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8 HOLLISTER

when drug use becomes a preoccupation, trouble may be 

in the offing.
8. Residual psychomotor impairment. Almost any task, 

if it is made difficult enough or if-a large enough dose of 
drug is given, can be shown to be impaired by acute 
administration of cannabis. More to the point is whether 
following chronic use impairment remains a problem. 
Experimental studies in rats suggest that it does, but 
such studies are always difficult to extrapolate to man 
(47). A  comparison of 23 chronic users of bhang (equiv­
alent to about 50 m g  of T H C  daily for at least 5 years) 
with 11 nonusers revealed some'evidence of impairment 

in the users. The latter had lower intelligence and m e m ­
ory quotients with lower scores on psychomotor tests 
(179). For whatever reasons, studies of cannabis done in 
Tndia tend to show more evidence of impairment or other 
adverse effects than those done elsewhere.

9. Brain damage. The startling report of cerebral atro­
phy in ten young men who were chronic users of cannabis- 
aroused a great deal of controversy (22). The subjects 
selected for the study were ones who had come to psy­
chiatric and neurological attention, besides which they 
had used other drugs. Even the validity of the method of 
measuring atrophy by comparing pneumocephalograms 
of the patients with negative controls was questioned. A  
study in monkeys provided some support for this obser­
vation. After 2 to 3 months of heavy to moderate expo­
sure to marijuana smoke, electrographic recording 
changes were noted in the septal region, hippocampus, 

and amygdala which persisted 1 to 8 months after smoke 

exposure stopped. Ultrastructural changes were seen in 
synapses, as well as destruction of roupb endoplasmic 
reticulum and the presence of nuclear inclusion bodies. 
N o  such changes were observed in animals exposedvto 
smoke from extracted cannabis (73).
The advent of computerized tomography reopened the 

question. T w o  studies using this technique have effec­
tively refuted the original claim of brain atrophy. Nine­
teen men with long histories of heavy cannabis smoking 
-were examined, and none was found to have brain atro- 
•phy ns determined by this sensitive technique (101). A  
similar finding was noted in the other study (33). O n  the 
other hand, alcohol has long been thought to cause brain 
atrophy, but recent studies suggest that it m a y  be par­
tially reversible (23). As brain atrophy from alcohol 
"requires a substantial amount of use, it is possible that 
with longer exposure, heavy users of cannabis might 
show a similar pattern, but at present this seems unlikely.
Thus, the issue of brain damage is not totally resolved, 

although the original observation of brain atrophy seems 
to have been disproven. The issue is of tremendous 
importance and probably can only be settled by some 
suitable animal model, as studies in m a n  are confounded 

by too many other variables.

F. Tolerance and Dependence *

Tolerance to cannabis has long been suspected to occur 
during its continued use. Narrative accounts indicate

that chronic users of the drug either show very li 

effect from moderate doses or require very large doses to 

produce the characteristic intoxication. A  pioneer study 

of subchronic administration of cannabis and synhexyl, 

a synthetic cannabinoid, suggests at best some degree of 
tolerance to the euphoriant actions (180). Yet it has only 
been in the past few years that tolerance to cannabis has 
been clearly documented experimentally.

; The demonstration of tolerance in m a n  was delayed 

by ethical restrictions on the amount of exposure per­

missible to human subjects. For instance, in an early 

study subjects were exposed only to a test dose of 20 m g  

of T H C  p.o. and then given the same dose3 or placebos 
repeated at bedtime for 4 more days, followed by the 

same T H C  dose as a challenge on the fifth day. Using 

such small doses and relatively infrequent intervals, it 
was impossible to show tolerance to the psychic effects 

of the drug, although tolerance to the tachycardia and 
dizziness produced by the drug were evident (85).

Other early studies likewise suggested tolerance with­
out definite proof. Tolerance to b-’h tachycardia and 

“high" was reported following 21 duys of consecutive 
smoking of only one cigarette a day by experienced 
smokers. It was possible that these subjects m ay have 

already been tolerant to the drug (46). Another study, in 

which subjects smoked a cannabis cigarette containing 

14 m g  of T H C  for 22 days, revealed a progressive decline 

in the increase of pulse rate following smoking, an in­

crease in alpha rhythm on the electroencephalogram, 

and more decrement in the performance of short-term 

memory and reaction time tasks (49).

A  number of other early studies provided less evidence 

of tolerance. Little evidence of tolerance to clinical ef­

fects of cannabis was found from daily smr .ing of mar­
ijuana cigarettes over a period of 10 to 28 days (51, 142). 
Free choice of marijuana cigarettes for 21 days also 

provided little evidence to support the concept of toler­

ance in m a n  (165). Meanwhile, substantial evidence had 

accumulated that tolerance could be shown in various 

animal species, especially with high doses of T H C  given 

for prolonged periods.

Definite evidence cf tolerance to the effects of T H C  in 

m a n  was adduced only when it became permissible to 
use comparably large doses over longer periods of time. 

Subjects in one 30-day study were given high doses (70 

to 210 mg/day) of T H C  p.o. around the clock. Tachycar­
dia actually became bradycardia, and a progressive loss 

of “high” was noted (49). Similar tolerance to cannabis 
smoking was observedln a 64-day study in which at least 
one cigarette daily had to be smoked with smoking as 

desired later in the same day. Additionally, in this study 

tolerance developed to the respiratory depressant effect 

of T H C  (13).
The pattern that has emerged in man, therefore, is 

that tolerance is not a problem when doses are small, or 

infrequent, or where the pattern of use of the drug is not
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o n g e d L  T o l e r a n c e  o n l y  b e c o m e n  a  m a j o r  f a c t o r  w i t h  

^ h i g h ,  s u s t a i n e d ,  a n d  p r o l o n g e d  u s e  o f  t h e  d r u g .  I t  i s  

i n t e r r  !n g  t h a t  n o  s t u d y  i n  m a n  o r  a n i m a l s  e v e r  r e v e a l e d  

a n y  e v i d e n c e  f o r  " r e v e r s e  t o l e r a n c e "  o r  s e n s i t i z a t i o n ,  

s u c h  8 3  h a d  b e e n  r e p o r t e d  i n  a h  e a r l y ,  r a t h e r  n a i v e  

c l i n i c a l  s t u d y  o f  m a r i j u a n a  ( 1 7 6 ) .

1. Cross-tolerance. T H C  h a s  e f f e c t s  w h i c h  i n  m a n  

s o m e w h a t  r e s e m b l e  t h o s e  o f  h a l l u c i n o g e n s  a n d  s t r o n g l y  

r e s e m b l e  t h o s e  o f  a l c o h o l ,  w h i l e  i n  a n i m a l s  i t  s l i g h t l y  

r e s e m b l e s  m o r p h i n e .  N o  c r o s s - t o l e r a n c e  t o  m e s c a l i n e  o r  

l y s e r g i d e  ( L S D )  c o u l d  b e  s h o w n  i n  r a t s  ( 1 5 1 ) .  R a t s  t o l ­

e r a n t  t o  t h e  e f f e c t s  o f  T H C  w e r e  a l s o  t o l e r a n t  t o  e t h y l  

a l c o h o l ,  b u t  w h e n  t h e  s i t u a t i o n  w a s  r e v e r s e d ,  l e s s  t o l e r ­

a n c e  t o  t h e  T H C  w a s  s e e n  i n  a l c o h o l - t o l e r a n t  a n i m a l s  

( 1 2 7 ) .  P e r h a p s  t h i s  d i f f e r e n c e  i n  s e q u e n t i a l  t o l e r a n c e  i s  

w h y  T H C  h a s  n e v e r  b e c o m e  e s t a b l i s h e d  a s  a  t r e a t m e n t  

f o r  a l c o h o l  w i t h d r a w a l ,  d e s p i t e  s o m e  e a r l y  c l i n i c a l  t r i a l s  

t h a t  s u g g e s t e d  a  f a v o r a b l e  e f f e c t .  C r o s s - t c ' e r a n c e  b e ­

t w e e n  T H C  a n d  m o r p h i n e  h a s  b e e n  s h o w n  i n  r a t s  u s i n g  

c u s t o m a r y  t e s t s  o f  a n a l g e s i a  ( 9 5 ) .

2. Physical dependence. E v i d e n c e  f r o m  b o t h  a n i m a l s  

a n d  m a n  i n d i c a t e s  t h a t  p h y s i c a l  d e p e n d e n c e  c a n  b e  i n ­

d u c e d  b y  a b u s e  o f  T H C .  A l l  m o n k e y s  g i v e n  a u t o m a t i c  

i n j e c t i o n s  o f  d o s e s  o f  T H C  o f  0 . 1  t o  0 . 4  m g / k g  s h o w e d  

a b s t i n e n c e  s i g n s  w h e n  w i t h d r a w n .  W h e n  m o n k e y s  w e r e  

a l l o w e d  t o  s e l f - a d m i n i s t e r  t h e  d r u g  f o r  3  t o  8  w e e k s ,  t h e  

m a j o r i t y  h a d  a n  a b s t i n e n c e  s y n d r o m e  w h e n  t h e  d r u g  w a s  

a b r u p t l y  d i s c o n t i n u e d .  T h e  s y n d r o m e  a p p e a r e d  a p p r o x ­

i m a t e l y  1 2  h  a f t e r  t h e  l a s t  a d m i n i s t r a t i o n  a n d  l a s t e d  

a b o u t  5  d a y s .  I t  w a s  c h a r a c t e r i z e d  b y  i r r i t a b i l i t y ,  a g g r e s -  

s i v i t y ,  t r e m o r s ,  y a w n i n g ,  p h o t o p h o b i a ,  p i l o e r e c t i o n ,  a n d  

p e n i l e  e r e c t i o n s  ( 9 5 ) .

I n  m a n ,  a  s o m e w h a t  s i m i l a r ,  t h o u g h  m i l d ,  w i t h d r a w a l  

r e a c t i o n  w a s  u n c o v e r e d  a f t e r  a b r u p t  c e s s a t i o n  o f  d o s e s  

o f  3 0  m g  o f  T H C  g i v e n  e v e r y  4  p . o .  f o r  1 0  t o  2 0  d a y s .  

S u b j e c t s  b e c a m e  i r r i t a b l e ,  h a d  s l e e p  d i s t u r b a n c e s ,  a n d  

h a d  d e c r e a s e d  a p p e t i t e .  N a u s e a ,  v o m i t i n g ,  a n d  o c c a s i o n ­

a l l y  d i a r r h e a  w e r e  e n c o u n t e r e d .  S w e a t i n g ,  s a l i v a t i o n ,  a n d  

t r e m o r s  w e r e  a u t o n o m i c  s i g n s  o f  a b s t i n e n c e  ( 4 9 ) .  R e l a ­

t i v e l y  f e w  r e p o r t s  o f  s p o n t a n e o u s  w i t h d r a w a l  r e a c t i o n s  

f r o m  s u d d e n l y  s t o p p i n g  c a n n a b i s  u s e  h a v e  a p p e a r e d ,  

d e s p i t e  t h e  e x t r a o r d i n a r y  a m o u n t  o f  d r u g  c o n s u m e d .  F i v e  

y o u n g  p e r s o n s  e x p e r i e n c e d  r e s t l e s s n e s s ,  a b d o m i n a l  

c r a m p s ,  n a u s e a ,  s w e a t i n g ,  i n c r e a s e d  p u l s e  r a t e ,  a n d  m u s ­

c l e  a c h e s  w h e n  t h e i r  s u p p l i e s  o f  c a n n a b i s  w e r e  c u t  o f f .  

S y m p t o m s  p e r s i s t e d  f o r  1 t o  3  d a y s  ( 1 5 ) .  T h e  r a r i t y  o f  

r e p o r t s  o f  t h e s e  r e a c t i o n s  m a y  r e f l e c t  t h e  f a c t  t h a t  t h e y  

a r e  m i l d ,  a n d  s e l d o m  i s  a  u s e r  c o m p l e t e l y  c u t  o f f  f r o m  

a d d i t i o n a l  d r u g .

C a n n a b i s  w o u l d  h a v e  b e e n  a n  e x c e p t i o n a l  c e n t r a l l y  

a c t i n g  d r u g  i f  t o l e r a n c e / d e p e n d e n c e  w e r e  n o t  o n e  o f  i t s  

p r o p e r t i e s .  T h e  f a c t  t h a t  t o l e r a n c e  w a s  n o t  s t r o n g l y  

r e c o g n i z e d  a s  a n  e f f e c t  o f  c h r o n i c  u s e  o f  t h e  d r u g  u n t i l  

f a i r l y  r e c e n t l y  w a s  d " ' '  t o  t h e  n a r r a t i v e  n a t u r e  o f  p r e v i o u s  

a c c o u n t s  o f  t o l e r a n c e  i n  m a n  a n d  t h e  l a c k  o f  s y s t e m a t i c  

a n i m a l  e x p e r i m e n t a t i o n .  1  o l e r a n c e  h a s  n o w  b e e n  p r o v e n

f o r  m o s t  o f  t h e  a c t i o n s  o f  T H C .  I t  d e v e l o p s  a t  v a r y i n g  

r a t o s  f o r  d i f f e r e n t  a c t i o n s ,  b u t  i t  i s  r a p i  i y  r e v e r s i b l e .  

L a r g e  d o s e s  o f  T H C  a r e  r e q u i r e d  o v e r  l o n g  t i m e  p e r i o d s  

f o r  t o l e r a n c e  t o  d e v e l o p .  A 3  m o s t  s o c i a l  u s e  o f  t h e  d r u g  

d o e s  n o t  m e e t  t h e s e  r e q u i r e m e n t s ,  n e i t h e r  t o l e r a n c e  n o r  

d e p e n d e n c e  h a s  b e e n  a  m a j o r  i s s u e  i n  i t s  s o c i a l  u s e .

G . E n d o c r i n e  a n d  M e t a b o l i c  E f f e c t s

C h a n g e s  i n  m a l e  s e x  h o r m o n e s  h a v e  b e e n  a  s o u r c t  o f  

c o n t r o v e r s y  e v e r  s i n c e  t h e  f i r s t  r e p o r t  o f  a  c a n n a b i n o i d -  

i n d u c e d  d e c r e a s e  i n  s e r u m  t e s t o s t e r o n e  l e v e l .  D e c r e a s e d  

l e v e l s  w e r e  a s s o c i a t e d  w i t h  m o r p h o l o g i c a l  a b n o r m r l i t i e s  

i n  s p e r m  a n d  w i t h  d e c r e a s e d  s e x u a l  f u n c t i o n i n g  , 1 0 0 ) .  

S u c h  c h a n g e s  m u s t  r e q u i r e  l o n g - t e r m  e x p o s u r e  t o  c a n ­

n a b i s ,  f o r  s u b c h r o n i c  s t u d : r e  i n  e x p e r i m e n t a l  s u b j e c t s  

h a v e  g e n e r a l l y  f a i l e d  t o  c o n f i r m  t h e s e  f i n d i n g s  ( 1 1 8 ) .  

D u r i n g  t h e  f i r s t  4  w e e k s  o f  a  c h r o n i c  a d m i n i s t r a t i o n  

s t u d y ,  n o  m a j o r  c h a n g e s  i n  h o r m o n e  l e v e l s  w e r e  d e t e c t e d ,  

b u t  w i t h  s u b s e q u e n t  e x p o s u r e  a  d e c r e a s e  f i r s t  o c c u r r e d  

i n  l u t e i n i z i n g  h o r m o n e  ( L H )  f o l l o w e d  b y  d e c r e a s e s  i n  

t e s t o s t e r o n e  a n d  f o l l i c l e - s t i m u l a t i n g  h o r m o n e  ( F S H )  

( 9 9 ) .  T e s t o s t e r o n e  s y n t h e s i s  b y  L e y d i g  c e l l s  w a s  d e ­

c r e a s e d  i n  r a t s ,  b o t h  b y  T H C  a s  w e l l  a s  b y  o t h e r  c a n n a ­

b i n o i d s  ( 2 1 ) .  A  s i m i l a r  f i n d i n g  h a d  b e e n  r e p o r t e d  e a r l i e r  

( 5 7 ) .  A  r e v i e w  o f  t h e  l i t e r a t u r e  o n  t h i s  s u b j e c t  c o n c l u d e d  

t h a t  n o  s i g n i f i c a n t  e f f e c t  w a s  f o u n d  i n  r e g a r d  t o  s e r u m  

t e s t o s t e r o n e  a n d  t h a t  s p e r m  p r o d u c t i o n  w a s  d e c r e a s e d  

b u t  w i t h o u t  e v i d e n c e  o f  i n f e r t i l i t y .  O v u l a t i o n  w a s  i n h i b ­

i t e d ,  a n d  l u t e i n i z i n g  h o r m o n e  w a s  d e c r e a s e d .  C a n n a b i ­

n o i d s  h a d  n o  e v i d e n c e  o f  e s t r o g e n i c  a c t i v i t y ,  w h i c h  h a d  

b e e n  p o s t u l a t e d  e a r l i e r  ( 4 ) .

T h e  m e a n i n g  o f  s u c h  c h a n g e s  i n  m a n  i s  u n c e r t a i n ,  a s  

t h e  h o r m o n e  l e v e l s  g e n e r a l l y  r e m a i n e d  w i t h i n  t h e  a c ­

c e p t e d  l i m i t s  o f  n o r m a l .  F u r t h e r ,  a  s i n g l e  h o r m o n e  l e v e l  

m a y  n o t  b e  t r u l y  r e p r e s e n t a t i v e  o f  t h e  p r e v a i l i n g  l e v e l s  

o f  h o r m o n e s  t h a t  t e n d  t o  b e  s e c r e t e d  e p i s o d i c a l l y  o r  

w h i c h  a r e  s u b j e c t  t o  m a n y  e x t r a n e o u s  i n f l u e n c e s .

D a t a  o n  t h e  e f f e c t s  o f  c a n n a b i s  o n  t h e  f e m a l e  r e p r o ­

d u c t i v e  s y s t e m  a r e  s p a r s e .  P r e l i m i n a r y  u n p u b l i s h e d  d a t a  

i n d i c a t e  t h a t  w o m e n  w h o  u s e  c a n n a b i s  4  t i m e s  a  w e e k  o r  

m o r e  h a v e  m o r e  a n o v u l a t o r y  m e n s t r u a l  c y c l e s  t h a n  d o  

n o n u s e r s  o f  t h e  s a m e  a g e .  A n i m a l  w o r k  t e n d s  t o  s u p p o r t  

t h i s  o b s e r v a t i o n .  T H C  a d m i n i s t e r e d  t o  r a t s  s u p p r e s s e d  

t h e  c y c l i c  s u r g e  o f  L H  s e c r e t i o n  a n d  o f  o v u l a t i o n  ( 1 1 ) .

G y n e c o m a s t i a  h a s  b e e n  t h o u g h t  t o  b e  a  c o m p l i c a t i o n  

o f  c a n n a b i s  u s e ,  e s p e c i a l l y  w h e n  i t  w a s  a l s o  p o s s i b l e  t o  

s t i m u l a t e  b r e a s t  t i s s u e  d e v e l o p m e n t  i n  r a t s  w i t h  T H C

( 7 2 ) .  E l e v e n  s o l d i e r s  w i t h  g y n e c o m a s t i a  o f  u n k n o w n  

c a u s e  w e r e  m a t c h e d  w i t h  1 1  o t h e r s  w i t h  s i m i l a r  c h a r a c ­

t e r i s t i c s  e x c e p t  f o r  g y n e c o m a s t i a .  N o  d i f f e r e n c e  i n  c a n ­

n a b i s  u s e  w a s  f o u n d  b e t w e e n  t h e  t w o  g r o u p s  ( 2 7 ) .  S u c h  

a  f i n d i n g  d o e s  n o t  d i s p r o v e  t h e  r e l a t i o n s h i p  b e t w e e n  

c a n n a b i s  a n d  g y n e c o m a s t i a .  I n d e e d ,  i f  c a n n a b i s  i n c r e a s e s  

p e r i p h e r a l  c o n v e r s i o n  o f  t e s t o s t e r o n e  t o  e s t r o g e n s ,  t h e n  

i t  i s  p o s s i b l e  t h a t  t h e  i n c r e a s e d  e s t r o g e n s  c o u l d  s t i m u l a t e  

b r e a s t  t i s s u e  i n  a  f e w  s u s c e p t i b l e  m e n .  I n c r e a s e d  e s t r o -
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g e n s  m i g h t  a l s o  a c c o u n t  l o r  s o m e  r e p o r t s  o f  d i m i n u t i o n  i n  a  c h r o n i c  s m o k i n g  e x p e r i m e n t  h a d  p u l m o n a r y

i n  s e x u a l  d e s i r e  o r  i n  p e r f o r m a n c e  i n  m e n .

T h e s e  e n d o c r i n e  c h a n g e s  m a y  b e  o f  r e l a t i v e l y  l i t t l e  

c o n s e q u e n c e  i n  a d u l t s ,  b u t  t h e y  c o u l d  b e  o f  m a j o r  i m p o r ­

t a n c e  i n  t h e  p r e p u b e r t a l  m a l e  w h o  m a y  u s e  c a n n a b i s .  A t  * 

l e a s t  o n e  i n s t a n c e  o f  p u b e r t a l  a r T e s t  h a s  b e e n  d o c u ­

m e n t e d .  A  1 6 - y e a r - o l d  b o y  r r h o  h a d  s m o k e d  m a r i j u a n a  

s i n c e  a g e  1 1  h a d  s h o r t  s t a t u r e ,  n o  p u b i c  h a i r ,  s m a l l  t e s t e s  

a n d  p e n i s ,  a n d  l o w  s e r u m  t e s t o s t e r o n e .  A f t e r  s t o p p i n g  

s m o k i n g ,  g r o w t h  r e s u m e d  a n d  s e r u m  t e s t o s t e r o n e  

r e a c h e d  t h e  n o r m a l  r a n g e  ( 4 1 ) .  A s  r e c e n t  s u r v e y s  o f  

c a n n a b i s  u s e  i n d i c a t e  t h a t  s o m e  b o y s  ( a n d  g i r l s )  m a y  b e  

e x p o s e d  t o  i t  e v e n  a s  e a r l y  a s  t h e  p r e p u b e r t a l  y e a r s ,  t h i s  

q u e s t i o n  i s  o f  m o r e  t h a n  a c a d e m i c  i n t e r e s t .

A l t h o u g h  c a n n a b i s  h a s  b e e n  s a i d  i n ' t h e  p a s t  t o  c a u s e  

h y p o g l y c e m i a ,  t h i s  e r r o r  h a s  b e e n  p o i n t e d  o u t  i n  n u m e r ­

o u s  s t u d i e s .  O n  t h e  c o n t r a r y ,  s o m e  s u b j e c t s  s h o w e d  i m ­

p a i r e d  g l u c o s e  t o l e r a n c e  f o l l o w i n g  e x p e r i m e n t a l l y  a d m i n ­

i s t e r e d  i . v .  d o s e s  o f  6  m g  o f  T H C .  S u c h  a  d o s e  i s  p r o b a b l y ,  

g r e a t e r  t h a n  o n e  g e n e r a l l y  a t t a i n s  f r o m  u s u a l  c i g a r e t t e s  

b u t  m i g h t ’ b e  o b t a i n e d  f r o m  . h i g h - g r a d e  h a s h i s h .  T h e  

d e t e r i o r a t i o n  o f  g l u c o s e  t o l e r a n c e  w a s  a c c o m p a n i e d  b y  

i n c r e a s e d  l e v e l s  o f  p l a s m a  g r o w t h  h o r m o n e ,  a s  w e l l  a s  b y  

a  n o r m a l  p l a s m a  i n s u l i n  r e s p o n s e .  T h e s e  f i n d i n g s  s u g ­

g e s t e d  t h a t  g r o w t h  h o r m o n e  m i g h t  b e  i n t e r f e r i n g  w i t h  

t h e  a c t i o n  o f  i n s u l i n  ( 8 3 ) .  A  s t u d y  i n  r a b b i t s  i n d i c a t e d  

t h a t  b l o o d  g l u . o s e  w a s  i n c r e a s e d  b y  s i n g l e  d o s e s  o f  T I I C  

b u t  t h a t  t h i s  i n c r e a s e  c o u l d  b e  p r e v e n t e d  b y  a d r e n a l e c ­

t o m y .  I n c r e a s e d  r e l e a s e  o f  e p i n e p h r i n e  f o l l o w i n g  T H C  

w a s  p o s t u l a t e d  a s  a  p o s s i b l e  c a u s e  f o r  t h e  h y p e r g l y c e m i a  

( 7 0 ) .  A l t h o u g h  l a r g e  d o s e s  o f  T H C  m i g h t  a g g r a v a t e  d i a -  

’■■ ■tes ,  t h e  r a r i t y  o f  t h i s  p h e n o m e n o n  i n  c l i n i c a l  p r a c t i c e  

a v  b e  d u e  t o  t h e  l o w e r  d o s e s  o f  T H C  u s e d  s o c i a l l y  o r  

t h e  d e v e l o p m e n t  o f  t o l e r a n c e  t o  t h i s  s p e c i f i c  p h a r m a c o ­

l o g i c a l  e f f e c t .

H. Lung Problems 
V i r t u a l l y  a l l  u s e r s  o f  c a n n a b i s  i n  N o r t h  A m e r i c a  t a k e  

t h e  d r u g  b y  s m o k i n g .  A s  i n h a l i n g  a n y  f o r e i g n  m a t e r i a l  

i n t o  t h e  l u n g  m a y  h a v e  a d v e r s e  c o n s e q u e n c e s ,  a s  i s  w e l l  

p r o v e n  i n  t h e  c a s e  o f  t o b a c c o ,  t h i s  m o d e  o f  a d m i n i s t r a ­

t i o n  o f  c a n n a b i s  m i g h t  a l s o  b e  s u s p e c t  S m o k i n g  i s  a  

m o s t  e f f i c i e n t  m e t h o d  f o r  a d m i n i s t e r i n g  t h e  d r u g ,  d u e  t o  

t h e  e n o r m o u s l y  h i g h  l i p i d  s o l u b i l i t y  o f  T H C .  T h e  p u l ­

m o n a r y  s u r f a c t a n t  i s  a  p e r f e c t  t r a p  f o r  T H C  w h i c h  i s  

t h e n  r a p i d l y  a b s o r b e d  i n t o  t h e  b l o o d .  T h e  k i n e t i c s  o f  t h e  

T H C  n d m i n i s t e r e d  b y  s m o k i n g  a r e  s i m i l a r  t o  t h o s e  o f  i t s  

i . v .  a d m i n i s t r a t i o n .

H e a v y  u s e  o f  h a s h i s h  b y  s o l d i e r s  p r o d u c e d  a  n u m b e r  

o f  b r o n c h o p u l m o n a r y  c o n s e q u e n c e s ,  i n c l u d i n g  c h r o n i c

t i o n  t e s t s  b e f o r e  a n d  a f t e r  4 7  t o  5 9  d a y s  o f  d a i l y  s m o l u ?  

o f  a p p r o x i m a t e l y  f i v e  m a r i j u a n a  c i g a r e t t e s  a  d a y .  De~' 
c r e a s e s  w e r e  f o u n d  i n  f o r c e d  e x p i r a t o r y  v o l u m e  i n  1 s ,  i n  

m a x i m a l  m i d e x p i r a t o r y  f l o w  r a t e ,  i n  p l e t h y s o m o g r a p h i c  

s p e c i f i c  a i r w a y  c o n d u c t a n c e ,  a n d  i n  d i f f u s i n g  c a p a c i t y .  

T h u s ,  v e r y  h e a v y  m a r i j u a n a  s m o k i n g  f o r  6  t o  8  w e e k s  

c a u s e d  m i l d  b u t  s i g n i f i c a n t  a i r w a y  o b s t r u c t i o n  ( 1 6 1 ) .

Q u i t e  p o s s i b l y  s u c h  d r a m a t i c  e a r l y  c h a n g e s  a r e  n o t  

p r o g r e s s i v e  w i t h  c o n t i n u e d  s m o k i n g  ( 1 7 1 ) .  C o m p a r e d  

w i t h  t o b a c c o ,  c a n n a b i s  s m o k i n g  y i e l d s  m o r e  r e s i d u e  

( " t a r " ) ,  b u t  t h e  a m o u n t  o f  s m o k e  i n h a l e d  i s  v e r y  l i k e l y  

t o  b e  c o n s i d e r a b l y  l e s s .  T h e  s t u d y  i n  w h i c h  f i v e  c i g a r e t t e s  

w  e r r  c o n s  n i n e  c h d a i l y r e p r e s e n  t e d  h e a v y  u s e  o f  t h e  d r u g ,  

c o m p a r e d  w i t h  2 0  t o  4 0  t o b a c c o  c i g a r e t t e s  w h i c h  m i g h t  

b e  c o n s u m e d  b y  a  h e a v y  t o b a c c o  s m o k e r .  L o w  v a l u e s  f o r  

s p e c i f i c  a i r w a y  c o n d u c t a n c e  w e r e  f o u n d  i n  m a r i j u a n a  

s m o k e r s ,  a  c h a n g e  n o t  o b s e r v e d  i n  t o b a c c o  s m o k e r s .  T h i s  

c h a n g e  i n d i c a t e s  m i l d  i m p a i r m e n t  o f  l a r g e  a i r w a y  f u n c ­

t i o n .  N o  d i f f e r e n c e s  w e r e  f o u n d  b e t w e e n  m a r i j u a n a  

s m o k e r s  a n d  n o n s m o k e r s  i n  s p i r o m e t r i c  i n d i c e s ,  c l o s i n g  

v o l u m e s ,  o r  n i t r o g e n  c o n c e n t r a t i o n s  b e t w e e n  7 5 0  a n d  

1 2 5 0  m l  o f  e x p i r e d  a i r  ( 1 5 9 ) .  M a r i j u a n a  s m o k e  i n h i b i t s  

p u l m o n a r y  a n t i b a c t e r i a l  d e f e n s e  s y s t e m s ,  m a i n l y  a l v e o ­

l a r  m a c r o p h a g e s ,  i n  a  d o s e - d e p e n d e n t  m a n n e r .  T h e  c y -  

t o t o x i n  i n v o l v e d  i s  n o t  r e l a t e d  t o  a n y  p s y c h o a c t i v e  c o m ­

p o n e n t  ( 8 6 ) .  O n e  w o u l d  a s s u m e  t h a t  m a r i j u a n a  s m o k e r * '  

m i g h t  b e  m o r e  s u s c e p t i b l e  t o  b a c t e r i a l  i n f e c t i o n s  o f  t h e  

l u n g ,  y e t  s u c h  i n c r e a s e d  s u s c e p t i b i l i t y  h a s  n o t  b e e n  c l i n ­

i c a l l y  d o c u m e n t e d .

T h e  i s s u e  o f  d a m a g e  t o  l u n g s  f r o m  c a n n a b i s  i s  s o m e ­

w h a t  c o n f o u n d e d  b y  t h e  f a c t  t h a t  m a n y  c a n n a h i s  u s e r s  

a l s o  u s e  t o b a c c o .  A s  y e t ,  i t  i s  f a r  e a s i e r  ' t o  f i n d  p u l m o n a r y  

c r i p p l e s  f r o m  t h e  a b u s e  o f  t o b a c c o  t h a n  i t  i s  t o  f i n d  a n y  

e v i d e n c e  o f  c l i n i c a l l y  i m p o r t a n t  p u l m o n a r y  i n s u f f i c i e n c y  

f r o r i  s m o k i n g  o f  c a n n a b i s .

I .  C a r d i o v a s c u l a r  P r o b l e m s
T a c h y c a r d i a ,  o r t h o s t a t i c  h y p o t e n s i o n ,  a n d  i n c r e a s e d

r;1" j ' i iii«blood concentrations of  carboxyhemoglobin from can­
nabis smoking would undoubtedly !mve’'deM1?Fio3'sfle P “  

^  flSffrpps 'wiffiT^earTdis ease * 5 ^  ̂ ^
the coronary arteries or congestive heart failure. AP

o v e r  a g e  3 0  y e a r s  h a s  b e e n  d e t e c t e d  i n  r e r ; n t  e p i d e m i o l ­

o g i c a l  s t u d i e s ,  i t  i s  u n l i k e l y  t h a t  m a n y  p e r s o n s  w i t h  

s e r i o u s  h e a r t  d i s e a s e  w i l l  b e  e x p o s e d  t o  t h i s  h a z a r d  f r o m  

c a n n a b i s  u s e .

T a c h y c a r d i a  i s  a  o  a l m o s t  e v e r y  a ^ u t e

d o s e  o f  c a n n a b i s ,  a l  <u» d e g r e e  o f  t o l e r a n c e

h r o n r h i r i - ’n - f h T ^ P t . ^ n p r h  n p f l  rp u c p ^ T C T T g f l 1g g g ' ' g I  S I | T l g -  d e v e l o p s  t o  t h i s  e f f e c t .  L . . . . . . i c e  s u g g e s t s  t h a t  i t  i s  m a i n l y

~ m o u s  m e t a p l a s i a ,  a  p r e r a n c e r o u s  c h a n g e  ( 7 4 ) .  A l t h o u g l i ^ ' ^ u e  t o  a n  i n h i b i t i o n  o f  v a g a l  t o n e  ( 3 2 ) .  I n c r e a s i n g  t h el e t a p l a s i a .  a  p r e c a n c e r o u s  c n a n g e  I 

' ' h t - f i r s t  l ' h ( T w i l i  t n o u g m  n o t f t o r t ^  la T - e  s p  i  r  r y  d e p r e s ­

s a n t ,  m o r e  c a r e f u l  s t u d i e s  i n d i c a t e d  t h a t  i t  w a s  w h e n  

g i v e n  p . o .  i n  d o s e s  o f  2 2 . 5  m g  ( 1 4 ) .  T h u s ,  i t s  u s e  i n  a n y  

f o r m  b y  p a t i e n t s  w i t h  i m p a i r e d  p u l m o n a r y  f u n c t i o n  

w o u l d  b e  h a z a r d o u s .  Y o u n g ,  h e a l t h y  v o l u n t e e r  s u b j e c t s

h e a r t  r a t e  a n d  t h e r e b y  c a r d i a c  w o r k  m i g h t  b e  h a r m f u l  t o  

p a t i e n t s  w i t h  a n g i n a  p e c t o r i s  o r  c o n g e s t i v e  h e a r t  f a i l u r e .  

A  d i r e c t  t e s t  o f  t h e  e f f e c t s  o f  m a r i j u a n a  s m o k i n g  i n  

e x e r c i s e - i n d u c e d  a n g i n a  p r o v e d  t h i 3  h a r m f u l  e f f e c t  o f  t h e  

d r u g .  S m o k i n g  o n e  c i g a r e t t e  c o n t a i n i n g  1 9  m g  o f  T H C
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decreased the exercise time until angina by 48%. S m o k­

ing a marijuana placebo cigarette decreased the exercise 

time until angina by only 9%. Thus, smoking marijuana 
increased myocardial oxygen demand and decreased 

myocardial oxygen delivery (9). A  subsequent study c o m­
pared the effect of this type of marijuana cigarette with 

that of a high nicotine cigarette. The marijuana cigarette 
decreased exercise time to angina by 50%; the nicotine 
cigarette decreased the exercise time to angina by 23% 

(10). Clearly, smoking of any kind is bad for patients 
with angina, but the greater effect of cannabis in increas­

ing heart rate makes this drug especially bad for such 
patients. Fortunately, few angina patients are devotees 
of cannabis.

A  rapid heart rate might be expected to aggravate 
congestive heart failure. Actually, little is known about 
the direct effects of T H C  on myocardium. A  single study 

using an isolated rat heart reported a negative inotropic 

effect from T H C ,  i.e., weaker contractibility of the mus­

cle (115). If so, the use of cannabis by patients in conges­

tive heart failure could make matters even worse.

Premature ventricular contractions have been re­
ported following marijuana smoking (91). However, when 

subjects were continually monitored electrocardiograph- 
ically while smoking cigarettes containing approximately 

20 m g  of T H C ,  no increase in such premature beats was 
found (145). Ventricular premature beats are rarely ob­

served and do not seem to be of any great clinical 

importance.

J. Eye Problems 
Eye complaints of cannaois users are vague and mild. 

All of 350 cannabis users had some eye complaints. 
Several consistent findings were (g) photophobia, and 

-Jabhaiflfll^SP^hliakction yf thg globe; (̂ increased 

. vi^ijnjity of the corneal nerves; and (d) accommodative 
or refractive changes. VisuaTlicuTry^9^"pre'^d?verd7~but 

_pujnjJ?iry.reactions'were-sluggisb>-Both alcohol and can­
nabis produced moderately debilitating effects on lateral 
phoria and abduction. During smoking, lacrimation may 
be observed along with the characteristic marked con­
junctival injection. Despite the fact that numerous and 

complex changes occur in the eyes of cannabis users, 

these effects are confined to the anterior segment and in 
most respects mimic an irritative process of that region. 

They are transient and not cumulative. They are prob­

ably of little clinical significance (60).
Reduction in intraocular pressure is a characteristic 

effect from cannabis. T ' h i S  tffc'tio'h'Pbovi'dŜ ciratWtt't̂ ther*" 

apeutic possibilities and will be discussed later.

K. Contamination of Cannabis
The most definite health hazard was contamination of 

cannabis, largely of Mexican origin, by the herbicide, 
paraquat. Inhalation of toxic amounts of this material 
could Tead to sevgr^l^n^amagg. and some instances of 

acute toxicityhaveoccurreTTaradoxically, this hazard

stemmed from efforts to save cannabis users from less 

well-documented hazards to their health.

Estimates of the amount of contaminated caonabis> 

reaching Ncrth America m a y  have been grossly exagger­
ated due to false positive results in testing for paraquat. 

Formerly as much as one-third to one-half of Mexican 

cannabis was assumed to be contaminated. The results 
of later analyses suggest that only about 10% is contam­
inated. The problem still remains for the user as to iow 
to identify such a contaminated product.

One thought has been to look for red spots on th-* 
marijuana leaves. This approach m a y  be’chTfftttftrfor- the 
leaves usually are available in a finely ground form. A  
red fluorescence is seen under ultraviolet Light, such as 
lrTOfflm<3ftrrtf^rntfiscolfieq^ 

cence may be seen on the lipr of the smoker of paraquat- 
contaminated cannabis.

After the experience with paraquat in Mexico, its use 

was temporarily discontinued. Recently, the possibility 

that it may be used against cannabis crops in California 
and Hawaii has resurfaced. One would hope that over- 

zealous law enforcement would not once again pose a 
serious health risk to marijuana users.

Cannabis is generally harvested like any other crop. 

The final product of ground leaves and stems look very 
much like grass cut by a mower. Usual insecticides and 

fungicides are rarely used, as the plant grows abundantly 
with minimal care. Other sources of contamination may 
include insects and fungi.

L. Possible Accumulation of Drug
The major if not the sole active component of cannabis, 

TH C ,  is highly lipid soluble. As the human body has a 
high lipid content, which includes not only body fat, but 
tffeo brain and most cell membranes, lipid-soluble drugs 

tend to leave the blood rapidly to be distributed to fatty 
tissues. It is characteristic of such drugs that the action 
of a single dose is terminated not by the elimination of 

the drug through metabolic processes, but by redistribu­
tion to sites in the body whore it cannot act. The prime . 
example of such a drug is pentothal sodium, which rap­
idly produces anesthesia when given i.v., but which has 
a very short span of action. The drug still remains in the 
body, but in places where it cannot act. A  similar situa­
tion applies to the widely used sedative drug, diazepam.

A n  early study of the pharmacokinetics of T H C  ex­
amined its tissue distribution following a single s.c. in­

jection in rats. Following a single injection of radiola­
beled material, the concentration of T H C  in fat was 10 

times greatej^b.ar^dbr-any,'oiih.e?^5in2''e,xamtned,and_. 
persistedfTn this tissue for 2 weeks. Thus, there is good

i - - n n r . T i 11— *'•** * * • ** »*-• * •*-; fc*. r-«; °

eVidence.thatXHC. andi t.s_ui£.t3kqlj tes m  ightaccumulate
notonlydn-fafr’butralso.-in-hraiiv.(-lQZiÎ a»̂ ?> ^

Obviously, similar studies could not^^fbne in man. 

One can measure in m a n  the extraction of cannabis 
metabolites following single or ;epeated doses, to get 
some idoa of their persistence. Following both single and
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repeated doses (at least single doses for several days), 

metabolites of cannabis can be found in the urine for 

varying periods, up to several days following the last dose 
(94). All of these metabolites are ones that are knqwn to 
have no mental effects, except for a miniscule amount of 
unchanged T H C  which is excreted during the first 4 h 
following a dose, while the drug is having definite clinical 
effects. The excretion of theso metabolites is not accom­
panied by any evidence of cannabis-like effects.

W e  may conjecture that T H C  rapidly leaves the blood 

to be sequestered in fatty tissues. It is either gradually 

metabolized in these tissues to inactive metabolites 
which are then excreted in the urine, or it may be 
gradually released from these tissues in small amounts 
to be metabolized by the liver before attaining effective 
plasma concentrations. In either case',' there is no evi­

dence of a continuing drug effect from this accumulation 

of drug in the body.
N o  one has yet reported on the excretion of metabolites. 

following prolonged exceedingly, high dose administra­
tion of TH C .  In one study in which doses of up to 210 
rag of T H C  were given p.o., abrupt discontinuation of 
the drug led quickly to mild signs of a withdrawal reaction 
(49). As the development of withdrawal reactions is 
contingent upon a rapid decline to the point of absence 

of active drug in the body, one must assume that no 

accumulation of active drug occurred, even under ex­

treme circumstances.
In short, the apprehension about accumulation of T H C  

from repeated use is based on evidence indicating only 

the accumulation of drug that is either in inactive form 
to begin with or which is rendered inactive before reach­
ing the circulation in any pharmacologically active 
amount. W e  do not know tiie full toxicity of many of t|ie 

possible metabolites which might accumulate, but gen­

erally toxicity studies of cannabis and its constituents 
lead to the inescapable conclusion that it is one of the 

safest drugs ever studied in this way.

A/. Effects on Driving an Automobile
' If marijuana is to become an accepted socie drug, it 

would be important to know its effects on driving ability. 
Fully one-half of the fatal car crashes in the United 
'States are associated with another social drug, alcohol. 
“Neither experimental nor epidemiological approaches to 
the marijuana question have yet provided definitive an­
swer*.

M a n y  studies have used acute doses of marijuana or 
T H C  to study various psychomotor functions. These can 
be summarized by saying that, if the dose of drug was 
high enough or the task difficult enough, impairments 
were shown. It is difficult to determine how pertinent 

these tests are to the actual driving of an automobile. 

Furthermore, it is difficult to relate the effects of acute 
consumption of marijuana, often in relatively naive sub-, 

jects, to the effects that may be found in chronic users, 
who may have developed some degree of tolerance.

Studies on the acute effects of marijuana on si 

driving have shown mixed results. The first comp 

smoked marijuana (doses uncertain) with ethanol in 

sufficient quantities to produce alcohol levels of 100 mg/ 
' dl. Marijuana increased speedometer em>73 but produced 

no deviation from the norm on accelerator, brake, signal, 

steering, or total errors. Alcohol had a far more delete­
rious effect (43). Marijuana administered p.o. in doses of 

8, 12, and 16 m g  was compared with a dose of 70 g of 

alcohol in eight volunteer subjects performing a simu­

lated driving task. Both marijuana and alcohol increased 

the time to brake and to start, but these changes were 
confined to the 16-mgdose of T H C  (138). Marijuana was 

smoked with the intention of administering doses of 0, 

50, 100, and 200 /ig/kg, a most dubious assumption. No 

significant deviations from the norm were noted in car 
control and tracking aspects (124).

Actual driving in normal traffic conditions would more 

closely mimic real-life situations, including the dangers. 

Sixty-four volunteer subjects smoked cigarettes contain­
ing 0, 4.9, or 8.4 m g  of T H C .  Oddly enough, T H C  had a 
biphasic effect, causing deterioration of driving skills in 

some subjects and improvement in others. A  recently 
completed study compared the effects of smoking a mar­

ijuana cigarette with or without alcohol, alcohol alone, 

and placebos for each drug. Actual driving was done over 

a course rigged with various traffic problems. Eoth drugs 

produced impairment of driving performance, the com­

bination being worse than either alone (141).

Fifty-nine subjects smoked marijuana cigarettes until 
“high” and then were tested periodically by highway 

patrol officers on the roadside sobriety test. Overall, 94% 

of subjects failed to pass the test 90 min after smoking 

and 60% after 150 min, despite the fact that by then 

plasma concentrations of T H C  were rather low (81). It 

appeared that establishing a clear relation between T H C  

plasma concentrations and the degree of clinical impair­

ment will be much more difficult than has been found in 

the case of alcohol (140). The exact prevalence of persons 

who might be picked up while driving under the influence 

of marijuana is uncertain. One survey found at least 5 ng 

of T H C  per ml in the blood specimens of 14.4% of a 

-random sample of 1792 drivers detained for erratic driv­
ing. M a n y  were also associated with blood levels of 

alcohol as well (184).
Flying an airplane is much more difficult than driving 

an automobile, but the general principles of impairment 
are similar. Ten certified pilots who smoked marijuana 
or placebo were tested-on a simulator. The results were 
highly variable from pilot to pilot and from skill to skill.
It was assumed that the pilots had regained full function 

after 4 h (90). Somewhat contrary results were obtained 

in another similar study which found,- however, some 

degree of impairment in flying skills as long as 24 h after 

an exposure to marijuana. The subjects were unaware of 

any such impairment (182).
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The issue is not clearly settled, but comm o n  sense 

would suggest that it would be unwise to try to drive an 
automobile soon after exposure to raurijuana. In our first 
study with the drug, the subjects were asked during the 
period of their intoxication, “Would you be able to drive 
a cor now?" Their uniform answer was, “You’ve got to 

be kidding.” The biggest areas of doubt are how long the 

impairment, even though subtle, m ay last and how to 

deal forensically with driving while under the influence 

of marijuana. The best evidence at present would be to 

assume that any amount of T H C  more than 10 ng/ml in 
plasma is presumptive evidence of impairment. Such a 
decision is arbitrary, but so have been forensic decisions 
about the presumed level of intoxication with alcohol.

IV. T h e ra p eu tic  U ses
For many centuries, cannabis was used a3 a treatment, 

but only during the 19th century did a particularly lively 
interest develop for exploiting its therapeutic potential. 
Cannabis was reported to be effective in treating tetanus, 
convulsive disorders, neuralgia, migraine, dysmenorrhea, 

postpartum psychoses, senile insomnia, depression, and 
gonorrhea, as well as opium or chloral hydrate addiction. 

In addition, it was used to stimulate appetite and to allay 

the pain and anxiety of patients terminally ill with cancer 

(64, 121). However, the advent of m o d e m  pharmacology 

beginning in the 20th century discovered many other 

drugs more definitely effective in these disorders, with a 

subsequent decrease in the enthusiasm for cannabis as a 

therapeutic agent.
Advances in the chemistry of cannabis during the 

1940s established tetrahydrocannabinol (THC) as the 
major active component, A  semisynthetic THC-like m a­

terial, synhexyl, was tested as a therapeutic agent during 
the late 1940s and early 1950s. Initial trials reported 

efficacy as an antidepressant and as a treatment for 
alcohol or opiate withdrawal, but subsequent clinical 

evaluations were negative (156,166).
The exact structure of T H C  was shown in 1954 to be 

delta-9-trans-tetrahydrocannabinol, which was soon 

synthesized. The .relative abundance of this material 

permitted extensive laboratory and clinical studies from 

1968 onwards. These studies have included potential 

therapeutic uses.
At the present time, a number of pharmaceutical 

houses have programs to develop cannabinoids as ther­
apeutic agents. The major problem is to separate the 
specific desired pharmacological effect from the pro­
nounced mental effects of cannabinoids. A  number of 
reviews of the potential therapeutic uses of cannabis 

have been published recently (36, 92, 104). W e  will now • 

discuss some indications of current interest.

A. Antiemetic for Patients in Cancer Chemotherapy
Cancer chemotherapy, especially with the agent cispla- 

tin, produces severe nausea and vomiting, which is ex­
tremely difficult to treat with ordinary antiemetic drugs,

such as prochlorperazine. Thi3 complication is so severe 

that many patients forego effective cancer chemother­
apy. The antiemetic effects of cannabis, had been sag-, 
gested as early as 1972 (6). T H C  wa3 first tried as an 
antiemetic in a controlled trial comparing it with placebo 

in 20 patients undergoing cancer chemotherapy. Fifteen 
m g  were given to some patients and 20 m g  to f ae others 
in the form of gelatin capsules containing T H C  dissolved 

in sesame oil. The initial dose was started 2 h before 

chemotherapy and repeated 2 and 6 h later. Fourteen of 

the 20 patients in w h o m  an evaluation could be made 
reported a definite antiemetic effect from T H C ,  while 
none was observed from placebo during 22 courses of 
that drug (149).

Since then, studies have been largely confirmatory but 
not entirely so. Fifty-three patients refractory to other 

treatments were studied in an uncontrolled fashion. Ten 
had complete control of vomiting when T H C  was admin­
istered prior to chemotherapy and for 24 h thereafter. 

Twenty-eight had 50% or more reduction in vomiting, 
and only 15 patients showed no therapeutic effect what­
soever. However, four patients were dropped from the 
study because of adverse effects (113). Fifteen doses of 

15 m g  of T H C  were compared with 10-mg doses of 

prochlorperazine in a controlled cross-over trial in 84 

patients. T H C  produced complete response in 36 of 79 

courses, while prochlorperazine was effective in only 16 

of 78 courses. Twenty-five patients received both drugs, 

of w h o m  20 preferred T H C .  Of the 36 courses of T H C  

that resulted in complete antiemetic response, 32 were 

associated with mental effects characterized as a “high" 
(148). Another comparison between T H C  in 15-mg doses 

and prochlorperazine in 10-mg doses cersus a placebo 
control was made in 116 patients who received p.o. doses 

3 times a day. The T H C  regimen was equal to prochlor­

perazine, and both were superior to placebo. However, 

many patients who received T H C  found it to be unpleas­
ant (55). A  comparison of T H C  w’ith placebo was made 

in 15 patients with each patient acting as his or her own 

control. Fourteen of tl’e 15 patients given T H C  obtained 

more relief of nausea and vomiting than from placebo 

during a course of high-dose methotrexate chemotherapy 

(28). Best results were obtained when plasma concentra­
tions of T H C  were more than 120 ng/ml. Such concen­

trations would ordinarily be expected to produce rather 
definite mental effects. T H C  was compared with two 
other antiemetics, thiethylperazine and metoclopramide, 

in a controlled cross-over trial. N o  difference was found 
between the antiemetic effect of these three agents. H o w­

ever, adverse effects of T H C  were sufficiently greater 

than those from the other two drugs, which raised ques­

tions about its clinical utility (37). W h e n  T H C  was 
compared with prochlorperazine and placebo, the latter 

two treatments were not found to differ, but T H C  was 

superior to either one (131).
In summary, it would appear that T H C  has definite
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i n  1 9 7 2  a n d  h a s  b e e n  t e s t e d  e x t e n s i v e l y  f o r  a n t i e m e t i c  

a c t i v i t y .  A  c r o s s - o v e r  s t u d y  c o m p a r i n g  n a b i l o n e  w i t h  

p r o c h l o r p e r a z i n e  i n  1 1 3  p a t i e n t s  r e v e a l e d  s i g n i f i c a n t l y  

g r e a t e r  r e s p o n s e  r a t e s  f o l l o w i n g  n a b i l o n e  t h e r a p y .  H o w ­

e v e r ,  s i d e  e f f e c t s  f r o m  n a b i l o n e  w e r e  a l s o  m o r e  c o m m o n  

( 7 7 ) .  A l t h o u g h  i t  w a 3  h o p e d  t h a t  n a b i l o n e  s e p a r a t e d  t h e  

a n t i e m e t i c  e f f e c t s  f r o m  t h e  m e n t a l  e f f e c t s  o f  T H C ,  t h i s  

g o a l  w a s  n o t  t o t a l l y  a c h i e v e d .  L e v o n a n t r a d o l  a n d  B R L  

4 6 6 4  a r e  t w o  o t h e r  s y n t h e t i c  T H C  h o m o l o g s  w h i c h  

s h o w e d  a n t i e m e t i c  e f f e c t s  i n  o p e n  s t u d i e s  ( 4 3 ,  1 5 4 ) .  T h e  

e x a c t  r o l e  o f  s y n t h e t i c  h o r a o l o g s  o f  T H C  a s  a n t i e m e t i c  

a g e n t s  r e m a i n s  t o  b e  d e t e r m i n e d .

C u r r e n t l y ,  a  l a r g e  a m o u n t  o f  d a t a  o n  t h e  c l i n i c a l  u s e  

o f  T H C  a s  a n  a n t i e m e t i c  i s  b e i n g  a c c u m u l a t e d  i n  t h e r a ­

p e u t i c  s i t u a t i o n s  m o n i t o r e d  b y  t h e  F o o d  a n d  D r u g  A d ­

m i n i s t r a t i o n .  U n f o r t u n a t e l y ,  t h i s  m a s s i v e  a m o u n t  o f  

c l i n i c a l  e x p e r i e n c e  h a s  ‘n o  c o n t r o l ,  s o  t h a t  i t  m a y  b e  

i m p o s s i b l e  t o  c o n c l u d e  m o r e  t h a n  w h a t  i 3  a l r e a d y  k n o w n .  

M e a n w h i l e ,  e x t r e m e l y  p r o m i s i n g  r e s u l t s  h a v e  b e e n  o b ­

t a i n e d  w i t h  l a r g e r  t h a n  u s u a l  i . v .  d o s e 3  o f  m e t o c l o p r a i - -  

i d e .  W h e n  t h i s  d r u g  w a s  c o m p a r e d  w i t h  p r o c h l o r p e r a z i n e  

a n d  p l a c e b o ,  i t  w a s  m o r e  e f f e c t i v e  t h a n  e i t h e r ,  t h e  o n l y  

d i s t u r b i n g  s i d e  e f f e c t  b e i n g  s e d a t i o n  ( 5 9 ) .  T h e  d o s e s  u s e d  

o f  m e t o c l o p r a m i d e  w e r e  1 m g / k g  i -v - b e f o r e  t r e a t m e n t  

w i t h  c i s p l a t i n  ( p e r h a p s  t h e  m o s t  e m e t i c  a n t i c a n c e r  d r u g )  

a n d  s e v e r a l  t i m e s  a f t e r  t r e a t m e n t .  P r o t e c t i o n  w a s  t o t a l  

i n  4 8 %  o f  c o u r s e s  a n d  m a j o r  i n  a n o t h e r  2 3 %  ( 1 5 7 ) .

This experience with metoclopramide suggests that 
the whole issue of the antiemetic effects of T H C  may 
become moot, as there are other drugs such as domperi- 
done, which m a y  also be effective in this situation.

B. Glaucoma
D i s c o v e r y  o f  t h e  a b i l i t y  o f  c a n n a b i s  t o  l o w e r  i n t r a o c u ­

l a r  p r e s s u r e  w a s  m o ^ p  o r  l e s s  f o r t u i t o u s .  I n t r a o c u l a r  

p r e s s u r e  w a s  m e a s u r e d  a s  p a r t  o f  a  m u l t i f a c e t e d ’s t u d y  o f  

t h e  e f f e c t s  o f  c h r o n i c  s m o k i n g  o f  l a r g e  a m o u n t s  o f  c a n -  

• n a b i s .  I n t r a o c u l a r  p r e s s u r e  w a s  f o u n d  t o  d e c r e a s e  a s  

r a n u c h  a s  4 5 %  i n  9  o f  1 1  s u b j e c t s ,  3 0  m i n  a f t e r  s m o k i n g  

( 7 5 ) .  L o w e r e d  i n t r a o c u l a r  p r e s s u r e  l a s t e d  4  t o  5  h  a f t e r  

s m o k i n g  a  s i n g l e  c i g a r e t t e .  I t s  m a g n i t u d e  w a s  u n r e l a t e d  

t o  t h e  t o t a l  n u m b e r  o f  c i g a r e t t e s  s m o k e d .  T h e  m a x i m a l  

e f f e c t  o n  i n t r a o c u l a r  p r e s s u r e  w a s  p r o d u c e d  b y  t h e  

a m o u n t  o f  T H C  a b s o r b e d  i n  a  s i n g l e  c i g a r e t t e  c o n t a i n i n g  

1 9  m g  o f  T H C .  W h e n  p a t i e n t s  w i t h  o c u l a r  h y p e r t e n s i o n  

o r  g l a u c o m a  w e r e  t e s t e d ,  7  o f  1 1  s h o w e d  a  f a l l  o f  i n t r a -  

o c u l a x  p r e s s u r e  o f  3 0 % .  C o n f i r m a t o r y  e v i d e n c e  w a s  o b ­

t a i n e d  f r o m  a  t r i a l  i n  w h i c h  i . v .  i n j e c t i o n  o f  T H C  i n  

d o s e s  o f  2 2  j i g / k g  a n d  4 4  / i g / k g  p r o d u c e d  a n  a v e r a g e  f a l l  

i n  i n t r a o c u l a r  p r e s s u r e  o f  3 7 % ,  w i t h  s o m e  d e c r e a s e s  a s  

m u c h  a s  5 1 %  ( 4 0 ) .  M a n y  e x p e r i m e n t s  d o n e  i n  r a b b i t s

b e  t o t a l l y  u n s u i t a b l e  f o r  p t i e n t s  w i t h  g l a u c o m a .  R a b b i t 3  

h a v e  b e e n  u s e d  t r a d i t i o n a l l y  f o r  s t u d y i n g  t o p i c a l  e y e  

m e d i c a t i o n s .  T h e  l i p i d  s o l u b i l i t y  o f  T H C  h a s  b e e n  o v e r ­

c o m e  b y  u s i n g  m i n e r a l  o i l  a s  t h e  v e h i c l e  f o r  i t s  i n s t i l l a t i o n  

i n t o  t h e  e y e .  T h e  d e g r e e  o f  I o w p  n g  o f  i n t r a o c u l a r  p r e s ­

s u r e  i s  a t  l e a s t  a s  g r e a t  a s  t l  . w i t h  c o n v e n t i o n a l  e y e  

d r o p s ,  s u c h  a s  p i l o c a r p i n e ,  ?  t h e  d u r a t i o n  o f  e f f e c t  i s  

o f t e n  l o n g e r .  S o m e  m i n i m a .  . y i ? . ' m i c  a b s o r p t i o n  o f  t h e  

d r u g  o c c u r s  w h e n  i t  i s  a p p l i e d  t o  t h e  c o n j u n c t i v a e ,  b u t  i t  

i s  o f  n o  c o n s e q u e n c e  i n  p r o d u c i n g  m e n t a l  e f f e c t s .  O t h e r  

c a n n a b i n o i d s  b e s i d e s  T H C ,  s u c h  a s  c a n n a b i n o l  o r  8 -  

a l p h a -  a n d  8 - b e t a - l l - d i h y d r o x y - d e I t a - 9 - T H C ,  h a v e  a l s o  

p r o d u c e d  t h i s  e f f e c t  i n  r a b b i t s  ( 6 2 ) .  T h e s e  a g e n t s  h a v e  

n o  m e n t a l  e f f e c t s ,  w h i c h  m a k e s  t h e m  o f  c o n s i d e r a b l e  

i n t e r e s t  f o r  t h i s  t h e r a p e u t i c  u s e .

A n  e x t r a c t  o f  n o n p s y c h o a c t i v e  c o m p o n e n t s  o f  c a n n a ­

b i s  w h o s e  c o m p o s i t i o n  i s  s t i l l  u n c e r t a i n  h a s  b e e n  t e s t e d  

b o t h  a l o n e  a n d  i n  c o m b i n a t i o n  w i t h  t i m o l o l  e y e  d r o p s  i n  

p a t i e n t s  w i t h  i n c r e a s e d  i n t r a o c u l a r  p r e s s u r e .  T h e  e f f e c t s  

o f  t h e  t w o  a g e n t s  a r e  a d d i t i v e  a n d  a r e  s a i d  t o  b e  e f f e c t i v e  

w h e n  o t h e r  m e a s u r e s  h a v e  f a i l e d  ( 1 7 7 ) .  B W  1 4 6 Y ,  a  

s y n t h e t i c  T H C  h o m o l o g ,  h a s  b e e n  g i v e n  p . o .  t o  g l a u c o m ­

a t o u s  p a t i e n t s .  U n f o r t u n a t e l y ,  m i l d  o r t h o s t a t i c  h y p o t e n ­

s i o n  a n d  s u b j e c t i v e  e f f e c t s  w e r e  n o t e d  i n  a d d i t i o n  t o  

r e d u c e d  i n t r a o c u l a r  p r e s s u r e  ( 1 6 7 ) .

N o  p s y c h o a c t i v e  c o m p o n e n t  o f  c a n n a b i s  c a n  b e  c o n ­

s i d e r e d  a s  a  f e a s i b l e  t h e r a p e u t i c  a g e n t  i n  t h i s  s i t u a t i o n .  

I n t r a o c u l a r  p r e s s u r e s ,  a l t h o u g h  t h e y  a r e  r e d u c e d  a c u t e l y ,  

h ^ v e  n o t  b e e n  s h o w n  t o  b e  r e d u c e d  f o l l o w i n g  l o n g - t e r m  

t r e a t m e n t ,  n o r  h a s  t h e r e  b e e n  a n y  d e m o n s t r a t i o n  t h a t  

v i s u a l  f u n c t i o n  i s  p r e s e r v e d  b y  t h e  u s e  o f  c a n n a b i n o i d s  

i n  g l a u c o m a .  S o m e  o f  t h e  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  

d e v e l o p m e n t  o f  c a n n a b i n o i d s  a s  t r e a t m e n t  f o r  g l a u c o m a  

h a v e  a l r e a d y  b e e n  c i t e d  ( 6 1 ) .  T h e  e x p l o i t a t i o n  o f  c a n n a ­

b i n o i d s  f o r  t r e a t m e n t  o f  g l a u c o m a  w i l l  r e q u i r e  m u c h  

f u r t h e r  d e v e l o p m e n t a l  w o r k  t o  a s c e r t a i n  w h i c h  c a n n a ­

b i n o i d  w i l l  b e  l a s t i n g l y  e f f e c t i v e  a n d  w e l l  t o l e r a t e d .  T h e  

p o t e n t i a l  b e n e f i t s  c o u l d  b e  g r e a t ,  a s  p r e s e n t - d a y  g l a u ­

c o m a  t r e a t m e n t  s t i l l  d o e s  n o t  p r e v e n t  b l i n d n e s s  a s  o f t e n  

a s  i t  m i g h t .  I f  t h e  e f f e c t s  o f  c a n n a b i n o i d s  a r e  a d d i t i v e  t o  

t h o s e  o f  o t h e r  d r u g s ,  t h e  o v e r a l l  b e n e f i t  t o  p a t i e n t s  m a y  

b e  g r e a t e r  t h a n  i s  c u r r e n t l y  p o s s i b l e  w i t h  s i n g l e  d r u g s .

C .  Analgesia
S m o k i n g  o f  m a t e r i a l  e s t i m a t e d  t o  d e l i v e r  1 2  m g  o f  

T H C  i n c r e a s e d  s e n s i t i v i t y  t o  a n  e l e c t r i c  s h o c k  a p p l i e d  t o  

t h e  s k i n  ( 7 8 ) .  S i n g l e  p . o .  d o s e s  o f  1 0  m g  a n d  2 0  m g  o f  

T H C  w e r e  c o m p a r e d  w i t h  c o d e i n e  ( 6 0  m g  a n d  1 2 0  m g )  

i n  p a t i e n t s  w i t h  c a n c e r  p a i n .  A  2 0 - m g  d o s e  o f  T H C  w a s  

c o m p a r a b l e  t o  b o t h  d o s e s  o f  c o d e i n e .  T h e  1 0 - m g  d o s e ,  

w h i c h  w a s  b e t t e r  t o l e r a t e d ,  w a s  l e s s  e f f e c t i v e  t h a n  e i t h e r



HEALTH ASPECTS OF CANNABIS 15

ose of codeine (129). T H C  given i.v. in dose ■ of 4-1 pg/ 
kg to patients undergoing dental extraction produced an 
analgesic effect, which was iess than that achieved from 
doses of 157 pg of diazepam per kg i.v. Several of these 
patients actually preferred placebo to the dose of 22 pg 
of T H C  per kg because of anxiety and dysphoria from 

the latter drug (139).
The apparent paradox is that T H C  both increases and 

decreases pain. Traditionally, aspirin-like drugs, which' 
work peripherally by inhibiting the synthesis of prosta­

glandins, are U3ed to treat pain derived from the integu­
ment. The initial mental stimulation from T H C  might 
increase sensitivity to this kind of pain. Visceral pain, 
such as that of cancer patients, is usually treated by 
opiates, which have both peripheral and central 3ites of 
action. Recent evidence suggests that opiates m ay act 
directly on pain pathway; in the spinal cord as well as 
reducing the affect that accompanies pain. Cannabis 

could conceivably modify the affective response. Thus) 
when the two types of pain are distinguinshed from each 
other, the apparent paradox is solved.
THC, nantradol, and nabilone shared some properties 

with morphine in the chronic spinal dog model. Latency 
of the skin twitch reflex was increased, and withdrawal 

abstinence ws3 suppressed. Naltrexone did not antago­
nize these actions, suggesting that they are not mediated 

through opiate receptors (56). Levonantrado! i.m. was 
compared with placebo in postoperative pain, and a 

significant analgesic action was confirmed. N o  dose- 
response relationship was observed, and the number of 
side effects from levonantradol was rather high (89). It 
seems unlikely that any T H C  homolog will prove to be 

an analgesic of choice, when one considers the present 
array of very effective new analgesics of the agontet- 

antagcnist type. It is too early to be sure, however.

D. Muscle Relaxant
Patients with spinal cord injuries often self-treat their 

muscle spasticity by smoking cannabis. Cannabis seems 

to help relieve the involuntary muscle spasms that can 

be so painful and disabling in this condition. A  muscle 

relaxant or antispastic action of T H C  was confirmed by 

an experiment in which p.o. doses of 5 or 10 m g  of T H C  
were compared with placebo in patients with multiple 
sclerosis. The 10-mg dose of T H C  reduced spasticity by 
clinical measurement (135). Such single small studies 
can only point to the need for more study of this potential 
use of T H C  or possibly some of its horaologs. Diazepam, 
cyclobenzaprine, baclofen, and dantrolene, which are 
used as muscle relaxants, all have major limitations. A  
new skeletal muscle relaxant would be most welcome.

E. Anticonuulsant
One of the fint therapeutic uses suggested for cannabis 

was as an anticonvulsant. Such an effect was documented 

experimentally many years ago (112). Subsequent studies 
in various animal species have validated this action. T H C

in cats temporarily reduced the clinical and electro­
graphic seizure activity induced by electrical stimulation 
of subcortical structures (175). Mice were protected by ■ 

cannabidiol against maximal electroshock seizures but 
hot against those caused by pentylenetetrazole. Its profile 
of activity more resembled that of phenytoin than that 
of T H C  (170). T H C  and cannabidiol both potentiated 

the anticonvulsant effects of phenytoin against electri­

cally induced seizures in mice. The two cannabinoids in 

Combination produced the most effect (29). Kindling 
involves the once-daily appliction of initially subconvul- 

sive electrical stimulation to culminate in generalized 
convulsive seizures. T H C  given chronically to rats pre­
vented the kindling effect (174).

Clinical testing has been rare, despite all these various 

lines of evidence supporting an anticonvulsant effect of 
cannabinoids. Bettercontrol of seizures following regular 
marijuana smoking was reported in a not very convincing 
single case (39). Fifteen patients not adequately con­
trolled by anticonvulsants were treated with additional 
cannabidiol in doses of 200 or 300 m g  or placebo. Can­
nabidiol controlled seizures somewhat belter than the 
addition of placebo (25). Cannabidiol has little if any 
psychoactivity, making it a good candidate for this use.

F. Bronchial Asthma
A  general study of the euects of marijuana on respi­

ration revealed a bronchodilating action in normal vol­
unteer subjects. Marijuana smoke was calculated to de­
liver 85 or 32 pg of T H C  per kg. A  fall of 389c in airway 

resistance and an increase of 44% in airway conductance 
occurred in the high-dose group. The low-dose gTOup 
showed lesser changes, but they were still significant as 

compared with baseline. The sensitivity of the respira­

tory center to carbon dioxide was not altered by either 

dose, indicating no central respiratory depression (172).
Asthma was deliberately induced by either inhalation 

of methacholine or exercise in asthmatic patients. They 

were then treated with inhalation of placebo marijuana, 
of saline, of isoproterenol, or of smoke derived from 

marijuana containing 1 g of T H C .  Both marijuana smoke 
and isoproterenol aerosol effectively reversed both meth­

acholine- and exercise-induced asthma, while saline and 

placebo marijuana had no effect (160). Aerosols of 
placebo-ethanol, of T H C  (200 pg) in ethanol, or of sal- 
butamol (100 pg) were tested in another study of ten 
stable asthmatic patients. Forced expiratory volume in 
1-s forced vital capacity, and peak flow rate were meas­
ured on each occasion. Both salbutamol and T H C  sig­
nificantly improved-ventilatory function. Improvement 
was more rapid with salbutamol, but the two treatments 

were equally effective at the end of 1 h (181).
Both delta-8 and delta-9-THC have, bronchodilating 

effects, while neither cannabinol nor cannabidiol has 
such actions. Thus, this auion resides only in the psy­
choactive material. N o  evidence of tolerance to this effect 
developed over 20 days of continual administration (58).
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The treatment of asthma is much more chronic; further 

studies of tolerance will be needed.
Some patients might experience bronchoconstriction 

following TH C .  Doses of 10 m g  p.o. produced mild and 
inconsistent bronchodilator effects as well as significant 

central nervous system effects.- One patient of the six 
studied developed severe bronchial constriction (1). Mild 
but significant functional impairment, predominantly 

involving large airways, was found in 74 regular smokers 
of cannabis. Such impairment was not detectable in 
individuals of the same age who regularly smoked tobacco 

(64).
T H C  would best be administered by aerosol for this 

purpose, but whether effective doses would avoid the 

mental effects is uncertain. The mechanism of action by 
which T H C  increases airway conductance may be differ­

ent from the usual beta-adrenergic stimulants. Resist­

ance to repeated applications of beta-adrenergic stimu­

lants does occur. Another type of bronchodilator might 
help some patients. The recent introduction of highly 
effective steroid aerosols, such as beclomethasone, mepts 
that need to a considerable extent.

G. Insomnia
T H C  does not differ from conventional hypnotics in 

reducing rapid eye movement (REM) sleep (136). T H C  
in doses ranging from 61 to 258 pg/kg produces in normal 
subjects increments in stage 4 sleep and decrements in 
R E M  sleep, but without the characteristic R E M  rebound 
which follows chronic treatment with hypnotics. W h e n  
T H C  was administered p.o. as a hydroalcoholic solution 

in doses of 10, 20, and 30 mg, our subjects fell asleep 
faster after having mood alterations consistent with a 

“high." Some degree of "hangover” the day following was 

noted from larger doses (42). Another sleep laboratory 
study showed that a dose of 20 m g  of T H C  given p.o. 
decreased R E M  sleep. After four to six nights df use, 
abrupt discontinuation of T H C  produced a mild insom­
nia but not marked R E M  rebound (52). R E M  rebound 
may not be^apparent after low doses of TH C .  However, 

very high p.o. doses (70 to 210 mg) reduced R E M  sleep 
during treatment and were followed by marked R E M  

rebound after withdrawal (48).
The sleep produced by T H C  does not seem to differ 

much from that of most currently used hypnotics. Side 
• effects before sleep induction as well as the hangover 
effects make the drug less acceptable than currently 
popular benzodiazepines. It seems unlikely that T H C  
will supplant existing hypnotics in the treatment of 

insomnia.

H. Miscellaneous Uses
1. Hypertension. Orthostatic hypotension occasionally 

follows use of T H C  (5). A  dimethylheptyl side-chain 
derivative has more profound and constant effects on 
blood pressure. In man, this compound showed a marked 
orthostatic hypotensive effect, as well as tachycardia and

some mental symptoms resembling those of T H ctI 

the latter are less than from T H C  in proportion t^ 

blood pressure-lowering effect, a definite separation of 

pharmacological effects has not really been attained 
'.(106).

Effective antihypertensive drugs have been one of tho 

outstanding achievements of pharmacology over the past 
30 years. A  new antibypertensive based on orthostatic 

hypotension, perhaps the least desirable mode of lower­

ing blood pressure, is hardly very enticing (8). The issue 
seems hardly worth pursuing further.

2. Abstinence syndromes due to central nervous system 
depressants. Synhexyl, the first T H C  homolog to be 
synthesized, was tested as a treatment for withdrawal 
reactions from opiates and alcohol with little evidence of 

efficacy. Withdrawal symptoms experienced by rats fol­

lowing morphine pellet implantation, followed by sub­

sequent injection of naloxone, were reduced by T H C .  

Cannabidiol, without any direct effect itself, augmented 
the action of T H C  (79).

This relatively weak effect of cannabinoids in opiate 
dependence is unlikely to be of clinical use. Detoxifica­
tion programs using methadone have been highly suc­

cessful and acceptable.

3. Antineoplastic activity. Both the delta-8 and delta- 
9 - T H C  isomers, at well as cannabinol, have some anti­

neoplastic effect on transplanted lung tumors in animals, 

as well as on tumors in vitro (125). T H C  may have a 
general ability to reduce the synthesis of nucleic acids, 

which may account for the reported immunosuppressant 

effects as well. M a n y  agents are available that inhibit 
nucleic acid synthesis, so the possibility that T H C  or 

other cannabinoids might be advantageous seems rather 

unlikely.
4. Antimicrobial action. Both T H C  and cannabidiol 

ihhibit and kill staphylococci and streptococci in vitro at 
concentrations of 1 to5/xg/ml (173). Such concentrations 
are well above those reported for use of T H C  in man, 
even at the highest tolerated doses. Thus, this effect 

seems to have little practical application.

5. Migraine. This indication has not been studied 
systematically in recent years, although it has a long 

history. In cne patient I treated, the mental effects 

sought socially caused the patient to abandon treatment. 

Innumerable successful treatments for migraine have 

been reported at one time or another.
6. Appetite stimulant. Most antipsychotic agents will . 

stimulate appetite, but few other drugs do. T H C  as 
compared with ethanol and dextroamphetamine pro­
duced a variable response on appetite, both in fed and 

fasted subjects. The majority had increased appetite and 

food consumption as compared with placebo (80). A n­

orexia nervosa might be helped by an appetite stimulant.

A  test of the presumed appetite-stimulating properties 

of T H C  in patients with anorexia nervosa failed over a 
4-week period. Doses of T H C  ranged between 7.5 and 30
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- mg/day and were compared with 30 m g  ol diazepam per 

day and placebo. Three of the 11 patients, treated with 

T H C  experienced severe dysphoria (65).
7. Alcoholism. Cannabis users are said not to drink, 

but most do. The prospect of changing an alcoholic into 

a cnnnabinolic has some appeal. A  study showed that 
cannabis was not very attractive to alcoholics. Little 
difference in retention occurred among those given no 
medication, or a cannabis cigarette, or disulfiram or the 
combination of the cigarette and disulfiram (143).

V. S um m ary
Marijuana seems firmly established as another social 

drug in Western countries, regardless of its current legal 
status. Patterns of use vary widely. As with other social 

drugs, the pattern of use i3 critical in determining adverse 
effects on health. Perhaps the major area of concern 

about marijuana use is among the very young. Using any 
drug on a regular basis that alters reality may be detri­
mental to the psychosocial maturation of young persons. 
Chronic use of marijuana may stunt the emotional 
growth of youngsters. Evjdence for an amotivational 
syndrome is largely based on clinical reports; whether 
marijuana use is a cause or effect is uncertain. A  mari­

juana psychosis, long rumored, has been difficult to 
prove. No one doubts that marijuana use may aggravate 

existing psychoses or other severe emotional disorders. 
Brain damage has not been proved. Physical dependence 
is rarely encountered in the usu.il patterns of social use, 

despite some degTee of tolerance that may develop. The 

endocrine effects of the drug might be expected to delay 

puberty in prepubertal boys, but actual instances have 

been rare. As with any material that is smoked, chronic 

smoking of marijuana will produce bronchitis; emphy­
sema or lung cancer have not yet been documented. 

Cardiovascular effects of the drug are harmful to those 
with preexisting heart disease; fortunately the number 
of users with such conditions is minimal. Fears that the 
drug night accumulate in the body to the point of toxicity 

have been groundless. The potential deleterious effects 

of marijuana use .on driving ability seem to be self- 

evident; proof ox such impairment has been more diffi­
cult. The drug is probably harmful when taken during , 
pregnancy, but the risk is uncertain. One would be pru­
dent to avoid marijuana during pregnancy, just as one 
would do with mo3t other drugs not essential to life or 
well-being. N o  clinical consequences have been noted 
from the effects of the drug on immune response, chro­
mosomes, or cell metabolites. Contamination of mari- . 
juana by spraying with defoliants has created the clearest 
danger to health; such attempts to control production- 
should be abandoned.
Therapeutic uses for marijuana, T H C ,  or cannabinoid 

homologs are being actively explored. Only the synthetic 
homolog, nabilone, has been approved for use to control 

nausea and vomiting associated with cancer chemother­

apy. While little doubt remains that marijuana, T H C ,

and nabilone are effective for this use, the advent of 

other drug3 that are equally effective but with fewer 

adverse effects may make this use moot. Use of marijuana 

to reduce intraocular pressure in patients with glaucoma 

• requires a feasible topical preparation of cannabinoids. 

Although some cannabinoids have analgesic activity, the 

abundance of new opioid analgesics with little depend­
ence liability provides tough competition. The use of 
marijuana as a muscle relaxant, though promising, has 
not yet been adequately studied Clinical studies to es­

tablish the efficacy of cannabidiol as an anticonvulsant 
or to compare it with other anticonvulsants are still to 

be done. Other potential therr oeutic uses, such as treat­
ment of bronchitis, asthma, insomnia, hypertension, ab­

stinence syndromes, migTaine, anorexia, and alcoholism, 
are most unlikely prospects.

Compared with other licit social drugs, such as alcohol, 
tobacco, and caffeine, marijuana does not pose greater 
risks. One would wonder, however, if society were given 
a choice based on current knowledge, whether these drugs 
would have been granted their present status of accept­
ance. Marijuana m-rv prove to have greater therapeutic 
potential than these other social drugs, but m a n y  ques­
tions still need to be answered.
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Marijuana:  An O verv iew

Richard H. /Schwartz, MD'

Of all illicit drugs popular in the Uniced States and Canada, Cannabis 
(marijuana or hashish) is the most widely used. The potency of ordinary 
marijuana is now identical to that of hashish sold in the United States, and 
high-quality sinsemilla (seedless marijuana), much preferred by marijuana 
afficionados, is twice as strong as hashish.10 Approximately 60 per cent of 
graduating high school seniors have smoked marijuana at least one time, 
and one in eight students who tried the drug even once progress to daily 
use. Many of these young people will continue to be psychologically 
dependent on the drug or will also abuse other mood-altering drugs (e.g., 
cocaine).

In 1985, marijuana was smoked daily by 120,000 (5 per cent) high 
school seniors nationwide.10 In the most comprehensive statewide survey 
in the country, 3.5 per cent, 9.4 per cent, ar d 12.8 per cent, respectively, 
of eighth, tenth, and twelfth graders in Maryland smoked marijuana at least 
several rimes a week up to once or more per day; 12 per cent of tenth 
graders stated that they “got high" from an illicit drug more than ten times 
in 1984.14 It should be emphasized that 28 per cent of all entering high 
school freshmen leavfe high school before graduation,01 and frequent mari­
juana use is undoubtedly a significant factor in the decision to leave school.

CANNAJBIS: PHYSICAL PROPERTIES

Marijuana comprises the crumbled, cured leaves, small stems, and 
flower clusters of the resin-producing varieties of the hemp plant, Cannabis 
sativa. Indigenous to Asia, the plant originally was c’s’.' vated worldwide as 
a source of hemp fiber, oil, and homeopathic med1' '.s. Varieties of the
plant are often 5 to 8 .feet tall and branched, compound leaves
composed of seven to nine serrated, slender, spe . thaped leaflets.

•Clinical Professor of Child Health and D e v e l o p m e n t , a s h i n g t o n  University School 
of Medicine and The Children's Hospital Nation j  i ledical Center, Washington, D.C., 
Director of Research. Straight. Inc., Springfield. Virginia

Pediatric Clinics of North America— Vol. 34, No. 2, April 1987 305
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Drug-producing varieties of the plant have glands that secrete a 
resinous substance containing about 60 unique compounds, called canna­
binoids, the most psvchoactive and prevalent of which is delta-9-tetrahv- 
drocannabinot (A9-THC).

The AS-THC content of C. sativa is influenced by g mctic factors, by 
the place and circumstances of its growth, by the method of storage of the 
plant material, and by the number of months elapsed since harvest time. 
The potency of A9-THC diminishes with time, especially for hashish.

In the United States, 60 per cent of all marijuana is grown in California, 
often by the sinsemilla method, which produces high-potency marijuana. 
Since 1975, the potency of "street pot" in the United States has tripled, 
from 1.2 to 4.1 per cent. The A9-THC concentration of the more potent 
sinsemilla type averages 7 per cent, but may be as high as 14 per cent.10

USE OF MARIJUANA AS A PSYCHOACTIVE DRUG 

Mannner of Use

The primary mode of using marijuana or hashish in the United States 
is inhaling the smoke of marijuana cigarettes (“joints"), made by rolling 500 
mg to 750 mg of marijuana in a thin paper. Smoking implements such as 
hollow smoking stones, miniature smoking pipes (bowls), or air-cooled or 
water-cooled smoking chambers (bongs) also may be used to cool and 
"sweeten" the highly irritating marijuana smoke, thus permitting the user 
to inhale a larger quantity. Adolescents often purchase marijuana in 4- to 
5-gm packets, sufficient to make five or six "joints," each costing about one 
dollar. Prior to use, seeded marijuana must be cleaned of seeds and small 
woody stems, the combined weight of which is often 50 per cent or more 
of the "bag" as purchased. This "manicuring" is often done in the young 
person's bedroom on a smooth surface such as a record album cover; the 
seeds may then be discarded or may be collected for later cultivation.

To obtain maximal effect from marijuana, useis must master a smoking 
technique somewhat different from that of smoking tobacco cigarettes or 
pipe tobacco. The experienced user inhales the sinoke as deeply into the 
lungs as possible and holds his breath for 20 to 30 seconds or more in an 
effort to extract almost all the A9-THC into the capillary-rich pulmonary 
circulation. When this technique is followed, 50 per cent of the A9-THC 
contained in the crude marijuana is delivered into the smoker's bloodstream 
and practically no A9-THC remains in exhaled breath. Marijuana smoke 
has a pungent smell, resembling the smell of burning wet hay or leaves, 
and clings to hair and woolen garments. Consumption of the same amount 
of drug, of the same potency, even by an experienced user, may produce 
minimal effects on one occasion and, on another occasion, marked effects 
on cognition, mood, and performance.

“Wash oil" is street jargon for a viscous, black, oily liquid derived from 
marijuana mash by dissolving it in an organic solvent. Rash oil contains 20 
to 30 per cent A9-THC, and one drop smeared on a marijuana rolling paper 
gives a “high” equivalent to one marijuana cigarette. Thus, users of hash
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fo r  la te r  cu ltiva tion , 
s m ust m aste r a sm ok ing  
ng  tobacco c igarettes o r  
m oke  as d e ep ’ in to the 
0  seconds o r  „ i o r e  in an 
c ap illa ry -r ich  p u lm on a ry  
p e r cen t o f  the A 9 -T H C  
die sm oker's b lood stream  
irea th . M a riju an a  sm oke 
m in g  w e t hay o r  leaves , 
it ion  o f  the  sam e am oun t 
raced  u s*? ;,.m ay .p p .

, occasion’; ;  m a rkeS *^

o i ly  liq u id -d e riv e d  Ecom i^*.:^ . 
•ent. H ash  od  /
a m a riju ana  ro lU j^ |p » p « r . ^ . 1  

e tte . "Thus, u se rs ' o f  hasK:
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o il add  on e  d rop  to a jo in t  to d oub le  its p o ten cy . O th e r  d rugs o r  chem ica ls3* 
that m ay be m ixed  w ith  m a riju an a  to inc rease  its in tox icating  effect* in c lude 
phencyc lid in e , op ium , cocaine paste , and even  Ra id  insect sp ray . N o t 
in fre q u en t ly , na ive m ariju ana -sm ok ing  ado lescents m ay be g iven these 
laced  jo in ts  w ith ou t th e ir  kn ow ledge , le ad ing  occasiona lly  to se rious psy­
ch ia tric  states o f  con fus ion  and d iso rien ta tion , in tense anx ie ty , d ep e rson a l­
iza tion , p ro fou nd  d ep re ss ion , acute p a rano ia , acute psychosis , o r  sheer 
panic.
P h a rm aco lo g y

T h e  m in im a l e ffe c tiv e  dose o t . i 9 -T H C  is 5  mg, o f  wh ich  5 0  p e r  cen t 
is d e stroyed  in the p rocess o f  p y ro ly s is . The in toxicating  dose fo r  a 70 -kg  
ad u lt is 0 .0 3 5  mg p e r kg. M e re ly  sm ok ing  tw o s in sem illa  c igarettes a day 
exceeds a to ta l d a ily  d ose  o f  4 0  mg o f  A 9 -T H C  p e r day (con s id e red  to be  a 
v e ry  heavy dose ). T o le ra n c e  to the e ffects o f  cannabis has b een  d em onstra ted  
con c lu s iv e ly ,3* and e xp e rien ced  m ariju ana  sm okers re q u ire  m o re  po ten t 
cannab is, d e ep e r , m o re  susta ined inha la tions , o r  la rg e r am ounts o f  the 
c rude d rug  to ach ieve the d es ired  d eg ree  o f  eu pho ria . M ood -a lte rin g , 
in tox icating and ca rd iovascu la r effects o f  the d rug  becom e ev id en t w ith in  a 
few  m inu tes a fte r d eep  and susta ined  inha la tion  o f  m ariju ana sm oke , 
whereas o ra l adm in is tra tion  o f  the d ru g  has a 3 0 -m inu te  lag p e riod . Th e  
sub jec tive  e ffects last 2  to 3  hou rs, som ew hat lo n g e r i f  cannabis was eaten  
ra th e r than sm oked .

A 9 -T H C  is c a rried  q u ick ly  b y  w ay o f  the b lood stream  to the liv e r , and 
m ost o f  the d rug  is b ro k e n  dow n (b y  hyd roxy la tion  and carboxy la tion  
enzym es in liv e r  m ic rosom es) to n o n -m ood -a lte r in g  carboxyacid  analogues 
o f  T H C  (T H C -C O O H ). T h ese  are c a rried  by the en te rohepa tic  c ircu la tion  
in to  the in testin a l lum en , to be exc re ted  in the feces (65  p e r cen t), and 
th rough  the ren a l c ircu la tion  in to  the u rin e  (35  p e r cen t). Because the liv e r  
cannot rem ove  a ll the A 9 -T H C  d u r in g  the first pass th rough the hepatic 
c ircu la tion , and because A 9 -T H C  is in ten se ly  lip oph ilic , ad ipose tissues 
accum u late a sub stan tia l'am oun t o f  the d ru g , which is then re leased  s low ly  
and u neven ly  in to  the  b lo od s tre am . T h e  h a lf- life  o f  A 9 -T H C  is app rox i­
m ate ly  3  days.

f h e  pha rm aco log ic  e ffec ts o f  ingested  cannabis begin in 3 0  to 120 
m inu tes , peak in 2  to 3  h ou rs , and Ia s i 3  to 6  hou rs . A bout th ree  tim es as 
much A 9 -T H C  m ust be  ingested  as sm oked  to ob ta in  the same e ffects, and 
the psvchoactive e ffects a re much m o re  va riab le  w ith  ingestion , even  when 
the d rug  u se r is exp e rien ced .

C annab in o id  m e tab o lite s can be  de tec ted  in the u rin e  (p re sum ab ly  a 
re su lt o f  susta ined  re le a se  from  ad ipose tissue) fo r  2  o r  3  days fo llow ing  one 
casual use o f  the d ru g . '7 T h e  d ru g  may be d e tec ted  up to fo u r  o r  m ore 

te rjT iO B ito red  abstinence o f  d a ily  ch ron ic  m ariju ana sm oke rs .14
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som etim es s leep . D u r in g  this g rad ua l "c om in g  d ow n" phase, th e re  is a  v e ry  
strong  hunger fo r h igh -ca lo rie  food  such as cook ies o r  " ju n k  fo od " (know n 
as the " i r - r i ju a n a  m unch ie s" ), and an in ten se  c rav ing  fo r  sw eet d rin ks such 
as ca rbona ted  b eve rages . U n lik e  a lc oh o l in tox ication , th e re  is u su a lly  no 
“ h ang ove r" a fte r the m a riju an a  “ h ig h " is gone.

T h e re  are o n ly  tw o con s is ten t phys ica l signs o f  m arijuana use: (1 ) 
in creased  h ea rt ra te  and (2 ) c on ju n c tiv a l ir rita tion  o r  d ila tion . Because m any 
ado lescen ts are p ro fic ie n t users o f  V is in e  o r  o th e r vasoconstric tive  
op h th a lm ic  d rop s , the te ll- ta le  re d d en ed  eyes fo llow in g  m ariju ana sm ok ing  
m ay not be p resen t.

A C U T E  E F F E C T S  O F  C A N N A B IS

E xp ec ted  E ffe c ts
P rim a ri ly , the e ffec t o f  m a riju an a  d epends 011 the concentra tion  o f  A 9- 

T H C  that reaches the b lo od s tre am  o f  the u se r ( i .e . ,  the p o tency o f  the 
C annab is p rod uc t). W h a t has b een  te rm ed  “ set" and “ se tting " a lso p lay  a 
ro le .

"S e t"  is d e te rm in ed  b y  the past exp e rien ce , a ttitude , expectations o f  
ach iev ing  euph o ria  ("sh ap ing " ), and  u nd e rly in g  ego streng th  o f  the u se r. 
T huc , i f  the novice u se r is a p p reh en s iv e  and expects to be d iscove red  by  
au th o rity  figures, he o r  she m ay e xp e rien ce  a h igh anx ie ty  le v e l n r e ven  
pan ic , and fea r o f  lo s ing  c o n tro l o f  th ough t p rocesses m ay lead  to in tense 
d iscom fo rt instead o f  a p leasan t e xp e rien ce . Ado lescents w ho are know n to 
have unstab le  p e rson a lit ie s , p a rt ic u la r ly  se riou s a ffec tive d iso rde rs such as 
p ro lo n g ed  dep ress ion , o r  a h is to ry  o f  n o n -d ru g -in d u ced  psychosis, a re at 
se rious risk  fo r adve rse  p sycho log ica l e ffec ts from  any psychoactive d rug , 
p e rm anen t psychosis m ay be p rec ip ita ted  in such persons.

"S e tt in g "  re fe rs  to the d eg ree  o f  tru s t and congen ia lity  betw ee a the 
u se r and o the rs p re sen t, and  to the c om fo rt  and safety o f  the su rrou n  J ing s . 
M a riju an a  is sm oked  a lo n e  o r  used  w ith  in toxicating am ounts o f  a lc oh o l, 
s t im u lan t d rugs (such as coca ine o r  am phetam ines), o th e r h a llu c in ogen ic  
d rugs , p hencyc lid in e , o r  in ha lan t d rugs . O b v iou s ly , the com p lex  p h a rm a ­
co log ic  in te raction  o f  these d rugs is h ig h ly  ind iv idu a l, and a lth ough  users 
w ith  an underhung  exp lo s iv e  im pu lse -c o n tro l d iso rd e r som etim es fe e l less 
tense and less ang ry  w hen  they  sm oke  m arijuana , they  o ften  b ecom e 
m oody , ir r ita b le , and a rgum en ta tiv e  as th e  d rug -induced  eu ph o ria  d iss i­
pates. Such  negative fee lin gs m ay lead  to hostile  con fron ta tion  i f  the u se r 
is q u es tion ed  in  the p o s teu pho ric  state .
A d ve rse  E ffe c ts

T h e  acute e ffects o f  m a riju an a  a re  u su a lly  p leasant, b u t ad ve rse  e ffects 
o ccu r n o t in fre q u en t ly , o ften  u np red ic tab ly  and even  w hen the u se r is 
h ie h lv  experienced .

Psychological Effectu. A cu te  ad ve rse  (tox ic ) e ffects o f  m arijuana in c lu d e  
acu te toxic psychosis , acu te pan ic  reac tion s , and flashback phenom ena . 
S ym p tom s o f  acute toxic psychosis in c lu d e  exc item en t, con fris ion , d iso rien -

Marijuana: An Overview

— - tation , d e lu s ion s , d epe ; 
d e li r iu m .^  ' l Acute pan 
abdom ina l d iscom fo rt, h< 
" fo u nd  o u t ,"  fe a r o f  dyi 
sion, and pa rano id  ide;. 
frequ en t in the novice 
p hen om en a  a fte r m a n j‘ 
uncom m on .
E ffe c ts  on  C o o rd in a t io .

Sa fe  op e ra tion  o f  a 
acu te ly  in tox icated  by  1 
that 6 0  to 8 0  p e r  cent 
m o to r v eh ic le  o n  occas- 
can im pa ir m o to r acti\ 
responses to sen so ry  st 
p e rcep tion s o f  the pass 
o r  a  p edes tr ian ), o r  o f  
u n d e r the in flu en ce  01 
study , m a riju an a  was s 
was ro u g h ly  d oub le  1 
in tox icated  d riv e rs  o f  1 
c lues because o f  p re o i 
the c a r rad io  o r  tape r.

Im p a irm en t o f  vi-_ 
fo r 12 to 2 4  h ou rs30 at 
sm oking  m a riju an a  on 
lik e ly  to  be  in vo lv ed  
in toxication has been 
sim u la tion , sm ok ing  .'. 
T H C  led  10 experiet* 
less w e ll than b e fo re  
they had p e rfo rm ed  p 

Physiologic fiffec  
the h ea rt , the eyes, a 
th roat fe e l p a rch ed , t: 
becom e re d  and  irrita  
e ffects in c lud e  d isinh  
a sense o f  re laxation , 
in tox icated  person s 1 
ab ility  to process ne 
la te r . A u d ito ry  and \ 
la r ly  in  the casual us- 

A fte re ffec ts  o f  s= 
s leep  pa tte rn s and 
changes in m ood  (d i 
m en ta tiveness . and s 

Pu lm onary Sysi- 
m outh  and th roa t f r r



lown p h is e , th e re  is a v e ry  
ilr.es o r  ju n k  fo o d "  (know n  
•avjng fo r  sw eet d rin k s  such 
cation , th e re  is u su a lly  no

igns o f  m a riju an a  use: (1 ) 
.1 o r  d ila tion . B ecau se  m any  
o r  o th e r  vasocon stric tive  
•flow ing m a riju an a  sm ok ing
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n the c on cen tra t ion  o f  A 9 - 
( i .e . .  th e  p o ten cy  o f  the 

‘ and  "s e tt in g "  a lso  p la y  a

., a ttitu d e , expec ta tions o f  
ego s tren g th  o f  th e  u se r, 
'sects to  b e  d isc o v e red  by  
igh  an x ie ty  le v e l o r  even  
esses m ay le a d  to in ten se  
escents w ho  a re  k n ow n  to 
ffe c t iv e  d iso rd e rs  such  as 
m duced  p sychosis , a re  at 
a  an y  psychoactive d ru g , 
p e rson s.

:on g en ia lity  b e tw een  the 
ife ty  o f  the su rrou nd ing s , 
ting  am oun ts o f  a lc oh o l, 
ss ), o th e r  h a llu c in ogen ic  
ly , th e  c om p lex  p ha rm a - 
iu a l, and  a lth ough  users 
rd e r  som etim es fe e l less 
ma, th ey  o ften  b ecom e 
•induced  eu p h o ria  d issi- 
c on fron ta tion  i f  the u se r

sant, b u t ad ve rse  e ffec ts 
even  when the u se r is

•cts o f  m a riju ana  in c lu d e  
flashback p hen om en a , 

•nt, con fu s ion , d is o r ie n ­
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ta tion , de lusions , d ep e rson a liza tion , v isua l h a llu c in a tion s , and fu ll-b low n  
d e li r iu m . -  “  Acute panic reactions ("b ad  trip s ') m ay be accom pan ied  by 
abdom ina l d iscom fort, headache, an x ie ty , d ep re ss io n , m o rb id  fe a r o f  being 
" fou nd  o u t,"  fe a r o f  d y ing , restle ssness , u n c o n tro lla b le  fee lings o f  aggres­
sion , and paranoid  ideation . Pan ic o r  p sycho tic  tox ic reactions are m o re  
ire q u en t in the novice m ariju ana  sm oke r. T h e  occu rren ce  o f  flashback 
phenom ena a fte r m arijuana use ’ ’ as been  re p o r te d , b u t flashbacks are  
uncom m on.
E ffe c ts  o d  C oo rd in a tio n  and R eac tion  T im e

Safe opera tion  o f  a m o to r v eh ic le  is o fte n  c om p rom ised  i f  the d r iv e r  is 
acu te ly  intoxicated by  m a riju an a .*• *•T- 11 lM I- “ *“ ■ / “ ■ “ • 44 I t  is estim ated  
that 6 0  to 8 0  p e r  cen t o f  m a riju ana  users w ho a re  licen sed  to op e ra te  a 
m o to r veh ic le on  occasion d o  so w h ile  in tox ica ted  b y  that d rug . M a rijuan a  
can im pa ir m o to r activ ity in u np red ic tab le  ways, in c lu d ing  a lte rin g  re fle x  
responses to sensory s tim u li; d ec reas ing  a tten tion  to the "g e s ta lt" ; a lte rin g  
percep tions o f  the passage o f  rim e , o f  d ep th  (e .g . , d istance to a tra ffic ligh t 
o r  a pedestrian ), o r  o f  co lo rs ; and im pa irin g  sh o rt -te rm  m em ory . A person  
u nd e r the in fluence o f  m a riju ana  a lso  has im pa ire d  v ig ilance ; in a recent 
stud y , m arijuana was shown to cause im pa irm en t o f  eye -track ing  sk ills  that 
was rough ly  d oub le  that p rod uced  b y  a lc oh o l. In  ad d ition , m ariju ana - 
in toxicated d riv e rs  o f  m o to r veh ic les m ay fa il to re sp on d  op tim a lly  to visual 
c lues because o f  p reoccupation  w ith  d ru g -in d uced  im age ry  o r  m usic from  
the car radio o r  tape re c o rd e r .

Im pa irm en t o f  v ig ilance , c oo rd in a tio n , and  reac tion  tim e may persist 
fo r  12 to 24  h ou rs ”  a fte r the eu ph o ria  is gone : teenage rs w ho d ro v e  a fte r 
sm oking  m arijuana on  at least six occasions p e r  m on th  w e re  2 .4  tim es m ore 
lik e ly  to be in vo lv ed  in tra ffic  accidents. T h is  la s ting  e ffec t o f  ni«uij.'ana 
in toxication has been d em on stra ted  in a te s t u sing  a ir lin e  p ilo ts : on a flig i.t 
s im u la tion , smoking- a s ing le  m a riju an a  c ig a re tte  con ta in ing  19 mg o f  A9- 
T H C  led  10 expe rienced , licen sed  p riv a te  p ilo ts  to p e rfo rm  app rec iab ly  
less w e ll than b e fo re  d tug  use. In  ad d ition , th e  p ilo ts  w e ie  unaware that 
th ey  had p e rfo rm ed  p o o r ly  in th $  flig h t s im u la tion  tests.**

Physiologic Effects. Sm ok ing  m a riju an a  a ffects the re sp ira to ry  system , 
the  heart, the eyes, and the b ra in  (a ffec t and p e rc ep tio n ). T h e  m outh  and 
th roa t fee l parched , the re  is a sensation  o f  p oun d in g  o f  the hea rt, the eyes 
becom e red  and irrita ted , and the re  is a p e rc e p tib le  change in m ood . E a r ly  
effects inc lude d is inh ib ition  and ga rru lou sness (spon taneous laugh te r), and 
a sense o f  re laxation , p leasan t re v e rie , and  d row s in ess . M any m arijuana- 
in t jx ic a ted  persons ove restim a te  the  passage o f  t im e  and have im paired  
a b ility  to process n ew ly  le a rn ed  m ate ria ] and  rem em b e r it a sh o rt tim e 
la te r . A ud ito ry  and v isua l en han cem en t o r  d is to rt ion s  m ay occu r, p a rticu ­
la r ly  in the casual u ser. C oo rd in a tio n  and b a lance  m ay be im paired .

A ftere ffects o f  sm oking  m ariju ana  in c lu d e  le th a rg y , and changes in 
s le ep  patterns and in appetite . A do lescen ts e sp ec ia lly  may experience 
changes in m ood  (d ep ress ion  and ir r ita b i li ty ) , b e  ea s i ly  p rovoked  to i-g u -  
m entativeness . and su ffe r p o s teu pho ria  d ep re ss ion .

Pulmonary System Effects. S ting ing  and b u rn in g  sensations in the 
m ou th  and th roa t fre q u en t ly  occu r a fte r m a riju an a  sm oke is in ha led , and a
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d ry , h ack ing  cough  m ay be p re sen t, p a rt icu la r ly  i f  an u n sc reened  m arijuana 
p ip e  o r  h om em ad e  sm ok in g  apparatus was used . F re q u e n t hashish sm okers 
occas iona lly  h ave  sw o lle n , in flam ed  uvu lae .*3

H is to lo g ic  changes m ay occu r because m ariju ana sm oke  contains m o re  
ca rc inogens and  m o re  ta r than does tobacco sm oke ; expe rien ced  cannabis 
sm okers take lo n g e r  and  d e ep e r d raw s on  the m ariju ana c iga re tte  and h o ld  
each in ha la tion  in the  lungs fo r  a lo n g e r tim e , m ariju ana c igarettes b u m  at 
a h ig h e r tem p e ra tu re  than  do  tobacco c igarettes , and m ariju ana  c igarettes 
a re  sm oked  d ow n  to the  v e ry  end  (ca lled  a '‘ roach "), w h ich  is m ore p o ten t 
in A 9 -T H C  and  p o ly a rom a tic  hyd roca rb on s than is the rest o f  the c igare tte . 
In  ad d it ion , fre q u e n t cannab is sm okers may have stu ffy  noses, b ronch itis , 
and exace rba tions o f  b ron ch ia l asthm a. O n ly  occasiona lly  a re  these sym p ­
tom s se v e re  enough  to  p "m p t m edica l in te rven tion .

In v e s t ig a to rs  at the  U n iv e rs ity  o f  C a lifo rn ia  a t Los A nge le s '1 found  that 
n on tobacco -sm o lring  h eavy m ariju ana sm okers had m ild  bu t significant 
fu n c tion a l im p a irm en t c f  a irw ay conductance, w hereas p a tho logy  in ve sti­
gations have  show n d iffu se  in filtra tion s o f  m ononuc lea r leukocy tes in to  the 
a lv e o li and  in te rs t it ium  o f  the lu n g s .37

Possible Systemic Effects. M any pub lish ed  a rtic les have  deta iled  ad­
d itio n a l p oss ib le  h a rm fu l system ic effects o f  m ariju ana . These in c lud e  
a lte ra tion s  in im m un e  system  func tion , c e llu la r  ch rom osom es, and c e ll 
m e tab o lism ; ab n o rm a lit ie s  in the rep rodu c tiv e  system  o r  in d eve lopm en t 
o f  the fe tu ses o f  m a riju ana -sm ok in g  p regnan t w om en7; c a rd iovascu la r system  
a lte ra tio n s ; and  changes in b ra in  h isto logy . A ll o f  the above findings have 
been  ch a lle n g ed  and  a ll rem a in  u p roven , h ow ever.

C H R O N IC  E F F E C T S  O F  C A N N A B IS

T h e  A m o tiv a t io n a l S y n d rom e
"W h e th e r  m a riju an a  is a p rim a ry  Or a secondary  fa c to r in induc ing  

am otiva tion  is n o t a c ruc ia l issue . A d rug  thajt se rves to support and 
re in fo rc e  passiv ity  and  w ithd raw a l w ou ld  m ake it an undesirab le  agent in 
p red isp o sed  in d iv id u a ls "8 (e .g ., the young , the le a rn in g  d isab led , and  the 
em o tio n a lly  im m a tu re ).

T h e re  a re  seven  con sis ten t com ponen ts o f  the am otiva tion a l synd rom e : 
(1 ) loss o f  in te re s t , g en e ra l ap a thy , and passiv ity ; (2 ) loss o f  desire  to  w o rk  
con s is ten tly  and  loss o f  p rod uc tiv ity , accom pan ied  b y  a lack o f conce rn  
abou t the p o o r  w o rk  p e rfo rm an ce ; (3 ) loss o f  ene rg y  and  tiredness; (4 ) 
m ood in ess , su lle n n e ss , and in ab ility  to  hand le  fru s tra tion ; (5 ) im pa irm en t 
in c on cen tra t ion  an d  in  ab ility  to p rocess new  m ate ria l; (6 ) s loven ly  habits 
and appea rance ; and  (7 ) a life -s ty le  re vo lv in g  a round  p rocu rem en t and use 
o f  m a riju an a  and o th e r  d rugs . A series o f  p ub lish ed  stud ies o f  Egyptian  
p ris o n e rs ,37, “  and o f  educated  N epa lese  young  adu lts38 p rov ides strong  
ev id ence  that lin ks am otiva tion  to heavy m ariju ana use by  persons who 
p e rfo rm  h igh ly  s k i lle d  tasks o r  a re  em p loyed  in jo b s  d em and ing  concen tra ­
tion  and  dec is ion  m aking .

In  con trad is tin c tion , an th rop o log ic  stud ies in  G re e c e ,1- "  Jamaica,33 and
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Costa Rica* have purported to show that the amotivational syndrome is not 
associated with frequent marijuana smoking. These studies were usually 
conducted among uneducated or poorly educated working-class adults, 
however, and the results were reported in all cases in nonpeer review 
publications. Thus, they provide no basis for disengaging marijuana use 
from the amotivational syndrome in marijuana-using American adolescents. 
Furthermore, in a study conducted in Costa Rica,' 41 marijuana-smoking 
city residents socioeconomically representative of most strata of Costa Rican 
society were compared to 41 matched controls. Users, when adolescents, 
had had higher rates of school absenteeism, delinquency, and sentencing 
to reformatories. Users also were more likely to leave the nuclear family 
prematurely and become "independent" (not infrequently before age 12 
and usually by age 18), and were more committed to running with street 
gangs during iate adolescence.

The Youthful Daily Marijuana Smoker

Marijuana use often progresses in a fairly predictable, stepwise fashion 
(in approximately one of three marijuana-smoking adolescents), from exper­
imentation, to occasional social use, to regular social use, including actively 
seeking and buying quantities of marijuana. For some, preoccupation with 
a life-style focused on use of cannabis develops— thc cannabis dependence 
syndrome.

If an adolescent begins to use marijuana during early adolescence, he 
or she is likely to use other illicit drugs such as cocaine and hallucinogenic 
drugs. Of 30 frequent adolescent cocaine snorters in the Straight. Inc. drug 
treatment program, 80 per cent had been daily marijuana smokers before 
they abused cocaine. The period of greatest vulnerability for initiation to 
marijuana is complrted for the most part by the age of 22 years, with those 
who have not experimented with the drug by that age being unlikely to do 
so thereafter. Overall, patterns are similar for men and women before age 
18.

Stepping-Stone Theory of Drug Use. Kand .1 has identified three stages 
between nonuse and frequent.^se of illicit drugs: use of beer or wine, use 
of cigarettes or dist'lled beverages, and use of marijuana (cannabis). “• l1, * 
In almost all cases in that study, adolescents began to use illicit drugs only 
after becoming users of alcoholic beverages and of tobacco.

Adolescent Daily Marijuana Smokers in Treatment. In a survey of 180 
primarily white adole.cents in treatment for drug problems (Schwartz RH: 
unpublished data, 1986), 60 per cent had smoked marijuana on a daily 
basis. Thirty-seven of these middle class subjects aged 14 to 17 years were 
chosen at random for an in-depth interview. Approximately 40 per cent, 
had divorced parents: 50 per cent of their fathers were college graduates. 
The median duration of daily use of the drug by those 37 young people 
was 1.25 years, and an average of 1.75 oz of marijuana was consumed per 
month at an average cost of approximately 580 per month.

About 75 per cent of the respondents, after 1 month in treatment, 
believed that they had experienced significant impairment in coping skills, 
memory and concentration, self-confidence, judgment, ambition, depend­
ability, and relationships with parents, teachers, and employers as a direct
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resu lt o f  c h ion ic  m ariju ana  use. S oc ia l consequences o f  a se riou s na tu re  
began o r  w o rsen ed  d u r in g  the years o f  ch ron ic  m ariju ana intox ication . 
These co rsequ eu ccs in c lud ed  m ore  than ten v io len t q u a rre ls  w ith  paren ts 
(4-1 p e r cen t), ru n n in g  away fo r lo n g e r than 1 w eek (3 0  p e r cen t), b e ing  
arrested o r  d e ta in ed  by  po lice (43  p e r  cen t), frequen t stea ling  (3 2  p e r  cen t), 
in vo lvem en t in an au tom ob ile  accident w h ile  intoxicated (3 0  p e r  cen t), 
em ergency m edica l ca re  fo llow ing  d ru g  use (2 7  p e r cen t), and  exchanging 
sexual favors fo r  d rugs (g irls  o n iy -2 6  p e r  cen t).

D e sp ite  such sign ifican t p sychosocia l and behav io ra l p rob lem s , less 
than h a lf o f  the 3 7  d a ily  m arijuana sm oke rs be lieved  that th ey  had a d rug  
p rob lem  on the day o f  adm ission to the d ru g  trea tm en t fac ility . John ston 14 
found that h igh -schoo l sen io rs w ho u sed ' m arijuana d a ily  rep re sen ted  a 
cross-section o f  soc ioeconom ic  le ve ls , and  that da ily  use o f  the d ru g  was 
on ly  s lig h tly  h ig h e r am ong  those from  b ro k en  homes. D a ily  use c o rre la ted  
with dec lin in g  g rades, and  also v e ry  s tron g ly  w ith truancy d u rin g  high 
sch oo l.14

Follow-up o f  the Frequent M ariju ana User. W e lle r  e t a l . 1 1 44 in te r­
view ed 100  fre q u en t m ariju ana sm oke rs and 5 0  n onm ariju ana -sm ok ing  
con tro ls and re in te rv iew ed  the same g rou p  6  lo  8  years la te r . T h e  g roup  
was com posed  o f  young  w h ite  adu lts , 6 0  p e r  cent m en , m ean age 2 2  years 
at the tim e o f  the firs t in te rv iew . T h ir ty  p e r  cent sm oked  m ariju ana  once a 
week o r  less, 3 0  p e r cen t sm oked  the d ru g  th ree tim es a w eek  o r  m o re , 
and o n ly  12 p e r  cen t w e re  d a ily  users a t the  time o f  the in it ia l in te rv iew .

A t th e ,t im e  o f  the fo llow -up  in te rv iew  20  p e r cen t o f  th e  m ariju ana 
sm okers w ere  d a ily  users . In  add ition , the p rop o rtion  w ho abused  a lcoho l 
had increased  (18  p e r cen t vs 3  p e r  cen t in itia lly ); fu rth e rm o re , m o re  
subjects had an tisoc ia l pe rsona lity  d iso rd e rs  (21 p e r cen t vs 6  p e r cen t), 
anx ie ty 'd iso rde rs (11  p e r  cen t vs 0  p e r  cen t), and dep ression  (4 4  p e r  cen t 
vs 29  p e r cen t). W ith  tim e , tru ly  ch ron ic  users, instead o f  expe rienc ing  
psychede lic  e ffects o f  m a riju c c a  as they  had du ring  the e a r lie r  years o f  use, 
experienced  sedative , d ep ress i t, o r  h ypno tic  effects o f  the d ru g  as a ru le .

C A N N A B IS  A B U S E  A N D  D E P E N D E N C E

The  D iagnostic  and Statistical M anual (3 rd  ed ition ) (D S M - I I I ) ,  p ub ­
lished by rhe Am erican  Psych iatric A ssociation ,1 de fines cannabis abuse as 
fo llow s: (1 ) use n ea rly  e v e ry  day, sev e ra l times a day , fo r  at least one 
m onth , and (2 ) m arked  loss o f  (n on -d rug -u s ing ) friends, absence from  w ork  
(schoo l), m arked  loss o f  in te re s t in (h ea lth y ) activities p re v iou s ly  engaged 
in, and lega l d ifficu lties o th e r  than a s ing le  a rre s t fo r possession o f  cannabis.

C annabis d ependence  is d e fined  as abuse m arked  by repea ted  unsuc­
cessful e ffo rts to c on tro l cannabis use, and  to le rance to thc effects o f  the 
d rug as ev id enced  b y  d im in ished  psychoactive effects on re g u lr r  use o f  the 
same am oun t o f cannabis.
U r in e  Tox ico logy  Tests f o r  C annab ino id s

Various tests can be  used  to de tec t the p roducts o f  m ariju ana  m etab ­
olism  in the u rin e , b u t th ey  vary in ava ilab ility , cost, com p lex ity , and
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ed itio n ) (D S M - I I I ) ,  p u b - 
d e fin es cannab is abuse as 
s a d ay , fo r  a t lea st on e  
riend s , absence from  w o rk  
iv ities p re v io u s ly  engaged  
fo r  possession  o f  cannab is , 
la rk ed  by  re p ea ted  unsuc - 

, ranee to the e ffec ts o f  the 
ffects on  re g u la r  use o f  the

"ducts o f  m a riju an a  m etab - 
ity , cost, c om p le x ity , and

sen s itiv ity .31 O n e  o f  the m ost o ften  used sc reen ing  tests is the en zym e 
m u lt ip lie d  im m unoassay te chn iqu e  (E M IT , m anu fac tu red  by Syva C o .) . 
Tw o d iffe re n t le v e ls  o f  d e tec tion  a re  ava ilab le  fo r sc reen ing  fo r cannab inoids. 
T h e  20  ng p e r m l o f  u rin e  le v e l is m o re  sen sitive  than the 100 ng p e r  m l 
le v e l ( i .e . ,  it  can de tec t sm a lle r  am oun ts o f  c a rb o x y -T H C  in the u rin e ). T he  
less cum bersom e and s im p le r  to  use qua lita tive  E M IT  test detects recen t 
m ariju ana  use, b u t its 100  ng  p e r  m l le v e l m isses m any w eekend m ariju ana 
sm okers and as any as 2 5  p e r  cen t o f  d a ily  m a riju an a  sm okers un less the 
u rin e  spec im en  is c o lle c ted  w ith in  2 4  h ou rs o f la s t  use . Analysis o f  16 u rin e  
spec im ens from  m a riju ana -sm ok ing  ado lescen ts fo llow ed  in a d rug  t rea tm en t 
p rog ram  and tested  w ith the E M IT  in s trum en t gave a sensitiv ity o f  6 2  p e r 
cen t o f  a ll p roven -p o s it iv e  u rin e  spec im ens.

A positive  test re su lt  fo r  m a riju an a  byp roduc ts in u rin e  a lm ost always 
m eans tha t the p e rson  u sed  the d ru g  re c e n t ly . O n ly  2  o f  161 u rin e  specim ens 
an a lyzed  by  two d iffe re n t m e th od s by  o u r  la b o ra to ry  had fa lse -positive  test 
resu lts b y  E M IT  tests (S chw a rtz  R H : u npub lish ed  data , 1986).

Duration  o f  Positive E M IT  Test A fter Abstinence from  M arijuana. 
Tw o days a fte r sm oking  m a riju ana , m o re  than 3 0  p e r  cen t o f  in freq uen t 
users o f  the d ru g  w i ll have  no  trace o f  c a rb o xy -T H C  in the u rin e  as 
m easu red  by  the E M IT s t  test, E M IT -d a u -1 0 0  test o r  rad io im m unoassay- 
100 test, and b y  the th ird  day  a fte r sm ok ing  the  d rug  m ost novice users 
w ill have no c a rb o x y -T H C  in the u rin e  a t a ll b y  rad io im m unoassay (R IA - 
20 ), th in - la y e r c h rom a tog rap hy  (T L C ) , o r  E M IT -d a u -2 0  tests. In  con trast, 
those w ho use the d ru g  in m ode ra te  am oun ts (th re e  to fo u r times a w eek , 
o r  1 o z  p e r m on th ) w i ll o ften  have enough  m ariju ana  m etabo lites in the 
u rin e  to g ive positive  re su lts  o n  an E M IT  test fo r  a t least 3  to 5  days a fte r 
last use . H ow eve r, w e have d e te rm in ed  that at least 25  p e r cen t o f  such 
users have a negative test w hen  the less sen s itive  E M IT  (100  ng p e r m l 
th re sh o ld  o f  sen sitiv ity ) is u sed . C h ro n ic  use rs o f  m arijuana (those w ho 
sm oke m ore  than 2  o z  o f  the d ru g  p e r  m onth  and  use it d a ily ) w ill u sua lly  
have positive  resu lts o f  th e  E M JT  test fo r  at le a s t 3  days fo llow ing  last use 
bu t in fre q u en t ly  m ay ha> • u rin e  th a t tests p os itive  fo r  m arijuana m etabo lites 
fo r  as long  as 5  w eeks a fte r cessation  o f  d rug  u se .47 M o re  sensitive toxico logy 
tests, o f  cou rse , a re  ab le  to  d e te c t low e r le v e ls  o f  cannab inoids in a u rin e  
spec im en  fo r  a lo n g e r tim e , b u t the m a jo r v a ria n t in  du ra tion  o f  excretion  
o f  the d ru g  is freq u en cy  o f  its use b e fo reh and .

Because o f  the le v e l o f  sen s itiv ity  o f  the test, it is h igh ly  im p robab le  
o r  p e rh aps e ven  im poss ib le  that a pe rson  w ho  m e re ly  inha led  m ariju ana 
sm oke passive ly  (d id  no t a c tu a lly  sm oke  the d ru g  h im se lf o r  h e rse lf) w ou ld  
take in enough  o f  the d ru g  to g ive a positive  re su lt  on the less sensitive 
E M IT  test.

Methods o f  Deceiving the E M IT  Test. T o  ob ta in  the h ighest concen ­
tra tion  o f  m a riju ana  m e tab o lite s in a u rin e  spec im en  from  a suspected u se r 
o f  the d ru g , the spec im en  sh ou ld  be  the firs t v o id ed  u rin e , which is the 
m ost concen tra ted  u rin e  o f  the  day . S pec im en s shou ld  be ob ta ined  the 
m orn ing  a fte r lik e ly  "p a r ty "  n igh ts , sh ou ld  b e  ob se rv e d  fo r c o lo r , and tested  
fo r w arm th  i f  th e re  is an y  p o ss ib ility  that th e  ind iv idua l d ilu ted  it o r  
substitu ted  u rin e  o f  a n o n -m a riju an a -sm ok in g  fr ie n d . T h e  u rine specim en 
shou ld  then  be re fr ig e ra te d , fro ze n , o r  even  s to red  at room  tem pe ra tu re
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fo r up  to 3  days u n t i l it can be sen t to a re lia b le  and c a re fu lly  su p e rv ised  
m ed ica l la b o ra to ry  fo r  resting . C lo u d y  u rin e  from  b ac te riu r ia  o r  c ry s ta llu r ia  
may cause a fa lse -negative E M IT  test re su lt . I f  th e re  is an y  ques tion  that 
the u rin e  m ay have been  ad u lte ra ted  ib y  b lo od , b leach , v in ega r , am m on ia , 
tab le sa lt, w ate r, o r  soap so lu tio n ), the spec im en  sh ou ld  be  ob ta in ed  u n d e r 
d irec t ob se rva tion , as is d one  in the a rm ed  forces.

I t  is w o rthw h ile  to o rd e r  a u rin e  test fo r  cannab ino ids on  anv ad o le scen t 
who is d ep ressed , u nde rach iev in g  in  sch oo l, o r  a rgum en ta tive  and  b e llig ­
e ren t , p a rt ic u la r ly  b e fo re  re com m end in g  psychosocia l o r  p sych ia tric  c o n ­
su lta tion . A lth ough  som e physic ians m ay d isag ree p h ilo sop h ic a lly  w ith  the 
im portance o f  such tests, the s ign ifican t n um be r o f  ad o le scen ts w hose  
psycho log ica l p rob lem s a re  re la te d  to d ru g  use w arran ts id en tific a tion  o f  
this com pon en t as e a r ly  as possib le .

M A R IJU A N A  A N D  A 9 -T H C  AS T H E R A P E U T IC  A G E N T S

Nausea and vom itin g  fo llow in g  adm in is tra tion  o f  m any c h em o th e ra p eu ­
tic d rugs d eb ilita te , d iscou rage , d ep re ss , and  d ehyd ra te  cance r p a tien ts and 
in te r fe re  w ith the tre a tm en t p rog ram .

Syn the tic  A 9 -T H C , g en e ricauy  know n  as d ron ab in o l, m a rke ted  as 
M arino !, a sch edu le  I I  d rug , is a p p ro v ed  fo r  o ra l use by the U .S . F o od  and 
D ru g  A dm in is tra tion  fo r p a llia t ion  o f  c an ce r ch em o th e rap y -in du ced  nausea 
and vom iting  in patien ts w ho have n o t re sp on d ed  to c on ven tion a l a n ti­
em etics . D ro n ab in o l is d e fin ite ly  e ffe c tiv e  in p rec lu d in g  p o s tch em o th e rap y  
nausea and vom iting , bu t no m o re  so than m etac lop ram id e  adm in is te red  
in travenou s ly . W ith  repea ted  doses, m ost patien ts w ill e xp e rien ce  e ffects 
typ ica l o f  sm ok ing  m ariju ana : m ood  changes, as w e ll as d ec reases in 
concen tra tion , coo rd in a tion , and a b ility  to  estim ate tim e . A d ve rse  p hys io ­
log ic  e ffects in c lud e  ligh theadedness , o rth osta tic  h ypo ten s ion , tachycard ia , 
con ju nc tiva l h ype rem ia , and d ry  m ou th .

N ab ilo n e  and le v on an tra d o l a re  tw o o th e r  syn the tic  cannab ino ids u n d e r 
investigation  as an tiem etic  agents. G lau c om a  affects m o re  than on e  m illio n  
p eop le  in the U n ited  S tates and is a le ad ing  <~use o f  b lindness . T im o lo l o r  
p ilo ca rp in e  can reduce in tra o cu la r p re ssu re  in 9 0  p e r  cen t o f  p a tien ts w ith  
op en -ang le  g laucom a. T H C  can a lso redu ce  in tra ocu la r p re ssu re  in  pa tien ts 
w ith  op en -ang le  g laucom a w hen  adm in is te re d  as a top ica l eye  d ro p , b y  the 
o ra l rou te , o r  w hen the c rud e  d ru g  m a riju an a  is sm oked .’ • “  F o r  m ost 
p e o p le , h ow eve r, T H C  is m uch less e ffe c tiv e  than som e o f  the n ew e r 
an tig laucom a d rugs . In  ad d ition , reg a rd le ss o f  th e  ro u te  o f  adm in is tra tion , 
m a riju ana  o r  syn th e tic  T H C  does no t c u re  g laucom a and is no t an ind is - 
p en s ib le  p a llia tive  trea tm en t fo r  that d isease . F u r th e rm o re , fo u r  to six 
m a riju ana  c igare ttes m ust be sm oked  each d ay  to trea t g laucom a, and  this 
am oun t is su ffic ien t to cause ch ron ic  m a riju an a  in tox ica tion , w ith  ad ve rse  
: Tacts on psychosocia l d e v e lo pm en t, m o tiv a tion , m em o ry , m o to r fu n c tion , 
and coo rd in a tion .

T H E  P A R A Q U A T  IS S U E

Paraquat (1 .1 ’  d im e th v l-4 ,4 ' b ip y r id i lium  ch lo r id e ) is an h e rb ic id e  that 
is d ilu te d  and sp rayed  on p lan ts as a dessican t. A lth ough  the ch em ica l
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com p le te ly  rem oved  from  the p la n t  b y  a s tron g  ra in , som e g reedy  m ariju ana  
fa rm ers h a rvest the p lan ts b e fo re  th ey  have been  exposed  to sun ligh t, so 
that dessication  o f  the leaves d oe s  n o t take p lace and the paraquat rem a in s 
on the p la n t .11- 11 N eve rth e le ss , d e sp ite  w idesp read  sp ray ing  o f  p a raquat, 
p a rt icu la r ly  in M exico , the re  has n e v e r b een  a s ing le  d ocum en ted  case o f  
hum an in ju ry  secondary to sm ok in g  p a raquat-con tam in a ted  m a riju an a .11

CONCLUSIONS

M ariju an a  is a po ten t, c ru d e , in tox ica ting  d ru g  thri- can a lte r  m ood  
and m ind . S in sem illa  m a riju ana , used  p re fe re n t ia lly  by  fre q u en t m a riju an a  
sm oke rs , is 6 0 0  p e r  cen t m o re  p o te n t  than the  m ariju ana used in the  
p rev iou s decade. In  1985 , m a riju a n a  was sm oked  on a d a ily  basis b y  1 2 0 ,0 0 0  
Am erican  h igh schoo l sen io rs and  an unknow n  n um be r o f  h igh schoo l 
d rop ou ts . A 9 -T H C , the p rim a ry  p sychoac tive  chem ica l in m arijuana , exe rts 
p ron ounced  adverse effects o n  the estim ation  o f  tim e, on sh o rt-te rm  
m em o ry  sto res , and on  c om p le x  p e rfo rm an c e  tasks.

E xp e rim en ta tion  w ith  m a ri ju a n a  e v en  on ce  d u r in g  ado lescence ca rries 
w ith  it a t least an 8 p e r  c en t r isk  o f  o n e ’s b ecom ing  a d a ily  m a riju ana  
sm oke r w ith  attendan t p sychosoc ia l con sequences . F o r  those ado lescents 
w ith  se riou s u nd e rly in g  g ene tic  and  d e ve lo p m en ta l r isk  factors , the risk  o f  
p rog ress ion  from  exp e rim en ta l u se  to  th e  cannab is d ependence synd rom e 
appears to  be m uch h igh e r; fu r th e rm o re , it  is h igh ly  u n lik e ly  that ad o le s ­
cen ts w ill t ry  cocaine o r  h a llu c in ogen s w ith o u t p r io r  expe rim en ta tion  w ith  
m ariju ana .

P a ren ts  o f  ado lescents and  phys ic ians m ust b e  aware tha t any susta ined  
d e te rio ra t io n  in schoo l p e rfo rm an c e , e th ic a l va lu es , in te rpe rson a l re la t io n ­
sh ips, o r  a com bination  o f  th ese  is o ften  associated w ith  frequ en t use o f  
cannab is. T h e re  is a lso a re a l r is k  o f  se riou s acc iden ta l in ju ry , run n in g  
aw ay, and su ic ide attem pts in  ado le scen ts w ho d e v e lo p  the cannab is 
d ep enden cy  synd rom e . U r in e  to x ic o log y  sc re en ing  tests, in se lected cases, 
can h e lp  the  physician to d iagnose  and  m anage decep tive  a d o le scen t d ru g  
users w ho d eny  o r  m in im ize  th e  association  o f  th e ir  d ru g  use w ith th e ir 
p sychosocia l p rob lem s.
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fo r up  to 3  days u n t i l it can b e  sen t to a re liab le  and  c a re fu lly  su p e rv is ed  
m edica l la b o ra to ry  fo r  testing . C lo u d y  u rin e  from  b a c te r iu r ia  o r  c ry s ta llu r ia  
may cause a fa lse -n ega tive  E M IT  test re su lt . I f  th e re  is an y  q u e s tio  1 tha t 
the u rin e  m ay have b een  a d u lte ra ted  (b y  b lo od , b le ach , v in eg a r , am m on ia , 
tab le sa lt , w a te r, o r  soap  so lu tio n ), the specim en sh ou ld  be  o b ta in ed  u nd e r 
d irec t ob se rva tion , as is d o n e  in  the a rm ed  forces.

I t  is w o rthw h ile  to  o rd e r  a u rin e  test fo r  cannab inc 'ds o n  an y  ad o le sc en t 
who is d ep re ssed , u nd e rach iev in g  in  sch oo l, o r  a rgum en ta tiv e  and b e llig ­
e ren t , p a rt ic u la r ly  b e fc re  re c om m end in g  psychosocia l o r  p sych ia tric  c on ­
su lta tion . A lth ough  som e  physic ians m ay d isag ree p h ilo s o p h ic a lly  w ith  the 
im po rtan ce  o f  such tests , the  sign ifican t n um be r o f  ado le scen ts w hose  
psycho log ica l p ro b lem s  a re  re la te d  to d ru g  use w a rran ts id en tific a t ion  o f  
this c om pon en t as e a r ly  as p o ss ib le .

M A R IJU A N A  A N D  A 9 -T H C  AS T H E R A P E U T IC  A G E N T S

Nausea-and v om itin g  fo llow in g  adm in is tra tion  o f  m any  c h em o th e ra p e u ­
tic d rugs d eb ilita te , d iscou rag e , d ep re ss , and  d ehyd ra te  can ce r p a tien ts and 
in te r fe re  w ith  the t re a tm en t p ro g ram .

S yn th e tic  A 9 -T H C , g en e r ic a lly  know n  as d ro n a b in o l, m a rk e ted  as 
M a rin o l, a sch edu le  I I  d ru g , is a p p ro v e d  fo r  o ra l use b y  the U .S . F o od  and 
D ru g  A dm in is tra tion  fo r  p a llia t ion  o f  c an ce r ch em o th e rap v -in du ced  nausea 
and vom iting  in pa tien ts w ho have n o t responded  to c o n ven t io n a l an ti­
em etics . D ro n ab in o l is d e fin ite ly  e ffe c tiv e  in p rec lu d in g  p o s tch em o th e rap v  
nausea and vom iting , b u t no m o re  so  than m e tac lop ram id e  a dm in is te re d  
in tra venou s ly . W ith  rep ea ted  d oses , m ost patien ts w i ll e xp e rien ce  e ffec ts 
typ ica l o f  sm ok ing  m a riju ana : m ood  changes, as w e ll as dec reases in 
concen tra tion , c oo rd in a tion , and a b ility  to estim ate tim e . A d ve rse  p h y s io ­
log ic e ffects in c lud e  lig h thead edn ess , o rth osta tic  h yp o ten s ion , tachyca rd ia , 
c on ju nc tiva l h yp e rem ia , and  d ry  m ou th . ,t*

N ab ilon e  and le v o n an tra d o l a re  tw o o th e r  syn the tic  cannab ino id s u n d e r 
investigation  as an tiem e tic  agents. G lau com a  affects m o re  than on e  m illio n  
peop le  in the U n ite d  S ta tes and  is a lead ing  cause o f  b lin d n e s s . T im o lo l o r  
p ilo ca rp in e  can reduce  in tra o c u la r p re ssu re  in 9 0  p e r _en t o f  p a tien ts w ith  
open -ang le  g laucom a. T H C  can a lso  redu ce  in tra ocu la r p re ssu re  in p a tien ts 
w ith  op en -ang le  g laucom a w hen  adm in is te red  as a top ica l e ye  d ro p , b y  the 
o ra l ro u te , o r  w hen the  c rud e  d ru g  m a riju ana  is sm ok ed .3- “  F o r  m ost 
p eop le , h ow eve r, T H C  is m uch  less e ffe c tiv e  than som e o f  the n ew e r 
an tig laucom a d rugs . In  ad d it ion , reg a rd le ss  o f  the ro u te  o f  a dm in is tra tio n , 
m a riju ana  o r  syn th e tic  T H C  does no t cu re  g laucom a and  is n o t an ind is - 
p en s ib le  p a llia t iv e  t re a tm en t fo r  tha t d isease . F u r th e rm o re , fo u r  to  six 
m a riju ana  c igare ttes m ust be  sm oked  each day to tre a t g lau com a , and  this 
am oun t is su ffic ien t to cause ch ron ic  m a riju an a  in tox ica tion , w ith  ad ve rse  
iffec ts on psychosocia l d e v e lo p m en t , m o tiv a tion , m em o ry , m o to r  fu n c tion , 
and  coo rd in a tion .

T H E  P A R A Q U A T  IS S U E

Paraquat (1 ,1 ' d im e th y l-4 ,4 ' b ip y r id i liu m  ch lo r id e ) is an h e rb ic id e  th a : 
is d ilu te d  and sp rayed  on  p lan ts as a dessican t. A lth ough  the c h em ic a l is .
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M a r i j u a n a’s Effects o n  H u m a n  

Cognitive Functions, P s y c h o m o t o r  

Functions, a n d  Personality

JOHN B./MURRAY 
Department of Psychology 

St. John's University

ABSTRACT. Marijuana is complex chemically and not yet fully understood, but it 
is not u narcotic. Like alcohol, ma.ijuana acts as both stimulant and depressant, bul 
it lingers in body organs longer than alcohol. Smoking marijuana can injure mucosal 
tissue and may have more carcinogenic potential than tobacco. Research has indi­
cated that marijuana intoxication definitely hinders attention, long-term memory 
storage, and psychomotor skills involved in driving a car or flying a plane. Expec­
tations and past experience with marijuana^ have often influenced results more thar, 
pharmacological aspects have. Marijuana'Kas triggered psyche- c episodes in those 
more vulnerable. Psychological and some instances of physiological dependence on 
marijuana have been demonstrated. As a psychoadive drug, marijuana surely alters 
mental functioning. Although it is possible that chronic use o f marijuana produces 
irreversible damage to mind or brain areas, this has not been determined by research.

ADOLESCENT USE OF MARIJUANA has peaked and in some areas de­
clined (Maugh, 1982; Penning & Bames, 1982; Rdrnan, 1982). In a nation­
wide sample of 16,000 to 17,000 teenagers, the proportion that had tried 
marijuana dropped from 51% in 1979 to 42% in 1983, and daily use of mar­
ijuana was down from 10.7% in 1978 to 5.5%, according to the poll “Use of 
Drugs" reported in the New York Times on February 12, 1984. Although mar­
ijuana has been used since the third century B.C. (Talbot & Teague, 1969), it 
has become a worldwide problem, and its use may even be increasing with 
its users’ age and among women (Kandel, 1984; Kandel & Adler, 1982; La- 
manna, 1981; Lipp, Benson, & Taintor, 1971; Margolis & Popkin, 1980; 
Marihuana Research, 1974; "Marijuana and Health," 1971; Penning & 
Bames, 1982; Reiman, 1982)

Requests f o r  reprints shou ld be sent to John J .  Murray, Department o f  Psychology, 
St. John's University, G rand  Centra l and Utopia Parkways, Jamaica. NY 11439 .
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This review of research was limited to the studies of marijuana's effects, 
both physical and psychological, on human subjects. One of the methodolog­
ical problems in research on marijuana is the lack of animal test procedures 
that adequately reflect many of the pharmacological properties of marijuana 
intoxication in human subjects, such as euphoria and hallucinations (Carlini, 
Kamiol, Renault, & Schuster, 1974; Harris, 1971; Thompson & Johanson,
1981).

Many studies have examined physical effects of marijuana, such as its 
impact on the cardiovascular system (Beaconsfield, Ginsburg. & Rainsbury, 
1972; Tinklenberg, Roth, & Kopell. 1976). Tachycardia, for instance, is a 
consistent physiological effect of marijuana and, as such, is often used as a 
marker for the presence of marijuana versus placebo in controlled studies 
(Isbell & Jasinski, 1969; Kiplinger& Manno, 1971; Marihuana and Health, 
1977). The second focus of this review of research, however, is i; • fleet of 
marijuana on human cognitive and psychomotor functions and o n , -onality 
patterns.

What Is Marijuana?

The flower nnd leaves of the female Cannabis saliva plant are the source of 
marijuana; stem and seeds may also be included in the mixture. Cannabis 
saliva has been grown throughout the world for the fiber that goes into rope, 
bags, and clothes, and it has been used as a by-product, a stimulant for work 
and a depressant for 'elaxation (National Commission on Marihuana and 
Drug Abuse (NCMDA), 1972). A pure, gummy resin obtained directly from 
the leaves contains the highest concentration of delta-9-tetrahydrocannabinol 
(THC; Abel, 1977; Mechoulam, Shani, Edery, &Grunfeld, 1970). Hashish 
from India is estimated to be 5 to 10 times more potent than marijuana, but 
estimates of potency of both hashish and marijuana vary with soil, climate, 
cultivation technique, and mixture (Smith, 1968; Weil, Zinberg, & Nelson, 
•1968).

Marijuana is a unique mixture of stimulation and depression of the cen­
tral nervous system that is not mimicked by other classes of drugs (Consroe, 
Jones, & Laird, 1976). Scientific evidence has shown that marijuana is not a 
narcotic and should be treated differently from heroin and opiates (NCMDA,
1972). Cannabis saliva is one of the oldest intoxicants in use. but less is 
known about its pharmacology than about any olher drug used. Varying mix­
tures of different parts of the Cannabis saliva plant have psychoactive prop­
erties that range from sedative in weaker forms and smaller doses to hallucin­
ogenic in stronger forms and larger doses (Marihuana and Health, 1977; 
"Marijuana and Health," 1971). Lack of adequate supplies and of animal test 
procedures has delayed understanding of this fascinating group of drugs (Har­
ris, 1971).
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The marijuana plant is not a single, simple substance but is very com­
plex, containing at least 419 individual compounds; 61 chemicals identified 
in the plant are specific to the Cannabis plant (Marihuana and Health, 1977, 
1980; Paton, 1975; Zinberg, 1979). The exact chemical coprigurations of the 
most active materials did not become known until 1963, and synthesis was 
not accomplished until 1967.

Delta-9-letrahydrocannabinol reproduces most if not all of the effects of 
the plant drug (Galanter et al., 1972; Hollister, 1973; Hollister & Gillespie, 
1975; Isbell, 1971; Isbell el al., 1967; Mechoulam et al., 1970). The per­
centage of THC is a useful guide to the psychoactivity of a drug sample, but 
other chemical ingredients may prove to be important in modifying THC’s 
effects as well as have their own impact on human physiology (Hollister, 
Richards, & Gillespie, 1968). Thus, some of the research on THC may prove 
to be only partially relevant to the effects of the marijuana plant itself (Mari­
huana and Health, 1980).

During the 1920s, marijuana surfaced as an intoxicant among migrant 
Mexican laborers and became a matter of public concern. In the 1960s, use 
of marijuana spread among college students and then among secondary 
school students, and it has been adopted by portions of the established middle 
class (Braucht, Brakarsh, Follingslad, & Ben-y, 1973; Penning & Bames, 
1982). In Eastern countries, marijuana has been used to relieve fatigue and to 
stimulate appetite. In the Middle East and Caribbean Islands, marijui.ia is 
mixed in beverages and drunk as tea (Goode, 1975; Haber, 1975; Hall, 1976; 
"Marijuana Smoking," 1933).

During the 19th century, Cannabis extracts were employed in the United 
States <,5 therapeutics (Ungerlieder & Andrysiak, 1981). Recently, marijuana 
has proved helpful for some cases of glaucoma i Marihuana and Health, 
1980; Reiman, 1982; Tashkin. 1978), for the nausea associated with chemo­
therapy for cancer (Marihuana and Health, 1980; Reiman, 1982; Sallan, Zin­
berg, & Frei, 1975; Therapeutic Uses, 1980), and for a few cases of anorexia 
nervosa (Zinberg, 1979).

Does marijuana have implications for (he health of Americans, espe­
cially the young? Smoking marijuana as well as some plants growing with 
and contaminating marijuana may be hazardous to bronchial tissues and pul­
monary systems, even more than tobacco smoking (Chusid, Gelfand, Nutter,
& Farci, 1975; Cohen, 1981; Kagen, 1981; Marihuana and Health, 1980; 
Maugh, 1982; Nicholi, 1983; Novotny, Lee, & Bartle, 1976; Reiman, 1982; 
Schwarz, 1973b; Tashkin, 1978; Tashkin, Calvarese, Simmons. & Shapiro, 
1980; Tashkin, Shapiro, & Frank. 1973; Tashkin, Shapiro, Lee. & Harper, 
1976), Marijuana smoke may contain considerably more potential carcino­
gens than does tobacco smoke (Cohen, 1981; Marihuana and Health, 1980; 
Nicholi, 1983; Novotny ct al.. 1976). Marijuana may weaken the body's im­
munological defenses (Aaronson & Dunn, 1974; Lau et al., 1976; Reiman,
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1982) and may have a small, reversible suppressive effect on testosterone subjects (C
level and sperm count and motility (Kolodny, Masters, Kolodner, & Toro, Hawks, 19
1974; Margolis & Popkin, 1980; Marihuana Research, 1974; Maugh, 1982; Since
Mendelson, Kuehnle, Ellingboe, & Babor, 1974; Paton, 1975; Reiman, cause iu  p'
I9P2; Stuble& Raven, 1979). Marijuana does cross the placental barrier, and Holliste; el
its use during pregnancy should be strongly discouraged because of many planf (fag
unknowns concerning its effects on ovulation, fetal development, and child- MechouRn
bearing (Maugh, !982; Petersen, 1980; Reiman, 1982). It also enters into a was admini
nursing mother’s milk. subjective,

The method of administration (oral, intravenous, or smoked) is one natural mai
source of the variability of effects that limits conclusions in studies of mari- jective ms
juana. -Smoking is the most common method of administration in the United Wyatt, 197
States. Most users in the United States have smoked marijuana of relatively this factor I
low potency, but its potency may be increasing (Marihuana and Health, 1977; ies, but pot
Nicholi, 1983; Petersen, 1980). These

Humans metabolize THC completely. When administered intravenously, Carlini et a
THC may persist in plasma for more than 3 days (Lemberger, Silberstcin. subjects wt
Axelrod, & Kopin, 1970). It disappears in 28 hr from the blood of experi- marijuana,
enced marijuana users but lasts for 57 hr in the blood of those unaccustomed each of the
to marijuana; metabolites of marijuana are excreted for more than a week in mirt,* their r
both groups (Dackis. Pottash, Annitto, & Gold, 1982; Lemberger. Tamarkin, cal effect, b
Axelrod, & Kopin, 1971; Lemberger et al., 1972). Unlike alcohol, which is effects two
largely water soluble and may be washed out within 12 hr, marijuana is fat Togelh
soluble and remains in the body, lodged in fat tissue, such as the brain, adre- portant vari
nal gland, liver, lungs, ovaries, and testes (Gill, 1976; Margolis & Popkin, Freedman,
1980; Palon. 1975). Rodda, anc

authors had 
dose in.ar t

What Variables Must Be Controlle.cJ in Research With Marijuana? with more
a test of.sta

Research for 50 years has examined marijuana's effect on human perform- in human f
ance, but the variables involved are so complex that conclusions must be 1973).
carefully stated. The statement of findings may displease those who prefer The ro
more forthright condemnation of marijuana lest the unwary, especially the smoking m.
young, might take up its use. It may also displease those who observe cor- Slates— pri
redly that research evidence is not conclusive (Bennett & Milman. 1982; 1971). The
Hollister. 1971b; Kaplan. 1973; Kennedy. 1978; McGlothlin & West, 1968; filter the m
Margolis & Popkin 1980; Marihuana and Healllt, 1973, 1975, 1977, 1980; the smoke >
Maugh, 1982; Nicholi, 1983; Reiman, 1982; Schwarz, 1973a). intootherc

First, there is the question of control of the potency and purity of the marijuana ;
substance used as marijuana (Weil et al., 1968). ’ 'oriation in potency among ally, the on
cannabinoids may reach a factor of 2,000; yet estimates of relative potency Lemberger
and quantitative analyses are difficult to make because of variability among Some
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subjects (Cocchetto, Owens, Perez-Reyes,. DiC-iseppi, & Miller, 1981; 
Hawks. 1982; Hollister, 1976; Paton. 1975; Willette, 1976).

Since THC was synthesized, many investigations have employed it be­
cause its potency is more easily controlled and quantified (Hollister, 1971a; 
Hollister et al., 1968). THC reproduces most if not all of the effects of the 
plant drug (Isbell, 1971; Isbell et al., '.967; Mcrihucna and Health, 1980; 
Mechoulam et al.. 1970; Rafaelsen et al.. 1973). When this synthetic drug 
was administered with the natural marijuana to human subjects, however. Ihe 
subjective, cognitive, and physiological changes tended to be greater for the 
natural marijuana. Marked placebo effects were suggestive of a learned sub­
jective marijuana syndrome (Galan!er, Weingar'ner, Vaughan, Roth, & 
Wyatt, 1973; Hollister, 1976). Recent authors have attempted to control for 
this factor by reporting the relative potency of the samples used in their stud­
ies, but potencies still vary from study to study.

The soil in which marijuana grows influences its potency (Abel, 1977). 
Carlini et al. (1974) used three samples of marijuana grown in Brazil. Their 
subjects were 11 physicians and 22 medical students who had never smoked 
marijuana. Each of the three samples of marijuana was burned in a pipe, and 
each of the subjects was exposed to the marijuana smoke in a room for 5 to 8 
min; their noses were blocked. One sample of marijuana had no psychologi­
cal effect, bul the other two samples disrupted a time-estimation task and had 
effects two to four times greater than expected from the THC content.

Together with the potency of thc marijuana used, the dosage is an im­
portant variable in marijuana research (Dombush, 1974; Dombush. Fink. & 
Freedman, 1971). Kiplinger and Manno (1971) and Kiplinger, Manno, 
Rodda, and Forney (1971) reported dose-related effects of THC. The latter 
authors had 15 volunteers smoke THC in different doses as well as a placebo 
dose in a randomized, double-blind design. Larger doses were associated 
with more interference in verbal tasks and rotor pursuit and unsteadiness on 
a test of stance. Most other investigations have also found more interference 
in human functioning traceable to larger doses of marijuana (Evans et al.,
1973).

The route of administration— oral ingestion, intravenous injection, and 
smoking marijuana, which socially is the most common method in the United 
States— produces different effects (Cohen, 1981; "Marijuana and Health," 
1971). The routes of absorption through lungs, digestive tract, or veins may 
filter the marijuana differently. Some 150 compounds have been identified in 
the smoke of marijuana; burning possibly transforms some of the chemicals 
into other compounds (Marihuana and Health, 1980). The effects of smoked 
marijuana appear within seconds to minutes, whereas in marijuana taken or­
ally, the onset of effects is delayed for 30 min to over 2 hr (Hollister, 1973; 
Lemberger et al., 1972).

Some fraction of marijuana that is smoked may be lost into the air or
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exhaled before it is absorbed completely, Many investigations have attempted impairmen
to standardize the routine of smoking by regulating Ihe size of the cigarette, checking tl
how long it was smoked, how long it was inhaled, and the number of grams dition gavi
of marijuana it contained, stated in terms of THC potency (Casswell & impairmen
Marks, **a). The efficiency of delivery of a marijuana dose by smoking made five
has been e. nated to range from 20% to 80%; experienced and heavy mari- smoking th
juana users have smoked more efficiently than casual users (Hollister. 1971 b. ing the pla
1973; Lindgren, Ohlsson, Agurcll, Hollister, & Gillespie. 1981). Inhaling rors in the
gaseous and particulate products of Cannabis combustion exposes bronchial casual usei
mucosa to polyaromatic hydrocarbons and other noxious compounds; some Psychiatric
authors have been concerned that this may be a prodromal phase of another sonal relat’
wave of lung cancer, as occurred with cigarette smoking (Cohen, 1981; equated in
Maugh, 1982: Reiman, 1982). Potency is increased approximately three (Mirin, Sh
times by smoking THC, as compared with oral ingestion of the same material Jones
(Isbell et al., 1967). conditions

The amount of marijuana entering the body can be controlled better in potency th
oral ingestion. Its fate within the body, however, is less certain because some cantly dist
active material might be lost through decomposition or other metabolic users did i
changes (Hollister. 1971b). Lemberger et al., (1972) studied the effects of familiar ta
three methods of administering THC— oral, intravenous, and smoking. The of the ciga
subjects were 12 young male volunteers who were long-term users of mari- pectalions
juana and were paid for their cooperation. Only 50% of the THC content of ker, & Hal
the smoked marijuana was delivered, bul it took , ffect within 10 to 140 min. The s
averaging at about 70 min. Of the marijuana taken in a cherry-flavored drink. U.S. auspi
90% was absorbed, but the peak effect did not occur until 3 hr after the drug study exan
was taken. Excretion of marijuana in Urine on the first day was similar for dose was i
oral and intravenous administrations. Psychological effects, measured by a increased,
questionnaire and rated in observations at regular intervals, fitted temporally evidenced
with the plasma levels of metabolites of marijuana ingested and inhaled. the Marihi

The subjects employed are an important issue in research of marijuana's LaGuardia
effects on human cognitive and psychomotor functions and on personality. oners in N<
Auditory thresholds of college students having smoked marijuana, as com- described,
pared to those having smoked a placebo, were altered significantly on a stan- faulty ("M
dard hearing test (Caldwell, MyerS, Domino, & Merriam, 1969a, 1969b). body stead
Meyer, Pillard, Shapiro, and Mirin (1971) tested six heavy and six casual changed ((
marijuana users. Generally, research has revealed significant differences be- TheP
tween performances of experienced and casual users of marijuana, although Justice in
the criteria for selecting the two groups have not always agreed (Caldwell et with marij I
al., 1969a; Greenberg, Mendelson, Kuehnle, Mello, & Babor, 1976; Mac- al., 1968).
Avoy & Marks, 1975; Mendelson, Kuehnle. Greenberg, & Mello, 1976). In or more v
a double-blind study, all subjects smoked a placebo, marijuana in a dose fixed Andrysiak
for the study, and marijuana in a dose that the subjects themselves selected. sively for t
The four test sessions were a week apart. Casual smokers experienced more users testei
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impairment on a psychomotor task, and their response to a questionnaire 
checking their experience of the drug effects indicated lhat the placebo con­
dition gave them more of a high than did either drug condition. Degree of 
impairment in a perceptual test was similar for both groups. The casual users 
made five times as many errors on a divided-attention task when they were 
smoking the ad libitum dose of marijuana as they did when they were smok­
ing the placebo. Heavy marijuana users did not manifest any increase of er­
rors in the ad libitum dose condition. In a similar study comparing heavy and 
casual users of marijuana, the heavy users manifested more hostility on the 
Psychiatric Outpatient Mood Scale and poorer work adjustment and interper­
sonal relations than did the casual users, although the two groups had been 
equated in educational background, racial distribution, and social class 
(Mirin, Shapiro, Meyer, Pillard, & Fisher, 1971).

Jones (1971 a; 1971 b) tested 100 users of marijuana in drug and placebo 
conditions. Frequent users (75 of 100 subjects) rated the placebo as higher in 
potency than did the infrequent marijuana users; Ihe infrequent users signifi­
cantly distinguished the placebo from the drug condition, but the frequent 
users did not. The frequent users seemed more likely to respond to cues of 
familiar taste and smell (i.e ., psychological factors) than to (he THC content 
of the cigarettes. Response variability seemed to be a function of users' ex­
pectations and their previous experience with marijuana (Carlin, Post, Bak- 
ker, & Halpem, 1974; Hollister, 1976; Hollister & Overall, 1975-1976).

The subjects were important considerations in the first research under 
U.S. auspices on marijuana's effects (Dombush & Freedman, 1976). The first 
study examined use of marijuana by soldiers in the Panama Canal Zone. The 
dose was not specified, and control groups .were not included. Appetite was 
increased, but no serious harm to soldiers' efficiency or corps morale was 
evidenced (Abel, 1982; "Marijuana Smoking," 1933). The second study, after 
the Marihuana Tax Act was passed in 1937 in the United States, was the 
LaGuardia report (Mayor's Committee, 1944) which was based on 72 pris­
oners in New York City, of whom 48 used marijuana. No control groups were 
described, the marijuana dose was hot specified, and the scientific design was 
faulty (“Marijuana and Health,” 1971). Intellectual functioning was impaired, 
body steadiness was decreased, but basic personality patterns remained un­
changed (Clark & Nakashima, 1968; Weil et al., ’968).

The President’s Commission on Law Enforcement and Administration of 
Justice in 1967 stated lhat no careful and detailed analysis of the experience 
with marijuana in the United States seemed to have been attempted (Weil et 
al., 1968). Three studies of those who had used marijuana alone tor 10 years 
or more were conducted in Jamaica. Greece, and Costa Rica (Schaeffer, 
Andrysiak, & Ungerlieder, 1981). Subjects who had used marijuana exclu­
sively for 10 years could not be identified in the United States. The marijuana 
users tested in the three other countries came from the lowest, least productive
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strata of society, in contrast to the well-educated, middle-class marijuana 
users who have been the subjects in most research in the United States (Dom­
bush & Freedman, 1976; Petersen, 1980). Research outside the United States 
has tended to be mostly anecdotal and deficient in scientific controls (Goode, 
1975; Haber,'1975; Hall. 1976; Margolis & Popkin. 1980: Weil et al., 1968).

Both the set and setting must be controlled for consistent findings, but 
research with these variables has overlapped research with Ihe variable of the 
subjects employed (Capped & Pliner, 1974; Galantcret al., 1973; Hollister, 
>976; Hollister & Overall, 1975-1976; Jones & Stone, 1970; Lananna, 
1981; Pihl, Shea, & Costa, 1979; Stark-Adamec, Adamec, & Pihl. 1981, 
1982; Stark-Adamec, Pihl, & Adamec, 1980; Zinberg, 1979). Setting in­
cludes the environmental circumstances of the investigation. Hollister. Over­
all, and Gerber (1975) studied the effect of setting and found that it had less 
impact than either the drug effects or the reaction of subjects. Casual users of 
marijuana (N =  12) smoked cigarettes of either marijuana or placebo. The 
favorable environment included all the appurtenances deemed desirable by 
drug users, namely, mystical pictures, visual-centering devices, tapes of 
drone instruments that were suitable for meditation, burning incense, and 
small candies. Subjects were invited to remove their shoes and socks and lie 
on rugs or cushions placed around the room, which was in a private dwelling. 
The unfavorable environment was an austere’ laboratory in which were strewn 
odds and ends of medical equipment in a Veteran's Administration hospital.

Galanteret al. (1974) approached thc influence of set and setting on mar­
ijuana effects in another way. Experienced users of marijuana (N = 36) joined 
sensitivity groups; 12 groups of three members each met for 90 min once a 
week for 26 weeks. The three conditions in the meetings were smoking mar­
ijuana, smoking a placebo cigarette, and using no drug. On questionnaires 
answered in Sessions 9,through 20, subjects' somatic experiences were con­
sistent with the drug condition. The marijuana users had described previous 
experience with marijuana as happy, friendly, and warm and as occasions 
when they were not likely to become angry and defensive. Their question­
naire responses, however, did not reflect consistent affective change, in­
creased insight, or increased feelings of cohesiveness in the sessions when 
they smoked marijuana. In their assessments of their own experience in the 
group and their perception of the group atmosphere, there were no significant 
differences between sessions in which they smoked a placebo and those in 
which they smoked marijuana. The marijuana users did not report themselves 
as more detached, but observers rated them as less involved with others. Sub­
jective responses of marijuana users were at variance with the experiences 
they had anticipated in the light of their previous experience with marijuana.
A strong learned component in the response to marijuana was suggested by 
subjective responses to placebo conditions (Galanter et al., 1973; Jones, 
1971a, 1971b). To the extent lhat experienced users of marijuana were able
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might have been less evident (Meyer et al., 1971).

Clopton, Janowsky, Clopton, Judd, and Huey's (1979) findings were in 
a similar vein. Experienced marijuana users were less aware of the emotions 
of others in a small-group setting after they smoked marijuana than they were 
in the placebo session. Their scores on thc Affective? Sensitivity Scale de­
clined significantly after smoking marijuana. Janowsky et al. (1979) reported 
similar changes after their male subjects smoked marijuana. Twenty men 
were selected, all employed in mental health fields. Twenty women, controls, 
met with the men one-on-one for 25 min, during which they discussed diffi­
cult times they had experienced. Then the men smoked a marijuana or pla­
cebo cigarette. They returned to discussion for 25 min. After the marijuana 
cigarette, the men decreased significantly in interpersonal skills and in em­
pathy. This change was noticed by the men themselves in their evaluations of 
their mood on an affective checklist as well as by judges who rated videotapes 
of the interviews between men and women.

As a further limitation on (he results of investigations, Weil et al. (1968) 
considered the absence of negative control on placebo treatments one obstacle 
in marijuana research. For frequent users, the odor and taste of marijuana arc 
so distinctive that an effective placebo is difficult to obtain. Placebo condi­
tions are relatively easier to maintain with those who are unfamiliar with mar­
ijuana. Medical, legal, and ethical issues are also obstacles to be overcome if 
research with marijuana is to be scientifically controlled. Because women 
have not yet taken up marijuana in the same proportions as men, men predom­
inate as subjects. College, medical, and graduate students also predominate. 
These factors, together with the small size of groups tested, limit the gener­
ality of conclusions from studies of the effect; of marijuana (Glynn & Nelson, 
1982).

Research Findings on Cognitive Performance

Does long-term substantial use of marijuana lead to impairment of cognitive 
functions? Intellectual function and immediate memory are impaired by mar­
ijuana, according to the statement of the secretary of health, education, and 
welfare (Marihuana and Health, 1975). Answers must usually be qualified in 
terms of not only the subjects' experience with marijuana, the potency and 
dosage of the substance used, and the method of administration but also the 
tasks employed, simple or complex (Cohen, 1981; Dombush, 1974; Waskow, 
Olsson. Salzman, & Katz, 1970; Weckowiczet al., 1975; Wetzel, Janowsky,
& Clopton. 1982).

Attention was the focus of early investigations of the effect of marijuana 
on human cognitive functioning. The Goal-Directed Serial Alternation 
(GDSA) was the task employed in several studies (Melges. Tinklenberg. Hoi-
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lister. & Gillespie, 1970a, 1970b; Meyer et al., 1971). The GDSA required 
subjects to simultaneously hold in mind and coordinate information as well 
as perform mental operations relevant to pursuing a goal. Each subject was 
assigned a starting number in the range of 106 to 114 and was required to 
subtract 7 and then add I, 2, or 3, continuing such alternate subtraction and 
addition until the number initially selected was attained. Cassweli and Marks 
(1973a) compared nine male casual users and nine male heavy users of mar­
ijuana on the GDSA. Both groups obtained lower scores on the GDSA after 
smoking marijuana. On a vigilance task, Cassweli and Marks (1973b) found 
that their two groups did not differ significantly. Confusion on thc GDSA and 
loss of directedness usually occurred when marijuana was used (Melges et 
al., 19703, 1970b). Smoking low doses of marijuana did not influence mental 
performance of 8 subjects on delayed auditory feedback, addition problems, 
color naming, or a task similar to the GDSA (Evans et al., 1973). Decrements 
in performance in connection with smoked marijuana were larger in Cassweli 
and Marks’s (1973a. 1973b) studies than were those Melges et al. (1970a, 
1970b) found with orally ingested THC. Differences on the Digit Symbol 
(DS) were not altered significantly by smoking marijuana in Cassweli and 
Marks's (1973a) investigation, in contrast to the significant results Melges ct 
al. (1970a) obtained with THC orally ingested. Casual and heavy users were 
affected differently on different tasks by marijuana, ingested, smoked, or in 
the form of THC (Casswel! & Marks, 1973a).

In Germany, Dittrich, Battig, and von Zeppelin (1973) also tested the 
effect of oral ingestion of marijuana on memory as well as on attention. They 
discovered that the effect of marijuana on uiiention varied according lo the 
task and concluded that attention should not btxconsidcred a unitary trait. On 
10 lists of two-syllable nouns, marijuana did not alter the retiievalof infor­
mation already present in memory, but information stored in short-term mem­
ory was forgotten to a greater degree after the marijuana than afler a placebo. 
They judged that their results supported the findings of Abel (1970, 1971) 
and Melges el al. (1970a, 1970b). Low doses of THC did not alter recall in 
short-term (6-18 s) memory of consonant trigrams for 10 first-year medical 
students, but high doses were followed by significant interference, especially 
in the longer delays. In his investigations of marijuana’s effect on memory. 
Abel ( 1970, 1971) subjected 49 men and women to two experiments with the 
following three conditions: smoking marijuana, smoking a placebo, and 
being in Ihe control group. In the first test, 18 lists of 10 words each were 
read aloud; I min was allowed for verbal recall of the list immediately after 
the words were presented. On a recognition test for immediate memory, the 
subjects had to circle 30 words that they recognized from 60 words, 30 from 
the first 3 lists and 30 new words. They also rated their confidence in the 
accuracy of their responses. One group smoked a marijuana cigarette for 5 lo 
10 min, and another smoked a placebo cigarette.
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A  second  re cogn ition  test was m ade up o f  3 0 0  item s, 150 from  the last 
15 lis ts  o f  w o rd s  and 15 0  new  w ord s . M a riju an a  and p lacebo g roups did 
e q u a lly  w e ll on  both re cogn ition  tests; the m ariju ana  g rou p  tended to be less 
c au tiou s and to  accept m o re  in co rrec t w o rd s . In  a second exp e rim en t, 10 
sub jec ts w ho  w ere  fam ilia r  w ith  the e ffec ts o f  m ariju ana  were tested tw ice , 
w ith  I w eek betw een the tw o sessions ; m a riju ana  and c on tro l g roups were 
reve rsed  in the tw o  sess ion s . A ft e r  they sm oked  m ariju ana  o r  the p laceb o , 
they w ere  assigned the m em o ry  task o f  10 lists o f  12 w ords each . A fte r  the 
last lis t was re ad , they w ere g iven  5 m in to  w rite  as m any w o rd s as they cou ld  
re c a ll. A l l  sub jec ts rem em be red  few e r w o rd s in the m ariju ana  cond ition  than 
they d id  in the p la ceb o  con d it ion .

M a riju a n a  a ffec ted  re cogn ition  and the acqu is ition  processes in vo lv ed  in 
the s to rag e  o f  in fo rm a t io n  but not re trieva l when the fre e -re c a ll m ethod was 
em p lo y e d . In  A b e l ’s ( 1 9 7 0 )  e a r ly  study, e ight m en and w om en read through 
a b o ok  tw ice at th e ir ow n  speed a fte r sm ok ing  tw o m ariju ana cigarettes. 
T h o se  w h o  sm oked  m a riju an a  scored  the sam e as the p lacebo  sub jec ts , but 
seven o f  e ight m a riju an a  sm oke rs  w ro te  s ig n ific an tly  less and inc luded few er 
con ten t w o rd s . G ian u tso s  and L itw ack 's  (1 9 7 6 )  resu lts showed a sign ifican t 
reduc tion  fo r  ch ron ic  m ariju ana  users in the m ovem en t o f  in fo rm a tio n  from  
sh o rt -te rm  m em o ry  to  a m o re  perm anen t leve l o f  in fo rm a tion  sto rage . T h e ir  
sub jec ts w ere  c o lle g e  studen ts, 2 5  ch rop ic  users and 25  nonuse rs , s im ila r  in 
s e x , ag e , m a jo r , g rade po in t ave rage , and y ea r in sch oo l.

D om b u sh  ( 1 9 7 4 )  rep lica ted  Ihe testing cond ition s o f  the tw o experim ents 
conducted  by  A b e l ( 1 9 7 0 )  w ith  2 0  m a le  firs t-y ea r m ed ica l students. S p e c ify ­
ing the T H C  con ten t o f  the m a riju ana  and hav ing  a p lacebo con tro l were 
add ition s to  A b e l ’s research  cond ition s . T h e  resu lts supported  A b e l ’s find ­
ings; that is , m a riju ana  d isrup ted  the sto rage phase o f  sh o rt-te rm  m em ory  
(D om b u sh  et a l . ,  1 9 7 1 ) . M ille r . D rew , arid K ip lin g e r  ( 1 9 7 2 ) ,  in c lud ing  a p la ­
cebo c o n tro l and sp ec ifica tion  o f  the T H C  con ten t, a lso  rep licated  A b e l'r 
study. S tuden ts w ho w ere expe rienced  users o f  m ariju ana (N  =  1 2 ), having 
sm oked  e ith e r m a riju an a  o r  a p la ceb o  in a ra n d om , d oub le -b lin d  design , were 
asked to re la te  a l l they c ou ld  rem em be r c f  a s to ry  read to them  and to respond 
to the S tro o p  C o l' " - W o rd  Test. M a riju an a  d id  not a lte r p e rfo rm ance  on the 
S tro op  test. R e s t . on  m em o ry  fo r  n a rra tive  m ateria l supported  A be l's 
( 1 9 7 0 ,  1 9 7 1 ) find ings but sh ow ed , in add ition  to  m em o ry  de fic its , that ir re l­
evant m a te ria l was in truded  by those w ho  had sm oked  m ariju ana , as had been 
noted in e a r lie r  research  (C la rk , H ughes, &  N akash im a , 1 970 ; T in k lenbe rg , 
M e lg e s , H o llis te r , &  G il le s p ie , 1 9 7 0 ) . S om e  o f  thc irre levan t m ateria l added 
by those  w ho  had sm oked  m a riju an a  was new  and w ithout any basis in the 
stim u lu s sto ry , and som e was a rb it ra r ily  un re la ted  and so  s trong ly  c o lo red  
em o tio n a lly  that the o r ig in a l s to ry  was a lte red .

In  state -dependen t lea rn ing  resea rch , m ariju ana  in tox ica tion  did not a lte r 
the a b ility  to accu ra te ly  assess what in fo rm a t io n  was ava ilab le  in long -te rm
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memory (Darley, Tinklenberg. Roth. Vemon, & Kopell, 1977; Parker et al..
1980). Stillman. Weingartner, Wyatt, Gillin. and Eich (1974) found that sub­

jects recognized pictures better in the marijuana condition (smoking mari­
juana in a THC dose similar to that required for a social high) than in the 
placebo-marijuana or the marijuana-placebo condition. Placebo-placebo con­
dition reproduction was substantially better than marijuana-marijuana condi­
tion reproduction, and marijuana produced some overall impairment in per­
formance.

Rickies. Cohen. Whitaker, and McIntyre (1973) explored state- 
dependent recall with male subjects who had smoked two marijuana ciga­
rettes within 20 min or a placebo and then learned paired-association lists. 
Those intoxicated on marijuana needed significantly more trials to reach cri- 
terional learning than did those in the placebo condition. Ten days later, the 
subjects who had been high on marijuana recalled better the material they had 
learned. Moderately high doses of marijuana interfered with learning new 
material in terms of subjects' needing more trials and more failures to reach 
criterion than did subjects in the placebo condition.

Impaired immediate memory and intellectual performance on a variety 
of tasks in connection with marijuana has been confirmed experimentally 
(Reiman, 1982). Evidence has indicated that at lower doses, users are able to 
"suppress the marijuana high." Experimental research has not confirmed the 
enhanced visual, auditory, and tactual awareness and sensitivity claimed for 
marijuana by its users (Marihuana and Health, 1975).

Research Findings on Psychomotor Performance

Many of the studies in this area began as investigations of marijuanas effect 
on driving an automobile (Klonoff. 1974), Some researchers have reported 
that marijuana was associated with errors in estimates of time that might in­
fluence driving in traffic (Hollister & Gillespie, 1970; Jones & Stone, 1970; t 
Kaplan, 1973; Melges, Tinklenberg, Hollister, & Gillespie, 1971; Vachon, 
Sulkowski. & Rich, 1974). Verbal and operative estimates of time, in which 
subjects press a key for an interval called for by the experimenter, involve 
functions different from those in reproductive lime judgments, in which sub­
jects press a key for 5, 10, or 15 s (Clausen, 1950). Similarly, smoking mar­
ijuana seemed to bring on errors in judgments of distance, important in park­
ing and passing cars in traffic (Bech, Rafaeisen, & Rafaelsen, 1973), 
Tracking tasks and pursuit motor tasks were disrupted more by smoking THC 
than by taking a placebo, as evaluated by self-ratings and interpersonal judg­
ments (Melges, 1976; Roth et al.. 1973). Marijuana smoking affected reac­
tion time and coordination of movements important for operating machinery 
at work and at home as well as for operating an automobile (Kvalscth. 1977;
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Manno, Kiplinger, Haine, Bennett, & Forney, 1970; Manno, Kiplinger, 
Scholz, Fomey, & Haine, 1971; Moskowitz, Shea, & Bums, 1974).

Bech et al. (1973) and Rafaelsen et al. (1973) fed cakes containing THC 
or a,placebo to eight men. Marijuana affected estimates of time and distance 
in ? simulated driving test. The car was equipped with steering wheel, accel­
erator, brake, and clutch; the men drove for about 25 min. They were asked 
how far they thought they had been driving. When the wheel was turned, the 
landscape moved at a speed determined by the drivers’ pressure on (he accel­
erator. Marijuana had a more marked effect on the subjective than the objec­
tive estimates. Moskowitz, Ziedman, and Sharma (1976) used film depicting 
moderate lo heavy traffic for their investigation; alcohol disrupted visual 
search more than marijuana did.

Crancer, Dille, Delay, Wallace, and Haykin (1969) studied the compar­
ative effects of marijuana and alcohol on simulated driving performance. 
Their 36 subjects, who were experienced with marijuana and mostly men, 
smoked marijuana until (hey reached a social high. More errors were recorded 
in the marijuana condition than in the normal condition, for reading the 
speedometer but not for using the accelerator, brake, or steering. Alcohol 
produced significantly more errors than marijuana did on driving tasks.

The research of MacAvoy and Marks (1975) in New Zealand also in­
volved comparisons of effects of marijuana and alcohol, in this case on track­
ing accuracy and recognition of signals. Tasks required pressing a key when 
a central light signal flashed, breaking the sequence, and pressing a second 
key when a peripheral red light flashed. Marijuana reduced the accuracy in 
tracking and recognizing signals and impaired physiological and psychologi­
cal functions involved in driving skills'fcifferently from alcohol.

In Cassweli and Marks’s (1973b) study, 10 male experienced marijuana 
users and 10 male nonusers, matched in age and education, were tested with 
two types of visual signals coming from different sources. Those who smoked 
marijuana missed significantly more of both the central and peripheral sig­
nals. The authors believed that their results applied to driving, which they 
construed as perfoiming a task while processing information coming from 
more than one task. Visual-information processing in a tachistosccpic presen­
tation was impaired significantly in'IOmale experienced marijuana users after 
they smoked marijuana but not in a placebo condition (Braff, Silverton, Sac- 
cuzzo, & Janowsky 1981).

Clark, Hughes, and Nakashima (1970) studied the effects of oral THC 
on 18 college students who had never used marijuana. The students were 
tested on reaction time for four colors, singly or in combination, and on a 
digit-code memory task. After marijuana, responses to Ihe reaction-time task 
were markedly inconsistent, especially in the more complex tasks. On the 
digit-code test, marijuana affected the students' accuracy and significantly 
reduced their hand steadiness.
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Kvalseth (1977) reported an investigation in Norway in which six expe­
rienced marijuana users tested on linear and rotary movements made signifi­
cantly more errors in the marijuana condition than they did in the placebo 
condition of testing. In two studies, motor performance was significantly de­
creased for 12 male volunteers who smoked marijuana in a double-blind de­
sign; alcohol also interfered with motor tasks of varied complexity; a combi­
nation of marijuana and alcohol induced significantly more performance 
decrement than did either drug alone (Manno cl al., 1970, 1971). Both mental 
and motor performance of 15 male medical students, half o f whom had ex­
perience with marijuana, showed deterioration after smoking THC, in com­
parison with the results of the placebo condition (Kiplinger et a l., 1971).

Volunteers (N = 25, men and women about equally) responded to the 
following tasks; addition, subtraction, standing Steadiness, pursuit rotor, and 
reaction time for red and white signal lights (Belgrave et a l., 1979). Results 
were factor analyzed and indicated four factors; THC was associated with 
significant deterioration on all four factors. Comparisons of alcohol (ethanol) 
and THC showed that alcohol’s effects on performance decrements were 
slower in onset than THC's but lasted longer. Apparently, the two drugs did 
not interact, but the combination of drugs as well as each drug alone impaired 
performance on tasks related to skills involved in driving an automobile.

Janowsky, Meacham, Blaine, Schoor,. and Bozzetti (1976a, 1976b), in a 
double-blind study, investigated the effect of smoking marijuana on simu­
lated-flying performance. Male certified pilots (N = 10, 7 professional and 3 
private pilots), all of whom had used marijuana socially, look a simulated- 
flying test 30 min after smoking marijuana for 1,0 min; the tests were repealed 
2, 4, and 6 hr after they smoked marijuana or a placebo cigarette. All showed 
significantly decreased flying skill in a 16-min test of flying in a simulated 
holding pattern sequence, involving straight and level flight and turns, and of 
instrument flying and navigation. Evaluation continued over the 6-hr period; 
flying performance was videotaped and analyzed in 10-s intervals for major 
and minor ercors. Performance returned to normal 4 hr after smoking mari­
juana. Pilots rated the effects of marijuana as equivalent to a social high. They 
felt that flying was more challenging after smoking marijuana and that they 
were not abld to compensate adequately. Analysis of their performance on 
videotapes by judges who did not know whether they had smoked marijuana 
or were in the placebo phase confirmed their self-judgments.

Hansteen, Miller, Lonero, Reid, and Jones (1976) reviewed the studies 
o f marijuana and alcohol effects on automobile driving and psychomotor 
tracking. They concluded that under certain conditions of dosage and time 
intervals after smoking, marijuana impaired pursuit-tracking accuracy, hand 
and body steadiness, time needed to brake, signal detection, perception of 
danger and risk taking, and susceptibility to distraction or stress. Their own 
investigation of 16 licensed drivers. 12 men and 4 women, mostly college
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students, on driving tests was spread over four weekly sessions and included 
a high and low dose of marijuana, alcohol, and placebo. Both the doses of 
alcohol and the higher dose of marijuana induced poorer handling of the au­
tomobile. Early reports were more optimistic about driver performance after 
smoking marijuana than recent evidence (Marihuana and Health, 1975). Thc 
more complex the task was, the more disruptive the effect of acute marijuana 
intoxication generally was. Operation of an automobile and complex psy­
chomotor skills are clearly impaired by marijuana (Marihuana and Health, 
1977; Reiman, 1982). In simulated-driving and actual-driving tests, in esti­
mates of time and distance, in alertness to signals at the center of the visual 
field and on the periphery, and in stability of stance, it appears that marijuana 
in social doses can impair driving performance and complex psychomotor 
skills (Paton, 1975; Reiman, 1982; Waller, 1965, 1971).

P e rs o n a li t y  D if fe re n c e s  A t t r ib u ta b le  to  M a r i ju a n a

Some studies have sought to identify personality traits that might identify 
those likely to take up drugs, marijuana in particular (Nicholi, 1983). Find­
ings on personality characteristics of contemporary marijuana users indicate 
a greater diversity of personality patterns than in the more traditional hard­
core heroin addicts of past generations (Austin & Lettieri, 1976; Blaine & 
Julius, 1977; Brill, Crumpton, & Grayson, 1971; Harmatz, Shader, & Salz­
man, 1972; Murray, 1967; Patalano, 1976, 1978, 1980; Penning & Bames, 
1982; Pope, Ionescu-Pioggia, & Cole, 1981). Gorsuch and Butler (1976), 
who reviewed the research on the predisposing social and psychological fac­
tors, and Sadava and Forsyth ( 1977) pointed out that a complex interaction of 
parent-child relationships, parental modeling, involvement with drug-using 
peers, and availability of illicit drugs made it difficult to distinguish clearly 
the path leading to initial drug use.

Another approach in marijuana study searched for a constellation of at­
titudes, values, and behavior representing a rejection of middle-class or estab­
lishment norms and activities or behavior reflecting a sense of alienation and 
dissatisfaction with family and school experience (Dembo, Schmeidler, & 
Koval, 1976; Ferguson, Lennox, & Lettieri, 1974; Hendin, Pollinger, Ulman,
& Carr, 1981: Jessor, 1976; Rooney & Wright, 1982). Several studies em­
ploying questionnaires and interviews have looked into behavior patterns that 
preceded adolescents' use of marijuana (Lettieri, 1975). Family patterns 
rather than peer pressure appeared to be related to subsequent marijuana use 
in a study of 180 boys and girls from 13 to 17 years cf age (Brook, Likoff, & 
Whiteman, 1980). Fathers' personalities and child-rearing practices, how­
ever, interacted wilh peer factors in influencing high school students' (Kan­
del. 1973) and male college students' patterns of marijuana use (Brook, 
Whiteman, Brook, & Gordon, 1981, 1982). Alcohol, in the form of beer and
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wine was often the first step in a sequence leading to tobacco and subse­
quently to marijuana (Kandel, 1975; Kandel & Faust, 1975; Maugh, 1982). 
The highest rates of marijuana use were observed in adolescents whose par­
ents ind friends both used drugs (Kandel, 1973). Cultural differences contrib­
ute to the trlix of parental and peer influences on patterns of adolescent drug 

. use (Kandftl & Adler. 1982; Winfree & Griffiths, 1983).
In an early description of becoming a marijuana user, Becker (1953) em­

phasized not antecedent predispositions but the motives and changes in atti­
tudes leading to the use of marijuana for pleasure, not as a compulsive re­
sponse. It is probable that any excessive use of drugs for pleasure may 
decrease an individual's motivation. A frequent criticism of marijuana has 
been that il leads to an am otivational syndrome (Hendin, Pollingcr, & Ulman, 
1981-1982; McGlothlin & West, 1968; Margolis & Popkin, 1980; Miranne, 
1979).' This passive, inward-turning, amotivational personality change, re­
flected in rejection of previous achievement-oriented behavior, appeared more 
often in clinical studies with younger subjects and was more frequent in the 
late 1960s than recently (Creason & Goldman, 1981; Shean & Fechtmann, 
1971; Toohey, Dezelsky, & Baffi, 1982). From their responses to question­
naires, college students’ intellectual goals and academic performance seemed 
less impaired by marijuana than did those of high school students (Hochman 
& Brill, 1983; Jessor, Jessor, & Finney, 1973; Smith & Fogg, 1976). The 
question waits for an answer: Does marijuana have any specific capacity for 
inhibiting motivation not possessed by other drugs (Farnsworth, 1976)?

College students who were users of marijuana appeared to be less re­
sponsible, more nonconforming and more open and often pos^.ssed higher 
self-esteem (Cunningham, Cunningham, & English, 1974; Grossman, Gold­
stein, & Eisenman, 1974; Gulas & King, 1976; Hogan, Mankin, Conway, & 
Fox, 1970; Knecht, Cundick, Edwards, & Gunderson, 1972: Simon, 1974; 
Victor, Grossman, & Eisenman, 1973). Campbell (1976), reporting on thc 
Canadian scene, and Mellinger, Somers, Davidson, and Manheimer (1976) 
found no conc'usive evidence that generally moderate patterns of marijuana 
use produced amotivational symptoms sufficiently serious or long lasting 
enough to increase the risk of dropping out of college. Evidence connecting 
heavy use o f marijuana to amotivational syndrome did not conclusively show 
whether Ih e  drug was a cause or an effect (Cohen, 1981; "Marijuana and 
Health," 1971; Reiman, 1982).

C am p b e ll ( 1 9 7 6 ) ,  as a m em ber o f  Ihe C anad ian  com m ittee  investigating  
the e ffec ts o f  m a riju an a , rev iew ed  E u rop ean , C anad ian , and N orth  A m erican  
stud ies ; the ev idence d id  not c on c lu s iv e ly  suppo rt an am o tiv a lio n a l-s yn d rom e  
change in p e rson a lity  traceab le  to m ariju ana use . A l l  the changes attributed 
to use o f  m a riju an a  c ou ld  be exp la in ed  th rough m em bersh ip  in subcu ltu res 
that d id  not stress academ ic  success o r  thc need fo r  p lann ing  o r  th rough  a 
g ene ra l d ec lin e  in m o tiv a tion . A  rev iew  o f  exam ina tion s taken and essays
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written before and after using marijuana four or five times a week for 4 to 6 
weeks, however, revealed a decrease in abstracting and synthesizing ability. 
Afler being free of marijuana for 4 months during summer vacation, their 
ability returned.

Does marijuana lead lo violence? Early reports emanating from police 
records and stories in tabloids accentuated this relationship (Abel, 1977. 
1982). Salzman, Van der Kolk, and Shader (1976), Colbach (1971), and 
Keup (1970) agreed that the setting of a crowd may bring on physical or 
sexual violence but that violence because of marijuana is rare. Tinklenberg, 

’ t’Roth, Kopell, and Murphy (1976) found that marijuana did not have as so­
cially disruptive effects as alcohol, and no evidence that increase in -violent- 
crime was directly related to increase in marijuana use. The consensus is that 
marijuana does not precipitate violence in most of those who use marijuana 
and lhat aggressive behavior is not a common consequence of marijuana use 
in the United States (Petersen, 1980).

Marijuana intoxication, the high, may approach the hallucinogenic trips 
of LSD if dosage is high enough (Consroe et al., 1976; Fabian & Fishkin, 
1981; Halikas, Goodwin, & Guze, 1971; Tart, 1970). About 17 of 42 (about 
40%) marijuana users randomly selected from college students had experi­
enced hallucinogenic ideation (Keeler, Ewing, & Rouse, 1971). Usually, as 
with other hallucinogens, marijuana users- were able to recover as the drug 
left the system (Gersten, 1980). Hollister and Overall (1975-1976) and Pihl 
et al. (1979) factor analyzed the responses of several hundred marijuana users 
regarding their subjective experiences with marijuana; five factors that 
emerged made it clear that marijuana intoxication effects are multidimen­
sional.

To what extent is the use of marijuana associated with psychotic epi­
sodes? Instances in which marijuana interferes with cognitive functioning, 
such as study or good judgment, have already been discussed, but sometimes 
these incidents blossom into anxiety states and, (hough temporary, may cause 
panic, which is a common reaction to the effects of large doses of marijuana, 
especially for first-time users (Bailos, 1970; Stanton & Bardoni, 1972; Weil,
1970). Accounts of psychotic episodes attributed to marijuana use have been 
reported more often in other countries than in the United States (Austin, Ma- 
cari, & Sutker, 1972; Keup. 1970). Linn (1972) showed that psychopathol­
ogy was a condition that developed prior to marijuana use.

Do marijuana users experience spontaneous recurrences? Keup (1970) 
found that 5% to 10% of newly admitted mental patients who had a history 
of drug abuse reported having had flashbacks after abusing marijuana. Mari­
juana had frequently been used along with other drugs by soldiers who had 
experienced flashbacks (Yager, Crumpton, & Rubenstein, 1983). Canadian 
high school students reported experiencing recurrences of marijuana effects 
at times when they were not using the drug (Annis & Smart, 1973). Keeler.
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Reifler. and Liptzin (1968) described 4 subjects who, in a drug-free state, had 
recurrences of unusual visual or somatic sensations that they had experienced 
while using marijuana. The subculture of marijuana users does believe in the 
reality of spontaneous flashbacks, but in most cases in which marijuana alone 
was the drug, the users diagnosed the flashbacks themselves, and few were 
legitimate instances of spontaneous recurrence (Brown & Stickgold, 1976).

Physicians, however, have been concerned with the number of patients 
who recover from mental illness only to relapse after using marijuana (Ger- 
sten, 1980; Nicholi, 19831. Marijuana has been known to push some into 
mania (Harding & Knight, 1973). Paranoid episodes and hallucinogenic ef­
fects occur in connection with marijuana use, especially with large doses and 
overdoses (Gersten, 1980; Reiman, 1982; TrefFert, 1978; Weil, 1970). Mari­
juana is especially ill-advised for those predisposed to schizophrenia (Cas- 
swell & Marks. 1973a; Gersten, 1980; Keeler et al.. 1971; Keup, 1970; 
McGlothlin & West. 1968; Melges, 1976; Szymanski, 1981). When mari­
juana is used to treat nausea associated with chemotherapy for cancer, it 
sometimes triggers dysphoric reactions (Nicholi. 1983). Normally function­
ing individuals with no history of psychiatric illness but moderate underlying 
psychopathology may develop psychiatric disturbances associated with 
smoking marijuana, but these ordinarily cltar up within a short time as the 
drug leaves the system.

Can marijuana lead to brain damage? Maugh (1974) outlined the argu­
ments and research on the question of whether chronic and heavy marijuana 
use leads to brain damage. Marijuana seems to pass Ihe blood-brain barrier 
(Wall, 1971). In England, Campbell', Evans, Thomson, and Williams (1971) 
reported cases of cerebral atrophy in 10 younj?men who had been heavy users 
of marijuana over a period of 2 or more years. Kolansky and Moore (1971, 
1972a, 1972b) attributed the deleterious effects of long-time use of marijuana 
to damaged cerebral cortex. Cohen (1981) judged that long-term heavy use 
of marijuana and the process’s taking so long to reverse itself pointed to or­
ganic brain impairment. Evidence in the United States has disputed the earlier 
judgments ("Marijuana and Health,” 1971; Reiman, 1982). Computerized 
transaxial tomography has provided a more comprehensive picture of the 
brain than Campbell et al. (1971) have. Computerized transaxial tomography 
of 12 men in St. Louis and 19 men in Boston revealed no evidence of cerebral 
atrophy (Co, Goodin, Gado, Mikhail, & Hill, 1977; Kuehnle, Mendelson, 
Davis, &New, 1977; Marihuana and Health, 1977; Reiman, 1982). Surface 
electroencephalogram changes during marijuana smoking are minimal, but 
depth changes go on in the septal and amygdala areas in monkeys exposed to 
marijuana smoke. As a psychoactive drug, marijuana alters the brain func­
tions of memory and time estimates, but the question to be resolved is 
whether impaired neurological functioning persists beyond the period of 
acute intoxication. The weight of evidence so f-r is that lasting brain impair­
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use d ru g s , lic it and i l l ic i t , a re  fa r m o re  lik e ly  to  use m ariju ana ; p rio r use o f  
a lc o h o l and tobacco by  y ou ng  p eop le  is c le a r ly  associated with la te r m a ri­
ju an a  u se . H eavy  users o f  m a riju ana  are m ore  lik e ly  to use o the r d rugs as w e ll 
(H ochm an  &  B r i l l ,  1 9 8 3 ; Marihuana and Health, 1 975 ; Marihuana Re­
search, 1 9 7 4 ) .

Discussion

Resea rch  su ppo rts  the statem ent o f  the secre ta ry  o f  h ea lth , educa tion , and 
w e lfa re  that m a riju an a  im pa irs  hum an in te llec tua l judgm en t and sho rt-te rm  
m em o ry  as w e ll as hum an p sy ch om o to r fu nc tion , p a rt ic u la r ly  d riv in g  an au ­
tom ob ile . T h e  c om p le x ity  o f  v a riab le s in vo lv ed  in research  w ith human sub ­
je c ts ’ use o f  m a riju a n a , h ow eve r, p rec ludes unqua lified  con c lu s ion s . The p o ­
tency o f  the m a te ria l used varies acco rd ing  to the part o f  the p lant used , the 
so i l in wh ich  it was g row n , the m ethod  o f  cu lt iv a tion , w hether the m arijuana 
is sm oked  o r  taken  o r a lly  o r  in travenou s ly , and whether Ihe p lant m ateria l o r 
T H C , the p o ten cy  o f  w h ich  is b e lieved  to  app rox im ate  the potency o f  p lant 
m a te ria l, is u; id .  C h ro n ic  users o f  m a riju ana  p rob ab ly  respond d iffe re n t ly  to 
m a riju an a  than d o  casu a l o r  n a ive users .

S t i l l unansw ered  and c ru c ia l to  p rog ram s o f  p reven tion  o f  d rug  abuse are 
the question s o f  w hy som e use m arijuana ' and others d o  not and w hy som e 
users o f  m a riju an a  g o  on  to b ecom e addicted to hard d rugs and o the rs , s im i­
la r ly  at r is k , d o  not (B la in e  &  Ju liu s , 1 9 7 7 ; C unningham  et a l . ,  1 9 74 ; Mari­
huana Research, 1 9 7 4 ) . M a riju an a  is used by g roups younge r than eve r be ­
fo re ; to d a y ’s h igh sc h o o l and c o lle g e  students have sm oked  m ariju ana long e r 
than those w h o  sm oked  it when it first became the fad . M arijuan a  use by 
w om en has in c reased . W i l l  these changes in patterns o f  m ariju ana use be 
transla ted  in to  d am age , p h y s io lo g ic a l o r  p sy ch o lo g ic a l, that was not evident 
in e a r lie r  stud ies o f  m a riju an a  sm oke rs  (Marihuana Research, 1 9 7 4 ; Penn ing 
&  B am e s , 1 9 8 2 )?  W h a t e ffec t i f  any does use o f  m ariju ana have on  physica l 
and in te lle c tu a l d eve lopm en t in the y o u n g , the ado lescents and young  adults 
w ho a re  p rom in en t am ong  the frequen t users o f  m ariju ana (P e te rsen , 1 9 8 0 )?  
N o  research  has add ressed  the e ffec t o f  age in m arijuana users. C once rn  has 
been exp ressed  lha t the ad o le scen t users o f  today m ay be handicapped la te r 
in li fe  by d e fe rr in g  c om ing  to  g rip s w ith p rob lem s o f  liv in g  through frequent 
use o f  m a riju an a  (C o h e n , 1 9 8 1 ; M au gh , 1 9 8 2 ) . Young peop le  have reported 
that they fe a r that m a riju an a  bought on  the street m ight be iaced w ith hero in  
o r  som e d angerou s sub stances, b u l assays o f  street d rugs around the country
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by (he United States government has shown little adulteration (Lamanna,
1981). As youth move into their adult years, will they trade in use of mari­
juana for traditional adult role behavior? Prediction of the future is more dif­
ficult because marijuana use is more widespread than ever before (Glynn & 
Nelson. 1982).

Because research on long-term physiological and neurological effects of 
chronic marijuana use remains modest, the information on marijuana's effects 
has limited relevance to long-term health implications (Marihuana and 
Health. 1977; "Marihuana and Health." 1971; Petersen, 1977). Marijuana has 
been used popularly in the United States for about two decades; other coun­
tries have had longer experience, but the scientific research is lacking (Mari­
huana and Health. 1975). Weller and Halikas (1982) resurveyed about 100 
regular users of marijuana after 5 to 6 years; they averaged 27 years of age at 
the (ime of the second interview. Comparison of checklist ratings of subjective 
experiences indicated a decline in the effects initially classified as desirable. 
Perhaps this decline in experience with marijuana is behind the decline in use 
noted at the beginning of this report and offers some hope for spontaneous 
remission in use of marijuana. The major focus for explanations of centrally 
active drugs is their effects on neurotransmitters and neuropeptides in the 
brain. Animal studies with marijuana have implicated norepinephrine and ser­
otonin, but the picture is not yet clear (Hollister. 1976; Paton. 1975), Some 
evidence has indicated that changes in the turnover or degrading effects of the 
catecholamines might be linked to oral doses of THC, but serotonin levels 
have been unaffected (Hollister, Moore, Kanter, & Noble, 1970). THC seems 
to function by an anticholinergic mechanism (Beaconsfield et al., 1972; Drew 
& Miller, 1974; and Freemon, Rosenblatt, & 51-Yousef, 1975; Marihuana 
and Health. 1975; Paton. 1975).

Electrodes implanted in rhesus monkeys’ brains may have revealed the 
brain areas involved in marijuana abuse (Cohen, 1981; Heath, 1973; Peter­
sen, 1980). The hippocampal area of the limbic system of the brain, espe­
cially because of marijuana's disruption of immediate memory, has been con­
nected to marijuana abuse through the similarity of behavior changes 
traceable to marijuana abuse and to the effects of hippocampectomy and tem­
poral lobe resections (Drew & Miller, 1974; Paton, 1975). Perhaps marijua­
na’s impact will be identified through its alteration of the speed of processing 
pictorial information in favor of Ihe left hemisphere of Ihe brain (Stillman, 
Wolkowitz, Weingarlner, Waldman, DeRenzo, & Wyatt, 1911). Marijuana 
has chemical properties qualitatively similar to steroid anesthetics (Gill. 
1976). Autonomic receptors seem not to explain the effects of THC (Bach­
man, Benowitz, Heming, & Jones, 1979).

Are there latent consequences of marijuana use due to the complex phys­
icochemical properties of psychoactive cannabinoids? Will research 10 to 20 
years ahead reveal consequences of marijuana smoking similar to (hose dis­
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covered with tobacco? Marijuana is more complex chemically than tobacco, 
and not all of its effects have been deciphered. Smoking marijuana intoxi­
cates, and tobacco does not; smoking marijuana, unlike tobacco, interferes 
with intellectual functioning, alters time and distance perception and judg­
ment of dangers, and impairs hand and eye coordination.

Like alcohol, marijuana is a drug, but the effects of the two differ in 
several respects. Marijuana had more deteriorating effect on some tasks than 
alcohol did. for example, subjective estimates of time and distance in some 
simulated-driving tasks (Bech et al., 1973; Crancer et al., 1969; MacAvoy & 
Marks, 1975). Marijuana's interference with performance was slower in onset 
than alcohol’s but lasted longer (Belgrave et al., 1979). The effect of mari­
juana in oral form peaked afler 30 to 60 min and culminated after 2 to 3 hr, 
whereas alcohol peaked later, between 1 and 2 hr (Rafaelsen et al., 1973). 
Marijuana did not have the socially disruptive effects of alcohol, nor was it 
directly related lo violent crimes (Tinklenberg, Roth, & Kopell, 1976; Tink­
lenberg, Roth, Kopell, & Murphy, 1976). Hollister and Gillespie (1970) 
found that dextroamphetamines induced changes in behavior different from 
marijuana and alcohol, whose perceptual effects resembled those of hallucin­
ogens.

Tolerance to some of the effects o f marijuana, especially tachycardia and 
subjective highs, has been demonstrated (Jones, Benowitz, & Bachman, 
1976; Mirin et al., 1971; Nowlan & Cohen, 1977; Petersen, 1980; Reiman.
1982). Usually, large doses over a long period of time are needed to produce 
tolerance (Margolis & Popkin, 1980). Moreover, the literature includes a 
number of experiments where lack of tolerance has been reported (Cappell & 
Pliner, 1974; Krasnegor, 1978; Marihuana and Health, 1975). The following 
factors could have contributed to the conflicting results; the dosage, the active 
constituents, and the ingredients’ potency (McMillan, Dewey, & Harris,
1971). Tolerance does not develop to all THC effects, and most of thc toler­
ance seems to be lost rapidly. Evidence has not indicated that frequent use of 
marijuana leads inevitably to escalation of use and dose. Tolerance is not as 
likely to be reported in outpatient studies, in which drug histories are difficult 
to control (Jones e ta l.,  1976; Lindgren et a l., 1981; Petersen, 1980; Reiman,
1982).

Dependence in the sense of experiencing definite physiological symp­
toms following withdrawal has been shown after heavy use of marijuana but 
not after the social high (Jones et al., 1976; Nicholi, 1983; Petersen, 1980). 
Withdrawal, symptoms of mild nausea, restlessness, sleeplessness, and loss 
of appetite have been observed in the heaviest smokers (Lamanna, 1981; 
Nowlan & Cohen, 1977). Psychological dependence is not unusual (La­
manna, 1981). Where tolerance develops, mild physical dependence seems 
to be associated, but dosage and schedules of use are important variables 
(Jones et al., 1976; Petersen. 1980; Reiman, 1982). No evidence has indi­
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coled that marijuana causes addiction to the extent that narcotics do or that 
physical dependence plays a significant role in persistent use of marijuana 
(Jones e ta l. ,  1976; Reiman, 1982),

Probably no other drug has accumulated so much myth about it and so 
many unanswered questions. Factors of expectation and past experience with 
the drug may have influenced findings. The small samples that have been 
studied— mostly of healthy young male subjects who were well motivated 
and eager to demonstrate unimpaired performance— are serious limitations to 
broad conclusions. Until research includes more subjects, particularly those 
who are older and less healthy and women, the full picture of marijuana’s 
effects will not be clear. Because widespread regular use of marijuana is rel­
atively recent, the consequences of long-term use are less clearly documented 
than the short-term ones. Much remains lo be learned about the effects of 
chronic use of marijuana. Cause for concern is the widespread use among the 
young of this drug, usually in addition to alcohol and tobacco, which has 
harmful known and unknown dangers. Many aspects of marijuana use are 
unknown. Enough is known, however, to state that use of marijuana is by no 
means harmless.
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Abstract
This paper examines the research evidence relating sustained use of 
marijuana to chronic cerebral impairment. Evidence from both Ameri­
can and cross-cultural studies is reviewed, with a particular emphasis on 
methodological problems in the research. The focus of this paper is on 
neurological findings while another paper focuses on neuropsychologi­
cal findings. On the basis of available research, it was concluded that 
there is no evidence that marijuana produces gross structural cerebral 
changes and little evidence that it leads to functional impairment, 
although subtle impairment cannot be ruled out.

Mind-altering substances have been used and abused throughout history, 
and their abuse continues to be a major social problem. Nevertheless, there has 
been relatively little study of their long-term effects on the central nervous sys­
tem. Research on this question generally has used only one or two quasi-experi- 
mental designs, typically examining identified drug users for neurological impair-
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ment or comparing thc performance o f drug users and a control group on some 
assessment instrument. Although these quasi-experimental designs are weak and 
lack the controls of a true experiment, ethical considerations have severely lim­
ited the degree o f experimental control that an investigator can exercise. While a 
few true experiments on the efTects of drugs on humans have been conducted 
(Hill and Belleville, 1953; Isbell, Altschul, Kometsky, Eisenman, Flanary, and 
Fraser, 1950), most experimentation on the chronic effects o f drug use has 
been conducted on animals. In the animal research, the issue is not one of 
experimental control, but rather one o f generalizability. Since the cerebral cor­
tex is less highly developed in animals than in man, impairments such as subtle 
biochemical dysfunctions which may affect only higher-level mental processes 
might go unnoticed in animals.

In this paper, research on the long-term cerebral efTects of marijuana use is 
reviewed. The large amount o f research on marijuana should provide enough 
data to draw some tentative conclusions and to suggest lines for further re­
search. Only the research with human subjects is reviewed because of the limi­
tations in generalizability already discussed. This review begins with a brief dis­
cussion of aome methodological considerations in long-term drug effect re­
search before reviewing the research studies themselves. The review ends with 
several suggestions for new lines of research on this question. A thorough under­
standing of the risks associated with cannabis is necessary if we are to develop 
reasoned policies and laws to regulate its use.

METHODOLOGICAL CONSIDERATIONS
Polydrug Use

Studying thc chronic efTects of any illegal drug presents some very serious 
methodological issues. Perhaps the most serious of these is the fact that the vast 
majority of drug abusers arc polydrug users. A number of recent studies (Grant, 
Mohns, Miller, and Reitan, 1976; Grant, Adams, Carlin, Rennick, Judd, and 
Schoof, 1978; Grant, Reed, Adams, and Carlin, 1979; Judd and Grant, 1975) 
have provided evidence of neurological or neuropsychological impairment in 
heavy polydrug uiers relative to control subjects.

There are many possible factors which may account for these findings. First, 
the drugs themselves and/or their adulterants may be directly toxic to the cen­
tral nervous system. Evidence suggestive of such toxicity has been presented for 
heroin and opiurn (Hall and Karp, 1973; Richter and Rosenberg, 1968; Schein, 
Yessayan, and Miyman, 1971; Thompson and .Valdman, 1970), amphetamines 
(Citron, Halpem, McCanon, Lundberg, McCormick, Pincus, Tatter, and Haver- 
back, 1970; Goodman and Becker, 1970; Kane, Keeler, and Reifler, 1969; 
Weiss. Raskind, Morganstem, Pytlyk, and Baiz, 1970), and inhalants (Grabski,

CHRONIC CEREBRAL EFFECTS OF CANNABIS USE. 1 607

1961; Knox and Nelson, 1966; Layzer, Fishman, and Schafer, 1978; Prockop, 
1977; Prockop and Couri, 1977; Schaumberg and Spencer, 1976; Valpey, Sumi, 
Copass, and Goble, 1978). Quinine, a substance used to dilute heroin, has been 
linked to optic atrophy in at least one case (Richter and Pearson,' 1975) and is 
described as having “well recognized tissue toxic effects" (Pearson &. Richter, 
1975, p. 316).

In addition to the use of other illegal drugs, heavy alcohol use is common 
among drug abusers (Grant et al., 1979; Institute of Medicine, 1982). Alcohol 
consumption by drug users must be considered in selecting control groups 
since there is some evidence of neurological and neuropsychological impair­
ment in alcohblics (for reviews, see Bolter and Hannon, 1980; Kleinknecht and 
Goldstein, 1972; Parsons, 1977;'Parsons and Leber, 1981; Ron, 1977; Tarter, 
1975; Wilkinson, 1982).

While the heavy use of alcohol by marijuana users can be addressed by in­
cluding a control group of heavy alcohol (but not marijuana) users for com­
parison, there is no comparable way of controlling for* the use of other drugs. 
At least in this culture, finding a group of polydrug users who do not use mari­
juana to seaye as controls is extremely unlikely. An easier approach would be 
to study marijuana users who are not polydrug users.

Differential Vulnerability

Several authors have suggested the possibility of an interaction between 
drug effects and a preexisting vulnerability in some subjects. Goodman and 
Becker (1970) suggested that the hemorrhages in amphetamine users may 
have resulted from an Interaction between the hypertensive and vasoconstric­
tive effects of the drug and a preexisting neurological vulnerability (such as an 
arteriovenous malformation or aneurysm which is assumed to  have burst under 
the increased pressure). A recent study of polydrug users (Grant et al., 1978) 
also raised the possibility that individuals may be differentially vulnerable to 
drug-related cerebral impairment. Possible interactions between drug effects 
and some other factor(s) enormously complicate an already difficult research 
area, although such considerations are probably more realistic than assuming 
equal vulnerability to drug effects in all subjects. The hypothesis of differen­
tial vulnerability seems to be consistent with clinical experience which sug­
gests that the effect o f a lesion in a patient with a previous brain injury is often 
more severe than the same lesion in an unimpaired individual.

Secondary Effects

There are also a number of secondary factors associated with heavy poly­
drug use that may increase the likelihood o f cerebral impairment. Heavy drug
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users may have a poor diet, and the resultant long-term nutritional deficiencies 
may produce impairment. The drug subculture is often violent, resulting in an 
increased likelihood o f traumatic injuries. Falls due to impairment of coordina­
tion or loss of consciousness as a result of drug intoxication, overdose, or with­
drawal may produce head injury. Head trauma may also result from errors in 
perception or judgment while in the intoxicated state. Local infections resulting 
from unsterile injections may spread to the central nervous system. Repeated 
anoxia resulting from overdose, withdrawal convulsions, or inhalation of solvents 
may increasingly destroy neurons.

It should be noted that all o f the drug studies mentioned earlier as well as 
the marijuana studies described later in this paper have been retrospective. Thus 
it is unclear whether drug use predated cerebral impairment or whether the im­
pairment predated drug use. For example, it is possible that the impairment in 
judgment sometimes seen in individuals with cerebral deficits may prevent them 
from being fully cognizant o f the risks o f heavy drug use, thus increasing the 
likelihood that cerebrally impaired individuals will abuse drugs. Although this 
possibility has not been studied with respect to marijuana or other illegal drugs, 
there is some evidence that alcoholics may be more likely than the genera] pop­
ulation to  have been diagnosed as hyperactive or as having minimal brain dys­
function (MBD) in childhood (see Parsons and Leber, 1981, or Tarter, 1976, 
for reviews).

Even though polydrug use is not an insurmountable problem in marijuana 
research, there are other related issues which need to be considered. The purity 
and potency o f any given street sample o f marijuana may vary widely. Before 
gaining popularity as a drug in its own right, phencyclidine (PCP, angel dust) 
w u  used on occasion to strengthen poor-quality marijuana. Thus the centra! 
nervous system effects o f PCP are also relevant. Another relevant drug is also 
one which the user might ingest unknowingly-the herbicide paraquat, which is 
sprayed on marijuana fields by U.S. Drug Enforcement agents in an attem pt to 
kill the plants. While the central nervous system efTects o f paraquat are thought 
to be temporary, insufficient research has been conducted at the present time 
(Institute o f Medicine, 1982).

Degree of Cannabis Use

Estimating the degree o f ■ >asl drug use is difficult since there are no stan­
dardized amounts o ' the drue in street samples. In addition, the self-repori of 
drug users concenurg the frequency of drug use is often suspect. In spite of 
these difficulties, getting some crude estimate of the level o f use in the subjects 
under study is valuable and most studies report such information. However, few 
studiea report how they gathered the information. The validity o f such data can 
be enhanced if the questions used to gather thc data are carefully standardized.
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Well-worded questions could significantly reduce the effects of response-set 
biases such as social desirability and acquiescence.

Many studies use subjects who report a wide range of drug use from as 
little as once a week to as often as several times a day. Since light to moderate 
users, especially if the use is short term, would be unlikely to demonstrate im­
pairment, their presence in a sample may serve to statistically mask impairment 
in the heavier users.

In many of the U.S. studies, the subjects '/ere undergraduates or medical 
students who were often Light cannabis users. The use of students as subjects 
does reduce the likelihood that secondary factors such as differences in motiva­
tion betwSen the groups could lead to  a false-positive finding of cerebral im­
pairment. However, the likelihood o f finding cerebral impairment in a group as 
select as medica] or college students is small regardless of their level o f cannabis 
use. Individuals with cerebral impairment are unlikely to perform as well as un­
impaired individuals on standardized aptitude and achievement tests and other 
measures important for determining admission to college or medical school, 
and thus would have been selected out o f the sample.

Preexisting Group Differences

Other variables provide some unique challenges in the study of the long­
term effects of marijuana use. In general, many drug users tend to be transient, 
making it difficult to do repeated assessments. Many have a life-style that is not 
work oriented or competitive. Many resent authority figures. As a result, they 
may be poorly motivated and minimally cooperative during testing, which may 
produce spuriously low test scores. To the extent that they are isolated from 
society, they may fail to develop the knowledge and skill necessary for adequate 
performance on some of the tests. Many of these variables are difficult to con­
trol. In addition, lower educational levels, less prestigious occupations, and, in 
general, lower socioeconomic status are characteristic o f adult heavy drug users. 
Since these variables are related to  low scores on many performance measures, 
special care in selecting a matched control group should be taken.

Psychopathology may present a particularly difficult problem. Schizo­
phrenics often score in the impaired range on neuropsychological measures 
(Golden, 1978). But often confirming evidence from other observations is lack­
ing, suggesting that many of these low scorers are false positives. If the drug- 
using group shows more psychopathology than the control group, then drug 
use and psychopathology would be confounded. Any observed cerebral deficits 
in the drug users could be the result o f either of these variables.

Preexisting group differences are particularly relevant in the cross-cultural 
studies. Poor nutrition and poor medica] care in the cannabis users, and social 
class differences in the users and nonusers are common. Nonetheless, the cross-
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c u l t u r a l  s t u d i e s  a r e  p a r t i c u l a r l y  r e l e v a n t  s i n c e  t h e  u s e r s  i n  t h e s e  s t u d i e s  t y p i c a l l y  

c o n s u m e  c o n s i d e r a b l y  m o r e  a n d  s t r o n g e r  f o r m s  o f  c a n n a b i s  t h a n  i s  t y p i c a l  o f  

A m e r i c a n  u s e r s ,  a n d  p o l y d r u g  u s e  i s  l e s s  f r e q u e n t  i n  t h e s e  i n d i v i d u a l s .  A l t h o u g h  

t h e r e  a r e  a  n u m b e r  o f  p r o b l e m s  w i t h  m a n y  o f  t h e  c r o s s - c u l t u r a l  s t u d i e s ,  t h e  m a ­

j o r i t y  o f  t h e  e x p e r i m e n t a l  p r o b l e m s  w o u l d  b i a s  t h e  s t u d y  i n  f a v o r  o f  f i n d i n g  

n e u r o l o g i c a l  d e f i c i t s  t h a t  a r e  a  f u n c t i o n  o f  f a c t o r s  o l h e r  t h a n  c a n n a b i s  c o n ­

s u m p t i o n .  F a c t o r s  s u c h  a s  p o o r  n u t r i t i o n  a n d  m e d i c a l  c a r e  i n  t h e  u s e r s ,  s o c i a l  

c l a s s  d i f f e r e n c e s ,  a n d  u s e  o f  t o x i c  o r  p o s s i b l y  t o x i c  s u b s t a n c e s  t o  e n h a n c e  t h e  

e f f e c t s  o f  t h e  c a n n a b i s  ( s u c h  a s  t o b a c c o ,  o p i u m ,  a r s e n i c ,  s t r y c h n i n e ,  a n d  

d h a t u r a - a  p o i s o n o u s  a l k a l o i d )  w o u l d  b i a s  t h e  s t u d y  t o w a r d  f i n d i n g  p e r f o r m a n c e  

d e f i c i t s  i n  t h e  c a n n a b i s  u s e r s .  O n e  p r o b l e m  t h a t  m i g h t  t e n d  t o  b i a s  t h e  r e s u l t s  o f  

t h e  c r o s s - c u l t u r a l  s t u d i e s  i n  t h e  o p p o s i t e  d i r e c t i o n  i s  t h e  s e l e c t i o n  o f  t h e  a s s e s s ­

m e n t  i n s t r u m e n t s .  I n  m a n y  c a s e s  t h e  i n s t r u m e n t s  w e r e  s i m p l y  a d a p t a t i o n s  o f  

t e s t s  u s e d  i n  t h e  U n i t e d  S t a t e s ,  w i t h  l i t t l e  o r  n o  n o r m a t i v e  d a t a  o n  t h e  c u l t u r e  

b e i n g  s t u d i e d .  I n  s o m e  c a s e s  i t e m s  w e r e  m o d i f i e d  t o  m a k e  t h e  t e s t  m o r e  r e l e ­

v a n t  t o  t h e  c u l t u r e  b e i n g  s t u d i e d  ( e . g . ,  B o w m a n  a n d  P i h l ,  1 9 7 3 ) ,  b u t  t h o s e  

m o d i f i c a t i o n s  w e r e  u s u a l l y  m a d e  s o l e l y  o n  t h e  b a s i s  o f  f a c e  v a l i d i t y .  A n o t h e r  

p r o b l e m  i s  t h e  u s e  o f  t e s t s  w h i c h  a r e  i n c a p a b l e  o f  d e t e c t i n g  r e a l  d i f f e r e n c e s  b e ­

t w e e n  g r o u p s .  T e s t s  w h i c h  a r e  t o o  d i f f i c u l t  ( p r o d u c i n g  a  f l o o r  e f f e c t )  o r  t o o  

e a s y  ( p r o d u c i n g  a  c e i l i n g  e f f e c t )  m a y  n o t  d e t e c t  r e a l  g r o u p  d i f f e r e n c e s  i n  p e r ­

f o r m a n c e  ( S a t z ,  F l e t c h e r ,  a n d  S u t k e r ,  1 9 7 6 ) .  P r e t e s t i n g  c a n  r e d u c e  t h e  l i k e l i ­

h o o d  o f  f l o o r  o r  c e i l i n g  e f f e c t s .

Acute and Withdrawal Effects

Y e t  a n o t h e r  f a c t o r  i s  t h e  a c u t e  o r  w i t h d r a w a l  e f f e c t s  o f  d r u g s  o n  p e r ­

f o r m a n c e .  U n l e s s  t h i s  f a c t o r  i s  c o n t r o l l e d ,  a n y  o b s e r v e d  d e f i c i t  i n  p e r f o r ­

m a n c e  i n  u s e r s  m i g h t  b e  a n  a c u t e  e f f e c t  w i t h  n o  l o n g - t e r m  c o n s e q u e n c e s .  A  

f a i r l y  l o n g  p e r i o d  o f  a b s t i n e n c e  i s  r e q u i r e d  f o r  s o m e  d r u g s .  F o r  e x a m p l e ,  

H i l l  a n d  B e l l e v i l l e  ( 1 9 5 3 )  f o u n d  c o n t i n u e d  i m p a i r m e n t  i n  f i n e  m o t o r  c o o r d i n ­

a t i o n  1 8  d a y s  a f t e r  t h e  a b r u p t  w i t h d r a w a l  f r o m  h e a v y  b a r b i t u r a t e  u s e .  A l ­

t h o u g h  t h e  b e h a v i o r a l  e f f e c t s  o f  m a r i j u a n a  a p p e a r  t o  b e  s h o r t  t e r m ,  t e L a h y d r o -  

c a n n a b i n o l  ( T H C ) ,  t h e  a c t i v e  i n g r e d i e n t  i n  m a r i j u a n a ,  r e m a i n s  i n  f a t t y  t i s s u e  

f o r  u p  t o  2  o r  3  w e e k s  ( M i r i n  a n d  W e i s s ,  1 9 8 3 ) .  A p p r o x i m a t e l y  h a l f  o f  b r a i n  

t i s s u e  i s  s u c h  f i t t y  t i s s u e  ( G r i n k e r  a n d  S a h s ,  1 9 6 6 ) .  I f  t h e  m a r i j u a n a  u s e r s  u s e  

a n y  o t h e r  d r u g s ,  i n c l u d i n g  a l c o h o l ,  i t  i s  n e c e s s a r y  t o  r u l e  o u t  t h e  a c u t e  e f f e c t s  

o f  a l l  p o s s i b l e  d r u g s .  B e h a v i o r a l  o b s e r v a t i o n  i s  n o t  s u f f i c i e n t  s i n c e  m o s t  h e a v y  

d r u g  u s e r s  c a n  e a s i l y  h i d e  t h e  e f f e c t s  o f  i n t o x i c a t i o n  ( G r a n t  a n d  J u d d ,  1 9 7 6 ) .  

T w o  w a y s  o f  d e a l i n g  w i t h  t h i s  i s s u e  a r e  ( 1 )  t o  r o u t i n e l y  u s e  b l o o d  a n d  u r i n e  

s c r e e n i n g  o f  a l l  s u b j e c t s ,  o r  ( 2 )  t o  h o s p i t a l i z e  d r u g  u s e r s  a s  a  w a y  o f  l i m i t i n g  

d r u g  u s e  f o r  t h e  d u r a t i o n  o f  t h e  s t u d y .  B o t h  a r e  e x p e n s i v e  a n d  n e i t h e r  i s  u s e d  

v e r y  o f t e n .  N o n e  o f  t h e  m a r i j u a n a  s t u d i e s  r e v i e w e d  i n  t h i s  p a p e r  u t i l i z e d  l a b o r a ­
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t o r y  s c r e e n i n g  p r o c e d u r e s  f o r  d r u g s  o t h e r  t h a n  m a r i j u a n a ,  a n d  o n l y  o n e  s t u d y  

( S c h a e f f e r ,  A n d r y s i a k ,  a n d  U n g e r l e i d e r ,  1 9 8 1 )  u s e d  s u c h  a  p r o c e d u r e  t o  s c r e e n  

f o r  t h e  p r e s e n c e  o f  m a r i j u a n a .

Experimenter Bias

A  m a j o r  p r o b l e m  i n  m o s t  s t u d i e s ,  a n d  o n e  w h i c h  c o u l d  b e  h a n d l e d  e a s i l y ,  

i s  e x p e r i m e n t e r  b i a s .  T h e  i s s u e  o f  t h e  e f f e c t s  o f  i l l e g a l  d r u g s  i s  a s  m u c h  a  s o c i a l  

a n d  p o l i t i c a l  c o n c e r n  a s  a  s c i e n t i f i c  c o n c e r n ,  a n d  t h e  c u r r e n t  s o c i a l  c l i m a t e  c a n  

h a v e  m a n y  e f f e c t s  o n  e x p e r i m e n t e r s  w h i c h  c a n  s h a p e  t h e i r  e x p e c t a t i o n s  ( Z i n ­

b e r g ,  1 9 7 2 ) .  A l t h o u g h  e x p e r i m e n t e r  b i a s  i s  k n o w n  t o  a f f e c t  o u t c o m e  i n  m a n y  

e x p e r i m e n t s  ( R o s e n t h a l ,  1 9 6 6 ) ,  t h e  p o s s i b i l i t y  o f  i t s  o c c u r r e n c e  h a s  b e e n  v i r ­

t u a l l y  i g n o r e d  i n  t h e  d r u g  a b u s e  l i t e r a t u r e .  I n  o n l y  o n e  s t u d y  r e v i e w e d  ( B o w m a n  

a n d  P i h l ,  1 9 7 3 )  w e r e  t h e  p r e c o n c e p t i o n s  o f  t h e  i n v e s t i g a t o r  s t a t e d  d i r e c t l y  a n d  

t h e  p o s s i b i l i t y  o f  b i a s  c o n s i d e r e d .  A  f e w  s t u d i e s  d i d  t e s t  t h e i r  s u b j e c t s  b l i n d l y  

a s  a  w a y  t o  c o n t r o l  e x p e r i m e n t e r  b i a s ,  b u t  t h i s  w a s  d e f i n i t e l y  t h e  e x c e p t i o n .  

I n  t w o  r e c e n t  r e v i e w s  o f  t h e  l i t e r a t u r e  o n  t h e  c h r o n i c  c e r e b r a l  e f f e c t s  o f  d r u g  u s e  

( G r a n t  a n d  M o h n s ,  1 9 7 5 ;  K o r n b l i t h ,  1 9 8 1 ) ,  e x p e r i m e n t e r  b i a s  w a s  n o t  e v e n  

m e n t i o n & l .

S u m m a r y  on Methodology

S o m e  o f  t h e  p r o b l e m s  t h a t  h a v e  b e e n  d i s c u s s e d  a r e  a l m o s t  u n a v o i d a b l e  g i v e n  

t h e  n a t u r e  o f  t h e  p r o b l e m ,  t h e  p o p u l a t i o n  u n d e r  s t u d y ,  a n d  t h e  e t h i c a l  p r o h i b i ­

t i o n s  w h i c h  e x i s t  a g a i n s t  d i r e c t  e x p e r i m e n t a t i o n .  S o m e  o t h e r s  a r e  e a s i l y  r e m e ­

d i e d  ( e . g . ,  t e s t i n g  b l i n d l y  t o  r e d u c e  e x p e r i m e n t e r  b i a s )  w h i l e  o t h e r s  c a n  b e  e f ­

f e c t i v e l y  d e a l t  w i t h  i f  c a r e f u l l y  s e l e c t e d  c o n t r o l  g r o u p s  a r e  u s e d .  S o m e  c o n t r o l  

p r o c e d u r e s  m a y  n o t  b e  n e e d e d  a t  a l l  i f  p r e l i m i n a r y  r e s e a r c h  s u g g e s t s  n o  d i f f e r ­

e n c e s  b e t w e e n  u s e r s  a n d  n o n u s e r s  s i n c e  t h e  u n c o n t r o l l e d  v a r i a b l e s  w o u l d  h a v e  

l i k e l y  l e d  t o  t h e  o p p o s i t e  r e s u l t s .  T h e r e  a r e  t i m e s  w h e n  r i g o r o u s  a d h e r e n c e  t o  

m e t h o d o l o g i c a l  p r o c e d u r e s  m u s t  b e  s a c r i f i c e d  b e c a u s e  o f  p r a c t i c a l  c o n s i d e r a t i o n s  

a n d  b u d g e t  c o n s t r a i n t s .  H o w e v e r ,  s o m e  o f  t h e  m e t h o d o l o g i c a l  e r r o r s  f o u n d  i n  

t h e s e  s t u d i e s  d o  n o t  s e e m  t o  b e  t h e  r e s u l t  o f  d e l i b e r a t e  c o m p r o m i s e ,  b u t  r a t h e r  

s e e m  t o  s t e m  f r o m  o v e r s i g h t  o r  p e r h a p s  i g n o r a n c e .  S e v e r a l  s t u d i e s  c o m p a r e d  s u b ­

j e c t s  o n  d o z e n s  o f  m e a s u r e s  a n d ,  n o t  s u r p r i s i n g l y ,  f o u n d  a  f e w  o f  t h e m  s i g ­

n i f i c a n t .  T h e i r  i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  s e e m e d  t o  o v e r l o o k  t h e  p o s s i b i l i t y  

t h a t  t h e  d i f f e r e n c e s  w e r e  s i m p l y  c h a n c e  e v e n t s .  S a t z  e t  a l .  ( 1 9 7 6 )  h a v e  a r g u e d  

t h a t  i n  m a n y  o f  t h e s e  s t u d i e s  u t i l i z i n g  a  v a r i e t y  o f  m e a s u r e s ,  a  m u l t i v a r i a t e  a n a l y ­

s i s  o f  t h e  d a t a  w o u l d  h a v e  b e e n  m u c h  m o r e  a p p r o p r i a t e .  A n o t h e r  c o m m o n  

e r r o r  i s  t h e  o v e r i n t e r p r e t a t i o n  o f  a  s i n g l e  o r  m u l t i p l e  c a s e  s t u d y  ( A l t m a n  a n d  

E v e n s o n ,  1 9 7 3 ) .  T h e  m a j o r  m e t h o d o l o g i c a l  i s s u e s  d e s c r i b e d  i n  t h i s  p a p e r  a r e  

s u m m a r i z e d  i n  T a b l e  1 .
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Table 1

Methodologies! Issues in the Study of Cennebis Users
Characteristics o f  the subjects: Po lyd rug use

D iffe ren tia l vu lnerab ility
Secondary effects
Degree o f  cannabis use
Preexisting group d ifferences

Experim enter fa c to rs : Experim enter bias
E xperim enta l fac to rs : Acute and w ithdrawal effects

A S S E S S I N G  C E R E B R A L  D Y S F U N C T I O N

There have been two basic approaches to the study of chronic cerebral 
efTects in drug ut:rs: the neurological approach and the psychological-neuro­
psychological approach. Each has its strengths and weaknesses, and several of 
the methodological concerns described earlier affect one approach more than the 
other.

Neurological Approach

In the neurological approach, one or some combination of the following is 
employed: mental status examination; neurological examination; laboratory 
tests on blood, urine, or cerebrospinal fluid; electroencephalography (EEG); 
evoked potentials; echoencephalography (ultrasound); and neuroradiological 
techniques including skull X-ray, radionuclide brain scanning and flow studies, 
angiography, pneumoencephalography, and computerized axial tomography 
(CAT scanning). Most of these assessment techniques require considerable judg­
ment and experience for accurate interpretation. In addition, such techniques 
have far from perfect reliability and validity (Filskov and Goldstein, 1974; 
Tsushima and Wedding, 1979), although this is rarely considered in interpreting 
research which has used these tests to provide evidence of brain impairment in 
drug users.

The mental status examination consists of clinical observation and questions 
relating to memory, cognitive processes, judgment, and so on. Many factors 
other thin cerebral impairment, including psychopathology, may influence the 
results. The questions are not standardized, rating is subjective, and the specific 
behaviors leading to the conclusions are often not described. Socioeconomic 
status, race, and age may affect the responses, but these variables are often not 
taken into account when rating. Responses may also be affected if the individ­
ual is experiencing acute or withdrawal effects of drugs.

Tab le  2
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NeurologiesI Findings Orgtnited by Test
Measures Studies

Neurological exam ination G rant et aL, (1 9 7 3 )
M ayor's Comm ittee (1 9 4 3 /1 9 6 6 ) 
Mendelson et aL (1 9 7 4 )
R od in  et a l. (1 9 7 0 )

EEC Karican  et a l. (1 9 7 6 ) 
R od in  et a l. (1 9 7 0 ) 
Rubin A Comitas (1 9 7 5 )
S tefanis et a l. (1 9 7 7 )

Echoencephalography Stefan ls et aL (1 9 7 7 )
Pneumoencephalography Campbell e t a L (1 9 7 1 )
CAT scan Co et aL (1 9 7 7 ) 

Kuehn le ct aL (1 9 7 7 )

<
The neurological examination consists of an assessment of the cranial 

nerves, reflexes, gait, and so on. -Again, rating is subjective since there are no 
clearly defined empirical norms taking age and other important factors into 

account.
Laboratory tests mty be helpful in the diagnosis of certain neurological 

conditions, especially those involving infectious processes, but are insensitive to 
the presence of other conditions, especially disorders in the early stages of devel­
opment. The EEG, skull X-ray, brain scan and flow study, evoked potentials, 
pneumoencephalogram, and angiogram are each useful in the diagnosis of only 
certain neurological disorders. In all of these tests, abnormal findings occur in 
some proportion of persons lacking other evidence of neurological disorder (false 

positives). This is particularly true of the EEG (Cobb, 1963; Mayo Clinic, 1963; 
Vick, 1976) and the pneumoencephalogram (Bull, 1971). Finally, some of these 
assessment techniques have a significant morbidity and mortality rate, and are 

thus not appropriate for routine research.
In the late 1970s the CAT scan was developed and rapidly replaced many of 

the previously discussed te3ts as a result of its noninvasiveness, increased 
accuracy, and informativeness. Both the reliability and the validity of the CAT 
scan are quite high if an experienced interpreter reads the record (Tsushima and 
Wedding, 1979). Contrast enhancement, which aids in the differentiation of the 
various types of tissue and fluid, can further increase the validity of the CAT 

scan.
The neurological techniques that have been described, with the exception of 

those that assess behavior (i.e., neurological and mental status examinations),
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require no more than passive cooperation from the subject. Thus, an unmoti­
vated subject will not present any particular problems in interpretation. Acute 
or withdrawal effects, psychopathology, or medication of any kind may affect 
the neurological or mental status examinations and the EEG but do not tend 
to afTect the other tests. With the exception of the mental status examination, 
factors such as socioeconomic status and membership in a minority subculture 
should have a negligible effect. Table 2 lists each of the neurological techniques 
which have been used to investigate the cerebral effects of cannabis use and 
the investigators who have used them.

Neuropsychological Approach

The neuropsychological approach generally utilizes performance on stan­
dardized tests to determine the presence or absence of cerebral impairment. 
Over the yean, there have been considerable changes in the particular tests 
used and in the signs on these tests thought to be indicative of cerebral impair­
ment Many of the earliest tests used for this purpose have been found to be in­
valid indicators of cerebral functioning (e.g., the Rorschach). Many other early 
tests were based on a unitary view of brain damage (e.g., the Bender Visual 
Motor Gestalt Test). Today, it is believed that there is no single deficit uni­
versally present in cerebral impairment and that proper assessment requires 
the examination of a wide range of cerebral functions (Golden, 1978). Tests 
from the unitary approach are now used as part of a comprehensive test bat­
tery. One such battery which has been widely uasd is the Halstead-Reitan Neuro­
psychological Battery, which has demonstrated reliability and validity com­
parable to the CAT scan when scored and interpreted by a trained neuropsychol­

ogist (Filskov and Goldstein, 1974; Schreiber, Goldman, Kleinian, Goldfader, 
and Snow, 1976; Swierdnsky and Leigh, 1979; Tsushima and Wedding, 1979). 
The Wechsler Adult Intelligence Scale (WAIS) and the Minnesota Multiphasic 
Personality Inventory (MMPI) are generally included in the battery as the 
WAIS can provide information on cognitive functioning and the MMPI can 
indicate the existence of factors such as psychopathology that may influence 
the test scores. For a more complete review of neuropsychological assessment, 
see Golden (1978) or Parsons and Prigatano (1978).

Neuropsychological testing relies on inferences from behavior to character­
ize the structural state of the brain. It is more vulnerable than neurological 

techniques to acute and withdrawal effects and to the effects of such variables 
as age, educational level, lack of motivation, and psychopathology. In particu­
lar, chronic schizophrenia frequently impairs performance on neuropsychologi­
cal testing (Klonoff, Fibiger, and Hutton, 1970).

Neuropsychological testing can often detect the early stages of a neuro­
logical disorder, is sensitive to a wide range of etiologies, has no significant

Tab le 3
Psychologic*! »nd Nturoptyehologlcil Findings Orgtniitd by Tut

CHRONIC CEREBRAL EFFECTS OF CANNABIS USE. I

Type o f  measure and tpecific  m a tu re ;

T en s o f  in te llectua l function ing  
Ammons F u ll Range V ocabu la ry  
Bhatia Batte ry  o f  In telligence 
General Aptitude T en  Batte ry  (p o rtions )

Raven ’ s Progressive Matrices

W AIS (o i p o rtions )

V^ISC (Ind ian  adaptation )
Neuropsychologica l test batteries 

H alnead -Reitan  (o r  p o rtion s )

Tests o f  abstract reasoning and 
concept fo rm a tion  

Embedded Figures 
Wisconsin Card Sorting

Tests o f  atten tion  and concentration  
C o lo r Cancellation

Digits Backward
Goal-D irected Seria l A lte rnation  
Seria l A rithm etic
Symbol-D ig it Modalities__________

Studies using the measure

Rubin and C om itas ( 1 9 7 5 ) 
Agarwal et a l  (1 9 7 5 )
S o u - lf  (1 9 7 6 )
Wig and Varma (1 9 7 7 )
G rant et a l . ( 1 9 7 3 )
Schaeffer et aL (1 9 8 1 )
Stefanis et aL (1 9 7 7 )
Wig and Varma ( 1 9 7 7 )
Bowman and P ih l ( 1 9 7 3 )
Carlin and T rup in  ( 1 9 7 7 )
Culver and K ing ( 1 9 7 4 )
Mayor's Comm ittee (1 9 4 3 /1 9 6 6 )  
Mendelson et aL (1 9 7 4 )
Mendhiratta et aL (1 9 7 8 )
Rubin and C om ha t (1 9 7 5 )
Satz e ta L  ( 1 9 7 6 )
Schaeffer et aL ( 1 9 8 1 )
S oue if (1 9 7 6 )
Stefanis et a l. ( 1 9 7 7 )
Wig and Varma (1 9 7 7 )

Bowman and P ih l (1 9 7 3 )
C arlin  and T rup in  (1 9 7 7 )
Culver «nd K ing  ( 1 9 7 4 )
G rant e taL  (1 9 7 3 )
Mendelson et aL ( 1 9 7 4 )  
R och fo rd  et aL (1 9 7 7 )
Rubin  and Com itas ( 1 9 7 5 )
S atz et aL ( 1 9 7 6 )
Schaeffer et aL (1 9 8 1 )
S oue if (1 9 7 6 )

Bowman and P ih l ( 1 9 7 3 ) 
Bowman and P ih l ( 1 9 7 3 )

R ay e ta L  (1 9 7 8 )
Wig and Varm a ( 1 9 7 7 )  
R ay  e ta L  ( 1 9 7 8 )  
G rant et aL (1 9 7 3 )  
R ay  e taL  (1 9 7 8 )  
Schaeffer et aL (1 9 8 1 )

(con tinued )
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T a b le  3  (c o n t in u e d )
Type o f  m a tu re  and specific measures

Tests o f  m em ory 
Benton V isual R etention

Facial Recognition M emory 
K n ox  Cube 
Paired Associates 
Recognition
Rey  A ud ito ry -V erba l Learning 
R e y -O s ta id th  Com p lex Figure 
Wechsler M em ory Scale

W illiams M em ory Scale
Tests o f  perccp tuom otor and m oto r functions 

Ben ton  V isua l-M otor Gesta lt

Card R o ta tion
Cube Comparisons
Graduated Holes
Hidden Patterns
Maze Steadiness
Minnesota Pacep to -D kgnostic

Paper Fold ing 
Pegbotrd 
Pencil Tapping •
Pins
R eaction  Time

Spatial O rientation 
Speed and Accuracy 
Surface Development

Sensory-perceptual tests 
Distance Estim ation 
H ooper V isual O rganization 
Late ra lity  D iscrim ination 
T im e Estimation

Studies using the measure

S m  e ta L  (1 9 7 6 )
Schaeffer et a l. (1 9B 1 )
S a tz e t  aL (1 9 7 6 )
Bow m an and P ih l ( 1 9 7 3 ) 
Bow m an and P ih l (1 9 7 3 ) 
Mervdhiratta et a l. (1 9 7 8 )  
S chae ffe re t a l . ( 1 9 8 1 )
Bowman and P ih l (1 9 7 3 ) 
Agarwal et aL (1 9 7 5 )
R a y e t  a l. (1 9 7 8 )
S a tz e ta L  (1 9 7 6 )
Wig and Varma (1 9 7 7 )
S a tz et aL (1 9 7 6 )

Agarwal e t aL ( 1 9 7 5 )  
Mendhiratta et aL (1 9 7 8 ) 
R o ch fo rd  e ta L  (1 9 7 7 )
R od in  et a l. (1 9 7 0 )
S oue if (1 9 7 6 )
Wig and Varma ( 1 9 7 7 )
Culver and King (1 9 7 4 )
Culver and K ing (1 9 7 4 )
R ub in  and Com itas (1 9 7 5 )  
Culver and K ing ( ( 9 7 4 )
R u b in  and Com itas (1 9 7 5 )
R a y  e ta L  (1 9 7 8 )
R o ch fo rd  et aL ( 1 9 7 7 )
Culver and King (1 9 7 4 )
R ub in  and Com itas (1 9 7 5 )  
M en d h in tu  et aL (1 9 7 8 )  
Bowman and Pih l (1 9 7 3 ) 
Bowman and P ih l ( 1 9 7 3 ) 
M endhiratta et aL ( 1 9 7 8 ) .
S ou e if (1 9 7 6 )
Cu lver and King (1 9 7 4 )  
M end.iiratta et aL (1 9 7 8 )
Culver and King ( 1 9 7 4 )

S ou e if (1 9 7 6 )
Schaeffer et aL (1 9 8 1 )
C u lm  and King (1 9 7 4 )
Bowman and P ih l (1 9 7 3 )  
Mendhiratta et aL ( 1 9 7 8 )
R u b in  and Com itas (1 9 7 5 )

(con tinued )
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Tab le 3 (continued)
Type o f  m eaiure and specific m a tu re s Studies using the m a su re

Sensory-perceptual tests:
T im e E itim ation  (con tinued ) Soue if (1 9 7 6 )

Wig and Varma (1 9 7 7 )
Persona lity tests

Lowenfe ld Mosaic Rubin and Com itas (1 9 7 5 )

m e d i c a l  r i s k s ,  a n d  p r o v i d e s  d i r e c t  i n f o r m a t i o n  a b o u t  b e h a v i o r a l  d e f i c i t s  a n d  

a s s e t s .  H o w e v e r ,  i t  m a y  h a v e  a  h i g h e r  f a l s e - p o s i t i v e  r a t e  t h a n  m o s t  n e u r o l o g i c a l  

t e c h n i q u e s .  I n  m a n y  w a y s ,  n e u r o l o g i c a l  a n d  n e u r o p s y c h o l o g i c a l  a p p r o a c h e s  a r e  

c o m p l e m e n t a r y ,  w i t h  d i f f e r e n t  s t r e n g t h s  a n d  l i m i t a t i o n s .  U n f o r t u n a t e l y ,  t h e r e  

a r e  f e w  s t u d i e s  o f  m a r i j u a n a  ( n o n e  o f  t h e m  r e c e n t )  w h i c h  u t i l i z e  b o t h  t e c h ­

n i q u e s .  T a b l e  3  l i s t s  t h e  v a r i o u s  n e u r o p s y c h o l o g i c a l  m e a s u r e s  t h a t  h a v e  b e e n  

u s e d  t o  e v a l u a t e  t h e  c e r e b r a l  e f f e c t s  o f  c a n n a b i s  a n d  t h e  i n v e s t i g a t o r s  t h a t  h a v e  

u s e d  t h e m .

CHRONIC CEREBRAL EFFECTS OF MARIJUANA USE
E a r l y  R e s e a r c h

U n t i l  q u i t e  r e c e n t l y ,  l i t t l e  e f f o r t  h a d  b e e n  e x p e n d e d  o n  u n d e r s t a n d i n g  t h e  

e f f e c t s  o f  m a r i j u a n a  u s e .  O v e r  8 0 %  o f  t h e  p u b l i s h e d  r e s e a r c h  o n  t h e  c h r o n i c  

c e r e b r a l  e f f e c t s  o f  m a r i j u a n a  h a s  b e e n  c o n d u c t e d  s i n c e  1 9 7 0 .  H o w e v e r ,  t o  

u n d e r s t a n d  t h e  c o n t e x t  i n  w h i c h  t h e  c u r r e n t  r e s e a r c h  i s  b e i n g  c o n d u c t e d ,  o n e  

n e e d s  f a m i l i a r i t y  w i t h  e a r l y  a t t e m p t s  t o  s t u d y  t h e  p h e n o m e n o n .

T h e  e a r l i e s t  k n o w n  s t u d y  o f  t h e  e f f e c t s  o f  c a n n a b i s  i s  t h a t  o f  t h e  I n d i a n  

H e m p  D r u g s  C o m m i s s i o n  o f  1 8 9 3 - 1 8 9 4 ,  w h i c h  h a d  b e e n  c o m m i s s i o n e d  b y  t h e  

B r i t i s h  g o v e r n m e n t  t o  e x a m i n e  t h e  p h y s i c a l ,  m e n t a l ,  a n d  m o r a l  e f f e c t s  o f  c a n n a ­

b i s  u s e .  T h e  c o m m i s s i o n ’s  r e p o r t  c o n s i s t e d  o f  s e v e n  v o l u m e s  a n d  o v e r  3 , 0 0 0  

p a g e s ,  b u t  i t s  f i n d i n g s  h a v e  b e e n  v i r t u a l l y  i g n o r e d  b y  m o s t  r e s e a r c h e r s  b e c a u s e  

s o  f e w  c o p i e s  u f  t h e  r e p o r t  e x i s t .  I n  o r d e r  t o  p r o v i d e  m o r e  a c c e s s  t o  t h i s  m a ­

t e r i a l ,  a n  a r t i c l e  s u m m a r i z i n g  t h e  f i n d i n g s  ( M i k u r i y a ,  1 9 6 8 )  a n d  a  b o o k  c o n ­

t a i n i n g  t h c  c o m m i s s i o n ’s  r e p o r t  w h i l e  o m i t t i n g  m a n y  o f  t h e  a p p e n d i x e s  ( K a p l a n ,  

1 9 6 9 )  h a v e  b e e n  p u b l i s h e d .

T h e  H e m p  D r u g s  C o m m i s s i o n  w a s  a  t h o r o u g h  a t t e m p t  t o  s t u d y  t h e  e f f e c t s  

o f  c a n n a b i s ,  e s p e c i a l l y  c o n s i d e r i n g  t h e  l a c k  o f  a u x i l i a r y  m e d i c a l  t e s t s  a v a i l a b l e  

a t  t h e  t i m e .  T h e  c o m m i s s i o n  h a d  n o  d i r e c t  c o n t a c t  w i t h  t h e  u s e r s  a n d  c o n ­

d u c t e d  v e r y  l i t t l e  e x p e r i m e n t a t i o n .  H o w e v e r ,  i t s  m e m b e r s  i n t e r v i e w e d  1 , 1 9 3  

i n d i v i d u a l s ,  i n c l u d i n g  3 3 5  p h y s i c i a n s ,  a n d  r e v i e w e d  t h e  r e c o r d s  o f  a l l  j u d i c i a l
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p r o c e e d i n g s  f o r  t h e  p r e v i o u s  2 0  y e a r s  i n  w h i c h  c a n n a b i s  h a d  b e e n  t h o u g h t  t o  b e  

a  f a c t o r  i n  v i o l e n t  c r i m e s .  T h e y  a l s o  r e v i e w e d  t h e  r e c o r d s  o f  e v e r y  m e n t a l  h o s ­

p i t a l  i n  I n d i a  a n d  t h o r o u g h l y  s t u d i e d  t h e  f i l e s  o n  e a c h  o f  t h e  2 2 2  i n d i v i d u a l s  

a d m i t t e d  i n  1 8 9 2  w i t h  a  p o s s i b l e  c o n n e c t i o n  b e t w e e n  c a n n a b i s  u s e  a n d  m e n t a l  

i l l n e s s .

T h e  c o m m i s s i o n  c o n c l u d e d  t h a t  t h e  m o d e r a t e  u s e  o f  c a n n a b i s  p r o d u c e d  n o  

i n j u r i o u s  p h y s i c a l ,  m e n t a l ,  o r  m o r a l  e f f e c t s ,  w h i l e  e x c e s s i v e  u s e  w a s  l i k e l y  t o  b e  

h a r m f u l .  T h i s  c o n c l u s i o n  r e p r e s e n t e d  t h e  c o m m i s s i o n ’s  b e s t  g u e s s  g i v e n  t h e  g e n ­

e r a ]  i n a d e q u a c y  o f  t h e i r  d a t a .  T h e  c o m m i s s i o n  d i d  n o t  c l e a r l y  d e f i n e  m o d e r a t e  

a n d  e x c e s s i v e  u s e ,  a l t h o u g h  i t  s e e m s  l i k e l y  t h a t  e v e n  t h e i r  m o d e r a t e  u s e  w o u l d  

b e  c o n s i d e r e d  h e a v y  c o n s u m p t i o n  b y  t o d a y ’s  s t a n d a r d s .  R e g a r d l e s s  o f  a m o u n t  

o f  c a n n a b i s  u s e ,  h o w e v e r ,  t h e y  f o u n d  n o  e v i d e n c e  o f  r e s i d u a l  c e n t r a l  n e r v o u s  

s y s t e m  e f f e c t s ,  a l t h o u g h  t h e y  r e a d i l y  a d m i t t e d  t h a t  t h e i r  e v i d e n c e  w a s  o f t e n  

i n a d e q u a t e  ( K a p l a n ,  1 9 6 9 ) .

T h e  c o m m i s s i o n  m a y  h a v e  b e e n  t h o r o u g h  i n  i t s  w o r k ,  b u t  i t  i s  n o t  c l e a r  

t h a t  i t  w a s  c o m p l e t e l y  u n b i a s e d .  F o r  n e a r l y  1 0 0  y e a r s ,  o p i u m  f r o m  I n d i a  h a d  

b e e n  a  m a j o r  i t e m  i n  t h e  t r a d e  b e t w e e n  B r i t a i n  a n d  C h i n a  ( H y d e ,  1 9 7 3 ;  M c C o y ,  

R e a d ,  &  A d a m s ,  1 9 7 2 ) .  I n  1 8 9 5 ,  1  y e a r  a f t e r  t h e  r e p o r t  o f  t h e  H e m p  D r u g s  

C o m m i s s i o n ,  t h e  r e p o r t  o f  a  c o m m i s s i o n  o n  o p i u m  w a s  p u b l i s h e d .  I t s  c o n c l u ­

s i o n s  a b o u t  o p i u m  w e r e  t h e  s a m e  a s  t h o s e  r e p o r t e d  f o r  h e m p :  t h a t  t h e  m o d e r ­

a t e  u s e  o f  o p i u m  w a s  n o t  h a r m f u l  a n d  t h a t  i t s  g r o w t h  n e e d  n o t  b e  p r o h i b i t e d .  

T h e  O p i u m  C o m m i s s i o n ’s  c o n c l u s i o n s  m a y  w e l l  h a v e  b e e n  i n f l u e n c e d  b y  B r i t ­

a i n ’s  v e s t e d  i n t e r e s t  i n  m a i n t a i n i n g  t h e  o p i u m  t r a d e  ( O w e n ,  1 9 3 4 ) .  T h e  H e m p

C o m m i s s i o n  f i n d i n g s  m a y  h a v e  s e t  t h e  s t a g e  f o r  t h e  o p i u m  r e p o r t  r e l e a s e d  t h e  
n e x t  y e a r .

T h e  n e x t  r e p o r t e d  s t u d y ,  a l s o  c o n d u c t e d  i n  I n d i a ,  w a s  c a r r i e d  o u t  4 5  y e a r s  

l a t e r  ( C h o p r a  a n d  C h o p r a ,  1 9 3 9 ) .  C h o p r a  a n d  C h o p r a  e x a m i n e d  1 , 2 3 8  c a n n a b i s  

s m o k e r s  u s i n g  i n t e r v i e w s ,  p h y s i c a l  e x a m i n a t i o n s ,  a n d  i n  s o m e  c a s e s ,  e x t e n d e d  

b e h a v i o r a l  o b s e r v a t i o n s .  T h e y  c o n c l u d e d  t h a t  m o d e r a t e  u s e  w a s  n o t  h a r m f u l  

t o  t h e  c e n t r a l  n e r v o u s  s y s t e m  v  I i l e  e x c e s s i v e  u s e  d i d  l e a d  t o  i m p a i r m e n t .  I n  a  

r e a n a l y s i s  o f  t h e i r  d a t a  1 8  y e a r ;  l a t e r  ( C h o p r a  a n d  C h o p r a ,  1 9 5 7 ) ,  t h e y  q u e s ­

t i o n e d  w h e t h e r  e v e n  m o d e r a t e  u s e  o f  m a r i j u a n a  m i g h t  b e  h a r m f u l .  H o w e v e r ,  

s e v e r a l  p r o b l e m s  p l a g u e d  t h i s  s t u d y .  T h e s e  i n c l u d e d  t h e  l i k e l i h o o d  o f  p o o r  

n u t r i t i o n  a n d  i n f e c t i o u s  d i s e a s e  i n  t h e  s a m p l e  ( i t  w a s  n o t e d  t h a t  2 . 5 %  h a d  a  

“ h i s t o r y "  o f  s y p h i l i s ) ,  a n d  a  p r o b a b l e  o v e r r e p r e s e n t a t i o n  o f  s o c i a l  d e v i a t e s  

s i n c e  i t  w a s  u n l i k e l y  t h a t  p r o d u c t i v e  m e m b e r s  o f  a  h i g h e r  s o c i a l  c l a s s  w o u l d  b e  

r e f e r r e d  t o  t h e  i n v e s t i g a t o r s  b y  m e d i c a l  a n d  l o c a l  g o v e r n m e n t a l  p e r s o n n e l .  I n  

d i s c u s s i n g  l o n g - t e r m  c e n t r a ]  n e r v o u s  s y s t e m  c h a n g e s ,  t h e y  p r i m a r i l y  r e p o r t e d  

s y m p t o m s  t h a t  c o u l d  a s  r e a d i l y  h a v e  r e f l e c t e d  p s y c h o p a t h o l o g y ,  s u o h  a s  l a ­

b i l i t y  o f  a f f e c t ,  i m p a i r m e n t  o f  j u d g m e n t  a n d  m e m o r y ,  h a b i t u a l  l y i n g ,  a n d  

i n s o m n i a .  T h e  a u t h o r s  d i d  r e p o r t  t h a t  m a n y  s u b j e c t s  d e m o n s t r a t e d  p r e e x i s t i n g  

“ n e u r o t i c  t e n d e n c i e s ”  b u t  f e l t  t h a t  c a n n a b i s  h a d  b e e n  r e s p o n s i b l e  f o r  e n h a n c i n g

C H R O N IC  C E R E B R A L  E F F E C T S  O r  C A N N A B IS  U S E . I 6 1 9

t h e s e  t e n d e n c i e s .  H o w e v e r ,  t h e y  p r e s e n t e d  n o  e v i d e n c e  t o  s h o w  t h a t  t h e s e  i n d i ­

v i d u a l s  d e m o n s t r a t e d  l e s s  p s y c h o p a t h o l o g y  b e f o r e  t h e  o n s e t  o f  c a n n a b i s  u s e .

T h e  f i r s t  s t u d y  o f  t h e  e f f e c t s  o f  m a r i j u a n a  o n  c e r e b r a l  f u n c t i o n i n g  c o n ­

d u c t e d  i n  t h e  U n i t e d  S t a t e s  w a s  c a r r i e d  o u t  b y  t h e  M a y o r ’s  C o m m i t t e e  o n  M a r i ­

j u a n a ,  m o r e  c o m m o n l y  r e f e r r e d  t o  a s  t h e  L a  G u a r d i a  C o m m i s s i o n ,  w h i c h  s t u d i e d  

b o t h  t h e  m e d i c a l  a n d  p s y c h o l o g i c a l  c o n s e q u e n c e s  o f  m a r i j u a n a  u s e  ( M a y o r ' s  

C o m m i t t e e  o n  M a r i j u a n a ,  1 9 4 3 / 1 9 6 6 ) .  T h e y  s t u d i e d  7 2  p r i s o n  i n m a t e s ,  i n c l u d ­

i n g  4 8  u s e r s ,  m o s t  o f  w h o m  w e r e  u n d e r  3 0  y e a r s  o f  a g e .  U s e r  a n d  n o n u s e r  s u b ­

j e c t s  w e r e  g i v e n  t h e  B e l l e v u e  A d u l t  I n t e l l i g e n c e  T e s t  b e f o r e  a n d  a f t e r  t h e  a d ­

m i n i s t r a t i o n  o f  v a r i o u s  a m o u n t s  o f  m a r i j u a n a .  A l t h o u g h  t h e r e  w a s  a  d i f f e r e n c e  

i n  m e a n  s c p r e  ( 9 7  f o r  t h e  u s e r  g r o u p  a n d  1 0 4  f o r  t h e  n o n u s e r  g r o u p ) ,  t h e  i n v e s t i ­

g a t o r s  f e l t  t h a t  t h i s  d i f f e r e n c e  c o u l d  b e  a c c o u n t e d  f o r  b y  r a c i a l  a n d  c u l t u r a l  

f a c t o r s  s i n c e  t h e  c a n n a b i s  g r o u p  c o n t a i n e d  a  m u c h  l a r g e r  p r o p o r t i o n  o f  B l a c k  

a n d  P u e r t o  R i c a n  s u b j e c t s  w h o  o f t e n  d o  m o r e  p o o r l y  o n  s t a n d a r d i z e d  t e s t s .  I n  

a d d i t i o n ,  t h e  g e n e r a l  l a c k  o f  s u b t e s l  s c a t t e r  i n  t h e  u s e r  g r o u p s  w a s  c o n s i d e r e d  

e v i d e n c e  a g a i n s t  c a n n a b i s - p r o d u c e d  c o g n i t i v e  d e t e r i o r a t i o n .  M o r e  r e c e n t  r e ­

s e a r c h  s u g g e s t s  t h a t  n e i t h e r  i n t e r s u b t e s t  s c a t t e r  n o r  d e t e r i o r a t i o n  i n  i n t e l l i g e n c e  

s c o r e s  i s  c h a r a c t e r i s t i c  o f  a l l  t y p e s  o f  c e r e b r a l  i m p a i r m e n t .  T h u s  t h e i r  c o n c l u s i o n  

t h a t  m a f i j u a n a  u s e  d o e s  n o t  s e e m  t o  r e s u l t  i n  i m p a i r m e n t  a p p e a r s  p r e m a t u r e .

I n  s o m e  w a y s ,  t h e  L a  G u a r d i a  C o m m i s s i o n  w a s  a  f o r e r u n n e r  o f  t h e  m o d e m  

m a r i j u a n a  s t u d i e s .  A  s m a l l e r  s a m p l e  s i z e  w a s  u s e d  w i t h  s y s t e m a t i c a l l y  g a t h e r e d  

d e p e n d e n t  v a r i a b l e s  m e a s u r e d  f o r  e a c h  s u b j e c t .  T h e  c o n c l u s i o n s  w e r e  m o r e  

c l e a r l y  d a t a  b a s e d  t h a n  i n  m o s t  o f  t h e  o t h e r  e a r l y  s t u d i e s .  I n  g e n e r a l ,  t h e  m e t h ­

o d o l o g y  w a s  m o r e  i n  k e e p i n g  w i t h  t h e  e m p i r i c i s m  a n d  e x p e r i m e n t a l  c o n t r o l

c h a r a c t e r i s t i c  o f  m o d e m  W e s t e r n  s c i e n c e .

B e n a b u d  ( 1 9 5 7 )  r e p r e s e n t s  t h e  l a s t  o f  t h e  e a r l y  m a r i j u a n a  s t u d i e s .  H e  s t u d ­

i e d  8 2 4  i n d i v i d u a l s  w h o  h a d  b e e n  h o s p i t a l i z e d  f o r  c a n n a b i s  “ a d d i c t i o n , ”  a l ­

t h o u g h  i t  w a s  p o s s i b l e  t h a t  t h e r e  w e r e  a d d i t i o n a l  r e a s o n s  f o r  t h e i r  h o s p i t a l i z a ­

t i o n .  H e  e x p r e s s e d  t h e  o p i n i o n  t h a t  c a n n a b i s  i t s e l f  p r o d u c e d  a  t o x i c  e f f e c t  

w h i c h  a c t e d  a s  a  p r e c i p i t a n t  f o r  p s y c h o s i s  o r  d e m e n t i a ,  a l t h o u g h  a g a i n ,  i t  i s  n o t  

c l e a r  t h a t  t h i s  o p i n i o n  i s  b a s e d  o n  d a t a .

T h e s e  e a r l y  r e s e a r c h  s t u d i e s  a r e  s u m m a r i z e d  i n  T a b l e  4 .

M o d e m  N e u r o l o g i c a l  A p p r o a c h e s  

Cerebral Atrophy

I n  t h e  e a r l y  * 7 0 s ,  a  r e n e w e d  i n t e r e s t  i n  b o t h  t h e  s h o r t - t e r m  a n d  l o n g - t e r m  

e f f e c t s  o f  m a r i j u a n a  o c c u r r e d ,  p a r t l y  a s  a  r e s u l t  o f  t h e  i n c r e a s e d  u s e  o f  t h e  d r u g  

w n o n g  h i g h  s c h o o l  a n d  c o l l e g e - a g e  s u b j e c t s .  O n e  o f  t h e  f i r s t  r e p o r t e d  s t u d i e s ,  

a n d  a l s o  o n e  o f  t h e  m o s t  w i d e l y  q u o t e d ,  w a s  c o n d u c t e d  b y  C a m p b e l l ,  E v a n s ,  

T h o m s o n ,  a n d  W i l l i a m s  ( 1 9 7 1 ) .  T h e y  w e r e  t h e  f i r s t  t o  l i n k  c a n n a b i s  s m o k i n g  a n d
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c e r e b r a l  a t r o p h y .  T h e y  a d m i n i s t e r e d  p n e u m o e n c e p h a l o g r a m s  ( a  r a d i o l o g i c a l  

p r o c e d u r e  i n  w h i c h  a i r  i s  u s e d  t o  d i s p l a y  t h e  s i z e  a n d  p o s i t i o n  o f  t h e  c e r e b r a l  

v e n t r i c l e s )  t o  1 0  m a l e s  b e t w e e n  t h e  a g e s  o f  1 8  a n d  2 8  w h o  u s e d  m a r i j u a n a  

c o n s i s t e n t l y  ( n o t  d e f i n e d V  T h e i r  r e s u l t s  w e r e  c o m p a r e d  w i t h  t h e  p n e u m o e n ­

c e p h a l o g r a m s  o f  p e r s o n s  o f  s i m i l a r  a g e  w h o  h a d  b e e n  d i a g n o s e d  a s  n e u r o l o g i c a l l y  

n o r m a l .  T h e y  n o t e d  t h a t  a l l  1 0  o f  t h e  m a r i j u a n a  u s e r s  d e m o n s t a t e d  c e r e b r a l  

a t r o p h y  a s  d e t e r m i n e d  b y  e n l a r g e m e n t  o f  t h e  l a t e r a l  v e n t r i c l e s .

H o w e v e r ,  a  n u m b e r  o f  m e t h o d o l o g i c a l  f l a w s  l i m i t  t h e  c o n c l u s i o n s  t h a t  

m i g h t  b e  d r a w n  f r o m  t h i s  s t u d y .  F i r s t ,  t h e  r e s e a r c h e r s  m a y  h a v e  b e e n  b i a s e d  

s i n c e  t h e y  c o n s i s t e n t l y  r e f e r r e d  t o  t h e  u s e r s  a s  “ a d d i c t s , ”  a  t e r m  w i t h  a  n e g a ­

t i v e  c o n n o t a t i o n  w h i c h  i s  g e n e r a l l y  n o t  u s e d  i n  r e c e n t  p u b l i c a t i o n s  t o  d e s c r i b e  

m a r i j u a n a  U s e r s .  T h e  i n v e s t i g a t o r s  d i d  n o t  r e p o r t  w h e t h e r  t h e  p n e u m o e n c e p h a l o ­

g r a m s  w e r e  i n t e r p r e t e d  b l i n d l y ,  m a k i n g  t h e  b i a s  i s s u e  t h a t  m u c h  m o r e  c r i t i c a l .  

N e i t h e r  t h e  u s e r  n o r  t h e  c o n t r o l  g r o u p s  w e r e  r a n d o m l y  s e l e c t e d .  T h e  f i r s t  f o u r  

u s e r s  w e r e  k n o w n  t o  h a v e  a b n o r m a l  p n e u m o e n c e p h a l o g r a p h i c  r e s u l t s  ( t h e  s t u d y  

h a d  b e e n  o r i g i n a l l y  u n d e r t a k e n  b e c a u s e  o f  t h e s e  f i n d i n g s ) ,  a n d  t h e  o t h e r s  w e r e  

u n d e r  p s y c h i a t r i c  t r e a t m e n t  f o r  d r u g  a b u s e .  T h e  c o n t r o l s  w e r e  c h o s e n  f r o m  

e x i s t i n f i i l e s  o n  t h e  b a s i s  o f  v a g u e  n e u r o l o g i c a l  c o m p l a i n t s  w i t h  a  n o r m a l  p n e u ­

m o e n c e p h a l o g r a m .  T h u s ,  t h e y  w e r e  n o t  a c t u a l l y  c o n t r o l  s u b j e c t s ,  b u t  r a t h e r  

p r o v i d e d  a  s t a n d a r d  b y  w h i c h  t o  c o m p a r e  t h e  r e s u l t s  f r o m  t h e  u s e r s .

A l t e r n a t i v e  e x p l a n a t i o n s  f o r  t h e  c e r e b r a l  a t r o p h y  w e r e  i g n o r e d  b y  C a m p ­

b e l l  e t  a l .  ( 1 9 7 1 ) .  F o r  e x a m p l e ,  a l l  1 0  o f  t h e  m a r i j u a n a  u s e r s  w e r e  i n  f a c t  p o l y ­

d r u g  u s e r s .  A l l  h a d  t a k e n  L S D  a t  l e a s t  o n c e ,  a  f e w  h a d  u s e d  b a r b i t u r a t e s  a n d  

i n t r a v e n o u s  m o r p h i n e ,  a n d  s e v e n  h a d  a d m i t t e d  t h e  u s e  o f  a m p h e t a m i n e s .  I n  

s o m e  s u b j e c t s ,  o t h e r  d r u g s  w e r e  u s e d  a t  l e a s t  m o d e r a t e l y  o f t e n ,  b u t  t h e  i n v e s t i ­

g a t o r s  d i s m i s s e d  t h i s  p o l y d r u g  u s e  b e c a u s e  t h e  s u b j e c t s  u s e d  t h e s e  d r u g s  l e s s  

o f t e n  t h a n  t h e y  u s e d  m a r i j u a n a  a n d  b e c a u s e  t h e  d r u g s  w e r e  m o r e  r a p i d l y  m e ­

t a b o l i z e d  t h a n  m a r i j u a n a .  I n  a d d i t i o n ,  a l l  s h o w e d  s o m e  e v i d e n c e  o f  p s y c h o p a t h ­

o l o g y  ( E v a n s ,  1 9 7 4 )  a n d  3  o f  t h e  1 0  m a r i j u a n a - u s i n g  s u b j e c t s  h a d  h i s t o r i e s  o f  

h e a d  i n j u r y .  J n  a t  l e a s t  o n e  s u b j e c t ,  e p i l e p t i c  s e i z u r e s  b e g a n  t o  o c c u r  f o l l o w i n g  

t h e  i n j u r y .  H o w e v e r ,  t h e  i n v e s t i g a t o r s  a l s o  d i s c o u n t e d  t h e  h e a d  i n j u r i e s  a s  b e i n g  

t o o  m i n o r  t o  r e s u l t  i n  c e r e b r a l  a t r o p h y .

A  s t o r m  o f  a r t i c l e s  f o l l o w e d  t h e  p u b l i c a t i o n  o f  t h e  C a m p b e l l  e t  a l .  ( 1 9 7 1 )  

s t u d y ,  m o s t  o f  w h i c h  w e r e  c r i t i c a l  o f  t h e  m e t h o d o l o g y  a n d / o r  c o n c l u s i o n s  

( B r e w e r ,  1 9 7 2 ;  B u l l ,  1 9 7 1 ;  C a n n a b i s  e n c e p h a l o p a t h y ?  1 9 7 1 ;  G r i n s p o o n  1 9 7 2 ;  

S u s s e r ,  1 9 7 2 ) .  H o w e v e r ,  C a m p b e l l  e t  a l .  ( 1 9 7 1 )  w e r e  n o t  w i t h o u t  t ’ »fc_r s u p ­

p o r t e r s  w h o  f e l t  t h a t  “ t h e i r  e v i d e n c e  i s  a m p l y  s u f f i c i e n t  t o  j u s t i f y  t h e  c o n t i n u a ­

t i o n  a n d  s t r e n g t h e n i n g  o f  e v e r y '  p o s s i b l e  m e a s u r e  t o  s u p p r e s s  c a n n a b i s "  ( N a t -  

t r a s s ,  1 9 7 1 ,  p .  1 3 1 4 )  a n d  t h a t  c e r e b r a l  i m p a i r m e n t  i n  c a n n a b i s  u s e r s  c o u l d  a l s o  

b e  o b s e r v e d  t h r o u g h  m e n t a l  s t a t u s  e x a m i n a t i o n s  ( S c h w a r z ,  1 9 7 2 ) .  I n  a  s e c o n d  

p a p e r ,  C a m p b e l l ,  T h o m s o n ,  E v a n s ,  a n d  W i l l i a m s  ( 1 9 7 2 )  a t t e m p t e d  t o  j u s t i f y  

t h e i r  p r o c e d u r e s  a n d  r e f u t e  e a r l i e r  c r i t i c i s m s ,  b u t  t h e i r  a r t i c l e  f a i l e d  t o  a d d r e s s  

t h e  m a j o r  c r i t i c i s m s  o f  t h e i r  e a r l i e r  s t u d y .
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B e c a u s e  o f  t h e  r i s k s  a s s o c i a t e d  w i t h  p n e u m o e n c e p h a l o g r a p h y ,  t h e  C a m p ­

b e l l  e t  a l .  ( 1 9 7 1 )  s t u d y  w a s  n e v e r  r e p l i c a t e d .  H o w e v e r ,  t h e  d e v e l o p m e n t  o f  t h e  

C A T  s c a n  i n  t h e  l a t e  1 9 7 0 s ,  w h i c h  i s  p a i n l e s s  a n d  n o n i n v a s i v e ,  e n a b l e d  i n v e s t i ­

g a t o r s  t o  s a f e l y  t e s t  t h e  f i n d i n g s  o f  C a m p b e l l  e t  a l .  F u r t h e r m o r e ,  t h e  C A T  s c a n  

i s  c o n s i d e r a b l y  m o r e  s e n s i t i v e  a n d  v a l i d  t h a n  t h c  p n e u m o e n c e p h a l o g r a m .

I n  t w o  s e p a r a t e  s t u d i e s  ( C o ,  G o o d w i n ,  G a d o ,  M i k h a e l ,  a n d  H i l l ,  1 9 7 7 ;  

K u e h n l e ,  M e n d e l s o n ,  D a v i s ,  a n d  N e w ,  1 9 7 7 ) ,  t h e  C A T  s c a n s  o f  3 1  m a r i j u a n a -  

u s i n g  s u b j e c t s  s t u d i e d  w e r e  a l l  j u d g e d  t o  b e  n o r m a l .  T h e s e  f i n d i n g s  a r e  p a r t i c u ­

l a r l y  s t r i k i n g  s i n c e  i n  b o t h  s t u d i e s ,  t h e  m a r i j u a n a  u s e r s  w e r e  p r e d o m i n a n t l y  

p o l y d r u g  u s e r s .  W h i l e  a  n o r m a l  C A T  s c a n  d o e s  n o t  c o m p l e t e l y  r u l e  o u t  t h e  

p o s s i b i l i t y  o f  c e r e b r a l  i m p a i r m e n t ,  i t  i s  l e s s  l i k e l y  t h a n  o t h e r  n e u r o l o g i c a l  t e c h ­

n i q u e s  ( s u c h  a s  t h e  p n e u m o e n c e p h a l o g r a m )  t o  p r o d u c e  f a l s e  n e g a t i v e s .

T h u s ,  i n  s p i t e  o f  t h e  C a m p b e l l  e t  a l .  ( 1 9 7 1 )  r e p o r t ,  t h e r e  s e e m s  t o  b e  n o  

r e a s o n  t o  b e l i e v e  t h a t  c a n n a b i s  u s e  r e s u l t s  i n  c e r e b r a l  a t r o p h y .  A l t h o u g h  C a m p ­

b e l l  e t  a l .  i s  s t i l l  w i d e l y  q u o t e d  i n  s o m e  c i r c l e s ,  i t s  f i n d i n g s  h a v e  n o t  w i t h s t o o d  

r e p l i c a t i o n  e f f o r t s .  S i n c e  s i g n i f i c a n t  c e r e b r a l  a t r o p h y  i n v a r i a b l y  r e s u l t s  i n  p r o ­

n o u n c e d  e m o t i o n a l ,  b e h a v i o r a l ,  p e r c e p t u a l ,  o r  c o g n i t i v e  d e f i c i t s ,  i t  h a r d l y  s e e m s  

p o s s i b l e  t h a t  C a m p b e l l  e t  a l .  c o u l d  h a v e  b e e n  c o r r e c t .  I f  t h e y  h a d  b e e n  c o r r e c t ,  

o u r  m e n t a l  a n d  n e u r o l o g i c a l  h o s p i t a l s  w o u l d  b e  f i l l e d  w i t h  c a n n a b i s  s m o k e r s ,  

g iv e n  t h e  r e l a t i v e l y  w i d e  u s e  o f  t h e  d r u g  t o d a y  ( Z i n b e r g ,  1 9 7 2 ) .

Other Neurological Findings

A  v a r i e t y  o f  o t h e r  n e u r o l o g i c a l  a p p r o a c h e s  h a v e  b e e n  e m p l o y e d  t o  s t u d y  

t h e  e f f e c t s  o f  c a n n a b i s  s m o k i n g .  S e v e r a l  i n v e s t i g a t o r s  f o u n d  t h e  E E G  r e c o r d s  

t o  b e  n o r m a l  i n  c a n n a b i s  u s e r s  ( K i r a c a n ,  F e m a n d e z - S a l a s ,  C o g g i n s ,  C a r t e r ,  

W i l l i a m s ,  T n o r n b y ,  S a l i s ,  O k a w a ,  a n d  V i l l a u m e ,  1 9 7 6 ;  R o d i n ,  D o m i n o ,  a n d  

P o r z a k ,  1 9 7 0 ;  R u b i n  a n d  C o m i t a s ,  1 9 7 5 ;  S t e f a n i s ,  D o m b u s h ,  a n d  F i n k ,  1 9 7 7 ) .  

A l l  b u t  o n e  o f  t h o s e  s t u d i e s  ( R o d i n  e t  a L ,  1 9 7 0 )  w e r e  c r o s s - c u l t u r a l ,  w i t h  u s e r s  

w h o  w e r e  l o n g - t e r m ,  v e r y  h e a v y  s m o k e r s .  T h e  t y p i c a l  c r o s s - c u l t u r a l  s t u d y  

e v a l u a t e d  t h e  c e r e b r a l  f u n c t i o n i n g  o f  u s e r s  w h o  s m o k e d  c a n n a b i s  d a i l y  f o r  

s e v e r a l  y e a r s .  S t e f a n i s  e t  a l .  ( 1 9 7 7 )  f o u n d  n o  d i f f e r e n c e s  b e t w e e n  u s e r s  a n d  

n o n u s e r s  o n  e c h o e n c e p h a l o g r a m s ,  a  t e c h n i q u e  d e s c r i b e d  b y  t h e  i n v e s t i g a t o r s  a s  

“ a  m e t h o d  o f  e s t i m a t i n g  v e n t r i c u l a r  s i z e  b y  a  r e f l e c t i o n  o f  u l t r a s o u n d  s i g n a l s "  

( S t e f a n i s  e t  a l . ,  1 9 7 7 ,  p .  6 1 ) .  M e n d e l s o n ,  R o s s i ,  a n d  M e y e r  ( 1 9 7 4 )  r e p o r t e d  t h e  

o n l y  p o s i t i v e  f i n d i n g  b a s e d  o n  a  n e u r o l o g i c a l  e x a m i n a t i o n - a  l a t e r a l  g a z e  n y s ­

t a g m u s  w h i c h  w a s  p r e s e n t  b e f o r e ,  d u r i n g ,  a n d  a f t e r  c o n s u m p t i o n  o f  m a r i j u a n a .  

H o w e v e r ,  t h e s e  i n v e s t i g a t o r s  d i d  n o t  h a v e  a  n o n u s e r  c o m p a r i s o n  g r o u p .  R o d i n  e t  

a l .  ( 1 9 7 0 )  f o u n d  n o  a b n o r m a l i t i e s  o n  e i t h e r  t h e  m e n t a l  s t a t u s  o r  n e u r o l o g i c a l  

e x a m i n a t i o n s  f o r  a n y  o f  t h e  1 0  m a r i j u a n a  s m o k e r s  i n  t h e i r  s t u d y .  H o w e v e r ,  t h e i r  

f i n d i n g s  a r e  h a r d l y  s u r p r i s i n g  s i n c e  t h e i r  s u b j e c t s  w e r e  f i r s t - y e a r  m e d i c a ]  s t u d e n t s
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w h o  h a d  r e c e n t l y  c o m p e t e d  s u c c e s s f u l l y  f o r  e n t r a n c e  i n t o  m e d i c a l  s c h o o l .  K o ­

l a n s k y  a n d  M o o r e  ( 1 9 7 1 ,  1 9 7 2 a ,  1 9 7 2 b )  d i d  s u g g e s t  t h a t  c a s e  s t u d y  d a t a  f r o m  

t h e i r  p s y c h o a n a l y t i c  p r a c t i c e  l i n k e d  c a n n a b i s  u s e  w i t h  p s y c h o p a t h o l o g y  a n d  

w i t h  c e r e b r a l  i m p a i r m e n t .  H o w e v e r ,  u n l i k e  m o s t  o f  t h e  o t h e r  s t u d i e s  r e v i e w e d  

i n  t h i s  s e c t i o n ,  t h e y  h a d  n o  c o n t r o l  g r o u p  a n d  t h e y  d i d  n o t  u s e  s t a n d a r d  n e u r o ­

l o g i c a l  m e a s u r e s  i n  t h e i r  d i a g n o s e s .  T h e r e f o r e ,  i t  i s  d i f f i c u l t  t o  e v a l u a t e  t h e i r  

c o n t e n t i o n .

S u m m a r y  o n  R e s e a r c h  F i n d i n g s

T h e  r e s e a r c h  r e v i e w e d  i n  t h i s  s e c t i o n  i s  s u m m a r i z e d  i n  T a b l e  5 .  T h e  a v a i l ­

a b l e  e v i d e n c e  s u g g e s t s  s t r o n g l y  t h a t  t h e r e  a r e  n o  g r o s s  s t r u c t u r a l  o r  n e u r o l o g i ­

c a l  d e f i c i t s  i n  m a r i j u a n a - u s i n g  s u b j e c t s ,  a l t h o u g h  s u b t l e  n e u r o l o g i c a l  f e a t u r e s  

( s u c h  a s  l a t e r a l  g a z e  n y s t a g m u s )  m a y  b e  p r e s e n t .  H o w e v e r ,  t h e  t y p e  o f  d e f i c i t  

m o s t  l i k e l y  t o  o c c u r  w o u l d  b e  a  s u b t l e ,  f u n c t i o n a l  d e f i c i t  w h i c h  c o u l d  b e  a s ­

s e s s e d  m o r e  e a s i l y  w i t h  e i t h e r  p s y c h o l o g i c a l  o r  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  

t e c h n i q u e s .  I n  P a r t  i l  o f  t h i s  p a p e r  ( W e r t  a n d  R a u l i n ,  1 9 8 6 ) ,  t h e  r e s e a r c h  o n  t h e  

l o n g - t e r m  e f f e c t s  o f  c a n n a b i s  o n  p s y c h o l o g i c a l  a n d  n e u r o p s y c h o l o g i c a l  f u n c t i o n ­
i n g  i s  r e v i e w e d .
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A b s t r a c t

T h i s  p a p e r  e x a m i n e s  t h e  r e s e a r c h  e v i d e n c e  o n  t h e  q u e s t i o n  o f  w h e t h e r  

s u s t a i n e d  u s e  o f  m a r i j u a n a  m a y  p r o d u c e  c h r o n i c  c e r e b r a l  i m p a i r m e n t  a s  

m e a s u r e d  b y  n e u r o p s y c h o l o g i c a l  m e a s u r e s .  E v i d e n c e  f r o m  b o t h  A m e r i ­

c a n  a n d  c r o s s - c u l t r u a l  s t u d i e s  s u g g e s t s  t h a t  m a r i j u a n a  p r o b a b l y  d o e s  n o t  

p r o d u c e  c h r o n i c  c e r e b r a l  i m p a i r m e n t ,  a l t h o u g h  s u b t l e  i m p a i r m e n t  c a n ­

n o t  b e  r u l e d  o u t .  S e v e r a l  s u g g e s t i o n s  f o r  n e w  l i n e s  o f  r e s e a r c h  a r e  d i s ­

c u s s e d  i n c l u d i n g  p r o s p e c t i v e  s t u d i e s ,  e f f e c t s  o f  c a n n a b i s  u s e  o n  l a t e r  

a g i n g  p r o c e s s e s ,  a n d  t r u e  e x p e r i m e n t a l  s t u d i e s .

M i n d - a l t e r i n g  s u b s t a n c e s  h a v e  b e e n  u s e d  a n d  a b u s e d  t h r o u g h o u t  h i s t o r y ,  

a n d  t h e i r  a b u s e  c o n t i n u e s  t o  b e  a  m a j o r  s o c i a l  p r o b l e m .  R e s e a r c h  t o  u n c o v e r  

t h e  r i s k s  i n v o l v e d  i n  u s i n g  d r u g s  i s  n e e d e d  i f  w e  a r e  t o  e s t a b l i s h  r e a s o n e d  p o l i c y  

o n  h o w  t o  r e g u l a t e  t h e s e  s u b s t a n c e s .  I n  t h e  f i r s t  p a p e r  o f  t h i s  s e r i e s  ( W e r t  a n d  

R a u l i n ,  1 9 8 6 ) ,  w e  d i s c u s s e d  s o m e  o f  t h e  p r o b l e m s  i n  s t u d y i n g  t h e  c h r o n i c  

c e r e b r a l  e f f e c t s  o f  a  d r u g  s u c h  a s  c a n n a b i s  a n d  r e v i e w e d  t h e  n e u r o l o g i c a l  s t u d i e s  

c o n d u c t e d  t o  d a t e .  I n  t h i s  p a p e r  w e  r e v i e w  t h e  p s y c h o l o g i c a l  a n d  n e u r o p s y c h o -

•T o  whom  requests fo r  reprints should be sent s t the Psychology D epartm en t, S tate U n i­
versity o f  New Y o rk  at B u ffa lo , Julian Park H a ll, B u ffa lo , New Y o rk  1 4 2 6 0 .
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l o g i c a l  f i n d i n g s  o n  t h e  l o n g - t e r m  e f f e c t s  o f  c a n n a b i s  a n d  s u g g e s t  s o m e  d i i e c t i o n s  

f o r  f u t u r e  s t u d y .

MODERN PSYCHOLOGICAL AND NEUROPSYCHOLOGICAL 
APPROACHES

A  n u m b e r  o f  p s y c h o l o g i c a l  a n d  n e u r o p s y c h o l o g i c a l  s t u d i e s  o f  t h e  l o n g - t e r m  

e f f e c t s  o f  m a r i j u a n a ,  i n c l u d i n g  s e v e r a l  c r o s s - c u l t u r a l  s t u d i e s ,  h a v e  b e e n  r e p o r t e d .  

F i f t e e n  s t u d i e s  o f  t h e  c h r o n i c  c e r e b r a l  e f f e c t s  o f  c a n n a b i s  h a v e  u s e d  p s y c h o ­

l o g i c a l  a n d  n e u r o p s y c h o l o g i c a l  a s s e s s m e n t  m e a s u r e s  w i t h  v a r y i n g  r e s u l t s .  O f  t h e  

n i n e  c r o s s - c u l t u r a l  s t u d i e s  ( A g a r w a l ,  S e t h i ,  a n d  G u p t a ,  1 9 7 5 ;  B o w m a n  a n d  P i h l ,  

1 9 7 3 ;  M e n d h i r a t t a ,  W i g ,  a n d  V e r m a ,  1 9 7 8 ;  F a y ,  P r a b h u ,  M o h a n ,  N a t h ,  a n d  

N e k l ,  1 9 7 8 ;  R u b i n  a n d  C o m i t a s ,  1 9 7 5 ;  S a t z ,  F l e t c h e r ,  a n d  S u t k e r ,  1 9 7 6 ;  S o u e i f ,  

1 9 7 6 ;  S t e f a n i s ,  D o m b u s h ,  a n d  F i n k ,  1 9 7 7 ;  W i g  a n d  V a r m a ,  1 9 7 7 ) ,  f i v e  f o u n d  

s o m e  e v i d e n c e  f o r  i m p a i r m e n t  i n  t h e  c a n n a b i s - u s i n g  g r o u p .  H o w e v e r ,  a  c l o s e r  

i n s p e c t i o n  o f  t h e  s t u d i e s  s u g g e s t s  t h a t  t h e  e v i d e n c e  m a y  n o t  b e  a s  s t r o n g  a s  t h e s e  

n u m b e r s  m i g h t  s u g g e s t .

A g a r w a l  e t  a l .  ( 1 9 7 5 )  c l a i m e d  t o  h a v e  f o u n d  e v i d e n c e  o f  i m p a i r m e n t  o n  

t h r e e  p s y c h o l o g i c a l  t e s t s  ( W e s c h l e r  M e m o r y  S c a l e ,  B e n d e r  V i s u a l  M o t o r  G e s t a l t ,  

a n d  B h a t i a  B a t t e r y  o f  I n t e l l i g e n c e )  i n  4 0  I n d i a n  c a n n a b i s  u s e r s .  N o  c o n t r o l  

g r o u p  w a s  u s e d .  H o w e v e r ,  o n  a t  l e a s t  t w o  o f  t h e s e  t e s t s ,  t h e  p r o p o r t i o n s  o f  

s c o r e s  i n  t h e  “ i m p a i r e d ’* r a n g e  a s  r e p o r t e d  b y  t h e  i n v e s t i g a t o r  a r e  a l m o s t  e x ­

a c t l y  w h a t  w o u l d  b e  e x p e c t e d  i n  a  r a n d o m  s a m p l e  f r o m  t h e  g e n e r a l  p o p u l a t i o n .  

O n  t h e  B e n d e r ,  n e a r l y  h a l f  o f  t h e  s u b j e c t s  r e c e i v e d  l o w  s c o r e s ,  b u t  w i t h o u t  a  

c o m p a r i s o n  g r o u p  i t  i s  i m p o s s i b l e  t o  d e t e r m i n e  w h e t h e r  t h i s  f i n d i n g  w a s  a b n o r ­

m a l  f o r  t h e i r  p o p u l a t i o n .

S t e f a n i s  e t  a l .  ( 1 9 7 7 )  f o u n d  f o u r  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  o n  

W A I S  . n 'b t e s t s  b e t w e e n  4 7  G r e e k  c a n n a b i s  u s e r s  a n d  4 1  c o n t r o l s .  H o w e v e r ,  o n l y  

o n e  o f  t h e s e  d i f f e r e n c e s  w a s  o n  a  s u b t e s t  t h o u g h t  t o  b e  s e n s i t i v e  t o  c e r e b r a l  

f u n c t i o n i n g  ( D i g i t  S y m b o l )  w h i l e  t h e  o t h e r s  w e r e  o n  v e r b a l  s u b t e s t s  l e s s  s e n s i ­

t i v e  t o  c e r e b r a l  d e f i c i t .

W ig  a n d  V a r m a  ( 1 9 7 7 )  s t u d i e d  2 7  I n d i a n  c a n n a b i s  u s e r s  a n d  1 1  c o n t r o l s  

o n  a  n u m b e r  o f  t e s t s  i n c l u d i n g  t h e  E E G ,  R a v e n  C o l o r e d  P r o g r e s s i v e  M a t r i c e s ,  

B e n d e r  V i s u a l  M o t o r  G e s t a l t ,  a n d  I n d i a n  a d a p t a t i o n s  o f  t h e  W 1 S C  a n d  t h e  

W e s c h l e r  M e m o r y  S c a l e .  U s e r s  p e r f o r m e d  s i g n i f i c a n t l y  m o r e  p o o r l y  o n  4  o f  

t h e  8  p s y c h o l o g i c a l  t e s t s .  I n t e r e s t i n g l y ,  S a t z  e t  a l .  ( 1 9 7 6 )  f o u n d  n o  d i f f e r e n c e s  

b e t w e e n  t h e i r  4 1  c a n n a b i s  u s e r s  a n d  4 1  c o n t r o l s  o n  a  v e r y  s i m i l a r  b a t t e r y ,  a n d  

R u b i n  a n d  C o m i t a s  ( 1 9 7 5 )  f o u n d  o n l y  t h r e e  d i f f e r e n c e s  o n  a  v e r y  l a r g e  b a t t e r y  

o f  s i m i l a r  t e s t s .

S o u e i f  ( 1 9 7 6 )  s t u d i e d  n e a r l y  1 , 7 0 0  i n c a r c e r a t e d  E g y p t i a n  c a n n a b i s  u s e r s  

a n d  c o n t r o l s ,  u s i n g  a  w i d e  r a n g e  o f  p s y c h o l o g i c a l  t e s t s  ( T o o l  M a t c h i n g ,  M a r k ­

i n g ,  T r a i l  M a k i n g ,  R e a c t i o n  T i m e ,  D i g i t  S p a n ,  D i s t a n c e  a n d  T i m e  E s t i m a t i o n ,

r r a n d  B e n d e r  V i s u a l  M o t o r  G e s t a l t ) .  H e  f o u n d  t h a t  c a n n a b i s  u s e r s  p e r f o r m e d  s ig -  

M j’p i f i c a n t l y  m o r e  p o o r l y  o n  1 0  o f  t h e  1 6  m e a s u r e s .  H o w e v e r ,  t h e  d i f f e r e n c e s  w e r e  

‘i f ;  * e r y  s m a l l  a n d  s i g n i f i c a n t  p r i m a r i l y  b e c a u s e  o f  t h e  e x t r e m e  s t a t i s t i c a l  p o w e r  a s -  

’j i c i a t e d  w i t h  s u c h  l a r g e  s a m p l e  s i z e s .  T h e y  d i d  n o t  s e e m  t o  r e f l e c t  c l i n i c a l l y  

i | j , S i g n i f i c a n t  d i f f e r e n c e s .  I n  a d d i t i o n ,  p l a c e  o f  r e s i d e n c e  ( r u r a l  v s  u r b a n )  a n d  d e -  

| f ; - g r e e  o f  l i t e r a c y  w e r e  f o u n d  t o  a f f e c t  t e s t  s c o r e s  a l  l e a s t  a s  m u c h  a s  c a n n a b i s  u s e .  

w j i n a l l y ,  t h e  t e s t  b a t t e r y  w a s  h e a v i l y  s k e w e d  t o w a r d  t e s t s  o f  a t t e n t i o n ,  c o n c e n ­

t r a t i o n ,  a n d  p s y c h o m o t o r  s p e e d ;  s c o r e s  o n  t h e s e  t e s t s  a r e  h e a v i l y  i n f l u e n c e d  b y  

. ^ v a r i a b l e s  s u c h  a s  a n x i e t y ,  p s y c h o p a t h o l o g y ,  l a c k  o f  m o t i v a t i o n ,  a n d  a c u t e  d r u g  

4 < f e f f e c t s  ( a l t h o u g h  s u b j e c t s  p r e s u m a b l y  h a d  l i t t l e  a c c e s s  t o  d r u g s  s i n c e  t h e y  w e r e  

^ i n c a r c e r a t e d ) .

! | <* M e n d h i r a t t a  e t  a l .  ( 1 9 7 8 )  a l s o  a d m i n i s t e r e d  a  b a t t e r y  c o n s i s t i n g  p r i m a r i l y  

V o f  t e s t s  o f  a t t e n t i o n ,  c o n c e n t r a t i o n ,  a n d  m o t o r  s p e e d  t o  5 0  I n d i a n  c a n n a b i s

J : u s e r s  ( 2 5  o f  w h o m  u s e d  l e s s  p o t e n t  c a n n a b i s )  a n d  2 5  c o n t r o l s .  G r o u p s  w e r e  

. • m a t c h e d  o n  a g e ,  s e x ,  o c c u p a t i o n ,  e d u c a t i o n ,  a n d  l e v e l  o f  p s y c h o p a t h o l o g y .  

T h e y  r e p o r t e d  t h a t  o n e  o r  b o t h  o f  t h e  u s e r  g r o u p s  s c o r e d  m o r e  p o o r l y  t h a n  

,  i t t  c o n t r o l s  o n  5" o f  t h e  9  m e a s u r e s .  T h c  a u t h o r s  c o n c l u d e d  t h a t  c h r o n i c  c a n n a b i s  

u s e  m a y  l e a d  t o  d e f i c i t s  i n  c o n c e n t r a t i o n  a n d  a t t e n t i o n .  H o w e v e r ,  e i t h e r  a c u t e  

i i  e f f e c t s  ( w h i c h  w e r e  n o t  c o n s i d e r e d )  o r  m o t i v a t i o n a l  d i f f e r e n c e s  c o u l d  h a v e  a c -  

j ; c o u n t e d  f b r  t h e  o b t a i n e d  r e s u l t s .

I t  i s  i n t e r e s t i n g  t h a t  R a y  e t  a l .  ( 1 9 7 8 ) ,  u s i n g  a  t e s t  b a t t e r y  s i m i l a r l y  s k e w e d  

t o w a r d  t e s t s  o f  a t t e n t i o n ,  c o n c e n t r a t i o n ,  a n d  m o t o r  s p e e d ,  f o u n d  o n l y  o n e  s ig -  

: n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  g r o u p s  o f  3 0  I n d i a n  c a n n a b i s  u s e r s  a n d  5 0  

i  c o n t r o l s .  R a y  e t  a l .  i n c l u d e d  a  m u c h  s m a l l e r  p r o p o r t i o n  o f  i l l i t e r a t e  s u b j e c t s  i n  

'  t h e i r  s a m p l e  t h a n  M e n d h i r a t t a  e t  a l .

B o w m a n  a n d  P i h l  ( 1 9 7 3 )  f o u n d  n o  d i f f e r e n c e s  b e t w e e n  3 0  J a m a i c a n  c a n n a ­

b i s  u s e r s  a n d  2 4  c o n t r o l s  c n  a  b a t t e r y  o f  t e s t s  d e s p i t e  t h e  p r e s e n c e  o f  a  g r e a t e r  

I p r o p o r t i o n  o f  i l l i t e r a t e  s u b j e c t s  i n  t h e  u s e r  g r o u p s .  T h e  B o w m a n  a n d  P i h l  s t u d y  

i i s  d i s t i n g u i s h e d  b y  t h e  u s e  o f  s e v e r a l  t e c h n i q u e s  t o  i m p r o v e  t h e  v a l i d i t y  o f  t h e  

f i n d i n g s ,  i n c l u d i n g  a  r e p l i c a t i o n  o f  t h e  f i n d i n g s ,  a n  a t t e m p t  t o  t e s t  s u b j e c t s  

t  b l i n d l y ,  a n d  t h e  u s e  o f  a  m o n e t a r y  p a y m e n t  t o  i n c r e a s e  s u b j e c t  m o t i v a t i o n .

N o n e  o f  t h e  s t u d i e s  c o n d u c t e d  in  t h e  U n i t e d  S t a t e s  ( C a r l i n  a n d  T r u p i n ,  

1 9 7 7 ;  C u l v e r  a n d  K i n g ,  1 9 7 4 ;  G r a n t ,  R o c h f o r d ,  F l e m i n g ,  a n d  S t u n k a r d ,  1 9 7 3 ;  

M e n d e l s o n ,  R o s s i ,  a n d  M e y e r ,  1 9 7 4 ;  R o c h f o r d ,  G r a n t ,  a n d  L a  V i g n e ,  1 9 7 7 ;  

S c h a e f f e r  e t  a l . ,  1 9 8 1 )  d e m o n s t r a t e d  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

c a n n a b i s  u s e r s  a n d  c o n t r o l s .  R o d i n ,  D o m i n o ,  a n d  P o r z a k  ( 1 9 7 0 )  r e p o r t e d  t h a t  

c a n n a b i s  u s e r s  d e m o n s t r a t e d  " s i g n i f i c a n t l y ”  p o o r e r  B e n d e r  G e s t a l t  p e r f o r m a n c e  

( a l t h o u g h  s t i l l  w i t h i n  t h e  n o r m a l  r a n g e )  t h a n  n o n - d r u g  u s e r s .  W e  d i d  n o t  i n c l u d e  

t h i s  s t u d y  b e c a u s e  n o  r e s u l t s  o f  s t a t i s t i c a l  t e s t s  o r  e v e n  m e a n s  w e r e  g i v e n ,  n o r  

w a s  t h e r e  a  m e n t i o n  t h a t  a n y  s t a t i s t i c a l  p r o c e d u r e s  h a d  b e e n  p e r f o r m e d .  W e  c a n  

o n l y  c o n c l u d r  t h a t  t h e y  u s e d  t h e  t e r m  “ s i g n i f i c a n t l y ”  a s  a  f i g u r e  o f  s p e e c h  

r a t h e r  t h a n  i n  t h e  u s u a l  s e n s e  o f  statistical significance. C u l v e r  a n d  K i n g  ( 1 9 7 4 )
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T a b le  1

A Summtry o f tfit Ptychologlcil §nd Nturoptycbologlcal S tvd fn  o f  th» Efftctt o f C tnn tb it U it

A u th o r (y e a r ) [c o u n try ]
S im p le  size and type : 

u ie r i/c o n t ro li F indings and com m enti
Agarwal et i l .  ( 1 9 7 5 )  [ In d l i ]

Bowman in d  P ih l (1 9 7 3 )
S tudy 1 [Jam aica ]

■ • — rS*'- - »£

Bowman and Pih l (1 9 7 3 )
S tudy 2 [Jam aica ]

Mendhiratta e ta L  ( 1 9 7 8 )  [In d ia ]

R ay  et a l. (1 9 7 8 )  [In d ia ]

Rubin  and C om ita i ( 1 9 7 5 )  [Jam aica]

C lien ti o f  cannabis (h o p : 4 0 /0

V o lun tee r! w ith 10+ y r  o f  cannab li 
u ie : 1 6 /1 0

Same as above : 1 4 /1 4

V o lu n tee r! w ith 4+  y r  o f  cannab li 
use: 5 0 /2 5

R u ra l m ales; 2 5%  o f  each g roup 
were Illite ra te : 3 0 /5 0

Paid vo lun teer! w ith 10+  y r o f  
cannabis use: 3 0 /3 0

H a lf o f  the lu b je c li  had abno rm a lly  high Bender Gestalt score i; 
2 0%  icored In the Impaired range on  the Wechiler M emory 
Sca le ; 25%  had IQ i <  9 0 .

N o significant d iffe rences between users and nonuiers were 
found  on  the Embedded Figures, Paired Associates, Wis- 
consln  Card So rting , Finger Tapping, Digit Span, and B lock 
Detign.

The same tests as above were used, p lus T im e Estim ation and 
Rhy thm  Tests. Again, no significant d ifferences were found .

Tests used were Digit Span , Design Recognition , Tapping, 
Design C ance lla tion , T im e and Size Estim ation , W ord As­
sociation , and Bender G esta lt. Users did m ore p o o rly  on  a ll 
tests except Digits Forw ard  and Design Cancellation.

Tests used were Backward Digit Span, Seria l A ddition  and Sub­
traction , C o lo r  C ance lla tion , Minnesota Perceptodlagnostic 
Test, and the Wechsler M em ory Scale. Users scored signifi­
can tly  higher o n  1 o r  the 10  subtests o f  the Wechsler Mem­
o ry  Scale.

O n ly  th ree significant d iffe rences found  on a large number o f  
tests Including Am mons V ocabu la ry . Lowenfe ld Mosaic,
Maze Steadiness, G raduated Holes, Pegboard, and portions 
o f  the W A IS and the H alstead-Reltan Battery .

Satz et a l. ( 1 ° 7 6 )  [C osta R ica ]

S oue if (1 9 7 6 )  [E g yp t ]

Stefan is et a l. ( 1 9 7 7 )  [G reece]

Wig and V arm a (1 9 7 7 )  [In d ia ]

C arlin  and T rup in  (1 9 7 7 )  [U SA  ]

V o lun teers w ith 10+ y r o f  
cannabis use: 4 1 /4 1

Prison Inmates: 8 5 0 /8 3 9

V o lun tee rs w ith 10+ y r  o f  cannabis 
use: 4 7 /4 0

V o lun teers w ith 5+ yr o f  cannabis 
use: 23 /11

V o lun tee rs w ith 2+ y r  o f  cannabis 
u se : 1 0 /1 0

Culver and K ing (1 9 7 4 )  S tudy  1 [U S A ] College seniors: 14 /14

Culver and King (1 9 7 4 )  S tudy 2  [U S A ] College seniors: 1 4 /1 4

G rant et a l. ( 1 9 7 3 )  [U S A ] Med students: 2 9 /2 9

N o significant d iffe rences between users and nonu iers were 
found on  the W A IS , Benton V isual R e ten tion . W illiam s Mem­
o ry , Facia l R ecogn ition . Finger Loca lization , Finger Tapping, 
and Tactual P erfo rm ance tests.

‘Vests used were T o o l Matching, Marking, T ra il Making, Reac­
tion  T im e, D igit Span , D istance and T im e Estim ation , and 
Bender G esta lt. Significant d iffe rences were round on 10 o f  
the 1 6  measures w ith cannabis users scoring m ore p oo rly .

Gave W A IS  and the Raven Progresrive Matrices. D ifferences 
were found  on  V erba l IQ , C omprehension , S im ilarities, and 
Digit S ym bo l subtests.

Cannabis users p erfo rm ed  m ore p o o rly  on W ISC , Wechsler 
M em ory , G A TB  Speed. T im e Perception , and Bender Ges­
ta lt. N o d iffe rences were found  on  Raven Colored  Progres­
sive Matrices o r C o lo r C ance lla tion .

Tests used were W A IS  and Halstead-Reltan Batte ry . C on tro ls 
were taken from  R e lla n ’ s norm ative popu la tion . The con ­
t ro l g roup did worse on  Part B o f  the T ra il Making Test.

No significant d iffe rences between users and nonusers were 
fou nd  on  L a te ra lity  D iscrim ination , the W A IS , Cube C om ­
parison , H idden Patterns, Paper Fo ld ing , and the Halstead- 
R e ltan  Ba tte ry .

Tes ls were the same as above , p lus Card R o ta tion , Spatia l 
O rien ta tion , and Surface Developm ent. No significant d if­
ferences were found  between users and nonusers. Users 
were o n ly  casual users.

Tests used were Raven Advanced Progressive Matrices, Serial 
A lte ra tion , and portions o f  Ihe lla lstead -Re itan  Battery . 
Users did m ore  p o o r ly  on  the Location  score o f  the Tactual

lU h l r*snnahlt l ltP ff.
D * * f n r m * n r a  T V f t .  S l l h l c C l S

(con tinued )



C H R O N IC  C E R E B R A L  EFFEC TS  O F  C A N N A B IS  U SE . U 63 5

c o n d u c t e d  t w o  s t u d i e s  w i t h  a  t o t a l  o f  2 8  c a n n a b i s  u s e r s  a n d  2 8  c o n t r o l s ,  p l u s  a  

g r o u p  o f  L S D  u s e r s ,  a l l  o f  w h o m  w e r e  c o l l e g e  s t u d e n t s .  W h i l e  t h e r e  w e r e  s o m e  

s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  L S D  u s e r s  a n d  o t h e r  g r o u p s ,  t h e r e  w e r e  n o  d i f ­

f e r e n c e s  b e t w e e n  t h e  c a n n a b i s  u s e r s  a n d  c o n t r o l s  o n  a n y  o f  t h e  m e a s u r e s .  H o w ­

e v e r ,  d u e  t o  t h e  i n a p p r o p r i a t e  u s e  o f  a n a l y s i s  o f  c o v a r i a n c e  ( L o r d ,  1 9 6 7 )  t o  m i n i ­

m i z e  t h e  e f f e c t s  o f  g r o u p  d i f f e r e n c e s  i n  a l c o h o l  c o n s u m p t i o n ,  t h e  r e s u l t s  o f  t h e i r  

s e c o n d  s t u d y  s h o u l d  b e  i n t e r p r e t e d  c a u t i o u s l y .

C a r l i n  a n d  T r u p i n  ( 1 9 7 7 )  c o m p a r e d  1 0  c a n n a b i s  u s e r s  t o  1 0  m e m b e r s  o f  

R e i t a n ’s  n o r m a t i v e  s a m p l e  ( R e i t a n ,  1 9 6 6 )  w h o  h a d  b e e n  t e s t e d  a  n u m b e r  o f  

y e a r s  e a r l i e r  o n  t h e  W A I S  a n d  p o r t i o n s  o f  t h e  H a l s t e a d - R e i t a n  B a t t e r y .  C l e a r l y ,  

t h i s  i s  n o t  a n  a d e q u a t e  c o n t r o l  g r o u p .  S t i l l ,  t h e r e  w e r e  n o  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s .  R o c h f o r d  e t  a l .  ( 1 9 7 7 )  f o u n d  n o  p e r f o r m a n c e  

d i f f e r e n c e s  b e t w e e n  2 6  c a n n a b i s  u s e r s  a n d  2 5  c o n t r o l s ,  a l l  o f  w h o m  w e r e  m e d i ­

c a l  s t u d e n t s .  S i m i l a r l y ,  G r a n t  e t  a l .  ( 1 9 7 3 )  f o u n d  o n l y  o n e  d i f f e r e n c e  a m o n g  a 

l a r g e  n u m b e r  o f  t e s t s  u s i n g  m e d i c a l  s t u d e n t s  a s  s u b j e c t s .  M e n d e l s o n  e t  a l .  ( 1 9 7 4 )  

f o u n d  n o  d i f f e r e n c e s  b e t w e e n  c a s u a l  a n d  h e a v y  u s e r s  o f  c a n n a b i s  o n  a  v a r i e t y  o f  

n e u r o p s y c h o l o g i c a l  m e a s u r e s .

S c h a e f f e r ' f c t  a l .  ( 1 9 8 1 )  f o u n d  a n d  t e s t e d  w h a t  m i g h t  b e  c o n s i d e r e d  a n  i d e a l  

e x p e r i m e n t a l  g r o u p :  1 0  m e m b e r s  o f  a  r e l i g i o u s  o r g a n i z a t i o n  i n  w h i c h  r e g u l a r  

c a n n a b i s  u s e  w a s  a  p a r t  o f  t h e i r  r e l i g i o u s  b e l i e f s .  T h e i r  s u b j e c t s  r e p o r t e d  s m o k i n g  

c a n n a b i s  v i r t u a l l y  e v e r y  w a k i n g  m o m e n t ,  w h i c h  w a s  b o r n e  o u t  b y  t h e  o b s e r v a ­

t i o n  o f  c a n n a b i s  u s e  d u r i n g  t h e  t e s t  a d m i n i s t r a t i o n .  I n  m a n y  s t u d i e s ,  c a n n a b i s  

u s e r s  w e r e  p o l y d r u g  u s e r s  a n d  s o c i a l  d e v i a n t s ,  o f t e n  r e b e l l i o u s ,  r e s e n t f u l  o f  a u t h ­

o r i t y ,  a n d  u n m o t i v a t e d  t o  p e r f o r m  o n  t h e  b a s i s  o f  t h e  u s u a l  s o c i a l  i n c e n t i v e s .  

H o w e v e r ,  t h e  c a n n a b i s - u s i n g  s u b j e c t s  o f  S c h a e f f e r  e t  a l .  d e n i e d  t h e  u s e  o f  a l c o h o l  

a n d  o t h e r  d r u g s ,  a n d  w e r e  d e s c r i b e d  a s  p r o d u c t i v e  m e m b e r s  o f  s o c i e t y ,  t h u s  m i n ­

i m i z i n g  t h e  c o n f o u n d i n g  e f f e c t s  o f  t h e s e  v a r i a b l e s .  U n f o r t u n a t e l y ,  S c h a e f f e r  e t  

a l .  n e g l e c t e d  t o  i n c l u d e  a  c o n t r o l  g r o u p .

T h e  f o l l o w i n g  t e s t s  w e r e  a d m i n i s t e r e d :  B e n t o n  V i s u a l  R e t e n t i o n ,  T r a i l  M a k ­

i n g ,  p o r t i o n s  o f  t h e  W A I S ,  R e y  A u d i t o r y - V e r b a l  L e a r n i n g ,  R a v e n  P r o g r e s s i v e  

M a t r i c e s ,  S y m b o l - D i p t  M o d a l i t i e s ,  a n d  H o o p e r  V i s u a l  O r g a n i z a t i o n .  D e s p i t e  t h e  

l i k e l i h o o d  o f  a c u t e  d r u g  e f f e c t s ,  s u b j e c t s ’ p e r f o r m a n c e s  w e r e  n o t  i m p a i r e d  w h e n  

c o m p a r e d  w i t h  t h e  t e s t s ’ p u b l i s h e d  n o r m s .  I n  f a c t ,  m e a n  W A I S  s c o r e s  i n d i c a t e d  

p e r f o r m a n c e  i n  t h e  s u p e r i o r  t o  v e r y  s u p e r i o r  r a n g e .

S c h a e f f e r  e t  a l .  ( 1 9 8 1 )  w e r e  t h e  o n l y  i n v e s t i g a t o r s  w h o  a t t e m p t e d  t o  e s t i ­

m a t e  p r e c a n n a b i s  p e r f o r m a n c e  o f  t h e i r  s u b j e c t s  f o r  c o m p a r i s o n  w i t h  t h e  p r e s e n t  

p e r f o r m a n c e .  T h e y  o b t a i n e d  e a r l y  s c h o o l  a c h i e v e m e n t  t e s t  s c o r e s  f o r  t w o  o f  

t h e i r  s u b j e c t s  a n d  c o m p a r e d  t h e  I Q  c o n v e r s i o n  s c o r e s  o f  t h e s e  e a r l y  t e s t s  w i t h  

t h e  s u b j e c t s ’ p r e s e n t  W A I S  s c o r e s .  N o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d .  W h i l e  

t h i s  u s e  o f  a c h i e v e m e n t  t e s t  s c o r e s  p r o v i d e s  o n l y  a  r o u g h  e s t i m a t e  o f  t h e  s u b ­

j e c t s ’ p r e c a n n a b i s  l e v e l  o f  p e r f o r m a n c e ,  i t  i s  a  p r a c t i c a l  w a y  o f  c o l l e c t i n g  i n f o r ­

m a t i o n  w h i c h  o t h e r w i s e  w o u l d  r e q u i r e  a  p r o s p e c t i v e  s t u d y .  I n  a d d i t i o n ,  S c h a e f -
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f e r  e t  u l .  w e r e  th e  o n ly  in v e s t ig a t o r s  t o  u s e  a  la b o r a t o r y  t e s t  t o  d e t e c t  r e c e n t  
m a r i ju a n a  in g e s t io n .  T h e  u s e  o f  t h i s  t e s t  in  s t u d ie s  w i t h  p o s i t i v e  r e s u l t s  ( i . e . ,  
im p a i rm e n t  in  c a n n a b is  u s e r s )  w o u ld  h a v e  b e e n  h e lp f u l  in  r u l in g  o u t  a c u t e  „ 
e f f e c t s  a s  th e  c a u s e  o f  th e  im p a i rm e n t .

£  l ie s  o f  th e  p s y c h o lo g ic a l a n d  n e u r o p s y c h o lo g ic a l  p e r fo rm a n c e  o f  c a n n a ­
b i s  u s e u  a re  s u m m a r iz e d  i n  T a b le  1.

Summary. D e s p i t e  t h e  la r g e  n u m b e r  o f  f a c t o r s  b ia s in g  m o s t  o f  th e s e  s t u d ­
ie s  t o w a r d  f in d in g  im p a i rm e n t  in  c a n n a b is  u s e r s  ( a c u t e  e f f e c t s ,  p o ly d r u g  u s e , j  
p o o r  n u t r i t i o n ,  p o o r  m e d ic a l  c a r e ,  d i f f e r e n c e s  in  l i t e r a c y ,  e t c . ) ,  o n ly  1 (W ig  j  
a n d  V a rm a , 1977) o f  t h e  15 s t u d ie s  f o u n d  d i f f e r e n c e s  w h ic h  c o u ld  n o t  b e  e a s i l y  
e x p la in e d  b y  th e s e  u n c o n t r o l le d  f a c t o r s .  O n e  w o u ld  e x p e c t  a la r g e r  n u m b e r  o f ( ,i. 
th e s e  s t u d ie s ,  e s p e c ia l ly  t h e  c r o s s - c u lt u r a l s t u d ie s  u s in g  v e r y  h e a v y ,  lo n g - t e rm ’ "• 
c a n n a b is  u s e r s ,  t o  h a v e  s h o w n  p o s i t i v e  r e s u l t s  i f  c a n n a b i s  u s e  in d e e d  d id  p r o d u c e  
c e r e b r a l im p a i rm e n t .  j f c i , .

’ $DISCUSSION
i  t

W e h a v e  s e e n  th a t  t h e  m a jo r i t y  o f  s t u d ie s  h a v e  f o u n d  n o  c l i n i c a l l y  o r  s t i r  j; 
t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e s  b e tw e e n  g r o u p s  o f  c a n n a b is  u s e r s  a n d  c o n t r o f e  '!'• 
o n  c o m m o n ly  a c c e p te d  n e u r o lo g ic a l a n d  p s y c h o lo g i c a l  m e a s u r e s  o f  c e r e b m  
f u n c t io n in g .  T h i s  f i n d in g  is  a l l  t h e  m o r e  im p r e s s iv e  g iv e n  th e  n u m b e r  o f  o t h W f i  I r  
v a r ia b le s  ( s u c h  a s  p o ly d r u g  u s e ,  lo w  m o t i v a t i o n ,  a n d  a c u t e  e f f e c t s )  w h ic h  b n j j jm / r ,  
t h e  r e s u l t s  t o w a r d  f in d in g  im p a i rm e n t  in  c a n n a b is - u s in g  s u b je c t s .  ]W

T h is  g e n e r a l f in d in g  o f  n o  c l i n i c a l l y  s ig n i f i c a n t  d i f f e r e n c e s  b e tw e e n  cann# ^  '} 
b i s  u s e r s  a n d  c o n t r o ls  m a y  b e  in t e r p r e t e d  i n  s e v e r a l w a y s .  O n e  p o s s ib i l i t y  i s  t h j l i  ; “V l  
c a n n a b is  d o e s  n o t  le a d  t o  c h r o n ic  c e r e b r a l im p a i r m e n t .  A  s e c o n d  p o s s ib i l i t y ™  ’ o i j 
t h a t  c e r e b r a l d e f ic i t s  d o  d e v e lo p  b u t  t h a t  t h e  i n d i v i d u a l  a d a p t s  a n d  o v e r c o n m j ”  ^  
th e m  th r o u g h  a p r o c e s s  o f  r e le a r n in g .  I t  i s  w e l l  k n o w n  t h a t  a  c h r o n ic  o r  d o M h ' 
d e v e lo p in g  le s io n  w i l l  o f t e n  b e  m a s k e d  b y  t h e  a d a p t a t io n  o f  t h e  p a t ie n t  t o * * ; f , L >  
d e f i c i t s  p r o d u c e d  b y  th e  le s io n  ( G o ld e n ,  1978). A  t h i r d  p o s s ib i l i t y  i s  t h a t  w h ty f  j i u  ;j 
t h e  v a s t  m a jo r i t y  o f  c a n n a b is - u s in g  s u b je c t s  a r e  n o t  im p a i r e d ,  th e r e  m a y  be ;| ili^ !;:| j 
v e r y  s m a l l  n u m b e r  o f  u s e r s  w h o  a re  v u ln e r a b le  t o  c a n n a b is - p ro d u c e d  im p jU t|  . 
m e n t .  S u c h  a  p o s s ib i l i t y  c o u ld  e x p la in  th e  p o s i t i v e  f in d in g s  o f  a  f e w  s t u d ie s :  « j f r i ' J p  j  
h a p s  s u c h  s t u d ie s  u a e d  a  la r g e r  p r o p o r t io n  o f  v u ln e r a b le  s u b je c t s .  T h e  p o s s ib j i j j t y . : . ; 
o f  d i f f e r e n t i a l  im p a i rm e n t  i s  a n  in t e r e s t in g  o n e  a n d  i s  d i s c u s s e d  la t e r  in  t h i s  * 9 - j 
t i o r  F o u r t h ,  i t  i s  p o s s ib le  t h a t  c e r e b r a l im p a i r m e n t  d o e s  e x i s t  in  th e  c a n n w i * - 1 i  
u s in g  s u b je c t s ,  b u t  t h a t  t h e  t e s t s  a re  n o t  s e n s i t i v e  e n o u g h  t o  d e t e c t  i t .  H o w e m j  j1 
g iv e n  t h a t  th e se  s am e  t e s t s  h a v e  d e m o n s t r a t e d  im p a i rm e n t  in  a lc o h o l ic s - ^ j t r j jA 
r e v ie w s ,  se e  B o lt e r  a n d  H a n n o n , 1980; K le i n k n e c h t  a n d  G o ld s t e in ,  1972; Pto- l ' 
s o n s ,  1977; P a r s o n s  a n d  L e b e r ,  1981; R o n ,  1977; T a r t e r ,  1975; W i l k in k w i ,  '
1982) a n d  I r - w y  s o c ia l d r in k e r s  (M a c V a n e ,  B u t t e r s ,  M o n t g o m e r y ,  a n d  F a r b e r ,
1982; P a rk e r ,  B im b a u m , B o y d ,  a n d  N o b le ,  1980; P a r k e r  a n d  N o b le ,  19(7,7,
1980), t h i s  d o e s  n o t  s e e m  l i k e ly .
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D ire c t io n s  f o r  F u tu re  R esea rch

V i r t u a l l y  a l l  o f  th e  s t u d ie s  r e v ie w e d  in  t h i s  p a p e r  f i t  i n t o  a  s in g le  r e s e a r c h  
m o ld .  T h e y  a re  a l l  r e t r o s p e c t iv e  s t u d i e s  o f  p r e e s t a b l i s h e d  g r o u p s  ( c a n n a b is  u s e r s  
a n d  n o n - c a n n a b is  u s e r s ) .  A l t h o u g h  s o m e  o f  th e  s t u d ie s  m a d e  a  c o m m e n d a b le  a t ­
t e m p t  t o  o b t a in  s u i t a b le  c o n t r o l  s u b j e c t s ,  t h is  i s  s t i l l  a  v e r y  w e a k  a n d  v u ln e r a b le  
r e s e a r c h  d e s ig n .  I n  t h e  r e m a in d e r  o f  t h e  p a p e r , w e  p ro p o s e  s o m e  a l t e r n a t iv e  r e ­
s e a r c h  d e s ig n s  a n d  d i s c u s s  th e ir  p o t e n t i a l  u s e f u ln e s s .

Prospective Studies

T h e  g r e a te s t  w e a k n e s s  o f  a  r e t r o s p e c t iv e  s t u d y  o f  p r e e x is t in g  g r o u p s  i s  t h a t  
o n e  i s  n e v e r  s u r e  i f  o b s e r v e d  d i f f e r e n c e s  b e tw e e n  th e  g r o u p s  a r e  t h e  r e s u l t  o f  th e  
d e f in in g  c h a r a c t e r i s t i c  ( in  t h i s  c a s e ,  c a n n a b is  u s e )  o r  w h e th e r  t h e  d i f f e r e n c e s  e x ­
i s t e d  p r io r  to  a n y  c a n n a b is  u « .  W h i le  t h e  e x p e r im e n te r  m a y  t r y  t o  m a t c h  u s e r s  
a n d  c o n t r o ls  o n  r e le v a n t  v a r ia b le s ,  m a n y  t im e s  th e  r e le v a n t  v a r ia b le s  a re  n o t  
k n o w n  o r  c a r fh o t  b e  c o n t r o l l e d  f o r  o r  m a t c h e d .  T h e  p r o s p e c t iv e  s t u d y ,  w h ic h  
u s e s  t h e  s u b je c t  a s  h i s  o r  h e r  o w n  c o n t r o l ,  i s  a  s o u n d  m e th o d  o f  d e a l in g  w i t h  
m a n y  o f  t h e  i s s u e s  t h a t  c lo u d  r e t r o s p e c t iv e  s t u d ie s .  F o r  e x a m p le ,  t h e  p o s s ib i l i t y  
t h a t  c a n n a b is  u s e r s  w o u ld  h a v e  d e m o n s t r a t e d  p o o r e r  p e r f o rm a n c e  e v e n  b e f o r e  
t h e i r . u s e  o f  c a n n a b is  i s  e l im in a t e d  w i t h  t h is  d e s ig n .  T h e  n o t io n  t h a t  im p a i rm e n t  
m ig h t  p r e d a te  d r u g  u s e  h a s  b e e n  e x p r e s s e d  b y  s o m e  a u t h o r s  w i t h  r e s p e c t  t o  a lc o ­
h o l i s m  ( se e  P a r s o n s  a n d  L e b e r ,  1981, a n d  T a r t e r ,  1975, f o r  r e v ie w s ) ,  a l t h o u g h  
th e r e  h a s  b e e n  l i t t l e  r e s e a r c h  t o  s u p p o r t  o r  r e f u t e  t h i s  h y p o t h e s is  a s  y e t .

P r o s p e c t iv e  s t u d ie s  h a v e  b e e n  r e c o m m e n d e d  b y  a  n u m b e r  o f  a u lh o r s  ( C u l­
v e r  a n d  K in g ,  1974; R o c h f o r d  e t  a L ,  1977; W ig  a n d  V a rm a ,  1977; I n s t i t u t e  o f  
M e d ic in e ,  1982), a l t h o u g h  th e s e  a u t h o r s  h a v e  g e n e r a l ly  f a i l e d  t o  a d d r e s s  t h c  
c o m p le x i t i e s  o f  s u c h  s t u d ie s .  P r o s p e c t iv e  s t u d ie s  a r e  e x t r e m e ly  e x p e n s iv e  s in c e  a 
la r g e  n u m b e r  o f  p e o p le  m u s t  b e  t e s t e d  ( t o  a s s u r e  a  la r g e  e n o u g h  g r o u p  o f  la t e r  
c a n n a b i s  u s e r s )  a n d  f o l lo w e d  f o r  a  lo n g  p e r io d  o f  t im e .  T h e  l i k e l i h o o d  o f  m a in ­
t a in in g  a  c o n t in u o u s  f u n d in g  s o u r c e  o v e r  s u c h  a  lo n g  p e r io d  o f  t im e  is  s l im .  
F u r t h e r m o r e ,  a  p r o s p e c t iv e  s t u d y  d o e s  n o t  a u t o m a t i c a l l y  d e a l  w i t h  m a n y  o f  t h e  
e x p e r im e n t a l p r o b le m s  d e s c r ib e d  e a r l i e r  in  t h i s  p a p e r . T h e  in v e s t ig a t o r  w o u ld  
s t i l l  n e e d  t o  c o n t r o l  f o r  v a r ia b le s  s u c h  a s  p o ly d r u g  a n d  a lc o h o l  a b u s e ,  m o t i v a ­
t i o n a l  d i f f e r e n c e s ,  a n d  a c u t e  a n d  w i t h d r a w a l  e f f e c t s .  A  p r o s p e c t i v e  s t u d y ,  a l ­
t h o u g h  i t  d o e s  a s s e s s  p r e c a n n a b is  p e r f o r m a n c e ,  c a n n o t  i n  i t s e l f  a v o id  th e  m e t h ­
o d o lo g ic a l i s s u e s  in h e r e n t  in  r e s e a r c h  in  t h is  a r e a .

T h e r e  i s  o n e  a r e a  w h e r e  p r o s p e c t iv e  s t u d ie s  c o u ld  c o n t r ib u t e  a g r e a t  d e a l t o  
o u r  u n d e r s t a n d in g  o f  p o s s ib le  c h r o n i c  c e r e b r a l e f f e c t s  o f  c a n n a b i s .  P r o s p e c t iv e  
s t u d ie s  w o u ld  b e  o n e  o f  t h e  f e w  w a y s  to  a d e q u a t e l y  t e s t  t h e  h y p o t h e s is  o f  d i f ­
f e r e n t i a l  v u l n e r a b i l i t y  in  c a n n a b is  u s e r s .  S u c h  a h y p o t h e s is  h a s  b e e n  r a is e d  b y  a 
f e w  a u t h o r s  ( C a r l in  a n d  T r u p in ,  1977; J o n e s ,  1980). I t  m ig h t  w e l l  b e  th a t  s o m e
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i n d iv id u a ls  a r e  p r e d is p o s e d  t o  c e r e b r a l im p a i rm e n t  a s  th e  r e s u l t  o f  c a n n a b is  u s e ,  
e i th e r  b e c a u s e  o f  s t r u c t u r a l  o r  b io c h e m ic a l  c h a r a c t e r i s t i c s  w h ic h  a c c e n t u a t e  th e  
p o s s ib le  d a m a g in g  e fT e c t s  o f  t h e  d r u g ,  o r  b e c a u s e  t h e y  h a v e  l i t t l e  o f  th e  “ c e r e b r a l 
r e s e r v e "  t h a t  m o s t  o f  u s  c a l l  o n  w h e n  v/e e x p e r ie n c e  m i ld  c e r e b r a l d a m a g e . T h a t  
f u n c t io n a l r e s e r v e  c a n  m a s k  v e r y  r e a l c e r e b r a l d a m a g e  (W e is s , 1975). B y  h a v in g  
pre- a n d  p o s t c a n n a b i s  p e r fo rm a n c e  s c o r e s  f o r  s u b je c t s ,  w e  c a n  i d e n t i f y  th o s e  
s u b je c t s  ( i f  t h e y  e x i s t )  w h o  s h o w  r e a l im p a i rm e n t  in  f u n c t io n in g .  B y  c o m p a r in g  
th o s e  s u b je c t s  w h o  s h o w  im p a i rm e n t  w i t h  th o s e  s u b je c t s  w h o  d o  n o t  s h o w  im ­
p a irm e n t ,  w e  m a y  b e  a b le  t o  i d e n t i f y  p o s s ib le  r i s k  f a c to r s .

I n  o u r  o p in io n ,  t h e  r e s u l t s  o f  t h e  s t u d ie s  w e  h a v e  r e v ie w e d  d o  n o t  p r o v id e  
s u f f i c i e n t  e v id e n c e  o f  im p a i rm e n t  to  w a r r a n t  th e  in v e s tm e n t  o f  t im e  a n d  m o n e y  
r e q u ir e d  f o r  p r o s p e c t iv e  s t u d ie s .  F o r  th o s e  in t e r e s t e d  in  r u l i n g  o u t  p r e v io u s  im ­
p a irm e n t ,  w e  r e c o m m e n d  th e  u s e  o f  i n f o r m a t io n  t h a t  h a s  a lr e a d y  b e e n  g a t h e r e d  
fo r  o t h e r  p u r p o s e s  s u c h  a s  s c h o o l a c h ie v e m e n t  o r  in t e l l i g e n c e  t e s t  s c o r e s  o r  pre- 
in d u c t io n  a c h ie v e m e n t  t e s t in g  f o r  t h e  A rm e d  F o r c e s .  W e  a g re e  w i t h  S c h a e f f e r  
e t  a l .  (1981) t h a t  s u c h  in f o r m a t io n  p r o v id e s  o n ly  a  r o u g h  e s t im a te  o f  p r e c a n n a ­
b i s  p e r fo rm a n c e ,  b u t  i t  w o u ld  n o t  a p p e a r  t o  b e  c o s t- e f f e c t iv e  t o  g a t h e r  m o r e  
p r e c is e  in f o r m a t io n  t h r o u g h  a p r o s p e c t iv e  s t u d y .  I n d e e d ,  a  m o r e  w o r t h w h i le  
s t u d y  m ig h t  b e  t o  c o m p a r e  p e r fo rm a n c e  o n  s u c h  a c h ie v e m e n t  t e s t s  w i t h  p e r ­
fo rm a n c e  o n  n e u r o lo g ic a l a n d  p s y c h o lo g ic a l  t e s t s  o f  c e r e b r a l f u n c t io n in g  t o  d e ­
te rm in e  j u s t  h o w  “ r o u g h ”  s u c h  a n  e s t im a t e  r e a l ly  is .

Studying the Effects o f  Cannabis on the Aging Process

A lm o s t  a l l  o f  t h e  s t u d ie s  r e p o r t e d  in  t h i s  p a p e r  u s e d  r e la t i v e ly  y o u n g  s u b ­
j e c t s .  O f  th e  28 s t u d ie s  r e v ie w e d ,  17 d i d  n o t  in c lu d e  a  s in g le  s u b je c t  o v e r  t h e  a g e  
o f  58. I n  t h e  r e m a in in g  11 s t u d ie s ,  e i t h e r  t h e  a g e  r a n g e  w a s  n o t  g iv e n  o r  t h e  v a s t  
m a jo r i t y  o f  t h e  s u b je c t s  w e r e  u n d e r  t h e  a g e  o f  60. W h i le  in  m o s t  s t u d ie s  t h e  l a c k  
o f  o ld e r  s u b je c t s  s e e m e d  t o  b e  a r e s u l t  o f  th e  p o p u la t io n  th e  in v e s t ig a t o r s  c h o s e  
t o  s t u d y  ( s t u d e n t s ,  v o lu n t e e r s  r e c r u i t e d  t h r o u g h  s t r e e t  p e o p le , e t c . ) ,  in  a t  le a s t  
o n e  s t u d y  ( A g a rw a l e t  a l ,  1975) e ld e r ly  p e o p le  w e r e  e x c lu d e d  p u r p o s e ly  t o  e l im ­
in a te  th e  p o s s i b i l i t y  t h a t  a n y  im p a i rm e n t  s e e n  in  s u b je c t s  w a s  a c o n s e q u e n c e  o f  
a g in g .

W e  w o u ld  l i k e  t o  s u g g e s t  t h a t  t h e  e ld e r l y  m a y  b e  t h e  i d e a l p o p u la t io n  t o  i n ­
v e s t ig a te  th e  c h r o n ic  c e r e b r a l e f f e c t s  o f  c a n n a b is  u s e  ( S m i th  &  S e t h i ,  1975). 
T h is  a p p ro a c h  h a s  b e e n  u s e d  s u c c e s s f u l ly  in  th e  s t u d y  o f  c e r e b r a l e f f e c t s  o f  a lc o ­
h o l u s e  ( B lu s e w ic z ,  D u s tm a n ,  S c h e n k e n b u r g ,  a n d  B e c k ,  1977; B lu s e w ic z ,  
S c h e n k e n b u r g , D u s tm a n ,  a n d  B e c k ,  1977). T h e  d a t a  r e v ie w e d  in  t h i s  p a p e r  s u g ­
g e s t  t h a t  th e r e  a r e  f e w  i f  a n y  d e t e c t a b le ,  lo n g - te rm  c e r e b r a l e f f e c t s  o f  c a n n a b i s  
u s e  in  y o u n g  a n d  r e a s o n a b ly  h e a l t h y  in d iv i d u a l s .  I t  i s  r e a s o n a b le  t o  c o n c lu d e  
th a t  a n y  c h r o n ic  e f f e c t s  t h a t  m ig h t  r e s u l t  f r o m  th e  u s e  o f  th e  d r u g  a r e  e a s i l y  
m a s k e d  b y  th e  n o rm a l “ c e r e b r a l r e s e r v e .”  H o w e v e r ,  th e  n o rm a l a g in g  p r o c e s s
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s lo w l y  e r o d e s  b o t h  o u r  f u n c t io n a l  r e s e r v e  a n d ,  in  t im e ,  e v e n  o u r  p r im a r y  f u n c ­
t i o n a l  a b i l i t i e s .  C h ro n ic  c e r e b r a l d y s f u n c t io n  is  l i k e l y  t o  b e c o m e  m o r e  n o t i c e ­
a b le  in  in d iv i d u a l s  e x p e r ie n c in g  a d d i t i o n a l  c e r e b r a l d e t e r io r a t i o n .  T h u s ,  a  p r e ­
m a t u r e  i n t e l l e c t u a l  d e t e r io r a t io n  ( s e n i l i t y )  m ig h t  w e l l  b e  e x p e c t e d  in  lo n g - te rm  
c a n n a b is  u s e r s  i f  c a n n a b is  p r o d u c e s  e v e n  s u b t le  c e r e b r a l d e t e r io r a t i o n .  S o  f a r ,  n o  
o n e  h a s  in v e s t ig a t e d  th is  p o s s ib i l i t y .  S u c h  a s t u d y  w o u ld  n o t  b e  e a s y  s in c e  a 60- 
t o  70 -year l i f e t im e  a l lo w s  a m p le  o p p o r t u n i t y  f o r  n u m e r o u s  c o n f o u n d in g  v a r i ­
a b le s  t o  a ls o  a f f e c t  c e r e b r a l f u n c t io n in g .  L a rg e  s a m p le  s iz e s  a n d  s o m e  m a t c h in g  
o f  s a m p le s  o n  v a r ia b le s  k n o w n  to  h a v e  c h r o n ic  c e r e b r a l e f f e c t s  w o u ld  b e  n e c e s ­
s a r y .  H o w e v e r ,  i f  a n y  p o p u la t io n  i s  l i k e l y  t o  s h o w  th e  r e s u l t s  o f  a  s u b t le  c e r e b r a l 
im p a i rm e n t ,  i t  i s  l i k e l y  t o  b e  a p o p u la t io n  o f  o ld e r  c i t i z e n s .  A n o th e r  r e a s o n  f o r  
s t u d y i n g  th e  p o s s ib le  e f f e c t s  o f  c a n n a b is  u s e  o n  a g in g  i s  t h a t  m o d e m  m e d ic in e  
i s  e x t e n d in g  th e  l i f e  e x p e c t a n c y  o f  p e o p le . A s  m o r e  p e o p le  l i v e  lo n g e r ,  a n y  v a r i ­
a b le  w h ic h  in c r e a s e s  th e  le v e l o f  d y  s f u n c t io n  o f  th e  e ld e r l y  w i l l  f u r t h e r  s t r a in  o u r
h e a l t h  c a r e  s y s t e m .<.

Is It Time to Consider an Experiment? .

A l l  o f  t h e  s t u d ie s  r e v ie w e d  i n  th is  p a p e r  u s e d  a p s e u d o e x p e r im e n t a l d e s ig n  
in  w h ic h  p r e e x is t in g  g r o u p s  ( c a n n a b is  u s e r s  a n d  n o n u s e r s )  w e r e  c o m p a r e d  o n  
m e a s u r e s  o f  t h e i r  c e r e b r a l f u n c t io n in g .  A n y  r e s e a r c h  m e t h o d s  t e x t  w i l l  d e s c r ib e  
th e  w e a k n e s s e s  o f  s u c h  a d e s ig n .  G e t t in g  p r e t e s t  m e a s u r e s  ( a s  i n  a p r o s p e c t iv e  
s t u d y )  s t r e n g th e n s  th e  d e s ig n  s o m e w h a t ,  b u t  th e r e  a r e  s t i l l  n u m e r o u s  c o n f o u n d ­
in g  v a r ia b le s  w h ic h  c o u ld  a f f e c t  th e  r e s u l t s .  T h e  a l t e r n a t iv e  o f  c o n d u c t in g  a  
t r u e  e x p e r im e n t  w h e re  s u b je c t s  a re  r a n d o m ly  a s s ig n e d  t o  t h e  g r o u p s  ( c a n n a b is  
u s e r s  a n d  n o n u s e r s )  h a s  n o t  b e e n  a n  e t h i c a l ly  r e s p o n s ib le  c h o ic e  a v a i la b le  t o  i n ­
v e s t ig a t o r s .  H o w e v e r , i t  m a y  b e  t im e  t o  r e c o n s id e r  t h e  a l t e r n a t iv e  o f  a  t r u e  e x ­
p e r im e n t .

W e  r e c o g n iz e  th a t  s u g g e s t in g  a n  e x p e r im e n ta l t e s t  o f  t h c  c h r o n ic  e f f e c t s  o f  
c a n n a b is  i s  c o n t r o v e r s ia l ,  a n d  w e  w a n t  t o  m a k e  i t  c le a r  t h a t  w e  d o  n o t  f e e l  t h a t  
s u c h  a  t e s t  i s  w a r r a n te d  y e t .  B u t  i f  f u r t h e r  r e s e a r c h  w e r e  t o  s h o w  l i t t l e  o r  n o  
e f f e c t s  i n  v u ln e r a b le  p o p u la t io n s  s u c h  a s  th e  e ld e r ly  a n d  i f  t h e  r i s k s  t o  o t h e r  
b o d y  s y s t e m s  a r e  s h o w n  t o  b e  m in im a l ,  a  c a r e f u l l y  d e s ig n e d  a n d  e x e c u t e d  e x ­
p e r im e n t  m ig h t  a d d  a g r e a t d e a l t o  o u r  u n d e r s t a n d in g  o f  t h e  lo n g - te rm  e f f e c t s  
o f  c a n n a b i s  u s e .

S u m m a r y

I n  t h i s  p a p e r  w e  h a v e  t r i e d  t o  r e v ie w  th e  a v a i la b le  r e s e a r c h  o n  th e  c h r o n ic  
j . . c e r e b r a l  e f f e c t s  o f  c a n n a b is  u s e  w i t h  a  p a r t i c u la r  f o c u s  o n  m e t h o d o lo g ic a l  is s u e s . 
'• 'O u r g e n e r a l c o n c lu s io n  i s  t h a t  th e  c u r r e n t  r e s e a r c h  d o e s  n o t  s u p p o r t  th e  c o n te n -  
^ t i o n  t h a t  c a n n a b i s  u s e  r e s u l t s  in  c h r o n ic  c e r e b r a l im p a i r m e n t .  T h e  n rm th fH tv  «t»U
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r e m a i n s  l h a t  s u c h  i m p a i r m e n t  e x i s t s ,  b u t  i t  is  l i k e l y  t o  b e  e i t h e r  q u i t e  s u b t l e  o r  

a p p a r e n t  I n  o n l y  a  s e l e c t  g r o u p  o f  v u l n e r a b l e  s u b j e c t s .  T h o s e  s t u d i e s  w h i c h  d i d  

f i n d  c e r e b r a l  e f f e c t s  w e r e  e i t h e r  f a t a l l y  f l a w e d  [ a s  i n  t h e  C a m p b e l l  e t  a l . ' ( 1 9 7 1 )  

s t u d y ]  o r  b i a s e d  i n  t h e  d i r e c t i o n  o f  f i n d i n g  p e r f o r m a n c e  d i f f e r e n c e s .  F o r  e a c h  

s t u d y  w h e r e  s i g n i f i c a n t  i m p a i r m e n t  w a s  f o u n d ,  s e v e r a l  o t h e r  s t u d i e s  w i t h  a p ­

p a r e n t l y  e q u a l  m e t h o d o l o g i c a l  r i g o r  f o u n d  n o  i m p a i r m e n t .

A n y  c o n c l u s i o n  d r a w n  f r o m  t i i e  s t u d i e s  r e v i e w e d  h e r e  m u s t  b e  c o n s i d e r e d  

t e n t a t i v e  b e c a u s e  o f  t h e  l i m i t a t i o n s  i n h e r e n t  i n  t h e  r e t r o s p e c t i v e  d e s i g n .  A l ­

t h o u g h  I t  m a y  b e  p o s s i b l e  l o  i m p r o v e  o n  m a n y  o f  t h e  c u r r e n t l y  a v a i l a b l e  s t u d i e s  

I n  t e r m s  o f  m e t h o d o l o g y ,  i t  w o u l d  p r o b a b l y  m a k e  l i t t l e  d i f f e r e n c e  i n  t h e  c o n ­

c l u s i o n s  w e  w o u l d  d r a w .  T h e r e f o r e ,  w e  h a v e  c h o s e n  t o  f o c u s  o u r  d i s c u s s i o n  o n  

n e w  d i r e c t i o n s  f o r  r e s e a r c h  u s i n g  a l t e r n a t i v e  d e s i g n s  a n d / o r  p o p u l a t i o n s .  W e  d o  

n o t  b e l i e v e  t h a t  m o r e  r e t r o s p e c t i v e  s t u d i e s ,  e v e n  i f  t h e y  u s e  t h e  f i n e s t  m e t h o d ­

o l o g y  a v a i l a b l e ,  a r e  w a r r a n t e d  g i v e n  t h e  d a t a  a l r e a d y  a v a i l a b l e .

T h e  i s s u e  o f  c a n n a b i s  u s e  i s  a  h i g h l y  e m o t i o n a l  t o p i c  w i t h  s e r i o u s  p o l i t i c a l  

o v e r t o n e s .  H o w e v e r ,  t h e  f a c t  r e m a i n s  t h a t  i n  p i l e  o f  t h e  i l l e g a l  s t a t u s  o f  t h e  

d r u g ,  i t s  u s e  i s  w i d e s p r e a d .  T o  t h e  e x t e n t  t h a t  p o t e n t i a l  . i e a l t h  r i s k s  e x i s t ,  w e  

h a v e  a  c o n t i n u i n g  r e s p o n s i b i l i t y  t o  i d e n t i f y  t h e m  a n d  c o m m u n i c a t e  t h a t  i n f o r ­

m a t i o n  t o  t h o s e  a f f e c t e d .  E v e n  t h o u g h  t h e  c u r r e n t  r e s e a r c h  d o e s  n o t  s u g g e s t  a  

r i s k  f o r  c e r e b r a l  I m p a i r m e n t ,  t h e r e  a r e  s t i l l  s o m e  a r e a s  t h a t  h a v e  n o t  b e e n  a d e ­

q u a t e l y  i n v e s t i g a t e d .  F u r t h e r m o r e ,  t h e r e  a r e  a r e a s  o f  r i s k  ( e . g . ,  c e r e b r a l  e f f e c t s  

o f  c a n n a b i s  u s e  b y  y o u n g  c h i l d r e n )  w h i c h  h a v e  r e c e i v e d  v i r t u a l l y  n o  s t u d y .  N o w  

m a y  b e  t h e  b e s t  t i m e  t o  r e f o c u s  o u r  r e s e a r c h  e f f o r t s  a n d  e x p l o r e  t h e s e  q u e s ­

t i o n s .
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h  t h a t  s u c h  a  p h e n o m e n o n  w a a  r c s p o n -  

n c e s  o b s e r v e d  i n  l a b o r  a n d  n e o n a t a l  

i n v e s t i g a t i o n  o f  t h i s  i s s u e  i s  b e y o n d  t h e  

o w e v e r .
; m a l l  n u m b e r s  i n v o l v e d  i n  o u r  s t u d y ,  

i s  a  s e v e r e  p r o b l e m .  M a n y  d i f f e r e n c e s  
I b y  c h a n c e  a l o n e  w e  m i g h t  e x p e c t  s l a t i s -  

[ f f e r e n c e s  t o  e m e r g e  e v e n  i f  m a r i j u a n a  

o b s e r v e d  d i f f e r e n c e s  a r e  c o n s i s t e n t  i n  

B e c a u s e  o f  t h e  s m a l l  s i z e  a n d  o t h e r  l i m i -  

. w e  c a u t i o n  t h a t  a c c u r a t e  a s s e s s m e n t  o f  

u a n a  u s e  d u r i n g  p r e g n a n c y  m u s t  a w a i t  

t u d i e s .  S u c h  s t u d i e s  w i l l  r e q u i r e  e x t r e m e  

l u c t ,  a n d  a n a l y s i s .
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F R IE D , P . A . Marihuana use by pregnant women and effects on offspring: An update. N E U R O B E H A V . "O X IC O L . 
T E R A T O I.. 4 (4 ) 4 5 1 -454 , 1982.— This repo rt is based on  a p reviously described sample o f  291 mothers-to- 'd  on an 
additiona l 129 subjects. Among these 420 p redom inan tly  m iddle class pregnant w om en, approxim ate ly 3 , .c i it  used 
marihuana regu larly  during p regnancy. F o r assessing the efTect o f  marihuana on pregnancy variab les and the o ffsp ring , the 
mothers-to-be were natched in term s o f  n icotine and a lcoho l use. M arihuana use was associated with a sh o rte r gestation 
period and a decreased m aternal weight gain. N o  efTect on  birth weight, length o f  la b o r o r  d ifficu lty  in birth were observed . 
Consistent w ith the ea rlie r repo rt, babies b om  to women who smaked m ore than five  jo in ts per w eek during pregnancy 
demonstrated m arked trem ors and startles and a lte red  v isua l responsiveness at 2 - 4  days o f  age. These sym ptom s had 
attenuated by 30  days and no developmenta l impairments were observed in any o f  seven babies who had reached one yea r 
o f  age bom  to women who had smoked 2 jo in ts  o r  m ore per week during pregnancy.

<Marihuana Pregnancy Deve lopm ent N eu robehav io r

T H E  p r e s e n t  r e p o r t  i s  a  b r i e f  u p d a t e  o f  a s p e c t s  o f  a n  o n g o i n g  

s t u d y  s t a r t e d  i n  1 9 7 8  i n v o l v i n g  t h e  d e p a r t m e n t  o f  P s y c h o l o g y  

o f  C a r l e t o n  U n i v e r s i t y  a n d  t h e  O t t a w a  C i v i c  a n d  O t t a w a  

G e n e r a l  h o s p i t a l s .  T h e  p u r p o s e  o f  t h e  i n v e s t i g a t i o n  i s  t o  

e x a m i n e ,  i n  a  p r o s p e c t i v e  f a s h i o n ,  t h e  p a t t e r n  o f  u s e  o f  s o c i a l  

l e v e l s  o f  a l c o h o l ,  c i g a r e t t e s  a n d  m a r i h u a n a  d u r i n g  p r e g n a n c y  

a n d  t h e  e f f e c t s  o f  t h e s e  d r a g s  o n  t h e  o f f s p r i n g .  D e t a i l s  o f  t h e  

p r o c e d u r e  a n d  e p i d e m i o l o g i c a l  i n f o r m a t i o n  o n  a p p r o x ­

i m a t e l y  200  s u b j e c t s  h a v e  b e e n  p r e s e n t e d  p r e v i o u s l y  [ 4]  a n d  

b i r t h  d a t a  a n d  t h e  r e s u l t s  o f  b e h a v i o r a l  t e s t i n g  o f  b a b i e s  u p  t o  

4  d a y s  o f  a g e  b o m  t o  ( h e  m a r i h u a n a  u s e r s  a m o n g  2 9 1  s u b ­

j e c t s  i n  t h e  O t t a w a  s t u d y  h a v e  a l s o  b e e n  d e s c r i b e d  e l s e w h e r e
PJ.

METHOD
T h e  p r e s e n t  r e p o r t  i s  b a s e d  o n  a  s a m p l e  c o n s i s t i n g  o f  4 2 0  

s u b j e c t s  a n d  i n c l u d e s  s e v e r a l  m o r e  i n f a n t s  b o m  t o  m a r i h u a n a  

u s e r s .  A s  b o t h  t h e  d e m o g r a p h i c  d a t a  o n  t h e  m o t h e r s  a n d  t h e  

r e s u l t s  o f  t h e  n e w b o r n  a r e  e s s e n t i a l l y  t h e  s a m e  a s  t h o s e  

f o u n d  i n  t h e  o r i g i n a l  c o h o r t  [ 3 ] ,  t h e  d a t a  w i l l  b e  d e s c r i b e d  

v e r y  b r i e f l y .  S i n c e  t h e  o r i g i n j d  r e p o r t ,  a  n u m b e r  o f  o f f s p r i n g  

o f  t h e  m a r i h u a n a  u s e r s  h a v e  b e e n  f o l l o w e d  u p  a n d  b e e n  

e x a m i n e d  u s i n g  t h e  P r e c h t l  n e u r o l o g i c a l  e x a m i n a t i o n  [ S ]  a t  

n i n e  ( ± 1 )  a n d  3 0  (±2) d a y s  a n d  t h e  B a y l e y  S c a l e  o f  I n f a n t  

D e v e l o p m e n t  [ I ]  a t  1 2  m o n t h s .  A l t h o u g h  i t  i s  o b v i o u s ,  i t  

m u s t  b e  e m p h a s i z e d  t h a t  t h e  s a m p l e  s i z e  i s  s m a l l  a n d  t h e s e  

l o n g t i t u d i n a l  r e s u l t s  h a v e  t o  b e  v i e w e d  a s  q u i t e  p r e l i m i n c r v .

t r i m e s t e r s  r e m a i n i n g  i n  t h e i r  p r e g n a n c y .  I n f o r m a t i o n  o b ­

t a i n e d  i n c l u d e d  t h e  v o l u m e  a n d  v a r i a b i l i t y  o f  a l c o h o l  c o n ­

s u m p t i o n ,  c i g a r e t t e  s m a k i n g  h a b i t s  a n d  m a r i h u a n a  i n t a k e  f o r  

t h e  y e a r  b e f o r e  p r e g n a n c y  a n d  e a c h  t r i m e s t e r  o f  p r e g n a n c y .  

I n  a d d i t i o n  t o  t h i s  “ s o f t "  d r a g  r e p o r t  a  g e n e r a l  h e a l t h  h i s ­

t o r y ,  p r e v i o u s  p r e g n a n c y  d e t a i l s ,  a  2 4 - h o u r  d i e t a r y  r e c a l l  a n d  
s o c i o - d e m o g r a p h i c  d a t a  w e r e  o b t a i n e d .

T h e  c a t e g o r i z a t i o n  f o r  m a r i h u a n a  u s e  f o r  e a c h  o f  t h e  f o u r  

t i m e  p e r i o d s  ( y e a r  b e f o r e  p r e g n a n c y  a n d  e a c h  o f  t h e  t r i m e s ­

t e r s )  w a s :  n o n - u s e r ;  i r r e g u l a r  u s e r — o n e  j o i n t  o r  l e s s  p e r  

w e e k  o r  e x p o s u r e  t o  t h e  e x h a l e d  s m o k e  o f  o t h e r s ;  m o d e r a t e  

u s e r — t w o  t o  f i v e  j o i n t s  p e r  w e e k  a n d ;  h e a v y  u s e r — m o r e  
t h a n  f i v e  j o i n t s  p e r  w e e k .

RESULTS
T h e  s o c i o - d e m o g r a p h i c  c h a r a c t e r i s t i c s  o f  t h e  n e w  s a m p l e  

i s  e s s e n t i a l l y  t h e  s a m e  a s  t h a t  o f  t h e  c o h o r t  d e s c r i b e d  p r e v i ­

o u s l y  [4 ]  a n d  t h e r e f o r e  w i l l  n o t  b e  d e a l t  w i t h  s e p a r a t e l y .  

A m o n g  t h e  t o t a l  s a m p l e  o f  4 2 0  w o m e n  t h e  a v e r a g e  f a m i l y  

i n c o m e  w a s  $ 2 9 , 2 5 0 ± S I 3 , 0 5 0  a n d  t h e  a v e r a g e  a g e  a n d  p a r i t y  

w a s  2 9 ± 4  a n d  0 . 7 ± 0 . 9 ,  r e s p e c t i v e l y .  T h e  e c o n o m i c  f i g u r e  

w a s  v e r y  s i m i l a r  t o  t h a t  o f  t h e  g e n e r a l  p o p u l a t i o n  o f  t h e  

O t t a w a  a r e a  r e p o r t e d  b y  S t a t i s t i c s  C a n a d a  a n d  t h e  a g e  a n d  

p a r i t y  f i g u r e s  w e r e  c o n s i s t a n t  w i l h  a l l  t h e  w o m e n  g i v i n g  b i r t h  

i n  1 9 7 9  i n  t h e  p a r t i c i p a t i n g  h o s p i t a l s .  N i n e t y - f o u r  p e r c e n t  o f  

t h e  w o m e n  h a d  a t  l e a s t  a  h ig h  s c h o o l  d i p l o m a  a n d  6 3  p e r c e n t  ' 
h a d  c o n t i n u e d  t h r . i r  e d u c a t i o n  I v v n n H  h i n h  « r h o o l
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P U L M O N A R Y  H A Z A R D S  O F  S M O K I N G  M A R I J U A N A  A S  C O M P A R E D  W I T H  T O B A C C O

T z l / C i i i n / w u .  M . D . ,  D o n a l d  P .  T a s h k in ,  M . D . ,  B e h n a m  D j a h e d . M . D . ,  a n d  J e d  E .  R o s e , P h . D .

s t rn c t  T o  c o m p a re  th e  p u lm on a ry  h a z a rd s  o f sm o k -  
m a ri)u a n a  a n d  lo b a c c o , w e  q uan tified  the  re la t iv e  bur* 

;n  to  th e  ;ung  o f  in s o lu b le  p a rt ic u la te s  (ta r) a n d  c a rb o n  
m o n o x id *  from  th e  s m o k e  o f  s im ila r q u an tit ie s  o f  m a ri-  
ju n n a  a r .' i to b a c c o . T h e  15  su b je c ts , a l l m en , h a d  sm o k e d  
b o th  m a n iu a n a  a n d  to b a c c o  h ab itu a lly  fo r  a t le a s t  fiv e  
y e a r s . W e  m e a s u re d  e a c h  su b je c t 's  b lo o d  c a rb o x y h e m o -  
g 'c c irt le v e l b e fo re  a n d  a f t e r  sm ok in g  and  th e  am ou n t o f 
ta r m h a le o  an d  d e p o s ite d  in th e  re sp ira to ry  tra c t from  the  
s m o k e  o i s in g le  fi lte r-tip p ed  to b a c c o  c ig a re t te s  ( 9 0 0  to  
1 2 0 0  m o ) a n o  m a r i ju a n a  c ig a re t te s  (7 4 1  to  9 8 5  m g ) c o n -  
tam in g  0 .C 0 4  p e rc e n t  o r  1 .2 4  p e rc e n t A9- te t ra h yd ro c an *  
n a o m o l.

A s  c o m o a re d  w ith sm o k in g  to b a c c o , sm ok in g  m a r i ju a n a  
w a s  a s s o c ia t e d  w ith  a  n e a r ly  fiv e fo ld  g re a te r  in c rem en t in 
th e  o Ig o o  c a rb o x y h e m o g lo b in  le v e l , an  a p p ro x im a te *

w
J E  i t n v c  p r e v i o u s l y  s h o w n  t h a t  t h e  h a b i t u a l

T h is  r 
D rotec 
law

M e t h o d s

W i* s tud ied  fifteen m i'll who w rr r  lin h ilun l smokers (meal) age

Iy  t h r e e fo ld  i n c r e a s e  in  th e  a m o u n t  o f  t a r  in h a le d , 
a n d  re te n tio n  in th e  re s p i ra to ry  trac t o f  o n e  th ird  m o re  
in h a le d  ta r  ( P < 0 . 0 0 1 ) .  S ig n i f ic a n t  d i f f e r e n c e s  w e re  
a ls o  n o te d  in th e  d y n a m ic s  o f  sm o k in g  m a ri ju a n a  an d  
to b a c c o , a m o n g  th em  a n  a p p ro x im a te ly  tw o -th ird s la rg e r  
p u f f  v o lu m e ,  a  o n e - t h i r d  g r e a t e r  d e p th  o f  i n h a la ­
tion , a n d  a  fo u r fo ld  lo n g e r  b re a th -h o ld in g  tim e  with m a ri­
ju a n a  th an  w ith t o b a c c o  ( P < 0 . 0 1 ) .  S m o k in g  d y n am ic s  a n d  
the  d e liv e ry  o f  ta r  d u r in g  m a r i ju a n a  sm o k in g  w e re  o n ly  
s lig h tly  in f lu e n c e d  b y  th e  p e rc e n ta g e  o f te t ra h y d ro c a n ­
n a b in o l.

W e  c o n c lu d e  th a t sm o k in g  m a ri ju a n a , r e g a rd le s s  o f  te ­
t r a h y d ro c a n n a b in o l c o n te n t , r e s u lt s  in a  s u b s ta n t ia l ly  
q n a t e r  r e s J r a t o r v  b u rd e n  o n S r t i b r T  m o n o x id e  a n d  ta r 

' t h a n  sm o k in g  a  s im i la r  q u a n fity 'o l t o b a c c o .- (N E n g ld  M e a  
1 9 8 8 ; ' 3 1 8 :3 4 7 - 5 T . )  * * -- ■

s m o k in g  o f  3  o r  4  m a r i j u a n a  c i g a r e t t e s  a  d a y  i s  

a s s o c ia t e d  w i th  t h e  s a m e  f r e q u e n c y  o r  t h e  s y m p t o m s  o f  

. i d l e  a n d  c h r o n ic  b r o n c h i t i s 1 a n d  t h e  s a m e  t y p e  a n d  

e x t e n t  o f  e p i t h e l i a l  d a m a g e  i n  t h c  c e n t r a l  a i r w a y s '  a s  

site t e g u la r  s m o k i n g  o f  m o r e  t h a n  2 0  t o b a c c o  c i g a r e t t e s  

a d a y .  A  p o s s ib le  e x p l a n a t i o n  f o r  t h e s e  f i n d i n g s  i s  t h a t  

g r e a t e r  q u a n t i t y  o f  s m o k e  p a r t i c u l a t e s  a n d  n o x i o u s  

g a s e s  is d e li v e r e d  t o  a n d  d e p o s i t e d  o r  a b s o r b e d  i r .  t h e  

lu n g s  l»y m a r i ju a n a  t h a n  b y  a  s i m i l a r  a m o u n t  o f  t o b a c ­

c o , p o s s ib ly  as a  r e s u l t  o f  d i f f e r e n c e s  i n  t h e  w a y  e a c h  

tv p e  o f  c ig a re t t e  i s  s m o k e d .  T o  i n v e s t i g a t e  t h i s  p o s s i ­

b i l i t y .  a e  e x a m in e d  t h c  d y n a m i c s  o T s m o k i n g  a  m a r i ­

j u a n a  c,r a t o b a c c o  c i g a r e t t e  a n d  m e a s u r e d  t h e  p a r t i c u ­

la t e s  d e li v e r e d  t o  t h e  s m o k e r ’s  m o u t h  d u r i n g  t h c  

s m o k in g  o f  a s in g le  c i g a r e t t e  o f  e a c h  t y p e .

1-rxD). t i t . . i = ; . l  sca rs) , each ol' whom smoked Im ih in lu c rn  and 
i"  r ijo .o i.i. !'!«■ sub jec ts smoked ao average o f 29.93 I t i .7 tobacco 
i iumvii'-s :n i d .iv  .m il had smoked a il average o f Iti. I 312.2 pack- 
;e:\rv ol tn uacm  outc pack-vcar equa ls one pack ol tobacco ciga- 
te iie s  per rim  n ines ihe iim nh rr o f years o f smokingi: th ry  smoked 
.01 average u f Iti..i3 l7 .1 m arijuana cigarettes per week, and had 
smoked an average o f 54.8 3 34.11 joim-yenrs o f m arijuana lone 
ju in i-sear efp ia ls one c ig a re u e jjo in t|  o f m arijuana per day tim es 
the m in ilie r o f years n f  smoking!. A ll were in good general hea lth  
a m l li.o l iio iin a l or nearly  normal values lor liireed v ita l rap acity  
i in i r lf.7  p< rren i o f  p redicted v a lu e s1) and Inrred exp irato ry vo l­
um e in one .vcoud itn i— I f percviu o f predicted v a lu e s1). None 
ir tn ir ir i l  iiurave iiou .s d ru g  abuse u r smoking o ilie r il l ie i i suhstam cx 
besides itiaf ijuana .

lt .iv I• M ii' irn  was s lu t lie i l on a sing le day  a l ir r  refra in ing from 
smoking lo li.ievn lo r a( least one hour and marijuana liir  a i leas) six 
hours tin mg the s tu d y  session, each sub ject smoked h is own brand

I'rnin iiv  IVn.imncni of Medicine. University of California at lars Angeles 
Si li.s.l .a .Medrs'ine. and Hie Depan menu ol Psychiatry and liiohehsvKinl Sci- 
cnees. Neiirupsyvhuiric InMituie. University of California at Los Anprles Schinil 
.•I Medicine. VJdress rcpnnt reguests lo Dr. Tashkin at the Depanment of Medi­
cine. L’niver-ny in C ililnm ia at Los Angeles Svtioot of Mcslicine. Los Angeles. 
CA ViXIJL

Suptsireu hv a crjni tHOI DA tl.UIIXI from the National Institute on Drug 
11 0  T  I G1 ’j 1'*- W u  '  " " 'k “’*i  >uPpon«l hy the Chun* Shan Medical and Denial

, Collevc, -j.shime, Tainan.i 2 i e f i n l  ri-.ii/ b e  
ud by  :c? y :: .gM  

a 17 U .S . C c c e '

o f  fille r-tipped  tobacco cigarette , fo llow ed , in sing le-b lind fash ion , 
lin t  hy a p la c e lu  m a riju an a  cigarette (from  which nea rly  a ll 
^ ''-te trahyd rocannab ino l [A'J-T H C | had been extracted , so that thc 
concentration  was 0 .0 0 4  percent)-and next by u m a riju ana  cigarette 
o f  s im ila r weight conta in ing 1 .2 4 -0 .0 6  percent A ''-THC . An 
in te rva l o f  app rox im ate ly  30  m inutes separated the smoking o f  
each two cigarettes. T h e  tobacco cigarettes weighed 900  to 1 120 mg 
and had a ta r yie ld o f  4 .6  to 23.1 mg (m ean . 12 .03 :5 .7  mg) and a 
nicotine y ie ld  o f  0 .4  tn 1.4 mg (m ean . 0 .8 4 3 0 .3 2  m g) by Federa l 
T ra d e  Com m ission  ana lysis. T h e  placebo m a riju ana cigarettes 
weighed 741 to 9-H) mg im eait. 8 4 0  mg) and tlm sr containing 1.21 
p e rc rn l A '"-THC weighed 849  in  985  mg (m ean . 907 m g ): both were 
supp lied  hy ih r  N a t io n a l In stitu te  on D rug  Ahuse. were stored at 
C C  to m in im ize chem ica l degradation , and w rre  maintained in a 
hum id ifie r at 60  |>ercent hum id ity  and 2 1"C fo r 24  hours before the 
s lu tlv . to reduce harshness.

T i le  subjects were asked tn smoke both the tobacco cigarette and 
the two m ariju an a  cigarettes in a m anner as s im ila r as possible to 
th e ir u sua l pattern  o f  sm oking tobacco and m ariju ana . Periphera l 
vicious b lood was w ithdraw n anaerob ica lly  im m ediately before and 
two m inutes a fte r thc first tven cigarettes were xmoked fo r measure- 
nit-ill o f  (lit- percentage n f  carlx ixy licm ng lob in  satu ra tion , w ith use 
n l'a  cn rlxm  m tm nx id e -ox im e trr (M od e l 282 , Instrum entation  I_ah- 
u ra to ry , Lex ing ton , M ass .) . A fte r smoking rac lt o f  the m a riju ana  
cigarettes, the subjects w r r r  asked to rate their level o f  in toxication 
on  a scale o f  0  in IfX) percent, w ith 100 percent representing the 
greatest “ h igh" they had ever rxpc riencrd .

T h e  vo lum e , d u ra t io n , and num ber o f  pulfs and the in te rva ls  
In-tween pu lls  w rre  m easured w ilh  a IX) K lrisch pnrum n iachyg raph  
(lin e a r from  5 to IIX) m l pe r second) connected through a d ilfen -m ia l 
pressure tra iisd itcer (M od e l M l ’ .Yt-'J, Y a lid yne , N orth ridge . C a li f . ) 
Irange . 3 2  cm u f  w ater) to an nscillnscnpic re ro rt le r w ith a dilTcrco- 
lia l in ifg r .i ln r -c t i iu p u li 'r an il a rap id  photographic w riter (M ode l 
V R li . K lee in io ics fo r M edicine , IMo-.isamvillr. N .Y .) .  T o  prevent the 
pue iim n lachyg raph  scrrett Irom  liecom ing clogged hy smoke pa rt l- 
e lex ,1 the pm -umniachygrnph was ciimu-ricd through wide-Im re l \ -  
gim  tubing (li-ng ih , 70 cm : in te rna l t lia iu rte r, I cm  I in the d ista l end 
o f  a glass cy lin d e r ( leng th . 12 em : d iam eter. 5  em ) that contained 
two veutila tiiin  ports (each I cm in iliam rtc r) am i was scaled at its 
p rox im a l t-tiil hy a n tlilK -r sinp |>rr. T in- toliacen o r  in a rijo a oa  ciga­
rette was heltl in a sm a ll p lastic Im ltle r itisrrted through ilie  ruh ln -r 
stop|M-r. 'I lu - veo tila t io o  |>oNs w e rr left open lie lw rrn  piilfit tu prc- 
v e o l c ither tlte extinetinn n f  th r lighted c igarette o r  the rxcess iv r 
a cn im n lo lim t o f  ca rlam  m onoxide . D u ring  a pull*, the smoker m e - 
e m l thc ven iila iiiH i Im les with his index and m idd le  linger* so that 
lilt- en tire  vo lum e o f  a i r  d raw n through the cigarette cou ld lie  meas­
u red hy the pneum oiac liygn iph . T h e  resistance u f live- im rum o- 
tavhvgraph (l).(KKiH em  o f  w ater per m illi li t r r  per second) was con­
side rab ly  low e r than that o f  the cigarette (O .fil cm o f  water pe r 
m i ll i l i t r r  pe r second li ir  to lcu vn : I). 17 em o f  w ater |ie r m illilite r p r r  
m s 'oiw I fo r m a r iju a n a ): th rre liire . the |H icummaehvgrapli iise tf was
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si*': t iM y  io  have a substantia l effect o il sm oking dynam ics. The 
rln ra ium  n f a p u ff was lim ed from  th r pneum niachygraphic How 
ii.it T h e  in te rva l between puffs w .u  d e lin rd  as the period be- 
tw rm  the ro d  o f  one p u ff and the start o f  the n rx t .

l*o mVaiure “ wash-in" vo lum e Ithe vo lum e n r a ir  in ha led ), in- 
itin-iive n lc lhvsm ograph ic coils tRespitrace A m hu la tn ry M on ito r­
ing S v iirm s . A rdsley. N .Y .) were placed a round each subject's rib  
*.M*V jn* 1 . i lM ln m e n .A  dem odu la to r converted changes in e lectri- 
i.n  *t**!i:vi nice in the coils du ring  resp irato ry  mnvemenls in to  vo lt- 
a>:r vgn .il*  p ropo rtiona l to changes in the vo lum e enclosed hy the 
cn n . (" t in g e s  in ihe vo lum e o f  the resp irato ry  system were calcu- 
l . v d  Irom  die weighted sums o f  th r signals from  the rib  cage and 
I'uh .in rn ; ilie weights were determ ined hy the least-squares ca lih ra - 
linn  ine innd .’  T h e  accuracv o f  the ca lib ra tion  was confirm ed hy 
c.nnpanng thc inhaled vo lum es calcu lated Irom  resp irato ry  indue- 
n \ • ;• .rt lis s in og raphy  with sp irom etrtc va lues: the measurements 
•■(ii.u n-il In* xp irnm etrv and inductive p lethysm ography agreed 

a'i>  p e rc rm . The am ount o f  time the inhaled smoke was 
• i *i u i  <ii the lungs (sm oke-reten tion time) was ca lcu lated as the 

M.i-r*..i! h i'iw ren the times corresponding to one ih ird  o f  th r maxi- 
•< s in ..ii.iivd vo lum e and two thirds o f  thc m axim um  vo lum e ex- 
: .-.ii-.i 'i.ilnw iug li r r a lh  ho ld ing i Fig. I ) .  T he  no-smoking in terva l 
■■>.<- * m il Iro in  the end u f  th r smoke-retention time to the start o f  
t'.ir :•• *<• p o ll’.

\ |i'i" .:i*m ly  described p ropo rtiona l sm oke-trapping d c v ic /w a s  
. .  ot **i". ( | io  the_ apparatus fo r measuring the vo lum e o f  piilTs in 
i .n V : i-i in i-axiirr the amount o f  smoke particu lates delivered to the 
sitn.M r ' ; in in iih . T h is  device consisted o f  a p lastic cigarette ho lde r 

g'.i winch the mainstream  smoke was d iverted into two p a ra lle l 
, i ' ii i . i i v  niie containing one cap illa ry  tube (pathway A ) and the 
**i.ir<- m*> * ii p a ra llr l cap illa ry  tubes I pathway B ). A Cam bridge filte r 
.n t ir .i-.p rd  the smoke that passed through pathway A . T h e  ta r 

ir . i f t i r n  i.v :iie f i l le r  was extracted with methanul and ana lyzed by 
•i i im i i i  ••< a ip rc trnphn tom eter I wavelength. HX) nm l. A constant 
la i - . i n .  i *i t lir  ta r ( r j . 5 i ( ) . 5 3  percent) was retained in th r fi lte r over 
.i .*i*ie t-'uigr o f  puli' volumes 130 to oO m l), p u lf du ra tions ( I  to 4
  .m il in i lf  llm v ra les (2 0  to 100 m l per second )." Th is appara tus,
tr.i'i*"nn*. perm itted the actual quantity  o f  smoke particu lates de liv - 
i*-c,*i * * t .in* m outh to fie calcu lated hy m u ltip ly ing  the am ount o f  
I*.!*:** "n.iirs trapped in the C am bridge f i lle r  pad in pathway A hy 
11". 11*. \t t!ir end o f  the period o f  breath ho ld ing a fter r u r l j pu lf. the 
nneV •*. turnetl the ir heads sligh tly to tine side and exhaled the 
sm A** ;■;!.) the la rge end (d iam ete r. 26 cm ) o f  an ad jacent mega- -A 
(!l)**t:i .ii"  ivc. the d ista l end (d iam eter, 1.5 cm ) o f  which was fitted 
w ill* .i hi'th-i-llii'icucy filte r attached to a vacuum  system as tie- 
■„ ii'*.n! ' iv H inds rt a l."  A fte r th r ta r was extracted from  the l i lt r r  
w on  n irtii.m n l. the exhaled particu lates were measured w ith a spcc- 
'ri'ri* ..'..n ii*ti'r. T h e  ammttit u f smoke retained Id rp tn t t rd ) in the 
-i**..*: an iv  tract was expressed as a percentage n f the am ount in - 
l i . i i n i - i i n g c  de|Hisi(i'fl = 11 — lam mutt n f exhaled partieu- 
:.iii*'*..:nou*it o f  inha led pa rticu la te s 11 x  100.

a sti'ijett's m casn rem rm s w r r r  averaged fo r each cigarette 
sm**k'i'(. These mean values, as well as the num ber o f  pull's, the 
tp i.u iittv  o f  particu la tes inha led , ihe percentage o f  inhaled partivn - 
l. i I • > d i posoe il. and the in rrrm en i in earhoxyhem oglnhin satu ra tion  
net i ig.'feit*'. were averaged fo r a ll 15 subjects liir each tyjH*
• a' e ie .iie tie  sm oked . T h e  subjects' ratings o l t l i r i r  tleg re r o f  in inxi- 
e.oi.H i .iin  r m a riju an a  smoking were a lso averaged lo r  a ll subjects 
tor e..e!i type o f  m a riju ana cigarette (p laee lm  and 1.21 |) r r tT llt  
A" S’* W Is Tw o-w ay ana lysis o f  variance l l i i r  subject .uni type o f  
i ie .n i'iic i w a s  used to determ ine the significance o f  riilfrrenccs ill 
>m***ii . r ito 'erns. tin* de live ry  and de |m silion  u f p a r i im la le s , 
am ) * .1* I'li'retise ot earfioxv lten tog lob in  saturation am ong tvps-s o f  
■ igtci iic . 1 Pairw ise com parisons were then perl'umii-tl using test­
ing '" r  1 '.ist significant iliU 'ereiu'es": dilfert'itees were etmsiderisl 
Mum' s nn ,t p va lues were < 0 .0 5 .

R e s u l t s

i . V s i r i p i i v c  d a t a  a b o u t  s m o k i n g  i n  t h c  g r o u p  o f  I f )  
c i i i i i ' f i s  a r c  s h o w n  i n  T a b l e  1 . P l a c e b o  m a r i j u a n a  a n d  

m a i i m a o u  c o n t a i n i n g  a p p r o x i m a t e l y  1 . 2 +  p e r c e n t  

A  ' - ' l  ' !  ! ( J  w e r e  s m o k e d  i n  a  s i m i l a r  m a n n e r .  H o w e v e r .
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Figure 1. A na logue Tracings o f Voltage S igna ls Irom Inductive 
P le tbysm ograph ic  C oils around the Chest W a ll and Abdomen o l a 
R ep resen ta tive S ub jec l and Simultaneous R ow  and Integrated 
V o lum e S igna ls  Irom  a  Pneumotachygraph Incorporated into a  
Pu ff-V o lum e M easuring Device during the Smoking o l a  Tobacco 

C igarette (A ) and a  Marijuana C igarette (B ).
Note that during m arijuana smoking, there is g reater amplitude o f 
the vo ltage  s ign a ls  representing pu ll vo lum e (m easu red  by the 
pneum otachyg raph ) and inhaled w lum e  (m easu red  by the induc­

tive p le thysm ograph ) than during tobacco smoking.

t h e  a v e r a g e  v o l u m e  o f  p u l f s  w a s  a b o u t  7 0  p e r c e n t  l a r t r -  

e r  ( P < 0 . 0 0 l )  a n d  t h e  d u r a t i o n  o T  p u l f s  a b o u t  HO p e r ­

c e n t  l o n g e r  ( P < 0 . 0 l )  d u r i n g  t h e  s m o k i n g  o f  m a r i ­

j u a n a  t h a n  t h e  s m o k i n g  n f  t o b a c c o ,  r e g a r d l e s s  o f  

w h e t h e r  t h e  m a r i j u a n a  c o n t a i n e d  1 . 2 +  o r  0 .0 0 +  p e r ­

c e n t  A : ' - T H C ;  . s i g n i f i c a n t l y  m o r e  p u l f s  w e r e  t a k e n  

f r o m  t lu *  t o b a c c o  c i g a r e t t e  t h a n  f r o m  c i t h e r  t h e  

p l a c e b o  m a r i j u a n a  c i g a r e t t e  o r  t h a t  c o n t a i n i n g  1 . 2 +  

p e r c e n t  A :’- T H C  ( P < U . 0 C I ) ,  A l t h o u g h  t h c  i n t e r v a l 

b e t w e e n  p u d s  w a s  l e s s  f o r  t o b a c c o  t h a n  f o r  m a r i ­

j u a n a  . s n i h l d l l g  ( l* * » U .U h ) .  t h e  n o - s m o k i n g  i n t e r v a l ,  

w h i c h  d i d  n o t  i n c l u d e  t h e  h r r a t h - h o l d i n g  t i m e  a f t e r
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tv.-. i C ::v .tc w is f ic s  o l 15 Sub jects ’ Smoking o l Tobacco. P lacebo M arijuana 
: .’ .O V  A*-THC). and Manjuana Containing 1,24 Percent A9-THC.«

»M fc Tonarro MaIIIUAM* P V .iu U
U.0U4* i ’ -TIIC 

mram :SO

I.M * y-TOC

49 4 r l 5  2 88 3 = 24.11 78.0=22.8 <0.001
' . i l ..» • »* iwi-' 2.4=1 1 3.8 = 1.9 4.0=2.2 <0.01
X.. .( jv 13.5—4.0 7 3= 2 .3 8.5=3.1 <0.001

:• :-1 •“..)> »>*VJ 27.0=8.2 35.3=12.2 37.6=14.5 <0 .05
'•V ja ! W i!'|.-c • •» 1.31=0 22 1.82=0.66 1.75=0.52 <0.002

n •,*rc I hTC) J .3 = 1.3 13.8=9.2 54.7 = 10.2 <0.001
v,»., ’ ii'-TV i! !nV| 23 .3=S3 21.5=6.4 23.0=8.8 NS

* vi - c - -  * in  tme'keft oi N»Ui iogxcu and maniuana. They tmotcd iheir own brands of lobocco ctfarrnei.
„*-Ilk.* .- rx r.\ 2.' < •• juu r.k  inn*h«w»l: NS Jcivxea not iiymhcsnl.

•• hv«  •'4../. n  • • .  i v i u ’ 4 'K (  comf«nv»*n» netw een so bo cv o  a n J  each  tirenjrih o f  n u n j u u u :  n o n e  o f  th e  c o m p e - i*  
.-. . . .   ̂*u j.f .r t - - 'A * r e r e ih *  o t  m a n iu a n a  i0  U M  percent v*. | . 24 p e rc tn i y  •THC) » i» u a ii« i< a J ly  i if n ir t c a n t .

•H ..M - i - , i : i !• . i i r i l , w a s  s i m i l a r  l o r  b o t h  s u b s t a n c e s ,  

l a c  •!• ; , ! !  ' u t i a l i ’d  v o l u m e  w a s  3 6  p e r c e n t  g r e a t e r  

! ' <  - '.l4  J ;  t h e  s m o k e - r e t e n t i o n  t i m e  w a s  f o u r  

t i m e s  l i i . i v : - r  P 'C O .O O I ) d u r i n g  m a r i j u a n a  s m o k i n g  

i l i . i t t  t . h t i c c  • a i i o k i n g !

I’ i i- \ • u l '  d i e  p o r t i o n  o f  t h e  p r o p o r t i o n a l

> - m ' . i  d e v i c e  t h r o u g h  w h i c h  s m o k e  w a s  d e ­

li r-.-d  • a  • 1v > : o > : i m a i c l y  13  m l .  A f t e r  t h e  f i r s t  p u fT .

: . 1 ;  ■ v . a s  t i l l e d  w i t h  s m o k e  t h a t  w a s  d e l i v e r e d

i: ;  - u ’ i ‘ i i i i  i m ; , t n ! s :  t h u s ,  a l t e r  t h e  f i r s t  p u l f .  n o  n d d i -  

; i . .  i . : i  . i.i" a i r  n o t  c o n t a i n i n g  s m o k e  w a s  i n c l u d -

h !  i n  i i > i - i s c i T t n e m  o f  p u f f  v o l u m e .  W h e n  t h e  

•H'.-.i •• i y c ' t j i h  w a s  d i s a s s e m b l e d  f r o m  t h e  p r o -  

j i i i " j* * t,i i  t r a p p i n g  d e v i c e  a n d  u s e d  t o  m e a s -

. r e  v o L i . t w .  t h e  d i f f e r e n c e  i n  t h e  m e a n  v o l u m e  

wa>- u e g l i g i b ' e  t i . t 2 — 2 .0  m l  l o w e r  w i t h o u t  t h e  s m o k e -  

• r . u . i ' i t i g  d e  S i m i l a r l y ,  i n h a l e d  v o l u m e s  d e t e r - ,  

m i n e d  d i r e r . i y  f r o m  d i e  c i g a r e t t e  b y  t h e  i n d u c t i v e  

; i • • ' ’ u / ' i . n o g i i t p h .  w i t h o u t  t h e  a t t a c h m e n t  o f  c i t h e r  

i ‘ . e  i e  u n v e . r  h y g r a p h  o r  t h e  p r o p o r t i o n a l  s m o k e -

t 1 ■; ( l .  '  i e r .  w e r e  s i m i l a r  t o  ( w i t h i n  5 0  m l )  t h e

i n i m i e u  v o ’ 1. ’ ! . ! - d e t e r m i n e d  w h e n  t h c  s u h j c c t s  s m o k e d  

i l i « n ! g ? i  t h e - - ;  d e v i c e s .

! i te  . n i - m a ts  n f  p a r t i c u l a t e s  i n h a l e d ,  t h e  p e r c e n t -

i-;e  ie . h . i i t •! p a r t i c u l a t e s  d e p o s i t e d  i n  t h e  r c s p i r a -

t r a i t ,  a m i ih e  d i f f e r e n c e s  b e t w e e n  t h e  c a r b o x y -  

i ie :i'. i> e ;u l> i t le v e ls  b e f o r e  a n d  a f t e r  s m o k i n g  e a c h  

r ,  n e  n i e iu a r c t te  a r e  s h o w n  i n  T a b l e  2 .  ’T h e  m a j o r  

. n o  d i i l e r c n e e  b e t w e e n  s m o k i n g  m a r i j u a n a  c i g -  

, r e i t c s  e m u . l i n i n g  0 . 0 0 4  p e r c e n t  A : ‘- T H C  ( p l a c e b o )  

. n d  - m i k in g  c i g a r e t t e s  c o n t a i n i n g  1 .2 4  p e r c e n t  A ’1-  

l ‘J I (.I w a s  d i a t  t h e  l a t t e r  c a u s e d  a  g r e a t e r  d e g r e e  

.a i -o o .v .v a ! m i .  I n  a d d i t i o n ,  t h e  a m o u n t  o f  p a n i c -  

ova ;. . : i i L ; ’ i - l  I r o in  m a r i j u a n a  c o n t a i n i n g  1 .2 4  p e r -  

e e r t  -V '- ’ i" .  i i !  w a s  s l i g h t l y  b u t  s i g n i f i c a n t l y  g r e a t e r  

, ; n  . . .  i i - i - i t i !  d e i n  t h a t  d e l i v e r e d  f r o m  p l a c e b o  m a r i -  

j h . i K i  : 1‘ - '- O . i iV i .  I n  c o n t r a s t ,  s m o k i n g  e i t h e r  t y p e  o f  

in . . :  i j . i . m a  w ..s  . w s o c i a i e d  w i t h  t h e  i n h a l a t i o n  n f  2 .8  t o  

.I.'.) t im e s  m i n e  i n s o l u b l e  p a r t i c u l a t e s  ( t a r )  a n d  w i t h  

t h e  i i -  p o s i t m n  ->!’ 3 2  t o  3 3  p e r c e n t  m o r e  o f  t h e s e  i n -

i i . i i , . !  o a ; t V ' d a i e s  t h a n  s m o k i n g  t h e  s u b j e c t ’s  o w n  

c r a m 1 o f  o h a e c o  I I ’ C O .U O I ) .  C o n s e q u e n t l y ,  m a r i -  

j i t a n  i s m o k . '  t;  I ' c s u l t e d  i n  a  t a r  b u r d e n  t o  t h e  r e s p i r a ­

t o r y  t r a c t  t h a t  w a s  3 . 5  t o  4 . 5  t i m e s  

g r e a t e r  t h a n  t h a t  p r o d u c e d  b y  t o ­

b a c c o  s m o k i n g  i n  t h e  s a m e  s u b ­

j e c t s .  F u r t h e r m o r e ,  s m o k i n g  a  s i n ­

g l e  m a r i j u a n a  c i g a r e t t e  c a u s e d  

a  f o u r f o l d  g r e a t e r  i n c r e m e n t  i n  

c a r b o x y h e m o g l o b i n  s a t u r a t i o n  

( P C O . O O I )  t h a n  d i d  s m o k i n g  a  s i n ­

g l e  t o b a c c o  c i g a r e t t e .

D i s c u s s io n

L o n g - t e r m  a d v e r s e  p u l m o n a r y  

c o n s e q u e n c e s  o f  t o b a c c o  s m o k i n g  

h a v e  b e e n  s h o w n  t o  b e  r e l a t e d  t o  

d o s e  12 F o r  e x a m p l e ,  t h c  i n c i d e n c e  

o f  c h r o n i c  o b s t r u c t i v e  p u l m o n a r y  

d i s e a s e  o r  b r o n c h o g e n i c  c a r c i n o m a  

i n ; s m o k e r s  o f  f e w e r  t h a n  5  t o  1 0  t o b a c c o  c i g a r e t t e s  a  

d a y  i s  s u b s t a n t i a l l y  l e s s  t h a n  i n  h a b i t u a l  s m o k e r s  o f  

m o r e  t h a n  2 0  t o b a c c o  c i g a r e t t e s  a  d a y . 13 A l t h o u g h  

r e g u l a r  t o b a c c o  s m o k e r s  c o n s u m e  m o t e  t h a n  1 5  t o b a c ­

c o  c i g a r e t t e s  a  d a y ,  m o s t  c u r r e n t  s m o k e r s  o f  m a r i ­

j u a n a  s m o k e  l e s s  t h a n  1 m a r i j u a n a  c i g a r e t t e  a  d a y . 12 
E v e n  a m o n g  t h c  e s t i m a t e d  6  m i l l i o n  d a i l y  s m o k e r s  

o f  m a r i j u a n a  i n  t h c  U n i t e d  S t a t e s , 14 s m o k i n g  m o r e  

t h a n  f i v e  m a r i j u a n a  c i g a r e t t e s  a  d a y  i s  u n u s u a l .  I n  

v i e w  o f  t h e  m a n y  s i m i l a r i t i e s  i n  t h e  s m o k e  c o n t e n t s  

o f  m a r i j u a n a  a n d  t o b a c c o , 13,16  i t  h a s  b e e n  a r g u e d  

t h a t  h a b i t u a l l y  s m o k i n g  o n l y  a  f e w  m a r i j u a n a  c i g a ­

r e t t e s  a  d a y  m a y  h a v e  a  p r o p o r t i o n a t e l y  l e s s  h a r m f u l  

l o n g - t e r m  e f T e c t  o n  t h e  l u n g s  t h a n  r e g u l a r l y  s m o k i n g  

s e v e r a l  t i m e s  m o r e  t o b a c c o  c i g a r e t t e s .  T h i s  a r g u m e n t  

a s s u m e s  t h a t  t h e  n u m b e r  o f  c i g a r e t t e s  s m o k e d  is  

d i r e c t l y  p r o p o r t i o n a l  t o  t h c  d o s e  o f  s m o k e  c o n t e n t s  

i n h a l e d ;  h o w e v e r ,  t h i s  a s s u m p t i o n  i g n o r e s  t h e  w a y s  

i n  w f i i c h  t h e  c h a r a c t e r i s t i c s  o f  s m o k i n g  m a y  i n f l u ­

e n c e  t h e  d e l i v e r y  o f  t h e  c o m b u s t i o n  p r o d u c t s  o f  

c i g a r e t t e s . 1 7 1 ”

Tdble 2 . Inhalation and Deposition o f Partfcu letes, Increases in 
B lood  C a rb oxyhem og lob ir Satu ration, and Leve ls o f Intoxication 
A ssociated with the Smoking o f Tobacco and Marijuana in 15 

Sm oke rs ol Both Substances .’

Iniws Tc»acto Maujuama 
0.004% 4*-THC 1.24% A’ -THC

• n n  :SD

Inhaled paniculaln 
liipikral d e iu iiy i

4 9=2.0 I3.5=6.0t 16.3=6.31)

PcrcenlaK ul' panicu- 
t a l a  dcpuniied

64.0=8.9 84.4=6.9t 86,l=6.7t

Incrcaae in caxbo»yhemi»- 
glohin u iun iiim  1%)

0.60=0.32 2 .99= l,S lt - 1

Decree u l inimical ion 
(maaimum 
Tiijih" -  100'*.)

15.3=16.9 63.9=18.3)

•A"*THC Jceoeci A*l«f»hydruanMu<.
tSipiiticamly pmteriKao ««iuc» k» uitrnxv iPCO.UOl by wxaiysu of varvancc and icsiini 

ft* lew  wcnifHram dillcrrncc).
tSir»»f»ca»wly jtrraaer than n t e i  fcr — ciMOiamf O.UTU p n w n  AMHC (P<0.03 

hy analyxn <«f vamnor and loiiay ft* l o t  wyiMvaM Uilfercaocl.
)N<« rm-iMtrii.



T H E  N E W  E N G L A N D  J O U R N A L  O F  M E D IC IN E Kt:l), I I .

•>' c i t u l ie s  h a v e  b e en  c a r r i e d  o u t  in  w h ic h  th e  ac*
I .i ..’ •.•sc n f  s m o k e  c o n tc m s  d e li v e r e d  to  a n d  re ta in e d  

;:i ! ; r  r e s p i r a t o r y  t ra c t  d u r in g  n a t u r a l  sm o k in g  has 
m e a s u r e d .  In  o u r  s t u d y , b o th  th e  a m o u n t  o f  p a r-

> >ii.i»e m a t t e r  t h a t  w a s  in h a le d  a n d  th c  a m o u n t  th a t 
>-.v, d e p o s i t e d  in  th e  r e s p i r a t o r y  t r a c t  w e re  q u a n t i f ie d  
' t o b a c c o  a n d  m a r i ju a n a  s m o k in g  b y  m e a n s  o f  a 
i t a p le .  n e w , n o n in v a s iv e  d e v ic e . ”  T h e s e  m e a su re -  
!. m s  a l lo w e d  u s to  c o m p a r e  th c  a c t u a l d o s e  tc  the

-!• V  - r  o f  p a r t i c u la t e  m a t t e r  f r o m  th e  s m o k e  o f  m a r i-
• .' ia  w i t h  lh a t  f r o m  t o b a c c o . A t  th e  s a m e  t im e , the 
. m '.iu  is t ic s  o f  s m o k in g  w e re  d e t e rm in e d  in  o r d e r  to
• . . - : - . . i  th e  r e la t i o n  b e tw e e n  b e h a v io r a l  v a r ia b le s  in 
r " A i n g  a m i th e  d e li v e r y  a n d  r e t e n t io n  o f  sm o k e  c o n -

:n  t in - r e s p i r a t o r y  t r a c t  f o r  e a c h  ty p e  o f  c ig a re t te .
, L -  p r o p o r t i o n a l  s m o k e - t r a p p in g  d e v ic e  h a d  li t t le  

n o  a b le  in f lu e n c e  o n  s m o k in g  d y n a m ic s .
." ' .r id in g s  f r o m  th e  p re s e n t  s t u d y  in d ic a t e  th a t  ap - 
■ f i n i t e l y  t h r e e  t im e s  a s  m u c h  p a r t i c u la t e  m a t te r  

„• >;>. d iv e r t 'd  to  th e  s m o k e r  s m o u th  d u r in g  th e  sm o k in g  
■ : - i n g le  m a r i ju a n a  c ig a re t t e  t h a n  d u r in g  th e  sm o k -

• r ;  n 1’ a s in g le  to b a c c o  c ig a re t t e  o f  th e  s m o k e r 's  ow n  
' r  ; r :t l . T h e s e  r e s u lt s  a r e  s im i la r  to  th o s e  o b ta in e d  in
• u iic s  t h a t  u se d  s m o k in g  m a c h in e s  to  s im u la t e  c o n d i-
i- t h o u g h t  to  h e  r e p r e s e n ta t iv e  o f  m a r i ju a n a  a n d
• . .m : o  s m o k in g . 19,20 O u r  r e s u lt s  a ls o  r e v e a le d  th a t
- •. i r - x im a t e ly  o n e  t h i r d  m o re  o f  th e  p a r t ic u la t e s  in - 

•■-•<: f r o m  th e  s m o k e  o f  m a r i ju a n a  a r e  r e ta in e d  in  the
• : a . i t o r y  t r a c t  th a n  is th e  c a s e  w h e n  to b a c c o  is 
■vA.eri. C o n s e q u e n t ly ,  th e  n e t r e s p i r a t o r y  b u rd e n  o f
• ii? :» !.itt-s w a s  a p p r o x im a t e ly  f o u r  t im e s  g re a t e r

i i - b ig  m a r i ju a n a  s m o k in g  th a n  t o b a c c o  s m o k in g .
-v i i- .t l e x p la n a t i o n s  a r e  p o s s ib le  f o r  th e  g re a te r

o r . n i  o f  p a r t i c u la t e s  t o  th e  lu n g s  f r o m  m a r i ju a n a  
"  ;V .-m  a s im i la r  q u a n t i t y  o f  t o b a c c o . F i r s t ,  in  a l l

th e  t o b a c c o  c ig a re t t e s  w e re  m o re  d e n s e ly  
•• v  •* t h a n  th e  m a r i ju a n a  c ig a re t t e s  a n d ,  u n lik e  the 

; > u .t ;ia  c ig a re t t e s , w e r e . l i l t c r - t ip p e d ; t h e r e fo r e , the 
. o l l i c i e n c y  o f  th e  t o b a c c o  c ig a re t t e s  w a s  g re ft )-

-  - -e t.r .t'.r l. th e  a v e r a g e  r e s id u a l le n g th  o f  th c  m a r i-  
: :sr- c ig a r e t t e s  ' 2 3 -  13 m m ) w a s  s m a l le r  t h a n  th a t  o f

. o b a e c o  c ig a re t te s  ( 3 7 r : l 2  m m ) ,  t h e r e b y  fu r t h e r  
:g  th e  f i l t r a t i o n  e lh c ic n c y  o f  th e  m a r i ju a n a  

• i f .  H o w e v e r ,  b e c a u s e  th c  t o b a c c o  c ig a re t te s
■ n i t i a l l y  lo n g e r  a n d  b e c a u s e  th e  f i l t e r  l i p  w as
> : C d v c i in  th<* t o b a c c o  b u t t ,  th c  a c t u a l q u a n t i t ie s  o f
■ i-.-.tvco a n d  m a r i ju a n a  c o n s u m e d  w e re  s im i la r .  T h i r d .

. o b j e c t s ’ p a t t e rn s  o f  i n h a la t i o n  in  s m o k in g  th e  tw o  
•. ;»•>: o t' c ig a r e t t e s  w e re  m a r k e d ly  d i l le r e n t :  m a r i ju a n a  

s m o k e d  w ith  a  p u l l ’ v o lu m e  (h a t  w a s  m o re  th a n  
(w u  t h i r d s  la r g e r ,  a n  in h a le d  v o lu m e  o n e  t h i r d  g re a t e r . 
m - : r e t e n t i o n  t im e  f o u r  t im e s  lo n g e r  t h a n  th e  v a lu e s  

■ ..L .ic ro . A lt h o u g h  th e  la r g e r  p u l f  v o lu m e s  f o r  m a -
a . .n . t  w e r e  p a r t i a l ly  o irs e t  b y  a  s m a l le r  n u m b e r  o f  

•■■A. : i i i s  f a c t o r  m a y  s t i l l  h a v e  c o n t r ib u t e d  to  the 
•• v . : ! i t  m a s s  o f  s m o k e  p a r t i c u la t e s  d e li v e r e d  to  th e  
m o n th  m  m a r i ju a n a  s m o k in g . T h e  d e e p e r  in h a le d  v q l-  
•• : , e |_ a ( i t l .  in  p a r t i c u la r ,  t h e s c v e r a l lo ld  lo n g e r  re tc n - 
•• i : l im e s  d u r in g  m a r i ju a n a  s m o k in g  t h a n  d u r in g  to - 
! - i s m o k in g  m a y  h a v e  a c c o u n te d  f o r  th e  g re a t e r

p e r c e n t a g e  o f  t h e  i n h a l e d  p a r t i c u l a t e s  f r o m  m a r i j u a n a  

s m o k e  d e p o s i t e d  i n  t h e  r e s p i r a t o r y  t r a c t .

T h c  J b u r - t o - H v e - t i m c s - g r e a t c r  i n c r e m e n t s  i n  u a r -

h n r y h c r n n p l o h m  c i m m n n n  H t i r i n o -  - T l ' r y -

in t ?  t h a n t o b a c c o  s m o k i n g  w e r e  p r o h a h l v  d u e  m a T f f ty  

t o  d i f f e r e n c e s  i n  h o w  t h e  c i g a r e t t e s  w e r e  s m o k e d  r a t h e r  

t h a n  i n  t h e  a m o u n t  o t  c a r h o n  m o n o x i d e  p r o d u c t ,  

s i n c e  s y r i n g e - s i m u l a t e d  p u l l s  o f  s i m i l a r  v o l u m c w n H *  

d u r a t i o n s  f r o m  l i t  c i g a r e t t e s  y i e l d e d  a p p r o x i m a t e l y  2 5  

p e r c e n t  l o w e r  c o n c e n t r a t i o n s  o f  c a r b o n  m o n o x i d e  

f r o m  m a r i j u a n a  t h a n  f r o m  t c b a c c o .  T h i s  f i n d i n g  i s  

c o n s i s t e n t  w i t h  t h e  m o r e  c o m p l e t e  c o m b u s t i o n  o f  t h e  

m o r e  l o o s e l y  p a c k e d  m a r i j u a n a .  O n  t h c  o t h e r  h a n d ,  

t h c  s u b j e c t s '  d e e p e r  i n h a l a t i o n s  a n d ,  i n  p a r t i c u l a r ,  

t h e i r  c o n s i d e r a b l y  l o n g e r  r e t e n t i o n  o f  s m o k e  i n  t h e  

l u n g s  d u r i n g  m a r i j u a n a  s m o k i n g  t h a n  d u r i n g  t o b a c ­

c o  s m o k i n g  m a d e  p o s s i b l e  a  g r e a t e r  u p t a k e  o f  c a r b o n  

m o n o x i d e  b y  t h e  p u l m o n a r y  m i c r o c i r c u l a t i o n  b v  

m e a n s  o f p a s s i v e  d i f f u s i o n .  W e  m e a s u r e d  t h e  i n c r e ­

m e n t  i n  b l o o d  c a r b o x y h e m o g l o b i n  a f t e r  p l a c e b o  m a r i ­

j u a n a  ( f r o m  w h i c h  t h c  c a n n a b i n o i d s  h a d  b e e n  e x t r a c t ­

e d ) ,  a n d  n o t  a f t e r  m a r i j u a n a  c o n t a i n i n g  A 9- T H C .  

H o w e v e r ,  w e  w o u l d  n o t  e x p e c t  a p p r e c i a b l e  d i f f e r ­

e n c e s  b e t w e e n  t h e  e i f e c t s  o f  r e a l  m a r i j u a n a  a n d  

t h o s e  o f  p l a c e b o  m a r i j u a n a  o n  b l o o d  c a r b o x y h e m o ­

g l o b i n  l e v e l s ,  s i n c e  t h e  s m o k i n g  d y n a m i c s  a n d  t h e  

c a r b o n  m o n o x i d e  d e l i v e r y  o f  t h e  t w o  t y p e s  o f  m a ­

r i j u a n a  c i g a r e t t e s  w e r e  s i m i l a r .  T h c  e x p e c t e d  p h y s i o ­

l o g i c  c o n s e q u e n c e s  o f  t h e  m a r k e d l y  g r e a t e r  h o o s t  

i n  c a r b o x y h e m o g l o b i n  l e v e l s  f r o m  a  s i n g l e  m a r i j u a n a  

c i g a r e t t e  a r e  a  h i g h e r  d e g r e e  o f  i m p a i r m e n t  i n  o x y ­

g e n  t r a n s f e r  i n  t h e  l u n g , - 1 a  r e d u c t i o n  i n  t h c  o x y g e n -  

c a r r y i n g  c a p a c i t y  o f  t h e  b l o o d ,  a n d  i m p a i r m e n t  

i n  t h e  r e l e a s e  o f  o x y g e n  f r o m  h e m o g l o b i n  i n  t h e  

t i s s u e s .22 M o r e o v e r ,  t h c  A 9 - T H C  i n  m a r i j u a n a  c a u s e s  

d o s c - r e l a t e d  i n c r e a s e s  i n  h e a r t  r a t e - 1*-'24 a n d  t h u s  

i n  c a r d i a c  w o r k  a n d  m y o c a r d i a l  o x y g e n  r e q u i r e m e n t s .  

T h e r e f o r e ,  i n  p e r s o n s  w i t h  u n d e r l y i n g  c o r o n a r y  a r ­

t e r y  d i s e a s e  w h o  s m o k e  m a r i j u a n a ,  t h c  c o m b i n e d  

e l l e c t s  o f  a  m a r k e d  r i s e  i n  t h e  l e v e l  o f  c u r b o x v -  

h c m o g l o b i n  a n d  t h e  c a r d i o a c c e l e r a i i o n  i n d u c e d  b y  

i i ’ - T H C  c o u l d  l e a d  t o  a  c r i t i c a l  i m b a l a n c e  b e t w e e n  

r e d u c e d  m y o c a r d i a l  o x y g e n  s u p p l y  a n d  i n c r e a s e d  

d e m a n d .

I n t e r e s t i n g l y ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  s m o k i n g  

d y n a m i c s  w e r e  n o t e d  b e t w e e n  p l a c e b o  m a r i j u a n a  a n d  

m a r i j u a n a  c o n t a i n i n g  1 .2 4  p e r c e n t  A !' - T H C .  d e s p i t e  

m a r k e d  d i f f e r e n c e s  i n  t h e  s u b j e c t s '  p e r c e i v e d  l e v e l  o f  

i n t o x i c a t i o n .  T h e s e  f i n d i n g s  d i f f e r  f r o m  p r e v i o u s  o b ­

s e r v a t i o n s  i n  t o b a c c o  s m o k e r s  t h a t  p u l f  v o l u m e  i n ­

c r e a s e s  w h e n  l o w - n i e o t i n e  c i g a r e t t e s  a r c  s m o k e d . '  ’ 

O u r  r e s u l t s  i n  m a r i j u a n a  s m o k e r s  a r c  c o n s i s t e n t  w i t h  

d a t a  I r o m  o t h e r  s t u d i e s . 2" - ’ 7 h o w e v e r ,  a n d  s u g g e s t  

t h a t  t h c  p a t t e r n  o f  s m o k i n g  m a r i j u a n a  i s  n o t  i m m e d i ­

a t e l y  a d j u s t e d  t o  a l t e r  t h e  i n h a l e d  c l o s e  o f  A ’- T H C  

b u t .  i n s t e a d ,  p r o b a b l y  r e p r e s e n t s  a  l e a r n e d  t e c h n i q u e  

b a s e d  o n  p r e v i o u s  e x p e r i e n c e s  a n d  i n t e r a c t i o n s .

I n  c o n c l u s i o n ,  o u r  f i n d i n g s  d e m o n s t r a t e  t h a t  s m o k ­

i n g  b e h a v i o r  d i f f e r s  m a r k e d l y  b e t w e e n  m a r i j u a n a  a n d  

t o b a c c o  s m o k i n g  a n d  t h a t  t h e s e  d i f i e r c n c c s  a r e  a s s o c i -



v ..i ,  "t ; t P U L M O N A R Y  H A Z A R D S  O F  S M O K IN G  M A R IJ U A N A  —  W U  E T  A L . 3 4 9

rad io  C"!a.-.:c!e^stics o l 15  Sub jects' Smoking o ( Tobacco . P lacebo Mari|uana 
(0 .00 -: •>'-:.orj | i ' -T H C I . and Marijuana Containing 1 .24 Percen t A®-THC.*

TtiaAcro Maruuana P V.LUlt

,

u .oo t*  a ’ -TiiC

mean -SO

1.24* (V-THC

!‘u |f  -.oitimc • 15.2 88.3=24.8 78.0=22.8 <0.001
'•i*l iiv lion 2.1 = 1.1 U be o 4 .0=2 .2 <0.01
Vn. uf ,-uffs 13.5=4.0 7.5=2.3 8.5=3.1 <0.001
~irrv.il *<|w • ; . 1 27.0 = S.2 35 .J= I2 .2 37.6=14.5 <0.05

-olt . • i . ; i = u  22 1 82=0.66 1.75=0.52 <0.002
Sir r-rrtc* * *-• vi 3.5 = 1.J 13.8=9.2 14.7= 10.2 <0.001
\ ‘;v«4v.okin#. •*.............v.\ • 23 .5 ii< .5 21.5=6.4 2J.O=8.8 NS

• VI •utMC*. 
TH'. 4cn*

.. *•'

• »• \ c:v of N:ih crhacco arnl nunjuana. They smoked ihcir own brand* ol (obacco cifirciit*.
: .  ,f*v .r*»jtnu4; US iknum  not nymhcini.
-.•■s' * h  comranwtm bclwccn lobxvu and each vircncih of ma/vjuRtu: none of Ibc compwv 
• * .'torutto oi ma/itujftj lU.tXM percent v*. 1.24 peaem »k*-THC) w u siatuticaJly tifnificani.

. wa s  s im i la r  l o r  b o th  s u b s ta n c e s . 
:• v o lu m e  w a s  3 6  p e rc e n t  g r e a t e r  
.. i . l tin - s m o k e - r e t e n t i o n  t im e  w a s  f o u r  

• I ’ 0 0 1 )  d u r in g  m a r i ju a n a  s m o k in g
• sri!ii'-ing*.
••:*•: - i f  t i i e  p o r t i o n  o f  th e  p r o p o r t i o n a l  

d e v ic e  t h r o u g h  w h ic h  s m o k e  w a s  d e -  
.■ ppm -riin a tc ly  13 m l .  A f t e r  th c  f i r s t  p u f f ,  

t i t le d  w i t h  s m o k e  th a t  w a s  d e li v e r e d  
•■it p n i .s : t l i u f  a f t e r  th e  f i r s t  p u f f ,  n o  a d d i ­
n'* <u’ i r  n o t  c o n t a in in g  s m o k e  w a s  in c lu d ­
' d  a *n .n ’ i n r m  o f  p u f f  v o lu m e . W h e n  th e  
'■ ; .g - : : [ i l i  w a s  d is a s s e m b le d  f r o m  th c  p r o -  
i f k i - t r a p p i n g  d e v ic e  a n d  u sed  to  m c a s -
• h e  d i f f e r e n c e  in  th c  m e a n  v o lu m e  

c 4 .2  — '2 .0  m l lo w e r  w i th o u t  th c  s m o k e -
s i m i l a r l y ,  in h a le d  v o lu m e s  d e t e r -  

I'rtitn  t h e  c ig a re t t e  o v  th e  in d u c t iv e ' 
i <pii. w i t h o u t  th e  a t t a c h m e n t  o f  e i t h e r  

th e  o n  . i - .'.ii Iw g r a p h  o r  th c  p r o p o r t i o n a l  s m o k e -  
i r a n p i r e  . i . v i n .  w e r e  s im i l a r  to  (w i th in  5 0  m l )  th e  

•"e  d e t e rm in e d  w h e n  th e  s u b je c t s  s m o k e d  
it d w ie e s .

<<i' p a r t i c u la t e s  in h a le d ,  th c  p e rc e n i -  
i <: p a r t i c u la t e s  d e p o s ite d  in  th e  r c s p i r a -  
,-.i th c  d i f f e r e n c e s  b e tw e e n  th e  e a r h o x y -  
i c w ls  b e f o r e  a n d  a f t e r  s m o k in g  e a c h  

re*.te a r e  s h o w n  in  T a b le  2 . T h e  m a jo r  
i l fe ie n c e  b e tw e e n  s m o k in g  m a r i ju a n a  c ig -  
tin ie .g  0.004 p e rc e n t  A:'-iTHC ( p la c e b o )

sm o k e  w n . 
i l t e  m r . ' i .
i!’<0.». 2
i im e s  
th a n  tu b : > 

T h  .
s m o k e - ; :  • ft
l i v e r e d  ‘ < 
t li is  voh i.s t*
m  s" ij s : ,l<,
t i o n a l • • d o  
r d  in  'b e  
p e e  m;> • •> 
p o r t i o n ; . !  
u r r  p u f f  
w a s  n eg  i 
• r a p p in t?  ' 
m in e d  
n le t iiv .su

d-alcv 
• m u : ’ .

m
tit

, l ie  i ■
*.gr ()!
t o r y
' • . rm o v i f l i i e  
ivite i •.■<c 
*.i e I * i I !•..:
a r c t ic :
a n t i lu g  cig  i r e t t e s  c o n ta in in g  1 .2 4  p e rc e n t  A '1- 
I ' U C  . . s th a t t h e  l a t t e r  c a u s e d  a  g r e a t e r  d e g re e  

■ i f  i n t . • .!■- io n . I n  a d d i t i o n ,  th e  a m o u n t  til' p a r t ie -  
iY»i f r o m  m a r i ju a n a  c u r t a in in g  1 .2 4  p e r -  

v .. is  s l i g h t ly  h u t  s ig n i f ic a n t ly  g r e a t e r  
•• • th a n  t h a t  d e li v e r e d  f r o m  p la c e b o  m a r i -  

i. I n  c o n t r a s t ,  s m o k in g  e i t h e r  t y p e  o f  
, wus a s s o c ia t e d  w ith  th e  in h a la t i o n  o f  2.8  to  
m o re  i n s o lu b le  p a r t ic u la t e s  ( t a r )  a n d  w i th

u la t e s  
r e n t  A ••
|2 'J  p r i  .• 
ju a n a  ' I1, 
m a r i j i i i i ! .
15.15 t i r ; i  j
d ie  d iM ’ v i ' i i ’ n o f  3 2  t o  3 3  p e rc e n t  m o re  o f  th e s e  in -  
i i a le d  , i f i c u h u e s  t h a n  s m o k in g  th c  s u b je c t ’ s  o w n  
b r a n d  -a t o b a c c o  i I ’ C O .U U I ) .  C o n s e q u e n t ly ,  m a r i ­
j u a n a  sm o k in g  r e s u l t e d  iu  a  t a r  b u rd e n  to  th e  r e s p i r a ­

t o r y  t r a c t  t h a t  w a s  3.5 to  4.5 t im e s  
g r e a t e r  t h a n  t h a t  p r o d u c e d  b y  to ­
b a c c o  s m o k in g  i n  t h e  s a m e  s u b ­
j e c t s .  F u r t h e r m o r e ,  s m o k in g  a  s i n ­
g l e  m a r i j u a n a  c i g a r e t t e  c a u s e d  
a  f o u r f o l d  g r e a t e r  i n c r e m e n t  i n  
c a r b o x y h e m o g l o b i n  s a t u r a t i o n  
(P < 0 .0 0 1 )  t h a n  d i d  s m o k in g  a  s i n ­
g l e  t o b a c c o  c i g a r e t t e .

D i s c u s s io n

L o n g - t e r m  a d v e r s e  p u lm o n a r y  
c o n s e q u e n c e s  o f  t o b a c c o  s m o k in g  
h a v f e  b e e n  s h o w n  to  b e  r e la t e d  to  
d o s e . 1 2  F o r  e x a m p le ,  t h c  in c i d e n c e  
o f  c h r o n i c  o b s t r u c t i v e  p u lm o n a r y  
d i s e a s e  o r  b r o n c h o g e n i c  c a r c in o m a  

in ; s m o k e r s  o f  f e w e r  t h a n  5 to  10 t o b a c c o  c i g a r e t t e s  a  
d a y  i s  s u b s t a n t i a l l y  l e s s  t h a n  in  h a b i t u a l  s m o k e r s  o f  
m o r e  t h a n  20 t o b a c c o  c i g a r e t t e s  a  d a y . 1 3  A l t h o u g h  
r e g u l a r  t o b a c c o  s m o k e r s  c o n s u m e  m o r e  t h a n  15 t o b a c ­
c o  c i g a r e t t e s  a  d a y ,  m o s t  c u r r e n t  s m o k e r s  o f  m a r i ­
j u a n a  s m o k e  le s s  t h a n  1 m a r i j u a n a  c i g a r e t t e  a  d a y . 1 2  

E v e n  a m o n g  t h e  e s t im a t e d  6  m i l l i o n  d a i l y  s m o k e r s  
o f  m a r i j u a n a  i n  t h e  U n i t e d  S t a t e s , 1 4  s m o k in g  m o r e  
t h a n  f i v e  m a r i j u a n a  c i g a r e t t e s  a  d a y  i s  u n u s u a l .  I n  
v i e w  o f  th e  m a n y  s im i l a r i t i e s  i n  t h e  s m o k e  c o n t e n t s  
o f  m a r i j u a n a  a n d  t o b a c c o , 1 5 * 1 6  i t  h a s  b e e n  a r g u e d  
t h a t  h a b i t u a l l y  s m o k i n g  o n l y  a  f e w  m a r i j u a n a  c i g a ­
r e t t e s  a  d a y  m a y  h a v e  a  p r o p o r t i o n a t e ly  le s s  h a r m f u l  
lo n g - t e rm  e f f e c t  o n  t h c  l u n g s  t h a n  r e g u l a r l y  s m o k in g  
s e v e r a l  t im e s  m o r e  t o b a c c o  c i g a r e t t e s .  T h i s  a r g u m e n t  
a s s u m e s  t h a t  t h e  n u m b e r  o f  c i g a r e t t e s  s m o k e d  is  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  d o s e  o f  s m o k e  c o n t e n t s  
i n h a le d ;  h o w e v e r ,  t h i s  a s s u m p t i o n  ig n o r e s  th e  w a y s  
in  vy th ich  th e  c h a r a c t e r i s t i c s  o f  s m o k in g  m a y  i n f l u ­
e n c e  t h e  d e l i v e r y  o f  t h e  c o m b u s t i o n  p r o d u c t s  o f  
c i g a r e t t e s 17.18

Tab le  2 . Inhalation and  Deposition oi Particu lates. Increases in 
B lood  C arboxyhem og lob in  Satu ration , and CdVels o l Intoxication 
A ssociated wilh the Sm ok ing  o f Tobacco and Marijuana in 15 

S m ok e rs  o f Both Substances.*

InIWX Tobacco Mahiiuana 
0.054* i ’-THC 1.24* A’ .THC

MOM =50

Inhales] particulate* 
(optical tleruiiy)

4,9=2.0 I3.5=6.0t 16.3=6.378
P cratn ljye  o f  particu­

late* Jcpotitecl
64.0=8.9 84.4=6.91 86.1=6.77

In c tu u a  in cutaixyhcm o- 
ijlobin saturation 1%)

0.60=0.52 2.*79= 1.5 It —t

U cpruc u f intosicaitun 
liruuim um  
t i l j h "  -  100*)

15.3=16.9 63.9=18.32

• i ’ -THC JMOto a*.
tStfmlfcmJ; i m o r  tha* vaJaai fix tobacco tPcO.OOl kjr aiulinii of 

for foM upvuxiac dilTcrcncal.
JSIyamcaally yrcjetr thaa vatoaa fix axrijaaaa cuaaaM f tf.UU percent i ’-THC INO.OJ 

hy atulyui of vm xax anj to a a f  hx taaal WfMtc m  Jatcrencel.
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M yoca rd ia l  infarction duririg mar i juana smoking in a 
" * young fema le  '

_ J . S . A . C o l l in s * , J .  D . .S .  H i g g in s o n , D .  M c C .  B o y l e  a n d  S . W .  W E B B t
The Cardiology Department, Ulsrer-Hospital, Dundonald a n d t Regional Medical Cardiology Centre,

Royal Victoria Hospital, Belfast, U.K.

K E Y  W O R D S :  C a n n a b is , n o rm a l c o r o n a r y  a r le r ie s . .  '

A lt h o u g h  m a r i ju a n a  sm o k in g  is p o p u la r  a m o n g  - 
, -YQ ung  a d u lt s ,  h o s p i t a l a d m is s io n s  d u e  l o  a d v e rs e "  

elTec’ts o f ’th is  d ru g  a r e ’ u n c o m jr io n 1'^  W e ’ r e p b f r s  
case o f  a . y ' ^ f ^ ‘J H n a I t ^ f i ^ d e v e l ^ d ^ T r 9 ^ t l t e ' ' : 
m y o c a rd ia T T n fh rc t ro n  w h ite 'sm o k in g  t h e d ru g .

C a se  re p o r t
A  p r e v io u s ly  h e a lt h y - 3 3 - v e a r  p ld  s e c re ta ry  w as 

a d m it te d  to  th e  C a s u a lt y  D e p a r tm e n t  w ith  s e v e re  
. c e n t r a l c h e s t .p a in  ra d ia t in g  to  b o t lv a rm s . T h e  p a in  

h ad  s ta r t e d  o n e  h o u r  b e fo re , w h ile  s m o k in g  
m a r i ju a n a  a t a p a r t y . S h e  h ad  sm o k e d  2 0  t o b a c c o  
c ig a re tte s  p e r  d a y  f o r  16 yea rs?~ l h e rd  w a s n o  pasT 

" h i s t o r y  o f  c a rd ia c  d ise a se , h y p e r te n s io n  o f  d ia ­
be tes . A  p a t e r n a l u n c le  h a d  d ied  o f  m y o c a rd ia l 
in fa r c t io n  . ag e  5 9  y e a rs . S h e  h ad  ta k e n  m a r i ju a n a -  
o n '^  o c c a s io n s  in  (R e  p re v io u s  3 y e a rs  w ith  n o  il) 
e ffe c ts . S h e  w a s n o t  t a k in g  the  o r a l  c o n t r a c e p t iv e  
p i l l .  * .

O n  e x a m in a t io n , sh e  w as e u p h o r ic , p a le  a n d  
sw e a tin g  p r o fu s e ly .  H e a r t  ra te  w as 9 6 j n i n _1 a n d  
b lo o d  p re s s u re  1 1 0 / 7 0  m m H g . H e a r t  s o u n d s  w e re  
n o rm a l a n d  th e re  w e re  n o  s ign s o f  c a rd ia c  fa i lu r e .  
T h e  e le c t r o c a rd io g r a p h  sh ow ed  S T  e le v a t io n  in 
le a d s  2 ,3  a n d  a V F  w ith  re c ip ro c a l S T  d e p re s s io n  
in le a d s  V 2- V 6 ( F i g .  1 ). C h e s t  X - r a y  w a s  w ith in  
n o rm a l l im its . .

F i f t e e n  m in u te s  a f t e r  a d m is s io n , sh e  D e v e lo p e d  
v e n t r ic u la r  f i b r i l la t i o n  w h ic h  re s p o n d e d  t o  a 200 
j o u le  D C  s h o c k . She* th en  d e v e lo p e d  2 :1  h e a r t

b lo c k ,  f o l lo w e d  b y  c o m p le te  h e a rt  b lo c k  a n d  a 
t e m p o r a r y  t r a n s v e n o u s  p a c in g  w ire  w a s  in s e r te d :

O n  fh e  fir s t  a d m is s io n  d a y , s e ru m  c re a t in e  
TcTnase a n d  a s p a r t a te  t ra n s a m in a s e  le v e ls  w e re  
e le v a te d  t o  8 8 3  I U  I * '  ( n o rm a l 0 - 1 8 0  I U  I " L )  a n d  
7 8  I I I  I ' 1 (n o rm a l  6—35  I U  1 ~ r i s i n g  to  
1701  I U ! ' 1 a n d  2 0 8  ! U  I " '  o n  t h e .s e c o n d - d a y ,  
r e s p e c t iv e ly . T h e re  w a s a c o r r e s p o n d in g  r ise  in 
s e r u m  c re a t in e  k in a s e  (M B ) ’ le v e ls  t o  7 3  I U  I " 1 a n d  
1 2 3 I U r J o n  th ese  d a y s . B lo o d  u re a , e le c t r o ly te s  
a n d  g lu c o s e  w e re  n o rm a l .  T o x ic o lc g ic a l a s s a y  o f  
th e  p a t ie n t ’ s  u r in e  w ith in  6 h o f  a d m is s io n , u s in g  a 
s e n s it iv e  r a d io im m u n o a s s a y , s h ow ed  5 - 5 n g m l ' L 
o f  t o t a l c r o s s - re a c t in g  c a n n a b in o id s . E le c t r o ­
c a r d io g r a p h s  sh ow ed  e v o lv in g  c h a n g e s  o f  a c u te  
i n f e r i o r  in fa r c t io n  o v e r  the n e x t w e e k , b u t th e re  
w e re  n o  fu r t h e r  a r r h y th m ia s  a n d  sh e  w a s d is ­
c h a rg e d  o n  th e  tw e lf th  h o s p i ta l d a y .

-T h ree  m o n th s  la t e r ,  she u n d e rw e n t  • t r e a d m i l l  
e x e rc is e  te s t in g  a n d  c o m p le te d  s ta g e  7  o f  B ru c e  
P r o t o c o l , - a c h ie v in g  a h e a r t  ra te  o f  1 9 0 m i n ' 1 
( > 8 5 %  p re d ic te d  m a x im a ! ) w ith  n o  h a e m o -  
d y n a m ic  o r  e le c t r o c a rd io g ra p h ic  a b n o rm a li t y .  
R a n d o m -  (n o n - fa s t in g )  s e ru m  c h o le s t e r o l w a s 
6 -4  m m o l I * 1 (n o rm a l  3 - 4 - 7 - S )  a n d  r a n d o m  se ru m  
t r ig ly c e r id e s  le v e l w a s  l - S S m m o i l ' 1 (n o rm a l  
0 - 3 4 - 2 - 2 6 )  a t th is  t im e . S u b s e q u e n t  s e le c t iv e  c o r o n ­
a r y  " a r t e r i o g r a p h y  a n d  le ft  .v e n t r ic u lo g r a p h y  
s h o w e d - n o rm a l c o r o n a r y  a r t e r ie s 'w i th  p o s t e r i o r  
h y p o k in e s is  o f  th e  le f t  v e n t r ic le .
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- C o m m e n t -
M a r i ju a n a  s m o k in g  h a s  been  s h o w n  t o  a ffe c t  the  

e le c t r o c a rd io g r a p h  o f  n o rm a l s u b je c ts | j r  a n d  a 
s t u d y -  in - p a t ie n ts  W ith - i s c h a e m ic " 'h e a r r  d is e a s e  
s h o w t d .a .s ig n i f i c a n t ly d e c r e a S rP f ' c Y f f t i s e ' t im e  to  
a n g in a -w ith -  th e  -d ru g -c u m R t f fc d " td '" h ig h -n ic o t tn e  
c ig a re t te s 13*:' T w d " '"  p re v io u s  c a se s  o f  a c u te
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m y o c a rd ia l in fa rc t io n  in  c lo s e  a s s o c ia t io n  w i lh  
m a r i ju a n a  s m o k in g  h a v e  b een  r e p o r t e d 1 0 1 . I n ?  
th e  m ost- re c e n t r e p o r t^ c c t rQ n a p ' . . .a th e ro m a  w a s  
d e m o n s t r a t e d  a t p o s t -m o r t tm . In  n e i th e r  c a s e 'w a ? 1'  
t o x ic o lo g ic a l . e v jd e n c e ..o f m a r i ju a n i .e x p p s u r e  p r o -  
d u f r d i ” lh ^ 'fh is ' ’ cFseT’ lh e 'e v T d e h c e ‘ ' d f ‘ m y o c a r d i ? r  
in fa rc t io n  is in d is p u ta b le  w it jL _ d a s s ic a J , ,e le c t ro -  
c a rd io g ra p h ic  c h a n g e , r is e  in  c a r d ia c  e n z y m e s  a n d  
v e n t r ic u la r  w a l l h v p o k in esis . T h e r a d i d l o g i c a l l y ' '  
n o rm a l c o r o n a r y .  a r t e r ie c w o u ld  su g g e s r  t h a t ;c o r -  
o n a r y  sp a sm  w a s  th e  c a u se  o f  i n fa r c t i o n  in  th is  
c a se , in  rh e  a b s e n c e - -o f p re d is p o s in g  c a u se s  f o r  
th r o m b o s is  o t h e r  th a n  c ig a re t te  s m o k in g . I t  w a s  
fe lt  th a t_ e rg o m e t r in e  o r  m a r i ju a n a  c h a lle n g e  d u r - “  
in g  a n g io g ra p h y  w a s n o t  e th ic a l in  th is  c a s e . 
A lt h o u g h  th e  c lo s e  r e la t io n s h ip  o f  d ru g  e x p o s u re  
to  a c u te  in fa r c t io n  d o e s  n o t  n e c e s s a r i ly  im p ly

c a u s a t io n , a n  in d iv id u a l s e n s it iv ity  t o  m a r i ju a n a  o r  
an  im p u r i t y  in  th e  p r e p a r a t io n  m a y  hav.e been  p re s ­
e n t . F u r th e r  n o n - ih v a s iv e  m e th o d s  o f  in v e s t ig a t io n  
o f  m y o c a rd ia l p e r fu s io n  in  u se rs  o f  the d ru g  w o u ld  
be o f  in te re s t .
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N  u n u s u a l c a s e  o f  c o r o n a r y  t h r o m b o s i s  a s s o c ia t e d  
w ith  i l l i c i t  d r u g  u se  is d e s c r i b e d . - I U s  s u g g e s te d  th a t  

1' g e n e ra l p r a c t i t i o n e r s ,  a n d  c a s u a l l y  o f f i c e r s  s h o u ld  
" c o n s i d e r  t h e  p o s s i b i l i t y  " o f  a t y p i c a l  p r e s e n t a t i o n s ’  

re s u lt in g  f r o m  d r u g  a b u s e  n o i  m a d e  k n o w n  t o  th e  
e x a m in in g  d o c t o r .

C a s e  r e p o r t .

3 2- y e a r - o ld  m a n  c o m p la in e d  o f  s u d d e n  o n se t ' c h e s t ,  
pain  b u t  w a s  u n a b je ' t o  d e s c r ib e  h is  p a in  in  a n y  d e t a i l  o r  

-g iv e .a n y  o t h e r  i n f o r m a t i o n .  H e  w a s  d is t r e s s e d ,  u n a b le  
lo 'F e m a in  in  o n e  p o s i t i o n  f o r  a n y  le n g th  o f  t im e ,  a n d  
was r o l l i n g  a r o u n d  h is  b ed  a n d  o n t o  th e  f l o o r .  P h y s ic a l  
e x a m in a t io n  w a s  n o t  p o s s ib le  a t f i r s t  o w in g  t o  la c k  o f  
c o - o p e r a t io n  .- T h e  p a t ie n t  w a s  s e d a te d  w i th  4  t o  5  m g  o f  
in t r a v e n o u s  d ia z e p a m  w ith  th e  r e m a in d e r  o f  th e  
a m p o u le  g iv e n  - i n t r a m u s c u la r l y . .  H e  b e c a m e  le s s  
d is t re s se d  a n d  w a s  a b le  t o  c o - o p e r a t e ,  c o m p la i n i n g  o f  
c e n tra l c h e s t  p a in  w ith  t i n g l i n g j i n  t h e  f i n g e r s  o f  b o t h  
h a n d s . O n  e x a m in a t i o n  th e  p a t ie n t  w a s  n o t  c la m m y ,  he  
was h y p e r v e n t i la t i n g ,  h is  p u ls e  r a t e  w a s  100  b e a ts  > * 
m in u te  a n d  h is  b lo o d  p r e s s u r e  w a s  n o r m a l ;  t h e r e  w e re  
n o  s ig n s  o f  c a r d ia c  f a i l u r e .  A r r a n g e m e n t s  w e re  m a d e  f o r  
the p a t ie n t  l o  b e  t r a n s f e r r e d  t o  a  c a s u a l t y  d e p a r tm e n t ,  
bu t u n f o r t u n a t e ly  h e  fo e d  ~hef o r e  t h e  a r r i v a l  o f  th e  
a m b u la n c e .
. P o s t - m o r t e m  in v e s t ig a t i o n s  g a v e  ( b e .  f o l l o w i n g . ,  

r e s u lt s . T h e  h e a r t  w e ig h e d  4 3 0 g ;  i t s  c o n f i g u r a t i o n  w a s  
n o rm a l a n d  th e  c h a m b e r s -w e r e  in  p r o p o r t i o n .  T h e  
m y o c a rd iu m  w a s  g e n e r a l ly  f l a b b y  in  c o n s i s t e n c y ,  w ith  
e a r ly  c o n g e s t io n  o f  th e  a n t e r i o r  t w o - t h i r d s  o f  th e  in t r a -  
v e n t r i c u la r  s e p tu m . T h e r e  w e re  n u m e r o u s  ra is e d  
p la q u e s  o f  a t h e r o m a  t h r o u g h o u t  b o t h  r ig h t  a n d  le f t  
c o r o n a r y  a r t e r i e s ;  th e s e  w e re  p a r t i c u l a r ly  p r o m in e n t  a t 
the  s ta r t  o f  t h e  c i r c u m f le x  b r a n c h  o f  t h e  l e f t  c o r o n a r y

.lu iiriw l o f  the Koval Callow o f Ccucrul Pruciilionert, 1984, .14, 
5*5.576.

a r t e r y  w h e re  th e r e  w a s  r n . - i r c f  r ^ a l  <jten o s is  o f  t h p ^  
lu m e n . O n e -c e n t im e t r e  f r o m  th e  s t a r t  o f  th e  d e s c e n d in g  
b r a n c h  o f -  t h e  le f t  c o r o n a r y  a r t e r y  o n e  o f  th e  p la q u e s  ”  
s h o w e d  u lc e r a t i o n  O f  th e  in t im a l  l i n in g  a n d  a d h e r e n t  t o  
it  w a s  a  d a r k  r e d ' t h r o m b u s D .7 5  cm  in  le n g th .

I l  w a s  s u b s e q u e n t ly  le a r n e d  th a t  t h e  p a t ie n t  h a d  b e en  
s m b k in g  c a n n a b is - e a r l i e r  t h a t  e v e n in g .

Comment -  *
T h is  c a s e  d e m o n s t r a t e s  tw o  p o s s ib le  a d v e r s e  e f f e c t s  o f  
c a n n a b is  o n  a  p e r s o n  s u s c e p t ib le  t o  " is c h a e m ic  h e a r t

- d is e a s e . * - - -  ___
.  F i r s t ,  c a n n a b is  h a s  a  s t r i k i n g js f f e c t  O n  h e a r t  ra te , i n - ' "  
d u c in g  -a t a c h y e a f d i a ' u p ^ t o " ' I S O e & j^ y e r  m m iiT e . o r  
h ig h e r ,  W H T 5 b T s "a c fi? e v e d 'w iih in  a  fe w  m in u te s  o f  d ru g  
a b s o r p t i o n .  T h e r e a f t e r  a  s lo w  d e c lin e  in  h e a r t  ra te  
o c c u r s  w h ic h  m a y  t a k e  f o u r  h o u r s  o r  lo n g e r .  A ro 'n o w  
h a s  s h o w n - i n  a  s t u d y  o f  e x e r c is e - in d u c e d .a n g in a  th a t  
s m o k in g  c a n n a b is  c a u s ’e s a  d e c re a s e d  e x e r c is e  t im e  o f~ 4 8  

'p e r  c e n t , u n t i l  a n g in a  is e x p e r ie n c e d , " c o m p a r e d  w ith  a 
p la c e b o  r e d u c t io n  o l  8 .6  p e r  c e n t . 1 T h i s  w a s  a s c r ib e d  to  
in c r e a s e d  o x y g e n  d e m a n d  c o u p le d  w i th  d e c r e a s e d  
o x y g e n  p e r f u s i o n  le a d in g  t o  e a r l i e r  e x p e r ie n c e  o f  c h e s t 
p a in .  C h a r le s  d e s c r ib e d  o n e  p re v io u s_ c a .s e  o f  m y o c a r d i a l  

_ i n f a r c t i o i v . o e c u r r i h g ~ s o m e  ,3 ( f -m in u t e s ^ .a f t e r~ s m 'o k in g  
c a n n ’ a .b js iL a  2 5 - y e a r - o ld  p a t ie n t  p r e s e n te d -w ith  c a r d ia c  
f a i lu r e  a n d  | h e . i n T a r c t lM ” ;^ 's ' ' ;p o n f i rm e d - - b y - e le c t r o .-

c a r d i a g r a p h i C K ^ ^ ^ ? X i ^ d L aiysis:" ' "S e c o n d , th e  p s y c h o lo g i c a l  e f f e c f s ’ o F c a n n a b i s  a p p e a r  
t o  r u n  in  a  c o n t in u u m  f r o m  m i ld  d y s p h o r i a  t o  a c u te  
p s y c h o t ic  r e a c t io n s .  T a r t  h a s  s h o w n  th a t  u p  t o  3 6  p e r  
c e n t  o f  r e g u la r  c a n n a b is  u s e r s  e x p e r ie n c e d  s y m p t o m s  
d u r in g  in t o x i c a t i o n  o f  d i s t o r t e d  b o d y  im a g e , a c u te  p a in s  
o r  h a l lu c i n a t i o n s .-1 H a l i k a s  h a s  r e p o r t e d  th a t  1 6  p e r  c e n t  
o f  r e g u l a r  c a n n a b i s  u s e r s  e x p e r i e n c e d  a n x i e t y ,  
f e a r f u ln e s s ,  c o n fu s i o n  o r  a g g re s s iv e  u rg e s  a s  a  ‘ u s u a l>) 
o c c u r r e n c e ’ . 4 C o n t r o l l e d  l a b o r a t o r y  in v e s t ig a t io n s  h a v e
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s h o w n  t h a t  a c u te  p s y c h o lo g ic a l  r e a c t io n s  t e n d  t o  la s t  u p  
t o  f o u r  h o u r s .

T h e ' s m o k in g  o f  c a n n a b is  c a u ses' c h a n g e s  in  th e  c a r -  
d i o v a s c u la r -& y s tem _£ h a ia c t e r i s t i c > o & s t r e s y r  i f  c a n n a b is  
"w e re  t o ' i n c r c a s e  t h e  h e a r t  r a t e  in  a p r e d is p o s e d  i n d i ­
v i d u a l ,  i t  s e e m s  r e a s o n a b le  t o  s u p p o s e  th a t  a n g in a  c o u ld  
b e  p r e c ip i t a t e d ,  r e s u l t in g  p e r h a p s  in  i s c h a e m ic  d a m a g e . 
F u r t h e r m o r e ,  s h o u ld  p s y c h o a c t iv e  e f f e c t s  o f  t h e  d ru g  
c a u s e  t h e  p a t i e n t  t o  r e a c t  in  a n . a t y p ic a l  m a n n e r ,  h e  
m ig h t  n o t  t a k e  s u i t a b le  m e a s u rc f& to  r e li e v e  t h e  a n g in a , 
t h u s  in c r e a s in g  th e  r i s k  o f  d a m a g in g  t h e  m y o c a r d iu m  o r  
o f  p r e c ip i t a t in g  a n  a r r y t h m i a .  T h e  p r o b le m  j o f  c a r d i o ­
v a s c u la r  d is e a s e  a s s o c ia t e d  w ith  c a n n a b is  s m o k in g  w i l l  
s u r e ly  b e c o m e - m o r e  c o m m o n  a s  y o u n g e r  c a n n a b is  
s m o k e r s  b e g in - t o  e n t e r  t h e T i s k  y e a r s  o f  is c h a e m ic -h e a r t  
d is e a s e . _  -  * • '
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1 9 8 3  U A A  S u r v e y  s h o w e d  c h a n  o f  2 9 8  s c u d e n c s  I n  

g r a d e s  7 - 1 2 ;

A
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NATIONAL COUNCIL ON ALCOHOLISM INC

ALCOHOLISM AND OTHER ALCOHOL-RELATED PROBLEMS AMONG CHILDREN AND YOUTH

□ A lc o h o l  i s  A m e r i c a ' s  N o .  1 d r u g  p r o b l e m  a m o n g  y o u t h .  In  1985, a n  e s t im a t e d  4 .6  m i l lo n  a d o le s c e n t s  a g e d  14 t h r o u g h  17 
e x p e r ie n c e d  n e g a t i v e  c o n s e q u e n c e s  n f  a lc o h o l  u s e  ( e .g . .  a r r e s t  i n v o lv e m e n t  in  a n  a c c i d e n t  im p a i rm e n t  o f  h e a l t h  o r  j o b  
p e r f o r m a n c e ) .  (NIAAA. Projection o f data n  Aiconoi and Health Monograph I. A lcoho l Consumption and Related Proc-’ems 1982, p. 85. updated wrth 
Bureau o f the Census 1985 Population Protections.!

□ A lc o h o l  i s  o v e t  t w i c e  a s  p o p u l a r  a m o n g  c o l l e g e  s t u d e n t s  a s  t h e  n e x t  l e a d i n g  d r u g ,  m a n ju a n a .  a n d  o v e r  f i v e  t im e s  a s  
p o p u l a r  a s  c o c a i n e .  N in e t y - tw o  p e r c e n t  o f  c o l le g e  s t u d e n t s  r e p o r t e d  u s i n g  a lc o h o l  in  a  tw e l v e - m o n t h  p e r io d  c o m p a r e d  t o  42 
p e r c e n t  w h o  h a d  u s e d  m a r i ju a n a  a n d  17 p e r c e n t  w h o  h a d  u s e d  c o c a in e ,  (institute ror Social Research, un ive rs ity  o f M ich igan , A nn  a tc o t .
Ml, D rug Use Am ong American High School Students and O the r Young Adults 1985.)

□ O n l y  42 p e r c e n t  o f  f o u r t h  g r a d e r s  k n o w  t h a t  a l c o h o l  i s  a  d r u g ,  c o m p a r e d  t o  81 p e r c e n t  w h o  c o n s i d e r  m a r i j u a n a  a  d r u g ;  
t h e  p e r c e n t a g e  o f  s t u d e n t s  c o n s i d e r i n g  a l c o h o l  a  d r u g  d r o p s  w i t h  a g e  t o  28 p e r c e n t  i n  t h e  u p p e r  g r a d e s .  (Weekly Reader 
Publications. A  Study o r Children's Attitudes and Perceptions A bout D rugs and A lcohol, Middletown. CT. Apr. 2 5 .1983 .)

□ T h e  e a r l i e r  i n  l i f e  a  c h i l d  s t a r t s  u s i n g  a n y  d e p e n d e n c e - p r o d u c i n g  d r u g ,  t h e  m o r e  l i k e l y  h e  o r  s h e  is  t o  e x p e r ie n c e  
d e p e n d e n c e  a n d  o t h e r  h e a l t h  p r o b l e m s ,  a n d  g o  o n  t o  o t h e r  d e p e n d e n c e -p r o d u c in g  d r u g s .  (Robert l  D u P c t l 'Substance Apuse.' 
Jou rn a l of the American Medical Association. Vol. 254 . $ 16, O a  25 .1985 . p. 2336.)

□ L o w e r  e x p e c t a t i o n s  f o r  t h e  f u t u r e ,  a l i e n a t i o n  a n d  b o r e d o m  a r e  a s s o c i a t e d  w i t h  d r i n k i n g  a m o n g  c h i l d r e n  in  a l l  s o c i o ­
e c o n o m i c  g r o u p s .  (Mancy P. G ordon & Alfred McAlister, 'Promoting Adolescent Hearth,' Adolescent Drinking: issues and Research. N ew  York: Academic 
Press. 1982. p. 20S.|

□ A p p r o x im a t e l y  10,000 y o u n g  p e o p l e  a g e d  16-24 a r e  k i l l e d  e a c h  y e a r  i n  a lc o h o l- r e la t e d  a c d d e n t s  o f  a l l  k i n d s ,  i n c l u d i n g  
d r o w n i n g s ,  s u i c i d e s ,  v i o l e n t  i n j u r i e s ,  h o m i c i d e s  a n d  i n ju r i e s  f r o m  f i r e ,  (u s  d h h s : n ia a a .  Public Health service, 'Questions and Answers: 
Teenage A lcohol Use and Abuse,' P revention Plus- Involving Schoo ls Parents and  the Community in A lcoho l and D rug Education. Publication No. CADM 
341256. Rockville. MD. 1983. o . xiu.)

□ A lc o h o l- r e l a t e d  h i g h w a y  d e a t h s  a r e  t h e  n u m b e r  o n e  k i l l e r  o f  15- t o  2 4 - y e a r- o ld s . |us d h h s  National center for Health Statistics.
Public Health Service. Health , United States 1980. Pub. No. (PHSj 81-1232. December 1980.)

□ ft  t a k e s  le s s  a l c o h o l  t o  p r o d u c e  im p a i r m e n t  in  y o u t h  t h a n  i n  a d u f t s .  Y o u n g e r  d r i v e r s  in  f a t a l  c r a s h e s  h a v e  l o w e r  a v e r a g e  
b l o o d  a lc o h o l  c o n c e n t r a t i o n s  (B A C s) t h a n  o l d e r  d r i v e r s .  B lo o d  a lc o h o l  c o n c e n t r a t i o n  is  t h e  a m o u n t  b y  w e i g h t  o f  a l c o h o l  in  a  
v o l u m e  o f  b l o o d ,  a n d  is t y p i c a l ly  e x p r e s s e d  a s  p e r c e n t  w e i g h t  b y  v o l u m e .  A  B A C  o f  .05 p e r c e n t  is  e q u a l  t o  50 r n g  o f  a l c o h o l  
p e r  d e c i l i t e r  o f  b l o o d  ( a p p ro x . 3 .5  f lu i d  OZ). f'Btood A lcohol Concentrations among Young Drivers. 19837 Morbidity and M ortality W eek ly  Report 
(MMWRJ,33 :699-701 . 1984 |

□ D r i v e r s  16-24 y e a r s  o l d  r e p r e s e n t  20 p e r c e n t  c f  l i c e n s e d  d r i v e r s  a n d  le s s  t h a n  20 p e r c e n t  o f  t o t a l  m i le s  d r i v e n ,  a n d  y e t  
a c c o u n t  f d  42 p e r c e n t  O f a l l  f a t a l  a l c o h o l- r e la t e d  c r a s h e s .  |US DO T Fata l A cc iden t R eporting System . 1982. DOT N o . HS-806-566. 1984 ( h ])

□ O f  27000 N e w  Y o r k  p u b l i c  s c h o o l  s t u d e n t s ,  g r a d e s  7 t h r o u g h  1 2 ,11 p e r c e n t  d e s c r i b e d  t h e m s e l v e s  a s  b e i n g  ' h o o k e d '  o n  
a l c o h o l ,  w i t h  13 p e r c e n t  a d m i t t i n g  t o  a t t e n d i n g  c l a s s e s  w h i l e  ' h i g h r  ' d r u n k '  o r  ' s t o n e d '  o n  a l c o h o l .  (New  York state Division of 
Alcoholism and A lcohol Abuse. D rug and A lcoho l Survey. 1983.)

□ N e a r l y  100,000 10- a n d  1 1 - yea r- o ld s  r e p o r t e d  g e t t i n g  d r u n k  a t  l e a s t  o n c e  a  w e e k  in  1985. O v e r  185.000 s ix th  g r a d e r s  h a v e  
u s e d  h a r d  l i q u o r  b y  a g e  10. A lc o h o l  u s e  a t  le a s t  o n c e  a  w e e k  b y  s ix t h  g r a d e r s  m o r e  t h a n  d o u b le d  f r o m  1983 t o  1984. |R on aa 
Adams and Thomas G le a m  Parents' Resource Institute for D rug Education. PRCE— D rug Usage Prevalence Questionnaire. 1985.)

□ A b o u t  o n e - t h i r d  o f  f o u r t h - g r a d e r s  (9 - y e a r- o ld s )  s a i d  c h i l d r e n  t h e i r  a g e  p r e s s u r e d  o t h e r s  t o  d r i n k  b e e r ,  w i n e  o r  l i q u o r ;  t h e  
f i g u r e  i n c r e a s e d  t o  n e a r l y  80 p e r c e n t  b y  h i g h  s c h o o l .  (Weekly Reader Publications. A Study o f Children's Amtudes and Perceptions About 
D rugs and A lcoho l. Middletown. CT. 1983.)

□ A lc o h o l i c s  a r e  m o r e  l i k e l y  t h a n  n o n - a lc o h o l i c s  t o  h a v e  a n  a l c o h o l i c  f a t h e r ,  m o t h e r ,  s i b l i n g  o r  d i s t a n t  r e l a t i v e .  A lm o s t  o n e -  
t h ir d  o f  a n y  s a m p le  o f  a lc o h o l ic s  h a d  a t  le a s t  o n e  p a r e n t  w h o  w a s  a l s o  a lc o h o l ic .  |Aicchoiism: An inherited Disease, u s  d h h s . Puo n o . 
(ADM ) 8 S -1426. 1985. p. 3.)

□ C h i ld r e n  o f  a lc o h o l i c s  h a v e  a  f o u r  t im e s  g r e a t e r  r is k  o f  d e v e lo p in g  a lc o h o l i s m  t h a n  c h i ld r e n  o f  n o n - a lc o h o l i c s .  T h e re  a r e  
2 8 . 6  m illio n  c h i ld re n  o f  a lc o h o lic s  in  t h e  U .S . to d a y , 6 . 6  m illio n  o f  w h o m  a r e  u n d e r  t h e  a g e  o f  18. (C h * ten  o f A kct& cs  Foundation.
Children o f Alcoholics: A  Review  o f  the Literature. 1985. Introduction and p. 2.)


