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U_3. C C ? A R T M G N T  O F  H E A L T H  A N D  H U M A N  S E R V IC E S

E M B A R G O E D  F O R  A.M. P A P E R S  
T h u r s d a y ,  August: 12, 1 9 8 2

S h i r l e y  B a r t h  - (202) 4 7 2 - 5 6 6 3

S t a t e m e n t  b y  
c. E v e r e t t  k u u p ,  M . D .

Surgeon. G e n e r a l  o f  t h e  U.S. P u b l i c  H e a l t h  S e r v i c e

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

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

m a r i j u a n a  a n d  to u r g e  d i s c o n t i n u a t i o n  o f  its use.

T h e  h e a l t h  c o n s e q u e n c e s  of m a r i j u a n a  u s e  h a v e  b e e n  t h e  s u b j e c t  o f  

s c i e n t i f i c  a n d  p u b l i c  d e b a t e  f o r  a l m o s t  20 y e a r s . 3 a s e d  o n  s c i e n t i f i c  

e v i d e n c e  p u b l i s h e d  to date, the P u b l i c  H e a l t h  S e r v i c e  has c o n c l u d e d  

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

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

M a r i j u a n a  u s e  is a m a j o r  p u b l i c  h e a l t h  p r o b l e m  in the U n i t e d  S t a t e s .  

In t he p a s t  20 y e a r s ,  t h e r e  h as b e e n  a 3 0 - f o l d  i n c r e a s e  i n  the d r u g ' s  

u s e  a m o n g  y o u t h .  M o r e  t h a n  a q u a r t e r  of the A m e r i c a n  p o p u l a t i o n  has 

u s e d  the d ru g.  T h e  a ge at w h i c h  p e o p l e  f i r s t  u s e  m a r i j u a n a  has b e e n  

g e t t i n g  c o n s i s t e n t l y  l o w e r  a n d  is n o w  m o s t  o f t e n  in the j u n i o r  h i g h  

s c h o o l  y e a r s .  I n  1978, n e a r l y  11 p e r c e n t  of h i g h  s c h o o l  s e n i o r s  u s e d  

the d r u g  d a i l y ;  a n d  a l t h o u g h  th is  f i g u r e  d e c l i n e d  to 7 p e r c e n t  in 1 9 31 , 

d a i l y  use of m a r i j u a n a  is s t i l l  g r e a t e r  t h a n  t h a t  of a l c o h o l  a m o n g  t h i s  

a ce g r o u p .  M o r e  h i g h  s c h o o l  s e n i o r s  s m o k e  m a r i j u a n a  t h a n  s m o k e  c i g a r e t t e s  

T he c u r r e n t  use (curing p r e v i o u s  20 days) cf m a r i j u a n a  is 32 p e r c e n t ;

29 p e r c e n t  s m o k e  to bacco.

Or. M a r c h  24, S e c r e t a r y  S c h w e i k e r  t r a n s m i t t e d  to the U.S. C o n g r e s s  

a r e p o r t  r e v i e w i n g  the h e a l t h  c o n s e q u e n c e s  of m a r i j u a n a  use.
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r e c u r r e d  to c l a r i f y  t h e  c o u r s e  a n d  e x t e n t ,  i n  r e c e n t  n a t i o n a l  s u r v e y s  

up to 40 p e r c e n t  c f  h e a v y  u s e r s  r e p o r t  t h a t  t h e y  o b s e r v e  s c c a  c r  a i l

c f  t h e s e  s y m p t o m s  i n  t h e n s e i v e s .

T h e  P u b l i c  H e a l t h  S e r v i c e  r e v i e w  o f  t h e  h e a l t h  c o n s e q u e n c e s  o f

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

S c i e n c e s 1 I n s t i t u t e  o f  M e d i c i n e :

W h a t  l i t t l e  w e  k n o w  f o r  c e r t a i n  a b o u t  t h e  
e f f e c t s  c f  m a r i j u a n a  o n  h u m a n  h e a l t h - — a n d  a i l  
t h a t  w e  h a v e  r e a s o n  co s u s p e c t — j u s t i f i e s  
s e r i o u s  n a t i o n a l  c o n c e r n -

a . a
TT T  T



Marijuana:
more
harmful than 
you think

^ioom nulteeb o/?{o(}**eA /io/if/efice,, j/'f.
P . O .  B o x  2 3 2 ,  T o p s f i d d ,  M A  0 1 9 8 3  *  
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MARIJUANA FACTS
WHY DO CHILDREN ABUSE DRUGS?
•  Peer pressure
•  It is fun.
•  They think it is harmless
•  To escape from daily stress
•  To create a new image.
•  “ Pop Culture" promotes it.
•  Lack of positive models.
•  Experimenting & curiosity.
•  To relax.
•  High-risk behavior.
'» Imitation of parent’s drinking and 

smoking habits.
« Their short-term thinking precluded 

consideration of long-term 
consequences.

•  For independence.
•  Because they feel a need to reject 

parent’s values.
•  To boost their self-esteem.
•  Drugs are available.

WHAT IS MARIJUANA?
It is a drug made from the dried leaves and 
flowering tops of the hemp plant (cannibus 
sativa) containing more than 421 known 
chemicals.

THC (delta-9 tetra-hydrocannabinol) is the 
major mind-altering chemical. There are 
also other active agents in marijuana.

Marijuana varies in its strength of THC. 
Today it is up to 10 times more potent than 
prior to 1970.
When combined with other mind-altering 
drugs such as alcohol, the THC becomes 
significantly mme potent. THC is fat 
soluable and it builds up and is stored in fatty 
tissues, especially in the brain and in the 
reproductive organs.

Half of the THC ingested stays in the body 
for three to five days. It lakes up to 30 days 
for a single dose of THC to he completely 
eliminated.

W hereas  a lc o h o l is w a te r s o lu a b le  a nd  fu lly  
m e ta b o liz e d  in  12 h o u rs , m a riju a n a  lin g e rs  
in  fa tty  tissues and  c auses c u m u la tiv e  e ffe c ts .

A  c o m b in a tio n  o f m a riju a n a  and  a lc o h o l is 
p a r tic u la r ly  d a n g e ro u s , caus ing  changes in  
d e p t h  p e r c e p t i o n ,  n i g h t  b l i n d n e s s ,  
concent ra t ion  and  react ion t ime.
A c c o rd in g  to  C a rlto n  T u rn e r, o n e  o f  the  
w o r ld ’s m ost k n o w le d g e a b le  e xp e rts  o n  
m a riju a n a  resea rch : "The re  is n o o t h e r  d rug  
used o r  abused by  man that has the  staying 
p o w e r  and b ro ad  cel lu lar  act ions o n  the  
body .  ”

WHAT DOES MARIJUANA DO 
TO THE BODY?

EFFECTS ON THE BRAIN
•  It w id e n s  th e  gap b e tw e e n  b ra in  ce lls , thus  
s lo w in g  d o w n  th e  n e rve  im pu lses.

•  S h o r t- te rm  m e m o ry  is im p a ire d .

•  It im p a irs  th e  a b ility  to  e va lu a te  s itu a tio n s  
a nd  s e q u e n c in g  a b ility .

•  It im p a irs  p s y c h o -m o to r  p e r fo rm a n c e .

•  It im p a irs  sense o f t im e  and  d e p th  
p e rc e p t io n .

•  T h e re  is decreased  d re a m  a c tiv ity .

•  A tendency towards insomnja.
® It p ro d u c e s  a pa thy  and  le th a rg ic  b e h a v io r.

EFFECTS ON THE LUNGS
•  M a riju a n a  s n o k e  is m o re  ir r ita t in g  and 
h a rm fu l th a n  c ig a re tte  sm o ke .

•  S tud ies  s h o w  tha t s m o k in g  o n e  jo in t  is 
m o re  im p a ir in g  to  th e  lungs  th a n  s m o k in g  a 
pack  o f c iga re ttes .

•  It can  cause p ro -c a n c e ro u s  les ions in  2 to  3 
years (as c o m p a re d  to  20 years fo r heavy 
c ig a re tte  sm okers).

a It m akes lungs m o re  s u sce p tib le  to  
e m p h yse m a  and  b ro n c h it is .

E F F E C T S  O N  R E P R O D U C T I V E  
O R G A N S

•  There is a decrease in sperm count and 
mobility.

•  Decreased testosterone level.

•  It can cause chromosome change, thus 
slowing down cell renewal (an ongoing 
process essential for the maintenance of 
life).

•  Prevents syntheso of DNA.

•  M a rijua n a  crosses the p lacen ta l 
membrane - passing from the mothers' 
blood to the unborn child.

EFFECT ON BLOOD CELLS
•  There is a decrease in white cell 
production, therefore it interferes with the 
body’s ability to fight off infection and 
disease.

EFFECT ON PERSONALITY
•  Users uevelop the “ am otivationa l 
syndrome" which is characterized by 
apathy, vagueness, withdrawal a id lack of 
motivation.

•  There is a tendency toward paranoia 
(unfounded fear and suspicions).

•  Users jpericnce illusions of accomplish­
ments, with unrealistic evaluation.

WHAT ARE THE OUTWARD SIGNS 
OF MARIJUANA USE?

•  Personality changes may occur.

•  lack of agressiveness in males.

•  There is a gradual drop in the quality of 
school work.

•  Often over-reaction lo criticism.

•  Weight loss may occur.

«• Unusual money requests.
•  Physical evidence: cigarette papers, ashes, 
odor, roach holders, etc.



•  Secretiveness.
•  Red eyes.

o Slowing of speech.

o One of these signs is not enough (or 
id e n t if ic a t io n . M ost are typ ica l o f 
adolescent rehavior. Immediate signs are 
not always obvious.

HOW MUCH DOES 
MARIJUANA COST?

- $2.00 tor o n e  joint.
- $5.00 for 3 Joints.
- $60 to  $80 p e r o u n c e  (d e a le r p rice ).

HOW TO DEAL WITH THE 
PROBLEM OF YOUR OWN 

CHILDREN USING MARIJUANA.
•  Be informed and up-date your facts.

•  Do not deny the problem, 

o Do not condemn the child,

•  Keep cool and calm; do not lecture.

•  Keep communications open.

® Refer to resources.
•  Children neerl to hear clearly stated values 
and standards from their family.

•  When a child is independent and self- 
supporting, they can make their own 
decisions. Up to then, their health is your 
responsibility.

HOW TO HELP PREVENT YOUR 
CHILD FROM USING DRUGS

o Hold family discussions about drugs and 
encourage open family discussion.

•  Be an active listener.

•  Provide alternative activities: sports, 
outings, etc.

•  Torm parental support groups.
•  Discuss with family member that stress is 
normal. Explain how you cope with stress.

i '

•  D iscuss h o w  w e  can a ll c o p e  w ith  stress 
o th e r  th a n  a n e s te tiz in g  o u rse lves.

•  E n co u ra g e  a g o o d  s e lf- im a g e .

•  P ro m o te  in d iv id u a l in te re s ts  - n o t a lways 
fo l lo w in g  w h a t e v e ry o n e  e lse is d o in g .

7

POINTS OF CONSIDERATION
•  Any form of drug use has more serious 
consequences with vulnerable individuals 
such as children and adolescents.
•  The effects of drugs on those in the early 
stages of mental apd physical development 
can be more pronounced and persistent 
than on mature adults.

•  Learning to cope with stress is a normal and 
necessary developmental process.

•  Marijuana use provides escape from stress 
and robs the child of developing skills 
needed to cope with stress.

Animal studies prove that marijuana us£ 
causes reproductive and fetal disorders.

•  Of all fatal automobile accidents, 16% are 
marijuana related.

•  Marijuana is addictive. Tbe more you use, 
She more you need.

•  Marijuana is more prevalent, more potent 
and more frequently used today than five 
years ago.

•  Users are getting younger.

•  The contents of cigarettes and alcohol are 
government regulated. However, since 
there is no regulation of marijuana, each 
jo int is a surprise package.

Reprinting o f this pamphlet is allowable 
or

Reprints may be purchased from  
Committees ufCorrespnmlenee. Inc. 

p.o. Ro\ j . v  
Tnpsjiehl. \l. I til'IS.I 

(017) 77-1 204!
$ 10 per hundred, pie paid 

Postage ineluded



M a y  4 ,  1 9 8 1

The Heritage Foundation • 513 C Street • N.E. • Washington, D.C. • 20002 • (202) 546-4400

THE MARIJUANA EPIDEMIC

I g e t  a s i c k  f e e l i n g  i n  the p i t  o f  m y  s t o m a c h  w h e n  I 
h e a r  t a l k  o f  m a r i j u a n a  b e i n g  safe. M a r i j u a n a  is a v e r y  
p o w e r f u l  a g e n t  w h i c h  is a f f e c t i n g  the b o d y  in m a n y  
w a ys . W h a t  the full r a n g e  o f  t h e s e  c o n s e q u e n c e s  is 
g o i n g  to be, w e  c a n  o n l y  g u e s s  at th i s poin t.  3 u t  fr om  
w h a t  w e  a l r e a d y  know, I h a v e  no d o u b t  t h a t  t h e y  are 
g o i n g  to b e  h or re n d o u s . . 1

Dr. R o b e r t  D u P o n t  
F o r m e r  D i r e c t o r  o f  the 
N a t i o n a l  I n s t i t u t e  o n  D r u g  
A b use.

INTRODUCTION

M a r i j u a n a  s m o k i n g  h as r e a c h e d  e p i d e m i c  p r o p o r t i o n s  in the 
U n i t e d  S t a t e s .  S o m e  s i x t e e n  m i l l i o n  A m e r i c a n s  are n o w  r e g u l a r

I us ers; a n d  a m o n g  h i g h  s c h o o l  s e n io r s,  a b o u t  or.!; in t e n  are d a i l y
s m o k e r s  —  a v e r a g i n g  3 ^  j o i n t s  a day.

T h e  e x t e n t  o f  c u r r e n t  m a r i j u a n a  c o n s u m p t i o n  r a i s e s  m a n y  
i m p o r t a n t  c o n c e r n s .  W h i l e  u s e  o f  t h e  d r u g  is w i d e s p r e a d  t h r o u g h o u t  
the worl d,  for i n s t a n c e ,  o n l y  in the U n i t e d  S t a t e s  is it su 
p r e v a l e n t  a m o n g  y o u n g  p e o p l e  o f  all c l a s s e s  t h a t  an e n t i r e  g e n e r a -  

l tio n is a f f e c t e d .  .In o t h e r  c o u n t r i e s ,  the s m o k i n g  o f  m a r i j u a n a
is n o t  u s u a l l y  f o u n d  throughout, the e n t i r e  s o c i e t y  —  g e n e r a l l y  

s u s e  is c o n f i n e d  to c e r t a i n  r e l i g i o u s  g r o u p s  or c l a s s e s .  O n l y  in
| this c o u n t r y  d o e s  it i n v o l v e  the w h o l e  c u l t u r e .

W.isli i tu»u>n PoaC., July 50,

Note: Nothing written here is to Da construed as necessarily re flecting the views ot The Heritage Foundation or as an 
arremor to aid or h inder the passage o f any o ill oetore Congre.ts.



T he m o s t  f r i g h t e n i n g  a s p e c t  c f  the w i d e s p r e a d  u s e  o f  ihe 
d r u g  is that, the o v i r v h e l m i n g  m a j o r i t y  o f  s m ok er s  h a v e  no k n o w l e d g e  
or the d e m o n s t r a t e d  m e d i c a l  e f f e c t s  o f  m a r i j u a n a .  M o s t  r e g a r d  it 
as c o m p l e t e l y  harmless, o r  at l e a s t  as no w o r s e  t h a n  a l c oh ol  or 
tobacco. D u r i n g  the 1960s, wh an  the d r u g  b e c a m e  c o m m o n  in America, 
r e l i a b l e  s c i e n t i f i c  e v i d e n c e  was sparse. M a r i j u a n a  s e e m e d  h a r m l e s s  
e n o u g h  to m o s t  people, a n d  the v e r y  e x p r e s s i o n  o f  d o u b t  b y  experts  
was all too o f t e n  d i s c o u n t e d  as d e r i v i n g  from o p p o s i t i o n  to the 
p o l i t i c a l  a n d  s o c i a l  a t t i t u d e s  o f  the users.

T h i s  a b s e n c e  o f  h a r d  e v i d e n c e  r e g a r d i n g  the c o n s e c u e n c e s  o f  
the d r u g  c a u s e d  m a n y  s c i e n t i s t s  a n d  l e g i s l a t o r s  to take a l i b e r a l  
v i e w  o f  m a r i j u a n a  u s a g e  —  h o w  c o u l d  one c o n d o n e  a l c o h o l  and 
t o b a c c o  and t h e n  c o n d e m n  m a r i j u a n a ?  B u t  in the l a s t  ten  y e a r s , 
the c l i m a t e  has chan ge d.  M a n y  d e t a i l e d  s t u d i e s  ha ve  b e e n  p u b l i s h e d  
o n  the m e d i c a l  a s p e c t s  o f  the drug, and a b o d y  o f  s c i e n t i f i c  
l i t e r a t u r e  has b e e n  a s s e m b l e d  w h i c h  was u n a v a i l a b l e  o n l y  ten 
y e a r s  ago. T h e  N a t i o n a l  I n s t i t u t e  o n  D r u g  A b u s e  (NIDA), a d i v i s i o n  
o f  the D e p a r t m e n t  o f  H e a l t h  a n d  H u m a n  Services, has t a k e n  the 
l e a d  in s p o n s o r i n g  a v e r  a t h o u s a n d  tests, e m p l o y i n g  s o p h i s t i c a t e d  
p r o c e d u r e s  to c o n t r o l  dosage, strength, etc.*, c o n s i s t e n t  w i t h  
p a t t e r n s  o f  s o c i a l  usage. O t h e r  o r g a n i s a t i o n s  h a v e  f u n d e d  s i m i l a r  
r e s e a r c h  pr oj e ct s.

It t o o k  s i x t y  y e a r s  o f  s t u d i e s  to e s t a b l i s h  a s t r o n g  c o r r e l a­
tion b e t w e e n  t o b a c c o  s m o k i n g  a n d  a n u m b e r  o f  s e ri o us  diseases.
Y e t  the r e s ul ts  o f  e x p e r i m e n t s  c a r r i e d  out-in- the l a s t  d e c a d e  
a l r e a d y  s u g g e s t  a s t r o n g  r e l a t i o n s h i p  b e t w e e n  the us e o f  drugs 
and s e v e r a l  m e d i c a l  d is or d e r s .  M a r i j u a n a  a p pe a rs  to i m p a i r  
memory, l e a r n i n g  p e r f o r m a n c e ,  m o t i v a t i o n  and m a y  p e r m a n e n t l y  
d a m a g e  b r a i n  tissue. It w o u l d  also se em  to have d a m a g i n g  e f f e c t s  
o n  the lung, r e p r o d u c t i v e  o r g a n s  and  the i m m u n i t y  system.

T h e  p o w e r f u l  e v i d e n c e  n o w  a v a i l a b l e  has c a u s e d  m a n y  e x pe rt s  
to r e v i s e  t h e i r  p o s i t i o n  from o ne o f  i n d i f f e r e n c e  to one o f  g r e a t  
concern. Dr. R o b e r t  DuPont, q u o t e d  above, is a c a s e  in point.
In v a r i o u s  s e n i o r  g o v e r n m e n t a l  p ositions, he d i d  m u c h  to s o f t e n  
a t t i t u d e s  towa rd s the use o f  m a r i j u a n a  —  i n d e e d  he was o f t e n  
c i t e d  in the l i t e r a t u r e  o f  the d e c r i m i n a l i z a t i o n  lobby. 3 u t  now, 
as p r e s i d e n t  o f  the A m e r i c a n  C o u n c i l  on Mariju an a,  he is in the 
f o r e f r o n t  o f  a c a m p a i g n  to e n d  the c o n s e n s u s  t h a t  m a r i j u a n a  is no 
w o r s e  than m a n y  o t h e r  d rugs taken for pleasure. T h a t  belief, he 
says, "is a d i s a s t e r  and I feel v a r y  t a d l y  to hav e c o n t r i b u t e d  to 
[ i tl ." 2 Like so m a n y  o f  those who have c h a n g e d  t he ir  m inds in 
l i g h t  o f  the evidence, Dr. D u P o n t  is p a r t i c u l a r l y  anxio u s a b o u t  
Che l o n g - c e r m  c o n s e q u e n c e s  o f  m a r i j u a n a  s m o k i n g  on the c u r r e n t  
school D o ou la t io n,
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T h i s  B a c k g r o u n d e r  w i l l  r e v i e w  c h e  s c i e n t i f i c  e v i d e n c e  w h i c h  
h a s  l e d  to t h e  d r a m a t i c  c h a n g e  o f  h e a r t  b y  so m a n y  p e o p l e .  It 
w i l l  t h e n  e x a m i n e  t h e  p o l i c y  o p t i o n s  a v a i l a b l e  to d e a l  w i t h  the 
s i t u a t i o n .

T H E  G R O W I N G  U S E  O F  M A R I J U A N A

W h a t  is M a r i i u a n a ?

M a r i j u a n a  (also k n o w n  as p o t  o r  g r a s s )  con.es f r o m  t he p l a n t  
C a n n a b i s  S a t i v a  ( I n d i a n  h e m p  o r  h a s h i s h ) ,  w h i c h  has  b e e n  c u l t i v a t e d  
for h u n d r e d s  o f  y e a r s  as a s o u r c e  o f  r ope. T h e  p r i n c i p a l  p s y c h o­
active, o r  m i n d - a l t e r i n g ,  i n g r e d i e n t  o f  m a r i j u a n a  is a s u b s t a n c e  
k n o w  s c i e n t i f i c a l l y  as d e l t a - 9 - t e t r a h y d r o c a n n a b i n o l  (or THC), 
a l t h o u g h  s e v e r a l  h u n d r e d  o t h e r  c h e m i c a l s  w i t h  v a r i o u s  e f f e c t s  are 
a l s o  p r e s e n t .

A n  i n t a k e  o f  b e t w e e n  f i v e  a n d  t e n  m i l l i g r a m s  o f  T H C  i n t o  t h e  
b l o o d s t r e a m  is u s u a l l y  s u f f i c i e n t  to i n d u c e  i n t o x i c a t i o n  —  a 
" h i g h . "  I n  t h e  1960s, w h e n  t h e  d r u g  w a s  b e c o m i n g  f a s h i o n a b l e ,  
m o s t  o f  t h e  m a r i j u a n a  s m o k e d  i n  t h i s  c o u n t r y  w a s  o f  d o m e s t i c  
o r i g i n .  A t  t h a t  time, m o s t  A m e r i c a n  m a r i j u a n a  h a d  a r a t h e r  l o w  
T H C  c o n t e n t  (0.2 p e r c e n t  to 1 p e r c e n t ) ,  a n d  so a 1 g r a m  j o i n t  m i g h t  
contaiin in the r e g i o n  o f  -2-10 m i l l i g r a m s  o f  THC. B y  1970, h o w e v e r ,  
M e x i c a n  m a r i j u a n a  w i t h  an a v e r a g e  T H C  o f  b e t w e e n  1.5 p e r c e n t  a n d  
2 p e r c e n t ,  h a d  b e g u n  to d o m i n a t e  t he m a r k e t .  By the e n d  o f  t he 
1970s, J a m a i c a n  a n d  C o l o m b i a n  v a r i e t i e s ,  w i t h  c o n c e n t r a t i o n s  o f  3 
p e r c e n t  to 4 p e r c e n t  T H C  b e g a n  to e n t e r  t he c o u n t r y  in i n c r e a s i n g  
q u a n t i t i e s .  In a d d i t i o n ,  l i q u i d  h a s h i s h ,  w i t h  a c o n c e n t r a t i o n  o f  
30 p e r c e n t  to 90 p e r c e n t  THC, b e g a n  to a p p e a r .  A t  a p o t e n c y  r a t e  
o f  50 p e r c e n t  THC, an o u n c e  o f  t h i s  o i l  is s u f f i c i e n t  to i n t o x i c a t e  
o n e  t h o u s a n d  p e o p l e .  In 1 9 7 4  alone, 369 p o u n d s  w e r e  s e i z e d  b y  
f e d e r a l  a g e n t s .3

T h e  r i s e  i n  p o t e n c y  o f  m a r i j u a n a  a v a i l a b l e  ir. t he U n i t e d  
S t a t e s  is c e n t r a l  to a n y  d i s c u s s i o n  o f  the m e d i c a l  impact, o f  the 
d rug. T h e  e a rly, i n c o n c l u s i v e  s t u d i e s  c a r r i e d  o u t  in t hi s c o u n t r y  
w e r e  b a s e d  o n  the l o w - p o t e n c v  m a r i j u a n a  t h e n  b e i n g  c o n s u m e d .  B u t  
n o w  we a r e  d e a l i n g  w i t h  far s t r o n g e r  v a r i e t i e s ,  a n d  the s t u d i e s  
u s i n g  t h e s e  s t r a i n s  o f  m a r i j u a n a  a r e  far f r o m  i n c o n c l u s i v e .

U s a g e  o f  M a r i j u a n a

T w e n t y  y e a r s  ago, m a r i j u a n a  w as h a r d l y  u s e d  i n  this c o u n t r y .  
O n l y  in the l a t a  1 9 6 0 s  d i d  the d r u g  b e c o m e  w : d e l y  used, a n d  n o t  
u n t i l  the m i d - 1 9 7 0 s  d i d  it b e c o m e  c o m m o n p l a c e .  T h e  i n c r e a s e  in 
u s e  has b e e n  d r a m a t i c  b y  a n y  m e a s u r e .  T h e  m o s t  r e c e n t  m a j o r  
s t u d y  o n  u s a g e  was c o n d u c t e d  b y  the N a t i o n a l  I n s t i t u t e  o n  D r u g

J .  N. i f t i s u u ,  I V s t  i i i m i i y  h e l ' i r o  t h o  H e f u t o  duhooiiini1 L to o  o t i  I n t e m . i i  S e c u r i t y ,  
'•!, i v  I'.1' " ,  r o t .  S I .  ' ' i i . i ; ! - - . * : 1' .
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Abuse, u s i n g  a n a t i o n a l  s a m p l e  c a r e f u l l y  b r o k e n  d o w n  b v  ace and 
o t h e r  c o i r a c t a n s t i c s .4 A3 T a b l e  I indicates, this s t u d v  found 
t h a t  53 p e r c e n t  of y o u n g  adu .ts in 1979 h a d  t r i e d  marijua na , 
c o m p a r e d  w i t h  o n l y  4 p e r c e n t  in 1962. A m o n g  12- to 1 7 - y ea r- o ld s, 
the p r o p o r t i o n  h a d  g r o w n  o v e r  the sane p e r i o d  from ju st  1 o e r c e n t  
to 31 p e r c e n t .  E v e n  a m o n g  12- to 1 3 - y e a r - o l d s  in 1979, the s t u d y  
s h o w e d  3 p e r c e n t  h a d  b e e n  i n t r o d u c e d  to the drug. W h e n  N I D A  
e x a m i n e d  rrent u s e r s  (those who h a d  u s e d  the d r u g  w i t h i n  the
l a s t  m o n r  t he p a t t e r n  i l l u s t r a t e d  b y  T a b l e  II emerged. As the
f i gu re s .'-^cata, w i d e s p r e a d  u s e  n o w  o c c u r s  A m o n g  c h i l d r e n  o f  
h i g h  s c h o o l  ag e a n d  40 p e r c e n t  o f  'ihe coll^ ; ■••• ■»'~ed p o o u i a t i o n  are 
c u r r e n t  users.

A m o n g  t h o s e  w ho r e p o r t e d  c u r r e n t  use - * drug, the N I D A  
s t u d y  f o u n d  t h a t  a b o u t  t w o - t h i r d s  o f  y o u n  1 < a n d  o n e - h a l f  o f
o l d e r  ciduits a n d  y o u t h s  h a v e  u s e d  marijuan^ e or m o r e  t imes in 
the l a s t  month. O f  o u r  h i g h  s c h o o l  seniors, some 10 p e r c e n t  w e r e  
f o u n d  to be d a i l y  users, c o n s u m i n g  an a v e r a c e  of 3^ m a r i j u a n a  
joints e v e r v ~ d a v . N o t  o n l y  has the p r o p o r t i o n  o f  d a i l y  u sers 
d o u b l e d  a mo ng  h i g h  s c h o o l  s e n i o r s  s i n c e ' 1975, b u t  it n o w  e x c ee d s 
d ie num b e r  who use a l c o h o l  o n  a d a i l y  b a s i s  (stable at a b o u t  6 
p e r c e n t  s in c e 1975).

W h e n  on e r e m e m b e r s  t h a t  the p o t e n c y  o f  the a v e r a g e  m a r i j u a n a  
j o i n t  has i n c r e a s e d  m a n y  f ol d in the l a s t  ten years, it b e c o m e s  
c l o a r  t h a t  w e  are d e a l i n g - w i t h  a s t a g g e r i n g  i n c re as e in the 
c o n s u m p t i o n  o f  THC, p a r t i c u l a r l y  a m o n g  the s t u d e n t  p o pu la t io n.
Tn the 1960s, the m e d i c a l  i m p l i c a t i o n s  o f  m a r i j u a n a * u s e  w e r e  of 
d i r e c t  c o n c e r n  o n l y  to a s m a l l  n u m b e r  o f  people, and the d a n g er s 
o f  h e a v y  c h r o n i c  u se to an e v e n  s m a l l e r  group. 3ut today, the 
d r u g  is so w i d e s p r e a d  t h a t  the m e d i c a l  e v i d e n c e  is i m p o r t a n t  for 
the e n t i r e  p o p u l a t i o n .

T h e  v o l u m e  and m a r k e t  v a l u e  o f  the m a r i j u a n a  trade n o w  makes 
it a m a j o r  industry. A c c o r d i n g  to the W a l l  S t r e e t  J o u rn al  ev en 
d o m e s t i c a l l y  p r o d u c e d  m a x i ^ u a n a  ri vals some l e a d i n g  farm crops.
In C a li fo rn ia , the v a l u e  o f  p r o d u c t i o n  m a y  s o o n  pass the SI 
billion, gr ap e i n d u s t r y  —  the s t a t e' s n u m b e r  o ne farm c ommodity.
In Hawaii, the level o f  m a r i j u a n a  p r o d u c t i o n  and sales m a y  e x c e e d  
the islands' l a r g e s t  business, the S300 m i l l i o n  su g ar  i n d u s t r y . 3 
T h e  F e d e r a l  D r u g  E n f o r c e m e n t  A d m i n i s t r a t i o n  (DEA) e s t i m a t e s  that 
d o m e s t i c a l l y  p r o d u c e d  m a r i j u a n a  n ow a c c ou nt s for up to 20 p e r c e n t  
o f  the v a l u e  o f  the e n t i r e  trtde. The A m e r i c a n  grow er s have 
s p e c i a l i s e d  in r e c e n t  years on d e v e l o p i n g  v e r y  hi gh  g ra de  v a r i e­
ties, b y  s e l e c t i v e  b re ed in g . T he m o s t  p o t e n t  C a l i f o r n i a  strains

' f a c t o r i a l ,  I n s t i t u t e  f " r  H n i a  A b u s e .  N a t i o n a l  S u r v e v  o n  Or na  A b u s e :  M a m
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T A B L E  I

Marijuana Lifetime Prevalence
(i.e., h a v e  t r i e d .m a r i j u a n a )
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: ^ Hefcr o s p e c t i v e  (NIDA, 1900).

Y o u t h :  p e r s o n s  1 2 - 1 7  y e a r s  o l d

Y o u n g  A d u l t s :  p e r s o n s  1 H — 25 y e a r s  o l d

O l d e r  A d u l t s :  p e r s o n s  26 y e a r s  a n d  o l d e r

4 0 ‘A o f  y o u n g  a d u l t s  w h o  h a d  t r i e d  th e d r u g  r e p o r t e d  t h a t  t h e y  
h a d  d o n e  so  at l e a s t  1 0 0  ti me s.
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c a n  c o n t a i n  as m u c h  as 6 p e r c e n t  p u r e  THC. A  s i n g l e  p la nt , o n  a 
t h r e e - f o o t  d i a m e t e r  plot, c a n  y i e l d  S I , 000 —  a m o d e r a t e - s i z e d  
g a r d e n  w i l l  p r o d u c e  5 1 0 0 , 0 0 0  w o r t h  o f  t he d r u g . 5 T h e  s i z e  o f  the 
t o t a l  A m e r i c a n  trade, i n c l u d i n g  i m p o rt s,  c a n  o n l y  b e  d e t e r m i n e d  
r o u g h l y ,  b u t  it h a s  b e e n  e s t i m a t e d  t h a t  th e a m o u n t  o f  m a r i j u a n a  
c o m i n g  i n t o  t h i s  c o u n t r y  e v e r y  y e a r  is b e t w e e n  t e n  a n d  t w e n t y  
t h o u s a n d  tons, w i t h  a s t r e e t  v a l u e  in t he r e g i o n  o f  S20 b i l l i o n . 7

T h e  1 9 7 0 s  a l s o  s a w  t h e  r a p i d  g r o w t h  o f  w h a t  h a s  n o w  b e c o m e  a 
m u l t i - m i l l i o n  d o l l a r  i n d u s t r y  p r o v i d i n g  d r u g - r e l a t e d  paraphernalia, 
m a g a z i n e s  a n d  b o o k s .  P u b l i c a t i o n s  s u c h  as H i g h  T i m e s  ( w h i c h  
b o a s t s  a r e a d e r s h i p  o f  f o u r  m i l l i o n ) ,  c a r r y  m - d e p t h  a r t i c l e s  o n  
the u s e  o f  d r u g s  a n d  l e g a l  issues, a n d  a r e  f u l l  o f  g l o s s y  a d v e r­
t i s e m e n t s  f or d r u g  e q u i p m e n t .  S i c h  T i m e s  e v e n  p r o v i d e s  full 
l i s t i n g s  o f  t h e  p r e v a i l i n g  m a r k e t  p r i c e s  for  m a n y  drugs, m u c h  as 
t he W a l l  S t r e e t  J o u r n a l  c a r r i e s  t he l a t e s t  s t o c k  m a r k e t  q u o t a t i o n s .

W h i l e  the c o m m e r c i a l  r e t u r n  available, o n  m a r i j u a n a  has b e e n  
a m a j o r  c o n t r i b u t o r  to i t s  r e a d y  a v a i l a b i l i t y ,  t h e r e  a re o t h e r  
i m p o r t a n t  f a c t o r s  b e h i n d  t h e  g r o w t h  i n  u s a g e .  In t h e  l a t e  1 9 6 0 s  
a n d  e a r l y  1970s, t h e  d r u g  w a s  a n  i n t e g r a l  p a r t  o f  the n o n -  
c o n f o r m i i w. l i f e s t y l e  in u n i v e r s i t i e s  a n d  e l s e w h e r e .  T h e  a t t e m p t  
b y  " a u t h o r i t y "’to s t a m p  o u t  m a r i j u a n a  c o n s u m p t i o n ,  o r  e v e n  d i s c o u r­
age it, w a s  s e e n  as a n  a t t a c k  o n  the a l t e r n a t i v e  l i f e s t y l e ,  a n d  
the i l l e g a l i t y  o f  the d r u g  w a s  q u i t e  p r o b a b l y  a s i g n i f i c a n t  
s t i m u l u s  to its c o n s u m p t i o n .  T h i s  m o o d  o f  r e s i s t a n c e  w a s  o n l y  
e n c o u r a g e d  b y  e x a g g e r a t e d  c l a i m s  (on t he b a s i s  o f  t h e n  a v a i l a b l e  
e v i d e n c e )  r e g a r d i n g  t h e  h e a l t h  d a n g e r s  c o n n e c t e d  w i t h  m a r i j u a n a .

In all p r o b a b i l i t y  t h e  m o s t  i m p o r t a n t  c a u s e  o f  t he e x p l o s i o n  
in u s e  has b e e n  s i m p l e  i g n o r a n c e .  If, as m o s t  p e o p l e  b e l i e v e ,  
the d r u g  is f a i r l y  h a r m l e s s ,  t h e n  w h y  n o t  u s e  it if it is p l e a s a n t ?  
As w e  s h a l l  s e e  in t h i s  study, n o t h i n g  c o u l d  b e  f u r t h e r  f ro m the 
truth, b u t  s u r v e y  a f t e r  s u r v e y  s h o w s  t h a t  w h i l e  t h e  d a n g e r s  o f  
a l c o h o l  a n d  t o b a c c o  are  w i d e l y  a p p r e c i a t e d ,  t h o s e  a s s o c i a t e d  w i t h  
m a r i j u a n a  a r e  n o t . 8

T H E  S C I E N T I F I C  E V I D E N C E

G e n e r a l  C o n s i d e r a t i o n s

B e f o r e  we e x a m i n e  the e v i d e n c e  r e g a r d i n g  the e f f e c t s  o f  
m a r i j u a n a  o n  the body, it is i m p o r t a n t  to p u t  t hi s e v i d e n c e  in 
its h i s t o r i c a l  p e r s p e c t i v e .  T h e  e a r l y  A m e r i c a n  s t u d i e s  o n  m a r i­
juana, s u c h  as t h e y  were, w e r e  u n s a t i s f a c t o r y  for s e v e r a l  r e a s o n s .

Washinaton P o s t . February 15. 1981.

20 ,0 00  to n s  M ii i l - I  nr* s u t f i c i e n t  Lo uukc.* a p p r o x i m a t e l y  IJ i ' i ' . l i c n  j o i n t s .  
See,  t o r  i n s l . i i u e ,  L. D. J o h n s t o n .  J. t i .  B.u-tutun, m il ?. ’ !. O ' M a i l e y ,  
D ru ji l.'se Anmr’ g l l i ^ t i  Seine' i S U n lo 't t s . 1" ~5 -  l 11 ~ ~ l Rockvt  t l e  . ' L r y l j r n l :
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T h e  s t r e n g t h  o f  T H C  in t e s t  s a mp le s  was o f t e n  n o n  k n o w n  with.

r e c e n t  years. W e  are d e a l i n g  w i t h  a t o t a l l y  d i f f e r e n t  level o f  
c o n s u m p t i o n  t h a n  w a s  the c a s e  in the 1960s.' U s i n g  t y p i c a l  te st 
r e s u l t s  fr om  the 1950s a n d  1960s as a g u i d e  to the e f fe ct s of 
p r e s e n t - d a y  u se p a t t e r n s  is r a t h e r  li ke  t r y i n g  to d e t e r m i n e  the 
c o n s e q u e n c e s  o f  a b o t t l e  o f  g i n  a d a y  o n  the a v e r a g e  p e r s o n  b y 
t e s t i n g  the e f f e c t s  o f  a  s i n g l e  d a i l y  martini!

G i v e n  t h e  shortcomings' o f  e a r l y  tests, it is n o t  s u r p r i s i n g  
t h a t  m a n y  w e r e  in c on c l u s i v e ,  a n d  this gave p o w e r f u l  a m m u n i t i o n  to 
th e p r o - l e g a l i s a t i o n  lobby. E v e n  a m o n g  the s c i e n t i f i c  e s t a b l i s h­
ment, a c o m p a r a t i v e l y  s a n g u i n e  a t t i t u d e  s e e m e d  justified.

T h e  f i r s t  d e t e r m i n e d  c h a l l e n g e  to this c o n s e n s u s  c a m e  from 
c l i n i c a l  p s y c h i a t r i s t s  —  p a r t i c u l a r l y  from those a s s o c i a t e d  w i t h  
e d u c a t i o n a l  i n s t i t u t i o n s  w h e r e  the d r u g  was in h e a v y  use. C l i n i­
ci a n s  h a v e  o f t e n  b e e n  t h e  f i r s t  people, to w a r n  the w o r l d  o f  the 
u n f o r e s e e n  e f f e c t s  o f  a d r u g  —  t h a l i d o m i d e  b e i n g  p e r h a p s  the m o s t  
w e l l  k n o w n  c a s e  —  a n d  the i m p o r t a n c e  o f  t h e i r  f r o n t - l i n e  rol e 
c a n n o t  b e  u n d e r s t a t e d .  T y p i c a l  o f  s u c h  c l i n i c i a n s  w as Dr. H a r v e y  
P ow el so n,  h e a d  o f  the P s y c h i a t r i c  D i v i s i o n  o f  the S t u d e n t  H e a l t h  
S e r v i c e  at B e r k e l e y  b e t w e e n  1964 and  1972. P o w e l s o n ' s  e i g h t  
y e a r s  o f  e x t e n s i v e  e x p o s u r e  to B e r k e l e y  st ud e n t s  d u r i n g  the 
p e r i o d  in w h i c h  m a r i j u a n a  use  a c c e l e r a t e d  g r e a t l y  m a k e  him p r o b a b­
ly the m o s t  e x p e r i e n c e d  c a m p u s  p s y c h i a t r i s t  in the country. Lik e 
so m a n y  o f  his a s s o c i a t e s  in the 1960s, P c w e l s o n  took a t o l e r a n t  
a t t i t u d e  to m a r i j u a n a  in his e a r l y  days at the U n i v e r s i t y  of 
C a l i f o r n i a ;  b u t  as he w a t c h e d  i n d i v i d u a l  users o v e r  an e x t e n d e d  
p e r i o d  o f  time his a t t i t u d e  c h a n g e d  completely, to the point, 
w h e r e  he c a m e  to b e l i e v e  t h a t  it is the m o s t  d a n g e r o u s  d r u g  w i t h  
w h i c h  the n a t i o n  m u s t  c o n t e n d .9

It was the c o n c l u s i o n s  o f  o b s e r v e r s  s u c h  as Powelsor. th a t 
c r e a t e d  the p r e s s u r e  for the ver y t h o r o u g h  t e s t i n g  w h i c h  b e g a n  in 
the e a r l y  197Cs. T h i s  s er i es  o f  tests have b e e n  far s u p e r i o r  to 
the r e s e a r c h  o f  the 1950s a n d  1960s: mo re  c a r e f u l l y  c o n t r o l l e d
T H C  d o s e s  ha v e b e e n  used, for instance, and s t r e n g t h  levels in 
b o t h  h u m a n  and a n i ma l tests r e f l e c t  c u r r e n t  usage. It s h o u l d  be 
noted, however, tha t t here are still some u n a v o i d a b l e  o b s t a c l e s 
to testing. M a r i j u a n a  is an illegal substance, and so it is not 
a l w a y s  e a s y  to o b t a i n  s t a t i s t i c a l l y  p e r f e c t  v o l u n t e e r  groups. In 
addition, e a r l y  stu di es  s h o w e d  that THC is h i g h l y  toxic, and t h a t 
it m a y  p o s e  s i g n i f i c a n t  d a n g e r s  to c e r t a i n  indivi d ua ls  and to the 
fetus. So there are s t r o n g  m o ra l and legal i m pe di me nt s  to c e r t a i n  
i m p o r t a n t  types of study, n e c e s s i t a t i n g  the use o f  animals r a t h e r
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t h a n  h u m a n s  f o r  t e s t  p u r p o s e s .  B u t  i n  t h e s e  c a s es , the  a n i m a l s  
p o s s e s s  m e d i c a l  c h a r a c t e r i s t i c s  t h a t  p a r a l l e l  h u m a n  f u n c t i o n s ,  
a n d  d o s a g e s  g i v e n  to t h e  s u b j e c t s  h a v e  b e e n  e q u i v a l e n t  to t h o s e  
t a k e n  b y  h u m a n s .  F u r t h e r m o r e ,  t h e  r e s u l t s  w i t h  a p p r o p r i a t e  
a n i m a l s  c o r r e s p o n d  c l o s e l y  w i t h  c l i n i c a l  o b s e r v a t i o n s  o f  h u m a n  
u s e r s .1 c

T H C  a n d  t h e  B o d y

U n l i k e  w a t e r  s o l u a b l e  d r u g s  s u c h  as a l c o h o l ,  w h i c h  is m e t a b o­
l i z e d  a n d  " w a s h e d  o u t "  c f  t h e  s y s t e m  w i t h i n  t w e l v e  ho urs, T H C  is 
f a t  s o l u b l e  a n d  r e m a i n s  i n  t h e  b o d y  f o r  a c o n s i d e r a b l e  time. T h e  
T H C  i n  m a r i j u a n a  h a s  a h a l f - l i f e  o f  a b o u t  t h r e e  days; t h a t  is, it 
t a k e s  t h r e e  d a y s  for h a l f  t h e  T E C  i n  a j o i n t  to l e a v e  t h e  body.
It m a y - t a k e  o v e r  t h r e e  w e e k s  f o r  a l l  t h e  T E C ' t o  b e  b r o k e n  down. 
A c c o r d i n g  to o n e  e x p e r t ,  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  y o u n g e r  
t h e  a g e  o f  f i r s t  use, t h e  g r e a t e r  m a y  b e  t he l o n g - t e r m  e f f e c t s  
r e s u l t i n g  f r o m  t h e  T H C  i n  t h e  b o d y . 1*1

T h i s  p a t t e r n  o f  r e t e n t i o n  i n  t h e  b o d y  m e a n s  t h a t  e v e n  th e 
o c c a s i o n a l  m a r i j u a n a  s m o k e r  m a y  n e v e r  be f r e e  o f  THC. F u r t h e r m o r e ,  
t h e r e  is s t r o n g  e v i d e n c e  f r o m  a n i m a l  t e s t s  t h a t  t h e  t o x i c i t y  is 
c u m u l a t i v e  —  s m a l l  a m o u n t s  o f  T H C  a d m i n i s t e r e d  o v e r  a p e r i o d  
s e e m  to be far m o r e  h a r m f u l  t h a n  t h e  s a m e  t o t a l  q u a n t i t y  i n  o n e  
d o s e .12

T h e  f a t  s o l u b i l i t y  o f  THC, w h i c h  is e x c e e d e d  o n l y  b y  s u b s t a n c e s  
s u c h  as DDT, a f f e c t s  t h e  w a y  i n  w h i c h  t h e  s u b s t a n c e  is d i s t r i b u t e d  
w i t h i n  the s y s t e m .  I n t r a v e n o u s  i n j e c t i o n s  o f  r a d i o a c t i v e  T H C  
c o n f i r m  t h a t  it c o n c e n t r a t e s  in t h e  f a t t y  tissu e , a n d  a l s o  t h a t  
it l o d g e s  in the liver, lungs, r e p r o d u c t i v e  o r g a n s  a n d  t h e  b r a i n .
It w a s  n o t  u n t i l  th e e a r l y  1970s, w i t h  t h e  w o r k  o f  J u l i u s  A x e l r o d  
a n d  othe rs , t h a t  th e  p a t t e r n  o f  T H C  a b s o r p t i o n  b y  t h e  body, or t h e  
p e r i o d  for w h i c h  it w a s  r e t a i n e d ,  w a s  k n o w n  w i t h  a n y  r e a l  c e r t a i n­
t y . 13 U n t i l  then, it w a s  a s s u m e d  t h a t  T H C  w a s  b r o k e n  d o w n  a n d  
r e m o v e d  f r o m  t h e  b o d y  as q u i c k l y  as a l c o h o l .

F o r  e x c e l l e n t  r e v ie w s  o f  Che s c i e n c i f i c  s t u d ie s  c o n c e r n in g  m a r i ju a n a ,  se e  
G e o rg e  K . F iu s s e l l ,  M a r i ju a n a  T o d a y  (New Y o r k :  N y r in  I n s t i t u t e ,  L980  —
p u b L is h e d  in  c o o p e r a t io n  w i t h  th e  A m e r ic a n  C o u n c i l  on  M a r i j u a n a ) ;  G a b r ie L  
G. N a h a s , Keep O f f  th e  G ra s s  (New Y o r k :  P e rg a in o n  P r e s s ,  1 9 7 9 ) ;  " T w e lv e
T h in g s  You S h o u ld  Know A b o u t  M a r i j u a n a , "  C o n s u m e rs  R e s e a rc h  M a g a z in e ,
A p r i l  1 9 8 0 ; I .  L a n t n e r ,  J .  O ’ B r ia n  and  H. V o th  " A n s w e r in g  Q u e s t io n s  A b o u t  
M a r i ju a n a  U s e , "  P a t i e n t  C a r e , May 3 0 , L 98 0 .
C a r l t o n  T u r n e r ,  A s s o c ia t e  D i r e c t o r ,  R e s e a rc h  I n s t i t u t e  o f  P h a rm a c e u tL e a L  
S c ie n c e s ,  U n i v e r s i t y  o f  M i s s i s s i p p i ,  A d d re s s  to  S e m in a r  s p o n s o re d  b y  th e  
J.!.. F o u n d a t io n ,  New Y o r k ,  S e p te m b e r  9, 1980, ( u n p u b l is h e d  t r a n s c r i p t j .
‘.v. D. P a t t o n ,  T e s t im o n y  b e f o r e  th e  S e n a te  S u b c o m m it te e  on I n t e r n a l  S e c u r i t y ,  
May I " - -*, r e f .  8 0 ,  t -p . 7 0 - 7 ^ .
[ I n d . ;  A ls o  I). S . i r e u z  and  I . A x e l r o d ,  “ De i i . i - d - T e  t  ra  h y d r o  can  nab  i no i . :
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T h i s  d i s c o v e r y  t h a t  T H O  is r e t a i n e d  for a c o n s i d e r a b l e  time 
i n  c e r t a i n  o r g a n s  o f  the b o d y  is, c r u c i a l  to a o r o o e r  u n d e r s t a n d i n g  
o f  its affects. It m e a n s  t h a t  the d r u g  is q u i t e  u n l i k e  alcohol, 
w i t h  w h i c h  it is o f t e n  i n c o r r e c t l y  compared." A n d  the m o d e r a t e  
u s e r  is r u n n i n g  far g r e a t e r  risks t h a n  the m o d e r a t e  u s e r  o f  
a l c o h o l  a n d  m a n y  o t h e r  drugs.

T o l e r a n c e  a nd A d d i c t i o n

A  d i s c u s s i o n  o f  the c u m u l a t i v e  e f f e c t s  o f  a d r u g  l eads to 
t he i s s u e  o f  tolerance. O n e  o f  the p o p u l a r  m i s c o n c e p t i o n s  rag? is 
i n g  m a r i j u a n a  is t h a t  t h e  u s e r  d e v e l o p s  a "rev er s e t o l e r a n c e "  
he n e e d s  g r a d u a l l y  less and lass T H C  to p r o d u c e  the same "high."
It is p o s s i b l e  t h a t  this b e l i e f  d e v e l o p e d  fr o m an e x a m i n a t i o n  o f  
the e f f e c t s  o f  the lo w d o s a g e s  c o m m o n l y  u s e d  in the 1 3 6 0 s . T h e r e  
m a y  also b e  a " l e a r n i n g  effec t"  t h a t  d e v e l o p s  w i t h . l o w  d os e s t h a t  
leads' to a g r e a t e r  a p p r e c i a t i o n  o f  the high* b y  the user. In 
addition, it is p o s s i b l e  t h a t  l o w  d os es  o f  T H C  m a y  c a u s e  the 
r e l e a s e  o f  q u a n t i t i e s  o f  the d r u g  s t o r e d  in the b o d y ' s  organs.

B u t  i t  has n o w  b e e n  f i r m l y  e s t a b l i s h e d  t h r o u g h  c a r e f u l  
s t u d i e s  w i t h  d o s e s  t y p i c a l  o f  c u r r e n t  use t h a t  a p r o f o u n d  t o l e r a n c e  
d e v e l o p s  —  t h a t  is, s t e a d i l y  l a r g e r  doses are n e c e s s a r y  to 
p r o d u c e  the sane e f f e c t . 14 T o l e r a n c e  m e a n s  tha t the h e a v y  c h r o n i c  
s m o k e r  m u s t  i n c r e a s e  his T H C  i n t a k e  to o b t a i n  the same p s y c h o a c t i v e  
r e s u lt s;  w h i c h  in turn m e a n s  t h a t  ne m u s t  i n c r e a s e  the c o n c e n t r a­
tio n  o f  T H C  in his brain, lungs a nd o t h e r  organs. T o l e r a n c e  
e f f e c t s  als o e n c o u r a g e  the u s e r  to try  m o r e  p o t e n t  drugs, s u c h  as 
LSL a n d  to c o m b i n e  m a r i j u a n a  w i t h  a l c o h o l  o r  o t h e r  a v a i l a b l e  
d r u g s .

O n e  r e a s o n  w h y  m a r i j u a n a  is c o n s i d e r e d  as r e l a t i v e l y  safe b y  
so m a n y  p e o p l e  is the b e l i e f  tha t it is n o n - a d d i c t i v e . 3 u t  a 
m i s c o n c e p t i o n  r e g a r d i n g  the n a t u r e  of a d d i c t i o n  lies at the h e a r t  
o f  this i m pr es si on .  If the sole c r i t e r i o n  is p h y s i c a l  addiction, 
m e a n i n g  a p h y s i c a l  d e p e n d e n c e  o n  the d r u g  f o l l o w e d  by s e ve re  
p h y s i c a l  w i t h d r a w a l  symptoms, t h e n  the e v i d e n c e  w o u l d  i n d e e d  
s u g g e s t ^ t h a t  m a r i j u a n a  is o n l y  m i l d l y  addictive, e v e n  at h i g h  
d o s e s . 13 O f  m u c h  g r e a t e r  concern, however, is the d e g r e e  of 
p s y c h o l o g i c a l  d e p e n d e n c e  tha t is a s s o c i a t e d  w i t h  m ar ij u a n a .  M a n y  
us er s d i s m i s s  the n o t i o n  o f  p s y c h o l o g i c a l  d e p e n d e n c e  as s y n o n y m o u s  
w i t h  " l i k i n g  m a r i j u a n a "  in the sense t ha t one m i g h t  like c h o c o l a t e  
i c e - c r e a m  o r  tennis. 3uc the ter m  implies a mor e  s u b tl e and 
d a n g e r o u s  e f f e c t  on the user. As G a b r i e l  Mahas of C o l u m b i a  
U n i v e r s i t y  has explained:

: l.i c* i j  u .n i . i  a rm Meu L Oh : A n n u a l  R m m r : .  l o  d i e  r. . S .  C o n g r e s s  R o c f c v t  L i e ,
' l a r v L w n l : N f D A .  I ' . ' K i )  • , a .  l i i ;  ‘ ! . i n  m i . i i i u  7o» l av ,  a .  ~'i.
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T h e  d e s i r e  for i n s t a n t  g r a t i f i c a t i o n  is a p r o f o u n d  
p s y c h o l o g i c a l  r e i n f o r c e r . . . . A d d i c t i o n  to a * d r u g  is n o t  
a f u n c t i o n  o f  t h e  d r u g  to p r o d u c e  w i t h d r a w a l  s y m p t o m s .
D r u g  d e p e n d e n c e  r e s u l t s  b a s i c a l l y  f r o m  t h e  r e p r o d u c i b l e  
i n t e r a c t i o n  b e t w e e n  a n  i n d i v i d u a l  a n d  a p l e a s u r e - i n d u c i n g  
b i o l o g i c a l l y  a c t i v e  m o l e c u l e .  T h e  c o m m o n  d e n o m i n a t o r  
o f  all d r u g  d e p e n d e n c e  is t h e  p s y c h o l o g i c a l  r e i n f o r c e­
m e n t  r e s u l t i n g  f r o m  r e w a r d  a s s o c i a t e d  w i t h  p a s t  (use) 
a n d  t h e  s u b s e q u e n t  i n c r e a s i n g  d e s i r e  f or r e p e a t e d  
p e r f o r m a n c e . 16

It is t h i s  p s y c h o l o g i c a l  d e p e n d e n c e  t h a t  m a k e s  t h e  m a r i j u a n a  
h a b i f  d i f f i c u l t  to b r e a k .  It is c l e a r  f r o m  c l i n i c a l  e v i d e n c e  
t h a t  i t  is v e r y  c o m m o n  f o r  h e a v y  u s e r s  to c o n t i n u e  s m o k i n g  e v e n  
w h e n  t h e y  c o n c e d e  t h a t  it s e v e r e l y  i m p a i r s  t h e i r  h e a l t h  a n d  
m o t i v a t i o n ,  a n d  t h a t  p r o f e s s i o n a l  h e l p  is r e g u l a r l y  n e e d e d  to 
e n a b l e  a u s e r  to g i v e  up t h e  drug. T h e  p l a i n  f a c t  is t h a t  in the 
c a s e  o f  m a r i j u a n a ,  t h e  d i s t i n c t i o n  b e t w e e n  p h y s i c a l  a n d  p s y c h o l o­
g i c a l  a d d i c t i o n  is s e m a n t i c ,  n o t  real.

M a r i j u a n a  a n d  O t h e r  D r u gs

L i t t l e  c o u l d  b e  f u r t h e r  f r o m  t h e  t r u t h  t h a n  the i d e a  t h a t  a 
d a i l y  j o i n t  is m e r e l y  t h e  e q u i v a l e n t  o f  a l u n c h - t i m e  m a r t i n i .
T h e r e  are c r u c i a l  d i f f e r e n c e s .  In t h e  f i r s t  p la ce ,  as has b e e n  
p o i n t e d  out, a l c o h o l  l e a v e s  t h e  s y s t e m  f a r  m o r e  r a p i d l y  t h a n  
m a r i j u a n a .  E v e n  wfre'r t a k e n  to e x c e ss , t h e  e f f e c t  o f  a l c o h o l  is 
s h o r t - l i v e d .  It t a k e s  v e r y  h e a v y  d r i n k i n g  o v e r  a l o n g  p e r i o d  to 
c a u s e  i r r e v e r s i b l e  d a m a g e  to the liver, o r  to t h e  p r o p e r  f u n c t i o n­
in g  ol; t he b r a i n  ( an d t h e n  i t  is d u e  p r i m a r i l y  to a p r o t e i n  
d e f i c i e n c y  r e s u l t i n g  f r o m  l i v e r  d e t e r i o r a t i o n ) .  T h e  e f f e c t s  o f  
THC, o n  t he o t h e r  had, o c c u r  w i t h  o n l y  m o d e r a t e  d o sa ge , a n d  it 
a p p e a r s  to c a u s e  d a m a g e  to m o r e  o r g a n s  in a m u c h  s h o r t e r  s p a c e  o f  
time.

T h e r e  is a l s o  l i t t l e  e v i d e n c e  to s u g g e s t  t h a t  a l c o h o l  a n d  
m a r i j u a n a  a re in f a c t  c o n s i d e r e d  as a l t e r n a t i v e s  b y  u sers. T h e  
u s a g e  o f  a l c o h o l  a m o n g  s c h o o l  s t u d e n t s ,  fo r e x a m p l e ,  h a s  n o t  
f a l l e n  d u r i n g  t he p e r i o d  in w h i c h  m a r i i u a n a  s m o k i n g  has r a p i d l y  
i n c r e a s e d .  If a n y t h i n g ,  t h e r e  a p p e a r s  to be a s m a l l  p o s i t i v e  
c o r r e l a t i o n  b e t w e e n  m a r i j u a n a  u s e  a n d  t h e  t a k i n g  o f  o t h e r  drugs, 
d u e  in l a r g e  p a r t  to the f a c t  t h a t  a c o m b i n a t i o n  o f  T H C  w i t h  m a n y  
o t h e r  ''rugs l o a d s  to a g r e a t e r  e f f e c t  t h a n  t h a t  a c h i e v e d  w i t h  
e i t h e r  d r u g  a l o n e . 17 A l c o h o l  in c o m b i n a t i o n  w i t h  m a r i j u a n a ,  for 
e x a m p l e ,  e n h a n c e s  the s e d a t i v e  r e s u l t  o b t a i n e d  w i t h  j u s t  the s a m e  
d o s a g e  o f  a l c o h o l .  T h i s  is a l s o  the c a s e  w i t h  V a l i u m,  L ibrium, 
a n t i h i s t a m i n e s ,  b a r b i t u r a t e s ,  a n d  n a r c o t i c s  s u c h  as opium, heroin,

G. G. An i t a s ,  M. i r i j ; ; . . n j  - De c en c i ' / e  wet- i ( '<es Y o r k :  R a v e n  Pre<; s  I 7 • j .
A.  .1. S i e i i i a n s . " f l f f e c t s  <>t C a n n a b i s  i n  Comb i (inc. i<m s i c . i t  E t h a n e :  am! w e l t e r  
D r n c s . "  i n  R. P e t e r s o n  ( e « l . l ,  .‘ In r  L i u . u i a  Rpsc i r;~h !•’ •. m l i . i 1 -S U Ga.sM i mc cnn  .
D . G . :  I ' .  S .  iSnvt ' rnniHMi P r i n t i n e  " t r i c e ,



mo r? n i n e  a n d  co de i n e .  W i t h  o t h e r  drugs, the c o m b i n a t i o n  w i t h  
aiarijuana i n c r e a s e s  the s t i m u l a n t  effect, f o l l o w e d  b v  a h e a v i e r  
d e p r e s s i o n .  S u c h  d ru gs  w o u l d  i n c l u d e  cocaine, B e n z e d r i n e  and 
D e x a d r i n e .

T h e  r e a s o n  for th is  e n h a n c i n g  e f f e c t  m a y  be t h a t  the cells 
o f  the l i v e r  p e r f o r m  as i d e n t i f i e r s  and d i s p o s e r s  o f  f o r e i g n  
c h e m i c a l s  in the b o d y  t h r o u g h  the a c t i o n  of* enzymes. W h e n  the 
T H C  is taken, ho wever, t h e  e f f i c i e n c y  o f  this l i v e r  f u n c t i o n  is 
i m p a i r e d  a n d  d e t o x i f i c a t i o n  is reduced. Con se q ue nt ly , the p o w e r  
o f  the o t h e r  d r u g  to a f f e c t  the b o d y  is i n c r e a s e d . 13*

W i t h  so me  t h e r a p e u t i c  drugs, the c o m b i n a t i o n  w i t h  T H C  m a y  
h a v e  th e o p p o s i t e  result, l e a d i n g  to a r e d u c t i o n  in the e f f e c t i v e­
ness o f  the  p r e s c r i b e d  drug. T a k e n  w i t h  a n t i c o n v u l s a n t s  s u c h  as 
D i l a n t i n  a n d  P e g a mo ne , for instance, THC a n t a g o n i z e s  the d r u g  and  
l o w e r s  the s e i z u r e  t hr es ho ld .  Similarly, THC c a n  i n h i b i t  the 
r e s u l t s  o f  b e t a - b l o c k e r s ,  u s e d  to t r e a t  h y p e r t e n s i o n  and seme 
h e a r t  c o n d i t i o n s .  A n d  w h e n  t a k e n  b y  a diabetic, m a r i j u a n a  can  
a l t e r  the a m o u n t  o f  i n s u l i n  n e c e s s a r y  to m a i n t a i n  b a l a n c e . 19

T h e  im. ‘.dence o f  m a r i j u a n a  use in c o m b i n a t i o n  w i t h  o t h e r  
d ru gs  is i n c r e a s i n g .  N o t  o n l y  is the e n h a n c e d  e f f e c t  s o u g h t  o f  
i t s e i f  b y  tie user, *but it is also a m ea n s of o b t a i n i n g  b e t t e r  
" v a l u e  for m o n ey " fr om  m o r e  e x p e n s i v e  drugs. T he a v a i l a b i l i t y  o f  
l o w - c o s t . m a r i j u a n a  m a y  t h e r e f o r e  i n c r e a s e  the use o f  h a r d e r  
d r u g s . . • *

P s y c h o l o g i c a l  E f f e c t s

Summary:

T h e r e  is n o w  a c o n s i d e r a b l e  b o d y  of s c i e n t i f i c  d a t a  r e g a r d­
ing the b e h a v i o r a l  e f f e c t s  n a d  i n t e l l e c t u a l  i m p a i r m e n t  r e s u l t i n g  
from m a r i j u a n a  use. R o y  H a r t  and G a b r i e l  N ahas ha v e s u r / e y e d  the 
e x t e n s i v e  f o r e i g n  li t er a t u r e .  As H a r t  p o in ts  out, i m p a i r m e n t  o f  
memory, judgment, i n t e l l e c t u a l  functions, o r i e n t a t i o n  a nd m o t i v a­
tion h a v e  b e e n  a c c e p t e d  as c o n s e q u e n c e s  o f  m a r i j u a n a  use for m a n y  
y e a r s . - 0 T h e  e v i d e n c e  from this c o u n t r y  leads to the same c o n c l u­
sion. Dr. P o w e l s o n  has s u m m a r i z e d  the c l i n i c a l  e v i d e n c e  as 
f o l l o w s :

Its e a r l y  use is beguili ng . rt gives the il lu s i o n  of 
f e e l i n g  good. The  u s e r  is not aware of the b e g i n n i n g  
loss o f  m e n t a l  functioning. I have ne ve r seen an 
e x c e p t i o n  to the o b s e r v a t i o n  that m a r i j u a n a  impairs the

i ■»
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u s e r ' s  a b i l i t y  to j u d g e  t h e  loss o f  h i s  o w n  m e n t a l  
f u n c t i o n i n g .

A f t e r  o n e  to t h r e e  y e a r s  o f  c o n t i n u o u s  u s e  the a b i l i t y  
to t h i n k  has b e c o m e  so i m p a i r e d  t h a t  p a t h o l o g i c a l  f or ms  
o f  C h i n k i n g  b e g i n  to t a k e  o v e r  t h e  e n t i r e  t h o u g h t  
pr-.-y^ss.

C h r o n i c  h e a v y  u s e  l e a d s  to p a r a n o i d  t h i n k i n g .

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

Its u s e  l e a d s  to a d e l u s i o n a l  s y s t e m  o f  t h i n k i n g  w h i c h  
has i n h e r e n t  in i t  t h e  s t r o n g  n e e d  to s e d u c e  a n d  p r o s e­
l y t i z e  o t h e r s .  I h a v e  r a r e l y  s e e n  a r e g u l a r  m a r i j u a n a  
u s e r  w h o  w a s n ' t  " p u s h i n g . "  As t h e s e  p e o p l e  m o v e  int o  
g o v e r n m e n t ,  the  p r o f e s s i o n s ,  a n d  t h e  m e di a,  i t  is n o t  
s u r p r i s i n g  t h a t  t h e y  c o n t i n u e  as " p u s h e r s , "  t h u s  a d d i n g  
to t h e  c o n f u s i o n  t h a t  (the s c i e n t i f i c  c o m m u n i t y )  is 
o b l i g e d  to a m e l i o r a t e . 21

B e h a v i o r a l  E f f e c t s :

B r o a d l y ,  l i g h t  m a r i j u a n a  s m o k i n g  r e s u l t s  in e n h a n c e d  s e n s i t i­
v i t y  to s e n s o r y  s t i m u l i .  H e a v y  s m o k i n g  t e n d s  to r e s u l t  in a p a t h y  
a nd w i t h d r a w a l .  R e s e a r c h  c o n d u c t e d  o n  m o d e r a t e  a n d  h e a v y  s m o k e r s  
s h o w s  t h a t  a d i s t o r t i o n  o f  r e a l i t y  is c o m m o n ,  t o g e t h e r  w i t h  
c o n f u s i o n ,  m e m o r y  loss, d i m i n i s h e d  c o n c e n t r a t i o n ,  r e d u c e d  m o t i v a­
tion, a n d  h o s t i l i t y  t o w a r d s  d i s c i p l i n e  a n d ' a u t h o r i t y . A m o n g  
r e l a t i v e l y  i n e x p e r i e n c e d  users, a c u t e  a n x i e t y  c a n  d e v e l o p  as the 
s m o k e r  g r o w s  a w a r e  t h a t  r e a l i t y  is b e c o m i n g  d i s t o r t e d .  T h e  same 
a n x i e t y  c a n  a l s o  o c c u r  w h e n  a j o i n t  o f  h i g h e r  p o t e n c y  is s m o k e d . 22 
H e a v y  u s a g e  o f  m a r i j u a n a  a c c e n t u a t e s  t h e s e  e f f e c t s .  M a r k e d  
m e m o r y  i m p a i r m e n t  a n d  c o n f u s i o n  is c o m m o n  a m o n g  s u c h  users, and 
t h e r e  is e v i d e n c e  t h a t  h e a v y  smokincr c a n  e x a c e r b a t e  m i l d  a n d  
l a t e n t  p a r a n o i a  a n d  s c h i z o p h r e n i a . 25

T h e  c o n s e q u e n c e s  t h e s e  e f f e c t s  h a v e  o n  a d o l e s c e n t s  m a y  be 
v e r y  d a m a g i n g .  A t  p r e c i s e l y  t he tim e  t h a t  d i f f i c u l t  a r r a n g e m e n t s  
n e e d  to be made, m a r i j u a n a  m a y  d i s t o r t  b o t h  the r e a l i t y  t h a t  m u s t  
be f a c e d  a n d  the j u d g m e n t  n e e d e d  to d e a l  w i t h  it. T h e  m a t u r i n g  
p r o c e s s  is i n h i b i t e d ,  a n d  a c o n c e r n  w i t h  t h e  m o m e n t  o v e r s h a d o w s  
an y a s s e s s m e n t  o f  the future. Dr. M i t c h e l l  R o s e n t h a l ,  p r e s i d e n t  
of P h o e n i x  H o u s e  in N e w  York, has s u m m a r i z e d  the c o n s e q u e n c e s  of 
m a r i j u a n a  u s e  a m o n g  a d o l e s c e n t s  as fol lo ws :

P o w e ls o n ,  T e s t  unor.', b e f o r e  Lhe S e n a te .  May LOT-.. < | i iu te , l in  R u sseL L
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To grow, to develop, to a c h i e v e  adulthood, a d o l e s c e n t s  
m u s t  c o p e  w i t h  the e m o t i o n a l  s t or m s a n d  s q u a l l s  c f  the 
t r o u b l e d  t e e n a g e  per io d . T h e y  t u r n  to m a r i j u a n a  or to 
a l c o h o l  to s e l r —m e d i c a t e  a n d  to r e l i e v e  the a n x i e t i e s  
o f  the m o m e n  . T h e y  do n e t  c o p e  a n d  t h e y  do n o t  k n o w  
h o w  to cope. T h e y  b l o w  a w a y  t h e i r  t r o u b l e s  in c l o ud s 
o f  s m o k e  a n d  t h e y  b l o w  a w a y  t h e i r  c h a n c e  o f  b e c o m i n g  
m a t u r e  a n d  r e s p o n s i b l e  a d u l t s . 24

S o c i a l  B e h a vi o r:

M a r i j u a n a  u se d o e s  a p p e a r  to f o s t e r  a l i en t at io n,  towa rd s 
b o t h  the f a m i l y  a n d  s o c i f t y  in. general. In s c h o o l  a nd c o l l e g e  
settings, the t e n d e n c y  o f  u s e r s  to for m  s u b c u l t u r e s  h o s t i l e  to 
p r e v a i l i n g  s o c i a l  c u s t o m s  a n d  a t t i t u d e s  is w e l l  known. A  larg e-  
s cale s t u d y  o f  3 o s t o n  s c h o o l c h i l d r e n ,  for example, s h o w e d  t h a t  
e a r l y  u s e  o f  the d r u g  was c l o s e l y  c o r r e l a t e d  w i t h  truancy, a l i e n a­
tion  f r o m  autho ri ty , p o o r  a c a d e m i c  a c h i e v e m e n t  and the e a r l y  use 
o f  a l c o h o l  a n d  t o b a c c o . 22

It r e m a i n s  to be s e e n  w h a t  s o r t  o f  s o c i e t y  w i l l  e m e r g e  as a 
g e n e r a t i o n  so h e a v i l y  a s s o c i a t e d  w i t h  m a r i j u a n a  a t t a i n s  “h e  
p o s i t i o n  o f  l e a d e r s h i p .

I n t e l l e c t u a l  F u n c t i o n s

M o t i v a t i o n :

It is all too c o m m o n  to h e a r  o f  a m a r i j u a n a  u s e r  who appears 
to ha ve  l o s t  all w i l l  to succeed. The  d e c l i n e  in motivation' 
a m o n g  h e a v y  and m o d e r a t e  s m o k e r s  —  and e v e n  some o c c a s i o n a l  
users —  is p r o b a b l y  the e f f e c t  n o t i c e d  m o s t  o f t e n  b y  a u s e r ' s  
friends. C h r o n i c  h e a v y  u se c a n  l e a d  to a l m o s t  total w i t h d r a w a l  
(often r a t i o n a l i z e d  in s u c h  terms as " g e t t i n g  o u t  of the rat 
race"). C l i n i c i a n s  d e a l i n g  w i t h  hi gh  s c h o o l s  a nd c o l l e g e s  r e p o r t  
c o n s t a n t l y  o f  g i f t e d  s t u d e n t s  who are m a r i j u a n a  u sers and who 
lack the d r i v e  n e c e s s a r y  to r e a c h  their full p o t e n t i a l . 23 The 
u se r is o f t e n  q u i t e  u n a w a r e  o f  ju st  h o w  g r e a t  a d e c l i n e  in m o t i v a­
tion he is e x p e r i e n c i n g ,  a n d  i ncreasingly, as Dr. Franz W i n k l e r

2 4  *1 . R o s e n th a l. ,  " M a r i ju a n a  and  E f f e c t s  on Ado L e s c e n ts . "  i$ iv e n  a t  " M a r i ju a n a :
B io m e d ic a l E f f e c t s  and  S o c ia l  Imp I i c a t i o n s , "  S econd  A n n u a l C o n fe re n c e  on 
M a r i ju a n a ,  Mew ' f o r k  U n i v e r s i t y  P o s t-G c a d u a te  M e d ic a L  S c h o o l and th e  
A m e r ic a n  C o u n c i l  on M a r i ju a n a ,  New Y o rk ,  Ju n e  2 3 -1 9 ,  1979 ( u n p u o L is h e d  
t r a n s c r i p t j .

- J C. S m ith  a n ti C. F o y g , " P s y c h o lo g ic a l  P r e d ic . i t n r s  o l ' E a r l y  U se . L a te  U se ,
and N on-U se  o f  Ma r . ju a n a  among Teenage S t u d e n t s , "  tn  D. K 'u n u e l! i e d . i . 
L o n g i t u d in a l  R e s o i . - r h on D ru g  Use •'.'<?'* Y o rk :  Hu I s te a d  P re s s .  . . • " 3 ' .

-*■' See. f "C exam ine , r i . \wiansKV ami . 1. M o u re . " E f f e c t s  >»f M a r: j t i a i i J  on
Ado I «*si o n i  .-> a id  Y u n g  \ d u l t s . "  o - u r n . i i  .• t ' .ne.  .M»e r n o i t i  M e - u c u t  A as o c  ’. i t  : o t i . 
2 ! o  no -  -  • _ :  .aid " “ .*•<!. C h r u i ;  M a r i j u a n a  a > e . "
Jtoirna i i i t !i»* -m e m  at Med i ca l  Assm* l a t  . 12 - 1 on.
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h as p o i n t e d  out, the s m o k e r  l o s e s  all i n t e r e s t  in n o r m a l  s t u d e n t  
a c t i v i t i e s :

T h e  l a s t i n g  e f f e c t s  o f  m o d e r a t e  a m o u n t s  o f  m a r i j u a n a  
a r e  m i n i m a l  in c o n t r a s t  to t he h a r m f u l  e f f e c t s  o f  e v e n  
a c o u p l e  o f  r e e f e r s  a w e e k . . . .An e a r l y  e f f e c t  o f  m a r i ­
ju a n a  a n d  h a s h i s h  u s e  is a p r o g r e s s i v e  l o s s  o f  w i l l p o w e r ,  
a l r e a d y  n o t i c e a b l e  to t h e  t r a i n e d  o b s e r v e r  a f t e r  a b o u t  
s i x  w e e k s  o f  m o d e r a t e  u s e . . . . S o o n  a l l  a b i l i t y  for r e a l  
j o y  d i s a p p e a r s ,  to b e  r e p l a c e d  b y  t h e  n o i s y  p r e t e n s e  o f  
fun. W h i l e  h e a l t h y  t e e n a g e r s  w i l l  e a g e r l y  p a r t i c i p a t e  
i n  a l l  k i n d s  c f  a c t i v i t i e s ,  s u c h  as s p o r t s ,  hik in g,  
a r t i s t i c  e n d e a v o r s ,  etc., a m a r i j u a n a  u s e r  w i l l  s h o w  a n  
i n c r e a s i n g  t e n d e n c y  to t a l k  a i m l e s s l y  o f  g r e a t  goals, 
w h i l e  d o i n g  n o t h i n g  a b o u t  t h e m . 27

A  p a r t i c u l a r l y  d i s t u r b i n g  a s p e c t  o f  t h i s  r e d u c t i o n  in m o t i v a­
t i o n  is t h a t  i n  s o m e  c a s e s  i t  m a y  b e  p e r m a n e n t .  It w i l l  b e  s h o w n  
l a t e r  t h a t  T H C  a p p e a r s  to h a v e  l o n g - t e r m  p h y s i c a l  e f f e c t s  o n . t h e  
b ra in , a n d  c l i n i c i a n s  s u c h  as P o w e l s o n  h a v e  c i t e d  s e v e r a l  i n s t a n c e s  
o f  p a t i e n t s  w h o  g a v e  up m a r i j u a n a  a n d  y e t  a r e  s t i l l  u n a n l e  to 
r e g a i n  t h e i r  n o r m a l  l e v e l  o f  m o t i v a t i o n  a n d  c o n c e n t r a t i o n  a f t e r  a 
y e a r  o r  m o r e  o f  a b s t i n e n c e . 23

L e a r n i n g  a n d  S k i l l s :

T h e  d e c l i n e  in m o t i v a t i o n  c o m m o n  a m o n g  m a r i j u a n a  u s e r s  is 
c l o s e l y  r e l a t e d  to a g e n e r a l  r e d u c t i o n  in i n t e l l e c t u a l  p e r f o r m a n c e .  
C h r o n i c  u s e  o f  t h e  d r u g  c a n  s e r i o u s l y  i n h i b i t  p o w e r s  o f  c o m p r e h e n­
sion, j u d g m e n t  a n d  l e a r n i n g  —  a n d  t h i s  e f f e c t  is n o t  c o n f i n e d  to 
t h e  p e r i o d  o f  i n t o x i c a t i o n . -  T h e  m o s t  d i s t i n c t i v e  i n f l u e n c e  is o n  
s h o r t - t e r m  m e m o r y .  T H C  a p p e a r s  to i n t e r f e r e  w i t h  the  t r a n s f e r  o f  
l e a r n e d  i n f o r m a t i o n  f r o m  the  s h o r t - t e r m  m e m o r y ,  l e a d i n g  to d i f f i­
c u l t y  in r e c a l l i n g  m a t e r i a l  l e a r n e d  w h e n  i n t o x i c a t e d . 23 G i v e n  
t he w i d e s p r e a d  d a i l y  u s e  o f  m a r i j u a n a  a m o n g  s c h o o l  c h i l d r e n ,  t h i s  
e f f e c t  has m o s t  s e r i o u s  e d u c a t i o n a l  i m p l i c a t i o n s .

T h e  u s e  o f  m a r i j u a n a  h a s  a l s o  b e e n  s h o w n  to h a v e  d e t r i m e n t a l  
e f f e c t s  o n  t h e  s m o k e r ' s  a b i l i t y  to o p e r a t e  c e r t a i n  m a c h i n e r y ,  
s u c h  as an a u t o m o b i l e  o r  a i r p l a n e .  S e v e r a l  s t u d i e s  h a v e  d e m o n­
s t r a t e d  a d i s t i n c t  i m p a i r m e n t  o f  d r i v i n g  s k i ll s,  a n d  t h a t ^ u s e r s  
a re o v e r r e p r e s e n t e d  in a c c i d e n t s  c o m p a r e d  w i t h  n o n - u s e r s . 30 It 
m u s t  be e m p h a s i z e d  t h a t  t h i s  i m p a i r m e n t  d o e s  n o t  o n l y  o c c u r  
d u r i n g  a " h i g h" ;  it c o n t i n u e s  for m a n y  h o u r s  a f t e r  the s u b j e c t i v e  
i n t o x i c a t i o n .  S i n c e  j u d g m e n t  i t s e l f  is a f f e c t e d ,  a d r i v e r  m a y  be 
t o t a l l y  u n a w a r e  t h a t  his s k i l l s  h a v e  d i m i n i s h e d  a n d  th at  his

F. F.. W ink l e r ,  About da r i j nnna (.New Vo r k : Nyri r i  I n s t i t u t e . L9 ~0 ), quoted
in R u s s e l l ,  Mu r i j u.uiu Today . p. 1 0 .
I’mu ' l snn ,  "Mu r i ju.mu pp. ()5 -‘M).
'la r i j u.Kiu and He a 1 t l i , p . 1 0 .
Severa l  -i these s t u d i e s  . ire summarized in ‘l a i  i uati.i und_ Hea i th . p. i l .
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r e a c t i o n s  are slower. A n d  s i n c e  the i n f l u e n c e  c f  aar*. r u a r a , 
u n l i k e  c h a r  os alcohol, is n o r  e a s i l y  d e t e c t e d  b y  c e d a r s , p a s s e n­
gers t r a v e l l i n g  w i r h  rhe u s e r  n a y  be u n a w a r e  o f  r h a i r  o w n  danger.

T h e r e  are c a r r a i n  a s p e c r s  o f  the e f f e c r  o f  T H C  on skills and 
i n t e l l e c t u a l  f u n c t i o n i n g  w h i c h  n e e d  ro be u n d e r s t o o d  to a o o r e c i a t e  
rhe full i m p a c t  o f  m a r i j u a n a  use, and the s h o r t c o m i n g s  of*'some 
s tud ie s.  -In the f i r s t  place, T H C  has a m u c h  g r e a t e r  i n f l u e n c e  o n  
t h e  p e r f o r m a n c e  o f  less f a m i l i a r  tasks t h a n  o n  w el l l e a r n e d  
a c t i v i t i e s .  T h e  i m p a c t  o n  t h e  student, in o t h e r  words, is l i k e l y  
to b e  m u c h  g r e a t e r  t h a n  o n  the a s s e m b l y  line worker. Furt he r mo re , 
the e f f e c t s  are d o s e  r e l a t e d  —  the h e a v y  s m o k e r  e x p e r i e n c e s  
m a r k e d l y  g r e a t e r  i m p a i r m e n t  t h a n  the o c c a s i o n a l  u s e r  (a l t h o u g h  
f r e q u e n t  b u t  l i g h t  s m o k i n g  does ha ve  a c u m u l a t i v e  effect). Thus, 
s t u d i e s  b a s e d  o n  t he r e l a t i v e l y  l o w  d o se s g e n e r a l l y  u s e d  in the 
1 96 0s  do n o t  p r o v i d e  a n  a c c u r a t e  g u i d e  to the i n f l u e n c e  o f  h i g h -  
p o t e n c y  m a r i j u a n a  c u r r e n t l y  used.

A n o t h e r  k e y  f e a t u r e  o f  t he d r u g  is t h a t  its e f f e c t  on s k i ll s 
a n d  p e r f o r m a n c e  a p p e a r s  to be c o r r e l a t e d  s t r o n g l y  w i t h  the i n t e l l i­
ge n c e  l e v e l  o f  the  user. Thus, the i m p a i r m e n t  se e n a m o n g  s t u d e n t s  
a n d  p r o f e s s i o n a l s  is u s u a l l y  g r e a t e r  t h a n  t h a t  a m o n g  p e o p l e  of 
a v e r a g e  or low i n t e l l i g e n c e .  M o r e  generally, the i m p a c t  o f  the 
d r u g  o n  m i d d l e  c l a s s  s m o k e r s  tends to be m o r e  s i g n i f i c a n t  t h a n  in 
the c a s e  o f  m a n u a l  o r  w o r k i n g  c l a s s  users. Th is  is p a r t i c u l a r l y  
i m p o r t a n t  w h e n  e x a m i n i n g  e v i d e n c e  fro m abroad, since* i n  c o u n t r i e s  
s u c h  as Egypt, M o r o c c o  o r  t he W e s t  Indies, the use o f  m a r i j u a n a  
is a h a b i t  u s u a l l y  c o n f i n e d  to the poorer, less e d u c a t e d  classes. 
O n l y  in the U n i t e d  S t a t e s  is m a r i j u a n a  w i d e l y  u s e d  b y  b e t t e r  
e d u c a t e d  s e g m e n t s  o f  s o c i e t y  —  the v e r y  g r o u p s  m o s t  p r o n e  to its 
d a m a g i n g  e f f e c t s .

B y  a p p r e c i a t i n g  th es e d i s t i n c t i o n s  in the i n f l u e n c e  o f  the 
d r u g  o n e  c a n  a p p r e c i a t e  the d e f i c i e n c i e s  o f  tests s u c h  as the 
" J a m a i c a  S t u d y , " w h i c h  is w i d e l y  c i t e d  b y  the p r o - l e g a l i s a t i o n  
l o b b y  as a d e m o n s t r a t i o n  o f  the b e n i g n  e f f e c t s  of the d r u g . 31 
In this study, the r e s e a r c h e r s  s e l e c t e d  a g r o u p  o f  t h i r t y  g a n j a  
(i.e., m a r i j u a n a )  s m o k e r s  a n d  a c o n t r o l  g ro up  o f  t h i r t y  non- 
smokers. T h e  (groups w e r e  g i v e n  a b a t t e r y  o f  p s y c h o l o g i c a l  and 
o t h e r  tests, and t h e i r  b r a i n  w a v e  p a t t e r n s  w e r e  examined. No 
signific.tnt d i f f e r e n c e s  b e t w e e n  the g r o u p s  w e r e  detected.

Th is  s t u d y  has b e e n  f a u l t e d  on s e v er al  grounds, seme o f  them 
t e c h n i c a l , 32 a n d  the fin di n gs  ran s t r o n g l y  a g a i n s t  the c l i n i c a l  
e v i d e n c e  a v a i l a b l e  in J a m a i c a . - 3 But, m o r e  importantly, the

V .  H u h  i » a n d  L .  u . i i n i L J b ,  ■j . m  i a  i : :  i . nnu : A  V!v**t i r . i  i. . 'inc: i n o o  l o g  l c j  I
S l m l v  O i r m r .  c  I !u r ; u . m u  L s e  ' h e  H a g u e .  T h e  ' l e ’. h e r  : ' l u i i U t l  ? r c  S ;
l ~ "  . . “

"‘e e  H u s s c ' l i .  !.i 11.in.i I'.ii.iy. up. '••itt.i*- . \ e y . ’ t :  :::=■ a m s  s . pr?.

I') I -  i • > 1 .
H u s s e H ,  ' l i  i' • M . t i i . i  r - . H . i V  . i i . .
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s t u d y  i g n o r e d  b o t h  t h e  r e l a t i o n s h i p  b e t w e e n  i n t e l l e c t u a l  c a p a c i t y  
a n d  i m p a i r m e n t ,  a n d  the d i f f e r e n c e  in the i n f l u e n c e  c f  T H C  or 
s k i l l e d  as o p p o s e d  to s i m p l e  a n d  f a m i l i a r  tasks.

3 r a i n  D a m a g e

T h e  p e r s o n a l i t y  a n d  l e a r n i n g  i m p a i r m e n t  a s s o c i a t e d  w i t h  
m a r i j u a n a  u s e  l e a d s  n a t u r a l l y  to the" q u e s t i o n ,  " Do es  m a r i j u a n a  
a c t u a l l y  c a u s e  p h y s i c a l  d a m a g e  to t h e  "brain?" T h e r e  is n o w  a 
s t r o n g  b o d y  o f  e v i d e n c e  to s u g g e s t  t h a t  it d o e s  —  i n  w a y s  c o n s i s­
t e n t  w i t h  c l i n i c a l  o b s e r v a t i o n s .

T h e  m o s t  i m p o r t a n t  w o r k  i n  t h i s  f i e l d  has  b e e n  c o n d u c t e d  jy 
Dr. R o b e r t  H e a t h  o f  T u l a n e  U n i v e r s i t y  M e d i c a l  S c h o o l .  In t he 
m o s t  s i g n i f i c a n t  t e s t  u n d e r t a k e n  b y  H ea th ,  g r o u p s  o f  r h e s u s  
m o n k e y s  w e r e  u s e d  to e x a m i n e  t h e  p h y s i c a l  e f f e c t s  o n  the b r a i n  
r e s u l t i n g  f r o m  m a r i j u a n a  use. T h i s  s p e c i e ?  o f  m o n k e y s  ha s a 
c e n t r a l  n e r v o u s  s y s t e m  v e r y  c l o s e  to t^iat c f  man, a n d  is w i d e l y  
u s e d  as a n  i n d i c a t o r  o f  t h e  c o n s e q u e n c e s  o f  t h e r a p e u t i c  a n d  o t h e r  
d r u g  u s e  o n  h u m a n s .  B y  u s i n g  m o n k e y s ,  E e a t n  w a s  a b l e  to r e m o v e  
m a n y  p r o b l e m s  a s s o c i a t e d  w i t h  h u m a n  v o l u n t e e r s  —  s u c h  as l e g a l  
i s s u e s  a n d  the d i f f i c u l t y  o f  k e e p i n g  a t i g h t  c o n t r o l  o n  t h e  l e v e l  
o f  d r u g  use. H e  w a s  a l s o  a b l e  to s a c r i f i c e  t h e  m o n k e y s  a n d  
c o n d u c t  a c l o s e  e x a m i n a t i o n  o f  t h e  b r a i n  t i s s u e  o f  e a c h  a n i m a l .
In t h e  t e s t  T H C  w a s  a d m i n i s t e r e d  b o t h  b y  s m o k e  i n h a l a t i o n  a n d  b y  
i n j e c t i o n  —  the i n t a k e  b e i n g  e q u i v a l e n t  to t h a t  n o r m a l l y  f o u n d  
a m o n g  h u m a n  u s e r s .  T h e  m o n k e y s  w e r e  e x p o s e d  to the d r u g  f o r  s i x  
m o n t h s  a n d  s t u d i e d  for a f u r t h e r  e i g h t  m o n t h s  a f t e r  the d r u g  w a s  
w i t h d r a w n ,  u s i n g  d e e p  a n d  s u r f a c e  e l e c t r o e n c e p h a l o g r a m s  (EEG), 
a f t e r  w h i c h  t h e y  w e r e  s a c r i f i c e d  a n d  e x a m i n e d .

H e a t h . f o u n d  d i s t i n c t  c h a n g e s  in the b r a i n  w a v e  p a t t e r n  in 
the " d ee p b r a i n  s i t e s "  o f  t he l i m b i c  r e g i o n  —  the a r e a  a s s o c i a t e d  
w i t h  smell, taste, e m o t i o n ,  p l e a s u r e ,  a n d  the c o n t r o l  o f  d r i v e s .  
T h i s  c h a n g e  w a s  n o t i c e a b l e  a f t e r  two to t h r e e  m o n t h ' s  use by 
m o n k e y s  s u b j e c t e d  to the e q u i v a l e n t  o f  h e a v y  o r  m o d e r a t e  i n t a k e  
b y  h u m a n s .  T h e r e  w a s  no s u c h  e f f e c t  in the c o n t r o l  group. T h e  
a l t e r a t i o n  in t h e  d e e p  b r a i n  p a t t e r n  r e s e m b l e d  t h a t  a s s o c i a t e d  
w i t h  c o n d i t i o n s  s u c h  as s c h i z o p h r e n i a ,  a n d  w i t h  the r e d u c t i o n  o f  
a w a r e n e s s .  H e a t h  c o n t i n u e d  to m o n i t o r  the d e e p  b r a i n  t h r o u g h o u t  
an e i g h t - m o n t h  p e r i o d  a f t e r  T H C  i n t a k e  w as c e a s e d ,  d u r i n g  w h i c h  
t i m e  the c h a n g e  in p a t t e r n  c o n t i n u e d  —  s u g g e s t i n g  l o n g - t e r m  a n d  
p o s s i b l y  p e r m a n e n t  b r a i n  d a m a g e .

A f t e r  t he e i g h t - m o n t h  p e r i o d  the m o n k e y s  w e r e  s a c r i f i c e d  a n d  
t h e i r  b r a i n  t i s s u e  c a r e f u l l y  s t u d i e d .  E l e c t r o n  m i c r o s c o p e  a n a l y s i s  
r e v e a l e d  d i s t i n c t  d a m a ge , p a r t i c u l a r l y  at the s y n a p t i c  j u nc tion, 
w h e r e  o n e  n e r v e  c e l l  c o n n e c t s  w i t h  t he n e x t  —  r e g i o n s  t h a t  are 
c r u c i a l  to the o p e r a t i o n  o f  the c e n t r a l  n e r v o u s  syst em . Thi s  
d a m a g e  i n c l u d e d  a w i d e n i n g  o f  the s y n a p t i c  c l e f t  (i.e., the gap 
b e t w e e n  the c e i l s )  b y  an a v e r a g e  o f  25 p e r c e n t ;  w h i c h  is a c o n d i­
tion  s e e n  m  b r a i n  p o i s o n i n g  a s s o c i a t e d  w i t h  s u b s t a n c e s  s u c h  as 
c a r b o n  t e t r a c h l o r i d e  a nd in c a s e s  o f  s e v e r e  v i t a m i n  B d e f i c i e n c y  
l e a d i n g  to p s y c h o s i s .  H e a t h  a l s o  n o t e d  t h a t  d e n s e  m a t e r i a l  was
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d e p o s i t e d  in tide c l a m s ,  and, a m o n g  o t h e r  effects. ch ar s w a r s  
c h a n g e s  w i r h i n  the c a l l s  a c t i v e  i n  m e m o r y  1u n c c2.cn.34

_ T h e  c h a n g e s  in cha b r a i n  o b s e r v e d  b y  H e a t h  c c r r a s p c n d  w i h h  
che b e n a v i o r a l  a n d  l a a m i n g  f u n c t i o n  a l c a r a c i o n s  d e s c r i b e d  aarlisr. 
Sis s t u d i e s  s h o w  c l a a r l y  cha c T H C  has a d e c a c c a h l a  p h y s i c a l  
e f f a c e  o n  che brain, e v e n  c h o u g h  the i m p l i c a t i o n s  o f  the e f f e c t  
ara n o t  known. M o s t  d i s t u r b i n g  o f  all, his e x p e r i n a n t s  s u g g e s t  
C h a t  c he c h a n g e s  in the b r a i n  t i s s u e  m a y  be permanent, a v e n  a m o n g  
m o d e r a t e  m a r i j u a n a  smokers.

W h i l e  H e a t h ' s  e x p e r i m e n t s  h a v e  p r o v o k e d  c o n s i d e r a b l e  c o n t r o­
versy, b o t h  r e g a r d i n g - the m e t h o d o l o g y  a n d  che m e a n i n g  o f  che 
results, t h e r e  is s u p p o r t i n g  e v idence. A  1971 study, for instance, 
u s e d  a i r  e n c e p h a l o g r a p h y  to e x a m i n e  the b r a i n s  o f  a group of 
y o u n g  smokers, e a c h  o f  w h o m  had. 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  for 
m a n y  v e e r s  a n d  w e r e  e x p e r i e n c i n g  s e v e r e  p e r s o n a l i t y  c h a n g e s . T h e  
study, c o n d u c t e d  at the R o y a l  U n i t e d  H o s p i t a l  in Bristol, England, 
c o n c l u d e d  t h a t  th er e  was e v i d e n c e  o f  as m u c h  b r a i n  a t r o p h y  a m o n g  
the g r o u p  as w o u l d  be e x p e c t e d  in v e r y  e l d e r l y  people. N o n e  o f  
the t e s t  g r o u p  d i s p l a y e d  c l e a r  e v i d e n c e  o f  a n y  c o n d i t i o n  p r i o r  to 
s m o k i n g  the d r u g  tha t  m i g h t  ha ve  p r o d u c e d  s u c h  a level of* d e g e n e­
r a t i o n . 3 *

M o r e  r e c a n t  research, u s i n g  C A T  s c a n n e r s  to e x a m i n e  the 
b r a i n s  o f  c h r o n i c  users, has f a i l e d  to c o n f i r m  the 3 r is to l 
results, however,' a n d  so f u r t h e r  t e s t i n g  is c l e a r l y  n e c e s s a r y  
b e f o r e  a n y  f i r m  c o n c l u s i o n s  c a n  be r e a c h e d  o n  the q u e s t i o n  of 
b r a i n  damage..36 N e v e r t h e l e s s ,  the w e i g h t  o f  e x i s t i n g  e v i d e n c e  
do es  sugq'est t h a t  t here is 'good r e a s o n  to b e l i e v e  that p o t e n t i a l l y  
s e r i o u s  p h y s i c a l  e f f e c t s  on the b r a i n  do r e s u l t  from c h r o n i c  
m a r i j u a n a  use.

D i s e a s e  and Cell D i v i s i o n

R e c e n t  r e s e a r c h  has s h o w n  t h a t  T HC seems n o t  onl y to have 
v e r y  d a m a g i n g  e f f e c t s  o n  Che cells o f  the brain, but  also that it 
m a y  h a v e  an i m p a c t  o n  ce ll s r e l a t e d  to the i m m u n i t y  system. W o r x  
b y  G a b r i e l  Nahas, for example, s h o w e d  that the cell d i v i s i o n  r at e

*4 R. G. H e a th ,  " M a r i ju a n a :  E f f e c t s  on Deep and S u r fa c e  E le c tro e n c e p n a L o g ra m s
o f  R hesus M o n k e y s ,"  N e u ro o h a  cm, L2 f L 9 7 3 ) .  p p . L - h ; H e a th  and V . M y e rs ,  
" C a n n a b is  S a t iv n :  U l t r a s  t r u c t u r a  L C hanges in  O r g a n e l le s  o f  . 'fe u ro n s  in
3 rn  l ti S e D t a L  R e g io n  o f  M o n k e y s ,"  J o u rn a l,  o f  H e u ro s c ie n c e  R e s e a rc h . 4
( 1 07 9 ) , p p . 9 - L 7 .  ~  ' ..............
A . C a m p b e ll,  M. E v a n s , G. T hom pson , and M. W i l l i a m s .  " C e r e o r a l  A t r o p h y  in  
Vountt C u n m b is  S m o k e rs ."  L a n c e t . J i l O ' l 1 , p p . 1 2 1 9 -1 2 2 * .
K.  C a .  D.  d i n t . i u m .  *!. C. i h x . ‘ I .  M i k n a e l ,  win S .  H i i i .  " A b s e n c e  1 :  G e r s o r a i  
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1 i i cMa l  1 ' ir* '•.!!!(• '• 11 in M e d i c . 1 ; As si.*, *. .11 i " t i . _ 17 • : 17“  . . pp .  i  _ 2 ' ! - i  2 2 0 .



for t h e  l y m p h o c y t e s  o f  a g r o u p  o f  h u m a n  u s e r s  w a s  o v e r  40 p e r c e n t  
l o w e r  t h a n  for a c o n t r o l  g r o u p  ( l y m p h o c y t e s  a re w h i t e  b l o o d  c e l l s  
t h a t  d i v i d e  r a p i d l y  a n d  a t t a c k  v i r u s e s  a n d  f o r e i g n  t i s s u e ) .  T h i s  
r e s u l t  w o u l d  m e a n  a d r a s t i c  r e d u c t i o n  in t he a b i l i t y  o f  u s e r s  to 
f i g h t  d i s e a s e s  —  a r e d u c t i o n  c o m p a r a b l e  w i t h  t h a t  f o u n d  in 
c a n c e r  p a t i e n t s  a n d  k i d n e y  t r a n s p l a n t  p a t i e n t s  r e c e i v i n g  i m m u n o­
s u p p r e s s i v e  d r u g s  to p r e v e n t  r e j e c t i o n  ( t h e s e  p a t i e n t s  are h i g h l y  
p r o n e  to i l l n e s s ) . 37

T h e  i n f l u e n c e  o f  T H C  o n  c e l l  d i v i s i o n  s e e m s  to e x t e n d  e v e n  
f u r t h e r  t h a n  t h e  i m m u n i t y  s y s t e m .  R e s e a r c h  f i n d i n g s  p r e s e n t e d  b y  
t w e l v e  d i f f e r e n t  m e d i c a l  g r o u p s  a t  a 197 3  i n t e r n a t i o n a l  c o n f e r e n c e  
o n  m a r i j u a n a  i n d i c a t e d  t h a t  u s e  o f  th e d r u g  c a u s e s  s t r o n g  i n t e r­
f e r e n c e  w i t h  t he s y n t h e s i s  o f  p r o t e i n s ,  D N A  a n d  R N A  (the b a s i c  
" b u i l d i n g  b l o c k s "  o f  c e l l s )  i n  a w i d e  r a n g e  o f  c a l l  types. T h e  
s u b s t a n c e  w a s  a l s o  s h o w n  to i m p a i r  t h e  r a t e  o f  t i s s u e  growt h,  to 
l e a d  to u n n a t u r a l  c e l l  d i v i s i o n ,  a n d  t o ^ t h e  p r o d u c t i o n  o f  c e i l s  
w i t h  a n  a b n o r m a l  n u m b e r  o f  c h r o m o s o m e s . 33 F u r t h e r  w o r k  is n e e d e d  
i n  t h i s  area, b u t  it s h o u l d  b e  n o t e d  t h a t  c h r o m o s o m e  d a m a g e  in 
c e r t a i n  c e l l s  d o e s  l e a d  to l e u k e m i a  a n d  o t h e r  c o n d i t i o n s  ? a n d  
s i m i l a r  d a m a g e  to g o n a d a l  t i s s u e  c o u l d  a f f e c t  t he p h y s i c a l  a n d  
m e n t a l  c h a r a c t e r i s t i c s  o f  c h i l d r e n  c o n c e i v e d  fr o m the s p e r m  or 
e g g  c e l l s  o f  a m a r i j u a n a  user.

R e p r o d u c t i o n

‘S e v e r a l  s t u d i e s  h a v e  b e e n  C o n d u c t e d  r e c e n t l y  to d e t e r m i n e  
t h e  e f f e c t  o f  T H C  o n  the m a l e  r e p r o d u c t i v e  system. R e s e a r c h  b y  
Dr. R o b e r t  K o l o d n y ,  u s i n g  a g r o u p  o f  y o u n g  m a l e s  w h o  w e r e  h e a v y  
u s e r s  ( a v e r a g i n g  9 . 4  j o i n t s  p e r  w ee k) , f o u n d  t h a t  the p r i n c i p a l  
m a l e  h o r m o n e ,  t e s t o s t e r o n e ,  w as r e d u c e d  b y  4 4  p e r c e n t  w i t h i n  the 
g r o u p  ( a l t h o u g h  this w a s  s t i l l  w i t h i n  th e  n o r m a l  r a n g e  for the 
p o p u l a t i o n ) . 3 '̂ T h e  h o r m o n e  p l a y s  an i m p o r t a n t  r o l e  in s e x u a l  
c h a n g e  d u r i n g  a d o l e s c e n c e ,  a n d  in s p e r m  p r o d u c t i o n .  W h e t h e r  th is  
r e d u c t i o n  h as a s i g n i f i c a n t  e f f ec t,  o r  if it is p e r m a n e n t  w i t h  
c h r o n i c  use, is n o t  y e t  known.

T w o  o t h e r  s t u d i e s  o f  s m o k e r s  i n d i c a t e  t h a t  c h r o n i c  h e a v y  us e 
d o e s  r e s u l t  in a b n o r m a l t i e s  in the s p e r m  count, an d t h a t  it 
a f f e c t s  the m o b i l i t y  a n d  p h y s i c a l  c h a r a c t e r i s t i c s  o f  s p e r m . 40

G. M a h a s , N. S u c iu - F o c a ,  J .  A rm a n d , and  A . M a r is h im a ,  " I n h i b i t i o n  o f  
C o LL-M ed  Lea Led Im m u n ity  in  M a r i ju a n a  S m o k e rs , "  S c ie n c e , LSJ ( 1 9 7 4 ) ,  p p . 
4 L 9 -4 2 Q ; M a h a s , Keep O f f  th e  G r a s s , p p . L ib - 1 2 2 .
G. N a h a s , W. P a to n  a nd  J .  L n d a n p a a n - H e ik k i la  ( e d i t . ) ,  M a r i ju a n a :  C h e m is t r y .
B io c h e m is ty  a m i C e l l u l a r  E f f e c t s  (New Y o r k :  S p r in g e r  V e rL a g ,  1 9 7 6 ) .
R. K o lo d n y ,  W. M a s te r s  and  o t h e r s ,  " D e p r e s s io n  o f  P ljs m a  T e s to s te r o n e  
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R e p o r t s  f r o m  Jamaica, Mo rocco, India, a n d  this c o u n t r y  also 
-■tdicate s n i g h  level o f  i m p o t e n c e  a m o n g  i o n g - t a r m  u s e r s .4 * As 
yet, t h e r e  ara no p u b l i s h e d  r a p o r t s  o f  a c o r r e l a t i o n  b e t w e e n  
m a r i j u a n a  use a n d  a b n o r m a l  o ff sp r i n g .

T e s t i n g  the a f f a c t s  o f  T H C  o n  w o m e n  —  e s p e c i a l l y  o r a g n a n t  
w o m e n  —  u o s a s  e t h i c a l  a n d  legal p r o b l e m s .  R he su s m o n k e y s  h a v e  
t h e r e f o r e  b e e n  u s e d  for c e r t a i n  o f  t h e s e  tests, b o t h  to o v e r c o m e  
s u c h  p r o b l e m s  a n d  to e n a b l e  d o s a g e  to be t i g h t l y  c o n t r o l l e d .  B u t  
t h e r e  is also a g o o d  d e a l  o f  c l i n i c a l  h u m a n  e v i d e n c e  availa bl e .

R e s e a r c h  b y  Dr. C a r o l  S m i t h  o n  m o n k e y s  has s h o w n  th at  e x p o s u r e  
to T H C  for j u s t  a few d a y s  during- the m e n s t r u a l  c y c l e  c a n  l e a d  to 
the s u p p r e s s i o n  o f  o v u l a t i o n  a n d  the d i s r u p t i o n  of the cycle, d ue 
a p p a r e n t l y ^ t o  a n  i n t e r r u p t i o n  in the p r o d u c t i o n  o f  n e c e s s a r y  
h o r m o n e s . 42 T h e  m e n s t r u a l  c y c l e  r e t u r n s  to n or m al  two to t h r e e  
m o n t h s  a f t e r  u s e  o f  the d r u g  ceases. Dr. J o a n  3 a u m a n  o f  the 
M a s t e r s  a n d  J o h n s o n  C l i n i c  in St. Louis, s t u d i e d  the m e n s t r u a l  
c y c l e s  o f  y o u n g  v o l u n t e e r s  w ho w e r e  f r e q u e n t  u s e r s  o f  m a r i j u a n a  
(an a v e r a g e  o f  4 j oints p e r  week), a n d  h a d  b e e n  so for at l e a s t  
six m o nt hs . T h e  g r o u p  w as t h e n  c o m p a r e d  w i t h  a control. Dr.
B a u m a n  f o u n d  t h a t  38 p e r c e n t  o f  t h e  m a r i j u a n a  u sers e x p e r i e n c e d  
p r o b l e m s  w i t h  t h e i r  cycles, c o m p a r e d  w i t h  12.5 p e r c e n t  c f  the 
c o n t r o l  grc'vp, a n d  a s u b s t a n t i a l  n u m b e r  o f  t he m f a il ed  to ovulate. 
T h e  u s e r s  w e r e  also p r o n e  to o t h e r  i r r e g u l a r i t i e s ,  s u c h  as h o r m o n e  
i m b a l a n c e . 43 A l t h o u g h  it is n o t  p o s s i b l e  to m o n i t o r  p r e c i s e l y  
the drug'“hah its o f  s u c h  vo lu nt e e r s ,  the h u m a n  r e s u l t s ' c o m p a r e d  
s u f f i c i e n t l y  c l o s e l y  w i t h  m o r e  e x a c t  a n i ma l tests for t h e  c o n c l u­
sio n  to be r e a c h e d  t h a t  m a r i j u a n a  u se r e s u l t s  in d e f i n i t e  i r r e g u­
lari t i e s  i n  the cycle.

M o r e  s e r i o u s  t h a n  the e v i d e n c e  on the m e n s t r u a l  cycle, 
however, are the s t r o n g  i n d i c a t i o n s  th at  T H C  m a y  be v e r y  d a m a g i n g  
to the unborn. T e s t s  b y  Dr. E t h e l  S a s s e n r a t h  o f  the U n i v e r s i t y  o f 
C a l i f o r n i a  P r i m a t e  R e s e a r c h  Center, in w h i c h  rhesus m o n k e y s  we r e 
e x p o s e d  to m o d e r a t e l y  h e a v y  doses o f  m a r i j u a n a  (the e q u i v a l e n t  o f  
b e t w e e n  one and two j o i nt s p e r  day), r e s u l t e d  in a 42 p e r c e n t  
loss o f  o f f s p r i n g  b y  the m o n k e y s  t h r o u g h  s p o n t a n e o u s  abortion, 
fetal d e a t h ,” st i l l b i r t h s  o r  d e a t h  in e a r l y  i n f a n c y  —  four times 
the r a t e  in the c o n t r o l  group. P o s t  m o r t e m  e x a m i n a t i o n s  of the 
o f fs pr in g,  moreover, r e v e a l e d  a n u m b e r  o f  a b n o r m a l t i e s , s u c h  as 
fluid in the brain, t o g e t h e r  w i t h  vascular, l iver and k i d n e y

11 J .  H a l l ,  T e s t im o n y  b e fo r e  th e  S e n a te  S u b c o m m itte e  on  i n t e r n a l  S e c u r i t y ,
May 1 97 4 , r e f .  SO, p » . 1 - 7 - 1 3 4 ;  i l .  3 . .Jones and  H. C . J o n e s , S ensuaL D ru g s : 
O e n r iv n t io n  and R e h a b i l i t a t i o n  o f  th e  Mi m l l'le*.v Y o r k :  C a m b r id g e  L’m v e r s i f .
P r e s s , 1977 ) .
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d i s o r d e r s . 44 E x p e r i m e n t s  u s i n g  r a d i o a c t i v e  T H C  ( a l l o w i n g  
its p r o g r e s s  t h r o u g h  th e b o d y  to b e  t r a c e d )  h a v e  s h o w n  t h a t  the 
d r u g  a p p e a r s  i n  t h e  m i l k  o f  t he m o t h e r  a n d  p a s s e s  i n t o  t he b o d i e s  
o f  t he i n f a n t s  b e i n g  n u r s e d .  F u r t h e r m o r e ,  t h e r e  is e v i d e n c e  t h a t  
T H C  p a s s e s  t h r o u g h  t he p l a c e n t a l  b a r r i e r ,  a n d  l o d g e s  i n  t h e  f a t t y  
t i s s u e  a n d  v a r i o u s  o r g a n s  o f  t he fetus, i n c l u d i n g  t h e  b r a i n . 45

T h e s e  r e s u l t s  are v e r y  a l a r m i n g .  T h e  c o n s e q u e n c e s  o f  m a r i ­
ju a n a  u s e  b y  p r e g n a n t  w o m e n  a n d  m o t h e r s  h a s  y e t  to b e  f u l l y  
d e t e r m i n e d ,  b u t  th e evide: ;e so f a r  i n d i c a t e s  t h a t  u s e  o f  the  
d r u g  m a y  b e  e x t r e m e l y  dan  ̂ e r o u s  o r  e v e n  f a t a l  to the u n b o r n  
c h i ld .

T h e  H e a r t  a n d  L u n g s

M a r i j u a n a  u s e  t e n d s  to i n c r e a s e  t h e  h e a r t  rate, l e a d i n g  to a 
r e d u c e d  c a p a c i t y  for e x e r c i s e  —  a l t h o u g h  t h i s  e f f e c t  d o e s  d i m i n i s h  
as t o l e r a n c e  to the  d r u g  b u i l d s  up. F o r  y o un g , h e a l t h y  u s e r s  
this p r e s e n t s  no p a r t i c u l a r  d a n g er , b u t  in t h e  c a s e  o f  s m o k e r s  
w i t h  p r e - e x i s t i n g  h e a r t  c o n d i t i o n s ,  m a r i j u a n a  c a n  a c c e l e r a t e  t h e  
d e v e l o p m e n t  o f  c h e s t  p a i n s  a n d  h e a r t  i r r e g u l a r i t i e s . 46

R e s u l t s  o f  t e s t  e x a m i n i n g  the e f f e c t  o f  m a r i j u a n a  s m o k i n g  o n  
t h e  l u n g s  a re m o r e  d i s t u r b i n g ,  i n d i c a t i n g  n o t  o n l y  t h a t  t he d r u g  
is c o n n e c t e d  w i t h  l u n g  dama ge , b u t  a l s o  t h a t  t h i s  d a m a g e  m a y  be 
m o r e  s e v e r e  t h a n  t h a t  a s s o c i a t e d  w i t h  t o b a c c o .  T h e  U.S. A r m y ' s  
d r u g  p r o g r a m  i n  Europe, b e t w e e n  1963 a n d  1972, f o r  exatnple', 
r e v e a l e d  a h i g h  i n c i d e n c e  o f  s e r i o u s  r e s p i r a t o r y  a i l m e n t s  a v o n g  
s o l d i e r s  w i t h  a c c e s s  to the v e r y  p o t e n t  s t r a i n s  o f  m a r i j u a n a  t h e n  
a v a i l a b l e  in E u r o p e .  B r o n c h i t i s  a n d  e m p h y s e m a  w e r e  s e e n  e v e n  
a m o n g  y o u n g  s m o k e r s .  E m p h y s e m a ,  in p a r t i c u l a r ,  is a d i s e a s e  
u s u a l l y  a s s o c i a t e d  w i t h  l a t e r  life, a n d  to f i n d  it a m o n g  y o u n g  
s o l d i e r s  w a s  m o s t  u n u s u a l .  As Dr. F o r r e s t  T e n n e n t ,  w h o  h e a d e d  
the study, t e s t i f i e d  to the Sena te :

E v e n  t h o u g h  a p e r s o n  c a n  g e t  b r o n c h i t i s  a n d  e m p h y s e m a  
f r o m  c i g a r e t t e  s m o k i n g ,  o n e  m u s t  u s u a l l y  s m o k e  c i g a r e t t e s  
for 1 0 - 2 0  y e a r s  to g e t  t h e s e  c o m p l i c a t i o n s .  W e  b e c a m e  
a l a r m e d  a b o u t  this b e c a u s e  w e  b e g a n  s e e i n g  t h e s e  c o n d i­
tio n s  in IF-, 19-, a n d  2 0 - y e a r - o l d  m e n . 47

E. S a s s e n r a t h ,  1 . Chapm an a nd  G. G oo , " R e p r o d u c t io n  in  R h esu s  M o n ke ys  
C h r o n ic a  1 Ly E x p o s e d  to  D e I t a - 9 - T e t r a l i y d r o c a n n a b in o I , "  in  Mahas a nd  P a t o n ,  
M a r i j u a n a :  B i o l o g i c a l  E f f e c t s .
R. V a r d i s ,  D. W e i s z ,  A.  F a z eL  and  A.  R a w i t c h ,  " C h r o n i c  . d m i n i s t r a t i o n  o f  
D e 1 t a - 9 - T e t r n h y d r o c a n n a b i n o L  t o  P r e g n a n t  R a t s . "  P ha .'m co  l o g y  . 3 i o c h e m i s t r y  
■nul B e h a v i o r , A ( 1 9 7 6 ) ,  pp .  3 A 9 - 2 5 4 .
R. P r a k a s h  and  W. A ra n o '.v , " E f f e c t  o f  . M a r i j u a n a  on C o c o n u r y  D i s e a s e , "  
C l i n i c a l  P h a r m a c o l o g y  and  T h e r a u e u t i c s . 19,  t v  i l 9 7 b ; ,  p p .  9 4 - a y .
!•'. T e n n a n t .  J r . .  T e s t i m o n y  b e t ' o t a t h e  S e n a t e  Suln-om im  t t e e  o n  I n t e r n a l  
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A n  e x a m i n a t i o n  b y  Dr. H a r r i s  R o s e n k r a n t r  o f  ihe M a s o n  R e s e a r c  
I n s t i t u t e  in M a s s a c h u s e t t s ,  f ou nd  that: the e x p o s u r e  o f  l a b o r a t o r y  
rats to o n l y  m o d e r a t e  a m ou nt s o f  m a r i j u a n a  s m ok e led to a d i s t i n c t  
— r a t i o n  m  l u n g  tissue. T h e s e  e f f e c t s  i n c l u d e d  i n t en se  i n t i a m -  
m a t i o n , ^ a  b r e a k d o w n  o f  the air sacs, a n d  the f o r m a t i o n  o f  d e p o s i t s  
in t h e  l u n g  tiss ue . T h e  a i r  c a p a c i t y  o f  the lun g was also r e d u c e d  
b y  1 5-20 p e r c e n t .  C o n t r o l  e x p e r i m e n t s  s h o w e d  c l e a r l y  t h a t  far 
m o r e  d a m a g e  o c c u r r e d  than w i t h  the sa m e d e g r e e  o f  e x t o s u r e  to 
t o b a c c o  s m o k e . 43

T e s t  c o n d u c t e d  w i t h  h u m a n s  h a v e  r e a c h e d  s i m i l a r  c o n c l u s i o n s .
A  U n i v e r s i t y  o f  C a l i f o r n i a  study, for example, m a t c h e d  a g r o u p  o f  
h e a l t h y  u s e r s  w i t h  a c o n t r o l  gr ou p a n d  f o u n d  a 25 p e r c e n t  h i g h e r  
a i r w a y  r e s i s t a n c e  in the lungs o f  the m a r i j u a n a  smoke rs  a f te r 
j u s t  two m o n t h s  o f  h e a v y  u s e . 49 T h i s  l ev e l o' r e s i s t a n c e  r a r e l y  
o c c u r s  a m o n g  t o b a c c o  s m o k e r s  b e f o r e  f i f t e e n  or t w e n t y  y e a rs  of 
u s e .

T h e r a p e u t i c  Uses for M a r i i u a n a

L i k e  m a n y  d r u g s  t h a t  e x h i b i t  d a m a g i n g  e f fe ct s w i t h  c h r o n i c  
usage, T H C  d o e s  s e e m  to h a v e  s o m e  u s e f u l  p r o p e r t i e s  for p a t i e n t s  
w i t h  c e r t a i n  c o n d i t i o n s .  It a p pe ar s to b e  effective, for example, 
in p r o v i d i n g  r e l i e f  for c e r t a i n  g l a u c o m a  s u f f e r e r s  —  a l t h o u g h  
n o n - p s y c h o a c t i v e  d r u g s  c a n  a c h i e v e  the sam e res ul ts  in m a n y  
c a s e s .

O f  m u c h  g r e a t e r  i m p o r t a n c e  is the p o s s i b i l i t y  of u s i n g  T H C  
as a t r e a t m e n t  f or s e v e r e  n a u s e a  o f t e n  a s s o c i a t e d  w i t h  c h e m o t h e r a­
py. T h e  N a t i o n a l  C a n c e r  I n s t i t u t e  r e c e n t l y  e m b a r k e d  o n  a 51 
m i l l i o n  p r o g r a m  to d i s t r i b u t e  T H C  c a p s u l e s  to a large n u m b e r  o f 
c a n c e r  p a t i e n t s  u n d e r g o i n g  c h e m o t h e r a p y .  Sy u s i n g  T HC in c a p s u l e  
form, r a t h e r  t h a n  c i ga r e t t e s ,  the p o s s i b i l i t y  of lung d a m a g e  is 
avoided. S o m e  c r i t i c s  of the p r o g r a m  do, however, m a i n t a i n  th at  
c a p s u l e s  are i n f e r i o r  to s m o k i n g  the drug, and there is some 
e v i d e n c e  a v a i l a b l e  to s u p p o r t  s u c h  a c l a i m  in the case o f  c e r t a i n  
p a t i e nt s . F u r t h e r  t e s t i n g  is n e c e s s a r y  to d e t e r m i n e  the cases 
w h e r e  i n h a l a t i o n  m i g h t  be an a p p r o p r i a t e  m e t h o d  o f  a d m i n i s t e r i n g  
the d r u g  u n t i l  an e f f e c t i v e  s y n t h e t i c  v e r s i o n  becom e s available.

T h e  use o f  T H C  for t h e r a p e u t i c  p u r p o s e s  is not w i t h o u t  its 
p r o b l e m s .  P a t i e n t s  run che ri s k of the d a m a g i n g  results of 
m a r i j u a n a  d i s c u s s e d  earlier, b u t  these risks are muc h lower in 
m e d i c a l  p r o g r a m s .  M o s t  of the d a m a g i n g  effects a s s o c i a t e d  w i t h  
the d r u g  a p p e a r  to r e s u l t  from m o d e r a t e  to h e a v y  use for a l o n g e r  
p e r i o d  t h a n  is usual m  m e d i c a l  p u r p o s e s . A n d  the dru g can be
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a v o i d e d  i n  t h e  c a s e  o f  h i g h - r i s k  p a t i e n t s .  B u t  if T H C  w as w i d e l y  
d i s t r i b u t e d ,  e v e n  u n d e r  p r e s c r i p t i o n ,  i t  w o u l d  b e  d i f f i c u l t  to 
e n s u r e  s u c h  c o n t r o l .  A n o t h e r  p r o b l e m  w i t h  t h e  d r u g  is t h a t  its 
p s y c h o a c t i v e  e f f e c t s  c a n  b e  v e r y  d i s t u r b i n g  to s o m e  p a t i e n t s ,  
p a r t i c u l a r l y  o l d e r  ones. A g a i n ,  c a r e f u l l y  c o n t r o l l e d  u s e  a l l o w s  
t h e s e  s i d e - e f f e c t s  to b e  d e t e c t e d  a t  a n  e a r l y  p o i n t .  C e r t a i n  
d r u g s  t h a t  a r e  c h e m i c a l l y  s i m i l a r  to T H C  ( s u c h  as l e v o - n a n t r a d o l ) 
a r e  c u r r e n t l y  b e i n g  t e s t e d  to s e e  i f  t h e y  m a y  b e  s u p e r i o r  in 
c e r t a i n  i n s t a n c e s . 30

C o n s i d e r a t i o n  o f  T H C  as a t h e r a p e u t i c  d r u g  is n o t  in a n y  w a y  
i n c o n s i s t e n t  w i t h  t h e  p o s i t i o n  t h a t  i t  is v e r y  h a r m f u l  in g e n e r a l .  
S o m e  h i g h l y  d a n g e r o u s  d r u g s  a r e  v e r y  b e n e f i c i a l  in c e r t a i n  c i r c u m­
stan c e s ,  b u t  t h i s  d o e s  n o t  i m p l y  t h a t  t h e y  s h o u l d  b e  m a d e  f r e e l y  
a v a i l a b l e .  O c c a s i o n a l  u s e  o f  T H C  c a p s u l e s  b y  s o m e  c a r e f u l l y  
c h o s e n  p a t i e n t s  is n o t  t he s a m e  as c h r o n i c  h e a v y  s m o k i n g  of  
m a r i j u a n a .

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

M a r i j u a n a  U s e  a n d  t h e  L a w

T h e  i n e s c a p a b l e  c o n c l u s i o n  f r o m  the s c i e n t i f i c  e v i d e n c e  n o w  
a v a i l a b l e  is t h a t  m a r i j u a n a  is a d a n g e r o u s  s u b s t a n c e .  T h e  i n c r e a s e  
in p o t e n c y  i n  r e c e n t  y e a r s  m e a n s  t h a t  w e  a r e  n o w  d e a l i n g  w i t h  a 
v e r y  d i f f e r e n t  p r o b l e m  t h a n  t h e  o n e  f a c e d  i n  t h e  lB60s. T h e  
e v i d e n c e  a l s o  s h o w s  t h a t  T H C  is q u i t e  d i f f e r e n t  f r o m  a l c o h o l  in 
t h e  w a y  t h a t  i t  l o d g e s  in c e r t a i n  o r g a n s  a n d  c a u s e s  d a m a g e  to
t h e m  in a s h o r t  p e r i o d  o f  time.

Y e t  t h e  q u e s t i o n  remains, "What, i f  a n y t h i n s h o u l d  be 
d o n e ? "  T h e r e  a r e  m a n y  t h i n g s  t h a t  w e  do w h i c h  ure d a n g e r o u s .  Is
t h e  u s e  o f  m a r i j u a n a  a n y  d i f f e r e n t  t h a n  t h e s e ?

T h e r e  a r e  r e a l l y  f o u r  a s p e c t s  to th is  question, a n d  e a c h  
r a i s e s  i m p o r t a n t  p h i l o s o p h i c a l  a n d  p r a c t i c a l  issu e s:

1. T o  w h a t  e x t e n t  s h o u l d  s o c i e t y  i n t e r f e r e  w i t h  the 
i n d i v i d u a l ' s  d e c i s i o n  to p u r s u e  a d a n g e r o u s  a c t i v i t y ?

2. Is t h e r e  harm, o r  a cost, to n o n - u s e r s ?

3. D o e s  s o c i e t y  h a v e  the  r i g h t  to e n f o r c e  s o m e  c o l l e c­
tiv e  l i f e s t y l e  o n  t he i n d i v i d u a l  to p r e s e r v e  some 
n o t i o n  o f  " c u l t u r e "  o r  " w a y  o f  l i f e " ?

4. Is a n  e f f e c t i v e  l a w  p o s s i b l e ,  g i v e n  a r e s o l u t i o n  of 
the o t h e r  i s s u e s ?

'•v.ifilutitiL• • ci P o s t .  Si»vt*!iii»f*r 1 1 ,  l«JK()
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T a k i n g  e a c h  o f  t he se  q u e s t i o n s  in c u m :

a) M a r i l u a n :  a i I n d i v i d u a l  F r e e d o m

It has^ a l w a y s  b e e n  a t e n e t  o f  the i d e a  of l i b e r t y  t h a t  the 
i n d i v i d u a l  has the r i g h t  to p u r s u e  a d a n g e r o u s  activity, o r  to 
k n o w i n g l y  d a m a g e  his o w n  health. If it w e r e  otherwise, w e  s h o u l d  
b a n  e v e r y t h i n g  f r o m  h a n g - g l i d i n g  to e a t i n g  candy.

O n  the o t h e r  hand, i t  has u s u a l l y  b e e n  c o n c e d e d  t h a t  t h e r e  
m ay be a n o t h e r  j u s t i f i a b l e  p o s i t i o n  i n  the c a s e  o f  c e r t a i n  s e g m e n t s  
o l  s ociety, w h e n  a p e r s o n  does n o t  r e a l i s e  the c o n s e q u e n c e s  o f  
an action, i t  is r e a s o n a b l e  to w a r n  hi**, a n d  p e r h a p s  to p h y s i c a l l y  
p r e v e n t  h i m  fro m  u n d e r t a k i n g  it. M o s t  s m o k e r s  o f  m a r i j u a n a  h a v e  
v e r y  l i t t l e  u n d e r s t a n d i n g  o f  the l i k e l y  c o n s e q u e n c e s  o f  t a k i n g  
the drug. It w o u l d  s e e m  q u i t e  a p p r o p r i a t e  to "embark o n  a p r o g r a m  
o f  e du ca t i o n ,  p a r t i c u l a r l y  in schools, to r e d u c e  this ignorance.
In a dd ition, a p o l i c y  a i m e d  at m a k i n g  the d r u g  less available, b y
p r e s e n t i n g  o b s t a c l e s  to supply, w o u l d  r e d u c e  the l i k l i h o o d  o f  
c a s u a l  a c c e s s  b y  the i l l - i n f o r m e d  —  w h i l e  the d e t e r m i n e d  u s e r  
w o u l d  s t i l l  b e  able to o b t a i n  supplies.

D r u g s  do, o f  course, i n v o l v e  a c o m p l i c a t i o n  w h e n  c o n s i d e r i n g
the a b i l i t y  o f  the u s e r  to j ud ge  the c o n s e q u e n c e s  o f  his actions.
We r e c o g n i s e  t h a t  c h i l d r e n  s h o u l d  be p r o t e c t e d  from m a n y  t h in gs  
b e c a u s e  i n e x p e r i e n c e  an d  p o o r  j u d g m e n t  c a n  l e a d  to u n f o r e s e e n  
results. B u t  ‘some d r u g s  a c t u a l l y  c a u s e  r e d u c t i o n  in 'the p o w e r  
o f  r ea s on in g,  or the a b i l i t y  to c e a c e  u s i n g  the substance*. Thi s 
is o n e  r e a s o n  w h y  we b a n  h e r o i n  b u t  n o t  h a n g - g l i d i n g .  W h e t h e r  
t h e r e  is a s u f f i c i e n t  o b s e r v a b l e  e f f e c t  on the p r o c e s s e s  o f  the 
b r a i n  for us to c l a s s  m a r i j u a n a  w i t h  h e r o i u  r a t h e r  than h an g-  
g l i d i n g  is o p e n  to s e r io u s qu es tion. Y e t  t h e r e  is p r o b a b l y  
s u f f i c i e n t  e v i d e n c e  c v a i l a b l e  to s u g g e s t  t h a t  T H C  does a f f e c t  
m o t i v a t i o n  a nd the w i l l  to r e s i s t  h i g h e r  doses, and o t h e r  drugs, 
to j u s t i f y  a p o l i c y  o f  a c t i v e  d i s c o u r a g e m e n t .

b ) H a r m  a nd C o s t  to O t h e r s

y'her. a d r u n k  d e c i de s  to d r i v e  his a u tomobile, he poses a 
p h y s i c a l  t hr ea t to others, and so it is r e a s o n a b l e  for s o c i e t y  to 
u npose u e a v y  p e n a l t i e s  on su ch  a c t i on s for the p r o t e c t i o n  of 
i n n o c e n t  parties. T h e r e  is p l e n t y  o f  e v i d e n c e  for us to c o n c l u d e  
that the use of m a r i j u a n a  i n t e r f e r e s  w i t h  the re ac ti o ns  and 
skil ls  o f  p e o p l e  who d r i v e  or fly, and that this is h a z a r d o u s  to 
o t h e r  people. In addition, the e f fe ct s of m a r i j u a n a  u s u a l l y  la s t 
l o n g e r * t h a n  those due to alcohol. It is q u i t e  reasonable, t h e r e­
fore, for s o c i e t y  to p u n i s h  m a r i j u a n a  users who d r i v e  or fly 
u n d e r  the i n f l u en ce  c f  the drug. S o p h i s t i c a t e d  l a b o r a t o r y  t e c h­
niques are now a v a i l ab le  to e nable the level cf THC m  the b o d y  
to be k n o w n  w i t h  r e a s o n a b l e  accuracy, and r o u ti n e d e t e c t i o n
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T h e  i d e a  o f  c o s t  is n o t  so s i m p l e .  If the  b r i l l i a n t  s c h o l a r  
b e c o m e s  a h e a v y  smoker, q u i t s  c o l l e g e ,  a n d  g o e s  o n  w e l f a r e ,  he is 
t a k i n g  f r o m  s o c i e t y  r a t h e r  t h a n  c o n t r i b u t i n g  to it. Y e t  o n l y  a 
s m a l l  m i n o r i t y  o f  u s e r s  c o u l d  b e  s a i d  to i m p o s e  c o s t s  s u c h  as 
this. A c t i v e  d i s c o u r a g e m e n t  w o u l d  s e e m  to b e  t h e  m o s t  p r a c t i c a l  
w a y  o f  d e a l i n g  w i t h  the s i t u a t i o n .

c ) T h e  I m p o s i t i o n  o f  S o c i e t y ' s  S t a n d a r d s

T h i s  is i n  m a n y  r e s p e c t s  t h e  m o s t  d i f f i c u l t  i s s u e  o f  all, 
a n d  m a r k s  a c l e a r  d i f f e r e n c e  o f  o p i n i o n  b e t w e e n  t he l i b e r t a r i a n  
a n d  t h e  c o n s e r v a t i v e .  If o n e  b e l i e v e s  t h a t  " s o c i e t y "  is s i m p l y  a 
c o l l e c t i o n  o f  i n d i v i d u a l s ,  i t  is d i f f i c u l t  to a r g u e " t h a t  t h e  
s p r e a d i n g  u s e  o f  a d r u g  is d e t r i m e n t a l  to s o c i e t y  in any s e n s e ,  
a s s u m i n g  i n d i v i d u a l s  o t h e r  t h a n  the u s e r s  a r e  n o t  harmed. O n  t he 
o t h e r  hand, i f  o n e  feels t h a t  t h e  s t r e n g t h  o f  a society, a n d  the  
b e n e f i t s  t h a t  it c a n  p r o v i d e  to its m e m b e r s ,  d e p e n d s  on t h e  b r e a d  
a c c e p t a n c e  o f  c e r t a i n  o b l i g a t i o n s  a n d  c u s t o m s  —  a n d  t h a t  t h e  
i n d i v i d u a l  is h u r t  w h e n  t h e s e  c u s t o m s  a r e  e r o d e d  -- then i t  c o u l d  
b e  l e g i t i m a t e  to d i s c o u r a g e  c e r t a i n  a c t i v i t i e s .

It is a t  l e a s t  a r g u a b l e  t h a t  the  w i d e s p r e a d  u s e  o f  m a r i j u a n a ,  
l e a d i n g  to a d e c l i n e  in m o t i v a t i o n ,  e d u c a t i o n a l  a c h i e v e m e n t  a n d  
h e a l t h ,  m a y  r e d u c e  the b e n e f i t s  o f  s o c i e t y  f o r  us all. If thi s 
is so, t h e n  it w o u l d  p r o v i d e  a n  a d d i t i o n a l  r e a s o n  for a c t i v e  
d i s c o u r a g e m e n t .

d) J u s t  a n d  E f f e c t i v e  Law

(i) L e g i s l a t i o n :

It h as b e e n  a r g u e d  b y  m a n y  t h a t  we are  in a form of " p r o h i b i­
t i o n  e r a "  w i t h  r e s p e c t  to m a r i j u a n a .  T h e  d r u g  is illegal, b u t  
t he l a w  is o p e n l y  a n d  w i d e l y  flouted, j u s t  as it w as w h e n  a l c o h o l  
w a s  m a d e  i l l e g a l .  T h e  law is h e l d  in d i s r e s p e c t  a n d  the p u n i s h m e n t  
o f  m a r i j u a n a  u s e r s  is d e e p l y  r e s e n t e d .  A c c o r d i n g  to this a r g u m e n t ,  
o t h e r w i s e  l a w - a b i d i n g  p e o p l e  f i n d  t h e m s e l v e s  d e a l i n g  w i t h  c r i m i ­
nals, a n d  o n l y  c o m p l e t e  l e g a l i z a t i o n  w i l l  r e s t o r e  fa it h in the 
l a w  a n d  g e t  t he b u s i n e s s  o f  m a r i j u a n a  o u t  o f  the h a n d s  o f  c r i m i­
nal s  .

Wb . le  t h i s  a rgum ent  does have a s u r f a c e  p l a u s i b i l i t y  t o  i t ,  
i t  i s  f r a u g h t  w i t h  dangerous  i m p l i c a t i o n s .  I n  th e  f i r s t  p l a c e ,  
th e  a lm o s t  u n i v e r s a l  p u b l i c  i g n o r a n c e  o f  t h e  h a r m f u l  consequences  
o f  m a r i j u a n a  use l i e s  a t  t h e  h e a r t  o f  th e  d i s c o r . c e n t  w i t h  th e  
law .  I f  t h e  d ru g  were to  be l e g a l i z e d ,  m ak ing  i t  a v a i l a b l e  a t  
t h e  c o r n e r  d r u g s t o r e ,  i t  w o u ld  c o n f i r m  th e  g. n e r a l  b e l i e f  t h a t  
m a r i j u a n a  was f a i r l y  h a rm le s s .  I f  t h e  d ru g  w „ r e  f r e e l y  a v a i l a b l e ,  
w i t h  th e  c o n s e n t  o f  gove rnm en t ,  i t  w o u ld  be v i r t u a l l y  im p o s s i b l e  
t o  pe rsua de  u s e rs  t h a t  t h e y  fa c e  r e a l  d a n g e rs .  How c o u ld  one 
j u s t i f y  a s i t u a t i o n  -.'here m a r i j u a n a  vas made l e g a l  when e v e r y  
a t t e m p t  had been made to  ban s a c c h a r in e ?
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c h a n c e  o f  r e v e r s i n g  the trend.

(i i ) D e c r i m i n a l i z a t i o n :

T h e r e  is, o f  course, a d i s t i n c t i o n  b e t w e e n  the i s s u e s  o f  
l e g a l i z a t i o n  a n d  d e c r i m i n a l i z a t i o n .  In the o n e  case w e  are 
c o n s i d e r i n g  m a k i n g  th e d i s t r i b u t i o n  a n d  c o n s u m p t i o n  o f  a d r u g  a 
l e g a l  a c t i v i t y ;  w h i l e  on. t h e  o t h e r  we are talk i n g about r e d u c i n g  
the p e n a l t i e s  for t a k i n g  t h e  drug.

It is a l i t t l e  d i f f i c u l t  to j u s t i f y  p u t t i n g  someone in ja il  
w h e n  t h e y  a r e  p r o b a b l y  i g n o r a n t  o f  the c o n s e q u e n c e s  of t a k i n g  
m a r i j u a n a .  E v e n  if the y  a r e  f u l l y  aw ar e o f  the p o s s i b l e  damage, 
it doe s s e e m  u n r e a s o n a b l e  to a p p l y  h a r s h  c r i m i n a l  p e n a l t i e s  w h e n  
no o t h e r  p e r s o n  is af fected, w h i l e  full l e g a l i z a t i o n  w o u l d  
u n d o u b t e d l y  l e a d  to an e x p l o s i o n  o f  use, n o n - c r i m i n a l  p e n a l i t i e s  
for the p o s s e s s i o n  or use o f  s mall q u a n t i t i e s  o f  marijuana, 
t o g e t h e r  w i t h  c r i m i n a l  s a n c t i o n s  for the p o s s e s s i o n  of l a r g e  
q u a n t i t i e s  o r  s u p p l y i n g  m a r i j u a n a  to children, w o u l d  be a m o r e  
j u s t  a n d  a c c e p t a b l e  po si ti on .

T h e r e  are, however, m a n y  e x p e rt s who feel that eve n d e c r i m i­
n a l i z a t i o n  w o u l d  be a g r i e v o u s  error.. Thi s v i e w  has b e e n  p u t  
f o r w a r d  very, c o g e n t l y  b y  Dr. R o b e r t  DuPont, the former N I D A  
d i r e c t o r :

F o r  m a n y  years, w h i l e  I was in government, I s u p p o r t e d  
d e c r i m i n a l i z a t i o n  o f  m a r i j u a n a  and was a c t i v e l y  p u b l i­
c i z e d  b y  the m a r i j u a n a  l o b b y i n g  o r g a n i z a t i o n s  as o ne c f  
t h e i r  c h i e f  a dv oc at e s or suppo r te rs . I was never this, 
b u t  I d i d  for some y e a r s  fa vo r d e c r i m i n a l i z a t i o n  of 
m a r i j u a n a .  I have c h a n g e d  my m i n d  c o m p l e t e l y  on t h a t  
p o i n t  a n d  I now s t r o n g l y  o p p o s e  d e c r i m i n a l i z a t i o n .  I 
am p e r s u a d e d  that we, as a nation, are d e a l i n g  w i t h  a 
m a s s i v e  e p i d e m i c  with g r a v e  c o n s e q u e n c e s  for our society, 
a nd t h a t  d e c r i m i n a l i z a t i o n  is a signal in this p o l i t i c a l  
d e b a t e  that, h o w ev er  m u c h  one m i g h t  feel that it is n o t  
a g o o d  idea to put p e o p l e  in p r i s o n  for p o s s e s s i o n  o f  
s mall a m o u n t s  of ma ri j u a n a ,  s u p p o r t  for d e c r i m i n a l i z a t i o n  
is s e e n  as sup po rt  fnr m ar ij ua n a.  We all ne e d to 
r e c o g n i z e  that the b a t t l e  lines are d r a w n  and that 
d e c r i m i n a l i z a t i o n  is the m a j o r  lint! that is drawn
a c r os s the po li t ic al  l a n d s c a p e  right n o w . 51

T he a r g u m e n t  s u r r o u n d i n g  the d e c r i m i n a l i z a t i o n  issue is thus 
n ot so m u c h  one o f  p r i n c i p l e  as one of p r a c t i c a l  cclrics. If
r e m o v i n g  c r i m i n a l  renal lies for m e  ocssessicr. of small c u a n t i t i e s
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o f  m a r i j u a n a  ( w h i l e  m a i n t a i n i n g  c r i m i n a l  s a n c t i o n s  for d i s t r i b u­
tion) w o u l d  n o t  l e a d  to a s i g n i f i c a n t  i n c r e a s e  in use, o r  to 
o v e r w h e l m i n g  p r e s s u r e  for l e g a l i z a t i o n ,  t h e n  d e c r i m i n a l i z a t i o n  
w o u l d  h a v e  t he s u p p o r t  o f  m a n y  p e o p l e  w h o  n e v e r t h e l e s s  c o n s i d e r  
t h e  d r u g  as v e r y  d a m a g i n g .

A C C E S S  A N D  S U P P L Y

A  p o l i c y  o f  a c t i v e  d i s c o u r a g e m e n t  a n d  e d u c a t i o n  m a y  b e  
p u r s u e d  in s e v e r a l  w ay s.  A  n u m b e r  o f  t c at e s,  f o r  i n s t a n c e ,  h a v e  
b a n n e d  s o - c a l l e d  h e a d s h o p s ,  w h e r e  d r u g - r e l a t e d  e q u i p m e n t  is sold. 
T h e  d e t e r m i n e d  u s e r  c a n  s t i l l  f i n d  w a y s  o f  o b t a i n i n g  p a r a p h e r n a l i a ,  
b u t  o p e n  e n c o u r a g e m e n t  to t h e  n o n - u s e r  is r e d u c e d  b y  s u c h  a 
m e a s u r e .

A  m u c h  m o r e  e f f e c t i v e  f o r m  o f  d i s c o u r a g e m e n t ,  h o w e v e r ,  w o u l d  
b e  to a c t u a l l y  r e d u c e  t he l e v e l  o f  s u p p l i e s  r e a c h i n g  th i s c o u n t r y .  
E n o r m o u s  q u a n t i t i e s  o f  m a r i j u a n a  r e a c h  the U n i t e d  S t a t e s  f r o m  the  
C a r i b b e a n  a n d  S o u t h  A m e r i c a .  It is a m u l t i - b i l l i o n  d o l l a r  t r a f f i c  
t h a t  i n v o l v e s  r a d i o  w a r n i n g  p l a n e s ,  l a r g e  c a r g o  ships, h i g h - s p e e d  
p i c k u p  b o a t s ,  s e c r e t  l a n d i n g  s t ri ps ,  a n d  l a r g e  p a y o f f s  to l o c a l  
p o l i c e .  It is n o t  u n c o m m o n  f o r  s e i z u r e s  o f  s h i p s  to r e v e a l  l o a d s  
o f  m a r i j u a n a  w o r t h  up to S40 m i l l i o n  a t  s t r e e t  pri ce s .

T h e  C o a s t  G u a r d  has b e e n  o v e r w h e l m e d  b y  the v o l u m e  o f  the 
trade, a n d  t h e  t e n a c i t y  a n d ' e q u i p m e n t  o f  the  s m u g g l e r s .  S e i z u r e s  
n o w  a c c o u n t  f o r  p r o b a b l y  l e s s  t h a n  15 p e r c e n t  o f  the t o t a l  —  
m a k i n g  b u t  a s m a l l  d e n t  in m a s s i v e  pro*fits.52 If a n y t h i n g  is to 
b e  d o n e  to c o n t a i n  th e s t a g g e r i n g  i n c r e a s e  in the q u a n t i t y  o f  
m a r i j u a n a  r e a c h i n g  this c o u n t r y ,  t h e r e  m u s t  be a s i g n i f i c a n t  
b o o s t  in the r e s o u r c e s  m a d e  a v a i l a b l e  to t h e  C o a s t  Guard, the 
D r u g  E n f o r c e m e n t  A d m i n i s t r a t i o n ,  a n d  o t h e r  s e r v i c e s  i n v o l v e d  w i t h  
d r u g  i n t e r c e p t i o n .  O n l y  b y  d r i v i n g  up the r i s k s  f a c e d  b y  s m u g g l e r s  
do w e  s t a n d  m u c h  c h a n c e  o f  r e d u c i n g  th e d r u g  flow.

S o m e  a r g u e  t h a t  r e d u c i n g  t h e  a v a i l a b i l i t y  o f  m a r i j u a n a  in 
th is  c o u n t r y  m i g h t  a c t u a l l y  b e  c o u n t e r p r o d u c t i v e .  If y o u  d e n y  
p e o p l e  m a r i j u a n a ,  t h e y  claim, t h e y  w i l l  m e r e l y  t u r n  to s o m e t h i n g  
m o r e  d a n g e r o u s .  T h i s  is a s p u r i o u s  a r g u m e n t .  For the h e a v y  u s e r  
w i t h  p s y c h i a t r i c  p r o b l e m s ,  m a r i j u a n a  is g e n e r a l l y  o n l y  a s t e p p i n g  
s t o n e  to h a r d  d rugs, o r  a m e a n s  o f  e n h a n c i n g  the e f f e c t  o f  o t h e r  
s u b s t a n c e s .  If t h e s e  p e o p l e  are i e n i e d  m a r i j u a n a  it w o u l d  m a k e  
L i t t l e  d i f f e r e n c e  to the d a m a g e  t h e y  w i l l  i n f l i c t  on t h e m s e l v e s .
F a r  m o r e  i m p o r t a n t  is the p e r s o n  w h o  t ri e s m a r i j u a n a  b e c a u s e  it 
is i n e x p e n s i v e  a n d  f r e e l y  a v a i l a b l e ,  a n d  w h o  t h e n  b e c o m e s  a 
c h r o n i c  u s e r  or m o v e s  on to h a r d  d r ug s . A r e d u c t i o n  in the 
s u p p l y  o f  m a r i j u a n a  w o u l d  l e s s e n  the c h a n c e s  o f  a c a s u a l  i n t r o d u c­
ti o n  to t he drug. E v e n  a m o n g  e x i s t i n g  users, a s w i t c h  to a l c o h o l  
or t o b a c c o  is far m e r e  p r o b a b l e  t h a n  to h a r d  drugs.
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O f  course, t he m a r i j u a n a  r e a c h i n g  this c o u n t r y  has to co me  
ir om  so me wh er e,  a n d  t n a t  c a n  p r e s e n t  s e n s i t i v e  p o l i c y  issues. In 
carta,in c o u n t r i e s ,  the c u l t i v a t i o n  o f  m a r i j u a n a  for e x t o r t  to the 
U n i t e d  S t a t e s  has b e c o m e  a s i g n i f i c a n t  p a r t  o f  the d o m e s t i c  
economy, a n d  a m a j o r  s o u r c e  o f  f o r e i g n  ex change. T h e r e  h a v e  b e e n  
c a s e s  o f  the U n i t e d  S t a te s s u p p o r t i n g  the a c t i o n s  o f  f o r e i g n  
g o v e r n m e n t s  s e e k i n g  to r e d u c e  c u l t i v a t i o n ,  s u c h  as M e x i c o , " b u t  
this k i n d  o f  c o o p e r a t i o n  is r a r e  a n d  n o t  v e r y  e ffective.

J a m a i c a  is a g o o d  e x a m p l e  o f  the k i n d  o f  p r o b l e m  fa ce d b y  
the U n i t e d  States. T h e  c o u n t r y  is a m a j o r  s u p p l i e r  o f  m a r i j u a n a  
to A m e r ic a.  T h e  t r a d e  is w o r t h  w e l l  o v e r  SI b i l l i o n  a year, 
e q u a l  to J a m a i c a ' s  e n t i r e  f o r e i g n  debt, a n d  g r e a t e r  t h a n  all 
o t h e r  e x p o r t s  c o m b i n ed . J a m a i c a  is also u n s t a b l e  and bankrupt, 
a n d  is a t a r g e t  o f  C u b a n  p e n e t r a t i o n .

W h e n  the J a m a i c a n  g o v e r n m e n t  c h a n g e d  h an ds  in 1980, the 
U n i t e d  S t a t e s  f o u n d  i t s e l f  in a v e r y  d e l i c a t e  s i t u a t i o n  r e g a r d i n g  
t he d r u g  b u s i n e s s .  T h e  n e w  P r i m e  Mi nister, E d w a r d  Seaga, is a 
f r i e n d  o f  the West, a n d  so the U n i t e d  S t at es  is u n d e r s t a n d a b l y  
h e s i t a n t  to u n d e r m i n e  w h a t  is l e f t  o f  the i s l a n d’s economy. 3 u t  
m a r i j u a n a  is c r u c i a l  to t he economy. As S e a g a  p o i n t e d  o u t  r e c e n t­
ly, "The g a n j a  (i.e., m a r i j u a n a )  trade in the l a s t  s e v e r a l  m o n t h s  
w as v i r t u a l l y  w h a t  was k e e p i n g  the e c o n o m y  a l i v e . " s 3 A c c o r d i n g  
to him., the t r a d e  is "here to stay, " and the q u e s t i o n  is n o t  
w h e t h e r  it s h o u l d  be w i p e d  o u t  b u t  w h e t h e r  it s h o u l d  be c o m p l e t e l y  
legal is ed :

so as to b r i n g  the f l o w  o f  s e v er al  h u n d r e d  m i l l i o n  
d o l l a r s  in this p a r a l l e l  m a r k e t  t h r o u g h  the o f f i c i a l  
channels, and t h e r e f o r e  hav e  it c o u n t  as p a r t  o f  our 
f o r e i g n  e x c h a n g e  —  w h i c h  w o u l d  m e a n  an e x t r e m e l y  b i g  
b o o s t  to o u r  f o r e i g n  e x c h a n g e . ...

Mr. S e a g a 1s tidy, b u s i n e s s l i k e  a p p r o a c h  to the d r u g  trade is 
c o m p l e m e n t e d  b y  a c o n v e n i e n t  i n t e r p r e t a t i o n  o f  the s c i e n t i f i c  
ev id en ce . M e d i c a l  reports, he state s  w i t h  authority, "seem to 
s u g g e s t  t h e r e’s no c o n c l u s i v e  e v i d e n c e  t h a t  g a n j a  is h a r m f u l . . . . " 54 
Mr. S e a g a  w o u l d  be w e l l  a d v i s e d  to ta lk  to some o f  J a m a i c a ' s  
l e a d i n g  p s y c h i a t r i s t s  at K i n g s t o n  Hospital, who see m to have 
r e a c h e d  s o m e w h a t  d i f f e r e n t  c o n c l u s i o n s  r e g a r d i n g  the e f fe ct s  of 
m a r i j u a n a . 55

W h i l e  the s i t u a t i o n  in J a m a i c a  m a y  be outrageous, d e a l i n g  
w i t h  it p r e s e n t s  m a n y  pro bl em s.  It w o u l d  be e a s y  to d r i f t  into 
the f e e l i n g  that r e a l l y  n o t h i n g  can be d o n e  w i t h o u t  d a m a g i n g  the



f a b r i c  o f  t h e  c o u n t r y .  B u t  i f  t h e  g o v e r n m e n t  o f  J a m a i c a  (or a n y  
o t h e r  c o u n t r y )  c o n d o n e s  t h e  c u l t i v a t i o n  a n d  e x p o r t a t i o n  o f  a d r u g  
t h a t  is h a r m f u l  to t h e  p e o p l e  o f  the U n i t e d  S t a te s , i t  has o n l y  
i t s e l f  to b l a m e  for t h e  c o n s e q u e n c e s .  It is a n  a b s u r d  f o r m  o f  
f o r e i g n  a i d  f o r  t h e  U.S. g o v e r n m e n t  to s t a n d  i d l y  b y  w h i l e  a 
c o u n t r y  e n c o u r a g e s  t h e  s u p p l y  o f  a d a n g e r o u s  d r u g  to A m e r i c a ,  
s i m p l y  b e c a u s e  t h a t  c o u n t r y  n e e d s  f o r e i g n  e x c h a n g e !

In t h e  i n t e r e s t s  o f  i ts o w n  c i t i z e n s ,  t h e  U.S. g o v e r n m e n t  
s h o u l d  s t a t e  c l e a r l y  t h a t  m a r i j u a n a  is d a n g e r o u s  a n d  a t h r e a t  to 
t h e  A m e r i c a n  p o p u l a t i o n ;  t h a t  i t  is a n  u n f r i e n d l y  a c t  for a n y  
g o v e r n m e n t  to c o n d o n e  i t  a n d  t h a t  p o l i c i e s  w i l l  b e  a d o p t e d  to 
d i s s u a d e  s u c h  t a c i t  s u p p o r t .  T h e  i d e a  t h a t  J a m a i c a  c a n  o n l y  
s u r v i v e  i f  m a r i j u a n a  c u l t i v a t i o n  is a l l o w e d  c o n t i n u e  is r i d i c u l o u s .  
T h e  r e a s o n  t h a t  t h e  indus-try is n o w  so i m p o r t a n t  to J a m a i c a  is 
t h a t  i t  is h i g h l y  p r o f i t a b l e .  If t h e  i n c e n t i v e s  w e r e  a l t er e d, 
o t h e r  i n d u s t r i e s  w o u l d  d e v e l o p .  It s h o u l d  t h e r e f o r e  b e  t h e  g o a l  
o f  U.S. p o l i c y  to a p p l y  p e n a l t i e s  a g a i n s t  J a m a i c a  a n d  s i m i l a r  
c o u n t r i e s  i f  t h e y  c o n t i n u e  to a l l o w  the t r a d e  to f l o u r i s h ,  w h i l e  
o f f e r i n g  A m e r i c a n  a s s i s t a n c e  to d e v e l o p  o t h e r  i n d u s t r i e s .  T o l e r a t­
i n g  t h e  p r e s e n t  s t a t e  o f  a f f a i r s  is -in a b r o g r a t i o n  o f  r e s p o n s i b i l­
i t y  b y  W a s h i n g t o n .  H o w  c a n  w e  j u s t i f y  p u t t i n g  o u r  c i t i z e n s  in 
j a i l  f o r  u s i n g  m a r i j u a n a  w h e n  w e  r e f u s e  to d e a l  e f f e c t i v e l y  w i t h  
t h e  c h i e f  s u p p l i e r s  o f  t h e  d r u g ?

E D U C A T I O N  •

W h i l e  e f f e c t i v e  a c t i o n  m u s t  b e  t a k e n  to d e a l  w i t h  t h e  f l o w  
o f  m a r i j u a n a  i n t o  t hi s c o u n t r y ,  t he o t h e i  w e a p o n  i n  t h e  b a t t l e  to 
c o n t r o l  t he m a r i j u a n a  e p i d e m i c  is e d u c a t i o n .  P e o p l e  s i m p l y  do 
n o t  k n o w  the d a m a g e  t h a t  t h e  d r u g  m a y  do to them, a n d  th i s m i s u n d e r­
s t a n d i n g  o f  its c o n s e q u e n c e s  is a t  t h e  r o o t  o f  t h e  g r o w i n g  d i s r e­
s p e c t  f o r  the l a w  d e a l i n g  w i t h  it. W e  s p e n d  e n o r m o u s  su m s o f  
m o n e y  t e a c h i n g  c h i l d r e n  h o w  to u s e  b i r t h  c o n t r o l  d e v i c e s  b u t  v e r y  
l i t t l e  e d u c a t i n g  t h e m  a b o u t  t h e  e f f e c t s  o f  a d r u g  w h i c h  l a r g e  
n u m b e r s  o f  t h e m  u s e  d u r i n g  t h e  s c h o o l  b r e a k .  T h e  s c a l e  o f  the 
p r o b l e m  is so g r e a t  t h a t  a m a j o r  d r u g  e d u c a t i o n  p r o g r a m  in the 
s c h o o l s  s h o u l d  b e  a p r i o r i t y .

B u t  e d u c a t i o n  s h o u l d  n o t  b e  c o n f i n e d  to th e  s c h o o l r o o m .
M o s t  a d u l t  u s e r s  k n o w  l i t t l e  o f  t h e  d r u g ' s  e f f e c t s ,  a n d  p a r e n t s  
u s u a l l y  h a v e  no i d e a  h o w  to r e c o g n i z e  the s y m p t o m s  o f  u se —  o r 
h o w  to d e a l  w i t h  t he s i t u a t i o n  if t h e y  do r e c o g n i z e  them. T h e r e  
a r e  a n u m b e r  o f  o r g a n i z a t i o n s  t h a t  do s e e k  to e d u c a t e  p a r e n t s ,  
s u c h  as the C i t i z e n s  for I n f o r m e d  C h o i c e s  o n  M a r i j u a n a , b a s e d  in 
S t a m f o r d ,  C o n n e c t i c u t .  T h e  w o r k  o f  g r o u p s  s u c h  as this is c r u c i a l  
a n d  s h o u l d  be e n c o u r a g e d .  In a d d i t i o n ,  g r o u p s  s u c h  as the Am e r i ­
c a n  C o u n c i l  on M a r i j u a n a , in N e w  Y o r k  City, h a v e  t a k e n  the l e a d  
in p r o v i d i n g  s u c c i n c t ,  r e a d a b l e  s c i e n t i f i c  i n f o r m a t i o n  for the 
l a’-man. B u t  a g r e a t  d e a l  m o r e  n e e d s  to be done, a n d  b o t h  p r i v a t e  
a nd p u b l i c  r e s o u r c e s  s h o u l d  be m a d e  a v a i l a b l e .
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1. M a r i j u a n a  is a d a n g e r o u s  drug. It is q u it e u n l i k e  a l c o h o l  
a n d  t o b a c c o  in the  w a y  in w h i c h  it r e m a i n s  in the s y s t e m  a nd 
the l a s t i n g  d a m a g e  it c a n  c a u s e  w i t h  o n l y  m o d e r a t e  use.

2. w h i l e  it m a y  s e e m  u n j u s t  to i m p o s e  p e n a l t i e s  on users, 
l e g a l i z a t i o n  -- a n d  p o s s i b l y  d e c r i m i n a l i z a t i o n  —  w o u l d  be 
t a k e n  as a n  o f f i c i a l  d e c l a r a t i o n  t h a t  the d r a g  was safe.
T h i s  c o u l d  lead to the  acceleration o f  an already raDid 
gr o w t h  in use.

3. T h e  t h r u s t  o f  p u b l i c  p o l i c y  s h o u l d  be a c o m b i n a t i o n  of 
a c t i v e  d i s c o u r a g e m e n t  a n d  r e s t r i c t i o n  o f  supply, r a t h e r  t h a n  
i n c r e a s i n g  p e n a l t i e s  for use.

4. T h e  p u b l i c  s h o u l d  b e  m a d e  aw ar e o f  the e f f e c t  o f  m a r i j u a n a  
o n  t h e  a b i l i t y  to drive. F i r m e r  p e n a l t i e s  for d r i v i n g  u n d e r  
the i n f l u e n c e  o f  the d r u g  s h o u l d  be e n a c t e d  at the s t a t e  
level, a n d  d r i v e r s  s h o u l d  be m a d e  aw ar e o f  the d a n g e r s  a nd 
the p e n a l t i e s  i n v o l v e d  —  as t h e y  are r e g a r d i n g  alcohol.

5. F o r  m e d i c a l  pu rposes, m a r i j u a n a  s h o u l d  be t r e a t e d  li ke  any 
o t h e r  d r u g  t h a t  a p pe ar s to ha ve  some b e n e f i t s  for certain* 
p a t i e n t s .  R e s e a r c h  s h o u l d  n o t  be d i s c o u r a g e d  b e c a u s e  the 
d r u g  is u s e d  i l l e g a l l y  for n q n - t h e r a p e u t i c  pu rp oses.

6. T h e  g o v e r n m e n t  a n d  p r i v a t e  i n s t i t u t i o n s  s h o u l d  take the lea d 
in d i s c o u r a g i n g  use o f  the drug, t h r o u g h  a g r e a t l y  e x p a n d e d  
p r o g r a m  o f  e d u c a t i o n  in the schools, and a mo n g the g e n e r a l  
p o p u l a t i o n .

7. M e a s u r e s  s h o u l d  be t a k e n  to i n t e r r u p t  the flow of m a r i j u a n a  
into the coun tr y.  R e s o u r c e s  s h o u l d  be mad e a v a i l a b l e  to 
e n a b l e  the s e i z u r e  ra te  to be i n c r e a s e d  s u b s t a n t i a l l y . In 
addition, t o u g h e r  s te ps  s h o u l d  be t aken to i n t e r r u p t  d o m e s t i c  
p r o d u c t i o n .

3. S a n c t i o n s  o r  o t h e r  p r e s s u r e s  s h o u l d  be a d o p t e d  a g a i n s t
c o u n t r i e s  w h i c h  a l l o w  the c u l t i v a t i o n  of m a r i j u a n a  for the 
A m e r i c a n  market. D a m a g i n g  the h e a l t h  of U.S. c i t i z e n s  
s h o u l d  no l o n g e r  be c o n s i d e r e d  a c c e p t a b l e  as a m e an s cf 
r e l i e v i n g  the e c o n o m i c  p l i g h t  of o t h e r  nations.

CO NC LU SI ON S

S t u a r t  M. Sutler, Ph.D. 
P o l i c y  A n a l y s t
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R E P O R T  O F  A N  A R F /W H O  S C IE N T IF IC  M E E T IN G  O N  

A D V E R S E  H E A L T H  A N D  B E H A V IO R A L  C O N S E Q U E N C E S  

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

T O R O N T O , C A N A D A , 30 M A R C H  - 3 A P R IL ,  1981

1. IN T R O D U C T IO N

1.1 . B a c k g ro u n d  and  O b je c tive s

T h  i  report o f  a W H O  Scientific G roup  on the Use o f  C annab is ,' w hich 
was published in  1971, b rought together all vhe available in fo rm a tion  on 
the behaviora l efiects o f  cannabis use and o the r useful m a te ria l. However, 
despite the existence o f a substantia l n um ber o f  c lin ica l case reports, not 
m uch accurate q ua n tita tive  knowledge was availab le concerning the pos­
sible adverse effects o f  heavy use o f cannabis on the health o f  users. Since 
tha t tim e , the extent o f  cannabis use in  m any countries has increased 
greatly, and a large body o f  experim enta l and c lin ica l observations is now  
ava'lab le. A t the same tim e , a. num ber o f countries are reexam in ing  the ir 
legal policies w ith  respect to cannabis con tro l, and requ ire  accurate 
know ledge on cannabis-related health hazards, as one elem ent in  the ir 
po licy discussions.

In  1980-81, a jo in t  study was undertaken by the A dd ic tion  Research 
F o u n d a tio n  (W H O  C o lla b o ra t in g  C e n te r)  and  the W o rld  H e a lth  
O rg an iza tio n  on “ Adverse H ea lth  and Behavioral Consequences o f  C a n ­
nabis U se.”  A  m eeting o f  expens on various aspects o f  cannabis and 
health was convenec in To ron to , Canada, from  30 M a rch  to 3 A p r il,  
1981,- unde r the jo in t auspices o f the A dd ic tion  Research Foundation 
(A R F ) o f O n ta rio  (C anada) and the W o rld  H ea lth  O rg an iza tio n , to 
undenake a c ritica l assessment o f cu rren t knowledge concerning the pos­
sible health hazards related to the use o f  this d rug . T he  m andate extended 
to the p a rtic ip a n ts  was to consider o n ly  the sc ien tific , c lin ica l, and 
epidem io log ica l in fo rm a tio n  concern ing  potentia l and actual hazards to 
health resu lting  from  the non-m edical use o f  cannabis and its various 
psychoactive constituents. T h e  objectives were to review the evidence, 
assess its completeness and va lid ity , iden tify  significant points o f disag- 
greem ent o r gaps in Imowledge, and make recom m endations w ith  respect 
to research po licy and specific m atters re q u ir in g  fu rth e r research.

1 In th is  r e p o r t ,  the  t e r m  " c a n n a b i s "  r e fe rs  to all p r e p a r a t i o n s  d e r i v e d  fr o m  the l e a v e s ,  
b r a c ts ,  f l o w e r s ,  o r  r e s in  o f  the  p la n t  Cannabis saliva L .
- S e e  A p p e n d i x  A  fo r  th e  list o f  the p a r t i c i p a n t s
S e e  A p p e n d i x  B  fo r  th e  list o f  the m e m b e r s  o f  the p l a n n i n g  c o m m i t t e e
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T h e  present report is to be subm itted  jo in d y  by  the A d d ic tio n  Research 
F o un d a tio n -a n d  W H O  to the U n ite d  N a tions and o th e r in te rna tiona l 
bodies and agencies, na tiona l bodies, professional and educational 
groups, and others interested in  the p revention  and trea tm ent o f  health 
prob lem s related to the use o f  cannabis and o the r psychoactive drugs. I t  is 
antic ipa ted that this in fo rm a tio n  w il l constitu te  an im p o rta n t e lem ent in 
the de libera tions o f  nationa l bodies responsible fo r decisions on social and 
po litica l po licy w ith  respect to d rug  use. H ow ever, such po licy  decisions 
are based on m any o ther considerations —  legal, p o litica l, social, e th ical, 
and others —  in  add ition  to health concerns. There fo re , in  the interests o f 
effective and objective scientific discussion, the subject o f  contro l policies 
and po licy re m endations was specifica lly excluded fro m  the scope o f 
this m eeting.

In  add itio n , it was decided not to consider the therapeutic  uses o r o ther 
beneficial effects o f  cannabis. T h is  decision is in  no w ay due to a rejection 
o f  the possib ility  o f  any beneficia l o r therapeutic effects, b u t arises from  
sim ple recogn ition  o f  the fact that the eva lua tion  o f  these effects is not 
d irec tly  related to the eva lua tion  o f  the health hazards. Inc lus ion  o f  the 
fo rm er w ou ld  have enlarged the scope o f  the m eeting beyond the lim its  o f 
feasib ility  fo r the availab le tim e and the n um b e r o f  partic ipan ts . A n  in ­
dependent review , now  be ing  conducted by the N a tion a l Academ y o f 
Sciences, Ins titu te  o f  M e d ic ine , W ash ing ton , D C , U S A  (1981), draws a t­
ten tion  to the question o f  therapeutic  uses and o f  o the r m atters outside the 
scope o f  the present report.

A lso in  the interests o f  feasib ility , this report does not deal w ith  m any 
basic scientific aspects o f  the mechanisms o f  action o f  cannabis. Such 
matters as the details o f  b io tra n s fo rm a tion , effects on cell m em branes, 
neu ro transm itte r biosynthesis and tu rnover, e lectrophysio logica l p ro ­
cesses, and experim enta l analysis o f  behavior are covered on ly  to a very 
lim ite d  extent. T h e  emphasis is on those basic processes and functiona l 
a ltera tions w h ich , on the basis o f  present know ledge, 'a n  be related d ire c t­
ly  to s ign ifican t m a lfunc tion  o r disease in experim enta l anim als o r 
hum ans.

1.2 . D e fin it io n s

C erta in  term s in this report have been used in the past in various ways. 
For the present purposes, the fo llow ing  exp lanato ry  com m ents are given.

1 .2 .1 . “Adverse Effect”
A n adverse effect o f  cannabis use m ay be considered to occur when 

such use produces im p a irm e n t o f  an in d iv id u a l’s b io log ica l, behaviora l, o r 
social function . Some effects (such as severe resp ira to ry  com plications) 
w ould  ce rta in ly  be considered adverse in  o r by all users. However, it is
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clear that others (such as alterations o f  tim e sense), m ay be regarded as 
pleasurable o r unp leasant, o r as wanted o r unw anted , accord ing to c ir ­
cumstances and factors such as age, expectations, setting, o r the percep­
tions and value systems o f  subjects o r observers. M e n ta l effects that are 
enjoyed by a young  user at a party  m igh t be considered adverse by a 
m iddle-aged patient receiving a cannabis p repara tion  in com bina tion  w ith  
cancer chem otherapy. A  state which a student m ay describe as “ agreeable 
re la xa tio n ”  m igh t be considered by the teacher as “ im pa ired  concentra­
tio n .”  R eduction o f  b lood pressure has been regarded both as a desirable 
therapeutic goal and as po tentia lly  dangerous. F rom  this it is obvious that 
often no sharp classifications can be made, and the im p lica tions o f  such a 
phrase as “ adverse e ffect”  must be d raw n  from  the context o f its use.

1 .2 .2 . ' ‘Intoxication ’ ’ versus ‘ ' Toxicity
A  s im ila r s itua tion  applies to the ju d g m e n t o f tox ic ity . O ne person’s 

“ in to x ica tio n ”  is another person’s “ tox ic  reaction.”  T here  is a continuous 
spectrum , w hich exists also w ith  alcohol and o the r drugs, and to d raw  any 
sharp line is necessarily arbitrary'. T h e  decision as to when to d raw  such a 
line  is shaped by the user’s own perceptions as well as by the observer’s 
concern.

1 .2 .3 . ‘ ‘Acute”  versus ‘ ‘Chronic”
“ A cu te ”  is used to re fer to single doses and the ir effects, o r to reactions 

o r responses on single occasions o f  b r ie f du ra tio n . A t the o ther extrem e, 
“ c h ro n ic ”  assumes various meanings. O ne o f  these refers to that dura tion  
o f  exposure beyond w h ich  fu rth e r use reveals no new phenomena. 
A n o th e r m eaning refers to a period o f  tim e tha t is a substantia] fraction o f 
the life tim e  o f a hum an o r an im al. It is w o rth  n o tin g  that the pattern  o f 
dosage is im p o rta n t, and “ ch ron ic ”  effects m ay be evoked earlie r w ith  
h igh  than w ith  low  dose rates. Even when am ount and pattern o f alcohol 
consum ption  are a llowed for, the latency o f  onset o f  Laennec’s cirrhosis 
m ay range from  5 to 20 years (Le lbach, 1974). L u n g  cancer from  cigarette 
sm oking , and carc inom a o f the vagina fo llow ing  in utao exposure to 
d ie thy ls tilbes tro l, also show long and variable  latencies o f  onset. Therefore 
the p roduction  —  and also the recognition —  o f  some adverse effects o f 
cannabis m ay requ ire  s im ila rly  long  and variable  periods o f  exposure.

1 .2 .4 . Rates o f Use
W ords describ ing rates o f  use are p a rticu la rly  d ifficu lt to define. For ex­

am ple, the w o rd  “ heavy'”  has been em ployed to describe use rang ing  
from  1 g ram  o f m a rihuana  (or its equ iva len t) per week to more than 10 
m arihuana  cigarettes (app rox im a te ly  2-10 gram s) a day. H eavy use in  one 
society m ay be perceived as ligh t in  another T h e  on ly  satisfactory solution 
is to specify the use rates quan tita tive ly , h igh lig h ting  patterns o f consum p-
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cion, route  o f adm in is tra tion , and the potency o f  the m a te ria l, as well as 
tota l am oun t used in  u n it tim e . D escrip tion  o f  use as m ore o r less “ fre­
q u e n t”  m ay sometimes be m ore appropria te  than “ heavy”  o r “ lig h t.”  
S ign ifican t, too, m ay be p a rticu la r details o f  se lf-adm in is tra tion ; for in ­
stance, ju s t as m o rn in g  d r in k in g  o f  a lcohol, o r sm oking  im m ed ia te ly  on 
ris ing  in  the m o rn in g , are signs o f  heavy consum ption  o f  alcohol and 
tobacco, so use o f  cannabis early in the day m ay be ind ica tive  o f  heavy 
consum ption .

2. G E N E R A L  T O X I C I T Y

2 .1 . C a n n a b is  P re p a ra tio n s

A m on g  the 421 com pounds thus fa r iden tified  in  the cannabis p lan t are 
app rox im a te ly  61 w ith  the cannab ino id  s tructu re  (T u rn e r et al., 1980). O f  
the latter, (-) -A9 -te trahydrocannab ino l (T H C )  (F igu re  1) is o f  greatest in ­
terest in  the context o f  this repo rt, since on ly  structures closely related to 
T H C  e lic it, at low  doses, the characteristic m enta l effects that constitu te  
the m a in  reason fo r use o f  cannabis by hum ans (M echou lam  et al., 1980). 
Several o ther cannabinoids inc lu d in g  cannab id io l (C B D ) and cannab ino l 
(C B N ) (F igure  1), as well as various non-cannab ino id  constituents o f  un- 
pyro lyzed cannabis, m ay also have b io log ica l activ ities o f  o ther types. 
Dependent on the geographical o rig in  o f  the p lan t, the re la tive  and ab ­
solute contents o f  in d iv id u a l cannabinoids varv w ide ly  (T u rn e r et al., 
1980).

V arious preparations derived from  the cannabis p lant have a w ide 
range o f  potencies. Marihuana o r bhang consists m a in ly  o f  d ried  leaves and 
stems and can range in content from  less than 1 % lo  greater than 8 % 
T H C .  T h e  content o f  T H C  steadily decreases at a rate o f  app rox im a te ly  
5%  per year in  re frigera ted p lan t m ateria l (T u rn e r et al., 1978). O th e r 
preparations (hashish, ganja, charas) made from  the resin and flow ering  tops 
o f  the p lant can conta in  up to 15% T H C . Recently, solvent extracts o f  lea f 
m ate ria l, (lowers, o r resin have appeared on the ill ic it m arkets. T h e  po ­
tency o f  this so-called “ hashish o il, ”  “ honey o il, ”  o r “ weed o i l ”  is ex­
trem ely va riab le ; the T H C  content can range up to 60% . T h e  tox ic ity  o f  
these preparations appears to be related to the ir T H C  content, a lthough 
o ther cannabinoids o r non-cannabino ids m ay co n trib u te  s ign ifican tly. T h e  
b iologica l effects o f  the rem a in ing  chem ical constituents o f  these extracts 
are largely unknow n  at present. T h e  existence o f  these h igh  potency p rep ­
arations facilitates the se lf-adm in is tra tion  o f  large doses o f  T H C .

The  pyrolysis o fc a n n a b i products produces hundreds o f  com pounds 
that make up the vapor .. particu la te  phases o f the smoke. T h e  vapor 
phase consists o f  n itrogen >,dcs, ca rlxm  m onoxide, hydrogen cyanide,
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F IG U R E  1 
S tru c tu res  o f  M a jo r  C a n n a b in o id s

A 9 - t c t r a h y d r o c a n n o b i n o l
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a c i d  ( T H C - o c i d )

C H 3
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a nd  n itro s a m in e s , to g e th e r w ith  o th e r k n o w n  to x ic  ch em ica ls  
(Leuchtenberger. 1982). .Along w ith  the cannabinoids, the pan icu la te  
phase contains m any know n  carcinogens inc lu d in g  phenols, cresols, and 
po lynuc lear a rom atic  hydrocarbons (Lee et al., 1976). D u rin g  pyrolysis at 
usual b u rn in g  tem peratures, te trahvdrocannab ino lic  acid (F igu re  1) is ac­
tiva ted  by conversion to T H C ,  bu t there appear to be few o the r significant 
cannab ino id  interconversions. C B D  can be convened to T H C ,  especially 
w hen cannabis is pyro lvzed together w ith  tobacco. A b o u t 50%  o f  the total 
available T H C  is delivered in  the m ainstream  smoke from  a m arihuana  
cigarette d u r in g  the b u rn in g  procedure (R osenkrantz, 1982).

2 .2 . L e th a li ty

2 .2 .1 . Acute Studies in Experimental Animals
In  acute studies, pure T H C  appears to be the most toxic cannab ino id  o f 

cannabis smoke. T he  L D W values by inha la tion  and by i.v . adm in is tra tion  
are s im ila r in  rodents, and the L D ^ , for T H C  is sm aller than those for 
C B D , cannabichrom ene, o r crude m arihuana  extract. In travenous L D W 
values for T H C  range from  about 40 m g/kg  in the rat to 128 m g /kg  in  the 
monkey. In  m am m als, an in teresting  fin d in g  is that the potency o f T H C  
in le tha lity  tests decreases as one ascends the phylogenetic tree. For most 
o the r effects, the potency is inversely related to the body size o f  the species, 
rats and m ice being m uch m ore resistant than the Rhesus m onkey o r man 
(R osenkrantz , 1982).

Species differences in  pharm acokinetics must exist, since the ra tio  o f  the 
in travenous to the o ra l acute le thal dosages ranges from  about 1:30 to 1:40 
fo r rodents bu t is closer to 1 :100  fo r m onkeys and p robab ly  dogs 
(R osenkrantz , 1982).

In  experim enta l an im als, death usually results from  cardiac arrest o r re­
sp ira to ry  fa ilu re . Since, at acute lethal doses, a rtific ia l respiration is on ly  
tem p o ra rily  effective in p reven ting  death, it appears that cardiac dysfunc­
tion ra the r than the p ro found  hypopnea is the m a jo r cause o f death 
(R osenkrantz, 1982).

2 .2 .2 . Chronic Studies in Experimental Animals
C h ro n ic  an im al studies have indicated a significant degree o f unex­

pla ined delayed lethality. In  one experim ent, approx im ate ly  12% o f  rats, 
m a in ly  males, survived the in it ia l dose but died suddenly after 2-3 weeks 
o f continued treatm ent (R osenkrantz and Fleischm an, 1979). T h ou g h  the 
m echanism  is not yet clear, it is possible that this delayed le tha lity  m ay be 
related to accum ula tion  o f  T H C  o r its metabolites in  the body d u rin g  p ro ­
longed a dm in is tra tion  (see Section 9 .1 . 1.2 .).
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2 .2 .3 . Humans
N o L D W values cam be re liab ly  estim ated fo r hum ans, since on ly  a very 

sm all n um ber o f  fata lities have been reported, and the role o f  cannabis in  
these cases is questionable (R osenkrantz, 1982).

2 .3 . C lin ic a l a nd  E x p e r im e n ta l T o x ic ity

T h e  past decade has witnessed the c lin ica l docum entation  o f m any toxic 
effects th a t w ere  p re v io u s ly  described  a n e cd o ta lly  o r su p e rfic ia lly . 
System atic eva lua tions o f  c lin ica l popu la tions, closed-w ard d ru g  ad­
m in is tra tio n  studies, contro lled  fie ld  studies, and accum ulated self-reports 
by users have all been rem arkab ly  consistent in the ir find ings. T he  more 
p rom inen t effects are sum m arized below  by organ system.

2 .3 .1 . Respiratory Toxicity
2.3.1.1. Experimental animals. S ingle doses o f  cannabis o r T H C  in  
anim als affect resp ira tion  m a in ly  by depression o f  resp ira tory rate. T h is  
effect is synergistic w id i d ia t o f general anesthetics and o the r central 
depressants. T h o u g h  com pliance (e lastic ity o f lung  and bronchioles) m ay 
be d im in ished , lu n g  tissue damage has not been observed h isto log ica lly in 
acute studies. H ow ever, prolonged and repeated exposure to cannabis 
smoke results in b ron ch io la r in flam m atio n  and m orpho log ic a ltera tion  o f 
the lu n g  in  rats and dogs (R osenkrantz, 1982).

2.3.1.2. Humans. G iven  acutely, T H C  o r cannabis smoke produces a 
sm all transient resp ira tory depression (B c llv ille  et al., 1975) and b ron- 
chod ila ta tion  (Tashkin  et al., 1973).

R esp ira to ry  and p u lm on a ry  tox ic ity  have emerged as m a jo r c lin ica l 
com plications o f  ch ron ic cannabis sm oking. C annabis smoke appears to 
be m ore in ju rio us  to the lung  than cigarette smoke, as judged  by the use o f 
soph is tica ted  p u lm o n a ry  fu n c tio n  tes tin g  in  w e ll-c o n tro lle d  stud ies 
( R o s e n k r a n t z ,  1982) .  P o s s ib ly  because o f  its  h ig h  c o m b u s tio n  
tem perature , hashish appears to y ie ld a p a rticu la rly  ir r ita t in g  smoke. In  
add ition  to the a b ility  o f  cannabis to produce b ronch itis , and obstructive 
p u lm on a ry  disease, it m igh t a fter suffic ient exposure produce cancer (see 
Section 3 .2 .). In  the lig h t o f  increased frequency o f  cannabis use, 
knowledge o f the na tu ra l course o f p u lm on a ry  disease suggests that the 
next three decades m ay demonstrate an increased prevalence o f  severe 
p u lm onary  disease and possibly o f lu n g  cancer. T h is  risk is p robably 
greater in  those users (now  a m a jo rity ) who smoke cannabis and tobacco 
concurren tly  (T ennan t, 1982). In  present-day c lin ica l settings the most 
com m on ly  encountered tox ic  effects w ill be the resp ira tory problem s o f 
rh in it is , s inusitis, pha ryng itis , and bronch itis  (Tennant, 1982).
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2 .3 .2 . Cardiovascular Toxicity
2.3.2.1. Experimental animals. The  m a jo r card iovascu lar effects o f  a 
single dose 'o f T H C  in  most a n im a l species are b radycard ia , decreased 
cardiac reflexes, and hypotension. As a result, cardiac o u tp u t and cerebral 
b lood flow  are usually decreased. C h ro n ic  a dm in is tra tion  m ay lead to 
some degree o f  tolerance to these effects (R osenxrantz, 1982).

2.3.2.2. Humans In  hum ans, in  contrast, d ie m a jo r effect o f  a single 
dose is tachycard ia ; the heart rate m ay reach. 160 beats per m in u te  o r 
m ore (H a rd m a n  and H osko, 1976). A cute  effects on  b lood pressure, 
o rgan b lood flow, and the e lectrocard iogram  are variable  and transient 
(R osenkrantz, 1982; Tennan t, 1982) and a r t p robab ly  due to va ry ing  
degrees o f  effect on  vasom otor tone (degree o f constric tion  o f  blood vessels) 
and vasom otor reflexes (au tom atic  responses to changes in body position , 
b lood vo lum e, e tc.). In  general, effects on supine blood pressure are 
re la tive ly slight bu t postura l hypotension has been repeatedly reported. 
There  is litt le  evidence o f  d irect toxic effect on the heart muscle. C h ron ic  
use has not resulted in  any detectable perm anent alterations o f  ca r­
d iovascular func tion  (T ennan t, 1982). However, patients w ith  preexisting 
heart disease due to a re la tive  decrease ir. co ronary b lood flow  m ay ex­
perience greater risk o f  ang ina  pectoris and possible in fa rc tion  because o f 
the extra  dem and placed on the com prom ised heart by the drug-induced  
tachycard ia (T ennan t, 1982). C annabis and tobacco smoke conta in  
s im ila r am ounts o f  carbon m onoxide. There fo re , ihe fo rm ation  o fc a rb o x - 
yhem oglob in , w h ich  w ou ld  also con tribu te  to im pa ired  oxygenation o f  the 
m yocard ium , also needs to be considered in cannabis smokers.

2 .3 .3 . Growth and Body Weight
2 .3 .3 .1. Experimental animals. M a n y  studies have indicated that e ither 
single o r repeated exposures to cannabis cause loss, o r reduced rate o f  
ga in , o f body weight (R osenkrantz, 1982). T h is  is p robab ly  elite to both 
decreased food intake and altered endocrine function  (see Sections 5 and 
6 ). T he  long-te rm  health consequences o f  g row th  im p a irm e n t by these 
factors are unknow n  but rnay be most im p o rta n t in re lation to the 
developm ent o f  the fetus, neonate, o r adolescent (see Section 6 ).

2.3.3.2. Humans. N o data on body w e ight and grow th  rates before and 
d u rin g  periods o f  cannabis use, com parable  to those from  contro lled  
an im al studies, are availab le fo r hum ans. N um erous c lin ica l case repons 
from  Ind ia  and N o rth  A frica  describe regu la r heavy cannabis smokers as 
emaciated o r m a lnourished (B ouque t, 1951), and the observations ol 
some m odern field studies have suggested that regu la r users are lig h te r in 
weight than non-users (R u b in  and C om itas , 1975; Coggins et al. , 1980). 
Social factors such as m a rita l status o r o the r differences in lifestyle m ay 
have con tribu ted  to this fin d in g  (C oggins et al., 1980). In short-term
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la lw ra to ry  studies, a weight increase a ttr ib u ta b le  to increases in body 
water and ca loric in take has been observed (Jones and Benow itz , 1976; 
G reenberg et al., 1975). T here  is lit t le  o r no in fo rm a tio n  on possible long ­
term  effects o f cannabis on g row th , deve lopm ent, and m a tu ra tion  o f 
hum ans.

2 .3 .4 . Gastrointestinal
2.3.4.1. Experimental animals. In  dogs and m onkeys exposed to h igh 
oral doses o f  cannabis acutely, v o m itin g  and d ia rrhea  m ay occur (T h o m p ­
son et al., 1973). C h ron ic  a dm in is tra tion  does not appear to be associated 
w ith  s ign ifican t gastro intestina l to x ic ity  in  anim als (R osenkrantz et al.,
1975), bu t m ay decrease gut m o tility .

2.3.4.2. Humans. In  hum ans, acute o r sub-acute use m ay produce 
v o m itin g , d ia rrhea , and abdom ina l distress (H a likas  et al., 1971; T ennant, 
1974V C h ro n ic  cannabis use m ay decrease gas\ric acid secretion and 
possibly make the in testine m ore susceptible to V’bno cholerae and 
Escherichia coli in fections (N a lin  et al., 1978), w h ich  m ay pose a p a rticu la r 
threat to travelers. L iv e r  to x ic ity  has been observed occasionally in  can­
nabis users (Tennant, 1982). C oncu rren t alcohol abuse appears to be a 
factor in  these cases. T h e  m echanism  by w h ich  cannabis could enhance 
a lcohol-induced hepa to toxic ity  is u nkn ow n . T h e  observation o f  abnorm al 
live r func tion  tests in  users who had developed antibodies to  m arihuana  
(Shapiro  et al., 1976) suggests a possible antigen ic response. Lysosom al 
damage, observed in  anim als treated ch ron ica lly  w ith  T H C  (M e llo rs ,
1976), m ay also p lay a ro le .. T h e  sharing o f  cannabis products o r 
parapherna lia  w ith  o ther smokers has led to the spread o f  hepatitis  in  some 
groups (D rach ler, 1975). Possible decreased im m u n ity  to v ira l in fections is 
discussed in  Section 4.3.

2 .3 .5 . Miscellaneous Toxic Manifestations
In d iv id u a l case reports have also described a va rie ty  o f  apparent toxic 

reactions to cannabis in  hum ans, o f  re la tive  ra r ity  and possibly dependent 
on unusual in d iv id u a l sensitiv ity  (Tennan t, 1982). For exam ple, cannabis 
p roducts o ften  con ta in  pathogenic fu n g i such as asperg illus, and 
aspergillosis has been reported to occur in  cannabis-using persons who 
had preexisting p u lm onary  disease o r asthm a (K agen, 1981). O th e r 
a llergic phenom ena are often aggravated by cannabis use and one case o f 
anaphvla tic shock has occurred in an a llergic person a fter cannabis use 
(L iskow  et al., 1971). Some c lin ica l reports suggest tha t cannabis possibly 
aggravates some derm aio log ic conditions (T ennant, 1982).

2 .3 .6 . Toxicity Related to Unusual Methods of Cannabis Exposure 
U nusua l exposure to cannabis includes in travenous in jection  o f p lan t



extracts, o ra l ingestion o f  large am ounts o f  the raw  o r cooked p lan t, 
sw a llow ing o f  cannabis-filled balloons to escape police detection, and use 
o f  h igh-potency b u tte r-p a r preparations. T h e  use o f  cannabis by  the 
above ro u tt has led to h igh ly  tox ic  reactions (Tennant, 1982). These reac­
tions are e itner consequences o f  gross overdose (e .g ., from  in tra -in tes tina l 
ru p tu re  o f a balloon filled  w ith  “ hash o i l” ), o r com plications produced by 
the physical ra the r than  the pharm acolog ical p ro p e rie s  o f the m ate ria l 
(e .g., m icroem bolism  due to in travenous in jection  o f  a p an icu la te  suspen­
sion).

3. C E L L U L A R  T O X I C I T Y

C yto tox ic  effects o f cannabinoids have been studied by  a n um ber o f  d if ­
ferent techniques, re flecting d iffe rent research interests. T he  p rinc ipa l 
questions addressed include the poss ib ility  o f  cannabis m utagen ic ity , ca r­
c inogenicity, and im p a irm e n t o f biosynthesis o f  nucleic acids and proteins. 
These have involved both in vivo and in vitro approaches.

3 .1 . C h rom osom a l A b e rra tio n s  and  M u ta g e n ic ity

D u rin g  the past 11 years, about tw o dozen pub lica tions on the possi­
ble cytogenetic effects o f  cannabinoids have appeared (B loch, 1982). T w o - 
th irds have dealt w ith  exam ina tion  o f hum an  chromosomes, and the re­
m a inde r w ith  rodent chromosomes.

Cytogenetic analyses o f  lym phocyte cultures from  chron ic m arihuana  
smokers have yielded con trad ic to ry  results (B loch, 1982). Four contro lled 
prospective studies (N icho ls et al., 1974; M a tsuyam a et al., 1976; 1977; 
M o rish im a  et al., 1979) in vo lv ing  experim enta l a dm in is tra tion  o f  1 to 15 
m arihuana  cigarettes a day fo r 5 to 13 days, gave no evidence o f  increased 
chrom osom al breaks o r gaps, though heavy doses gave rise to a h igher 
p ropo rtion  o f  hypoplo id  cells (i.e ., cells co n ta in ing  a sm alle r than norm al 
num ber o f  chromosomes) (M o rish im a  et al., 1979). T h is  anom aly d isap­
peared a fte r cessation o f  sm oking.

Rodent and hum an lung  cells in tissue cu ltu re  exposed to m arihuana  
smoke in vitro also tended to show reduced chromosome com plem ents, but 
not increased incidence o f  chromosome breaks o r gaps (Leuchtenberger, 
1982). Diverse studies w ith  rodent cells also indicate little  interference w ith  
chrom osom al replica tion  by cannabinoids (B loch, 1982).

However, in contrast to p u rified  cannabinoids, m arihuana  smoke has 
been reported to produce chrom osom al aberra tions (Leuchtenberger, 
1982), hypop lo idy (Leuchtenberger, 1982), m utagen ic ity  in bacteria  as 
dem onstrated by the Ames test (Busch et al., 1979; W ehner et al., 1980),
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and im pa ired  developm ent in  the F, generation (the second generation o f 
o ffsp rin g ) o f  treated anim als (F ried  and C harlebo is, 1979). Studies to date 
have not shown cytogenetic abnorm alities o r  m utagenic effects w hich are 
de fin ite ly  a ttrib u ta b le  to cannabinoids, o r unam biguously  iden tifiab le  in 
the hum an  popu la tion .

3 .2 . C a rc in o g e n ic ity

Analysis o f  cannabis smoke, an im al studies, and one c lin ica l report sug­
gest tha t cannabis m ay have significan t carcinogenic potentia l. Cannabis 
smoke condensate ( “ ta r ” ) is a m utagen (Section 3 .1 .) and when painted 
on an im a l skin has resulted in  alterations o f  cell developm ent (m etaplasia) 
in  the sebaceous glands (M agus and H a rris , 1971) and tu m o r form ation  
(H o ffm a n n  e ta l., 1975). C e rta in  naphthalenes, p a rticu la rly  benzopyrene, 
are know n to be as m uch as 70% m ore abundant in  cannabis “ ta r ”  than 
in  tobacco “ t a r ”  (N o vo tn y  et al., 1976). Rodents made to inhale cannabis 
smoke fo r several m onths show changes in b ronch ia l ep ithe lium  that are 
com patib le  w ith  precancerous a lte ra tion  (R osenkrantz and Flcischm an,
1979).

O ne  study o f  b ronch ia l biopsies in  young  m en who were heavy* users 
showed h istopatholog ica l changes s im ila r to those observed in m uch o lder 
smokers o f  tobacco cigarettes who m ay develop lu ng  cancer (Tennant,
1980). T he  com bina tion  o f  tobacco plus hashish sm oking m ay have 
enhanced the developm ent o f  precancerous lesions.

O ne  team o f  investigators has studied the effects o f chron ic exposure to 
fresh whole cannabis smoke and to its gas vapor phase on hum an lung 
tissue cu ltures (Leuchtenberger, 1982). C e llu la r abnorm alities developed 
in  essentially the same sequence w hich occurs w ith  tobacco smoke, and 
appeared to be related to com po",ent(s) o f  the gas vapor phase o f  the fresh 
cannabis smoke. A bnorm a lities  u. m itosis, D N A  com plem ent and 
chrom osom al num ber, as well as ce llu la r j. ‘o life ra tio n , were observed. A ll 
these changes were m ore severe a fter exposure to cannabis smoke than to 
tobacco smoke. In  ham ster lung  cu ltu res, both cannabis .and tobacco 
smoke led to m a lignan t trans fo rm ation ; both  types o f smoke appeared to 
prom ote  ra the r than to in itia te  m a lignan t transform ation . W hen the 
m a lignan t cells were injected in to  im m unores is tan t nude m ice, fib rosar­
comas developed. I t  has been reported tha t ascorbic acid protects hum an 
and ham ster lu ng  cell cu ltures from  m a lignan t transform ation  induced by 
cannabis smoke, but m ay enhance cancerous cell g row th  and dedifferen­
tia tio n  (conversion to more p r im itiv e  cell form s) in  hum an breast cancer 
cu ltu res exposed to cannabis smoke. T he  significance o f  these find ings is 
not yet clear.

A t this tim e there is no confirm ed evidence that cannabis has produced 
cancer in  hum ans. A va ilab le  in fo rm a tio n , however, indicates that can-
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nabis has carcinogenic potentia l, and hum an  users should be ca refu lly  
surveyed and m on ito red  fo r evidence o f  cancer developm ent.

3 .3 . Im p a irm e n t o f  M a c ro m o le cu le  S ynthesis

M a rih u a n a  smoke (whole smoke) evoked a decrease in  D N A  content in 
sperm atids ( im m a tu re  sperm ) o f cu ltu red  an im al testis (Leuchtenberger, 
1982). T h is  a lte ra tion  was nor found in  sperm atids a fter exposure to the 
gas vapo r phase o f  m arihuana  smoke, or a fte r exposure to  tobacco smoke 
(whole smoke o r the gas vapor phase). There fore  the cannab inoids o f 
m a rihuana  smoke were p robably  m a in ly  responsible fo r the alterations in  
D N A  synthesis. S im ila r in h ib itio n  o f  D N A  synthesis (decreased in co r­
pora tion  o f  3H -th y m id in e ) has also been reported in  cu ltu red  lym phocytes 
from  hum an  users o f  cannabis and from  T H C -tre a te d  m onkeys, rats, 
guinea pigs, and m ice, as well as in various u n ice llu la r organism s and 
cu ltu red  m a lignan t cells exposed to T H C  in vitro (M u n so n  and Fehr, 
1982). In h ib it io n  o f  R N A  syn thes is  (decreased in c o rp o ra tio n  o f  
3H -u r id in e )  and o f  prote in  synthesis has also been reported in a s im ila r 
range o f  preparations (M unson  and Fehr, 1982).

In  most o f these studies, the concentra tion  o f  T H C  added in vitro was 
10'4 - lO'6 m ol/1  w h ich  is p robably w ell above the range o f  T H C  concen­
tra tions found in the plasma o r tissue flu ids o f hum an users o f  cannabis. 
But there is some d iffic u lty  in  specifying concentra tion  o f  T H C  since its 
m a x im u m  so lub ility  in w ater is o f  the o rde r o f 10'’ rnol/1 o r less (Banerjee 
et al., 1975), so t h r .  one m ust suppose the “ free”  concentra tion cannot 
rise  m uch  above th is . In  p lasm a , T H C  ar.d its n rs t m e ta b o lite , 
(1 1 -h y d ro x y -T H C ) are strong ly bound (up  to 9 9 % ) in vivo to lipop ro te in  
o r a lbum en. In vitro, the nom ina l concentradon w ill be reduced by adsorp­
tion  to glass and by uptake in to  the tissue o r test m a te ria l, and some o f  it 
m ay be bound e ithe r by prote in  in the cu ltu re  m ed ium , o r by prote in  
released by the tissue in to  the m edium . T h e  nom ina l concentra tion  in 
such experim ents must therefore be regarded as representing not “ free”  
concen tra tion , but the am ount o f  T H C  available to be taken up by the test 
system. In the few studies in which tissue/m edium  ratios have been 
reported, the la tte r have been in the o rder o f  100-600. T he  corre la tion  o f  in 
vitro w ith  in vivo w ork w ould  be greatly  aided by fu rth e r study o f  these fac­
tors.

3 .4 . Possible B ioch e m ica l M echan ism s

Interference w ith  m acrom olccuie synthesis m igh t result from  various 
mechanism s; examples are fa ilure  o f  ce llu la r uptake o f  the precursor sub­
stance^, in h ib it io n  o f  the synthesiz ing  enzym es, p e rtu rb a tio n  o f  the
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ce llu la r m em branes in w hich the enzymes are located, blockade o f  recep­
tors fo r horm ones w hich m odula te  the syntheses, and so forth . T he  
evidence on these points is not reviewed here fo r reasons outlined  in  Sec­
tion  1 . 1 .

O n ly  one hypothesis is m entioned here in some deta il, because it is 
recent and im ag ina tive , and because it proposes a single explanation both 
for the defic iency in nuclear histone synthesis and fo r the u ltras truc tu ra l 
a ltera tions encountered in the leukocytes and spermatozoa o f  chron ic 
hum an users o f  hashish (Issidorides, 1982). These cells are characterized 
by a depletion o f  the am ino acid a rg in ine  and by abnorm al ch rom atin  
condensation. A ccord ing  to this hypothesis, the b io logica l effects observed 
in  ch ron ic cannabis users m ay be expla ined by a rg in ine  depletion w h ich, 
in  itself, can cause chrom osom al aberrations, decreased sperm m a tu rity  
and m o tility , defective ovu la tio n , g row th  re ta rda tion , im m unosuppression 
and the reactivation o f  la tent v ira l infections, and C N S  effects such as 
anorexia, m o to r incoo rd ina tion , and lethargy. Furthe rm ore , the enzymes 
reported to be affected by cannabis possess essential a rg in ine  residues at 
the ir active sites, w hich w ould  perm it a T H C /a rg in in e  in teraction .

4. IM M U N E  S Y S T E M

T h e  im m une  system in hum ans and o the r h igher anim als plays a m a jo r 
role in  p ro tecting  the body against bacteria l, v ira l, and o ther infections 
against the grow th  and spread o f body cells w hich have undergone 
trans fo rm ation  to a cancerous state, and against foreign proteins and 
m any o the r substances. A  considerable num ber o f scientific repons deal 
w ith  the effects o f cannabinoids on the various m ain  components o f the 
im m une  system in hum ans and experim enta l anim als. These p rinc ipa l 
com ponents are the T -lym phocytes, the B-lym phocytes (which form  an­
tibodies o r im m unog lobu lins), and the macrophages.

4 .1 . E x p e rim e n ta l A n im a ls

In  contrast to the con flic ting  find ings so far available in  hum ans, there 
is consistent evidence that T H C  and m arihuana  adm inistered parcnter- 
allv o r by inha la tion  induce im m uno log ica l defects in mice and rats, and 
that rats are more sensitive than mice (M u n so n  and Fel r, 1982). The  im ­
m uno logical responses that have been shown to be perturbed include:
a) h um ora l im m une suppression in m ice and rats, as measured by 

decreased antibody responses to T-dependent and T -independent an ­
tigens, and decreased lym phocyte  response to a B-cell m itogen;
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b ) ce ll-m ediated im m u n e  suppression in  m ice as measured by a reduction 
o f  the delayed hypersensitiv ity  response to corynebacterium parvum, sheep 
red b lood cells, oxazolone and skin a llografts, and decreased ly m ­
phocyte response to the T -ce ll m itogen, phytohem agg lu tin in  (P H A ). 
T h e  depression o f  P H A -in d u ccd  lym phocyte  response was also seen in 
rats and m onkeys.
These effects were obta ined w ith  doses o f  T H C  w hich produced very 

lit t le  behaviora l effect in  the m ice. How ever, the m olecu lar s truc tu ra l re­
qu irem ents  fo r im m unosuppressant action are d iffe rent from  those for 
psychoactiv ity  (S m ith  et al., 1978), so that cannabinoids o the r than T H C  
m ay co n trib u te  to the suppressant effect o f  cannabis.

T h e  evidence tha t m arihuana  o r T H C  can pe rtu rb  m onocyte o r 
m acrophage func tion  is m ixed (M u n so n  and Fehr, 1982). O vera ll there 
appears to  be a reduction  in  the staphylococcus-killing  a b ility  o f  cells ob ­
ta ined by  b ronchopu lm ona ry  lavage from  anim als exposed to cannabis 
smoke, a long w ith  a reduction in  the release o f lysosomal enzymes, in 
superoxide fo rm ation  and in  oxygen consum ption . Decreased phagocytic 
a c tiv ity  has also been observed after exposure o f  lung  macrophages to can­
nab ino ids o r  cannabis smoke in vitro.

T h e  degree o f  im m unosuppression produced by T H C  is a function  o f  
the tem pora l re la tionsh ip  between the adm in is tra tion  o f  the cannab ino id  
and the antigen . T h e  effects are m ore pronounced i f  the cannabinoids are 
adm in iste red  d u rin g  the early phase o f  an tibody fo rm ation  (L u th ra  et al.,
1980) and are m ore evident in young  anim als (Pruess and Le fkow itz , 
1978). T h e  degree o f  tolerance that can develop to these effects is not yet 
clear.

The  ro le o f  adrenal steroids in  the im m unosuppressive action o f  the 
cannab inoids is not clear. O ne study (S m ith  and M u nso n , 1976) suggests 
tha t a cannab ino id -induced  increase in corticosteroid  release m ay mediate 
certa in  aspects o f  the im m une  suppression (e .g ., splenic a trophy), but not 
others (e .g ., the in h ib it io n  o f  an tibody fo rm ation).

4 .2 . H u m a n s

A t present, there is on ly  suggestive but not conclusive evidence that 
consum ption  o f  cannabis o r T H C  m ay produce im m une dysfunction  in 
hum ans as measured by the fo llow ing  im m unolog ica l indicators (M u n so n  
and Fehr, 1982):
a) the num bers o f  T -lym phocytes , B -lym phocytes o r macrophages
b ) the fun c tion in g  o f T -!ym phocytes, B -lym phocytes o r macrophages
c) serum  im m u n o g lo b u lin  levels.

T h e  num erous studies in which these ind icators have been used have 
yie lded rough ly  s im ila r num bers o f  reports o f  increased, decreased, or 
una ltered im m u n e  responses in cells from  cannabis users com pared to 
non-users.
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There* is suggestive evidence that T -ly m p h o c y tc  function  m ay be im ­
pa ired , as measured by a reduced responsiveness to m ixed lym phocyte 
cu ltu res o r to  P H A , and reduction in the n um ber that can form  rosettes 
w ith  sheep red blood cells.

T he re  is one report that the phagocytic a b ility  o f  po lym orphonuclear 
leukocytes is im pa ired  in  subjects sm oking  m arihuana  (Petersen et al., 
1975). There  is also one report o f  b iochem ical and u ltras tru c tu ra l changes 
in the leukocytes o f  ch ron ic hashish smokers (^Section 3 .4 .) (Stefanis and 
Issidorides, 1976; Issidorides, 1979).

4 .3 . B io lo g ic a l S ig n ifica n ce

I f  the effects o f  cannabis on the im m u n e  system , as exam ined in vitro, 
are o f  b io log ica l im portance, it should be possible to  dem onstrate that they 
reduce the resistance o f  the liv in g  organism  to in fection o r to cancer 
a lthough the la tte r effects m igh t be altered by an in h ib ito ry  effect o f T H C  
on the cancer cells d irectly. Decreased resistance to in fection by Listeria 
monocytogenes and to herpes s im plex v irus  has been found in cannabis- 
treated mice (M o ra h a n  ft al., 1979). Since o the r drugs w hich suppress 
im m u n e  responses in m ice also do so in  hum ans, the apparent differences 
between *he 'findings w ith  cannabis in  hum ans and rodents m ay depend 
m ere ly cr. re la tive  doses used. In  hum ans, it has been reported that d o r­
m ant genual herpes in fections have been reactivated shortly  after the 
sm oking  o f cannabis (Juel-Jensen, 1972).

It can be expected tha t the im m unosuppressant efficacy o f  cannabis, 
like  tha t o f  any o ther im m unosuppressant d rug , w ill va ry  a long a con­
t in u u m , rang ing  from  litt le  o r no effect against im m u n ity  to com m on v ira l 
in fections such as in fluenza , up to m arked suppression o f  resistance to 
unusual infections such as L is te ria  pneum on ia  in  the mouse. Since im ­
m uno log ica l function  is n o rm a lly  less effective in  o lder persons than in 
younger ones (H a llg re n  et al., 1973; B u rne t, 1976), it is also possible 
(though not yet studied) that the im m unosuppressant effect o f  cannabis 
w ould  be appreciab ly greater in the elderly. T h e  m agn itude  o f pub lic  
health consequences o f  such a d rug  effect is therefore d iffic u lt to assess. 
O ne o f  the problem s o f  in te rp re ta tion  o f  these find ings is the re lative 
crudeness and high v a r ia b ility  o f  the tests o f  im m une  func tion  in vivo com ­
pared to those in vitro. I t  is necessary ro have a h igh  degree o f  im m u n osu p ­
pression in vitro before a statistica lly s ign ifican t in vivo effect can be 
dem onstrated in a small n um ber o f experim enta l anim als. T h e n  fore some 
im m unolog ists  consider the in vitro effects o f  cannabis to be w ithou t fun c ­
tiona l significance for health.

H ow ever, epidem io log ica l observations on large populations o f users 
should perm it a clearer assessment o f  the b io log ica l significance o f small 
degrees o f im p a irm e n t o f  im m une  func tion . A  m in o r degree o f im ­



m unosuppression in  a substantia l n um ber o f  cannabis users m igh t result 
not in  any sudden and d ram atic  increase in  incidence o f  unusual in fec­
tions, bu t ra the r in  a slight increase in incidence, severity, and d u ra tio n  o f 
com m on ones. C u m u la tive ly , this could have considerable significance fo r 
pub lic  health and health care de livery  systems.

4 .4 . C a nnab is  As an A lle rg e n

C annab ino ids have some a llergic po ten tia l. F rom  the few data 
availab le, it appears tha t a lle rg ic reactions in  hum ans are uncom m on, 
a lthough cannabis use has been reported to worsen a llergic sym ptom s in 
atopic persons (Tennant et al., 1971). Skin tests in  cannabis smokers have 
usua lly shown litt le  o r  no reaction to cannabis o r its constituents (Tennant 
et al., 1971; Lew is and S lav in , 1975), a lthough some cannabis users have 
dem onstrated serum  antibody responses to T H C  and o the r cannabinoids, 
suggesting tha t these com pounds can act as haptens (L iskow  et al., 1971; 
Shapiro et al., 1976). A ntibod ies have also been made against T H C  in ex­
perim enta l anim als (e .g., Lecorsier et al., 1977).

5 . E F F E C T S  O N  E N D O C R IN E  F U N C T IO N

As w ith  the w o rk  on the im m une  system, fa ir ly  impressive and consis­
tent elfects o f  cannabis have been observed in endocrine functions in ex­
perim enta l an im als, wh ile  on ly  weak and inconsistent effects have been 
reported in  hum ans (B loch, 1982). It is not clear w hether this represents a 
species difference o r  a consequence o f  differences in dosage and pattern  o f 
adm in is tra tion , o r o f  c lin ica l va ria tio n . T h e  endocrine responses o f  ex­
perim enta l an im als to most o ther drugs are at least qua lita tive ly  s im ila r to 
those o f  hum ans, a lthough there are exceptions to this statem ent. 
There fore , when a pa rticu la r endpoin t o r system reacts u n ifo rm ly  to can ­
nab ino id  exposure in several species o f  several classes, in c lu d in g  m onkeys, 
a qua lita tive ly  s im ila r response in  hum ans m ay be antic ipated.

5 .1 . M e th o d o lo g ic a l C o n s id e ra tio n s

A  n um ber o f  the horm ones studied, such as testosterone and lu te in iz in g  
horm one (L H ) ,  show very large, short-lived , and qu ite  irreg u la r v a ria ­
tions in b lood levels, independent o f any regu la r d iu rn a l rhythm s vDe 
Lacerda et al., 1973). There fore  occasional measurements at single points 
in tim e shew very w ide scatter and large standard deviations in  sm all
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groups o f  norm al subjects. In  o rde r to dem onstrate re liable  though small 
differences between groups subm itted  to d iffe rent treatm ents, it is 
necessary to use e ither:
a) ve ry  large num bers o f  subjects, so that the standard e rro r o f  the mean 

fo r the group is decreased in  correspondence w ith  the sample size, o r
b) frequent o r continuous sam pling  (e .g ., by in dw e lling  venous cannula), 

to estimate the true mean fo r each subject.
In  hum an studies, (a) is p robably  not feasible for financia l reasons, but 

(b ) has been em ployed in the best recent investigations (e .g., M endelson et 
al., 1978).

In  an im al studies, pub lished w ork  has been deficient in  a va rie ty  o f  im ­
portan t ways:
a) often on ly  single doses o f cannabinoids have been used, ra the r than fu ll 

log-dose/response curves, so tha t the biplogical significance o f  the fin d ­
ings is d iffic u lt to de term ine;

b) in vitro d rug  concentrations m ay often be too h igh to be relevant to in 
vivo levels o f  cannabinoids (see Section 3 .3 .);

c) the d u ra tio n  o f cannabis trt:a tm ent is often variable  and a rb itra ry ;
d ) the tim e between d rug  adm in is tra tion  and horm one m e;isurem ent is 

variable  and often not stated;
e) an im al strains are occasionally not specified;
1)  data variance w ith in  the same study often d iffe r w ide ly ; 
g) in  most experim ents, cannabis-treated anim als are com pared w ith  

vehicle-treated contro ls, bu t fo r explanation o f  mechanisms there 
should also be com parisons w ith  analogs, hom ologs, and derivatives o f  
T H C .
Despite these shortcom ings, a good measure o f agreement has been 

found in  re la tion  to the effects o f cannabinoids on male and female 
gonadal and adrenal horm one p roduction  and on h ypo th a la m ic -p itu ita ry  
regu la tion . M u c h  less is know n about the effects on o ther horm ones.

5 .2 . M a le  R e p ro d u c tiv e  H o rm o n e s

5 .2 .1 . Experimental Animals
In  rats and mice, cannabinoids d is rup t norm a l male reproductive physi­

o logy (B loch, 1982). Testicu la r m etabolic ac tiv ity  and in vitro testosterone 
synthesis are decreased; plasma levels o f both testosterone and L H  fa ll, 
and , upon chron ic in take , androgenic target tissues show va ry ing  degrees 
o f functiona l and m orpho log ica l in vo lu tio n . Prolonged cannab ino id  intake 
leads to d im in ished  spermatogenesis. T he  effects o f m arihuana  and 
cannabinoids on male reproductive endocrino logy and on spermatogene­
sis are apparendy reversible, since no perm anent changes have been 
described fo llow ing  cessation o f  cannab ino id  in take. These effects have



been studied m a in ly  in  im m a tu re  and puberta l rats. There  is a need fo r 
corresponding studies in  m atu re  m ale rats.

5 .2 .2 . Humans
O n ly  a few studies have been carried  o u t w ith  m odem  methods o f  h o r­

m one m easurem ent. These have invo lved  young  hea lthy users o f  canna­
bis, e ithe r w ith  o r w ith o u t con tro lled  experim enta l a dm in is tra tion  o f  can­
nabis as p a n  o f  ihe study design. A  few groups o f  investigators have 
reported reduced plasm a levels o f  L H  a n d /o r testosterone and reduced 
sperm  counts in  ihe users, w h ile  o the r groups have found no changes 
(B loch, 1982). T o  date the difference has not been satisfactorily expla ined, 
bu t in v iew  o f  the find ings in  the an im a l studies, it is possible that the can­
nabis doses in  the hum ans have been ju s t at o r below  the low er m arg in  o f  
the effective range.

5 .3 . Fem ale R e p ro d u c tiv e  H o rm o n e s

5 .3 .1 . Experimental Animals
As in  the m ale, the acute o r single adm in is tra tion  o f  T H C  to non- 

pregnant female rats trans ien tly  in h ib its  fun c tion in g  o f  the hypo tha lam ic- 
p itu ita ry -gonada l axis (B loch, 1982). Plasma L H  and p ro lactin  levels are 
decreased; the p re -ovu la to ry  L H  surge is suppressed, and estrus is 
delayed. C h ro n ic  T H C  o r crude m arihuana  extract in take seems to im ­
p a ir reproductive  func tion  reversibly. T h e  u te ri and the vagina show signs 
o f  m orpho log ica l and functiona l in v o lu tio n , and ovarian  func tion  m ay be 
affected. Estrous cycles are inconsistently in te rrup ted  o r abolished.

T h e  few studies on m onkey and o ther non -hum an  prim ates tend to con ­
firm  a suppressive effect o f  cannabinoids on p itu ita ry  gonadotrop in  
release, and the b lock ing  o f  ovu la tion  (B loch, 1982). Too few studies eva l­
ua ting  o the r param eters have been carried out to perm it even tentative 
inferences.

In  experim enta l an im als , T H C  exerts few effects un ique to pregnancy 
(B loch, 1982). H igh  doses suppress o r d im in ish  the m atenal weight gain 
no rm a lly  occu rring  d u rin g  pregnancy. T H C  also decreases p ro lactin  
levels, w hich m ay exp la in  the reduced and inadequate lacta tion  seen in 
the post-partum , cannab ino id-ingesting  ra t.

5 .3 .2 . Humans
There  is one p re lim in a ry  report o f  an increased p roportion  o f  m enstrual 

cycles that were e ither anovu ia to ry  o r m arked by an inadequate luteal 
phase in  m arihuana  sm oking  wom en as com pared w ith  a g roup  o f  non ­
users (Baum an et al., 1980). O therw ise , this subject has been v ir tu a lly  
unexplored in  hum an females.
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5 .4 . A d re n a l C o rte x

5 .4 .1 . Experimental Animals
Pure cannabinoids and crude m arihuana  extract stim ulate  adrenal co r­

tical func tion  in rats (B loch, 1982). Acute  adm in is tra tion  results in  in ­
creased p lasm a corticosterone concentrations; long-te rm  and short-term  
exposure lead to adrenal weight increase and thym us weight decrease.

5 .4 .2 . Humans
Several studies in hum ans, however, have failed to show changes in 

adrenocortical func tion  as a result o f  cannabis use o r experim enta l a d m in ­
istra tion (B loch, 1982). O n ly  one group (B enow itz et al., 1976) ha;; 
reported a decreased plasma cortisol response to insu lin-induced  hypogh 
cem ia in T H C -tre a te d  males. A ga in , the difference between the results in  
hum ans and anim als m ay reflect differences in re lative doses o f  cannab i­
noids. In  the an im al studies, adrenal activa tion  was observed on ly  a fter 
ra d ie r large doses o f  T H C ,  and not p roportiona te ly  at a ll doses. T h e re ­
fore, it m ay reflect a non-specific stress response, above a certa in threshold 
dose, as has been reported w ith  a’cohol (Stokes, 1971; K ak ihana  and 
Butte, 1979). In  the hum an studies, the doses used m ay not have been 
h igh enough to produce this.

{

5 .5 . O th e r  H o rm o n e s
i

V ery lit t le  in fo rm a tio n  exists on the effects o f  cannabis on o the r endo­
crine  secretions. Several an im al studies have shown reduction o f c ircu ­
la tin g  thyrox ine  o r triio d o thy ron in e  levels after acute o r chron ic adm in is ­
tra tion  o f  T H C ,  b u t this has not been confirm ed in  hum ans (B loch, 1982).
Plasma grow th  horm one levels have shown variable responses to T H C ,  
accord ing to the age o f  the ra t and route  o f  adm in is tra tion  (B loch, 1982). j
T he re  is one report o f  decreased g row th  horm one response to insu lin  
in jection  in  hum ans tak ing  T H C  by m outh  (B enow itz  et al., 1976). j

j

5 .6 . Locus and  M echan ism s o f  A c tio n

E xperim enta l an im al studies have revealed the p rim a ry  locus o f canna­
b ino id  action in the b ra in , p robably in  the hypotha lam us (B loch, 1982). 
C annab ino id  s tim u la tion  o f the adrenal cortex can be abolished by agents 
and procedures w h ich  b lock p itu ita ry  A C T H  p roduction , w hile  L H -  
releasing horm one w ill stim ulate  p itu ita ry  L H  release in  the T H C -  
b lockcd ra t.

C rude  m arihuana  extract and T H C  probably also exert a d irect in h ib i-
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to ry  effect on got .dal and adrenal con ica l func tion . T h is  is especially true 
fo r the testes, where in vivo and in vitro experim ents have dem onstrated an 
in h ib itio n  o f testosterone synthesis, perhaps v ia  reduced cholesterol 
esterase activ ity . A no the r possible m echanism  is in h ib itio n  o f  testicu lar 
synthesis o f prostaglandin  E w hich is involved in m ed ia ting  troph ic  h o r­
m one effects D im in ished  m etabolic a c tiv ity  and decreased m acrom olecule 
synthesis in  testes fo llow ing  exposure to cannabinoids m ay exp la in  the 
reduced spermatogenesis observed after cannabis intake.

Repeated adm in is tra tion  o f  cannabinoids m ay result in  a d irect effect 
on the uterus, and possibly also on prostate and m am m ary g land tissue 
(B loch, 1982). In te rp re ta tio n  o f  the data is made d iffic u lt by the fact that 
some investigators have used cannabis extracts w h ile  others have used 
T H C .  These preparations d iffe r w ith  respect to the ir respective dose- 
response relations fo r each effect. I f  d irect effects exist, they occur at la rger 
doses than are needed to produce ind irect effects (e .g., v ia  actions on the 
hypotha lam us and the p itu ita ry ), and m ay reflect a m ore general toxicuy.

T he  m olecu la r mechanism  o f  cannab ino id  action rem ains to be e lu c i­
dated. It  m ust also be rem em bered that m arihuana  contains o the r com po­
nents w hich m ay have ac tiv ity  w ith  qu ite  d iffe rent loci o f  action.

6. R E P R O D U C T IO N  A N D  D E V E L O P M E N T

T h e  effects o f  cannabinoids have been investigated to a very lim ite d  
extent on aspects o f reproduction  and developm ent o ther than the endo­
crine aspects m entioned in  Section 5.

6 .1 . Sexual B e h a v io r

A lthough  there are descrip tive  references to decreased potency, sexual 
activ ity , and fe r til ity  o f  males in Ind ia , N o rth  A frica , and o ther regions o f  
the w orld  (e .g., C hopra  and C hopra , 1939; Bouquet, 1951), a ttrib u te d  to 
heavy use o f  cannabis, these observations are not accompanied by any 
investigation adequate to support a causal lin k . In  more recent fie ld  s tud ­
ies, both the users and the ir spouses ind icated that sexual behavior was 
norm a l, bu t the users stated tha t they often smoked cannabis in o rde r to 
p ro long o r be able to enjoy coitus (Page and C arter, 1980). A  few experi­
m enta l studies have reported decreased sexual reflexes and increased 
latency to m oun t in  m ale rats (e .g ., C orcoran et al., 1974).

C learly, the effects o f  cannabis on sexual behavior requ ire  considerab ly 
more systematic research.
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6 .2 . Fertility
In  an im als , fe r til ity  in  males and females has not been s ign ifican tly  

altered by sub-chronic o r ch ron ic treatm ent w ith  T H C  o r cannabis 
extracts (G r illy  et al., 1974; W rig h t et al., 1976).

In  one r*udy in  hum ans, it was cla im ed that s te rility  was tw ice as com ­
m on am ong chron ic  cannib is users as am ong the general popu la tion  
(C hopra  and C hopra , 1939). However, there is no consistent evidence o f 
decreased fe rtility , as ind icated by the num ber o f  o llsp rin g  o f  males who 
are chron ic  cannabis users (T rue  et at., 1980). F e rtility  has hard ly  been 
studied in female users o f  cannabis. I f,  as p re lim in a ry  studies suggest, 
ovu la tio n  is suppressed by T H C  treatm ent, fe rtility  w ould  be adversely 
affected.

6 .3 . Tcra togencs is

.Any d ru g  cou ld  po ten tia lly  affect fetal developm ent in  tw o ways. F irst, 
exposure to a m utagen ic agent p r io r to conception could a lte r the germ  
cells o f  the maie o r the female and thus influence the expression o f  the 
genes in the o ffsp ring . Cytogenetic effects o f cannabis have been reviewed 
in  Section 3.1. As noted there, it seems doub tfu l that crude cannabis 
extracts o r  T H C  are m utagenic in hum ans, a lthough pyrolysis products 
present in cannabis smoke m ay have m utagenic activ ity.

Secondly, i f  exposure occurs d u rin g  pregnancy, drugs can produce 
d irect tox ic  effects on the fetus. T H C  adm inistered to pregnant rodents 
results in  a concentra tion  grad ien t o f  m other >  placenta >  fetus (B loch, 
1982). T h e  placenta takes up T H C  m ore av id ly  than the fetal tissues do, 
b u t releases it o n ly  slowly. T h is  makes the placenta po ten tia lly  a b a rr ie r 
against, bu t also a reservo ir for, T H C  transfer in to  the fetus. A  T H C -  
induccd d is ru p tio n  o f  p lacental developm ent o r function  as suggested by 
p re lim in a ry  observations o f  Sassenrath et al. (1979) m ay be s ign ifican t, 
and could con tribu te  to abnorm alities in  the fetus.

C annab ino id  a dm in is tra tion  d u rin g  the first tw o-th irds  o f  gestation is 
associated w ith  increased frequency o f  fetal resorption and decreased b ir th  
weights in  m ice, rats, rabb its , and hamsters (B loch, 1982).

There  are three reports that the adm in is tra tion  o f  large doses o f  T H C  to 
m ice d u r in g  the c ritica l periods o f  palate and b ra in  developm ent correlates 
w ith  increased frequency o f  cleft palate and exencephaly respectively 
(M a n til la -P la ta  et a t., 1975; J o n c ja , 1976; B loch et a t., 1979). 
C annabino id-exposed hamsters also had an increased incidence o f  
m a lfo rm a tio n s  (G e be r and S ch ra m m , 1969). O th e r  re po rts  o f  
cannab ino id-induced  m a lfo rm ations cannot be considered as de fin itive , 
and the m a jo rity  o f  studies in these species have dem onstrated no s ig n ifi­
cant teratogenicity. C annabis extracts m ay contain  constituents o ther than 
T H C  w h ich  are teratogenic. T h e  few reports o f tera togenicity  in rodents



and rabb its  (B loch, 1982) ind icate  cannabinoids to be, at m ost, w eakly 
teratogenic in  these species, and the ac tiv ity , i f  any, m ay reside in  can­
nab ino ids o the r than T H C ,  o r  in non-cannab ino id  constituents o f  can­
nabis o r  cannabis smoke.

T he  teratogenic po ten tia l, however, has never been accurately assessed 
in  hum ans. A  m a jo r prospective study (Z uckerm an  et al., 1981) now  in 
progress, should p rovide  va luab le  in fo rm a tio n  in  this area.

6 .4 . P o s t-N a ta l D e ve lo p m e n t

D ru g  effects on post-nata l developm ent m ay be exerted th rough  a ltera­
tions in  a b ility  o f  the lac ta ting  m o the r to  feed the young  adequately, 
th rough  a ltera tions in  o the r m ate rna l behavior towards the young  both 
d u r in g  lac ta tion  and a fte r w ean ing, and th rough  tissue a lterations in  the 
o ffsp ring  themselves as a result o f  d ru g  exposure in utero a n d /o r v ia  the 
m ilk . In  anim als, and presum ably in  hum ans, cannabinoids can cross the 
placenta, and are also secreted in the m ilk  (C hao et al., 1976).

There  has been ve ry  lit t le  systematic study o f  cannabis effects on 
general m ate rna l behavior tow ard  the o ffsp ring. H ow ever, an im a l studies 
have shown repeatedly that cannabis can im p a ir  lac ta tion , p robab ly  by 
centra l actions lead ing  to reduced p ro lactin  o u tp u t. T h is  results in 
neonatal m a ln ou rish m en t, unless cross-fostering procedures (i.e ., a llo w ­
in g  untreated m others to rear drug-exposed o ffsp ring) are used; conse- 
quendy there is re tarda tion  o f  w e ight gain and skeletal g row th , and in ­
creased neonatal m o rta lity . A  clear-cut m aldeve lopm ent o f  any o the r type 
such as delayed eye open ing  o r inc isor e rup tion  is less often reported 
(B loch, 1982). Fo llow -up  observations, now  in  progress, o f  babies bom  o f  
m others who have smoked cannabis d u ring  pregnancy w ill be in fo rm a tive  
in  this regard (F ried , 1980).

A  m a jo r concern is the possib ility  o f  re ta rda tion  o f  la te r ju ve n ile  
m a tu ra tion  and developm ent as a result o f  c ithe r in utero exposure o r early 
com m encem ent o f  cannabis use by ch ild ren  and adolescents. T h is  has 
been u n til now  an almost to ta lly  neglected research fie ld  and requires 
specific a tten tion .

7. E F F E C T S  O N  N E R V O U S  S Y S T E M  F U N C T IO N

7 .1 . E ffects  o f  C a nn a b is  on  B e h a v io r

7 .1 .1 . Acute Effects on Intellectual Functions
T he  effects o f  any d ru g  on behavior are m arked ly  in fluenced by a w ide 

v ir ie ty  o f  factors, both  w ith in  the in d iv id u a l user and derived from  the
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env ironm ent at the tim e  o f  testing. T h is  is ju s t as true o f  cannabis as o f  
any o the r psychoactive d rug . Consequently the p icture  o f  effects seen in 
any g iven instance depends on the re lative contribu tions o f the d rug - 
specific effects (w h ich  are re la tive ly  predictable and reproducib le ) and o f  
the in d iv id u a l and env ironm enta l influences (w hich are m uch m ore 
variab le  and less pred ictab le). As a result, '.he behaviora l effects o f low  
doses o f  cannabis are re la tive ly  non-specific and can show extensive 
overlap  w ith  those o f  am phetam ines, opiates, hypnosedatives, and 
alcohol. In  contrast, at h igh  doses the cannabis effects are m uch m ore 
characteristic and iden tifiab le . T h is  is true  not on ly  fo r behavio ta l effects, 
b u t also fo r n eu ro to x ic ity  and psychiatric effects, which are discussed in 
the fo llow ing  sections o f  th is report.

In  studies w ith  rodents, dogs, and monkeys, behaviora l profiles reveal a 
biphasic dose-effect and tim c-effect re lation o f cannabis and o f  T H C .  A t 
low doses, h ype ra c tiv ity  and hypersensitiv ity (p a rticu la rly  to a ud ito ry  and 
tactile s tim u li)  arc ev iden t, and there is synergism (m u tua l enhancem ent) 
w ith  the corresponding effects o f  am phetam ines and o f low  doses o f 
opiates. A t h ighe r doses, ataxia , hvpom otility , stupor, o r coma are en­
countered, and the corresponding effects o f  o ther central depressant drugs 
arc enhanced (R osenkrantz , 1982). Biphasic patterns o f  changes in  spon­
taneous a c tiv ity  related to both tim e  and dose have also been described 
repeatedly in  hum ans (Jones, 1980).

These changes do n o t, in  themselves, constitute adverse effects; rather, 
they are d ie characteristic features o f  in tox ica tion  w ith  cannabis. T hey  are 
adverse effects on ly  w hen they com prom ise the health o r safety o f  the user 
o r o f  o thers, by im p a ir in g  the user’s a b ility  to ca rry  ou t necessary 
cogn itive-perceptua l o r psychom otor functions. The m ain  conclusions 
concern ing  the effects o f  cannabis on these functions can be sum m arized 
as follows (K lo n o ff,  1982):
a) A  host o f  studies have dem onstrated im pa ired  function ing  on a va rie ty  

o f  cogn itive  and perform ance tasks d u rin g  m arihuana  in tox ica tion ;
b) im pa ired  m em ory, a ltered tim e sense, and decrements in perform ance 

on a n um ber o f  tasks —  such as those in vo lv ing  reaction tim e , concept 
fo rm a tio n , lea rn ing , perception, m o to r coord ina tion , a ttention  and 
signal detection —  are com m on ly  described in the lite ra tu re ;

c) in  most labo ra to ry  studies, the d u ra tion  o f  measurable m em ory a lte ra ­
tions is a few hours a fter a smoked m arihuana cigarette. H ow ever, for 
some m arihuana  smokers, there m ay be more lasting problem s w ith  
transfer o f  new in fo rm a tio n  in to  long-term  m em ory storage;

d ) greater appreciation  has developed for the need to study a range o f 
doses on a va rie ty  o f  cognitive  tasks before try in g  to describe the effects 
o f  m arihuana . For the most p a n , im pa irm ents are dose-related but 
there are apt to be m u ltip le  m arihuana  effects depending on the exact 
dem ands o f  the task; fo r exam ple, perform ance on some cognitive  tasks 
m igh t e w n  im prove  when low  doses are used;
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e) h igh  m o tiva tio n  to perfo rm  well can be enhanced by incentives (e.g., 
m ore m oney fo r correct responses) and this enhancement can decrease 
some m arihuana  effects.

7 .1 .2 . Acute Effects on Driving Skills and Driving Performance
Retrospective sources o f  in fo rm a tio n  concerning the effects o f cannabis 

on d r iv in g  include:
a) self-reported experiences and perceptions o f  users
b) anecdotal repons by investigators
c) data collected a fte r accidents o r  tra ffic  vio la tions.

O n  the basis o f  such accounts, there appears to be a consensus that 
m arihuana  can, and often does, im p a ir  d r iv in g  a b ility  and actual d r iv in g  
perform ance (K lo n o ff, 1982). T h e re  has been g row ing  evidence that m a r i­
huana, used alone o r in  com b ina tion  w ith  alcohol and o ther drugs, is 
im p lica ted  in  tra ffic  accidents and fatalities (W oodhouse, 1974; S terling- 
S m ith , 1974; C im b u ra  et al., 1980). T h e  nature o f  this im p lica tion , how ­
ever, is less than clear. Toxico log ica l data, inc lud ing  m easurement o f 
cannab ino id  m etabolites in  the u rin e , m ay mean on ly  that the person has 
used cannabis at some re la tive ly  recent tim e (hours to days) before the 
tim e o f  sam pling  (R ubenste in , 1979). Such in fo rm a tion  obviously p ro ­
vides i.o causal lin k  between the d rug  use and occurrence o f an accident. 
M u c h  greater a tten tion  m ust therefore be given to prospective studies o f  
cannabis effects.

Prospective m ethods o f  investigation include:
a) psychom otor tasks that are presum ed o r know n to be related to d riv in g  

skills
b) d r iv in g  s im ula tors
c) tra ffic-free d r iv in g  test courses
d ) road tests under actual tra ffic  conditions.

Psychom otor tasks can test o n ly  specific subsets o f  the com plex behav­
io ra l demands for d r iv in g . W h ile  m any such studies have reported dose- 
related im p a irm e n t o f  d r iv in g  skills by cannabis, there is a real question 
about genera lizab ilitv  to actual d r iv in g  situations.

D riv in g  sim u la tors have the advantage o f  p e rm ittin g  contro l o f  m any 
variables, b u t are nevertheless subject to experim enta l artifacts. T he  
studies to date have ope ra tiona lly  defined variables such as speed errors, 
accelerator e rrors, brake enrors, risk-tak ing  in  terms o f  passing, passing­
tim e judgm ents , and visual signal detection (K lo n o ff, 1982). Dose-related 
effects o f cannabis on most o f  the measures employed have been reported, 
bu t again there is a question about generaliz ing to real-life d r iv in g  since 
most o f the em otiona l and m o tiva tio na l factors in  real-life  d r iv in g  p e rfo r­
mance are m issing from  the s im u la to r tests. Three  published studies 
(L e D a in , 1972; Sm iley et al., 1974; Hansteen et al., 1976) have reported 
cannabis dose-related im p a irm e n t o f  d r iv in g  pe rfo rr mce. Skilled d rive rs ,
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on tra lfic -free  test courses, have reiterated errors s im ila r to those observed 
in  d r iv in g  sim ula tors.

T h e  most sophisticated study (K lonofT, 1974), and p robably  the most 
re levant, is an investigation  o f  actual d r iv in g  in dow n tow n  rush-hour tra f­
fic , in  cars w ith  dual contro ls  to p e rm it the observer to make the correc­
tions requ ired  fo r safety. Experienced drivers were tested under placebo, 
small and m oderate doses o f  m arihuana , in a d ou b le -b lind  crossover 
design. C om posite  d r iv in g  perform ance was im proved  in  some cases, 
unchanged in  others, and worse in  the m a jority , com pared to the pre-dose 
contro l period . How ever, the n um ber o f  those who im proved  o r rem ained 
unchanged under m a rihuana  was sm aller than under placebo, w h ile  the 
n um ber who deteriorated under m arihuana was la rger than under 
placebo, and the shift was s ign ifican tly  greater v /ith  the h igher dose o f  
m arihuana .

These find ings prov ide  a s tr ik in g  dem onstration o f  the a b ility  o f  even 
small doses o f  m a rihuana  to im p a ir d riv in g  ability. W he the r o r not this is 
translatable in to  the p roduction  o f autom obile  o r a irp lane  accidents w ill 
obviously depend upon the degree o f  im pa irm ent re la tive  to the m arg in  o f  
safety between d ie  s itua tiona l demands and the o p e ra to r’s rem a in ing  skills 
under the d rug . T he re  is a need fo r independent rep lica tion  o f this w o rk , 
pre fe rab ly w ith  inc lusion  o f  h ighe r test doses, and com bina tions o f  canna­
bis w ith  alcohol and o the r drugs. N ig h t d riv in g  studies should be in ­
cluded, i f  possible. I t  is also not know n to w hat extent the degree o f  
im pa irm en t observed in  these studies m igh t be m odified  by cannabis to le r­
ance, and by the age and experience o f  the driver.

7 .1 .3 . Chronic Effects on Behavior
7.1.3.1. Experimental animals. A n im a l studies have ind ica ted  that 
chron ic exposure to cannabis can m odify  the acute behaviora l effects not 
o n ly  by the deve lopm ent o f  tolerance (see Section 9 .2 .2 .) (Jones, 1982), 
bu t also by the sudden appearance o f  new m anifestations o f  behaviora l 
change a fter several m onths o f adm in is tra tion  (R osenkrantz , 1982). 
P rom inent am ong these in rats and monkeys are ir r ita b ility  on hand ling , 
and increased aggressiveness between anim als o f  the same o r  o ther 
species. N o t a ll investigators have observed these changes, and in some 
species (e .g., dog) weakness and le thargy have p redom inated. There fore  it 
m igh t be questioned w hether the aggressiveness is a specific effect o f can­
nabis inha la tion  or a non-specific result o f repeated exposure to noxious 
s tim u li. The  re lative lack o f  aggressiveness in con tro l rats exposed to the 
noxious s tim u lus o f smoke from  cannabinoid-free m arihuana  tends to sup­
port the view  tha t there is a specific d rug  effect (L u th ra  et al., 1976).
7.1.3.2. Humans. In  hum ans, a num ber o f studies have indicated 
cannabis-induced im p a irm e n t o f short-term  m em ory by interference w ith  
the acqu is ition  and storage phases ra ther than w ith  in itia tio n  and recall 
(Ferra ro , 1980; K lo n o fi)  1982; M endelson, 1982). T h is  appears to involve
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lack o f concentra tion on the task, and m ay be m od ified  by specific m o tiv a ­
tiona l factors. These effects on m em ory  appear to persist und im in ished  
through a three-week period  o f  d a ily  sm oking  o f  m arihuana under experi­
m enta l closed-ward cond itions (Rossi et al., 1977). Speech and in te rp e r­
sonal behavior have shown o n ly  slight and subtle changes under m a r i­
huana (M ende lson, 1982), b u t the observations have been m ade on ly  
d u rin g  single sessions o r re la tive ly  short-te rm  repeated observations. The  
fie ld  studies o f lo ng -te rm  heavy users so fa r conducted have shown no 
m a jo r changes in  social behavior (R u b in  and C om itas, 1975; F in k , 1977; 
T rue  et al., 1980), b u t there are deficiencies o f  design in these studies, as 
described in  Section 9 .3 .3 .

7 .2 . N e u ro to x ic ity

I t  is d ifficu lt to  avoid arb itrariness in  d is tinctions between behaviora l 
effects o f  a d rug , and d rug -induced  neuro tox ic ity . For the purposes o f  this 
repo rt, “ n e u ro to x ic ity ”  is used to re fer to functiona l aberrations that 
appear to be q u a lita tive ly  d is tinc t from  those w hich are characteristic o f 
the usual pattern  o f  reversible acute and chron ic effects, and that m ig h t be 
caused by iden tified  o r iden tifiab le  neurona l damage.

7 .2 .1 . Experimental Animals
7.2.1.1. Chronic exposure. In  an im al studies, two alterations o f behav io r 
have been noted to  appear d u rin g  the course o f  prolonged periods o f  can­
nabis treatm ent (R osenkrantz, 1982). S ix ty  percent o f rats exposed 
repeatedly to cannabis smoke fo r five weeks o r longer develop a pa tte rn  o f 
sudden vertical ju m p in g  w h ich  has been labelled the “ popcorn re a c tio n ”  
(L u th ra  et al., 1976). T h is  is also seen in young  anim als exposed c h ro n i­
ca lly  to cannabis in utero, and then challenged w ith  a single small dose o f 
T H C  at 30 days o f  age (R osenkrantz, 1979). F.lectrical and m oto r seizure 
ac tiv ity  have also been noted in  several studies (Rosenkrantz, 1982), but 
the de fin ition  o f  abnorm a l spike-like wave form s reported in the E EG  o f 
the cannabis-treated anim als have not been defined according to rigo rous 
c rite ria , and the frequency has not been assessed quantita tive ly. N eve rthe ­
less, the claims o f  n eu ro tox ic ity  d u rin g  chron ic cannabis exposure raise 
the possibility tha t long-lasting  residual changes m igh t be found.

7.2.1.2. Residual changes. A n im a l studies have shown no effect o f  ch ron ic  
cannabis a dm in is tra tion  on b ra in  weight o r h isto logy as evident u nd e r the 
lig h t microscope (F ehr and K a la n t, 1982). There  has been one c la im  
(H ea th  etal., 1980) o f residual a lte ra tion  o f synapses in the septum , h ip p o ­
campus, and am ygda la , as revealed by electron microscopy, but technical 
objections have been raised to this w o rk  (N a tion a l Academy o f  Sciences,
1981) and the reported  a ltera tions are not easily quantifiab le  in statistical
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term s. EEG  observations in an im al studies have shown the possible 
occurrence o f w ithdraw a l effects (Fehr and K a la n i. 1982), and three 
reports suggest the occurrence o f long-te rm  residual abnorm alities  in EEG 
tracings from  the cortex and h ippocam pus o f cats (B a rra tt and Adam s, 
1972), rats (Fehr et al., 1976; 1979), and monkeys (H e a th , 1976) exposed 
to lo ng -te rm  treatm ent. H ow ever, these also lack c ritica l quan tita tive  
analysis. T here  is on ly  one g roup  reporting  diverse residual neu ro ­
chem ical changes a fter long -te rm  cannabis treatm ent (L u th ra  et al., 
1975a; 1975b; 1976) and the functiona l significance o f  the find ings is not 
at a ll clear.

M o s t studies o f  post-drug behaviora l changes in  ch ron ica lly  treated rats 
have been carried out too soon a fte r the last d rug  a dm in is tra tion  to prove 
w hether any residual effects are long -te rm  ones o r m ere ly the slow d isap­
pearance o f  in tox ica tion . H owever, tw o  laboratories have reported 
decreased lea rn ing  a b ility  m onths after the end o f long -te rm  treatm ent 
(R adouco-Thom as et al., 1976; Fehr et al., 1976; 1979; S tig iick  and 
K a la n t, 1982a; 1982b).The a ltera tions found raise the poss ib ility  o f 
changes in  the h ippocam pus, since the tests used include conventiona l and 
rad ia l maze lea rn ing , operant behavior invo lv ing  tim e  d iscrim ina tions 
( D R L  schedules o r d iffe ren tia l re in forcem ent o f low  rates o f  responding), 
open-fie ld  exp lo ra tion , and tw o-w ay shuttle box avoidance lea rn ing ; co r­
rect perform ance o f these tests is dependent on spatial o rien ta tion  o r on 
response in h ib it io n , both o f  w h ich  are believed to depend heavily on in tact 
h ippocam pa l functions.

7.2.1.3. Prenatal exposure. Several studies o f  prenata l exposure have in d i­
cated that the o ffsp ring  o f  cannabis-treated anim als show sm all delays in 
va rious stages o f post-natal deve lopm ent, such as eye-opening, reflexes o f 
several types, and open-fie ld  exp lo ra tion  (Fehr and K a la n t, 1982). 
H owever, the developm ent appears to be back to norm a l by several weeks 
o r m onths a fter b ir th . T h is  could mean e ither that no residual damage was 
present, that rem a in ing  damage was too slight to be detected by available 
measures, o r that p lastic ity  o f nervous system organ iza tion  in  the new born 
pe rm itte d  adequate com pensation fo r the loss o f  func tion  o f  any damaged 
cells. C harlcbo is and Fried (1980) reported d iat the retarded developm ent 
d id  not occur in groups o f  cannabis-exposed rats that were fed an enriched 
p ro te in  d iet d u rin g  pregnancy. T h is  suggests that prenata l n u tr it io n  
(possib ly m ediated by cannabis-induced anorexia) is a factor in the 
deve lopm ent o f  post-natal deficits.

7 .2 .2 . Humans
7.2.2.1. .-{motivational syndrome. N um erous c lin ica l repons fro .n  several 
countries have described heavy, chron ic cannabis users who exh ib it 
behaviors that some observers have labelled “ am otiva tiona l syndrom e”
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(Fehr and K a la n t, 1982). Inc luded  in  the various descrip tions o f  this syn­
drom e are the fo llow ing  characteristics: apathy, reduced d rive  and a m b i­
tion ; im pa ired  a b ility  to ca rry  o u t com plex tasks; fa ilu re  to pursue long ­
term  plans; reduced tolerance to frus tra tion ; d im in ished  com m un ica tion  
skills; neglect o f  personal appearance; and sluggish m enta l responses. T h e  
syndrom e takes several weeks to clear a fte r the te rm ina tio n  o f  d rug  
adm in is tra tion . T h is  fact suggests tha t the sym ptom s are related to C N S  
changes ra ther than to the continued  presence o f  T H C .  Since no estim a­
tions o f  p lasma o r tissue T H C  levels in  ch ron ic  users are availab le , the ac­
tua l m echanism  cannot be resolved. A  va rie ty  o f  c lin ica l studies and 
reports in  the past decade clearly  reveal, however, tha t the “ a m otiva tiona l 
syndrom e”  is ne ither d iagnostic o f, n o r specific to , ch ron ic cannabis use. 
T he  signs and sym ptom s o f  the “ a m otiva tiona l synd rom e”  are essentially 
those found w ith  ch ron ic in tox ica tion  w ith  a n u m b e r o f  psvchoactive 
drugs, p a rticu la rly  those that are sedative-hypnotic in  nature. I t  may, 
therefore, be m ore appropria te  to re fer to ‘ ‘ch ron ic  cannabis in to x ic a tio n ”  
and discard the non-specific te rm  ‘ ‘am otiva tiona l syndrom e.”

A t this tim e  the dosage o f  cannabis o r the frequency and d u ra tio n  o f  
cannabis exposure requ ired  to produce chron ic  in tox ica tion  are not p re­
cisely know n. W e ll-con tro lled  c lin ica l studies and close c lin ica l observa­
tions (M ende lson, 1982), however, indicate tha t this p ic tu re  is not p a r t i­
cu la rly  com m on. In  add ition , personality  and concom itan t drug-use fac­
tors make it d iff ic u lt to diagnose this state, o r to specify tha t cannabis, per 
se, m ay produce alterations in  m o tiva tion .

7.2.2.2. Residual brain damage. H u m a n  studies a fte r the end o f  a period 
o f  chron ic in tox ica tion  w ith  cannabis have generally yie lded no evidence o f 
residual b ra in  damage. T here  has been one repo rt o f  cerebral a trophy, as 
ind icated by  a ir  encephalography, in  young cannabis users co m p la in in g  o f 
a va rie ty  o f  neurological sym ptom s, in c lu d in g  m em ory and cognitive  
dysfunction (C am pbe ll et a l. , 1971). H owever, no a trophy was found in 
la te r studies in w hich computer-assisted tom ograph ic (C A T ) scans were 
perform ed in young cannabis users who were not also regu la r users o f 
o ther drugs, and who were to ta lly  asvm ptom atic  (K ue h n le  et al., 1977; C o 
et al., 1977). C A T  scans also fa ilo  to dem onstrate cortica l acropny in 
monkeys treated chron ica lly  w ith  cannabis extract by m outh  (R um baugh  
et al., 1980).

M ost studies w hich have com pared the perform ances o f  ch ron ic users 
and controls in  ncuro-psychologica l tests have failed to e lic it s ign ifican t 
differences. S ign ificant cognitive  de fic it is not a com m on ly  dem onstrated 
effect o f ch ron ic  use o f  cannabis in c lin ica lly  hea lthy subjects. H ow ever, to 
provide an appropria te  com parison, mr « d a ily  users o f  alcohol are 
healthy and do not show cognitive  deft its, even though such a bn o r­
m alities are com m on in c lin ica lly  diagnosed alcoholics (Parsons and Farr, 
1981; W ilk inson  and C arlen , 1981). T here fo re , it is clear that studies on



re la tive ly  sm all samples, such as are at the m om ent available fo r cannabis, 
cannot be expected to ru le them  ou t.

T h e  overa ll conclusions from  a review  o f  this lite ra tu re  are ham pered by 
a genera] inadequacy o f  reported data , especially in  the c lin ica l studies, 
.vhich have o ften been characterized in  the past by poor sample size and 
selection; poor o r no d iffe ren tia tion  between in tox ica tion , w ith d ra w a l, and 
residual change; and an absence o f  before-and-after lo ng itu d in a l studies o f  
regu la r users. T h e  an im a l studies w h ich  revealed long -lastin5  im p a irm e n t 
o f  lea rn ing  a b ility  a fte r a period o f  chron ic cannabis treatm ent raise the 
clear poss ib ility  that residual long-lasting  damage can be caused by can­
nab is ; b u t a decision as to whether o r not it does occur in  hum ans w ill 
p robab ly  have to aw ait the perform ance o f  adequate co n firm a to ry  studies 
on b ra ins from  long-te rm  users

7.2.2.3. Prenatal exposure. In  a fo llow -up  study o f  a sm all num ber o f 
babies exposed da ily  o r less frequen tly  to m a rihuana  in utero, Fried (1980) 
observed dose-related abnorm alities  in  responses to visual s tim u li and an 
increased prevalence o f  ir r ita b ility , trem or, and startles as com pared to a 
g roup  o f  non-exposed qpntrols. Since the babies were observed o n ly  at tw o  
o r three days post-partum , the described sym ptom s m ay have been the 
m anifesta tion  o f  a neonatal abstinence syndrom e o f  the type described fo r 
a va rie ty  o f  C N S  depressant drugs (F innegan and Fehr, 1980). O ngo ing  
assessments o f  these, and add itiona l ch ild ren , should y ie ld  in fo rm a tio n  on 
the persistence and significance o f  these sym ptom s.

7 .3 . P s y c h ia tr ic  E ffects  o f  C a n n a b is  Use

7 .3 .1 . Acute Consequences
A cute  panic and paranoid  states are the most com m on ly  observed 

short-te rm  adverse psychological effects o f  cannabis use (Negrete, 1982). 
T he  v a lid ity  o f  these conditions is no longer questioned, as they have been 
seen both in  c lin ica l settings and in  labo ra tory  •experiments. T he  m arked 
d ifference in  frequency w ith  w hich such problem s are reported in  d iffe rent 
countries, and the d im in ish in g  frequency o f  c lin ica l reports on this type o f  
reaction in  Europe and N o rth  A m erica , tend to support early contentions 
tha t they m ay be due m a in ly  to adverse social conditions and the user’s 
lack o f  experience. A lte rna tive ly , the decreased frequency o f  such repons 
m ig h t be due to loss o f novelty, and therefore decreased incentive for 
physicians to describe add itiona l cases in  the c lin ica l lite ra tu re . N everthe- 
less, it has now  been satisfactorily dem onstrated that setting alone does not 
exp la in  the ir occurrence. A dd itio n a l w o rk  is needed to iden tify  the in te r­
ven ing  pharm acological, neuro-physio logica l, and psychopathological 
factors.

O th e r acute reactions o f increasing c lin ica l relevance are severe
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dysphoric states w h ich  have been observed in  the course o f  T H C  therapy f-.
(e .g., S h iling  et al. , 1980). Such reactions were described frequendy in  the fi
c lin ica l lite ra tu re  at the tu rn  o f  the century  when therapeutic use o f.can- ?|
nabis extract was com m on. A  concerted e ffort m ust be m ade to develop Is
specific trea tm ent procedures w ith  a v iew  to p reven ting  o r m in im iz in g  
these u n tow ard  psych ia tric  side-effects, especially in o lder subjects. |

7 .3 .2 . Problems Related to Chronic Use |3

These are seen m a in ly  in  younger users, p r in c ip a lly  males. T h is  m ay be $
m ore a re flection o f  the c rite ria  fo r de fin ing  “ p rob lem s”  o r “ cases”  than k
o f  real differences in  fr  uency o f  occurrence in  d iffe ren t groups o f  users.
T h e  prob lem  o f  “ am otiva tiona l synd rom e”  has been covered in Section
7.2 .3. T h e  most im p o rta n t o ther chron ic psych ia tric com plica tion  is that 
o f  cannabis-related psychosis.

T h e  o n ly  cannabis-induced psychosis p ic tu re  w hich is supported by su f­
fic ient evidence to this m om ent is a short-lasting  cond ition  —  from  ^  few 
days to fo u r weeks —  w ith  sym ptom s o f  m enta l confusion, m em or, im ­
pa irm en t, regressive and im pu ls ive  behavior, delusional fo rm ations, and 
sensory-perceptive d isto rtions (N egrete, 1982). T he  frequency o f  occur­
rence in  W estern societies is qu ite  low, and it  seems to affect m a in ly  very 
heavy users. A  com m on ly  found  predisposing factor is a h igh degree o f  
p rem orb id  personality  d isturbance. T h is  cond ition  can be expected to 
show a ris in g  incidence as the num bers o f  d a ily  and heavier users in  the 
popu la tion  increase. M o re  research is needed to id en tify  risk factors o ther 
than excessive use.

A  h ig h ly  re levant area o f  research where cu rren t data are clearly too 
lim ite d , is the p rob lem  o f  cannabis influence on independently occu rring  
psych ia tric illness. T h e  evidence already availab le, however, is suffic ient to §?
w arran t large-scale prospective studies on the effects o f cannabis on the j |
phenom enology o f  some o f  the most prevalent psych ia tric d isorders, in 
term s o f  both sym ptom ato logy and evo lu tion  (N egrete , 1982). A lso, g
specific research is u rgen tly  needed on the in te raction  between cannabis f|
and chem ical agents com m on ly  used in  psych ia tric pharm acotherapy, in - |
e lud ing  its possible in fluence on therapeutic response. &

7 .3 .3 . Flashback | j

M ost o f  the evidence available on the recurrence o f  drug-re la ted  sym p­
toms d u r in g  abstinence (flashbacks) orig inates from  self-report answers to 
ra the r im precise questionnaire  surveys, and from  subjective descriptions 
g iven by in d iv idua ls  who believe they have experienced flashbacks 
(Negrete, 1982). T h e  systematic phenom enological analysis o f  this c lin ica l 
cond ition  has been largely neglected, and contro lled  studies o f  the in te r­
ven ing  e tiopathogenic factors do not appear to have been carried  out up to 
the present.
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7 .3 .4  Cultural Influences on Cannabis Use and Its Consequences
7.3.4.1. Social role o f cannabis and social control of its use. T h e  most preva­
lent purpose o f  cannabis use in  most cu ltures appears to be the recrea­
tiona l one, bo th  in  societies where it has been practised in  a trad itiona l 
m anne r and in  those w h ich  have on ly  recently adopted it. M e d ic ina l and 
ce rem on ia l/r itua l patterns o f  use have also been observed, bu t clearly 
m ore in  non -in d us tria l than in  industria lized  societies (M o h a n , 1982).

T he re  appear to be m a jo r cross-cultura l differences in  the type o f 
popu la tion  invo lved  in cannabis use at this tim e . Poorer, older, and more 
p red o m in an tly  male sectors are typ ica l in non-industria lized  societies 
(M o h a n , 1982). In  in du s tria l countries sex differences are re la tive ly  m in o r 
and the use tends to be confined to adolescents and young adults (S m art, 
1982).

H owever, as is the case w ith  o ther drugs o f abuse, there seems to be an 
in c ip ien t trend  tow ards universa liza tion  and hom ogenization o f cannabis 
use patterns. Patterns in  o ther countries are tend ing  tow ard  the N o rth  
A m erican  p ic tu re , p a rticu la rly  in la rger u rban  populations a round  the 
w o rld  (M o h a n , 1982).

T h e re  are cross-cultura l differences in  setting o f use, type o f cannabis 
p reparations p referred, route o f  in take, dose levels, and the concom itant 
use o f  o the r psychoactive agents. O ra l ingestion, for instance, is more 
preva lent in  societies in  w h ich  cannabis use is tra d itio n a l. Such societies 
appear to a ttr ib u te  great im portance to the varia tions in the psychoactive 
potency o f the d iffe ren t cannabis preparations in use. Social reaction 
towards use m ay va ry  in  accordance w ith  the type o f p roduct involved. In  
In d ia , fo r exam ple, there is considerably m ore social lenience towards the 
use o f  cannabis lea f m ate ria l than to tha t o f resin. In  the past, social con­
tro l mechanisms have varied cross-cu ltu ra lly  in  accordance w ith  local 
social perception o f  use. To  the extent that legal controls come to be deter­
m ined  by na tiona l and in te rna tiona l perceptions and agreements, such 
varia tions tend to disappear. I t  is conceivable that the repeated use o f can­
nabis w ou ld  be perceived as a greater threat in  the more industria lized  
societies, where in d iv idua ls  are under h ighe r pressure in  regard to p roduc­
t iv ity  and m enta l perform ance.

These differences in  patterns o f  use and level o f social acceptance p rob ­
ab ly  infuence the levels o f  use and the expectations o f d rug  effect. 
T here fore  they m ay also be expected to affect the types and incidence o f 
various behaviora l and heald i consequences o f cannabis use.

7.3A .2. Behavioral effects. T he  available lite ra tu re  includes reports o f
c u ltu ra l va ria tions in  d ie behavior o f ind iv idua ls  under the effects o f  can­
nabis (R u b in , 1975). A ttitudes va ry ing  from  aggression, psychom otor 
ag ita tion , and de linquen t tendencies, to passivity and easier co nv iv ia lity  
have been recorded as typ ica l o f cannabis effects in  d iffe ren t pans o f the 
w o rld . M ost such differences are like ly  to be determ ined b y  factors other
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than the pharm acolog ical action o f  the d ru g  and should be scientifica lly  re­
exam ined. A n o th e r item  that requires exp lo ra tion  is the possib ility  o f  
e thnic va ria tion  in  d rug  response, w hich has not yet been studied 
system atically w ith  respect to cannabis.

7.3.4.3. Psychiatric consequences. It  is qu ite  possible that there is less 
cross-cultura l va ria tion  in  the psych ia tric consequences o f cannabis use 
than was previously believed. T he  h igher frequency o f “ cannabis 
psychosis" observed in N o rth  .Africa and Ind ia , for exam ple, m ay soon 
d isappear as the v a lid ity  o f  this diagnosis is being questioned and the use 
o f  this te rm  is being abandoned in  that region. However, the difference in 
prevalence o f  dose-related acute reactions is like ly  to rem ain  as long as 
there are m a jo r cross-cultura l differences in the potency o f  cannabis 
preparations used.

7.3.4.4. Neuropsychological testing. A t present, there is no satisfactory 
evidence that cu ltu re  in  itse lf m ay exp la in  va ria tions in  neuropsychological 
test perform ance, provided that the tests have been p rope rly  va lidated  in 
each popu la tion  where they have been used.

8 . E P ID E M IO L O G Y

8 .1. Sources o f  In fo rm a tio n

A  large n um ber o f  studies m a in ly  in  developed countries have produced 
a va rie ty  o f  data about cannabis use. A m ong the most com m on 
epidem io log ic sources are those listed be low :'

Self-report surveys o f users 
O bservations o f  users
O ffic ia l registra tion and no tifica tion  records 
Studies o f  special populations o f  high risk groups 
H osp ita l, c lin ic , and em ergency service admissions 
A rrest and conviction  records 
Social and welfare agency records 
P roduction  and seizure records.
/Ml o f  these sources o f in fo rm a tio n  are po ten tia lly  able to g ive relevant 

and good in fo rm a tio n , a lthough each has certa in clear lim ita tio ns  w ith  
respect to the specific groups stud ied, w hich do not always a llow  genera­
lized in te rp re ta tions.

V arious m ethodologica l defects im p a ir  the accuracy and u n ifo rm ity  o f 
data co llection , especially from  seli'-report studies and from  routine  
statistics o f  health care de livery  systems. C lin ica l patients represent a sell- 
selected popu la tion . W here cannabis use is illegal, it m ay not be reported



by the user w ith  a health prob lem  for fear o f se if- inc rim in a tio n , unless 
con fiden tia lity  o f  m edical records is guaranteed. In  emergency treatm ent 
services, the need for p rom pt treatm ent often interferes w ith  thorough co l­
lection and record ing  o f  in fo rm a tio n  on d ru g  use, especially when the ra tio  
o f  treatm ent s ta ff to case load is iow . H ig h  tu rn -ove r o f  s ta ff m ay create 
m a jo r d ifficu lties  fo r systematic data co llection, unless there is continuous 
tra in in g  o f  new personnel and use o f  specific incentives fo r accurate record­
ing o f  histories. Nevertheless, in fo rm a tion  from  such sources m ay give 
useful indices o f  the re la tive  m agnitudes o f problem s related to d iffe rent 
drugs. M o re  detailed discussion o f these questions, and specific recom ­
m endations fo r steps to solve them , are contained in a recent report o f  the 
W H O  Expert C om m ittee  on Im p lem en ta tion  o f  the C onven tion  on 
Psychotropic Substances, 1971 (1981).

Despite the shortcom ings in the accuracy and u n ifo rm ity  o f data collec­
tion , and the lo w  q u a n tity  and q ua lity  o f  data in some countries, m uch is 
know n about incidence and prevalence o f  cannabis use (S m art, 1982). 
H owever, there is less epidem iologica l knowledge about the adverse health 
consequences o f  cannabis use. T h is  is not su ip ris ing , since the effects 
described in  Sections 2 to 7 o f  this report arc not specific to cannabis in the 
sense tha t Laennec’s c irrhosis is fa ir ly  specific to alcohol (S chm id t, 1977). 
There fore  the d iagnostic entities themselves cannot be used retrospectively 
as indicators o f  hazardous levels o f  cannabis use in  a large popu la tion .

For this reason, assessment o f  the co n trib u tio n  o f cannabis to the p ro ­
duction  o f pub lic  health problem s w ill requ ire  (a) long-te rm  prospective 
studies o f  su ffic ien tly  large groups o f  users and non-users to measure the 
com parative incidence and prevalence o f various adverse effects, and (b) 
large-scale retrospective corre la tiona l studies, s im ila r to those on tobacco 
cigarette use, when details o f  cannabis use have been recorded accurately 
in hospital case records fo r long  enough to provide a suitable body o f 
statistical data. U n ti l such studies are carried ou t, we can have on ly  rough 
impressions, at best, concern ing the real m agn itude o f  cannabis-related 
health problem s.

The  value o f  in d iv id u a l case repons (w h ich  are sometimes dismissed as 
“ anecdota l”  evidence) should not be overlooked. W ith  cannabis as w ith  
any o the r d rug , re la tive ly  uncom m on b u t po ten tia lly  serious untow ard  
effects are usually iden tified  firs t by astute c lin ic ians and published as case 
repons. W hen a ttention  has thus been d raw n  to a possible prob lem , it 
m ay then be possible ;o devise experim enta l studies o f causal mechanisms, 
and large-scale statistical analyses.

8 .2 . E p id e m io lo g ic a l F in d in g s

8 .2 .1 . Studies on Distribution of Cannabis Use
In  general, recent epidem iologica l studies in  deve loped. countries
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(Smart, 1982) indicate that:

a) In  most countries that have been surveyed, cannabis has been used by 
about 17-19% o f the general population. Among the student popula­
tions, rates o f “ ever used”  vary from less than 1% (Belgium) to more 
than 50% (USA), w ith most countries falling in the range o f 23-32%. 
In both student and general populations, the proportion o f daily users 
ranges from less than 1 % to more than 1 1 % , with the student groups 
tending toward the upper end o f the range. The apparent average for 
the countries surveyed was 3-4% .

b) In  most countries w ith good trend studies (Canada, USA, Australia) 
cannabis use has increased greatly since the late 1960s, i.e., the propor­
tion o f users has increased by a factor o f 3 to 5. There are some recent 
signs o f stabilization in use over the past few years in Mexico, the USA, 
and Norway.

In developing countries (M ohan, 1982) the picture is much less clear. 
Use o f cannabis is widespread in Africa, the M iddle East, southern and 
southeastern Asia, Hong Kong, and the Philippines, both among-lower 
socio-economic groups (agricultural and urban laborers, taxi and lorry 
drivers) and in affluent upper-class groups (adults as well as students). 
However, there is a scarcity o f sound epidemiological studies o f general 
populations, hospital/clinic patients, and selected population groups.

The main reasons for the*scarcity o f studies appear to be lack o f finances 
and trained people to carry out the surveys, and the relatively low priority 
allotted to cannabis in the health 'ector, both nationally and intemation 
ally. Nationally, more urgent health problems, such as communicable 
diseases, nutrition, and sanitation, make stronger demands on scarce 
resources. Internationally, the Geneva Single Convention laid greatest 
emphasis on control and movement o f opiates across national boundaries 
rather than o f drugs such as cannabis.

One important aspect o f use in some developing countries is the d if­
ference between socially sanctioned lim ited use o f cannabis for ceremonial 
purposes, and socially unsanctioned regular use. In India, for example, 
the great majority o f the H indu population participates in ceremonial use, 
as in the festival o f Shiva (Hasan, 1975), but regular self-administration is 
carried on by only a small fraction o f the population (M ohan, 1982). I f  the 
unimodal distribution-of-consumption curve holds for cannabis in the 
same way as for alcohol, India would be expected to have a very low 
modal per capita mean daily consumption and a very low percentage o f 
users employing large amounts, despite the availability o f potent prepara­
tions. In contrast, in North America and Europe the absence o f a pre­
scribed social role for cannabis, and o f traditional social controls o f use, 
might pose a much greater risk o f hazardous consumption as potent 
preparations become more widely accessible.



8.2.2. EfridaniolotQ' of Adverse Effects of Cannabis
Knowledge about the frequency o f various adverse reactions to canna­

bis is d ifficult to assemble. The epidemiologist would like to know how 
often adverse reactions occur, in what types o f users, and to identify the 
explanatory variables such as cannabis dose, previous drug use, and 
psycho-social characteristics (Smart, 1982). The epidemiologist would also 
like to know if  there is a “ safe”  (non-harm ful) dose o f cannabis, and 
whether some users are not at risk for adverse consequences. Answers 
(such as they are) to these questions typically come from studies not ideally 
designed to answer them. Nevertheless we might be able to accept the 
following tentative conclusions about adverse reactions (Smart, 1982):

a) No studies o f general populations have determined the rate o f adverse 
reactions serious enough to require treatment or hospitalization. So far, 
no studies have been made o f adverse reactions, whether o f a serious or 
non-serious nature, in general adult populations o f cannabis users.

b) Usually, studies o f cannabis effects on biochemical and neurological 
functions give very little information on the frequency o f adverse reac­
tions to be expected in large populations o f users (and, o f course, were 
not designed specifically to do so). Typically, such studies use a selected 
and narrow range o f the cannabis-using population as subjects, mainly 
young males experienced with cannabis. The sample sizes are usually 
small (less than 100), and hence the chances to detect uncommon forms 
o f adverse consequences could be quite small.

c) The total number o f patients with psychological adverse reactions 
reported from treatment facilities is not great for a drug used as exten­
sively as cannabis. Unfortunately, this information does not permit 
calculation o f a rate o f incidence o f such reactions. However, the low 
number reported suggests either that serious psychological disturbances 
from cannabis use are not common among users in general, w ithout 
telling us just how uncommon, or that a large proportion o f such cases 
is not reported in the literature.

d) Most o f the reported adverse cases come from the USA; cases from out­
side the USA represent only about 42% o f the total. That cases from 
the USA are over-represented should be expected, because rates o f can­
nabis use and heavy use are higher there than in other Western coun­
tries.

e) M ore cannabis-related psychological problems have been reported for 
males than females, and for persons under than over 21. The ratio is 
about 3 males for 1 female, even when the survey studies with all-male 
m ilitary samples are deleted. The ratio o f overall and daily use for 
males and females in the USA, at least among young persons (from 
which most clinical cases o f adverse reactions come), is about 1.5:1. 
There is a clear suggestion that female users and older persons are at 
lower risk than young male users for serious psychological conse-
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9.1. Dose-Response Relationships

9.1.1. Pharmacokinetics of TH C
When inhaled in smoke, T H C  is absorbed rapidly from the lungs. Peak 

blood levels are reached w ithin minutes o f the beginning o f smoking, and 
decline very rapidly to about 5-10% o f their in itia l level w ith in  one hour, 
even though the subjective symptoms o f intoxication may persist for 2-3 
hours and the objective signs, even longer (Jones, 1980). A fter oral ad­
m inistration, an equivalent dose o f T H C  is absorbed more slowly, pro­
ducing a less intense intoxication w ith a longer latency o f onset and a 
longer duration than after smoking. The decline o f blood levels o f T H C  is 
due to rapid conversion o f T H C  (m ainly in the liver) to the psychoactive 
metabolite 11-hydroxy-TH C  and numerous other metabolic products o f 
little  or unknown biological activity (Gudzinowicz et al., 1980). T H C  and 
its metabolites are also rapidly sequestered by the fatty tissues. These 
compounds are then released back ir  :o the bloodstream over a period o f 
several days; this phenomenon slows the elim ination o f cannabinoids from 
the body. In experienced users, the term inal half-life o f T H C  (a measure 
o f the rate o f biotransformation and elim ination) is 19 hours, and o f its 
metabolites about 50 hours (H un t and Jones, 1980). In the human, 
elim ination o f the metabolites occurs mainly through the feces, although 
detectable amounts are also present in urine.

9 .1.1.1. Correlation of cannabis-induced effects with blood levels of THC. Be­
cause o f the rapid sequestration o f cannabinoids into fatty tissues, the 
tissue:blood ratio o f these compounds is not constant. Unlike the situation 
with alcohol, one cannot expect the blood levels o f T H C  to be a good 
predictor o f biological effects (Jones, 1980). In the absence o f tolerance, 
brain levels o f psychoactiv? cannabinoids in the appropriate but as yet 
unknown subcellular fraction would provide the only estimate that could 
be expected to correlate with behavior. Measures o f blood levels o f T H C  
may have some value, however. If, for example, the relevance o f different 
routes o f administration, or patterns o f use, to peak o r average blood levels 
can be established, blood level determinations may be more reliable than 
estimates o f administered dose for the cross-cultural comparison o f 
adverse effects in heavy users (Petersen, 1979).

9.1.1.2. Relevance of tissue sequestration to toxicity. Because o f the seques­
tration o f cannabinoids. T H C  or its biologically active metabolites could 
theoretically accumulate in fatty tissues during chronic or interm ittent ad­
m inistration (Jones, 1980). This accumulation would not be measurable 
by determinations o f blood levels o f cannabinoids, and has not, as yet, 
been demonstrated in human tissue samples.

Although a slowly cleared drug is not necessarily more toxic than one 
rapidly elim inated, the slow clearance w ill have the effect o f prolonging
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drug exposure, thus enhancing any toxicity that the drug may inherently 
possess. The irregular dose and administration schedules employed by 
most cannabis users make accurate determination o f actual drug exposure 
almost impossible.

In humans, cumulative behavioral or physiological effects have not 
been demonstrated under conditions o f controlled administration o f up to 
three months duration, although the simultaneous development c f 
tolerance m-ty have masked this phenomenon (Jones, 1980). In animals, 
cumulative toxicity, as manifested by delayed lethality and the sudden ap­
pearance o f neurotoxicity after several weeks o f treatment (Luthra  et al., 
1976), has been observed at doses relevant to those consumed by chronic 
human users. The possible occurrence o f cumulative toxicity in humans, 
therefore, is a question that should be examined.

9.1.2. Structure-Activity Relationships
There has been considerable research into the biological activity o f 

naturally occurring cannabinoids and their synthetic analogs (Mechoulam 
rt al., 1980). M any studies were designed to assess the potential thera­
peutic efficacy o f these substances (Cohen, 1980). O f the major canna­
binoids, only T H C  has significant psychoactivity: Several other canna­
binoids, however, demonstrate immunosuppressant activity in the mouse 
(M unson and Fehr, 1982), cause endocrinological and testicular d istur­
bances in the rat (Bloch, 1982), and inh ib it the synthesis o f macromole­
cules in vitro (Munson and Fehr, 1982). Thus it appears that the 
mechanism o f the psychoactivc effect o f T H C  can be separated from those 
o f some o f its other pharmacological effects. Also, i f  the other major can­
nabinoids are present in high concentrations in plant material w ith a low 
T H C  content, they may contribute significantly to the spectrum o f 
cannabis-induced immunological and endocrinological toxicity.

9 .1.3. Drug Interactions
A th ird  m ajor consideration in the relationship o f dose to effects is that 

o f drug interactions. The latter, like tolerance, can be explained by 
dispositional mechanisms (i.e., related to the metabolic fate o f the drug in 
the body) or by functional mechanisms (i.e., related to the manner in 
which drugs produce their effects), or by a combination o f both.

Interactions between cannabis and other drugs and chemicals in the en­
vironment should be expected, but their magnitude and health conse­
quences cannot, in most cases, be specified now. O u r understanding o f die 
pharmacology o f cannabis is only sufficient to say that interactions with a 
wide variety o f lic it, illic it, and therapeutic drugs, and probably with 
almost all chemicals, can occur in principle, and often do occur in fact.

We know that it is unusual for someone to use cannabis regularly 
without using other drugs concurrently. For example, in North America,
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cannabis is commonly combined w ith tobacco and alcohol, and less fre­
quently w ith cocaine, phencyclidine, and many other drugs (Smart, 
1982). In some other pans o f the world opium is often used concurrently 
w ith cannabis (M ohan, 1982). The drugs which are combined, and their 
doses, vary w ith age, culture, country', socio-economic status, availability, 
and many other factors not well charactenzed in controlled surveys.

We know from a small number o f studies that cannabis alters the effects 
o f a number o f other drugs (for example, alcohol, barbiturates, nicotine, 
amphetamines, cocaine, phencyclidine, and opiates) (Siemens, 1980). 
Similarly, the other drugs can alter cannabis effects. However, the precise 
nature o f the alterations is difficult to predict. This i.s probably because o f 
the complexity o f the interactions. Cannabis is a m ixture o f many 
chemicals w ith varied pharmacology (Turner et al., 1980). T H C  ad­
ministered orally probably has different effects on the metabolism o f other 
drugs than does smoked cannabis. This is because a cannabis smoker 
would be exposed to chemicals (i.e., enzyme inducers in smoke) capable 
o f interacting with other drugs different from those that an oral user would 
be exposed to. C BD has more marked effects on metabolism o f certain 
other drugs than does T H C  (Siemens, 1980). Simultaneous exposure to 
unrecognized environmental hemicals can confound the situation even 
further. Since cannabis, T H C , or C B D  can alter the bioavailability, meta­
bolism, clearance, and distribution o f other drugs or chemicals (Benowitz 
and Jones, 1977), interactions could occur by means o f various 
mechanisms. O ther drugs may sim ilarly modify’ the fate o f cannabinoids 
in the body.

Cross-tolerance and cross-dependence between cannabis and other 
drugs can theoretically also occur by functional (non-dispositional) 
mechanisms. Tins might lead, for example, to a situation in which, 
because o f metabolic interactions, blood barbiturate levels are elevated in 
a cannabis user; yet, despite this elevation, the effects o f the barbiturate 
might be lessened because o f cross-tolerance probably determined by 
functional interactions. Hence the prediction o f behavioral consequences 
would be d ifficult.

In addition to producing drug interactions by altering shared hepatic 
enzyme systems important in metabolism, T H C  could potentially interact 
with other drugs because o f competition for available binding sites on 
plasma and tissue proteins. The quantitative significance o f such an inter­
action, i f  it occurs, is unknown.

In summary, one can only conclude that cannabis is likely to interact 
with many drugs so as to enhance, dim inish, prolong, or shorten the ef­
fects o f both cannabis and the other drugs. Thus the complexity o f can­
nabis pharmacology and the paucity o f adequate research studies in 
animals or humans makes precise predictions o f health significance o f 
drug interactions impossible. Some interactions may be mainly o f interest 
to scientists trying to understand mechanisms o f drug action; others (e .g.,



the delayed absorption o f alcohol o r slowed metabolism o f anticonvulsants 
observed in cannabis users) (Benowitz and Jones, 1977) w ill without ques­
tion have health significance. The well documented cross-tolerance and 
the possible occurrence o f cross-dependence with many licit and illic it 
drugs make the prediction o f health consequences even less precise.

Marked and serious drug interactions are often not recognized or ap­
preciated by clinicians until a number o f patients have been harmed. 
.Although clinical data are hard to obtain from cannabis users, we know 
enough already to predict that such interactions could occur. Both 
laboratory experiments (human and anim al) and adequate epi- 
dcmiological-and field studies are needed to define properly the nature and 
consequences o f these interactions.

9.1.4. Tolerance
A  final factor in the discussion o f dose-rt oonsc relationships is 

tolerance. The occurrence o f this phenomenon, characterized by a loss o f 
sensitivity to the effects o f a drug, must be considered whenever a drug is 
given more than once, and thus is relevant to any study o f chronic toxicity. 
Tolerance to most T H C  efTects has been demonstrated repeatedly, both in 
animals and in humans (Jones, 1982). It w ill occur after administration 
by any route, but the rate o f its development is increased if  an attempt is 
made to maintain the blood level relatively constant (as by giving the drug 
orally or in frequent parenteral doses). The differential development o f 
tolerance to various effects, together with the available pharmacokinetic 
data, suggest that the mechanism is more functional than dispositional 
(Jones, 1982).

Tolerance to some effects develops rapidly after administration o f doses 
that many would consider surprisingly small. For many effects, tolerance 
disappears equally rapidly (Jones, 1982). There is a little more uncer­
tainty as to the precise rate o f disappearance o f tolerance in different organ 
systems and in different species, since systematic studies on tolerance loss 
have rarely been done. The degree o f tolerance that can develop is sim ilar 
to that produced by some opiates. M any characteristics o f tolerance to 
T H C  are sim ilar to those o f tolerance to opiates, nicotine, and alcohol 
(Jones, 1982).

The so-called “ reverse tolerance”  (an apparent increase in drug sensi­
tiv ity  after a few exposures to low potency cannabis), i f  it occurs at all, is 
likely due to conditioned responses linked to fam iliar cues, such as those 
related to smoking or to other environmental factors, which facilitate the 
production o f drug effects as the user gains experience with the drug 
(Jones, 1982).

The significance o f tolerance as a potential adverse effect is unknown. 
However, various dramatic and fundamental neurochemical and physio­
logical changes occur along w ith the development o f tolerance. M any o f
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these can possibly be assumed to have implications for long-term health 
(Jones, 1982).

9.2. Some Parameters A ffecting  S e lf-A dm in is tra tion

9 .2 .1 . Titration
There is some evidence that adverse reactions to cannabis are fairly in ­

frequent in experienced users, in part because these individuals have 
learned to “ titra te ”  their dose (Negrete, 1982). This means that they ad­
just their rate o f smoking according to their subjective feeling o f the degree 
o f intoxication. This phenomenon is by no means unique to cannabis; it is 
common practice among users o f alcohol, tobacco, cocaine, and other 
psychoactive drugs.' T itra tio n  is not fu lly  effective in preventing 
dysphoria, however, since even experienced users can suffer adverse ef­
fects after smoking cannabis, particularly when it is unexpectedly more 
potent than usual or differently constituted. Adverse reactions also appear 
to be more common after oral ingestion o f cannabis than after-smoking 
(W eil, 1970). This observation probably results from the user's inability to 
titrate an oral dose because o f the long latency o f onset o f effects.

9 .2 .2. Tolerance and physical Dependence:
Their Relationship to Drug-Seeking Behavior

Dependence, both physical and psychological, can develop rapidly in 
animals and in humans who are exposed to cannabis*at doses and fre­
quencies that produce sustained T H C  blood levels for a significant period 
o f time (Jones, 1982). Some components o f the withdrawal syndrome are 
sim ilar to those produced by opiates, and by alcohol and other sedatives, 
when they have been given for relatively short periods o f time. Controlled 
clinical studies (Jones and Benowitz, 1976; Nowlan and Cohen, 1977; 
Georgotas and Zeidenberg, 1979) have shown a picture that includes 
disturbed sleep, anorexia, restlessness, irritab ility , sweating, chills, slight 
hyperthermia, nausea, muscle spasms, tremor, diarrhea, and intestinal 
cramps. In controlled experiments, subjects first experienced symptoms 
about four hours after their last oral drug administration. The reactions 
peaked at about eight hours and had largely dissipated by the th ird  post­
drug day. The onset o f symptoms corresponded closely to the period when 
T H C  blood levels were dropping rapidly.

O ther studies (M iles et al., 1974; Rossi et al., 1974) using different 
designs have failed to confirm all o f these findings although some post- 
drug irritab ility  was reported. The prevalence o f these symptoms among 
populations o f cannabis users is unknown. Although some symptoms o f 
cannabis withdrawal resemble those associated with withdrawal from



other central depressants, no conclusions can be made w ith respect to 
common mechanisms at this point.

O n theoretical grounds, tolerance and dependence could increase drug- 
seeking behavior in several ways:
a) Selective tolerance to the aversive effects o f a drug might unmask the 

rewarding effects and thus increase the probability o f use;
b) tolerance, by leading to more frequent use and larger doses, might 

strengthen the cycle o f reward and repetition;
c) the progressive narrowing o f interests and activities in dependent users 

(particularly in urban industrial societies) might make the drug occupy 
a steadily more significant role in everyday life, and give rise to secon­
dary and conditioned mechanisms that would have the effect o f increas­
ing drug use (reinforcement);

d) abstinence symptoms, occurring during drug withdrawal, could 
generate a new reinforcement for use to alleviate the discomfort.
For the first three ways there is no information available specifically :,n 

cannabis, though the general principles derived from the study o f other 
drugs (Cappell and LeBlanc, 1979) would be expected to apply equally to 
it. W ith  respect to the fourth point, the observations cited above suggest 
strongly chat m ild  to moderate w ididrawal reactions can and do occur in 
some regular users, especially frequent users o f high doses.

9.3. P rinc ip les o f E xperim en ta l Design

9.3 .1. Relevance of Animal Models for Predicting Toxicity in Man
Although some pharmacological effects can be measured directly in 

humans, it is evident diat experimental assessment o f all risk potential o f 
cannabis use cannot be performed safely in humans. Thereiore, animal 
models must be utilized. The resulting problems o f extrapolating from 
animals to humans should be m inim ized by selecting those in vivo 
paradigms th?' are relevant to human physiological and ph irrnacological 
responses. It is also im portant that administration o f cannabis products 
extend over a v  ifficiendy long fraction o f the an im al’s life-span to simulate 
use o f cannabis for a period o f years by humans. O n the other hand, some 
animal life-spans (e.g., dog and monkey, 15-25 years) are long enough 
diat the investigator who wishes to use these species must have high 
motivation and longevity, and reliable long-term funding. I f  possible, the 
experimental designs should be comparable to current human practices 
such as the smoking o f high potency cannabis preparations mixed with 
tobacco, or the combination w ith other drugs, and the use o f oral and 
other routes o f administration.

Advantages and disadvantages are inherent in each potential animal 
model. For example, several rodents can be exposed simultaneously to the



smoke o f the same marihuana cigarette(s). Larger animals must be ex­
posed to the smoke o f individual samples o f a batch o f cigarettes that may 
differ considerably from each other in physicochemical properties. Physio­
logical disposition o f drugs also varies among species but sufficient basic 
data exist on these differences to perm it appropriate interpretation o f d if­
ferences in time o f appearance, intensity, and duration o f responses in 
laboratory animal species and in humans. It must be noted, however, that 
the results from some animal models (such as immunosuppression in the 
mouse) may be extrapolated to humans more reliably than from others 
(such as placental transfer o f drugs in rodents).

In cannabis research, the strongest evidence supporting the relevance o f 
animal models is the consistent dose range over which sim ilar pharma­
cological events, including certain behavioral changes, can be observed 
and measured in rodents and non-human primates after administration o f 
the drug by several different routes (see, for example, Rosenkrantz and 
Braude, 1976). These drug-related aberrations observed in animals have 
been produced by inhalation or oral doses that are relevant to those used 
by man. Indeed, circulating blood levels o f T H C  associated with these ef­
fects have been sim ilar in animal models and humans. Even such a 
phenomenon as the characteristic biphasic response to cannabinoids 
(CNS-stim ulation/inhib ition) has been observed in both animals and man 
(Rosenkrantz, 1982).

9 .3.2. Optimal Design of Toxicological Studies
' Apparent contradictions in the experimental literature are often difficult

to interpret because o f differences in experimental design. For this reason, 
it seems desirable to specify some basic requirements for soundness o f 
toxicological studies. This section is not intended to be comprehensive or

- definitive, but identifies a few areas o f special concern.
; The design o f toxicology studies should be such as to permit clear iden­

tification o f the organs which undergo dose-dependent morphological, 
physiological, or biochemical disturbances. For this purpose, the ideal 
study would evaluate the drug effects on all organ systems at several dose 
levels. Subchronic and chronic toxicological studies should be performed 
in both sexes o f several species o f experimental animals including rodents 
and non-human primates. The subchronic study should be long enough to 
identify appropriate dose ranges and to point to specific target organs or 
systems that would be investigated in greater detail in the chronic study. 
The chronic study must be o f reasonable length as discussed in Section 
9.3.1., especially to provide sufficient time to determine the potential for 
carcinogenicity. Both inhalation and oral routes o f administration should 
be used. Inhalation studies should use a standardized smoking system to 
assure direct inhalation o f smoke. For inhalation studies, the cannabis 
preparation should be derived from standard marihuana cigarettes with
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sufficiently high concentration o f cannabinoids to deliver the desired dose 
o f active substance with a m in im um  amount o f carbon monoxide. Control 
cigarettes should consist o f the same marihuana extracted in a manner 
designed to maximize the difference in cannabinoid content while 
m in im izing the loss o f other constituents. A  group o f animals receiving the 
smoke from an appropriately standardized tobacco should be included so 
as to facilitate comparisons between the results from different laboratories.

Oral administration should be accomplished by feeding unless the drug 
preparation reduces food intake, in which case gavagc should be used. 
The cannabis preparation used for oral administration should simulate as 
closely as possible those which are in widest use throughout the world. 
Adequate dose/response data must be provided, over a range extending 
up to the estimated maximum tolerated dose.

The toxicological study should not only assess the standard parameters 
such as growth rate, food and water consumption, hematology, clinical 
chemistry, urinalysis, and histopathology but should make every attempt 
to evaluate the functional aspects o f the major organs and body systems. 
The pulmonary system should be evaluated at regular intervals in the 
larger animals by measuring respiratory parameters such as rate, volume, 
and blood gases. Behavioral effects should be monitored at regular in ter­
vals by accepted operant and non-operant methods. The cardiovascular 
system should be monitored regularly, p rim arily  by electrocardiograms. 
L iver and kidney function tests should be followed at regular intervals. In 
the larger animals, simple immunological assays should be carried out 
during the study but detailed humoral and cell-mediated immune 
responses need to be tested only at the end o f the sub-chronic (90 day) 
study. Evaluation o f the endocrine system should be carried out at regular 
intervals and should include measurement o f plasma levels o f appropriate 
hormones.

Animals should be set aside for use in three-generation reproductive 
and teratogenicity studies.

Carcinogenicity should be determined by appropriate histopathological 
studies o f tumors and tissues at time o f necropsy.

9.3.3 Selection of Subjects and Designs for Clinical Experiments
Most individuals who have participated as subjects in cannabis-related 

research in North .America and Western Europe have been healthy young 
adult males who generally have used cannabis for five years or less. Most 
were students from middle to upper-class socio-economic backgrounds. 
Therefore some data obtained in these studies may have lim ited 
generalizabilitv to females and to individuals who use cannabis in other 
social, economic, and cultural environments. Cross-cultural generaliza­
tion o f the findings appears to he very lim ited, since studies o f cannabis 
use and effects in countries such as Egypt, Jamaica, India, and Greece in-

45



I n ­

volved subjects who were older, less affluent, and who used higher dosages 
and for longer periods o f time than research subjects in North America. 
Since patterns o f dosage (both amount o f drug and frequency o f adminis­
tration) are, in pan, culturally dependent, comparisons between cultures 
are especially difficult (see Section 9.1.).

M any problems in df.’ ign o f cannabis studies are sim ilar to those 
encountered in research with other psychoactive drugs. M any studies o f 
experimental administration o f cannabis have not employed placebo con­
trols, although it should be emphasized that effective placebo control in 
chronic studies w ith highly discriminable psychoactive compounds such as 
cannabis, especially w ith experienced users, is d ifficu lt. Interpretation o f 
results has often been rendered d ifficu lt by factors such as variable and 
unstated expectations o r biases o f subjects and experimenters, variations 
in criteria for defining chronicity and dosage, and variables associated 
w ith set and setting. Im portant controls for basic variables (e.g., drug use 
other than, or in addition to, cannabis) have been difficu lt to achieve in 
research on humans, except in experimental studies in monitored research 
ward environments. O nly a few studies have provided subjects with 
specific incentives for cooperation, or special compensation for achieving 
best performance during the assessment o f cannabis effects on behavior 
(see, for example, Cappell and Pliner, 1973). In some studies, subjects (all 
cannabis users) were apparently self-motivated to perform well, in order 
to establish the absence o f cannabis-related adverse effects (Kalant, 1969). 
Since virtua lly  all studies have employed volunteer subjects, there remains 
some question as to whether these healthy individuals are tru ly  represen­
tative o f the general population o f cannabis users.

9.3.4 Sex Differences
There have been very few controlled administration studies in human 

females, o r examinations o f sex differences in response to cannabis in 
animals. Male animals demonstrated a different pattern o f behavioral tox­
icity, and were more susceptible to delayed lethality than the females 
(Luthra el al., 1976). Otherwise the results have revealed no overall pat­
tern. In the past, for reasons related to U.S. Food and Drug Adm inistra­
tion policy, or equivalent policies in other countries, there have been prac­
tically no studies o f the effects o f cannabis administered experimentally to 
human females, and none involving chronic administration.

9.4. Discussion o f the Nature
o f P roo f Required to Establish a D rug  Effect

The question often arises as to the rigor o f evidence or standard o f proof 
required to substantiate statements about the effects o f cannabis use. 
Under more readily controlled circumstances, namely, in vitro and in
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