Consequently, under 

natural conditions it is difficult to judge dosage of active 

ingredients, to sort out the influence of contaminants, and to 

compare the consequences of marijuana and tobacco smoke.

Experience over the years with cigarette smoking has shown that 

continued exposure to tobacco smoke entails the risk of producing 

chronic bronchitis and/or carcincoaa of the lung. But, although 

cannabis products have been smoked for centuries, remarkably little 

is recorded about their effects on the lungs. Whatever contemporary 

information exi its ir. confounded by the fact that most marijuana 

smokers are alsi tobrcco smokers.

In recent years, interest has heightened in the smoking of 

marijuana as a therapeutic measure. The inhalation route takes 

advantage of the large surface area afforded by the lungs for 

administering the effective constituents of marijuana. However, this
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practice entails the disadvantage of administering a therapeutic 

agent in a cloud of air pollutants.

In brief/ our appraisal must assess the impact of chronic 

bronchial irritation and inflammation on the airways and 

gas-exchanging surfaces of the lungs.

Acute Effects

Marijuana affects the control o f  the breathing pattern in different 

ways depending upon the dose, the preparation/ and its psychotropic 

effect on the consumer. One marijuana cigarette generally stimulates 

ventilation (air exchange between the lungs and the ambient air) in 

conjunction with an increase in the metabolic rate and a heightened 

response to carbon dioxide (CO2) as a regulatory stimulant (Vachon 

e t  al./ 1973; Zwillich et al./ 1978). On the other hand/ larger doses 

of smoked marijuana may depress the ventilation and responsiveness to 

the CO2 stimulus Weil et a l . / 1968; Bellville et al./ 1975). The 

intravenous administration of A-9-THC in equivalent doses has much 

less of an effect either on the ventilation or on the effectiveness 

of C O 2 a* a respiratory stimulant (Malit et al./ 1975).
Much mere consistent and predictable is the effect of marijuana 

on the airways. The inhalation of small amounts of marijuana smoke 

causes bronchial dilation in persons without demonstrable lung 

disease (Tashkin et al./ 1973; Vachon et al./ 1973). The 

bronchodilation is easily demonstrable; the inhalation of 
• isoproterenol (1250 u g ) / a potent bronchodilator/ caused less of an 

improvement in airways conductance than the peak effect observed 

after smoking 2 percent marijuana (Tashkin et a l . / 1973). Ingestion 

of A-9-THC is less effective than smoking marijuana in producing 

bronchodilation; the bronchodilator effects of smoked marijuana last 

as long as 60 minutes; that of ingested A-9-THC up to 6 hours. 

Aerosolized A-g-THC has a local irritating effect on the airways, 

which often overrides the bronchodilating effect to the point of 

making it unsuitable for therapeutic purposes (Tashkin et a l . , 1 9 7 7 a ) .

Except for bronchodilation/ acutt exposure to marijuana has 

little effect on breathing as measured by conventional pulmonary 

tests. Thus, in young marijuana smokers (21-30 years of age) who 

smoked at least four cigarettes per week and no tobacco for at least 

6 months before, ventilatory mechanics and gas exchange were normal 

by conventional tests (Tashkin et al., 1976). In contrast, heavy 

marijuana smoking, i.e., at least 4 days per week for 6 to 8 weeks 

d i d  cause mild airway obstruction (Tashkin et al., 1976).

Acute smoking of marijuana, as well as the ingestion of 

A-g-THC, also causes bronchodilation in individuals with mild to 

moderate asthma (Tashkin et al., 1974). Marijuana smoking or 

ingestion of A-g-THC also dilated airways in asthmatics in whom 

bronchoconstriction was deliberately provided either by exercise or 

by the inhalation of methacholine, a bronchoconstrictor (Shapiro et 

a l . , 1976 a ) . The mechanism by which bronchodilation is effected is 

not clear, but does not involve stimulation of beta-adrenergic
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receptors or blockade of muscarinic receptors in airway smooth muscle 

(Shapiro et al., 1976a). Adding to the difficulties of 

interpretation are the psychotropic effects of marijuana: four o f

the individuals who had previously used cannabis could distinguish 

the marijuana cigarette from the placebo on the basis of the 

intoxicating experience afforded by the marijuana smoke. Although 
the four subjects without previous cannabis experience did not 

experience any central nervous system effects, they did note mild 

somnolence or light-headedness after marijuana use.

Among the experiments with induced asthma were some that employed 

the inhalation of cannabinoid-free marijuana smoke (Tashkin et al.,

1975). The results indicate that the smoke of the marijuana cigarette 

does not prevent methacholine-induced bronchospasm (Tashkin et al.,

1976). Smollng of marijuana did not aggravate or perpetuate 

bronchoconstriction in stable asthmatics, and it promptly reversed 

experimentally induced bronchospasm (Tashkin et al., 1978). Addition 

of A-9-THC to placebo smoke caused a prompt, complete, and 

sustained reversal of methacholine-induced bronchospasm. Although 

ingestion of A-9-THC in a sesame oil vehicle has produced 

bronchodilation in asthmatic patients, less dilation was noted than 

after smaller doses of A-g-THC delivered by smoking (Tashkin et

al., 1974).
Although it appears that the mechanism of A-9-THC-ir.duced 

bronchial dilation is mediated by the autonomic nervous system, the 

process of dilation is not understood (Gill and Paton, 1970; Cavero 

et a l . ,  1972; Shapiro et al., 1973).

Subacute Effects

Pulmonary function tests in 28 healthy young experienced cannabis 

users before and after a 47-59-day period of heavier than customary 
marijuana usage (group daily average-of 5.2 cigarettes, with a daily 

mean range of 1.7 to 10 cigarettes per subject) disclosed the 

develop M n t  of mild but significant decreases in spscific airway 

conductance and forced expiratory flow as well as in diffusing 

capacity (Tashkin et al., 1976). Cessation, by reduction in smoking, 

gradually restored the testa toward .normal. The clinical 

significance of these abnormalities is uncertain. The marijuana 

smoked and the impairment in pulmonary function, coupled with the 

observation that reversibility of function was incomplete 1 week 

after marijuana smoking had stopped, suggests that heavy marijuana 

smoking over a much longer period could lead to clinically 
significant and less readily reversible impairment of pulmonary 

function.

Chronic Effects

A  study of 31 American soldiers stationed in West Gsrmany who rwoked 

large quantities of hashish (100 grams or more per month for periods
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o f  6 to 15 months) found their ailments to be principally respiratory, 

including bronchitis, sinusitis, asthma, and rhinopharyngitis 

(inflammation of the nasopharynx) (Tennant et al*, 1971). In 

one-third of the soldiers, sputum-producing coughs, difficulty in 

breathing, and wheezing followed 3 to 4 months of regular use of 

hashish. However, they had a normal chest radiograph and normal 

sputum. Antibiotics failed to relieve the symptoms. The symptomatic 

patients could not work and four required hospitalization. An 

unspecified decrease in hashish consumption improved their symptoms.

Pulmonary function tests in these individuals showed mild airway 

obstruction after 3 days of lessened hashish intake. Moreover, the 
response of these individuals to isoproterenol suggested that 

reversible bronchospasm and/or the accumulation of fluid in the 

bronchi-was involved in the pathogenesis of the airway obstruction. 

Patch and serological tests failed to implicate allergy as a cause of 

the upper respiratory symptoms and signs.

In Jamaica (Hall, 1975), where marijuana usage is heavy, chronic 

bronchitis is frequent. However, marijuana smoking is usually 

associated with tobacco smoking, which confounds interpretation of 

the effects of marijuana alone. Adding to the uncertainty about the 

effects of marijuana as a cause of chronic regulatory abnormalities 

are two other studies, one in Jamaica (Rubin and Comitas, 1975) and 

the other in Costa Rica (Hernandez-Bolanos et al., 1976), which 

failed to find any difference in the prevalence of chronic 

respiratory disease between smokers and nonsmokers of marijuana.

These results cannot be accepted as conclusive, because in each study 

the number of marijuana smokers was small, the subjects were not 

randomly selected, and the use of tobacco was not taken into account.

Much more convincing is a recent study (Tashkin et al., 1980) of 

74 persons who smoked marijuana for 2 to 5 years, typically as 
frequently as several times per day, 3 to 6 days per week. Care was 

taken to obtain proper control groups. The results indicated that 

habitual smoking of marijuana causes a mild but significant increase 

in resistance to airflow in the large airways without an appreciable 

effect on conventional tests.

Another study was of 200 American soldiers stationed in West 

Germany who voluntarily sought medical attention for such respiratory 

symptoms as pharyngitis, sinusitis, bronchitis, and asthma related to 

chronic heavy hashish smoking (Henderson et al., 1972). Analysis of 

the hashish available and in use in the locale of this study showed 

concentrations of 5 to 10 percent A-9-THC. T w o  to 3 percent of 
samples were contaminated with cocaine, opium, morphine, spices, or 

feces. Two aspects of hashish smoking are relevant to the question 

of lung injury produced by hashish: 1) hashish is usually smoked in

a pipe (occasionally in a water p i p e ) , although it is occasionally 

eaten, drunk as a tea, or rolled into a cigarette and smoked, and 2) 

hashish smoke generally is regarded by users as burning much hotter 

than tobacco smoke.

Soldiers with pharyngitis usually smoked less than 25 grams of 

hashish monthly? those with bronchitis and asthma consumed more than 

50 grams per month. The common complaint of sore throat in these



61

heavy hashish smokers occurred most often in those who smoked hashish 

in a pipe without a screen or cotton filter; in them, the roof of the 

mouth and the back, of the throat vere inflamed. Persistent rhinitis 

(inflammation of the nasal mucous membranes) vas present in 26 

patienta. As a rule, allergy could not be implicated in the 

nasopharyngeal manifestations. Treatment with antibiotics, 

decongestants, and phenylephrine (a vasoconstrictor) relieved the 

symptoms, but they recurred in those who continued smoking hashish.

Twenty high-dose hashish smokers (more than 50 grams/month) had 

chronic bronchitis as manifested by a chronic sputum-producing cough, 

shortness of breath, and decreased exercise to.'trance. On physical 

examination, abnormal respiratory sounds— rhonchi, wheezes, and 

rales— were present. Chest radiographs were consistently normal, but 

pulmonary function was abnormal; the vital capacity (the maximum 

volume of gas taken in) was 15 to 40 percent below normal. In six of 

these subjects who smoked 50 or more grams per month, biopsy of 

bronchial mucosa revealed changes that resembled the abnormalities 

that occur in older heavy smokers of tobacco (Auerbach et a l . ,

1961). The biopsies also turned up atypical cells not found in 

tobacco smokers.

The study of a respiratory disease in hashish or marijuana 

smokers is difficult because the great majority also smoke tobacco 

cigarettes. Also, the illegality of marijuana aaoking prevents 

people from volunteering information and cooperat ing in experimental 

studies. Baseline physiological or clinical studies are difficult, 

because the subject is not identified until he seeks medical help.

Rats (Fleischman et al., 1979) and dogs (Roy et al., 1976) have 

been exposed experimentally to marijuana smoke over long periods (1 

year and 900 days, respectively) to determine its morphological 

effects on the lungs. At autopsy, the animals demonstrated damage of 

the airways and also of the lung substance. However, it is difficult 

to relate the results of these animal experiments, in which the 

artificial pattern of smoking differed markedly from that of the 

human smoker, to the effects that chronic marijuana smoking might 

elicit in man.

Defense Mechanisms (Alveolar Macrophages)

Little is known about the effects of marijuana on the defense 

mechanisms of the lungs. Although some observations have been made 

on the alveolar macrophage, an important element in this system, the 

results have been inconsistent. For example, some studies of the rat 

lung found that macrophages obtainod by washing out the lung and 

exposing them to marijuana smoke manifested a depression in 

bactericidal activity (Huber et a l . , 1975, 1979a,b, 1980). On the 
other hand, another report failed to disclose a significant effect, 

not only of marijuana, but also of tobacco smoke on the bactericidal 

activity of macrophages (Drath at al., 1979). Finally, others have 
found that alveolar macrophages differ slightly in their morphological 

responses to tobacco and to marijuana smoke. The significance of
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these differences, especially in terns of their long-term effect on 

pulmonary defense mechanisms, remains to be defined.

Explants of lung have also been examined after exposure in 

culture to marijuana smoke (Leuchtenberger et al., 1973a,b; 

Leuchtenberger and Leuchtenberger, 1976). Striking changes have been 

observed in the appearance and growth characteristics of exposed 

cells.

Carcinoma of the Lung

The effect of marijuana as a carcinogen for lung, airways, and upper 

respiratory organs has not been systematically explored. Evaluating 

the carcinogenicity of marijuana is difficult, because most marijuana 

smokers also are tobacco cigarette smokers and because such 

carcinogenicity could have a long period of latency? studies of 

tobacco carcinogenesis indicate that 20 to 30 years of exposure must 

occur before tumors appear in the lung. It is understandable that 

information concerning the carcinogenic properties of marijuana are 

not yet available, particularly in the United States, where the agent 

has come into extensive use only during the past two decades. An 

important problem in evaluating carcinogenicity is the fact that the 

leaf is used by igniting it and the inhaled products of its 

combustion may be carcinogenic, as in the case of tobacco products. 

Even If it proved to be carcinogenic, the question would still remain 

as to what constituent in marijuana smoke was at fault.

The potency of a substance as a mutagen (ability to change 

genetic material) can provide a clue as to its possible role as a 

carcinogen. Induction of genetic mutations by a substance in test 

strains of bacteria correlates with induction of tumors in test 

animals. Fractions from extracts of marijuana smoke particulates 

("tar”) have been found to produce dose-related mutations in four out 

of five test strains of bacteria (Busch et al., 1979; Seid and Wei, 

1979; Wehner et a l . , 1980). By itself, A-9-THC was not active as a 

mutagen in bacterial strains (Glatt et al., 1979) or in mammalian 

test systems ( v m  Went, 1978).

The extent to which marijuana smoke differs from tobacco smoke is 

discussed in oetail in Chapter 1. In general, except for the 

presence of cai»nabinoida in one and tobacco alkaloids (nicotine) in 

the other, the combustion products of tobacco and marijuana are 

qualitatively similar. On occasion, however, differences that may be 

meaningful have been found. For example, one study (Hoffmann et al.,

1975) reports that tobacco smoke contains more isoprene and volatile 

phenols, whereas marijuana smoke contains about 50 percent more 

carcinogenic hydrocarbons.

Tumorigenicity of marijuana and tobacco smoke condensates on 

mouse skin have been reported. In mice painted three times weekly 

with a tar suspension of smoke condensate, survival at 74 weeks was 

better in the marijuana group than in the tobacco group. Six of 100 

mice painted with marijuana condensate developed skin tumors, all of 

which were benign, whereas 14 of 100 in the tobacco condensate group 

developed tumors, two of them malignant (Hoffman et al., 1975).



Because marijuana smoke has adverse actions similar to tobacco 

smoke on cell function in the respiratory and cardiovascular systems, 

it has been proposed that marijuana smoke, rather than only the 

cannabinoid, should be used to obtain information about effects on 

cell injury and response (Leuchtenberger and Leuchtenberger, 1971). 

Exposure of human lung cells in culture to freshly generated marijuana 

smoke for up to 2 months resulted in increased mitotic indices, 

stimulation of DNA synthesis, and an increase in the population of 

cells with four times the DNA content of control cells or those 

exposed to tobacco smoke (Leuchtenberger et al., 1 973a,b). Long-term 

exposure of hamster lung cells to the smoke of either marijuana or 

tobacco led to abnormal proliferation and malignant transformation 

within 3 to 6 months of exposure (Leuchtenberger and Leuchtenberger, 

1976}. Since malignant transformation was also noted in unexposed 

lung cells after 12-24 months of culture, it appears that the smoke 

o f  marijuana or tobacco accelerates, rather than initiates, the 

malignant change.

Although no instance of human lung carciioma attributable solely 

to marijuana smoking has yet been reported, abnormalities suggestive 

of cancerous lesions have been recorded. For example, in several of 

the U.S. servicemen who smoked 50 grams of hashish or more per month 
and developed upper respiratory disorders, mucosal biopsy showed 

extensive cellular abnormalities, including loss of cilia, 

proliferation of basal epithelial cells, and atypical cells (Tennant 

et al., 1971; Henderson et al., 1972). Comparison of 30 American 
hashish smokers (25-150 grams/month for 3-24 months; 23 also smoked 

tobacco and 7 did not), 3 tobacco smokers (1.6 packs/day for 11.3 

years) who did not smoke marijuana and 3 nonsmokers of tobacco or 

hashish, indicated exposure to combined marijuana and tobacco smoke 

produced more harmful effects than that produced by either substance 

alone (Tennant et al., 1980). In the hashish smokers who did not 

smoke tobacco, abnormalities in the tracheal biopsies were no more 

frequent or severe than in those persons who smoked only tobacco.

Exception has been taken to the idea of an additive effect of 

tobacco and hashish smoke. A  Greek study that compared chronic 

hashish and tobacco users with tobacco smoking controls found that 

although the hashish smokers had considerably more throat irritation 

and cough, the prevalence of bronchitis in both groups was about the 

same (Boulougouris et a l . , 1976); no biopsies were taken. The 

differences between the Greek and American studies may reflect 

differences between the two populations: The American study, done in

Germany, favored inclusion of men with severe respiratory disturbances 

(Tennant et al., 1980), whereas the Greek study (Boulougouris et al., 

1976) appears to have included persons with less severe illness.

The finding of known carcinogens in marijuana smoke and the 

presence of epithelial abnormalities known to be the precursors of 

lung cancer in heavy smokers of tobacco suggest the possible 

development of lung cancer in chronic, heavy users of marijuana and/ 

or hashish after a prolonged period of use, especially if they are 
also smokers of tobacco. However, evidence to support this 

hypothesis is not available. Because marijuana smoking is an ancient
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custom in Asia and the Middle East, lung cancer would be expected to 

be more prevalent in these parts of the world if a causal 

relationship did exist. Unfortunately/ no reliable data have been 

gathered to settle this question. Heavy smoking of marijuana/ in 

quantities comparable to that of t o baccor has been relatively 

uncommon in the United States. Therefore? the contribution of 

marijuana smoking to the incidence of primary lung cancer cannot yet 

be answered with ani* authoritative data.

Summary: Respiratory System

Lung Function and Defense Mechanisms

The most important question about the effects of marijuana on the 

health of the respiratory system is whether acute or chronic 

marijuana smoking cause detectable structural or functional 
impairment of the lungs. Mild but measurable airway obstruction/ 

affecting both large and small airways/ can be shown to exist after 6 
to 8 waeks of smoking marijuana daily/ averaging five marijuana 

cigarettes a day; this decrement in function is reversible/ but does 

not retur.i to normal within one week of abstaining from smoking.

In persons with histories of heavy smoking? particularly of 

hashish? chronic inflammatory changes are seen in the bronchi and 

uvula/ often in association with chronic sinusitis, -hese manifesta­

tions of upper respiratory disturbance have been described in 

individuals with histories of marijuana smoking usually in excess of 

3 years and are reversible when marijuana smoking is stopped.

Acute exposure of alveolar macrophages in vitro to marijuana 

smoke causes a reduction in phagocytic activity/ a cell defense 

mechanism. The agents responsible for this change in macrophage 

function are in the vapor phase of marijuana smoke and are not 

related to the presence of A-9-THC. Also/ lung explants exposed to 

marijuana smoke ir. vitro show changes in the chromosomal structure of 
nuclei.

There is as yet no information about the effects of prolonged 

smoking of marijuana? that is? beyond 5 years. Although some 

populations have been examined for the effects of chronic marijuana 

smoking? controlled studies are sparse and populations exposed to 

marijuana smoke only— without exposure to tobacco— apparently are not 

available. Particularly conspicuous is the lack of information about 

the effect of chronic marijuana smoking begun in late childhood or 

adolescence and continued to adulthood. Such studies would require 

morphological examination of biopsy material from the bronchi and 

respiratory passages to determine the presence of structural changes 

that indicate the development1 of chronic bronchitis and/or lung 

cancer. Morphological changes associated with smoking marijuana 

could be compared with the morphological abnormalities associated 

with chronic tobacco smoking.

The acute response to inhalation of marijuana is an appreciable 

bronchodilation? both in normal subjects and in Individuals with



bronchial asthma. H o w e v e r ? the bronchodilator effects of marijuana 

are a response to acute exposure; chronic exposure usually evokes 

bronchoconstriction.

With respect to therapeutic application? the effects of smoking 

marijuana in producing bronchial dilatation do not exceed those that 

follow the inhalation of beta-agonist drugs. Moreover? the doses 

required for bronchodilatation usually elicit the psychotropic effects 

of marijuana and may be associated with changes in the structure of 

bronchial and parenchymal lung cells? the significance of which 

remains to be assessed. For these reasons therapeutic usefulness as 

a bronchodilator drug is open to serious question (see Chapter 7).

Carcinoma of the Lung

One of the great uncertainties about marijuana smoking is its 

neoplastic potential. Wo reliable data are available concerning the 

incidence of carcinoma of the lungs and upper respiratory passages in 

long-term users of cannabis.

But a variety of experimental studies has sounded the alert that 

marijuana smoking— just as tobacco smoking— may be carcinogenic and 

that a combination of tobacco and marijuana smoke may have greater 

neoplastic potential than either one alone. Although the experimental 

observations have raised the* suspicion? long-term observations o n  

human subjects— and possibly on smoking animals— will be necessary to 

settle the issue.

Recommendations for Research 

Lung Function and Defense Mechanisms

With respect to the performance and defenses of the lungs? these 

studies would be informative:

* the physiological? biochemical? and morphological 

interactions of combined exposures of the respiratory tract to 

tobacco and marijuana smoke;

* the interactions of cannabis and alcohol on the function of 

the respiratory tract;
* the long-term effects? i.e.? 10 to 30 years? of exposure of 

the respiratory tract to frequent use of cannabis in the absence and 
pressure of exposure to tobacco smoke (for thin purpose? large-scale 

epidemiological studies may be requ i r e d ) ;

* the physiological effects and clinical consequences o f  

exposure of alveolar macrophages and other lung cells to long-term 

exposure to marijuana smoke;

* the immunologic effects o' marijuana smoke exposure on calls 

and on the entire body.

a



Carcinoma of the Lung

With respect to carcinoma o f ‘the lung/ these studies seem essential*

* an epidemiological survey to determine over the next 20 to 

30 years if th«re will be an increased incidence of primary lung/ 

laryngeal/ oropharyngeal/ esophageal/ nasal/ or sinus cancer in 

chronic marijuana smokers;

* epidemiologic and pathological studies in humans and 

experimental studies in animals to evaluate the carcinogenic 

potential of chronic marijuana smoking on the lung, l a r y n x / 
oropharynx/ nasal/ and sinus epithelium.

CARDIOVASCULAR SYSTEM 

Normal Heart and Circulation 

Heart (Direct Effects)

With respect to the heart and circulation/ the most evident effect in 

human beings of smoking marijuana/ or of ingesting the active 

ingredient (A-9-THC)/ is a brisk increase in heart rate 

(tachycardia). Although this is not threatening to the normal 

heart/ the rapid heart action can be harmful to the heart in which 

the circulation is compromised by atherosclerosis or is on the verge 

of failing.

The responses of the cardiovascular system to acute exposure to 

marijuana differ between human beings and most other mammals in that 

the human subject typically responds with an increase in heart rate 

(height et a l . / 1971; Beaconsfield et al./ 1972; Perez-Reyes et a l . r

1973)/ whereas most mammals show a slowing in rate (bradycardia) 

(Cavero et al./ 1973; Graham and L i r 1973; Rosenkrantz and Braude/ 

1974; Vollmer et al./ 1974; Adams et a l . f 1976; Hardman and Hosko, 

1976; Kawasaki et al./ 1980). Human blood pressure usually increases 

moderately on acute administration of A-9-THC/ but in monkeys and 

dogs acute administration is followed by a decrease in systemic 

arterial pressure. Typical effects on heart rate and blood pressure 

have been attributed to altered autonomic funccion (Loewe, 1944; 

JoachimoglU/ 1965; Ames/ 1968; Gill and Paton/ 1970).

Effects on the cardiovascular system are to some extent a 

function of dose/ route of administration/ and duration of exposure. 

Tolerance to some of the cardiovascular effects in human beings 

develops with chronic use (Benowitz and Jones/ 1975/ 1977a/b; Nowlan 

and Cohen/ 1977}, but continued use does not result in any persistent 

alteration in cardiovascular function after cessation of exposure 

(Dornbush and Kokkevi/ 1976).

Effects on Heart Rata In healthy young adul t s / acute administration 

of marijuana by smoking (10 mg total dose) causes a prompt increase 

in heart rate (increasing by up to 90 beats/minute) for about 1 hour.
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The change in heart rate caused by A-9-THC appears to result from 
alterations in both sympathetic and parasympathetic efferent activity 

to the normal cardiac pacemaker (Beaconsfitld et a l .v 1972; Martz et 

a l . , 1972; Sulkowski et al., 1977). The results of studies designed 

to determine whether beta-adrenergic stimulation is responsible for 

the tachycardia have not been consistent: In one series of reports,
prior administration of propranolol,* in a dose sufficient to block 

the heart's beta-adrenergic receptors, prevented the increase in 

heart rate (Bright et al., 1971; Beaconsfield et al., 1972; 

Perez-Reyes et al., 1973), whereas in other reports, propranolol 
failed to block the marijuana-induced tachycardia (Kanakis et a l . , 

1976; Tashkin et al., 1978). Although part of the discrepancy may be 

attributable to differences in dosages, not all of it can be 

rationalized this way, leaving an unexplained disparity.

Hemodynamic Effects Effects of marijuana on blood pressura and 

cardiac output, as mentioned above, are a function of the nature of 

exposure (acute or chronic), of tho dcse, and of the body position; 

also, there are differences among human beings and a number of 

mammalian species. In human beings lying supine, acute exposure to 

A - 9-THC typically causes a modest increase in blood pressure, 

although in sane instances no significant change in pressure haff been 

observed (Beaconsfield et al., 1972; K a nakis et al., 1976; Benowitz 

et al., 1979). On assuming the upright posture, blood pressure may 

drop considerably. Cardiac output, in the supine position following 

an injection of A-g-THC, has been found to increase by as much as 

30 percent (Malit et al., 1975; Tashkin et al., 1977b). The increase 

in cardiac output in the face of only a modest increase in bicod 
pressure clearly results in a substantial decrease in peripheral 

vascular resistance. The change in resistance varies among the 

different vascular beds, being greatest in the vessels to the 

skeletal muscles.
Chronic administration of quite large oral doses of A-9-THC 

exerts different effects (than the acute) on the circulation 

(Bernstein et a l . , 1974; Benowitz and Jones, 1975; Benowitz et a l . ,

1979). Systolic and diastolic pressure usually fall slightly, but 

these changes are not always sustained. As the blood pressure falls, 

the heart rate slows from the high levels caused by initial marijuana 

administration. The decrease in blood pressure can be accentuated if 

the subject assumes an upright posture. The extent to which it drops 

appears to be a reciprocal function o f  the extent to which plasma 

volume has increased.

Effects on Heart Muscle Data about changes in human left 

ventricular function caused by marijuana are not entirely convincing 
because most studies have relied on noninvasive measurements and

*Propranolol is an agent that blocks beta-adrenergic neurotranamitters 

and is used in treatment of cardiac arrhythmias.
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because it has not been possible to control separately the several 

variables that modify left ventricular function and are changed by 

administration of A-9-TBC. Changes in heart rate, afterload 

(systemic vascular resistance, blood p r e s s u r e ) , or preload (plasma 

volume, venous return) individually can cause changes in heart size 

and ventricular performance. In spite of these limitations, 

conclusions can be drawn from the observations on human beings. 

Definitive animal studies of A-9-THC effects on ventricular 

performance have not been done.

Indices of cardiac performance usually improve after marijuana or 
A-9-TBC. Almost invariably this improvement can be attributed to 

the increase in heart rate (Gash et al., 1978). The acute 

administration o f  A-9-THC (25 ug/kg intravenously) to healthy 

young males elicits, in association with the increase in heart rate, 

changes in the ventricular contraction periods (an increase in 

ejection time and shortening of the preinjection period), while 

systemic arterial pressure is unaffected (Weiss et al., 1972; Kanakis 

et al., 1976). Beta-adrenergic blockade by propranolol is followed 

by less striking changes in the contraction time intervals. Another 

study of 17 subjects who smoked two to three cigarettes (20 mg 

A-9-THC per cigarette) found cardiac output increased by 28 percent 

and heart rate by 30 percent, in conjunction with a slight decrease 

in stroke volume, which affects pulse pressure (Tashkin et al.,
1 9 7 7 b ) .

Autonomic Nervous System

Marijuana could influence autonomic function in several ways: (1) by

changing the sensitivity of reflexes that influence and control 

cardiovascular function; this effect could result either from changes 

in the processing of nerve impulses in the central nervous system or 

autonomic ganglia (a group of nerve cells outside the central nervous 

system), from changes in the liberation or metabolism of transmitters 

at the autonomic nerve terminals, or from changes in the sensitivity 

of the pre- or postjunctional receptors; (2) by a change in the 

levels of neurotransmitters, the catecholamines (norepinephrine, 

epinephrine) in the blood as a result of actions on the adrenal 

medulla, which secretes these neurotransmitters; activation of the 

adrenals could be a direct effect or by reflexes or by a central 

action of A-9-THC; and (3) by exerting effects on dopamine activity 

(an intermediate product in the synthesis of norepinephrine) either 

in the central nervous system or periphery.

Unfortunately, it is unclear how the effects of A-9-THC are 

exerted on the autonomic nervous system (Truitt and Anderson, 1971; 

Beaconsfield et al., 1972; Weisa et al., 1972; Englert et al., 1973;

Ho et al., 1973; Howes and Osgood, 1974; Ho and Johnson, 197v>; Huot, 

1976; Benowitz and Jones, 1977a,b; Gash et a l . , 1978; Stefanis, 197S) . 

The data are insufficient to determine if the effects cone by way of 

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

{
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reflex 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 

bow marijuana influences autonomic function, evidence that it does 

has been obtained. For example, A-9-TBC appears to reduce a number 

of autonomic reflexesx After marijuana, the typical changes in heart 

rate and blood pressure elicited by the Valsalva maneuver (a forced 

exhalation effort against the closed glottis) are decreased, and so 

are the reflex circulatory responses to immersion of the hand in cold 

water {Beaconsfield et al., 1972; Benowitz et al., 1979). However, 

during chronic administration of A-9-THC, no change occurs in the 

reflex decrease in heart rate caused by infusion of a dose of the 

vasoconstrictor phenylephrine sufficient to increase the blood 

pressure (Benowitz and Jones, 1975; Benowitz et al., 1979).

Exercise

Acute exposure to A-9-THC modifies exercise performance by human 

beings. Smoking (20 mg of A-g-THC) decreased the duration of 

exercise but caused no change in any cardiopulmonary parameter at any 

work load except for heart rate, which increased (Shapiro et al., 

1 9 7 6 b ) .

Other Effects (Plasma Volume, Sodium Retention)

Acute administration of A-9-THC would not be expected to have 

prominent effects on sodium balance or plasma volume. Chronic 

administration, on the other hand, has distinct effects. Wi t h  
chronic ingestion of large doses of A-9-TEC there is a consistent 
gain in body weight and plasma volume, the latter caused by sodium 

retention (Benowitz and Jones, 1975, 1977a,b). The change in plasma 

volume a eras to be causally related to the decrease in orthostatic 

hypotension during chronic exposure. The mechanisms responsible for 

the retention of salt and water have not been explored and may 

include changes in renal perfusion, inhibition of prostaglandin (a 

substance that affects blood pressure) synthesis by A-9-THC 

(Burstein and Raz, 1972; Howes and Osgood, 1976), or some 

modification in pituitary-adrenal function (Birmingham and Bartova, 

1976).

Abnormal Heart and Circulation

Although smoking marijuana or the introduction of A-g-THC into the 

body is apparently without deleterious e’.fect on the normal heart and 

circulation, the possibility is great that the abnormal heart and 

circulation will not be as tolerant of an agent that speeds up the 

heart, sometimes unpredictably raises or drops the blood pressure,
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and modifies the activitiea of the autonomic nervous system. 

T h e r e f o r e , it is pertinent to examine the prospects that mailjuana 

(or A-9-THC) may be harmful in individuals with coronary her.rt 

disease/ cerebrovascular disease/ hypertension/ and heart failure. 

Moreover/ it may be important to determine if A-9-THC interacts in 

its effects on the abnormal heart or circulation with other agents 

that are being administered for therapeutic purposes.

Coronary Heart Disease

Da t a  on this topic are sparse/ presumably because of the relatively 

short time that marijuana has been available in this country. Those 

w h o  have smoked marijuana are just entering the age when coronary 

atherosclerosis is common. However/ it has been shown both in normal 

Individuals and in individuals with coronary artery disease that the 

acute administration of A-9-THC by smoking or injection can cause 
changes in the electrocardiogram (ECG) (Johnson and D o m i n o r 1971; 

Beaconsfield et a l . , 1972; Kochar and Hosko/ 1973). Premature beats 

have also been noted. The reasons for the changes are unclear. Also 

not understood is the contribution of the increase in heart rate 

itself to the ECG changes and to the premature beats.

In some patients with coronary artery disease/ increased 

catecholamines can induce arrhythmias. It seems likely that in such 

patients A-9-THC could have the same effect. Also/ in patients 

with coronary artery disease a large increase in heart rate can 

induce angina (pain) and even ischemic damage from insufficient 

oxygen as a result of an obstructed blood vessel. If A-9-THC were 

to increase heart rate markedly in such patients/ and at the same 

time increase the need for cardiac perfusion because of the increased 

cardiac work and because of the intensified effect of catecholamines 

on the heart/ it seems reasonable that there could be induction of 

angina and potentially precipitation of ischemic damage. Furthermore/ 

if A-9-THC dulled the appreciation of pain and the appropriate 

responses to p a i n r the patient might not take suitable measure to 

relieve the angina/ thereby increasing the risk of damage or 

arrhythmias.

A  decrease in oxygen-carrying capacity of blood because of 

formation of carboxyhemoglobin could also be troublesome. Exercise 

tolerance has been reported to decrease in individuals with angina 

after smoking aarijuana; this decrease is in contrast to the 

unaffected exercise tolerance after smoking a placebo marijuana 

cigarette (Aronow and Cassidy/ 1974). Oral ingestion of A-9-THC or 

smoking marijuana apparently can cause marked hypertension in 

association with an increase in systemic vascular resistance 

(Benowitz et al./ 1979)/ which would place the heart with coronary 

artery disease at risk of damage.
These observations concur in indicating that marijuana and 

A-9-THC increase the work of the heart/ often in ma n y  ways. The 

conclusion seems inescapable that this increased work/ coupled with 

stimulation by catecholamines/ m a y  tax the heart to the point of 

clinical hazard.
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Cerebrovascular Disease

There are few, if any, indications that A - 9-T H C  has direct effects 
on the cerebral circulation that would be import*.;'* in patients with 

cerebrovascular disease. In the occasional nstient who develops 

hypertension after smoking, there would be an increased risk of a 
cerebral vascular accident (stroke). Also, because A-9-TBC 

administered after a t r o p i m  c a n  cause barked increases in blood 

pressure, this combination would place the patient with cerebro­

vascular disease at risk, as would smoking after ingestion of other 

muscarinic blockers. In some patients, postural hypotension could be 

a problem, not only for persons w i t h  abnormal cerebral circulations, 

but also with abnormal coronary circulations.

Hypertension

The factors that act to intensify angina would be of importance in 

hypertensive patients. Although data are lacking on the magnitude of 

change in blood pressure caused by A-9-THC in hypertensives, it 

seems reasonable to assume that hypertensives smoking marijuana might 

have a greater increase in blood pressure than normals do. The 

increase in plasma volume and sodium retention that are associated 

with chronic exposure to A-9-THC could increase blood pressure in 

hypertensives and the mechanisms responsible for these changes very 

likely would interfere with the action of a number of 

antihypertensive medications.

Heart Failure

Because marijuana can cause tachycardia, a decrease in systemic 

vascular resistance (required for increased cardiac output to sustain 

blood pressure) and salt and water retention might place patients 

with severe heart failure at a disadvantage by exposure to A-9-THC. 

Data on such patients are lacking. In older patients treated by 

A-9-THC or who have smoked m arijuana for glaucoma or cancer, 

orthostatic hypotension has been both disabling and a threat of 

cardiovascular complications (Merritt et a l . , 1980). However, 

tolerance to orthostatic hypotension seems to develop during 

continued intako of A-9~t HC or continued smoking of marijuana. 

Dehydration, as during vomiting or diuretic therapy, predisposes to 

the orthostatic hypotensive effects and resists the development of 

tolerance because it prevents expansion of blood volume.

Interactions with Cardioactive Drugs

Few studies evaluate interactions between A-9-THC and other drugs 

that act directly or indirectly o n  the heart. Propranolol usually 

attenuates the increase in heart rate caused by A-9-TBC. Atropine
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can greatly potentiate the a b i l i t y  of A-9-THC to increase systemic 

arterial pressure (Benowitz a n d  Jones, 1 9 77a,b). A  number of possible 

interactions can be imagined. If a patient were taking a drug that 

blocked uptake of catecholamines by nerve terminals, then those 

effects of A-9-THC that are m e d i a t e d  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 

seems possible.

Summary: Cardiovascular System

The smoking of marijuana c a u s e s  changes in the heart and circulation 

that are characteristic of stress. But there is no evidence to 

indicate that it exerts a pe r m a n e n t l y  deleterious effect on the 

normal cardiovascular system. Neither is there convincing evidence 

that marijuana would be of p articular benefit in treating any of the 

major forms of cardiovascular disease.
The situation is quite d i f f e r e n t  for those vith an abnormal h e a r t  

or circulation. Evidence a b o u n d s  that marijuana increases the wo r k  

of the heart, usually by increasing heart rate, and in sane persons 

by increasing- blood pressure. This increase in workload poses a 

threat to patients with hypertension, cerebrovascular disease, a n d  

coronary atherosclerosis. T h e  magnitude and incidence of the threat 

remains to be determined b e cause marijuana smoking has largely b e e n  

confined to younger adults w h o  are only now entering the age of 

serious complications of atherosclerosis on the heart, brain, and 

peripheral vessels.
Marijuana also can cause postural hypotension. This drop in 

blood pressure could be hazardous in those individuals with 

compromised blood flow to the heart or brain, especially if they are 

volume-depleted (dehydrated) or if other drugs have impaired reflex 

control of their blood vessels.

Marijuana appears to intensify the effects of the sympathetic 

nervous system on the heart, a n  undesirable consequence in patients 

with coronary artery disease and in those susceptible to arrhythmias. 

Many of the undesirable effects of marijuana on the cardiovascular 

system seem to become leb£ severe following chronic exposure. Whether 

the relative paucity of reports of the ill-effects of marijuana o n  

the abnormal cardiovascular s y s t e m  is a consequence of adaptation to 

chronic usage or to lack of e x posure to marijuana of a population 

that is sufficiently advanced in years to be susceptible to its 

untoward effjcts remains to b e  determined.

Recomm&ndations for Research

Additional studies are needed both (1) to provide information on t h e  
mechanisms responsible for t h e  observed effects of marijuana on the 
cardiovascular system and (2 ) to provide new data on the effects o f  

marijuana in patients with kno w n  forms of cardiovascular disease.



73

* The manner in which A-9-THC acta on the heart to change 

the rate and force of contraction needs clarification. Direct 

effects on the heart are not likely to differ among sp e c i e s , and thus 

experiments can be planned for a "standard" heart preparation.

* Direct effects o n  electrical activity/ which might relate to 

reports of changes in electrical activity and production of premature 

impulses as well as changes in sinus rate# should be evaluated with 

standard methods and standard preparations.

* Direct effects of A-g-THC on vascular smooth muscle should 

be explored. For this purpose/ it wou l d  be essential to use some 

vessels that did/ and others that did not, have functioning nerve 

terminals. It would be Important here to include studies on selected 

coronary vessels and on vessels whi c h  play a dominant role in the 

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

humans can be explained in full/ particularly the effects of 

A-9-THC on the renin-angiotensin system in the kidney/ which 

provides control of arterial pressure/ and on the several sequences 

o f  prostaglandin metabolism.

Studies also are indicated to o b tain new data about the effects 

o f  marijuana on:

* persons with hypertension/ coronary artery disease/ and 

cerebrovascular disease;

* increases in systemic arterial pressure in low** and 

high-renin hypertension and the interactions between A-g-THC and 

several classes of antihypertensive medications;

* the interactions between the salt and water-retaining effect 

of A-g-THC and diuretics that could be employed both in 

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 toward arrhythmias/ and o n  interactions of A-9-THC with 

drugs that modify synaptic transmission in the central nervous system.
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EFFECTS OF MARIJUANA ON THE B R A I N

The most clearly established effects of cannabis are upon behavior. 

These effects, described in Chapter 6 , indicate that major actions of 

cannabinoids are upon the brain. The ways in whi c h  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 

reviewed in this chapter. Effects of marijuana on brain electrical 
activity and on brain chemistry have been measured, but their 

significance for brain function is not known because of our limited 

knowledge o f  brain-behavior relations. Marijuana causes temporary 

intoxication and,results in changes in brain physi o l o g y  and chemistry 

similar to those caused by other intoxicating drugs. Although these 

kinds of studies may ultimately shed light on the way marijuana 

produces its behavioral changes, they do not provide answers to 

important clinical questions. 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 convincing 

evidence for long-term changes because of use o f  marijuana.

BRAIN MORPHOLOGY

There is substantial controversy about whether m arijuana causes 

changes in brain structure or in brain cells. Two studies have 

reported that marijuana produces changes in brain morphology. Both 

suffer sufficiently from methodologic and interpretatlonal defects 

that their conclusions cannot be accepted. Furthermore, other 

studies have not found changes in morphology.

Gross Morphology

Data suggesting that use of marijuana causes brain atrophy were 

obtained b y  pneumoencephalography (injection of air into spaces in 

and surrounding the brain) on 10 users of marijuana who had sought 
medical attention because of neurologic complaints (Campbell et al., 

1971}• The size of the largest brain cavities (ventricles) was
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mei'sured to determine whether losa of brain tiacue had occurred. The 

author b interpreted their data aa showing that atrophy w a s  present.

One of the first critics of this report questioned the 

interpretation of the radiologic techniques used (Bull, 1971). The 

results also have been seriously criticized because of the aarijuana 

users studied. They had neurological symptoms or signs sufficient to 

justify an invasive and painful diagnostic test, but there is no 

evidence that such neurological complaints occur with greater 

frequency in users o f  marijuana than in the general population. 

Further, Campbell's patients did not only use aarijuana, but also 

used such behavior-altering drugs, as lysergic acid diethylamide 

(LSD) and amphetamines.

More recent evidence has been provided by computed tomography 

(CT) scans of the brain. This technique, which is noninvasive, 

painless, and yields more precise and quantifiable measures of brain 

atrophy, has replaced pneumoencephalography as a diagnostic test. 

Using C T  methods, two studies failed to find evidence of cerebral 

atrophy in healthy chronic marijuana users (Co et al., 1977; K e uhnle 

et al.. 1977). These latter resilts suggest that the earlier 

findings 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 last possibility is reinforced by CT 

scans of animals w h o  received a variety of psychoactive drugs. 

Marijuana alone produced no evidence of brain atrophy, whereas other 

drugs, such as amphetamines, did produce changes (Rumbaugh et a l . , 

1980).

Microscopic Morphology

Three post mortem studies on monkeys in the same laboratory have 

reported changes in 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 in volume cf 

rough endoplasmic reticulum, presence of clumping of synaptic vesicles 

in axon terminals (where impulses travel away from the ce l l  b o d y ) , 

and an increase in intranuclear inclusions. These changes appear 

dramatic, but they must be interpreted with caution. The three 

studies are based principally upon examination of two limited brain 

areas only in three treated monkeys, two receiving marijuana smoke

*A synapse is the region of communication between nerve cells, 
forming the place where a nervous impulse is transmitted from one 

nerve cell to another.



and one intravenous A-9-THC; a fourth treated animal was added to 

the last study and mo r e  brain areas were analyzed in it (Heath et 

al. , 1980). Further/ although the material was evaluated 

"doubleblind" after electron micrographs had been made/ it would 

appear that' fixation/ tissue preparation/ and photography were 

carried out before these safeguards against bias were applied. It is 

possible that unknown but systematic differences occurred between 

experimental (treated) and control animals in fixation and 

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 et al./ 1977)/ is a normal 

variant in the synaptic morphology of axon terminals in mammalian 

brain (Sipe and Moore/ 1977) and does m i  represent a pathological 

change. Also/ these studies have not been replicated and, because 

the basis for interpretation is such a limited sample/ it is c o n­

cluded that no d e f i n i t i v e  interpretation can be made at this time. 

However/ the possib i l i t y  that marijuana may produce chronic/ ultra- 

structural changes in brain has not been ruled out and should be 

investigated.
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NEUROPHYSIOLOGY

One source of information o n  the mechanisms o f  action of a drug, such 

as marijuana, is the study of its physiological effects. Effects of 

marijuana on the electrical activity of the brain have been 

demonstrated by m e ans of the electroencephalogram (EEG). 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 ov e r  time. The waves observed are classified 

according to frequencies as delta, theta, alpha, and beta. While the 

changes in EEG d escribed bel o w  are of interest, their biological 

significance is unknown.

A c u t e  (Short-Term) Effects in Waking EEG

Ingested marijuana or &-9-THC produces rather slight effects on the 

EEG of a n  awake subject. Relatively high doses (210 mg A-9-THC or 

its equivalent/day) have failed to produce measurable changes even 

though marked behavioral effects were observed. The EEG effect most 

frequently reported in recent studies has been an increased abundance 

of alpha waves associated with a slight slowing (about 0.25 Hz) of 

the alpha frequency (Rodin et al., 1970; Volavka et al., 1971; Fink,

1976). However, reduced alpha abundance and increased fast frequency 

activity (beta) have also been reported (Wikler and Lloyd, 1945;

Jones and Stone, 1970). Most studies which report EEG changes have 

noted that tolerance develops with repeated drug administration. No 
significance with respect to hazard can be inferred from the effects



of cannabis on the waking EEG. For a further review o f  this 

literature, see Fried (1977).

Persistent Effects in Waking EEG

The occurrence of persistent (long-lasting) changes in EEG with use 

of marijuana would cause concern even if their significance for brain 

function was unknown. However, in attempting to investigate the 

question of whether such changes occur, there inevitably arise crucial 

issues of subject selection. If 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 the drug and who 

might have shown EEG changes. On the other hand, if one includes in 

such studies marijuana u: jta 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 u^e of marijuana, either in the modest doses c u s t o m­

arily used in this country or the heavy doses of hashish and ganga 

used by certain studied populations abroad, has not been shown to 

produce changes in the EEG. No abnormalities were found in the EEG 

of 10 healthy students w h o  had smoked marijuana regularly for 1 year 
(Rodin et al., 1970). Another study compared clinical EEG records of 

46 hashish users and 40 matched controls in Greece (Fink, 1976).

Each record was evaluated independently by four qualified neurologist- 

electroencephalographers. No differences were observed in the 

incidence of abnormal records in the users and controls, a result 
consistent with the absence of significant differences between the 

two groups in various tests of neurological function.

Essentially, the same negative results were obtained in studies 

of ganga users in Jamaica (Rubin and Comitas, 1975) and marijuana 

users in 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 in the community. As mentioned above, 

this method of selection runs the risk of eliminating subjects whose 

health or behavior were adversely affected by marijuana and who might 

have shown EEG changes. This methodological difficulty cannot be 

eliminated in any small sample Investigation of marijuana users.

Acu t e  Effects in Event-Related Potentials

One can employ computer averaging to retrieve from the E E G  certain 

information that is not detectable by visual inspection. In this 

way, the electrical events that follow a stimulus may be studied in 

subjects who are at rest, asleep, or carrying out certain tasks.

These computer-averaged potentials provide clues to the sequential 

processing of information by the brain.
Although the literature is inconsistent, it is clear that cannabis 

can produce effects on event-related potentials (EPs) (Herning et 

al., 1979). Effects on amplitude are more often reported than effects
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on l a t e n c y  of the event-related waves. S e v e r a l  studies with 

inconsistent results have appeared; these inconsistencies result from 

differences in task* dose/ or duration of administration* Thus* EPs 

in response to sensory stimuli are unaffected or even increased by 

cannabis if the subject is passive/ but are decreased in amplitude if 

the s u b j e c t  is performing a task. One stu d y  found the first negative 

wave/ a component of the auditory E?/ was reduced at a dose of 180-210 

mg per d a y f but not at a dose of 70-90 mg p e r  day during acute (1 to 

3 days) administration (Horning et al.r 1979). After 2 weeks at the 

higher dosage/ this effect was observed o n l y  for the more difficult 

tasks. This study demonstrates differences in marijuana effects on 

EPs a ccording to dose/ duration of administration/ and task 

complexity.

Acute Effects in Sleep EEG

Drugs o f t e n  produce marked effects on the E E G  during sleep/ but 

producing little or no change in the waking EEG. This is the case 
with m a r i j u a n a  and A-9-THC.

In relatively high doses (70-210 mg/day) , &-9-THC and marijuana 

extract produced marked effects on sleep E E G  (Feinberg et al. / 1975/

1976). O n  initial administration/ the time spent in R E M  sleep*

(stage R E M  duration) was reduced below b a s e l i n e  levels (placebc) by

18 p e r c e n t  and the number of eye movements b y  49 percent. Some

tolerance (return toward baseline levels) w a s  apparent during the

period (12-16 days) of drug administration. On withdrawal/ REM

d u ration was increased above baseline by 49 p e r c e n t  and rapid eye j

m ovements were increased by 67 percent. W h i l e  these effects are

quite large/ their clinical significance is unknown. They were not |

accompanied by such unusual behavioral c h a n g e s  as hallucinations or

disorientation/ although there was evidence o f  withdrawal—

irritability/ increased reflexes/ and mild agitation. With much

smaller doses of A-9-THC/ either a small redu c t i o n  in REM sleep '

(Pivik e t  al./ 1972; Freemon/ 1974) or no c h a n g e  has been reported

(Barratt et a l . r 1974; Hosko et al./ 1973; P ranikoff et al. / 1973).

i
l

Persistent Effects in S l e e p  EEG •

We are n o t  aware o f  any investigation of s l e e p  in abstinent long-term 
m a r i j u a n a  users. However/ 32 male chronic mari j u a n a  users and matched 

controls were studied in Costa Rica (Karacan et a l . , 1976). The j
users habitually smoked 2.5 to 23.3 cigarettes per day (mean > 9 . 2 )

and had used the drug for 10 to 27 years; t h e y  continued their usual 

intake during the study (Costa Rican c igarettes contain about 200 mg ;

*A s t a g e  in sleep during which Rapid Eye M o v e m e n t s  may be detected 

and v i v i d  dreaming usually occurs.
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of marijuana) * T h e  subjacts selected for this study h a d  normal 

medical; neurologic; and laboratory evaluations.

Sleep was r e c o r d e d  for 8 consecutive nights. P r i o r  t o  each 

night's recording# t h e  users described their marijuana intake during 

the previous 24 h o u r s .  This intake was not directly m o n i t o r e d  or 

controlled by the experimenters; because the goal was t o  observe 
sleep patterns u n d e r  ’ "naturalistic" conditions. The s u b j e c t s  were 

forbidden to use m a r i j u a n a  during the 2-3 hours prior t o  sleep 

recording. (For f u r t h e r  details o f  this extensive s t u d y ;  see Karacan 

et a l . ; 1976.)

All of the m a j o r  variables derived from visual .ileep stage 

classification w e r e  examined. The only statistically s i g n i f i c a n t  

differences between marijuana users and their matched c o n t r o l s  were 

in one of the s l e e p  latency measures and in REM p e r c e n t a g e  of total 

sleep and average R E M  period length. The differences w e r e  quite 

small and may have b e e n  due to the subjects experiencing early 

withdrawal at the t i m e  their sleep was recorded. This i s  a likely 

explanation for t h e s e  findings according to studies d e s c r i b e d  

previously (Feinberg et al.; 1975; 1976).

The Costa R i c a n  study concluded there was a lack o f  evidence of 

major disturbances o f  EEG sleep patterns in user s u b j e c t s  studied in 

situ (Karacan et a l . ;  1976). Thus; long-term marijuana use has not 

been demonstrated t o  cause marked and consistent a b n o r m a l i t i e s  of 

sleep EEG that c a n  b e  demonstrated in studies with s m a l l  samples.

E l e c t r o p h y s i o l o g i c a l  Studies in Animals

Sleep Studies

The findings of s e v e r a l  animal studies carried out to investigate the 
effects of m a r i j u a n a  on EEG differ in some respects to those in human 
beings. Species d i f f e r e n c e s  are thought to be responsible for some 

of the variations f o u n d  from species to species. For e xample; 5 and 

10 mg/kg A-g-THC a d m i nistered acutely to rats suppressed REM; 

reduced slow-wave s l e e p , and increased wakefulness ( M oreton and 

Davis; 1973). C h r o n i c  administration caused an initial suppression 

of REM; which r e t u r n e d  to baseline after 4 day* and r e m a i n e d  at 

baseline levels f o r  a further 16 days. In contrast t o  t h e  human 

studies; there w a s  n o  withdrawal increase in REM above baseline 

during a 10-day w i t h d r a w a l  period. Similar results w e r e  obtained in 

a short-term study that employed intravenous doses of A - 9 - T H C  (0.5 

and 1.0 mg/kg) to ra b b i t s  (Fujuimori and Himwich; 1973) •

Appreciable q u a l i t a t i v e  differences in sleep EEG r e s p o n s e  to 

A-g-THC have also b e e n  detected in primates when c o m p a r e d  with 

human studies. W h e n  1.2 mg/kg A-g-THC is administered t o  squirrel 

monkeys in a s i n g l e  oral dose; daily for 60 days; no s i g n i f i c a n t  

effects on REM s l e e p  duration occurred; instead; a d e c r e a s e  in EEG 

stages 3 and 4 w a s  n o t e d  (Adams and Barratt; 1975) •
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E E G  S t udies in Subcortical Structures

E l e c t r o d e  implantation is rarely p o ssible in man, but is a routine 

and e ssential technique for the study o f  brain electrophysiology in 

a n i m a l s .  Animal experiments also permit use of higher doses and more 

p r o l o n g e d  administration than is possible with human subjects. For 

t h e s e  reasons, animal experiments can y i e l d  important data that 

c a n n o t  be obtained in human studies. In general, EEG recordings 

a f t e r  short-term administration of m a r i j u a n a  are similar from surface 

(cortex) or from deep brain (subcortex) regions. However, after 

c h r o n i c  administration of high doses o f  A-9-THC, abnormal recordings 

"have been observed in subcortical regions of some animals, readings 

not s e e n  in the cortex. Although these findings have not been 

replicated, they are of particular c o ncern, because they raise the 

p o s s i b i l i t y  that chronic exposure to h i g h  doses of marijuana produces 

l o n g - l a s t i n g  effects o n  brain physiology.

A f t e r  intravenous administration of a range of A-9-THC doses 

(from 0.05 to 12.8 mg/kg) to rhesus m o n k e y s ,  a general increase in 

EEG s ynchrony was observed; and at higher dose ranges, there were 

s p e c i f i c  EEG changes in the limbic system, frontal cortex, thalamus 

and fast i g i a l  nuclei (Martinez et al., 1972 ) .  In this study, the 

i n c r e a s e  in high-voltage activity showed a  good dose-response 

relationship. In a second study, oral d o s i n g  of three rhesus monkeys 

w i t h  a  crude marijuana extract containing 25 percent A-9-THC 

p r o d u c e d  dose-related EEG changes, including slow waves in the 

hippocampus, amygdala, and septum (Stadnicki et al., 1974).

T o l e r a n c e  to the behavioral and EEG c h a n g e s  occurred with daily 

treatment, which was stopped after 51 d a y s .  Behavioral withdrawal 

e f f e c t s  were noted, but EEG changes d u r i n g  withdrawal were minimal 

and t h e r e  was no evidence of EEG changes p ersisting beyond the period 

of A - 9 - T H C  ingestion.

T w o  studies that monitored EEG recording from deep brain sites 

after chronic administration of high d o s e s  of marijuana found changes 

in E E G s  from deep brain sites that were n o t  observed in surface areas 

after d r u g  withdrawal (Fehr et al., 1976; Heath, 1976; Heath et al.,

1979). Stidies of two rats with electrodes implanted in the anterior 

neocortex, dorsal hippocampus, and uesencephalic reticular formation 

1 y e a r  after exposure to 20 mg/kg for 6 m o n t h s  (Fehr et al., 1976) 

y i e l d e d  hippocampal recordings with •epileptiform" abnormalities, in 
c o n t r a s t  to one control and two alcohol-treated animals.

T h e  second study was carried out on t h i r t e e n  feral-raised rhesus 

m o n k e y s  (Heath 1976; Heath et al., 1979). Ten monkeys had electrodes 

impl a n t e d  in deep sites and in brain c o rtex. Four monkeys were made 

to s m o k e  marijuana three times a day, 5 d a y s  per week for 6 months; 
two o t h e r  monkeys with implants were g i v e n  0.6 mg/kg A-9-THC each 

day, 5 da y s  per week for 6 months; still o t h e r  monkeys were used as 

c o n t r o l s  or received smaller doses of m a r i j u a n a .  In three high-done 

mon k e y s ,  two smoking and one ingesting A - 9 - T H C ,  changes in EEG 

could b e  detected in recordings frao de e p  b r a i n  sites; the changes 

c o n t i n u e d  7 months after cessation of m a r i j u a n a  exposure. Mo EEG 

a b n o rmalities were present in recordings f r o m  the brain surface.

86
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On* of the major criticisms of txnth these studies is their use of 

small numbers of animals. Furthermore, there have been no attempts 

at replication by other workers. 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 studies in 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 o r a derivative prevent 

seizures? The first question will u* discu jsed here. The second is 
reviewed in Chapter 7, which is concerned w th the potential 

therapeutic uses of cannabis.

There arc anecdotal reports in the literature that suggest 

seizures may be induced by marijuana in rjsne persons with a known 

seizure disorder. A rigorous study, usi.ig adequate numbers of 

patients with documented seizure patter j s, has not been done.

Reports of experimental animal studies are conflicting and varied 

(Feeney et a l . , 1973, 1979; Lemberger, 1980). There are some 

circumstances in which cannabis administration does not alter certain 

types of seizures such as the photosensitive seizures in the baboon 

(Meldrum et al., 1974), and others in which it seems that seizures 

are induced. A single rabbit that responded to A-g-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 induction and 

pharmacologic response patterns in this unusual animal model.
However, as described further in Chapter 7, the bulk of the animal 
literature and some data from human studies suggest that the more 
prominent effect of marijuana derivatives, especially cannabinol and 

cannabidiol, is to decrease rather than increase seizure suscepti­

bility (see Karler and Turkanis, 1981, for review).

NEUROCHEMISTRY

Our knowledge of the effects of marijuana on brain chemistry has come 

largely from studies in animals. Cannabis and some of its 

derivatives have been shown to cause chemical effects in the brain, 

as demonstrated by effects on neurotransmitters and on nucleic 

acids. The evidence is reviewed below.

Neurotransmitters

The brain is composed of many information-processing networks of 
nerve 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 

c e l l s , released when the cells are stimulated and act to alter the 

excitability of neighboring nerve cells. Neurotransraitters play ait 

essential role in the transmission and processing of information, and 

it is not surprising that many drugs that alter behavior do so by 

their actions on neurotransmitters. The understanding of the effects 

of marijuana on the brain m u s t  include knowledge of its effects on 

neurotransmitter systems.

Several different classes of chemicals act as neurotransmitters. 
The first chemical to be demonstrated to have this function was 

acetylcholine, and it is now established that acetylcholine is the 

neurotransraitter for several nerve cell networks in the brain. A 

number 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 mo s t  clear-cut effects have been on 

acetylcholine turnover, a measure of the level of activity of neurons 

producing the chemical. Small doses of A-9-THC cause a reduction 

in acetylcholine turnover in the hippocampus (Domino et al., 1978; 

Revuelta et al., 1978; Domino, 1981) and this results from reduced 

activity of the acetylcholine neurons. It is noteworthy that the 

effect is produced by small doses and only by cannabinoids. 

Administration of physostigmine, a drug that enhances acetylcholine 

action by partially blocking its breakdown, to five healthy human 

volunteers (2 hours after ingestion of 20 to 40 mg of A-9-THC) 

produced enhancement of the lethargy and somnolence occurring late in 

the course of the A-9-THC intoxication (Freemon et al., 1975). The 

results of this study, and others in man and animals (El-Yousef et 

al., 1973; Low et al., 1973; Dr e w  and Miller, 1974; Freemon et al., 

1975), have led to the conclusion that A-9-TEC acts to inhibit 

acetylcholine nerve cell networks. The exact nature of this action 

is not known, but it may be related to the memory deficits produced 

(Domino, 1981).

There have been studies of cannabinoids on several other 

neurotransraitters in brain, including catecholamines, serotonin, and 
gamma aminobutyric acid (Banerjee et al., 1975; Braes et al., 1975). 

Although some effects have been reported, they either are produced by 

a very high dose or are so fragmentary that their implications are 

unclear. The effects of cannabinoids on neurotransmitters that have 

been studied to date, other than acetylcholine, are not striking. In 

particular, there is no evidence for any significant, long-term toxic 

effect of cannabinoids on any of the nerve cell networks that produce 

identified neurotransmitters.

Proteins, Enzymes, Nucleic Acids

A very few studies have examined the effects of marijuana on 

neurochemical variabless other than neurotransraitters (Luthra and 

Rosenkrantz, 1974; Luthra et al., 1975, 1976). After chronic 

administration to rats either of A-9-THC or marijuana smoke (for
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periods fro* 28 to 180 d a y s ) , these investigators examined brain 

lipid, protein, and ribonucleic acid (RNA) content. With very high 

doses of A-g-THC (up to 500 m g / k g / d a y ) , sons decrease in brain 

protein and RNA was noted; no decrease was noted in lipid content. 

However, with smaller doses, or administration of marijuana smoke, no 

consistent or mcrked changes were noted. The significance of these 

effects is unknown. Whether additional effects might be observed 

with more sophisticated and sensitive methods directed to more 

restricted analytical problems cannot be answered at present.

5UM4ARY

There is no persuasive evidence that marijuana causes morphological 

changes in the brain. Computer tomography studies on users of 

marijuana reveal no '..c o s e  changes in bralr structure. Electron 

micrographic studies of monkey brains indicating m o r p h o l o g y  changes 

are methodologically flawed 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 exposure. 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 shown changes after the withdrawl of the drug. These 

limited findings need to be confirmed by further studies. Studies in 

human beings and animals indicate that, despite the neurophysiologic 

effects demonstrated in EEG studies, marijuana does not appear to 

increase epileptic seizure susceptibility. Current evidence has 

shown marijuana causes some chemical changes in brain. Cannabinoids 

affect several neurotransmitter systems, especially the cholinergic 

system. At high doses marijuana also has been shown to affect 

nucleoprotein synthesis. The significance of these findings for 

brain function as demonstrated by human behavior or their clinical 

relevance is unknown.

RECOMMENDATIONS 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., learning, 

psychomotor coordination (see Chapter 6i . One useful approach might 

be to i nvestiga1** the effects of medium and high doses of cannabis 

(defined in terms of the patterns of human consumption) on juvenile 

and adult monkeys during and after long-term exposure. Juvenile 

m o n k e y” should be included because the immature nervous system may be 

more sensitive to harmful drug effects; this issue is of great 

clinical concern, 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 modern 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 is known about the effects of 

cannabis on male and female reproduction and endocrine systems, birth 

defects and teratogenic effects, genetics, the immune system, and 

body temperature.

MALE REPRODUCTIVE FUNCTION

A variety of studies indicate that marijuana and seme of its 
derivatives have reversible, suppressive effects upon testicular 

function in animals and men. These have been measured in terms of 

diminished weights of the prostata gland, seminal vesicles, or 

testes, and in decreased levels of testosterone (the male hormone) in 

blood plasma or suppression of spermatogenesis following chronic or 

acute administration of cannabis or A-9-THC. Appropriate o b serva­

tions have indicated that the effects of cannabinoids on the male 

reproductive tract and on testicular function were completely 

reversed 1 month after drug withdrawal.
There is no general agreement as to the cause or magnitude of 

these effects. The major reasons for this lack of agreement relate 

to major differences in study design, including species studied (man, 

monkey, or rodent), route of drug administration, and purity of the 

drug used.

Human Studies

In 1974, a group of 20 men were studied who had used marijuana at 

least 4 days a week for a m i nimum of 6 months without the use of 
other drugs (Kolodny et al., 1974). Plasma testosterone levels in 

subjects smoking five to nine marijuana cigarettes per week were 

significantly lower than controls (however, only 2 had levels out of 
the normal range, i.e., below 400 ng/dl); all but 1 of the men 

Brooking more than 10 marijuana cigarettes per week had testosterone 

levels below 400 ng/dl. These results suggest that there was a 

dose-dependent effect of marijuana on testosterone levels. Plasma 

levels of lutenizing hormone (LH) and follicle-stimulating hormone

94
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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 in 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 than those who smoked the lesser quantity (26 versus 68 
m i l l i o n / m l ) . 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 marijuana 

cigarettes supplied by the federal government. For unexplained 

reasons, the mean testosterone levels in these individuals were 

greater than 1 ,000  ng/dl (higher than the normal mean) before and 

during the smoking periods. This is in marked contrast to the mean 

value of 742 ng/dl for nonsmokers in 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 16 patients on a metabolic ward who smoked NIDA 

cigarettes (Hembree et al., 1979) showed that 5 to 6 weeks of 
high-dose (2 percent) marijuana administration (8-20 cigarettes/day) 
was associated with a decline in sperm count during the fifth and 

sixth weeks after initiation of drug exposure. This was preceded by 

a decrease in sperm motility and an increase in abnormal forms of 

sperm. Once a week during the study five blood samples were obtained 

at 15-minute intervals for measurement of testosterone, LH, and FSH.

No change in these hormone levels was noted throughout the study 

(although no values were repo r t e d ) . The relationship in time of 

these samples to the last previous cigarette was not mentioned, 

therefore the test would not have excluded a transient decline in 

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 the number of abnormal forms 

and a decrease in motility, the authors concluded that the effect 

upon the seminiferous tubular epithelium was direct rather than by 

suppression of gonadotropins. This is the only reported study in m a n  

that measured the hour-to-hour fluctuations in gonadotropic levels.

Another study (Coggins et a l . , 1976} evaluated the health status 

o f  84 marijuana smokers who had used the agent three or more times 

per week for a minimum of 10 years. Testosterone levels were 

measured in 38 users and 38 nonusers. The mean levels and ranges 

were virtually identical. This heterogeneous group of m e n  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 

C o hen (1976). Subjects were recruited on the basis o f  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, m e a n  

levels of plasma testosterone declined from 754 to 533 ng/dl over a 
3-bour period. After 9 weeks of smoking, plasma 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 in this paper. Therefore, it is 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 sperm, 

showed abnormality in some patients (Issidor.’ides, 1979). It is 

difficult to evaluate the study because no quantitative data were 

presented.

Animal Studie/i

All of the studies mentioned below are r>ubstantially different from 

those of human beings because, with one exception, the active agent 

(usually A-9-THC) was administered intvaperitoneally at a dose of 

2.5 to 25 mg/kg. Based on calculations given by Cohen (1976), 3 to 6 
mg/kg/day would be considered a large dose in human beings.* Also, 

human beings self-adrainister the drug over many hour3 rather than as 

a single 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 effect of A-9-THC was to suppress 

prolactin release, which, in turn, could be stimulated by 

thyrotropin-releasing hormone (TRH). Studies in other species have 

fended to confirm these observations in monkeys.

The results are compatible with the hypothesis that the effect of 

marijuana and its derivatives is on gonadotropic secretion (Harclerode 

et al., 1979). Testicular cytochrome P-450 (an enzyme) decreased in 

the rat following 2 to 9 weeks of treatment. The concentrations of 

this enzyme, plus a variety of other testicular markers, were restored 

with FSH and LH therapy. 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 in human beings. For the monkey,

1.8-9.0 mg/kg by inhalation and 5-27 mg/kg orally would be considered 

a high dose. (These concentrations are equivalent to six 

cigarettes/day.)
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Mice were given five daily intraperitoneal injections of A-9-THC, 

cannabldiol, or cannabinol at doses approaching or exceeding the

L D 50 (the dose necessary to kill 50 percent of the a n i m a l s ) .

Thirty-five days after the last treatment, animals were killed and 

sperm were evaluated by scanning electron microscopy. Control 

animals had 1.5 percent abnormal forms. Animals that received LD50 
doses of the various derivatives had 2.4 to 5.0 percent abnormal 

forms. .

Only a few studies have examined the effects of cannabis on 

spermatogenesis (Huang et a l . , 1979). Marijuana was administered to 

rats in a smoke machine. After 30 days of exposure, marijuana smoke 

lowered the sperm counts in animals significantly, as did

cannabinoid-free smoke. By 75 days, however, only the marijuana

smoke group maintained a low sperm count. In the marijuana-treated 

group, there was an increased number of abnormal forms, particularly 

with an increase in dissociation of sperm heads and tails. In the 
discussion of this paper, the authors reported elevated serum FSH 

levels following marijuana exposure, but did not present data. They 

concluded that marijuana has a direct effect on the testis. A 

variety of in vitro studies support this suggestion (Jakubovic et 

al., 1977, 1979).
Marijuana and its derivatives also have been shown to be 

antiandrogenic (antagonistic to male hormones) (Purohit et a l . ,

1980). Several constituents, including A-9-THC, can bind to the 

receptor for androgen. Marijuana also has bean demonstrated to be 

estrogenic (like female sex hormones) in v i v o , and recent studies 

suggest that these effects may be mediated via the estrogen 

receptor. These observations have been disputed by others (reviewed 

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 in 

rats, mice, rabbits, and monkeys. The work in rhesus monkeys is of 

particular importance, because of the similarity in the menstrual 

cycle among primate species, including human beings.

Human Studies

There is only one study reported on the effects of marijuana o n  

reproductive function in women. The work has appeared in 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 d o  not provide details on methodology or 

on individual hormone values. Differences between the control and 
experimental groups, recognized by the investigators, could be of
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importance; alcohol use, for example, was 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 women who used it at 

least three times a week for 6 months were compared with 17 women who 
had never used the substance. The number of cycles studied for each 

variable investigated is not clear from the publications. This 

difficulty notwithstanding, the report reveals no difference in plasma 

levels of LH and FSH between the two groups and no change in peaks 

and basal values of the female hormones estradiol or progesterone, 

the critical hormone levels controlling the process of ovulation. It 

would be expected that no major difference was found in the incidence 

of anovulatory cycles between the two groups. By combining anovula­

tion and shortened luteal phase, however, the authors report a 

statistically significant difference in the marijuana-using group, 

which could be clinically important in causing subfertility. This 

evidence is, at best, only suggestive. The observation that 

testosterone levels in marijuana-using women are elevated is 

difficult to interpret in terms of clinical significance; apparently, 

the subjects did not report episodes of acne, abnormal hairiness, or 

other testosterone-dependent side-effects. According to the authors, 

serum prolactin levels are lower in marijuana users than in controls. 

The implications of this observation for fertility, lactation, or the 

development of breast cancer are not clear.

The absence of other studier on users of 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 in 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.

Animal Studies

Administration of crude marijuana extract to rats or mice resulted 

generally in suppression of ovarian function and in various aspects 

of estrogen activity, such as uterine metabolism, weight, glycogen 

content, M d  levels of R N A  and sialic acid (Chakravarty et al., 1975; 

Dixit et al., 1975).

The administration of crude marijuana extract for 30 days to rats 

and mice abolished the estrus cycle and caused a significant reduction 

in the size of the ovaries and in some primordial ova (Dixit et a l . ,

1975). Intraperitoneal administration of A-9-THC to rata, 

appropriately timed, has also been reported to block ovulation (Nir 

et a l . , 1973). This effect of A-g-THC was exerted by suppressing 

the characteristic preovulatory surge of plasma LH. Other 

investigators have reported suppression also of plasma FSH and 

prolactin when A - 9 - t h c  is given just before ovulation (Ayalon et 

al., 1977). The substance was found to depress plasma concentration 

of LH in ovariectomized 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 precoital 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 a l . , 1979).

These results indicate a direct effect of cannabinoids at the level 

of the hypothalamus, part of brain important in reproductive 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 prolonged periods of amennorhea (absence or 

abnormal stoppage of the menstrual f l o w ) , absence of midcycle LH 

surge, and progesterone levels characteristic of anovulation (Asch et 

al., 1981).

BIRTH DEFECTS AND TERATOGENICITY

Because A-9-THC crosses the placenta it is a potential teratogen, 

an agent that causes defects in the developing embryo. This effect 

could occur in either of two ways; (1 ) exposure to c&vmdbis 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.

Human Studies

The evidence for teratogenicity in human beings is very difficult to 

interpret. Although there is widespread use of marijuana in young 

women of reproductive age, there is no evidence yet of any teratogenic 

effects of high frequency or consistent association with the drug. 

There are isolated reports of congenital anomalies in the offspring 

of marijuana users, but there is no evidence that they occurred more 

often in users than in nonusers and in those cases there was 

coincident use of other drugs. Subtle development effects in 

offspring, such as nervous system abnormalities, and reductions in 

birth weight and height may indeed exist (Finnegan, 1980; Friad,

1980; Hingson et al., in press). Additional carefully designed, 

prospective studies should provide valuable information in thit area.

Anim a l  Studies

Crude marijuana extract and A-g-THC are teratogenic at certain 

doses in animals.*

♦Bibliography available upon request from the Institute of Medicine, 

National Academy of Sciences.
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On® study reported that subcutaneous injection of pregnant 

hamsters and rabbits with various doses of crude aarijuana extract 

caused malformations of the brain? spinal cord? forelimb? and livor? 

as well as edema of the head and spinal region in developing embryos 

(Gerber .?nd Schramm? 1969). In hamsters? significant embryocidal and 

growth retardation effects also were noted. It vas concluded that 

doses greater than 200 mg/kg in hamsters and 250 mg/kg in rabbits 

were teratogenic. Caution in interpreting these findings must be 

exercised 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-T H C  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 induced 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 monkeys given an oral dose of 2.4 mg/kg j

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 its 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 in 

the genetic m a t e r i a l ) ? the available information o n  the genetic 

hazards or even on the potential genetic hazards of the use of 

marijuana is extremely limited.

• Mutagenicity

Elsewhere in this report (Chapter 3) the scientific evidence that 

marijuana smoke 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 in 

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 Ames test (Busch et al.? 1979; Seid and Wei? 1979; 

Wehner et al.? 1980). Animal studies on rodents painted with 

aarijuana tar? three times weekly for 1 year? resulted in skin 

papillomas? carcinomas? and fibrosarcomas (Hoffmann et al.? 1975).

B
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However# extensive testing with A-9-THC using three established 

tests for mutagenesis failed to detect any mutagenic effect# or any 

effect as an inhibitor of D N A  repair (Legator et a l . # 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 in numbers of chromosomes may be evidence for genetic damage 

produced by druf.s and other chemical agents. Unfortunately# the 

literature on tl^i effects of aarijuana on chromosomes is limited and 

conflicting. Studies suggesting that marijuana probably does not 

break chromosomes are fairly conclusive. There is less evidence that 

marijuana may produce aneuploidy (abnormal numbers of chromosomes) in 

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

evidence from in vitro cultures of human cells and from in vivo 

animal and human studies is that neither marijuana nor A-g-THC 

causes chromosome breaks.

In Vitro and Animal Studies

Cultures of human leukocytes# exposed to different concentrations of 

A-9-THC# showed no increase in the incidence of chromosome breaks 

or gaps when compared 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 to smoke high 

doses of marijuana (3 g/day/week for 30 m o n t h s ) # showed no significant 

differences in chromosome gaps or breaks when compared with control 

groups (Genest et a l . # 1976).

Human Studies

Cytogenetic analysis of chromosomes from peripheral blood leukocytes 

and cultures of subjects exposed to marijuana smoking# marijuana 

extract, or synthetic A-9-THC revealed no increase in chromosome 

breakage attributable to these compounds (Nichols et al.# 1974; 

Matsuyama# 1976; Morishima et al.# 1979). Doses ranged from 20 m g  

A-9-THC per day to 12-16 marijuana cigarettes per day. Studies 

that have reported chromosome breaks or gaps in cell cultures of 

users of marijuana have largely been carried out on multiple drug 

users# and the breaks and gaps may be due to other factors associated 

with a life of heavy drug use (Gilmour et al.# 1971; Herha and Obe#

1974). However# in a retrospective study on college students# 

chromosome breaks were found in blood cultures of 49 light (one o r
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less exposure per week) and heavy (more than two exposures per week) 

users of marijuana (Stenchever et al.* 1974). One problem in this 

study is the poor dose characterization. Furthermore, the increase 

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 is inconclusive, it suggests that 
marijuana does not cause chromosome breaks.

Does marijuana interfere with cell division and chromosome 

segregation, thereby resulting in abnormal numbers of chromosomes? 

There is conflicting evidence in the literature. On the one hand, no 

significant effects of marijuana smoke or A-9-THC o n  chromosome 

complement have been reported using the micronuclei 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) (Morishima 
et al., 1976). Hybrid mice treated for 5 consecutive days with 

A-9-THC, cannabinol, and cannabldiol at a dose of 10 mg/kg had a 

three- to fivefold increase of micronuclei over controls. The number 

of micronuclei increased with increasing A-9-THC dosage. Examina­

tion of bone marrow nitosis in these same mice showed a five- to 

sevenfold increase in chromosome number aberrations during metaphase 
(Zimmerman and Raj, 1980).

Human Studies

Studies of lymphocytes cultured from human marijuana smokers defined 

either as "moderate" users (at least one marijuana cigarette per 

week, range 1-10 for a m i nimum 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 di.^ during the experiment, turned up a 

significantly larger number of cells vith less than 30 chromosomes 

than would be found in normal control cultures (Morishima et al., 

1979). These positive findings suggest that marijuana may affect 

chromosome segregation during cell division and result in cells with 

fewer than the normal number of chromosomes. What these findings 

mean in terms of risk for abnormalities in offspring or possible 
disease is not known. Findings in lymphocyte cultures may not be 

relevant t.o what is happening in the germ cells (sex c e l l s ) .
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The immune system functions in protecting the body against viruses, 

bacteria, and other infections. It also plays a major role in 

preventing the growth and dissemination of cancerous cells.

There have been reports that cannabis is immunogenic, capable o f  

activating components in the immune system. These components include 

such cells cs lymphocytes, some of which produce antibodies in 

response to invasion by a foreign agent, and macrophages, which can 

be stimulated by inflammation to ingest invaders.

T H E  I M M U N E  S Y S T E M

Human Studies

There have been reports that cannabis interferes with components in 

the immune system in man. Antibodies will develop in 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 the marijuana are immunogenic and which 

are allergenic.
Studies of various aspects of the immune system in persons who 

were chronic users of marijuana have indicated mild decreases in 

activity of one or another component of the system; however, other 

investigators have noted no changes outside of the normal range 

(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 in different studies and the 

differences in the immune system assays. Hashish, as distinct from 

marijuana, was shown to have a slight temporary stimulatory effect on 

the immune system (Kaklamani et a l . , 1978; Kalofoutis et al., 1978).

Animal Studies

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

induce immunological defects in rodents (Petersen and Lemberger,

1976; Lefkowitz and Klager, 1978, Lefkowitz et a l . , 1978; Preuss and 

Lefkowitz, 1978). The doses varied from 5 to 25 mg/kg (intra- 

peritoneally) to 100 mg/kg (orally). 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 v i t r o . 

Other cannabinoids also have been tested for their effects. 

Cannabinol, A-8-THC, and 1-methyl-A-8-TBC had the same 

immunosuppressive effects as A-g-THC, but cannabldiol had no 

immunosuppressive effect. Immunizing rabbits vith A-g-THC 

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

Regulation of body temperature ia a complex process that can be 

Influenced by drugs. In several Bpecies of animals# A-9-THC 
produces a levering of body temperature (hypothermia). The effect is 

seen vhen animals are 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 vith human subjects# marijuana has produced little 

or no change in body temperature when given in a cool environment 

(Beaconsfield et al.# 1972; Hanna et al.# 1976). In a hot environment 

(40°C) marijuana caused inhibition of sweating and a consistent rise 

in body temperature (Jones et al.# 1980). Thus# there is evidence 

that marijuana does interfere vith temperature regulation# although 

there is no currently known clinical significance to this finding.

Cannabis appears to interfere vith temperature regulation# but 
the clinical significance is unknown.

SUMMARY

Male Reproductive Function

In animals# marijuana and its derivatives can acutely lower 

gonadotropic secretion vhen administered intraperitoneally. There is 

also some evidence in animals to suggest that these agents can 

directly affect the seminiferous tubule. In man# sperm number and 

motility are decreased during chronic marijuana use. From the 

available studies# it appears this was due to a direct effect of the 

cannabinoids either o n  the seminiferous tubular epithelium or the 

epididymal sperm. Due to conflicting and incomplete evidence# it is 

not possible to conclude at the present time whether marijuana 

smoking has a significant effect upon gonadotropic and testosterone 

concentrations in humans. Whether the decrease in sperm number or 
motility has any effect on fertility is not known.

Female Reproductive Function

There is only one study of human beings that attempts to establish 

the endocrine profile and menstrual patterns of women vho used 

marijuana o n  a chronic and frequent basis. By combining categories 

o f  anovulation and shortened luteal phase# a statistically 

significant difference vas noticed in the marijuana using group. It 

is not known if this leads to problems vith fertility or lactation# 

or if it leads to cancer of the reproductive organs.

Animal studiea have shown that A-9-THC lovers the serum 

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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Cannabis is teratogenic at high doses in animals. There is no 

evidence of obvious teratogenicity or structural defects in the 

offspring of human users. But the data are not adequate to reveal a 

long-range functional impairment or a very low level of terato­

genicity if one is present. It may be impossible to identify a 

distinct role for cannabis in the production of subtle effects in 

offspring, because of the confounding influences of malnutrition, 

smoking, and alcohol.

B i r t h  D e f e c t s  a n d  T e r a t c g e n c i t y

Genetic Effects

Marijuana and A-9-THC do not appear to break chromosomes, although 

there is some conflicting evidence o n  this point. Multiple drug use 

seems to be correlated with an increase in the numbers of gapB and 

breaks in the genetic material. Furthermore, marijuana may affect 

chromosome segregation during cell division, resulting in abnormal 

numbers o f  chromosomes in daughter cells. While these conflicting 

results are worrisome, their clinical significance is not known. 

Further investigations, especially controlled prospective studies, of 

human beings are needed.

The Immune System

The data from animal studies suggest that A-9-THC and seme of its 

analogues have a mild, transient, immunosuppressant effect in both in 

vitro and in vivo systems; the effects are mild compared with known 

immunosuppressant drugs. The studies in human beings are contradic­

tory; some demonstrated mild, immunosuppressive effects, but others, 

using the same or similar methods, did not find any differences in 

the immune system between normals and chronic marijuana smokers. At 

the present time, there have been no human or animal studies that 

have determined if marijuana smokers are more prone to infections or 

other diseases. Because of the widespread use of marijuana, evan 

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 is 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 in human beings, especially
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on young users whose reproductive biology is undergoing rapid change. 

The principal need is for assessment of endocrine profiles and semen 

analysis in male users versus nonusers, with adequate control of 

confounding variables— for example/ diet/ alcohol/ other drug use.

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

menstrual patterns in users varnus nonusers/ with particular 

attention to tho length of cycl 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 o n  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 in 
marijuana users is o f  great importance and mu s t  be carefully 
controlled.

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

smoking marijuana/ but cytogenetic studies in animals after exposure 
to A-9-THC by other routes than smoking would be of some value.

The most relevant studies still would be in vivo human studies.

* Mari j u a n a  has been found to have mild immunological effects 

in a variety of test systems/ but studies of its influence on the 

body's immune defense against microorganisms are lacking and need to 
be conducted.

* C r i t i c a l  experiments are needed to test the hypothesis that 

A-9-THC causes disruption ot thermoregulatory effector responses 

rather t h a n  an alteration of the level of thermoregulation.

* Inherited variation in the way some drugs are metabolized is 

widely recognized. This type of variation mu s t  be evaluated in 

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

The m in d -a lte r in g  e f f e c t s  o f  m a r iju an a  u n d e r lie  i t s  w idespread  and 
in c r e a s in g  p o p u la r ity . M ariju an a  u se r s  who expe rien ce  e f f e c t s  on 
mood, p e rc ep t io n , and m o t iv a t io n  rep o rt th a t  they seek  the "h igh " and 
th e  " ra e llo w in g -o u t ." However, under some c ircu m stan ce s many o f th e se  
same e f f e c t s  can be co n sid e red  a d v e r se . P e rc e p tu a l d i s t o r t io n s  th a t  
a re  sought by u se r s  pose r i s k s  fo r  d r iv in g  c a r s  o r u s in g  o ther 
m ach ines. There i s  rea son  to  be concerned about e f f e c t s  on le a rn in g  
by s tu d en ts  u s in g  m ariju an a  in  sc h o o l. O lder a d u lt s  r e c e iv in g  
A-9-THC a s  therapy may be h ig h ly  in to le r a n t  o f  a lt e r e d  c o n sc io u sn e ss  
and perce ived  lo s s  o f c o n t r o l .  Thus, i t  h a s become a m atter o f 
p r a c t ic a l  a s  w e l l  a s  s c i e n t i f i c  i n t e r e s t  to  le a rn  more about the 
e f f e c t s  o f m ariju an a  on the  b r a in  and b eh av io r .

Many p sy c h o lo g ic a l and n eu ro p sy ch o lo g ic a l s tu d ie s  have been 
conducted to in v e s t ig a t e  s p e c i f i c  e f f e c t s  o f m ariju ana on b eh av io r . 
These in c lu d e  s tu d ie s  o f i n t e l l e c t u a l  fu n c t io n s , such a s  memory, 
a t t e n t io n ,  s e q u e n t ia l in fo rm a tio n  p ro c e s s in g , and d e c is io n -m ak in g , a s 
w e l l  a s  p e rcep tu a l and psychomotor fu n c t io n s . There i s  a methodolog­
i c a l  c h a lle n g e  in  f r y in g  to  d e s ig n  experim en ts th a t  w i l l  d is c r im in a te  
r e l i a b ly  among th e se  fu n c t io n s  and determ ine p r e c is e ly  which i s  be ing 
a f fe c te d  when a drug produces a p a r t ic u la r  b e h a v io ra l outcome. For 
exam ple, o n e 's  a b i l i t y  to  p ro c e ss  and respond to  env ironm en ta l s t im u l i  
r e p re se n t s  a ch a in  o f e v e n t s . The sequence b e g in s  w ith  a se n sa t io n  
or p e rcep t io n . Drugs can  in f lu e n c e  the manner, speed , and accuracy  
w ith  which t h i s  in p u t i s  r e c e iv e d . The in fo rm atio n  must then be 
sto red  in  memory, even i f  o n ly  ve ry  b r i e f l y ,  and then re t r ie v e d  from 
memory to  be in te g ra te d  w ith  r e c a l le d  p r io r  e xp e r ie n ce s and o ther 
sen so ry  in p u t s . The re spon se  from the su b je c t  i s  the r e s u l t  o f the 
in t e g r a t io n  o f  new and o ld  in fo rm a t io n . A drug a c t in g  at any p o in t 
in  t h i s  ch a in  o f e v en ts  can a l t e r  b e h a v io ra l perform ance.

S tu d ie s  o f the e f f e c t s  o f m ariju an a  on complex behav io r must be 
c a r e f u l ly  in te rp re te d , b ecau se  th e re  a re  numerous v a r ia b le s  th a t  can 
In f lu e n c e  the r e s u l t s .  F i r s t ,  th e re  i s  the  drug i t s e l f .  The do se , 
type o f p re p a ra t io n , rou te  o f a d m in is t r a t io n , and speed o f a d m in is t r a ­
t io n  must be s p e c i f ie d .  N ext, the u se r—h is  p e r s o n a l i t y ,  le v e l  o f 
in n a te  a b i l i t y ,  m o tiv a t io n  to  perfo rm , and e s p e c ia l ly  h i s  p re v io u s 
exp e r ien ce  w ith  a a r i ju a n a ,  a re  pow erfu l in f lu e n c e s  on t e s t  r e s u l t s .  
F iw i l l y ,  th e re  i s  the type o f b e h a v io ra l t e s t  and the s e t t in g  in

112



113

which i t  i s  perforated . S im p ler and w e ll-p r a c t ic e d  s k i l l s  a re  le a s  
s u s c e p t ib le  to  d is ru p t io n  by drug e f f e c t s  than a re  nove l o r complex 
t a s k s .  The s tu d ie s  in  th e  l i t e r a t u r e  v a ry  in  t h e ir  a t te n t io n  to  
th e se  f a c t o r s .

Most o f th e se  s t u d ie s  have been c a r r ie d  out on male c o l le g e  
s tu d en ts  who vo lu n te e r  fo r  m ariju an a  r e se a r c h . Although t h i s  
age -g roup  (19 - 25 ) r e p re se n ts  a p e r io d  o f peak u se o f m a r iju an a, i t  
cannot be assumed th a t  f in d in g s  from a c o l le g e  popu la tio n  w i l l  
g e n e r a l iz e  to  o th e r s e c to r s  o f the youth p o p u la t io n . The d i f f e r in g  
m o tives o f  s tu d en t v o lu n te e r s  s e r io u s ly  confound the in te r p r e t a t io n  
o f  r e s u l t s  in  in t e l l e c t u a l  a r e a s t where i t  h a s been e s t a b l is h e d  th a t  
m o tiv a t io n  p la y s  a s i g n i f i c a n t  ro le  in  d e te rm in in g  perform ance. Some 
d ed ic a ted  u se r s  want to  do w e ll and dem onstrate th a t  m ariju ana  has no 
harm fu l e f f e c t .  O thers a re  sim p ly  in t e r e s t e d  in  o b ta in in g  the  drug 
and en jo y in g  i t s  e f f e c t s  w ith  l i t t l e  in t e r e s t  in  the experim ent. 
A d d it io n a l m ethodo log ica l i s s u e s  th a t  re cu r in  t h i s  body o f r e se a rc h  
in c lu d e : (a ) r e l ia n c e  on s e l f - r e p o r t s  by su b je c t s  reg a rd in g  p e r so n a l
h is to r y  o f  frequency and in t e n s i t y  o f  drug u se/ (b) o c c a s io n a l 
r e l ia n c e  on s e l f - r e p o r t s  o f drug dose and le v e l  o f in to x ic a t io n  a t  
the tim e o f  the  experim ent/ (c ) la c k  o f s ta n d a rd ize d  do sages and 
methods o f  a d m in is t r a t io n  o f A-9-THC even when the drug i s  
ad m in iste red  by the in v e s t ig a to r /  and (d) la c k  o f a t te n t io n  to  
m o tives and b e l i e f s  o f  u se r s  and nonu se rs w ith  whom they in t e r a c t .

A r e p re se n ta t iv e  sample o f  s t u d ie s  w i l l  be reviewed here/ and a 
summary t a b le  o f  88 re p o r ts  o f the  r e la t io n s h ip  between m ariju an a  u se  
and b e h a v io ra l and p sy c h o so c ia l fu n c t io n in g  i s  a v a i la b le  from the 
I n s t i t u t e  o f M edicine by r e q u e s t .

PERCEPTUAL AND PSYCHOMOTOR FUNCTIONS 

Acute E f f e c t s

The s t u d ie s  reported  here cover the range o f commonly used do ses*  
from very  low up to 0.250  mg/kg o f A-g-THC in  m ariju ana c ig a r e t t e s  
a t  a s in g le  s i t t i n g .  These a re  acu te  e f f e c t s —changes th a t  can be 
seen a f t e r  a s in g le  d o se . The e f f e c t s  b eg in  to  be seen a t  about th e  
same dose le v e l  a t  which a "h ig h "  i s  p e rce ived  (0 . 050 - 0.150  mg/kg 
A-9-THC). G ene ra lly  the e f f e c t s  a re  d o s e - r e la t e d . In  o th e r words/ 
low d o se s have sm a ll e f f e c t s ;  h ig h e r  do se s tend to  have g r e a te r  
e f f e c t s .

*Doses a re  reported  in  m il l ig r a m s  per k ilo g ram  (mg/kg) where prov ided  
by th e  au th o rs  o r a s  t o t a l  d o se s in  m il l ig r a m s  w ith  the rou te  o f 
a d m in is t r a t io n .
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M arijuana h a s been found to  im pa ir motor c o o rd in a t io n  a t  do ses 
commonly used  in  s o c ia l  s e t t in g s  by both n a iv e  and ch ro n ic  u s e r s .
The fu n c t io n s  s tu d ie d  in c lu d e : hand s t e a d in e s s  (M ayor's Committee on
M arihuana, 1 9 4 4 ; C la rk  e t  a l . , 1 9 7 0 ; M lls t e in  e t  a l . ,  1975 ) ,  body 
sway (M ayor's Committee on M arihuana, 1 9 4 4 ; K ip l in g e r  e t  a l . ,  1 9 7 1 ; 
Evans e t  a l . ,  1973 ) ,  and accu racy  o f execu tion  movements (R a fa e lse n  
e t  a l . ,  1 9 7 3 ; M ils t e in  e t  a l . ,  19 7 5 ; K v a lse th , 1 9 7 7 ) .  S tu d ie s  have 
a ls o  showed a d o se -r e la te d  in c re a se  in  im pairm ent o f  p o s tu r a l 
s t a b i l i t y  a s  measured by in c re a se d  body sway (K ip l in g e r  e t  a l . ,  1971 ) .

C o o r d i n a t i o n

Reaction  Time

Reaction  tim e i s  d e f in ed  a s  the  time la g  between a , s i g n a l  and the 
response a s u b je c t  makes to  th a t  s i g n a l .  Most s t u d ie s  examine the 
time th a t  i t  ta k e s  a su b je c t  to  respond to  a v i s u a l  o r au d ito ry  
s i g n a l .  The e f f e c t s  o f  m ar iju an a  on e it h e r  speed o f  i n i t i a l  
d e te c t io n  o f  the s i g n a l  or speed o f re sponse  have been in c o n s is t e n t  
a t  do ses commonly used in  s o c ia l  s e t t in g s  (" low  to  m o d e ra te " ). The 
same su b je c t s  a re  im paired  a t  some t im e s , but no t a t  o th e r t im es 
(Mayor'8 Committee on M arihuana, 1 9 4 4 ; C la rk  e t  a l . ,  1 5 7 0 ; Dornbush 
o t a l . ,  1 9 7 1 ; Moskowitz e t  a l . , 1972 , 1 9 7 4 ; Borg e t  a l . ,  1 9 7 5 ; 
S chae fe r e t  a l . ,  1 9 7 7 ; Peeke e t  a l . ,  1 9 7 6 ; S t i l lm a n  e t  a l . ,  1977 ) .  
The meaning o f  t h i s  in c o n s is te n c y  i s  u n c e r ta in , bu t i t  p robab ly  
in v o lv e s  an e f f e c t  on a t t e n t io n  mechanism s. When a s u b je c t  i s  
in to x ic a te d  w ith  m a r iju an a , he i s  p robab ly  l e s s  l i k e l y  to  a ttend  to 
the r e a c t io n  tim e t a s k .  P e r ’iap s i t  i s  when he does pay a t te n t io n  to  
the ta sk  t h a t  fu n c t io n  on t h i s  t e s t  i s  not im pa ired .

T rack ing

T rack ing  i s  the term used to  d e sc r ib e  the a c t  o f fo llo w in g  a moving 
s t im u lu s . I t  i s  an im portan t component o f d r iv in g  and f ly in g  
s k i l l s .  T rack in g  behav io r i s  h ig h ly  s e n s i t i v e  to  the e f f e c t s  o f 
m ariju an a . Impairment o f t r a c k in g  occu rs even a t  v e ry  low do se s (4.5 
mg by smoking) in  n a iv e  s u b je c t s  (W eil e t  a l . ,  1 9 6 8 ) .  S tu d ie s  o f 
experienced  u se r s  have a l s o  dem onstrated c o n s is t e n t  im pairm ent. The 
t r a c k in g  impairment h a s been found to  p e r s i s t  fo r  4 to  8 h o u rs , w e l l  
beyond the f e e l in g  o f in to x ic a t io n  (" h ig h " )  by one la b o ra to ry  
(Moskowitz and Sharma, 1 9 7 9 ; Moskowitz e t  a l . ,  1 9 8 1 ) .  No o ther 
s tu d ie s  have measured th e  e f f e c t s  o f m ariju an a  beyond 2 h o u rs . T h is  
f in d in g  on th e  lo n g - la s t in g  e f f e c t s  has ve ry  im portan t im p lic a t io n s , 
a s  w i l l  be d is c u s se d  l a t e r  when the e f f e c t s  o f m a r iju an a  on d r iv in g  
a re  rev iew ed , and , th e r e fo r e , such s t u d ie s  shou ld  ce repeated  by 
o ther in v e s t ig a t o r s .

W hile r e a c t io n  tim e s t u d ie s  (a s  noted above) showed In c o n s is te n t  
r e s u l t s ,  t r a c k in g  b eh av io r i s  r e g u la r ly  and s i g n i f i c a n t l y  d im in ish ed  
by m ariju an a  a t  d o se s u s u a l ly  used in  s o c ia l  s e t t i n g s .  T rack ing
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t a s k s  d i f f e r  from re a c t io n  tim e s t u d ie s ,  because the su b je c t  must 
c o n t in u o u s ly  pay a t te n t io n  to  the t a s k .  S in c e  re a c t io n  tim e t e s t s  
a re  in t e rm it t e n t ,  con tinuou s a t t e n t io n  i s  not re q u ire d , and t h i s  may 
e x p la in  why re a c t io n  tim e s t u d ie s  f a i l  to  show c o n s is t e n t  m ar iju an a  
e f f e c t s .

Sen so ry  and P e rcep tu a l F u n c t io n s

T e s t s  th a t  measure a s u b je c t ' s  a b i l i t y  to  d e te c t  a b r ie f  f l a s h  o f 
l i g h t  show s i g n i f i c a n t  im pairm ent by low to  moderate do ses ( 2-3  mg 
a re  exam ples) o f smoked m ar iju an a  (Sharma and M oskow itz, 1 9 7 2 , 1 9 7 3 , 
1 9 7 4 ; Moskowitz e t  a l . ,  1 9 7 2 , 1 9 7 4 ; C a s sw e ll and M arks, 1 9 7 3 ; Jone s 
and S tone , 1970 ) .  S u sta in e d  a t te n t io n  i s  re q u ired  in  s ig n a l  
d e te c t io n  t a s k s ,  and the  r e la t io n  between t h i s  su s ta in e d  a t t e n t io n  
requ irem ent and m o tiv a t io n  e f f e c t s  has not been exp lo red . S ig n a l  
d e te c t io n  t a s k s  a re  p ro to typ e s o f p e rc e p tu a l demands found in  
man-machine in t e r a c t io n s .  The la r g e  re d u c t io n s  in  s ig n a l  d e te c t io n  
th a t  occur under the in f lu e n c e  o f m ar iju an a  may su g g e s t  a s u b s t a n t ia l  
r i s k  fo r  u se r s  who a re  o p e ra t in g  m ach ines. Other v i s u a l  fu n c t io n s ,  
such a s  v i s u a l  s e a rc h , th a t  depend on eye movements a re  not im p a ired .

I n t e l l e c t u a l  and C o gn it iv e  F u n c tio n s

The e f f e c t s  o f  m ar iju an a  on such  i n t e l l e c t u a l  and c o g n it iv e  fu n c t io n s  
a s  v e rb a l f lu e n c y , sh o r t -te rm  memory, le a r n in g  a b i l i t y ,  c a lc u la t io n  
s k i l l s ,  a b i l i t y  to  fo llo w  complex d i r e c t io n s ,  and time sen se  have 
been in v e s t ig a t e d  and a re  repo rted  below . However, t h i s  a re a  o f 
study  h a s been hampered by the la c k  o f  stand a rd  m easures o f 
fu n c t io n in g  in  the in t e l l e c t u a l  and c o g n it iv e  a re a s  t e s t e d . O v e ra ll, 
the in v e s t ig a t io n  o f m ar iju an a  e f f e c t s  on in t e l l e c t u a l  and c o g n it iv e  
fu n c t io n in g  has not fo llow ed  a lo g ic a l  p ro g re s s io n .

Learn ing  and Memory When stu d y in g  the e f f e c t s  o f d rugs on le a r n in g ,  
i t  i s  d i f f i c u l t  to  c o n tro l a l l  o f  the f a c t o r s  th a t  m ight in f lu e n c e  
the r e s u l t s ;  fo r  exam ple, a s  noted above , how hard a su b je c t  t r i e s  to  
perform  can make a b ig  d if fe r e n c e  even in  th e  p resence o f a se d a t in g  
d rug . Thus, i t  i s  not s u r p r i s in g  th a t  e a r ly  s tu d ie s  o f m a r i ju a n a 's  
e f f e c t s  gave in c o n s is t e n t  r e s u l t s .

More r e c e n t ly , s e v e r a l  s t u d ie s  have dem onstrated th a t  a s i n g l e  
moderate dose o f m ariju an a  im p a ir s  sh o r t-te rm  memory. T h is  e f f e c t  i s  
e s p e c ia l ly  n o t ic e a b le  in  th e  p h a se s o f sh o r t -te rm  memory th a t  a re  
h e a v i ly  dependent on a t t e n t io n ,  such  a s  in fo rm atio n  a c q u is i t io n  and 
s to ra g e  (A bel, 1 9 7 0 , 1 9 7 1 ; Dornbush e t  a l . ,  1 9 7 1 ; D it t r ic h  e t  a l . , 
1 9 7 3 ; M elges e t  a l . ,  1 9 7 4 ; Belmore and M i l le r ,  1980 ) .  Exam ples o f 
the typ e s o f im paired  t a s k s  would be remembering a sequence o f  
numbers o r s y l l a b le s  o r memorizing and fo llo w in g  a sequence o f  
d ir e c t io n s .

P h y s io lo g ic a l changes have been m onitored in  some o f the same 
s tu d ie s  in  which in t e l l e c t u a l  im pairm ent h a s been repo rted . M i l le r
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and C o rn e tt (19 7 8 ) found th a t  in c r e a s e s  in  h e a r t  r a t e  a re  produced by 
m a r iju an a  to  about the  degree  a s  im pairm ent on i n t e l l e c t u a l  
t a s k s .  T h is  l in k in g  o f  a p h y s io lo g ic a l m a rk .;  v i t h  s tu  l i e s  o f  
b e h a v io r a l e f f e c t s  i s  a u s e f u l  model fo r  re se a rc h  in  t h i s  f i e l d .

Time Sen se  Another i n t e l l e c t u a l  fu n c t io n  in f lu e n c e d  by m ar iju an a  i s  
tim 't s e n se . Under th e  in f lu e n c e  o f moderate d o se s o f  th e  d ru g , most 
in v e s t ig a t o r s  re p o rt th a t  s u b je c t s  c o n s is t e n t ly  o v e re s t im a te  the 
amount o f  tim e t h a t  h a s e la p se d . Thus, under th e  in f lu e n c e  o f 
m a r iju a n a , a g iv e n  even t i s  repo rted  to  l a s t  lo n g e r  th an  i t  a c t u a l ly  
does l a s t  (C la rk  e t  a l . , 1 9 7 0 ; Vachon e t  a l . ,  1 9 7 4 ; T in k len b e rg  e t  
a l . ,  1976a ) .

S ta te -D ependen t L ea rn in g  S ta te -d ependen t le a r n in g  r e f e r s  to  a 
s i t u a t io n  in  which m a te r ia l  t h a t  i s  le a rn ed  w h ile  under the  in f lu e n c e  
o f  a drug i s  remembered b e s t  in  the s t a t e  o f  drug in to x ic a t io n  in  
which i t  was o r i g i n a l l y  le a rn e d . A s e r i e s  o f  s t u d ie s  were conducted 
w ith  o r a l  d o se s o f  20 mg ( in  a subsequent study  t h i s  dose was 
c a l ib r a t e d  to  0.3 mg/kg) o f  A-9-THC to  in v e s t ig a t e  th e  e x te n t to  
which le a r n in g  and memory a re  l in k e d  to  the  s t a t e  o f in to x ic a t io n  
(D arley  e t  a l . ,  1973a ,b ,  1 9 7 4 , 1977 ) .  T h is  modest dose o f m ar iju an a  
caused le a r n in g  to  ta ke  p la c e  more s lo w ly  than  when th e  su b je c t  was 
d r u g - f r e e . Once le a rn e d , r e c a l l  o f  the le a r n in g  th a t  occu rred  d u r in g  
in to x ic a t io n  was b e s t  when th e  su b je c t  was a g a in  under the  in f lu e n c e  
o f m a r iju a n a . A lthough sta te -d ep en d en t le a r n in g  o c cu rs  w ith  
m a r iju a n a , the  q u a l i t y  o f  le a r n in g  and r e c a l l  i s  im pa ired  because the 
in fo rm a tio n  o r p ro b le m -so lv in g  s k i l l s  le a rn ed  in  th e  m a r iju a n a - 
in to x ic a te d  s t a t e  w i l l  be reduced or im p a ired . These in v e s t ig a t o r s  
b e lie v e  th a t  the m ajor d e f i c i t  i s  in  the a t t e n t io n - s to r a g e  phase o f 
le a r n in g .

O ral Communication

M ariju an a  u se in  low  to  moderate do ses im p a ir s  o r a l  comm unication, 
e s p e c ia l ly  c l a r i t y  o f s e q u e n t ia l  d ia lo gu e  w ith  o th e r  p e rso n s 
(Dornbush e t  a l . ,  1 9 7 1 ; P a u l and C arson , 1 9 7 3 ; Ze idenberg e t  a l . ,  
1 9 7 3 ; C ro cke tt e t  a l . ,  1 9 7 6 ; M il le r  e t  a l . ,  1977a -d ,  1978a ,b ,  1 9 7 9 ; 
P fe ffe rbaum  e t  a l . ,  1 9 7 7 ; M i l le r  and C o rn e tt , 1 9 7 8 ; N ata le  e t  a l . ,  
1 9 7 9 ; Belmore and M i l le r ,  1 9 8 0 ) .  M arijuana a t  moderate do se s 
d is r u p t s  c o n t in u ity  o f speech  by im pa ir in g  sh o r t - te rm  memory ( 6-18 
seconds d u ra t io n ) (Belmore and M i l le r ,  1 9 8 0 ) .  Communication w h ile  
in to x ic a te d  i s  a l s o  im paired  by the in t r u s io n  o f  i r r e le v a n t  words and 
id e a s  in t o  the  stream  o f  communication. When a l i s t  o f words i s  
le a rn ed  and then the  s u b je c t s  a re  asked to  r e c a l l  th o se  words w ithou t 
regard  to  eequence, words t h a t  were never in  the  o r i g i n a l  l i s t  a re  
in se r te d  d v t in g  r e c a l l  more o f te n  by s u b je c t s  g iv e n  A-9 -THC than by 
tho se  who were d ru g - f r e e  (P fe ffe rbaum  o t a l . , 1 9 7 7 ; M i l le r  and 
C o rn e tt , 1 9 7 8 ; M i l le r  e t  a l . ,  1978a , b ) . Ze idenberg e t  a l .  (1 9 7 3 ) 
ad m in is te red  5 mg A-9-THC o r a l l y  and found t h a t ,  in  a s o c ia l  
c o n te x t , p h ra se s  became s h o r t e r ,  speech became s lo w e r , and th e re  was
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g r e a te r  la g  time between the  cue to  t a lk  and the a c tu a l o n se t  o f  
t a lk in g .  These s u b je c t s  were a l s o  l e s s  a b le  to  re co gn ise  th r e e -  
l e t t e r  nonsense s y l l a b l e s  to  which they  had p re v io u s ly  been expo sed . 
F u r th e r , when e xp e r im en ta l s u b je c t s  were a l l  g iv en  the same dose o f 
A-9- t h c ,  they repo rted  d i f f e r e n t  s u b je c t iv e  le v e l s  o f in t o x ic a t io n .  
Those who reported  so r e  in to x ic a t io n  showed g re a te r  d is r u p t io n  o f  
two-person communication (P a u l and C arson , 1973 ) .

E xperim en ta l s u b je c t s  who were asked  to  t e l l  s t o r ie s  about 
ambiguous p ic tu r e s  ( th e  Thematic Apperception T est) dem onstrated  drug 
im paired  o rg a n iz a t io n  and in t e g r a t io n  o f  s t o r i e s .  The a u th o r s  
repo rted  "a  t im e le s s ,  n o n n a rra t iv e  q u a l i t y ,  w ith  g r e a te r  d is c o n t in u it y  
in  thought sequence and more fre q u en t in c lu s io n  o f c o n t r a d ic to ry  
id e a s "  (Roth e t  a l . , 1975 ) .  When asked  to  t a lk  fo r f i v e  m inu te s on 
any to p ic , s u b je c t s  under A-9-THC dem onstrated decreased  v a r i a b i l i t y  
o f language  and an in c r e a s e  in  p e r so n a l r e fe re n c e s , a s  w e l l  a s  l e s s  
d e t a i l in g  o f  item s mentioned in  the  monologue and l e s s  c r i t i c a l  
e v a lu a t io n  o f tho se  item s (N ata le  e t  a l . ,  1979 ) .

Auto A cc id en ts

S im u la to r S tu d ie s

A d r iv in g  s im u la to r  i s  a la b o ra to ry  in strum en t th a t r e q u ir e s  the  
su b je c t  to  perform a sam ple o f the  b eh av io r requ ired  in  au tom ob ile  
d r iv in g  s i t u a t io n s .  S im u la to rs  d i f f e r  from most o f th e  la b o ra to ry  
s t u d ie s  d e sc r ib ed  above in  th a t  complex behav io r i s  r e q u ir e d .
A lthough s im u la to r s  a re  r e p re se n ta t iv e  o f the m u lt it a s k  c h a r a c te r  o f 
d r iv in g ,  no one s im u la to r  i s  c ap ab le  o f p re se n t in g  a l l  a sp e c t s  o f 
d r iv in g  s im u lta n e o u s ly . The b eh av io r sampled v a r ie s  a c r o s s  
s im u la to r s ;  however, in  com parison to  c a r  d r iv in g  s i t u a t io n s ,  the  
s im u la to r  has the advan tage  o f p re se n t in g  a standard  s t im u lu s  to  a l l  
s u b je c t s .

Most s im u la to r  s t u d ie s  r e v e a l im pairm ent o f d r iv in g  s k i l l s  
fo llo w in g  m oderate ly  in to x ic a t in g  d o se s o f  m arijuana such  a s  10-15  mg 
(C rancer e t  a l . , 1 9 6 9 ; D o tt, 1 9 7 2 ; E l l in g s t a d  e t  a l . ,  1 9 7 3 ; R a fa e lse n  
e t a l . ,  1973 ; M oskow itz e t  a l . , ' 1 9 7 6 ; Sm iley  e t  a l . ,  1 9 8 1 ) .  These 
im pairm ents have been repo rted  in  s im u la to r s  th a t  t e s t  th e  p e rc ep tu a l 
fu n c t io n s  a s  w e l l  a s  tho se  th a t  t e s t  motor s k i l l s  o f  c a r  c o n t r o l .*

"Another type o f s im u la to r  stud y  exam ined m a r iju a n a 's  e f f e c t  on 
performance in  a f l y in g  s im u la to r  (Janowsky e t  a l . , 1 9 7 6 ) .  S u b je c t s  
smoked m ariju ana c ig a r e t t e s  w ith  0.09  mg/kg 6 - 9-THC, a do se  o f  
A-9-THC commonly u sed  in  s o c ia l  s e t t i n g s .  S ig n i f ic a n t  im pairm ent 
o f sh o rt-te rm  memory was no ted . S u b je c t s  were unab le to  r e c a l l  where 
they  were in  the e x e cu t io n  o f a t a s k .  On the s im u la to r  th ey  tended 
to  fo r g e t  where th ey  were in  a g iv e n  f l i g h t  sequence.
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T eat C ou rse s

E x p e r im e n ta l s t u d ie s  o f  the  e f fe c t s  o f a a r i ju a n a  on c lo se d  cou rse  
au to m o b ile  d r iv in g  perform ance show th a t  t h i s  s k i l l  i s  im paired  by 
m a r i ju a n a . Car h an d lin g  s k i l l s  were red u ced , a s  shown by o b je c t iv e  
m ea su re s {K lono ff, 1 9 7 4 ; Hansteen et a l . ,  1 9 7 6 ; Attwood, in  p r e s s ) .  
I t  sh o u ld  be noted th a t  th e se  s tu d ie s , in v o lv in g  s u b je c t s  under the 
in f lu e n c e  o f  m a r iju a n a , examined perform ance in  l e s s  complex 
s i t u a t i o n s  than a re  a c t u a l ly  met in r e a l - l i f e  d r iv in g  s i t u a t io n s .  
However, a c lo se d  co u rse  h a s the advan tage s o f stand a rd  c o n d it io n s  
and s a f e t y  f a c t o r s .  In  r e a l - l i f e  d r iv in g  s i t u a t io n s ,  the p e rcep tu a l 
a rd  c o g n i t iv e  demands a re  con sid e rab ly  more com plex. The K lo no ff 
( 1 9 7 4 ) study  o f d r iv in g  performance on c i t y  s t r e e t s  in d ic a t e s  th a t  
smoked m ar iju an a  ( 5-10  mg A-9-THC) im p a ir s  judgment and 
c o n c e n tr a t io n  in  a d d it io n  to  im pairing c a r  h an d lin g  s k i l l s .

A cc id en t Su rvey s

E x p e r im e n ta l ev id ence  o f impairments c au sed  by m ar iju an a  on 
p sycharaotor fu n c t io n s ,  judgm ent, and motor s k i l l s  in vo lv ed  in  d r iv in g  
h a s  le d  to  re se a rc h  on the r e la t io n sh ip  o f  th e  u se  o f m ariju an a  and 
au tom ob ile  a c c id e n t s .  A s t ro n g ly  p o s it iv e  r e la t io n s h ip  between use 
o f  a lc o h o l and in c re a se d  d r iv in g  r is k  h a s lo n g  been e s t a b l i s h e d .  The
te c h n iq u e s  used to  e s t a b l i s h  the r e la t io n s h ip  o f  a lc o h o l to  a c c id e n ts
m igh t appear to  o f f e r  an e x c e lle n t  parad igm  fo r  com parable m ar iju an a - 
a c c id e n t  r e se a r c h . However, there have been  p r a c t ic a l  re a so n s why 
th e  ro a d s id e  su rvey  model o f  u sing  b reath  sam p le s o b ta in ed  from 
a c c id e n t  d r iv e r s  and comparing those to b r e a th  sam p le s o f randomly 
s e le c t e d  d r iv e r s  who a re  p a s s in g  the a c c id e n t  s i t e  in  the game
d i r e c t io n ,  che same tim e o f  day , and same d ay  o f the  week has not
worked fo r  m ar iju an a  s t u d ie s .  Whereas t h e r e  has been 97  p e rcen t 
co o p e ra t io n  fo r  a lc o h o l b re a th  a n a ly s is ,  m a r iju a n a  d e te rm in a t io n  
r e q u i r e s  a blood sam p le , and on ly a m in o r ity  o f d r iv e r s  w i l l i n g ly  
c o o p e ra te . F u r th e r , m a r iju an a  has a q u it e  d i f f e r e n t  body 
d i s t r ib u t io n  p a t te rn  due to  i t s  high f a t  s o l u b i l i t y .  D e lt a -9-THC i s  
no t o n ly  t e c h n ic a l ly  q u it e  d i f f i c u l t  to  d e t e c t  in  sam p les o f body 
f l u i d ,  bu t i t  may be a c t iv e  in  the nervous sy stem  long a f t e r  i t  i s  
no t d e t e c t a b le  in  b lo od . The d e trim en ta l e f f e c t s  on d r iv in g  s k i l l s  
(M oskow itz and Sharma, 1 9 7 9 ; Moskowitz e t  a l . ,  19 8 1 ) may even p e r s i s t  
4 to  8 hou rs beyond th e  tim e when the u se r  h a s  had s u b je c t iv e  
f e e l i n g s  o r eupho ria  o r  s le e p in e s s .

S e v e r a l  rep o rt*  o f  a c c id e n t  surveys h a v e  r e c e n t ly  been p u b lish ed  
(T e a le  e t  a l . ,  1 9 7 7 ; Cimbura e t  a l . ,  1 9 8 0 ; McBay and Owens, 1981 ) ,  
but a l l  s u f f e r  from th e  problem s d iscu ssed  above and p a r t ic u la r ly  
from th e  la c k  o f a re a so n ab le  comparison g ro u p . For exam ple, one 
stu d y  repo rted  th a t  16  p e rcen t o f Boston d r i v e r s  had A-9-THC in  
t h e i r  b lood  (S t e r l in g -S m it h ,  1975 ) .  There w as no d e s c r ip t io n  o f the 
group who d e c lin e d  to  g iv e  a blood sample b u t  p rov ided  b re a th  o r 
u r in e  sam p le s in s t e a d . A lso , there i s  no in fo rm a t io n  a s  to  the 
fre q u en cy  o f  f in d in g  A-9 -TEC in  the blood o f  tho se  d r iv e r s  who have
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not had an a c c id e n t  o r o th e rw ise  cane to  po lice  a t t e n t io n .  In  
a d d it io n , many u s e r s  o f  m ariju an a  a l s o  u se  other d ru g s  so  th a t  d a ta  
a re  a v a ila b le  on o n ly  a few s u b je c t s  who only used m a r i ju a n a .

In  an e f fo r t  t o  o b ta in  some re fe re n ce  point fo r t h e  a s s o c ia t io n  
o f marijuana w ith  a c c id e n t s  a s  compared w ith  other d r u g s ,  Warren e t  
a l .  ( in  p re ss) r e a n a ly z e d  the Cimbura e t  a l .  (1980) d a t a .  Twelve 
percent o f the f a t a l l y  in ju re d  d r iv e r s  and p ed e str ia n s  in  th a t  stu d y  
had been found to  have  A-9-THC in  t h e ir  blood. The p re se n c e  o f 
o ther drugs was a l s o  determ ined and a c u lp a b i l i t y  in d e x  was deve loped . 
A c u lp a b i l i t y  in d e x  compares the frequency  that a d ru g  i s  found in  
d r iv e r s  a ss igned  r e s p o n s ib i l i t y  fo r  c au s in g  a c o l l i s i o n  w ith  the 
frequency in  in d iv id u a l s  from the same sample who had n o t caused  an 
a c c id en t .

A sp ir in  was found  to  have a c u lp a b i l i t y  index o f  1 . 0 . That i s ,  
i t  was no more f r e q u e n t  in  in d iv id u a ls  a ssigned  r e s p o n s ib i l i t y  fo r  a 
c o l l i s io n  than on th o se  who were n o t . T h is  i s  of sa n e  s ig n i f ic a n c e  
because i t  s e r v e s  a s  an in t e r n a l  check on the te c h n iq u e , a g re e in g  
w ith  the a p r io r i  assum ption  th a t  i t  would be u n l ik e ly  fo r  a s p i r in  
u se r s  to be o v e r re p re se n te d  among tho se  re spon sib le  f o r  a c c id e n t s .
In  co n tra st , s u b je c t s  w ith  cann ab in o id s p resent in  th e  u r in e  were 
found to have a c u lp a b i l i t y  index o f  1 . 7 , the same c u l p a b i l i t y  l e v e l  
found fo r the p re se n c e  o f  a lc o h o l. T h is  in d ic a te s  an  e x c e s s  o f 
A-9-TH C -positive d r i v e r s  in  the c a te go ry  re spon sib le  f o r  
a c c id en ts . The p re se n c e  o f a n t ih is t a m in e s  produced a  c u lp a b i l i t y  
index o f 1 . 5 , and t r a n q u i l i z e r s / a n t id e p r e s s a n t s ,  1 . 8 .

Given the d i f f i c u l t i e s  in  e x e cu t in g  ep idem io logic s t u d ie s  where 
i t  i s  so d i f f i c u l t  to  o b ta in  adequate co n tro l g roup s, i t  would appear 
th a t  only t e n t a t iv e  co n c lu s io n s  about m ariju an a 's r o l e  in  a c c id e n t s  
can be reached. S u p p o rt iv e  ev id ence  th a t  marijuana i s  a c o n t r ib u t in g  
caude o f a c c id e n t s  comes from su rv e y s  o f  marijuana u s e r s  who rep o rt 
they rece ive a h ig h e r - th a n -a v e r a g e  number o f t ic k e t s  f o r  d r iv in g  
v io la t io n s  and a r e  in vo lved  in  a h igh e r-th ;.n -ave rage  number o f 
acc id en ts (Jo h n sto n , 1980 ) .  N e v e r th e le s s , the p rob lem s d e sc r ib ed  
above are yet to  b e  so lv e d . But the c u lp a b i l i t y  in d e x  model p re se n t s  
a methodology c h a t  may be re f in e d  and u t i l i z e d  in  f u t u r e  s t u d ie s .

A lcoho l-M ariju ana In te ra c t io n s

Surveys show th a t  m a r iju an a  and a lc o h o l a re  fre q u e n t ly  consumed 
to ge ther (F ish b u rn e  e t  a l . ,  1 9 8 0 ; Johnston  e t a l . ,  1 9 8 0 ) .  Thus, i t  
i s  Important to  d e te rm in e  what in t e r a c t io n s ,  i f  any , o c cu r  between 
th e se  two d ru g s . As both d rug s have se d a t iv e  p r o p e r t ie s ,  an a d d it iv e  
e f f e c t  would be e xp ec ted  and h a s been found in  the few  sy s te m a t ic  
in v e s t ig a t io n s  o f  th e  e f f e c t s  o f  t h i s  combination. One study  
reported that 0 . 0 5  p e rcen t blood a lc o h o l le v e l c o n c e n tr a t io n  (BAC) 
in creased  the im pa irm en t produced by 5 mg o f smoked A -9 -THC on 
tra c k in g  behav io r (Manno e t  a l . , 1 9 7 1 ) .  In  a study u s in g  two d o se s 
o f a lcoho l and two d o se s o f a a r i ju a n a ,  even the low d o se  o f a lc o h o l 
( 0.07 percent BAC) and the low dose o f A-9-THC (1.4 mg) im paired  
complex tra ck in g  i n  an a d d it iv e  fa sh io n  (Hansteen e t  r 1 . ,  1976 ) .
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H ig la r  d cae s produced more pronounced d ^ jrem en ts . A com bination  o f 
A -9-THC ( 0.320  mg /kg) and ethano l (a  done th a t  produces a peak 
b lood  le v e l  o f  l e s s  than 0.08 percen t BAC) h a s a l s o  produced an 
a d d it iv e  e f f e c t  on the a b i l i t y  to perfo rm  on a psychomotor t e s t  
(B e lg r a v e  e t  a l . , 197S ) . T h is a d d it iv e  e f f e c t  would be o f concern to 
th o se  o p e ra t in g  a  motor v e h ic le . —

The i s s u e  o f  a lco h o l-m ar iju an a  in t e r a c t io n s  i s  an im portan t one, 
b u t c u r r e n t ly  few .Sata a re  a v a i la b le .  C le a r ly ,  more s t u d ie s  o f 
m a r i ju a n a 's  in t e r a c t io n  w ith  a lco ho l and o ther commonly used drugs 
a r e  needed.

Chronic E f f e c t s

Animal S tu d ie s

S tu d ie s  o f  ch ro n ic  e f f e c t s  are n e c e ssa ry  to determ ine whether a drug 
p roduces changes th a t  p e r s i s t  a f t e r  a d m in is t r a t io n  h a s stopped . In  
v ie w  o f the t h e o r e t ic a l  p o s s ib i l i t y  o f  cum u la tive  o r p e r s i s t e n t  
m a r iju a n a  e f f e c t s ,  i t  i s  su rp r is in g  t h a t  on ly  a few la b o r a to r ie s  have 
conducted  experim ents in v o lv in g  rep ea ted  do sin g  and t e s t in g  fo r  
r e s id u a l  e f f e c t s .  Mice in je c te d  w ith  10  wq/kq  A-g-THC fo r  20-40 

d a y s  were found to  be p e r s i s t e n t ly  im pa ired  in  new le a rn in g  100  days 
a f t e r  th e  in je c t io n s  stopped (Radouco-Thomas e t  a l . ,  19 7 6 ) .  
S im i l a r l y ,  r a t s  g iv e n  20 mg/kg of A-g-THC o r a l ly  fo r  180  days had 
le a r n in g  s t i l l  im paired  2 months a f t e r  the  A-g-THC treatm en t 
stopped  (Fehr e t  a l . ,  1 9 7 6 ) .  Th is was confirm ed by the same group in  
two subsequent s tu d ie a  (Fehr et a l . ,  1 9 7 9 ; S t i g l i c k  and K a la n t , in  
p r e s s ) . Another group o f  in v e s t ig a t o r s ,  however, cou ld  f in d  no 
r e s id u a l  le a rn in g  e f f e c t s  in  monkeys 20  days a f t e r  stopp ing  
com parab le d o se s o f  A-g-THC (Ferraro  and G r i l l y ,  19 7 4 ) .

Human S tu d ie s

C l i n i c a l  re p o r ts  o f  memory impairment, la c k  o f co n ce n tra t io n , 
le t h a r g y ,  e t c . ,  in  non in to x ica ted  c h ro n ic  u se r s  o f m ariju an a  have led  
t o  s tu d ie a  in  which p sy ch o lo g ic a l t e s t in g  was ad m in iste red  to  u se r s  
o f  m a r iju an a  and c o n t r o ls ;  The r e s u l t s  o f th e se  s t u d ie s  a re  
in c o n c lu s iv e .  S e v e ra l s tu d ie s  show im pa ired  perform ance in  u se r s  a s 
compared to  c o n t ro ls  (Agarwal e t a l . ,  1 9 7 5 ; S o u e if , 1 9 7 6 ; Wig and 
V a ra a , 1 9 7 7 ; M endh ira tta  e t  a l . ,  1978)7  o th e rs  found no s i g n i f i c a n t  
r e s id u a l  e f f e c t s  in  the  m arijuana u s e r s  (Bowman and P i h l ,  19 7 3 ; Rubin 
and  C om itas, 1 9 7 5 ; S a t z  e t  a l . ,  1976 ; Ray e t  a l . ,  1 9 7 8 ; S c h ae ffe r  e t 
a l . , 19 8 1 ) .  A l l  o f  th e se  s tu d ie s  can  be c r i t i c i z e d  on m ethodo log ica l 
g ro u n d s , and the  r e s u l t s  have been d isp u te d . T h is  i s  not s u r p r is in g ,  
b e cau se  i t  i s  t e c h n ic a l ly  very d i f f i c u l t  to  o b ta in  a sample o f 
c h ro n ic  m ariju an a  u s e r s ,  g e t them in to  a t r u ly  d ru g -f r e e  co n d it io n , 
t e s t  them, and s im i l a r l y  t e s t  an a p p ro p r ia te  group o f c o n t r o ls .

S e v e r a l groups o f in v e s t ig a to r s  (Dornbush e t  a l . ,  1 9 7 2 ; Frank e t  
a l . ,  1 9 7 6 ; Harshman e t  a l . , 1976 ; R o s s i  e t  a l . ,  1977 ) examined
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ch ron ic  a a r i ju a n a  u se r s  b e fo re  and a f t e r  21-94  d ay s o f c h ro n ic  
in to x ic a t io n  in  a re se a rc h  h o s p i t a l  s e t t in g .  None o f the 
in v e s t ig a t o r s  found any p sy c h o lo g ic a l changes d u r in g  po std rug  
t e s t in g .  However, 2 months o f  u se  i s  a r e l a t i v e ly  sh o r t  p e riod  o f 
time fo r  a change to  be d e te c te d , and the  s u b je c t s  had a lre ad y  been 
u s in g  a a r i ju a n a  fo r  a t  l e a s t  a y e a r  p r io r  to  e n te r in g  each study  
(Fehr e t  a l . , 19 7 6 ) .

The a v a i la b le  s t u d ie s  o f c h ro n ic  b e h a v io ra l e f f e c t s  le ad  to  no 
c le a r  c o n c lu s io n s . A lthough seme an im a l s t u d ie s  dem onstrated a 
le a rn in g  d e f i c i t  th a t  p e r s i s t e d  fo r  months a f t e r  d a i ly  m ariju ana  
exposure was d isc o n t in u e d , the  human s t u d ie s  have such m ethodo lo g ica l 
w eaknesses th a t  they cannot be in t e rp r e te d . A p ro sp e c t iv e  concu rren t 
cohort study  and a r e t r o sp e c t iv e  c a s e -c o n t r o l study  o f p o s s ib le  
outcomes o f and r i s k  f a c t o r s  fo r  u se  o f  m ar iju an a  could  add u s e fu l 
in fo rm a tio n . (See re se a rc h  recommendations a t  the end o f t h i s  
c h a p te r .)

CLINICAL SYNDROMES

In  t h i s  se c t io n  we w i l l  d i s c u s s  both acu te  and ch ro n ic  b e h a v io ra l 
changes th a t  have been repo rted  in  th e  c l i n i c a l  l i t e r a t u r e  to  be 
a s so c ia te d  w ith  the  u se  o f  m a r iju a n a . An a s s o c ia t io n  based on c a se  
re p o r ts  does no t im ply c a u s a l i t y .  S tu d ie s  o f  ap p ro p r ia te  c o n tro l 
groups a re  n e c e s sa ry . In  g en e ra l#  a cu te  o r immediate c l i n i c a l  
e f f e c t s  o f d rug s can be determ ined s c i e n t i f i c a l l y  much more r e a d i ly  
than ch ro n ic  or de layed  e f f e c t s .  T h is  i s  a s  t ru e  fo r  a a r i ju a n a  a s  i t  
i s  fo r  a lc o h o l and o th e r d ru g s . Thus# the acu te  e f f e c t s  o f m ariju an a  
are  based on more s o l id  ev id ence  th an  a re  the reported  ch ro n ic  
e f f e c t s .

Acute E f f e c t s

The acu te  c l i n i c a l  e f f e c t s  o f m a r iju an a  seem to  occur on a continuum 
from m ild  d y spho ria  to  acu te  b r a in  syndrome. In  the l i t e r a t u r e ,  
th ree  d i f f e r e n t  syndromes have been d e sc r ib e d , a lthough  th e re  i s  
b lu r r in g  o f the boundarie s in  t h i s  c l a s s i f i c a t i o n  and no g e n e ra l 
agreement a s  to  d ia g n o s t ic  c r i t e r i a .

A nx ie ty /Pan ic  R eaction

A major p o rt io n  o f  the ev id ence  fo r  t h i s  e f f e c t  comes from re p o r t s  by 
m ariju ana u se r s  th em se lv e s . M a r iju a n a 's  p o p u la r ity  n o tw ith s ta n d in g , 
a s u r p r i s in g ly  h ig h  p ro p o rt io n  o f  u s e r s  rep o rt r e a c t io n s  th a t  they  
regard  a s  u np le a san t o r u n d e s ir a b le .  For exam ple, 33 p e rcen t o f  
r e g u la r  u se r s  repo rted  th a t  w h ile  in to x ic a te d  they o c c a s io n a l ly  
experienced  such symptoms a s  acu te  p a n ic , p arano id  r e a c t io n , 
h a l lu c in a t io n s ,  and u n p le a san t d i s t o r t io n s  in  body image (T a r t , 1 9 7 0 / 
Negrete and Kwan, 1972 ) .  Another stud y  repo rted  th a t  16 p e rcen t o f
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re g u la r  u s e r s  repo rted  a n x ie ty ,  f e a r f u ln e s s ,  c o n fu s io n , dependency, 
o r  a g g r e s s iv e  u rge s a s  a "u su a l o ccu rrence" (H a lik a s  e t  a l . ,  1971 ) .  
S im ila r  f in d in g s  in  group s o f s t a b le ,  w e l l - a d ju s t e d , moderate u se r s  
have been found by o th e r  in v e s t ig a t o r s  (Annis and Sm art, 1 9 7 3 ; Marcus 
e t  a l . , 1974 ) .  F i r s t - t im e  u s e r s  a re  more l i k e l y  than  a re  experienced  
u se r s  to  rep o rt ad ve rse  r e a c t io n s .  The frequency o f  such re a c t io n s  
appears to  be h ig h e r  when the s e t t in g  fo r  u se  i s  no t a fa v o rab le  one; 
fo r  exam ple, when th e  u se r  s ^ e s  the environm ent a s  th re a te n in g .

These ad ve rse  p sy c h o lo g ic a l r e a c t io n s  a l s o  have been observed in  
s u b je c t s  o f  la b o ra to ry  experim en ts w ith  m a r iju an a . Such c o n tro lle d  
o b se rv a t io n s  o f p e rso n s whose immediate p r io r  m ental s t a t u s  and whose 
dosage were known g iv e  a b a s i s  fo r  conc lud ing  th a t  acu te  adverse  
p sy c h o lo g ic a l r e a c t io n s  can occur under s in g le  moderate do se s o f 
m a r ij tana. These e f f e c t s  a re  more l i k e l y  a t  h ig h e r  d o se s . They 
u su a l ly  l a s t  no lo n g e r  than  2 to  4 hou rs . Acute p arano id  r e a c t io n s  
under th e se  c o n tro lle d  c o n d it io n s  have been repo rted  (Mendelson and 
Meyer, 1 9 7 2 ; T a s s in a r i  e t  a l . ,  1 9 7 3 ; Frank e t  a l . ,  1 9 7 6 ; M elges,
1976 ) .  In g e s t io n , in  which t i t r a t i o n  o f dose (dose ad ju stm en t a s  
o ccu rs du r in g  sm oking) i s  d i f f i c u l t ,  may be more l i k e l y  to  produce 
adverse  e f f e c t s  than a d m in is t r a t io n  by smoking m a r iju an a . However, 
ch ron ic  u se  and in t e r a c t io n  w ith  o ther p sy ch o ac t iv e  su b stan c e s  a re  
no t re q u ire d .

As f re q u e n t ly  a s  th e se  ad ve rse  re a c t io n s  a re  ob served  and 
s e lf - r e p o r t e d , m ed ica l treatm en t i s  r a r e ly  so u gh t. For exam ple, a 
c o lle g e  stud en t h e a lth  c l i n i c  repo rted  on ly  s i x  s tu d e n ts  per year 
sought m ed ica l trea tm en t fo r  an ad ve rse  r e a c t io n  to  m ar iju an a  out o f  
a stud en t popu la t io n  o f  20,000  ( P i l l a r d ,  1970 ) .  In  the  g e n e ra l 
p o p u la t io n , a d ia g n o s is  o f  acu te  cann ab is  r e a c t io n  was found in  o n ly  
10  c a se s  out o f 700,000  h o s p it a l  ad m iss io n s in  the United S ta te s  
(Lundberg e t  a l . ,  19 7 1 ) .  In  the  U .S. Army, o n ly  18 such c a se s  were 
tre a te d  over a s e v e r a l -y e a r  p e r io d  from a m i l i t a r y  p o pu la tio n  o f 
33,000  (Tennant and G roesbeck, 1972 ) .  There a re  no recen t f ig u r e s  
showing re q u e s ts  fo r  m ed ica l treatm en t now th a t  the u se  o f m arijuana 
i s  more in t e n se , w id e sp read , and reach in g  younger a g e -g ro u p s.
However, a un ique m on ito rin g  o f  drug c a u s a l i t y  b ehav io r documenting 
emergency room encoun te rs conducted by the Drug Enforcement 
A dm in istra t io n  and th e  N a tio n a l I n s t i t u t e  cn Drug Abuse (U .S . 
Department o f H ea lth  and Human S e rv ic e .s , 19 7 9 ) may in  the fu tu re  
p rov id e  a d d it io n a l in fo rm a tio n  about the frequency o f  adverse  
r e a c t io n s  to  u se o f  m a r iju a n a .

D ysphoric R eaction

T herapeu tic  t r i a l s  have been c a r r ie d  out t e s t in g  A -9-THC a s  a 
p o s s ib le  treatm en t fo r  mood d iso rd e r s  (se e  Chapter 7 ) .  Severe 
dy spho ric  r e a c t io n s  c h a r a c te r iz e d  by d is o r ie n t a t io n ,  c a t a t o n ia l ik e  
Im m ob ility , acu te  p a n ic , and heavy se d a t io n  have occurred  in  s e v e r a l 
p a t ie n tB . The d y sp h o r ic  symptoms appeared a t  moderate do ses compar­
a b le  to  tho se  used in  s o c ia l  s e t t in g s .  They la s t e d  o n ly  a few hours 
and responded to  d is c o n t in u a t io n  o f the drug and re a ssu ran ce  o f the 
p a t ie n t s  (K o tin  e t  a l . ,  1 9 7 3 ; Ablon and Goodwin, 1 9 7 4 ) .



1 2 3

S im ila r  d y sp ho r ic  r e a c t io n s  have been repo rted  In  cancer p a t ie n t s  
who were on a th e ra p e u t ic  t r i a l  o f  A-g-THC to  c o n tro l the nausea 
a s so c ia te d  w ith  chemotherapy. The sym ptons, c o u rse , and re spon se  to  
c e a s in g  u se  o f  the drug were id e n t ic a l  to  tho se  d e sc r ib ed  above. 
I n v e s t ig a t o r s  have su gge sted  th a t  the  d y sp ho r ic  respon se  i s  more 
l i k e l y  to  occur in  o ld e r  p a t ie n t s  not accustomed to  drug u se  fo r  whom 
the m o o d -a lte r in g  e f f e c t s  a re  u n an t ic ip a te d  and unwelccme (S h i l in g  
and S t i l lm a n , 1 S80 ) .

Acute B ra in  Syndrome

D ia g n o s t ic  c r i t e r i a  fo r  the syndrr'toe now c a l le d  d e lir iu m  and 
p re v io u s ly  c a l le d  acu te  b r a in  syndrome appear in  D ia g n o st ic  and 
S t a t i s t i c a l  Manual o f M ental D iso rd e r s , Th ird  E d it io n , 1980  (DSM 
I I I ) .  These in c lu d e : (a ) a c lo u d in g  o f c o n sc io u sn e ss  a s  m an ife sted
by impairment o f a b i l i t y  to  s u s t a in  a t t e n t io n  to  env ironm enta l 
s t im u l i ,  o r im pairm ent o f a b i l i t y  to  s u s t a in  g o a l-d ir e c te d  th in k in g  
o r g o a l-d ir e c te d  b eh av io r; (b ) a d iso rd e r  o f memory or o r ie n t a t io n ;
(c ) p e rc e p tu a l d is tu rb a n c e s ;  and (d) a change in  s le e p  p a tte rn  and/or 
a change in  psychomotor a c t i v i t y .  The symptoms deve lop  over a sh o r t  
pe riod  o f  t l ^ e  and f lu c t u a t e  r a p id ly .

Both the symptom p a tte rn  and the  cou rse  o f the  acu te  b ra in  
syndrome f i t  the d e s c r ip t io n s  o f one type o f b ehav io r d iso rd e r  
a s so c ia te d  w ith  u se  o f m a r iju an a . I t  h a s been repo rted  to  develop  in  
p e rso n s who have a h is t o r y  o f  p ro longed , r e g u la r ,  heavy u se  o f  
m a r iju a n a . I t  i s  d e fin ed  a s  an "a cu te "  b ra in  syndrome because i t  
comes on d u r in g  th e  p e r io d  o f drug u se  and i t  g r a d u a lly  d isa p p e a r s  
a f t e r  tha  drug i s  stopped . The m a jo r ity  o f c a se  re p o r ts  have come 
from E a ste rn  c o u n t r ie s  where th e  c an n ab is  p roducts c u sto m a r ily  used 
have h igh  potency (Spencer, 1 9 7 0 ; Chopra and Sm ith , 1 9 7 4 ; Meyer,
1975 ) .  I t  h a s a l s o  been repo rted  in  O .S. Army p e rso nn e l s ta t io n e d  in  
V ie t Nam (T a lb o tt  and Teague, 19 6 9 ) and i n  Europe (Tennant, 1972 ) ,  
where s o ld ie r s  had a c c e s s  to  ve ry  h ig h  A-g-THC co n cen tra t io n s  in  
c an n ab is  su b s ta n c e s . In  c o n t r a s t  to  the In d ian  p u b lic  m ental h o sp it a l  
p a t ie n t s  who were h o s p it a l i z e d  fo r  many w eeks, O.S. s o ld ie r s  recovered 
in  3 to  11  d ay s and re tu rned  to  d u ty . T h is  d if fe r e n c e  in  d u ra t io n  
may r e f l e c t  s o c io c u lt u r a l  d i f f e r e n c e s  in  le n g th  o f in -p a t ie n t  
trea tm en t more them a d if f e r e n c e  in  the d iso rd e r .

W ithdrawal Syndrome

S tu d ie s  o f  an im a ls  and human s u b je c t s  g iv e n  moderate to  h igh  do se s o f 
m ariju an a  o r a l l y  o r by in h a la t io n  se v e L a l t im e s per day have 
dem onstrated to le ra n c e  to  many o f  the  e f f e c t s  o f  m ariju an a  (se e  
Chapter 1 ) .  When such  u se  o f m ar iju an a  i s  stopped a f t e r  s e v e r a l d a y s , 
a w ithd raw a l syndrome o c c u r s . In  human s u b je c t s ,  t h i s  re sem b le s the 
t y p ic a l  m ild  w ith d raw a l symptoms seen  a f t e r  pro longed se d a t iv e  u se 
(Jone s and B eno w itz , 19 7 6 ) .  S u b je c t s  show i r r i t a b i l i t y ,  a g i t a t io n ,  
in som n ia , and EEG changes (se e  Chapter 4 ) .  These symptom? a re  
s e l f - l im i t i n g ;  they  peak a t  30 hou rs and d isap p e a r  by 90 h o 'jr s .
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There ie  no c l i n i c a l  ev idence th a t  p h y s ic a l  dependence p la y s  an 
im portan t ro le  in  p e r s i s t e n t  u se o f m a r iju an a . W ithd raw al symptoms 
would not be expected in  in te rm it te n t  u s e r s ;  however, d a i ly  
ro u n d -th e -c lo ck  u se r s  o f  h igh -do se  m ariju an a  may be expected  to  show 
some symptoms o f w ith d raw a l soon a f t e r  s to p p in g  r e g u la r  u se .

Chronic E f f e c t s

C annab is P sy c h o s is

C annab is p sy c h o s is  r e f e r s  to  a ch ron ic  p sy c h o t ic  c o n d it io n  (ou t o f 
co n ta c t w ith  r e a l i t y )  re p o rted ly  seen in  heavy m a r iju an a  u s e r s , but 
ex tend ing  beyond the p e r io d  o f acu te  in to x ic a t io n .  Some au th o rs  have 
d e sc r ib ed  a s c h iz o p h r e n ia l ik e  p ic tu re  w ith  d e lu s io n s  and h a l lu c in a ­
t io n s  , and o th e r s  have s t r e s s e d  the e x is te n c e  o f  o rg a n ic  m ental 
c o n fu s io n . Most o f the  re p o r ts  have come from o b se rv a t io n  o f 
h o s p it a l i z e d  p a t ie n t s  in  A sian and A fr ic an  c o u n t r ie s  (A sun i, 1 9 6 4 ; 
Chopra and Sm ith , 1 9 7 4 ; Thacore and S h u k la , 1976 ) .  There a re  no 
re p o r t s  in  th e  North American l i t e r a t u r e .  At t h i s  t im e , th e re  i s  
in s u f f i c i e n t  ev idence  to  sa y  th a t  c an n ab is  p sy c h o s is  e x i s t s  a s  a 
se p a ra te  c l i n i c a l  e n t i t y  (Murphy, 1 9 6 3 ; Edwards, 1 9 7 6 ) .

"A m otiva tiona l Syndrome"

C l in ic ia n s  co ined  the term "am o tiv a t io n a l syndrome" to  d e sc r ib e  a 
c h a r a c t e r i s t ic  s e t  o f p e r so n a l i t y  changes seen  in  some d a i ly  u s e r s  o f  
m ariju an a  (M cG loth lin  and W est, 19 6 8 ; Sm ith , 1 9 6 8 ) .  The changes 
in c lu d e  ap a thy , lo s s  o f am b it io n , lo s s  o f e f f e c t iv e n e s s ,  d im in ish ed  
a b i l i t y  to  c a r ry  ou t lo n g -te rm  p la n s , d i f f i c u l t y  in  c o n c e n tra t in g , 
and a d e c lin e  in  scho o l o r work perform ance. As u s u a l ly  d e sc r ib e d , 
th e se  changes a re  seen  in  frequ en t or d a i ly  u s e r s ,  and th u s they  may 
be con sid e red  a form o f ch ro n ic  in to x ic a t io n .  The term  "am o t iv a t io n a l 
syndrome" i s  not an o f f i c i a l  d ia g n o s is ,  but th e re  i s  agreement among 
many c l i n i c i a n s  who t r e a t  young people th a t  t h i s  c o n s t e l la t io n  o f 
symptoms i s  common. I t  may a ls o  be seen in  nonm arijuana u s e r s ,  and 
d a i ly  u se o f  m ar iju an a  i s  not a lw ay s a s so c ia te d  w ith  l o s s  o f 
m o t iv a t io n .

The ev idence p re sen ted  fo r  the l in k in g  o f  t h i s  syndrome w ith  
m ariju an a  c o n s i s t s  o f c a se  r e p o r t s . For exam ple, B aker and Lucas 
( 1969 ) d e sc r ib ed  the c a se  o f  a man whom f r ie n d s  d e sc r ib e d  a s  

p r e v io u s ly  c o n s c ie n t io u s , c ap ab le , and e f f e c t iv e ;  bu t a f t e r  smoking 
h a sh ish  d a i ly  fo r  3 y e a r s ,  he changed in to  a person  fo r  whom use  o f 
d ru g s was a way o f l i f e  and in  whom a s e r io u s  d e t e r io r a t io n  o f  s o c ia l  
fu n c t io n  was ob se rved . Other re p o rts  c o n s i s t  o f g ro up s o f c a s e s  w ith  
s im i la r  h i s t o r i e s  (Thurlow , 1971 ) .  The symptoms m entioned , in  
a d d it io n  to  lo s s  o f m o t iv a t io n , in c lu d e  f a l l i n g  g r a d e s , d i f f i c u l t i e s  
in  c o n c e n tra t io n , in t e rm it t e n t  co n fu s io n , and im paired  memory. Some 
au th o rs rep o rt improvement when u se o f m ariju an a  i s  stopped (K o lan sky 
and Moore, 1 9 7 1 , 1 9 7 2 ) .
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A v a r ie t y  o f  o th e r d a ta  support such  a c o n d it io n . In  a la r g e  
su rv e y , d a i ly  m ar iju an a  u se r s  were asked  about the  d ru g 's  ad verse  
e f f e c t s  (Johnston  e t  a l . , 1980 ) .  The most common response was " lo s s  
o f energy" (42 p e r c e n t ) . N early a t h ir d  (32 p e rcen t) o f the d a i ly  
u se r s  thought th a t  m ar iju an a  caused  them to  be l e s s  in te r e s te d  in  
o th e r a c t i v i t i e s  than  they  had been b e fo re , and a th ir d  (34 p e rcen t) 
thought th a t  i t  h u r t  t h e i r  schoo l and/or jo b  perform ance. Another 
type o f  ev idence  comes from com parisons o f c o l le g e  s tu d en ts  who use 
m ariju an a  w ith  o th e r s  who do n o t. S e v e ra l such s t u d ie s  (Shean and 
Fechtmann, 1 9 7 1 ; L in n , 1 9 7 2 ; Simon, 1 9 7 4 ; F in n e l l  and Jo n e s , 1975 ) 
found m ariju an a  u se r s  had in c re a sed  l e v e l s  o f p sy c h o lo g ic a l 
d is tu rb a n c e , lower academ ic perform ance, and lower performance on 
s c a le s  m easuring a t t i t u d e s  toward achievem ent and purpose in  l i f e .
But some s t u d ie s  in  both the  United S t a t e s  and fo re ig n  c o u n tr ie s  have 
f a i le d  to  show s i g n i f i c a n t  d if f e r e n c e s  between m ariju an a  u se r s  and 
a b s t a in e r s  ( B r i l l  and C h r i s t ie ,  1 9 7 4 ; Rubin and Com itas, 1975 ) .

In t e r p r e t a t io n  o f  the  ev idence  l in k in g  m ariju an a  to  "am o t iv a t io n a l 
syndrome" i s  d i f f i c u l t .  Such symptoms have been known to  occur in  
the absence o f m a r iju a n a . Even i f  th e re  i s  an a s so c ia t io n  between 
t h i s  syndrome and u se  o f m a r iju an a , th a t  does not prove th a t  m ariju ana  
c au se s  the syndrome. Many tro ub led  in d iv id u a ls  seek  an "e scap e " in to  
u se  o f d ru g s; th u s , freq u en t u se o f m ariju an a  may become one more in  
a s e r i e s  o f coun te rp roductive  b eh av io r s  fo r  th e se  unhappy peop le .

The a v a i la b le  ev idence  does not a llo w  a s o r t in g  o f the v a r io u s  
p o s s i b i l i t i e s  in  the  r e la t io n s h ip  between u se  o f m ariju ana  and the  
complex o f symptoms in  the  "am o t iv a t io n a l syndrom e." I t  appears 
l i k e l y  th a t  both s e l f - s e l e c t io n  and a u th e n t ic  drug e f f e c t s  c o n tr ib u te  
to  the "m o t iv a t io n a l"  problem s seen  in  some ch ron ic  m ariju ana  u se r s  
(se e  Chapter 2 ) .  P e rso n s who a re  e xp e r ie n c in g  lo s s  o f  m o tiv a t io n , 
ap a thy , and the o th e r aforem entioned symptoms p robab ly  w i l l  worsen 
the s i t u a t io n  by ta k in g  any se d a t in g  d ru g . They shou ld  be warned to  
avo id  frequen t u se  o f  m a r iju an a , a lc o h o l, and o ther nonprescribed  
d ru g s .

"F la sh b a c k s"

In  1 9 6 8 , K ee le r e t  a l .  repo rted  fou r c a se s  o f the b r ie f  spontaneous 
recu rrence  o f a m enta l s t a t e  s im i la r  to  th a t  experienced  du rin g  
m ariju ana  in to x ic a t io n  1 to  21  d ay s a f t e r  the l a s t  drug u se . Three 
o f the fo u r s u b je c t s  com plained o f h a l lu c in a t io n s  comparable to  
f la sh b a c k s  u s u a l ly  a s so c ia te d  w ith  LSD (H orow itz, 1969 ) .  Three 
sep a ra te  re p o r ts  o f  m ar iju an a  f la s h b a c k s  fo llow ed  (Sm ith , 1 9 6 8 ; 
F av a zza  and Domino, 1 9 6 9 ; W e il, 19 7 0} and a l l  o f  th e se  l a t t e r  
su b je c t s  had u sed  LSD p r io r  to  m a r iju a n a . In  a  su rvey  o f 720 

se rv icem en , not a s in g le  c a se  o f f la sh b a c k  in  any su b je c t  fo r  whoa 
h a sh ish  was tho o n ly  drug consumed was documented (Tennant and 
G roesbeck, 1 9 7 2 ) .  But in  the same sam p le , 15 s u b je c t s  were 
id e n t i f ie d  who had LSD f la sh b a c k s  p r e c ip it a t e d  by u se o f m a r iju a n a .
A la r g e r  sample o f  2,001  army p e rso nn e l (S tan ton  e t  a l . ,  1976 ) 
re v e a led  th a t  u se  o f m ariju an a  had th e  h ig h e s t  and on ly  s t a t i s t i c a l l y



s i g n i f i c a n t  a s s o c ia t io n  w ith  the p r e c ip i t a t io n  o f  LSD f la s h b a c k s  
among f i v e  c l a s s e s  o f  abused d ru g s . C l in i c a l  s t u d ie s  a l s o  have 
p rov ided  ev id ence  th a t  m ariju an a  p r e c ip i t a t e s  a re cu rren ce  o f the LSD 
f la s h b a c k s  e xp e r ien ce  (H o ls te n , 1 9 7 6 ; Abraham, 1981 ) .

The e x is t e n c e  o f  f la sh b a c k s  fo llo w in g  u se  o f  e i t h e r  LSD o r 
m a r iju an a  i s  e n t i r e ly  based on s e l f - r e p o r t s ,  because th e re  a re  no 
d i s t i n c t i v e  p h y s ic a l  s ig n s  o r t e s t s ,  such a s  EEG ch an ge s , to  id e n t i f y  
t h i s  c o n d it io n . There i s  no c u r re n t p h a rm aco lo g ica l e xp la n a t io n  o f 
the phenomenon, and d a ta  re g a rd in g  dose and tim e param ete rs do not 
e x i s t .  S t i l l ,  th e  re p o r t s  by u se r s  are  re a so n ab ly  c o n s is t e n t .  Thus, 
th e re  i s  c l i n i c a l  e v id ence  th a t  u se  o f m ar iju an a  by tho se  who have 
p r e v io u s ly  used LSD in c r e a s e s  the l ik e l ih o o d  o f  re cu rren ce  o f the LSD 
e xp e r ie n c e .
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E f f e c t s  on P r e e x is t in g  M ental I l l n e s s

on ly  ev id ence  a v a i la b le  re g a rd in g  t h i s  i s s u e  c o n s i s t s  o f c a se  
s  o f p a t ie n t s  who had recovered and ap p a ren t ly  were do ing w e ll 

u r . . .*  they  used m a r iju a n a . There i s  no in fo rm a tio n  on the number o f  
m en ta lly  i l l  p a t ie n t s  who have used m ariju an a  w ith o u t c o m p lic a t io n s .

The a v a i la b le  d a ta , th e r e fo r e , do not prove th a t  m ariju an a  worsens 
m en ta l i l l n e s s .  S t i l l ,  th e re  a re  s u f f i c i e n t  numbers o f  u n co n tro lled  
c l i n i c a l  r e p o r t s  show ing a tem poral a s s o c ia t io n  between u se  o f 
m ar iju an a  and re tu rn  o f  m enta l symptoms, so  th a t  p a t ie n t s  shou ld  be 
warned o f t h i s  p o s s i b i l i t y .

P a t ie n t s  w ith  a h is t o r y  o f  sc h izo p h re n ia  may be p a r t ic u la r ly  
s e n s i t i v e  to  m a r i ju a n a 's  e f f e c t s .  Four sc h izo p h re n ic  p a t ie n t s  who 
were o th e rw ise  w e l l  c o n t ro lle d  w ith  m ed ication  su f fe r e d  s e r io u s  
r e la p se  o f  t h e ir  sc h izo p h re n ic  symptoms fo llo w in g  u se  o f  m ariju an a  
(T r e f f e r t ,  1 9 7 8 ) .  Other c a s e s  have been repo rted  (Sm ith  and Mehl, 
1 9 7 0 ; W e il, 1 9 7 0 ; Bernhardoon and Gunne, 1 9 7 2 ) .  These a l l  were c a se s  
in  which m ariju an a  was purchased  on the a r e e t ,  so the dose and 
p u r it y  were unknown.

P a t ie n t s  w ith  mood d is o rd e r s  have a l s o  been repo rted  to  show 
w orsen ing o f  m enta l symptoms a f t e r  u se o f m a r iju a n a . For exam ple, 
fo u r  c a se s  a re  known in  which m ariju an a  ap p a ren t ly  p r e c ip it a t e d  a 
r e la p se  o f  p sy ch o t ic  (hypomanlc) behav io r (H ard ing and K n ig h t ,
1 9 7 3 ) .  Furtherm ore , d ep re ssed  p a t ie n t s  t r e a te d  w ith  A-g-THC have 
been ob served  to  show a h ig h  in c id en ce  o f d y sp ho ric  r e a c t io n s  (Ablon 
and Goodwin, 1974 )•

E f f e c t s  Sometimes Reported By D se rs

Mood Changes

There i s  a g e n e r a l b e l i e f  th a t  u se  o f m ariju an a  a l t e r s  mood. T h is
p rop e rty  i s  one o f th e  d e s ir e d  e f f e c t s  sough t by many u s e r s .
I n v e s t ig a t o r s  have d e sc r ib e d  a number o f v a r ia b le s  th a t  en te r in to
th e  mood re spon se  to  m a r iju an a  (Jo n e s , 1971 ) .  These in c lu d e  do sage ,
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p a s t  e xp e r ie n ce , a t t i t u d e ,  e x p e c ta t io n s , and s e t t in g .  For exam ple, 
in d iv id u a ls  who used m ariju an a  in  i s o la t io n  tended to  be re la x ed  and 
s l i g h t l y  drowsy; in  c o n t r a s t ,  when the u se r  was in  a group s i t u a t io n ,  
m ariju an a  was a s so c ia te d  w ith  eupho ria  and la c k  o f s e d a t iv e  e f f e c t  
(Jo n e s , 1971 ) .  P u rth e r  ev idence  th a t  mood changes a re  not a t t r ib u t ­
a b le  s o le ly  to  the  p harm aco lo g ica l a c t io n  o f  m ariju ana  comes from a 
study  th a t  found th a t  e le v a t io n  in  mood occurred  im m ediate ly be fo re  
u se  o f  m ariju an a  and im m ediate ly  a f t e r ,  but th a t  mood was not 
c o r re la te d  w ith  o th e r in d ic a t io n s  o f th e  s u b je c t iv e  l e v e l  o f  
in to x ic a t io n  (R o s s i e t  a l . ,  1 9 7 8 ) .  In s te a d , mood was c o r re la te d  
s i g n i f i c a n t l y  w ith  the  moods o f o th e r s ,  whether or not the  o th e r 
p e rso n s were in to x ic a t e d .

I t  appears th a t  p r e e x is t in g  mood can In f lu e n c e  the d e c is io n  to  
u se  m ar iju an a . H igh scho o l s tu d e n t s  who e x h ib i t  symptoms o f 
d ep re ss io n  a re  more l i k e l y  than a re  o th e r s  to  beg in  u s in g  m ariju an a  
a s  w e l l  a s  o ther i l l i c i t  d rugs (Paton  e t  a l . , 1977 ) .  There i s  some 
ev idence th a t  s tu d e n ts  u se the drug a s  a s e l f -p r e s c r ib e d  remedy fo r  
t h e ir  own mood prob lem s, o ften  re p o r t in g  th a t  they u se  m ariju an a  a s  a 
means o f p sy c h o lo g ic a l cop ing (John ston  e t  a l . ,  19 8 0 ; K ap lan , 1980 ) .

A b e l i e f  th a t  m ariju an a  can be used to  a l l e v i a t e  c l i n i c a l  
d e p re ss io n  i s  not supported by o th e r s t u d ie s ,  in c lu d in g  one in  which 
A-9-T.3C was c a r e f u l ly  te s te d  a s  an a n t id e p r e s s a n t . I t  was g iv e n  to  
dep ressed  p a t ie n t s  a s  an exp e r im en ta l trea tm en t w ithou t su c c e ss  
(Ablon and Goodwin, 1 9 7 4 ) (se e  Chapter 7 ) .

In te rp e r so n a l B ehav io r

A do le scen ts and young a d u lt s  o fte n  rep o rt th a t  they u se  m ariju an a  to  
f a c i l i t a t e  in t e r a c t io n  in  new s o c ia l  s i t u a t io n s  (M ir in  and McKenna, 
19 7 5 ) .  In  a su rvey  o f  704 m icw estern  undergraduate s tu d e n t s , most 
reported  th a t  m ar iju an a  was a m ean in g fu l " to o l o f s o c ia l  bonding" 
(L in n , 1971 ) .  There seems to  be a w idesp read  b e l i e f  th a t  m ariju an a  
smoking h a s s e v e r a l f a c i l i t a t i v e  e f f e c t s ,  in c lu d in g  enhanced s o c ia l  
e f f e c t iv e n e s s ,  c lo s e r  s o c ia l  bond ing , h e igh tened  in te rp e r so n a l 
s e n s i t i v i t y  and empathy, and enhanced se x u a l p le a su r e . The 
su b c u ltu r a l lo r e  on one o f th e se  m easures o f in te rp e r so n a l b e h a v io r -  
se x u a l e f f e c t s —has no t been s tu d ie d  s y s t e m a t ic a l ly  e i t h e r  in  su rv e y s 
o r in  exp e r im en ta l s t u d ie s .  The e f f e c t s -  on se x  hormones a re  
c o n t r o v e r s ia l (se e  Chapter 5 ) .  S tu d ie s  in  exp e r im en ta l s i t u a t io n s  
have f a i l e d  to  show any enhancement o f s o c ia l  in t e r a c t io n  and , in  
f a c t ,  some decrem ents were noted (G a lan te r e t  a l . , 1 9 7 4 ; C lopton e t  
a l . ,  1 9 7 9 ; Janowsky e t  a l . ,  1 9 7 9 ) .  Data from n a tu r a l s e t t in g s  ra th e r  
than exp e r im en ta l s e t t in g s  a re  not a v a i l a b le .

E f f e c t s  on A ggre ssion

Because m ariju an a  u se r s  have been in vo lv ed  in  d e lin q u en t b e h av io r , a 
number o f  in v e s t ig a t o r s  have qu e st io n ed  whether u se o f m ariju an a  
enhances a g g r e s s iv e n e s s  in  human b e in g s . There a re  s p e c i f i c  concern s
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about p o t e n t ia l  l i n k s  o f u se o f m ar iju an a  to  a g g r e s s io n . Both 
r e t r o sp e c t iv e  and expe r im en ta l s t u d ie s  in  human ise in g s have f a i l e d  to 
y ie ld  ev idence  th a t  m ariju an a  u se  le a d s  to  in c reu sed  a g g r e s s io n .
H ost o f  th e se  s t u d ie s  su g g e s t  q u ite  the c o n tra ry  e f f e c t .  M arijuana 
appears to  have a se d a t iv e  e f f e c t /  and i t  may reduce somewhat the 
in t e n s i t y  o f angry  f e e l in g s  and the p r o b a b i l i t y  o f in te rp e r so n a l 
a g g r e s s iv e  behav io r (McGuire and Megaree/ 1 9 7 4 ? (T ink lenberg/ 1 9 7 4 ; 
Salzm an e t  a l . /  1 9 7 6? T ay lo r e t  a l . /  19 7 6? T in k lsn b e rg  e t  a l . /  1976b? 
H em phill and F ish e r /  1980 ) .

SOKMAKY

There i s  e xp e r im en ta l ev idence  th a t  m ariju an a  s e r io u s ly  im p a ir s  
psychoiuotor perform ance. S trong ev idence fo r  im pairm ent h as been 
found in :

* co o rd in a t io n  a s  examined by hand s t e a d in e s s /  body sway/ and 
accu racy  o f  execu tio n  o f movement;

* t r a c k in g  performance?
* p e rc ep tu a l ta sk s?
* v ig i la n c e ?
* performance on autom obile d r iv in g  and f ly in g  s im u la to r s?  and
* o p e ra t in g  au tom ob ile s on t e s t  roadways.

L e ss  r e l i a b le  ev id ence  o f impairment or r e l i a b l e  ev idence  o f a 
sm a ll degree o f impairment was found in  r e a c t io n  tim e/ sim p le  sen so ry  
fu n c t io n s , and c o n tro l o f eye movements. A lthough the  e f f e c t s  th a t  
m ar iju an a  produces on psychomotor fu n c t io n s  used in  d r iv in g  are  c le a r ,  
s t u d ie s  l in k in g  m ariju an a  to  auto  a c c id e n ts  a re  in c o n c lu s iv e . The 
re se a rc h  i s  im paired  by m ethodo log ica l problem s r e la t e d  to  the 
pharmacology o f m a r iju an a . One recen t study  repo rted  th a t  m arijuana 
and a lc o h o l had a s im i la r  degree o f a s s o c ia t io n  w ith  f a t a l  a c c id e n t s , 
bu t more in v e s t ig a t io n  i s  needed.

S tu d ie s  a l s o  have shown acu te  e f f e c t s  o f m ar iju an a  on sh o rt-te rm  
memory. S ta te -d ependen t le a rn in g  a l s o  has been shown, in  th a t  
in fo rm a tio n  or p ro b lem -so lv in g  s k i l l s  le a rn ed  in  the in to x ic a te d  
s t a t e  w i l l  be reduced o r im paired  in  the d ru g - f r e e  s t a t e .  One 
la b o ra to ry  has shown t r a c k in g  impairment to  p e r s i s t  fo r  4 to  8 hours 
beyond the  f e e l in g  o f in t o x ic a t io n .  Some an im a l s t u d ie s  dem onstrate 
a le a rn in g  d e f i c i t  th a t  p e r s i s t s  fo r  months a f t e r  m ar iju an a  exposure 
h as been d isc o n t in u e d , but human s tu d ie s  do no t p erm it se cu re  
c o n c lu s io n s .

The acu te  c l i n i c a l  e f f e c t s  o f m ariju an a  a re  f a i r l y  w e l l  
e s t a b l i s h e d ,  a lth ough  th e re  i s  no g e n e ra l agreement a s  to  how to  
c l a s s i f y  them. A nxiety and p an ic  r e a c t io n s  have been reported  by 
u s e r s  and ob served  in  exp e r im en ta l s i t u a t io n s .  They a re  not 
uncommon, but they r a r e ly  re q u ire  m ed ica l a t t e n t io n . When m arijuana 
i s  used to  t r e a t  nausea and o th e r c o n d it io n s , m en ta l e f f e c t s  can 
o c cu r , which some p a t ie n t s ,  e s p e c ia l ly  o ld e r  p e r so n s , may regard  a s  
u n p le a sa n t . These m enta l e f f e c t s  may re q u ire  c e s s a t io n  o f the 
tre a tm en t.



M ariju ana  a l s o  has been found to  produce an acu te  b r a in  
syndrome. T h is  la  a more seve re  m en ta l problem  c o n s i s t in g  o f 
co n fu sio n  and lo s s  o f co n ta c t w ith  r e a l i t y .  I t  l a s t s  from s e v e r a l  
hours to  s e v e r a l  day s and appears to  be more l i k e l y  to  occur w ith  
h ig h e r d o se s .

Chron ic e f f e c t s  o f  any drug a re  more d i f f i c u l t  to  a s s e s s  than a re  
immediate e f f e c t s .  The ev idence  th a t  m a r iju an a  produces a ch ro n ic  
p sy c h o s is  i s  not conv inc ingo  The p o s s ib le  r o le  o f m ariju an a  in  
c a u s in g  an am o t iv a t io n a l syndrome i s  a m atte r o f  g r e a t  concern .
Apathy, poor scho o l work or work perform ance/ and la c k  o f  g o a ls  
c h a r a c te r iz e  a number o f long -te rm  m a r iju an a  u s e r s .  But i t  has no t 
been p o s s ib le  to  determ ine how much i s  cau sed  by use o f  m ariju an a  and 
how much was an teceden t; i t  seems l i k e l y  t h a t  both f a c t o r s  (drug 
e f f e c t  and s e l f - s e le c t io n )  c o n tr ib u te  to  the  m o t iv a t io n a l problem s 
reen in  ch ro n ic  u se r3 o f  m a r iju an a . E x i s t in g  s t u d ie s  have produced 
c o n f l ic t in g  r e s u l t s .  None o f the in v e s t ig a t o r s  has looked a t  e f f e c t s  
on the ve ry  young d a i ly  m ariju an a  u s e r ,  who i s  regarded  a s  p o t e n t ia l ly  
a t  h ig h  r i s k  fo r  damaging e f f e c t s  becau se  o f  p h y s io lo g ic a l  and 
p sy c h o lo g ic a l im m atu rity .

There i s  c l i n i c a l  e v iu ^n ce  th a t  m ar iju an a  u se  by former LSD u s e r s  
may p r e c ip it a t e  a recu rren ce  o f LSD -type h a l lu c in a t io n s  known a s  a 
" f la s h b a c k ."  Other c l i n i c a l  ev idence  r a i s e s  th e  p o s s i b i l i t y  th a t  
m ariju ana  u se can worsen p r e e x is t in g  m enta l i l l n e s s .
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RECOMMENDATIONS FOR RESEARCH 

The committee recommends the fo llo w in g  typ e s o f s t u d ie s .

* S y stem a tic  re se a rch  on acu te  b e h a v io ra l and p sy c h o so c ia l 
e f f e c t s  o f m ariju an a  shou ld  be extended to  o th e r age g ro up s. There 
are  v i r t u a l l y  no d a ta  on p re p u b e rta l c h ild r e n /  young ad o le sc e n ts/  
o ld e r a d u lt s /  and ag in g  p e r so n s .

* S tu d ie s  o f e f f e c t s  o f d a i ly  u se  o f m ar iju an a  on sch o o l 
c h ild re n  a re  g r e a t ly  needed. These e f f e c t s  shou ld  in c lu d e  the 
le a rn in g  o f new m a te r ia l/  p h y s ic a l/  p sy c h o lo g ic a l/  and s o c i a l  
developm ent, a c q u is i t io n  o f cop ing s k i l l s ,  and to o ls  o f d a i ly  l i v i n g .

’ S y stem a tic  s t u d ie s  o f lo n g -te rm  e f f e c t s  o f m ariju an a  a re  
in c r e a s in g ly  p o s s ib le  now th a t  lo n g it u d in a l  s t u d ie s  have id e n t i f ie d  
r e p re se n ta t iv e  p a n e ls  o f p e rson s known to  be ch ro n ic  heavy u s e r s .  
These s t u d ie s  shou ld  cover in t e r a c t iv e  e f f e c t s  o f  m ariju an a  and o th e r 
d rugs on b e h a v io ra l and p sy c h o so c ia l r e sp o n se s , e s p e c ia l ly  
in t e r a c t io n s  o f  a lc o h o l and m ariju an a  becau se  o f  t h e ir  frequency o f 
a s so c ia te d  u se .

" Dosage e f f e c t s  shou ld  be s e s tu d ie d , t a k in g  in to  account the 
h igh e r potency c an n ab is  th a t  i s  in  c u r re n t  u se . F u rth e r study  i s  
needed o f the  t im in g  and depth o f in h a la t io n  o f  c ig a r e t t e s  w ith  
stand a rd  do ses o f  m a r iju an a . More an im a l s t u d ie s  a t  v a ry in g  do se s 
are needed. In  v iew  o f  the  lo n g -te rm  re te n t io n  o f  m a r iju an a  in  body 
t i s s u e s ,  fu r th e r  study  i s  needed to  se e  whether o r not ch ro n ic  u se r s  
may have im pairm ents o f fu n c t io n  even in  the  ab sence o f an acu te  dose



o f a a r i ju a n a .  The f a c to r s  th a t  in f lu e n c e  the p e r s is t e n c e  o f e f f e c t s  
fo llo w in g  an acu te  dose are  not understood .

* The c o r r e la t io n  o f changes in  a p h y s io lo g ic a l marker/ such 
a s  in c re a sed  h e a r t  r a te /  w ith  o b se rv a t io n s  o f  b e h a v io ra l e f f e c t s  
shou ld  be encouraged .

* Many o f th e se  recommendations/ a long  w ith  tho se  o f o ther 
ch ap te rs/  could be c o n so lid a te d  and c a r r ie d  out a s  p a r t  o f a study  
th a t  i s  both a p ro sp e c t iv e  coho rt study  and a r e t ro sp e c t iv e  
c a s e -c o n t r o l study  o f p o s s ib le  outcomes and r i s k  f a c to r s  w ith  
m ariju an a  u se .

* A cohort o f d ru g -n a iv e  ju n io r  h igh  scho o l s tu d en ts  could be 
assem bled and fo llow ed  over tim e to  see  which s tu d e n ts  become 
m ariju an a  u se r s  and which remain n o n u se rs . S tu d en ts would be 
su b je c te d  to  p h y s ic a l and p sy c h o so c ia l t e s t in g  a t  predeterm ined time 
in t e r v a l s .  The two groups would be e v a lu a ted  in  term s o f the 
in c id en ce  o f s p e c i f i c  outcomes and the r e l a t i v e  r i s k s  a s so c ia te d  w ith  
th e se  outcomes a f t e r  ap p ro p r ia te  fo llo w -u p  p e r io d s .

In  o rder to  id e n t i f y  r i s k  f a c to r s  fo r  m ariju an a  use/ in d iv id u a ls  
who become m ariju an a  u se r s  would be compared to  In d iv id u a ls  who 
rem ain nonu sers u s in g  a c a s e -c o n t ro l methodology. By combining th e se  
two ep id em io lo g ic  re se a rc h  s t r a t e g ie s /  th e  e t io lo g y  and e f f e c t s  o f 
m ariju an a  use may be s tu d ie d .
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