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S T A T E  O P  ALASKA 1 9 8 7  L E G I S L A T I V E  S E S S I O N

F I S C A L  NOTE

B i l l  V e r s i o n :  S B  3 2
R E O O E S T :  P u b l i s h  D a t e :

R e v i s i o n  D a t e :  A g e n c y  A f f e c t e d :  A l a s k a  C o u r t  S y s t e m
T i t l e :  A n  a c t  r e l a t i n g  t o  m a r i j u a n a  B R U :  T r i a l  C o u r t s

S p o n s o r :  F i s o n e r  C o m p o n e n t s :
R e q u e s t o r :  S e n a t e  J u d i c i a r y

I x p e n d i t u r e s / r e v e n u e s : ............  ( T h o u s a n d f l - o f  D o l l a j i a l _   . .. ~
O P E R A T I N G  F Y  8 7  F Y  8 8  F Y  8 9  F Y  9 0  F Y  9 1  F Y  9 2

P e r s o n a l  S e r v i c e s  * .  .  .  1 4 3 . 6  1 4 3 . 6  1 4 3 . 6  1 4 3 . 6  1 4 3 . 6
T r a v e l  .  « ,  ,  . . . .  ♦ « . «  . . . .  . . . »  . . . »
C o n t r a c t u a l  . . . .  « . . .  • « .  .  » ♦ • » . . . .  . . . .
S u p p l i e s  . . . .  . . . .  . . . .  « . . .  . . . .  . . . .
E q u i p m e n t  . . . .  1 1 . 5  « . . .  . . . .  « . . .  . . . .
L a n d  & S t r u c t u r e s  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .
G r a n t s  £  C l c - i r n s  . . . .  . . . .  . . . .  . . . .  « . . .  « . . .

T O T A L  O P E R A T I N G  0 , 0  1 5 5 , 1  1 4 3 . 6  1 4 3 . 6  < . 1 4 3 , 6  1 4 3 , 6

C A P I T A L

R E V E N U E

FUNDING; (.Thousand o f  D ollars)
G e n e r a l  F u n d s  0 . 0  1 5 5 . 1  1 4 3 . 6  1 4 3 . 6  1 4 3 . 6  1 4 3 . 6
F e d e r a l  F u n d s  . . . .  . . . .     . . . .  . . . .
O t h e r  .     . . . .  . . . .  . . . .  . . . .

T O T A L  0 . 0  1 5 5 . 1  1 4 3 . 6  1 4 3 . 6  1 4 3 . 6  1 4 3 . 6

POfimflHBJL
F u l l - t i m e  . . . .  4 , 0  4 , 0  4 . 0  4 , 0  4 . 0
P a r t - t i m e  , « , »  1 . 0  1 , 0  1 . 0  1 . 0  1 , 0
T e m p o r a r y        . . . .  . . . .

A N A L Y S I S :  ( A t t a c h  a  s e p , i r a t e  p a c e  i f  n e c e s s a r y !

S e e  a t t a c h e d  f i s c a l  a n a l y s i s .

p r e p a r e d  b y :  K a r l a  F o r s y t h e ,  G e n e r a l  C o u n s e l  P h o n e :  2 6 4 - 8 2 2 8
D i v i s i o n :  A l a s k a  C o u r t  S y s t e m  D a t e :  4 - 2 3 - 8 7

A p p r o v e d  b y :  l ^ ^ i a n i e  j ,  C c T e ,  n e p u t y  D i r e c t o r  D a t e :  4 - 2 3 - 8 7
A g e n c y ;  A l a s k a  C o u r t  S y s t e m

D i s t r i b u t i o n  ( b y  p r e p a r e r )  :
L e g i s l a t i v e  F i n a n c e  
L e g i s l a t i v e  S p o n s o r  
R e q u e s t o r
O f f i c e  o f  M a n a g e m e n t  & B u d g e t  
I m p a c t e d  A g e n c y ( i e s )
S e n a t e  S e c r e t a r y  P a g e  1  o f  3



A L A S K A  C O U R T  S Y S T E M  
S B  3 2  -  F i s c a l  A n a l y s i s

T h e  C o u r t  S y s t e m ' s  f i s c a l  n o t e  i s  b a s e d  o n  t h e  a s s u m p t i o n  
t h a t  t h i s  b i l l  w i l l  b e  e n f o r c e d  i f  e n a c t e d  i n t o  l a w .  T h e  
f i s c a l  n o t e  s u b m i t t e d  b y  t h e  D e p a r t m e n t  o f  L a w  r e p o r t s  t h a t  
e n f o r c e m e n t  p e r s o n n e l  a n t i c i p a t e  s e v e r a l  t h o u s a n d  n e w  c a s e s .  
T h i s  f i g u r e  d o e s  n o t  i n c l u d e  p r o s e c u t i o n  r e s u l t i n g  f r o m  
m u n i c i p a l  e n f o r c e m e n t .  M u n i c i p a l  p o l i c e  w i l l  g e n e r a t e  a  
s i g n i f i c a n t  v o l u m e  o f  c a s e s  f o r  t h e  c o u r t s ,  s i n c e  t h e y  a r e  
r e s p o n s i b l e  f o r  e n f o r c e m e n t  i n  A l a s k a ' s  u r b a n  c o m m u n i t i e s  a n d  
a r e  m o r e  l i k e l y  t o  a r r e s t  a  l a r g e  n u m b e r  o f  i n d i v i d u a l s  t h a n  
s t a t e  t r o o p e r s  w h o  f o c u s  o n  o r g a n i z e d  d r u g  a c t i v i t y .

U s i n g  a  c o n s e r v a t i v e  e s t i m a t e  o f  2 , 0 0 0  c a s e s  a n n u a l l y ,  i t  
a p p e a r s  t h a t  t h e  i n c r e a s e d  c a s e l o a d  c o u l d  b e  a b s o r b e d  w i t h  
e x i s t i n g  j u d i c i a l  r e s o u r c e s ,  b u t  a d d i t i o n a l  c l e r i c a l  s u p p o r t  
w o u l d  b e  n e e d e d  t o  p r o c e s s  t h e  h i g h  v o l u m e  o f  p a p e r w o r k  
a t t r i b u t a b l e  t o  t h e s e  n e w  c r i m i n a l  o f f e n s e s  w h i c h  w i l l  b e  
e n t e r i n g  t h e  c r i m i n a l  j u s t i c e  s y s t e m .



A L A S K A  C O U R T  S Y S T E M  
S B  3 2  -  F i s c a l  A n a l y s i s

P e r s o n a l  S e r v i c e s :

2  -  C o u r t  C l e r k  I I ,  R a n g e  1 0 B ,  
A n c h o r a g e ,  P F T  -  1 2  m o n t h s

1  -  C o u r t  C l e r k  I I ,  R a n g e  1 0 B ,  
F a i r b a n k s ,  P F T  -  1 2  m o n t h s

1  -  C o u r t  C l e r k  I I ,  R a n g e  1 0 B ,  
J u n e a u ,  T F T  -  1 2  m o n t h s

1  -  C o u r t  C l e r k  I I ,  R a n g e  1 Q B ,  
K e t c h i k a n ,  P P T  -  6  m o n t h s

S a l a r y  B e n e f i t s

2 5 , 7 4 0

* 2 2 , 8 3 6

1 1 , 4 1 8

8 , 9 3 6

8 , 2 9 0

T o t a l  P e r s o n a l  S e r v i c e s

E q u i p m e n t :  ( o n e - t i m e  c o s t )

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

T o t a l

$ 4 5 , 6 7 2  $ 1 6 , 5 8 0  $ 6 2 , 2 5 2

3 4 , 6 7 6

3 1 , 1 2 6

4 , 1 4 5  1 5 , 5 6 3

1 4 3 , 6 1 7

1 1 , 5 4 0

T o t a l  F i r s t - Y e a r  C o s t $ 1 5 5 , 1 5 7
m Ms c s s s s s



Marijuana and Health

Report of a Study 
by a Committee of the 

INSTITUTE OF MEDICINE 
Division of Health Sciences Policy

NATIONAL ACADEMY PRESS 
Wajhington, D.C. 1982



N O T IC E  T h e  p r o j e c t  t h a t  l a  t h e  s u b j e c t  o f  t h i s  r e p o r t  w a s  a p p r o v e d  
b y  t h e  G o v e r n i n g  B o a r d  o f  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l ,  w h o s e  
m e m b e r s  a r e  d r a w n  f r o m  t h e  C o u n c i l s  o f  t h e  N a t i o n a l  A c a d e m y  o f  
S c i e n c e s ,  t h e  N a t i o n a l  A c a d e m y  o f  E n g i n e e r i n g ,  a n d  t h e  I n s t i t u t e  o f  
M e d i c i n e .  T h e  m e m b e r s  o f  t h e  c o m m i t t e e  r e s p o n s i b l e  f o r  t h e  r e p o r t  
w e r e  c h o s e n  f o r  t h e i r  s p e c i a l  c o m p e t e n c e s  a n d  w i t h  r e g a r d  f o r  
a p p r o p r i a t e  b a l a n c e .

T h i s  r e p o r t  h a s  b e e n  r e v i e w e d  b y  a  g r o u p  o t h e r  t h a n  t h e  a u t h o r s  
a c c o r d i n g  t o  p r o c e d u r e s  a p p r o v e d  b y  a  R e p o r t  R e v i e w  C o m m i t t e e  
c o n s i s t i n g  o f  m e m b e r s  o f  t h e  N a t i o n a l  A c a d e m y  o f  S c i e n c e s ,  t h e  
N a t i o n a l  A c a d e m y  o f  E n g i n e e r i n g ,  a n d  t h e  I n s t i t u t e  o f  M e d i c i n e .

T h e  I n s t i t u t e  o f  M e d i c i n e  w a s  c h a r t e r e d  i n  1 9 7 0  b y  t h e  N a t i o n a l  
A c a d e m y  o f  S c i e n c e s  t o  e n l i s t  d i s t i n g u i s h e d  m e m b e r s  o f  t h e  
a p p r o p r i a t e  p r o f e s s i o n s  i n  t h e  e x a m i n a t i o n  o f  p o l i c y  m a t t e r s  
p e r t a i n i n g  t o  t h e  h e a l t h  o f  t h e  p u b l i c .  I n  t h i s ,  t h e  I n s t i t u t e  a c t s  
u n d e r  b o t h  t h e  A c a d e m y ' s  1 8 6 3  C o n g r e s s i o n a l  c h a r t e r  r e s p o n s i b i l i t y  t o  
b e  a n  a d v i s o r  t o  t h e  f e d e r a l  g o v e r n m e n t ,  a n d  i t s  o w n  i n i t i a t i v e  i n  
i d e n t i f y i n g  i s s u e s  o f  m e d i c a l  c a r e ,  r e s e a r c h ,  a n d  e d u c a t i o n .

T h i s  s t u d y  w a s  s u p p o r t e d  b y  t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h ,  
C o n t r a c t  N o .  N O l - O D - O - 2 1 1 4 .

I n t e r n a t i o n a l  S t a n d a r d  B o o k  N u m b e r  0 - 3 0 9 - 0 3 2 3 6 - 9  

L i b r a r y  o f  C o n g r e s s  C a t a l o g  C a r d  N u m b e r  8 1 - 8 6 5 3 4

A v a i l a b l e  f r o m :

NA T ION AL  ACADEMY P R E S S  
2 1 0 1  C o n s t i t u t i o n  A v e . ,  N .W .  
W a s h i n g t o n ,  D . C .  2 0 4 1 8

P r i n t e d  i n  t h e  U n i t e d  S t a t e s  o f  A m e r i c a



S t u d y  o f  t h e  H e a l t h - R e l a t e d  i s ^ f e c v i s  o f  
C a n n a b i s  a n d  I t s  D e r i v a t i v e s

PA N ELS

C a r d i o v a s c u l a r  a n d  R e s p i r a t o r y  I s s u e s  

A l f r e d  P .  F i s h m a n * #  C h a i r m a n

B r i a n  F .  H o f f m a n  
P r o f e s s o r  a n d  C h a i r m a n  
D e p a r t m e n t  o f  P h a r m a c o l o g y  
C o l u m b i a  U n i v e r s i t y  C o l l e g e  

o f  P h y s i c i a n s  a n d  S u r g e o n s

J e r o m e  I .  K l e i n e r m a n  
C h a i r m a n
D e p a r t m e n t  o f  P a t h o l o g y  
M o u n t  S i n a i  S c h o o l  o f  M e d i c i n e

G e r a r d  M . T u r i n o  
P r o f e s s o r  o f  M e d i c i n e  
D e p a r t m e n t  o f  M e d i c i n e  
C o l u m b i a  U n i v e r s i t y  C o l l e g e  

o f  P h y s i c i a n s  a n d  S u r g e o n s

N e u r o b i o l o g i c a l  I s s u e s

I r w i n  F e i n b e r g * #  C h a i r m a n

E d w a r d  F .  D o m i n o *  A .  E d w a r d  M a u m e n e e
P r o f e s s o r  o f  O p h t h a l m o l o g y

H .  C r a i g  H e l l e r  W i l m e r  I n s t i t u t e
A s s o c i a t e  P r o f e s s o r  o f  B i o l o g y  J o h n s  H o p k i n s  H o s p i t a l
D e p a r t m e n t  o f  B i o l o g i c a l  S c i e n c e s  
S t a n f o r d  U n i v e r s i t y  R o b e r t  M o o r e *

R e e s e  T .  J o n e s *  C h a r l e s  P .  O ' B r i e n *

H a r o l d  K a l a n t *

I r w i n  H .  K r a k o f f  
D i r e c t o r
V e r m o n t  R e g i o n a l  C a n c e r  C e n t e r

♦ C o m m i t t e e  m e m b e r .
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I N S T IT U T E  OF  M E D IC IN E  
F r e d e r i c k  C .  R o b b i n s  

P r e s i d e n t

S t u d y  S t a f f

E n r i q u e t a  C .  B o n d ,  D i r e c t o r ,  D i v i s i o n  o f  H e a l t h  S c i e n c e s  P o l i c y

L i n d a  S .  D u j a c k , ’ S t u d y  D i r e c t o r

K a t h r y n  G .  K i n g ,  R e s e a r c h  A s s o c i a t e

C a r e n  M . C a r n e y ,  R e s e a r c h  A s s o c i a t e

A l l y n  M . M o r t i m e r ,  R e s e a r c h  A s s i s t a n t

F o s z e l  S .  T h o m s e n  I I ,  R e s e a r c h  A s s i s t a n t

L i n d a  A .  D e P u g h ,  A d m i n i s t r a t i v e  S e c r e t a r y

C o n s t a n c e  V .  S h u c k ,  A d m i n i s t r a t i v e  S e c r e t a r y

W i t h  t h e  c o l l a b o r a t i o n  o f  t h e  D i r e c t o r  o f  t h e  D i v i s i o n  o f  M e n t a l  
H e a l t h  a n d  B e h a v i o r a l  M e d i c i n e ,  F r e d r i c  S o l o m o n ,  a n d  t h e  a s s i s t a n c e  
o f  I n s t i t u t e  o f  M e d i c i n e  s t a f f  m e m b e r s  B a r b a r a  F i l n e r ,  B a r b a r a  
M a n d u l a ,  a n d  R o b e r t  F i e l d .

C o n s u l t a n t s  

H e n r y  D .  A b r a h a m ,  H a r v a r d  U n i v e r s i t y  

R i c h a r d  E .  B e l l e v i l l e ,  P r i v a t e  C o n s u l t a n t  

K e v i n  F e h r ,  A d d i c t i o n  R e s e a r c h  F o u n d a t i o n  

H e r b e r t  M o s k o w i ^ z ,  S o u t h e r n  C a l i f o r n i a  R e s e a r c h  I n s t i t u t e  

W e n d y  N e l s o n ,  U n i v e r s i t y  o f  P e n n s y l v a n i a  

O a k l e y  S .  R a y ,  V e t e r a n s  A d m i n i s t r a t i o n  M e d i c a l  C e n t e r  

B r i a n  L .  S t r o m ,  U n i v e r s i t y  o f  P e n n s y l v a n i a

v
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D e p a r t m e n t  o f  P s y c h i a t r y  
C o l u m b i a  U n i v e r s i t y  a n d  
N ew  Y o r k  S t a t e  P s y c h i a t r i c  

I n s t i t u t e

B a r b a r a  M . K o r s c h  
P r o f e s s o r  o f  P e d i a t r i c s  

a n d  H e a d  
D i v i s i o n  o f  G e n e r a l  P e d i a t r i c s  
C h i l d r e n ' s  H o s p i t a l  o f  

L o s  A n g e l e s  
U n i v e r s i t y  o f  S o u t h e r n  C a l i f o r n i a  

S c h o o l  o f  M e d i c i n e

R o b e r t  Y .  M o o r e  
P r o f e s s o r  a n d  C h a i r m a n  
D e p a r t m e n t  o f  N e u r o l o g y  
S t a t e  U n i v e r s i t y  o f  N ew  Y o r k  

a t  S t o n y  B r o o k

R o b e r t  F .  M u r r a y ? J r .
E r o f e s s o r  o f  P e d i a t r i c s ?

M e d i c i n e  a n d  O n c o l o g y  
C h i e f ?  D i v i s i o n  o f  M e d i c a l  G e n e t i c s  
D e p a r t m e n t  o f  P e d i a t r i c s  a n d  C h i l d  

H e a l t h  
C o l l e g e  o f  M e d i c i n e  
H o w a r d  U n i v e r s i t y

N o r t o n  N e l s o n  
P r o f e s s o r  o f  E n v i r o n m e n t a l  
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M e d i c a l  C e n t e r

C h a r l e s  P .  O ' B r i e n  
P r o f e s s o r  o f  P s y c h i a t r y  
U n i v e r s i t y  o f  P e n n s y l v a n i a  

S c h o o l  o f  M e d i c i n e  a n d  
P h i l a d e l p h i a  V e t e r a n s  A d m i n i s ­

t r a t i o n  M e d i c a l  C e n t e r

S h e l d o n  J .  S e g a l  
D i r e c t o r
P o p u l a t i o n  S c i e n c e s  D i v i s i o n  
R o c k e f e l l e r  F o u n d a t i o n

P a u l  D .  S t o l l e y  
P r o f e s s o r
D e p a r t m e n t  o f  M e d i c i n e  
U n i v e r s i t y  o f  P e n n s y l v a n i a  

S c h o o l  o f  M e d i c i n e
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COMMITTEE TO STUDY THE  HEA LTH -R ELA TED  E F F E C T S  
O F  CAN NA B IS  AND I T S  D E R IV A T IV E S

A r n o l d  S .  R e i m a n ,  C h a i r m a n  
E d i t o r

T h e  N ew  E n g l a n d

K o n r a d  E .  B l o c h  
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PREFACE

T h i s  r e p o r t  i s  t h e  w o r k  o f  t h e  m a n y  p e o p l e  i d e n t i f i e d  i n  t h e  
p r e c e d i n g  p a g e s ,  a n d  t o  f i l l  o f  t h e m  I  am  v e r y  g r a t e f u l .  I  
p a r t i c u l a r l y  w i s h  t o  t h a n k  m y  d i s t i n g u i s h e d  c o l l e a g u e s  o n  t h e  s t u d y  
c o m m i t t e e ,  u p o n  w h o s e  e x p e r t  k n o w l e d g e  a n d  c r i t i c a l  j u d g m e n t  t h i s  
r e p o r t  r e s t s .  T h e y  r e s p o n d e d  c o n s c i e n t i o u s l y  t o  a l l  t h e  d e m a n d s  
p l a c e d  o n  t h e m ,  a n d  t h e y  d i d  s o  w i t h  a  p r o m p t n e s s  a n d  g r a c e  t h a t  m a d e  
m y t a s k  e a s y .

N o  s t u d y  o f  t h i s  k i n d  c a n  b e  c a r r i e d  o u t  w i t h o u t  t h e  h e l p  o f  a  
s k i l l e d  s t a f f .  We w e r e  f o r t u n a t e  t o  h a v e  h a d  t h e  n s s i s t a n c e  o f  a  
d e v o t e d  a n d  h i g h l y  c a p a b l e  s t a f f  t e a m  l e d  b y  E n r i q v e t a  C .  B o n d  a n d  
L i n d a  S .  D u j a c k .  T h e y  c o o r d i n a t e d  t h e  e f f o r t s  o f  t i e  c o m m i t t e e ,  t h e  
p a n e l ,  t h e  c o n s u l t a n t s ,  a n d  t h e  I n s t i t u t e  o f  M e d i c i n e  s t a f f ,  a n d  t h e y  
p l a y e d  t h e  k e y  r o l e  i n  k e e p i n g  e v e r y t h i n g  o n  s c h e d u l e .  M o r e o v e r ,  
t h e y  c a r r i e d  o u t  t h i s  f o r m i d a b l e  t a s k  w i t h  t a c t  a n d  c o m m o n  s e n s e .  O n  
b e h a l f  o f  t h e  c o m m i t t e e ,  I  w i s h  p u b l i c l y  t o  a c k n o w l e d g e  o u r  
i n d e b t e d n e s s  t o  t h e  IOM  s t a f f . *  a n d  I  a l s o  w i s h  t o  e x p r e s s  m y  p e r s o n a l  
t h a n k s  t o  D r s .  B o n d  a n d  D u j a c k  f o r  t h e i r  u n f a i l i n g  s u p p o r t  a n d  
c o o p e r a t i o n .

F i n a l l y ,  I  w i s h  t o  a c k n o w l e d g e  m y  a p p r e c i a t i o n  o f  t h e  e d i t o r i a l  
a s s i s t a n c e  o f  W a l l a c e  K .  W a t e r f a l l ,  w h o s e  e x p e r t  t o u c h  i s  e v i d e n t  
t h r o u g h o u t  t h i s  d o c u m e n t .  O u r  a i m  w a s  t o  w r i t e  a  r e p o r t  i n  " a  c l e a r  
a n d  i n c i s i v e  f o r m  f o r  t h e  g e n e r a l  p u b l i c . "  A n y  s u c c e s s  t h a t  w e  m a y  
h a v e  a c h i e v e d  i s  d u e  i n  n o  s m a l l  m e a s u r e  t o  h i s  e f f o r t s .

A r n o l d  S .  R e i m a n ,  M .D  
C h a i r m a n
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SUMMARY

T h e  I n s t i t u t e  o f  M e d i c i n e  ( IO M ) o f  t h e  N a t i o n a l  A c a d e m y  o f  S c i e n c e s  
h a s  c o n d u c t e d  a  1 5 - r a o n t h  s t u d y  o f  t h e  h e a l t h - r u l a t e d  e f f e c t s  o f  
m a r i j u a n a ,  a t  t h e  r e q u e s t  o f  t h e  S e c r e t a r y  o f  H e a l t h  a n d  H u m a n
S e r v i c e s  a n d  t h e  D i r e c t o r  o f  t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h .  T h e
IOM a p p o i n t e d  a  2 2 - m e m b e r  c o m m i t t e e  t o :

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

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

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

s u g g g e 3 t i o n s  z o  i m p r o v e  t h e  q u a l i t y  a n d  u s e f u l n e s s  o f  f u t u r e  
r e s e a r c h ;  a n d

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

T h i s  a s s e s s m e n t  o f  k n o w l e d g e  o f  t h e  h e a l t h - r e l a t e d  e f f e c t s  o f  
m a r i j u a n a  i s  i m p o r t a n t  a n d  t i m e l y  b e c a u s e  m a r i j u a n a  i s  n o w  t h e  m o s t  
w i d e l y  u s e d  o f  J i l l  t h e  i l l i c i t  d r u g s  a v a i l a b l e  i n  t h e  U n i t e d  S t a t e s . 
I n  1 9 7 9 ,  m o r e  t h a n  5 0  m i l l i o n  p e r s o n s  h a d  t r i e d  i t  a t  l e a s t  o n c e .  
T h e r e  h a s  b e e n  a  s t e e p  r i s e  i n  i t s  u s e  d u r i n g  t h e  p a s t  d e c a d e ,  
p a r t i c u l a r l y  a m o n g  a d o l e s c e n t s  a n d  y o u n g  a d u l t s ,  a l t h o u g h  t h e r e  h a s  
b e e n  a  l e v e l i n g - o f f  i n  i t s  o v e r a l l  u s e  a m o n g  h i g h  s c h o o l  s e n i o r s  i n  
t h e  p a s t  2  o r  3  y e a r s  a n d  a  s m a l l  d e c l i n e  i n  t h e  p e r c e n t a g e  o f  
s e n i o r s  w h o  u s e  i t  f r e q u e n t l y .  A l t h o u g h . - a u b s t a n t l a l l y - m o g e ^ i g h  
s c h o o l  s t u d e n t s '  h a v e u s e d  a l c o h o l - t h a n h a  ve> a v e r . u s e d ’m a r i j u a n a ,  m c r  e  
h i g h  s c h o o l  a e n l o r a u s e  m a r i j u a n a  o a . a  d a i l y , o r : . i K » a x . r d * i l y .  b a s i s  - ( 9  
p e r c e n t )  t h a n va l d 6 h 6 l ' ( 6  p e r c e n t ) .  M u c h  o f  t h e  h e a v y  u s e  o f  
m a r i j u a n a ,  u n l i k e  a l c o h o l ,  t a k e s  p l a c e  i n  s c h o o l ,  w h e r e  e f f e c t s  o n  * 
b e h a v i o r ,  c o g n i t i o n ,  a n d  p s y c h o m o t o r  p e r f o r m a n c e  c a n  b e  p a r t i c u l a r l y  
d i s t u r b i n g .  U n l i k e  a l c o h o l ,  w h i c h  i s  r a p i d l y  m e t a b o l i z e d  a n d  
e l i m i n a t e d f r o m  t h e  b o d y ,  t h e  p s y c h o a c t i v e  c o m p o n e n t s  o f  m a r i j u a n a  
p e r s i s t  i n  t h e  b o d y  f o r  a  l o n g  t i m e .  S i m i l a r  t o  a l c o h o l ,  c o n t i n u e d  
u s e  o f  m a r i j u a n a  m a y  c a u s e  t o l e r a n c e  a n d  d e p e n d e n c e .  F o r  a l l  t h e s e  
r e a s o n s ,  i t  i s  i m p e r a t i v e  t h a t  w e  h a v e  r e l i a b l e  a n d  d e t a i l e d
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i n f o r m a t i o n  a b o u t  t h e  e f f e c t s  o f  m a r i j u a n a  u s e  o n  h e a l t h ,  b o t h  i n  t h e  
l o n g  a n d  s h o r t  t e r m .

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

E F F E C T S  ON THE NERVOUS SYSTEM  AND ON BEHAV IOR

We c a n  s a y  w i t h  c o n f i d e n c e  t h a t  m a r i j u a n a  p r o d u c e s  a c u t e  e f f e c t s  o n  
t h e  b r a i n ,  i n c l u d i n g  c h e m i c a l  a n d  e l e c t r o p h y s i o l o g i c a l  c h a n g e s .  I t s  
m o s t  c l e a r l y  e s t a b l i s h e d  a c u t e  e f f e c t s  a r e  o n  m e n t a l  f u n c t i o n s  a n d  
b e h a v i o r .  W i t h  a  { ^ v e r i t y  d i r e c t l y  r e l a t e d  t o  d o s e ,  m a r i j u a n a  i m p a i r s  
m o t o r  c o o r d i n a t i o n  a n d  a f _ f e c t s _  t r a c k i n g  a b i l i t y  a n d  s e n s o r y  a n d  
p e r c e p t u a l  f u n c t i o n s  i m p o r t a n t  f o r  s a f e  d r i v i n g  a n d  t h e  o p e r a t i o n  o f  
o t h e r  m a c h i n e s ;  i t  a l s o  i m p a i r s  s h o r t - t e r m  m e m o r y  a n d  3 l o w s  l e a r n i n g . 
O t h e r  a c u t e  e f f e c t s  i n c l u d e  f e e l i n g s  o f  e u p h o r i a  a n d  o t h e r  m o o d  
c h a n g e s ,  b u t  t h e r e  a l s o  a r e  d i s t u r b i n g  m e n t a l  p h e n o m e n a ,  s u c h  a s  
b r i e f  p e r i o d s  o f  a n x i e t y ,  c o n f u s i o n ^ ,  o r  p s y c h o s i s .

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

C h r o n i c  r e l a t i v e l y  h e a v y  u s e  o f  m a r i j u a n a  i s  a s s o c i a t e d  w i t h  
b e h a v i o r a l  d y s f u n c t i o n  a n d  m e n t a l  d i s o r d e r s  i n  h u m a n  b e i n g s ,  b u t  
a v a i l a b l e  e v i d e n c e  d o e s  n o t  e s t a b l i s h  i f  m a r i j u a n a  u s e  u n d e r  t b ^ s e  
c i r c u m s t a n c e s  i s  a  c a u s e  o r  a  r e s u l t  o f  t h e  m e n t a l  c o n d i t i o n ,  ' h e r e  
a r e  s i m i l a r  p r o b l e m s  i n  i n t e r p r e t i n g  t h e  e v i d e n c e  l i n k i n g  t h e  u s e  o f  
m a r i j u a n a  t o  s u b s e q u e n t  u s e  o f  o t h e r  i l l i c i t  d r u g s ,  s u c h  a s  h e r o i n  o r  
c o c a i n e .  A s s o c i a t i o n  d o e s  n o t  p r o v e  a  c a u s a l  r e l a t i o n ,  a n d  t h e  u s e  
o f  m a r i j u a n a  m a y  m e r e l y  h e  s y m p t o m a t i c  o f  a n  u n d e r l y i n g  d i s p o s i t i o n  
t o  u s e  p s y c h o a c t i v e  d r u g s  r a t h e r  t h a n  a  " s t e p p i n g  s t o n e "  t o  
i n v o l v e m e n t  w i t h  m o r e  d a n g e r o u s  s u b s t a n c e s .  I t  i s  a l s o  d i f f i c u l t  t o  
s o r t  o u t  t h e  r e l a t i o n s h i p  b e t w e e n  u s e  o f  m a r i j u a n a  a n d  t h e  c o m p l e x  
s y m p t o m s  k n o w n  a s  t h e  a m o t i v a t i o n a l  s y n d r o m e .  S e l f - s e l e c t i o n  a n d  
e f f e c t s  o f  t h e  d r u g  a r e  p r o b a b l y  b o t h  c o n t r i b u t i n g  t o  t h e  
m o t i v a t i o n a l  p r o b l e m s  s e e n  i n  s o m e  c h r o n i c  u s e r s  o f  m a r i j u a n a .

T h u s ,  t h e  l o n g - t e r m  e f f e c t s  o f  m a r i j u a n a  o n  t h e  h u m a n  b r a i n  a n d  
o n  h u m a n  b e h a v i o r  r e m a i n  t o  b e  d e f i n e d .  A l t h o u g h  w e  h a v e  n o  
c o n v i n c i n g  e v i d e n c e  t h u s  f a r  o f  a n y  e f f e c t s  p e r s i s t i n g  i n  h u m a n  
b e i n g s  a f t e r  c e s s a t i o n  o f  d r u g  u s e ,  t h e r e '  m a y  w a l l  b e  s u b t l e  b u t  
i m p o r t a n t  p h y s i c a l  a n d  p s y c h o l o g i c a l  c o n s e q u e n c e s  t h a t  h a v e  n o t  b e e n  
r e c o g n i z e d .
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E F F E C T S  ON THE CARDIOVASCULAR AND R ESP IR A T O R Y  SY STEM S

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

A c u t e  e x p o s u r e  t o  m a r i j u a n a  s m o k e  g e n e r a l l y  e l i c i t s  b r o n c h o -  
d i l a t i o n ;  c h r o n i c  h e a v y  s m o k i n g  o f  m a r i j u a n a  c a u s e s  i n f l a m m a t i o n  a n d  
p r e - n e o p l a s t i c  c h a n g e s  i n  t h e  a i r w a y s ,  s i m i l a r  t o  t h o s e  p r o d u c e d  b y  
s m o k i n g  o f  t o b a c c o .  M a r i j u a n a  s m o k e  i s  a  c o m p l e x  m i x t u r e  t h a t  n o t  
o n l y  h a s  m a n y  c h e m i c a l  c o m p o n e n t s  ( i n c l u d i n g  c a r b o n  m o n o x i d e  a n d  
" t a r " )  a n d  b i o l o g i c a l  e f f e c t s  s i m i l a r  t o  t h o s e  o f  t o b a c c o  s m o k e ,  b u t  
a l s o  s o m e  u n i q u e  i n g r e d i e n t s .  T h i s  s u g g e s t s  t h e  s t r o n g  p o s s i b i l i t y  
t h a t  p r o l o n g e d  h e a v y  s m o k i n g  o f  m a r i j u a n a ,  l i k e  t o b a c c o ,  w i l l  l e a d  t o  
c a n c e r  o f  t h e  r e s p i r a t o r y  t r a c t  a n d  t o  s e r i o u s  i m p a i r m e n t  o f  l u n g  
f u n c t i o n .  A l t h o u g h  t h e r e  i s  e v i d e n c e  o £  i m p a i r e d  l u n g  f u n c t i o n  i n  
c h r o n i c  s m o k e r s ,  n o  d i r e c t  c o n f i r m a t i o n  o f  t h e  l i k e l i h o o d  o f  c a n c e r  
h a s  y e t  b e e n  p r o v i d e d ,  p o s s i b l y  b e c a u s e  m a r i j u a n a  h a s  b e e n  w i d e l y  
s m o k e d  i n  t h i s  c o u n t r y  f o r  o n l y  a b o u t  2 0  y e a r s ,  a n d  d a t a  h a v e  n o t  
b e e n  c o l l e c t e d  s y s t e m a t i c a l l y  i n  o t h e r  c o u n t r i e s  w i t h  a  m u c h  l o n g e r  
h i s t o r y  o f  h e a v y  m a r i j u a n a  u s e .

E F F E C T S  ON THE REPRODUCTIVE SY STEM  AND ON CHROMOSOMES

A l t h o u g h  s t u d i e s  i n  a n i m a l s  h a v e  s h o w n  t h a t  A - 9 - T H C  ( t h e  m a j o r  
p s y c h o a c t i v e  c o n s t i t u e n t  o f  m a r i j u a n a )  l o w e r s  t h e  c o n c e n t r a t i o n  i n  
b l o o d  s e r u m  o f  p i t u i t a r y  h o r m o n e s  ( g o n a d o t r o p i n s )  t h a t  c o n t r o l  
r e p r o d u c t i v a  f u n c t i o n s ,  i t  i s  n o t  k n o w n  i f  t h e r e  i s  a  d i r e c t  e f f e c t  
o n  r e p r o d u c t i v e  t i s s u e s .  D e l t a - 9 - T H C  a p p e a r s  t o  h a v e  a  m o d e s t  
r e v e r s i b l e  s u p p r e s s i v e  e f f e c t  o n  s p e r m  p r o d u c t i o n  i n  m e n ,  b u t  t h e r e  
i s  n o  p r o o f  t h a t  i t  h a s  a  d e l e t e r i o u s  e f f e c t  o n  m a l e  f e r t i l i t y .
E f f e c t s  o n  h u m a n  f e m a l e  h o r m o n a l  f u n c t i o n  h a v e  b e e n  r e p o r t e d ,  b u t  t h e  
e v i d e n c e  i s  n o t  c o n v i n c i n g .  H o w e v e r ,  t h e r e  i s  c o n v i n c i n g  e v i d e n c e  
t h a t  m a r i j u a n a  i n t e r f e r e s  w i t h  o v u l a t i o n  i n  f e m a l e  m o n k e y s .  N o  
s a t i s f a c t o r y  s t u d i e s  o f  t h e  r e l a t i o n  b e t w e e n  u s e  o f  m a r i j u a n a  a n d  
f e m a l e  f e r t i l i t y  a n d  c h i l d - b e a r i n g  h a v e  b e e n  c a r r i e d  o u t .  A l t h o u g h  
A—9 - THC i s  k n o w n  t o  c r o s s  t h e  p l a c e n t a  r e a d i l y  a n d  t o  c a u s e  b i r t h  
d e f e c t s  w h e n  a d m i n i s t e r e d  i n  l a r g e * d o s e s  t o  e x p e r i m e n t a l _ a n i m a l a ,  n o  
a d e q u a t e  c l i n i c a l  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  t o  d e t e r m i n e  i f  
m a r i j u a n a  u s e  c a n  h a r m  t h e  h u m a n  f e t u s .  T h e r e  i s  n o  c o n c l u s i v e  
e v i d e n c e  o f  t e r a t o g e n i c i t y  i n  h u m a n  o f f s p r i n g ,  b u t  a  s l o w l y  d e v e l o p i n g  
o r  l o w - l e v e l  e f f e c t  m i g h t  b e  u n d e t e c t e d  b y  t h e  s t u d i e s  d o n e  s o  f a r .
T h e  e f f e c t s  o f  m a r i j u a n a  o n  r e p r o d u c t i v e  f u n c t i o n  a n d  o n  t h e  f e t u s  
a r e  u n c l e a r ;  t h e y  m a y  p r o v e  t o  b e  n e g l i g i b l e ,  b u t  f u r t h e r  r e s e a r c h  t o  
e s t a b l i s h  o r  r u l e  o u t  s u c h  e f f e c t s  w o u l d  b e  o f  g r e a t  i m p o r t a n c e .
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E x t r a c t s  f r o m  m a r i j u a n a  s m o k e  p a r t i c u l a t e s  ( " t a r " )  h a v e  b e e n  
f o u n d  t o  p r o d u c e  d o s e - r e l a t e d  m u t a t i o n s  i n  b a c t e r i a ;  h o w e v e r ,  
A - 9 - T H C ,  b y  i t s e l f /  i s  n o t  m u t a g e n i c .  M a r i j u a n a  a n d  A - 9 - T H C  d o  
n o t  a p p e a r  t o  b r e a k  c h r o m o s o m e s /  b u t  m a r i j u a n a  m a y  a f f e c t  c h r o m o s o m e  
s e g r e g a t i o n  d u r i n g  c e l l  d i v i s i o n /  r e s u l t i n g  i n  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  i n  d a u g h t e r  c e l l s .  A l t h o u g h  t h e s e  r e s u l t s  a r e  o f  
c o n c e r n /  t h e i r  c l i n i c a l  s i g n i f i c a n c e  i s  u n k n o w n .

TH E  IMMUNE SYSTEM

S i m i l a r  l i m i t a t i o n s  e x i s t  i n  o u r  u n d e r s t a n d i n g  o f  t h e  e f f e c t s  o f  
m a r i j u a n a  o n  o t h e r  b o d y  s y s t e m s .  F o r  e x a m p l e /  s o m e  s t u d i e s  o f  t h e  
im m u n e  s y s t e m  d e m o n s t r a t e  a  m i l d /  i m m u n o s u p p r e s s a n t  e f f e c t  o n  h u m a n  
b e i n g s /  b u t  o t h e r  s t u d i e s  s h o w  n o  e f f e c t .

T H E R A P E U T IC  P O T E N T IA L

T h e  c o m m i t t e e  a l s o  h a s  e x a m i n e d  t h e  e v i d e n c e  o n  t h e  t h e r a p e u t i c  
e f f e c t s  o f  m a r i j u a n a  i n  a  v a r i e t y  o f  m e d i c a l  d i s o r d e r s .  P r e l i m i n a r y  
s t u d i e s  s u g g e s t  t h a t  m a r i j u a n a  a n d  i t s  d e r i v a t i v e s  o r  a n a l o g u e s  m i g h t  
b e  u s e f u l  i n  t h e  t r e a t m e n t  o f  t h e  r a i s e d  i n t r a o c u l a r  p r e s s u r e  o f  
g l a u c o m a /  i n  t h e  c o n t r o l  o f  t h e  s e v e r e  n a u s e a  a n d  v o m i t i n g  c a u s e d  b y  
c a n c e r  c h e m o t h e r a p y /  a n d  i n  t h e  t r e a t m e n t  o f  a s t h m a .  T h e r e  a l s o  i s  
s o m e  p r e l i m i n a r y  e v i d e n c e  t h a t  a  m a r i j u a n a  c o n s t i t u e n t  ( c a n n a b i d i o l )  
m i g h t  b e  h e l p f u l  i n  t h e  t r e a t m e n t  o f  c e r t a i n  t y p e s  o f  e p i l e p t i c  
s e i z u r e s /  a s  w e l l  a s  f o r  s p a s t i c  d i s o r d e r s  a n d  o t h e r  n e r v o u s  s y s t e m  
d i s e a s e s .  B u t r i n  t h e s e  a n d  a l l  o t h e r  c o n d i t i o n s /  m u c h  m o r e  w o r k  i s  
n e e d e d .  B e c a u s e  m a r i j u a n a  a n d  A - 9 - T H C  o f t e n  p r o d u c e  t r o u b l e s o m e  
p s y c h o t r o p i c  o r  c a r d i o v a s c u l a r  s i d e - e f f e c t s  t h a t  l i m i t  t h e i r  
t h e r a p e u t i c  u s e f u l n e s s /  p a r t i c u l a r l y  i n  o l d e r  p a t i e n t s /  t h e  g r e a t e s t  
t h e r a p e u t i c  p o t e n t i a l  p r o b a b l y  l i e s  i n  t h e  u s e  o f  s y n t h e t i c  a n a l o g u e s  
o f  m a r i j u a n a  d e r i v a t i v e s  w i t h  h i g h e r  r a t i o s  o f  t h e r a p e u t i c  t o  
u n d e s i r a b l e  e f f e c t s .

T H E  NEED FDR  MORE RESEARCH ON M A R IJU AN A

T h e  e x p l a n a t i o n  f o r  a l l  o f  t h e s e  u n a n s w e r e d  q u e s t i o n s  i s  i n s u f f i c i e n t  
r e s e a r c h .  Vi n e e d  t o  k n o w  m u c h  m o r e  a b o u t  t h e  m e t a b o l i s m  o f  t h e  
v a r i o u s  m a r i j u a n a  c h e m i c a l  c o m p o u n d s  a n d  t h e i r  b i o l o g i c  e f f e c t s .
T h i s  w i l l  r e q u i r e  m a n y  m o r e  s t u d i e s  i n  a n i m a l s /  w i t h  p a r t i c u l a r  
e m p h a s i s  u n  s u b h u m a n  p r i m a t e s .  B a s i c  p h a r m a c o l o g i c  i n f o r m a t i o n  
o b t a i n e d  i n  a n i m a l  e x p e r i m e n t s  w i l l  u l t i m a t e l y  h a v e  t o  b e  t e s t e d  i n  
c l i n i c a l  s t u d i e s  o n  h u m a n  b e i n g s .

U n t i l  1 0  o r  1 5  y e a r s  a g o /  t h e r e  w a s  v i r t u a l l y  n o  s y s t e m a t i c /  
r i g o r o u s l y  c o n t r o l l e d  r e s e a r c h  o n  t h e  h u m a n  h e a l t h - r e l a t e d  e f f e c t s  o f  
m a r i j u a n a  a n d  i t s  m a j o r  c o n s t i t u e n t s .  - E v e n  n o w ,  w h e n  s t a n d a r d i z e d  
m a r i j u a n a  a n d  p u r e  s y n t h e t i c  c a n n a b i n o i d s  a r e  a v a i l a b l e  f o r  
e x p e r i m e n t a l  s t u d i e s ,  a n d  g o o d  q u a l i t a t i v e  m e t h o d s  e x i s t  f o r  t h e
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m e a s u r e m e n t  o f  A - 9 - T H C  a n d  i t s  m e t a b o l i t e s  i n  b o d y  f l u i d s ,  w e l l -  
d e s i g n e d  s t u d i e s  o n  h u m a n  b e i n g s  a r e  r e l a t i v e l y  f e w .  T h e r e  a r e  
d i f f i c u l t i e s  i n  s t u d y i n g  t h e  c l i n i c a l  e f f e c t s  o f  m a r i j u a n a  i n  h u m a n  
b e i n g s ,  p a r t i c u l a r l y  t h e  e f f e c t s  o f  l o n g - t e r m  u s e .  A n d  y e t ,  w i t h o u t  
s u c h  s t u d i o s  t h e  d e b a t e  a b o u t  t h e  s a f e t y  o r  h a z a r d  o f  m a r i j u a n a  w i l l  
r e m a i n  u n r e s o l v e d .  P r o s p e c t i v e  c o h o r t  s t u d i e s ,  a s  w e l l  a s  r e t r o ­
s p e c t i v e  c a s e - c o n t r o l  s t u d i e s ,  w o u l d  b e  u s e f u l  i n  i d e n t i f y i n g  l o n g ­
t e r m  b e h a v i o r a l  a n d  b i o l o g i c a l  c o n s e q u e n c e s  o f  m a r i j u a n a  u s e .

T h e  f e d e r a l  i n v e s t m e n t  i n  r e s e a r c h  o n  t h e  h e a l t h - r e l a t e d  e f f e c t s  
o f  m a r i j u a n a  h a s  b e e n  s m a l l ,  b o t h  i n  r e l a t i o n  t o  t h e  e x p e n d i t u r e  o n  
o t h e r  i l l i c i t  d r u g s  a n d  i n  a b s o l u t e  t e r m s .  T h e  c o m m i t t e e  c o n s i d e r s  
t h e  r e s e a r c h  p a r t i c u l a r l y  i n a d e q u a t e  w h e n  v i e w e d  i n  l i g h t  o f  t h e  
e x t e n t  o f  m a r i j u a n a  u s e  i n  t h i s  c o u n t r y ,  e s p e c i a l l y  b y  y o u n g  p e o p l e .  
We b e l i e v e  t h e r e  s h o u l d  b e  a  g r e a t e r  i n v e s t m e n t  i n  r e s e a r c h  o n  
m a r i j u a n a ,  a n d  t h a t  i n v e s t i g a t o r - i n i t i a t e d  r e s e a r c h  g r a n t s  s h o u l d  b e  
t h e  p r i m a r y  v e h i c l e  o f  s u p p o r t .

T h e  c o m m i t t e e  c o n s i d e r s  a l l  o f  t h e  a r e a s  o f  r e s e a r c h  o n  m a r i j u a n a  
t h a t  a r e  s u p p o r t e d  b y  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  t o  b e  
i m p o r t a n t ,  b u t  w e  d i d  n o t  j u d g e  t h e  a p p r o p r i a t e n e s s  o f  t h e  a l l o c a t i o n  
c f  r e s o u r c e s  a m o n g  t h o s e  a r e a s ,  o t h e r  t h a n  t o  c o n c l u d e  t h a t  t h e r e  
s h o u l d  b e  i n c r e a s e d  e m p h a s i s  o n  s t u d i e s  i n  h u m a n  b e i n g s  a n d  o t h e r  
p r i m a t e s .  R e c o m m e n d a t i o n s  f o r  f u t u r e  r e s e a r c h  a r e  p r e s e n t e d  a t  t h e  
e n d  o f  C h a p t e r s  1 - 7  o f  t h i s  r e p o r t .

C O N C LU S IO N S

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

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



INTRODUCTION

T h e  I n s t i t u t e  o f  M e d i c i n e  ( IOM ) o f  t h e  N a t i o n a l  A c a d e m y  o f  S c i e n c e s  
h a s  u n d e r t a k e n  t h i s  r e v i e w  a n d  a n a l y s i s  o f  t h e  h e a l t h - r e l a t e d  e f f e c t s  
o f  m a r i j u a n a *  a t  t h e  r e q u e s t  o f  t h e  S e c r e t a r y  o f  t h e  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  S e r v i c e s  (DHHS) a n d  t h e  D i r e c t o r  o f  t h e  N a t i o n a l  
I n s t i t u t e s  o f  H e a l t h  ( N I H ) .

S c i e n t i f i c  ; c o n t r o t e r s y  a n d ' p u b l i c  e o n f u s i o r r " a b o u t  m a r i j u a n a ,  
c o n t i n u e  u n a b a t e d '  a n d -  p e r h a p e ^ e v e n ^ a r e ^ e x p e n d i n g v  n o t w i t h s t a n d i n g  
n u m e r o u s  r e p o r t s  o n  t h e  t o p i c  f r o m  a u t h o r i t a t i v e  a g e n c i e s  a n d  
o r g a n i z a t i o n s  ( F i f t h ,  S i x t h ,  S e v e n t h ,  a n d  E i g h t h  A n n u a l  R e p o r t s  f r o m  
t h e  S e c r e t a r y  o f  H e a l t h ,  E d u c a t i o n  a n d  W e l f a r e  t o  t h e  C o n g r e s s  o n  
M a r i j u a n a  a n d  H e a l t h ; F e h r ,  e t  a l . ,  C a n n a b i s ;  A d v e r s e  E f f e c t s  o n  
H e a l t h ,  1 9 8 0 a ;  T i n k l e n b e r g ,  M a r i j u a n a  a n d  H e a l t h  H a z a r d s  a n d  
M a r i j u a n a  i n  t h e  ' 8 0 s , a  r e p o r t  o f  t h e  C o u n c i l  o n  S c i e n t i f i c  A f f a i r s ,  
t h e  A m e r i c a n  M e d i c a l  A s s o c i a t i o n ,  1 9 8 0 ) .  I n c r e a s i n g  u s e  o f  t h i s  
s u b s t a n c e  a n d  g r o w i n g  c o n c e r n  a b o u t  i t s  p o s s i b l e  l o n g -  a n d  s h o r t - t e r m  
c o n s e q u e n c e s  f o r  h u m a n  h e a l t h  h a v e  a d d e d  s o m e  u r g e n c y  t o  t h e  n e e d  f o r  
r e a s s e s s m e n t  o f  t h e  a v a i l a b l e  d a t a .  I n t e r e s t  h a s  b e e n  f u r t h e r  
h e i g h t e n e d  b y  r e c e n t  s u g g e s t i o n s  t h a t  m a r i j u a n a  m a y  a l s o  h a v e  s o m e  
m e d i c a l  t h e r a p e u t i c  v a l u e ,  w h i c h  o n l y  i n t e n s i f i e s  t h e  d e b a t e  a b o u t  
w h a t  o u r  p u b l i c  p o l i c y  t o w a r d s  m a r i j u a n a  o u g h t  t o  b e .

W i t h  t h i s  a s  b a c k g r o u n d ,  t h e  S e c r e t a r y  o f  H e a l t h ,  E d u c a t i o n ,  a n d  
W e l f a r e ,  J o s e p h  A .  C a l i f a n o ,  J r . ,  i n  a  p r e s s  s t a t e m e n t  o n  A p r i l  1 8 ,  
1 9 7 9 ,  a n n o u n c e d  t h e  i n t e n t i o n  o f  h i s  d e p a r t m e n t  t o  u n d e r t a k e  a  r e v i e w  
t h a t  w o u l d  ” . . .  a s s e s s  t h e  i n f o r m a t i o n  a n d  s c i e n t i f i c  w o r k  n o w  
a v a i l a b l e  o n  t h e  e f f e c t s  o f  m a r i j u a n a . ” H e  f o l l o w e d  t h a t  w i t h  a  
m e m o r a n d u m  o n  M a y  1 6 ,  3 9 7 9 ,  t o  D o n a l d  S .  F r e d r i c k s o n ,  D i r e c t o r  o f  N IH  
i n  w h i c h  h e  f u r t h e r  s t a t e d ;

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

♦The t e r m s  m a r i j u a n a  a n d  c a n n a b i s  w i l l  b e  u s e d  i n t e r c h a n g e a b l y  i n  
t h i s  r e p o r t .  S t r i c t l y  s p e a k i n g ,  t h e y  a r e  n o t  s y n o n y m o u s ;  c a n n a b i s  i s  
t h e  m o r e  g e n e r a l  t e r m .  ( S e e  G l o s s a r y ,  p a g e  9 . )
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g r o u p  o f  d i s t i n g u i s h e d  b i o m e d i c a l  a n d  c l i n i c a l  s c i e n t i s t s  a n d  
s h o u l d  i n v o l v e  t h o r o u g h ,  s y s t e m a t i c  r e v i e w  a n d  a n a l y s i s  o f  
t h e  r e s e a r c h  l i t e r a t u r e .  .  .  .  T h e  r e p o r t  s h o u l d  i d e n t i f y  t h e  
m o s t  u r g e n t l y  n e e d e d  a n d  p r o m i s i n g  l i n e s  o f  i n q u i r y  t o  b u i l d  
a  f i r m e r  b a s e  f o r  d e c i s i o n - m a k i n g  i n  y e a r s  t o  c o m e .  T h e  
i n f o r m a t i o n  s h o u l d  b e  a v a i l a b l e  i n  a  c l e a r  a n d  i n c i s i v e  f o r m  
f o r  t h e  g e n e r a l  p u b l i c .

W h i l e  t h e  A l c o h o l ,  D r u g  A b u s e ,  a n d  M e n t a l  H e a l t h  
A d m i n i s t r a t i o n  (ADAMHA) a n d  i t s  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  (N ID A )  h a v e  p r o v i d e d  l e a d e r s h i p  i n  r e s e a r c h  r e l a t e d  t o  
b i o l o g i c a l  a n d  h e a l t h  e f f e c t s  o f  m a r i j u a n a ,  i t  i s  m o a t  i m p o r ­
t a n t  t h a t  w e  h a v e  a  r e v i e w  b y  a n  i n d e p e n d e n t  n o n g o v e r n m e n t a l  
b o d y ,  s u c h  a s  t h e  I n s t i t u t e  o f  M e d i c i n e .  I n  o r d e r  t o  a v o i d  
e v e n  t h e  a p p e a r a n c e  o f  a  c o n f l i c t  o f  i n t e r e s t ,  i n a s m u c h  a s  
t h i s  r e v i e w  w i l l  c o v e r  p a r t  o f  t h e  r e s e a r c h  p l a n  o f  
ADAM HA-N IDA ,  I  b e l i e v e  i t  i s  i m p o r t a n t  t h a t  t h e  N a t i o n a l  
I n s t i t u t e s  o f  H e a l t h  s e r v e  a s  t h e  r e s p o n s i b l e  DHHS a g e n c y  f o r  
s e e i n g  t h a t  s u c h  a  r e v i e w  i s  c o n d u c t e d .

F o l l o w i n g  M r .  C a l i f a n o ' s  r e s i g n a t i o n ,  s u b s e q u e n t  s e c r e t a r i e s  h a v e  
c o n f i r m e d  t o  t h e  D i r e c t o r  o f  t h e  N IH  t h e i r  d e s i r e  t o  s e e  t h i s  r e v i e w  
c a r r i e d  f o r w a r d .  A c c o r d i n g l y ,  a  c o n t r a c t  b e t w e e n  t h e  N IH  a n d  t h e  IOM 
w a s  e x e c u t e d  t o  p r o v i d e  f o r  a  s t u d y  t o  c o m m e n c e  S e p t e m b e r  3 0 ,  1 9 8 0 ,  
a n d  b e  c o m p l e t e d  b y  D e c e m b e r  2 9 ,  1 9 8 1 .

TH E  C O M M IT T E E 'S  TASK 

U n d e r  t h i s  c o n t r a c t ,  t h e  IOM  a g r e e d  t o  a p p o i n t  a  c o m m i t t e e  t o :

1 .  a n a l y z e  e x i s t i n g  s c i e n t i f i c  e v i d e n c e  b e a r i n g  o n  t h e  p o s s i b l e  
h a z a r d s  t o  t h e  h e a l t h  a n d  s a f e t y  o f  u s e r s  o f  m a r i j u a n a ;

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

3 .  a s s e s s  f e d e r a l  r e s e a r c h  p r o g r a m s  i n  t h i s  a r e a ;
4 .  i d e n t i f y  p r o m i s i n g  n e w  r e s e a r c h  d i r e c t i o n s ,  a n d  m a k e  

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

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

T h e  c o m m i t t e e ' s  c h a r g e  s p e c i f i c a l l y  e x c l u d e d  t h e  a n a l y s i s  o r  
f o r m u l a t i o n  o f  p u b l i c  p o l i c y .

PROCEDURE FOR  THE STUDY

P r i m a r y  r e s p o n s i b i l i t y  f o r  t h e  c o n d u c t  o f  t h e  s t u d y  w a s  v e s t e d  i n  a  
s t e e r i n g  c o m m i t t e e  o f  2 2  b i o l o g i s t s ,  b e h a v i o r a l  s c i e n t i s t s ,  a n d
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c l i n i c i a n s .  A l t h o u g h  t h e y  a l l  w e r e  e x p e r t s  i n  r e l e v a n t  d i s c i p l i n e s ,  
o n l y  a  f e w  h a d  p r e v i o u s l y  b e e n  I n v o l v e d  i n  t h e  s t u d y  o f  m a r i j u a n a  o r  
h a d  t a k e n  p u b l i c  p o s i t i o n s  o n  t h e  s u b j e c t .  T h e  c o m m i t t e e  w a s  d i v i d e d  
i n t o  f i x .  p a n e l s ,  e a c h  c o n c e r n e d  w i t h  m a j o r  s c i e n t i f i c  a r e a s :  
c a r d i o v a s c u l a r  a n d  r e s p i r a t o r y  s y s t e m  e f f e c t s ;  n e u r o b i o l o g i c a l  
e f f e c t s ;  e p i d e m i o l o g i c a l ,  b e h a v i o r a l ,  a n d  p s y c h o s o c i a l  e f f e c t s ;  
r e p r o d u c t i v e  b i o l o g y  a n d  e f f e c t s  o n  t h e  f e t u s ;  p h a r m a c o l o g y ,  c e l l  
b i o l o g y ,  a n d  i m m u n o l o g y ;  a n d  g e n e t i c  a n d  o n c o g e n i c  e f f e c t s .  E a c h  
p a n e l  w a s  c h a i r e d  o y  a  m e m b e r  o f  t h e  c o m m i t t e e  a n d  u s u a l l y  h a d  o n e  o r  
m o r e  a d d i t i o n a l  c o m m i t t e e  m e m b e r s  a n d  s e v e r a l  e x p e r t  c o n s u l t a n t s ,  
w h o s e  n a m e s  a p p e a r  i n  t h e  f r o n t  o f  t h i s  r e p o r t .  T h e  c o m m i t t e e  a l s o  
c o n s u l t e d  w i t h  m a n y  o t h e r  e x p e r t s  i n  t h e  c o u r s e  o f  i t s  w o r k  a n d  
r e c e i v e d  v a l u a b l e  h e l p  f r o m  m a n y  fa taona  a n d  o r g a n i z a t i o n s .

T h e  f u l l  c o m m i t t e e  m e t  f i v e  t i m e s  t o  c o o r d i n a t e  a n d  a s s e s s  i t s  
p r o g r e s s .  I n  t h e  i n t e r v a l s  b e t w e e n  t h e s e  m e e t i n g s ,  t h e  p a n e l s  h e l d  
t h e i r  o w n  i n d e p e n d e n t  s e s s i o n s  a n d  v a r i o u s  a d  h o c  w o r k i n g  g r o u p s  m e t  
a s  n e c e s s a r y .  T h e  c h a i r m a n  a n d  m e m b e r s  o f  t h e  c o m m i t t e e  s t a f f  w e r e  
i n v i t e d  o b s e r v e r s  a t  t h e  C o n f e r e n c e  o n  A d v e r s e  H e a l t h  a n d  B e h a v i o r a l  
C o n s e q u e n c e s  o f  C a n n a b i s  U s e ,  w h i c h  w a s  s p o n s o r e d  b y  t h e  A d d i c t i o n  
R e s e a r c h  F o u n d a t i o n  (A R T )  o f  O n t a r i o  a n d  t h e  W o r l d  H e a l t h  O r g a n i z a t i o n  
(WHO) a n d  h e l d  i n  T o r o n t o ,  C a n a d a ,  f r o m  M a r c h  3 0  t o  A p r i l  3 ,  1 9 8 1 .  
O t h e r  m e m b e r s  o f  o u r  c o m m i t t e e  s e r v e d  a s  w o r k i n g  m e m b e r s  o f  t h a t  
c o n f e r e n c e .  We w e r e  a l s o  f o r t u n a t e  i n  b e i n g  a b l e  t o  w o r k  c l o s e l y  
w i t h  m e m b e r s  o f  t h e  ARF /W HO c o n f e r e n c e  s t a f f  a n d  h a v i n g  a c c e s s  t o  a l l  
t h e  d o c u m e n t s  p r e p a r e d  f o r  t h e  C a n a d i a n  m e e t i n g  a s  w e l l  a s  t h e  
r e v i s e d  d r a f t  o f  t h e  s u m m a r y  r e p o r t  o f  t h e  c o n f e r e n c e  ( 1 9 8 1 ) .

T h e  c o m m i t t e e -  b e g a n : b y  s y s t e m a t i c a l l y  r e v i e w i n g ' '  a l  1 ; t h e - *  • 
l i t e r a t u r e  p u b l i s h e d - s i n e *  1 8 ? S  o n - a a r i j u a n a  a n d  r e l a t e d  s u b j e c t s r - 
w h i c h  h a d  b e e n  c o l l e c t e d  b y  o u r  s t a f f - t h r o u g f r a  M e d l i n e  c o m p u t e r  
s e a r c h i  E a r l i e r  l i t e r a t u r e  w a s  s e l e c t i v e l y  e x a m i n e d ,  a s  w e r e  a  
v a r i e t y  o f  o t h e r  d o c u m e n t s ,  r e v i e w s ,  a n d  m o n o g r a p h s  o n  t h e  s u b j e c t .
O u r  o b j e c t i v e  w a s  n o t  m e r e l y  t o  c o m p i l e  a n d  s u m m a r i z e ,  b u t  a l s o  t o  
e v a l u a t e  t h e  e v i d e n c e  c r i t i c a l l y  a n d ,  w i t h  t h e  a i d  o f  o u r  c o n s u l t a n t s ,  
f o r m  s o m e  j u d g m e n t  o f  t h e  q u a l i t y  a n d  r e l i a b i l i t y  o f  t h e  w o r k .  O u r  
r e p o r t  i s  a n  a s s e s s m e n t  o f  w h a t  i s  a n d  i a  n o t  k n o w n ,  b a s e d  o n  o u r  
b e s t  i n t e r p r e t a t i o n s  o f  t h e  s c i e n t i f i c  l i t e r a t u r e .  We c o n f i n e d  o u r  
a t t e n t i o n  t o  p u b l i s h e d  s c i e n t i f i c  a r t i c l e s  a s  t h e  p r i m a r y  s o u r c e s  o f  
i n f o r m a t i o n ,  r e l y i n g  h e a v i l y  o n  e x p e r t s  i n  e a c h  f i e l d  t o  s e l e c t  t h e  
r e l e v a n t  p a p e r s  a n d  h e l p  u s  i n t e r p r e t  t h e  d a t a .

T O in S b S s i i a  . s i i d A h l s p s j f e  i m f — m t im m  a n d  o p i n i o n s  f r o m  t h e -  p u b l i c  a n d  
f r " 1? " — e f f e c t s  o f  m a r i j u a n a ,  
w e ; u » B t i < a i * e < L . w e i * * e m - r e e p e n e e s  i n ' a  n o t i c e ' I n  " t h e  Te&etai'-Kbg l a t e r  o f  
F e h s m s s y « y * 1 5 t n .  R e s p o n s e s  w e r e  r e c e i v e d  a n d  i n c o r p o r a t e d  i n t o  t h e  
r e c o r d s  o f  t h e  c o m m i t t e e .  ( S e e  A p p e n d i x  A f o r  a  c o m p l e t e  
d e s c r i p t i o n . )  T h e  r e s p o n s e s  f e l l  i n t o  t h r e e  c a t e g o r i e s :

1 .  T h e  d a n g e r s  o f  m a r i j u a n a .  L e t t e r s  i n  t h i s  c a t e g o r y  c a m e  f r o m  
m o t h e r s  w h o s e  c h i l d r e n  w e r e  u s i n g  e ?  h a d  u s e d  m a r i j u a n a .  T h e s e  
p a r e n t s  b e l i e v e d  t h a t  d r u g  u s e  b y  t h e i r  c h i l d r e n  l e d  t o  a  l a c k  o f  
m o t i v a t i o n  a n d  l o s s  o f  i n t e r e s t  i n  s c h o o l  a n d  o t h e r  a c t i v i t i e s .
L e t t e r s  a b o u t  t h e  h a r m f u l n e s s  o f  t h e  u s e  o f  m a r i j u a n a  w e r e  a l s o  
r e c e i v e d  f r o m  p h y s i c i a n s  a n d  s c i e n t i a t s .
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2 .  T h e  t h e r a p e u t i c  p o t e n t i a l  o f  m a r i j u a n a .  H a l f  o f  t h e  
r e s p o n s e s  w e r e  f r o m  p e o p l e  w h o  u s e d  m a r i j u a n a  i l l e g a l l y  f o r  v a r i o u s  
m e d i c a l  p r o b l e m s  a n d  w h o  u r g e d  t h a t  i t  b e  m a d e  e a s i l y  a v a i l a b l e  t o  
p a t i e n t s .  S e v e r a l  l e t t e r s  s u b m i t t e d  b y  l e g i s l a t o r s  a n d  d o c t o r s  
d e s c r i b e d  p r o b l e m s  i n  o b t a i n i n g  m a r i j u a n a  f o r  t h e r a p e u t i c  u s e  ( s e e  
A p p e n d i x  B ) .  A  g r o u p  i n t e r e s t e d  i n  t h e  l e g i t i m a t e  m e d i c a l  u s e  o f  
c a n n a b i s  e m p h a s i z e d  t h e  n e e d  f o r  c o n t i n u i n g  i n v e s t i g a t i o n  i n t o  t h e  
n u m e r o u s  c o n s t i t u e n t s  o f  t h e  m a r i j u a n a  p l a n t  f o r  t h e r a p e u t i c  u s e s .

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

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

TH E  OR G A N IZA T IO N  O F  THE REPORT

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

T h e  f i r s t  c h a p t e r  r e v i e w s  w h a t  i s  k n o w n  - j b o u t  t h e  c h e m i s t r y  a n d  
p h a r m a c o l o g y  o f  m a r i j u a n a .  C h a p t e r  2  d e a l s  w i t h  t h e  e p i d e m i o l o g y  a n d  
d e m o g r a p h y  o f  t h e  u s e  o f  m a r i j u a n a  i n  t h e  J n i t e d  S t a t e s .  T h e  n e x t  
t h r e e  c h a p t e r s  d i s c u s s  t h e  e f f e c t s  o f  m a r i j u a n a  o n  c e l l s ,  t i s s u e s ,  
o r g a n s ,  a n d  b i o l o g i c a l  s y s t e m s .  C h a p t r r  6  d e a l s  w i t h  b e h a v i o r a l  a n d  
p s y c h o s o c i a l  e f f e c t s .  C h a p t e r  7 d i s c u s s e s  t h e  p r e s e n t  s t a t u s  o f  
m a r i j u a n a  a s  a  t h e r a p e u t i c  a g e n t .  C h a p t e r  8  d e s c r i b e s  a n d  a n a l y z e s  
t h e  f e d e r a l  r e s e a r c h  p r o g r a m  o n  m a r i j u a n a .

T h i s  r e p o r t  i s  i n t e n d e d  t o  b e  i n t e l l i g i b l e  t o  r e a d e r s  w h o  a r e  n o t
e x p e r t  o n  t h e  s u b j e c t s  a t  h a n d .  We h a v e  t r i e d  t o  u s e  t e c h n i c a l
l a n g u a g e  o n l y  w h e r e  a c c u r a c y  w o u l d  b e  c o m p r o m i s e d  b y  l e a s  p r e c i s e  
t e r m s ,  a n d  t o  k e e p  t h e  d i s c u s s i o n s  a s  b r i e f  a n d  a s  c l e a r l y  s t a t e d  a s  
i s  c o n s i s t e n t  w i t h  o u r  o b l i g a t i o n  t o  p r e s e n t  a  v a l i d  c r i t i q u e  o f  t h e
s t a t e  o f  k n o w l e d g e  i n  t h i s  f i e l d .  A l t h o u g h  w e  h a v e  s u r v e y e d  t h e
l i t e r a t u r e  a s  t h o r o u g h l y  a s  p o s s i b l e ,  o u r  c i t a t i o n s  a r e  s e l e c t i v e  
r a t h e r  t h a n  e x h a u s t i v e ,  b e c a u s e  t h e y  a r e  i n t e n d e d  t o  i l l u s t r a t e  o r  
d o c u m e n t  o n l y  t h e  k e y  p o i n t s  i n  t h e  d i s c u s s i o n .  F o r  c o m p r e h e n s i v e  
b i b l i o g r a p h i e s ,  s e e  W a l l e r  e t  a l . ,  1 9 7 6 ;  A b e l ,  1 9 7 9 ;  a n d  K a l a n t  e t  
a l . ,  1 9 8 0 .

GLOSSARY  O F  TERMS FOR M A R IJU A N A -R ELA TED  PRODUCTS

C A N N A B ID IO L  (C B D ) a n d  CANNABINOL (CBN ) a r e  m a j o r  c a n n a b i n o i d s  
g e n e r a l l y  p r e s e n t  i n  c a n n a b i s  ( s e e  CAN NA B IS  a n d  C A N N A B IN O ID S ) .
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CA N N A B IN O ID S  a r e  a  c l a s s  o f  2 1 - c a r b o n  c o m p o u n d s  p r e s e n t  i n  

C a n n a b i s  a a ' . i v a .  T h e  b a s i c  s t r u c t u r e  c o n t a i n s  a  s i x - r a e m b e r e d  
h y d r o a r o m a t i c  r i n g  a n d  a  b e n z e n e  r i n g  j o i n e d  b y  a  p y r a n  m o i e t y  ( s e e  
F i g u r e  1 - 1  i n  C h a p t e r  1 ) .  D e r i v a t i v e s  i n c l u d e  a  n u m b e r  o f  c a r b o x y l i c  
a c i d s ,  t h e i r  a n a l o g u e s ,  a n d  t r a n s f o r m a t i o n  p r o d u c t s .

C A N N A B IS  i s  a  g e n e r a l  t e r m  f o r  a n y  o f  t h e  v a r i o u s  p r e p a r a t i o n s  o f  
t h e  p l a n t  C a n n a b i s  s a t i v a  a n d  t h e  c a n n a b i n o i d s  o b t a i n e d  f r o m  i t .  
" C a n n a b i n o i d "  i s  a  g e n e r i c  t e r m  f o r  a  c l a s s  o f  c o m p o u n d s .  C a n n a b i s  
s a t i v a ,  a l s o  c a l l e d  h e m p ,  i s  a n  h e r b a c e o u s  a n n u a l  p l a n t  t h a t  r e a d i l y  
g r o w s  i n  t e m p e r a t e  c l i m a t e s .  D e p e n d i n g  o n  t h e  g e o g r a p h i c  r e g i o n ,  a n d  
o t h e r  c o n s i d e r a t i o n s ,  t h e  v a r i o u s  n a t u r a l  p r e p a r a t i o n s  o f  c a n n a b i s  
p o s s e s s  d i f f e r e n t  p h y s i c a l  c h a r a c t e r i s t i c s  ?.n<? " c e n t r a t i o n s  o f  
c a n n a b i n o i d s .  C a n n a b i s  p r e p a r a t i o n s  m a y  c o n t a c t ,  o v e r  4 2 0  d i f f e r e n t  
c o m p o u n d s ;  o f  t h e s e ,  6 1  h a v e  b e e n  i d e n t i f i e d  a s  c a n n a b i n o i d s ,  m a n y  o f  
w h i c h  p o s s e s s  s o m e  b i o l o g i c a l  a c t i v i t y .  M a r i j u a n a ,  h a s h i s h ,  a n d  
t e t r a h y d r o c a n n a b i n o l  a r e  e x a m n l e s  o f  d i f f e r e n t  f o r m s  o r  c o m p o n e n t s  o f  
c a n n a b i s .

H A S H IS H  i s  a  r e s i n ,  g e n e r a l l y  m o r e  p o t e n t  t h a n  m a r i j u a n a ,  w h i c h  
i s  o b t a i n e d  f r o m  C a n n a b i s  s a t i v a  b y  s h a k i n g ,  p r e s s i n g ,  o r  s c r a p i n g  
t h e  l e a v e s  a n d  f l o w e r s  o f  t h e  p l a n t  a n d  u s u a l l y  c o n t a i n s  s o m e  o f  t h e  
l a t t e r .

M A R IJU AN A  i s  a  g e n e r a l  t e r m  f o r  c r u d e  p r e p a r a t i o n s  o b t a i n e d  f r o m  
t h e  p l a n t  C a n n a b i s  s a t i v a  a n d  i s  a  m i x t u r e  o f  c r u s h e d  l e a v e s ,  t w i g s ,  
s e e d s ,  a n d  s o m e t i m e s  t h e  f l o w e r s  o f  t h i s  p l a n t .  I n  t h e  U n i t e d  
S t a t e s ,  t h e  t e r m  " m a r i j u a n a "  h a s  o f t e n  b e e n  u s e d  i n t e r c h a n g e a b l y  w i t h  
c a n n a b i s  t o  r e f e r  t o  a n y  p a r t  o f  t h e  p l a n t  o r  e x t r a c t  t h e r e f r o m  o r  
a n y  o f  t h e  s y n t h e t i c  c a n n a b i n o i d s  t h a t  i n d u c e  s o m a t i c  a n d  p s y c h i c  
c h a n g e s  i n  m a n .

S IN S E M IL L A  i s  a  s e e d l e s s  v a r i e t y  o f  h i g h - p o t e n c y  m a r i j u a n a ,  
o r i g i n a l l y  g r o w n  i n  C a l i f o r n i a .

TETRAHYDROCANNABINOL (TH C ) i s  o n e  o f  t h e  m a j o r  g r o u p s  o f  
c a n n a b i n o i d s .  D e l t a - 9 - T H C  * i s  t h e  p r i n c i p a l  a c t i v e  c o n s t i t u e n t  i n  
n a t u r a l  c a n n a b i s  p r e p a r a t i o n s .  D e l t a - 9 - T B C  i s  a l s o  k n o w n  a s  
A - l - T B C ,  b y  a  d i f f e r e n t  s y s t e m  o f  n o s M n c l a t u r e .  ( I n  t h e  U n i t e d  
S t a t e s ,  c h e  A - 5 - T H C  c o n t e n t  o f  m a r i j u a n a  r a n g e s  f r o m  u n m e a s u r a b l e  
a m o u n t s  t o  a b o u t . » 6  p e c c a n t . )  A n o t h e r  a c t i v e  i s o m e r ,  A - 8 - T H C ,  i s  
l e s s  o f t e n  p r e s e n t  i n  m a r i j u a n a  a n d  t y p i c a l l y  o c c u r s  i n  m i n u t e  
a m o u n t s .  M a n y  d e r i v a t i v e s  o f  A - 9 - T H C  h a v e  b e e n  s y n t h e s i z e d .

REFEREN CES

A b e l ,  E . L .  A C o m p r e h e n s i v e  G u i d e  t o  t h e  C a n n a b i s  L i t e r a t u r e  
W e s t p o r t ,  C o n n . :  G r e e n w o o d  P r e s s ,  I n c . ,  1 9 7 9 .

A m e r i c a n  M e d i c a l  A s s o c i a t i o n .  M a r i j u a n a  i n  t h e  ' 8 0 s .  R e p o r t  o f  t h e  
C o u n c i l  o n  S c i e n t i f i c  A f f a i r s .  C h i c a g o  1 1 1 . : A m e r i c a n  M e d i c a l
A s s o c i a t i o n ,  1 9 8 0 .

F e h r ,  K . O . ,  K a l a n t ,  O . J . ,  K a l a n t ,  H . ,  a n d  S i n g l e ,  E .W .  C a n n a b i s :  
A d v e r s e  E f f e c t s  o n  H e a l t h .  A  s t a t e m e n t  p r e p a r e d  b y  t h e  
s c i e n t i s t s  o f  t h e  A d d i c t i o n  R e s e a r c h  F o u n d a t i o n  o f  O n t a r i o .  
T o r o n t o :  A d d i c t i o n  R e s e a r c h  F o u n d a t i o n ,  1 9 8 0 .
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K a l a n t ,  O . J . ,  F e h r ,  K . O . ,  a n d  A r r a s ,  D .  C a n n a b i s :  H e a l t h  H a z a r d s :

A C o m p r e h e n s i v e  A n n o t a t e d  B i b l i o g r a p h y . T o r o n t o :  A d d i c t i o n  
R e s e a r c h  F o u n d a t i o n ,  1 9 8 0 .

R e p o r t  o f  A d d i c t i o n  R e s e a r c h  F o u n d a t i o n / W o r l d  H e a l t h  O r g a n i z a t i o n  
(A R F /W H O ) .  C o n f e r e n c e  o n  A d v e r s e  H e a l t h  a n d  B e h a v i o r a l  
C o n s e q u e n c e s  o f  C a n n a b i s  U s e .  A R F /W H Q , 1 9 8 1 .

T i n k l e n b e r g ,  J . R .  ( e d . )  M a r i j u a n a  a n d  H e a l t h  H a z a r d s :  M e t h o d o l o g i c a l
I s s u e s  i n  C u r r e n t  R e s e a r c h .  N e w  Y o r k :  A c a d e m i c  P r e s s ,  I n c . ,
1 9 7 5 .

U . S .  D e p a r t m e n t  o f  H e a l t h ,  E d u c a t i o n ,  a n d  W e l f a r e ,  P u b l i c  H e a l t h  
S e r v i c e .  M a r i h u a n a  a n d  H e a l t h .  F i f t h  A n n u a l  R e p o r t  t o  t h e  
C o n g r e s s  f r o m  t h e  S e c r e t a r y  o f  H e a l t h ,  E d u c a t i o n ,  a n d  W e l f a r e ,
1 9 7 5 .  DHEW P u b l i c a t i o n  N o .  (A D M )7 6 - 3 1 4 .  W a s h i n g t o n ,  D . C . :  U . S .
G o v e r n m e n t  P r i n t i n g  O f f i c e ,  1 9 7 6 .

U . S .  D e p a r t m e n t  o f  H e a l t h ,  E d u c a t i o n ,  a n d  W e l f a r e ,  P u b l i c  H e a l t h  
S e r v i c e .  M a r i h u a n a  a n d  H e a l t h .  S i x t h  A n n u a l  R e p o r t  t o  t h e  
C o n g r e s s  f r o m  t h e  S e c r e t a r y  o f  H e a l t h ,  E d u c a t i o n ,  a n d  W e l f a r e ,
1 9 7 6 .  DHEW P u b l i c a t i o n  N o .  ( A D M ) 7 7 - * 4 3 .  W a s h i n g t o n ,  D . C . :  U . S .
G o v e r n m e n t  P r i n t i n g  O f f i c e ,  1 9 7 7 .

U . S .  D e p a r t m e n t  o f  H e a l t h ,  E d u c a t i o n ,  a n d  W e l f a r e ,  P u b l i c  H e a l t h  
S e r v i c e .  M a r i h u a n a  a n d  H e a l t h .  S e v e n t h  A n n u a l  R e p o r t  t o  t h e  
C o n g r e s s  f r o m  t h e  S e c r e t a r y  o f  H e a l t h  E d u c a t i o n ,  a n d  W e l f a r e ,
1 9 7 7 .  DHEW P u b l i c a t i o n  N o .  (ADM) 7 9 - 7 0 0 .  W a s h i n g t o n ,  D . C . :
U . S .  G o v e r n m e n t  P r i n t i n g  O f f i c e ,  1 9 7 9 .

U . S .  D e p a r t m e n t  o f  H e a l t h ,  E d u c a t i o n ,  a n d  W e l f a r e ,  P u b l i c  H e a l t h  
S e r v i c e .  M a r i j u a n a  a n d  H e a l t h .  E i g h t h  A n n u a l  R e p o r t  t o  t h e  
C o n g r e s s  f r o m  t h e  S e c r e t a r y  o f  H e a l t h ,  E d u c a t i o n ,  a n d  W e l f a r e ,
1 9 8 0 .  DHEW P u b l i c a t i o n  N o .  (ADM) 8 0 - 9 4 5 .  W a s h i n g t o n ,  D . C . :
U . S .  G o v e r n m e n t  P r i n t i n g  O f f i c e ,  1 9 8 0 .

W a l l e r ,  C . W . ,  J o h n s o n ,  J . J . ,  B u e l k e ,  J . ,  a n d  T u r n e r ,  C . E .
M a r i h u a n a :  A n  A n n o t a t e d  B i b l i o g r a p h y  N ew  Y o r k :  M a c m i l l a n
I n f o r m a t i o n ,  1 9 7 6 .
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C H E M IS T R Y  AND PHARMACOLOGY 

O P  M A R IJU AN A

T h e  c a n n a b i a  p l a n t  ( C a n n a b i s  s a t i v a ) t h r i v e s  u n d e r  a  v a r i e t y  o f  
g r o w i n g  c o n d i t i o n s .  I t  h a s  b e e n  c u l t i v a t e d  f o r  c e n t u r i e s #  m a i n l y  f o r  
h e a p  f i b e r #  b u t  a l s o  f o r  i t s  p s y c h o a c t i v e  a n d  p u t a t i v e  m e d i c i n a l  
p r o p e r t i e s  ( A b e l #  1 9 8 0 ;  T u r n e r  e t  a l . #  1 9 8 0 ) .  A l t h o u g h  t h e  
b e h a v i o r a l  a n d  p s y c h o l o g i c a l  e f f e c t s  w e r e  w e l l  d e s c r i b e d  i n  
l i t e r a t u r e  o f  t h e  n i n e t e e n t h  c e n t u r y  ( K a l a n t  a n d  K a l a n t #  1 9 6 8 ) #  t h e  
c o m p l e x  c h e m i s t r y  a n d  p h a r m a c o l o g y  o f  t h e  c a n n a b i s  p l a n t  d i s c o u r a g e d  
e x t e n s i v e  i n v e s t i g a t i o n  u n t i l  a b o u t  I S  y e a r s  a g o .

T h e  m o s t  p r o m i n e n t  e f f e c t s  o f  c a n n a b i s  a r e  o n  p s y c h o l o g i c a l  
p h e n o m e n a  a n d  b e h a v i o r .  P s y c h o p h a r m a c o l o g y  a n d  b e h a v i o r a l  ' 
p h a r m a c o l o g y  h a v e  d e v e l o p e d  a s  d i v i s i o n s  o f  s c i e n t i f i c  i n q u i r y  o n l y  
o v e r  t h e  p a s t  2 5  y e a r s ;  t h e r e f o r e #  t h e  o l d e r  c a n n a b i s  l i t e r a t u r e #  n o  
m a t t e r  h o w  v a l u a b l e  f o r  o b s e r v a t i o n s  o n  o t h e r  m a t t e r s #  d o e s  n o t  
p r o v i d e  a  b a s i s  f o r  q u a n t i t a t i v e  p h a r m a c o l o g i c a l  a n a l y s i s  a n d  
e v a l u a t i o n .

E a r l y  p h a r m a c o l o g i s t s  c o u l d  w o r k  o n l y  w i t h  c r u d e  e x t r a c t s  o f  t h e  
p l a n t .  A l t h o u g h  t h e  g e n e r a l  s t r u c t u r e  o f  t h e  c a n n a b i n o i d s  ( F i g u r e  1 )  
w a s  k n o w n  b y  t h e  t u r n  o f  t h e  c e n t u r y ,  t h e  p a  i ' i c u l a r  c a n n a b i n o i d s  
t h a t  w e r e  i d e n t i f i e d  e a r l y  a n d  w e r e  a v a i l a b l e  a s  p u r e  s u b s t a n c e s  w e r e  
l a r g e l y  d e v o i d  o f  t h e  c h a r a c t e r i s t i c  p s y c h o a c t i v e  a n d  o t h e r  
p h a r m a c o l o g i c a l  e f f e c t s  o f  c a n n a b i s .  S y n t h e t i c  c a n n a b i n o i d s  w i t h  
c a n n a b i s l i k e  a c t i v i t y  b e c a m e  a v a i l a b l e  i n  t h e  1 9 3 0 s .  I t  w a s  n o t  
u n t i l  1 9 6 4  t h a t  a n  a c t i v e  i n g r e d i e n t  o f  c a n n a b i s  w a s  i d e n t i f i e d  a s  
A - 9 - t a t r a h y d r u e a n n a h i n o l  (T H C )  a n d  s y n t h e s i z e d  ( F i g u r e  1 )  ( G a o n i  
a n d  M e c h o u l a m #  1 9 6 4 ;  M e c h o u l a m  a n d  G a o n i #  1 9 6 5 #  1 9 6 7 ) .  I n  t h e  
m i d - 1 9 6 0 s #  t h e  i s o l a t i o n  a n d  s y n t h e s i s  o f  t h e  m a i n  p s y c h o a c t i v e  
c o m p o n e n t  o f  c a n n a b i s  a n d  r e l a t e d  c a n n a b i n o i d s #  t o g e t h e r  w i t h  a  r a p i d  
i n c r e a s e  i n  t h e  u s e  o f  m a r i j u a n a  b y  m i d d l e  c l a s s  N o r t h  A m e r i c a n  
s t u d e n t s #  s t i m u l a t e d  s c i e n t i f i c  a c t i v i t y  ( W a l l e r  e t  a l . ,  1 9 7 6 ;  W a l l e r  
e t  a l . #  i n  p r e s s ) .  T h i s  c h a p t e r #  a n  o v e r v i e w  o f  c a n n a b i s  c h e m i s t r y  
a n d  p h a r m a c o l o g y #  e m p h a s i z e s  d i f f i c u l t i e s  i n  t h e  s t u d y  o f  t h i s  d r u g  
( e x p l o r e d  f u r t h e r  i n  s u b s e q u e n t  c h a p t e r s )  a n d  i n  e v a l u a t i n g  t h e  
l i t e r a t u r e .
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C ,H „
A-9-THC

C j H n
C annab ino l

C an n ab id io l  11-h y d ro  xy-A -9-THC
F IG U R E  1  C a n n a b i . -  o i d  s t r u c t u r e s .

C A N N A B IS  C H EM ISTR Y

C h e m i s t r y  o f  t h e  P l a n t

C a n n a b i s ,  t h e  c r u d e  m a t e r i a l  f r o m  t h e  p l a n t  C a n n a b i s  s a t i v a , ,  c o n t a i n s  
h u n d r e d s  o f  c h e m i c a l s .  M o s t  o f  t h e s e  a r e  f o u n d  i n  o t h e r  p l a n t s ,  D U t  
6 1 ,  t e r m e d  c a n n a b i n o i d s , ' • - a r e ' u n i q u e  - t o -  t h e -  c a n n a b i s  p l a n t  ( T a b l e - 1 ) .  
N a t u r a l  a n d  m o s t  s y n t h e t i c  c a n n a b i n o i d s  a r e -  r e l a t i v e l y  i n s o l u b l e w i n  
w a t e r ,  b u t  d i s s o l v e  i n  f a t s  a n d  f a t  s o l v e n t s  a n d  a r e  t h e r e f o r e  c a l l e d  
l i p i d  s o l u b l e .

A s i n g l e  c a n n a b i n o i d ,  A - 9 - T H C ,  p r o d u c e s  a l m o s t  a l l  t h e  c h a r * *  
a c t e r i s t i c  s p e c i f i c  p h a r m a c o J . o a i r ^ ' *  f e c t s  o f  t h e  c o m p l e x ,  c r u d e  
c a n n a b i s  m i x t u r e s .  A n um b^ - '  - a t i c  c a n n a b i n o i d s  h a v e  p h a r m a c o ­
l o g i c a l  e f f e c t s  s i m i l a r  t c  O t h e r  c a n n a b i n o i d s  i n  t h e
p l a n t ,  f o r  e x a m p l e ,  c a n n a b i i t o l  ( F i g u r e  1 } ,  a r e - e l m o e t - . i n e c t i e s  
p h a r m a c o l o g i c * 4 & k A U M P l 4 % t a r e o i i  w i e J S ^  f - w c -  t o  m o d i f y  l t s ^  
a c t i o n s .  O n e  c a n n a b i n o i d ,  c a n n a b i d i o l  ( C B D ) ,  c a n  i n f l u e n c e  t h e  
m e t a b o l i s m  o f  a n o t h e r ,  A - 9 - T H C  ( S i e m e n s  e t  a l . ,  1 9 7 6 ) .  A  f e $  
c a n n a b i n o i d s  h a v e e f f e e t » ' * q lB i t e 3, d l f f * r s n t - Jf r c ® ~ l * * f « * r a G *  - F o r  
e x a m p l e , ,  c a n n a b i d i o l  M F l g c r e * ! )  “ H i s *  r e l a t i v e l y *  l i t t l e  p s y c h o a c t i v e '  ^ 
a n d  c a r d i o v a s c u l a r ' e f f e c t  b a t  4 e *  e f f e c t i v e - a n t i c o n v u l s a n t  ( K a r l e r  A n d  
T u r k a n i s »  1 9 8 1 ) - .

I n v e s t i g a t o r s  h s v e  c h e m i c a l l y  a l t e r e d  t h e  A - 9 - T H C  m o l e c u l e  i n  
a n  a t t e m p t  t o  d e t e r m i n e  w h i c h  o f  i t s  s t r u c t u r a l  e l e m e n t s  a r e  r e q u i r e d  
t o  p r o d u c e  b e h a v i o r a l  o r  o t h e r  e f f e c t s  ( M e c h o u l a m  e t  a l . ,  1 9 8 0 ) .  
S t u d i e s  o f  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  i n d i c a t e  t h a t ,  t o  p r o d u c e
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TABLE 1 C h e m i c a l  C o n s t i t u e n t s  o f  C a n n a b i s  P r e p a r a t i o n s

1 .  C a n n a b i n o i d s :  6 1  k n o w n
a .  C a n n a b i g e r o l  (CBG) t y p e :  6  k n o w n
b .  C a n n a b i c h r o m e n e  (CBC ) t y p e :  4  k n o w n
c .  C a n n a b i d i o l  (CBD) t y p e :  7  k n o w n
d .  A - 5 - T e t r a h y d r o c a n n a b i n o l  ( A - 9 - T H C )  t y p e :  9  k n o w n
e .  A - 8 * T e t r a h y d r o c a n n a b i n o l  ( A - g - T H C )  t y p e :  2  k n o w n
2. C a n n a b i c y c l o l  (CBL )  t y p e :  3  k n o w n
g .  C a n n a b i e l s o i n  (CB E )  t y p e :  3 k n o w n
h .  C a n n a b i n o l  (CBN ) t y p e :  6  k n o w n
i .  C a n n a b i n o d i o l  (CBND) t y p e :  2  k n o w n
j .  C a n n a b i t r i o l  (CB T )  t y p e :  6  k n o w n
k .  M i s c e l l a n e o u s  t y p e s :  9  k n o w n
1 .  O t h e r  c a n n a b i n o i d s :  4  k n o w n

2 .  N i t r o g e n o u s  c o m p o u n d s :  2 0  k n o w n

3 .  A m i n o  a c i d s :  1 8  k n o w n

4 .  P r o t e i n s ,  g l y c o p r o t e i n s ,  a n d  e n z y m e s :  9  k n o w n

5 .  S u g a r s  a n d  r e l a t e d  c o n p o u n d s :  3 4  k n o w n

6 .  H y d r o c a r b o n s :  5 0  k n o w n

7 .  S i m p l e  a l c o h o l s :  7  k n o w n

8 .  S i m p l e  a l d e h y d e s :  1 2  k n o w n

9 .  S i m p l e  k e t o n e s :  1 3  k n o w n

1 0 .  S i m p l e  a c i d s :  2 0  k n o w n

1 1 .  P a t t y  a c i d s :  1 2  k n o w n

1 2 .  S i m p l e  e s t e r s  a n d  l a c t o n e s :  1 3  k n o w n

1 3 .  S t e r o i d s :  1 1  k n o w n

1 4 .  T e r p e n e s :  1 0 3  k n o w n

1 5 .  N o n c a n n a b i n o i d  p h e n o l s :  1 6  k n o w n

1 6 .  P l a v a n o i d  g l y c o s i d e i :  1 9  k n o w n

1 7 .  V i t a m i n s :  1  k n o w n

1 8 .  P i g m e n t s :  2  k n o w n

SO U R C E : A d a p t e d  f r o m  T u r n e r ,  1 9 8 0 .



1 5

e f f e c t s  o n  b e h a v i o r ,  a  p y r a n  r i n g  m u s t  b e  p a r t  o f  t h e  t h r e e - r i n g  
s y B t e m ,  a  f r e e  p h e n o l i c  h y d r o x y l  o n  t h e  a r o m a t i c  r i n g  a t  O l ,  a n d  a  
l i p o p h i l i c  s i d e  c h a i n '  ( C 5 H 1 1 ) a t  C - 3  ( F i g u r e  1 ) .  U n d e r s t a n d i n g  
c h e m i c a l  s t r u c t u r e - e f f e c t  r e l a t i o n s h i p s  i s  i m p o r t a n t  t o  g u i d e  t h e  
s y n t h e s i s  o f  c a n n a b i n o i d s  w i t h  d i f f e r i n g  p h a r m a c o l o g i c a l  e f f e c t s .  
D i f f e r e n t  e f f e c t s  o f  A - 9 -T H C  a c t i v i t y  b y  c h e m i c a l  d e s i g n  w i l l  
r e q u i r e  f u r t h e r  s y n t h e s e s  a n d  p h a r m a c o l o g i c a l  s t u d y  o f  a  l a r g e  n u m b e r  
o f  c a n n a b i n o i d s .

C h e m i s t r y  o f  t h e  S m o k e

I t  i s  i m p o s s i b l e  t o  u n d e r s t a n d  t h e  e f f e c t s  o f  c a n n a b i s  w i t h o u t  
q u a n t i t a t i v e  c o n t r o l  o f  t h e  c o m p o s i t i o n  a n d  t h e  a m o u n t  o f  t h e  a c t i v e  
s u b s t a n c e s ,  t h a t  i s ,  c o n t r o l  o v e r  t h e  d o s e .  S y * t e q m m . c > p h a r m a c o l o g y  
m u s t  t h e r e f o r e  b e  p e r f o r m e d  u s i n g  p u r e  c o m p o u n d s .  I n  t h e  U n i t e d  -  
S t a t e s ,  c a n n a b i s  u s u a l l y  i s  s m o k e d ,  w h i c h ,  c o m p l i c a t e s  t h e *  
p h a r m a c o l o g y *

T h e  s a c k s  f r o m  a n y  b u r n i n g  p l a n t  c o n t a i n s  h u n d r e d s ;  o f  c b e m i c h l a  
t h a t  m a y  h a v e  b i o l o g i c a l  e f f e c t s .  - T h i s  p o s e s  a  d i l e m m a  f o r  
r e s e a r c h o r s ,  b e c a u s e  c o n s e q u e n c e s  o f  s m o k i n g  c a n n a b i s  c a n n o t  b e  f u l l y  
d e t e r m i n e d  b y  s t u d i e s  o n l y  o f  t h e  p u r e  c a n n a b i n o i d s .  S t u d i e s  a l s o  
a r e  n e e d e d  w i t h  d o s e s  o f  A - 9 —T H C  d e l i v e r e d ,  h o w e v e r  i m p e r f e c t l y ,  b y  
s m o k i n g .

T h e  d o s e  o f  A - 9 -T S C  o b t a i n e d  f r o m  s m o k i n g  c a n n a b i s  v a r i e s  
g r e a t l y ,  d e p e n d i n g  o n  s a n y  f a c t o r s  ( T a b l e d ) .  F i r s t ,  t h s  c o n t e n t  o f  
A - 9 -T H C  d e p e n d s  o n  t h e  g e n e t i c  b a c k g r o u n d  o r  p h e n o t y p e  > o f  t h e  
p l a n t ,  t h e  s e x  o f  t h e  p l a n t #  c o n d i t i o n s  o f  g r o w t h -  a n d  s t o r a g e ,  a f t d  
t h e  p l a n t  p r e p a r a t i o n  s m o k e d . ' *  S e c o n d #  a u c h ^  o f ^  t h e  A - 9 -T H C  i n  f r e s h  
l e a v e s  t h a t  c a n  b e  d e t e c t e d  b y  g a s - l i q u i d  c h r o r o a t o c  r a p h y / ’(GLC)' i s  i n  ' 
i n a c t i v e  c a r b o x y l a t e d  f o r m .  D e c a r b o x y l a t i o n  t o  t h e  a c t i v e  A - 9 - T H C  
o c c u r s  s l o w l y  d u r i n g  s t o r a g e  a n d  r a p i d l y  d u r i n g  h e a t i n g ,  s u c h  a s  
o c c u r s  i n  s m o k i n g  o r  GLC a n a l y s i s .  T h i r d #  t h e  w a y  i n  w h i c h  »  
c i g a r e t t e  i s  s m o k e d  c a n  g r e a t l y  a f f e c t  b o w  a u c h - o f - t h e - A - g - l H C  
c o n t e n t  i s  a b s o r b e d  b y  t h e  amo k e r *

C a n n a b i s  s m o k e  i s  s i m i l a r  t o  t o b a c c o  s m o k e  ‘I f r ' t h a t *  i t *  1 8 " S  
m i x t u r e  o f  v e r y  s a a l l  p a r t  i d e a  a n d  a  g a s - v a p o r  p h a s e .  B o t h  t h e  
p e r t i c u l a t e  a n d  v a p o r  p h a s a i ^ c o n t a i i r  ma n y  i d e n t i f i e d  " a n d  p r o b a b l y  
s a n e  s t i l l  u n i d e n t i f i e d  c o o e t i t u s n t s  t h a t #  b a s e d  o n  c l i n i c a l '  
e x p e r i e n c e  w i t h  >!?i5Bacco’rfflbb>f#'#’ w i s t  b e  a s s u a e d  t o  b e  p o t e n t i a l l y  
h a r m f u l  ( L e u c h t e n b e r g e r  a n d  L e u c h t e n b e r g e r #  1 9 7 6 ) .  T h e  a m o u n t s  o f  
s o m e  m a t e r i a l s  i n  t o b a c c o  c i g a r e t t e  a n d  m a r i j u a n a  c i g a r e t t e  s m o k e  a r e  
c o m p a r e d  i n  T a b l e  3 .  T o x i c -  s u b s t a n c e s #  s u c h  a s  c a r b o n  a o n o x i d e ,  
h y d r o g e n  c y a n i d e ,  a n d  n i t r o s a a i l n e s  o c c u r ' l t r ’s i a i l a f ' ^ c o h c e n t  r a t  i o n s '  f iA  
t o b a c c o  a n d  m a r i j u a n a  a m o k * ;  s o  d o  t h e  a m o u n t s  o f  t h e  p a r t i c u l a t e  
m a t e r i a l  k n o w n  c o l l e c t i v e l y  a s  " t a r s . "

I t  i s  n o t  e a s y  t o  c o m p a r e  t h e  t o x i c i t y  o f  a  g i v e n  n u m b e r  o f  
m a r i j u a n a  c i g a r e t t e s  t o  a  g i v e n  n u m b e r  o f  t o b a c c o  c i g a r e t t e s .  T h e r e  
a r e  g e n e r a l  s i m i l a r i t i e s  i n  t h e  c o m p o s i t i o n  o f  t h e  s m o k e ,  b u t  t h e  
v a r i a t i o n s  i n  c o m p o s i t i o n  o f  b o t h  t o b a c c o  a n d  m a r i j u a n a  c i g a r e t t e s  
a n d  d i f f e r e n c e s  i n  s m o k i n g  t e c h n i q u e s  a a k «  . s i m p l e - - e x t r a p o l a t i o n s  o f  
r i s k s  o f  t o b a c c o  v e r s u s  m a r i j u a n a  s m o k i n g  n o t  v a l i d .
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TABLE 2 C o n c e n t r a t i o n s  o f  A - g - T H C  i n  D i f f e r e n t  V a r i e t i e s  o f  
M a r i j u a n a

T y p e P e r c e n t  A - 9 - t h c  
( P e r c e n t  b y  W e i g h t )

N o r m a l i z e d
A v e r a g e s ^

N e p a lS .

M e x i c c S .

P a k i s t a n i

C o l o m b i a ? .

I n d i a £

J a m a i c a  ( G a n j a ) l l

U n i t e d  S t a t e s S .

S i n a e m i l l a  ( f i b e r ) !

S i n s e o i l l a
( i n t e r m e d i a t e )  —

S i n s e m i l l a  ( d r u g ) i i

H a s h i s h
(U .N .  s t a n d a r d ) —

NIDA ( c i g a r e t t e  1 ) £

N IDA  ( c i g a r e t t e  2 ) £

C r u d e  m a r i j u a n a  
e x t r a c t ^ .

I l l i c i t  h a s h i s h  o i l S L  

R e s e a r c h  h a r v e s t s !

2 . 8 1

1 . 6 8

1 . 3 0

0 . 4 6
( g r o w n  a b o v e  2 0 0 0  m ) 

1 . 3 9
( g r o w n  b e l o w  2 0 0 0  m) 

2 . 8 0  ( m e a n )

0 . 3 5

0 . 2 1

3 . 5 8

6 . 2 8

2 . 2 2  ( 7 . 4 0 ) —

0 . 8 4  

1.86 ( 2 . 8 ) 2  

2 0 . 0 0

1 0 . 0 0 - 3 0 . 0 0  
( u p  t o  6 0 ) 4 .

0 . 9 0 - 2 . 8 0

1 . 0 0

3 . 0 0 - 3 . 5 0

3 . 0 0 - 1 1 . 0 0

1 . 9 0

2 0 . 0 0

SOURCES: ( a )  J o n e s ,  1 9 8 0 ;  ( b )  B r a e n d e n ,  1 9 7 2 ;  ( c )  T u r n e r ,  1 9 7 4 ;  ( d )
T u r n e r ,  1 9 8 0 ;  ( e )  T u r n e r ,  1 9 8 1 ;  ( f )  T u r n e r  e t  a l 7 ,  1 9 7 9 ;  (g.) 
R o s e n k r a n t z ,  1 9 8 1 ;  ( h )  M a r s h m a n  e t  a l . ,  1 9 7 6 .
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TABLE  3 M a r i j u a n a  a n d  T o b a c c o  R e f e r e n c e  C i g a r e t t e  
A n a l y s i s  o f  M a i n s t r e a m  S m o k e

H a n ju a n a  
C i g a r e t t e  
(85 am) Tobacco 

C i g a r e t t e  
(85 am)

A. C igarette*

Average w e ig h t ,  mg 1115 1110
Moietura, p e r c e n t 10 .3 11.1
Praaaura d r o p ,  c a 14 .7 7 .2
S ta t i c  burn ing  r a t a ,  a g / a 0 .88 0 .80
Puff nuabar 

B. Mainatraam saoka

10 .7 11 .1

I .  Goa phaaa

Carbon monoxide, v o l .  p a r c a n t 3 .99 4 . 5B.
■9 . 17 .6 20 .2 ,

Carbon d io x ld a ,  v o l .  p a r c a n t 8 .27 9.3B*
57.3 65. O*

Aaaonia, ug 22a, 199
HCN, ug 53* 498
Cyanogan ( O O j ,  ug 19 20 r,
Iaoprana, ug 83 310 ^
Acataldahyda, ug 1200 , 980
Acatona, ug 443 578 r,
A crola in ,  ug 9 2 , 85
A c a to n i t r i l a ,  ug 132 » 123
Banzana, ug 76 •» 67
Toluana, ug 112 a 108
Vinyl c h l o r i d a ,  ngA. 5.4 12.4 "*
D io a th y ln i t r o a a a in a ,  ngA 75 14^ *
M a th y la th y ln i t r o s a a in a ,  ngA, 27 30-*
pU, th i rd  p u f f 6 .56 6.14

f i f t h  p u f f 6 .57 6.15
aavanth p u f f 6.58 6.14
ninth  p u f f 6.56 6.10
tan th  p u f f 6.56 6.02

I I .  P a r t i c u l a t e  Phaaa

T o ta l  p a r t i c u l a t a  m a t t e r ,  d r y ,  ag 22 .7 39.0»
Phenol, ug 76.8 138.5*
o-Creaol,  ug 17.9- 24a
a -  and £ -C r* s o l ,  ug 54.4 65a
O iaa thy lphanol,  ug 6 ,8 14.4*
Catechol,  ug IBB, 328 o
Cannabidiol,  ug 190 j. -
A9-T * t ra h y d ro c a n n a b in o l ,  ug 920* -
Cannabinol, ug -
N ico t ine ,  ug - 2990a
N -N it ro a o n o rn ic o t in e ,  n g i - 390e
Naphthalene, ug 3.% 1.2
1-M athy lnaph tha lane ,  ug 6 .1 ^ 3.65
2-H athy lnaph tha lana 3 .6  * 1.4
Ban* (a )an th racene* ,  ng4

U *
43

B anio(a)pyrana,  ng% 21.1

i l n d i c a t a e  known c a r c in o g e n * .
SOUJCISi Boffaann a t  a l . .  1975. 1976; Brunnaaann a t  a l . .  1976, 1977.
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B e s i d e s  t h e  c r u d e  p l a n t  l e a f  m a t e r i a l  f o r  s m o k i n g /  u s u a l l y  c a l l e d  
m a r i j u a n a /  r e s i n o u s  m a t e r i a l  f r o m  t h e  p l a n t s  c a l l e d  h a s h i s h /  a n d  
s o l v e n t  e x t r a c t s  o f  t h e  p l a n t /  t e r m e d  h a s h i s h  o i l #  s o m e t i m e s  a p p e a r  
o n  t h e  i l l i c i t  m a r k e t .  I n  m a n y  p a r t s  o f  t h e  w o r l d ,  h a s h i s h  i s  m o r e  
c o m m o n l y  u s e d  t h a n  m a r i j u a n a .  A s  w i t h  a l l  c a n n a b i s  p r e p a r a t i o n s ,  t h e  
A - 9 -T H C  c o n t e n t  o f  h a s h i s h  v a r i e s  e n o r m o u s l y ,  b u t  t h e  u p p e r  l i m i t s  
o f  A - g - T H C  c o n t e n t  a r e  u s u a l l y  m u c h  h i g h e r  t h a n  f o r  m a r i j u a n a :  7  
p e r c e n t  o r  h i g h e r  a n d  e v e n  h i g h e r  f o r  h a s h i s h  o i l  ( T a b l e  2 ) .
H o w e v e r ,  e v e n  t h e s e  g e n e r a l l y  m o r e  p o t e n t  f o r m s  o f  c a n n a b i s  m a y  
o c c a s i o n a l l y  c o n t a i n  m u c h  l e s s  A - 9 - T H C .

T h e  m e r e  d e s i g n a t i o n  o f  t h e  n a t u r e  o f  a  c a n n a b i s  p r e p a r a t i o n  i s  
a n  u n r e l i a b l e  p r e d i c t o r  o f  i t s  A - 9 - T H C  c o n t e n t .  T h e  p r a c t i c a l  
c o n s e q u e n c e  o f  t h i s  f o r  t h e  c l i n i c a l  r e s e a r c h e r  i s  t h a t  t h e  e x p o s u r e  
t o  c a n n a b i s  u s e r s  i s  n o t  k n o w n .

O t h e r  P r e p a r a t i o n s

W h a t  P o t e n c y  o f  M a r i j u a n a  I s  A v a i l a b l e  F r o m  S t r e e t  S a m p l e s ?

B e c a u s e  o f  t h e  m a n y  c o n f o u n d i n g  v a r i a b l e s  a e n t i o n e d - a b o v e , “ i t  i s  
d i f f i c u l t  t o  k n o w  w h a t  p o t e n c y  o f  p s y c h o a c t i v e  d r u g  i s  i n  m a r i j u a n a  
s o l d  i l l i c i t l y *  T h e  c o n c e n t r a t i o n  o f  A - 9 - T H C  i n  a  g i v e n  s a m p l e  
w i l l  v a r y  ( R i t z l i n  e t  a l . ,  1 9 7 9 ) .  T h e  c o n t e n t  o f  A - g - T H C  f r o m  
v a r i o u s  s t r e e t  s a m p l e s  h a s  b e e n  a s s a y e d .  M a r i j u a n a  f r o m  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  c o n f i s c a t e d  s a m p l e s ;  s a m p l e s  r e c e i v e d  
t h r o u g h  p s y c h i a t r i s t s ,  p o l i c e  d e p a r t m e n t s ;  a n d  s t a t e  c r i m e  
l a b o r a t o r i e s ,  a n d  f u g i t i v e *  s a m p l e s  w e r e  q u a n t i t a t i v e l y  a n a l y z e d  f o r  
A - 9 -T H C  a n d  o t h e r  c a n n a b i n o i d s .  A p h y s i c a l  d e s c r i p t i o n  o f  t h e  
s a m p l e  w a s  m a d e — e . g . ,  b u d s ,  s i n s e m i l l a .  T h e  p l a n t s  w e r e  a l s o *  
c a t e g o r i z e d  b y  o r i g i n — w h e r e  t h e y  w e r e  c u l t i v a t e d .  T h e  a n a l y s i s  
s h o w e d  t h a t  t r e m e n d o u s  v a r i a b i l i t y  e x i s t s  i n  t h e  p o t e n c y  o f  A - 9 - t h c  
o n  t h e  3 t r e e t ; ~ n o r f f l a l i a e d : # a B i p l e a  ' r a n g e d  f r o m  z e r o  t o  1 1  p e r c e n t  
A - 9 -T H C  ( T u r n e r ,  1 9 8 1 ) .  ~

A n a l y t i c  M e t h o d s

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

t i s s u e  l e v e l s  r e s u l t i n g  f r o m  u s e  o f  o r d i n a r y  " c a n n a b i s ' *  
a r « - - v e s y s ? l a * * * - n a n o g r a * * * - = ' p e r  ! * i l l i l i t a r _ o r  l o w e t .  I n  a d d i t i o n *  
c o m p o u n d s ■ l i k e  s t e r o i d s , . o c c u r r i n g  n o r m a l l y  i n . b o d y . ? l u i d s “' i n t a r f e r e  
w i t h ;  t h i *  j m e a s u r e m e n t  o f  c a n n a b i n o i d s  i n  b l o o d  a n d  c a n  m a k e  t h e  t e s t  
m u c h '  l e s s  s e n s i t i v e  t h a n  i f  p u r e  c a n n a b i n o i d s  i n  a n  u n c o n t a m i n a t e d

*  S a m p l e s  r e c e i v e d ,  w h e n  n o  a r r e s t s  w e r e  m a d e ,
t o n e  b i l l i o n t h  o f  a  g r a m .
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s o l u t i o n  a r e  b e i n g  a n a l y z e d  ( H a r v e y  e t  a l . #  1 9 8 0 ;  H a r v e y  a n d  P a t o n ,  
1 9 8 0 ) .

A c o m b i n a t i o n  o f  g a s - l i q u i d  c h r o m a t o g r a p h y  a n d  m a s s  s p e c t r o m e t r y  
i s  t h e  m o s t  s e n s i t i v e  d i r e c t  m e t h o d  o f  m e a s u r i n g  c a n n a b i n o i d s .  T h a t ,  
h o w e v e r ,  r e q u i r e s  s k i l l e d  t e c h n i c i a n s  a n d  e x p e n s i v e  e q u i p m e n t  n o t  
r e a d i l y  a v a i l a b l e .  U s i n g  m o d i f i c a t i o n s  o f  t h i s  e x p e r i m e n t a l  
t e c h n i q u e ,  o n e  c a n  m e a s u r e  a s  l i t t l e  a s  5  p i c o g r a m a *  o f  A - 9 - T H C  i n  
a  m i l l i l i t e r  o f  p l a s m a  ( H a r v e y  e t  a l . ,  1 9 8 0 ;  H a r v e y  a n d  P a t o n ,
1 9 8 0 ) .  R a d i o i m m u n o a s s a y  a n d  e n z y m e  i m m u n o a s s a y  t e c h n i q u e s  a l s o  a r e  
a v a i l a b l e ,  t h e  l o w e r  l i m i t s  o f  s e n s i t i v i t y  o f  t h e s e  m e t h o d s  n o w  a r e  
n o t  a d e q u a t e  f o r  r e l i a b l e  m e a s u r e m e n t s  o f  A - 9 -T H C  i n  h u m a n  b l o o d  
m o r e  t h a n  a  f e w  h o u r s  a f t e r  d r u g  a d m i n i s t r a t i o n .  A s e e d i l y ' a v a i l a b l e  
e n z y m e  i m m u n o a s s a y  w i l l  d e t e c t  c a n n a b i s  m e t a b o l i t e s  i n  t h e  u r i n e  f o r  
a s  l o n g  a s  a  w e e k  a f t e r  t h e  s m o k i n g  o f  a  s i n g l e  m a r i j u a n a  c i g a r e t t e .  
T h u s ,  a  p o s i t i v e  u r i n e  t e s t  b y  t h i s  m e t h o d ’ i s ^ n o t - n e c e s s a r i l y  
i n d i c a t i v e  o f  u s e  w i t h i n  t h e  p r e v i o u s  f e w  h o u r s  a n d  d o e s  n o t  p r o v i d e  
e v i d e n c e  o f  r e c e n t  i n t o x i c a t i o n  a s  a  b r e a t h  t e s t  d o e s  f o r  a l c o h o l .  
A s s a y s  f o r  c a n n a b i n o i d s  a r e  l i k e l y  t o  r e m a i n  f a r  m o r e  c o m p l i c a t e d  
t h a n  f o r  a l c o h o l  a n d  m a n y  o t h e r  d r u g s .

PHARMACOLOGY O F  CANNABIS

I m p l i c i t  i n  a  d i s c u s s i o n  o f  t h e  e f f e c t s  o f  a n y  d r u g  i s  s o m e  
d e t e r m i n a t i o n  o f  d o s e .  T h e  i n t e n s i t y  a n d  d u r a t i o n  o f  e f f e c t s  i n  
r e l a t i o n  t o  d r u g  d o s e  m u s t  b e  d e t e r m i n e d  o r  i n f e r r e d  f r o m  a d e q u a t e  
p h a r m a c o l o g i c  s t u d y .  T h e  i n t e n s i t y  a n d  d u r a t i o n  o f  a  d r u g  e f f e c t  
d e p e n d s  o n  a t  l e a s t  t h r e e  m a j o r  f a c t o r s :

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

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

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

W i t h  c a n n a b f j f y ^ W D W j r ^ b r ' e v e n  m o s t  o f  t h e s e - f a c t o r *  ? « :• -  n o b '  a l w a y s  — 
m e a s u r a b l e  o r  ' U i W y ^ ^ c o n t g o l ^ o g ^ e n  t n v e e e i g a t o r a * *

*1  p g  •  1 0 " ^  g r a m s .
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P o t e n c y  a n d  P h a r m a c o k i n e t i c  C o n s i d e r a t i o n s

P h a r m a c o k i n e t i c  s t u d i e s  o f  t h e  a b s o r p t i o n ,  d i s t r i b u t i o n ,  m e t a b o l i s m ,  
a n d  e l i m i n a t i o n  o f  A - 9 - T H C  d e t e r m i n e  h o w  l o n g  A - 9 -T E C '  a n d  i t s  
m e t a b o l i t e s  r e m a i n  i n  t h e  b o d y .  P h a r m a c o k i n e t i c s  v a r y  w i t h  t h e  r o u t e  
o f  d r u g  a d m i n i s t r a t i o n  a n d  ' ' u c h  f a c t o r s  a s  l i p i d  s o l u b i l i t y ;
A - g - T H C  t e n d s  t o  r e m a i n  f o r  l o n g  p e r i o d s  o f  t i m e  i n  f a t t y  t i s s u e .

W h e n  s m o k e d ,  A - 9 - T H C  i s  r a p i d l y  a b s o r b e d  b y  t h e  b l o o d  i n  t h e  
l u n g .  I f  t a k e n  o r a l l y ,  A - 9 - T H C  i s  n o t  a b s o r b e d  i n t o  t h e  b l o o d  a s  
r a p i d l y .  T h e  r a t e  o f  d i s a p p e a r a n c e  o f  A - g - i a c  f r o m  t h e  b l o o d  
v a r i e s  w i ^ h  t i m e  ( L e m b e r g e r  e t  a l . ,  1 9 7 1 a , b ,  1 9 7 2 ;  O h l s s o n  e t  a l . ,
1 9 8 0 ) .  H i g n > ^ l o q ^ l e Y « ^ {f a l l v r a p i A i X , . J ? o r .  t h e , f i r s t  ’3 0  m i n u t e s ,  a s  
t h e  A - 9 - T H C , d i s t r i b u t e s  t o  t  i  s  s u  e  s ' w i  t h a  i  g  h v b l o o d J f l o w A f t e r  t h e  
i n i t i a l - d i s t r i b u t i o n ,  t h e  b l o o d  l e v e l  f a l l s  m u c h  m o r e  s l o w l y  w i t h  a  
h a l f - l i f e *  o f  1 9  h o u r s  o r  m o r e  ( B u n t  a n d  J o n e s ,  1 9 8 0 ) .  M e t a b o l i t e s t  
o f  A - 9 - t h c  h a v e  t h e i r  o w n  i n d e p e n d e n t  r a t e s  o f  e l i m i n a t i o n .
T y p i c a l l y ,  ■ me t a b o l i t e s -  a r e .  e l i m i n a t e d  m o r e ^  s l o w l y , . . b a y i n g  a  h i l f - l i f e ’ 
o f  a p p r o x i m a t e l y . ;  5 0  h o u r s  ( H u n t  a n d  J o n e s ' , "  1 9 8 0 ) . '  "

A f t e r  a n  i n j e c t i o n  o f  a  s i n g l e  d o s e  o f  A - 9 - T H C ,  a p p r o x i m a t e l y  
2 5 - 3 0  p e r c e n t  o f  t h e  c o m p o u n d  a n d  i t s  m e t a b o l i t e s  r e m a i n  i n  t h e  b o d y  
a t  1  w e a k  ( l e m b e r g e r  e t  a l . ,  1 9 7 1 b ;  H u n t  a n d  J o n e s ,  1 9 8 0 ) .
E s s e n t i a l l y ,  c o m p l e t e  e l i m i n a t i o n  o f  a  s i n g l e  d o s e  m a y  t a k e  3 0  d a y s  o r  
l o n g e r , . J J o n e i i j ^ 1 9 8 0 ) .  T h u s ,  r e p e a t e d  a d m i n i s t r a t i o n  o f  e v e n  s m a l l  
d o s e s  m a y  l e a d *  t o  a n  a c c u m u l a t i o n  o f  d r u g  h i g h e r  t h a n  l e v e l s  r e a c h e d  
a t  a n y  t i m e  a f t e r  a  s i n g l e  d o s e .

A b s o r p t i o n

I n h a l i n g  s m o k e  f r o m  a  c a n n a b i s  c i g a r e t t e  o r  p i p e  i s  p h a r m a c o -  
k i n e t i c a l l y  d i f f e r e n t  f r o m  i n g e s t i n g  c a n n a b i s .  S m o k i n g  i s  a  f a r  m o r e  
e f f i c i e n t  w a y  o f  d e l i v e r i n g  c a n n a b i n o i d s  t o  t h e  b r a i n  t h a n  i n g e s t i o n  
b e c a u s e  o f  t h e  l a r g e  s u r f a c e  a r e a  o f  t h e  l u n g s .  I n h a l e d ,  t h e  
c a n n a b i n o i d s  i n  t h e  s m o k e  g o  r a p i d l y  f r o m  t h e  l u n g s  i n t o  t h e  b l o o d  t o  
t h e  l e f t  s i d e  o f  t h e  h e a r t  a n d  a r e  c a r r i e d  i n  s e c o n d s  t o  t h e  b r a i n  
a n d  o t h e r  o r g a n s  b e f o r e  p a s s i n g  t h r o u g h  t h e  l i v e r .  W h e n  s m o k e d ,  a  
d r u g  r e a c h e s  t h e  b r a i n  w i t h  r e l a t i v e l y  l i t t l e  t i m e  f o r  m e t a b o l i s m  o r  
d i l u t i o n .  M a n y  s u b s t a n c e s  w i t h  h i g h  l i p i d  s o l u b i l i t y  s u c h  a s  
c a n n a b i n o i d s  g o  q u i c k l y  f r o m  b l o o d  i n t o  t i s s u e s ,  i n c l u d i n g  b r a i n  
t i s s u e s .  P s y c h o l o g i c a l  a n d  c a r d i o v a s c u l a r  e f f e c t s  o f  c a n n a b i s  a r e

* T h e  h a l f - l i f e  i s  a  m e a s u r e  o f  h o w  r a p i d l y  a  d r u g  i s  e l i m i n a t e d .  I t  
i s  t h e  t i m e  r e q u i r e d  f o r  t h e  l e v e l  o f  a  d r u g  t o  b e  r e d u c e d  b y  
o n e - h a l f .  I f  s t a r t i n g  l e v e l s  a r e  t e n  u n i t s  a n d  t h e  h a l f - l i f e  i s  2 4  
h o u r s ,  t h e n  1  d a y  a f t e r  a d m i n i s t r a t i o n ,  t h e  l e v e l  w i l l  b e  5  u n i t B ,  2 
d a y s  a f t e r  a d m i n i s t r a t i o n  2 . 5  u n i t s ,  e t c .
^ T h e r e  a r e  m o r e  t h a n  4 5  m e t a b o l i t e s  o f  m a j o r  c a n n a b i n o i d s  i d e n t i f i e d  
i n  d i f f e r e n t  s p e c i e s ,  a t  l e a s t  o n e  o f  w h i c h ,  1 1 - O H - A - 9 - T H C ,  i s  
p s y c h o a c t i v e .
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e v i d e n t  w i t h i n  a  f e w  s e c o n d s  o f  i n h a l a t i o n .  P e a k  e f f e c t s  o c c u r  a b o u t  
t h e  t i m e - s m o k i n g -  i s  c o m p l e t e d .

W h e n  t a k e n  b y  m o u t h # c a n n a b i n o i d s  u s u a l l y  a r e  i n  s o l u t i o n s  o r  
s u s p e n s i o n s .  T h e  m a t e r i a l  t h e y  a r e  m i x e d  w i t h  a f f e c t s  t h e  r a t e  o f  
a b s o r p t i o n .  F o r  e x a m p l e #  b l o o d  l e v e l s  o f  A - 9 - T H C  w e r e  h i g h e r  a n d  
l a s t e d  l o n g e r  w h e n  g i v e n  i n  a n  o i l y  s o l u t i o n  t h a n  i n  a n  e t h y l  a l c o h o l  
s o l u t i o n  ( P e r e z - R e y e s  e t  a l . #  1 9 7 3 ) .  T h i s  s u g g e s t s  t h a t  c a n n a b i s  
« a t e n  i n  f o o d  m i x t u r e s  c o n t a i n i n g  f a t  i s  b e t t e r  a b s o r b e d .

A n  i m p o r t a n t  d i f f e r e n c e  b e t w e e n  s m o k i n g  a n d  i n g e s t i o n  i s  t h a t  
w h e n  c a n n a b i n o i d s  a r e  a b s o r b e d  f r o a r  t h e  b l o o d *  c o n t a i n i n g
t h e m  f i r s t  g o e s  d i r e c t l y  t h r o u g h  t h e  l i v e r . "  T h e  l i v e r  r a p i d l y  c l e a r s  
t h e  A- 9 - THC f r o m  t h e  b l o o d  a n d  e n z y m a t i c a l l y  c h a n g e s  m u c h  o f  t h e  
A - 9 - T B C  t o  o t h e r  m e t a b o l i t e s  b e f o r e ' i t  r e a c h e s  t h e  b r a i n  ( H u n t  a n d "  
J o n e s ,  1 9 8 0 ) .  A l a r g e  a m o u n t  i s  m e t a b o l i z e d  t o  l l - h y d r o x y - A - T - T H C  
( F i g u r e  1 ) .  I t  i s  u n k n o w n  i f  t h e  s p e c t r u m  o f  e f f e c t s  o f  t h i s  

m e t a b o l i t e  i s  i d e n t i c a l  t o  t h a t  o f  A - g - T H C .  W h e n  t a k e n  b y  m o u t h #  
i n  c o n t r a s t  t o  w h e n  s m o k e d ,  t w o  o r  t h r e e  t i m e s  m o r e  A - 9 - T H C  i s  
r e q u i r e d  t o  o b t a i n  e q u i v a l e n t  a c u t e  p s y c h o l o g i c a l  a n d  p h y s i o l o g i c a l  
e f f e c t s .  A f t e r  o r a l  d o s e s  t h e  e f f e c t s  d e v e l o p  m o r e  s l o w l y #  l a s t  
l o n g e r #  a r e  m o r e  v a r i a b l e #  a n d  c a n n o t  b e  c o n t r o l l e d  b y  t h e  r e c i p i e n t  
o n c e  t h e  c a n n a b i s  h a s  b e e n  s w a l l o w e d .  I n  c o n t r a s t #  t h e  s m o k e r  f e e l s  
t h e  e f f e c t s  q u i c k l y  a n d  c a n  m o d i f y  i n h a l a t i o n  a t  a n y  t i m e ,  a l t h o u g h  
o v e r d o s a g e  i s  s t i l l  p o s s i b l e .  U n p l e a s a n t  r e a c t i o n s  t o  o v e r d o s e  a r e  
m o r e  c o m m o n  f o l l o w i n g  i n g e s t i o n  t h a n  i n h a l a t i o n .

A v a r i e t y  o f  o t h e r  r o u t e s  o f  a d m i n i s t r a t i o n  h a v e  b e e n  u s e d  
e x p e r i m e n t a l l y  i n  h u m a n s  a n d  i n  a n i m a l s #  i n c l u d i n g  i n t r a v e n o u s #  
i n t r a p e r i t o n e a l #  s u b c u t a n e o u s #  i n t r a m u s c u l a r #  t o p i c a l  ( o n  t h e  s k i n ) # 
a n d  i n t o  t h e  c o n j u n c t i v a l  s a c  ( e y e ) .  T h e s e  v a r i o u s  r o u t e s  i n f l u e n c e  
t h e  t i m e  t o  o n s e t  o f  e f f e c t #  d u r a t i o n  a n d  p e a k  i n t e n s i t y #  a n d  t h e  
r a t e  w i t h  w h i c h  t h e  e f f e c t  d i s a p p e a r s .  D i r e c t  c o m p a r i s o n  o f  f i n d i n g s  
i n  s t u d i e s  u s i n g  d i f f e r i n g  a d m i n i s t r a t i o n  r o u t e s  i 3  d i f f i c u l t  a n d  
m u s t  t a k e  t h e s e  f a c t o r s  i n t o  c o n s i d e r a t i o n .

H u m a n  u s e r s  o f  c a n n a b i s  v a r y  i n  t h e i r  p r e f e r r e d  r o u t e s  o f  u s e .
I n  s o m e  c o u n t r i e s  a n d  c u l t u r e s  c a n n a b i s  i s  m a i n l y  t a k e n  b y  i n g e s t i o n  
( f o r  e x a m p l e #  I n d i a )  a n d  i n  o t h e r s  b y  i n h a l a t i o n  ( f o r  e x a m p l e #  t h e  

U n i t e d  S t a t e s ) .  B e c a u s e  o f  t h e  e f f e c t s  o f  r o u t e  o f  a d m i n i s t r a t i o n  o n  
p h a r m a c o l o g y ,  i t  i s  r e a s o n a b l e  t o  e x p e c t  d i f f e r e n t  h e a l t h  c o n s e q u e n c e s  
o f  t h e  d i f f e r e n t  r o u t e s  o f  a d m i n i s t r a t i o n ;  t h e r e f o r e # - c c M p a r i • o n e ’« 5 f  
h e a l t h  s t a t i a t i g f f c ^ M a a g ^ o a u m t r i e s - m i s t  b e  t e a d ^ r  w i t h  c a r e .

A l t h o u g h  s m o k i n g  a v o i d s  m a n y  o f  t h e  a b s o r p t i o n  p r o b l e m s  d i s c u s s e d  
a b o v e #  a  h o s t  o f ' o t h e r  v a r i a b l e s  a f f e c t i n g  d o s e  a r e  i n t r o d u c e d #  s u c h  
a s  t h e  s i z e  a n d  p a c k i n g  o f  t h e  c a n n a b i s  c i g a r e t t e s #  t h e  w a y  t h e  s m o k e  
i s  i n h a l e d #  t h e  n u m b e r  o f  p u f f s  a n d  t h e  i n t e r v a l  b e t w e e n  p u f f s #  t h e  
t e m p e r a t u r e  p r o d u c e d  i n  t h e  b u r n i n g  c i g a r e t t e #  a n d  w h e t h e r  a  c i g a r e t t e  
i s  s h a r e d .  B e c a u s e  o f  t h e  p r o g r e s s i v e  c o n c e n t r a t i o n  o f  c a n n a b i s  
c o n s t i t u e n t s  i n  t h e  c i g a r e t t e  b u t t #  t h e  l a s t  f e w  p u f f s  y i e l d  c o n ­
s i d e r a b l y  m o r e  A - 9 - T H C  a n d  p a r t i c u l a t e  m a t t e r  t h a n  d o  t h e  e a r l i e r  
p u f f s .  A l l  t h e s e  a n d  o t h e r  f a c t o r s  a f f e c t  t h e  d o s e  r e c e i v e d #  a n d  
o n l y  r a r e l y  h a v e  t h e y  b e e n  m e a s u r e d .  O n l y  s o m e  o f  t h e s e  f a c t o r s  a r e  
u n d e r  t h e  c o n s c i o u s  c o n t r o l  o f  t h e  c a n n a b i s  s m o k e r .  A b o u t  ) > a l f  o f  * 
t h e  A - 9 -T H C  o r i g i n a l l y  i n  a  c a n n a b i s  c i g a r e t t e  i s  l o s t  b y
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c o m b u s t i o n /  b y  b u t t  e n t r a p m e n t ,  i n  s m o k e  n o t  i n h a l e d ,  a n d  i n  s m o k e  
e x h a l e d  ( F e h r  a n d  K a l a n t ,  1 9 7 2 ?  R o s e n k r a n t z ,  1 9 8 1 ) .

I t  h a s  b e e n  r e p o r t e d  t h a t ,  l i k e  n o n s m o k e r s  o f  t o b a c c o ,  i n d i v i d u a l s  
i n  a  p o o r l y  v e n t i l a t e d  r o o m  w h e r e  c a n n a b i s  i s  s m o k e d  m a y  p a s s i v e l y  
i n h a l e  a c t i v e  c o m p o n e n t s  ( Z e i d e n b e r g  e t  a l . ,  1 9 7 7 ) .  B e c a u s e - . o n l y  
t r a c e ,  a m o u n t s . . o f  . c a n n a b i n o i d .  m e t a b o l i t e s  - a r e  p r e s e n t -  - i n  u r i n e  o f  
t h e s e  p a s s i v e  i n h a l e r s ,  i t .  i s .  u n l i k e l y ,  t h a t  t h e  l o w -  l e v e l s  o £  t h e  
a b s o r b e d  c a n n a b i n o i d s  f r o m  t h e - a m b i e n t - a i r  a c c o u n t  f o r  t h e  s o - c a l l e d  
" c o n t a c t  h i g h . "  E x p e r i e n c i n g  s u b j e c t i v e  c a n n a b i s  e f f e c t s  i n  t h e  
p r e s e n c e  o f  c a n n a b i s  s m o k e r s  c o u l d  b e  e x p l a i n e d  b y  p s y c h o l o g i c  
f a c t o r s  i n  a d d i t i o n  t o  a n y  p h a r m a c o l o g i c  o n e s .  B u t , ;■ b e c a u s e  s t u d i e s  
h a v e  s h o w n  tl  - t  c h i l d r e n  o f  p a r e n t s  w h o ,  s m o k e  t o b a c c o  a r e  m o r e  l i k e l y  
t o  h a v e  r e s p i r a t o r y -  i h f e c ' t i o n a - d u r i n g - t h e  f i r s t  y e a r - o f  - l i f e —- w h i c h  
m a y  b e  d u e  t o  t h e i r  b e i n g ’ e x p o s e d  t o - c i g a r e t t e  s m o k e  i n - t h e - a t m o s p h e r e  
( U . S .  D e p a r t m e n t  o f ' H e a l t h r E d u c a t i o n ' /  a n d  W e l f a r e ,  1 9 7 9 ) —- t h e  i s s u e  
o f  p a s s i v e  i n h a l a t i o n  o f  m a r i j u a n a - s m o k e - i a  w o r t h - f u r t h e r - s t u d y .

D i s t r i b u t i o n

T h e  l i p i d  s o l u b i l i t y  o f  A - 9 - t h c  a n d  o t h e r  c a n n a b i n o i d s ,  i n c l u d i n g  
t h o s e  w i t h  h i g h e s t  p h a r m a c o l o g i c  a c t i v i t y ,  f a c i l i t a t e s  d i s t r i b u t i o n  
r e a d i l y  i n t o  t i s s u e s  a n d  c e l l s  t h r o u g h o u t  t h e  b o d y  s o  b l o o d  l e v e l s  
d r o p  r a p i d l y .  I n i t i a l l y ,  c a n n a b i n o i d  c o n c e n t r a t i o n s  a r e  h i g h e s t  i n  
s u c h  t i s s u e s  a s  l u n g ,  l i v e r ,  a n d  k i d n e y  t h a t  h a v e  a  h i g h  b l o o d  f l o w  
( A g u r e l l  e t  a l . ,  1 9 6 9 ,  1 9 7 0 ;  K l a u s n e r  a n d  D i n g e l l ,  1 9 7 1 ) .  • D e l t a - 9 - T H C  

c r o s s e s  t h e  p l a c e n t a  a n d  e n t e r s  t h e  f e t u s  o f  e x p e r i m e n t a l  a n i m a l s  
( K e n n e d y  a n d  W a d d e l l ,  1 9 7 2 ) .  C a n m s & i n o i < k  l e v e l s . . ,  i n . ,  t h e  h u m a n  f e t u s ,  
h a v e  n o t .  b e e n  s t u d i e d . .  . - S m a l l  a m o u n t s  a r e  a l s o  f o u n d  i n  t h e  m i l k  o f  
e x p e r i m e n t a l  a n i m a l s  a n d  c a n  b e  t r a n s f e r r e d  t o  p r o g e n y  ( J a k u b o v i c  e t  
a l . ,  1 9 7 3 ;  C h a o  e t  a l . ,  1 9 7 6 ) .  A f t e r  i n i t i a l  d i s t r i b u t i o n ,  
c o n c e n t r a t i o n s  o f  c a n n a b i n o i d s  i n  t i s s u s s ,  c e l l s ,  a n d  s u b c w l l u l a r  
c o m p a r t m e n t s  a r e  h i g h l y  n o n u n i f o r n ,  d e t e r m i n e d  n o  d o u b t  b y  s o l u b i l i t y  
a n d  o t h e r  p h y s i c o c h e m i c a l  c h a r a c t e r i s t i c s .  T h e r e f o r e ,  b l o o d  
c o n c e n t r a t i o n s  d o  n o f c - r e f l e c t  c o n c e n t r a t i o n s  a t  p h a r m a c o l o g i c a l l y  
a c t i v e  s i t e s ,  a s  t h e y  d o  w i t h  a l c o h o l .

M e t a b o l i s m  a n d  E l i m i n a t i o n

E l i m i n a t i o n  o f  d r u g s  a n d  t h e i r  m e t a b o l i t e s  i s  m o s t l y  t h r o u g h  
e x c r e t i o n  b y  t h e  k i d n e y  i n t o  t h e  u r i n e  o r  b y  t h e  g a l l  b l a d d e r  v i a  t h e  
b i l e  i n t o  t h e  i n t e s t i n e  a n d  o u t  w i t h  t h e  f e c e s .  C a n n a b i n o i d s  d o  n o t  
p a s s  o u t  o f  t h e  b l o o d  i n t o  t h e  l u n g s  a n d  d o  n o t  a p p e a r  i n  b r e a t h  i n  
a p p r e c i a b l e  q u a n t i t i e s .  S o m s  c a n n a b i n o i d s  g o i n g  i n t o  t h e  i n t e s t i n e  
w i t h  b i l e  a r e  r e a b s o r b e d .  S o m e  a l s o  d i f f u s e  b a c k  t h r o u g h  t h e  k i d n e y  
t u b u l e s  d u r i n g  t h e  p r o c e s s  o f  u r i n e  f o r m a t i o n ,  s o  t h e  a m o u n t s  f i n a l l y  
e x c r e t e d  p e r  u n i t  o f  t i m e  a r e  s m a l l .  T h a n n n k x s i u l t * j a A J ^ i A a  >  
r e c y c l i n g  i s  t h a t  t h e  c a n n a b i n o i d s - a r m  o n l y  s l o w l y * - e l i m i n a t e d  f r o m  
t h e  b o d y V * ^ - * - ^  ‘ ’-------------------- - ----------
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S t u d i e s  o f  t h e  d i s a p p e a r a n c e  o f  A - 9 - T H C  f r o m  h u m a n  p l a s m a  h a v e  
l e d  t o  r e p o r t s  o f  v a l u e s  o f  h a l f - l i v e s  t h a t  r a n g e d  f r o m  1 9  h o u r s  i n  
e x p e r i e n c e d  u s e r s  ( H u n t  a n d  J o n e s ,  1 9 8 0 )  t o  5 7  h o u r s  i n  n a i v e  u s e r s  
( L e m b e r g e r  e t  a l . ,  1 9 7 1 b ) .  W h e t h e r  t h i s  d i f f e r e n c e  i n  h a l f - l i f e  i s  

d u e  t o  t h e  e x p e r i e n c e  o f  t h e  u s e r  h a s  n o t  b e e n  e s t a b l i s h e d .  B e c a u s e  
o f  t h e i r  h i g h  l i p i d / w a t e r  p a r t i t i o n  c o e f f i c i e n t s ,  A - 9 - T H C  a n d  s o m e  
o f  i t s  m e t a b o l i t e s  c a n  b e  s e q u e s t e r e d  i n  f a t t y  t i s s u e s .  F o l l o w i n g  
t h e  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  r a d i o a c t i v e  A - 9 - T H C  t o  h u m a n  
v o l u n t e e r s ,  h o w e v e r ,  € 7  p e r c e n t o f  . t h e ?  r a d i o a c t i v i t y  w a s  e x c r e t e d  i n  
1  w e e k ,  2 2  p e r c e n t '  i n  t h e . u r i n e _ a t t < i . . 4 S L p e r c e v i t ^ i n  f e c e s  ( L e m b e r g e r  e t  
a l . ,  1 9 7 1 a ) .  A l m o s t - n o  A - 9 - T H e - i t a e U w w a x  e x c x e t o d  i n  t h e  u r i n e .  
T h e r e  m a y  b e  f a i r l y  r a p i d  a n d  c o m p l e t e  m e t a b o l i s m  o f  f r e e  A - 9 - T H C  
f o l l o w e d  b y  s l o w  r e l e a s e  a n d  m e t a b o l i s m  o f  s e q u e s t e r e d  A - 9 - T H C  a n d  
r e t a i n e d  m e t a b o l i t e s .  B e c a u s e  n o  d i r e c t  m e a s u r e m e n t s  o f  c a n n a b i n o i d  
l e v e l s  h a v e  b e e n  m a d e  i n  t i s s u e  s a m p l e s  f r o m  h u m a n  c a n n a b i s  u s e r s  a n d  
t h e  d a t a  a r e  l i m i t e d  i n  e x p e r i m e n t a l  a n i m a l s ,  o n e  c a n  o n l y  i n f e r  f r o m  
b l o o d  l e v e l s  w h a t  m e t a b o l i t e s  a r e  a c c u m u l a t i n g  a n d  w h e r e .

I n  r a t s ,  a f t e r  i n h a l a t i o n  o r  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  
r a d i o a c t i v e  A - g - T H C ,  r a d i o a c t i v i t y  p e r s i s t e d  i n  t h e  b r a i n  f o r  a t  
l e a s t  7 d a y s ,  m o s t l y  a s  m e t a b o l i t e s  (H o  e t  a l . ,  1 9 7 0 ) .  W h e n  g i v e n  
s u b c u t a n e o u s l y  i n  r a t s ,  e v e n  a t  i n t e r v a l s  a s  g r e a t  a s  a  d a y  o r  t w o  
a p a r t ,  A - 9 - T H C  w i l l  a c c u m u l a t e  a s  m e t a b o l i t e s  ( K r e u z  a n d  A x e l r o d ,  
1 9 7 3 ) .  A c c u m u l a t i o n  o f  s o m e  c a n n a b i n o i d s  w i t h  e v e n  l e s s  f r e q u e n t  
i n t a k e  a p p e a r s  l i k e l y .  A l t h o u g h  m o s t  m e t a b o l i t e s  a r e  c o n c e n t r a t e d  i n  
f a t t y  t i s s u e s ,  t h e y  w i l l  s l o w l y  p a s s  i n t o  p l a s m a  a n d  c i r c u l a t e  t h o u g h  
a l l  p a r t s  o f  t h e  b o d y ,  p a r t i c u l a r l y  i n c l u d i n g  s u c h  o r g a n a  a s  t h e  
b r a i n ,  a n d  g e n e r a l l y  a l l  m e m b r a n e s .  T h e  h e a l t h  c o n s e q u e n c e s  o f  t h e  
c o n t i n u e d  p r e s e n c e  o f  s u c h  f o r e i g n  m o l e c u l e s  a r e  n o t  k n o w n .  T h e  
m a r k e d  p e r s i s t e n c e  o f  t h e  c a n n a b i n o i d s  i s  q u i t e  u n l i k e  o t h e r  w i d e l y  
c o n s u m e d  a g e n t s ,  s u c h  a s  a l c o h o l ,  n i c o t i n e ,  a n d  c a f f e i n e ,  t h a t  a r e  
r a p i d l y  m e t a b o l i z e d  a n d  l e a v e  n o  t r a c e  a  f e w  h o u r s  a f t e r  m o d e r a t e  
i n t a k e .

WHAT I S  A LARGE OR SMALL C AN NA BIS  D O SE ?

L a r g e  a n d  f r e q u e n t  d o s e s  o f  a n y  d r u g  a r e  m o r e  l i k e l y  t o  p r o d u c e  
a d v e r s e  h e a l t h  e f f e c t s  t h a n  s m a l l  i n f r e q u e n t  d o s e s  o f  t h e  d r u g .
T h u s ,  j u d g m e n t s  o f  h e a l t h  c o n s e q u e n c e s  o f  t h e  u s e  o f  c a n n a b i s  c a n  
o n l y  b e  m a d e  w i t h  i m p l i c i t  o r  e x p l i c i t  k n o w l e d g e  a b o u t  d o s e .  F o r  t h e  
r e a s o n s  d i s c u s s e d  a b o v e ,  t h e  r a n g e  o f  c a n n a b i n o i d  d o s e s  c o n s u m e d  
v a r i e s  w i d e l y .  I n v e s t i g a t o r s  u s u a l l y  r e p o r t  d o s e  i n  t e r m s  o f  
m a r i j u a n a  c i g a r e t t e s  p e r  u n i t  o f  t i m e ,  o r  t h e y  g i v e  s e m e  e s t i m a t e  o f  
t h e  c o n c e n t r a t i o n  o f  A - 9 - T H C  u s e d  f o r  o r a l  a p p l i c a t i o n .  T h i s  i s  
n o t  a n  a d e q u a t e  w a y  t o  q u a n t i f y  t h e  a m o u n t  o f  c a n n a b l f t q i d s . . A Q tu iA ^ C - ^  
e n t e r i n g  t h e  b o d y .  O n l y  e w r  e p l d e a i o  l o p  t o  - * t o d y  p r o v i d e s  a  b r e a k d o w n  
o f  v a r y i n g  d o s *  l a v * l s ~ i a ~ * x e s s s - ' o £ ‘« n e  - c a n n a b i f t & « i 9 a * e t t »  d a i l y 1 

( B a c h m a n  e t  a I . V * I 9 5 i r .  E p i d e m i o l o g i c  s u r v e y s  h a v e  n o t  q u a n t i f i e d  
A - 9 -T H C  l e v e l s .  W h e n  r e p o r t i n g  l e s s  f r e q u e n t  u s e  p a t t e r n s  t h a n  o n e  
c i g a r e t t e  p e r  d a y ,  i n v e s t i g a t o r s  u s e  m e a s u r e s  t h a t  m a k e  i t  d i f f i c u l t  
t o  c o m p a r e  s t u d i e s .  I n  t h i s  r e p o r t ,  a n y  g e n e r a l  o r  a v e r a g e  d o s e  
e s t i m a t e s  a r e  a p p r o x i m a t i o n s .



I t  i s  g e n e r a l l y  a g r e e d  t h a t  s m o k i n g  f i v e  o r  s i x  1 - g r a m  c a n n a b i s  
c i g a r e t t e s  d a i l y  i s  a  l a r g e  d o s e  ( D o r n b u s h  e t  a l . ,  1 9 7 1 )  R o s e n k r a n t z ,  
1 9 8 1 } .  B e c a u s e  o f  t h e  v a r i a b i l i t y  o f  A - 9 - T H C  c o n t e n t  o f  c a n n a b i s  
a v a i l a b l e  f r o m  s t r e e t  s a m p l e s ,  i t  w o u l d  b e  m o r e  a p p r o p r i a t e  t o  
c o n s i d e r  t h i s  h e a v y  u s e .  T h e  d e f i n i t i o n  o f  a  l o w  d o s e  i s  m o r e  
c o n t r o v e r s i a l .  S c a m  c o n s i d e r  o n e  m a r i j u a n a '  c i g a r  o t t a  a  d a y  t o  b e  a  
l a r g e  - d o s e .  " O t h e r s  t h i n k  e v e n  o n e  c i g a r e t t e  a  w e e k  i s  r e g u l a r ,  
f r e q u e n t ,  a n d  a  h i g h d o s e .

W i t h  t o b a c c o  a n d  a l c o h o l ,  f o r  w h i c h  d o s e  i s  e a s i e r  t o  q u a n t i f y ,  
i t  t o o k  m a n y  y e a r s  t o  e s t a b l i s h  w h a t  a  s m a l l  o r  l a r g e  d o s e  m i g h t  b e  
i n  t e r m s  o f  s p e c i f y i n g  d o s e s  t h a t  s i g n i f i c a n t l y  i n c r e a s e d  t h e  r i s k  o f  
v a r i o u s  b e h a v i o r a l  a n d  h e a l t h  c o n s e q u e n c e s .  E v e n  w i t h  t h o s e  d r u g s ,  
t h e r e  i s  s t i l l  d i s a g r e e m e n t  a s  t o  p r e c i s e l y  w h a t  a  s m a l l  a n d  " s a f e ” 
d o s e  m i g h t  b e .  T h e r e  w i l l  b e  e v e n  m o r e  p r o b l e m s  i n  s p e c i f y i n g  
t y p i c a l  c a n n a b i s  d o s e s  a n d  p r e d i c t i n g  t h e i r  l i k e l y  h e a l t h  
c o n s e q u e n c e s .

I n  c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s ,  i n g e s t e d  d o s e s  o f  m o r e  t h a n  
2 0  mg o f  A - g - r a c  g e n e r a l l y  a r e  c o n s i d e r e d  b y  b o t h  i n v e s t i g a t o r s  a n d  
c a n n a b i s  u s e r s  t o  b e  l a r g e  d o s e s .  D o s e s  o f  l e s s  t h a n  1 0  mg a r e  
c o n s i d e r e d  s m a l l .  M a r i j u a n a  c i g a r e t t e s  c o n t a i n i n g  m o r e  t h a n  2 0  rag o f  
A - 9 -T H C  s e e m  t o  b e  a  l a r g e  d o s e ,  a n d  t h o s e  w i t h  1 0  m g p r o d u c e  
e f f e c t s  g e n e r a l l y  c o n s i d e r e d  t h e  r e s u l t  o f  a  s m a l l  d o s e .  W h e n  
v o l u n t e e r s  w e r e  a l l o w e d  t o  s e l e c t  t h e i r  o w n  s e l f - d e t e r m i n e d  s m o k e d  
d o s e s  i n  c o n t r o l l e d  e x p e r i m e n t s ,  s o m e  s m o k e d  o n l y  o n e  o r  t w o  2 0 - r a g  
c i g a r e t t e s  d a i l y ,  w h i l e  o t h e r  s i m i l a r  v o l u n t e e r s  s m o k e d  s i x  t o  t e n  o r  
m o r e  c i g a r e t t e s  p e r  d a y .  V a r i a b i l i t y  i n  s m o k i n g  p a t t e r n s  i s  g r e a t  
a n d  n o t  e a s i l y  q u a n t i f i e d ;  o n l y  b r o a d  r a n g e  e s t i m a t e s  o f  d o s e  a r e  
p o s s i b l e .

GENERAL TOXICOLOGY

. D e l t a - 9 - T H C  a n d  r e l a t e d  c a n n a b i n o i d s  h a v e  v e r y  ,l o w  l e t h a l  t o x i c i t y *  
T h a t  i s ,  a  v e r y  h i g h  s i n g l e  a c u t e  d o f t r  o f ^ - S - T H C  i s  r e q u i r e d  t o  
k i l l  h a l f  o f  a  p o p u l a t i o n  o f  e x p e r i m e n t a l  a n i m a l s .  T h i s  l e t h a l  d o s e  
f o r  5 0  p e r c e n t  o f , . t h e . . a n i m a l s  i s  c a l l e d ,  t h e  -U > 5 0 «  T h e  l a c k . o f  
w e l l - a u t h e n t i c a t e d ,  c a s e s  o f  h u m a n  - d e a t h s -  f r o m  a c u t e  A - g - T H Q  o r  
c a n n a b i s - o v e r d o s ^ i s a b d i M r i ' t f f V ^ ^ H f f ^ K r ' e x p e r i M i n t B l  a n i m a l  d a t a , .
T h e  l e t h a l  d o s e  i n c r e a s e s  a s  t h e  p h y l o g e n e t i c  t r e e  i s  a s c e n d e d .  T h e  
r a t  h a s  a n  LD5 0  o f  4 0  m g / k g  i n t r a v e n o u s l y ,  i n  c o n t r a s t  t o  a  1 2 5  
m g / k g  i n  t h e  m o n k e y  ( R o s e n k r a n t z ,  1 9 8 1 ) .  D e a t h  i s  u s u a l l y  d u e  t o  
c a r d i a c  d y s f u n c t i o n .  D e l t a - 9 - T H C  a p p e a r s  t o  b e  t h e  m o s t  t o x i c  o f  t h e  
c a n n a b i n o i d s .

S t u d i e s  o f  c h r o n i c  c a n n a b i s  a d m i n i s t r a t i o n  t o  a n i m a l s  h a v e  
d e m o n s t r a t e d  d e l a y e d  l e t h a l i t y .  A n i m a l s  d i e  a f t e r  s e v e r a l  d a y s  o f  a  
r e p e a t e d  h i g h  d o s e  ( R o s e n k r a n t z ,  1 9 8 1 ) .  T h e  r e a s o n  f o r  t h i s  p a t t e r n  
i s  u n c l e a r .  I t  c o u l d  b e  r e l a t e d  t o  a c c u m u l a t i o n  o f  A - 9 -T H C  o r  
m e t a b o l i t e s  i n  t i s s u e s .

A 1 - y e a r  c h r o n i c  t r e a t m e n t  o £ - r * t s  w i t h  l o w e r  d o s e s  o f  
c a n n a b i n o i d s  p r o d u c e d  a  p a t t e r n  o f  t o x i c i t y  c o n s i s t i n g  o f  w e i g h t  
l o s s ,  p u l m o n a r y  p a t h o l o g y  w h e n  t h e  d r u g  i s  i n h a l e d ,  a n d  s l o w l y
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d e v e l o p i n g  b e h a v i o r a l  t o x i c i t y  c h a r a c t e r i z e d  b y  h y p e r a c t i v i t y ,  
v e r t i c a l  j u m p i n g ,  f i g h t i n g ,  a n d  s e i z u r e s  ( R o s e n k r a n t z ,  1 9 8 1 ) .

RELEVANCE O P  NONHUMAN ANIMAL MODELS

M u c h  o f  w h a t  i s  k n o w n  a b o u t  c a n n a b i s  c o m e s  f r o m  e x p e r i m e n t s  i n  
a n i m a l s .  S e m e  a s p e c t s  o f  t h e  p h a r m a c o l o g y  o f  a n y  d r u g  c a n  o n l y  b e  
s t u d i e d  i n  a n i m a l s  o t h e r  t h a n  h u m a n  b e i n g s .  F i n d i n g s  f r o m -  a n i n s r  
e x p e r i m e n t s  h a v e  b e e a . p r i £ | . ^ ; t ^ . . b ^ j 4 w e  o f  w h a t . w e r e  t h o u g h t - t o  b e  
u n r e a s o n a b l y  h i g h  d o s e s  o f t o *  t h # . : a A i p a l s . . a s .  c o m p a r e d  
w i t h  d o s e s  c o m m o n l y  u s e d  b y ^ h u x j w u ^ b e i n g s .  A l t h o u g h  e x t r a p o l a t i o n  o f  
h u m a n  e f f e c t s  f r o m  a n i m a l  d a t a  m u s t  b e  d o n e  w i t h  c a u t i o n  b e c a u s e  o f  
s p e c i e s  d i f f e r e n c e s  i n  m e t a b o l i c  p a t h w a y s  a n d  d i f f e r i n g  s e n s i t i v i t y  
a n d  p h y s i o l o g y ,  a  b l a n k e t  c r i t i c i s m  o f  a n i m a l  s t u d i e s  b e c a u s e  o f  h i g h  
d o s e s  i s  i n a p p r o p r i a t e .  W h e n  a n  e f f e c t  o f  a  d r u g  o c c u r s  c o n s i s t e n t l y  
i n  s e v e r a l  s p e c i e s ,  i t  i s  l i k e l y  t o  o c c u r  i n  h u m a n  b e i n g s .  C o m p a r i ­
s o n s  o f  A - g - T H C  b l o o d  l e v e l s  i n  h u m a n  b e i n g s  a n d  i n  s e v e r a l  s p e c i e s  
s u g g e s t  r o u g h l y  s i m i l a r  i n t e n s i t y  o f  e f f e c t s  a t  s i m i l a r  b l o o d  l e v e l s  
i n  t h e  v a r i o u s  s p e c i e s  ( R o s e n k r a n t z  a n d  F l e i s h m a n ,  1 9 7 9 ) .

C A lW A B lS r

O n  o c c a s i o n  c a n n a b i s  h a s  b ^ e n  r e p o r t e d  n o t  o n l y  t o  c o n t a i n  t h e  
h e r b i c i d e  p a r a q u a t ,  b u t  a l s o  s a l m o n e l l a  b a c t e r i a  a n d  a s p e r g l l l u s  
f u n g u s .  D e l i b e r a t e  a d d i t i o n  o f  s u c h  d r u g s  a s  l y s e r g i c  a c i d  
d i e t h y l a m i - I e  ( L S D ) ,  h e r o i n ,  a n d  p h e n c y c l i d i n e  ( P C P )  h a s  b e e n  
c l a i m e d .  A p l a n t  m a t e r i a l  s u c h  a s  c a n n a b i s  i s  n o t  a l w a y s  h a n d l e d  i r >  
t h e  m o s t  s a n i t a r y  w a y ,  a n d  a  v a r i e t y © *  c o n t a m i n a n t s  a r e  p o s s i b l e .

P a r a q u a t

T h e r e  i s  n o  q u e s t i o n  t h a t  l a r g e  d o s e s  o f  p a r a q u a t  b y  m o u t h  o r  b y  
a e r o s o l  c a n  c a u s e  p u l m o n a r y  f i b r o s i s ,  b u t  n o  c a s e s  i n  h u m a n  b e i n g s  
h a v e  y e t  b e e n  p r o v e d  t o  r e s u l t  f r o m  p a r a q u a t - c o n t a m i n a t e d  c a n n a b i s .  
F e w  c a n n a b i s  s m o k e r s  a r e  e x p e c t e d  t o  b e  e x p o s e d  t o  t h e  l a r g e  a m o u n t s  
o f  p a r a q u a t  k n o w n  t o  c a u s e  s e v e r e  l u n g  d a m a g e .  T h i s  i s  n o t  t o  s a y  
t h a t  n o  l u n g  d a m a g e  w i l l  o c c u r  f r o m  s u c h  e x p o s u r e .  A m o r e  e x t e n s i v e  
d i s c u s s i o n  o f  p a r a q u a t  i s  i n  A p p e n d i x  D .

B a c t e r i a  a n d  F u n g i

A f e w  o u t b r e a k s  o f  s a l m o n e l l o s i s  e p i d e m i o l o g i c a l l y  l i n k e d  t o  
m a r i j u a n a  u s e  w e r e  r e p o r t e d  f r o m  O h i o  a n d  M i c h i g a n  ( S c h r a d e r  e t  a l . ,
1 9 8 1 ) *  M a r i j u a n a  w a s  f o u n d  t o  b e  c o n t a m i n a t e d  w i t h  t h e  s a m e  t y p e  o f  
s a l m o n e l l a  t h a t  w a s  o b t a i n e d  f r o m  t h e  6 2  p a t i e n t s  e x p e r i e n c i n g  
d i a r r h e a ,  f e v e r ,  a n d  a b d o m i n a l  p a i n .
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A s p e r g i l l u s ,  a  f u n g u s ,  i s  a  c o m m o n  c o n t a m i n a n t  o f  s o m e  c a n n a b i s  
( L l e w e l l y n  a n d  O ’ R e a r ,  1 9 7 7 ;  L l a m a s  e t  a l . ,  1 9 7 8 ) .  T h e  s p o r e s  p a s s  
e a s i l y  t h r o u g h  c o n t a m i n a t e d  m a r i j u a n a  c i g a r e t t e s  a n d  w h e n  s m o k e d  a r e  
p r e s u m e d  t o  e n t e r  t h e  b o d y .

• C EL L U L A R ' T O X I C I T Y — ,

A v a r i e t y  o f  e f f e c t s  o n  c e l l u l a r  p r o c e s s e s  h a v e  b e e n  r e p o r t e d ,  
u s u a l l y  b a s e d  o n  s t u d i e s  o f  i n  v i t r o  s y s t e m s .  T h e  l o w  w a t e r  
s o l u b i l i t y  o f  t h e ,  c a n n a b i n o i d s  a n d  t h e  n e e d  t o  a d d  s o l v e n t s  a n d  
e m u l s i f i e r s ,  a l o n g c o m m o n  t e n d e n c y  t o r ' u s e  h i g h e r ^  I n  v i t r o  
c o n c e n t r a t i o n s . , t b s i r  o c c u r *  T n  l i v i n g  a n i a a l s ' r s t a k e s  i n t e r p r e t a t i o n  o f  
s u c h  e x p e r i m e n t s  -  '

Z n  r e l a t e d  s t u d i e s ,  A - 9 - T H C  a l t e r s  t h e  a c t i o n s  o f  a  n u m b e r  o f  
i n t r a c e l l u l a r  e n z y m e  s y s t e m s .  T h e  b i o l o g i c a l  r e l e v a n c e  o f  t h e s e  
d r u g / e n z y m e  i n t e r a c t i o n s  i s  s t i l l  u n c l e a r  a t  t h i s  t i m e ,  b a t ,  t o g e t h e r  
w i t n  t h e  c y t o t o x i c i t y ,  i t  s u g g e s t s  t h s t  A - 9 - T H C  i s  p r o d u c i n g  m a r k e d  
e f f e c t s  o n  c e l l  m e m b r a n e s  a n d  i n t r a c e l l u l a r  p r o c e s s e s .  .

A l m o s t  n o t h i n g  i s  k n o w n  o2 t h e ^ m o l e c u l a r  m e c h a n i s m s  b y  w h i c h  
c a n n a b i n o i d s  p r o d u c e  t h e i r  e f f e c t s  i n  c e l l s .

TOLERANCE AND DEPENDENCE

R e p e a t e d  a d m i n i s t r a t i o n  o f  m o s t  p s y c h o a c t i v e  d r u g s  l e a d s  t o  t h e  
d e v e l o p m e n t  o f  t o l e r a n c e .  T h i s  s t a t e  o f  i n c r e a s e d  d r u g  r e s i s t a n c e  
r e s u l t s  f r o m  tw 6  g e n e r a l  m e c h a n i s m s  ( K a l a n t  e t  a l . ,  1 9 7 1 ) :

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

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

T o l e r a n c e  t o  m o s t  c a n n a b i n o i d  e f f e c t s  h a s  b e e n  d e m o n s t r a t e d  b o t h  
i n  a n i m a l s  a n d  h u m a n  b e i n g s  ( J o n e s ,  1 9 8 1 ) .  T o l e r a n c e  c a n  d e v e l o p  
r a p i d l y  e f t e r -  o » a y ’ e  f e ^  e m a i l  d o e e » v * i,' I t L d i e a p p e e r *  a t  a n  e q u a l l y  
r a p i d  r a t * . ,  f o r  m a n y  e f f e c t s ,  a l t h o u g h *  - a f t e r '  l a r g e *  d o s e f  i n  
• x p e r j ,  m i f t t  ■ 1 fa n i m a l s  * “s o m e  t o l e r a n c e  m a y  p e r s i s t  f o r  l o n g  p e r i o d s  
( J o n e s ,  1 9 8 1 ) .  S y s t e m a t i c *  s t u d i e s - o f t o l e r a n c e " l o e s  h a v e  r a r e l y  b e e n  
d o n e .  M a n y  c h a r a c t e r i s t i c s  o f  t o l e r a n c e  t o  A - 9 - T H C ,  p a r t i c u l a r l y  
i t s  p a t t e r n  o f  r a p i d  a c q u i s i t i o n  a n d  l o s s ,  a r e  s i m i l a r  t o  t h a t  
o c c u r r i n g  w i t h  o p i a t e s ,  n i c o t i n e ,  a n d  c o c a i n e  ( J o n e s ,  1 9 8 1 ) .  M o s t  
e v i d e n c e  w g g g t t ^ ^ f i i B C t l o n a l '  f a t h e r  t h a n  Jd i s p o s i t i o n a i ~ i a e t n s  o £  
a c q u i r i n g  t o l e r a n c e .

T h e  d e v e l o p m e n t  o f  s u c h  t o l e r a n c e  ' t b  ' c a r i n a b l a v' d o e s ' , n o f e  I  
n e c e s s a r i l y  h a v e  h e a l t h  i m p l i c a t i o n s .  H o w e v e r ,  i f  t o l e r a n c e  s h o u l d  
l e a d  t o  h i g h e r  o r  m o r e  f r e q u e n t  d o s e s ,  a d v e r s e  c o n s e q u e n c e s ,  e . g . ,  
r e s p i r a t o r y  e f f e c t s ,  a s s o c i a t e d  w i t h  h i g h e r  u s a g e  c o u l d  r e s u l t .
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P h y s i c a l  d e p e n d e n c e ,  m a n i f e s t e d  b y  w i t h d r a w a l  s i g n s  a n d  s y m p t o m s ,  
c a n  d e v e l o p  r a p i d l y  i n  a n i m a l s  a n d  i n  h u m a n  b e i n g s  ( J o n e s ,  1 9 8 1 ) .
T h e  w i t h d r a w a l - s y n d r o m e  i s  n o t  l i f e  t h r e a t e n i n g .  I t  i s  s i m i l a r  i n  
m a n y  r e s p e c t s  t o  t h e  m i l d  d e p e n d e n c e  p r o d u c e d  b y  l o w  d o s e s  o f  o t h e r  
s e d a t i v e s . * ’ 'W i t h d f r e W a T ' s y m p t o m s  c a n  i n c l u d e  r e s t l e s s n e s s ,  
i r r i t a b i l i t y ,  m i l d * a g i t a t i o n ,  i n s o m n i a , *  a n d  s l e e p  EEG  d i s t u r b a n c e .

C a n n a b i s  d e p e n d e n c e  d o e s  n o t  m e a n  t h e  s a v e  t h i n g  a s  c a n n a b i s  
a d d i c t i o n .  D e p e n d e n c e  m e a n *  o n l y . ,  t h a t - a - . w i t b d r a w a l r s y n d r c a e  c a n  
o c c u r  w h e n  d r u g  t a k i n g .  i s  s t o p p e d .  A d d i c t i o n  i m p l i e s  c o m p u l s i v e  
b e h a v i o r  t o  a c q u i r e  t h e  d r u g .  T h e  r e l a t i o n s h i p  b e t w e e n  d e p e n d e n c e  - 
a n d  i n c r e a s e d , d r u g ,  s e e h i n g  o r  d r u g  u s i n g  i s  m o r e - t h e o r e t i c a l  t h a n  
w e l l  d o c u m e n t a l , . . p a r t i c u l a r l y  i n  e x p e r i m e n t s  w i t h  h u m a n  b e i n g s .
G i v e n  t h e  a p p e a r a n c e  o f  t o l e r a n c e  a n d  d e p e n d e n c e  w i t h  a l m o s t  a n y  
p s y c h o a c t i v e  d r u g ,  i t  w o u l d  b e  u n u s u a l  n o t  t o  f i n d  t o l e r a n c e  a n d  
d e p e n d e n c e  w i t h  t h e  r i g h t  d o s e  a n d  d o s a g e  s c h e d u l e  o f  c a n n a b i s .  G o o d  
s t u d i e s  o f  t h e  r e l a t i o n s h i p  o f  d e p e n d e n c e ,  i f  a n y ,  t o  p e r s i s t e n t  d r u g  
u s e  a r e  i m p o r t a n t .

DRUG IN T E R A C T IO N S

B e c a u s e  c a n n a b i s  o f t e n  i s  c o n s u m e d  w i t h  o t h e r  d r u g s ,  i n t e r a c t i o n s  
c a n  b e  e x p e c t e d .  O t h e r  i l l i c i t  d r u g s ,  t o b a c c o ,  c a f f e i n e ,  a l c o h o l ,  a n d  
o v e r - t h e - c o u n t e r  o r  p r e s c r i b e d  m e d i c a t i o n s  s h o u l d  b e  s t u d i e d  i n  
c o m b i n a t i o n  w i t h  c a n n a b i s ,  b e c a u s e  A - 9 - T H C  a n d  i t s  f i r s t  m e t a b o l i t e  
a r e  s t r o n g l y  b o u n d  t o  p r o t e i n s  i n  t h e  p l a s m a  ( G a r r e t t  a n d  H u n t ,  1 9 7 4 )  
a n d  m a y  i n t e r a c t  w i t h  o t h e r  d r u g s  s i m i l a r l y  b o u n d .  C a n n a b i s  a n d  m a n y  
o t h e r  d r u g s  s h a r e  d i s p o s i t i o n  b y  t h e  h e p a t i c  m e t a b o l i c  e n z y m e  s y s t e m s ,  
a n d  t h e r e  a r e  p o s s i b l e .  i n t a r a c t i o n m - a % . _ t h a , , d £ U 0 : > a a t a b o l ; 4 a m : ' l * W « l .  F o r  
e x a m p l e ,  d r u g s  s u c h  a s  a l c o h o l  o r - p e n t o b a r b i t a l  c a n  i n h i b i t  m e t a b o l i s m  
o f  A - 9 - T H C  b y  e n z y m e  s u b s t r a t e  c o m p e t i t i o n .  O r ,  i f  a f t e r  a  p e r i o d  
o f  i n h i b i t i o n  o n e  d r u g  i s  r e m o v e d ,  t h e  e n z y m e  a c t i v i t y  c a n  i n c r e a s e  
s o  t h a t  f a s t e r  t h a n  e x p e c t e d  m e t a b o l i s m  f o l l o w s .  I f  g i v e n v  * 
s i m u l t a n e o u s l y  w i t h  o t h e r  d r u g s ,  A - 9 - T H C  c a n  s l o w  m e t a b o l i s m  o f  
d r u g s  s u c h  a s  t h e o p h y l l i n ,  a n t i p y r i n e „ ^ h a m o l ,  a n d  p e n t o b a r b i t a l  
( B e n o w i t z  a n d  J o n e s ,  1 9 7 7 ;  J u s k o ,  1 9 7 9 ) .  C a n n a b i d i o l  c a n  a l s o  
i n h i b i t  t h e  m e t a b o l i s m  o f  a  v a r i e t y  o f  d r u g s  n o r m a l l y  m e t a b o l i z e d  b y  
t h e  s h a r e d  h e p a t i c  e n z y m e  s y s t e m s .

D r u g  i n t e r a c t i o n s  a l s o  c a n  o c c u r  b y  m e a n s  o f  f u r i c f c f b n a r  * 
m e c h a n i s e s .  T h e s e  c a n  b e  a d d i t i v e ,  r e s u l t i n g  i n  e n h a n c e m e n t  o r  
p r o l o n g a t i o n  o f  b e h a v i o r a l  a n d  p s y c h o l o g i c a l  e f f e c t s  b y  c a n n a b i s  w h e n  
c o m b i n e d  w i t h  o t h e r  c e n t r a l  n e r v o u s  s y s t e m  d e p r e s s a n t  d r u g s ,  s u c h  a s  
a l c o h o l  a n d  b a r b i t u r a t e s .  A n i m a l s  l e s s  t o l e r a n t  t o  c a n n a b i s  w i l l  
a l s o  b e  l e s s  s e n s i t i v e  t o  o t h e r  c e n t r a l  n e r v o u s  s y s t e m  d e p r e s s a n t s .  
T h i s  p h e n o m e n o n  i s  k n o w n  a s  c r o s s - t o l e r a n c e .  D r u g  i n t e r a c t i o n s  w i l l  
b e  m e n t i o n e d  i n  s u b s e q u e n t  c h a p t e r s .



SUMMARY AND CO N CLU S IO N S

C a n n a b i s  i s  n o t  a  s i n g l e  d r u g /  b u t  a  c o m p l e x  p r e p a r a t i o n  c o n t a i n i n g  
m a n y  b i o l o g i c a l l y  a c t i v e  c h e m i c a l s .  T h e  p s y c h o l o g i c a l  a n d  
p h y s i o l o g i c a l  e f f e c t s  p r o d u c e d  b y  A - 9 - T H C  p r o b a b l y  r e s u l t  f r o m  
a c t i o n s  a t  s i t e s  w i t h i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  a n d  e l s e w h e r e  i n  
t h e  b o d y ,  l e a d i n g  t o  t h e  l i k e l i h o o d  o f  c o m p l i c a t e d  e f f e c t s  d e p e n d i n g  
o n  d o s e ,  d u r a t i o n  o f  u s e ,  a n d  m a n y  o t h e r  c o n s i d e r a t i o n s .

T h e  i n t e n s i t y  o f  e f f e c t  a n  i n d i v i d u a l  e x p e r i e n c e s  v a r i e s  
c o n s i d e r a b l y  a c c o r d i n g  t o  t h e  c a n n a b i s  p r e p a r a t i o n  a n d  t h e  a m o u n t  
t a k e n ,  r o u t e  o f  a d m i n i s t r a t i o n ,  f r e q u e n c y  o f  u s e ,  a n d  p r o b a b l y  o t h e r  
n o t - w e l l - r e c o g n i z e d  b i o l o g i c a l  c o n s i d e r a t i o n s .  D o s e  v a r i a b i l i t y  m u s t  
b e  c o n s i d e r e d  b o t t f  i l T  c o n d u c t  i n g  " a r i d  i n  i n t e r p r e t i n g ' "  « f h y ' s t u d i e s  o f  
t h e  e f f e c t s  o f  c a n n a b i s , ,  p a r t i c u l a r l y  w h e n  t r y i n g  t o  p r e d i c t  " h e a l t h  
c o n s e q u e n c e s .

I n  r e s e a r c h  t h e  u s e  o f  p u r e  A - 9 - T H C  a v o i d s  s o m e  p r o b l e m s  o f  
d o s e  c o n t r o l  b u t  c a n n o t  p r o v i d e  a  c o m p l e t e  p i c t u r e  o f  c a n n a b i s  
e f f e c t s ,  b e c a u s e  t h e  e f f e c t s  o f  A - g - T H C  i n  c r u d e  p r e p a r a t i o n s  o f  
t h e  p l a n t  m a y  b e  i n f l u e n c e d  b y  o t h e r  c o m p o n e n t s .  O t h e r  c o n s e q u e n c e s  
o f  c a n n a b i s  u s e ,  f o r  e x a m p l e ,  e x p o s u r e  t o  h a r m f u l  c o m p o n e n t s  i n  i t s  
s m o k e ,  w i l l  h a v e  d e l e t e r i o u s  h e a l t h  c o n s e q u e n c e s  i n  a d d i t i o n  t o  
a n y t h i n g  p r o d u c e d  b y  t h e  A - 9 - T H C .

T h e  l o n g  p e r s i s t e n c e  o f  c a n n a b i n o i d ^ m e t a b o l i t e s  T M  “t h e  b o d y  w a y  
h a v e  d e l a y e d  e f f e c t s  o r  h e a l t h  i m p l i c a t i o n s  n o t ' y ^  f S A S f a j f f f i t d d ,  
b e c a u s e ,  e v e n  w i t h  r e l a t i v a l v  i n f r e q u e n t  u s e ,  t h e r e  i s  c h r o n i c  
e x p o s u r e  t o  b i o l o g i c a l l y  u n k n o w n  m a t e r i a l s .  I n  t h i s  r e s p e c t ,  ■ 
c a n n a b i s  d i f f e r s . f u n d a m e n t a l l y v £ ? o m  s u c h  d r u g s  a s  a l c o h o l ,  n i c o t i n e ,  
a n d  c a f f e i n e ,  w h i c h  a r e  r a p i d l y . . m e t a b o l i s e d  a n d , e l i m l q a t e d . f r o o  t h e -  
e n t i r e  b o d y .

C a n n a b i n o i d  e f f e c t s  c a n  b e  m o d i f i e d  b y  m a n y  e v e n t s ,  i n c l u d i n g  
i n t e r a c t i o n  w i t h  o t h e r  d r u g s  a n d  t h e  d e v e l o p m e n t  o f  t o l e r a n c e .  B o t h  
t o l e r a n c e  a n d  d e p e n d e n c e  d e v e l o p  t o  m a n y  e f f e c t s  o f  t h e  d r u g .  T h e  
h e a l t h  s i g n i f i c a n c e  o f  t o l e r a n c e  a n d  d e p e n d e n c e ,  p a r t i c u l a r l y  t h e i r  
i m p o r t a n c e  i n  d r u g - s e e k i n g  a n d  d r u g - u s i n g  b e h a v i o r ,  h a s  n o t  b e e n  
s t u d i e d  p r o p e r l y .

I t  i s  u n l i k e l y  a d e q u a t e  e p i d a m i o l o g i c  d a t a ^ w i r l l ^ b e  a v a i l a b l e  
( s o o n )  t o  e n a b l e  g o o d  e s t ^ a t i o n ’̂ f  ̂ ? h e ' r h e a l t i l ^ C O T S e ^ e f ? c e h  o f v a r i o u s  - 
u s a g e  l e v e l s .  *

A p r e r e q u i s i t e  i s  t h a t  a d e q u a t e  c h e m i c a l  a n a l y t i c a l  m e t h o d s  b e  
a p p l i e d  o n  a  l a r g e - s c a l e  b a s i s  t o  m o n i t o r  a c t u a l  e x p o s u r e s .  C o n t i n u e d  
s t u d i e s  i n  e x p e r i m e n t a l  a n i m a l s  w i l l  p l a y  a n  e s s e n t i a l  r o l e  i n  t h e  
a s s e s s m e n t  o f  t h e  h e a l t h  r i s k s  o f  c a n n a b i s .  F o r  e x a m p l e ,  t h e  
b i o l o g i c a l  a c t i v i t i e s  o f  A - 9 - T H C  m e t a b o l i t e s  c a n  b e  a s s e s s e d  i n  
e x p e r i m e n t a l  a n i m a l s ,  b u t  t h e s e  t e s t s  a r e  t e c h n i c a l l y  m o r e  d i f f i c u l t  
t o  d o  i n  h u m a n  b e i n g s .

RECOMMENDATIONS FOR RESEARCH

S e v e r a l  r e s e a r c h  p r i o r i t i e s  a r e  i d e n t i f i e d  b y  t h e  p r e c e d i n g  
d i s c u s s i o n :
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* C a n n a b i n o i d s  a n d  t h e i r  m e t a b o l i t e s  p e r s i s t  f o r  r e l a t i v e l y  
l o n g  p e r i o d s  i n  t h e  b o d y .  M o r e  i n f o r m a t i o n  i s  n e e d e d  o n  t h e  
b i o l o g i c a l  s i g n i f i c a n c e  o f  t h a t  p e r s i s t e n c e  i n  h u m a n  b e i n g s .  A s  a  
f i r s t  s t e p ,  t h e  t o x i c o l o g i c a l  e f f e c t s  o f  t h e  v a r i o u s  m e t a b o l i t e s  n e e d  
t o  b e  d e t e r m i n e d .

* D r u g  i n t e r a c t i o n s  a l t a r  t h e  a c t i o n s  o f  c a n n a b i s .  C a n n a b i s  
u s e  a l t e r s  o t h e r  d r u g  e f f e c t s .  M o r e  i n f o r m a t i o n  i s  n e c e s s a r y  t o  m a k e  
t h e  c o m b i n e d  e f f e c t s  o f  c a n n a b i s  a n d  o t h e r  l i c i t  a n d  i l l i c i t  d r u g s  
■ o r e  p r e d i c t a b l e /  e s p e c i a l l y  w i t h  r e s p e c t  t o  b e h a v i o r a l  i m p a i r m e n t  
a n d  t o x i c i t y  t o  l u n g s ,  l i v e r ,  a n d  o t h e r  o r g a n s .

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

* I m p r o v e d  c h e m i c a l  a n a l y t i c a l  m e t h o d s  a r e  n e c e s s a r y .  
E p i d e m i o l o g i c  a p p r a i s a l  o f  t h e  h e a l t h  e f f e c t s  o f  c a n n a b i n o i d s  
r e q u i r e s  m e t h o d s  s u i t a b l e  f o r  w i d e - s c a l e  a s s a y s  o f  e x p o s u r e s .  
P h a r m a c o l o g i c a l  v e r i f i c a t i o n  o f  t h e  s e l f - r e p o r t e d  e x t e n t  o f  u s e  w i l l  
m a k e  e x p e r i m e n t a l  a n d  c l i n i c a l  r e s u l t s  m u c h  e a s i e r  t o  i n t e r p r e t .  A 
c h e m i c a l  " m a r k e r "  o f  t h e  f r e q u e n t  u s e r  w o u l d  b e  u s e f u l .  S c r e e n i n g  
t e c h n i q u e s  f o r  t h e  p u r p o s e  o f  i d e n t i f y i n g  a n d  d i s c o u r a g i n g  
c a n n a b i s - i m p a i r e d  d r i v i n g  w o u l d  a l s o  b e  v a l u a b l e .

* C h a r a c t e r i z a t i o n  o f  t h e  t o x i c o l o g i c a l  s i g n i f i c a n c e  o f  c o m m o n  
c a n n a b i s  c o n t a m i n a n t s  s u c h  a s  p a r a q u a t  a n d  o t h e r  c h e m i c a l s ,  f u n g i ,  
a n d  b a c t e r i a  s h o u l d  b e  c o n t i n u e d .  4

* T h e  d e v e l o p m e n t  o f  t o l e r a n c e  i s  a  f a c t o r  t h a t  p o t e n t i a l l y  
m o d i f i e s  t h e  e x p r e s s i o n  o f  a l l  p s y c h o a c t i v e  d r u g  e f f e c t s .  A d d i t i o n a l  
s t u d i e s  o n  t h e  r a t e s  o f  a c q u i s i t i o n  a n d  l o s s  o f  t o l e r a n c e  a n d  t h e  
r e l a t i o n s h i p  o f  t h e s e  p h e n o m e n a  t o  d e p e n d e n c e  a r e  n e c e s s a r y ,  t f h e  
b i o l o g i c a l  s i g n i f i c a n c e  o f  t h e  c h a n g e s  t h a t  u n d e r l i e  t h e  d e v e l o p m e n t  
o f  t o l e r a n c e  s h o u l d  b e  e s t a b l i s h e d .  T h e  r e l a t i o n s h i p ,  i f  a n y ,  
b e t w e e n  t o l e r a n c e  a n d  d e p e n d e n c e  a n d  d r u g - s e e k i n g  . b e h a v i o r  s h o u l d  b e  
e s t a b l i s h e d .

* C a n n a b i s  p r o d u c t s  a r e  v a r i a b l e  a n d  c o m p l e x .  M o r e  
i n f o r m a t i o n  o n  t h e  a m o u n t ,  n a t u r e ,  a n d  p o t e n c y  o f  t h e  v a r i o u s  
p r e p a r a t i o n s  u s e d  a r o u n d  t h e  w o r l d  w o u l d  f a c i l i t a t e  c a l c u l a t i o n s  o f  
e x p o s u r e s  t o  i t s  c o n s t i t u e n t s .  F o r  e x a m p l e ,  w h a t  i s  t h e  b i o l o g i c a l  
a n d  t o x i c o l o g i c a l  s i g n i f i c a n c e  o f  t h e  m i n o r  c o m p o n e n t s  o f  c a n n a b i s  
s m o k e ?
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C h a o ,  F . ,  G r e e n ,  D . E . ,  F o r r e s t ,  I . S . ,  K a p l a n ,  J . N . ,  a n d  W i n s h i p - B a l l ,  
A .  T h e  p a s s a g e  o f  1 4 - C - A - t e t r a h y d r o c a n n a b i n o l  i n t o  t h e  m i l k  o f  
l a c t a t i n g  s q u i r r e l  m o n k e y s .  R e s .  C o m m u n .  C h e m .  P a t h .  P h a r m a c o l .  
1 5 : 3 0 3 - 3 1 7 ,  1 9 7 6 .

D o r n b u s h ,  R . L . ,  F i n k ,  M . ,  a n d  F r e e d m a n ,  A .M .  M a r i j u a n a ,  m e m o r y ,  a n d  
p e r c e p t i o n .  Am . J .  P s y c h i a t r y  1 2 8 : 1 9 4 - 1 9 7 ,  1 9 7 1 .

F e h r ,  K . O .  a n d  K a l a n t ,  H .  A n a l y s i s  o f  c a n n a b i s  s m o k e  o b t a i n e d  u n d e r  
d i f f e r e n t  c o m b u s t i o n  c o n d i t i o n s .  C a n .  J .  P h y s i o l .  P h a r m a c o l .  
5 0 : 7 6 1 - 7 6 7 ,  1 9 7 2 .

G a o n i ,  Y .  a n d  M e c h o u l a m ,  R .  I s o l a t i o n ,  s t r u c t u r e ,  a n d  p a r t i a l
s y n t h e s i s  o f  a n  a c t i v e  c o n s t i t u e n t  o f  h a s h i s h .  J .  Am . C h e m .  S o c .
8 6 : 1 6 4 6 - 1 6 4 7 ,  1 9 6 4 .

G a r r e t t ,  E . R .  a n d  H u n t ,  C . A .  P h y s i c o c h e m i c a l  p r o p e r t i e s ,  s o l u b i l i t y  
a n d  p r o t e i n  b i n d i n g  i n  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 .  J .  P h a r m .  
S c i .  6 3 : 1 0 5 6 - 1 0 6 4 ,  1 9 7 4 .

H a r v e y ,  D . J .  a n d  P a t o n ,  W .D .M .  I d e n t i f i c a t i o n  o f  i n  v i v o  l i v e r  
m e t a b o l i t e s  o f  A - f i - t e f c r a h y d r o c a n n a b i n o l  p r o d u c e d  b y  t h e  m o u s e .
D r u g  M c t a b .  D i s p o s i t i o n  8 : 1 7 8 - 1 8 6 ,  1 9 8 0 .

H a r v e y ,  D . J . ,  M a r t i n ,  B . R . ,  a n d  P a t o n ,  W .D .M .  I d e n t i f i c a t i o n  o f  i n
v i v o  l i v e r  m e t a b o l i t e s  o f  d e l t a - l - t e t r a h y d r o c a n n a b i n o l ,  
c a n n a b i d i o l ,  a n d  c a n n a b i n o l  p r o d u c e d  b y  t h e  g u i n e a  p i g .  J .
P h a r m .  P h a r m a c o l .  3 2 : 2 6 7 - 2 7 1 ,  1 9 8 0 .

H o ,  B . T . ,  F r i t c h i e ,  G . E . ,  K r a l i k ,  P . M . ,  e t  a l .  D i s t r i b u t i o n  o f
t r i t i a t e d - l - 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  i n  r a t  t i s s u e s  a f t e r  

i n h a l a t i o n .  J .  P h a r m .  P h a r m a c o l .  2 2 : 5 3 8 - 5 3 9 ,  1 9 7 0 .
H o f f m a n n ,  D . ,  B r u n n e m a n n ,  K . D . ,  G o r l ,  G . B . ,  a n d  W y n d e r ,  E . L .  O n  t h e  

c a r c i n o g e n i c i t y  o f  m a r i j u a n a  s m o k e ,  p p .  6 3 - 8 1 .  I n  R u n e c k l e s ,
V . C .  ( e d . )  R e c e n t  A d v a n c e s  i n  P h y t o c h e m i s t r y .  N ew  Y o r k :  P l e n u m  
P u b l i s h i n g  C o r p . ,  1 9 7 5 .

H o f f m a n n ,  D . ,  P a t r i a n a k o s ,  C . ,  B r u n n e m a n ,  K . D . ,  e t  a l .  C h r o m a t o g r a p h i c  
d e t e r m i n a t i o n  o f  v i n y l  c h l o r i d e  i n  t o b a c c o  s m o k e c  A n a l .  C h e m .  
4 8 : 4 7 - 5 0 ,  1 9 7 6 .

H u n t ,  A .  a n d  J o n e s ,  R . T .  T o l e r a n c e  a n d  d i s p o s i t i o n  o f
t e t r a h y d r o c a n n a b i n o l  i n  m a n .  J .  P h a r m a c o l .  S x p .  T h e r .  2 1 5 : 3 5 - 4 4 ,  
1 9 8 0 .
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J a k u b o v i c ,  A . ,  H a t t o r i ,  T . ,  a n d  M c G e e r ,  P . L .  R a d i o a c t i v i t y  i n  
s u c k l e d  r a t s  a f t e r  g i v i n g  1 4 C - t e t r a h y d r o c a n n a b i n o l  t o  t h e  
m o t h e r .  E u r .  J .  P h a r m a c o l .  2 2 : 2 2 1 - 2 2 3 ,  1 9 7 3 .

J o n e s ,  R . T .  H u n a n  e f f e c t s :  A n  o v e r v i e w ,  p p .  5 4 - 8 0 .  I n  P e t e r s e n ,  
R . C .  ( e d . )  M a r i j u a n a  R e s e a r c h  F i n d i n g s :  1 9 8 0 .  N ID A  R e s e a r c h
M o n o g r a p h  3 1 .  DHHS P u b l i c a t i o n  N o .  (AD M )8 0 - 1 0 0 1 .  W a s h i n g t o n ,  
D . C . :  U . S .  G o v e r n m e n t  P r i n t i n g  O f f i c e ,  1 9 8 0 .

J o n e s ,  R . T .  I n  R e p o r t  o f  a n  A d d i c t i o n  R e s e a r c h  F o u n d a t i o n / W o r l d  
H e a l t h  O r g a n i z a t i o n  (ART /W HO) S c i e n t i f i c  M e e t i n g  o n  A d v e r s e  
H e a l t h  a n d  B e h a v i o r a l  C o n s e q u e n c e s  o f  C a n n a b i s  U s e .  AR P /W H O , 
T o r o n t o ,  1 9 8 1 .

J u s k o ,  W . J .  I n f l u e n c e  o f  c i g a r e t t e  s m o k i n g  o n  d r u g  m e t a b o l i s m  i n  
m a n .  D r u g  M e t a b .  R e v .  9 : 2 2 1 - 2 3 6 ,  1 9 7 9 .

K a l a n t ,  O . J .  a n d  K a l a n t ,  H .  M a r i h u a n a  a n d  i t s  e f f e c t s :  A n
a s s e s s m e n t  o f  c u r r e n t  k n o w l e d g e .  A d d i c t i o n s  1 5 : 1 - 7 ,  1 9 6 8 .

K a l a n t ,  H . ,  L e B l a r . c ,  A . E . ,  a n d  G i b b o n s ,  R . J .  T o l e r a n c e  t o ,  a n d  
d e p e n d e n c e  o n ,  s o m e  n o n - o p i a t e  p s y c h o t r o p i c  d r u g s .  P h a r m a c o l .
R e v .  2 3 : 1 3 5 - 1 9 1 ,  1 9 7 1 .

K a r l e r ,  R .  a n d  T u r k a n i s ,  S . A .  C a n n a b i n o i d s  a s  p o t e n t i a l
a n t i e p i l e p t i c s .  J .  C l i n .  P h a r m a c o l .  2 1 : 4 3 7 S - 4 4 8 S ,  1 9 8 1 .

K e n n e d y ,  J . S .  a n d  W a d d e l l ,  W . J .  W h o l e - b o d y  a u t o r a d i o g r a p h y  o f  t h e  
p r e g n a n t  m o u s e  a f t e r  a d m i n i s t r a t i o n  o f  1 4 C - A - 9 - T H C .

T o x i c o l .  A p p l .  P h a r m a c o l .  2 2 : 2 5 2 - 2 5 3 ,  1 9 7 2 .
K l a u s n e r ,  H .A .  a n d  D i n g e l l ,  J . V .  T h e  m e t a b o l i s m  a n d  e x c r e t i o n  o f  

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  i n  t h e  r a t .  L i f e  S c i .  1 0 : 4 9 - 5 9 ,
1 9 7 1 .

K r e u z ,  D . S .  a n d  A x e l r o d ,  J .  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 :
L o c a l i z a t i o n  i n  b o d y  f a t .  S c i e n c e  1 7 9 : 3 9 1 - 3 9 3 ,  1 9 7 3 .

L e m b e r g e r ,  L . ,  A x e l r o d ,  J . ,  a n d  K o p i n ,  I . J .  M e t a b o l i s m  a n d  
d i s p o s i t i o n  o f  t e t r a h y d r o c a n n a b i n o l s  i n  n a i v e  s u b j e c t s  a n d  
c h r o n i c  m a r i j u a n a  u s e r s .  A n n .  N . Y .  A c a d .  S c i .  1 9 1 : 1 4 2 - 1 5 4 ,  1 9 7 1 a .

L e m b e r g e r ,  L . ,  T a m a r k i n ,  N . R . ,  A x e l r o d ,  J . ,  a n d  K o p i n ,  I . J .
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 :  M e t a b o l i s m  a n d  d i s p o s i t i o n  i n
l o n g - t e r m  m a r i h u a n a  s m o k e r s .  S c i e n c e  1 7 3 : 7 2 - 7 4 ,  1 9 7 1 b

L e m b e r g e r ,  L . ,  W e i s s ,  J . L . ,  W a t a n a b e ,  A . M . ,  e t  a l .
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 .  T e m p o r a l  c o r r e l a t i o n  o f  t h e  
p s y c h o l o g i c  e f f e c t s  a n d  b l o o d  l e v e l s  a f t e r  v a r i o u s  r o u t e s  o f  
a d m i n i s t r a t i o n .  N .  E n g l .  J .  M e d .  2 8 6 : 6 8 5 - 6 8 8 ,  1 9 7 2 .

L e u c h t e n b e r g e r ,  C .  a n d  L e u c h t e n b e r g e r ,  R .  C y t o l o g i c a l  a n d
c y t o c h e m i c a l  s t u d i e s  o f  t h e  e f f e c t s  o f  f r e s h  m a r i h u a n a  c i g a r e t t e  
s m o k e  o n  g r o w t h  a n d  DNA m e t a b o l i s m  o f  h u m a n  l u n g  c u l t u r e s ,  p p .  
5 9 5 - 6 1 2 .  I n  B r a u d e ,  M .C .  a n d  S z a r a ,  S .  ( e d s . )  P h a r m a c o l o g y  o f  
M a r i h u a n a .  N ew  Y o r k :  R a v e n  P r e s s ,  1 9 7 6 .

L l a m a s ,  R . ,  H a r t ,  D . R . ,  a n d  S c h n e i d e r ,  N . S .  A l l e r g i c
b r o n c h o p u l m o n a r y  a s p e r g i l l o s i s  a s s o c i a t e d  w i t h  s m o k i n g  m o l d y  
m a r i h u a n a .  C h e a t  7 3 : 8 7 1 - 8 7 2 ,  1 9 7 8 .

L l e w e l l y n ,  G . C .  a n d  O ' R e a r ,  C . E .  E x a m i n a t i o n  o f  f u n g a l  g r o w t h  a n d  
a f l a t o x i n  p r o d u c t i o n  o n  m a r i h u a n a .  M y c o p a t h o l o g i a  6 2 : 1 0 9 - 1 1 2 ,
1 9 7 7 .

M a r s h m a n ,  J . A . ,  P o p h a m ,  R . E . ,  a n d  Y a w n e y ,  C . D .  A . n o t e  o n  t h e
c a n n a b i n o i d  c o n t e n t  o f  J a m a i c a n  g a n j a .  B u l l .  N a r c o t i c s  2 6 : 6 3 - 6 8 ,
1 9 7 6 .
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M e c h o u l a m ,  R .  a n d  G a o n i ,  Y .  A t o t a l  s y n t h e s i s  o f
A - l - t e t r a h y d r o c a n n a b i n o l ,  t h e  a c t i v e  c o n s t i t u e n t  o f  h a s h i s h .
J .  Am . C h e m .  S o c .  8 7 : 3 2 7 3 - 3 2 7 5 ,  1 9 6 5 .

M e c h o u l a m ,  R .  a n d  G a o n i ,  Y .  T h e  a b s o l u t e  c o n f i g u r a t i o n  o f  
A - i - t e t r a h y d r o c a n n a b i n o l ,  t h e  m a j o r  a c t i v e  c o n s t i t u e n t  o f  
h a s h i s h .  T e t r a h e d r o n  L e t t .  1 2 : 1 1 0 9 - 1 1 1 1 ,  1 9 6 7 .

M e c h o u l a m ,  R . ,  L a n d e r ,  K . ,  V a r k o n y ,  T . H . ,  e t  a l .  S t e r e o c h e m i c a l  
r e q u i r e m e n t s  f o r  c { > n n a b i n o i d  a c t i v i t y .  J .  M e d .  C h e m .  
2 3 : 1 0 6 8 - 1 0 7 2 ,  1 9 8 0 .

O h l s s o n ,  A . ,  L i n d g r e n ,  J . E . ,  W a h l e n ,  A . ,  e t  a l .  P l a s m a
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  c o n c e n t r a t i o n s  a n d  c l i n i c a l  e f f e c t s  
a f t e r  o r a l  a n d  i n t r a v e n o u s  a d m i n i s t r a t i o n  a n d  s m o k i n g .  C l i n .  
P h a r m a c o l .  T h e r .  2 8 : 4 0 9 - 4 1 6 ,  1 9 8 0 .

P e r e z - R e y e s ,  M . ,  L i p t o n ,  M . A . ,  T i m m o n s ,  M . C . ,  e t  a l .  P h a r m a c o l o g y  o f  
o r a l l y  a d m i n i s t e r e d  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 .  C l i n .  
P h a r m a c o l .  T h e r .  1 4 : 4 8 - 5 5 ,  1 9 7 3 .

R i t z l i n ,  R . S . ,  G u p t a ,  R . C . ,  a n d  L u n d b e r g ,  G . D .  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  l e v e l s  i n  s t r e e t  s a m p l e s  o f  m a r i j u a n a  a n d  
h a s h i s h :  C o r r e l a t i o n  t o  u s e r  r e a c t i o n s .  C l i n .  T o x i c o l .
1 5 : 4 5 - 5 3 ,  1 9 7 9 .

R o s e n k r a n t z ,  H .  T h e  Im m u n e  r e s p o n s e  a n d  m a r i h u a n a ,  p p .  4 4 1 - 4 5 6 .  I n  
N a h a s ,  G . G . ,  P a t o n ,  W . D . M . ,  a n d  I d a n p a a n - H e i k k i l a ,  J . E .  ( e d s . )  
M a r i h u a n a :  C h e m i s t r y ,  B i o c h e m i s t r y ,  a n d  C e l l u l a r  E f f e c t s .  New
Y o r k :  S p r i n g e r - V e r l a g ,  1 9 7 6 .

R o s e n k r a n t z ,  H .  I n  R e p o r t  o f  a n  A d d i c t i o n  R e s e a r c h  F o u n d a t i o n / W o r l d  
H e a l t h  O r g a n i z a t i o n  (ARF /W HO) S c i e n t i f i c  M e e t i n g  o n  A d v e r s e  
H e a l t h  o f  B e h a v i o r a l  C o n s e q u e n c e s  o f  M a r i j u a n a  U s e .  ARF /W HO , 
T o r o n t o ,  1 9 8 1 .

R o s e n k r a n t z ,  H .  a n d  F l e i s c h m a n ,  R .W .  E f f e c t s  o f  c a n n a b i s  o n  l u n g s ,  
p p .  2 7 9 - 2 9 9 .  I n  N a h a s ,  G . G .  a n d  P a t o n ,  W .D .M .  ( e d s . )  M a r i h u a n a ; 
B i o l o g i c a l  E f f e c t s .  A n a l y s i s ,  M e t a b o l i s m ,  C e l l u l a r  R e s p o n s e s ,  
R e p r o d u c t i o n  a n d  B r a i n  O x f o r d :  P e r g a m o n  P r e s s ,  1 9 7 9 .

S c h r a d e r ,  J . ,  S t e r i s ,  C . ,  H a l p i n ,  T .  e t  a l .  S a l m o n e l l o s i s  t r a c e d  t o  
m a r i j u a n a — O h i o ,  M i c h i g a n .  MMWR 3 0 : 7 7 - 7 9 ,  1 9 8 1 .

S i e m e n s ,  A . J . ,  K a l a n t ,  H . ,  a n d  d e N i e ,  J . C .  M e t a b o l i c  i n t e r a c t i o n s  
b e t w e e n  A - 9 - t e t r a h y d r a c a n n a b i n o l  a n d  o t h e r  c a n n a b i n o i d s  i n  
r a t s ,  p p .  7 7 - 9 3 .  I n  B r a u d e ,  M .C .  a n d  S z a r a ,  S .  ( e d s . )  
P h a r m a c o l o g y  o f  M a r i h u a n a .  N ew  Y o r k :  R a v e n  P r s s s ,  1 9 7 6 .

T u r n e r ,  C . E .  A c t i v e  s u b s t a n c e s  i n  m a r i j u a n a .  A r c h .  I n v e s t .  M e d .  
S u p p l .  5 : 1 3 5 - 1 4 0 ,  1 9 7 4 .

T u r n e r ,  C . E . ,  C h e n g ,  P . C . ,  L e w i s ,  G . S . ,  e t  a l .  C o n s t i t u e n t s  o f
C a n n a b i s  s a t i v a .  X V .  B o t a n i c a l  a n d  c h e m i c a l  p r o f i l e  o f  I n d i a n  
v a r i a n t s .  P l a n t a  M e d .  3 7 : 2 1 7 - 2 2 5 ,  1 9 7 9 .

T u r n e r ,  C . E .  C h e m i s t r y  a n d  m e t a b o l i s m ,  p p .  8 1 - 9 7 .  I n  P e t e r s e n ,  R . C .  
( e d . )  M a r i j u a n a  R e s e a r c h  F i n d i n g s :  1 9 8 0 ,, N ID A  R e s e a r c h

M o n o g r a p h  3 1 .  DHHS P u b l i c a t i o n  N o .  (ADM )8 0 - 1 0 0 1 .  W a s h i n g t o n ,  
D . C . :  U . S .  G o v e r n m e n t  P r i n t i n g  O f f i c e ,  1 9 8 0 .

T u r n e r ,  C . E .  D i r e c t o r ,  R e s e a r c h  I n s t i t u t e  o f  P h a r m a c e u t i c a l  S c i e n c e ,  
U n i v e r s i t y  o f  M i s s i s s i p p i ,  O x f o r d ,  M i s s i s s i p p i .  P e r s o n a l  
c o m m u n i c a t i o n ,  1 9 8 1 .



T u r n e r #  C . E . # E l s o h l y #  M . A . # a n d  B o e r e n #  E . G .  C o n s t i t u e n t s  o f
C a n n a b i s  s a t i v a  L .  X V T I .  A r e v i e w  o f  t h e  n a t u r a l  c o n s t i t u e n t s .  
J .  N a t u r a l  P r o d .  4 3 : 1 6 9 - 2 3 4 #  1 9 8 0 .

U . S .  D e p a r t m e n t  o f  H e a l t h #  E d u c a t i o n  a n d  W e l f a r e .  S m o k i n g  a n d
H e a l t h :  A R e p o r t  o f  t h e  S u r g e o n  G e n e r a l .  DHEW P u b l i c a t i o n  N o .  
( P H S )  7 9 - 5 0 0 6 6 .  W a s h i n g t o n #  D . C . :  U . S .  G o v e r n m e n t  P r i n t i n g  
O f f i c e #  1 9 7 9 .

W a l l e r #  C .W . #  J o h n s o n #  J . J . #  B u e l k e #  J . #  a n d  T u r n e r #  C . E .
M a r i h u a n a :  A n  A n n o t a t e d  B i b l i o g r a p h y .  N ew  Y o r k :  M a c m i l l a n
I n f o r m a t i o n #  1 9 7 6 .

W a l l e r #  C . W . # N a i r #  R . S . ,  M c A l l i s t e r #  A . P . #  e t  a l .  M a r i h u a n a :  A n
A n n o t a t e d  B i b l i o g r a p h y .  V o l u m e  2  N ew  Y o r k :  M a c m i l l a n  
I n f o r m a t i o n  ( i n  p r e s s ) .

Z e i d e n b e r g #  P . #  B o u r d o n #  R . # a n d  N a h a s #  G . G .  M a r i j u a n a  i n t o x i c a t i o n  
b y  p a s s i v e  i n h a l a t i o n :  D o c u m e n t a t i o n  b y  d e t e c t i o n  o f  u r i n a r y
m e t a b o l i t e s .  Am . J .  P s y c h i a t r y  1 3 4 : 7 6 - 7 8 #  1 9 7 7 .
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U SE  O P  M ARIJUANA 

I N  THE U N ITED  S T A T E S

E p i d e m i o l o g i c  s t u d i e s  p r o v i d e  i n f o r m a t i o n  o n  t h e  u s e  o f  d r u g s  i n  
v a r i o u s  s u b g r o u p s  o f  t h e  p o p u l a t i o n  a n d  o n  t h e  c h a n g e s  i n  p a t t e r n s  o f  
u s e  o v e r  t i m e .  T h e  e p i d e m i o l o g i c  a p p r o a c h  i s  p a r t i c u l a r l y  u s e f u l  i n  
d e f i n i n g  p a t t e r n s  o f  u s e  o f  m a r i j u a n a  i n  A m e r i c a n  s o c i e t y  a n d  i n  
d e s c r i b i n g  a n d  a n a l y z i n g  t h e  b e h a v i o r a l  a n d  p s y c h o s o c i a l  a n t e c e d e n t s  
a n d  c o n s e q u e n c e s  o f  t h a t  u s e .  O n e  o f  . t h e  m o r e  d i f f i c u l t  q u e s t i o n s  i s  
w h e t h e r  p a r t i c u l a r  b e h a v i o r  o r  e f f e c t s - - t h a t a a t *  a s s o c i a t e d ' ,  w i t h  u s e  
o f  a  d r u g  a r e  t h e  c o n s e q u e n c e s  o f  t h a t - u s s *  o r  w h e t h e r  a t t i t u d e s *- -  
v a l u e s *  a n d  b e h a v i o r  d e v e l o p  a b o u t  t h e  u s e  o f  d r u g s  . t o  c o n s t i t u t e  
f a c t o r s  t h a t  m a y  a c t u a l l y ' l e a d  t o  t h a - ^  u s e  o f  d r u g s .  O n e  o f  t h e  m o r e  
u s e f u l  e p i d e m i o l o g i c  s t u d y  d e s i g n s  i s  a  c o h o r t  s t u d y  t h a t  f o l l o w s  t h e  
s a m e  i n d i v i d u a l  w i t h  r e p e a t e d  o b s e r v a t i o n s  a t  r e g u l a r  i n t e r v a l s  o v e r  
t i m e .  S u c h  l o n g i t u d i n a l  s t u d i e s  h a v e  t h e  p o t e n t i a l  f o r  o b t a i n i n g  t h e  
m o s t  c o m p e l l i n g  e v i d e n c e  o n  t h e  a n t e c e d e n t s  o f  k n o w n  p a t t e r n s  o f  u s e  
o f  m a r i j u a n a *  a s  w e l l  a s  p o s s i b l e  l o n g - t e r m  p s y c h o s o c i a l  a n d  
b i o l o g i c a l  o u t c o m e s  f o r  t h e s e  i n d i v i d u a l s .

T h e  c o m m i t t e e *  w i t h  t h e  h e l p  o f  c o n s u l t a n t s *  s o u g h t  a n s w e r s  i n  
t h e  e p i d e m i o l o g i c  l i t e r a t u r e  t o  t h e  f o l l o w i n g  f i v e  q u e s t i o n s :

1 .  W h a t  a r e  i m p o r t a n t  p a t t e r n s  o f  u s e  o f  m a r i j u a n a  i n  t h e  
A m e r i c a n  p o p u l a t i o n  i n c l u d i n g  s p e c i a l  g r o u p s ?

2 .  W h a t  a r e  t h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  u s e r s  o f  m a r i j u a n a ?
3 .  W h a t  i s  t h e  p r o f i l e  o f  a  u s e r  o f  m a r i j u a n a  o n  a  " d a i l y ” * 

b a s i s ?
4 .  W h a t  i s  k n o w n  a b o u t  t h e  a n t e c e d e n t s  o f  u s e  o f  m a r i j u a n a ?
5 .  H ow  i s  u s e  o f  m a r i j u a n a  r e l a t e d  t o  t h e  u s e  o f  o t h e r  d r u g s ?
T h e  e p i d e m i o l o g i c  a n d  s u r v e y  l i t e r a t u r e  h a v e  b e e n  e x t e n s i v e l y

r e v i e w e d  a n d  t h e  m a j o r  l o n g i t u d i n a l  s t u d i e s  a r e  s u m m a r i z e d  i n  a  t a b l e  
i n  A p p e n d i x  C .  M u c h  o f  o u r  r e c e n t  k n o w l e d g e  d e r i v e s  f r o m  tw o  
w e l l - d e s i g n e d  m a j o r *  c o n t i n u i n g  n a t i o n w i d e  m o n i t o r i n g  e f f o r t s

* W h e n  p l a c e d  i n  q u o t a t i o n  m a r k s *  " d a i l y * ' i ®  u e e d r  a s  d e f i n e d  b y -  
J o h n s t o n  e t  a l i , . . ( 1 9 8 Q b }  *• i * w *  r ' t h o s e - i n d i v i d u a l e  u s i n g  B i a r i j u e n a ~ 2 0  
o r  s o r e  t i a a ® * ; i i b - f c h * ’ p r e c e d i n g  3 0  d a y s .
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sponsored by the National Institute on Drug Abuse. One is based on 
general household population samples, the National Household 
Surveys. The second̂ *.,feased on populations of high school seniors 
and is called Monitoring the-Future.

The National Household Surveys of the general population are 
conducted on an annual or biannual basis by Response Analysis 
Corporation and The George Washington University (Fishburne et al., 

1980). There have been six cross-sectional studies since 1971.. The 
latest one was in the winter of 1979-1980, and the next one will be 
initiated in 1982. The subjects are classified as youth (12-17), 
young adults (18-25), and older adults (26 and older). The questions 
relate to marijuana and other psychoactive drugs, including 
inhalants, hallucinogens, cocaine, heroin, stimulants, sedatives, and 
analgesics. Samples vary from about >',000 to more than 7,200 new 
respondents at each survey. These are samples that document patterns 
of use of drugs in the specified populations at a given time.

Monitoring the Future (Johnston et al., 1980b) uses a 

cohort-sequential longitudinal design, in which a new cohort of high 

school seniors is surveyed each year, and a representative panel 
selected from that senior class is also followed over time in 
successive annual or biannual testings. The earliest panel has now 
been reinterviewed six times. This survey design makes it possible 
to disentangle antecedents from consequences of use as well as to 
distinguish changes due to increased age from changes due to cohort 
peculiarities or historical circumstances. Initiated «la;'>if7S;*by! 'the 
Survey Research Center of the University of Michigan, and directed by 
Lloyd Johnston and Jerald Bachman, the survey involves a question­
naire self-administered each year by more • than' 16,000 high school 
seniors in 130 public and private schools--throughou*;<th»-Uni ted 

States, and longitudinal mail follow-ups of about 2,000 former 
students drawn, as panels, from each-of*-the previously-participating 
senior classes (Johnston et al., 1979a,b; 1980a,b).

Because the National Household Surveys and Monitoring the Future 
are surveys of persons in households or in high school, they> emolude 
persons most likely to be usin9 '4 rug*,-r-thev transients, those without 
regular addressesr-the- school absentees or-dro{k-outa»>«acr those-living 
in institutions or group-quarters. These persons constitute a small 
proportion of the general population, and their exclusion does not 
significantly bias the epidemiologic estimates reported for the total 
population (Kandel, 1975a). However, data on the very heavy use of 
drugs may be underrepresented.

PATTERNS AND TRENDS OF USE OF MARIJUANA

General Population

The National Household Surveys found, .that..sms I jem m  smiths*wokt 
commonly .used of all the nonlcgaT̂ ŝ̂ choik̂ tive drugs'investigated, 
including inhalants, hallucinogens, cocaine, heroin, stimulants, 
sedatives, tranquilizers, and analgesics (Fishburne et al., 1980).
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In 1979 more than 50 million persona had tried marijuana at least 
once in their livess 68.2 percent of young adults (18-25), or about 
21 million* 30.9 percent of youth (12-17), or more than 7 million; 
and 19.6 percent of older adults (26 and older), or 25 million. The 

young adult age-group (18-25 years) has consistently showed the 

highest rates of current use (used in past month) and ever use 
(lifetime prevalence), and the older adult groups (26 and older) had 
the lowest user rates. Male users outnumbered females in all age 
groups. Between 1977 and 1979, significant increases in current use 
and ever use of marijuana were observed among the young adult and 
older adult cohorts (Figure 2). In 1979, in the young adult cohort, 
the most significant increases in use in the past month were found in 
males, whites, high school nongraduates, people in the southern 
United States, and those living in nonmetropolitan areas. In the 
older adult groups, the most significant recent increase in current 
use of marijuana was observed in males, whites, college graduates, 
and people living in the southern states (Miller and Clsin, 1980).

In the early 1960s, illicit drug use in the United States was 
chiefly a phenomenon of large coastal cities. But since then, rates 
in other regions of the country and in cities of all sires have 
rapidly increased until patterns of use are becoming increasingly 
comparable for all sectors in the United States. At current levels 
of use, some experience with marijuana in adolescence is becoming the 
norm rather than the exception throughout the United States. Other 
major survey studies have confirmed the findings of the National 
Household Survey for comparable cohort populations (Gallup Opinion 
Index, 1976; O'Donnell et al., 1976).

Military Personnel

Much attention has recently been focused on what appear to be high 

rates of use of illicit drugs among military personnel. Studies of 
drug use among male army veterans of the Vietnam War in 1972 showed 
that marijuana was the most commonly used illicit drug before and 
after the war (Robins, 1974). A random sample of 470 men was selected 
from the 13,760 enlisted men who returned to the U.S. in September 
1971. Of the 451 men who were interviewed̂ ‘69 percent had used 
marijuana while. In. Vietnam, with*29~percent stating this was their 
f irat^^jkfxtbedrug . Ihe lifetime prevalence of use of marijuana 
was-fT̂ EWFIJirtt prior to Vietnam; 45 percent of the veterans reported 

using marijuana in the 10 months following return to the United 
States. Among this group the prevalence of weekly use doubled from 
12 pas m i  LtpriotXI'to' Vietnam to 25 percent following the war.

A worldwide survey of nonmedical use of drugs and alcohol among 
U.S. active duty military personnel was conducted in 1980 under the 
sponsorship of the U.S. Department of Defense (Burt et al., 1980).
In an anonymous, self-administered questionnaire given to a repre­
sentative sample of more than 16,000 persons, marijuana was found to 
be the most commonly used illicit drug.- Twenty-six percent admitted 
to having used "marijuana/hashish* within the pest 30 days and 35
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FIGURE 2 Marijuana: tranda in lifetime experience, youth, and young
adults. Adapted from J.D. Miller and I.H. Cisin. Highlights from 

the National Survey on Drug Abuse: 1979. Washington, D.C.i U.S.

Government Frinting Office, 1980. Youth ■ 12 to 17 years old; young 
adults ■ 18 to 25 years old.
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percent to having used it in the past 12 months. Five percent of the 
sample reported use of marijuana daily.

When users of drugs were itemized according to military pay 

classificationsr the largest.percentage of currant use of marijuana 
was in-thej;lowe3t ranks of the military.

Adolescents and Young Adults

Patterns and Trends

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

The year 1960 has been taken as a baseline year that represents 
the stable level of overall use of marijuana that had characterized 
the United States for most of its history. Figure 2 shows the trends 
for use of marijuana from 1960 through 1979, revealing the sharp 
upward climb of use ..of marijuana starting in 1967. The* dramatic rise 
in use of marijuana by adolescents has recently slowed,,and the 
lifetime prevalence rates, (ever' use) 'of'marijuana have remained at 
approximately* 60 percent of air high school seniors for the years 
1979 and 1980'(Figure . To put it another way, in 1979 over 2.5 
million high school seniors had tried or were users of marijuana. 
(This figure is derived from calculations based on 1979 Census Bureau 

data that give a figure of 4,276,000 for number of 18-year-olds in 
the population. The committee is aware that all 18-year-olds are not 

high school seniors and that such a calculation may underreport the 
numbers of users of marijuana, particularly heavy users who have been 

, shown to be more likely to have dropped out of school. Similar 
calculations have been attempted throughout this chapter.)

The use of other types of drugs by young people also increased 
beginning in 1967 (Miller and Cisin, 1980). Figure 4 gives the roost 

recent nationwide figures for use of 11 types of drugs among American 

high school seniors (average age 18 years). With the exception of 
negligible use of heroin, the figures for use of all other drugs are 
substantial. Increases in patterns of use have not been as dramatic 
for other drugs (except for recent cocaine increases) as they have 
been for marijuana. Use of marijuana, tobacco, and alcohol far 
outstrips that of all other drugs. Ur><1980' tber->-llfetiae-prevalence 
(ever uee>~£«>r‘these-substances by high-school seniora vas-**-* 
aariju*&i£r'<&,perceat**tobacco--71 percent#..and- alcohol~93-percent.'

Of even greater Interest are'the-percentages of high school 
seniors who use the 11 types of drugs "daily.” In 1980 marijuana was 
used ”daily" by 9.1 percent (about 390,000), alcohol by 6.0 percent 
(about 256,000), and tobacco cigarettes by 21.3 percent (about 
900,000) of high school seniors (Johnston et al., 1980a). No other 
substance was used that frequently by as many as 1 percent of the
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NOTE: The brackat n«»r tha top of a bar indicata* tha lowar and uppu- limits of tha 
95% confidanca interval.

FIGURE 4 Prevalence and recency of use. Eleven types of drugs* 
class of 1980. SOURCE: Johnson* L.D., Bachman* J.G.* and O'Malley* 
P.M. Highlights from Student Drug Use in America* 1975-1980. DHHS 

Publication Mo. (ADM) 81-1066. Washington* D.C.: U.S. Government
Printing Office* 1980a.

students. These figures show that legal (for adults) drugs are used 

much more frequently than illegal ones. Reports of illegal use of 

drugs show that experimentation with marijuana has* by far* the 
highest prevalence. It should be noted* also* that "daily” use of 
marijuana (9 percent) among high school seniors is now more prevalent 
than "daily" drinking (6 percent) of alcoholic beverages.

In 1980* for. tha first time since 1975* when the Monitoring the 
P\itur̂ li^»aidlifetl^ beeaniiudoshiqh school sehlbrs. the percentage 
of "daily*Usersof marijuana'among senior* lir .tfî ’echoc* declined 
significantlŷ  ftcs£40î S pcroentMLtf-l???̂ *̂ 9*1 percent In-1980 '
(Figure 3)* and there was* a leveling of lifetime prevalence at 

approximately 60 percent. Furthermore,- the proportion of enrrent 
users among--those-who ever usedT»arijuans-̂ aliso sBhwhg-̂ y-sfcstiatically 
signif ieantr defclI'ne:ln"198(J as cesrpared‘'tcf'1979rn6*7 60'percent* to 
56 percent .̂ -However* "daily" users may be increasingly underrepre-
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sented In recent senior high school classes due to absenteeism and 

drop-out associated with increasingly earlier and extensive 
involvement in use of marijuana. The extent to which long-term 
"daily" users have dropped out of school by the senior year of high 
school cannot be ascertained from monitoring the future. Kandel 
(1975a) found that absentees differed from students attending school 
regularly. Fifty-six percent of absentees r$$qr&f£tUM.p£ marijuana 
as coopered to- 38 percent of in-class 'studehts• Studies that document 
the patterhs of marijuana use in school drop-outs are needed.

Correlates of Use

Overall levels of use of marijuana have been shown to correlate with 

patterns of use of the drug.

1. Increased prevalance is associated with younger age of 
initiation into use of marijuana. As successive cohorts of high 
school seniors have shown increasingly higher levels of experience 
with marijuana from 1975 through 1980, these cohorts also report 
increasingly earlier ages at first use of marijuana. For example, in 
the senior class of 1980, which had a lifetime prevalence of 60 
percent by senior year, 25 percent of those using marijuana had begun 

in the eighth grade (averWe â e 14} or below. In 1975 when lifetime 
prevalence was 47 percent, 15.3 percent of marijuana users had begun 
in eighth grade or below. It is of some interest to compare reported 

age of use of marijuana by grade for the senior class of 1980 

(lifetime prevalence 60 percent) and alcohol (lifetime prevalence 
93.2 percent). The more prevalent drug? alcohol, *li~usM at earlier 
ages than marijuana*-* Thirtŷ three* percent~of alcohol users had 
started at eighth grade as compared,-tô 21?9’'percent’' of marijuana 
users (Johnston et al., 1980a).

2. Earlier onset of use of any drug is associated with greater 
involvement in use of all other drugs. The earlier ,tĥ ;ln&roduction 
to legal (for adults) drugs, the greater the probability that the ' 
adolescent will also experiment with illicit drugs.: - For example, 
among young adults 18-25 years cf age surveyed from the general 
population in 1979-1980, the proportion who had experimented with any 
illicit drug other than marijuana ranged from 87 percent among those 
who reported having first tried alcohol or marijuana at ages 13 or 
14, to 47 percent among those who first tried these drugs at ages 
15-17, and 5 percent among those who first experimented at age 18 or 
over (Kittenhouse, 1980). The- finding tha* threadier,,the 

experimentation with, marijuana,
involvement- and~the .greater J b j ? e „ J J j c tUhPPdra i> using more serious 
drugs has been confirmed in-many studies (e.g., Miller and Cisin, 
1980; Johnston et al., 1980a; Kandel et al., 1981).

3. Greater overall prevalence of use of marijuana is associated 
with greater persistence of use of marijuana into later years of 
adult life. The current prevalence rates for use of marijuana by 
persons in their midl-30s are increasing (Cisin et al., 1978). Many
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studies have not sampled this population in the belief that use of 
marijuana drops off sharply in the mid-20s. Among males, the 
prevalence rate for use of marijuana in the past month for 

over-26-year olds went from 4 percent in 1977 to 9 percent in 1979. 
It will be exceedingly important to monitor the trends in all older 
adult age groups.

Marijuana and the Dse of Other Drugs

le of the key questions asked over the years is, does marijuana lead 
to the use of other drugs. In 'any population, the use of various 
drugs appears interrelated and users of any type of drug, whether 
legal or illegal, are much more likely to use other types of drugs 

than nonusers. For example, young people who smoke.tobacco are>alao 
much more likely to have used alcohol or marijuana than nonsmokers 
(Fishburne et al., 1980). Similarly, there is a strong association 
between the use of marijuana and cf other illicit drugs. Young 
people who use marijuana are more likely to be consuming other 
substances, such as alcohol and tobacco, as well as other illicit 
drugs (Johnston et al., 1980b). The association increases with 
extent of marijuana involvement and is especially striking among 
those young people who use marijuana on a "daily" basis, as will be 
discussed below.

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

"Daily" Users in High School

Because any health risks resulting from the use of marijuana would be 
most likely to appear first in chronic users of the drug, the young 

persons who are chronic and heavy users are of special interest. The 
committee reports in some detail the findings on this group. The 
ranks of "daily* users are large. In 1980 they represented more than 

9 percent of high school seniors or over 390,000 18-year-olds in the 
United States. One out of 11 seniors fitted the definition of 
"daily* users (20 or more occasions of reported use within the 
preceding 30 days). Collection of systematic data on such users 
began in 1975 with the annual monitoring of in-school high school 
seniors. There are many gaps in our knowledge about this group, but 
sufficient data have been accumulated that it is now possible to 
describe many of the behavioral attributes of the "daily” users.
Moat of the ae.̂ data ..COM I row Monitoring- the Futurê —  Some of the 
findings recently reported by Johnston (1980, 1981) and Bachman et 
al. (1981) are as follows:
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Demographic Findings

Rates of "daily" use do not vary among regions of the country, bub 

"daily" use shows a strong positive relationship to the size of the 

community and is sore prevalent in urban areas* Males are' "daily” 
users at almost double the rate of females (13 percent versus 7 
percent). "Daily" use among white students is double that for blacks 
(11 percent versus 5 percent). "Daily" use is spread evenly across 
socioeconomic levels as defined in terms of parents' education. 
"Daily” use is only slightly higher among those from homes in which 
one or both parents are absent.

Academic Performance and Goals

"Daily" use is associated with poor school achievement. Among 
non-college-bound seniors the rate of "daily" use is almost double 
that found among the college-bound (13 percent versus 7 percent). 
There are strong and- positive* correlations at "daily-*-, use and cutting 
classes, school absences, and‘truancy.

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

‘school and on weekends.

Religious Commitment

A commitment to religion and self-ratings of strong belief in 
law-abiding behavior are associated with lower than average rates of 
"daily” use.

Dating and Social Life

Dating and soci«fe.;fc&£aKshow atfbrfg rfe3.if lonships >with-“daily", use-of *  
marijuana. Those' wfaospend more--time on dates' have-the--highest- rates 
of "daily* vuise?®^SHi’umeit.—'*Aeonĝ those''studonti'whd go o u t o r  -7 
nights a w e s t - n e v o r  ‘at .hcaê -3 4 .percent are 

"daily” ■arijesflvnaedrs.

Use of Other Drugs

"Daily” marijuana users are much more likaly than their peers to be 

extensive users of other drugs. Thus, of seniors in the class of 
1979, 27 percent of "dally" users of marijuana drank alcohol as 
frequently, versus 7 percent for the age-group as a whole; and 59
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percent of "daily" users of marijuana smoked cigarettes as frequently 
versus 25 percent for the group as a whole (Johnston et al., 1980b).

With respect to use of other illicit drugs, the rates for "daily" 
users of marijuana generally run five to seven times the average for 
the age group as a whole; 47 percent of "daily" users are current* 
users of amphetamines; 31 percent of cocaine; and their current usage 
figures run from 15 to 17 percent for barbiturates, for lysergic acid 
diethylamide (LSD), for phencyclidine (PCP), for methaqualone, and 

for tranquilizers. Since nearly two-thirds of daily marijuana users 
(64 percont) are current users of hashish, they have substantial 
exposure to a high-potency form of marijuana.

We also know from data on age at first use that many of these
"daily* marijuana users began their use of cigarettes, alcohol, and 
veriouei othetr.iUlcih drugs at quite an. early age. To illustrate, by 
the end of eighth grade 40 percent of them had smoked cigarettes 
"daily" and 50 percent had taken their first drink. Just about half
of them (48 percent) first tried marijuana by the eighth grade, and

most of the remainder (another 30 percent) started in ninth grade. 
These are very early ages of initiation for all three drugs. 
Similarly, these youngsters tend to take up the other illicit drugs 
at an earlier than average age— though most of that use still is 
initiated after ninth grade. "Daily" use tends to persist longer 
into adult life than anticipated. In 1979, 4 years after graduation 
from high school, 51 percent of marijuana users of the senior class 
of 1975 were still "daily" users and an additional 34 percent were 
current although not "daily" users (Johnston, 1980).

"Daily" Users After High School

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

College Student Status

Student status after high school correlates negatively with "daily" 

use; that is, full-time college students have the lowest rate (8 
percent), part-time students the next lowest (10 percent), and 
nonstudents the highest rate (13 percent). However, although 
.full-time students have a lower than average rate of "daily" use, 
they showed the greatest increase after high school (up from 4.5 to 

8.3 percent): they simply started from a very low level and in a
sense were "catching up."

*A current user is one who has used the- drug in the thirty days 
preceding the surveys.
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Young people who are living away from home have a higher proportion 

of "daily" use than those still living with their parents (12 percent 

versus 10 percent), probably reflecting the result of reduced social 

control by parents. Those who remained living with their parents 
(nearly half) shoved relatively' little’* increase in use (up 1.3 
percent), while those who moved out inoreesed their daily use rate 
substantially (up 3.9 percent).

L i v i n g  S t a t u s

Marital Status

Those who are single are almost twice as likely to be "daily" users 
as those who are married (11.4 percent versus 6.6 percent), and those 
without children are somewhat more likely to use marijuana than those 
with children (11 percent versus 8 percent). It appears that thepe 
role responsibilities have a dampening effect on use. In the face of 
an overall 2.6 percent increase in "daily" prevalence after high 
school for the whole sampler those .whoever* married showed virtually 
no increase (up 0.2 percent) and ..thorn* with children actually* had* a * 1 
decline in use (down 1.5 percent).

Type of dwelling

"Daily" use is highest for those living in a rented room (14 percent) 
ol* apartment (12 percent), and lowest for those living in a college 
aurm (8 percent). Obviously one's dwelling arrangement is highly 
correlated with his or her major activity after high school, as these 

differences reflect.

Employment

Employment status is unrelated to "daily" use. For those in military 
service, "daily" use dropped slightly after high school (from 13.4 
percent to 12.4 percent). The activity group with by far the lowest 
"daily” use raterare tfa*'full-time-heewukerpercent), which 

certainly ocsusjfosria'Part̂ bccauM tbey-nearly all. era* femaler*''* 
married, and̂ ttWMBiy''uaaeerhave..young children.

Reasons for Using or Abstaining 

Reasons for "Daily" Use of Marijuana

What reasons do "daily" users give for their use of marijuana? They 

tend to use marijuana to produce an intoxicated feeling, to cope 
psychologically with feelings of distress, to augment the effects of 
other drugs, and to participate in drug-using friendships. On a
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checklist of 13 posaible reasons, nearly all of the seniors who were 
"daily" users checked "to feel- good4 ot*r:,ge'*H»igh" (94 percent) and "to 

have a good time with my friends" (79 percent). Two-thirds said they 
used it to relax ($7pereent) and nearly half said they used it to 
relieve boredom (45-percent). Roughly a quarter of the "daily" users 
checked each of the following: "to get away from my problems" (27
percent), "because of anger or frustration" (23 percent), and "to get 
through the day" (22 percent). These psychological coping motives in 
particular seem to distinguish the "daily" users from the less 
frequent users. A fairly high proportion (30 percent) also said that 
they used marijuana to increase the effects of other drugs, while 
only 10 percent of the other current users gave this reason. Only 11 

percent of the "daily" users, or 1 percent of the total sample, 
stated that they used it because they felt "hooked” or had to have 
it. All of these responses for seniors were closely replicated among 
the "daily" users in the 19- to 22-year-old sample (Johnston, 1981).

Nearly all "daily" users (over 85 percent), whether in high 
school or past high school, say (1) that most or all of their friends 
smoke marijuana, (2) that most or all of their friends drink alcohol, 
(3) that more than a few of their friends get drunk every week, (4) 

that more than a few of their friends smoke cigarettes, and (5) that 
at least a few of their friends use a number of other illicit drugs. 
This degree of immersion in a drug-using friendship circle contrasts 
sharply to what we observe for thoir peers, even those who are 
current but less frequent users of marijuana. Clearly the social 
supports and the social pressures are there, both during and after 
high school, for the "daily" user to continue his or1her habit.

Reasons for Quitting and Abstaining

A number of users of- mar ijuin*- stopusing tbs'* drug■ (Johnstonr 1981) . 
Among stud^ts^rf the classes *of'197ff "through "1980 combined), those 
who have used marijuana 40 or more times but have stopped by their 
senior year give as their most commonly mentioned reason on a 
comprehensive list of 17 reasons that "they don't feel like getting 
high" (56 percent mentioned). Also frequently mentioned, however, 
are concerns about ppssibla,.pbyeical; effect*^41* percent); concern 
aboue,_psychologicAireffects '(38;per"cent) > and, more 

speci^^^^oeoearoqtiBefrilo^i-ef1 energy-ot -ambition ,.(41 percent). 
These69fS?33bns also ranked high among those young people who smoked 
less than 40 times before they stopped, as did two additional 

reasons— coocazm. about “parental Jisapproyal.end'finding. .that use. of-, 
marijuana wae-iiet intrinsically?eofarsbie^"

C6ncerftrafiout*‘$d~ssibXe health effects appears to play a role in 

young people's giving up the drjg and is mentioned considerably more 
often among quitters now than in 1976. Concern about physical health 

increased substantially between 1976 and 1980 among all high school 
seniors, from 35 percent to 57 percent, while concern about 
psychological damage went from 34 percent to 53 percent. A similar 
analysis of tha reasons given for abstaining by the minority (about
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40 percent) of seniors who have never tried marijuana reveals concern 
about physical (71 percent) and psychological (68 percent) 

consequences, which are mentioned far more often than any other tyne 
of reason. Social or ideological constraints or disinterest in 

getting high are infrequently mentioned. There also has been a 
significant increase in health concerns among the abstaining segment 
3ince 1976, though not as large as among quitters.

In summary, many "daily" users themselves sea some negative 

consequences of their habit, and there perhaps are some consequences 

of which they are unaware. The fact that the "daily" smoking of 
marijuana is proving to bo more enduring and stable than many may 
have thought increases the probability of cumulative, long-term 
effects. The fact that so many young people are becoming "daily" 
users now puts a substantial number of people at risk of whatever the 
long-term consequences may prove to be.

Sequence of Drug Use

Regardless of the age of onset, there is a predictable sequence in 
the patterns of initiation into the use of available drugs.
Independent longitudinal studies have confirmed and identified a 

stable sequence of drug use (Hamburg et, al..r„1375j( 197.Sb; ... .
Kandel and Faust, 1975). The.leg^wdrJW«u^pt^^ltyi>aiiu»cliL̂ alcohol 
and tobacco, are an early,.iiiifcegrel̂ af̂ $£ueiai:.part;g£ thp"- 
sequence. * Their *use-precedes the use. of all illicit drugs. At. least 
four distinct successive stages of’adolescent involvement with drugs, 
can be identified: (1) use of beer-or*wine*-(2)ruse-of.,tobacco
cigarettes or hard liquor, (3) use of marijuana, and (4) uae of other 
illicit drugs (Kandel, 1975b). A fifth stage, problem drinking, may 
take place between marijuana and other illicit drugs (Jensor et al.,
1980). Adolescents rarely proceed from beer and wine to illicit 
drugs without uio of either*herd liquortobecco.cigerettes as an 
intermediate at ep.....J'urthermor*£h*** rim an additive .effect euch , 
that the highest proportion:.ofrmdolescwnts who nw^ tojMrijuana are 

those who have experience- with?"both':hard liquor and tobacco. ̂. Foe, 

example, among 12- to- 17-year-olds Tn the general population, the 
proportion who have ever experimented with marijuana is 81 percent 
among current tobacco cigarette smokers as compared to 24 percent 
among nonsmokers (Fishburne et al., 1980). HoweveXv.wPOsit.ion..on*a 
particular ppinggilf-lths sequancerdoee not indicate that the young 
person wiiriTecMs«iJ!ŷ prp8r»s»-to.other’diruge higher up in the 
sequence Partiĉ pa!ion'ln each stage is a necessary but not 
sufficient condition for participation in a later stage. Thermals*,no 

evidence to support the belief that*the ucevoî one drug will*.*, 
inevitably lead to use of’enjr̂ other̂ drugs- In other words, persons at 
the top of the ladder of use of drugs typically will have used all 
substances at lower levels, including marijuana. However, those at 
lower rungB may stay there and not move to higher rungs of the ladder.

For example, data from the National Household Surveys (Fishburne 

et al., 1980) indicate that
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Mcijuex̂ rjklaoftt̂ allriar* users-of “tobaccd-or alcoboljjrhowever̂ -only 
slightly.' »«  a than ■ oi»fgou r tkofth i 1 g*>- tô  25~year»old'. population-

i i w m . i M l I i o i i i r
êĝ i oM n mo ifry other' illegalidrug«*;*ealvb*ik<,ve*ŷ #a>*i*li*peaeent*gefc-* 
i ep n» êtwlYii'/n.'OI'r £ n t"usefi ~ (f 1 shburn e""WK M  o).

Although it Is of great interest, relatively little is known 
about the factors that determine which persens will choose to go 
through the sequence of drug use or the rapidity with which they will 
do so. E*i»ting-’ res«rch gi?es us same -clues that use?*' of illicit - 
drug# possesŝ  some distinguishing features.

There are four clusters of variables--p«ent*l^ig$fiy|5S§MUuPee* 
i eflueneee*. adolescent tinvelyeeent v£jp. deviant behaviors, and 
adclascent̂ beli»£B-'and‘''¥ffMie«5*̂ that assume differential importance 
for predicting involvement at each stage of drug behavior (Kandel et 
al., 1973a,b).

Iirvoly§̂ent.; .with.:4rpgK:legar f5f-'lfitITfe irnshe earliest_level of 
drug user Adolescents who start to drink are exposedHEo peers'and 
parents who drink, suggesting that these youths learn drinking 
patterns from their parents. Adolescents who have engaged in a 
number of delinquent or deviant activities, and who seek high levels 
of sociability with their peers are likely to become involved with 
alcohol., Similar patterns are found with tobacco smoking, also one 
of the earliest drugs to be tried.

The use of marijuana follows that of alcohol and tobacco. It is 
preceded by acceptance of a cluster of beliefs and values that often 
reflect disavowal of many standards upheld by adults. Involvement in 
a marijuana-using peer environment strongly predisposes to its use 
and is the best predictor (Becker, 1953; Goode, 1970). Participation 
in «*7thw,.T««t^a^rP.recede
th#-uiw5TQ4^hii^,j4qupt^4»^sopw^lipe«l«tf'pr«carsor.^T

Antecedents of Adolescent Use of Marijuana

When use of marijuana first came under research scrutiny in the late 
1960s, very few youths had experimented with illicit drugs. Much was 
made of the deviant status of use of marijuana and of the counter- 
cultural and rebellious meaning that came to be attached to using the 
drug (Suchman, 1968). Yet even today, when over 60 percent of all 
high school seniors have used marijuana, those youths who use 
marijuana are quite different from nonusers. The* aari juana users ’'in

j I mm i hi null—  ...... na -TrrTnii'~~rmrnTfT rrn n
< - 1 most recent data show that
marijuana usersperform more poorly in school, mrq&JIfMdZ&il&l&Qsf 
have performed more delinquent acts, are in trouble with the law, 

have more traffic accidents, and use more illicit drugs than nonusers. 
Those persons who also use several illicit drugs show the highest 

involvement in deviant behaviors. Thoso,;l40fo.̂ lnajû .colofelonshlp 
with degree of involvement with illicit drugs, such that persons 
using mdW?fflff^R?yu^vety are onl̂ qTJanW%l'Pt̂ 'el?*dfiffiarent from 

those ̂ oJte*e^3^^ff2^W£i7<ff?'Yftf^iaohne4en et al., 1980b).
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In two cross-sectional national samples of high school students, 

surveyed in 1974 and 1978, Jessor et al. have found that not only are 

the patterns of association between use of marijuana and deviant 

characteristics similar in both surveys, but also that the strength 
of the associations, as reflected in the sizes of the correlation 
coefficients, are almost identical. The very same conclusions derive 
from analyses based on five successive cohorts of high school seniors, 

sampled at yearly intervals in Monitoring the Future (Bachman et al.,

1981).
Longitudinal studies of students aged 12-21 have done much to 

extend our understanding of the precursors of using various forms of 

drugs. Studies have been reviewed in detail by Kandel (1978a,b;
1980a; also see Appendix C) and document that many of the factors 
found to be associated with use of drugs at one point in tiqLŜ .fuch 
as low academic performance, crime, self^Steem^depressive mood, 
rebelliousness, and otherJ34rl5ftaritjTfthar aCte'fIltlcsJ" 
use of drugs (see in particular Mellinger et al., 1976; Jessor and 
Jessor, 1977; Johnston et al., 1978; Kandel, 1978a; Kandel et al., 
1978b,c; Kaplan and Pokorny, 1978; Smith and Fogg, 1978; Wingard et 
al., 1979; Kaplan, 1980). Some of the prMlet,lW'1£a&%£rft'>can be 
identified in childhood, such as a^9tesjlv«MM.With or without 
association with shyness (Kellam et al7V 1980, in press) and 
rebelliousness (Smith and Fogg, 1978).

Other longitudlnal~studies .also document'that many of theT&ctors 
found to be associated "drugs at one point in time, such
as low academic performance, delinquency, low self-esteem, and 
depressive mood actually precede'the'use''tff,wdfu§I '(O'Malley, 1975; 
Mellinger et al., 1976; Jessor and Jessor, 1977; Johnston et al.,
1978; Kandel et al., 1978a; Kaplan and Pokorny, 1978; Wingard et al., 

1979; Kaplan, 1980).
One study shows not only that certain behaviors predict use of 

marijuana, but ^Iso that drugs may aggravate or exaggerate certain 
behaviors. A cohort of high school students was followed at annual 
intervals throughout the four years of high school (Jessor and Jessor,
1977). During this time annual scores for various attributes were 
charted in four groups of students distinguished by differing drug 

histories: veteran users, who used drugs pre-high school; early

initiates, who began relatively early in their high school career, 

i.e., between the first and second year of testing; late initiates, 

who began relatively late, i.e., between the second and the third 
year; and nonusers, who had not started to use marijuana at the last 
testing in the senior year of high school (Jessor and Jessor, 1977,
1978). These four groups of students differed on measures, such as 
general deviant behavior (a 12-item scale measuring frequency of 
involvement in stealing, fighting, property destruction, truancy, or 
other delinquent activities in the last year) or value on academic 
achievement (a five-item scale, measuring the value placed on the 

attainment of success in school work), at the beginning of the study. 
Scores predicted if and when students initiated use of marijuana.
Those students already involved in use of drugs before high school 
scored highest on deviance and lowest on achievement motivation at
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initial testing and throughout subsequent retests. The scores of all 

groups of users converged over tine so that all three groups 

increased in deviance scores and decreased in their achievement 
orientation over the four years. n^ahazpprt^efaatngaa^l^^lMre? 
o ecu r eced inĝ  - the d rug u s e.

Peer Influences

The most consistent and reproducible finding in drug research is '.he 
strong relationship between an individual's drug behavior and the 
concurrent use of drugs by his friends. The relationship is stronger 
when based on adolescents' perceptions of the friends' behavior than 
on the friend:.1 self-repcrM (Goode, 1370; Johnson, 1973; Kandel,
1973; Goldstein, 1975; O'Donnell et al., 1376; Brook et al., 1977; 
Jessor and Jessor, 1977; Kandel et al., 1978a; Orcutt, 1978; Smart et 
al., 1978; Huba et al., 1979). OfTWertiheg--rftariR ? t ¥ H s T O - a g e  
and sex is the ‘Similarity within adolescent "friandship ciTri0 aa.i»igh
as .^.sasrii&i^ity
results not only from socialization, the influence of one friend on 
the other, but also from a process of interpersonal selection 

(assortive pairing), in which adolescents with similar values and 
behavior seek each other out as friends. Longitudinal data on the 
formation and dissolution of friendships indicate that selection and 
socialization contribute about equally to the similarity in values 
and behaviors (Kandel, 1978d). Available data on sex differences in 

peer influence indicate that females are more susceptible than males 
to 3uch influence (Jessor et al., 1973; Margulies et al., 1977). 
Susceptibility to peer influence is related to involvement in 
peer-related activities, e.g., dating or getting together with 
friends, and to degree of attachment to and reliance on peers rather 
than parents (Jessor and Jessor, 1978; Kandel et al., 1978a; Brook 
et al., 1980). Contact with other users increases the likelihood 
that the individual will have increased opportunities to get the 
drug. Feemwdiated-approaches.have.been- shown, to bt an effective 

vehicle for lntejcvyntIonjs.-ta. prs^t, ssoklira of tcbacco in ̂ 

adolescents., -,(Evans, 1977;- McAlister, 19.79)̂  of. j*
peer inf luence .on-jthe uee of marijuana would, seem, Jfcou auggeat̂ t&at. It 
wouldxJisd̂ tî aiî tfiP̂ î preventive'werijuana programs. " '.V.'”

SUMMARY

There has been a steep rise in the use of marijuana and other illicit 
drugs in the past decade. So far it is primarily a youth phenomenon. 
Since 1971 there has been at least a doubling of lifetime experience 
with marijuana in every cohort in the 12- , o 24-year age group. Of 
all psychoactive drugs investigated (inciting inhalants, hallucino­
gens, cocaine, Mroin, stimulants, sedatives, and tranquilizers), 
marijuana is by far the most commonly used Illicit drug. Legal drugs 
for adults, such as alcohol and tobacco, are the most widely used of
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all drugs among adolescents. Although substantially more students 
have ever used alcohol in their lifetime than have ever used 

marijuana, more high school seniors use marijuana on a "daily” basis 
(9 percent) than use alcohol that frequently (6 percent). "Daily" 
users report the use of marijuana in school# whereas daily use of 

alcohol tends to occur after school and on weekends.
Sotr,e trends in use of marijuana are apparent. The continuing 

dramatic rise in the use of marijuana has recently slowed. It is too 
early to tell whether this decrease'will continue or is merely a 
pause in the rise. The overall prevalence of use of marijuana has 
remained at approximately 60 percent of higlr school seniors for the 

years 1978, 1979Vand 198(T;"’ Between 1975 and 1978 there Viaa an 

almost twofold increase in "daily" use of marijuana from 6 percent in 
1975 to a peak rate of 11 percent in 1978. In 1980 the "daily"'Use 

rate of high school seniors dropped-by 1.2.percentage points, or more 
than. 10- percent. This may signal a reversal of the upward trend in 
"daily" use unless higher absenteeism and school drop-out of daily 
users are significant factors in the decline. Multiple sources 
suggest that out-of-school age mates are heavier users than those in 
school. Other trends have not slowed. There was a continuing rise 
in 1980 of the proportion of high school seniors who during the year 
had used some illicit drug other than marijuana, from 28 percent in 
1979 to 30 percent in 1980.

Throughout the 1970s# as a. correlate of continuing 'riSe 'in " 
prevalence rates', there,was Ja‘ trend towardT.younger ages' of' first' use" 
of all of-these' drugâ  For marijuana this age trend continues but * 
has slowed somewhat. In 1979, 23 percent of seniors who had used 
marijuana started their use in the eighth grade or below as compared 
to 25 percent in 1980.

"Daily" use of marijuana in high school and in early adult life 
is very high and merits special attention. Drawing on data from 
Monitoring the Future, characteristics of "daily" users were 
described. For high school seniors the rate of "daily" marijuana use 
in 1980 was 9.1 percent. Such users have very high involvement with 
other drugs and begin their use of drugs at very early ages. "Daily" 
users are predominantly urban although rates do not vary by geographi­

cal regions of the country, whereas use among white students is double 
that for blacks. "Daily" use is only slightly higher in disrupted or 
single parent homes than in nuclear families, and use is associat i 
with poor school achievement, absenteeism, and dropout. Non-college- 

bound students are twice as likely to be "daily” users as were 

students planning to attend college. Religious commitment and 

self-ratings;'tp|̂ ||sgn9''belief in law-abiding behavior are associated 
with lower "daily" uae’Trstes. "Daily" users are involved in more 
automobile accidents and delinquency.

Post-high school "daily" user rates are lowest among full-time 
college students and those living in a college dormitory.*. ."Dally* 
use among non-college pfcttdents was' not related to joblessness, 

eaployment, or military service'. Single persons are twice as likely 
as married persons to be "daily" users. Among the married, those 
virh children had very low rates of "daily" use. The "daily" use
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habit has a remarkable stability. By 4 years after high school, 85 
percent of "daily" using seniors in the class of 1975 were still

u.-ing marijuana, with 51 percent of them continuing to-be "daily" 

users.

In these studies, students report reasons for using marijuana: 

to have a good time with friends, to get "high,” to relieve boredom, 
to enhance the effects of other drugs, and to cope with stress.
"Daily” users are deeply immersed in a drug-using circle of friends.

Some "daily" users have discontinued their habit. Reasons given 
for stopping use of marijuana are loswnslMnterest in getting "higb> " 
concern about harmful physical or psychological effects, and concern 
about their loss of energy or ambition.

More is known about the antecedents of using marijuana than is !
known about the consequences of using marijuana (to be discussed
"urther in the chapters that follow). Longitudinal studies have !
established that iraa-of marijuana la preceded by acceptance of„a. 
cluster of belief* and values thet...are favorable to use of marijuana 
and also by the'adoption of deviant behaviors. The deviant psycho­
social attributes of marijuana users that were described almost a 
decade ago, when use of marijuana was a rare event, are just as 

characteristic of marijuana users today, when 60 percent of all high 

school seniors report some experience with the use of marijuana.
Daily users show the extremes of these deviant behaviors but less 
deeply involved users also exhibit some deviancy. Friendship 

patterns and peer influence play a uniquely powerful role in 
determining youthful marijuana use. Hegatlvê 'parental relationships 
do not appear to be associated as an antecedent to use of marijuana.

RECOMMENDATIONS FOR RESEARCH

Additional research needed includes (1) epidemiologic studies on 
patterns of use of drugs among young adolescents, including those who 
leave school, (2) longitudinal studies to investigate the antecedents 
and consequences of use of marijuana, and (3) studies of the effects 
of marijuana in combination with use of other drugs.

Because samples of high school seniors exclude youths most at 
risk for high marijuana involvement, namely adolescents not regularly 

attending the high school, additional cohort-sequential epidemiologic 
surveys beginning with prepubertal children are needed in order to 
follow development and behavior from early in life. An all-conclusive 
approach would be both a prospective (concurrent) cohort study and a 
retrospective case-control study of possible outcomes of and risk 
factors for marijuana use (this recommendation is described in detail 
in Chapter 6).

"Daily” users have been understudied and may have the most severe 
L'isk in terms of loss of learning potential, biological risk, and 
psychosocial handicap. Studies should be undertaken to predict who 
among the large numbers of young people who try marijuana are at risk 
of becoming "daily" users.
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Research on the factors involved in cessation of the use of 

marijuana should also be carried out. Tobacco smoking is declining 
among youth (National Institute of Education, 1979). The reason* for 
this decline..could?b9rapplicable‘te a*sij.uax>* us**and-shouId, 
sought, ~

Studies should be undertaken "to learn how peer influence can be 
reliably used to moderate or prevent marijuana use in young 
adolescents.

Properly planned longitudinal cohort studies should be conducted 
on both the behavioral and physiological antecedents and consequences 
of the use of marijuana. Detailed and continuing medical and 
psychosocial data are needed on the life careers of American adults 
who use marijuana "daily.” Retrospective studies of middle-iged and 
elderly persons who have a history of chronic heavy use of marijuana 

would be systematically studied for medical and psychosocial 
attributes and for effects on job performance. These are especially 
needed for urban industrialized populations.

Little is known about the1' con toque ncesof weiogmeri juana in 

combination with other druggy ̂nasauafa•'as the rates of tree* of other 
drugs arê to high, this 'ia of "greiSt s*H*«ceJWhtotoisdiplinsry ‘arid 
collaborative efforts mrr crucial if'the oomplaxit iwKoff multiple 
drugs and intercorrelated behaviors are to be disentangled.
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- 3 -
EFFECTS OF MARIJUANA ON THE RESPIRATORY 

AND CARDIOVASCULAR SYSTEMS

RESPIRATORY SYSTEM

Performance (Pulmonary Function)

Tli. 'ire the natural target for the hafmfol:effects of smoked
mt̂ er*-**. TMir i/̂ jis*;tni* for •marijaajJAjw foc-toBACiiJ’.̂ In-both* *- 

instancesr smoke is'dfaWtfr,fhto~£he'lungs where it can harm not only 
the cells that line the airways (trachea, nasopharynx, bronchi, and 
alveoli) and constitute the lung tissue, but also Impair such cells 
az lung macrophages, which are part of the immune system. As a 

result, the smoke may inflict injury directly on parts of the system 
and also make the lungs vulnerable to agents that normally are held 

at bay by self"Cleansing and self-protecting mechanisms.
Different effects would be expected from tobacco and marijuana 

smoking because of the striking differences in the way in which the 
two substances are smoked: marijuana smoke usually is drawn deeply
into the lungs by one or a few deliberately deep breaths, whereas 
tobacco smoking is generally more automatic, repetitive, and variable 
in pattern. Moreover, because marijuana is a "street drug," it not 
only is inconsistent in its content barfkraiaoHfcett̂iyj‘etft,,t6v£on€am£niSr:Jt' 

tioir. Also, filters are not usually used by marijuana smokers, 
although water pipes are used occasionally. C o g e e q u a t  
natural conditions it is'difficult 'tô judge dosage' ofTactu£ve <1 
ingredients, , t t o  

coĉ age',̂ 5cn^p^fisltf‘?»ssirljul̂ îtt#̂ tO<̂ <̂ ŝmoke. ’

Exper i«oq*̂ Jjê ijihSv;yesrâ vlfch cigarette-— îhetoWAtha t 
continued e a :~smo ka entails the risk of producing- 

chronie brdikeflilpSM̂ If̂ eeiwtlltiee'ief̂ tM lung. But, sietwogrtr̂  
cannabis prori— ts 'frees bam  saw lied for eentwi»s,-rfe*«KaMy^littte 

is recorded abotrt̂ tfesir"effastasa thalunfe^-Wha*— * ooafca»pBg»icy* 
information exist* 'is cdnfPtMidtf “tff CBS■"aws-itiwt -swSgawe&juaiW 
stokers are ■'h Iso tofescwr noMtfr

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

In brief/ our appraisal must assess the impact of chronic 

bronchial irritation and inflammation on the airvays and 
gas-exchanging surfaces of the lungs.

Acute Effects

Marijuana affects the control of the breathing pattern in different 
ways depending upon the dose/ the preparation/ and its psychotropic 
effect on the consumer^î kMggyg^tf:̂I«QM>tto;g>ener«lirrfltlaaletes 
v^ntllatijen^^faif^ex^Sftg^ be tweew - t J i i y ' a w fr’l iaefeiftbieatt^aAr^- in '

Vo n.r̂ » ftfl| ̂1,1 T̂jKfI rtlmV7fTT.fii ->

efc.jjijiLiesr-lS-Mr-SwitiAeî teAwAî civlftae). On the other hand/ lacgexsktoeeg 
of smoked marijuana ventilation and responsiveness to
the CO2 stimulus (Weil et al./ 1968; Bellville et al./ 1975). •'Jhe 
i 111 1 anewinie ednlal ill ■■SAei> e*i< I Hli T1 mjTiTTiTTTmn 11 ilnsea hue hi Ii 
4ea»*ofr*anre«aoto]iei<Bhee»'on«etoa vent'll St lon Ôif̂ oyrt he" effect tvenees 
ofJiO.fyAerespirator * alTV̂ l 975̂ .

Much more consistent and predictable is the effect of marijuana 

on the w i m m r m  The inhalation of small amounts of marijuana smoke 
- k Beneh*«l»«dii’iae*orr*iTr pgrsona-wi ttsett:' & ^ n f R z  ablê lwwg
(Tashkin et al./ 1973; Vachon et al. / 1973). 73*

bronchodilation. is ̂easily demonstrable;the inhalation

feshkin e t a l . , 1973).. 3 Ingestion 
of A-9-THC is less effective than smoking marijuana in producing 
bronchodilation; ynp limnnisiiiiiel os s r f f n i s  ■§ mfktii nan I JimiinTs*

Aecogg.ll̂ ed ̂ -9-THC has a local irritating effect on the airways, 

which often overrides the bronchodilating effect to the point of 
making it unsuitable for therapeutic purposes (Tashkin et al., 1977a) 

ryrsTii I im tm n n k iii I it i iW n  iflMfrbb —ffnmra t r r ^ " "**»»—

rwri■■ mtgpji, JO  »Mtowh«»5*gtei^
’kPtfôfforaarh

_ _______________________________________* >nnhaof.h— »!P" •

— — a—  ~ 9 .......w * k  teu^fctoatks
Uihi—iimip IIIIIIT ■ I i iiii  in   fm ehnin ■■ nd m liBt)

by : (Shapirb et
7MT/ ê̂ aechaniiflB by which bronchodilation is effected is 

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

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

Interpretation are the psychotropic effects of marijuana: fetir̂ ©$
the individuals whohad. previously used cannabis dcwM"distinguish 
the marijuana ciVsrp̂ a'-fr̂ 'ths platebo on the baai's'of'the 
intoxicating experience afforded by the matijUlna-«aoKfc. Although 
the four subjects without previous cannabis experience did not 
experience any central nervous system effects, they did note mild 
somnolence or light-headedness after marijuana use.'

Among the experiments with induced asthma were some that employed 
the inhalation of cannabinoid-free marijuana smoke (Tashkin et al.,
1975). The results indicate that the smoke of the marijuana cigarette 
does not prevent methacholine-induced bronchospasm (Tashkin et al.,
1976). Smoking, of marijuana did not aggravate or perpetuate 
bronchoconstriction instable aathmitics>:and ifĉ preerptly*reversed 
experimentally induced :brbncftospasm (Tashkitf’et alii>x*1978)f.';' Addition 
of A-9-THC to placebo'smoke'Caused-a prompt, comp lete>'~ and 
sustained̂  reversal of methacholine-induced bronchospasm̂  Although 
ingestion of 4-9-thc in‘ a sesame oil'Vehicle has' produced 
bronchodilation in asthmatic patients, less dilation was noted than 
after smaller doses of A-g-THC delivered by smoking (Tashkin et
al., 1974).

Although it appears that the mechanism of 4-9-THC-induced 
bronchial dilation is mediated by the autonomic nervous system, the 

process of dilation is not understood (Gill and Paton, 1970; Cavero 
et al., 1972; Shapiro et al., 1973).

Subacute Effects

Pulmonary function .teats .in 28 healthy young experieneed'oannabis 
users before and. after."at*47-5.9.rdsy'period̂ bf'heavier̂ han customary 
marijuana usage,(groupjJailyVaverage of ‘5;2 cigaretteŝ JwftB a- daily 
mean range of 1.7 to 10 cigafdttis per" subject'discloswT'tlie 
development of mild but̂ lign'ificant'dilet'eases-in specific, airway 
conductance and forced explrator̂ _̂flovra’r well-;as in «diffusing,., 

capacity (Tashkin e t ' ! ^ C e a i w t i o n , 1 by reduction in smoking, 

gradually reston̂ ';u»̂ :.i|ift̂  toward nor»ar^ The-blinical 
signif icance .q̂ fcheî  ̂ 'is. uncertain-̂ - The- marijuana
smoked and •th«^|^l!i^B^id-pulTOna~ty. function, coupled with the 
observatiort>ilWHp̂ t̂ibl̂ :̂'Q.f/function was-incceplete 1 week 
after marijoaittjf̂ iiDkin̂ bed stopped, suggests that heavy marijuana 

sacking over:'fl̂ f$N&̂  ̂ cobId- IdaŜ tO'-cldnically
significant anClulllreadily reversible impairment"of pulmonary 

function.

Chronic Effects

A study of 31 American soldiers stationed'in lfdat; Beraany whoT voked 

large quantities of1 grias ~df’more per month for periods
— »■ -  .*i: •« ^  •



of 6 to 15 months) found their-*ila«nt» be, pdlnclpallyvsespiratory,
including bronchitis* sinusitis* asthma* and rhinopharyngitis 
(inf lamination of the nasopharynx) (Tennant et al.* 1971). In 
one-third of the soldiers* cputum-producing coughs* difficulty in 
breathing* and wheezing followed 3 to 4 months of regular use of 
hashish. H3wSii^ luS^graphi'a^h^fcal

sputumr Antibiotics failed to relieve the symptoms. The symptomatic 
patients could not work and four required, hospitalization. Aa

IV .IT. -W  - v V '  v a » j ' 4 , a r  TVTU»r-
unjfP^i^ed,^U«ea^ ̂ ^ . ĵ onaimpt ion improvedIjtojg.jgpisfemp}

Pulmonary function tests in these individuals Showed.juid, airway 
obstruction after 3 days of lessened hashish intakê  ̂ Moreover* the 
response of these individuals to isoproterenol suggested that 
rever«ibl*;,b*wchospasm and/or the accumulation of fluid in the 
bronchi-was involved in the pathogenesis of the airway obstruction. 
Patch and serological tests failed to implicate allergy as a cause of 
the upper respiratory symptoms and signs.

In Jamaica (Hall* 1975) * where marijuana usage is heavy* etffttalrc* 
bromehiti*-4e~«r*quent. mairijww^sapktny iŝ usually
associated** witfrrtofeeoop. sankintj * wbislr ssnJeMnia. imfeerprtati&rfu9 t ssu- 

the effecjts..ft£i marl jnems-cAone. Adding to the uncertainty about the 
effects of marijuana as a cause of chronic regulatory abnormalities 
are two other, studies, one in. Jaaaj^.JRu^^4^;paaitas^ 1973>̂ :and 
tbs other-ln Costa-*icâ b̂araa«dso-̂ lanoaiTj^41.^1976), whldn" 
failed §njfL diffsrencerlâ thi3 prevalence;of_chrc*nic^

respiratory disease.:between..smokersnonfmokers cf^wijuan*.
These results cannot be accepted as conclusive* because in each study 
the number of marijuana smokers was small* the subjects were not 
randomly selected* irrinMnai lint- ***• — —  — » n>.~~.1ni.

Itoci .4**1. ,E.1980) •£

in resistais;a.̂ ..M̂ leit-l»-tiî  large airways without an appreciable 
effect on conventional tests. ‘

Another study was of 200 American soldiers stationed in West 

Germany who voluntarily sought medical attention for such respiratory 
symptoms as pharyngitis* sinusitis* bronchitis* and asthma related to 
chronic heavy JwmBfSfPuwuking (Henderson et al.* 1972). Aftflipsis.'kf 
the hashish available and in use in the locale of this, ttudy*. showed 
conci\̂ jUî na;a t z5-- jfca„ J.Q percent. tp^percant of”

fecesT— T^aspecEs oT’hashi sh smoking are relevant to the question 
of lurtg injury produced by hashish: 1) hashish is usually smoked in

a pipo (occasionally in a water pipe)* although it is occasionally 
eaten* drunk as a tea* or rolled into a cigarette and smoked* and 2) 
hashish smoke generally is regarded by users as burning much hotter 
than tobacco smoke.

Soldiers with pharyngitis usually smoked less than 25 grams of 
hashish monthly; those with bronchitis and asthma consumed more than 
50 grams per month. The common complaint of sore throat in these
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heavy hashish smokers occurred most often in those who smoked hashish 

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

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

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

patients. As a rule# allergy could not be implicated in the 

nasopharyngeal manifestations. Treatment with-̂ antibiotics# 
decongestants# and phenylephrine (a vasoconstrictor) relieved'tbe 
symptoms# but they recurred in those who continued smoking hashish.

Twenty high-dose tanbifcM smokers (more thsir 50 graas/Mmth) had 
chronic bronchitis as manifested by a chronic sputum-producing cough# 
shortness of breath# and decreased exercise tolerance. On physical 
examination# abnormal respiratory sounds— rhonchi# wheezes# and 
rales— were present. Chest radiographs were consistently normal# but 
pulmonary function was abnormal^ the''Vitffl capacitŷ the' maximum 
volume of gas taken in) was 15‘ td' W  percent" below normal. In six of 
these subjects who smoked 50 or more grams per month# biopsy of 
bronchial mucosa revealed changes that resembled the abnormalities 
that cccur in older heavy smokers of tobacco (Auerbach et al.#
1961). The biopsies also turned up atypical cells not found in 
tobacco smokers.

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

Rats (Fleischman et al.# 1979) and dogs (Roy et al.# 1976) have 
been exposed experimentally to marijuana smoke over long periods (1 
year and 900 days# respectively) to determine its morphological 
effects on the lungs. At autopsy# the animals demonstrated damage of 
the airways and also of the lung substance. However# Ur'iŝ 'difficult" 
to relate the results of„thesê  Miaal^ex^eyinsntiV’ tor wh ich the J 
artificial pattern :of si»kinf~'differed markedlyf roe"thmt of, the ... 

human smoker# to the effictir that"chronic marijuana smoking might 
elicit in man.

Defense Mechanisms (Alveolar Macrophages)

Little is kncwn:aftbnfĉ &riffe«* W  telrl juafii* 6htf̂ 4~«efehse’ 
mechanisms of Although some observations have been made
on the alveolaf "macrophage, an important element in this system# the 
results have beeiĥ weottiiitent̂  For example# acne studies of the rat 
lung found that macrophages obtained by washing out the lung and 
exposing them to marijuana smoke manifested a depression in 
bactericidal activity (Huber et al.# 1975# 1979a#b# 1980). On the 
other band# another report'y&lled fo: disclose-e significant-effbet, 
not only of marijuana# but also of tobacco smoke on the bactericidal 
activity of macrophages (Drath et al.# 1979). Finallyr©there-have 
found that alveolarmecrophagwrdiffer slightly ‘in'’ their' morphological 
responses to tobacco and to marijuana smoke. The significance of



62
these differences, especially in terms of their long-term effect on 

pulmonary defense mechanisms, remains to be defined.

Explants of lung have also been examined after exposure in 

culture to marijuana smoke (Leuchtenberger et al., 1973a,b; 
Leuchtenberger and Leuchtenberger, 1976). Striking changes have been 
observed in the appearance and growth characteristics of exposed 
cells.

Carcinoma of the Lung

The effect of marijuana as a carcinogen, for. lung* airways, and upper 
respiratory organa, baa. not .been, systematically., explored. Evaluating 
the carcinogenicity of marijuana is difficult, because most marijuana 
smokers also are. tobacco cigarette smokers and.because such 
carcinogenicity could have a long period of latency; studies of 
tobacco carcinogenesis indicate that 20 to 30 years.of exposure must 
occur before*tumors, appear, in the lung. It is understandable that 
information concerning the carcinogenic properties of marijuana are 
not yet available, particularly in the United States, where the agent 

has come into extensive use only during the past two decades. An 
important problem in evaluating carcinogenicity is the fact that the 
leaf is used by igniting it and the inhaled products of its 
combustion may be carcinogenic, as;rin: tha case*of tobacco products.. 
Even if it proved to be carcinogenic, the question would 3till remain 
as to what constituent in marijuana smoke was at fault.

The potency of a substance as a mutagen (ability to change 
genetic material) can provide a clue as to its possible role as a 
carcinogen. Induction of genetic mutations by a substance in test 
strains of bacteria correlates with induction of tumors in test 
animals. Fractions from extracts of marijuana smoke particulates 
("tar") have been found to produce dose-related mutations in four out 
of five test strains of bacteria (Busch et al., 1979; Seid and Wei, 
1979; Wehner et al., 1980). By* itself, A-9-THC was not active.as a 
mutagen in bacterial-strains (Glatt et al., 1979) or in mammalian 
test systems' (van Went, 1978).

The extent to which marijuana smoke differs from tobacco smoke is 
discussed in detail in Chapter 1. In general, except, for the 
presence,of, cannabinoids in. one and tobacco'alkaloids '(nicotine) in 
the otABK̂ -.febŝ combustion products of tobacco and marijuana are 
qualitatively similar. On occasion, however, differences that may be 
meaningful have been found. For example, ooŝ -study. .(Hoffmann, et al.,
1975)~report» that'̂ tobacco- smoke contains more isoprene and volatile 
phenols, whereas marijuana smoke contains about 50 percent more 
carcinogenic hydrocarbons.

Tumorigenicity of marijuana and. tobacco.smoke condensates on 

mouse skin bavsibeen reported. In.mic*,Minted*threaLtimes weekly 

with a-tar jmioensiofi of smoke condensate*survival at- 74 weeks'was 
betterln* toa'Smri juana g ro u p tJ ^ ln ~ tb e t̂obeoci$.SWPfP? Si^pf^oo * 
mice painted with', marijuana, condensate-developed skin tumors, ail of 
which were benign, whereas 14 of 100 in the tobacco condensate group 
developed tumors, two of them malignant (Hoffman et al., 1975).



Because marijuana smoke has adverse actions similar to tobacco 

smoke on cell-function in the respiratory and cardiovascular systems, 
it has been proposed that marijuana smoke, rather than only the 

cannabinoid, should be used to obtain information about effects on 
cell injury and response (Leuchtenberger and Leuchtenberger, 1971). 
Exposure of huŝ n lung cells in culture to freshly generated marijuana 
smoke for up to 2 months resulted in increased mitotic indices, 

stimulation of DNA synthesis, and an increase in the population of 
cells with four times the DNA content of control cells or those 
exposed to tobacco smoke (Leuchtenberger et al., 1973a,b). Long-term 
exposure of hamster lung cells to the smoke of either marijuana or 
tobacco led to abnormal proliferation and malignant transformation 
within 3 to'6 months of exposure (Leuchtenberger and Leuchtenberger, 
1976). Since malignant'transformation was also noted in unexposed 
lung cells after 12~24“Tdonthr' of' culture, it appears that the''smoke 
of marijuana- or toWee©5 accelerates, rather than initiates, the 
malignant change.

Although no instance'ot human lung' carcinoma attributable solely 
to marijuana'jtookinĝ  has yet been reported, abnormalities suggestive 
of cancerous lesions have been recorded. For example, in several of 
the U.S. servicemen who smoked 50'qrraau of'feVftfristror more per month 
and devoloped upper respiratory disorders, mucosal biopsy showed 
extensive cellular abnormalities, including loss of cilia, 
proliferation of basal epithelial cells, and atypical cells (Tennant 
et al., 1971; Henderson et al., 1972). Comparison of 30 American 
hashish smokers (25-150 grams/month for 3-24 months; 23 also smoked 
tobacco and 7 did not), 3 tobacco smokers (1.6 packs/day for 11.3 
years) who did not smoke marijuana and 3 nonsmokers of tobacco or 
hashish, indicated ixposurê td''combined sarijuahi Did tobacco smoke 
produced more harmful effects than that produced by either substance 
alone (Tennant-et al.",' 1980). In the* hashish eswkers who did not 
smoke tobacco, abnormalitis*- in theP tracheal' bibpsies were- no more 
frequent or severe than in- those«personŝ who smoked'fenl̂  tobaCco/

Exception has been taken to the idea of an additive effect of 
tobacco and hashish smoke. A Greek study-that"compared chronic 
hashish and tobacco users with,:tobmcctt''Vaiofdĥ l̂ trblifk'1{ldund that 

although the hashiabaamkerE had considerably more/throat; Irritation 
and cough# vĵMfc-jp>irm*«l%ttdê ô 'gVoups^S' about the
same (Boulougourir'et' al., 1976); no biopsies were taken. The 
differences between the Greek and American studies may reflect 
differences between the two populations: The Aswrlean'study, done in
Germany, favored inclusion of men with severe respiratory disturbances 
(Tennant et al., 1980), whereas'the Greek study (Boulougouris et al., 
1976) appears to have included persons with lass severe illness.

Tha finding of known carcinogens in marijuana smoke and the 
presence of epithelial abnormalities known to bw thw precursors "oi 
lung cancer in heavy smokers of'tobacco suggest the possible 

development of lung'cancer ltrchronic, heavy users of marijuana and/ 
or hashish after s'prolonged period of uee*wetpeeialltf*if they are 
also smokers of tobacco. '’■ Bowever/’bvMDice"to s'uppolrtr thfê  * 
hypothesis'Is'itet Available. Because marihuana smoking li ahr'anclent*

ill*--
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custom in Ami* and the Middle East* lung cancer would be expected to 
be more prevalent In these parts of the world if a causal 
relationahips-did exist. Unfortunately, no reliable data have been 
gathered to settle this question. Heavy smoking of marijuana, in 
quantities comparable to that of'tobacco, has been relatively 
uncommon in the United' States.'1 'Therefore* the-contribution of 
marijuana smoking to the incidence of.primary, lung cancer cannot yet 
be answered with any authoritative data.

Summary: Respiratory SyBtem

Lung Function and Defense Mechanisms

The most important question about the effects of marijuana on the 
health of the respiratory system is whether acute or chronic 
marijuana smoking cause detectable structural or functional 
impairment of the lungs. Mild but measurable airway obstruction, 
affecting both large and small airways, can be shown to' exist after 6 
to 8 weeks of smoking marijuana daily, averaging five marijuana 

cigarettes a.dayt̂ this„decr«aen̂ in..function is reversible,' but does 
not return-to normal within on* week of abstaining from smoking.

In persons with histories of heavy smoking, particularly of 

hashish, chronic inflammatory changes are seen in the bronchi and 
uvula, often in association with chronic sinusitis. These manifesta­
tions of upper respiratory disturbance have been described in 

individuals with histories of marijuana smoking usually in excess of 
3 years and are reversible when marijuana smoking is stopped.

Acute exposure of alv’,olar macrophages in vitro to marijuana 
smoke causes a reduction i . phagocytic activity, a cell defense 
mechanism. The agents responsible for this change in macrophage 
function are in the rapes phase-ofrmarijuana smoke and are not 4 
related to the presence of A-9-thc. Also, lung explants exposed to 
marijuana smoke in vitro show changes in the chromosomal structure of 
nuclei.

There is as yefc- no-information about the effects of prolonged 
smoking ofymrijuana# that is, beyond 5 years. Although some 
populations have been examined for the effects of chronic marijuana 
smoking, controlled studies are sparse and populations exposed to 
marijuana smoke only— without exposure to tobacco— apparently are not 
available. Particularly conspicuous ia, the,lackrof information about 
the effect of: chronic marijuana asoklng begun, in late childhood or 

adolescence end continued to adulthood. Such studies would require 
morphological examination of biopsy material from tha bronchi and 
respiratory passages to determine the presence of structural changes 
that indicate the development of chronic bronchitis and/or lung 
cancer. Morphologiosl changes associated with smoking marijuana 
could be compared with’the morphological abnormalitfea7 associated 
with chronic tobecco smoking.

The acute response to inhalation of marijuana is an appreciable 
bronchodilation, both in normal subjects and in individuals with
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bconchial asthma. However# the bronchodilator effects of marijuana 

are a response to acute exposure; chronic exposure usually evokes 

bronchoconstriction.
With respect to therapeutic application# the effects of smoking 

marijuana in producing bronchial dilatation do not exceed those that 

follow the inhalation of beta-agonist drugs. Moreover# the doses 
required for bronchodilatation usually elicit the psychotropic effects 
of marijuana and may be associated with changes in the structure of 

bronchial and parenchymal lung cells# the significance of which 

remains to be assessed. For these reasons therapeutic usefulness as 
a bronchodilator drug is open to serious question (see Chapter 7).

Carcinoma of the Lung

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

But a variety of experimental studies has sounded the alert that 

marijuana smoking-just as tobacco smoking— may be carcinogenic and 
that a combination of tobacco and marijuana smoke may have-greater 
neoplastic potential than either one alone. Although the experimental 
observations have raised the suspicion# long-term observations on 
human subjects— and possibly on smoking animals— will be necessary to 
settle the issue.

Recommendations for Research 

Lung Function and Defense Mechanisms

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

* the physiological# biochemical# and morphological 

interactions of combined exposures of the respiratory tract to 

tobacco and marijuana smoke;

* the interactions of cannabis and alcohol on the function of 

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

the respiratory tract to frequent use of cannabis in the absence and 
pressure of exposure to tobacco smoke (for this purpose# large-scale 
epidemiological studies may b« required);

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

* the immunologic effects of marijuana smoke exposure on cells 
and on the entire body. ‘ ~.
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C a r c i n o m a  o f  t h e  L u n g

With respect to carcinoma of‘the lung, these studies seem essential;

* an epidemiological survey to determine over the next 20 to 

30 years if there will be an increased incidence of primary lung, 
laryngeal, oropharyngeal, esophageal, nasal, or sinus cancer in 
chronic marijuana smokers;

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

CARDIOVASCULAR SYSTEM 

Normal Heart and Circulation 

Heart (Direct Effects)

With respect to the heart and circulation, the most evident effect in 
human beings of smoking marijuana, or of ingesting the active 
ingredient (A-9-TEC), iS'-a■'brisk increase* in heart rate 
(tachycardia). Although, thiŝ  is not threatening to the normal 
heart, the rapid heart :actioni,caq̂ b«1har̂ v̂ -to.. theaheart in which 
the circulation is compromised by atherosclerosis or is bn the' verge 

of failing.
The responses of?ther cardiovascular system to acute exposure to 

marijuana differ "between humane beinge-sand moat other, mammals in that 
the human subject typically responds with an increase in heart rate 
(Bright et al., 1971; Beaconsfield et al., 1972; Perez-Reyes et al., 
1973), whereas most mammals show a slowing in rate (bradycardia) 
(Cavero et al., 1973; Graham and Li, 1973; Rosenkrantz and Braude, 
1974; VGllmer et al., 1974; Adams et al., 1976; Hardman and Hosko, 
1976; Kawasaki et al., 1980). Human:Mood pressure usually increases 

moderately on acute administration of A-9-THC, but in monkeys and 
dogs.acuta administration is followed by a decrease in systemic 
arterial pressure. Typical effects on heart rate and blood pressure 
have been attributed to altered autonomic function (Loewe, 1944; 
Joachimoglu, 1965; Ames, 1968; Gill and Paton, 1970).

Effects on tha cardiovascular system are to some extent a 
function of dose, route of administration, and duration of exposure. 
Tolerance to some of the cardiovascular effects in human brings 
develops with chronic use (Benowitz and Jones, 1975, 1977a,b; Nowlan 
and Cohan, 1977), but continued use does not reralt;in,any-Persistent' 
alteration in cardiovascular function After "cassation of exposure 
(Dornbush and Kokkevi, 1976).

Effects on Heart Rate In healthy young adults, acuta administration 
of marijuana by Banking (10 m g total dose} causes a prompt increase 
in heart rate (Increasing by up to 90 beats/minute) for about 1 hour.
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The change in heart rate caused by A-9-THC appears to result from 

alterations in both sympathetic and parasympathetic efferent activity 

to the normal cardiac pacemaker (Beaconsfield et al., 1972; Martz et 
al., 1972; Sulkowski et al., 1977). The results of studies designed 
to determine whether beta-adrenergic stimulation is responsible for 
the tachycardia have noi. been consistent: In one series of reports,
prior administration of propranolol,* in a dose sufficient to block 

the heart's beta-adrenergic receptors, prevented the increase in 
heart rate (Bright et al., 1971; Beaconsfield et al., 1972; 

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

1976; Tashkin et al., 1978). Although part of the discrepancy may be 
attributable to differences in dosages, not all of it can be 
rationalized this way, leaving an unexplained disparity.

Hemodynamic Effects Effects of marijuana on blood pressure and 
cardiac output, as mentioned'abova;'are"a function of the nature of 
exposure (acute or chronic), of tha dose, and of the body position; 
also, there are differences among human beings and a number of 
mammalian species. In human beinga lying supine, acuta exposure to 
A-9-THC typically cauueâ i abdes€’;,in£reald~in blood pressure, 
although in same instances no significant'change in'pressure has been 
observed (Beaconsfield et al., 1972; Kanakis et al., 1976; Benowitz 
et al., 1979). On assuming'thd~ujiright posture, blood pressure may' 
drop considerably. Cardiac output, in the supine position following 
an injection of A-9-THC, has been found to increase by as much as 
30 percent (Malit et al., 1975; Tashkin et al., 1977b). The increase 
in cardiac output in the face of only a modest increase in blood 
pressure clearly results in a substantial decrease in peripheral 
vascular resistance. The change in resistance varies among the 
different vascular beds, being greatest in the vessels to the
skeletal muscles. —  _ _____________

Chronic administration-Of quite large.oral doses of-A-9-TBC 

exerts different' effects- (than the acute) on the circulation 
(Bernstein et al., 1974; Benovitx and’*JOnes, 1975; Benowitz et'al.,
1979). Systolic and diastolie-presmrs-usually fall slightly, but 
these changes arm not alwayŝ auŝ .ainrd. Aa tha blood pressure falls, 

the heart rate slows from tha high levels caussd.by .initial marijuana 

administration. The-deorsue'in blood pressur<L.c*n be accentuated !f 
the mihjert ■ e frh lit n r s *' 'The ex tent... to which it drops
appears to funOtlOsfof the extent to which,plasma

volume has inereiSidT

Effects on Heart Muscle ^D*t* shoot ehahf»«~in”human left 
ventricular function caused bŷ miirilJuaftM are~ndt~ entirely-convincing 
because most studies have relied on noninvasivm.measurement* and

*Propranolol is an agent that blocks beta-adrenergic neurotransmitters 
and is used in treatment of cardiac arrhythmias.
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because it has not been possible to control separately the several 

variables that nodi£y left ventricular function and are changed by 

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

(systemic vascular resistance, blood pressure), or preload (plasma 
volume, venous return) individually can cause changes in heart size 
and ventricular performance. In spite of these limitations, 
conclusions can be drawn from the observations on human beings. 
Definitive animal studies of A-9-THC effects on ventricular 
performance have not been done.

Indices of cardiac performance usually improve after marijuana or 
A-9-TBC*. “Almost- invariably this Improvement’ can be attributed to 
the increase ln beart rate- (Gash'et al., 1978). The acute 
administration of A-9-THC (25 ug/kg intravenously) to healthy 
young males elicits, in association with the increase in heart rate, 
changes in the ventricular contraction periods (an increase in 
ejection time and shortening of the preinjection period), while 
systemic arterial pressure is unaffected (Weiss et al., 1972; Kanakis 
et al., 1976). Beta-adrenergic blockade by propranolol is followed 
by less striking changes in the contraction time intervals. Another 
study of 17 subjects who smoked two to three cigarettes (20 mg 
A-9-THC per cigarette) found cardiac output increased by 28 percent 

and heart rata by 30 percent, in conjunction with a slight decrease 
in stroke volume, which affects pulse pressure (Tashkin et al.,
1977b).

Autonomic Nervous System

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

changing the sensitivity of reflexes that Influence and control 
cardiovascular function; this effect could result either from changes 
in the processing of nerve impulses in the central nervous system or 
autonomic ganglia (a group of nerve cells outside the central nervous 
system), from changes in the liberation or metabolism of transmitters 
at the autonomic nerve terminals, or from changes in the sensitivity 
of the pre- or postjunctional receptors; (2) by a change in the 
levels of neurotransmitters, the catecholamines (norepinephrine, 
epinephrine) in the blood as a result of actions on the adrenal 
medulla, which secretes these neurotransmitters; activation of the 
adrenals could be a direct effect or by reflexes or by a central 
action of &-9-THC; and (3) by exerting effects on dopamine activity 
(an intermediate product in the synthesis of norepinephrine) either 
in the central nervous system or periphery.

Unfortunately, it is unclear bow the effects of A°9~THC are 
exerted on the autonomic nervous system (Truitt and Anderson, 1971; 
Beaconsfield et al., 1972; Weiss et al., 1972; Englert et al., 1973;
Ho et al., 1973; Howes and Osgood, 1974; Ho and Johnson, 1976; Huot, 
1976; Benowitz and Jones, 1977a,b; Gash et al., 1978; Stefanis, 1978). 
The data are Insufficient to determine, if the effects cane by way of 
the central nervous system, or by peripheral neural structures, or by 
the adrenal medulla. It is also difficult to assess the role of


