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R e se a rc h  on  th a  f a c t o r *  in v o lv e d  in  c a a a a t io n  o f  th a  uaa o f  
a a r i ju a n a  a b ou ld  a ls o  bo c a r r i o d  o u t .  T obacco  sm oking i a  d e c l in in g  
among y o u th  (N a t io n a l I n a t i t u t a  o f  E d u c a t io n *  1 9 7 9 ) .  Tba re a s o n s  f o r  
t h i a  d a c l in a  c o u ld  i n  a p p l i c a b le  t o  a a r i ju a a a  u sa  and- ahouild ba 
•o u g h t .

S tu d ie s  s h o u ld  ba u n d e r ta k e n  t o  l e a r n  how p e a r in f lu e n c e  can  ba 
r e l i a b l y  uaad t o  m od e ra te  o r  p r e v e n t  a a r i ju a n a  uaa i n  young 
a d o le s c e n t s .

P r o p e r ly  p la n n e d  lo n g i t u d i n a l  c o h o r t  s t u d i e s  a b o u ld  b« i n d u c t e d  
on bo th  th e  b e h a v io r a l  and p h y s i o lo g i c a l  a n te c e d e n ts  e:td con sequences 
o f  th e  u se  o f  a a r i ju a n a .  D e t a i le d  and c o n t in u in g  « u i c a l  and 
p s y c b o a o c la l d a ta  a r a  needed on  th e  l i f e  c a r e e r s  o f  A m erican  a d u lt a  
who usa a a r i ju a n a  " d a i l y . *  R a t r o a p e c t iv e  s t u d ia s  o f  m id d le -a g e d  and 
e ld e r l y  p e rs o n a  who have  « h i s t o r y  o f  c h r o n ic  haavy uaa o f  a a r i ju a n a  
w ou ld be s y e t e a a t i c a l l y  s tu d ie d  f o r  a a d i c a l  and p s y c h o s o c ia l 
a t t r i b u t e s  and f o r  e f f e c t s  on  jo b  p a r f o r a a n c a .  Thasa a r a  e s p e c i a l l y  
needed f o r  u rb an  i n d u s t r i a l i z e d  p o p u la t i o n s .

L i t t l e  I s  knew?. About t b a  ocn se q ue n c e s  m i meiag. m r i j a a n a  in. 
c o a b in a c io n  w ith  41m f a .  ~ XaatVM fe- a a  th a  r a t e s  m i e a r  o f  o th e r
d ru g s  a z a  s o  h igh *  t h i s  i s  o i l  g re a t ; a i l  t e n t  s J ^ M h a m a + ta a tp llg n ry  and 
c o l l a b o r a t i v e  e f f o r t s  a r a  c r u c i a l  i i  t h a  o a a p l a s i t i a r  o f  s c l t i p l e  
d ru g s  and i n t a r c o r r s l a t e d  b e la av io irs  a r a  t o  ba d i s e n t a n g le d .
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Bachman* J . G . * J o h n s to n *  L . D . * and O 'M a lle y *  P .M . Sm oking* d r in k in g *  
and d rug  u se  among A m erican  h ig h  s c h o o l s t u d e n t s :  C o r r e la t e s  and
t r e n d s ,  1 9 7 5 - 1 9 7 9 . Am. J .  P u b l i c  H e a lth  7 1 : 5 9 - 6 9 ,  1 9 9 1 ,

B ecke r*  S . Becom ing a m a rih u an a  u s e r .  Aa. J .  S o c i o l .  5 4 :2 3 5 - 2 4 2 *  
1 9 5 3 .

B rook *  J . S . *  L u k o f f*  I . P . *  and W hiteman* M. P e e r*  fa m i ly *  and 
p e r s o n a l i t y  dom ains aa  r e l a t e d  t o  a d o le s c e n t s ' d ru g  b e h a v io r .  
P s y c h o l.  R ep . 4 1 :1 0 9 5 - 1 .0 2 ,  1 9 7 7 .
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a d o le s c e n t  m arihu ana  u s e . J .  Gen. P s y c h o l .  1 3 7 :1 3 3 -1 4 2 *  1 9 8 0 .

B u rt*  M .R .* B le g a l*  M .M .* C a rn e s*  Y . * and F a r le y *  E .C . W o rldw id e  
S u rve y  o f  N onm ed ica l D rug Use and A lc o h o l Dae Among M i l i t a r y  
P e r s o n n e l :  1 9 8 0 . B e th e s d a , M d .: B u r t  A s s o c ia te s *  I n c . *  1 9 8 0 .

C ia in ,  I . *  M i l la r *  J . D . , and E a r r a l l *  A . H ig h lig h t s  from  th e
N a t io n a l S u rv e y  on D rug A bu se : 1 9 7 7 . W ash ing ton * D .C . i  O .S .
G overnment P r i n t i n g  O f f lc a *  1 9 7 8 .

Evans* R .X . ,  Hansen* W .B .*  and M i t t la a a r k *  M .B . In c r e a s in g  th e  
v a l i d i t y  o f  s e l f - r e p o r t s  o f  b e h a v io r  in  sm oking in  c h i ld r e n  
in v e s t i g a t i o n .  J .  Ap p I .  P s y c h o l .  6 2 : 5 2 1 - 5 2 3 ,  1 9 7 7 .

F ls h b u rn e *  P .M .*  A b e lso n *  H .X .*  and C ia in *  X . N a t io n a l S u rv e y  on  
Drug Abuae: Main F in d in g s :  1 9 7 9 . DHHS P u b l i c a t i o n  No. (ADM)
8 0 - 9 7 6 . W Asbington* D .C . : U .S .  G overnm en t P r i n t i n g  O f f i c e *  1 9 8 0 .

G a l lu p  O p in io n  In d e x , p p . 1 - 1 1 .  R a p o r t  No. 1 4 3 .  M a r i ju a n a  in  
A m e rica , 1 9 7 6 .

G o ld s te in *  J .W . A ss e s s in g  th e  i n t e r p e r s o n a l  d e te rm in a n ts  o f  
a d o le s c a n t  d ru g  u se* p p . 4 7 - 5 2 .  Xn L e t t i e r i *  D . J .  ( e d . )
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Pr e d ic t in g  A d o le s c e n t  Drug Abuset A Review  o f  Is s u e s #  M ethods 
end C o r r e la t e s .  DHEW P u b l i c a t i o n  No.(ADM )7 6 - 2 9 9 . W ash ing ton# 
D .C . :  U .S . Governm ent P r i n t i n g  O f f ic e #  1 9 7 5 .

G oode , E . The M a ri ju a n a  Sm okers New Y o rk : B a s ic  Books# In c .#  1 9 7 0 .
Hamburg# B .A .#  K raem er# H .C .#  and Jahnke# W. A h ie r a r c h y  o f  d rug  use 

in  a d o le s c e n c e : B e h a v io r a l  and a t t i t u d i n a l  c o r r e l a t e s  o f
s u b s t a n t i a l  d rug  u s a . Am. J .  P s y c h ia t r y  1 3 2 :1 1 5 5 - 1 1 6 3 ,  1 9 7 5 .

Huba, G . . J . , W in g a rd , J . A . # and B e n t l * r ; P .M . B eg in n in g  a d o le s c e n t  
d ru g  use a rd  p e e r and a d u lt  i n t e r a c t i o n  p a t t e r n s .  -7. C o n s u lt .  
C l i n .  P svc l 1^  4 7 : 2 6 5 - 2 7 6 ,  1 9 7 9 .

J e s s o r #  R . and J e s s o r ,  S .L .  P rob lem  B e h a v io r  and P s y c h o s o c ia l
D e v e lo pm en t : A L o n g i t u d in a l S tu d y  o f  Y o u th . New Y o rk : Academic
P re s s #  1 9 7 7 .

J e s s o r #  R . and J e s s o r#  S .L .  T h e o ry  t e s t i n g  in  lo n g i t u d in a l  r e s e a rc h  
on m arihuana  uae# p p . 4 1 - 7 1 .  In  K an d e l#  D . ( e d . )  L o n g i tu d in a l 
R e s e a rc h  on Drug U se : E m p i r ic a l F in d in g s  and M e th o d o lo g ic a l
I s s u e s . W a sh in g to n , D .C . :  H em isphere  P u b lis h in g  C o rp .#  1 9 7 8 .

J e s s o r #  R . # J e s s o r#  S . L . # and P in n ey#  J .  A s o c i a l  p s y c h o lo g y  o f  
m a r i ju a n a  u s e : L o n g i t u d in a l s t u d ie s  o f  h ig h  s c h o o l and c o l le g e
y o u th . J .  P e r s .  S o c . P s y c h o l .  2 6 :1 - 1 5 #  1 9 7 3 .

J e s s o r #  R .#  Donovan# J .E . #  and Widmer# K . P s y c h o s o c ia l P a c to r s  in  
A d o le s c e n t  A lc o h o l and D rug U se : The 1 9 7 8  N a t io n a l Sample S tu d y ,
and che 1 9 7 4 -7 8  P a n e l S tu d y . P i n a l  R e p o r t .  B o u ld e r#  C o lo . :  
U n iv e r s i t y  o f  C o lo ra d o  I n s t i t u t e  o f  B e h a v io r a l  S c ien ce#  1 9 8 0 .

J oh n son #  B .D . M a r i ju a n a  U a e rs  and D rug S u b c u ltu re s  New Y o rk : John  
W ile y #  1 9 7 3 .

John son #  B .D . and Uppa l#  G .S . M a rih uan a  and y o u th : A g e n e ra t io n
gone  t o  po t#  p p . 8 1 -1 C 8 . In  S c a r p i t t i #  P .R .  and Datesman# S .K .  
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e f f e c t s c  and re a s o n s  f o r  u s in g  and q u i t t i n g .  P ap e r p re s e n te d  a t  
a C o n fe re n c e  on T re a t in g  th e  M a r i ju a n a  Dependent P e rson#  
s p o n so re d  by th e  A m erican  C o u n c i l cn  M a r i ju a n a  and O th e r 
I s y c h o a c t iv e  Drugn# B e th e s d a , Md.# May 4# 1 9 8 1 .
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( e d . )  L o n g i t u d in a l Re s e a rc h  on D rug U ae ; E m p i r ic a l F in d in g s  and 
M e th o d o lo g ic a l I s s u e s . W ash ing ton#  D .C . : H em isphere P u b lis h in g  
C o rp o ra t io n #  1 9 7 8 .

J o h n s to n #  L .D .#  Bachman# J .G .#  and O 'M a lle y #  P .M . D rugs and th e  
C la s s  o f  * 7 8 : B e h a v io r s ,  A t t i t u d e s #  and R e c en t N a t io n a l T re n d 3
DHEW P u b l i c a t i o n  N o.(ADM )7 9 - 8 7 7 .  W ash ing ton# D .C . :  U .S .
G overnm ent P r i n t i n g  O f f i c e #  1 9 7 9 a .

J o h n s to n #  L .D .#  Bachman# J .G .#  and O 'M a lle y #  P .M . 1979  H ig h l ig h t s .  
D rugs and th e  N a t io n 's  H igh S c h o o l S tu d e n t s . F iv e  Y e a r N a t io n a l 
T re n d s . DHHS P u b l i c a t i o n  N o.(ADM )8 1 - 9 3 0 .  W ash ing ton# D .C . :
U .S . G overnm ent P r i n t i n g  O f f i c e #  1 9 7 9 b .
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J o h n s to n , L .D . ,  Bachman, J . G . ,  and O 'M a l la y ,  P .M . H ig h lig h t s  from  
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S o c i o l .  6 : 2 3 5 - 2 8 5 ,  1 9 8 0 .

K a n d e l,  D . ,  K e s s le r ,  R . ,  and M a rg u lia s ,  R . A n te c ed en ts  o f  a d o le s c a n t  
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1 9 8 0 .
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s tu d y  o f  o n s e t  o f  d r in k in g  among h ig h -e c h o o l s t u d e n t s .  J .  S tu d . 
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O f f i c e ,  1 9 7 9 .
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EFFECTS OF MARIJUANA ON THE RESPIRATORY 

AND CARDIOVASCULAR SYSTEMS

RESPIRATORY SYSTEM

P e r fo rm a n c e  (P u lm on a ry  F u n c t io n )

The lu n g s  a ra  tb a  n a t u r a l  t a r g e t  f o r  tb a  h a rm fu l e f f e c t s  o f  smoked 
m a t a r la la .  T h i s  ia . a s  t r a a  f o r  m * r i j s a f l* . jM  f o r  t o b s e i e .  J,I n  b o th  
in s ta n c o s , aaoka  i s  d f iW ^ f lh t o ^ fh a  lu n g s  where i t  can  harm  n o t  o n ly  
th a  c a l l s  t h a t  l i n a  tb a  a irw a y s  ( t r a c h e a ,  n a s o p h a ry n x , b r o n c h i ,  and 
a l v a o l i )  and c o n s t i t u t e  tb a  lu n g  t i s s u e ,  b u t a l s o  im p a ir  su ch  c o l l s  
a s  lu n g  m ac rop h ag es , w h ich a r s  p a r t  o f  th e  immune s y s tem . As a 
r e s u l t ,  th a  smoke may i n f l i c t  i n ju r y  d i r e c t l y  on p a r t s  o f  tb a  sys tem  
and a ls o  make tb s  lu n g s  v u ln e r a b le  t o  a g e n ts  t h a t  n o rm a l ly  a r e  h e ld  
at. bay by s e l f - c le a n s i n g  and s e l f - p r o t e c t i n g  m echan ism s.

D i f f e r e n t  e f f e c t s  w ou ld  be e x p e c te d  from  to b a c c o  and m a r i ju a n a  
smoking because o f  th e  s t r i k i n g  d i f f e r e n c e s  in  th e  way in  w h ich  th e  
two su b s ta n ce s  a re  smokedt m a r i ju a n a  smoke u s u a l ly  i s  drawn d e e p ly  
in t o  th e  lu n g s  by ona o r  a few  d e l i b e r a t e l y  deep b r e a th s ,  w hereas 
tob acco  smoking i s  g e n e r a l l y  m ore a u to m a t ic , r e p e t i t i v e ,  and v a r i a b le  
in  p a t t e r n .  M o re o v e r , b ecau se  m a r i ju a n a  i s  a " s t r e e t  d r u g , "  i t  n o t  
o n ly  i s  in c o n s i s t e n t  in  i t s  c o n te n t  bah e l s e  i f "  s u b je c t  t o  c o n tam in a ­
t i o n .  A ls o , f i l t e r s  a r e  n o t  u s u a l ly  u sed  by m a r i ju a n a  sm oke rs , 
a lth o u g h  w a te r p ip e s  a r e  u sed  o c c a s i o n a l l y .  Csn s a qmsnt l y f - o n d i r  
n a t u r a l  c o n d i t io n s  i t  i s  d i f f i c u l t  t o  ju d g e  dosage  o f  a c t i v e  
in g r e d ie n t s ,  t o  s o r t  o u t  t t s  i a f l a s n e e  o f  c o n ta m in a n ts , and  t o  
compare th e  o o a sagu w e e s  o r  max i  j  e tn a  and to b a c c o  sm oke .

E x p e r ie n c e  o r e s  th e  y e a r  a w ith  c i g a r e t t e  a n t i n g  See s h s o n  t h a t  
c o n t in u e d  e x p o su re  t o  to b a c c o  smoke e n t a i l s  th a  r i s k  o f  p ro d u c in g  
c h ro n ic  b r o n c h i t i s  a n d /o r  em ro ln o a a  o f  tb a  lu n g . B u t , a lth o u g h  
c an n ab is  p ro d u e ts  have  been n o t e d  f o r  c e n t e r i e e ,  re m a rk a b ly  l i t t l e  
i a  re c o rd e d  a b o e t  t h e i r  a t t e s t s  om th e  lu n g s *  W ha te v e r o e e te s y o r a r y  
in fo rm a t io n  e x i s t s  i s  c on fo u n d e d  b y  t f i s  f a c t  t h a t  m ost m a r i ju a n a  
s a o k e rs  a re  a ls o  t o b s c c o  sm o k e rs .

In  re c e n t  y e a r s ,  i n t e r e s t  has h e lg h ta n e d  in  th e  sm oking o f  
a a r i ju a n a  a s  a t h e r a p e u t ic  m e a su re . The in h a la t i o n  r o u t a  t a k e s  
ad van tag s  o f  th a  la r g e  s u r fa c e  a re a  a f f o r d e d  by th e  lu n g s  f o r  
a d m in ia ta r in g  th e  e f f e c t i v e  c o n s t i t u e n t s  o f  a a r i ju a n a .  H ow ever, t h i s
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p r a c t ic e  e n t a i l s  th e  d is a d v a n ta g e  o f  a d m in is t e r in g  a t h e r a p e u t ic  
ag en t in  a c lo u d  o£ a i r  p o l lu t a n t s .

In  b r i e f ,  o u r  a p p r a i s a l  must a s s e s s  th e  im pac t o f  c h r o n ic  
b r o n c h ia l  i r r i t a t i o n  and in f la m m a t io n  on th e  a irw a y s  and 
g a s -e x ch an g in g  s u r fa c e s  o f  th e  lu n g s .

A cu te E f f e c t s

M a r i ju a n a  a f f e c t s  th e  c o n t r o l  o f  th e  b re a th in g  p a t t  rn  in  d i f f e r e n t  
ways depend ing  upon th e  d o s e , th e  p r e p a r a t i o n ,  and ± ts  p s y c h o t r o p ic  
e f f e c t  on th e  con sum e r. f lM b f ls r l ln s n s  c i g a r e t t e  g e n e r a l l y  s t im u la t e s  
v e n t i la t i o n  ( a i r  exchange  betw een th e  lu n g s  and th e  am b ien t a i r )  in  
c o n ju n c t io n  w A th ;ia - in c r e a s e  ia , . t h e * m e ta b o lic  r a t e  and a  h e ig h te n ed  
re s p o n s e  t o  c a r  boo* d io x id e -  (C p jh  4 * - * - r e g u la t o r y  s t im u la n t  (Vachon 
e t  a l . ,  1 9 7 3 ; *w i-iA 4*b e t :  •Am -, 1 9 7 8 ) .  O r th e  o t h e r  h and , l a r g e r  deees 
o f  smoked m a r i ju a n a  meiM ia*M M & t&» v e n t i l a t i o n  and re s p o n s iv e n a s s  t o  
th e  CO2  s t im u lu s  (W e i l e t  a l . ,  1 9 6 8 ; B e l l v i l l e  e t  a l . ,  1 9 7 5 ) .  The 
in t r a v e n o u s  a d e ia i a t a a t i e m  ( 1  i - S - f l C  in  e g u iv a la o t .  d o s e s  has each 
la s a  o f  an e f f e c t * ad t h e r  on- t h e  v e n t i l a t i o n  o r  on th e  e f f e c t i v e n e e s  
o f  CO2  a a  a  r e s p i r a t o r y  s t im u la n t  (M e l i t  e t  a l . ,  1 9 7 9 ) .

Much m ore c o n s i s t e n t  and p r e d i c t a b la  ia  th e  e f f e c t  o f  m a r i ju a n a  
on th e  m iom ym t The i n h a la t i o n  o f  s m a l l amounts o f  m a r i ju a n a  smoke 
c a u s e s  b r o n c h ia l d i l a t i o n - i n  p e r s o n s  w ith o u t  d e m o n s t ra b le  lu n g  
d is e a a e  (T a sh k in  e t  a l . ,  1 9 7 3 ;  Vachon e t  a l . , 1 9 7 3 ) .  TfcA 
b r o n c h o d i la t i o n  i s  e a s i l y  d e m o n s t ra b le ; th e  i n h a la t i o n  o r  
i s o p r o t e r e n o l  (1 2 5 0  u g ) ,  a  p o t e n t  b r o n c h o d i la t o r ,  c au sed  l e s s  o f  an  
im provem ent in  a irw a y s  c on d u c ta n c e  th en  th e  peak  e f f e c t  o b s e rv e d  
a f t e r  sm oking 2 p e r c e n t  m a r i ju a n a  (T a a h k in  e t  a l . ,  1 9 7 3 ) .  In g e s t io n  
o f  A-9-THC i 8 l e s s  e f f e c t i v e  th a n  sm oking m a r i ju a n a  in  p ro d u c in g  
b r o n c h o d i la t i o n ;  tb s -  b r o nc h o d i l a t o r  e f f e c t s  o f  smoked m a r i ju a n a  l a s t  
a s  lo n g  a a  60 m i n t —  1  otma*- o f  in g a a te d  4 -9 -TH C  op t o  :g  h o c t l .  
A e r o s o l i z e d  A -9-TBC h as  a l o c a l  I r r i t a t i n g  e f f e c t  on  th e  a i rw a y s , 
w h ich o f t e n  o v e r r i d e s  th e  b r o n c h o d li s t in g  e f f e c t  t o  th e  p o in t  o f  
m aking i t  u n s u i t a b le  f o r  t h a r a p a u t ic  p u rp o s e s  (T a sh k in  e t  a l . , 1 9 7 7 a ) .

E x c e p t - fo r  b r sm o b o r f t ls f  j f ln , .  a c u ta  e x p o su re  wo m a r i ju a n a  has 
l i t t l a  a f f a c t  ™  * *  meaauxad by c o n v e n t io n a l pu lm tm ary
t e a t s .  T hu fl, *~ i m m  — r l j r ~ ~ r  amokera. (2 1 - 3 0  y a a r s  o f  ag e ) who 
smoked a t  l e a s t  H ow  c i g a r e t t e s  p a r  week and no to b a c c o  f o r  a t  l a a s t  
6 w o rth s  b e f o r e ,  v e n t i l a t o r y  m ech an ic s  and g a s  exchange w era  n o rm a l 
b y  cxrne— r im n o l t e s t s  (U m b k i* : a t  a l . ,  1 9 7 6 ) .  In  c o n t r a s t ,  h eavy  
m a r i ju a n a  law k ln g *  L e » ,  a t* l e a s t  4 d a y s  pec week f o r  6 t o  8 weeks 
d id  c au se  m i ld  a l fw s y  o b e t - e c t i o n  (T aeh k in  e t  a l . ,  1 9 7 6 ) .

A cute maoking o f  m a r i ju a n a ,  a s  w e l l  a s  th a  ln g a a t i o n  o f  
A -9 -TBC , a ls o  c au se s  b r o n c h o d i la t i o n  in  i n d i v id u a ls  w ith  m i ld  t o  
m od a ra ta  asthm a (T a s h k in  a t  a l . ,  1 9 7 4 ) .  M a r i ju a n a  sm ok ing o r  
ln g a a t i o n  o f  4 -9 -T BC  a l s o  d i l a t e d  a irw a y s  in  a s th m a t ic s  i n  whom 
b ro n c ho c o n a t r i c t i o n  was d a l i b e r a t a l y  p ro v id e d  e i t h e r  by e x e r c i s e  o r  
by th e  I n h a la t i o n  o f  m e th a c h o lin a , a  b r o n c h o c o n a t r ic t o r  (S h a p i r o  e t  
a l . ,  1 9 7 6 a ) .  The m echanism  by which b r o n c h o d i la t i o n  i a  e f f e c t e d  i s  
n o t  c l e a r ,  b u t d oa s  n o t  in v o lv a  s t im u la t i o n  o f  b e t a - a d r e n e rg ic
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r e c e p t o r s  o r  b lo c k a d e  o f  m u s c a r in ic  r e c e p t o r s  in  a irw a y  smooth m usc le  
(S h a p i r o  e t  a l . *  1 9 7 6 a ) .  Adding t o  th e  d i f f i c u l t i e s  o f  
i n t e r p r e t a t i o n  a re  th e  p s y c h o t r o p ic  e f f e c t s  o f  m a r i ju a n a : f e a r  o €
th e  in d iv id u a ls  who had p r e v i o u s ly  used c an n ab is  c o u ld  d i s t in g u i s h  
th e  a a r i ju a n a  c i g a r a t t a  f r o m  th a  p la c e b o  on th e  b a s is  o f  th a  
in t o x ic a t in g  e x p e r ie n c e  a f f o r d e d  by th a  m a r i ju a n a  s a o k l .  A l t f a g h  
th e  f o u r  s u b je c t s  w ith o u t  p r e v io u s  c a n n a b is  e x p e r ia n c e  d id  n o t  
e x p e r ie n c e  any c e n t r a l  n e rv o u s  system  e f f e c t s ,  th e y  d id  n o te  m i ld  
som no lence o r  l ig h t - h e a d e d n e s s  s f t s r  m a r i ju a n a  u s e .

Among th e  e x p e r im e n ts  w ith  in du ced  asthma wers some t h a t  em p loyed 
th e  in h a la t i o n  o f  c a n n a b in o id - f r e a  a a r i ju a n a  smoke (T a sh k in  e t  a l . ,
1 9 7 5 ) .  The r e s u l t s  in d ic a t a  t h a t  th e  smoke o f  th e  m a r i ju a n a  c i g a r e t t e  
d oe s  n o t  p re v e n t  m e th a c h o lin e - in d u c e d  b ro n ch o sp a sa  (T a sh k in  e t  a l . ,
1 9 7 6 ) .  Smoking o f  m a r i ju a n a  d id  n o t  a g g ra v a te  o r  p e rp e ta a ta  
b r o n c h o c o n s t r ic t io n  in  a t a b la  a s th m a t ic s - , and i t  p ro m p t ly  r e v e r s e d  
e x p e r im e n t a l ly  in duced  b ro a c h o s p a s a  (T a s ttk in  e t  a l . r ' l * 7 9 p .  A d d it io n  
o f  &-9-TBC t o  p la c e b o  smoke c a u se d  a p rom p t, c om p le te , and 
s u s ta in e d , r e v e r s a l  o f  a e t h a c h o l in e - in d u c e d  b ro n c tv sp a sm . A lth ou g h  
in g e s t io n  o f  A-9-THC in  a sesam e o i l  v e h i c le  has p rodu csd  
b r o n c h o d i la t io n  in  a s th m a t ic  p a t i e n t s ,  le a n  d i l a t i o n  was n o te d  th an  
a f t e r  s m a l le r  d o se e  o f  &-9-THC d e l i v e r e d  by s in k in g  (T a sh k in  e t
a l . ,  1 9 7 4 ) .

A lth o u g h  i t  a p p e a rs  t h a t  th e  mechanism  o f  A -9 -TH C -induced  
b r o n c h ia l d i l a t i o n  i s  m ed ia te d  by th e  au tonom ic  n e rv o u s  sy s tem , th e  
p ro c e s s  o f  d i l a t i o n  i s  n o t  u n d e rs to o d  ( G i l l  and P a to n , 1 9 7 0 }  C a v e ro  
e t  a l . ,  1 9 7 2 ; S h a p iro  e t  a l . ,  1 9 7 3 ) .

Subacu te  E f f e c t s

Pu lm ona ry  fu n c t io n  t e s t s  in  28 h a a lt h y  young e x p e r ie n c e d  c a n n a b is  
u s e rs  b e fo r e  and a f t e r  a 47 -59**day  p e r io d  o f  h e a v ie r  th an  c u s tom a ry  
m a r i ju a n a  usage (g ro u p  d a i l y  a v e ra g e  o f  5 .2  c i g a r e t t e s ,  w ith  e d a i l y  
mean ranga  o f  1 . 7  t o  1 0  c i g a r e t t e s  p e r  s u b je c t )  d ls e lo a e d  th e  
d eve lopm en t o f  m i ld  b u t s i g n i f i c a n t ;  d e c re a s e s  in  s p e c i f i c  a irw a y  
conduc tance  and fo r c e d  e x p i r a t o r y  f lo w  a s  w e l l  a s  in  d i f f u s i n g  
c a p a c i t y  (T a sh k in  e t  e l . ,  1 9 7 8 ) .  C e s s a t io n ,  by r e d u c t io n  in  sm ok ing , 
g r a d u a l ly  r e s t o r e d  th e  t e s t a  tow a rd  n o rm a l. The c l i n i c a l  
s i g n i f i c a n c e  o f  th e s e  a b n o rm a l i t i e s  i s  u n c e r t a in .  Tha m a r i ju a n a  
smoked and th o  la p e l  rm sn t in  p u lm on a ry  fu n c t i o n ,  c o u p le d  w ith  th e  
o b s e r v a t i o n  t h a t  r e v e r s i b i l i t y  o f  fu n c t i o n  wee in c om p le te  1 week 
a f t e r  m a r i ju a n a  a s o k in g  bad s to p p e d , s u g g e s ts  t h a t  h eavy  m a r i ju a n a  
sm oking o v e r  a auch  l o a f e r  p e r i o d  c o u ld  le a d  t o  c l i n i c a l l y  
s i g n i f i c a n t  and l e s s  r e a d i l y  r e v e r s i b l e  in p a irm e n t o f  p u lm on a ry  
fu n c t i o n .

C h ro n ic  E f f e c t s

A s tu d y  o f  31 A a t r ic a n  s o ld i e r s  s t a t i o n e d  in  W est Germany who n o k e d  
la r g e  q u a n t i t i e s  o f  h a s h is h  (1 0 0  g ra t is  o r  more p e r  month f o r  p e r io d s
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o f  6 t o  15 s o o th s )  fo u n d  t h « i r  a i lm e n t s  t o  be p r i n c i p a l l y  r e s p i r a t o r y ,  
in c lu d in g  b r o n c h i t i s ,  s i n u s i t i s ,  a s thm a , and r h in o p h a r y n g i t i s  
( in f la m m a t io n  o f  th a  n a so p h a ry n x ) (T ennan t a t  a l . ,  1 9 7 1 ) .  In  
o n e - t h i r d  o f  th a  s o ld i e r s ,  spu tum -p rodu c ing  c ou g h s , d i f f i c u l t y  in  
b r e a th in g ,  and w heezing fo l lo w e d  3 t o  4 a on th a  o f  r e g u la r  u se  o f  
h a s h is h . H ow ever, th e y  had a  n o rm a l c h e s t  r a d io g ra p h  and n o rm a l 
spu tum . A n t ib i o t i c s  f a i l e d  t o  r e l i e v e  th e  symptom s. The sym p tom atic  
y a t i e n t s  c o u ld  n o t  w ork and f o u r  r e q u i r e d  h o s p i t a l i z a t i o n .  Aa 
u n s p e c i f ie d  d e c re a s e  In  h a s h is h  con sum p tion  im proved  t h e i r  symptom s.

Pu lm ona ry  fu n c t io n  t s s t s  in  th e s e  in d i v id u a ls  showed m i ld  a irw a y  
o b s t r u c t i o n  a f t e r  3 d a y s  o f  le a a a n e d  h a ah ia h  in t a k e .  M o re o v e r , th e  
re sp o n se  o f  th e s e  in d i v i d u a ls  t o  i s o p r o t a r e n e l  su g g e s ted  t h a t  
r e v e r s i b le  b ronchospasm  a n d /o r  th e  a c c u m u la t io n  o f  f l u i d  in  th e  
b ro n c h i was in v o lv e d  in  th e  p a th o g e n e s is  o f  th e  a irw a y  o b s t r u c t i o n .  
P a tc h  and s e r o lo g i c a l  t a s t s  f a i l e d  t o  im p lic a t e  a l l e r g y  ae a cau se  o f  
th e  u ppe r r e s p i r a t o r y  symptoms and s ig n s .

In  Jam a ica  ( H a l l ,  1 9 7 5 ) ,  where m a r i ju a n a  usage i s  h e a v y , c h r o n ic  
b r o n c h i t i s  l a  f r e q u e n t .  a sw eee r»  m a r i ju a n a  sm oking i s  u s u a l ly  
a s s o c ia t e d  w ith  to b a c c o  sm ok ing , w h ich c on fou n d a  i n t e r p r e t a t i o n  o f  
th e  e f f e c t s  o f  km rijum na- a lo n e .  Adding t o  th e  u n c e r t a in t y  a b ou t th e  
e f f e c t s  o f  a a r i ju a n a  a s  a c au se  o f  c h ro n ic  r e g u la t o r y  a b n o rm a l i t ie s  
a ra  two o t h e r  s t u d i e s ,  one i n  Jam a ic a  (R u b in  and C o a l t a s ,  1 9 7 5 ) and  
th *  o t h e r  in  C o s ta  R ic a  ( le r n a n d e z -B o la n o a  a t  a l . ,  1 9 7 6 ) ,  which 
f r u l e d  t o  f i n d  any d i f f e r e n c e  in  th e  p re v a le n c e  o f  c h r o n ic  
r e s p i r a t o r y  d is e a s e  betw een sm oke rs  and nonsm okurs o f  a a r i ju a n a .
These r e s u l t s  c a n n o t be a c c e p te d  a s  c o n c lu s iv e ,  b ecause  in  each  s tu d y  
th e  number o f  m a r i ju a n a  sm oke rs  was s m a l l ,  th e  s u b je c t s  w ere n o t  
ran dom ly  s e le c t e d ,  and- th e  uae  o f  to b a c c o  was n o t  ta k e n  in t o  a c c o u n t .

Much more c o n v in c in g  i a  a  r e c a n t  s tu d y  (T a sh k in  e t  a l . ,  1 9 8 0 ) o f  
74 p e rs o n s  who smoked m a r i ju a n a  f o r  2 t o  5 y e a r s ,  t y p i c a l l y  a s  
f r e q u e n t ly  a s  s e v e r a l  t i s w s  p e r  d a y , 3 t o  6 d a y s  p e r  w eek. C a re  was 
ta k e n  t o  o b t a in  p r o p e r  c o n t r o l  g ro u p s . The r e s u l t s  In d ic a te d  t h a t  
h a b i t u a l  sm oking o f  m a r i ju a n a  c au se s  a  a i l d  b u t s i g n i f i c a n t  in c re a s e  
in  r e s i s t a n c e  t o  a i r f l o w  in  th e  la r g e  a irw a y s  w ith o u t  an a p p re c ia b le  
e f f e c t  on c o n v e n t io n a l t e a t s .

A n o th e r s tu d y  was o f  200 Am erican s o ld i e r s  s t a t io n e d  in  West 
Germany who v o lu n t a r i l y  s o u g h t m e d ic a l a t t a n t i o n  f o r  such r e s p i r a t o r y  
symptoms aa p h a r y n g i t i s ,  s i n u s i t i s ,  b r o n c h i t i s ,  and asthm a r e la t e d  to  
c h r o n ic  heavy h a s h is h  sm oking (H ende rson  e t  a l . ,  1 9 7 2 ) .  A n a ly s is  o f  
th e  h a a h ia h  av <la b i a  and in  use in  th e  lo c a le  o f  t h i a  s tu d y  shoved  
c o n c e n t r a t io n s  5 t o  1 0  p a r c a n t  A -9 -T 3C . Two t o  3 p e rc e n t  o f  
sam p le s  'were c on tam in a ted  w ith  c o c a in a , op ium , m o rp h in e , s p ic e s ,  o r  
f e c e s .  Two a s p e c ts  o f  h a s h is h  sm oking a ra  r a l s v a n t  t o  th e  q u e s t io n  
o f  lu n g  i n ju r y  p rodu ced  by h a s h is h : 1 ) h a s h is h  i s  u s u a l ly  smoked in
a p ip e  ( o c c a s i o n a l ly  in  a  w a te r  p i p e ) , a lth o u g h  i t  i a  o c c a s i o n a l ly  
e a t a n ,  d runk  a s  s  t a a ,  o r  r o l l e d  i n t o  a c i g s r s t t s  and smoked, and 2) 
h a s h is h  smoke g e n e r a l ly  i a  re g a rd e d  by u s e r s  aa b u rn in g  much h o t t e r  
th an  to b a c c o  smoke.

S o ld i e r s  w ith  p h a r y n g i t i s  u s u a l ly  smoked le s s  th sn  25 gram s o f  
h a s h is h  m on th ly ; th o s e  w ith  b r o n c h i t i s  and asthm a consumed m ore th an  
50 gram s p e r  m on th . The common c o m p la in t  o f  s o re  t h r o a t  in  th e s e
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h eavy  h a a h ia h  sm oke rs o c c u r r t d  m oat o f t e n  in  th o a a  vho smoked h aah iah  
in  a p ip e  w ith o u t  a  s c re e n  o r  c o t t o n  f i l t e r ;  in  them , th a  r o o f  o f  th a  
mouth and th a  b ack  o f  th a  t h r o a t  w ara  in f la m a d . P a r a i a t a n t  r h i n i t i a  
( i n f l im r r a t i o n  o f  th a  n a s a l mucous mambranas) was p r a s a n t  in  26 
p a t i a n t a .  Aa a r u l e ,  a l l a r g y  c o u ld  n o t  ba im p lic a ta d  in  th a  
n a s o p h a ry n g e a l a a n i f a s t a t i o n a .  T re a tm en t w ith  a n t i b i o t i c s , 
d e c o n g e s ta n t s , and p h a n y la p b r in a  (a  v a s o c o n s t r i c t o r )  r e l i e v e d  th a  
aymptoma, bud th a y  r e c u r r e d  in  th o a a  who c o n t in u a d  smoking h a a h ia h .

Twanty h ig h -d o a a  bmafelaJi sm oke rs  (m ore th a n  50 g raaw /m on th ) had 
c h r o n ic  b r o n c h i t i a  a s  m a n i fa a ta d  by a c h r o n ic  spu tum -p rodu c in g  cou gh , 
a h o r tn a s s  o f  b r e a t h ,  and d a c ra a a a d  a x a r c i a a  t o le r a n c e .  On p h y s ic a l 
e x a m in a t io n , a b n o rm a l r a s p i r a t o r y  sou n d s— rh o n c h i , w h ee ze s , and 
r a l e s — w ere  p r a s a n t .  C h a s t r a d io g r a p h s  w ara c s n s i a t a n t ly  n o rm a l, bu t 
p u lm on a ry  fu n c t io n  was a b n o rm a lr  th a "  v i t a l  c a p a c i t y  ( t h a  maximum 
vo lum a o f  g a s  ta k a n  in )  warn 1 5  t o  4 9 ' p a r c a n t  b a low  n o rm a l.  Zn s i x  o f  
th a a a  s u b je c t s  who smokad 50 o r  m ora f ? a o s  p a r m on th , b io p s y  o f  
b r o n c h ia l  mucosa r e v e a le d  ch ang es  t h a t  re sem b led  th a  a b n o rm a li t ie s  
t h a t  o c c u r  in  o ld e r  h eavy  sm oke rs  o f  to b a c c o  (A uerbach  a t  a l . ,
1 9 6 1 ) .  Tha b io p a ia a  a ls o  tu rn e d  up a t y p i c a l  c a l l s  n o t  fo u n d  in  
to b a c c o  sm ok e rs .

Tha a tu d y  o f  a r e s p i r a t o r y  d i s e a s e  in  h a s h is h  o r  m a r i ju a n a  
sm oke rs  i s  d i f f i c u l t  b e c a i i a  th a  g r e a t  m a jo r i t y  a ls o  smoke to b a c c o  
c lg a r a t t a a .  A ls o ,  th a  i l l e g a l i t y  o f  m a r i ju a n a  smoking p re v e n ts  
p e o p le  from  v o lu n t e e r in g  in f o rm a t i o n  and c o o p e ra t in g  in  e x p e r im e n ta l 
s t u d i e s .  B a s e lin e  p h y s i o lo g i c a l  o r  c l i n i c a l  s t u d ie s  a r e  d i f f i c u l t ,  
b ecau se  th e  s u b je c t  i s  n o t  i d e n t i f i e d  u n t i l  he s e e k s  m e d ic a l h e lp .

R a ts  ( F le i s h m a n  e t  a l . ,  1 9 7 9 ) and dog s  (R oy  e t  a l . ,  1 9 7 6 ) have 
been exp osed  e x p e r im e n t a l ly  t o  m a r i ju a n a  m o k e  o v e r  lo n g  p e r io d s  (1  
y e a r  and 900  d a y s , r e s p e c t i v e ly )  t o  d e te rm in e  i t s  m o rp h o lo g ic a l 
e f f e c t s  on th e  lu n g s .  A t a u t o p s y , th a  a n im a ls  d em on s tra te d  damage o f  
th e  a irw a y s  and a ls o  c f  th a  lu n g  s u b s ta n c e . H ow ever, i t  i s  d i f f i c u l t  
t o  r e l a t e  th a  r e s u l t s  o f  th e a e  a n l s n l  e x p e r im e n ts , in  w h ich th a  
a r t i f i c i a l  p a t t a r n  o f  sm oking d i f f e r e d  m a rk e d ly  from  t h a t  o f  th e  
human sm oke r, t o  th e  e f f e c t s  t h a t  c h r o n ic  m a r i ju a n a  sm oking m igh t 
e l i c i t  in  man.

D e fe n se  M echanism s (A lv e o la r  M acrophages)

L i t t l e  i s  known a b o u t th e  a f f e c t s  o f  a a r i ju a n a  on th a  d e fe n s e  
m echan ism s o f  tb a  lu n g s . A lth o u g h  soma o b s e r v a t i o n s  have been made 
on  th a  a lv e o la r  m ac rophage , an  im p o r t a n t  e lem en t in  t h i s  sy a tem , th a  
r e s u l t s  have  bean* in c o n s i s t e n t .  F o r  e x am p le , seme s t u d i e s  o f  th e  r a t  
lu n g  fo u n d  t h a t  m acrophagas o b ta in e d  by w ash ing  o u t  th a  lu n g  and 
e x p o s in g  th en  t o  m a r i ju a n a  smoke m a n i fe s te d  s  d e p re s s io n  in  
b a c t e r i c i d a l  a c t i v i t y  (H uber e t  a . l . ,  1 9 7 5 ,  1 9 7 9 a ,b ,  1 9 8 0 ) .  On th e  
o t h e r  h an d , a n o th e r  r a p o r t  f a i l e d  t o  d i s c l o e e  a s i g n i f i c a n t  a f f e c t ,  
n o t  o n ly  o f  a a r i ju a n a ,  b u t a l s o  o f  to b a c c o  smoke on  th a  b a c t e r i c i d a l  
a c t i v i t y  o f  m acrophagas (D ra th  a t  s i . ,  1 9 7 9 ) .  F i n a l l y ,  o t h e r s  have 
fo u n d  t h a t  a l v e o la r  m ac rophages d i f f e r  s l i g h t l y  in  t h e i r  a o r p h o lc g i c a l  
re s p o n s e s  t o  to b a c c o  and t o  m a r i ju a n a  sm oke . The n lg n i f i c a n c e  o f
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th e s e  d i f f e r e n c e * ,  e s p e c i a l l y  in  fcenar o f  t h e i r  lo n g - te rm  e f f e c t  on  
p u lm on a ry  d e fe n se  m echan ism *, rem a in s  t o  be d e f in e d .

E x p la n ta  o f  lu n g  have a ls o  been exam ined a f t e r  e x p o su re  in  
c u l t u r e  t o  m a r i ju a n a  smoke (L c u c h te n b e rg e r e t  a l . ,  1 9 7 3 a ,b ;  
L e u c h te n b e rg s r and L e u c h te n b e rg e r , 1 9 7 6 ) .  S t r i k i n g  change* have been 
o b se rv e ^  in  th e  app ea ran ce  and g row th  c h a r a c t e r i s t i c s  o f  exposed  
c e l l s .

C a rc in om a o f  th e  Lung

The e f f e c t  o f  m a r i ju a n a  a s  a  c a rc in o g e n  f o r  lu n g ,  a i rw a y s , and u ppe r 
r e s p i r a t o r y  o rg an a  hea  n o t  been  s y s t e m a t i c a l ly  e x p lo r e d .  E v a lu a t in g  
th e  c a r c in o g e n ic i t y  o f  m a r i ju a n a  i s  d i f f i c u l t ,  b eceuae m ost m a r i ju a n a  
sm oke rs  a l s o  a re  to b a c c o  c i g a r a t t a  sm oke rs and because  such 
c a r c in o g e n ic i t y  c o u ld  have a lo n g  p e r io d  o f  la t e n c y ;  s t u d ie s  o f  
to b a cc o  c a r c in o g e n e s is  in d ic a t e  t h a t  20 t o  30 y a a ra  o f  e x p o su re  must 
o c c u r  b e fo r e  tum ors  a p p e a r in  th e  lu n g . I t  i s  u n d e rs ta n d a b le  t h a t  
in fo rm a t io n  c o n c e rn in g  th e  c a rc in o g e n ic  p r o p e r t i e s  o f  m a r i ju a n a  a re  
n o t  y e t  a v a i l a b le ,  p a r t i c u l a r l y  i n  th e  U n ite d  S t a t e s ,  w here th e  a g e n t 
has come i n t o  e x t e n s iv e  use o n ly  d u r in g  th e  p a s t  two d e c ad a s . An 
im p o r ta n t  p rob lem  in  e v a lu a t in g  c a r c in o g e n ic i t y  i s  th e  f a c t  t h a t  th e  
l e a f  i s  u sed  by i g n i t i n g  i t  and th e  in h a le d  p ro d u c ts  o f  i t s  
c om bu s tio n  may be c a r c in o g e n ic ,  a s  i n  th e  c a se  o f  to b a c c o  p r o d u c t s .  
Even i f  i t  p ro v ed  t o  be c a r c in o g e n ic ,  th e  q u e s t io n  w ou ld  s t i l l  rem a in  
aa t o  what c o n s t i t u e n t  in  m a r i ju a n a  smoke was a t  f a u l t .

The p o te n c y  o f  a su b s ta n c e  a s  a mutagen ( a b i l i t y  t o  change 
g e n e t ic  m a t e r i a l )  c an  p r o v id e  a c lu e  a s  t o  i t s  p o s s ib le  r o l e  a s  a 
c a r c in o g e n . In d u c t io n  o f  g e n e t ic  m u ta t io n s  by a s u b s ta rc e  in  t e s t  
s t r a i n s  o f  b a c t e r ia  c o r r e l a t e s  w ith  in d u c t io n  o f  tum o rs  in  t e s t  
a n im a ls .  F r a c t io n s  from  e x t r a c t s  o f  m a r i ju a n a  smoke p a r t i c u la t e s  
( " t a r ” ) have been fo u n d  t o  p ro d u c e  d o s e - r e la t e d  m u ta t io n s  in  f o u r  o u t  
o f  f i v e  t e s t  s t r a i n s  o f  b a c t e r i a  (Busch e t  a l . ,  1 9 7 9 ; S e id  and W e i, 
1 9 7 9 ; Wehner e t  a l . ,  1 9 8 0 ) .  B y  i t s e l f ,  A-9~TSC was n o t  a c t i v e  a s  a 
mutagen i i .  b a c t e r i a l  s t r a i n s  (G la t t  a t  a l . ,  1 9 7 9 ) o r  in  mammalian 
t e s t  s y s ta R s  (v an  W en t, 1 9 7 8 ) .

The e x t e n t  t o  w h ich m a r i ju a n a  smoke d i f f e r s  from  to b a c c o  smoke i s  
d ia c u sa e d  in  d e t a i l  in  C h ap ta r 1 .  In  g e n e r a l ,  e x c e p t  f o r  th a  
p re s e n c e  o f  c a n n a b in o id s  in  ona a i.4  to b a c c o  a lk a lo i d s  ( n i c o t in e )  in  
th a  o t h e r ,  th e  c om bu s tion  p ro d u c ts  o f  to b a c c o  and m a r i ju a n a  a re  
q u a l i t a t i v e l y  s im i l a r .  On o c c a s io n , h ow eve r, d i f f e r e n c e s  t h a t  may be 
m e a n in g fu l have been fo u n d . F o r  e xam p le , one s tu d y  (H o ffm ann  e t  a l . ,
1 9 7 5 ) r e p o r t s  t h a t  to b a c c o  smoke c o n ta in s  m ora ia o p re n e  and v o l a t i l e  
p h e n o ls ,  w hereas m a r i ju a n a  amoke c o n ta in s  a b o u t 5 0  p e r c e n t  more 
c a r c in o g e n ic  h y d ro c a rb o n s .

T u m o r ig a n ic i t y  o f  m a r i ju a n a  and to b a c c o  smoke c o n d e n sa te s  on 
mouae a k in  have been r e p o r t e d .  I n  m ica p a in te d  t h r o e  t im e s  w eek ly  
w ith  a  t a r  s u sp e n s io n  o f  smoke c o n d e n s a te , s u r v i v a l  a t  74 weeks was 
b e t t e r  in  th e  a a r i ju a n a  g ro u p  th a n  in  th e  to b a c co  g ro u p . S ix  o f  100  
n ic e  p a in te d  w ith  m a r i ju a n a  c on d en sa te  d e v e lo p e d  a k in  tu m o ra , a l l  o f  
w h ich  w ere b e n ig n , w he reas 1 4  o f  100  in  th e  to b a c c o  c on d e n sa te  g roup  
d e v e lo p e d  tu m o rs , two o f  them m a lig n a n t (H o ffm an  a t  a l . ,  1 9 7 5 ) .
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Because  m a r i ju a n a  smoke h a s  a d v e rs e  a c t io n s  s im i la r  t o  to b a c c o  
smoke on  c a l l  fu n c t io n  in  th a  r a s p i r a t o r y  and c a r d io v a s c u la r  s y s tem s , 
i t  h as baan p ro p o sed  t h a t  m a r i ju a n a  sm oke , r a t h e r  th a n  o n ly  t h e  
c a n n a b in o id , sh o u ld  ba used t o  o b t a in  in fo rm a t io n  a b o u t a f f e c t s  on 
c a l l  i n ju r y  and ra sp o n sa  (L e u c h te n b a rg e r  and L e u c h te n b e rg e r , 1 9 7 1 ) .  
E x p o su re  o f  human lu n g  c a l l s  in  c u l t u r e  t o  f r e s h ly  g e n e ra te d  a a r i ju a n a  
smoke f o r  up t o  2 m onths r e s u l t e d  i n  in c re a s e d  m i t o t i c  in d i c e s ,  
s t im u la t i o n  o f  DN» s y n t h e s i s ,  and tin  in c re a s e  in  th e  p o p u la t io n  o f  
c a l l s  w ith  fou~ t im e s  th e  DNA c o n te n t  o f  c o n t r o l  c a l l s  o r  th o s e  
e xp osed  t o  to b a c c o  smoko (L e u c h to n b e rg a r  e t  a l . ,  1 9 7 3 a ,b ) . L o n g -te rm  
e x p o su re  o f  h am ste r lu n g  c a l l s  t o  th e  smoke o f  e i t h e r  m a r i ju a n a  o r  
to b a c c o  le d  t o  abn o rm a l p r o l i f n r a t i o n  and m a lig n a n t t r a n s fo rm a t io n  
w i t h in  3 t o  6 m onths o f  e x p o s u re  {L e u c h to n b e rg a r  and L e u c h to n b e rg a r , 
1 9 7 6 ) .  S in c e  m a lig n a n t  t r a n s fo rm a t i o n  was a ls o  n o te d  in  unexposed  
lu n g  c a l l s  a f t e r  1 2 - 2 4  m on th s o f  c u l t u r e ,  i t  a p p e a rs  t h a t  th a  smoke 
o f  m a r i ju a n a  o r  to b a c c o  a c c e le r a t e s ,  r a t h e r  th a n  i n i t i a t e s ,  th e  
m a lig n a n t  ch ang e .

A lth ou g h  no in s ta n c e  o f  human lu n g  c a rc in om a  a t t r i b u t a b le  s o l e l y  
t o  m a r i ju a n a  n o k i n g  has y e t  been r e p o r t e d ,  a b n o rm a l i t i e s  s u g g e s t iv e  
o f  c a n c e ro u s  le s i o n s  have been r e c o rd e d . F o r e x am p le , in  s e v e r a l  o f  
th e  U .S . s e rv ic em en  who smoked 5(7 g r a n  c f  h a s h is h  e r  m ore p e r  month 
and d e v e lo p e d  uppe r r e s p i r a t o r y  d i s o r d e r s ,  m u co sa l b io p s y  showed 
e x t e n s iv e  c e l l u l a r  a b n o rm a l i t i e s ,  in c lu d in g  l o s s  o f  c i l i a ,  
p r o l i f e r a t i o n  o f  b a s e !  e p i t h e l i a l  c e l l s ,  and a t y p i c a l  c e l l s  (T ennan t 
e t  a l . ,  1 9 7 1 ; H ende rson  e t  e l . ,  1 9 7 2 ) .  C om pa rison  o f  30 A m erican  
h a s h is h  sm oke rs  (2 5 - 1 5 0  g ram s/m on th  f o r  3 -2 4  m on th s ; 23 a l s o  smoked 
to b a c c o  and 7 d id  n o t ) ,  3 to b a c c o  sm oke re  ( 1 . 6  p a c k s /d a y  f o r  1 1 .3  
y e ^ r s )  who d id  n o t  smoke m a r i ju a n a  and 3 nonam okers o f  to b a c c o  o r  
h a s h is h , in d ic a t e d  e x p o su re  t o  com b ined m a r i ju a n a  end to b a c c o  smoke 
p rodu ced  m ore h a rm fu l e f f e c t s  th en  t h a t  p rodu ced  by e i t h e r  su b s ta n c e  
a lo n e  (T sn n en t e t  a l . , 1 9 8 0 ) .  Zn th e  h a a h ia h  sm oke rs  who d id  n o t  
smoke to b a c c o , a b n o rm a l i t i e s  i n  th e  t r a c h e a l  b lo p a le s  w e re  no mora 
f r e q u e n t  o r  s e v e re  th an  i n  th o s e  p e re o n s  who smoked o n ly  to b a c c o .

E x c e p t io n  h as been ta k e n  t o  th e  id e a  o f  an a d d i t i v e  e f f e c t  o f  
to b a c c o  and h a s h is h  sm oke . A G reek  s tu d y  t h a t  com pared c h r o n ic  
h a sh is h  and to b a c c o  u s a r s  w ith  to b a c c o  sm oking c o n t r o l s  fo u n d  t h a t  
a lth o u g h  th e  h a a h ia h  s x o k e r s  had c o n s id e r a b ly  m ore t h r o a t  i r r i t a t i o n  
and cou gh , th e  p re v a le n c e  o f  b r o n c h i t i s  in  b o th  g ro u p s  was s h o u t  th e  
same (B o u lo u g o u r is  e t  a l . , 1 9 7 6 ) ;  no b i o p s ie s  w ere  t a k e n . The 
d i f f e r e n c e s  betw een th e  G reek  and Am erican s t u d ie s  may r e f l e c t  
d i f f e r e n c e s  betw een th e  two p o p u la t io n s x  The A m erican  s tu d y , done in  
G erm any, fa v o r e d  in c lu s i o n  o f  men w ith  s e v e re  r e s p i r a t o r y  d i s tu rb a n c e s  
(T ennan t e t  a l . ,  1 9 8 0 ) ,  v h e ra e e  th e  G reek  s tu d y  (B o u lo u g o u r is  e t  e l . ,  
1 9 7 6 ) a p p e a rs  t o  have In c lu d e d  p e r s o n s  w ith  la a a  s e v e r e  i l l n e s s .

The f i n d in g  o f  known c a rc in o g e n s  in  a a r i ju a n a  smoke and th e  
p re sen ce ) o f  e p i t h e l i a l  a b n o rm a l i t i e s  known t o  be th e  p r e c u r s o r s  o f  
lu n g  c a n c e r  in  h eavy  sm oke rs  o f  to b a c c o  s u g g e s t th e  p o s s i b le  
d e v e lo pm en t o f  lu n g  c a n c e r  i n  c h r o n ic ,  h eavy  u s e r s  o f  m a r i ju a n a  e n d /  
o r  h a s h is h  s f t s r  « p r o lo n g e d  p e r io d  o f  u s e , e s p e c i a l l y  i f  th e y  e r e  
a l s o  sm oke rs  o f  t o b a c c o . H ow eve r, e v id e n c e  t o  s u p p o r t  t h l a  
h y p o th e s is  l a  n o t  a v a i l a b l e .  B ecau se  m a r i ju a n a  sm oking i s  an a n c ie n t



custom  in  A s ia  and th a  M id d la  E a s t ,  lu n g  c a n c s r  would ba exp ec ted  tc 
ba m ore p r e v a le n t  in  th a a a  p a r t s  o f  th a  w o r ld  i f  a c a u s a l 
r e la t i o n s h i p  d id  e x i s t .  U n fo r t u n a t e ly ,  no r a l i a b l e  d a ta  have bean 
g a th e ra d  t o  s a t t l a  t h i s  q u e s t io n .  S eavy  smoking o f  a a r i ju a n a ,  in  
q u a n t i t i e s  c o s p a ra b le  t o  t h a t  o f  to b a c c o , has bean r e l a t i v e l y  
uncoanon  in  th a  U n ite d  S t a t e s .  T h e r e fo r e ,  c o n t r ib u t i o n  o f  
m a r i ju a n a  smoking t o  th a  in c id e n c e  a i  p r im a ry  lu n g  c a n c a r  c an n o t y e t  
be answ ered  w ith  any a u t h o r i t a t i v e  d a t a .

Summary: R e s p i r a t o r y  System

Lung F u n c t io n  and D e fe n se  M echanism s

Tha m ost im p o rta n t  q u e s t io n  a b o u t th a  e f f e c t s  o f  m a r i ju a n a  on th e  
h e a l t h  o f  th e  r e s p i r a t o r y  sy s tem  i s  w he the r a c u te  o r  c h ro n ic  
m a r i ju a n a  smoking cau se  d e t e c t a b le  s t r u c t u r a l  o r  f u n c t i o n a l  
im pa irm en t o f  th e  lu n g e . M ild  b u t a e a s u ra h lo  a irw ay  o b s t r u c t i o n ,  
a f f e c t i n g  b o th  la r g e  and a a a l l  a i rw a y s , can  be shown t o  e x i s t  a f t e r  6 
t o  6 w eeks o f  smoking m a r i ju a n a  d a i l y ,  a v e ra g in g  f i v e  m a r i ju a n a  
c i g a r s t t s s  s  d a y ; t h i s  d ec rem en t in  fu n c t io n  i s  r a v e r s i b l s ,  b u t  d oe s  
n o t  r e t u r n  t o  n o rm a l w ith in  one week o f  a b s t a in in g  from  sm ok ing .

In  p e rs o n s  w ith  h i s t o r i e s  o f  haavy  sm ok in g , p a r t i c u la r l y  o f  
h a s h is h , c h r o n ic  in f la m m a to ry  changas a ra  s sen  in  th e  b ro n c h i and 
u v u la ,  o f t e n  in  a s s o c ia t i o n  w ith  c h r o n ic  s i n u s i t i s .  These m a n i fe s ta ­
t i o n s  o f  uppe r r e s p i r a t o r y  d is tu rb a n c e  have been d e s c r ib e d  in  
i n d i v i d u a ls  w ith  h i s t o r i e s  o f  a a r i ju a n a  smoking u s u a l ly  in  e x c e ss  o f  
3 y e a r s  and a ra  r e v e r s i b le  when a a r i ju a n a  smoking i s  s to p p ed .

A cute e xp o su re  o f  a lv e o la r  m acrophages in  v i t r o  t o  m a r i ju a n a  
smoke c a u s e s  a r e d u c t io n  in  p h a g o c y t ic  a c t i v i t y ,  a c e l l  d e fe n se  
m echan ism . The a g en ts  r e s p o n s ib le  f o r  t h i s  change in  macrophage 
fu n c t io n  a r e  in  th e  r e p o r  p h ase  o f  m a r i ju a n a  smoks and a re  n o t  
r e l a t s d  t o  th e  p ra s e n c e  o f  a- § - t h c . A ls o ,  lu n g  e x p la n t s  exposed  to  
m a r i ju a n a  smoke in  v i t r o  show changes in  th e  ch rom osom a l s t r u c t u r e  o f  
n u c le i .

T h e re  i s  a s  y e t  no in fo rm a t io n  a b ou t th e  o f f s e t s  o f  p ro lo n g e d  
smoking o f  m a r i ju a n a , t h a t  i s ,  beyond 5 y e a r s .  A lth oug h  some 
p o p u la t i o n s  have been exam ined f o r  th e  e f f e c t s  o f  c h r o n ic  m a r i ju a n a  
sm ok in g , c o n t r o l l e d  s t u d ie s  a re  s p a rs e  and p o p u la t io n s  exposed  t o  
m a r i ju a n a  smoke o n ly — w ith o u t  e x p o su re  t o  to b a c c o— a p p a re n t ly  a r a  n o t 
a v a i l a b l e .  P a r t i c u la r l y  c o n sp ic u o u s  i a  th a  la c k  o£ in fo rm a t io n  a b ou t 
t h s  e f f e c t  o f  c h r o n ic  a a r i ju a n a  sm oking bsgun i n  l a t a  c h i ld h o o d  o r  
a d o la s c s n c a  and c o n t in u e d  t o  a d u lt h o o d . Such s tu d ie s  w ou ld r e q u i r e  
m o rp h o lo g ic a l e x am in a t io n  o f  b io p s y  a s t a r i a l  from  th s  b ro n c h i and 
r e s p i r a t o r y  p a ssa g a s  t o  d a ta rm in a  th s  p ra s a n c a  o f  s t r u c t u r a l  changes 
t h a t  in d ic a t e  th e  d eve lopm en t o f  c h r o n ic  b r o n c h i t i s  a n d /o r  lu n g  
c a n c e r .  M o rp h o lo g ic a l changes a s s o c ia t e d  w ith  smoking m a r i ju a n a  
c o u ld  be com pared w ith  th e  m o rp h o lo g ic a l a b n o rm a li t ie s  a s s o c ia te d  
w ith  c h r o n ic  to b a c c o  sm ok ing .

The a c u te  re sp o n se  t o  i n h a la t i o n  o f  m a r i ju a n a  i s  an a p p re c ia b le  
b r o n c h o d i la t i o n ,  b o th  in  n o rm a l s u b je c t s  end in  i n d i v id u a ls  w ith
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b r o n c h ia l  a s thm a . H ow ever, th a  b r o n c h o d i la t o r  a f f e c t s  o f  m a r i ju a n a  
a r a  a re sp o n se  t o  a c u te  e x p o s u re ; c h r o n ic  e x p o su re  u s u a l ly  e voke s  
b r o n c h o c o n s t r i c t i o n .

W ith  ra sp s 'c t t o  t h e r a p e u t ic  a p p l i c a t i o n ,  th e  e f f e c t s  c f  sm oking 
m a r i ju a n a  in  p ro d u c in g  b r o n c h ia l  d i l a t a t i o n  do n o t  exceed  th o s e  t h a t  
f o l l o w  th e  i n h a la t i o n  o f  b e t a - a g o n ia t  3 r u g s .  M o re o v e r , th e  d o se s  
r e q u i r e d  f o r  b r o n c h o d i i a t a t i o n  u s u a l l y  e l i c i t  (ihe p s y c h o t r o p ic  e f f e c t s  
o f  a a r i ju a n a  and a a y  be a s s o c ia t e d  w ith  changes in  th e  s t r u c t u r e  o f  
b r o n c h ia l and p a re n ch ym a l lu n g  c e l l s ,  th e  s i g n i f i c a n c e  o f  which 
rem a in s  t o  be a s s e s s e d . F o r th e s e  re a s o n s  t h e r a p e u t ic  u s e fu ln e s s  as 
a b r o n c h o d i la t o r  d ru g  i s  open  t o  s e r i o u s  q u e s t io n  (s e e  C h ap te r 7 ) .
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C arc in om a o f  th e  Lung

One o f  th e  g r e a t  u n c e r t a i n t i e s  a b o u t a a r i ju a n a  s a c k in g  i s  i t s  
n e o p la s t i c  p o t e n t i a l .  Mo r e l i a b l e  d a t a  a r e  a v a i l a b l e  c o n c e rn in g  th e  
in c id e n c e  o f  c a rc in om a  o f  th e  lu n g s  and u p p e r r e s p i r a t o r y  p a s sa g e s  in  
lo n g - te rm  u s e r s  o f  c a n n a b is .

Bu t a v a r i e t y  o f  e x p e r im e n ta l s t u d i e s  h as sounded th e  a l e r t  t h a t  
m a r i ju a n a  s m o k in g - ju s t  a s  to b a c c o  sm ok ing— may be c a r c in o g e n ic  and 
t h a t  a c om b in a t io n  o f  to b e e c o  and m a r i ju a n a  smoke may have  g r e a t e r  
n e o p la s t i c  p o t e n t i a l  th a n  e i t h e r  one  a lo n e .  A lth o u g h  th e  e x p e r im e n ta l 
o b s e r v a t io n s  bave r a i s e d  th e  s u s p ic i o n ,  lo n g - te rm  o b s e r v a t i o n s  on 
human s u b je c t s — and p o s s i b ly  on  sm oking a n im a ls— w i l l  be n e c e s s a ry  t o  
s e t t l a  th e  i s s u e .

Recom m endations f o r  R e s e a rc h  

Lung F u n c t io n  and D e fa n s e  Mechanism s

W ith  r e s p e c t  t o  th e  p e r fo rm a n c e  and d e fe n s e s  o f  th s  lu n g s ,  th e s e  
s tu d ie s  would be i n f o rm a t i v e :

* th e  p h y s i o lo g i c a l ,  b io c h e m ic a l ,  and m o rp h o lo g ic a l 
i n t e r a c t i o n s  o f  com bined e x p o s u re s  o f  th e  r e s p i r a t o r y  t r a c t  t o  
tob a cc o  and m a r i ju a n a  sm oks;

* th e  i n t e r a c t i o n s  o f  c a n n a b is  and a lc o h o l  on  th e  fu n c t io n  o f  
th e  r e s p i r a t o r y  t r a c t ;

* th e  lo n g - te rm  e f f e c t s ,  i . e . ,  10  t o  30 y e a r s ,  o f  e x p o su re  o f  
th e  r e s p i r a t o r y  t r a c t  t o  f r e q u e n t  u se  o f  c a n n a b is  i n  th e  ab sence  and 
p r e s s u r e  o f  e x p o su re  t o  to b a c c o  smoke ( f o r  t h i s  p u rp o s e , l a r g e - s c a le  
e p id e m io lo g ic a l s t u d ia s  may be r e q u i r e d ) ;

* th e  p h y s i o lo g i c a l  a f f e c t s  and c l i n i c a l  c on seq u an c ss  o f  
e x p o su rs  o f  a lv e o la r  m acrophagas and o t h e r  lu n g  c e l l s  t o  lo n g - t s r a  
e xp o su re  t o  m a r i ju a n a  sm oke;

* th e  im m uno log ic  e f f e c t s  o f  a a r i ju a n a  smoke e x p o su re  on  c e l l s  
and on th e  e n t i r e  b od y .
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W ith  r e s p e c t  t o  ca rc in om a  o f ' t h e  lu n g , th e s e  s tu d ie s  seem e s s e n t i a l :

* an e p id e m io lo g ic a l s u rv e y  t o  d e te rm in e  o v e r  th e  n e x t  20 t o  
30 y e a r s  i f  t h e re  w i l l  be an  in c re a s e d  in c id e n c e  o f  p r im a ry  lu n g , 
la r y n g e a l ,  o ro p h a ry n g e a l ,  e s o p h a g e a l, n a s a l ,  o r  s in u s  c a n c e r  in  
c h r o n ic  a c r i ju a n a  sm oke rs ;

* e p id e m io lo g ic  and p a t h o lo g i c a l  s tu d ie s  m  humans and 
e x p e r im e n ta l s tu d ie s  in  a n im a ls  t o  e v a lu a t e  th e  c a r c in o g e n ic  
p o t e n t i a l  o f  c h r o n ic  m a r i ju a n a  sm oking on th e  lu n g , l a r y n x ,  
o ro p h a ry n x , n a s a l ,  and s in u s  e p i t h e l iu m .

C a r c i n o m a  o f  t h e  L u n g

CARDIOVASCULAR SYSTEM 

N orm a l H e a r t  and C i r c u la t i o n  

H e a r t  (D i r e c t  E f f e c t s )

W ith  r e s p e c t  t o  th e  h e a r t  and c i r c u l a t i o n ,  th e  m ost e v id e n t  e f f e c t  in  
human b e in g s  o f  sm oking m a r i ju a n a , o r  o f  in g e s t in g  th e  a c t iv e  
in g r e d ie n t  (A -9 -T H C ), ia-- a b r i s k  in c re a s e  in  h e a r t  r a t e  
( t a c h y c a r d i a ) .  A lth ou g h  t h i s  i s  n e t  t h r e a t e n in g  t o  th e  n o rm a l 
h e a r t ,  th e  r a p id  h e a r t  a c t i o n  can  ba h a rm fu l t o  th e  h e a r t  in  which 
th e  c i r c u la t i o n  i s  compr om ised  by a t h e r o s c le r o s i s  o r  i s  on  th e  v e rg e  
o f  f a i l i n g .

The re s p o n s e s  o f - t h e  c a r d io v a s c u la r  sy s tsm  t o  a c u ts  e xp o su re  t o  
m a r i ju a n a  d i f f e r  betw een human b e in g a  and m ost o t h e r  mammals in  t h a t  
th e  human s u b je c t  t y p i c a l l y  re sp o n d s  w ith  an in c r e a s e  In  h e a r t  r a t e  
(B r ig h t  e t  a l . , 1 9 7 1 ; B e a c o n e f ie ld  e t  a l . ,  1 9 7 2 ; P e re z -R e y e s  e t  a l . ,  
1 9 7 3 ) ,  w hereaa moat mammals show a s low in g  in  r a t e  (b ra d y c a rd ia )  
(C a v e ro  e t  a l . , 1 9 7 3 ; Graham and L i ,  1 9 7 3 ; R o s a n k ra n tz  and B ra u d e , 
1 9 7 4 ; V o llm e r  e t  a l . , 1 9 7 4 ; Adams e t  a l . , 1 9 7 6 ; Hardman and H osko , 
1 9 7 6 ; K aw asak i e t  a l . ,  1 9 8 0 ) .  Human b lo o d  p r s s s u r s  u s u a l ly  in c r e a s e s  
m o d e ra te ly  on  a c u te  a d m in i s t r a t i o n  o f  & -9 -T 5C , b u t  in  monkeys and 
dogs a c u te  a d m in i s t r a t i o n  i s  f o l lo w e d  by s  d e c re a s e  in  s y s tem ic  
a r t e r i a l  p r e s s u r e .  T y p ic a l e f f e c t s  on h e a r t  r a t s  and b lo o d  p r e s s u r e  
have been a t t r i b u t e d  t o  a l t e r e d  au tonom ic  fu n c t io n  (Loew s, 1 9 4 4 ; 
J o a c h ia o g lu ,  1 9 6 5 ; Ames, 1 9 6 8 ; G i l l  and P a to n , 1 9 7 0 ) .

E f f e c t s  on  th e  c a r d io v a s c u la r  sy s tem  e re  t o  some e x t e n t  a 
fu n c t i o n  o f  d o e e , r o u t e  o f  a d m in i s t r a t i o n ,  and d u r a t io n  o f  e x p o s u re . 
T o le r a n c e  t o  seme o f  th e  c a r d io v a s c u la r  e f f e c t s  in  human b e in g s  
d e v e lo p s  w ith  c h r o n ic  u se  (B e n ow itz  end J o n e s ,  1 9 7 5 , 1 9 7 7 a ,b ;  Now lan 
and C ohen , 1 9 7 7 ) ,  b u t  c o n t in u e d  u se  d o e s  n o t  r e s u l t  i a  any p e r s i s t a n t  
a l t e r a t i o n  i n  c a r d io v a s c u la r  fu n c t i o n  a f t e r  c e s s a t i o n  o f  e xp o su re  
(D om bu sh  end K o k k e v i ,  1 9 7 6 ) .

E f f e c t a  on H e a r t  R a te  In  h e a lt h y  young a d u l t a ,  a c u te  a d m in i s t r a t io n  
o f  m a r i ju a n a  by sm oking (1 0  mg t o t a l  d o s e ) c a u s e s  a  p rom p t in c r e a s e  
i n  h e a r t  r a t e  ( in c r e a s in g  by  up t o  90 b e a t s /m in u te )  f o r  a b o u t 1 h o u r .
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The change in  h e a r t  r a t e  cauaed  by A-9-THC a p p e a rs  t o  r e s u l t  from  
a l t e r a t i o n s  in  b o th  sym p a th e t ic  and p a ra s y m p a th e t ic  e f f e r e n t  a c t i v i t y  
t o  th e  n o rm a l c a r d ia c  pacem aker (B e a c o n s f ie ld  e t  a l . , 1 9 7 2 ;  M a rtz  e t  
a l . ,  1 9 7 2 ; S u lk ow sk i e t  a l . ,  1 9 7 7 ) .  The r e s u l t s  o f  s t u d i a s  d e s ig n ed  
t o  d e te rm in e  w he the r b e ta ~ a d re .> irg ic  s t im u la t i o n  i s  r e s p o n s ib le  f o r  
th e  t a c h y c a rd ia  have n o t  been c o n s i s t e n t :  In  one s e r i e s  o f  r e p o r t s ,
p .'rio r a d m in i s t r a t i o n  o f  p r o p r a n o lo l , *  i n  a  d o se  s u f f i c i e n t  t o  b lo c k  
th e  h e a r t ' s  b e t a - a d r e n e rg ic  r e c e p t o r s ,  p re v e n te d  th e  in c r e a s e  in  
h e a r t  r a t e  (B r i g h t  e t  a l . ,  1 9 7 1 ; B e a c o n s f ie ld  e t  a l . ,  1 9 7 2 ; 
P e re z -R e y e s  e t  a l . ,  1 9 7 3 ) ,  w he reas i n  o t h e r  r e p o r t s ,  p r o p r a n o lo l  
f a i l e d  t o  b lo c k  th e  m a r i ju a n a - in d u c e d  t a c h y c a rd ia  (K a n a k is  e t  a l . ,  
1 9 7 6 ; T a sh k in  e t  a l . ,  1 9 7 8 ) .  A lth ou g h  p a r t  o f  th e  d is c re p a n c y  may be 
a t t r i b u t a b le  to  d i f f e r e n c e s  in  d o s a g e s , n o t a l l  o f  i t  can  be 
r a t i o n a l i z e d  t h i s  way, le a v in g  an u n e x p la in e d  d i s p a r i t y .

Hemodynamic E f f e c t s  E f f e c t s  o f  m a r i ju a n a  on b lo o d  p r e s s u r e  and 
c a r d ia c  o u t p u t ,  a s  m en tioned  a b o v e , a r e  a fu n c t io n  o f  th a  n a tu re  o f  
e x p o su re  (a c u te  o r  c h r o n i c ) ,  o f  th e  d o s e , and o f  th e  body p o s i t i o n ;  
a l s o ,  t h e r e  a re  d i f f e r e n c e s  among human b e in g s  and a number o f  
mammalian s p e c ie s .  In  human b e in g s  ly i n g  s u p in e , a c u te  e x p o su re  t o  
A-9-THC t y p i c a l l y  c a u se s  a m odest in c r e a s e  in  b lo o d  p r e s s u r e ,  
a lth o u g h  in  some in s t a n c e s  no s i g n i f i c a n t  change in  p r e s s u r e  has been 
o b s e rv e d  (B e e o o n a f ie ld  e t  a l . ,  1 9 7 2 ; K a n a k is  e t  a l . ,  1 9 7 6 ; B e n o v lt z  
• t  a l . ,  1 9 7 9 ) .  On assum ing  th e  u p r ig h t  p o s t u r e ,  b lo o d  p r e s s u r e  s a y  
d ro p  c o n s id a r a b ly .  C a rd ia c  o u t p u t ,  i n  th e  su p in e  p o s i t i o n  f o l lo w in g  
an i n je c t i o n  o f  A -9-THC , has been fo u n d  t o  in c r a a s e  by a s  much a s 
30 p e rc e n t  (M a l i t  e t  a l . ,  1 9 7 5 ; T a sh k in  e t  a l . ,  1 9 7 7 b ) .  The in c re a s e  
in  c a r d ia c  o u tp u t  in  th a  fa c e  o f  o n ly  a m odest in c r e a s e  in  b lo o d  
p r e s s u r e  c l e a r l y  r e s u l t s  in  s  s u b s t a n t i a l  d e c re a s e  in  p e r i p h e r a l  
v a s c u la r  r e s i s t a n c e .  The change in  r a a i s t a n c e  v a r i e s  among th e  
d i f f e r e n t  v a s c u la r  b e d s , b e in g  g r e a t e s t  in  th e  v e s s e ls  t o  th e  
s k e l e t a l  m u s c le s .

C h ro n ic  a d m in i s t r a t i o n  o f  q u i t e  l a r g e  o r a l  d o se a  o f  A -9-THC 
n x e r t s  d i f f e r e n t  e f f e c t s  (th a n  th e  a c u ta ) on th e  c i r c u la t i o n  
(B e rn s t e in  e t  a l . ,  1 9 7 4 ; B e n ow its  and J o n e a , 1 9 7 5 ; B en ow itz  e t  a l . ,
1 9 7 9 ) .  S y s t o l i c  and d i a s t o l i c  p r e s s u r e  u s u a l ly  f a l l  s l i g h t l y ,  bu t 
th o s e  ch ang es a r e  n o t  a lw a y s  s u s t a in e d .  As th e  b lo o d  p r e s s u r e  f a l l s ,  
th a  h e a r t  r a t e  s low s  from  th e  h ig h  l e v e l s  cau sed  by i n i t i a l  m a r i ju a n a  
a d m in i s t r a t i o n .  The d e c re e s *  in  b lo o d  p r e s s u r e  can  be a o e e n tu a ta d  i f  
th e  s u b je c t  assum es an u p r ig h t  p o s t u r e .  Tha e x t a n t  t o  which i t  d ro p s  
a p p e a rs  t o  be a  r e c i p r o c a l  fn n e t le m  o f  th e  e x t e n t  t o  w h ich p la sm a  
vo lum e has In c r e a s e d .

E f f e c t s  on  H e a r t  M uec ls D a ta  a b o u t ch ang es In  human l e f t  
v e n t r i c u la r  fu n c t io n  cau sed  by m a r i ju a n a  a r e  n o t  e n t i r e l y  c o n v in c in g  
because  m ost s t u d ie s  have r e l i e d  on  n o n ln v a s iv e  m easu rem en ts and

* P r o p r a n o lo l  i a  an  a g en t t h a t  b lo c k s  b e t a - a d r t n e r g lc  n e u r o t r a n s m lt t s r a  
and i s  used  in  t re a tm e n t  o f  c a r d ia c  a r r h y th m ia s .



68

becau se  i t  has n o t  been p o s s ib le  t o  c o n t r o l  s e p a r a t e ly  th a  s e v e r a l  
v a r i a b la a  t h a t  m od ify  l a f t  v e n t r i c u la r  fu n c t io n  and a r a  changed by 
a d m in i s t r a t i o n  o f  A -S-TNC. Change* in  h e a r t  r a t e ,  a f t a r l o a d  
(a y a ta a i io  v a s c u la r  r e s i s t a n c e ,  b lo o d  p r a a a u r a ) , o r  p r a lo a d  (p laaa ia  
v o lu m e , venoua r e t u r n )  i n d i v i d u a l l y  can  c au ae  change* in  h e a r t  a iz e  
and v e n t r i c u la r  p e r fo rm a n c e . Zn a p i t o  o f  th e s e  l im i t a t i o n * ,  
c o n c lu s io n s  can  be drawn fro a i th e  o b s e r v a t i o n s  on human b e in g s . 
D e f i n i t i v e  a n im a l s tu d ie s  o f  A -9-TBC e f f e c t s  on v e n t r i c u la r  
p e r fo rm a n c e  have n o t  been d o n e .

In d ic e s  o f  c a r d ia c  p e r fo rm a n c e  u s u a l ly  la p  ro v e  a f t e r  a a r i ju a n a  o r  
^M aw et- i n v a r i a b ly  t h i s  im provem en t can  be a t t r i b u t e d  t o  

th e  in c r e a s e  in  h e a r t  r a t a  (Gash a t  a l . ,  1 9 7 8 ) .  Tha a c u te  
a d m in i s t r a t io n  o f  A -9-TBC (2 5  ug/ k g  in t r a v e n o u s ly )  t o  h e a l t h y  
young m a le s  e l i c i t s ,  i n  a s s o c i a t i o n  w ith  th e  in c r e a s e  in  h e a r t  r a t e ,  
ch ang es  in  th e  v e n t r i c u la r  c o n t r a c t i o n  p e r io d s  (a n  in c r e a s e  in  
e je c t i o n  t im e  and s h o r te n in g  o f  th e  p r e i n je c t i o n  p e r i o d ) , w h ile  
s y s te m ic  a r t e r i a l  p r e s s u r e  i s  u n a f fe c t e d  (W e is s  e t  a l . ,  1 9 7 2 ; K a n a k is  
e t  a l . ,  1 9 7 6 ) .  B e t a - a d r e n e rg ic  b lo c k a d e  by p r o p r a n o lo l  i s  fo l lo w e d  
by l e s s  s t r i k i n g  changes in  th e  c o n t r a c t i o n  t im e  i n t e r v a l s .  A no th e r 
s tu d y  o f  17  s u b je c t s  vho  smoked two t o  t h r e e  c i g a r e t t e s  (2 0  rcg 
&-9-TBC p e r  c i g a r e t t e )  fo u n d  c a r d ia c  o u tp u t  ln c ra a s e d  by 28 p e r c e n t  
and h e a r t  r a t a  by 30 p e r c e n t ,  in  c o n ju n c t io n  w ith  a s l i g h t  d e c re a s e  
in  s t r o k e  v o lu m e , w h ich  a f f e c t s  p u ls e  p r e s s u r e  (T a s h k in  e t  a l . ,  
1 9 7 7 b ) .

A u tonom ic N e rv ou s  System

M a r i ju a n a  c o u ld  in f lu e n c e  au tonom ic  fu n c t io n  in  s e v e r a l  w ays: (1 )  by
chang in g  th e  s e n s i t i v i t y  o f  r e f l e x e s  t h a t  in f lu e n c e  and c o n t r o l  
c a r d io v a s c u la r  f u n c t i o n ;  t h i s  e f f s c t  c o u ld  r e s u l t  e i t h e r  from  changes 
in  th e  p ro c e s s in g  o f  n e rv e  im p u ls e s  in  th e  c e n t r a l  n e rv o u s  system  o r  
au ton om ic  g a n g l ia  (a  g ro u p  o f  n e rv e  c e l l s  o u t a id s  th e  c e n t r a l  n e rv ou s  
s y s te m ) ,  from  chang es in  th e  l i b e r a t i o n  o r  m e ta b o lism  o f  t r a n s m i t t e r s  
a t  th e  au tonom ic  n e rv e  t e rm in a ls ,  o r  from  changes in  th e  s e n s i t i v i t y  
o f  th e  p r e -  o r  p o s t ju n c t i o n a l  r e c e p t o r s ;  (2 )  by a change in  th e  
l e v e l s  o f  n e u r o t r a n s m i t t a r s ,  th e  c a te c h o la m in e s  (n o r e p in e p h r in e , 
e p in e p h r in e )  in  th e  b lo o d  a s  a r e s u l t  o f  a c t i o n s  on  th e  a d r e n a l 
m e d u l la ,  w h ich s e c r e t e s  th e s e  n e u r o t r a n s m i t t a r s ;  a c t i v a t i o n  o f  th e  
a d r e n a ls  c o u ld  be a d i r e c t  e f f e c t  o r  by r e f l e x e s  o r  by a c e n t r a l  
a c t i o n  o f  A -9 - thC ; and (3 )  by e x e r t in g  e f f e c t s  on dopam ine a c t i v i t y  
(an  in te rm e d ia t e  p ro d u c t  in  th e  s y n th e s is  o f  n o r e p in e p h r in e ) e i t h e r  
in  th e  c e n t r a l  n e rv o u s  system  o r  p e r ip h e r y .

U n f o r t u n a t e ly ,  i t  i s  u n c le a r  bow th e  e f f e c t s  o f  A -9-THC a re  
e x e r t e d  cm th e  au ton om ic  n e rv o u s  sy s tem  ( T r u i t t  and A nd e rson , 1 9 7 1 ; 
B e a c o n s f ie ld  s t  a l . , 1 9 7 2 ;  W e is s  e t  s i . ,  1 9 7 2 ;  Z n g le r t  e t  a l . , 1 9 7 3 ;
Ho e t  a l . ,  1 9 7 3 ; Howes and O sgood , 1 9 7 4 ; Ho and J o h n so n , 15f76 ;  H uo t, 
1 9 7 6 ; B en ow itz  and J o n e s , 1 9 7 7 a ,b ;  Gash e t  s i . ,  1 9 7 8 ; S t a f a n i s ,  1 9 7 8 ) .  
The d a t a  a re  i n s u f f i c i e n t  t o  d e te rm in e  i f  th e  a f f e c t s  c o m  by way o f  
t h *  c e n t r a l  n e rv o u s  s y s tem , o r  by p e r i p h e r a l  n e u r a l  s t r u c t u r e s ,  o r  by 
th e  a d r e n a l m e d u l la .  I t  i s  a l s o  d i f f i c u l t  t o  a s s e s s  th *  r o l e  o f
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r e f l e x  a d ju s tm e n ts  in  th a  h a a r t  and s y s tem ic  c i r c u la t i o n .  F i n a l l y /  
o t h e r  p o s s i b i l i t i e s /  such a s  d e s e n s i t i z a t i o n  o r  b lo c k a d e  o f  
p e r i p h e r a l  a d re n e rg ic  r e c e p t o r s / have n o t been exam ined .

A lth ou g h  th e  d a ta  on  human b r in g s  a re  n o t ad equ a te  t o  d e te im in e  
bow m a r i ju /m a  in f lu e n c e s  au to n om ic  fu n c t io n /  e v id e n c e  t h a t  i t  d o e s  
h a s  been o lb ta in e d . F o r  e xam p le / A -g-TBC a p p ea rs  t o  red u c e  a  number 
o f  au ton om ic  r e f l e x e s t  A f t e r  m a r i ju a n a /  th e  t y p i c a l  ch anges i n  h e a r t  
r a t e  and b lo o d  p r e s s u r e  e l i c i t e d  by th e  V a ls a lv a  m aneuver (a  f o r c e d  
e x h a la t i o n  e f f o r t  a g a in s t  th a  c lo s e d  g l o t t i s )  a r e  d e c re a s e d /  and sc  
a r e  th e  r e f l e x  c i r c u la t o r y  r e s p o n s e s  t o  ism e r s io n  o f  th e  hand in  c o ld  
w a te r  (B e a c o n s f ie ld  e t  a l . ,  1 9 7 2 ; B e n ow itz  e t  a l . /  1 9 7 9 ) .  H ow ever/ 
d u r in g  ch rom ic  a d m in i s t r a t i o n  o f  A -9 -TBC , no change o c c u rs  in  th e  
r e f l e x  d e c re a s e  in  h e a r t  r a t e  c au sed  by in fu s i o n  o f  a  d o se  o f  th e  
v a s o c o n s t r i c t o r  p h e n y le p h r in e  s u f f i c i e n t  t o  in c r e a s e  th e  b lo o d  
p r e s s u r e  (B e n ow itz  and J o n e s /  1 9 7 5 ; B en ow itz  e t  a l . / 1 9 7 9 ) .

E x e rc is e

A cu ta  e xp o su re  t o  A -9 -TB£  m o d i f i e s  e x e r c i s e  p e r fo rm a n c e  by h ta a n  
b e in g s . Smoking (2 0  eg  o f  A -9-THC) d e c re a s e d  th e  d u r a t i o n  ; f  
e x e r c i s e  b u t c au sed  no  change i n  any  c a rd io p u lm o n a ry  p a ra m e te r  a t  any  
w ork lo a d  e x c e p t f o r  h e a r t  r a t a #  w h ich  in c re a s e d  (S h a p i r o  e t  e l . /  
1 9 7 6 b ) .

O th e r  E f f e c t s  (P la sm a  Vo lum e/ Sodium  R e te n t io n )

A cu te a d m in i s t r a t i o n  o f  A-9-THC w ou ld  n o t  be e xp e c te d  t o  h ave  
p rom in en t e f f e c t s  on sod ium  b a la n c e  o r  p la sm a  v o lu m e . C h ro n ic  
a d m in is t r a t io n ^  on  th e  o t h e r  hand / h a s  d i s t i n c t  e f f e c t s ^  W ith  
c h r o n ic  in g e s t io n  o f  l a r g e  d o s e s  o f  & -9 -T 9C  t h e r ?  i s  a c o n s i s t e n t  
g a in  in  body w e ig b t and p la sm a  v o lum e / th e  l a t t e r  c au sed  by sod ium  
r e t e n t i o n  (B e n ow lts  and J o n e s t 1 9 7 5 /  1 9 7 7 a » b ) . The change i n  p la sm a  
vo lum e seems t o  be c a u s a l ly  r e la t e d  t o  th e  d e c re a s e  in  o r t h o s t a t i c  
h y p o te n s io n  d u r in g  c h ro n ic  e x p o s u re .  The mechanisms r e s p o n s ib le  f o r  
th e  r e t e n t i o n  o f  s a l t  and w a ta r  have n o t  been e x p lo r e d  and may 
in c lu d e  changes in  r e n e l  p e r fu s io n #  i n h i b i t i o n  o f  p r o s t a g la n d in  (a  
s u b s ta n c e  t h a t  a f f e c t s  b lo o d  p r e s s u r e )  s y n th e s is  by A- 9 -THC 
(B u r s t s in  and Raz? 1 9 7 2 ; Bowes and Oagood# 1 9 7 6 ) /  o r  some 

m o d i f i c a t i o n  in  p i t u i t a r y - a d r e n a l  fu n c t io n  (B irm ingham  and B a r to v a #  
1 9 7 6 ) .

A bnorm a l H e a r t  and C i r c u la t i o n

A lth o u g h  m u t in g  m a r i ju a n a  o r  th e  in t r o d u c t i o n  o f  A-9-THC in t o  th e  
body i a  a p p a r e n t ly  w ith o u t  d e l e t e r i o u s  e f f e c t  on  th e  n o rm a l h e a r t  and 
c i r c u la t i o n /  th e  p o s s i b i l i t y  i a  g r e a t  t h a t  th e  a b n o rm a l h e a r t  end 
c i r c u la t i o n  w i l l  n o t  be a e  t o l e r a n t  o f  an a g en t t h a t  sp e ed s  up th e  
h e a r t /  som etim es u n p r e d ic t a b ly  r a i s e s  o r  d ro p s  th e  b lo o d  p r e s s u r e /
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and m o d i f ie s  th e  a c t i v i t i e s  o f  th e  au tonom ic  n e rv o u s  s y s tem . 
T h e r e fo r e ,  i t  i s  p e r t i n e n t  t o  exam ine th e  p ro s p e c ts  t h a t  m a r i ju a n a  
(o r  A -9-THC) may be h a rm fu l in  i n d i v id u a ls  w ith  c o r o n a r y  h e a r t  
d i s e a s e ,  c e r e b r o v a s c u la r  d i s e a s e ,  h y p e r t e n s io n , and h e a r t  f a i l u r e .  
M o re o v e r , i t  may be im p o r ta n t  t o  d e te rm in e  i f  A-9-THC in t e r a c t s  in  
i t s  e f f e c t s  on th e  ab n o rm a l h e a r t  o r  c i r c u la t i o n  w ith  o t h e r  a g e n ts  
t h a t  a r e  b e in g  e d m in is t e re d  f o r ' t h e r a p e u t i c  p u rp o s e s .

C o ro n a ry  H e a r t  D ia e aa e

D a ta  on  t h i s  t o p ic  a re  a p e r s e ,  p re su m ab ly  because  o f  th e  r e l a t i v e l y  
s h o r t  tim e  t h a t  m a r i ju a n a  haa been a v a i l a b le  in  t h i s  c o u n t r y .  Those 
who have amoked m a r i ju a n a  a re  j u s t  e n t e r in g  th e  age when c o ro n a ry  
a t h e r o s c le r o s i s  i s  common. H ow eve r, i t  haa been ehown b o th  in  n o rm a l 
i n d iv id u e la  and in  i n d i v i d u a ls  w ith  c o r o n a r y  a r t e r y  d i s e a s e  t h a t  th e  
a cu te  a d m in i s t r a t io n  o f  A-9-THC by sm oking o r  i n je c t i o n  can  cau se  
changms i n  t b s  s i t e t r o c s r d lo g r a m  (ECG) (Joh n son  and Dom ino , 1 9 7 1 ; 
B e a c o n s f io ld  e t  a l . ,  1 9 7 2 ;  K o c h a r and H osko , 1 9 7 3 ) .  P rem a tu re  b e a t s  
have a l s o  been n o te d . The re a s o n s  f o r  th e  changes a r e  u n c le a r .  A ls o  
n o t  u n d e rs to o d  i s  th e  c o n t r i b e t le n -  e f  t h *  iac rm m s* in  h e a r t  r a t e  
i t s * l f  t o  t h *  K G  ch ang es  end t o  th *  p rem a tu re  b e a t s .

In  acme p a t i e n t s  w ith  c o r o n a r y  a r t e r y  d i s e a s e ,  in c r e a s e d  
c a te c h o la m in e s  can  in d u ce  a r r h y t h m ia s .  I t  seems l i k e l y  t h a t  in  such  
p a t i e n t s  A-9-THC c o u ld  have th e  same e f f e c t .  A ls o ,  i n  p a t i e n t s  
w ith  c o ro n a r y  a r t e r y  d i s e a s e  a la r g e  In c r e a s e  in  h e a r t  r a t a  ean 
in d u ce  a n g in a  (p a in )  and even  is c h em ic  damage from  i n s u f f i c i e n t  
oxygen  aa a r e s u l t  o f  an o b s t r u c t e d  b lo o d  v e s s e l .  I f  A-9-THC were 
t o  in c r e a s e  h e a r t  r a t e  m a rk e d ly  in  such p a t i e n t s ,  and a t  th e  same 
t im e  in c r e a s e  th e  need f o r  c a r d ia c  p e r fu s i o n  because  o f  th e  in c re a s e d  
c a r d ia c  work and becau se  o f  th e  i n t e n s i f i e d  e f f e c t  o f  c a te c h o la m in e s  
on  th e  h e a r t ,  i t  seems r e a s o n a b le  t h a t  th e re  c o u ld  be in d u c t io n  o f  
a n g in a  and p o t a n t i a l l y  p r e c i p i t a t i o n  o f  is c h em ic  dam age. F u r th e rm o re , 
i f  &-9-THC d u l le d  th e  a p p r e c ia t i o n  o f  p a in  and th e  a p p r o p r ia t e  
re s p o n s e s  t o  p a in , th e  p a t i e n t  m igh t n o t  ta k e  s u i t a b le  m easu re  t o  
r e l i e v e  th e  a n g in a , th e re b y  in c r e a s in g  th a  r i s k  o f  damage o r  
a r r h y th m ia s .

A d e c re a s e  in  o x y g e n -c a r r y in g  c a p a c i t y  o f  b lo o d  b ecau se  o f  
fo rm a t io n  o f  c a rb o x y h em og lo b in  c o u ld  a l s o  ba t ro u b le s o m e . E x e r c is e  
t o le r a n c e  ham been r e p o r t e d  t o  d e c re a s e  in  i n d i v i d u a ls  w ith  a n g in a  
a f t a r  sm oking m a r i ju a n a ; t h i s  d e c re a s e  I s  in  c o n t r a s t  t o  th e  
u n a f fe c t e d  e x e r c ia e  t o le r a n c e  a f t e r  sm oking a p la c e b o  m a r i ju a n a  
c i g a r a t t a  (A ronow and C a s s id y , 1 9 7 4 ) .  O r a l  in g e s t i o n  o f  A-9-THC o r  
sm oking m a r i ju a n a  a p p a r e n t ly  c an  c a u s e  m arked h y p e r t e n s io n  in  
a s s o c i a t i o n  w ith  an  in c r e a s e  in  s y s te m ic  v a s c u la r  r e s i s t a n c e  
(B e n ow itz  e t  a l . , 1 9 7 9 ) ,  w h ich  w ou ld  p la c e  th e  h e a r t  w ith  c o ro n a r y  
a r t a r y  d i s e a s e  a t  r i s k  o f  dam age.

These o b s e r v a t i o n s  c on c u r in  in d ic a t in g  t h a t  m a r i ju a n a  and 
&-9-THC in c r e a s e  th e  w ork o f  t h *  h e a r t ,  o f t e n  in  many w ays . The 
c o n c lu s io n  seems in s s c a p a b le  t h a t  t h in  In c re a s e d  w o rk , c o u p le d  w ith  
s t im u la t i o n  by c a t e c h o la m in e s , may t a x  th a  h s a r t  t o  t h s  p o in t  o f  
c l i n i c a l  h a z a rd .
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C e re b ro v a s c u la r  D is e s s«

T h e re  a ra  few , i f  a n y , i n d i c a t i o n s  t h a t  A -9-TBC has d i r a c t  e f f e c t s  
on th a  c a r a b r a l  c i r c u la t i o n  t h a t  w ou ld  ba im p o rta n t  in  p a t la n t s  w ith  
c e r e b r o v a s c u la r  d i s a a s a .  I n  th a  o c c a s io n a l p a t i e n t  who d e v e lo p s  
h y p a r t a n s io n  a f t e r  s a c k in g , t h e r e  w ou ld  ba an in c re a s a d  r i a k  o£ a 
c a r a b r a l  v a s c u la r  a c c id a n t  ( s t r o k e ) . A ls o ,  b ecause  A -9-TEC 
a d m in is te re d  a f t a r  a t r o p in e  can  c au sa  m arked in c r e a s e s  in  b lo o d  
p r e s s u r e ,  t h i s  c om b in a t io n  w ou ld  p la c e  t!ie  p a t i e n t  w ith  c a r a b r o ­
v a s c u la r  d is a a s a  a t  r i s k ,  a s  w ou ld  s a c k in g  a f t a r  in g e s t io n  o f  o th e r  
■ usca rin ic  b lo c k e r s .  In  soma p a t i e n t s ,  p o s t u r a l  h y p o te n s io n  c o u ld  ba 
a p ro b lem , n o t  o n ly  f o r  p a r s o n s  w ith  abn o rm a l c a r a b r a l  c i r c u la t i o n s ,  
b u t a ls o  w ith  a b n o rm a l c o r o n a r y  c i r c u l a t i o n s .

H yp a rta n s io n

The f a c t o r s  t h a t  a c t  t o  i n t e n s i f y  a n g in a  w ou ld  ba o f  im p o rta n c e  in  
h y p e r t e n s iv e  p a t i e n t s .  A lth o u g h  d a ta  a ra  la c k in g  on  th a  m agn itud e  o f  
change in  b lo o d  p r e s s u r e  cau aad  by A -9-OTC in  h y p e r t e n s iv e s ,  i t  
seems re a s o n a b le  t o  assume t h a t  h y p e r t e n s iv e s  sm oking m a r i ju a n a  m igh t 
have a g r e a t e r  in c r e a s e  in  b lo o d  p r e s s u r e  th an  n o rm a ls  d o . The 
in c r e a s e  in  p la sm a  vo lum e and sod ium  r e t e n t i o n  t h a t  a r e  a s s o c ia t e d  
w ith  c h r o n ic  e xp o au re  t o  & -9 -T R C  c o u ld  in c re a s e  b lo o d  p r e s s u r e  in  
h y p e r t e n s iv e s  and th e  m echanisma r e s p o n s ib le  f o r  th e s e  changes v e ry  
l i k e l y  w ou ld i n t e r f e r e  w ith  th e  a c t i o n  o f  a number o f  
a n t ih y p e r t e n s iv e  m e d ic a t io n s .

H e a rt  F a i lu r e

B ecause  m a r i ju a n a  can c au se  t a c h y c a r d ia ,  a d e c re a s e  in  s y s tem ic  
v a s c u la r  r e s i s t a n c e  ( r e q u i r e d  f o r  in c re a s e d  c a r d ia c  o u tp u t  t o  s u s t a in  
b lo o d  p r e s s u r e )  and s a l t  and w a te r  r e t e n t i o n  m igh t p la c e  p a t i e n t s  
w ith  s e v e re  h e a r t  f a i l u r e  a t  a  d is a d v a n ta g e  by e x p o su re  t o  A -5 - tbC . 
D a ta  on such p a t i e n t s  a r e  l a c k in g .  In  o ld e r  p a t i e n t s  t r e a t e d  by 
&-9-THC o r  who have smoked m a r i ju a n a  f o r  g laucom a o r  c a n c a r ,  
o r t h o s t a t i c  h y p o te n s io n  h as baen  b o th  d i s a b l in g  and a t h r e a t  o f  
c a r d io v a s c u la r  c o m p lic a t io n s  (M e r r i t t  e t  c l . , 1 9 8 0 ) .  H ow eve r, 
t o le r a n c e  t o  o r t h o s t a t i c  h y p o te n s io n  seems t o  d e v e lo p  d u r in g  
c o n t in u e d  in ta k e  o f  A -9- th c  o r  c o n t in u e d  smoking •'£ m a r i ju a n a .  
D e h y d ra t io n , a s  d u r in g  v om it in g  o r  d i u r e t i c  t h e r a p y , p r e d is p o s e s  t o  
th e  o r t h o s t a t i c  h y p o te n s iv e  e f f e c t s  and r e s i s t s  th a  d e v e lo p m en t o f  
t o le r a n c e  b ecause  i t  p r e v e n t s  e x p a n s io n  o f  b lo o d  v o lum e .

I n t e r a c t i o n s  w ith  C a rd io a c t iv e  D rugs

Few s tu d ie s  e v a lu a t e  i n t e r a c t i o n s  betw een A -9-TBC and o th e r  d ru g s  
t h a t  s e t  d i r e c t l y  o r  i n d i r e c t l y  on  th e  h e a r t .  P r o p r a n o lo l  u s u a l ly  
a t t s n u a t e s  th e  In c r e a s e  in  h e a r t  r a t e  cau sed  by A -9 -TBC . A t ro p in e
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can  g r e a t l y  p o t a n t i a t a  th a  a b i l i t y  o f  A-9-THC t o  in c r e a s e  s y s tem ic  
a r t e r i a l  p re s s u r e  (B en ow itz  and Jon e s?  1 9 7 7 a ,b ) .  A number o f  p o s s ib le  
i n t e r a c t i o n s  can be im ag in ed . I f  a p a t i e n t  w ere t a k in g  a d rug  t h a t  
b lo c k e d  u p tak e  o f  c a te c h o la m in e s  by n e rv e  t e rm in a ls ,  th en  th o a a  
e f f e c t s  o f  4-9-THC  t h a t  a r e  m ed ia ted  by c a te c h o la m in e s  would be 
i n t e n s i f i e d .  B ecause  a g r e a t  many p s y c h o t ro p ic  and a n t ih y p e r t e n s iv e  
d ru g s  m od ify  m e ta b o lism  o f  n e u r o t r a n s m i t t e r s  in  th e  c e n t r a l  n e rv o u s  
sy s tem  and p e r ip h e r y ,  a w ide v a r i e t y  o f  i n t e r a c t i o n s  w ith  A-9-THC 
seems p o s s i b le .

Summary! C a rd io v a s c u la r  System

The sm oking o f  m a r i ju a n a  c a u s e s  ch ang es  i n  t h e  h e a r t  and c i r c u la t i o n  
t h a t  a re  c h a r a c t e r i s t i c  o f  s t r e s s .  B u t t h e r e  i s  no e v id e n c e  t o  
in d ic a t e  t h a t  i t  e x e r t s  a  p e rm a n e n t ly  d e le t e r i o u s  e f f e c t  on th e  
n o rm a l c a r d io v a s c u la r  s y s tem . N e i th e r  i s  t h e r e  c o n v in c in g  e v id e n c e  
t h a t  a a r i ju a n a  w ou ld  be o f  p a r t i c u l a r  b e n e f i t  i n  t r e a t i n g  any o f  th e  
m a jo r  fo rm a  o f  c a r d io v a s c u la r  d i s e a s e .

The s i t u a t i o n  i s  q u i t s  d i f f e r e n t  f o r  th o s e  w ith  sn  abn o rm a l h e a r t  
o r  c i r e u lm t i o n .  E v id en c e  abound# t h a t  m a r i ju a n a  in c re a a e a  th e  work 
o f  th e  h e a r t ,  u s u a l ly  by in c r e a s in g  h e a r t  r a t e ,  and in  acme p e rs o n a  
by in c r e a s in g  b lo o d  p r e a a u re .  T h is  in c re a s e  in  w o rk lo a d  p o se s  a 
t h r e a t  t o  p a t i e n t a  w ith  h y p e r t e n s io n ,  c e r e b r o v a s c u la r  d i s e a s e ,  and 
c o r o n a r y  a t h e r o s c le r o s i s .  Tha m agn itude end in c id e n c e  o f  th e  t h r e a t  
rem a in s  t o  be d e te rm in e d  b ecau se  m a r i ju a n a  sm oking h a s  l a r g e l y  been 
c o n f in e d  t o  y ou n g e r a d u lt s  who a r e  o n ly  now e n t e r in g  th e  age o f  
s e r i o u s  c o m p lic a t io n s  o f  a t h e r o s c l s r o s i s  on th e  h e a r t ,  b r a in ,  and 
p e r i p h e r a l  v e s s e ls .

M a r i ju a n a  a la o  can  c au se  p o s t u r a l  h y p o te n s io n . T h is  d ro p  in  
b lo o d  p r e s s u r e  c o u ld  be h a z a rd o u s  in  th o s e  i n d i v i d u a ls  w ith  
com prom ised b lo o d  f lo w  t o  th e  h e a r t  o r  b r a in ,  e s p e c i a l l y  i f  th e y  a re  
v o lu m e -d e p le te d  (d e h y d ra te d ) o r  i f  o th e r  d ru g s  have im p a ired  r e f l e x  
c o n t r o l  o f  t h e i r  b lo o d  v e s s e l s .

M a r i ju a n a  a p p e a rs  t o  i n t e n s i f y  th e  e f f e c t s  o f  th e  sym p a th e t ic  
n e rv o u s  system  on th e  h e a r t ,  an u n d e s i r a b le  con sequence  in  p a t i e n t s  
w ith  c o ro n a ry  a r t e r y  d is e a s e  and in  th o s e  s u s c e p t ib le  t o  a r rh y th m ia s . 
Many o f  th e  u n d e s i r a b le  e f f e c t s  o f  m a r i ju a n a  on  th e  c a r d io v a s c u la r  
sy s tem  seem t o  become l e s s  s e v e re  fo l lo w in g  c h r o n ic  e x p o s u re . W hether 
th e  r e l a t i v e  p a u c i t y  o J  r e p o r t s  o f  th e  1 1 1 - e f f e c t s  o f  m a r i ju a n a  on 
th e  abn o rm a l c a r d io v a s c u la r  sy s tem  ia  a c on sequence  o f  a d a p ta t io n  t o  
c h r o n ic  usage o r  t o  la c k  o f  e x p o s u re  t o  a a r i ju a n a  o f  a p o p u la t io n  
t h a t  i a  s u f f i c i e n t l y  advanced  in  y e a r s  t o  be s u s c e p t ib le  t o  i t s  
un tow ard  e f f e c t s  rem a in s  t o  be d e te rm in e d .

Recom m endations f o r  R e se a rc h

A d d i t io n a l s t u d ie s  a r e  needed b o th  (1 ) t o  p r o v id e  in fo rm a t io n  on  t h e  
mechanisma r e s p o n s ib le  f o r  th e  o b s e rv e d  e f f e c t s  o f  a a r i ju a n a  on th e  
c a r d io v a s c u la r  sy s tem  and (2 )  t o  p r o v id e  new d a ta  on  th e  e f f e c t s  o f  
m a r i ju a n a  in  p a t i e n t a  w ith  known fo rm a  o f  c a r d io v a s c u la r  d la e a s a .
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* Th* manner i n  w h ich A -9- thc  a c ta  on  th *  h e a r t  t o  change  
th e  r a t a  and f o r e *  o f  c o n t r a c t i o n  n **d c  c l a r i f i c a t i o n .  D i r e c t  
e f f e c t s  on  th *  h e a r t  a r e  n o t  l i k e l y  t o  d i f f e r  among s p e c i e s , and th u s  
e x p e r im e n ts  can be p la n n e d  f o r  a " s t a n d a rd "  h e a r t  p r e p a r a t i o n .

* D i r e c t  e f f e c t s  on  e l e c t r i c a l  a c t i v i t y ,  which m igh t r e l a t e  t o  
r e p o r t s  o f  changes i n  e l e c t r i c a l  a c t i v i t y  and p ro d u c t io n  o f  p rem a tu re  
im p u ls e s  a s  w cJL l a s  changes in  s in u s  r a t e ,  sh o u ld  be e v a lu a t e d  w ith  
s ta n d a rd  m ethods and s ta n d a rd  p r e p a r a t i o n s .

* D i r e c t  e f f e c t s  o f  a- 9 - thc  on  v a s c u la r  smooth m u sc le  s h o u ld  
be e x p lo r e d ,  f o r  t h i s  p u rp o s e , i t  w ou ld  be e s s e n t i a l  t o  u se  some 
v e s s e ls  t h a t  d id ,  and  o t h e r s  t h a t  d id  n o t ,  have fu n c t io n in g  n e rv e  
t e r m i n a ls .  I t  w ou ld  be im p o r t a n t  h e r *  t o  in c lu d e  s t u d ie s  on  s e le c t e d  
c o r o n a r y  v e s s e ls  and on v e s s e ls  w h ich  p la y  a dom inant r o l e  in  th *  
r e g u la t i o n  o f  s y s te m ic  v a s c u la r  r e s i s t a n c e .

* A number o f  r e l a t e d  s t u d i e s  a r e  needed b e fo r e  t h *  e f f e c t s  on 
humans can  be e x p la in e d  in  f u l l ,  p a r t i c u l a r l y  th e  a f f e c t s  o f  
A-9-THC on  th *  r e n in - a n g io t a n s in  sy s tem  in  th *  k id n e y , w h ich  
p r o v id e s  c o n t r o l  o f  a r t e r i a l  p r e s s u r e ,  and on th e  s e v e r a l  sequences 
o f  p r o s t a g la n d in  m e ta b o lism .

S t u d ia s  a ls o  a r e  in d ic a t e d  t o  o b t a in  nev  d a ta  abou t t h *  a f f e c t s  
o f  m a r i ju a n a  on?

* p e rs o n s  w ith  h y p e r t e n s io n ,  c o r o n a r y  a r t e r y  d i s e a s e ,  and 
c e r e b r o v a s c u la r  d i s e a s e ;

* in c r e a s e s  in  s y s te m ic  a r t e r i a l  p r e s s u r e  in  low -  and 
h ig h - r e n in  h y p e r t e n s io n  and th *  i n t e r a c t i o n s  between A-9-THC and 
s e v e r a l  c la s s e s  o f  a n t ih y p e r t e n s iv e  m e d ic a t io n s ;

th e  i n t e r a c t i o n s  betw een th e  s a l t  and w a t e r - r e t a in in g  e f f e c t  
o f  a - 9 - t h c  and d i u r e t i c s  t h a t  c o u ld  be em p loyed bo th  in  
h y p e r t e n s iv e s  and th o s e  w ith  h e a r t  f a i l u r e .

A d d i t i o n a l l y ,  s t u d i a s  s h o u ld  be d on *  on th e  us* o f  s ta n d a rd  
m o n ito r in g  te c h n iq u e s  t o  q u a n t i f y  any e f f e c t  o f  m a r i ju a n a  sm oking on  
t e n d e n c ie s  tow ard  a r r h y t h m ia s ,  and on  in t e r a c t i o n s  o f  A -9-THC w ith  
d ru g s  t h a t  m od ify  s y n a p t ic  t r a n s m is s io n  in  th e  c e n t r a l  n e rv o u s  sy s tam .
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EFFECTS OF MARIJUANA ON THE BRAIN

The a o s t  c l e a r l y  e s t a b l i s h e d ' e f f e c t s  o f  c a n n a b is  a r i  upon b e h a v io r .  
Thasa e f f e c t s ,  d e s c r ib e d  in  C h a p ta r  6 ,  i n d ic a t e  t h a t  m a jo r  a c t io n s  o f  
c a n n a b in o id s  a re  upon th e  b r a i n .  The ways in  w h ich m a r i ju a n a  a l t e r s  
th e  b r a in  t o  p ro d u c e  i t s  b e h a v i o r a l  e f f e c t s  a r e  n o t  known.

E f f o r t s  t o  d i s c o v e r  th e  c a u s e s  o f  th e  b e h a v io r a l  e f f e c t s  have 
in c lu d e d  s t u d ie s  on  b r a in  m o rp h o lo g y , p h y s io lo g y ,  and c h e m is t ry  t o  be  
re v iew ed  in  t h i s  c h a p t e r .  E f f e c t s  o f  m a r i ju a n a  on b r a in  e l e c t r i c a l  
a c t i v i t y  and on b r a in  c h e m is t r y  have  been m easu red , b u t t h e i r  
s i g n i f i c a n c e  f o r  b r a in  fu n c t i o n  i s  n o t  known becau se  o f  o u r  l im i t e d  
know ledge o f  b r a in - b e h a v io r  r e l a t i o n s .  M a r i ju a n a  c a u s e s  tem p o ra ry  
i n t o x i c a t i o n  a n d . r e s u l t s  in  ch ang es  in  b r s lz r  p h y s io lo g y  and c h e m is t ry  
s im i la r  t o  th o s e  c a u se d  b r o t h e r  I n t o x i c a t i n g  d ru g s . A lth oug h  th e s e  
k in d s  o f  s t u d ie s  may u l t im a t e ly  shed l i g h t  on th e  way m a r i ju a n a  
p ro d u c e s  i t s  b e h a v io r a l  c h a n g e s , th e y  do n o t  p r o v id e  an sw ers t o  
im p o r ta n t  c l i n i c a l  q u e s t i o n s .  Does m a r i ju a n a  c au se  lo n g - te rm  changes 
in  th e  b r a in  t h a t  le a d  t o  c h r o n ic  p s y c h ia t r i c  o r  n e u r o lo g i c a l  
d i s o r d e r s ?  So f a r ,  th e  s t u d i e s  re v iew ed  be low  p r o v id e  no c o n v in c in g  
e v id e n c e  f o r  lo o g - t a rm  ch ang es b e c au se  o f  u se  o f  m e r l ju a n a .

BRAIN MORPHOLOGY

T he re  i s  s u b s t a n t i a l  c o n t r o v e r s y  a b o u t w he the r m a r i ju a n a  c a u s e s  
changes in  b r a in  s t r u c t u r e  o r  i n  b r a in  c e l l s .  Two s t u d ie s  have 
r e p o r t e d  t h a t  m a r i ju a n a  p ro d u c e s  c h an g e *  i n  b r a in  m o rp h o lo g y . B o th  
s u f f e r  s u f f i c i e n t l y  from  m e th o d o lo g ic  and. im t e r p r e t a t i o n a l  d e fe c t s  
t h a t  t h e i f  c o n c lu s io n s  c a n n o t -b e  a c c e p te d . F u r th e rm o re , o t h e r  
s t u d ie s  have  n o t  fo u n d  changes in  m o rp h o lo g y .

G ro s s  M o rp h o log y

D a ta  su g g e s t in g  t h a t  uaa o f  m a r i ju a n a  c au se s  b r a in  a t r o p h y  were 
o b ta in e d  hy  pn eum oen cepha log rap hy  ( i n je c t i o n  o f  a i r  i n t o  sp ace s  in  
and s u r ro u n d in g  th e  b r a in )  on  10 u s e r s  o f  a a r i j u a r a  who had sough t 
m e d ic a l a t t e n t i o n  b ecau se  o f  n e u r o lo g ic  c o m p la in t s  (C am pb e ll e t  a l . , 
1 9 7 1 ) .  Tha s i z e  o f  th a  l a r g a s t  b r a in  c a v i t i e s  ( v e n t r i c l e s )  was
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m ei'su red  t o  d e te rm in e  w hethe r l o s s  o f  b r a in  t i s s u e  had o c c u r r e d . The 
a u th o ra  in t e r p r e t e d  t h e i r  d a ta  ae show ing t h a t  a t ro p h y  was p r e s e n t .

One o f  th e  f i r s t  c r i t i c s  o f  t h i s  r e p o r t  q u e s t io n e d  th e  
i n t e r p r e t a t i o n  o f  th e  r a d i o lo g i c  te c h n iq u e s  used ( B u l l .  1 9 7 1 ) .  The 
r e s u l t s  a l s o  have been s e r i o u s ly  c r i t i c i z e d  because  o f  th e  m a r i ju a n a  
u s e r s  s t u d ie d .  They had n e u r o lo g i c a l  symptoms o r  s ig n s  s u f f i c i e n t  t o  
j u s t i f y  an in v a s iv e  and p a i n f u l  d i a g n o s t ic  t e s t ,  b u t th e re  i a  no 
e v id e n c e  t h a t  such  n e u r o lo g i c a l  c o m p la in t s  o c c u r w ith  g r e a t e r  
fre q u e n c y  in  u a e r s  o f  a a r i ju a n a  th an  in  th e  g e n e r a l p o p u la t i o n .  
F u r th e r /  C a m p b e ll's  p a t i e n t s  d id  n o t  o n ly  u se  a a r i ju a n a #  b u t a l s o  
used  such b e h a v i o r - a l t e r i n g  d rugs#  tis l y s e r g i c  a c id  d le t n y la a id e  
(LSD ) and a a p h e ta a in e s .

More r e c e n t  e v id e n c e  has been p ro v id e d  by computed tom ography 
(CT) sc an s  o f  th e  b r a i n .  T h is  te ch n iq u e #  w h ich i s  n o n in v a s iv e #  
p a in le s s #  and y i e ld s  more p r e c is e  and q u a n t i f i a b le  m easu res o f  b r a in  
a t r o p h y , has r e p la c e d  pneum oencepha log raphy  a s  a d ia g n o s t ic  t e s t .  
U s ing  CT m ethods# two s t u d ie s  f a i l e d  t o  f i n d  e v id e n c e  o f  c e r e b r a l  
a t ro p h y  in  h e a lt h y  c h r o n ic  m a r i ju a n a  u s e r s  (Co e t  a l . #  1 9 7 7 ; K a u h n le  
e t  a l . ,  1 9 7 7 ) .  These l a t t e r  r e s u l t s  su g g e s t t h a t  th e  e a r l i e r  
f in d in g s  w ere a t t r i b u t a b le  t o  th e  im p re c is io n  o f  c o n v e n t io n a l 
pneum oencepha log raphy# o r  t o  th e  f a c t  t h a t  a g ro u p  w ith  n a u r o lo g ic  
c o m p la in t s  was s tu d ie d #  o r  t o  th a  u se  o f  m u l t i p le  p s y c h o a c t iv e  d ru g s  
by th e s a  i n d i v i d u a ls .  T h is  la i?L  p o s s i b i l i t y  i s  r e in f o r c e d  by CT 
sc an s  o f  a n im a ls  who r e c e iv e d  a v a r i e t y  o f  p s y c h o a c t iv e  d ru g s . 
M a r i ju a n a  a lo n e  p rodu ced  no e v id e n c e  o f  b r a in  a tro p h y #  w he reas o t h e r  
d rugs#  such  a s  amphetam ines# d id  p ro d u c t  changes (Ruabaugh a t  a l . #
1 9 8 0 ) .

M ic ro s c o p ic  M o rpho log y

T h ree  p o s t  mortem  s tu d ie s  on monkeys in  th e  same la b o r a t o r y  have  
r e p o r t e d  changes in  th e  m ic ro s c o p ic  m o rph o log y  o f  th e  b r a in  a t  th e  
u l t r a s t r u c t u r a l  l e v e l  (H a rp e r e t  a l . #  1 9 7 7 ; M eyers and Heath# 1 9 7 9 ; 
H eath e t  a l . #  1 9 8 0 ) .  No s im i la r  s t u d ie s  on  human b e in g s  have been 
r e p o r t e d .  The monkeys r e c e iv e d  e i t h e r  c h r o n ic  e xp o su re  t o  m a r i ju a n a  
smoke o r  c h r o n ic  i n je c t i o n s  o f  & -9-THC. Changes r e p o r t e d  t o  have 
o c c u r re d  in  th e  b r a in s  in c lu d e d  a l t e r a t i o n  in  s y n a p t ic *  c l e f t  w id th #  
in c re a s e d  d e n s i t y  o f  s y n a p t ic  c l e f t  m a t e r ia l#  a d e c re a s e  in  vo lum e o f  
rou gh  e n d op la sm ic  r a t lc u lu a #  p ra s s n c e  o f  c lum p ing  o f  s y n a p t ic  v e s i c le s  
in  axon t e rm in a ls  (w here im p u ls e s  t r a v e l  away from  th e  c e l l  b o d y ) , 
and an in c r e a s e  in  I n t r a n u c le a r  i n c lu s i o n s .  Theme ch ang es  a p p ea r 
d ram a tic #  b u t th e y  m ust be in t e r p r e t e d  w ith  c a u t i o n .  The t h r e e  
s t u d ie s  a r e  based  p r i n c i p a l l y  upon e x am in a t io n  o f  two l im i t e d  b r a in  
a re a s  o n ly  in  t h r e e  t r e a t e d  monkeys# two r e c e iv in g  a a r i ju a n a  smoke

*A syn ap se  i s  th e  r e g io n  o f  com m un ica tion  betw een n e rv e  c a l l s #  
fo rm in g  th e  p la c e  where a n e rv o u s  im p u ls e  i s  t r a n s m it t e d  from  on e  
n e rv e  c e l l  t o  a n o th e r .



82

and o n t  in t r a v e n o u s  A -9-THC ; a f o u r t h  t r e a t e d  a n im a l was added t o  
th e  l a s t  s tu d y  and m ore b r a in  a re a s  w ere a n a ly z e d  in  i t  (H ea th  e t  
a l . , 1 9 8 0 ) .  F u r th e r *  a lth o u g h  th e  m a t e r i a l  was e v a lu a te d  
• d o u b le b l in d "  a f t e r  e le c t r o n  m ic ro g ra p h s  had been made* i t  w ou ld  
app ea r t h a t  f i x a t i o n *  t i s s u e  p r e p a r a t io n *  and p h o to g ra p h y  w ere 
c a r r i e d  o u t  b e fo r e  th e s e  s a fe g u a rd s  a g a in s t  b ia s  w ere a p p li e d .  I t  i s  
p o s s ib le  t h a t  unknown b u t  s y s te m a t ic  d i f f e r e n c e s  o c c u r re d  betw een 
e x p e r im e n ta l ( t r e a t e d )  and c o n t r o l  a n im a ls  in  f i x a t i o n  and 
p r e p a r a t io n  o f  t i s s u e  o r  in  s e le c t i o n  o f  sam p le s  f o r  m ic ro g ra p h y . I a  
a d d i t io n *  i t  s h o u ld  be n o te d  t h a t  a t  l e a s t  one  o f  th e  changes n o ted *  
c lum p ing  o f  s y n a p t ic  v e s i c l e s  (H a rp e r  e t  a l . * 1 9 7 7 )*  l a  a n o rm a l 
v a r i a n t  in  th e  s y n a p t ic  m o rp h o lo g y  o f  axon  t e rm in a ls  in  mammalian 
b r a in  (S ip s  and M oore* 1 9 7 7 ) and d o e s  n o t  r e p r e s e n t  a  p a t h o lo g i c a l  
c h an g e . A ls o *  th e s e  s t u d i e s  have n o t  been r e p l i c a t e d  and* because  
th e  b a s is  f o r  i n t e r p r e t a t i o n  i s  such a l im i t e d  sam p le* i t  i s  c o n ­
c lu d e d  t h a t  no d e f i n i t i v e  i n t e r p r e t a t i o n  cep . be%aade a t  t h i s  t im e . 
However* th e  p o s s i b i l i t y  t M t  m a r i ju a n a  may p ro d u c e  c h ro n ic *  u l t r a -  
s t r u c t u r a l  changes i n  b r a in  h a s  n o t  baen r u la d  o u t  and sh o u ld  be 
in v e s t ig a t e d .

NEU^OPHYSIOLOGY

One s o u rc e  o f  i n f o rm a t i o n  on th e  m echanism s o f  a c t i o n  o f  a d ru g *  such  
a s  m a r i ju a n a *  i s  t h e  s tu d y  o f  i t s  p h y s i o lo g i c a l  a f f e c t s .  E f f e c t s  o f  
m a r i ju a n a  on  th a  e l e c t r i c a l  a c t i v i t y  o f  th a  b r a in  have been 
d em on s tra te d  by means o f  th a  e le c t r o e n c e p h a lo g ra m  (E E G ). The 
s ta n d a rd *  o r  c l i n i c a l *  EEG m easu re s  t i n y  v a r i a t i o n s  a t  th e  s c a lp  o f  
v o l t a g e s  p rodu ced  by th e  e l e c t r i c a l  a c t i v i t y  o f  th e  b r a i n .  V o lt a g e  
d i f f e r e n c e s  betw een  two p o in t s  on  th a  s c a lp *  o r  betw een th e  s c a lp  and 
an in a c t i v e  r e f e r e n c e  s i t e *  a r e  re c o rd e d  on moving p ap e r*  p ro d u c in g  a 
g rap h  o f  v o l t a g e  o v e r  t im e . The waves o b s e rv e d  a r e  c l a s s i f i e d  
a c c o rd in g  t o  f r e q u e n c ie s  a s  d e l t a *  th e ta *  a lp h a *  and b e t a .  W h i le  th e  
changes i n  EEC d e s c r ib e d  b e low  a r e  o f  i n t e r e s t *  t h e i r  b i o l o g i c a l  
s ig n i i ' ic a n c a  i s  unknown.

A cu ta  (S h o r t -T e rm ) E f f e c t s  in  Waking EEG

In g a s ta d  a a r i ju a n a  o r  A-9-THC p ro d u c e s  r a t h e r  s l i g h t  e f f e c t s  on  th e  
EEG o f  an  awaka s u b ja c t .  R e l a t i v e ly  h ig h  d o s e s  (2 1 0  ag &-9-THC o r  
i t s  o q o iv a le n t / d a y )  have  f a i l e d  t o  p ro d u c a  m ea su ra b le  changes even  
though  m arked b e h a v i o r a l  e f f e c t s  w ere o b s e rv e d . The SBG e f f e c t  m ost 
f r e q u e n t ly  r e p o r t e d  in  r e c e n t  s t u d ie s  h a s  been  an in c re a s e d  abundance 
o f  a lp h a  waves a s s o c ia t e d  w ith  a m lig h t  s low in g  (a b o u t  0 .2 5  Hz) o f  
th e  a lp h a  f r e q u e n c y  (R o d in  a t  a l . *  1 9 7 0 ; V o la v k a  a t  a l . *  1 9 7 1 ; F in k *
1 9 7 6 ) .  However* re d u c e d  a lp h a  abundance and in c re a s e d  f a s t  fre q u e n c y  
a c t i v i t y  (b e t a )  h a ve  a l s o  been r e p o r t e d  (W ik la z  and  L lo y d *  1 9 4 5 ;
J o n a s  and S ton e *  1 9 7 0 ) .  Moat s t u d ie s  w h ich r a p o r t  BEG changes have 
n o te d  t h a t  t o le r a n c e  d e v e lo p #  w ith  re p e a te d  d ru g  a d m in i s t r a t i o n .  No 
s ig n i f i c a n c e  w ith  r e s p e c t  t o  h a z a rd  can  be i n f e r r e d  from  th e  e f f e c t s
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o f  c a n n a b is  on  th a  w aking EEG. F o r  a f u r t h a r  ra v iaw  o f  t h l a  
l i t e r a t u r e ,  s e e  F r ie d  ( 1 9 7 7 ) .

P e r s i s t a n t  E f f e c t s  in  Waking EEG

Tha o c c u r ra n c a  o f  p a r a i s t a n t  ( l o n g - l a s t i n g )  changaa in  EBG w ith  uaa 
o f  a a r i ju a n a  w ou ld cauaa  c o n c a rn  even  i f  t h a i r  a ig n i f i c a n c a  f o r  b r a in  
fu n c t i o n  waa unknown. However# in  a t te m p t in g  t o  i n v a a t ig a t a  th a  
q u a a t io n  o f  w h a th a r auch changaa o c c u r#  t i r r e  i n e v i t a b ly  a r i a a  c r u c i a l  
ia a u a a  o f  a u b ja c t  s e le c t i o n .  Z f ona aa l& w ta  o n ly  c h r o n ic  m a r i ju a n a  
u s a ra  who a r a  in  good  h e a lth #  ona may ba e l im in a t in g  s y s t e m a t i c a l ly  
th o a a  who hava been a d v e r s e ly  a f f e c t e d  by uaa o f  th a  d ru g  and who 
m igh t hava shown EEG ch an g a a . On th a  o t h e r  hand# i f  one in c lu d e s  in  
such s t u d ia s  m a r i ju a n a  u a a ra  who s u f f e r  from  v a r io u s  i l l n e s s e s  o r  
b e h a v io r a l  d is tu rb a n c e s #  ona m igh t f i n d  a b n o rm a l i t i e s  o f  th a  EEG t h a t  
r e s u l t  from  th e s e  c o n d i t i o n s  r a t h e r  th an  from  th e  m a r i ju a n a .

L o n g -te rm  uaa o f  m a r i ju a n a #  e i t h e r  i n  th e  m odest d o sa a  cu s tom ­
a r i l y  u sed  in  t h i a  c o u n t r y  o r  th a  h eavy  d o s e s  o f  h a s h is h  and ganga 
used by c e r t a i n  s tu d ie d  p o p u la t io n s  ab ro ad #  has n o t  bean shown t o  
p ro d u c e  changes in  th a  EEG. No a b n o rm a l i t i e s  w ara fo u n d  in  th e  EEG 
o f  10 h e a lt h y  a tu d e n ts  who had smoked m a r i ju a n a  r e g u l a r l y  f o r  1 y e a r  
(R o d in  e t  a l . #  1 9 7 0 ) .  A no th e r s tu d y  com pared c l i n i c a l  EEG r e c o rd s  o f  
46 h a a h ia h  u a a ra  and 40 m atched c o n t r o l s  i n  G re e c *  (F in k #  1 9 7 6 ) .
Each r e c o rd  was a v a lu a t e d  in d e p e n d e n t ly  by f o u r  q u a l i f i e d  n e u r o lo g i a t -  
e le c t r o e n c e p h a lo g r a p h e r s .  S o  d i f f e r e n c e s  w e re  o b s e rv e d  in  tb a  
in c id e n c e  o f  a b n o rm a l r e c o rd s  in  th a  u s e r s  and c o n t r o ls #  a r e s u l t  
c o n s i s t e n t  w ith  th a  ab sen ce  o f  s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  
two g ro u p s  i n  v a r i o u s  t e s t s  o f  n e u r o lo g i c a l  fu n c t i o n .

E s s e n t i a l l y #  th a  same n e g a t iv e  r e a u l t a  w are o b ta in e d  in  s t u d i e s  
o f  gangs u s e r s  i n  Jam a ic a  (R u b in  and C o n ita s #  1 9 7 5 ) and m a r i ju a n a  
u s e rs  in  C o s ta  R ic a  (K a ra c a n  e t  a l . # 1 9 7 6 ) .  In  th e s e  l a t e r  s t u d i a s  
s u b je c t s  w ere c a r e f u l l y  s e le c t e d  t o  in c lu d e  o n ly  th o s e  in  good h e a lt h  
who were fu n c t io n in g  a d e q u a te ly  in  th e  com m un ity . As m en tion ed  above# 
t h i s  method o f  s e le c t i o n  ru n s  th e  r i s k  o f  e l im in a t in g  s u b je c t s  w hote 
h e a lth  o r  b e h a v io r  w ere a d v e r s e ly  a f f e c t e d  by m a r i ju a n a  and who m igh t 
have 3hown EEG ch an g e s . T h is  m e th o d o lo g ic a l d i f f i c u l t y  c an n o t be 
e lim in a t e d  in  any s m a l l  sam p le  i n v e s t i g a t i o n  o f  m a r i ju a n a  u s e r s .

A cu te  E f f e c t s  in  E v e n t -R e la t e d  P o t e n t i a l s

One can em p loy  com pu te r a v e ra g in g  bo r a t r i e v e  from  th e  EEG c e r t a i n  
in fo rm a t io n  t h a t  ia  n o t  d e t a c t a b le  by v i s u a l  in s p e c t i o n .  In  t h i s  
way# th e  e l e c t r i c a l  e v e n ts  t h a t  f o l l o w  a s t im u lu s  may be s tu d ie d  in  
s u b je c t s  who a r e  a t  r e s t #  a s le e p #  o r  c a r r y in g  o u t  c e r t a i n  t a s k s .
These c om p u te r -a v e ra g e d  p o t e n t i a l s  p r o v id e  c lu e s  t o  th e  e e q u a n t i a l  
p ro c e s s in g  o f  in fo rm a t io n  by th e  b r a i n .

A lth o u g h  th e  l i t e r a t u r e  i s  in c o n s i s t e n t #  i t  i s  c l e a r  t h a t  c a n n a b is  
c an  p ro d u c e  e f f e c t s  on  e v e n t - r e la t e d  p o t e n t i a l s  (E P s ) (E a rn in g  e t  
a l . #  1 9 7 9 ) .  E f f e c t s  on  iv a p li tu d e  a r e  m ore o f t e n  r e p o r t e d  th s n  e f f e c t s
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on la t e n c y  o f  th«  e v e n t - r e la t e d  w ave* . S e v e r a l s t u d i e s  w ith  
in c o n s i s t e n t  r e s u l t s  have a p p e a re d ; th e s e  in c o n s i s t e n c ie s  r e s u l t  from  
d i f f e r e n c e s  in  t a s k ,  dose# o r  d u r a t io n  o f  a d m in i s t r a t i o n .  Thu** EPs 
i n  re s p o n s e  t o  s e n s o ry  s t im u l i  e r a  u n a f fe c t e d  o r  even  in c re a s e d  by 
c a n n a b is  i f  t h *  s u b je c t  i s  p a s s iv e *  b u t a r e  d e c re a s e d  in  am p litu d e  i f  
t h e  s u b je c t  i s  p e r fo rm in g  a t a s k .  One s tu d y  fou n d  th e  f i r s t  n e g a t iv e  
w av*, a com ponent o f  th e  a u d i t o r y  IP *  was red uced  e t  e d oe s  o f  1 8 0 -2 1 0  
mg p e r  d a y , b u t n o t  a t  a doee  o f  7 0 -8 0  ag p e r  day  d u r in g  a cu te  (1  t o  
3 d a y s ) e d a i n i s t r a t l o n  (E a rn in g  e t  e l . ,  1 9 7 9 ) .  A f t e r  2 weeks e t  th e  
h ig h e r  d o s a g e , t h i a  a f f e c t  was o b se rv e d  o n ly  f o r  t h *  m ore d i f f i c u l t  
t a s k s .  T h is  s tu d y  d em o n s t ra te s  d i f f e r e n c e s  in  m a r i ju a n a  e f f e c t s  on 
£Ps a c c o rd in g  t o  d o s a , d u r a t io n  o f  a d m in i s t r a t i o n ,  and ta s k  
c o m p le x i t y .

A cuta E f f e c t s  in  S le e p  EEG

D rug s o f t e n  p ro d u c e  n a rk e d  e f f e c t s  on t h *  ZZG d u r in g  s le e p ,  b u t 
p ro d u c in g  l i t t l e  o s  n o  change in  th e  w aking D C .  T h is , la -  t h e  c a se  
w ith  a a r i ju a n a  »/id A -9-THC .

In  r a l a t i v e l y  h ig h  d o se s  (7 0 - 2 1 0  a g / d a y )A A -9-TBC  and a a r i ju a n a  
e x t r a c t  p ro d u ced  n u k e d  e f f e c t *  o n  s le e p  ZBG (P e in b e rg  e t  a l . ,  1 9 7 5 ,
1 9 7 6 ) .  On i n i t i a l  a d m in i s t r a t i o n , th e  t i n * -  s p e n t in  REM s le e p *  
(s t a g e  REM d u r a t i o n )  wet* re d uced be low  b a s e l in e  l e v e l *  (p la c e b o ) by 
1 8  p e r c e n t  a n *  t h a  number o f  a y s  movement*, by 49 p e r c e n t .  Some 
t o le r a n c e  ( r e t u r n  tow a rd  b a s e l in e  l e v e l s )  was a p p a re n t  d u r in g  th e  
p e r i o d  (1 2 - 1 6  d e y s ) o f  d rug  a d m in i s t r a t i o n .  On w ith d ra w a l,  REM 
d u r a t i o n  was in c re a s e d  above  b a a e lin e  b jt .4 9  p e r c e n t  and r a p id  eye  
movements w ere in c re a s e d  by 67 p e r c e n t .  W h ile  th e n *  e f f e c t s  a re  
q u i t e  l a r g e ,  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  unknown. They w ere n o t  
accom pan ied  by such  u n u su a l b e h a v io r a l  changes a s  h a l lu c i n a t i o n s  o r  
d i s o r i e n t a t i o n ,  a lt h o u g h  t h a r a  was e v id e n c e  o f  w ith d ra w a l—  
i r r i t a b i l i t y ,  in c re a s e d  r e f l e x e s ,  and a i l d  a g i t a t i o n ,  w ith  auch 
s m a l le r  d o s e s  o f  & -9-TBC , e i t h e r  e  e m a i l r e d u c t io n  i n  RIM s le e p  
( P i v i k  e t  a l . ,  1 9 7 2 ;  P reem on , 1 9 7 4 ) o r  no change h a s  been r e p o r t e d  
( B a r r a t t  e t  a l . ,  1 9 7 4 ;  B osko  e t  a l . ,  1 9 7 3 ; P r a n i k o f f  e t  a l . ,  1 9 7 3 ) .

P e r a i a t e n t  E f f e c t s  in  S la e p  EEG

We a r e  n o t  aw are o f  any in v e s t i g a t i o n  o f  s le e p  in  a b s t in e n t  lo n g - te rm  
m a r i ju a n a  u s e r s .  H ow ever, 32  s a le  c h r o n ic  a a r i ju a n a  u s a r s  end Ba tched  
c o n t r o l s  w a rs  s tu d ie d  in  C o s ta  R ic a  (X a ra c a n  e t  e l . ,  1 9 7 6 ) .  The 
u s e r s  h a b i t u a l l y  smoked 2 .5  t o  2 3 .3  c i g a r e t t e s  p e r  day  (mean ■ 9 .2 )  
and had u sad  th a  d ru g  f o r  1 0  t o  27 y a u a i .  th e y  c o n t in u e d  t h e i r  u s u a l 
in t a k e  d u r in g  th o  s tu d y  (C o a ts  R ic a n  c i g a r c t t a s  c o n t a in  a b ou t 200 mg

* A s ta g e  in  s le e p  d u r in g  w h ich R ap id  Eye Movements may be d e te c te d
and v i v i d  d ream ing  u s u a l ly  o c c u r s .
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o f  a a r i j u a n a ) .  Tha a u b ja c tc  s a la c t a d  f o r  t h i a  s tu d y  had n o rm a l 
m a d ic a l ,  n e u r o lo g i c ,  and la b o r a t o r y  e v a lu a t i o n s .

S la a p  was r e c o rd e d  fo z  8 coneecu fc ive  n i g h t s .  P r i o r  t o  a ach  
n i g h t ' s  r e c o r d in g ,  th a  u s a r s  d e s c r ib e d  t h e i r  m a r i j ’ ana in t a k e  d u r in g  
th e  p r e v io u s  24 h o u r s .  T h is  in t a k e  was n o t  d i r e c t l y  m o n ito re d  o r  
c o n t r o l l e d  by th a  e x p e r im e n te r s , b ecause  th a  g o a l  was t o  o b s e rv e  
s le e p  p a t t e r n s  u n d e r ' " n a t u r a l i s t i c *  c o n d i t i o n s .  Tha s u b je c t s  w ere 
fo rb id d e n  t o  u se  a a r i ju a n a  d u r in g  th e  2 -3  h o u rs  p r i o r  t o  s le e p  
r e c o rd in g .  (P o r  f u r t h e r  d e t a i l s  o f  t h i s  e x t e n s iv e  s tu d y , se e  K a ra c a n  
e t  a l . ,  1 9 7 6 . )

A l l  o f  th e  a a j o r  v a r i a b le s  d e r iv e d  from  v i s u a l  s le e p  s ta g e  
c l a s s i f i c a t i o n  w ere  exam ined . The o n ly  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  betw een a a r i ju a n a  u s e r s  and t h e i r  B a tch ed  c o n t r o ls  wero 
in  one o f  th e  s le e p  la t e n c y  m easu re s  and in  REM p e rc e n ta g e  o f  t o t a l  
s le e p  and a v e ra g e  R S I p e r io d  lc tn g th . th e  d i f f e r e n c e s  w ere q u i t e  
s m a l l and o a y  have been due t o  th e  s u b je c t s  e x p e r ie n c in g  e a r l y  
w ith d raw a l a t  th e  t im e  t h e i r  s le e p  was r e c o rd e d . T h is  i s  a l i k e l y  
e x p la n a t io n  f o r  th e s e  f i n d in g s  a c c o rd in g  t o  s t u d i e s  d e s c r ib e d  
p r e v io u s ly  (F e in b e rg  e t  a l . , 1 9 7 5 , 1 9 7 6 ) .

The C o s ta  R ic a n  s tu d y  c o n c lu d e d  t h e r e  was a la c k  o f  e v id e n c e  o f  
m a jo r  d i s t u rb a n c e s  o f  EBG s le e p  p a t t e r n s  in  u s e r  s u b je c t s  s tu d ie d  in  
s i t u  (K a ra c a n  e t  a l . ,  1 9 7 6 } .  T h u s , l o n g - t e n  o e r i j a a a a  u se  h as n o t  
been d em on s tra te d  t o  c au se  n a rk e d  and  o o n s i e t e e t  abno rma l i t i e s  o f  
s le e p  EEG t h a t  can  be d e n o n s t r a te d  in- s t u d i e s  w ith  s m a l l  s am p le s .

E l e c t r o p h y s i o lo g i c a l  S tu d ie s  in  A n im a ls

S le e p  S tu d ie s

The f in d in g s  o f  s e v e r a l  a n im a l s t u d ia s  c a r r i e d  o u t  t o  in v e s t i g a t e  th e  
e f f e c t s  o f  m a r i ju a n a  on EEG d i f f e r  in  some r e s p e c t s  t o  th o s e  in  human 
b e in g s . S p e c ie s  d i f f e r e n c e a  a re  th o u g h t t o  be r e s p o n s ib le  f o r  some 
o f  th e  v a r i a t i o n s  fo u n d  from  s p e c ie s  t o  s p e c i t s .  F o r  e x am p le , 5 and 
10 mg/kg A-9-THC a d m in ia t s re d  a c u t a ly  t o  r a t s  s u p p re s s e d  REM, 
reduced  s low -w ave  s le e p ,  and in c re a s e d  w a k e fu ln e s s  (M o re ton  and 
D a v is , 1 9 7 3 ) .  C h ro n ic  a d m in i s t r a t i o n  cau sed  an i n i t i a l  s u p p re s s io n  
o f  REM, w h ich r e tu rn e d  t o  b a s e l i n e  a f t e r  4 d ay s  and rem a in ed  a t  
b a s e lin e  l e v e l s  f o r  e f u r t h e r  16 d a y s . In  c o n t r a s t  t o  th e  human 
s t u d i e s ,  th e re  was no w ith d ra w a l In c r e a s e  in  REM above  b a s e l in e  
d u r in g  a 1 0 -d a y  w ith d ra w a l p e r i o d .  S im i la r  r e s u l t s  w ere o b ta in e d  in  
a s h o r t - t e rm  s tu u y  t h a t  em p loyed in tra v e n O u a  d o s e s  o f  A -9-TBC  ( 0 . 5  
and 1 . 0  m g/kg ) t o  r a b b i t s ’ (F u ju im o r i  and H imw ich, 1 9 7 3 ) .

A p p re c ia b le  q u a l i t a t i v e  d i f f e r e n c e s  in  s le e p  EEG re s p o n s e  t o  
A -9-TBC have a ls o  been d e te c te d  in  p r im a te s  when com pared w ith  
human s t u d i e s .  When 1 . 2  mg/kg & -9-T9C  i s  a d m in is t e re d  t o  s q u i r r e l  
monkeys in  e s i n g le  o r a l  d o e s , d a i l y  f o r  60 d a y s , no s i g n i f i c a n t  
e f f e c t s  on  REM s le e p  d u r a t i o n  o c c u r r e d ; in s t e a d ,  e d e c re a s e  in  EEG 
s ta g e s  3 and 4 wee n o te d  (Adams and B a r r a t t ,  1 9 7 5 ) .



86

E le c t r o d e  im p la n t a t io n  i s  r a r e ly  p o s s ib le  in  man, b u t i s  a r o u t in e  
and e s s e n t i a l  te c h n iq u e  f o r  th e  s tudy  o f  b r a in  e le c t r o p h y s io lo g y  in  
a n im a ls .  A n im al e xp e rim en ts  a ls o  p e rm it  use o f  h ig h s r  doSha and more 
p r o lo n g e d  a d m in i s t r a t io n  th an  i s  p o s s ib le  w ith  human s u b je c t s .  F o r 
th e s e  r e a s o n s , a n im a l e xp e rim en ts  can y i e ld  im p o r ta n t  d a ta  t h a t  
c a n n o t  be o b ta in e d  in  human s tu d ie s .  I n  g e n e r a l ,  EEG re c o rd in g s  
a f t e r  s h o r t - t e rm  a d m in i s t r a t io n  o f  a a r i ju a n a  a re  s im i la r  from  s u r fa c e  
( c o r t e x )  o r  from  deep  b r a in  (s u b c o r te x ) r e g io n s .  H ow ever, a f t e r  
c h r o n ic  a d m in i s t r a t io n  o f  h ig h  d oses o f  & -9-THC , abn o rm a l r e c o rd in g s  
"have been o b s e rv e d  in  s u b c o r t i c a l  r e g io n s  o f  some a n im a ls , re a d in g s  
n o t  se en  in  th e  c o r t e x .  A lth ough  th e s e  f i n d in g s  have n o t  been 
r e p l i c a t e d ,  th e y  a r e  o f  p a r t i c u la r  c o n c e rn , because  th e y  r a i s e  the  
p o s s i b i l i t y  t h a t  c h r o n ic  e xp o su re  t o  h ig h  d o s e s  o f  m a r i ju a n a  p rod u ces  
lo n g - l a s t i n g  e f f e c t s  on  b r a in  p h y s io lo g y .

A f t e r  in t r a v e n o u s  a d m in is t r a t io n  o f  a ran g e  o f  A-9-THC d o se s  
( f r o m  0 .0 5  t o  1 2 .8  mg/kg) t o  rh e su s  a o n k e y s , a g e n e r a l in c re a s e  in  

EEG s y n ch ro n y  was o b s e rv e d ; and a t  h ig h e r  d o se  r a n g e s , th e re  w ere 
s p e c i f i c  EEG changes in  th e  l im b ic  s y s tem , f r o n t a l  c o r t e x ,  th a lam u s  
and f a a t i g i a l  n u c le i  (M a r t in e z  e t  a l . ,  1 9 7 2 ) .  In  t h i a  s tu d y , th e  
in c r e a s e  in  h ig h - v o lt a g e  a c t i v i t y  showed a good  d o s e - re s p o n s e  
r e l a t i o n s h i p .  I n  a second  s tu d y , o r a l  d o s in g  o f  t h r e e  rh e su s  monkeys 
w i t h  a c ru d e  m a r i ju a n a  e x t r a c t  c o n ta in in g  25 p e rc e n t  A -9-TBC  
p ro d u c ed  d o s e - r e la t e d  EEG changes , in c lu d in g  s low  waves in  th e  
h ipp ocam pus , am ygda la , and septum (S t a d n ic k i  e t  a l . ,  1 9 7 4 ) .
T o le r a n c e  t o  th e  b e h a v io r a l  and BEG chang es  o c c u r re d  w ith  d a i l y  
t r e a tm e n t ,  w h ich waa s to p p ed  a f t e r  51 d a y s . B e h a v io r a l w ith d raw a l 
e f f e c t s  w ere n o te d , b u t BEG changns d u r in g  w ith d raw a l w ere m in im a l 
and t h e r e  was no e v id e n c e  o f  EEG changes p e r s i s t i n g  beyond th e  p e r io d  
o f  A -9-THC in g e s t i o n .

Two s t u d ie s  t h a t  m on ito re d  EEG r e c o rd in g  from  deep b r a in  s i t e s  
a f t e r  c h r o n ic  a d m in i s t r a t i o n  o f  h igh  d o s e s  o f  m a r i ju a n a  found  changes 
i n  EEGs from  deep  b r a in  s i t a s  th a t  were n o t  o b s e rv e d  in  s u r fa c e  a re a s  
a f t e r  d ru g  w ith d ra w a l (F e h r e t  a l . ,  1 9 7 6 ;  H ea th , 1 9 7 6 ; H eath e t  a l . ,
1 9 7 9 ) .  S tu d ie s  o f  turn r a t s  w ith  e le c t r o d e s  im p la n te d  in  th e  a n t e r i o r  
n e o c o r t e x ,  d o r s a l  h ippocam pus, and m e se n c e p h a lic  r e t i c u l a r  fo rm a t io n  
1 y e a r  a f t e r  e x p o eu re  t o  20 mg/kg f o r  6 m on ths (F eh r e t  a l . ,  1 9 7 6 ) 
y i e ld e d  h ip p ocam pa l r e c o rd in g s  w ith  " e p i le p t i f o r m "  a b n o rm a l i t i e s ,  in  
c o n t r a s t  t o  one c o n t r o l  and two a lc o h o l - t r e a t e d  a n im a ls .

Tha second s tu d y  was c a r r i e d  o u t on t h i r t e e n  f e r a l - r a i s e d  rh e s u s  
m onkeys (H ea th  1 9 7 6 ; H ea th  e t  a l . ,  1 9 7 9 ) .  Ten monkeys had e le c t r o d e s  
im p la n te d  In  deep s i t e s  and in  b r a in  c o r t e x .  F ou r m onkeys w ere made 
t o  smoke m a r i ju a n a  t h r e e  t im e s  a d ay , 5 d a y s  p e r  week f o r  6 m on th s ; 
two o t h e r  m onkeys w ith  im p la n ts  were g iv e n  0 . 6  m gA9 A-9-THC each 
d a y , 5 d a y s  p e r  week f o r  6 m on th s ; s t i l l  o t h e r  monkeys w ere used as 
c o n t r o l s  o r  r e c e iv e d  s m a l le r  d o se s  o f  a a r i j u a n a .  In  t h r e e  h ig h -d o s e  
m on key s , two sm oking and one In g e s t in g  A -9 -TH C , changes in  EEG 
c o u ld  be d e te c te d  in  r e c o rd in g s  from  deep  b r a in  s i t e s ;  th e  changes 
c o n t in u e d  7 m onths a f t e r  c e s s a t io n  o f  m a r i ju a n a  e x p o e u re . No EEG 
a b n o rm a l i t i e s  w ere p r e s e n t  In  re c o rd in g s  from  th e  b r a in  s u r f a c e .

E E G  S t u d i e s  i n  S u b c o r t i c a l  S t r u c t u r e s
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Ona o f  tha  a a jo r  c r i t i c i s m s  o f  b o th  th e s e  s tu d ie s  i s  t h a i r  use o f  
s m a l l numbers o f  a n im a ls *  F u r th e rm o re , t h a r e  have been no a t te m p ts  
a t  r e p l i c a t i o n  by o t h e r  w o rk e r s .  N e v e r t h e le s s ,  because th e s e  
f in d in g s  p ro v id e  some o f  th e  o n ly  e v id e n c e  f o r  a p o s s ib le  
i r r e v e r s i b l e  e f f e c t  o f  c h r o n ic  h ig h  d o s e s  o f  m a r i ju a n a , th e y  a re  
m en tion ed  h e re  w ith  a s t r o n g  u rg in g  f o r  a d d i t i o n a l  s tu d ie s  i n  a n , 
e f f o r t  t o  r e p l i c a t e  t h e s e  f i n d i n g s .

EP ILEPSY

B ecause  o f  th e  e f f e c t s  o f  m a r i ju a n a  on b r a in  e l e c t r i c a l  a c t i v i t y ,  
q u e s t io n s  have been r a i s e d  a b o u t i t s  a s s o c i a t i o n  w ith  e p i l e p s y .  Two 
q u e s t io n s  a re  ra is e d  i n  th e  l i t e r a t u r e .  F i r s t ,  does m a r i ju a n a  
p rodu ce  s e iz u r e s ?  S e c o n d , d o e s  m a r i ju a n a  o r  a d e r i v a t i v e  p r e v e n t  
s e i z u r e s ?  The f i r s t  q u e s t io n  w i l l  be d is c u s s e d  h e re . The second  i s  
re v iew ed  in  C hap te r 7 ,  w h ich  i s  c o n c e rn e d  w ith  th e  p o t e n t i a l  
t h e r a p e u t ic  u ses o f  c a n n a b is .

T h e re  a re  a n e c d o ta l r e p o r t s  i n  th e  l i t e r a t u r e  th a t  s u g g e s t  
s e i z u r e s  may be induced  by m a r i ju a n a  i n  seme p e rs o n s  w ith  a  known 
s e i z u r e  d i s o r d e r .  A r i g o r o u s  s t u d y ,  u s in g  adequ a te  numbers o f  
p a t i e n t s  w ith  documented s e i z u r e  p a t t e r n s ,  h a s  n o t been d o n e .
R e p o r ts  o f  e x p e r im e n ta l a n im a l s t u d i e s  a r e  c o n f l i c t i n g  and v a r i e d  
(F eeney  e t  a l . ,  1 3 7 3 , 1 9 7 9 ;  L em b e rg e r , 1 9 8 0 ) .  There a re  so n e  
c irc u m s ta n c e s  in  which c a n n a b is  a d m in i s t r a t i o n  does n o t a l t e r  c e r t a i n  
ty p e s  o f  s e iz u r e s  such a s  th e  p h o t o s e n s i t i v e ,  s e iz u r e s  in  t b *  baboon 
(M eldrum  e t  a l . ,  1 9 7 4 ) ,  and o t h e r s  in  w h ich  i t  seems t h a t  s e i z u r e s  
a re  in d u ced . A s in g le  r a b b i t  t h a t  re sp on d ed  t o  A-9-THC a d m in is ­
t r a t i o n  w ith  s e iz u r e s  w as b re d  t o  e s t a b l i s h  a  c o lo n y  o f  r a b b i t s  w ith  
s im i la r  re sp on se  (C o n s ro e  and F i s h ,  1 9 8 1 ) .  I t  w i l l  be o f  c o n s id e r ­
a b le  i n t e r e s t  to  d e te rm in e  m echan ism s o f  s e i z u r e  in d u c t io n  and 
p h a rm a c o lo g ic  re sp on se  p a t t e r n s  i n  t h i s  u n u s u a l a n im a l m o d e l.
H ow ever, a s  d e s c r ib e d  f u r t h e r  in  C h a p te r  7 ,  th e  b u lk  o f  th e  a n im a l 
l i t e r a t u r e  and some d a t a  from  human s t u d i e s  su g g e s t t h a t  t h e  m ore 
p rom in e n t e f f e c t  o f  m a r i ju a n a  d e r i v a t i v e s ,  e s p e c i a l l y  c a n n a b ln o l and 
c a n n a b id io l ,  i s  t o  d e c r e a s e  r a t t t e r  th a n  in c r e a s e  s e iz u r e  s u s c e p t i ­
b i l i t y  (s e e  X a r le r  and T u rk a n ia ,  I f f f l ,  f o r  r e v ie w ) .

NEUROCHEMISTRY

Our know ledge o f  the  e f f e c t s  o f  a a r i ju a n a  on b r a in  c h e m is t ry  has come 
la r g e l y  from  s tu d ie s  i n  a n im a ls .  C an n ab is  and some o f  i t s  
d e r i v a t i v e s  have been shown t o  c a u se  c h e m ic a l e f f e c t s  in  t h e  b r a i n ,  
a s  d em on s tra te d  by e f f e c t s  on  n e u r o t r a n s m i t t e r s  and on n u c le i c  
a c id s .  The ev id en ce  i s  re v iew e d  b e low .

N e u r o t r a n s m i t t e r s

The b r a in  i s  composed o f  many in fo rm a t io n - p r o c e s s in g  n e tw o rk s  o f  
n e rv e  c e l l s .  W ith in  e a c h  o f  th e s e  n e tw o rk s  th e  t r a n s f e r  o f  in fo rm a ­
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t i o n  from  one  n e rv e  c e l l  t o  a n o th e r  i s  dep enden t upon c h e m ic a ls  
c a l le d  n e u r o t r a n s m it t e r s *  These  su b s ta n c e s  a r e  p rodu ced  by n e rv e  
c e l l s ,  r e le a s e d  when th e  c e l l s  a r e  s t im u la te d  and a c t  t o  a l t e r  th e  
e x c i t a b i l i t y  o f  n e ig h b o r in g  n e rv e  c e l l s .  N e u ro t r a n s m it t e r s  p la y  an  
e s s e n t i a l  ro le s  in  th e  t r a n s m is s io n  and p ro c e s s in g  o f  in fo rm a t io n ,  and 
i t  i s  n o t  s u r p r i s i n g  t h a t  many d ru g s  t h a t  a l t e r  b e h a v io r  do  s o  by 
t h e i r  a c t i o n s  on n e u r o t r a n s m i t t e r s .  The u n d e rs ta n d in g  o f  th e  e f f e c t s  
o f  m a r i ju a n a  on th a  b r a in  m ust in c lu d e  know ledge o f  i t s  e f f e c t s  on 
n e u ro t r a n s m it t e r  s y s tem s .

S e v e r a l d i f f e r e n t  c la s s e s  o f  c h em ic a ls  a c t  a s  n e u r o t r a n s m i t t e r s .  
The f i r s t  c h e m ic a l t o  be d em on s tra te d  t o  hava t h i s  fu n c t io n  was 
a c e t y lc h o l i n e ,  and i t  i s  now e s t a b l i s h e d  th a t  a c e t y lc h o l i n e  i s  th e  
n e u ro t r a n a m it t e r  f o r  s e v e r a l  n e rv e  c e l l  n e tw o rk s  in  th e  b r a in .  A 
number o f  s t u d i e s  in  a n im a ls  have  exam ined th e  e f f e c t  o f  m a r i ju a n a  on 
b r a in  a c e t y lc h o l i n e  (s e e  D om ino , 1 9 8 1 , f o r  a b r i e f  re v ie w  o f  th e  
e x te n s iv e  l i t e r a t u r e ) . The m oat c le a r - c u t  e f f e c t s  have  been on 
a c e t y lc h o l in e  t u r n o v e r ,  a m easu re  o f  th e  l e v e l  o f  a c t i v i t y  o f  n e u ro n s  
p rodu c in g  th e  c h e m ic a l. S m a ll d o se s  o f  A -9-TBC c au se  a re d u c t io n  
in  a c e t y lc h o l i n e  t u rn o v e r  in  th e  hippocampus (Dom ino e t  a l . ,  1 9 7 8 ; 
R e v u c lta  e t  a l . « 1 9 7 8 ; D om ino , 1 9 8 1 ) and t h i s  r e s u l t s  from  reduced  
a c t i v i t y  o f  th a  a c e t y lc h o l i n e  n e u ro n e . I t  i s  n o te w o r th y  t h a t  th e  
e f f e c t  i s  p ro d u c ed  by s m a l l  d o s e s  and o n ly  by c a rm a b in o id e . 
A d m in is t ra t io n  o f  p h y s o s t ig m in a , a d rug  t h a t  enh an ces  a c e t y lc h o l in e  
a c t io n  by p a r t i a l l y  b lo c k in g  i t s  b reakdow n , t o  f i v e  h e a lt h y  human 
v o lu n t e e r s  (2  h o u rs  a f t e r  in g e s t i o n  o f  20 to  40 mg o f  &-9-THC) 
p roduced enhancem ent o f  th e  le t h a r g y  and som no lence  o c c u r r in g  l a t e  in  
th e  c ou rse  o f  th e  A-9-THC i n t o x i c a t i o n  (F reem on e t  a l . , 1 9 7 5 ) .  The 
r e s u l t s  o f  t h i s  s tu d y , and o t h e r s  in  man and a n im a ls  (E l- Y o u s e f  e t  
a l . ,  1 9 7 3 ; Low « t a l . ,  1 9 7 3 ; Draw and M i l l e r ,  1 9 7 4 ;  Freemon e t  a l . ,  
1 9 7 5 ) ,  have le d  t o  th e  c o n c lu s io n  t h a t  A -9-TEC a c t s  t o  i n h i b i t  
a c e t y lc h o l in e  n e rv e  c e l l  n e tw o rk s . The e x a c t n a tu r e  o f  t h i s  a c t io n  
i s  n o t known, B u t i t  may be r e l a t e d  t o  th e  memory d e f i c i t s  p rodu ced  
(Dom ino, 1 9 8 1 ) .

There  have  been s t u d ie s  o f  c a n n a b in o id s  on s e v e r a l  o th e r  
n e u r o t r a n s m i t t e r s  in  b r a i n ,  in c lu d in g  c a te c h o la m in e s , s e r o t o n in ,  and 
gamma a m in o b u ty r ic  a c id  (B a n e r je e  a t  a l . ,  1 9 7 5 ; B ra e s  e t  a l . ,  1 9 7 5 ) .  
A lth ough  some e f f e c t s  have been r e p o r t e d ,  th ey  e i t h e r  a r e  p rodu ced  by 
a v e ry  h ig h  d o se  o r  a r e  so  f r a g m e n ta ry  t h a t  t h e i r  im p l ic a t io n s  a re  
u n c le a r .  The e f fe o tm  o f  c a n n a b in o id a  on n e u r o t r a n e m i t t e r s  t h a t  have  
been s tu d ie d  t o  d a t e ,  o t h e r  th a n  a c e t y lc h o l i n e ,  a r c  n o t  s t r i k i n g .  In  
p a r t i c u la r ,  t h e r e  i a  no e v id e n c e  f o r  any  s i g n i f i c a n t ,  lo n g - te rm  t o x i c  
e f f e c t  o f  c a n n a b in o id a  on  any o f  th e  n e rv e  c e l l  n e tw o rk s  t h a t  p ro d u c e  
i d e n t i f i e d  n e u r o t r a n e m i t t e r s .

P r o t e i n s ,  Enzym es, N u c le ic  A c id s

A v e ry  few s t u d i e s  have  exam ined  th e  e f f e c t s  o f  m a r i ju a n a  on  
n e u ro c h em ic a l v a r i a b le s s  o t h e r  th a n  n e u r o t r a n s m i t t e r s  (L u th ra  and 
R o s a n k ra n tz , 1 9 7 4 ; L u th ra  e t  e l . ,  1 9 7 5 , 1 9 7 6 ) .  A f t e r  c h r o n ic  
a d m in i s t r a t i o n  t o  ra tm  e i t h e r  o f  A-9-THC o r  m a r i ju a n a  smoke ( f o r
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p e r io d s  f r o *  28 t o  180 d a y s ) # th e s e  i n v e s t i g a t o r s  exam ined  b r a i n  
l i p i d #  p r o t e in #  and r i b o n u c le i c  a c id  (RNA) c o n t a n t .  W ith  v a r y  h ig h  
d o sa j. o f  & -9-TSC (up  t o  5 0 0  ® g /k g /d a y )# a c *a  d e c re a s e  in  b r a in  
p r o t a in  and RNA was n o ta d ; no d a c ra a a a  was n o ta d  in  l i p i d  c o n t e n t .  
B oveva r#  w ith  m a a l la r  dosa s#  o r  a d m in i s t r a t io n  o f  m a r i ju a n a  a a n k a , no  
c o n a ia t a n t  o r  B a rk e d  changaa w ara n o ta d . Tha a ig n i f i c a n c e  o f  th a a a  
a f f e c t a  i s  unknown. W hether a d d i t i o n a l  e f f e c t s  m ig h t be o b s e rv e d  
w ith  mora s o p h is t ic a t e d  and s e n s i t i v e  m ethods d i r e c t e d  t o  more 
r e s t r i c t e d  a n a l y t i c a l  p r o b la a a  c a n n o t be answ ered  a t  p r e s e n t .

SUM4AKY

The ra  l a  no  p e r s u a s iv e  e v id e n c e  t h a t  m a r i ju a n a  c a u s e s  m o rp h o lo g ic a l 
changes in  th e  b r a i n .  C om puter tom ography s t u d ie s  on u s e r s  o f  
m a r i ju a n a  r e v e a l  no g r o s s  changes in  b r a in  s t r u c t u r e *  E le c t r o n  
m ic ro g ra p h ic  s t u d ie s  o f  monkey b r a in s  in d ic a t in g  m o rp h o lo g ic  changes 
a ra  m e t h o d o lo g ic a l ly  f law e d  and c a n n o t be used a s  e v id e n c e  f o r  an 
e f f e c t  o f  m a r i ju a n a  on  b r a in  c e l l  m o rp h o lo g y . C le a r  e f f e c t s  on  b r a in  
e l e c t r i c a l  a c t i v i t y  in  human b e in g s  and in  a n im a ls  h ave  been  fo u n d  
a f t e r  d ru g  e x p o s u re . These  e f f e c t s  have n o t  been  d am on a tra ta d  t o  
p e r s i s t  i n  human b e in g s  a f t e r  th e  d ru g  haa been d i s c o n t in u e d .
S tu d ie s  o f  EEG from  detsp b r a in  s t r u c t u r e s  in  c h r o n i c a l l y  t r e a t e d  
a n im a ls  h ave  shown changes a f t e r  th e  w ith d ra w l o f  th e  d ru g . T hese  
l im i t e d  f i n d in g s  need t o  be c o n firm e d  by f u r t h e r  s t u d i e s .  S t u d ie s  in  
human b e in g s  and a n im a ls  in d ic a t e  th a t#  d e s p i t e  th e  n e u r o p h y s io lo g ic  
e f f e c t s  d em on s tra te d  in  EEG s tu d ie s #  m a r i ju a n a  d o e s  n o t  a p p e a r t o  
in c r e a s e  e p i l e p t i c  s e ix u r e  s u s c e p t i b i l i t y .  C u r r e n t  e v id e n c e  h a s  
shown m a r i ju a n a  c au se s  some c h em ic a l changes in  b r a i n .  C a n n a b in o id s  
a f f e c t  s e v e r a l  n e u r o t r a n s m i t t e r  system s# e s p e c i a l l y  th e  c h o l i n e r g i c  
s y s tem . A t h ig h  d o se s  m a r i ju a n a  a l s o  h as been shown t o  a f f e c t  
n u c le o p r o t e in  s y n t h e s i s .  The s ig n i f i c a n c e  o f  th e s e  f i n d in g s  f o r  
b r a in  fu n c t io n  aa  d em on s t ra te d  by human b e h a v io r  o r  t h e i r  c l i n i c a l  
r e le v a n c e  i s  unknown•

RECOMMENDATIONS FOR RESEARCH

In  v iew  o f  th e  w id e sp re ad  u se  o f  c an n ab is#  i t  w ou ld  be w o r th w h i le  t o  
c a r r y  o u t  f u r t h e r  and s o r e  s y s te m a t ic  s t u d ie s  o f  th e  e f f e c t s  o f  
c a n n a b ia  on  b r a in  s t r u c t u r e #  c h em is try #  and e le c t r o p h y s i o lo g y .  Such 
s t u d ie s  s h o u ld  be c lo s e ly  c o r r e la t e d  w ith  b e h a v io r#  e .g . #  le a r n in g #  
p sych om o to r c o o r d in a t io n  (s e e  C h ap te r 6 ) .  Ona u s e f u l  a p p ro a ch  m igh t 
be t o  i n v e s t i g a t e  th e  e f f e c t s  o f  medium and h ig h  d o a e s  o f  c a n n a b is  
(d e f in e d  in  te rm s o f  th e  p a t t e r n s  o f  human c on sum p tio n ) on  ju v e n i l e  
and a d u lt  m onkeys d u r in g  and a f t e r  lo n g - t e rm  e x p o s u re . J u v e n i le  
m onkeys s h o u ld  be in c lu d e d  b ecau se  th e  im m ature n e rv o u s  sy s tem  may be 
m ore s e n s i t i v e  t o  h a rm fu l d ru g  a f f e c t s ;  t h i s  is s u e  i s  o f  g r e a t  
c l i n i c a l  c o n c e rn #  because  m a r i ju a n a  usa  by human b a in g s  now b e g in s  
q u i t s  e a r l y  in  l i f e  (s e e  C h a p te r 2 ) .  O b s e rv a t io n s  a l s o  s h o u ld  be 
made d u r in g  lo n g - te rm  a b e t in e n c e  a f t e r  p r e v io u s  lo n g - t e rm  e x p o su re  t o
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d e te rm in e  w he the r any p e r s i s t e n t  a b n o rm a li t i e s  have been p ro d u c e d , a 
s y s te m a t ic  a pp ro ach  t o  th e s e  q u e s t io n s  u s in g  modern m ethods o f  
m easurem ent and a n a ly s i s  c o u ld  e x te n d  o u r  p r e s e n t  know ledge 
s u b s t a n t i a l l y .
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EFFECTS OF MARIJUANA ON 

OTHER BIOLOGICAL SYSTEMS

T h i s  c h a p t e r  c o v e r s  w h a t  l i t t l e  i a  known a b o u t  t h e  e f f e c t *  o f  
c a n n a b i s  c s a l e  a n d  f e a a l e  r e p r o d u c t i o n  and e n d o c r i n e  s y s t e m s /  b i r t h  
d e f e c t s  and  t e r a t o g e n i c  e f f e c t s /  g e n e t i c s /  t h e  immune s y s t em /  and 
b od y  t e m p e r a t u r e .

MALE REPRODUCTIVE FUNCTION

A v a r i e t y  o f  s t u d i a s  i n d i c a t e  t h a t  a a r i jw s n e  a n d  some o f  i t s  
d e r i v a t i v e s  h a v a  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 s  upon  t e a t i c u l a r  
f u n c t i o n  i n  a n im a l s  and  a e n .  T h e s e  h a v e  b e en  m e a s u r e d  i n  t e rm s  o f  
d im i n i s h e d  w e ig h t s  o f  t h e  p r o s t a t e  g l a n d /  s e m i n a l  v e s i c l e s /  o r  
t e s t e s ,  and  i n  d e c r e a s e d  l e v e l s  o f  t e s t o s t e r o n e  ( t h r  m a le  h o rm on e )  i n  
b l o o d  p la sm a  o r  s u p p r e s s i o n  o f  s p e rm a t o g e n e s i s  f o l l o w i n g  c h r o n i c  o r

_  a c u t e  a d m i n i s t r a t i o n  o f  c a n n a b i s  o r  A -9 -TH C . A p p r o p r i a t e  o b a e r v a -
-  t i o n s  h a v e  i n d i c a t e d  t h a t  t h e  e f f e c t s  o f  c a n n a b i n o i d s  on  t h a  m a le
-  r e p r o d u c t i v e  t r a c t  an d  o n  t e s t i c u l a r  f u n c t i o n  w e re  c o m p l e t e l y
-  r e v e r s e d  1  m on th  a f t e r  d r u g  w i t h d r a w a l .

T h e r e  i s  n o  g e n e r a l  a g r e e m e n t  a s  t o  t h e  c a u s e  o r  m ag n i tu d e  o f  
t h e s e  e f f e c t s .  The m a j o r  r e a s o n s  f o r  t h i s  l a c k  o f  a g r e e m e n t  r e l a t e  
t o  m a j o r  d i f f e r e n c e s  i n  s t u d y  d e s i g n /  i n c l u d i n g  s p e c i e s  s t u d i e d  (man/ 
m on k e y ,  o r  r o d e n t ) /  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 /  and  p u r i t y  o f  th e  
d r u g  u s e d .

Human S t u d i e s

I n  1 9 7 4 /  a  g r o u p  o f  2 0  men w e re  s t u d i e d  who had  u s s d  m a r i j u a n a  a t  
l e a s t  4 d a y s  a  week f o r  a  m inimum o f  6 m on th s  w i t h o u t  t h e  u s *  o f  
o t h e r  d r u g s  ( K o l o d n y  e t  a l . /  1 9 7 4 ) .  P la sm a  t e s t o s t e r o n e  l e v e l s  i n  
s u b j e c t s  sm o k in g  f i v e  t o  n i n e  a a r i j u a n a  c i g a r e t t e s  p e r  week w e re  

- s i g n i f i c a n t l y  l o w e r  t h a n  c o n t r o l s  (h o w e v e r ,  o n l y  2 h a d  l e v e l s  o u t  o f  
- t h e  n o rm a l  r a n g e ,  i . e . ,  b e lo w  4 0 0  n g / d l ) ;  a l l  b u t  1  o f  t h e  men 

sm o k in g  m o r e  t h a n  10 m a r i j u a n a  c i g a r e t t e s  p e r  week had  t e s t o s t e r o n e  
l e v e l s  b e lo w  4 0 0  n g / d l .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e r e  was a 
d o s e - d e p e n d e n t  e f f e c t  o f  m a r i j u a n a  o n  t e s t o s t e r o n e  l e v e l s .  P la sm a  
l e v e l s  o f  l u t e n i z i n g  ho rm on e  (LH ) and f o l l i c l e - s t i m u l a t i n g  ho rm one
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( F S H ) ,  g o n a d o t r o p i n s  t h a t  c o n t r o l  t h a  g r o w th  o f  th e  o v a r i e s  o r  t e s t e s  
and t h e i r  h o rm o n a l  a c t i v i t i e s ,  w e re  i n  t h e  n o rm a l  r a n g e ;  h o w e v e r ,  i n  
men sm o k in g  s o r e  t h a n  10  m a r i j u a n a  c i g a r e t t e s  p e r  w e e k ,  t h e  PSH l e v e l  
was s i g n i f i c a n t l y  l o w e r  t h a n  f o r  t h o s e  who smoked 5 t o  10  m a r i j u a n a  
c i g a r e t t e s  p e r  w e e k .  B e c a u s e  o n l y  random  s am p le s  o f  b l o o d  w e re  
o b t a i n e d  f o r  g o n a d o t r o p i c  m e a s u r e m e n t s ,  s m a l l  b u t  s i g n i f i c a n t  c h a n g e s  
c o u l d  h a v e  b e en  m i s s e d .  L e v e l s  o f  p r o l a c t i n ,  t h e  f e m a l e  h o rm on e  
i n v o l v e d  i n  l a c t a t i o n  and a l s o  p r e s e n t  i n  s m a l l  q u a n t i t i e s  i n  m en , 
w e re  a l l  i n  t h e  lo w  n o rm a l  r a n g e .  I n  a d d i t i o n ,  t h e  men who smoked 
m ore  t h a n  10 m a r i j u a n a  c i g a r e t t e s  p e r  week had s i g n i f i c a n t l y  l o w e r  
sp e rm  c o u n t s  t h a n  t h o s e  who smoked t h e  l e e s e r  q u a l i t y  ( 2 6  v e r s u s  68 
m i l l i o n / m l ) . T h e s e  i n d i v i d u a l s  o b t a i n e d  m a r i j u a n a  f r o m  a v a r i e t y  o f  
s o u r c e s ,  and  t h e r e  was n o  way t o  d e t e rm in e  w h e th e r  t h e y  w e re  t a k i n g  
o t h e r  d r u g s  t h a t  c o u l d  l o w e r  p la sm a  t e s t o s t e r o n e .

L a t e r  i n  1 9 7 4 ,  a n o t h e r  s t u d y  r e p o r t e d  t h a t  p la sm a  t e s t o s t e r o n e  
l e v e l s  w e re  n o t  s u p p r e s s e d  i n  2 7  men s t u d i e d  i n  a  r e s e a r c h  w a rd  
(M e n d e ls o n  e t  a l . ,  1 9 7 4 )  T h e s e  i n d i v i d u a l s  smoked m a r i j u a n a  
c i g a r e t t e s  s u p p l i e d  b y  t h e  f e d e r a l  g o v e r n m e n t .  F o r  u n e x p l a i n e d  
r e a s o n s ,  t h e  mean t e s t o s t e r o n e  l e v e l s  i n  t h e s e  i n d i v i d u a l s  w e re  
g r e a t e r  t h a n  1,000  n g / d l  ( h i g h e r  t h a n  t h e  n o rm a l  mean) b e f o r e  and  
d u r i n g  t h e  sm ok in g  p e r i o d s .  T h i a  i s  i n  m a rked  c o n t r a s t  t o  t h e  mean 
v a l u e  o f  7 4 2  n g / d l  f o r  n o n sm o k e r a  i n  t h e  s t u d y  o f  K o l o d n y  e t  a l .  
m e n t i o n e d  a b o v e .  T h e r e  was n o  r e p o r t  o f  g o n a d o t r o p i c  v a l u e s  o r  semen 
a n a l y s i s  i n  t h e  M e n d e ls o n  S t u d y .

A s t u d y  o f  1 6  p a t i e n t s  o n  a m e t a b o l i c  w a rd  who smoked NIDA 
c i g a r e t t e s  (H em b ree  e t  a l . ,  1 9 7 9 )  s h o v e d  t h a t  5 t o  6 w eek s  o f  
h i g h - d o s e  (2 p e r c e n t )  m a r i j u a n a  a d m i n i s t r a t i o n  ( 8-20 c i g a r e t t e s / d a y )  
was a s s o c i a t e d  w i t h  a  d e c l i n e  i n  sp e rm  c o u n t  d u r i n g  t h e  f i f t h  and  
s i x t h  w eek s  a f t e r  i n i t i a t i o n  o f  d r u g  e x p o e u r e .  T h i s  was p r e c e d e d  by  
a d e c r e a s e  i n  s p e rm  m o t i l i t y  and  an  i n c r e a s e  i n  a b n o rm a l  f o rm s  o f  
s p e rm .  Once a week d u r i n g  t h e  s t u d y  f i v e  b l o o d  s a m p le s  w e r t  o b t a i n e d  
a t  1 5 -m in u t e  i n t e r v a l s  f o r  m e a su rem en t  o f  t e s t o s t e r o n e ,  LH , an d  FSB . 
No c h ang e  i n  t h e s e  h o rm on e  l e v e l s  was n o t a d  t h r o u g h o u t  t h e  s t u d y  
( a l t h o u g h  n o  v a l u s s  w e re  r e p o r t e d ) . The r e l a t i o n s h i p  i n  t im e  o f  
t h e s e  s a m p le s  t o  t h e  l a s t  p r e v i o u s  c i g a r e t t e  v « s  n o t  m e n t i o n e d ,  
t h e r e f o r e  t h e  t e s t  w o u ld  n o t  h a v e  e x c lu d e d  e t r a n s i e n t  d e c l i n e  i n  
h o rm o n a l  l e v e l s  a f t e r  e c c h  c i g a r e t t e .  H ow ev e r ,  b e c a u s e  h o rm o n a l  
s u p p r e s s i o n  o f  s p e rm a t o g e n e s i s  t a k e s  l o n g e r  t h a n  4 w eek s  and  u s u a l l y  
i s  n o t  a s s o c i a t e d  w i t h  an  i n c r e a s e  i n  t h e  number o f  a b n o rm a l  f o rm s  
and a d e c r e a s a  i n  m o t i l i t y ,  t h e  a u t h o r s  c o n c lu d e d  t h a t  t h e  e f f e c t  
u p on  t h e  s e m i n i f e r o u s  t u b u l a r  e p i t h e l i u m  was d i r e c t  r a t h e r  t h a n  by 
s u p p r e s s i o n  o f  g o n a d o t r o p i n s .  T h i s  l a  t h e  o n l y  r e p o r t e d  s t u d y  i n  man 
t h a t  m e a s u re d  t h e  h o u r - t o - h o u r  f l u c t u a t i o n s  i n  g o n a d o t r o p i c  l a v e l a .

A n o t h e r  s t u d y  (C o g g in s  e t  a l . ,  1 9 7 6 )  a v a l u a t a d  t h e  h e a l t h  a t a t u s  
o f  84 m a r i j u a n a  sm o k e r s  who had u s e d  t h e  a g e n t  t h r e e  o r  m o re  t im e s  
p e r  week f o r  a  m inimum o f  1 0  y a a r s .  T s s t o s t s r o n e  l a v a l s  w e re  
m e a su re d  i n  38  u s e r s  and  38  n o n u s e r s .  The mean l a v e l a  a n d  r a n g e s  
w e re  v i r t u a l l y  i d e n t i c a l .  T h i a  h e t a r o g a n e o u a  g r o u p  o f  men p a t i e n t a  
l i t u d l t d  i n  C o s t a  R i c a  was n o t  r e c r u i t e d  f o r  t h e  p u r p o s e  o f  s t u d y i n g  
t h e  p i t u i t a r y - g o n a d a l  a x i s .  No g o n a d o t r o p i c  l e v e l s  o r  samen s a m p le s  
w a r s  s t u d i e d .
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E n d o c r i n e  f u n c t i o n  a t u d i e e  e r e  b r i e f l y  m e n t i o n e d  i n  a p a p e r  b y  
C oh en  ( 1 9 7 6 ) .  S u b j e c t s  w e re  r e c r u i t e d  o n  t h e  b a s i s  o f  h e a v y  m a r i j u a n a  
u s a  and w e re  s t u d i e d  i n  a  m e t a b o l i c  w a rd .  They  smoked an  a v e r a g e  o f  
f i v e  m a r i j u a n a  c i g a r e t t e s  p e r  d a y ,  w h ich  was b e l i e v e d  t o  be  t h e  
e q u i v a l e n t  o f  1 0 3  ag  o f  A - 9 - t b c .  D u r in g  a c u t a  a d m i n i s t r a t i o n ,  mean 
l e v e l s  o f  p la sm a  t e s t o s t e r o n e  d e c l i n e d  f r o m  7 5 4  t o  5 3 3  n g / d l  o v e r  a
3 - b o u r  p e r i o d .  A f t e r  9 w eek s  o f  sm o k in g ,  p la sm a  t e s t o s t e r o n e  l e v e l s  
had  d e c l i n e d  f r o m  7 4 0  t o  5 0 9  n g .  P la sm a  LH l e v e l s  w e re  r e p o r t e d  t o  
h a v e  f a l l e n  a f t e r  t h a  f o u r t h  w e e k ;  h o w e v e r ,  no  a b s o l u t e  v a l u e s  w e re  
g i v e n .  I n  a d d i t i o n ,  n o  s t a n d a r d  e r r o r s  a r e  g i v e n  f o r  a n y  o f  t h e  
m eans p r e s e n t e d  i n  t h i s  p a p e r .  T h e r e f o r e ,  i t  i s  i m p o s s i b l e  t o  
e v a l u a t e  t h e  s i g n i f i c a n c e  o f  t h e  r e p o r t e d  f i n d i n g s .

I n  G r e e c e ,  a  p o p u l a t i o n  o f  47  c h r o n i c  h a s h i s h  u s e r s  was s t u d i e d .  
E l e c t r o n  m ic r o s c o p e  s t u d i e s  o f  t h e  a c r o s o m e ,  t h e  h e ad  o f  t h e  s p e rm ,  
showed a b n o r m a l i t y  i n  same p a t i e n t s  ( I s s i d o r i d e s ,  1 9 7 9 ) .  I t  i s  
d i f f i c u l t  t o  e v a l u a t e  t h e  s t u d y  b e c a u s e  n o  q u a n t i t a t i v e  d a t a  w e re  
p r e s e n t e d .

A n im a l  S t u d i e s

A l l  o f  t h e  s t u d i e s  m e n t i o n e d  b e lo w  a r e  s u b s t a n t i a l l y  d i f f e r e n t  f r o m  
t h o s e  o f  human b e i n g s  b e c a u s e ,  w i t h  o n e  e x c e p t i o n ,  t h e  a c t i v e  a g e n t  
( u s u a l l y  A -9—THC) was a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y  a t  a  d o s e  o f  
2 . 5  t o  2 5  m g /k g .  B a s e d  o n  c a l c u l a t i o n s  g i v e n  b y  C ohen  ( 1 9 7 6 ) ,  3 t o  6 
n g A g / d a y  w o u ld  b e  c o n s i d e r e d  a  l a r g e  d o s e  i n  human b e i n g s . *  A l s o ,  
human b e i n g s  s e l f - a d m i n i s t e r  t h e  d r u g  o v e r  many h o u r s  r a t h e r  t h a n  a s  
a. s i n g l e  d o s e .

I n  c a s t r a t e d  r h e s u s  m o n k e y s ,  p la sm a  LH and FSH f e l l  a c u t e l y  
f o l l o w i n g  a c u t e  a d m i n i s t r a t i o n  o f  A -9-THC (S m i t h  e t  a l . ,  1 9 8 0 ) .
D u r i n g  t h i s  s u p p r e s s i o n  p e r i o d ,  b o t h  g o n a d o t r o p i n s  c o u l d  be  
s t im u l a t e d  by  l u t e n i z i n g  h o r m o n e - r e l e a s i n g  f a c t o r  ( L H R F ) , w h ic h  
c a u s e s  t h e  r e l e a s e  o f  LH . The e f f e c t  o f  & -9-THC was t o  s t p p r e s s  
p r o l a c t i n  r e l e a s e ,  w h ic h ,  i n  t u r n ,  c o u l d  be  s t im u l a t e d  by 
t h y r o t r o p i n - r e l e a s i n g  h o rm on e  ( T F B ) . S t u d i a s  i n  o t h e r  s p e c i e s  h a v e  
t e n d e d  t o  c o n f i r m  t h e s e  o b s e r v a t i o n s  i n  m on k e y s .

The r e s u l t s  a r e  c o m p a t i b l e  w i t h  t h e  h y p o t h e s i s  t h a t  t h e  e f f e c t  o f  
m a r i j u a n a  and  i t s  d e r i v a t i v e s  i s  o n  g o n a d o t r o p i c  s e c r e t i o n  ( H a r c l e r o d e  
e t  a l . ,  1 9 7 9 ) .  T e s t i c u l a r  c y t o c h r o m e  P - 4 5 0  ( a n  en zym e ) d e c r e a s e d  i n  
t h e  r a t  f o l l o w i n g  2 t o  9 w e e k s  o f  t r e a t m e n t .  The c o n c e n t r a t i o n s  o f  
t h i s  e n z ym e ,  p l u s  a  v a r i e t y  o f  o t h e r  t e s t i c u l a r  m a r k e r s ,  w e re  r e s t o r e d  
w i t h  PSH an d  LH t h e r a p y .  The e f f e c t  o f  v a r i o u s  c a n n a b i n o i d s  h a s  b een  
s t u d i e d  o n  sp e rm  m o r p h o l o g y  i n  t h e  mouse ( Z i a m e r s a n  e t  a l . ,  1 9 7 9 ) .

* R o s e n k r a n t z  ( 1 9 8 1 )  c o n s i d e r s  0 . 6 - 3 . 0  mg/kg b y  i n h a l a t i o n  and  1 . 8 - 9 . 0  
mg/kg  o r a l l y  t o  b e  l a r g e  d o s e s  i n  human b e i n g s .  F o r  t h e  m on k e y ,
1 . 8 - 9 . 0  mg /kg  by  i n h a l a t i o n  an d  5 - 2 7  mg/kg o r a l l y  w o u ld  b e  c o n s i d e r e d  
a h i g h  d o s e .  (T h e s e  c o n c e n t r a t i o n s  a r e  e q u i v a l e n t  t o  s i x  
c i g a r e t t e s / d a y . )



M ic e  w e re  g i v e n  f i v e  d a i l y  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  A - 9 -T H C , 
c a n n a b i d i o l ,  o r  c a n n a b i n o l  a t  d o s e s  a p p r o a c h in g  o r  e x c e e d i n g  th a
LD 50 ( t h a  d o a«  n a c a a a a r y  t o  k i l l  50  p a r c a n t  o f  t h a  a n i m a l a ) .
T h i r t y - f i v e  d a y a  a f t a r  t h a  l a a t  t r e a t m e n t ,  a n im a l s  v a r a  k i l l a d  and  
sp e rm  v a r a  a v a l u a t a d  by  a c a rm in g  a l a c t r o n  m i c r o s c o p y .  C o n t r o l  
a n im a l s  had  1 . 5  p a r c a n t  a b n o rm a l  f o rm a .  A n im a la  t h a t  r e c e i v e d  LD50 
d o a a a  o f  t h a  v a r i o u a  d a r i v a t i v a a  had  2 . 4  t o  5 . 0  p a r c a n t  a b n o rm a l  
f o r m a .

O n l y  a f a v  a t u d i a a  h a v a  a x am in a d  t h a  a f f a c t a  o f  c a n n a b i a  on  
a p a rm a t o g a n a a i a  (Huang a t  a l . /  1 9 7 9 ) .  M a r i j u a n a  v a a  a d m i n i a t a r a d  t o  
r a t a  i n  a  amoka m a c h in a .  A f t a r  3 0  d a y a  o f  a x p o a u r a /  m a r i j u a n a  smoke 
l o v a r a d  t h a  sp a rm  c o u n t a  i n  a n im a l a  a i g n i f i c a n t l y /  a a  d i d
c a rm a b in o  i d - f r e e  am oka . By 7 5  d a y a r h o v a v a r /  o n l y  t h a  m a r i j u a n a
smoka g r o u p  m a i n t a i n a d  a low  ap a rm  c o u n t .  I n  t h a  m a r i j u a n a - t r a a t a d  
g r o u p ,  t h e r a  v a a  an  i n c r e a a a d  num ber o f  a b n o rm a l  f o r m a ,  p a r t i c u l a r l y  
v i t h  an  i n c r e a a a  i n  d i a a o c i a t i o n  o f  ap a rm  h e a d s  and  t a i l a .  I n  t h e  
d i s c u s s i o n  o f  t h i s  p a p e r ,  t h a  a u t h o r s  r e p o r t e d  e l e v a t e d  se rum  FSH 
l e v e l s  f o l l o w i n g  m a r i j u a n a  e x p o s u r e ,  b u t  d i d  n o t  p r e s e n t  d a t a .  T h e y  
c o n c l u d e d  t h a t  m a r i j u a n a  h a s  a  d i r e c t  e f f e c t  on  t h a  t e s t i s .  A 
v a r i e t y  o f  i n  v i t r o  s t u d i e s  s u p p o r t  t h i a  s u g g e s t i o n  ( J a k u b o v i c  e t  
a l . ,  1 9 7 7 ,  1 9 7 9 ) .

M a r i j u a n a  and i t s  d e r i v a t i v e s  a l s o  h a v a  b e an  shown t o  ba  
a n t i a n d r o g e n i c  ( a n t a g o n i s t i c  t o  m a la  h o rm o n e s )  ( P u r o h i t  a t  a l . ,
1 9 8 0 ) .  S e v e r a l  c o n s t i t u e n t s ,  i n c l u d i n g  & -9 -TH C , c a n  b i n d  t o  t h a  
r e c e p t o r  f o r  a n d r o g e n .  M a r i j u a n a  a l s o  h a a  b e an  d e m o n s t r a t e d  t o  ba 
e s t r o g e n i c  ( l i k e  f e m a l e  a a x  h o rm o n e s )  i n  v i v o , and  r e c a n t  s t u d i a s  
s u g g e s t  t h a t  t h e s e  a f f a c t s  may ba  m e d ia t e d  v i a  t h a  e s t r o g e n  
r e c e p t o r .  T h e s e  o b s e r v a t i o n s  h a v a  b e an  d i s p u t e d  by  o t h e r s ,  ( r e v i e w e d  
b y  P u r o h i t  a t  a l . ,  1 9 8 0 ) .  Tha a b i l i t y  t o  i n h i b i t  o r  m im ic  t h e  a c t i o n  
o f  s e x  s t e r o i d s  p r o v i d e s  o n e  m echan ism  b y  w h ic h  t h e s e  a g e n t s  c a n  
p r o d u c e  t h e i r  e f f e c t s .  T h e r a  o b v i o u s l y  a r a  many o t h e r s .

FEMALE REPRODUCTIVE FUNCTION

The e f f e c t  o f  c a n n a b i s  c n  f e m a l e  r e p r o d u c t i o n  h a s  b e an  s t u d i e d  i n  
r a t s ,  m i c e ,  r a b b i t s ,  and  m o n k e y s .  Tha w o rk  i n  r h a a u a  m onkey s  i s  o f  
p a r t i c u l a r  im p o r t a n c e ,  b e c a u s e  o f  t h a  s i m i l a r i t y  i n  t h a  m e n s t r u a l  
c y c l e  among p r im a t e  s p e c i e s ,  i n c l u d i n g  human b e i n g s .

Human S t u d i a s

T h e r e  i s  o n l y  o n a  s t u d y  r e p o r t e d  o n  t h a  a f f a c t a  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  i n  women. Tha w o rk  h a s  a p p e a r e d  i n  p r i n t  a s  a 
r e p o r t  o f  t h a  p r o c e e d i n g s  o f  a  1 9 7 8  sym pos ium  h e l d  i n  M e x ic o  C i t y  
(Bauman e t  a l . ,  1 9 7 9 )  and a s  p a r t  o f  t h a  c o n g r e s s i o n a l  r e c o r d  
s u b s e q u e n t  t o  t e s t im o n y  b e f o r e  a  S e n a t e  c o m m i t t e e  h e a r i n g  (B aum an ,
1 9 8 0 ) .  T h e s e  p u b l i c a t i o n s  d o  n o t  p r o v i d e  d e t a i l s  o n  m e t h o d o lo g y  o r  
o n  i n d i v i d u a l  h o rm on e  v a l u e s .  D i f f e r e n c e s  b e tw e en  t h e  c o n t r o l  and  
e x p e r im e n t a l  g r o u p s ,  r e c o g n i z e d  b y  t h e  i n v e s t i g a t o r s ,  c o u l d  be  o f
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im p o r t a n c e ;  a l c o h o l  u s e ,  f o r  e x a m p le ,  was m o re  f r e q u e n t  i n  t h e  
m a r i j u a n a - u s i n g  g r o u p .  The s t u d y  a t t e m p t e d  t o  e s t a b l i s h  t h e  e n d o c r i n e  
( h o rm o n a l )  p r o f i l e  and  m e n s t r u a l  p a t t e r n s  o f  women who u s ed  m a r i j u a n a  
o n  a  c h r o n i c  and  f r e q u e n t  b a s i s .  T w e n t y - s i x  women who u sed  i t  a t  
l e a s t  t h r e e  t im e s  a  week f o r  6 m on th s  w e re  c om pa red  w i t h  1 7  women who 
h ad  n e v e r  u s e d  t h e  s u b s t a n c e .  The number o f  c y c l e s  s t u d i e d  f o r  e a e h  
v a r i a b l e  i n v e s t i g a t e d  i s  n o t  c l e a r  f r o m  t h e  p u b l i c a t i o n s .  T h i s  
d i f f i c u l t y  n o t w i t h s t a n d i n g ,  t h e  r e p o r t  r e v e a l s  n o  d i f f e r e n c e  i n  p la sm a  
l e v e l s  o f  LH and  PSH b e tw e en  t h e  two g r o u p s  and n o  c h a n g e  i n  p e a k s  
a n d  b a s a l  v a l u e s  o f  t h e  f e m a l e  h o rm on es  e s t r a d i o l  o r  p r o g e s t e r o n e ,  
t h e  c r i t i c a l  h o rm one  l e v e l s  c o n t r o l l i n g  t h e  p r o c e s s  o f  o v u l a t i o n .  I t  
w o u ld  b e  e x p e c t e d  t h a t  n o  m a j o r  d i f f e r e n c e  was f o u n d  i n  t h e  i n c i d e n c e  
o f  a n o v u l a t o r y  c y c l e s  b e tw e en  t h e  two g r o u p s .  By c o m b in in g  a n o v u l a ­
t i o n  and  s h o r t e n e d  l u t e a l  p h a s e ,  h o w e v e r ,  t h e  a u t h o r s  r e p o r t  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  m a r i j u a n a - u s i n g  g r o u p ,  
w h ic h  c o u l d  be c l i n i c a l l y  im p o r t a n t  i n  c a u s i n g  s u b f e r t i l i t y .  T h i s  
e v i d e n c e  i s ,  a t  b e s t ,  o n l y  s u g g e s t i v e .  The o b s e r v a t i o n  t h a t  
t e s t o s t e r o n e  l e v e l s  i n  m a r i j u a n a - u s i n g  women a r e  e l e v a t e d  i s  
d i f f i c u l t  t o  i n t e r p r e t  i n  t e rm s  o f  c l i n i c a l  s i g n i f i c a n c e ;  a p p a r e n t l y ,  
t h e  s u b j e c t s  d i d  n o t  r e p o r t  e p i s o d e s  o f  a c n e ,  a b n o rm a l  h a i r i n e s s ,  o r  
o t h e r  t e s t o s t e r o n e - d e p e n d e n t  a i d e - e f f e c t s .  A c c o r d i n g  t o  t h e  a u t h o r s ,  
s e rum  p r o l a c t i n  l e v e l s  a r e  l o w e r  i n  m a r i j u a n a  u s e r s  t h a n  i n  c o n t r o l s .  
The i m p l i c a t i o n s  o f  t h i s  o b s e r v a t i o n  f o r  f e r t i l i t y ,  l a c t a t i o n ,  o r  t h e  
d e v e l o p m e n t  o f  b r e a s t  c a n c e r  a r e  n o t  c l e a r .

The a b s e n c e  o f  o t h e r  s t u d i e s  o n  u s e r s  o f  m a r i j u a n a  m akes i t  
d i f f i c u l t  t o  d raw  c o n c l u s i o n s  o n  t h e  i m p l i c a t i o n s  o f  t h e  d a t a  c i t e d  
a b o v e -  S e v e r a l  o f  t h e  e f f e c t s  n o t e d  a r e  d i f f e r e n t  f r o m  th e  more 
e x t e n s i v e  and  e x p e r i m e n t a l l y  c o n t r o l l e d  o b s e r v a t i o n s  i n  r h e s u s  
m on key s  and  o t h e r  l a b o r a t o r y  a n im a l s .  T h i s  s i t u a t i o n  c a l l s  a t t e n t i o n  
t o  t h e  u r g e n t  n e ed  f o r  m o re  c o m p r e h e n s i v e  e n d o c r i n e  and g y n e c o l o g i c  
i n v e s t i g a t i o n s  o f  women who u s e  m a r i j u a n a .

A n im a l  S t u d i e s

A d m i n i s t r a t i o n  o f  c r u d e  m a r i j u a n a  e x t r a c t  t o  r a t s  o r  m ic e  r e s u l t e d  
g e n e r a l l y  i n  s u p p r e s s i o n  o f  o v a r i a n  f u n c t i o n  and i n  v a r i o u s  a s p e c t s  
o f  e s t r o g e n  a c t i v i t y ,  s u c h  a s  u t e r i n e  m e t a b o l i s m ,  w e i g h t ,  g l y c o g e n  
c o n t e n t ,  amd l e v e l s  o f  RNA and  s i a l i c  a c i d  ( C h a k r a v a r t y  e t  a l . ,  1 9 7 5 ;  
D i x i t  e t  a i l . ,  1 9 7 5 ) .

T he  a d m i n i s t r a t i o n  o f  c r u d e  m a r i j u a n a  e x t r a c t  f o r  30 d a y s  t o  r a t s  
an d  m ic e  a b o l i s h e d  t h e  e s t r u s  c y c l e  and c a u s e d  a  s i g n i f i c a n t  r e d u c t i o n  
i n  t h e  s i z e  o f  t h e  o v a r i e s  and  i n  some p r i m o r d i a l  o v a  ( D i x i t  e t  a l . ,
1 9 7 5 ) .  I n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  o f  A -9-THC t o  r a t s ,  
a p p r o p r i a t e l y  t im e d ,  h a s  a l s o  b e e n  r e p o r t e d  t o  b l o c k  c .c r u la t i o n  ( N i r  
e t  a l . ,  1 9 7 3 ) .  T h i s  e f f e c t  o f  A -9-THC was e x e r t e d  b y  s u p p r e s s i n g  
t h e  c h a r a c t e r i s t i c  p r e o v u l a t o r y  s u r g e  o f  p la s m a  LH . O t h e r  
i n v e s t i g a t o r s  h a v e  r e p o r t e d  s u p p r e s s i o n  a l s o  o f  p la s m a  PSH and  
p r o l a c t i n  when a - 9 - t h c  i s  g i v e n  j u s t  b e f o r e  o v u l a t i o n  (A y a lo n  e t  
a l . ,  1 9 7 7 ) .  The s u b s t a n c e  was f o u n d  t o  d e p r e s s  p la sm a  c o n c e n t r a t i o n  
o f  LH i n  o v a r i e c t o m i z e d  r a t s  (M a r k s ,  1 9 7 3 ;  T y r e y ,  1 9 7 8 ,  1 9 8 0 )  and
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rh « s u c  m on key s  (B e s c h  e t  a l . ,  1 9 7 7 ) .  Aach  a t  a l .  ( 1 9 7 9 )  a l s o  showed 
i n  t h a  r a b b i t ,  a  r e f l e x  o v u l a t o r ,  t h a t  a p r a c o i t a l  s i n g l a  d o s a  o f  
&-9-THC b l o c k s  t h a  p o a t c o i t a l  LH a u r g a  and  o v u l a t i o n .

A d m i n i s t r a t i o n  o f  LHRF v a a  a b l a  t o  b r i n g  a b o u t  t h a  r a l a a i a  o f  LH 
i n  & -9 -TBC  t r e a t e d  r a t a  and  r h a s u s  m onkey s  (S m i t h  a t  a l . ,  1 9 7 9 ) .
T haaa  r e s u l t s  i n d i c a t a  a d i r e c t  e f f e c t  o f  c a n n a b i n o i d s  a t  t h a  l a v a l  
o f  t h a  h y p o t h a l a m u s , p a r t  o f  b r a i n  im p o r t a n t  i n  r e p r o d u c t i v e  h o rm one  
r e g u l a t i o n .  Tha o v u l a t i o n - b l o c k i n g  a f f e c t  o f  t h e  c a n n a b i n o i d a  was 
f u r t h e r  i n v e s t i g a t e d  by  C o r d o v a  a t  a l .  ( 1 9 8 0 ) .  N a t u r a l  and 
c h e m i c a l l y  m o d i f i e d  c a n n a b i n o i d s  b l o c k e d  o v u l a t i o n  i n  r a t s .

A d m i n i s t r a t i o n  o f  A -9-THC t o  r h a s u s  m onkey s  d u r i n g  t h a  f o l l i c u ­
l a r  p h a s e  r e s u l t e d  i n  p r o l o n g e d  p e r i o d s  o f  am enno rh e a  ( a b s e n c e  o r  
a b n o rm a l  s t o p p a g e  o f  t h e  m e n s t r u a l  f l o w ) ,  a b s e n c e  o f  m i d c y c l e  LH 
s u r g e ,  and  p r o g e s t e r o n e  l e v e l s  c h a r a c t e r i s t i c  o f  a n o v u l a t i o n  (A ach  e t  
a l . ,  1 9 8 1 ) .

B IRTH  DEFECTS AND TERATOGENICITT

B e c a u s e  A -9 -THC  c r o s s e s  t h e  p l a c e n t a  i t  i s  a p o t e n t i a l  t e r a t o g e n ,  
an  a g e n t  t h a t  c a u s e s  d e f e c t s  i n  t h e  d e v e l o p i n g  em b ry o .  T h i s  e f f e c t  
c o u l d  o c c u r  i n  e i t h e r  o f  tw o v a y s x  ( 1 ) e x p o s u r e  t o  c a n n a b i s  p r i o r  t o  
c o n c a p t i o n  c o u l d  ha rm  t h e  s e x  c e l l s  ( t h e  o v a  and  s p e rm ) ,  o r  ( 2 ) t h e  
f e t u s  c o u l d  be  ha rm ed  d i r e c t l y  d u r i n g  o r g a n o g e n e s i s .  I n  a d d i t i o n ,  
A -9-THC c a n  be  s e c r e t e d  i n  b r e a s t  m i l k  a n d ,  t h e - ? f o r e ,  c a n  b e  t o x i c  
p o s t n a t a l l y .

Human S t u d i e s

The e v i d e n c e  f o r  t e r a t o g e n i c i t y  i n  human b e i n g s  i s  v e r y  d i f f i c u l t  t o  
i n t e r p r e t .  A l t h o u g h  t h e r e  i s  w id e s p r e a d  u s e  o f  m a r i j u a n a  i n  y oung  
wccen o f  " - p r o d u c t i v e  a g e ,  t h e r e  i s  n o  e v i d e n c e  y e t  o f  an y  t e r a t o g e n i c  
e f r a c t s  o f  h i g h  f r e q u e n c y  o r  c o n s i s t e n t  a s s o c i a t i - . n  w i t h  t h e  d r u g .  
T h e re  a r e  i s o l a t e d  r e p o r t s  o f  c o n g e n i t a l  a n o m a l i e s  i n  t h e  o f f s p r i n g  
o f  m a r i j u a n a  u s e r s ,  b u t  t h e r e  i s  n o  e v i d e n c e  t h a t  t h e y  o c c u r r e d  m ore  
o f t e n  i n  u s e r s  t h a n  i n  n o n u s e r s  and  i n  t h o s e  c a s e s  t h e r e  was 
c o i n c i d e n t  u s e  o f  o t h e r  d r u g s .  S u b t l e  d e v e lo p m e n t  e f f e c t s  i n  
o f f s p r i n g ,  s u c h  a s  n e r v o u s  s y s t e m  a b n o r m a l i t i e s ,  and  r e d u c t i o n s  i n  
b i r t h  w e ig h t  and  h e i g h t  may in d e e d  e x i s t  ( F i n n e g a n ,  1 9 8 0 )  F r i e d ,
1 9 8 0 ; H in g s o n  e t  a l . ,  i n  p r e s s ) .  A d d i t i o n a l  c a r e f u l l y  d e s i g n e d ,  
p r o s p e c t i v e  s t u d i e s  s h o u ld  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  i n  t h i s  a r e a .

A n im a l  S t u d i e s

C ru d e  m a r i j u a n a  e x t r a c t  and A -9 -TH C  a r e  t e r a t o g e n i c  a t  c e r t a i n  
d o s e s  i n  a n i m a l s . *

• B i b l i o g r a p h y  a v a i l a b l e  up on  r e q u e s t  f r o m  t h e  I n s t i t u t e  o f  M e d i c i n e ,  
N a t i o n a l  Academy o f  S c i e n c e s .
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One s t u d y  r e p o r t e d  t h a t  s u b c u t a n e o u s  i n j e c t i o n  o f  p r e g n a n t  
h a m s t e r s  and  r a b b i t s  v i t h  v a r i o u s  d o s e s  o f  c r u d e  m a r i j u a n a  e x t r a c t  
c a u s e d  a a l f o r m a t i o n s  o f  t h e  b r a i n ,  s p i n a l  c o r d ,  f o r e l i m b ,  and  l i v e r ,  
a e  v e i l  a s  edema o f  t h a  h ead  and s p i n a l  r e g i o n  i n  d e v e l o p i n g  em b ry o s  
(G e r b e r  and  Schramm , 1 9 6 9 ) .  I n  h a m s t e r s ,  s i g n i f i c a n t  e m b r y c c i d a l  and  
g r o w th  r e t a r d a t i o n  e f f e c t s  a l s o  w e re  n o t e d .  I t  was c o n c lu d e d  t h a t  
d o s e s  g r e a t e r  t h a n  2 0 0  mg/kg  i n  h a m s t e r s  an d  2 5 0  mg/kg i n  r a b b i t s  
w e re  t e r a t o g e n i c .  C a u t i o n  i n  i n t e r p r e t i n g  t h e s e  f i n d i n g s  m us t  be 
e x e r c i s e d  b e c a u s e  t h e  t e r a t o g e n i c  e f f e c t s  may b e  c a u s e d  by a n y  
c o m b i n a t i o n  o f  c o n s t i t u e n t s  o f  t h e  c a n n a b i s  e x t r a c t .

I n  a s t u d y  o f  m i c e ,  t h e  t e r a t o l o g i c a l  e f f e c t s  o f  A -9 -THC  w e re  
e v a l u a t e d  f o r  d o s e i i  r a n g i n g  f r o m  3 . 0  t o  4 0 0  mg/kg  b y  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 —" i n t r a v e n o u s ,  s u b c u t a n e o u s ,  and  i n t r a g a s t r i c  
( J o n e j a ,  1 9 7 6 ) .  S i g n i f i c a n t  f e t a l  g r o w th  r e t a r d a t i o n  was in d u c e d  a t  
h i g h e r  d o s e  l e v e l s  and  b y  some r o u t e s  o f  a d m i n i s t r a t i o n .  F o r  
e x a m p le ,  a h i g h  d o s e  o f  4 0 0  mg/kg  was s i g n i f i c a n t l y  t e r a t o g e n i c  by 
t h e  i n t r a g a s t r i c  r o u t e ;  1 2 . 1  p e r c e n t  o f  t h e  l i v e  f e t u s e s  w e re  
m a l f o rm e d .

I n  a  s t u d y  o f  f e m a l e  m on key s  g i v e n  an  o r a l  d o s a  o f  2 . 4  mg/kg 
A -9 -THC f o r  1 t o  4 y e a r s ,  a  n o n s p e c i f i c  p a t t e r n  o f  r e p r o d u c t i v e  
d i f f i c u l t i e s  v a a  o b s e r v e d  c h a r a c t e r i s t i c  o f  " h i g h - r i s k ”  p r e g n a n c i e s ,  
i n c l u d i n g  a h i g h  r a t e  o f  o f f s p r i n g  l o s s  d u r i n g  p r e g n a n c y  o r  i n  t h e  
e a r l y  p o s t n a t a l  p e r i o d  ( S a s s e n r a t h  e t  a l . ,  1 9 7 9 ) .

GENETIC EFFECTS

The p o t e n t i a l  g e n e t i c  e f f e c t s  o f  m a r i j u a n a  a r e  o f  m a j o r  c o n c e r n  
b e c a u s e  o f  i t s  p r e v a l e n t  u s e  b y  y oung  p e o p l e  i n  t h e i r  r e p r o d u c t i v e  
y e a r s  ( s e e  C h a p t e r  2 ) .  A l t h o u g h  t h e r e  i s  a g r o w in g  am oun t o f  
e v i d e n c e  t h a t  d r u g s  c a n  i n d u c e  m u t a t i o n s ,  and  a n  im p r o v in g  a b i l i t y  t o  
u s e  t o x i c o l o g i c a l  m e th o d s  t o  e v a l u a t e  a g e n t s  f o r  t h e i r  m u t a g e n ic  
p o t e n t i a l  ( s u c h  4S t h e  Ames t e s t ,  v h i c h  d e t e c t s  c h a n g e s  o r  damages i n  
t h e  g e n e t i c  m a t e r i a l ) , t h e  a v a i l a b l e  i n f o r m a t i o n  o n  t h e  g e n e t i c  
h a z a r d s  o r  e v e n  o n  t h e  p o t e n t i a l  g e n e t i c  h a z a r d s  o f  t h e  u s e  o f  
m a r i j u a n a  i s  e x t r e m e l y  l i m i t e d .

M u t a g e n i c i t y

E l s e v h e r e  i n  t h i s  r e p o r t  (C h a p t e r  3 ) t h e  s c i e n t i f i c  e v i d e n c e  t h a t  
m a r i j u a n a  smoke and  t a r  a r e  m u t a g e n i c  h a s  b e en  d i s c u s s e d .  Lung 
c x p l a n t s  o f  m ic e  and human f i b r o b l a s t  c u l t u r e s  e x p o s e d  t o  f r e s h  smoke 
s h o v e d  a b n o r m a l i t i e s  o f  c e l l  d i v i s i o n ,  a s  w e l l  a s  c h a n g e s  i n  
ch rom osom e s t r u c t u r e  and  i n  DNA s y n t h e s i s  ( L e u c h t e n b e r g e r  and 
L e u c h t e n b e r g e r ,  1 9 7 1 ;  L e u c h t e n b e r g e r ,  e t  a l . ,  1 9 7 3 a , b ) . M o r e o v e r ,  
e x t r a c t s  and  smoke c o n d e n s a t e s  o f  m a r i j u a n a  a r e  m u t a g e n i c  v h e n  
e v a l u a t e d  by  t h e  A a e s  t e s t  (B u s c h  e t  a l . ,  1 9 7 9 ;  S a i d  a n d  W e i ,  1 9 7 9 ;  
W ehne r e t  a l . , 1 9 8 0 ) .  A n im a l  s t u d i e s  o n  r o d e n t s  p a i n t e d  w i t h  
m a r i j u a n a  t a r ,  t h r e e  t im e s  v e e k l y  f o r  1  y e a r ,  r e s u l t e d  i n  s k i n  
p a p i l l o m a s ,  c a r c i n o m a s ,  and f i b r o s a r c o m a s  (H o f fm a n n  e t  a l . ,  1 9 7 5 ) .
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H ow ev e r ,  e x t e n s i v e  t e s t i n g  w i t h  a- 9 - th c  u s in g  t h r e e  e s t a b l i s h e d  
t e s t a  f o r  m u t a g e n e s i s  f a i l e d  t o  d e t e c t  an y  m u ta g e n ic  e f f e c t ,  o r  an y  
e f f e c t  a s  a n  i n h i b i t o r  o f  ONA r e p a i r  ( L e g a t o r  e t  a l . ,  1 9 7 6 ;  G l a t t  e t  
a l . ,  1 9 7 9 ;  Zimmerman e t  a l . ,  1 9 7 8 ) .

C y t o g e n e t i c  E f f e c t s

The num be rs  and  k i n d s  o f  c h rom o som e s  ( s t r u c t u r e s  i n  a c e l l  n u c l e u s  
t h a t  c o n t a i n  and t r a n s m i t  g e n e t i c  i n f o r m a t i o n  c a r r i e d  i n  ONA) a r e  
h i g h l y  c h a r a c t e r i s t i c  f o r  a  g i v e n  s p e c i e s .  S t r u c t u r a l  v a r i a t i o n  and 
c h a n g e s  i n  n um be rs  o f  c h rom o som e s  may be e v i d e n c e  f o r  g e n e t i c  damage 
p r o d u c e d  by d r u g s  and o t h e r  c h e m i c a l  a g e n t s .  U n f o r t u n a t e l y ,  t h e  
l i t e r a t u r e  o n  t h e  e f f e c t s  o f  m a r i j u a n a  on  ch rom o som e s  i s  l i m i t e d  an d  
c o n f l i c t i n g .  S t u d i e s  s u g g e s t i n g  t h a t  m a r i j u a n a  p r o b a b l y  d o e s  n o t  
b r e a k  ch rom o som e s  a r e  f a i r l y  c o n c l u s i v e .  T h e r e  i s  l e s s  e v i d e n c e  t h a t  
m a r i j u a n a  may p r o d u c e  a n e u p l o i d y  ( a b n o rm a l  num bers  o f  c h rom o som e s )  i n  
some d a u g h t e r  c e l l s  d u r i n g  c e l l  d i v i s i o n .

D oes m a r i j u a n a  c a u s e  ch rom osom e b r e a k s ?  The w e ig h t  o f  t h e  
e v id e n c e  f r o m  I n  v i t r o  c u l t u r e s  o f  human c e l l s  and f r o a  i n  v i v o  
a n im a l  and human s t u d i e s  i s  t h a t  n e i t h e r  m a r i j u a n a  n o r  A -9 -THC  
c a u s e s  ch rom osom e b r e a k s .

I n  V i t r o  an d  A n im a l  S t u d i e s

C u l t u r e s  o f  human l e u k o c y t e s ,  e x p o s e d  t o  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
A -9 -THC , showed no  i n c r e a s e  i n  t h e  i n c i d e n c e  o f  ch rom osom e b r e a k s  
o r  g a p s  when c om pa re d  t o  c o n t r o l s  ( S t e n c h e v e r  and A l l e n ,  1 9 7 2 ) .
S t u d i e s  o f  g o l d e n  h a m s t e r s  g i v e n  s u b c u t a n e o u s  i n j e c t i o n s  f o r  1 0  d a y s  
o f  m a r i j u a n a  e x t r a c t  d i s t i l l a t e  c o n t a i n i n g  1 7 . 1  p e r c e n t  A -9 -THC  
(N i c h o l s o n  e t  a l . ,  1 9 7 3 ) ,  and o f  b e a g l e  d o g s  t r a i n e d  t o  smoke h i g h  
d o s e s  o f  m a r i j u a n a  ( 3  g / d a y /w e e k  f o r  30  m o n t h s ) ,  showed no  s i g n i f i c a n t  
d i f f e r e n c e s  i n  ch rom osom e  g a p s  o r  b r e a k s  when c om pa red  w i t h  c o n t r o l  
g r o u p s  (G e n e s t  e t  a l . ,  1 9 7 6 ) .

Human S t u d i e s

C y t o g e n e t i c  a n a l y s i s  o f  c h rom o som e s  f r o m  p e r i p h e r a l  b l o o d  l e u k o c y t e s  
and c u l t u r e s  o f  s u b j e c t s  e x p o s e d  t o  m a r i j u a n a  sm o k in g ,  m a r i j u a n a  
e x t r a c t ,  o r  s y n t h e t i c  A -9 -THC  r e v e a l e d  n o  i n c r e a s e  i n  ch rom osom e 
b r e a k a g e  a t t r i b u t a b l e  t o  t h e s e  com pounds  ( N i c h o l s  e t  a l . ,  1 9 7 4 ;  
M a tsuyam a , 1 9 7 6 ;  M o r i s h im a  e t  a l . ,  1 9 7 9 ) .  D o s e s  r a n g e d  f r o a i  2 0  mg 
A -9-THC p a r  d a y  t o  1 2 - 1 6  m a r i j u a n a  c i g a r e t t e s  p e r  d a y .  S t u d i e s  
t h a t  h a v e  r e p o r t e d  Gh romosome b r e a k s  o r  g a p s  i n  c e l l  c u l t u r e s  o f  
u s e r s  o f  m a r i j u a n a  h a v e  l a r g e l y  b e e n  c a r r i e d  o u t  o n  m u l t i p l e  d r u g  
u s e r s ,  and  t h e  b r e a k s  and  g a p s  may be due t o  o t h e r  f a c t o r s  a s s o c i a t e d  
w i t h  e  l i f e  o f  h e a v y  d r u g  u s e  ( G i l a o u r  e t  e l . ,  1 9 7 1 ;  H e rh e  end  O b e ,
1 9 7 4 ) .  H o w e v e r ,  i n  e r e t r o s p e c t i v e  s t u d y  o n  c o l l e g e  s t u d e n t s ,  
ch rom osom e b r e a k s  w e re  f o u n d  i n  b l o o d  c u l t u r e s  o f  4 9  l i g h t  ( o n e  o r
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l e s s  e x p o s u r e  p e c  w eek ) and h e a v y  (m o re  th a n  two e x p o s u r e s  p e r  w eek ) 
u s e r s  o f  m a r i j u a n a  ( S t s n c h e v e r  e t  a l . /  1 9 7 4 ) .  One p r o b l e m  i n  t h i s  
s t u d y  i s  t h e  p o o r  d o s e  c h a r a c t e r i z a t i o n .  F u r t h e rm o r e /  t h e  i n c r e a s e  
i n  t h a  n um be rs  o f  b r e a k s  i n  b o t h  l i g h t  and h e a v y  u s e r s  o f  m a r i j u a n a  
was n o t  d o s e - r e l a t e d j  t h e  same f r e q u e n c y  o f  b r e a k s  was o b s e r v e d  i n  
b o t h  g r o u p s .  A l t h o u g h  t h e  e v i d e n c e  i s  i n c o n c l u s i v e /  i t  s u g g e s t s  t h a t  
m a r i j u a n a  d o e s  n o t  c a u s e  ch rom osom e b r e a k s .

D oe s  m a r i j u a n a  i n t e r f e r e  w i t h  c e l l  d i v i s i o n  and ch rom osom e 
s e g r e g a t i o n /  t h e r e b y  r e s u l t i n g  i n  a b n o rm a l  num be rs  o f  c h rom o s om e s ?  
T h e r e  i s  c o n f l i c t i n g  e v i d e n c e  i n  t h e  l i t e r a t u r e .  On t h e  o n e  h a n d ,  no 
s i g n i f i c a n t  e f f e c t s  o f  m a r i j u a n a  smoke o r  A -9-THC o n  ch rom osom e 
c om p lem en t  h a v e  b e e n  r e p o r t e d  u s i n g  t h e  m i c r o n u c l e i  t e a t  i n  m ic e  o r  
i n  c y t o g e n e t i c  s t u d i e s  i n  d o g s  (G e n e s t  e t  a l . /  1 9 7 6 ;  L e g a t o r  e t  a l . /  
1 9 7 6 ) .  On t h e  o t h e r  h a n d /  m ore  e x t e n s i v e  s t u d i e s  h a v e  d e m o n s t r a t e d  
a n e u p l o i d y  r e s u l t i n g  f r o m  i n  v i t r o  e x p o s u r e  o f  c e l l s  t o  m a r i j u a n a  a s  
w e l l  a s  i n  v i v o  s t u d i e s  o f  a n im a l s  and human b e i n g s .

I n  V i t r o  and  A n im a l  S t u d i e s

E x p o s u r e  o f  mouse lu n g  and a d u l t  human lu n g  t i s s u e  c u l t u r e  t o  
m a r i j u a n a  smoke i n  v i t r o  r e s u l t e d  i n  a b n o rm a l  c e l l  p r o l i f e r a t i o n  an d  
a b n o r m a l i t i e s  i n  DNA c o n t e n t  ( L e u c h t e n b e r g e r  and L e u c h t e n b e r g e r /
1 9 7 1 ;  L e u c h t e n b e r g e r /  e t  a l . /  1 9 7 3 b ) .  A d d i t i o n  o f  A -9 -THC  and 
o l i v e t o l /  a  compound w i t h  a r i n g  s t r u c t u r e  s i m i l a r  t o  c a n n a b i n o i d s /  
t o  n o rm a l  human l e u k o c y t e  c u l t u r e s  in d u c e d  h y p o d i p l o i d y  ( d e f i n e d  a s  
m e t a p h a s e  n u c l e i  w i t h  a ch rom osom e  c om p lem en t  o f  l e s s  t h a n  30 
c h rom o som e s— a  n o rm a l  human c e l l  c o n t a i n s  4 6  ch rom o som e s )  (M o r i s h im a  
e t  a l . /  1 9 7 6 ) .  H y b r i d  m ic e  t r e a t e d  f o r  5 c o n s e c u t i v e  d a y s  w i t h  
& -9 -TEC / c a n n a b i n o l /  and  c a n n a b i d i o l  a t  a d o s e  o f  1 0  m g /kg  had a 
t h r e e -  t o  f i v e f o l d  i n c r e a s e  o f  m i c r o n u c l e i  o v e r  c o n t r o l s .  The number 
o f  m i e r o n u c l e i  i n c r e a s e d  w i t h  i n c r e a s i n g  & -9-THC d o s a g e .  E x am in a ­
t i o n  o f  b o n e  m a r row  m i t o s i s  i n  t h e s e  same m ic e  showed a f i v e -  t o  
s e v e n f o l d  i n c r e a s e  i n  ch rom osom e  number a b e r r a t i o n s  d u r i n g  m e ta p h a s e  
(Z immerman and  R a j /  1 9 8 0 ) .

Hunan S t u d i e s

S t u d i e s  o f  l y m p h o c y t e s  c u l t u r e d  f r o s t  human m a r i j u a n a  sm o k a r s  d e f i n e d  
e i t h e r  a s  'm o d e r a t e 11 u s e r s  ( a t  l e a s t  o n e  m a r i j u a n a  c i g a r e t t e  p e r  
w eek /  r a n g e  1 - 1 0  f o r  a  m inimum o f  tw o y e a r s )  o r  ' h e a v y *  u s e r s  (m o re  
t h a n  t h r e e  t im e s  p e r  w eek )  a l l  o f  whom consum ed b e tw e en  1 2 . 9  and 1 5 . 3  
m a r i j u a n a  c i g a r e t t e s  p e r  d a y  d u r i n g  t h e  e x p e r im e n t /  t u r n e d  up a 
s i g n i f i c a n t l y  l a r g e r  num ber o f  c e l l s  w i t h  l e s s  t h a n  30  c h rom o som e s  
t h a n  w o u ld  be  f o u n d  i n  n o rm a l  c o n t r o l  c u l t u r e s  (M o r i s h im a  e t  a l . f 
1 9 7 9 ) .  T h e s e  p o s i t i v e  f i n d i n g s  s u g g e s t  t h a t  m a r i j u a n a  may a f f e c t  
ch rom osom 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  and  r e s u l t  i n  c a l l s  w i t h  
f e w e r  t h a n  t h e  n o rm a l  num ber o f  c h rom o som e s .  What t h e s e  f i n d i n g s  
mean i n  t e rm s  o f  r i s k  f o r  a b n o r m a l i t i e s  i n  o f f s p r i n g  o r  p o s s i b l e  
d i s e a s e  i s  n o t  kn ow n . F i n d i n g s  i n  l y m p h o c y t e  c u l t u r e s  may n o t  be  
r e l e v a n t  t o  w h a t  i s  h a p p e n in g  i n  t h e  ge rm  c e l l s  ( s e x  c e l l s ) .



■

The immune s y s tem  f u n c t i o n s  i n  p r o t e c t i n g  t h e  body a g a i n s t  v i r u s e s ,  
b a c t e r i a ,  and o t h e r  i n f e c t i o n s .  I t  a l s o  p l a y s  a  m a j o r  r o l e  i n  
p r e v e n t i n g  t h e  g r o w th  and  d i s s e m i n a t i o n  o f  c a n c e r o u s  c e l l s .

T h e r e  h a v e  b e en  r e p o r t s  t h a t  c a n n a b i s  i s  im m un og en ic ,  c a p a b l e  o f  
a c t i v a t i n g  c om pon en ts  i n  t h e  iasnune s y s t e m .  T h e se  c om p o n e n t s  i n c l u d e  
s u c h  c e l l s  a s  l y m p h o c y t e s ,  some o f  w h ic h  p r o d u c e  a n t i b o d i e s  i n  
r e s p o n s e  t o  i n v a s i o n  b y  a f o r e i g n  a g e n t ,  and  m a c r o p h a g a s ,  w h ic h  c a n  
be s t im u l a t e d  b y  i n f l a m m a t i o n  t o  i n g e s t  i n v a d e r s .
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THE IMMUNE SYSTEM

Human S t u d i e s

T h e r e  h a v e  been  r e p o r t s  t h a t  c a n n a b i s  I n t e r f e r e s  w i t h  c o m p on e n t s  i n  
t h e  immune s y s t em  i n  m an . A n t i b o d i e s  w i l l  d e v e l o p  i n  r e s p o n s e  t o  
m a r i j u a n a  i n  some p e o p l e ,  a l o n g  w i t h  an  a l l e r g i c  r e s p o n s e ,  w h i l e  
o t h e r s  d e v e l o p  a n t i b o d i e s  w i t h o u t  a p p a r e n t  a l l e r g i c  r e a c t i o n  ( L i s k o w  
e t  a l . ,  1 9 7 1 ;  S h a p i r o  e t  a l . ,  1 9 7 4 ,  1 9 7 6 ;  L e w is  and S l a v i n ,  1 9 7 5 ) .  
H ow eve r ,  t h e  s t u d i e s  r e p o r t i n g  t h e s e  e f f e c t s  w e re  n o t  d e s i g n e d  t o  
d e t e rm in e  w h ich  c o m p on e n ts  o f  t h e  m a r i j u a n a  a r e  im m unogen ic  and  w h ic h  
a r a  a l l e r g e n i c .

S t u d i e s  o f  v a r i o u s  a s p e c t s  o f  t h e  immune s y s t em  i n  p e r s o n s  who 
w e re  c h r o n i c  u s e r s  o f  m a r i j u a n a  h a v e  I n d i c a t e d  m i l d  d e c r e a s e s  i n  
a c t i v i t y  o f  o n e  o r  a n o t h e r  c om p o n e n t  o f  t h e  s y s t e m ;  h o w e v e r ,  o t h e r  
i n v e s t i g a t o r s  h a v e  n o t e d  n o  c h a n g e s  o u t s i d e  o f  t a e  n o rm a l  r a n g e  
(G u p ta  e t  a l . ,  1 9 7 4 ;  P e t e r s e n  e t  a l . ,  1 9 7 5 ,  15*7i ;  W h i t e  e t  a l . ,  1 9 7 5 ;  
Lau e t  a l . , 1 9 7 6 ;  R a c h e l e f s k y  e t  a l . ,  1 9 7 6 ;  S i J v e r s t e i n  an d  L e s s i n ,  
1 9 7 6 ;  Cushman and  K h u r a n a ,  1 9 7 7 ;  M cDonough e t  i l . ,  1 9 8 0 ) .  T h e s e  
a p p a r e n t  i n c o n s i s t e n c i e s  may s t em  f r o m  t h e  v a r i a b i l i t y  i n  t h e  am oun t  
o f  m a r i j u a n a  consum ed among u s e r s  i n  d i f f e r e n t  s t u d i a s  an d  t h e  
d i f f e r e n c e s  i n  t h e  immune s y s t e m  a s s a y s .  H a s h i s h ,  a s  d i s t i n c t  f r o m  
m a r i j u a n a ,  was shown t o  h a v e  a  s l i g h t  t e m p o r a r y  s t i m u l a t o r y  e f f e c  on  
th e  immune s y s t e m  (K a k l a m a n i  e t  a l . ,  1 9 7 8 ;  R a l o f o u t i s  e t  a l . ,  1 9 7 8 ) .

A n im a l  S t u d i e s

A number o f  s t u d i e s  h a v e  shown t h a t  A -9 -TH C  and o t h e r  c a n n a b i n o i d s  
in d u c e  i im o u n o lo g i c a l  d e f e c t s  i n  r o d e n t s  ( P e t e r s e n  and  L e m b e r g e r ,
1 9 7 6 ;  L e f k o w i t z  and  K l a g e r ,  1 9 7 8 ,  L e f k o w i t z  e t  a l . ,  1 9 7 8 ;  P r e u s s  an d  
L e f k o w i t z ,  1 9 7 8 ) .  The  d o s e s  v a r i e d  f r o m  5 t o  2 5  m g /k 9  ( i n t r a -  
p e r i t o n e a l l y )  t o  1 0 0  m g /k 9  ( o r a l l y ) .  A t  t h e  h i g h e r  d o s e s  t h e r e  w as a 
d im i n u t i o n  o f  immune r e s p o n s e ,  a s  m e a s u r e d  b y  s t a n d a r d  im m u n o lo g i c a l  
a s s a y s .  D e l t a - 9 - T H C  had  t h e  same e f f e c t s  o n  c e l l s  g r ow n  i n  v i t r o . 
O t h e r  c a n n a b i n o i d s  a l s o  h a v e  b e e n  t e s t e d  f o r  t h e i r  e f f e c t s .  
C a n n a b i n o l ,  A- 8-T H C , a n d  l - a e t h y l - a - 8-THC had  t h e  same 
im m u n o s u p p re s s i v e  e f f e c t s  a s  & -9 -T H C , b u t  c a n n a b i d i o l  had  no  
im m u n o s u p p r e s s i v e  e f f e c t .  Im m u n i z i n g  r a b b i t s  w i t h  A -9 -TH C  
r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  a n t i b o d i e s  ( C h i a r o t t i  e t  a l . ,  1 9 8 0 ) .
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R e g u l a t i o n  o f  b od y  t e m p e r a t u r e  i a  a  c o m p le x  p r o c e s s  t h a t  c a n  be  
I n f l u e n c e d  by d r u g s .  I n  s e v e r a l  s p e c i e s  o f  a n im a l s ,  A -9 -THC  
p r o d u c e s  a l o w e r i n g  o f  b o d y  t e m p e r a t u r e  ( h y p o t h e r m i a ) , The e f f e c t  i s  
s e e n  when a n im a l s  a r e  h o u s e d  a t  n o rm a l  ro om  t e m p e r a t u r e s ,  and  i t  i s  
g r e a t e r  w i t h  c o l d e r  a m b ie n t  t e m p e r a t u r e s  ( P e r tw e e  and T r a v e n d a l e ,
1 9 7 9 ) .  M a r i j u a n a  a p p a r e n t l y  c a u s e s  a d e c r e a s e  i n  h e a t  p r o d u c t i o n  f o r  
r e a s o n s  t h a t  a r e  u n c l e a r .

I n  e x p e r im e n t s  w i t h  human s u b j e c t s ,  m a r i j u a n a  h a s  p r o d u c e d  l i t t l e  
o r  n o  c h a n g e  i n  b o d y  t e m p e r a t u r e  when g i v e n  i n  a c o o l  e n v i r o n m e n t  
( B e a c o n s f i e l d  e t  a l . ,  1 9 7 2 j  H anna  e t  a l . , 1 9 7 6 ) .  I n  a  h o t  e n v i r o n m e n t  
(4 0 *C )  m a r i j u a n a  c a u s e d  i n h i b i t i o n  o f  s w e a t i n g  and a c o n s i s t e n t  r i s e  
i n  b od y  t e m p e r a t u r e  ( J o n e s  e t  a l . ,  1 9 8 0 ) .  T h u s ,  t h e r e  i s  e v i d e n c e  
t h a t  a a r i j u a n a  d o e s  i n t e r f e r e  w i t h  t e m p e r a t u r e  r e g u l a t i o n ,  a l t h o u g h  
t h e r e  i s  n o  c u r r e n t l y  known c l i n i c a l  s i g n i f i c a n c e  t o  t h i s  f i n d i n g .

C a n n a b i s  a p p e a r s  t o  i n t e r f e r e  w i t h  t e m p e r a t u r e  r e g u l a t i o n ,  b u t  
t h e  c l i n i c a l  s i g n i f i c a n c e  i a  u n kn ow n .

SUMMARY

M a le  R e p r o d u c t i v e  F u n c t i o n

I n  a n im a l s ,  a a r i j u a n a  and  i t s  d e r i v a t i v e s  c a n  a c u t e l y  l o w e r  
g o n a d o t r o p i c  s e c r e t i o n  when a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y . T h e r e  i s  
a l s o  some e v i d e n c e  i n  a n im a l s  t o  s u g g e s t  t h a t  t h e s e  a g e n t s  c a n  
d i r e c t l y  a f f e c t  t h e  s e m i n i f e r o u s  t u b u l e .  I n  man , sp e rm  number an d  
m o t i l i t y  a r e  d e c r e a s e d  d u r i n g  c h r o n i  m a r i j u a n a  u a e .  F rom  th e  
a v a i l a b l e  s t u d i e s ,  i t  a p p e a r s  t h i s  was due  t o  a  d i r e c t  e f f e c t  o f  t h e  
c a n n a b i n o i d s  c i t h e r  o n  t h s  s e m i n i f e r o u s  t u b u l a r  e p i t h e l i u m  o r  t h e  
e p i d i d y m a l  s p e rm .  Due t o  c o n f l i c t i n g  and i n c o m p le t e  e v i d e n c e ,  i t  i s  
n o t  p o s s i b l e  t o  c o n c l u d e  a t  t h e  p r e s e n t  t im e  w h e th e r  m a r i j u a n a  
sm ok ing  h a s  a s i g n i f i c a n t  e f f e c t  u p on  g o n a d o t r o p i c  and  t e s t o s t e r o n e  
c o n c e n t r a t i o n s  i n  hum an s .  W h e th e r  t h e  d e c r e a s e  i n  sp e rm  number o r  
m o t i l i t y  h a s  an y  e f f e c t  o n  f e r t i l i t y  i s  n o t  known.

F e m a le  R e p r o d u c t i v e  F u n c t i o n

T h e r e  i s  o n l y  o n e  s t u d y  o f  human b e i n g s  t h a t  a t t e m p t s  t o  e s t a b l i s h  
t h e  e n d o c r i n e  p r o f i l e  and  m e n s t r u a l  p a t t e r n s  o f  women who u s ed  
m a r i j u a n a  o n  a c h r o n i c  an d  f r e q u e n t  b a s i s .  By c o m b in in g  c a t e g o r i e s  
o f  a n o v u l a t i o n  and s h o r t e n e d  l u t e a l  p h a s e ,  a s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  was n o t i c e d  i n  t h e  m a r i j u a n a  u s i n g  g r o u p .  I t  
i s  n o t  known i f  t h i s  l e a d s  t o  p r o b l e m s  w i t h  f e r t i l i t y  o r  l a c t a t i o n ,  
o r  i f  i t  l e a d s  t o  c a n c e r  o f  t h e  r e p r o d u c t i v e  o r g a n s .

A n im a l  s t u d i e s  h a v e  shown t h a t  A -9 -THC  l o w e r s  th e  se rum  
g o n a d o t r o p i c  l e v e l s .  I t  i s  unknown i f  t h e r e  i s  a d i r e c t  e f f e c t  on  
t h e  r e p r o d u c t i v e  t i s s u e s ,  p a r t i c u l a r l y  u n d e r  p r o l o n g e d  u s e  o f  
c a n n a b i s  p r o d u c t s .



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

C a n n a b i s  i s  t e r a t o g e n i c  a t  h i g h  d o s a a  i n  a n im a l s .  T h e r a  i s  n o  
a v i d o n c a  o f  o b v i o u s  t a r a t o g e n i c i t y  o r  s t r u c t u r a l  d a f a c t s  i n  t h a  
o f f s p r i n g  o f  human u s a r s .  B u t  t h a  d a t a  a r a  n o t  a d e q u a t e  t o  r a v a a l  a 
l o n g - r a n g e  f u n c t i o n a l  im p a i rm e n t  o r  a  v a r y  low  l e v e l  o f  t e r a t o ­
g e n i c i t y  i f  o n e  i s  p r e s e n t .  I t  s a y  be  im p o s s i b l e  t o  i d e n t i f y  a 
d i s t i n c t  r o l e  f o r  c a n n a b i s  i n  t h e  p r o d u c t i o n  o f  s u b t l e  a f f e c t s  i n  
o f f s p r i n g *  b e c a u s e  o f  t h e  c o n f o u n d i n g  i n f l u e n c e s  o f  m a l n u t r i t i o n *  
sm ok in g *  and  a l c o h o l .

G e n e t i c  E f f e c t s

M a r i j u a n a  and  A -9-THC d o  n o t  a p p e a r  t o  b r e a k  c h rom o s om e s ,  a l t h o u g h  
t h e r e  i s  some c o n f l i c t i n g  e v i d e n c e  o n  t h i s  p o i n t .  M u l t i p l e  d r u g  u s e  
seem s t o  b e  c o r r e l a t e d  w i t h  an  i n c r e a s e  i n  t h e  num be rs  o f  g a p s  and 
b r e a k s  i n  t h e  g e n e t i c  m a t e r i a l .  F u r t h e rm o r e *  a a r i j u a n a  may a f f e c t  
ch rom osom e s e g r e g a t i o n  d u r i n g  c a l l  d i v i s i o n *  r e s u l t i n g  i n  a b n o rm a l  
n um be rs  o f  c h rom o som e s  i n  d a u g h t e r  c e l l s .  W h i l e  t h e s e  c o n f l i c t i n g  
r e s u l t s  a r e  w o r r i s o m e *  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  n o t  kn own . 
F u r t h e r  i n v e s t i g a t i o n s *  e s p e c i a l l y  c o n t r o l l e d  p r o s p e c t i v e  s t u d i e s *  o f  
human b e i n g s  a r e  n e e d e d .

The Immune S y s tem

'The d a t a  f r o m  a n im a l  s t u d i e s  s u g g e s t  t h a t  A -9 -THC  and soma o f  i t s  
a n a l o g u e s  h a v e  a  m i ld *  t r a n s i e n t *  im m u n o s u p p re s s a n t  e f f e c t  i n  b o t h  i n  
v i t r o  and  i n  v i v o  s y s t a s i s ;  t h e  e f f e c t s  a r e  m i l d  c om p a re d  w i t h  known 
im m u n o s u p p re s s a n t  d r u g s .  The s t u d i e s  i n  human b e i n g s  a r a  c o n t r a d i c ­
t o r y ;  some d e m o n s t r a t e d  m i ld *  im m u n o s u p p r e s s i v e  e f f e c t s *  b u t  o t h e r s *  
u s in g  t h e  same o r  s i m i l a r  m e th o d s *  d i d  n o t  f i n d  a n y  d i f f e r e n c e s  i n  
t h e  immune s y s t e m  b e tw e en  n o rm a l s  a n d  c h r o n i c  m a r i j u a n a  s m o k e r s .  A t  
t h e  p r e s e n t  t im e *  t h e r e  h a v e  b e en  n o  human o r  a n im a l  s t u d i a s  t h a t  
h a v e  d e t e rm in e d  i f  m a r i j u a n a  sm o k e r s  a r e  m o ra  p r o n e  t o  i n f e c t i o n s  o r  
o t h e r  d i s e a s e s .  B e c a u s e  o f  t h e  w id e s p r e a d  u s e  o f  m a r i j u a n a *  e v e n  
weak im m u n o s u p p r e s s i v e  e f f e c t s  a r e  a c o n c e r n .  S i n c e  f u r t h e r  r e s e a r c h  
may n o t  d e m o n s t r a t e  d e f i n i t i v e  f i n d i n g s *  i s n u n o l o g i c  a f f e c t s  s h o u l d  
be s t u d i e d  a l o n g  w i t h  o t h e r  v a r i a b l e s  i n  a  l a r g e r  I n v e s t i g a t i o n .  I f  
m a r i j u a n a  i s  t o  be  u s e d  on  i a n u n o s u p p r e s s e d  p a t i e n t s  ( f o r  e x am p le *  
f o r  a n t i e m e t i c  p u r p o s e s  d u r i n g  c a n c e r  c h e m o t h e r a p y ) * e v e n  m in o r  
a d d i t i o n a l  s u p p r e s s i o n  m ig h t  b e  d a n g e r o u s .

RECOMMENDATIONS FOR RESEARCH

The  c o m m it t e e  recommends t h a  f o l l o w i n g  t y p e s  o f  s t u d i e s .

* F u r t h e r  o b s e r v a t i o n s  s h o u l d  b e  made r e g a r d i n g  t h e  r e l a t i o n  
o f  m a r i j u a n a  u s e  t o  r e p r o d u c t i v e  d e f e c t s  i n  human b e i n g s *  e s p e c i a l l y
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o n  y o ung  u s e r s  w hose  r e p r o d u c t i v e  b i o l o g y  i s  u n d e rg o in g  r a p i d  c h a n g e .  
The p r i n c i p a l  n eed  i s  f o r  a s s e s s m e n t  o l! e n d o c r i n e  p r o f i l e s  and semen 
a n a l y s i s  i n  s a l e  u s e r s  v e r s u s  n o n u s e r s , w i t h  a d e q u a t e  c o n t r o l  o f  
c o n f o u n d i n g  v a r i a b l e s — ‘ f o r  e x a m p le ,  d i e t ,  a l c o h o l ,  o t h e r  d ru g  u s e ,
I n  women, t h e  p r i n c i p a l  n e ed  i s  f o r  s o r e  d a t a  o n  e n d o c r i n e  and 
m e n s t r u a l  p a t t e r n s  i n  u s e r s  v e r s u s  n o n u s c r s ,  w i t h  p a r t i c u l a r  
a t t e n t i o n  t o  t h e  l e n g t h  o f  c y c l e s ,  t h e  p r e s e n c e  o r  a b s e n c e  o f  
o v u l a t i o n ,  and  t h e  e x i s t e n c e  o r  a b s e n c e  o f  s u b f e r t i l i t y .  More 
s t u d i e s  a r e  n e e d e d  t o  d e t e c t  s u b t l e ,  l o w - f r e q u e n c y ,  o r  c u m u l a t i v e  
e f f e c t s  o n  r e p r o d u c t i v e  f u n c t i o n  i n  l o n g - t e r m ,  h e a v y  u s e r s .

* A l t h o u g h  r o u t i n e  t e s t i n g  o f  t e r a t o g e n i c i t y  i n  human b e i n g s  
i s  n o t  recommended a t  t h i s  t im e ,  t h e  c o l l e c t i o n  o f  p r e c i s e  
e p i d e m i o l o g i c  i n f o r m a t i o n  o n  t h e  o u tc om e  o f  human p r e g n a n c y  i n  
m a r i j u a n a  u s e r s  i a  o f  g r e a t  im p o r t a n c e  and  m us t be  c a r e f u l l y  
c o n t r o l l e d .

* T h e r e  a r e  n o  g o o d  a n im a l  m o d e l s  f o r  s t u d y i n g  t h e  e f f e c t s  o f  
sm o k in g  m a r i j u a n a ,  b u t  c y t o g e n e t i c  s t u d i e s  i n  a n im a l s  a f t e r  e x p o s u r e  
t o  A -9 -THC  by  o t h e r  r o u t e s  t h a n  sm ok in g  w o u ld  be  o f  some v a l u e .
The m o s t  r e l e v a n t  s t u d i e s  s t i l l  w o u ld  be i n  v i v o  human s t u d i e s .

* M a r i j u a n a  h a s  b e e n  f o u n d  t o  h a v e  m i l d  im m u n o lo g i c a l  e f f e c t s  
i n  a v a r i e t y  o f  t e s t  s y s t e m s ,  b u t  s t u d i e s  o f  i t s  i n f l u e n c e  on  t h e  
b o d y ' s  immune d e f e n s e  a g a i n s t  m i c r o o r g a n i s m s  a r e  l a c k i n g  and n e ed  t o  
b e  c o n d u c t e d . .

* C r i t i c a l  e x p e r im e n t s  a r e  n e ed ed  t o  t e s t  t h e  h y p o t h e s i s  t h a t  
A -9 -T B C  c a u s e s  d i s r u p t i o n  o f  t h e r m o r e g u l a t o r y  e f f e c t o r  r e s p o n s e s  
r a t h e r  t h a n  a n  a l t e r a t i o n  o f  t h e  l e v e l  o f  t h e r m o r e g u l a t i o n .

* I n h e r i t e d  v a r i a t i o n  i n  t h e  way some d r u g s  a r e  m e t a b o l i z e d  i s  
w i d e l y  r e c o g n i z e d .  T h i s  t y p e  o f  v a r i a t i o n  m us t  be e v a l u a t e d  i n  
r e s p e c t  t o  s u s c e p t i b i l i t y  t o  m a r i j u a n a .
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Th* m i n d - a l t e r i n g  a f f e c t *  o f  m a r i j u a n a  u n d e r l i e  i t s  w id e s p r e a d  and 
i n c r e a s i n g  p o p u l a r i t y .  M a r i j u a n a  u s e r s  who e x p e r i e n c e  e f f e c t s  on  
m ood , p e r c e p t i o n ,  and  m o t i v a t i o n  r e p o r t  t h a t  t h e y  s e e k  t h *  " h i g h "  an d  
t h e  • m e l l o w i n g - o u t . "  H ow e v e r ,  u n d e r  a c n e  c i r c u m s t a n c e s  many o f  t h e s e  
same e f f e c t s  c a n  be c o n s i d e r e d  a d v e r s e .  P e r c e p t u a l  d i s t o r t i o n s  t h a t  
a r e  s o u g h t  by  u s e r s  p o s e  r i s k s  f o r  d r i v i n g  c a r s  o r  u s i n g  o t h e r  
m a c h in e s .  T h e r e  i s  r e a s o n  t o  b e  c o n c e r n e d  a b o u t  e f f e c t s  on  l e a r n i n g  
b y  s t u d e n t s  u s i n g  m a r i j u a n a  i n  s c h o o l .  O l d e r  a d u l t s  r e c e i v i n g  
A -9-THC a s  t h e r a p y  may be  h i g h l y  i n t o l e r a n t  o f  a l t e r e d  c o n s c i o u s n e s s  
and  p e r c e i v e d  l o s s  o f  c o n t r o l .  T h u s ,  i t  h a s  become a m a t t e r  o f  
p r a c t i c a l  a s  w e l l  a a  s c i e n t i f i c  i n t e r e s t  t o  l e a r n  m o re  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  t h e  b r a i n  and  b e h a v i o r .

Many p s y c h o l o g i c a l  and  n e u r o p s y c h o l o g i c a l  s t u d i e s  h a ve  b e en  
c o n d u c t e d  t o  i n v e s t i g a t e  s p e c i f i c  e f f e c t s  o f  m a r i j u a n a  o n  b e h a v i o r .  
T h e s e  i n c l u d e  s t u d i e s  o f  i n t e l l e c t u a l  f u n c t i o n s ,  s u c h  a s  memory , 
a t t e n t i o n ,  s e q u e n t i a l  i n f o r m a t i o n  p r o c e s s i n g ,  and  d e c i s i o n - m a k i n g ,  a s  
w e l l  a s  p e r c e p t u a l  and  p s y c h o m o t o r  f u n c t i o n s .  T h e r e  i s  a m e t h o d o lo g ­
i c a l  c h a l l e n g e  i n  t r y i n g  t o  d e s i g n  e x p e r im e n t s  t h a t  w i l l  d i s c r i m i n a t e  
r e l i a b l y  among t h e s e  f u n c t i o n s  a n d  d e t e rm in e  p r e c i s e l y  w h ic h  i s  b e in g  
a f f e c t e d  when a d r u g  p r o d u c e s  a p a r t i c u l a r  b e h a v i o r a l  o u tc o m e .  F o r  
e x a m p le ,  o n e ' s  a b i l i t y  t o  p r o c e s s  and r e s p o n d  t o  e n v i r o n m e n t a l  s t i m u l i  
r e p r e s e n t s  a c h a i n  o f  e v e n t s .  The s e q u e n c e  b e g i n s  w i t h  a s e n s a t i o n  
o r  p e r c e p t i o n .  D ru g s  c a n  i n f l u e n c e  t h e  m a n n e r ,  s p e e d ,  and a c c u r a c y  
w i t h  w h ic h  t h i s  i n p u t  i s  r e c e i v e d .  T h*  i n f o r m a t i o n  m u s t  t h e n  be 
s t o r e d  i n  m emory , e v e n  i f  o n l y  v e r y  b r i e f l y ,  and  th a n  r e t r i e v e d  f r o m  
memory t o  be  i n t e g r a t e d  w i t h  r e c a l l e d  p r i o r  e x p e r i e n c e s  and o t h e r  
s e n s o r y  i n p u t s .  The r e s p o n s e  f r o m  t h e  s u b j e c t  i s  t h e  r e s u l t  o f  t h e  
i n t e g r a t i o n  o f  new and o l d  i n f o r m a t i o n .  A d r u g  a c t i n g  a t  an y  p o i n t  
i n  t h i s  c h a i n  o f  e v e n t s  c a n  a l t e r  b e h a v i o r a l  p e r f o rm a n c e .

S t u d i e s  o f  t h e  e f f e c t s  o f  m a r i j u a n a  o n  c o m p le x  b e h a v i o r  m us t be 
c a r e f u l l y  i n t e r p r e t e d ,  b e c a u s e  t h e r e  a r e  n um e rou s  v a r i a b l e s  t h a t  c a n  
I n f l u e n c e  ch e  r e s u l t s .  F i r s t ,  t h e r e  i s  t h *  d r u g  i t s e l f .  The d o s e ,  
t y p e  o f  p r e p a r a t i o n ,  r o u t *  o f  a d m i n i s t r a t i o n ,  and  s p e e d  o f  a d m i n i s t r a ­
t i o n  m u s t  be s p e c i f i e d .  N e x t ,  t h *  u s e r — h i s  p e r s o n a l i t y ,  l e v e l  o f  
i n n a t e  a b i l i t y ,  m o t i v a t i o n  t o  p e r f o r m ,  and  e s p e c i a l l y  h i s  p r e v i o u s  
e x p e r i e n c e  w i t h  m a r i j u a n a ,  a r e  p o w e r f u l  i n f l u e n c e s  o n  t e s t  r e s u l t s .  
F i n a l l y ,  t h e r *  i s  t h e  t y p e  o f  b e h a v i o r a l  t e s t  and  t h *  s e t t i n g  i n
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w h ic h  i t  i s  p e r f o rm e d .  S im p l . t r  and  w a l l - p r a c t i c e d  s k i l l s  a r e  l e s s  
s u s c e p t i b l e  t o  d i s r u p t i o n  b y  d ru g  e f f e c t s  t h a n  a r e  n o v e l  o r  c om p le x  
t a s k s .  The  s t u d i e s  i n  t h e  l i t e r a t u r e  v a r y  i n  t h e i r  a t t e n t i o n  t o  
t h e s e  f a c t o r s .

M o s t  o f  t h e s e  s t u d i e s  h a v e  b e en  c a r r i e d  o u t  o n  m a le  c o l l e g e  
s t u d e n t s  who v o l u n t e e r  f o r  m a r i j u a n a  r e s e a r c h .  A l t h o u g h  t h i s  
a g e - g r o u p  ( 1 9 - 2 5 )  r e p r e s e n t s  a p e r i o d  o f  p e a k  u s e  o f  a a r i j u a n a ' .  i t  
c a n n o t  be a s s u a e d  t h a t  f i n d i n g s  f r o m  a c o l l e g e  p o p u l a t i o n  w i l l  
g e n e r a l i z e  t o  o t h e r  s e c t o r s  o f  t h e  y o u t h  p o p u l a t i o n .  The d i f f e r i n g  
m o t i v e s  o f  s t u d e n t  v o l u n t e e r s  s e r i o u s l y  c o n f o u n d  t h e  i n t e r p r e t a t i o n  
o f  r e s u l t s  i n  i n t e l l e c t u a l  a r e a s ,  w h e re  i t  h a s  b e en  e s t a b l i s h e d  t h a t  
m o t i v a t i o n  p l a y s  a  s i g n i f i c a n t  r o l e  i n  d e t e r a i n i n g  p e r f o rm a n c e .  Seme 
d e d i c a t e d  u s e r s  w an t  t o  d o  w e l l  an d  d e m o n s t r a t e  t h a t  a a r i j u a n a  h a s  n o  
h a r m f u l  e f f e c t .  O t h e r s  a r e  s im p l y  i n t e r e s t e d  i n  o b t a i n i n g  t h e  d r u g  
a n d  e n j o y i n g  i t s  e f f e c t s  w i t h  l i t t l e  I n t e r e s t  i n  t h e  e x p e r im e n t .  
A d d i t i o n a l  m e t h o d o l o g i c a l  i s s u e s  t h a t  r e c u r  i n  t h i a  b o d y  o f  r e s e a r c h  
i n c l u d e :  ( a )  r e l i a n c e  o n  s e l f - r e p o r t s  b y  s u b j e c t s  r e g a r d i n g  p e r s o n a l
h i s t o r y  o f  f r e q u e n c y  and  i n t e n s i t y  o f  d r u g  u s e .  ( b )  o c c a s i o n a l  
r e l i a n c e  o n  s e l f - r e p o r t s  o f  d r u g  d o s e  and l e v e l  o f  i n t o x i c a t i o n  a t  
t h a  t im e  o f  t h e  e x p e r im e n t ,  ( c )  l a c k  o f  s t a n d a r d i z e d  d o s a g e s  and  
m n th od e  o f  a d m i n i s t r a t i o n  o f  A -9 -TEC  e v e n  when t h e  d r u g  i a  
a d m i n i s t e r e d  by  t h e  i n v e s t i g a t o r ,  and  ( d )  l a c k  o f  a t t e n t i o n  t o  
m o t i v e s  and  b e l i e f s  o f  u s e r s  and  n o n u s e r s  w i t h  whom t h e y  i n t e r a c t .

A r e p r e s e n t a t i v e  s am p le  o f  s t u d i e s  w i l l  be  r e v i e w e d  h e r e ,  and  a 
summary t a b l e  o f  3 8  r e p o r t s  o f  t h e  r e l a t i o n s h i p  b e tw e en  m a r i j u a n a  u s e  
a n d  b e h a v i o r a l  and  p s y c h o s o c i a l  f u n c t i o n i n g  i s  a v a i l a b l e  f r o m  t h e  
I n s t i t u t e  o f  M e d i c i n e  b y  r e q u e s t .

PERCEPTUAL AND PSYCHOMOTOR FUNCTIONS 

A cu te  E f f e c t s

T he  s t u d i e s  r e p o r t e d  h e r e  c o v e r  t h e  r a n g e  o f  common ly  u s e d  d o s e s *  
f r c r n  v e r y  low  up  t o  0 . 2 5 0  mg/kg  o f  A - 9 - (gBC i n  m a r i j u a n a  c i g a r e t t e s  
a t  a s i n g l e  s i t t i n g .  T h e se  a r e  a c u t a  e f f e c t s — c h a n g e s  t h a t  c a n  be  
s e e n  a f t e r  a  s i n g l e  d o s e .  The e f f e c t s  b e g i n  t o  b e  s e e n  a t  a b o u t  t h e  
same d o s e  l e v e l  a t  w h ic h  a  " h i g h ”  i s  p e r c e i v e d  ( 0 . 0 5 0 - 0 . 1 5 0  mg/kg 
a- 9 -T H C ) .  G e n e r a l l y  t h e  e f f e c t s  a r e  d o s e - r e l a t e d .  I n  o t h e r  w o r d s ,  
l o w  d o s e s  h a v e  s m a l l  e f f e c t s ;  h i g h e r  d o s e s  t e n d  t o  h a v e  g r e a t e r  
e f f e c t s .

* D o s e s  a r e  r e p o r t e d  i n  m i l l i g r a m s  p e r  k i l o g r a m  ( n g A g )  w h e re  p r o v i d e d  
by  t h e  a u t h o r s  o r  a s  t o t a l  d o s e s  i n  m i l l i g r a m s  v 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 .
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M a r i j u a n a  haa  bean  f o u n d  t o  im p a i r  m o t o r  c o o r d i n a t i o n  a t  d o a a s  
common ly  uaad  i n  s o c i a l  s e t t i n g s  b y  b o t h  n a i v e  and  c h r o n i c  u a e r s .
The f u n c t i o n s  s t u d i e d  i n c l u d e :  hand  s t e a d i n e s s  (M a y o r ' s  C om m it te e  on
M a r i h u a n a ,  1 9 4 4 ;  C l a r k  e t  a l . ,  1 9 7 0 ;  M i l s t e i n  e t  a l . ,  1 9 7 5 ) ,  body  
sway (M a y o r ' s  C o c s a i t t e e  o n  M a r ih u a n a ,  1 9 4 4 ;  K i p l i n g e r  e t  a l . ,  1 9 7 1 ;  
E v a n s  e t  a l . ,  1 9 7 3 ) ,  and  a c c u r a c y  o f  e x e c u t i o n  m ovemen ts  ( R a f a e l s e n  
e t  a l . ,  1 9 7 3 ;  M i l s t e i n  e t  a l . ,  1 9 7 5 ;  K v a l s e t h ,  1 9 7 7 ) .  S t u d i e s  h a ve  
a l s o  showed a d o s e - r e l a t e d  i n c r e a s e  i n  im p a i rm e n t  o f  p o s t u r a l  
s t a b i l i t y  a s  m ea su re d  by  i n c r e a s e d  body  sway ( K i p l i n g e r  e t  a l . ,  1 9 7 1 ) .

C o o r d in a t i o n

R e a c t i o n  T ime

R e a c t i o n  t im e  i s  d e f i n e d  a s  t h e  t im e  l a g  b e tw een  t \ s i g n a l  and th e  
r e s p o n s e  a s u b j e c t  m akes  t o  t h a t  s i g n a l .  M os t  s t u  i i e s  e x am in e  t h e  
t im e  t h a t  i t  t a k a s  a s u b j e c t  t o  r e s p o n d  t o  a  v i s u a l  o r  a u d i t o r y  
s i g n a l .  The e f f e c t s  o f  a a r i j u a n a  o n  e i t h e r  s p e a d  o f  i n i t i a l  
d e t e c t i o n  o f  t h e  s i g n a l  o r  s p e e d  o f  r e s p o n s e  h a v e  b e en  i n c o n s i s t e n t  
a t  d o s e s  c c nm on ly  u s e d  i n  s o c i a l  s e t t i n g s  ( " l o w  t o  m o d e r a t e " ) .  The 
same s u b j e c t s  a r e  im p a i r e d  a t  some t im e s ,  b u t  n o t  a t  o t h e r  t im e s  
(M a y o r ' s  C om m it te e  o n  M a r i h u a n a ,  1 9 4 4 ;  C l a r k  e t  a l . ,  1 9 7 0 ;  D o rn b u s h  
e t  a l . ,  1 9 7 1 ;  M o s k ow i t z  e t  a l . , 1 9 7 2 ,  1 9 7 4 ;  B o rg  e t  a l . ,  1 9 7 5 ;  
S c h a e f e r  e t  a l . ,  1 9 7 7 ;  P e e k e  e t  a l . ,  1 9 7 6 ;  S t i l l m a n  e t  a l . ,  1 9 7 7 ) .  
T he  m ean ing  o f  t h i s  i n c o n s i s t e n c y  l a  u n c e r t a i n ,  b u t  i t  p r o b a b l y  
i n v o l v e s  a n  e f f e c t  o n  a t t e n t i o n  m e c h an ism s .  When a  s u b j e c t  i s  
i n t o x i c a t e d  w i t h  m a r i j u a n a ,  h e  i s  p r o b a b l y  l e s s  l i k e l y  t o  a t t e n d  t o  
t h e  r e a c t i o n  t im e  t a s k .  P e r h a p s  i t  i s  when he d o e s  p a y  a t t e n t i o n  t o  
t h e  t a s k  t h a t  f u n c t i o n  o n  t h i s  t e s t  i s  n o t  im p a i r e d .

T r a c k i n g

T r a c k i n g  i s  t h e  t e rm  u s e d  t o  d e s c r i b e  t h e  a c t  o f  f o l l o w i n g  a m ov ing  
s t im u l u s .  I t  i s  a n  im p o r t a n t  c om pon en t  o f  d r i v i n g  and  f l y i n g  
s k i l l s .  T r a c k i n g  b e h a v i o r  i s  h i g h l y  s e n s i t i v e  t o  t h e  e f f e c t s  o f  
m a r i j u a n a .  Im p a i rm e n t  o f  t r a c k i n g  o c c u r s  e v e n  a t  v e r y  low  dr .^es ( 4 . 5  
mg by sm o k in g )  i n  n a i v e  s u b j e c t s  (W e i l  e t  a l . ,  1 9 6 8 ) .  S t u d i e s  o f  
e x p e r i e n c e d  u s e r s  h a v e  a l s o  d e m o n s t r a t e d  c o n s i s t e n t  im p a i rm e n t .  The 
t r a c k i n g  im p a i rm e n t  h a s  b e en  f o u n d  t o  p e r s i s t  f o r  4 t o  8 h o u r s ,  w e l l  
b e y on d  t h e  f e e l i n g  o f  i n t o x i c a t i o n  ( " h i g h " )  b y  o n e  l a b o r a t o r y  
(M o s k o w i t z  and S b a rm a ,  1 9 7 9 ;  M o s k ow i t z  e t  a l . ,  1 9 8 1 ) .  No o t h e r  
s t u d i e s  h a v e  m ea su re d  t h e  e f f e c t s  o f  a a r i j u a n a  b e y on d  2 h o u r s .  T h i s  
f i n d i n g  o n  t h e  l o n g - l a s t i n g  e f f e c t s  h a s  v e r y  im p o r t a n t  i m p l i c a t i o n s ,  
a s  w i l l  b e  d i s c u s s e d  l a t e r  when t h e  e f f e c t s  o f  a a r i j u a n a  on  d r i v i n g  
a r e  r e v i e w e d ,  a n d ,  t h e r e f o r e ,  su ch  s t u d i e s  s h o u l d  b e  r e p e a t e d  by 
o t h e r  I n v e s t i g a t o r s .

W h i l e  r e a c t i o n  t im e  s t u d i e s  ( a s  n o t e d  a b o v e )  showed i n c o n s i s t e n t  
r e s u l t s ,  t r a c k i n g  b e h a v i o r  i s  r e g u l a r l y  an d  s i g n i f i c a n t l y  d im in i s h a d  
b y  m a r i j u a n a  a t  d o s e s  u s u a l l y  u s e d  i n  s o c i a l  s e t t i n g s .  T r a c k in g
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t a l k s  d i f f e r  f r o m  r e a c t i o n  t im e  s t u d i e s ,  b e c a u s e  t h e  s u b j e c t  m u s t  
c o n t i n u o u s l y  p a y  a t t e n t i o n  t o  t h e  t a s k .  S i n c e  r e a c t i o n  t im e  t e s t a  
a r e  i n t e r m i t t e n t ,  c o n t i n u o u s  a t t e n t i o n  i a  n o t  r e q u i r e d ,  and  t h i s  may 
e x p l a i n  why r e a c t i o n  t im e  s t u d i e s  f a i l  t o  show c o n s i s t e n t  m a r i j u a n a  
e f f e c t s .
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S e n s o r y  and  P e r c e p t u a l  F u n c t i o n s

T e s t s  t h a t  m e a s u re  a s u b j e c t ' s  a b i l i t y  t o  d e t e c t  a  b r i e f  f l a s h  o f  
l i g h t  show s i g n i f i c a n t  im p a i rm e n t  b y  lo w  t o  m o d e r a t e  d o s e s  ( 2-3 mg 
a r e  e x a m p le s )  o f  smoked m a r i j u a n a  (S h a rm a  and  M o s k o w i t z ,  1 9 7 2 ,  1 9 7 3 ,  
1 9 7 4 ;  M o s k ow i t z  e t  a l . ,  1 9 7 2 ,  1 9 7 4 ;  C a s s w e l l  and M a r k s ,  1 9 7 3 ;  J o n e s  
a n d  S t o n e ,  1 9 7 0 ) .  S u s t a i n e d  a t t e n t i o n  i s  r e q u i r e d  i n  s i g n a l  
d e t e c t i o n  t a s k s ,  and  t h e  r e l a t i o n  b e tw e en  t h i s  s u s t a i n e d  a t t e n t i o n  
r e q u i r e m e n t  and m o t i v a t i o n  e f f e c t s  h a s  n o t  b e en  e x p l o r e d .  S i g n a l  
d e t e c t i o n  t a s k s  a r e  p r o t o t y p e s  o f  p e r c e p t u a l  demands f o u n d  i n  
m an -m ach in e  i n t e r a c t i o n s .  The l a r g e  r e d u c t i o n s  i n  s i g n a l  d e t e c t i o n  
t h a t  o c c u r  u n d e r  t h e  i n f l u e n c e  o f  m a r i j u a n a  may s u g g e s t  a s u b s t a n t i a l  
r i s k  f o r  u s e r s  who a r e  o p e r a t i n g  m a c h in e s .  O t h e r  v i s u a l  f u n c t i o n s ,  
su ch  a s  v i s u a l  s e a r c h ,  t h a t  d ep en d  o n  e y e  m ovem en ts  a r e  n o t  im p a i r e d .

I n t e l l e c t u a l  and C o g n i t i v e  F u n c t i o n s

The e f f e c t s  o f  m a r i j u a n a  o n  s u c h  i n t e l l e c t u a l  and  c o g n i t i v e  f u n c t i o n s  
a s  v e r b a l  f l u e n c y ,  s h o r t - t e r m  m em o ry , l e a r n i n g  a b i l i t y ,  c a l c u l a t i o n  
s k i l l s ,  a b i l i t y  t o  f o l l o w  c o m p le x  d i r e c t i o n s ,  and  t im e  s e n s e  h a v e  
b e e n  i n v e s t i g a t e d  and a r e  r e p o r t e d  b e l o w .  H ow ev e r ,  t h i s  a r e a  o f  
s t u d y  h a s  b e en  h am pe red  by t h e  l a c k  o f  s t a n d a r d  m e a s u r e s  o f  
f u n c t i o n i n g  i n  t h e  i n t e l l e c t u a l  and c o g n i t i v e  a r e a s  t e s t e d .  O v e r a l l ,  
t h e  i n v e s t i g a t i o n  o f  m a r i j u a n a  e f f e c t s  o n  i n t e l l e c t u a l  and c o g n i t i v e  
f u n c t i o n i n g  h a s  n o t  f o l l o w e d  a l o g i c a l  p r o g r e s s i o n .

l e a r n i n g  and Memory When s t u d y i n g  t h e  e f f e c t s  o f  d r u g s  o n  l e a r n i n g ,  
i t  i s  d i f f i c u l t  t o  c o n t r o l  a l l  o f  t h e  f a c t o r s  t h a t  m ig h t  i n f l u e n c e  
th e  r e s u l t s ;  f o r  e x a m p le ,  a s  n o t a d  a b o v e ,  how h a r d  a s u b j e c t  t r i e s  t o  
p e r f o r m  c a n  make a b i g  d i f f e r e n c e  e v e n  i n  t h e  p r e s e n c e  o f  a  s e d a t i n g  
d r u g .  T h u s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  e a r l y  s t u d i e s  o f  m a r i j u a n a ' s  
e f f e c t s  g a v e  i n c o n s i s t e n t  r e s u l t s .

More r e c e n t l y ,  s e v e r a l  s t u d i e s  h a v e  d e m o n s t r a t e d  t h a t  a  s i n g l e  
m o d e r a t e  d o s e  o f  m a r i j u a n a  im p a i r s  s h o r t - t e r m  m emory . T h i a  e f f e c t  i s  
e s p e c i a l l y  n o t i c e a b l e  i n  t h e  p h a s e s  o f  s h o r t - t e r m  memory t h a t  a r e  
h e a v i l y  d e p e n d e n t  o n  a t t e n t i o n ,  au ch  a s  i n f o r m a t i o n  a c q u i s i t i o n  and 
s t o r a g e  ( A b e l ,  1 9 7 0 ,  1 9 7 1 ;  D o rn b u s h  e t  a l . ,  1 9 7 1 ;  D i t t r i c h  e t  a l . , 
1 9 7 3 ;  M e lg e s  e t  a l . ,  1 9 7 4 ;  B e l a o r e  and M i l l a r ,  1 9 b 0 ) .  E x am p le s  o f  
t h e  t y p e s  o f  im p a i r e d  t a s k s  w o u ld  be  rem em b e r in g  a  s e q u e n c e  o f  
n um be rs  o r  s y l l a b l e s  o r  m em o r i z in g  and  f o l l o w i n g  a  s e q u e n c e  o f  
d i r e c t i o n s .

P h y s i o l o g i c a l  c h a n g e s  h a v e  b e en  m o n i t o r e d  i n  some o f  t h e  same 
s t u d i e s  i n  w h ic h  i n t e l l e c t u a l  im p a i rm e n t  h a s  b een  r e p o r t e d .  M i l l e r
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and  C o r n e t t  ( 1 9 7 8 )  f o u n d  t h a t  i n c r e a s e s  i n  h e a r t  r a t e  a r e  p r o d u c e d  b y  
m a r i j u a n a  t o  a b o u t  t h e  e a s e  d e g r e e  a s  im p a i rm e n t  o n  i n t e l l e c t u a l  
t a s k s .  T h i s  l i n k i n g  o f  a p h y s i o l o g i c a l  m a r k e r  v i t h  s t u d i e s  o f  
b e h a v i o r a l  e f f e c t s  i s  a u s e f u l  m o d e l  f o r  r e s e a r c h  i n  t h i s  f i e l d .

T im e S e n s e  A n o t h e r  i n t e l l e c t u a l  f u n c t i o n  i n f l u e n c e d  by m a r i j u a n a  i s
t im e  s e n s e .  O nde r t h e  i n f l u e n c e  o f  m o d e r a t e  d o s e s  o f  t h e  d r u g ,  m os t  
I n v e s t i g a t o r s  r e p o r t  t h a t  s u b j e c t s  c o n s i s t e n t l y  o v e r e s t i m a t e  t h e  
am oun t  o f  t im e  t h a t  h a s  e l a p s e d .  T h u s ,  u n d e r  t h e  i n f l u e n c e  o f  
m a r i j u a n a ,  a  g i v e n  e v e n t  i s  r e p o r t e d  t o  l a s t  l o n g e r  t h a n  i t  a c t u a l l y  
d o e s  l a s t  ( C l a r k  e t  a l . ,  1 9 7 0 ;  V ach on  e t  a l . ,  1 9 7 4 ;  T i n k l e n b e r g  e t  
a l . ,  1 9 7 6 a ) .

S t a t e - D e p e n d e n t  L e a r n i n g  S t a t e - d e p e n d e n t  l e a r n i n g  r e f e r s  t o  a 
s i t u a t i o n  i n  w h ic h  m a t e r i a l  t h a t  i s  l e a r n e d  w h i l e  u n d a r  t h e  i n f l u e n c e  
o f  a  d r u g  i s  rem em be red  b e s t  i n  t h e  s t a t e  o f  d r u g  i n t o x i c a t i o n  i n  
w h ic h  i t  was o r i g i n a l l y  l e a r n e d .  A s e r i e s  o f  s t u d i e s  w e re  c o n d u c t e d  
w i t h  o r a l  d o s e s  o f  20 mg ( i n  a s u b s e q u e n t  s t u d y  t h i s  d o s e  was 
c a l i b r a t e d  t o  0 . 3  m g /kg ) o f  A -9 -THC  t o  i n v e s t i g a t e  t h e  e x t e n t  t o  
w h ic h  l e a r n i n g  and memory a r e  l i n k e d  t o  t h e  s t a t e  o f  i n t o x i c a t i o n  
( D a r l e y  e t  a l . ,  1 9 7 3 a , b ,  1 9 7 4 ,  1 9 7 7 ) .  T h i s  m o d e s t  d o s e  o f  m a r i j u a n a  
c a u s e d  l e a r n i n g  t o  t a k e  p l a c e  m o re  s l o w l y  t h a n  when t h e  s u b j e c t  was 
d r u g - f r e e .  Once l e a r n e d ,  r e c a l l  o f  t h e  l e a r n i n g  t h a t  o c c u r r e d  d u r i n g  
i n t o x i c a t i o n  was b e s t  when t h e  s u b j e c t  was a g a i n  u n d e r  t h e  i n f l u e n c e  
o f  m a r i j u a n a .  A l t h o u g h  s t a t e - d e p e n d e n t  l e a r n i n g  o c c u r s  w i t h  
m a r i j u a n a ,  t h e  q u a l i t y  o f  l e a r n i n g  and r e c a l l  i s  im p a i r e d  b e c a u s e  t h e  
i n f o r m a t i o n  o r  p r o b l e m - s o l v i n g  s k i l l s  l e a r n e d  i n  t h e  m a r i j u a n a -  
i n t o x i c a t e d  s t a t s  w i l l  b e  r e d u c e d  o r  im p a i r e d .  T h e s e  i n v e s t i g a t o r s  
b e l i e v e  t h a t  t h e  m a j o r  d e f i c i t  i s  i n  t h e  a t t e n t i o n - s t o r a g e  p h a s e  o f  
l e a r n i n g .

O r a l  C om m un ic a t i o n

M a r i j u a n a  u s a  i n  l o w  t o  m o d e r a t e  d o s e s  im p a i r s  o r a l  c o m m u n ic a t i o n ,  
e s p e c i a l l y  c l a r i t y  o f  s e q u e n t i a l  d i a l o g u e  w i t h  o t h e r  p e r s o n s  
(D o r n b u s h  e t  a l . ,  1 9 7 1 ;  P a u l  and  C a r s o n ,  1 9 7 3 ;  Z e i d e n b e r g  e t  a l . ,  
1 9 7 3 ;  C r o c k e t t  e t  a l . ,  1 9 7 6 ;  M i l l e r  e t  a l . ,  1 9 7 7 a - d ,  1 9 7 8 a , b ,  1 9 7 9 ;  
P f e f f e r b a u m  e t  a l . ,  1 9 7 7 ;  M i l l e r  and C o r n e t t ,  1 9 7 8 ;  N a t a l e  e t  a l . ,  
1 9 7 9 ;  B e lm o r e  and  M i l l e r ,  1 9 8 0 ) .  M a r i j u a n a  a t  m o d e r a t e  d o s e s  
d i s r u p t s  c o n t i n u i t y  c J  s p e e c h  b y  im p a i r i n g  s h o r t - t e r m  memory ( 6 - 1 8  
s e c o n d s  d u r a t i o n ’ (B e lm o r e  and  M i l l e r ,  1 9 8 0 ) .  C c n m u n i c a t i o n  w h i l e  
i n t o x i c a t e d  i s  a l s o  im p a i r e d  b y  t h e  i n t r u s i o n  o f  i r r e l e v a n t  w o rd s  and 
i d e a s  i n t o  t h e  s t r e a m  o f  c o m m u n i c a t i o n .  When a  l i s t  o f  w o rd s  i s  
l e a r n e d  and  t h e n  t h e  s u b j e c t s  a r e  a s k e d  t o  r e c a l l  t h o s e  w o rd s  w i t h o u t  
r e g a r d  t o  s e q u e n c e ,  w o rd s  t h a t  w e re  n e v e r  i n  t h e  o r i g i n a l  l i s t  a r e  
i n s e r t e d  d u r i n g  r ' O ' . m o re  o f t e n  by  s u b j e c t s  g i v e n  A - 9 - t h c  t h a n  by 
t h o s e  who w e re  i .  ae ( P f e f f e r b a u m  e t  a l . , 1 9 7 7 ;  M i l l e r  and
C o r n e t t ,  1 9 7 8 ;  M; e t  a l . ,  1 9 7 8 a , b ) . Z e i d e n b e r g  e t  a l .  ( 1 9 7 3 )
a d m i n i s t e r e d  5 mg u -9 -TH C  o r a l l y  and f o u n d  t h a t ,  i n  a  s o c i a l  
c o n t e x t ,  p h r a s e s  became s h o r t e r ,  s p e e c h  became s l o w e r ,  and  t h e r e  was
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g r e a t e r  l a g  t i n *  b e tw e en  t h a  c u e  t o  t a l k  and  t h e  a c t u a l  o n s e t  o f  
t a l k i n g .  T h e s e  s u b j e c t s  v e c e  a l s o  l e s s  a b l e  t o  r e c o g n i z e  t h r e e -  
l e t t e r  n o n s e n s e  s y l l a b l e s  t o  w h ic h  t h e y  had  p r e v i o u s l y  b e e n  e x p o s e d .  
F u r t h e r ,  when e x p e r im e n t a l  s u b j e c t s  w e re  a l l  g i v e n  t h e  s a n e  d o s e  o f  
A -9 -T E C , t h e y  r e p o r t e d  d i f f e r e n t  s u b j e c t i v e  l e v e l s  o f f  i n t o x i c a t i o n .  
T h o se  who r e p o r t e d  m o re  i n t o x i c a t i o n  showed g r e a t e r  d i s r u p t i o n  off 
tw o - p e r s o n  c o m m u n ic a t i o n  ( P a u l  and  C a r s o n ,  1 9 7 3 ) •

E x p e r im e n t a l  s u b j e c t s  who w e re  a s k e d  t o  t e l l  s t o r i e s  a b o u t  
am b ig u ou s  p i c t u r e s  ( t h e  T h e m a t i c  A p p e r c e p t i o n  T e s t )  d e n o n s t r a t e d  d r u g  
im p a i r e d  o r g a n i z a t i o n  an d  i n t e g r a t i o n  o f f s t o r i e s .  T h e  a u t h o r s  
r e p o r t e d  " a  t i m e l e s s ,  n o n n a r r a t i v e  q u a l i t y ,  w i t h  g r e a t e r  d i s c o n t i n u i t y  
i n  t h o u g h t  s e q u e n c e  and m o re  f r e q u e n t  I n c l u s i o n  o f f  c o n t r a d i c t o r .  
i d e a s *  ( R o t h  e t  a l . ,  1 9 7 5 ) .  When a s k e d  t o  t a l k  f o r  f i v e  m i n u t e s  o n  
a n y  t o p i c ,  s u b j e c t s  u n d e r  A -9 -TH C  d e m o n s t r a t e d  d e c r e a s e d  v a r i a b i l i t y  
o f  l a n g u a g e  and  an  i n c r e a s e  i n  p e r s o n a l  r e f e r e n c e s ,  a s  w e l l  a s  l e s s  
d e t a i l i n g  o f  i t e m s  m e n t i o n e d  i n  t h e  m on o lo g u e  and l e s s  c r i t i c a l  
e v a l u a t i o n  o f  t h o s e  i t e m s  ( N a t a l e  e t  a l . ,  1 9 7 9 ) .

A u to  A c c i d e n t s

S im u l a t o r  S t u d i e s

A d r i v i n g  s i m u l a t o r  i s  a  l a b o r a t o r y  i n s t r u m e n t  t h a t  r e q u i r e s  t h e  
s u b j e c t  t o  p e r f o r m  a  s a m p le  o f f  t h e  b e h a v i o r  r e q u i r e d  i n  a u t c e e b i l e  
d r i v i n g  s i t u a t i o n s .  S i m u l a t o r s  d i f f e r  f r o m  m o s t  off t h e  l a b o r a t o r y  
s t u d i e s  d e s c r i b e d  a b o v e  i n  t h a t  c o m p le x  b e h a v i o r  i s  r e q u i r e d .
A l t h o u g h  s i m u l a t o r s  a r e  r e p r e s e n t a t i v e  o f f  t h e  m u l t i t a s k  c h a r a c t e r  o f f 
d r i v i n g ,  n o  o n e  s i m u l a t o r  i s  c a p a b l e  o f f p r e s e n t i n g  a l l  a s p e c t s  o f  
d r i v i n g  s i m u l t a n e o u s l y .  The b e h a v i o r  s a m p le d  v a r i e s  a c r o s s  
s i m u l a t o r s ;  h o w e v e r ,  i n  c o m p a r i s o n  t o  c a r  d r i v i n g  s i t u a t i o n s ,  t h e  
s i m u l a t o r  h a s  t h e  a d v a n t a g e  o f f p r e s e n t i n g  a  s t a n d a r d  s t im u l u s  t o  a l l  
s u b j e c t s .

M os t s i m u l a t o r  s t u d i e s  r e v e a l  im p a i rm e n t  o f  d r i v i n g  s k i l l s  
f o l l o w i n g  m o d e r a t e l y  i n t o x i c a t i n g  d o s e s  o f f  m a r i j u a n a  s u c h  a s  1 0 - 1 5  mg 
( C r a n c e r  e t  a l . ,  1 9 6 9 ;  D o t t ,  1 9 7 2 ;  E l l i n g s t a d  e t  a l . ,  1 9 7 3 ;  R a f f a e l s e n  
e t  a l . , 1 9 7 3 ;  M o s k o w i t z  e t  a l . ,  1 9 7 6 ;  S m i l e y  e t  a l . , 1 9 8 1 ) .  T h e s e  
im p a i rm e n t s  h a v e  b e e n  r e p o r t e d  i n  s i m u l a t o r s  t h a t  t e s t  t h e  p e r c e p t u a l  
f u n c t i o n s  a s  w e l l  a a  t h o s e  t h a t  t e s t  m o t o r  s k i l l s  o f f  c a r  c o n t r o l . *

* A n o th e r  t y p e  o f f  s i m u l a t o r  s t u d y  e x am in e d  m a r i j u a n a ' s  e f f e c t  o n  
p e r f o rm a n c e  i n  a  f l y i n g  s i m u l a t o r  ( J a n o w s k y  e t  a l . ,  1 9 7 6 ) .  S u b j e c t s  
sm oked  m a r i j u a n a  c i g a r e t t e s  w i t h  0 . 0 9  a g / k g  A - 9 -T H C ,  a  d o s e  o f f 
A -9 -THC  com m on ly  u s e d  i n  s o c i a l  s e t t i n g s .  S i g n i f i c a n t  im p a i rm e n t  
o f  s h o r t - t e r a  m emory  was n o t e d .  S u b j e c t s  w e re  u n a b l e  t o  r e c a l l  w h e re  
t h e y  w e re  i n  t h e  e x e c u t i o n  o f f  a  t a s k .  On t h e  s i m u l a t o r  t h e y  t e n d e d  
t o  f o r g e t  w h e re  t h e y  w e re  i n  a  g i v e n  f l i g h t  s e q u e n c e .
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Tent Courses

E x p e r im e n t a l  s t u d i e s  o f  t h e  e f f e c t s  o f  m a r i j u a n a  on c l o s e d  c o u r s e  
a u t o m o b i l e  d r i v i n g  p e r f o rm a n c e  show t h a t  t h i s  s k i l l  i s  im p a i r e d  by 
m a r i j u a n a .  C a r  h a n d l i n g  s k i l l s  w e re  r e d u c e d ,  a s  stiown by o b j e c t i v e  
m e a s u r e s  ( K l o n o f f ,  1 9 7 4 ;  H a n s t e e n  e t  a l . ,  1 9 7 6 ;  A t tw o o d ,  i n  p r e s s ) .  
I t  s h o u ld  be n o t e d  t h a t  t h e s e  s t u d i e s ,  i n v o l v i n g  s u b j e c t s  u n d e r  th e  
i n f l u e n c e  o f  m a r i j u a n a ,  e x am in e d  p e r f o rm a n c e  i n  l e s s  c o m p le x  
s i t u a t i o n s  t h a n  a r e  a c t u a l l y  m a t i n  r e a l - l i f e  d r i v i n g  s i t u a t i o n s .  
H ow ev e r ,  a  c l o s e d  c o u r s e  h a s  t h e  a d v a n t a g e s  o f  s t a n d a r d  c o n d i t i o n s  
and  s a f e t y  f a c t o r s .  I n  r e a l - l i f e  d r i v i n g  s i t u a t i o n s ,  t h e  p e r c e p t u a l  
and  c o g n i t i v e  demands a r e  c o n s i d e r a b l y  m o re  c o m p le x .  The K l o n o f "  
( 1 9 7 4 )  s t u d y  o f  d r i v i n g  p e r f o rm a n c e  on  c i t y  s t r e e t s  i n d i c a t e s  t h a t  
smoked m a r i j u a n a  ( 5 - 1 0  mg A -9 -T B C )  im p a i r s  ju d g m e n t  and 
c o n c e n t r a t i o n  i n  a d d i t i o n  t o  im p a i r i n g  c a r  h a n d l i n g  s k i l l s .

A c c i d e n t  S u r v e y s

E x p e r im e n t a l  e v i d e n c e  o f  im p a i rm e n t s  c a u s e d  by  m a r i j u a n a  on  
p s y c h o o o t o r  f u n c t i o n s ,  ju d g m e n t ,  and m o t o r  s k i l l s  i n v o l v e d  i n  d r i v i n g  
h a s  l e d  t o  r e s e a r c h  o n  t h e  r e l a t i o n s h i p  o f  t h e  u s e  o f  m a r i j u a n a  and 
a u t o m o b i l e  a c c i d e n t s .  A s t r o n g l y  p o r l t i v e  r e l a t i o n s h i p  b e tw een  u s e  
o f  a l c o h o l  and i n c r e a s e d  d r i v i n g  r i s k  h a s  l o n g  b e e n  e s t a b l i s h e d .  The 
t e c h n i q u e s  u s e d  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  o f  a l c o h o l  t o  a c c i d e n t s  
m ig h t  a p p e a r  t o  o f f e r  an  e x c e l l e n t  p a r a d ig m  f o r  c o m p a r a b le  m a r i j u a n a -  
a c c i d e n t  r e s e a r c h .  H ow e v e r ,  t h e r e  h a v e  b e e n  p r a c t i c a l  r e a s o n s  why 
t h e  r o a d s i d e  s u r v e y  m o d e l  o f  u s i n g  b r e a t h  s a m p le s  o b t a i n e d  f r o m  
a c c i d e n t  d r i v e r s  and  c o m p a r in g  t h o s e  t o  b r e a t h  s a m p le s  o f  r a n d o m ly  
s e l e c t e d  d r i v e r s  who a r e  p a s s i n g  t h e  a c c i d e n t  s i t e  i n  t h e  same 
d i r e c t i o n ,  t h e  same t im e  o f  d a y ,  and  same d a y  o f  t h e  week h a s  n o t  
w o rk e d  f o r  m a r i j u a n a  s t u d i e s .  W he re a s  t h e r e  h a s  b e e n  9 7  p e r c e n t  
c o o p e r a t i o n  f o r  a l c o h o l  b r e a t h  a n a l y s i s ,  m a r i j u a n a  d e t e r m i n a t i o n  
r e q u i r e s  a  b l o o d  s a m p le ,  an d  o n l y  a  m i n o r i t y  o f  d r i v e r s  w i l l i n g l y  
c o o p e r a t e .  F u r t h e r ,  a a r i j u a n a  h a s  a q u i t e  d i f f e r e n t  b ody  
d i s t r i b u t i o n  p a t t e r n  d u e  t o  i t s  h i g h  f a t  s o l u b i l i t y .  D e l t a - 9 - T H C  i s  
n o t  o n l y  t e c h n i c a l l y  q u i t e  d i f f i c u l t  t o  d e t e c t  i n  s a m p le s  o f  b ody  
f l u i d ,  b u t  i t  may be a c t i v e  i n  t h e  n e r v o u s  s y s t e m  l o n g  a f t e r  i t  i s  
n o t  d e t e c t a b l e  i n  b l o o d .  The  d e t r i m e n t a l  e f f e c t s  o n  d r i v i n g  s k i l l s  
(M o s k o w i t z  and  S h a rm a ,  1 9 7 9 ;  M o s k ow i t z  e t  a l . ,  1 9 8 1 )  may e v e n  p e r s i s t  
4 t o  8 h o u r s  b e y on d  t h e  t im o  when t h e  u s e r  h a s  had  s u b j e c t i v e  
f e e l i n g s  o f  e u p h o r i a  o r  s l e e p i n e s s .

S e v e r a l  r e p o r t s  o f  a c c i d e n t  s u r v e y s  h a v e  r e c e n t l y  b e en  p u b l i s h e d  
( T e a l e  e t  a l . ,  1 9 7 7 ;  C im b u ra  e t  a l . ,  1 9 8 0 ;  McBay an d  Owens , 1 9 8 1 ) ,  
b u t  a l l  s u f f e r  f r o a  t h e  p r o b l e m s  d i s c u s s e d  a b o v e  and  p a r t i c u l a r l y  
f r o m  t h e  l a c k  o f  a r e a s o n a b l e  c c n p a r i s o n  g r o u p .  F o r  e x a m p le ,  on e  
s t u d y  r e p o r t e d  t h a t  1 6  p e r c e n t  o f  B o s t o n  d r i v e r s  h ad  A -9 -THC  i n  
t h e i r  b l o o d  ( S t e r l i n g - S a i t h ,  1 9 7 5 ) .  T h e r e  was n o  d e s c r i p t i o n  o f  t h e  
g r o u p  who d e c l i n e d  t o  g i v e  a  b l o o d  s am p le  b u t  p r o v i d e d  b r e a t h  o r  
u r i n e  s a m p le s  i n s t e a d .  A l s o ,  t h e r e  i s  n o  i n f o r m a t i o n  a s  t o  t h e  
f r e q u e n c y  o f  f i n d i n g  A -9 -THC  i n  t h e  b l o o d  o f  t h o s e  d r i v e r s  who h a v e
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n o t  had a n  a c c i d e n t  o r  o t h e r v i a e  c o n e  t o  p o l i c e  a t t e n t i o n .  I n  
a d d i t i o n *  many u s e r s  o f  m a r i j u a n a  a l s o  u s e  o t h e r  d r u g s  s o  t h a t  d a t a  
a r e  a v a i l a b l e  o n  o n l y  a few  s u b j e c t s  v h o  o n l y  u sed  m a r i j u a n a .

I n  a n  e f f o r t  t o  o b t a i n  s o n s  r e f e r e n c e  p o i n t  f o r  t h e  a s s o c i a t i o n  
o f  m a r i j u a n a  w i t h  a c c i d e n t s  a s  c om pa red  v i t h  o t h e r  d r u g s *  W a r r e n  e t  
a l .  ( i n  p r e s a )  r e a n a l y z e d  t h e  C im bu ra  e t  a l .  ( 1 9 8 0 )  d a t a .  Tw e lv e  
p e r c e n t  o f  t h e  f a t a l l y  i n j u r e d  d r i v e r s  and  p e d e s t r i a n s  i n  t h a t  s t u d y  
had  b een  f o u n d  t o  h a v e  A -9 -THC  i n  t h e i r  b l o o d .  The p r e s e n c e  o f  
o t h e r  d r u g s  was a l s o  d e t e rm in e d  and a c u l p a b i l i t y  i n d e x  v a a  d e v e l o p e d .  
A c u l p a b i l i t y  i n d e x  c o m p a r e s  t h e  f r e q u e n c y  t h a t  a  d r u g  i s  f o u n d  i n  
d r i v e r s  a s s i g n e d  r e s p o n s i b i l i t y  f o r  c a u s i n g  a c o l l i s i o n  v i t h  t h e  
f r e q u e n c y  i n  i n d i v i d u a l s  f r o m  t h e  same s am p le  v h o  had n o t  c a u s e d  ->n 
a c c i d e n t .

A s p i r i n  was f o u n d  t o  h a v e  a c u l p a b i l i t y  i n d e x  o f  1 . 0 .  T h a t  i s ,  
i t  was n o  m o re  f r e q u e n t  i n  i n d i v i d u a l s  a s s i g n e d  r e s p o n s i b i l i t y  f o r  a 
c o l l i s i o n  t h a n  o n  t h o s e  v h o  w e re  n o t .  T h i s  i s  o f  some s i g n i f i c a n c e  
b e c a u s e  i t  s e r v e s  a a  a n  i n t e r n a l  c h e c k  o n  t h e  t e c h n iq u e *  a g r e e i n g  
w i t h  t h e  a p r i o r i  a s s u m p t i o n  t h a t  i t  w ou ld  be  u n l i k e l y  f o r  a s p i r i n  
u s e r s  t o  be  o v e r r e p r e s e n t e d  among t h o s e  r e s p o n s i b l e  f o r  a c c i d e n t s .
I n  c o n t r a u t *  s u b j e c t s  v i t h  c a n n a b i n o i d s  p r e s e n t  i n  t h e  u r i n e  w e re  
f o u n d  t o  h a v e  a  c u l p a b i l i t y  i n d e x  o f  1 . 7 *  t h e  same c u l p a b i l i t y  l e v e l  
f o u n d  f o r  t h e  p r e s e n c e  o f  a l c o h o l .  T h i s  i n d i c a t e s  an  e x c e s s  o f  
A - 9 - T H C - p o s i t l v e  d r i v e r s  i n  t h e  c a t e g o r y  r e s p o n s i b l e  f o r  
a c c i d e n t s .  The  p r e s e n c e  o f  a n t i h i s t a m i n e s  p r o d u c e d  a  c u l p a b i l i t y  
i n d e x  o f  1 . 5 *  an d  t r a n q u i l i z e r s / a n t i d e p r e s s a n t s *  1 . 8 .

G iv e n  t h e  d i f f i c u l t i e s  i n  e x e c u t i n g  e p i d e m i o l o g i c  s t u d i e s  w he re  
i t  i s  s o  d i f f i c u l t  t o  o b t a i n  a d e q u a t e  c o n t r o l  g r o u p s *  i t  w o u ld  a p p e a r  
t h a t  o n l y  t e n t a t i v e  c o n c l u s i o n s  a b o u t  m a r i j u a n a ' s  r o l e  i n  a c c i d e n t s  
c a n  be r e a c h e d .  S u p p o r t i v e  e v i d e n c e  t h a t  m a r i j u a n a  i s  a  c o n t r i b u t i n g  
c a u s e  o f  a c c i d e n t s  com es  f r o m  s u r v e y s  o f  m a r i j u a n a  u a e r s  who r e p o r t  
t h e y  r e c e i v e  a  h i g h e r - t h a n - a v e r a g e  number o f  t i c k e t s  f o r  d r i v i n g  
v i o l a t i o n s  and a r e  i n v o l v e d  i n  a h i g h e r - t h a n - a v e r a g e  number o f  
a c c i d e n t s  ( J o h n s t o n *  1 9 8 0 ) .  N e v e r t h e l e s s *  t h e  p r o b l e m s  d e s c r i b e d  
a b o v e  a r e  y e t  t o  be  s o l v e d .  B u t  t h e  c u l p a b i l i t y  i n d e x  m od e l  p r e s e n t s  
a m e t h o d o lo g y  t h a t  may be r e f i n e d  and  u t i l i z e d  i n  f u t u r e  s t u d i e s .

A l c o h o l - M a r i j u a n a  I n t e r a c t i o n s

S u r v e y s  show  t h a t  a a r i j u a n a  and  a l c o h o l  a r e  f r e q u e n t l y  con sum ed  
t o g e t h e r  ( F l s h b u r n e  e t  a l . * 1 9 8 0 ;  J o h n s t o n  e t  a l . *  1 9 8 0 ) .  T hus*  i t  
i s  im p o r t a n t  t o  d e t e r m in e  w h a t  i n t e r a c t i o n s *  i f  an y *  o c c u r  b e tw e en  
t h e s e  tw o d r u g s .  As b o t h  d r u g s  h a v e  s e d a t i v e  p r o p e r t i e s *  a n  a d d i t i v e  
e f f e c t  w o u ld  b e  e x p e c t e d  and  h a s  b e e n  f o u n d  i n  t h e  few  s y s t e m a t i c  
i n v e s t i g a t i o n s  o f  t h e  e f f e c t s  o f  t h i a  c o m b i n a t i o n .  One s t u d y  
r e p o r t e d  t h a t  0 . 0 5  p e r c e n t  b l o o d  a l c o b o l  l e v e l  c o n c e n t r a t i o n  (BAC) 
i n c r e a s e d  t h e  im p a i rm e n t  p r o d u c e d  b y  5 mg o f  smoked A- 9 -THC o n  
t r a c k i n g  b e h a v i o r  (Manno e t  a l .  * 1 9 7 1 ) .  I n  a s t u d y  u s i n g  two d o s e s  
o f  a l c o h o l  an d  tw o  d o s e s  o f  a a r i j u a n a *  e v e n  t h e  lo w  d o s e  o f  a l c o h o l  
( 0 . 0 7  p e r c e n t  BAC) an d  t h e  l o w  d o s e  o f  A -9 -THC  ( 1 . 4  a g )  im p a i r e d  
c om p le x  t r a c k i n g  i n  a n  a d d i t i v e  f a s h i o n  (H a n s t e e n  e t  a l . *  1 9 7 6 ) .
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h i g h e r  d o s e s  p r o d u c e d  n o r #  p r o n o u n c e d  d e c r e m e n t s .  A c o m b i n a t i o n  o f  
A -9 -THC  ( 0 . 3 2 0  mg A g )  *iwJ e t h . * n o l  ( s  d o s e  t h a t  p r o d u c e s  a  p e a k  
b l o o d  l e v e l  o f  l a s s  t h a n  0 . 0 8  p e r c e n t  BAC) h aa  a l s o  p r o d u c e d  an  
a d d i t i v e  e f f e c t  o n  t h e  a b i l i t y  t o  p e r f o rm  on  a p s y c h o o o t o r  t e s t  
( B e l g r a v e  e t  a l . ,  1 9 7 9 ) .  T h i s  a d d i t i v e  a f f e c t  w o u ld  b e  o f  c o n c a r n  t o  
t h o s e  o p e r a t i n g  a  m o t o r  v e h i c l e .

The i s s u e  o f  a l c o h o l - m a r i j u a n a  i n t e r a c t i o n s  i s  a n  Im p o r t a n t  o n e ,  
b u t  c u r r e n t l y  f e w  d a t a  a r e  a v a i l a b l e .  C l e a r l y *  m o re  s t u d i e s  o f  
m a r i j u a n a ' s  i n t e r a c t i o n  v i t h  a l c o h o l  and o t h e r  c om m on ly  u s ed  d r u g s  
a r e  n e e d e d .

C n r o n i c  E f f e c t s

A n im a l S t u d i e s

S t u d i e s  o f  c h r o n i c  e f f e c t s  a r e  n e c e s s a r y  t o  d e t e rm in e  w h e th e r  a  d ru g  
p r o d u c e s  c h a n g e s  t h a t  p e r s i s t  a f t e r  a d m i n i s t r a t i o n  h a s  s t o p p e d .  I n  
v i e w  o f  t h e  t h e o r e t i c a l  p o s s i b i l i t y  o f  c u m u l a t i v e  o r  p e r s i s t e n t  
a a r i j u a n a  e f f e c t s ,  i t  i s  s u r p r i s i n g  t h a t  o n l y  a  f ew  l a b o r a t o r i e s  h a v e  
c o n d u c t e d  e x p e r im e n t s  i n v o l v i n g  r e p e a t e d  d o s i n g  and  t e s t i n g  f o r  
r e s i d u a l  e f f e c t s .  M ic e  i n j e c t e d  w i t h  1 0  ra gA g  A -9 -TH C  f o r  2 0 - 4 0  
d a y s  w e re  f o u n d  t o  b e  p e r s i s t e n t l y  im p a i r e d  i n  new l e a r n i n g  100 d a y s  
a f t e r  t h e  i n j e c t i o n s  s t o p p e d  (R a d o u e o -T h o o a s  e t  a l . ,  1 9 7 6 ) .
S i m i l a r l y ,  r a t s  g i v e n  20  m g A g  o f  A -9 -THC  o r a l l y  f o r  1 8 0  d a y s  had  
l e a r n i n g  s t i l l  im p a i r e d  2 m on th s  a f t e r  t h e  & -9 -T 5C  t r e a t m e n t  
s t o p p e d  ( F e h r  e t  a l * , 1 9 7 6 ) .  T h i s  was c o n f i r m e d  b y  t h e  same g r o u p  i n  
tw o  s u b s e q u e n t  s t u d i a s  ( F e h r  e t  a l . ,  1 9 7 9 7  S t i g l i c k  and  K a l a n t ,  i n  
p r e s s ) .  A n o t h e r  g r o u p  o f  i n v e s t i g a t o r s ,  h o w e v e r ,  c o u l d  f i n d  n o  
r e s i d u a l  l e a r n i n g  e f f e c t s  i n  m onkeys  20 d a y s  a f t e r  s t o p p i n g  
c o m p a r a b l e  d o s e s  o f  A -9-THC ( F e r r a r o  and  G r i l l y ,  1 9 7 4 ) .

Human S t u d i e s

C l i n i c a l  r e p o r t s  o f  memory im p a i rm e n t ,  l a c k  o f  c o n c e n t r a t i o n ,  
l e t h a r g y ,  e t c . ,  i n  n o n i n t o x i c a t e d  c h r o n i c  u s e r s  o f  m a r i j u a n a  h a ve  l e d  
t o  s t u d i e s  i n  w h ic h  p s y c h o l o g i c a l  t a s t i n g  was a d m i n i s t e r e d  t o  u s e r s  
o f  m a r i j u a n a  and  c o n t r o l s .  The r e s u l t s  o f  t h e s e  s t u d i e s  a r e  
i n c o n c l u s i v e .  S e v e r a l  s t u d i a s  show im p a i r e d  p e r f o rm a n c e  i n  u s e r s  a s  
c om pa re d  t o  c o n t r o l s  ( A g a r v a l  e t  a l . ,  1 9 7 5 ;  S o u e i f ,  1 9 7 6 ;  Wig and  
V a r a a ,  1 9 7 7 ;  M e n d h i r a t t a  e t  a l . ,  1 9 7 8 ) ;  o t h e r s  f o u n d  n o  s i g n i f i c a n t  
r e s i d u a l  e f f e c t s  i n  t h e  m a r i j u a n a  u s e r s  (Bowman and  P i h l ,  1 9 7 3 ;  R u b in  
a n d  C c m i t a s ,  1 9 7 5 ;  S a t z  e t  a l . ,  1 9 7 6 ;  R ay e t  a l . ,  1 9 7 8 ;  S c h a e f f e r  e t  
a l . ,  1 9 8 1 ) .  A l l  o f  t h e s e  s t u d i e s  c a n  b e  c r i t i c i z e d  o n  m e t h o d o l o g i c a l  
g r o u n d s ,  an d  t h e  r e s u l t s  h a v e  b e e n  d i s p u t e d .  T h i s  i s  n o t  s u r p r i s i n g ,  
b e c a u s e  i t  i s  t e c h n i c a l l y  v e r y  d i f f i c u l t  t o  o b t a i n  a s a m p le  o f  
c h r o n i c  m a r i j u a n a  u s e r s ,  g e t  them i n t o  a t r u l y  d r u g - f r e e  c o n d i t i o n ,  
t e s t  th em ,  and  s i m i l a r l y  t e s t  a n  a p p r o p r i a t e  g r o u p  o f  c o n t r o l s .

S e v e r a l  g r o u p s  o f  i n v e s t i g a t o r s  (D o rn b u s h  e t  a l . ,  1 9 7 2 ;  F r a n k  e t  
a l . ,  1 9 7 6 ;  H a rshm an  e t  a l . ,  1 9 7 6 ;  R o s s i  e t  a l . ,  1 9 7 7 )  e x am in ed
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c h r o n i c  a a r i j u a n a  u s a r a  b e f o r e  an d  a f t a r  2 1 - 9 4  d a y s  o f  c h r o n i c  
i n t o x i c a t i o n  i n  a r a a a a r c h  h o s p i t a l  s e t t i n g .  Nona o f  t b a  
i n v a a t i g a t o r a  f o u n d  a n y  p s y c h o l o g i c a l  c h a n g e s  d u r i n g  p o a t d r u g  
t e s t i n g .  H ow eve r /  2 zaon ths o f  u s a  i a  a  r e l a t i v e l y  a b o r t  p e r i o d  o f  
t i n e  f o r  a ch ang e  t o  b a  d e t e c t e d /  and  t h e  s u b j e c t s  had a l r e a d y  b e an  
u s i n g  a a r i j u a n a  f o r  a t  l e a s t  a  y e a r  p r i o r  t o  e n t e r i n g  e a c h  s t u d y  
( F e h r  a t  a l . , 1 9 7 6 ) .

Tha a v a i l a b l e  s t u d i e s  o f  c h r o n i c  b e h a v i o r a l  a f f a c t a  l e a d  t o  n o  
c l e a r  c o n c l u s i o n s .  A l t h o u g h  some a n i a a l  s t u d i a s  d e m o n s t r a t e d  a 
l e a r n i n g  d e f i c i t  t h a t  p e r s i s t e d  f o r  m on th s  a f t e r  d a i l y  a a r i j u a n a  
e x p o s u r e  was d i s c o n t i n u e d /  t h a  human s t u d i a s  h a v a  su ch  m e t h o d o l o g i c a l  
w e a k n e s s e s  t h a t  t h e y  c a n n o t  b a  i n t e r p r e t e d .  A p r o s p e c t i v e  c o n c u r r e n t  
c o h o r t  s t u d y  and a 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 y  o f  p o s s i b l e  
o u t c o a e s  o f  and r i s k  f a c t o r s  f o r  u s a  o f  m a r i j u a n a  c o u l d  add u s e f u l  
i n f o r m a t i o n .  (S e e  r e s e a r c h  r e c o m m e n d a t i o n s  a t  t h e  end o f  t h i s  
c h a p t a r . )

C L IN IC A L  SYNDROMES

I n  t h i s  s e c t i o n  we w i l l  d i s c u s s  b o t h  a c u t a  and  c h r o n i c  b e h a v i o r a l  
c h a n g e s  t h a t  h a v a  b e a n  r e p o r t e d  i n  t h a  c l i n i c a l  l i t e r a t u r e  t o  be 
a s s o c i a t e d  w i t h  t h e  u s e  o f  m a r i j u a n a .  An a s s o c i a t i o n  b a s e d  o n  c a s e  
r e p o r t s  d o e s  n o t  im p ly  c a u s a l i t y .  S t u d i e s  o f  a p p r o p r i a t e  c o n t r o l  
g r o u p s  a r e  n e c e s s a r y .  I n  g e n e r a l /  a c u t e  o r  im m ed ia te  c l i n i c a l  
e f f e c t s  o f  d r u g s  c a n  be d e t e rm in e d  s c i e n t i f i c a l l y  much m o re  r e a d i l y  
t h a n  c h r o n i c  o r  d e l a y e d  e f f e c t s .  T L l s  i s  a s  t r u e  f o r  m a r i j u a n a  a s  i t  
i s  f o r  a l c o h o l  and  o t h e r  d r u g s .  T h u s r t h e  a c u t e  e f f e c t s  o f  m a r i j u a n a  
a r e  b a sed  on  m o re  s o l i d  e v i d e n c e  t h a n  a r e  t h e  r e p o r t e d  c h r o n i c  
e f f e c t s .

A c u te  E f f e c t s

The a c u t 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  seem t o  o c c u r  o n  a c o n t in u u m  
f r o m  m i ld  d y s p h o r i a  t o  a c u t e  b r a i n  s y n d r o m e .  I n  t h e  l i t e r a t u r e /  
t h r e e  d i f f e r e n t  s y n d rom e s  h a v e  b e e n  d e s c r i b e d /  a l t h o u g h  t h e r e  i s  
b l u r r i n g  o f  t h e  b o u n d a r i e s  i n  t h i s  c l a s s i f i c a t i o n  and no g e n e r a l  
a g re em en t  a s  t o  d i a g n o s t i c  c r i t e r i a .

A n x i e t y / P a n i c  R e a c t i o n

A m a j o r  p o r t i o n  o f  t h e  e v i d e n c e  f o r  t h i s  e f f e c t  comes f r o m  r e p o r t s  b y  
m a r i j u a n a  u s e r s  t h e m s e l v e s .  M a r i j u a n a ' s  p o p u l a r i t y  n o t w i t h s t a n d i n g /  
a s u r p r i s i n g l y  h i g h  p r o p o r t i o n  o f  u s e r s  r e p o r t  r e a c t i o n s  t h a t  t h e y  
r e g a r d  a s  u n p l e a s a n t  o r  u n d e s i r a b l e .  F o r  e x am p le /  33  p e r c e n t  o f  
r e g u l a r  u s e r s  r e p o r t e d  t h a t  w h i l e  i n t o x i c a t e d  t h e y  o c c a s i o n a l l y  
e x p e r i e n c e d  su ch  sym ptom s a s  a c u t e  p a n i c /  p a r a n o i d  r e a c t i o n /  
h a l l u c i n a t i o n s /  and u n p l e a s a n t  d i s t o r t i o n s  i n  b o d y  im age  ( T a r t /  1 9 7 0 ;  
N e g r e t e  and Kwanf 1 9 7 2 ) .  A n o t h e r  s t u d y  r e p o r t e d  t h a t  1 6  p e r c e n t  o f
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r e g u l a r  u a e r s  r e p o r t e d  a n x i e t y /  f e a r f u l n e s s ,  c o n f u s i o n ,  d e p e n d e n c y ,  
o r  a g g r e s s i v e  u r g e s  a s  a " u s u a l  o c c u r r e n c e ” ( H a l i k a *  e t  a l . ,  1 9 7 1 ) .  
S i m i l a r  f i n d i n g s  i n  g r o u p s  o f  s t a b l e ,  w e l l - a d j u s t e d ,  m o d e ra t e  u s e r s  
h a v e  b e e n  f o u n d  by  o t h e r  i n v e s t i g a t o r s  (A n n ia  an d  S m a r t ,  1 9 7 3 ;  M a rcu s  
e t  a l . , 1 9 7 4 ) .  F i r s t - t i m e  u s e r s  a r c  more l i k e l y  t h a n  a r e  e x p e r i e n c e d  
u s e r s  t o  r e p o r t  a d v e r s e  r e a c t i o n s .  The f r e q u e n c y  o f  su ch  r e a c t i o n s  
a p p e a r s  t o  be h i g h e r  when t h e  s e t t i n g  f o r  u s e  i s  n o t  a f a v o r a b l e  o n e ;  
f o r  e x a m p le ,  when t h e  u s e r  s e e s  t h e  e n v i r o n m e n t  a s  t h r e a t e n i n g .

T h e s e  a d v e r s e  p s y c h o l o g i c a l  r e a c t i o n s  a l s o  h a v e  b e en  o b s e r v e d  i n  
s u b j e c t s  o f  l a b o r a t o r y  e x p e r im e n t s  v i t h  m a r i j u a n a .  Such  c o n t r o l l e d  
o b s e r v a t i o n s  o f  p e r s o n a  whose im m ed ia te  p r i o r  m e n t a l  s t a t u s  and w hose  
d o s a g e  w e re  known g i v e  a b a s i s  f o r  c o n c lu d in g  t h a t  a c u t e  a d v e r s e  
p s y c h o l o g i c a l  r e a c t i o n s  c a n  o c c u r  u n d e r  s i n g l e  m o d e r a t e  d o s e s  o f  
m a r i j u a n a .  T h e s e  e f f e c t s  a r e  m o re  l i k e l y  a t  h i g h e r  d o s e s .  They 
u s u a l l y  l a s t  n o  l o n g e r  t h a n  2 t o  4 h o u r s .  A c u t e  p a r a n o i d  r e a c t i o n s  
u n d e r  t h e s e  c o n t r o l l e d  c o n d i t i o n s  have  been r e p o r t e d  (M en d e ls o n  and 
M eye r ,  1 9 7 2 ;  T a s s i n a r i  e t  a l . ,  1 9 7 3 ;  F r a n k  e t  a l . ,  1 9 7 6 ;  M e lg e s ,
1 9 7 6 ) .  I n g e s t i o n ,  i n  w h ic h  t i t r a t i o n  o f  d o s e  ( d o s e  a d ju s tm e n t  a s  
o c c u r s  d u r i n g  sm o k in g )  i s  d i f f i c u l t ,  may be 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  e f f e c t s  t h a n  a d m i n i s t r a t i o n  by sm ok ing  m a r i j u a n a .  H ow ev e r ,  
c h r o n i c  u s e  and  i n t e r a c t i o n  w i t h  o t h e r  p s y c h o a c t i v e  s u b s t a n c e s  a r e  
n o t  r e q u i r e d .

As f r e q u e n t l y  a s  t h e s e  a d v e r s e  r e a c t i o n s  a r e  o b s e r v e d  and 
s e l f - r e p o r t e d ,  m e d i c a l  t r e a t m e n t  i s  r a r e l y  s o u g h t .  F o r  e x a m p le ,  a 
c o l l e g e  s t u d e n t  h e a l t h  c l i n i c  r e p o r t e d  o n l y  s i x  s t u d e n t s  p e r  y e a r  
s o u g h t  m e d i c a l  t r e a t m e n t  f o r  a n  a d v e r s e  r e a c t i o n  t o  m a r i j u a n a  o u t  o f  
a s t u d e n t  p o p u l a t i o n  o f  2 0 , 0 0 0  ( P i l l a r d ,  1 9 7 0 ) .  I n  t h e  g e n e r a l  
p o p u l a t i o n ,  a  d i a g n o s i s  o f  a c u t e  c a n n a b i s  r e a c t i o n  was fo u n d  i n  o n l y  
1 0  c a s e s  o u t  o f  7 0 0 , 0 0 0  h o s p i t a l  a d m is s i o n s  i n  t h e  U n i t e d  S t a t e s  
(L u n db e rg  e t  a l . ,  1 9 7 1 ) .  I n  t h e  U . S .  Army, o n l y  18  3uch  c a s e s  w e re  
t r e a t e d  o v e r  a s e v e r a l - y e a r  p e r i o d  f r om  a m i l i t a r y  p o p u l a t i o n  o f  
3 3 , 0 0 0  (T e n n a n t  a n d  G r o e s b e c k ,  1 9 7 2 ) 0 T h e re  a r e  n o  r e c e n t  f i g u r e s  
sh ow ing  r e q u e s t s  f o r  m e d i c a l  t r e a t m e n t  now t h a t  t h e  u s e  o f  m a r i j u a n a  
i s  m ore  i n t e n s e ,  w i d e s p r e a d ,  an d  r e a c h in g  y o u n g e r  a g e - g r o u p s .
H ow ev e r ,  a  u n iq u e  m o n i t o r i n g  o f  d ru g  c a u s a l i t y  b e h a v i o r  d o c um en t in g  
em e rgency  ro om  e n c o u n t e r s  c o n d u c t e d  by th e  D rug  E n fo r c e m e n t  
A d m i n i s t r a t i o n  an d  t h a  N a t i o n a l  I n s t i t u t e  o n  D ru g  Abuse ( U . S .  
D e p a r tm e n t  o f  H e a l t h  an d  Human S e r v i c e s ,  1 9 7 9 )  may i n  t h e  f u t u r e  
p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  f r e q u e n c y  o f  a d v e r s e  
r e a c t i o n s  t o  u s e  o f  m a r i j u a n a .

D y s p h o r i c  R e a c t i o n

T h e r a p e u t i c  t r i a l s  h a v e  b e e n  c a r r i e d  o u t  t e s t i n g  A -9 -TH C  a s  a 
p o s s i b l e  t r e a t m e n t  f o r  mood d i s o r d e r s  ( s e e  C h a p t e r  7 ) .  S e v e r e  
d y s p h o r i c  r e a c t i o n s  c h a r a c t e r i s e d  by  d i s o r i e n t a t i o n ,  c a t a t o n i a l i k e  
i m m o b i l i t y ,  a c u t e  p a n i c ,  and  h e a v y  s e d a t i o n  h a v e  o c c u r r e d  i n  s e v e r a l  
p a t i e n t s .  The  d y s p h o r i c  sym p tom s a p p e a re d  a t  m o d e r a t e  d o s e s  c om p a r ­
a b l e  t o  t h o s e  u s e d  i n  s o c i a l  s e t t i n g s .  They l a s t e d  o n l y  a few  h o u r s  
and r e s p o n d e d  t o  d i s c o n t i n u a t i o n  o f  t h a  d ru g  a n d  r e a s s u r a n c e  o f  t h e  
p a t i e n t s  ( K o t i n  e t  a l . ,  1 9 7 3 ;  A b lo n  and G oodw in , 1 9 7 4 ) .



S i m i l a r  d y s p h o r i c  r e a c t i o n s  h a v e  b e en  r e p o r t e d  i n  c a n c e r  p a t i e n t a  
who w e re  o n  a  t h e r a p e u t i c  t r i a l  o f  t - g -T H C  t o  c o n t r o l  th e  n a u s e a  
a s s o c i a t e d  w i t h  c h m o t h e r a p y .  The sym p tom s , c o u r s e ,  and r e s p o n s e  t o  
c e a s i n g  u s e  o f  t h e  d ru g  w e re  i d e n t i c a l  t o  t h o s e  d e s c r i b e d  a b o v e .  
I n v e s t i g a t o r s  h a v e  s u g g e s t e d  t h a t  t h e  d y s p h o r i c  r e s p o n s e  i s  m o re  
l i k e l y  t o  o c c u r  i n  o l d e r  p a t i e n t s  n o t  a c c u s tom e d  t o  d ru g  u s e  f o r  whom 
t h e  m o o d - a l t e r i n g  e f f e c t s  a r e  u n a n t i c i p a t e d  and unwe lcome ( S h i l i n g  
and S t i l l m a n ,  1 9 8 0 ) .
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A cu te  B r a i n  Synd rom e

D i a g n o s t i c  c r i t e r i a  f o r  t h e  s y n d rom e  now c a l l e d  d e l i r i u m  and 
p r e v i o u s l y  c a l l e d  a c u t e  b r a i n  sy nd rom e  a p p e a r  i n  D i a g n o s t i c  a n d  
S t a t i s t i c a l  M anu a l o f  M e n t a l  D i s o r d e r s , T h i r d  E d i t i o n ,  1 9 8 0  (DSM 
I I I ) .  T h e s e  i n c l u d e :  ( a )  a  c l o u d i n g  o f  c o n s c i o u s n e s s  a s  m a n i f e s t e d
b y  im p a i rm e n t  o f  a b i l i t y  t o  s u s t a i n  a t t e n t i o n  t o  e n v i r o n m e n t a l  
s t i m u l i ,  o r  im p a i rm e n t  o f  a b i l i t y  t o  s u s t a i n  g o a l - d i r e c t e d  t h i n k i n g  
o r  g o a l - d i r e c t e d  b e h a v i o r ;  ( b )  a  d i s o r d e r  o f  memory o r  o r i e n t a t i o n ;
( c )  p e r c e p t u a l  d i s t u r b a n c e s ;  and  ( d )  a  c h a n g e  i n  s l e e p  p a t t e r n  a n d / o r  
a ch an g e  i n  p s y e b e m o t o r  a c t i v i t y .  The sym ptom s d e v e l o p  o v e r  a  s h o r t  
p e r i o d  o f  t im e  and f l u c t u a t e  r a p i d l y .

B o t h  t h e  symptom p a t t e r n  and  t h e  c o u r s e  o f  t h e  a c u t a  b r a i n  
s y nd rom e  f i t  t h e  d e s c r i p t i o n s  o f  o n e  t y p e  o f  b e h a v i o r  d i s o r d e r  
a s s o c i a t e d  w i t h  u s e  o f  a a r i j u a n a .  I t  h a s  b e e n  r e p o r t e d  t o  d e v e l o p  i n  
p e r s o n s  who h a v e  a h i s t o r y  o f  p r o l o n g e d ,  r e g u l a r ,  h e a v y  u s e  o f  
m a r i j u a n a .  I t  i s  d e f i n e d  a s  a n  ' a c u t e "  b r a i n  s y n d rom e  b e c a u s e  i t  
comes o n  d u r i n g  t h e  p e r i o d  o f  d r u g  u s e  and  i t  g r a d u a l l y  d i s a p p e a r s  
a f t e r  t h e  d r u g  i s  s t o p p e d .  The  m a j o r i t y  o f  c a s e  r e p o r t s  h a v e  come 
f r o m  E a s t e r n  c o u n t r i e s  w h e re  t h e  c a n n a b i s  p r o d u c t s  c u s t o m a r i l y  u s e d  
h a v e  h i g h  p o t e n c y  ( S p e n c e r ,  1 9 7 0 ;  C h o p ra  and  S m i t h ,  1 9 7 4 ;  M e y e r ,
1 9 7 5 ) .  I t  h a s  a l s o  b een  r e p o r t e d  i n  U . S .  Army p e r s o n n e l  s t a t i o n e d  i n  
V i e t  Nam ( T a l b o t t  and T e a g u e ,  1 9 6 9 }  and i n  E u r o p e  (T e n n a n t ,  1 9 7 2 ) ,  
w h e re  s o l d i e r s  had a c c e s s  t o  v e r y  h i g h  A -9 -THC  c o n c e n t r a t i o n s  i n  
c a n n a b i s  s u b s t a n c e s .  I n  c o n t r a s t  t o  t h e  I n d i a n  p u b l i c  m e n t a l  h o s p i t a l  
p a t i e n t s  who w e re  h o s p i t a l i z e d  f o r  many w e e k s ,  U . S .  s o l d i e r s  r e c o v e r e d  
i n  3 t o  1 1  d a y s  and r e t u r n e d  t o  d u t y .  T h i s  d i f f e r e n c e  i n  d u r a t i o n  
may r e f l e c t  s o c i o c u l t u r a l  d i f f e r e n c e s  i n  l e n g t h  o f  i n - p a t i e n t  
t r e a t m e n t  m o re  t h a n  a d i f f e r e n c e  i n  t h e  d i s o r d e r .

W i t h d r a w a l  S ynd rom e

S t u d i e s  o f  a n im a l s  and human s u b j e c t s  g i v e n  m o d e r a t e  t o  h ig h  d o s e s  o f  
m a r i j u a n a  o r a l l y  o r  by  i n h a l a t i o n  s e v e r a l  t im e s  p e r  d a y  have  
d e m o n s t r a t e d  t o l e r a n c e  t o  m any  o f  t h e  e f f e c t s  o f  m a r i j u a n a  ( s e e  
C h a p t e r  1 ) .  When su ch  u s e  o f  a a r i j u a n a  i s  s t o p p e d  a f t e r  s e v e r a l  d a y s ,  
a w i t h d r a w a l  sy nd rom e  o c c u r s .  I n  human s u b j e c t s ,  t h i s  r e s e m b le s  t h e  
t y p i c a l  m i l d  w i t h d r a w a l  s ym p tom s  s e e n  a f t a r  p r o l o n g e d  s e d a t i v e  u s e  
( J o n e s  an d  B e n o w i t z ,  1 9 7 6 ) .  S u b j e c t s  show  i r r i t a b i l i t y ,  a g i t a t i o n ,  
i n s o m n i a ,  and  EEG c h a n g e s  ( s e e  C h a p t e r  4 ) .  T h e s e  symptoms a r e  
s e l f - l i m i t i n g ;  t h e y  p e a k  a t  3 0  h o u r s  an d  d i s a p p e a r  b y  90  h o u r s .
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T h e r e  I f  n o  c l i n i c a l  e v i d e n c e  t h a t  p h y s i c a l  d e p a n d a n c a  p l a y s  an  
i a p o r t a n t  c o l a  i n  p a c s i s t e n t  u s a  o f  m a r i j u a n a .  W i t h d r a w a l  symptoms 
w o u ld  n o t  ba a x p a c t e d  i n  i n t e r m i t t e n t  u s a r s ;  h o w e v e r ,  d a i l y  
r o u n d - t h e - c l o c k  u s a r s  o f  h i g h - d o s e  m a r i j u a n a  may ba e x p e c t e d  t o  show 
seme symptom* o f  w i t h d r a w a l  s o o n  a f t a r  s t o p p i n g  r e g u l a r  u a a .

C h r o n i c  E f f e c t s

C a n n a b i s  P s y c h o s i s

C a n n a b i s  p s y c h o s i s  r e f e r s  t o  a  c h r o n i c  p s y c h o t i c  c o n d i t i o n  ( o u t  o f  
c o n t a c t  w i t h  r e a l i t y )  r e p o r t e d l y  s e e n  i n  h e a v y  m a r i j u a n a  u s e r s ,  b u t  
e x t e n d i n g  beyond  t h e  p e r i o d  o f  a c u t e  i n t o x i c a t i o n .  Same a u t h o r s  h ave  
d e s c r i b e d  a s c h i z o p h r e n i a l i k e  p i c t u r e  w i t h  d e l u s i o n s  a n d  h a l l u c i n a ­
t i o n s ,  and  o t h e r s  h a v e  s t r e s s e d  t h a  e x i s t e n c e  o f  o r g a n i c  m e n t a l  
c o n f u s i o n .  M os t o f  t h e  r e p o r t s  h a v e  come f r o m  o b s e r v a t i o n  o f  
h o s p i t a l i z e d  p a t i e n t s  i n  A s i a n  and  A f r i c a n  c o u n t r i e s  ( A s u n i ,  1 9 6 4 ;  
C h o p ra  and  S m i t h ,  1 9 7 4 ;  T h a c o r e  a n d  S h u k l a ,  1 9 7 6 ) .  T h e r e  a r e  n o  
r e p o r t s  i n  t h e  N o r t h  A m e r i c a n  l i t e r a t u r e .  A t  t h i s  t i m e ,  t h e r e  i a  
i n s u f f i c i e n t  e v i d e n c e  t o  s a y  t h a t  c a n n a b i s  p s y c h o s i s  e x i s t s  a s  a 
s e p a r a t e  c l i n i c a l  e n t i t y  (M u rp h y ,  1 9 6 3 ;  E d w a rd s ,  1 9 7 6 ) .

■ A m o t iv a t io n a l  S y n d r o m e "

C l i n i c i a n s  c o in e d  t h e  t e rm  " a m o t i v a t i o n a l  s y n d rom e "  t o  d e s c r i b e  a 
c h a r a c t e r i s t i c  s a t  o f  p e r s o n a l i t y  c h a n g e s  s e e n  i n  seme d a i l y  u s e r s  o f  
m a r i j u a n a  ( M c C l o t h l l n  and  W e s t ,  1 9 6 8 ;  S m i t h ,  1 9 6 8 ) .  T h e  c h a n g e s  
i n c l u d e  a p a t h y ,  l o s s  o f  a m b i t i o n ,  l o s s  o f  e f f e c t i v e n e s s ,  d im in i s h e d  
a b i l i t y  t o  c a r r y  o u t  l o n g - t e r m  p l a n s ,  d i f f i c u l t y  i n  c o n c e n t r a t i n g ,  
and  a d e c l i n e  i n  s c h o o l  o r  w o rk  p e r f o r m a n c e .  As u s u a l l y  d e s c r i b e d ,  
t h e s e  c h a n g e s  a r e  s e e n  i n  f r e q u e n t  o r  d a i l y  u s e r s ,  and t h u s  t h e y  may 
be c o n s i d e r e d  a f o rm  o f  c h r o n i c  i n t o x i c a t i o n .  The t e rm  " a m o t i v a t i o n a l  
s y n d r o m e "  i s  n o t  a n  o f f i c i a l  d i a g n o s i s ,  b u t  t h e r e  i s  a g r e e m e n t  among 
many c l i n i c i a n s  who t r e a t  y o u n g  p e o p l e  t h a t  t h i a  c o n s t e l l a t i o n  o f  
sym ptom s i s  common. I t  may a l s o  b e  s e e n  i n  n o n m a r l j u a n a  u s e r s ,  and 
d a i l y  u s e  o f  m a r i j u a n a  i s  n o t  a lw a y s  a s s o c i a t e d  w i t h  l o s s  o f  
m o t i v a t i o n .

T h e  e v i d e n c e  p r e s e n t e d  f o r  t h e  l i n k i n g  o f  t h i s  s y n d rom e  w i t h  
m a r i j u a n a  c o n s i s t s  o f  c a s e  r e p o r t s .  F o r  e x a m p le ,  B a k e r  an d  L u c a s  
( 1 9 6 9 )  d e s c r i b e d  t h *  c a s e  o f  a  man whom f r i e n d s  d e s c r i b e d  a s  

p r e v i o u s l y  c o n s c i e n t i o u s ,  c a p a b l e ,  an d  e f f e c t i v e ;  b u t  a f t e r  sm o k in g  
h a s h i s h  d a i l y  f o r  3 y e a r s ,  h e  c h a n g ed  i n t o  a  p e r s o n  f o r  whom u s e  o f  
d r u g s  was a way o f  l i f e  a n d  i n  whoa a s e r i o u s  d e t e r i o r a t i o n  o f  s o c i a l  
f u n c t i o n  was o b s e r v e d .  O t h e r  r e p o r t s  c o n s i s t  o f  g r o u p s  o f  c a s e s  w i t h  
s i m i l a r  h i s t o r i e s  ( T h u r l o w ,  1 9 7 1 ) .  The sym ptom s m e n t i o n e d ,  i n  
a d d i t i o n  t o  l o s s  o f  a o t l v a t i o n ,  i n c l u d e  f a l l i n g  g r a d e s ,  d i f f i c u l t i e s  
i n  c o n c e n t r a t i o n ,  i n t e r m i t t e n t  c o n f u s i o n ,  and  im p a i r e d  m em o ry .  Same 
a u t h o r s  r e p o r t  im p r o v e m e n t  when u s e  o f  m a r i j u a n a  i s  s t o p p e d  ( K o l a n s k y  
and M o o r e ,  1 9 7 1 ,  1 9 7 2 ) .



A v a r i e t y  o f  o t h e r  d a t a  a u p p o r t  au ch  a c o n d i t i o n .  I n  a l a r g e  
s u r v e y ,  d a i l y  m a r i j u a n a  u a e r s  w e re  a s k e d  a b o u t  t h e  d r u g ' s  a d v e r s e  
e f f e c t s  ( J o h n s t o n  e t  a l . ,  1 9 8 0 ) .  'The m o s t  common r e s p o n s e  was a l o s s  
o f  e n e r g y "  ( 4 2  p e r c e n t ) .  N e a r l y  a  t h i r d  ( 3 2  p e r c e n t )  o f  t h e  d a i l y  
u n e r s  t h o u g h t  t h a t  m a r i j u a n a  c a u s e d  them  t o  be l e s s  i n t e r e s t e d  i n  
o t h e r  a c t i v i t i e s  t h a n  t h e y  had  b e en  b e f o r e ,  and a  t h i r d  ( 3 4  p e r c e n t )  
t h o u g h t  t h a t  i t  h u r t  t h e i r  s c h o o l  a n d / o r  j o b  p e r f o rm a n c e .  A n o t h e r  
t y p e  o f  e v i d e n c e  comes f r o m  c o m p a r i s o n s  o f  c o l l e g e  s t u d e n t s  who u s e  
m a r i j u a n a  w i t h  o t h e r s  who d o  n o t .  S e v e r a l  s u c h  s t u d i e s  (S h e a n  an d  
F e c h tm an n ,  1 9 7 1 ;  L i n n ,  1 9 7 2 ;  S im o n ,  1 9 7 4 ;  F i n n e l l  and J o n e s ,  1 9 7 5 )  
f o u n d  m a r i j u a n a  u s e r s  h ad  i n c r e a s e d  l e v e l s  o f  p s y c h o l o g i c a l  
d i s t u r b a n c e ,  l o w e r  a c a d em ic  p e r f o rm a n c e ,  and  l o v e r  p e r f o rm a n c e  o n  
s c a l e s  m e a s u r in g  a t t i t u d e s  t o w a r d  a c h i e v e m e n t  and p u r p o s e  i n  l i f e .
B u t  some s t u d i e s  i n  b o t h  t h e  U n i t e d  S t a t e s  an d  f o r e i g n  c o u n t r i e s  h a v e  
f a i l e d  t o  show s i g n i f i c a n t  d i f f e r e n c e s  b e tw e en  m a r i j u a n a  u s e r s  and  
a b s t a i n e r s  ( B r i l l  and C h r i s t i e ,  1 9 7 4 ;  R u b in  and  C o m i t a s ,  1 9 7 5 ) .

I n t e r p r e t a t i o n  o f  t h e  e v i d e n c e  l i n k i n g  m a r i j u a n a  t o  " a m o t i v a t i o n a l  
s y n d r o m * "  i s  d i f f i c u l t .  S u ch  symptoms h a v e  b e en  known t o  o c c u r  i n  
t h e  a b s e n c e  o f  m a r i j u a n a .  2v e n  i f  t h e r e  i s  a n  a s s o c i a t i o n  b e tw e en  
t h i s  s y n d rom e  and u s e  o f  a a r i j u a n a ,  t h a t  d o e s  n o t  p r o v e  t h a t  m a r i j u a n a  
c a u s e s  t h e  s y n d r om e .  Many t r o u b l e d  i n d i v i d u a l s  s e e k  a n  " e s c a p e "  i n t o  
u s e  o f  d r u g s ;  t h u s ,  f r e q u e n t  u s e  o f  m a r i j u a n a  may become o n e  m o re  i n  
a s e r i e s  o f  c o u n t e r p r o d u c t i v e  b e h a v i o r s  f o r  t h e s e  un h app y  p e o p l e .

The a v a i l a b l e  e v i d e n c e  d o e s  n o t  a l l o w  a  s o r t i n g  o f  t h e  v a r i o u s  
p o s s i b i l i t i e s  i n  t h e  r e l a t i o n s h i p  b e tw e en  u s e  o f  m a r i j u a n a  and  t h e  
c o m p le x  o f  symptoms i n  t h e  " a m o t i v a t i o n a l  s y n d r o m e . "  I t  a p p e a r s  
l i k e l y  t h a t  b o t h  s e l f - s e l e c t i o n  &<d a u t h e n t i c  d r u g  e f f e c t s  c o n t r i b u t e  
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  some c h r o n i c  m a r i j u a n a  u s e r s  
( s e e  C h a p t e r  2 ) .  P e r s o n s  who a r e  e x p e r i e n c i n g  l o s s  o f  m o t i v a t i o n ,  
a p a t h y ,  and  t h e  o t h e r  a f o r e m e n t i o n e d  sym ptom s p r o b a b l y  w i l l  w o r s e n  
t h e  s i t u a t i o n  by t a k i n g  a n y  s e d a t i n g  d r u g .  T hey  s h o u l d  be w a rn e d  t o  
a v o i d  f r e q u e n t  u s e  o f  m a r i j u a n a ,  a l c o h o l ,  an d  o t h e r  n o n p r c s c r i b e d  
d r u g s .

" F l a s h b a c k s "

I n  1 9 6 8 ,  K e e l e r  e t  a l .  r e p o r t e d  f o u r  c a s e s  o f  t h e  b r i e f  s p o n t a n e o u s  
r e c u r r e n c e  o f  a m e n t a l  s t a t e  s i m i l a r  t o  t h a t  e x p e r i e n c e d  d u r i n g  
m a r i j u a n a  i n t o x i c a t i o n  1  t o  2 1  d a y s  a f t a r  t h e  l a s t  d r u g  u s e .  T h r e e  
o f  t h e  f o u r  s u b j e c t s  c o m p la i n e d  o f  h a l l u c i n a t i o n s  c o m p a r a b l e  t o  
f l a s h b a c k s  u s u a l l y  a s s o c i a t e d  w i t h  LSD ( H o r o w i t z ,  1 9 6 9 ) .  T h r e e  
s e p a r a t e  r e p o r t s  o f  m a r i j u a n a  f l a s h b a c k s  f o l l o w e d  ( S m i t h ,  1 9 6 8 ;  
F a v a z z a  and D om in o ,  1 9 6 9 ;  W e l l ,  1 9 7 0 )  and  a l l  o f  t h e s e  l a t t e r  
s u b j e c t s  h ad  u s e d  LSD p r i o r  t o  m a r i j u a n a .  I n  a  s u r v e y  o f  7 2 0  
s e r v i c e m e n ,  n o t  a  s i n g l e  c a s e  o f  f l a s h b a c k  i n  an y  s u b j e c t  f o r  whom 
h a s h i s h  was t h *  o n l y  d r u g  consum ed  was d o cum en ted  (T e n n a n t  and  
G r o e s b e c k ,  1 9 7 2 ) .  B u t  i n  t h e  same s a m p le ,  1 5  s u b j e c t s  w e re  
i d e n t i f i e d  who had  LSD f l a s h b a c k s  p r e c i p i t a t e d  by  u s e  o f  m a r i j u a n a *
A l a r g e r  s a m p le  o f  2 , 0 0 1  a rm y p e r s o n n e l  ( S t a n t o n  e t  a l . ,  1 9 7 6 )  
r e v e a l e d  t h a t  u s e  o f  m a r i j u a n a  had  t h e  h i g h e s t  and  o n l y  s t a t i s t i c a l l y
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s i g n i f i c a n t  a s s o c i a t i o n  w i t h  t h a  p r e c i p i t a t i o n  o f  LSD f l a s h b a c k s  
among f i v e  c l a s s e s  o f  a b u se d  d r u g s .  C l i n i c a l  s t u d i a s  a l s o  h a va  
p r o v i d e d  e v i d e n c e  t h a t  m a r i j u a n a  p r e c i p i t a t e s  a  r e c u r r e n c e  o f  t h e  LSD 
f l a s h b a c k s  e x p e r i e n c e  ( B o l a t e n ,  1 9 7 6 ;  A b raham , 1 9 8 1 ) .

T he  e x i s t e n c e  o f  f l a s h b a c k s  f o l l o w i n g  u s e  o f  e i t h e r  LSD o r  
m a r i j u a n a  i a  e n t i r e l y  b a s e d  o n  s e l f - r e p o r t s ,  b e c a u s e  t h e r e  a r e  no  
d i s t i n c t i v e  p h y s i c a l  s i g n s  o r  t e s t s ,  su ch  a s  EEG c h a n g e s ,  t o  i d e n t i f y  
t h i s  c o n d i t i o n .  T h e r e  i s  n o  c u r r e n t  p h a r m a c o l o g i c a l  e x p l a n a t i o n  o f  
t h e  ph en om en on , and  d a t a  r e g a r d i n g  d o s e  and t im e  p a r a m e t e r s  d o  n o t  
e x i s t .  S t i l l ,  £he r e p o r t s  by  u s e r s  a r e  r e a s o n a b l y  c o n s i s t e n t .  T hu s ,  
t h e r e  i s  c l i n i c a l  e v i d e n c e  t h a t  u s e  o f  a a r i j u a n a  by t h o s e  who h a v e  
p r e v i o u s l y  u s e d  LSD i n c r e a s e s  t h e  l i k e l i h o o d  o f  r e c u r r e n c e  o f  t h e  LSD 
e x p e r i e n c e .

E f f e c t s  o n  P r e e x i s t i n g  M e n t a l  I l l n e s s

The o n l y  e v i d e n c e  a v a i l a b l e  r e g a r d i n g  t h i s  i s s u e  c o n s i s t s  o f  c a s e  
r e p o r t s  o f  p a t i e n t s  who had  r e c o v e r e d  and a p p a r e n t l y  w e re  d o in g  w e l l  
u n t i l  t h e y  u s e d  m a r i j u a n a .  T h e r e  i a  n o  i n f o r m a t i o n  o n  t h e  number o f  
m e n t a l l y  i l l  p a t i e n t s  who h a v e  u s e u  a a r i j u a n a  w i t h o u t  c o m p l i c a t i o n s .

The a v a i l a b l e  d a t a ,  t h e r e f o r e ,  d o  n o t  p rovtu t h a t  m a r i j u a n a  w o r s e n s  
m e n t a l  i l l n e s s .  S t i l l ,  t h e r e  a r e  s u f f i c i e n t  n um be rs  o f  u n c o n t r o l l e d  
c l i n i c a l  r e p o r t s  s h ow in g  a t e m p o r a l  a s s o c i a t i o n  b e tw e en  u s e  o f  
m a r i j u a n a  and  r e t u r n  o f  m e n t a l  sym p tom s , s o  t h a t  p a t i e n t s  s h o u ld  be 
w a rn e d  o f  t h i s  p o s s i b i l i t y .

P a t i e n t s  w i t h  a h i s t o r y  o f  s c h i z o p h r e n i a  may be p a r t i c u l a r l y  
s e n s i t i v e  t o  m a r i j u a n a ' s  e f f e c t s .  F o u r  s c h i z o p h r e n i c  p a t i e n t s  who 
w e re  o t h e r w i s e  w e l l  c o n t r o l l e d  w i t h  m e d i c a t i o n  s u f f e r e d  s e r i o u s  
r e l a p s e  o f  t h e i r  s c h i z o p h r e n i c  symptoms f o l l o w i n g  u a e  c . f  m a r i j u a n a  
( T r e f f e r t ,  1 9 7 8 ) .  O t h e r  c a s e s  h a v e  b e en  r e p o r t e d  ( S m i t h  and M eh l ,  
1 9 7 0 ;  W e i l ,  1 9 7 0 ;  B e r n h a r d s o n  and  Gunne , 1 9 7 2 ) .  T h e s e  a l l  w e re  c a s e s  
i n  w h ic h  m a r i j u a n a  was p u r c h a s e d  o n  t h e  s t r e e t ,  s o  t h e  d o s e  and 
p u r i t y  w e re  un know n .

P a t i e n t s  w i t h  mood d i s o r d e r s  h a v e  a l s o  b e en  r e p o r t e d  t o  show 
w o r s e n in g  o f  m e n t a l  sym ptom s a f t e r  uae  o f  m a r i j u a n a .  F o r  e x a m p le ,  
f o u r  c a s e s  a r e  known i n  w h ic h  a a r i j u a n a  a p p a r e n t l y  p r e c i p i t a t e d  a 
r e l a p s e  o f  p s y c h o t i c  (h y p o m a n lc )  b e h a v i o r  (H a r d i n g  and  K n i g h t ,
1 9 7 3 ) .  F u r t h e r m o r e ,  d e p r e s s e d  p a t i e n t s  t r e a t e d  w i t h  A - 9 -T 3C  h a v e  
b e e n  o b s e r v e d  t o  show a  h i g h  i n c i d e n c e  o f  d y s p h o r i c  r e a c t i o n s  (A b lo n  
and  G o o d w in ,  1 9 7 4 ) .

E f f e c t s  S om e t im e s  R e p o r t  1 By D s e r s

Mood C h an g e s

T h e r a  i s  a g e n e r a l  b e l i e f  t h a t  u s e  o f  m a r i j u a n a  a l t e r s  m ood . T h i s
p r o p e r t y  i s  o n e  o f  t h a  d e s i r e d  e f f e c t s  s o u g h t  b y  many u s e r s .
I n v e s t i g a t o r s  h a v e  d e s c r i b e d  a number o f  v a r i a b l e s  t h a t  e n t e r  i n t o
t h e  mood r e s p o n s e  t o  m a r i j u a n a  ( J o n e s ,  1 9 7 1 ) .  T h e s e  I n c l u d e  d o s a g e ,
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p a s t  e x p e r i e n c e ,  a t t i t u d e ,  e x p e c t a t i o n s ,  and s e t t i n g .  F o r  e x a m p le ,  
i n d i v i d u a l s  who u s e d  m a r i j u a n a  i n  i s o l a t i o n  t e n d e d  t o  be r e l a x e d  and 
s l i g h t l y  d r o w s y ;  i n  c o n t r a s t ,  when t h e  u s e r  was i n  a g r o u p  s i t u a t i o n ,  
m a r i j u a n a  was a s s o c i a t e d  w i t h  e u p h o r i a  and l a c k  o f  s e d a t i v e  e f f e c t  
( J o n e s ,  1 9 7 1 ) .  F u r t h e r  e v i d e n c e  t h a t  mood c h a n g e s  a r e  n o t  a t t r i b u t ­
a b l e  s o l e l y  t o  t h e  p h a r m a c o l o g i c a l  a c t i o n  o f  m a r i j u a n a  c o n e s  f r o m  a 
s t u d y  t h a t  f o u n d  t h a t  e l e v a t i o n  i n  mood o c c u r r e d  im m e d i a t e l y  b e f o r e  
u s e  o f  m a r i j u a n a  and  im m e d i a t e l y  a f t e r ,  b u t  t h a t  mood was n o t  
c o r r e l a t e d  w i t h  o t h e r  i n d i c a t i o n s  o l 1 t h e  s u b j e c t i v e  l e v e l  o f  
i n t o x i c a t i o n  ( R o s s i  e t  a l . ,  1 9 7 8 ) .  I n s t e a d ,  mood was c o r r e l a t e d  
s i g n i f i c a n t l y  w i t h  t h e  m oods o f  o t h e r s ,  w h e t h e r  o r  n o t  t h e  o t h e r  
p e r s o n s  w e re  i n t o x i c a t e d .

I t  a p p e a r s  t h a t  p r e e x i s t i n g  mood c a n  i n f l u e n c e  t h e  d e c i s i o n  t o  
u s e  m a r i j u a n a *  H ig h  s c h o o l  s t u d e n t s  v h o  e x h i b i t  symptom s o f  
d e p r e s s i o n  a r e  m o re  l i k e l y  t h a n  a r e  o t h e r s  t o  b e g i n  u s i n g  m a r i j u a n a  
a s  w e l l  a s  o t h e r  i l l i c i t  d r u g s  ( P a t o n  e t  a l . ,  1 9 7 7 ) .  T h e r e  i s  some 
e v i d e n c e  t h a t  s t u d e n t s  u s e  t h e  d r u g  a s  a  s e l f - p r e s c r i b e d  rem edy  f o r  
t h e i r  own mood p r o b l e m s ,  o f t e n  r e p o r t i n g  t h a t  t h e y  u s e  m a r i j u a n a  a s  a 
m eans o f  p s y c h o l o g i c a l  c o p in g  ( J o h n s t o n  e t  a l . ,  1 9 8 0 ;  K a p l a n ,  1 9 8 0 ) .

A b e l i e f  t h a t  m a r i j u a n a  c a n  be  u s e d  t o  a l l e v i a t e  c l i n i c a l  
d e p r e s s i o n  i s  n o t  s u p p o r t e d  b y  o t h e r  s t u d i e s ,  i n c l u d i n g  o n e  i n  w h ic h  
A-9-THC was c a r e f u l l y  t e s t e d  a s  a n  a n t i d e p r e s s a n t .  I t  was g i v e n  t o  
d e p r e s s e d  p a t i e n t s  a s  i n  e x p e r im e n t a l  t r e a t m e n t  w i t h o u t  s u c c e s s  
(A b lo n  a n d  G o odw in ,  1 9 7 4 )  ( s e e  C h a p t e r  7 ) .

I n t e r p e r s o n a l  B e h a v i o r

A d o l e s c e n t s  and y o ung  a d u l t s  o f t e n  r e p o r t  t h a t  t h e y  u s e  m a r i j u a n a  t o  
f a c i l i t a t e  i n t e r a c t i o n  i n  n e v  s o c i a l  s i t u a t i o n s  (M i r i n  and  M cKenna ,
1 9 7 5 ) .  I n  a s u r v e y  o f  7 0 4  m id w e s t e r n  u n d e r g r a d u a t e  s t u d e n t s ,  m o s t  
r e p o r t e d  t h a t  m a r i j u a n a  was a  w a n i n g f u l  " t o o l  o f  s o c i a l  b o n d in g "  
( L i n n ,  1 9 7 1 ) .  T h e r e  seem s t o  b e  a  w id e s p r e a d  b e l i e f  t h a t  m a r i j u a n a  
sm ok ing  h a s  s e v e r a l  f a c i l i t a t i v e  e f f e c t s ,  i n c l u d i n g  e n h an c e d  s o c i a l  
e f f e c t i v e n e s s ,  c l o s e r  s o c i a l  b o n d i n g ,  h e i g h t e n e d  i n t e r p e r s o n a l  
s e n s i t i v i t y  and  em p a th y ,  and  e n h a n c e d  s e x u a l  p l e a s u r e .  The 
s u b c u l t u r a l  l o r e  o n  o n e  o f  t h e s e  m e a s u r e s  o f  i n t e r p e r s o n a l  b e h a v i o r -  
s e x u a l  e f f e c t s — h a s  n o t  b e en  s t u d i e d  s y s t e m a t i c a l l y  e i t h e r  i n  s u r v e y s  
o r  i n  e x p e r im e n t a l  s t u d i e s .  The  a f f e c t s  o n  s e x  h o rm on e s  a r e  
c o n t r o v e r s i a l  ( s e e  C h a p t a r  5 ) .  S t u d i e s  i n  e x p e r im e n t a l  s i t u a t i o n s  
h a v e  f a i l e d  t c  show a n y  e n h an c em en t  o f  s o c i a l  i n t e r a c t i o n  a n d ,  i n  
f a c t ,  some d e c r e m e n t s  w e re  n o t e d  ( G a l a n t e r  e t  a l . ,  1 9 7 4 ;  C l o p t o n  e t  
a l . ,  1 9 7 9 ;  J a n ow s k y  e t  a l . ,  1 9 7 9 ) .  D a t a  f r o m  n a t u r a l  s e t t i n g s  r a t h e r  
t h a n  e x p e r im e n t a l  s e t t i n g s  a r e  n o t  a v a i l a b l e .

E f f e c t s  o n  A g g r e s s i o n

B e c a u s e  m a r i j u a n a  u s e r s  h a v e  b e e n  i n v o l v e d  i n  d e l i n q u e n t  b e h a v i o r ,  a  
number o f  i n v e s t i g a t o r s  h a v e  q u e s t i o n e d  w h e t h e r  u s e  o f  m a r i j u a n a  
e n h a n c e s  a g g r e s s i v e n e s s  i n  human b e i n g s .  T h e r e  a r e  s p e c i f i c  c o n c e r n s
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a b o u t  p o t e n t i a l  l i n k s  o f  u ae  o f  m a r i j u a n a  t o  a g g r e s s i o n .  B o t h  
r e t r o s p e c t i v e  and e x p e r im e n t a l  s t u d i e s  i n  human b e i n g s  h a v e  f a i l e d  t o  
y i e l d  e v id e n c e  t h a t  m a r i j u a n a  u a e  l e a d s  t o  i n c r e a s e d  a g g r e s s i o n .
M os t  o f  t h e s e  s t u d i e s  s u g g e s t  q u i t e  t h e  c o n t r a r y  e f f e c t .  M a r i j u a n a  
a p p e a r s  t o  h a v a  a s e d a t i v e  e f f e c t /  and i t  may r e d u c e  somewhat t h e  
i n t e n s i t y  o f  a n g r y  f e e l i n g s  and t h e  p r o b a b i l i t y  o f  I n t e r p e r s o n a l  
a g g r e s s i v e  b e h a v i o r  (M cG u ire  and M eg a re e /  1 9 7 4 ;  T i n k l e n b e r g /  1 9 7 4 ;  
S a lzm a n  e t  a l . ,  1 9 7 6 ;  T a y l o r  e t  a l . ,  1 9 7 6 ;  T i n k l e n b e r g  e t  a l . ,  1 9 7 6 b ;  
H e m p h i l l  an d  F i s h e r ,  1 9 8 0 ) .

SDM4ART

T h e r e  i s  e x p e r im e n t a l  e v i d e n c e  t h a t  m a r i j u a n a  s e r i o u s l y  im p a i r s  
p s y c h o m o t o r  p e r f o rm a n c e .  S t r o n g  e v id e n c e  f o r  im p a i rm e n t  h a s  b een  
f o u n d  i n :

* c o o r d i n a t i o n  a s  e x am in ed  by  hand s t e a d i n e s s ,  b o d y  sw ay , and 
a c c u r a c y  o f  e x e c u t i o n  o f  m ovem en t ;

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

L e s s  r e l i a b l e  e v i d e n c e  c f  im p a i rm e n t  o r  r e l i a b l e  e v i d e n c e  o f  a 
s m e l l  d e g r e e  o f  im p a i rm e n t  was f o u n d  i n  r e a c t i o n  t im e ,  s im p l e  s e n s o r y  
f u n c t i o n s ,  and c o n t r o l  o f  e y e  m ovem en ts .  A l t h o u g h  t h e  e f f e c t s  t h a t  
m a r i j u a n a  p r o d u c e s  o n  p s y c h o n o t o r  f u n c t i o n s  u s e d  i n  d r i v i n g  a r e  c l e a r ,  
s t u d i e s  l i n k i n g  m a r i j u a n a  t o  a u t o  a c c i d e n t s  a r e  i n c o n c l u s i v e .  The 
r e s e a r c h  i s  im p a i r e d  by  m e t h o d o l o g i c a l  p r o b l e m s  r e l a t e d  t o  th e  
p h a rm a c o lo g y  o f  m a r i j u a n a .  One r e c e n t  s t u d y  r e p o r t e d  t h a t  m a r i j u a n a  
and a l c o h o l  had a s i m i l a r  d e g r e e  o f  a s s o c i a t i o n  w i t h  f a t a l  a c c i d e n t s ,  
b u t  m o re  i n v e s t i g a t i o n  i s  n e e d e d .

S t u d i e s  a l s o  h a v e  shown a c u t e  e f f e c t s  o f  m a r i j u a n a  o n  s h o r t - t e r m  
m em o ry . S t a t e - d e p e n d e n t  l e a r n i n g  a l s o  h a s  b e en  sh ow n , i n  t h a t  
i n f o r m a t i o n  o r  p r o b l a m - s o l v i n g  s k i l l s  l e a r n e d  i n  t h e  i n t o x i c a t e d  
s t a t e  w i l l  be  r e d u c e d  o r  im p a i r e d  i n  t h e  d r u g - f r e e  s t a t e .  One 
l a b o r a t o r y  h a s  shown t r a c k i n g  im p a i rm e n t  t o  p e r s i s t  f o r  4 t o  8 h o u r s  
b e yon d  t h e  f e e l i n g  o f  i n t o x i c a t i o n .  Some a n im a l  s t u d i e s  d e m o n s t r a t e  
a l e a r n i n g  d e f i c i t  t h a t  p e r s i s t s  f o r  m on th s  a f t s r  m a r i j u a n a  e x p o s u r e  
h a s  b een  d i s c o n t i n u e d ,  b u t  human s t u d i e s  d o  n o t  p e r m i t  s e c u r e  
c o n c l u s i o n s .

T h e  a c u t 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  a r e  f a i r l y  w e l l  
e s t a b l i s h e d ,  a l t h o u g h  t h e r e  i s  n o  g e n e r a l  a g r e e m e n t  a s  t o  how t o  
c l a s s i f y  th em . A n x i e t y  and p a n i c  r e a c t i o n s  h a v e  b een  r e p o r t e d  by  
u s e r s  and  o b s e r v e d  i n  e x p e r im e n t a l  s i t u a t i o n s ,  f t i e y  a r e  n o t  
uncommon, b u t  t h e y  r a r e l y  r e q u i r e  m e d i c a l  a t t e n t i o n .  When m a r i j u a n a  
i s  u s e d  t o  t r e s t  n s u s e s  and o t h e r  c o n d i t i o n s ,  m e n t a l  e f f e c t s  c a n  
o c c u r ,  w h ic h  some p a t i e n t s ,  e s p e c i a l l y  o l d e r  p e r s o n s ,  may r e g a r d  a s  
u n p l e a s a n t .  T h a s e  m e n t a l  e f f e c t s  may r e q u i r a  c e s s a t i o n  o f  t h e  
t r e a t m e n t .
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M a r i j u a n a  a l i o  h a s  b e en  f o u n d  t o  p r o d u c e  an  a c u t e  b r a i n  
s y n d r o m e .  T h i s  i s  a  m o re  s e v e r e  m e n t a l  p r o b l e m  c o n s i s t i n g  o f  
c o n f u s i o n  and  l o s s  o f  c o n t a c t  w i t h  r e a l i t y .  I t  l a s t s  f r o m  s e v e r a l  
h o u r s  t o  s e v e r a l  d a y s  and a p p e a r s  t o  be m o re  l i k e l y  t o  o c c u r  w i t h  
h i g h e r  d o s e s .

C h r o n i c  e f f e c t s  o f  a n y  d r u g  a r e  m o re  d i f f i c u l t  t o  a s s e s s  t h a n  a r e  
im m e d ia te  e f f e c t s .  The e v 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 h r o n i c  
p s y c h o s i s  i s  n o t  c o n v i n c i n g .  The p o s s i b l e  r o l e  o f  a a r i j u a n a  i n  
c a u s i n g  a n  a m o t i v a t i o n a l  s ynd rom e  i s  a  m a t t e r  o f  g r e a t  c o n c e r n .
A p a t h y ,  p o o r  s c h o o l  w o rk  o r  w o rk  p e r f o rm a n c e ,  and l a c k  o f  g o a l s  
c h a r a c t e r i z e  a number o f  l o n g - t e r m  a a r i j u a n a  u s e r s .  B u t  i t  h a s  n o t  
b e en  p o s s i b l e  t o  d e t e rm in e  how a u c h  i s  c a u s e d  by  u s e  o f  m a r i j u a n a  and 
how much was a n t e c e d e n t ;  i t  seem s l i k e l y  t h a t  b o t h  f a c t o r s  (d ru g  
e f f e c t  and s c l f - s e l e c t i o n )  c o n t r i b u t e  t o  t h e  m o t i v a t i o n a l  p r o b le m s  
s e e n  i n  c h r o n i c  u s e r s  o f  m a r i j u a n a .  E x i s t i n g  s t u d i e s  h a v e  p r o d u c e d  
c o n f l i c t i n g  r e s u l t s .  None o f  t h e  i n v e s t i g a t o r s  h a s  l o o k e d  a t  e f f e c t s  
on  t h e  v e r y  y o u n g  d a i l y  m a r i j u a n a  u s e r ,  who i s  r e g a r d e d  a s  p o t e n t i a l l y  
a t  h i g h  r i s k  f o r  d am ag ing  e f f e c t s  b e c a u s e  o f  p h y s i o l o g i c a l  and 
p s y c h o l o g i c a l  im m a t u r i t y .

T h e r e  i s  c l i n i c a l  e v i d e n c e  t h a t  m a r i j u a n a  u s e  by  f o rm e r  LSD u s e r s  
may p r e c i p i t a t e  a r e c u r r e n c e  o f  L S D - t y p e  h a l l u c i n a t i o n s  known a s  a 
" f l a s h b a c k . * O t h e r  c l i n i c a l  e v i d e n c e  r a i s e s  t h e  p o s s i b i l i t y  t h a t  
m a r i j u a n a  u s e  c a n  w o r s e n  p r e e x i s t i n g  m e n t a l  i l l n e s s .

RECOMMENDATIONS POR RESEARCH 

The c o m m i t t e e  recom m ends t h e  f o l l o w i n g  t y p e s  o f  u t u d i s s .

* S y s t e m a t i c  r e s e a r c h  o n  a c u t e  b e h a v i o r a l  and p s y c h o s o c i a l  
e f f e c t s  o f  m a r i j u a n a  s h o u l d  be e x t e n d e d  t o  o t h e r  ag e  g r o u p s .  T h e r e  
a r e  v i r t u a l l y  n o  d a t a  o n  p r e p u b e r t a l  c h i l d r e n ,  y o ung  a d o l e s c e n t s ,  
o l d e r  a d u l t s ,  an d  a g in g  p e r s o n s .

* S t u d i e s  o f  a f f e c t s  o f  d a i l y  u s e  o f  m a r i j u a n a  o n  s c h o o l  
c h i l d r e n  a r e  g r e a t l y  n e e d e d .  T h e s e  e f f e c t s  s h o u l d  i n c l u d e  t h e  
l e a r n i n g  o f  new m a t e r i a l ,  p h y s i c a l ,  p s y c h o l o g i c a l ,  an d  s o c i a l  
d e v e l o p m e n t ,  a c q u i s i t i o n  o f  c o p i n g  s k i l l s ,  and t o o l s  o f  d a i l y  l i v i n g .

* S y s t e m a t i c  s t u d i e s  o f  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  a r e  
i n c r e a s i n g l y  p o s s i b l e  now t h a t  l o n g i t u d i n a l  s t u d i e s  h a v e  i d e n t i f i e d  
r e p r e s e n t a t i v e  p a n e l s  o f  p e r s o n s  known t o  b e  c h r o n i c  h e a v y  u s e r s .  
T h e s e  s t u d i e s  s h o u l d  c o v e r  i n t e r a c t i v e  e f f e c t s  o f  m a r i j u a n a  and o t h e r  
d r u g s  on  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  r e s p o n u e s ,  e s p e c i a l l y  
i n t e r a c t i o n s  o f  a l c o h o l  and  m a r i j u a n a  b e c a u n e  o f  t h e i r  f r e q u e n c y  o f  
a s s o c i a t e d  u s e .

* D o sag e  e f f e c t s  s h o u ld  be r o s t u d i e d ,  C a k in g  i n t o  a c c o u n t  t h e  
h i g h e r  p o t e n c y  c a n n a b i s  t h a t  i s  i n  c u r r e n t  u a e .  F u r t h e r  s t u d y  i s  
n e ed ed  o f  t h e  t im i n g  a n d  d e p t h  o f  i n h a l a t i o n  o f  c i g a r e t t e s  w i t h  
s t a n d a r d  d o s e s  o f  m a r i j u a n a .  M o re  a n im a l  s t u d i e s  a t  v a r y i n g  d o s e s  
a r s  n e e d e d .  I n  v i e w  o f  t h e  l o n g - t e r m  r e t e n t i o n  o f  m a r i j u a n a  i n  b o d y  
t i s s u e s ,  f u r t h e r  s t u d y  i s  n e e d e d  t o  s e e  w h e th e r  o r  n o t  c h r o n i c  u s e r s  
may h a v e  im p a i rm e n t s  o f  f u n c t i o n  e v e n  i n  t h e  a b s e n c e  o f  a n  s c u t e  d o s e
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o f  m a r i j u a n a .  The f a c t o r s  t h a t  i n f l u e n c e  t h e  p e r s i s t e n c e  o f  e f f e c t s  
f o l l o w i n g  an  a c u t e  d o s e  a r e  n o t  u n d e r s t o o d .

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

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

* A c o h o r t  o f  d r u g - n a i v e  j u n i o r  h i g h  s c h o o l  s t u d e n t s  c o u l d  be 
a s s e m b le d  and f o l l o w e d  o v e r  t im e  t o  s e e  w h ic h  s t u d e n t s  become 
m a r i j u a n a  u s e r s  and w h ich  r e m a in  n o n u s e r s .  S t u d e n t s  w ou ld  be 
s u b j e c t e d  t o  p h y s i c a l  and p s y c h o s o c i a l  t e s t i n g  a t  p r e d e t e rm in e d  t im e  
i n t e r v a l s .  The two g r o u p s  w o u ld  be  e v a l u a t e d  i n  t e rm s  o f  t h e  
i n c i d e n c e  o f  s p e c i f i c  o u tc o m e s  and t h e  r e l a t i v e  r i s k s  a s s o c i a t e d  w i t h  
t h e s e  o u t c o m e s  a f t e r  a p p r o p r i a t e  f o l l o w - u p  p e r i o d * .

I n  o r d e r  t o  i d e n t i f y  r i s k  f a c t o r s  f o r  m a r i j u a n a  u s e ,  i n d i v i d u a l s  
who become m a r i j u a n a  u s e r s  w o u ld  b e  c o m p a re d  t o  i n d i v i d u a l s  who 
r e m a in  n o n u s e r s  u s i n g  a  c a s e - c o n t r o l  m e t h o d o l o g y .  By c om b in in g  t h e s e  
tw o  e p i d e m i o l o g i c  r e s e a r c h  s t r a t e g i e s ,  t h e  e t i o l o g y  and  e f f e c t s  o f  
m a r i j u a n a  u s e  may be s t u d i e d .
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A s s o c i a t i o n ,  Nev O r l e a n s ,  May 1 4 ,  1 9 8 1 .

A g a rw a . l ,  A . K . ,  S e t h i ,  B . B . ,  an d  G u p t a ,  S . C .  P h y s i c a l  and c o g n i t i v e  
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1 3 : 1 9 9 - 2 0 3 ,  1 9 8 0 .
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M a r i j u a n a  and  R i s k  T a k i n g .  C o n t r a c t  N o . D O T - H S - 1 9 1 - 2 - 3 0 1 . 
U n i v e r s i t y  o f  S o u t h  D a k o t a ,  V e r m i l l i o n ,  1 9 7 3 .

E v a n s ,  M .A . , M a r t z ,  R . ,  B row n ,  D . J . ,  e t  a l .  Im p a i rm e n t  o f
p e r f o rm a n c e  w i t h  l o w  d o s e s  o f  m a r ih u a n a .  C l i n .  P h a rm a c o l .  T h e r .  
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F a v a z z a ,  A .R .  and D om in o ,  E . F .  R e c u r r e n t  LSD e x p e r i e n c e  ( f l a s h b a c k s )  
t r i g g e r e d  b y  m a r i h u a n a .  U n i v .  M ic h .  Med. C a n t .  J .  3 5 : 2 1 4 - 2 1 6 ,  
1 9 6 9 .

F e h r ,  K . A . , K a l a n t ,  H . ,  L e b l a n c ,  A . Z . ,  and K n o x ,  G .V .  P e rm a n e n t  
l e a r n i n g  im p a i rm e n t  a f t e r  c h r o n i c  h e a v y  e x p o s u r e  t o  c a n n a b i s  o r  
e t h a n o l  i n  t h e  r a t ,  p p .  4 9 5 - 5 0 5 .  I n  N a h a s ,  G .G .  ( e d . )
M a r ih 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 ,  and 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 .

F e h r ,  K . O . ,  K a l a n t ,  H . ,  and  K n o x ,  G .V .  R e s i d u a l  e f f e c t s  o f  h i g h - d o s e  
c a n n a b i s  t r e a t m e n t  o n  l e a r n i n g  m u r i c i d a l  b e h a v i o r  and 
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p e r f o rm a n c e .  J .  D ru g  E d u c .  5 * 1 3 - 2 1 ,  1 9 7 5 .

F l s h b u r n e ,  P .M . ,  A b e l s o n ,  H . I . ,  an d  C i a i n ,  I .  N a t i o n a l  S u r v e y  o n  
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and  S z a r a ,  S .  ( e d s . )  P h a rm a c o lo g y  o f  M a r i h u a n a .  Naw Y o r k :  R avan  
P r e s s ,  1 9 7 6 .

J o n e s ,  R .T .  and  S t o n e ,  G .C .  P s y c h o l o g i c a l  s t u d i a s  o f  m a r i j u a n a  and 
a l c o h o l  i n  man . P s y c h o p h a rm a c o lo g i a  1 8 : 1 0 8 - 1 1 7 ,  1 9 7 0 .

K a p l a n ,  H .B .  D e v i a n t  B e h a v i o r  i n  D e f e n s e  o f  S e l f .  Naw Y o r k :
A c ad em ic  P r e s s ,  1 9 8 0 .

K e e l e r ,  M .H . ,  R e i f l e r ,  C . B . ,  and  L i p t z i n ,  M .B .  S p o n t a n e o u s
r e c u r r e n c e  o f  m a r ih u a n a  a f f e c t .  A m a r .  J .  P s y c h i a t r y  1 2 5 : 3 8 4 - 3 8 6 ,  
1 9 6 8 .

K i p l i n g e r ,  G . F . ,  Marino , J . S . ,  R o d d a ,  B . 2 . ,  and  F o r n e y ,  R .D .
D o a e - r e s p o n s e  a n a l y s i s  o f  t h a  a f f a c t s  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 an . C l i n .  P h a rm a c o l .  T h a r .  1 2 : 6 5 0 - 6 5 7 ,  1 9 7 1 .

K l o n o f f ,  H . E f f e c t s  o f  m a r i j u a n a  o n  d r i v i n g  i n  a r e s t r i c t e d  a r e a  and  
on  c i t y  s t r e e t s :  D r i v i n g  p e r f o rm a n c e  and  p h y s i o l o g i c a l  c h a n g e s ,
p p .  3 5 9 - 3 7 9 .  I n  M i l l a r ,  L . L .  ( a d . )  M a r i j u a n a :  E f f e c t s  o n  Human
B e h a v i o r .  Naw Y o r k :  A c ad em ic  P r e s a ,  1 9 7 4 .
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K o l a n s k y ,  H . and M o o r e ,  W .T . E f f e c t *  o f  m a rk h u an a  on  a d o l e s c e n t s  and
y oung  a d u l t a .  JAMA 2 1 6 : 4 8 6 - 4 9 2 ,  1 9 7 1 .

K o l a n a k y ,  H . and M o o r e ,  W .T . T o x i c  e f f e c t s  o f  c h r o n i c  m a r ih u a n a
u a * .  JAMA 2 2 2 : 3 5 - 4 1 ,  1 9 7 2 .

K o t i n ,  J , ,  P o a t ,  R .M . , and  G o odw in ,  P . K .  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  d e p r e a a o d  p a t i e n t * .  A r c h .  G en . P s y c h i a t r y  
2 8 : 3 4 5 - 3 4 8 ,  1 9 7 3 .

K v a l s e t h ,  T .O .  E f f e c t *  o f  m a r i j u a n a  o n  human r e a c t i o n  t im e  and m o t o r
c o n t r o l .  P e r c e p t .  M o t .  S k i l l *  4 5 : 9 3 5 - 9 3 9 ,  1 9 7 7 .

L i r . n ,  L . S .  S o c i a l  i d e n t i f i c a t i o n  and t h e  u s e  o f  m a r i j u a n a .  I n t .  J .  
A d d i c t .  6 : 7 9 - 1 0 7 ,  1 9 7 1 .

L i n n ,  L . S .  P s y c h o p a t h o l o g y  and  e x p e r i e n c e  w i t h  m a r i j u a n a .  B r .  j .  
A d d i c t .  6 7 : 5 5 - 6 4 ,  1 9 7 2 .

L u n d b o r g ,  G . D . ,  A d e l a o n ,  J . ,  and  P r o a n i t z ,  E .H .  M a r i j u a n a - i n d u c e d  
h o s p i t a l i z a t i o n .  JAMA 2 1 5 : 1 2 1 ,  1 9 7 1 .

M cBay , A . J .  and Owena, S .M .  M a r ih u a n a  and  d r i v i n g ,  p p .  2 5 7 - 2 6 3 .  I n  
H a r r i a ,  L . S .  ( e d . )  P r o b l e m s  o f  D rug  D e p e n d e n c e ,  1 9 8 0 . NIDA 
R e s e a r c h  M onog raph  N o . 3 4 .  DHHS P u b l i c a t i o n  N o . (ADM) 8 1 - 1 0 5 8 .  
W a s h in g t o n ,  D . C . : U . S .  G o v e rnm en t  P r i n t i n g  O f f i c e ,  1 9 8 1 .

M c G l o t h l i n ,  W .H . and  W e s t ,  L . J .  The m a r i j u a n a  p r o b l e m :  An
o v e r v i e w .  Am. J .  P s y c h i a t r y  1 2 5 : 3 7 0 - 3 7 8 ,  1 9 6 8 .

M c G u i r e ,  J . S .  and  M e g a re e ,  £ . 1 .  P e r s o n a l i t y  c o r r e l a t e s  o f  m a r i j u a n a  
u s e  among y o u t h f u l  o f f e n d e r s .  J .  C o n s u l t .  C l i n .  P s y c h o l .  
4 2 : 1 2 4 - 1 3 3 ,  1 9 7 4 .

M anno , J . E . ,  I ' i p l i n g e r ,  G . F . ,  S c h o l z ,  N . ,  e t  a l .  Ths i n f l u e n c e  o f  
a l c o h o l  a i .d  m a r ih u a n a  o n  m o t o r  and m e n t a l  p e r f o r m a n c e .  C l i n .  
P h a rm a c o l .  T h e r .  1 2 : 2 0 2 - 2 1 1 ,  1 9 7 1 .

M a r c u s ,  A .M . ,  K l o n o f f ,  H . ,  and  Low , M. P s y c h i a t r i c  s t a t u s  o f  t h e  
m a r ih u a n a  U t fe r .  C a n .  P s y c h i a t r .  A s s o c .  J .  1 9 : 3 1 - 3 9 ,  1 9 7 4 .

M a y o r ’ s  C om m it te e  o n  M a r i h u a n a .  The M a r ih u a n a  P r o b le m  i n  t h e  C i t y  o f  
New Y o r k .  S o c i o l o g i c a l ,  M e d i c a l ,  P s y c h o l o g i c a l  and 
P h a r m a c o l o g i c a l  S t u d i e s .  L a n c a s t e r ,  P a . :  J a q u e s  C a t t e l l  P r e s s ,
1 9 4 4 .

M e lg e s ,  P . T . ,  T i n k l e n b e r g ,  J . R - ,  D e a r d o r f f ,  C .M . , e t  a l .  T em p o ra l  
d i s o r g a n i z a t i o n  and d e l u s i o n a l - l i k e  i d e a t i o n .  A r c h .  G en . 
P s y c h i a t r y  3 0 : 8 5 5 - 8 6 1 ,  1 9 7 4 .

M e lg e s ,  P . T .  T r a c k i n g  d i f f i c u l t i e s  and p a r a n o i d  i d e a t i o n  d u r i n g  
h a s h i s h  and  a l c o h o l  i n t o x i c a t i o n .  Am. J .  P s y c h i a t r y  
1 3 3 : 1 0 2 4 - 1 0 2 8 ,  1 9 7 6 .

M e n d e l s o n ,  J .  and M e y e r ,  R .  B e h a v i o r a l  and b i o l o g i c a l  c o n c o m i t a n t s  
o f  c h r o n i c  m a r ih u a n a  sm ok in g  b y  h e a v y  and  c a s u a l  u s e r s .
T e c h n i c a l  P a p e r s  o f  t h e  P l r s t  R e p o r t  o f  t h e  N a t i o n a l  C om m it te e  on 
M a r ih u a n a  and D ru g  A b u a e , p p .  6 8 - 2 4 6 .  W a s h i n g t o n ,  D . C . :  CJ.S.
G o v e rnm en t  P r i n t i n g  O f f i c e ,  1 9 7 2 .

M e n d h i r a t t a ,  S . S . ,  W ig ,  N . N . ,  and  V a rm a , S . K ,  Same p s y c h o l o g i c a l  
c o r r e l a t e *  o f  l o n g - t e r m  h e a v y  c a n n a b i a  u s e r s .  B r .  J .  P s y c h i a t r y  
1 3 2 : 4 8 2 - 4 8 6 ,  1 9 7 8 .

M a y e r ,  R . E .  P s y c h i a t r i c  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 :  The s t a t e  o f
t h *  e v i d e n c e ,  p p .  1 3 3 - 1 5 2 .  I n  T i n k l e n b e r g ,  J . R .  ( e d . )  M a r i j u a n a  
and  H e a l t h  H a z a r d s :  M e t h o d b 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 .
New Y o r k :  A cadem ic  P r e s s ,  I n c . ,  1 9 7 5 .
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M i l l e r ,  L . L . , C o r n e t t ,  T . L . , B r i g h t w e l l ,  D . R . , e t  a l .  M a r i j u a n a :  
E f f e c t s  o n  s t o r a g e  and r e t r i e v a l  o f  p r o s e  m a t e r i a l .  
P s y c h o p h a rm a c o lo g y  5 1 : 3 1 1 - 3 1 6 ,  1 9 7 7 a .

M i l l e r ,  L . ,  C o r n e t t ,  T . ,  D rew , W . ,  e t  a l .  M a r i j u a n a :  D o s e - r e s p o n s e
e f f e c t s  o n  p u l s e  r a t e ,  s u b j e c t i v e  e s t im a t e s  o f  p o t e n c y ,  
p l e a s a n t n e s s ,  and r e c o g n i t i o n  m em o ry . P h a rm a c o l o g y  1 5 : 2 6 8 - 2 7 5 ,  
1 9 7 7 b .

M i l l e r ,  L . L * , M c P a r l a n d ,  D . J . ,  C o r n e t t ,  T . L . ,  e t  a l .  M a r i j u a n a :  
E f f e c t s  o n  f r e e  r e c a l l  and s u b j e c t i v e  o r g a n i z a t i o n  o f  p i c t u r e s  
an d  w o rd s .  P s y c h o p h a r a a c o l o g y  5 5 : 2 5 7 - 2 6 2 ,  1 9 7 7 c .

M i l l e r ,  L . L . , M c P a r l a n d ,  D . , C o r n e t t ,  T . L . , an d  B r i g h t w e l l ,  D .  
M a r i j u a n a  and memory im p a i rm e n t :  E f f e c t  o n  f r e e  r e c a l l  and
r e c o g n i t i o n  m em ory . P h a rm a c o l .  B lo c h e m .  B e h a v .  7 : 9 9 - 1 0 3 ,  1 9 7 7 d .

M i l l e r ,  L . L .  and  C o r n e t t ,  T . L .  M a r i j u a n a :  D o se  e f f e c t s  on  p u l s e
r a t e ,  s u b j e c t i v e  e s t im a t e s  o f  i n t o x i c a t i o n ,  f r e e  r e c a l l  and 
r e c o g n i t i o n  m emory . P h a rm a c o l .  B lo c h e m .  B e h a v .  9 : 5 7 3 - 5 7 7 ,  1 9 7 8 .

M i l l e r ,  L . , C o r n e t t ,  T . L . ,  and  M c F a r l a n d ,  D . M a r i j u a n a :  An a n a l y s i s
o f  s t o r a g e  and r e t r i e v a l  d e f i c i t s  i n  memory w i t h  t h e  t e c h n iq u e  o f  
r e s t r i c t e d  r e m in d i n g .  P h a rm a c o l .  B lo c h e m .  B e h a v .  8 : 3 2 7 - 3 3 2 ,  
1 9 7 8 a .

M i l l e r ,  L . ,  C o r n e t t ,  T . L . ,  and N a l l a n ,  G . M a r i j u a n a :  E f f e c t  on
n o n v e r b a l  f r e e  r e c a l l  a s  a f u n c t i o n  o f  f i e l d  d e p e n d e n c e .
P s y c h o p h a rm a c o lo g y  5 8 : 2 9 7 - 3 0 1 ,  1 9 7 8 b .

M i l l e r ,  L . L * , C o r n e t t ,  T . L . , and W i k l e r ,  A . M a r i j u a n a :  E f f e c t s  o n
p u l s e  r a t e ,  s u b j e c t i v e  e s t im a t e s  o f  i n t o x i c a t i o n  and  m u l t i p l e  
m e a s u r e s  o f  m em ory . L i f e  S c i .  2 5 : 1 3 2 5 - 1 3 3 0 ,  1 9 7 9 .

M i l s t e i n ,  S . L * ,  M a c C a n n e l l ,  K . ,  K a r r ,  G . , and  C l a r k ,  S .  M a r i j u a n a -  
p r o d u c e d  im p a i rm e n t s  i n  c o o r d i n a t i o n .  J .  N s r v .  M en t .  P i s .  
1 6 1 : 2 6 - 3 1 ,  1 9 7 5 .

M i r i n ,  S .M . and McKv n a ,  G . J .  C om ba t z o n e  a d j u s t m e n t :  The r o l e  o f
m a r ih u a n a  u s e .  M i l i t .  Med. 1 4 0 : 4 8 2 - 4 8 5 ,  1 9 7 5 .

M o s k o w i t z ,  S . ,  S h a rm a ,  S . ,  and M c G l o t h l i n ,  W. E f f e c t  o f  m a r ih u a n a  
upon p e r i p h e r a l  v i s i o n  ■*s a f u n c t i o n  o f  t h e  i n f o r m a t i o n  
p r o c e s s i n g  demands i n  c e n t r a l  v i s i o n .  P e r c e p t .  M o t .  S k i l l s  
3 5 : 8 7 5 - 8 6 2 ,  1 9 7 2 .

M o s k o w i t z ,  H . ,  S h e a ,  R . ,  and B u r n s ,  K .  E f f e c t  o f  m a r ih u a n a  o n  t h e  
p s y c h o l o g i c a l  r e f r a c t o r y  p e r i o d .  P e r c e p t .  M o t .  S k i l l s  
3 8 : 9 5 9 - 9 6 2 ,  1 9 7 4 .

M o s k o w i t z ,  H . ,  Z ie dm an , K . ,  and  S h a rm a ,  S .  V i s u a l  s e a r c h  b e h a v i o r  
w h i l e  v i e w in g  d r i v i n g  s c e n e s  u n d e r  t h e  I n f l u e n c e  o f  a l c o h o l  and  
m a r i h u a n a .  Bum. F a c t o r s  1 8 : 4 1 7 - 4 3 2 ,  1 9 7 6 .

M o s k o w i t z ,  H . and  S h a rm a ,  S .  The e f f e c t s  o f  m a r ih u a n a  o n  s k i l l s  
p e r f o rm a n c e .  R e p o r t  t o  t h e  N a t i o n a l  I n s t i t u t e  on  D ru g  A bu se ,  
C o n t r a c t  N o . 2 7 1 - 7 6 - 3 3 1 6 ,  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 ,  
L o s  A n g e l e s ,  C a l i f . ,  1 9 7 9 .

M o s k o w i t z ,  S . ,  S h a rm a ,  S . ,  and  Z ie d m an ,  K .  D u r a t i o n  o f  s k i l l s
p e r f o rm a n c e  im p a i rm e n t  u n d e r  m a r i j u a n a .  A m e r ic a n  A s s o c i a t i o n  f o r  
A u to e x s t iv e  M e d ic in e  P r o c e e d i n g s , O c t o b e r  1 - 3 ,  1 9 8 1 ,  p p .  8 7 - 9 6 .
S an  F r a n c i s c o ,  C a l i f . .

M u rp h y ,  H .B .M .  Tha c a n n a b i s  h a b i t :  A r e v i e w  o f  r e c e n t  p s y c h i a t r i c  
l i t e r a t u r e .  B u l l .  N a r c .  1 5 : 1 5 - 2 3 ,  1 9 6 3 .
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N a t a l * ,  M . ' Z e i d e r b e r g , P .»  and J a f f a #  J *  D e l t a - 9 -
t a t r a h y d r o c a n n i b l n o l :  A c u ta  a f f a c t s  a n  d e f e n s i v e  and
p r im a r y - p r o c e s n  l a n g u a g e .  I n t .  J .  A d d i c t .  1 4 : 8 7 7 - 8 8 9 '  1 9 7 9 .

N e g r e t e #  J . C .  and ltwan# M.W. R e l a t i v e  v a l u e  o f  v a r i o u s  e t i o l o g i c a x  
f a c t o r s  i n  s h o r t  l a s t i n g #  a d v a r a a  p s y c h o l o g i c a l  r a a c t i o n s  t o  
c a n n a b i s  sm o k in g .  I n t .  P h a rm a c o p s y c h i a t .  7 : 2 4 9 - 2 5 9 #  1 9 7 2 .

P a t o n #  S . #  K e s s l e r #  R . # and K a n d a l#  D . D a p r a s s i v a  mood and
a d o l a s c a n t  i l l i c i t  d r u g  u s a :  A l o n g i t u d i n a l  a n a l y s i s .  J .  G e n e t .
P s y c h o l .  1 3 1 : 2 6 7 - 2 8 9 #  1 9 7 7 .

P a u l #  M . I . and C a r s o n #  I .M .  M a r ih u a n a  and  c o m m u n i c a t i o n .  L a n c e t  
2 : 2 7 0 - 2 7 1 #  1 9 7 3 .

P e a k s #  S . C . #  J o n a s #  R . T . # and S t o n a #  G .C .  E f f e c t s  o f  p r a c t i c e  on  
m a r i j u a n a - i n d u c e d  c h a n g e s  i n  r e a c t i o n  t im e .  P s y c h o p h a rm a c o lo g y  
4 8 : 1 5 9 - 1 6 3 #  1 9 76 . .

P f e f f e r b a u m #  A .#  D a r l e y #  C . F . ,  T i n k l e n b e r g #  J . R . » a t  a l .  M a r i j u a n a  
and memory i n t r u s i o n s .  J .  N e r v .  M en t .  P i s .  1 6 5 : 3 8 1 - 3 8 6 #  1 9 7 7 .

P i l l a r d #  R .C .  M a r i j u a n a .  N . E n c l .  J .  Med. 2 8 3 : 2 9 4 - 3 0 3 ,  1 9 7 0 .
R a d o u c o -T h o m a s # S . #  M tgnan# P . #  G ro v e #  R . N . # a t  a l .  E f f o c t  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  t e t r a h y d r o c a n n a b i n o l  o n  l e a r n i n g  
and memory i n  d e v s l p i n g  m ic a #  p p .  4 8 7 - 4 9 8 .  I n  B r a u d a #  M .C . and 
S z a r a #  S .  ( e d s . )  IP h a rm a c o lo g y  o f  M a r i h u a n a . New Y o r k :  R aven  
P r a s s #  1 9 7 6 .

R a f a e l s e n #  L . #  C h r i s t j r u p #  a . #  Bach# P . #  an d  R a f a e l s e n #  O . J .  E f f e c t s  
o f  c a n n a b i s  and a l c o h o l  o n  p s y c h o l o g i c a l  t a s t s .  N a t u r e  
2 4 2 : 1 1 7 - 1 1 8 ,  1 9 7 3 ,

R ay#  R .#  P ra b h u #  G .G . , ,  Mohan# D .#  a t  a l .  Tha a s s o c i a t i o n  b e tw een  
c h r o n i c  c a n n a b i s  u s e  and  c o g n i t i v e  f u n c t i o n s .  D ru g  A l c o h o l  
D ep end en c e  3 : 3 6 5 - 3 6 8 #  1 9 7 8 .

R o s s i #  A .M .#  K u e h n le #  J . C . #  and  M en d e ls o n #  J . B .  E f f e c t s  o f  m a r ih u a n a  
o n  r e a c t i o n  t im e  and  s h o r t - t e r m  memory i n  human v o l u n t e e r s .  
P h a rm a c o l .  B io c h em . B e h a v .  6 : 7 3 - 7 7 #  1 9 7 7 .

R o s s i #  A .M .#  K u e h n le #  J . C . #  and  M en d e ls o n #  J . H .  M a r i h u a n a  and  mood 
i n  human v o l u n t e e r s .  P h a rm a c o l .  B i o c h e a .  B e h a v .  8 : 4 4 7 - 4 5 3 #  1 9 7 8 .

R o th #  W . T . # R o s e n b lo o n #  M . J . #  D a r l e y #  C „ F . #  e t  a l .  M a r ih u a n a  e f f e c t s  
o n  TAT f o rm  and c o n t e n t .  P s y c h c p h a rm a c o lo g i a  4 3 : 2 6 1 - 2 6 6 #  1 9 7 5 .

R u b in #  V .  and Ccm itaa ,#  L .  G a n ia  i n  J a m a i c a :  A M e d i c a l
A n t h r o p o l o g i c a l  S t u d y  o f  C h r o n i c  M a r i j u a n a  Q s e .  T h *  H a g u e :
M ou ton  and C o .#  1 9 7 5 .

S a lzm a n #  C .#  Van D e r  K o l k #  B . A . # and  S h a d e r #  R . I .  M a r i j u a n a  and  
h o s t i l i t y  i n  a s m a l l - g r o u p  s e t t i n g .  Am. J .  P s y c h i a t r y  
1 3 3 : 1 0 2 9 - 1 0 3 3 #  1 9 7 6 .

S a t z #  P . #  F l e t c h e r #  J . M . # and S u t k e r #  L . S .  N e u r o p s y c h o l o g i c #
i n t e l l e c t u a l #  an d  p e r s o n a l i t y  c o r r e l a t e s  o f  c h r o n i c  m a r i j u a n a  u s e  
i n  n a t i v e  C o s t a  R i c a n s .  A nn . N .Y .  A c a d .  S c i .  2 8 2 : 2 6 6 - 3 0 6 #  1 9 7 6 .

S c h a e f e r #  C . F . # Gunn# C .G . #  and  D ubow sk i#  K .M .  D o s e - r e l a t e d
h e a r t - r a t e #  p e r c e p t u a l #  and  d e c i s i o n a l  c h a n g e s  i n  man f o l l o w i n g  
m a r ih u a n a  sm o k in g .  P e r c e p t .  M o t .  S k i l l s  4 4 : 3 - 1 6 #  1 9 7 7 .

S c h a e f f e r #  J . #  A n d r y t i a k #  T . #  and  U n g e r l e i d e s #  J . T .  C o g c n t i o n  and 
l o n g - t e r m  u s e  o f  g a u j a  ( c a n n a b i s ) .  S c i e n c e  2 1 3 : 4 6 5 - 4 6 6 #  1 9 8 1 .

Sh a rm a#  S .  end M o s k ow i t z #  H. E f f e c t  o f  m a r i h u a n a  o n  t h e  v i s u a l
a u t o k i n e t i c  p h en om en on . P e r c e p t .  M o t .  S k i l l s  3 5 : 8 9 1 - 8 9 4 #  1 9 7 2 .
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Sh a rm a ,  S .  an d  M o s k o w i t z ,  H . M a r ih u a n a  D oae S t u d y  o f  v i g i l a n c e  
P e r f o rm a n c e /  P r o c e e d i n g s ,  8 1 * t  A n n u a l  C o n f e r e n c e /  A m e r ic a n  
P r / c h o l o g l e a l  A s s o c i a t i o n /  p p .  1 0 3 5 - 1 0 3 6 /  1 9 7 3 .

Sh a rm a /  S .  and M o s k o w i t z ,  e .  E f f e c t s  o f  two l e v e l s  o f  a t t e n t i o n  
demand o n  v i g i l a n c e  p e r f o rm a n c e  u n d e r  m a r i h u a n a .  P e r c e p t .  M o t .  
S k i l l s  3 8 : 9 6 7 - 9 7 0 ,  1 9 7 4 .

S h e a n ,  C .D .  and  F e c h t a a n n ,  F .  P u r p o s e  i n  l i f e  a m r i s  o f  s t u d e n t  
m a r ih u a n a  u s e r s .  J .  C l i n .  P s y c h o l .  2 7 : 1 1 2 - 1 1 3 ,  1 9 7 1 .

S h l l i n g ,  D . J .  and  S t i l l m a n ,  P . C .  ( m o d e r a t o r s ) .  P s y c h o l o g i c a l  e f f e c t s  
o f  TEC i n  c a n c e r .  P a p e r  s e s s i o n  a t  t h e  1 3 3 r d  A m e r i c a n  
P s y c h i a t r i c  A s s o c i a t i o n  a n n u a l  m e e t i n g ,  S a n  F r a n c i s c o ,
C a l i f o r n i a ,  K ay  6 , 1 9 8 0 .

S im o n ,  W .Z . P s y c h o l o g i c a l  n e e d s ,  a c a d em ic  a c h i e v e m e n t  and m a r i j u a n a  
c o n s u m p t i o n .  J .  C l i n .  P s v c h o l .  3 0 : 4 9 6 - 4 9 8 ,  1 9 7 4 .

S m i l e y ,  A . ,  Z ie dm an ,  K . , and M o s k o w i t z ,  H . P h a r m a c o k i n e t i c s  o f  d ru g  
e f f e c t s  o n  d r i v i n g  p e r f o r m a n c e :  d r i v i n g  s i m u l a t o r  t e s t s  o f
m a r ih u a n a  a l o n e  and  i n  c o m b i n a t i o n  w i t h  a l c o h o l .  R e p o r t  t o  t h e  
N a t i o n a l  I n s t i t u t e  o n  D ru g  A b u s e ,  C o n t r a c t  N o . 2 7 1 - 7 6 - 3 3 1 6 ,  1 9 8 1 .

S m i t h ,  D .Z .  The c c u t e  and c h r o n i c  t o x i c i t y  o f  m a r i j u a n a .  J .  
P s y c h a d e l i c  D ru g s  2 : 3 7 - 4 7 ,  1 9 6 8 .

S m i t h ,  D .Z .  and  M e h l ,  C .  An a n a l y s i s  o f  m a r i j u a n a  t o x i c i t y .  C l i n .  
T o x i c o l .  3 : 1 0 1 - 1 1 5 ,  1 9 7 0 .

S o u e i f ,  M . I .  Scaie d e t e r m i n a n t s  o f  p s y c h o l o g i c a l  d e f i c i t s  a s s o c i a t e d  
w i t h  c h r o n i c  c a n n a b i s  c o n s u m p t i o n .  B u l l .  N a r c .  2 8 : 2 5 - 4 2 ,  1 9 7 6 .

S p e n c e r ,  D . J .  C a n n a b i s - i n d u c e d  p - j y e b o s i s .  B r .  J .  A d d i c t .
6 5 : 3 6 9 - 3 7 2 ,  1 9 7 0 .

S t a n t o n ,  M .D . ,  M l n t z ,  J . ,  and  F r a n k l i n ,  R .M . D ru g  f l a s h b a c k s .  I I .  
Some a d d i t i o n a l  f i n d i n g s .  I n t .  J .  A j d i c t .  1 1 : 5 3 - 6 9 ,  1 9 7 6 .

S t e r l i n g - S m i t h ,  F t .S .  A l c o h o l ,  m a r ih u a n a  and  o t h e r  d r u g  p a t t e r n s  
among p p e r a t o i r s  I n v o l v e d  i n  f a t a l  m o t o r  v e h i c l e  a c c i d e n t s ,  p p .  
9 3 - 1 0 5 .  I n  L i r a e l s t a m ,  S .  and  L a m b e r t ,  S . ,  e d s .  A l c o h o l ,  D ru g s  
and T r a f f i c  S a f e t y . T o r o n t o :  A d d i c t i v e  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 ,  1 9 75 . .

S t i g l i c k ,  A . and  K a l a n t ,  H . L e a r n i n g  im p a i rm e n t  i n  t h a  r a d i a l - a r m  
maze f o l l o w i n g  P r o l o n g e d  c a n n a b i s  t r e a t m e n t  i n  r a t s .  
P s y c h o p h a rm a c o lo g y  ( i n  p r e s s ) .

S t i l l m a n ,  R . C . ,  W o l k o w i t z ,  0 , ,  W e i n g a r t n e r ,  H . ,  e t  a l .  M a r i j u a n a :  
D i f f e r e n t i a l  e f f e c t s  o n  r i g h t  and  l e f t  h e m is p h e r s  f u n c t i o n s  i n  
man . L i f e  S c i . 2 1 : 1 7 9 3 - 1 8 0 0 ,  1 9 7 7 .

T a l b o t t ,  J . A .  an d  T e a g u e ,  J .M .  M a r ih u a n a  p s y c h o s i s :  A c u ta  t o x i c
p s y c h o s i s  a s s o c i a t e d  w i t h  t h e  u s e  o f  c a n n a b i s  d e r i v a t i v e s .  JAMA 

2 1 0 : 2 9 9 - 3 0 2 ,  1 9 6 9 .
T a r t ,  C . T .  M a r i j u a n a  i n t o x i c a t i o n : Common e x p e r i e n c e s .  N a t u r e

2 2 6 : 7 0 1 - 7 0 4 ,  1 9 7 0 .
T a s s i n a r i ,  C . A . ,  A m b r o s e t t o ,  G . ,  and  G a s t a u t ,  H . E f f e c t s  o f  

a a r i j u a n a  and  d e l t a - 9 - T H C  a t  h i g h  d o s e s  i n  man .
E l e c t r o e n c a p h a l o g r .  C l i n .  N e u r o p h y s i o l .  3 4 : 7 6 0 ,  1 9 7 3 .

T a y l o r ,  S . P . ,  V a r d n r i s ,  R .M . ,  R a w t i c h ,  A . B . ,  e t  a l .  The  e f f e c t s  o f  
a l c o h o l  and  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  o n  human p h y s i c a l  
a g g r e s s i o n .  Ag g r e s s i v e  B e h a v .  2 : 1 5 3 - 1 6 1 ,  1 9 7 6 .
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T s a l e ,  J . D . , C l o u g h ,  J . H . , K i n g ,  L . J . ,  e t  a l .  The i n c i d e n c e  o f  
c a n n a b i n o i d s  i n  f a t a l l y  i n j u r e d  d r i v e r s :  An i n v e s t i g a t i o n  by
r a d i o im m u n o a s s a y  and  h i g h  p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y .  J .  
F o r e n s .  S c i .  S o c .  1 7 : 1 7 7 - 1 8 3 ,  1 5 7 7 .

T e n n a n t ,  F . S .  D rug  a b u s e  i n  t h e  U . S .  A rmy, E u r o p e .  JAMA 
2 2 1 : 1 1 4 6 - 1 1 4 9 ,  1 9 7 2 .

T e n n a n t ,  F . S .  and  G r o e s b e c k ,  C . J .  P s y c h i a t r i c  e f f e c t s  o f  h a s h i s h .  
A r c h .  G en . P s y c h i a t r y  2 7 : 1 3 3 - 1 3 6 ,  1 9 7 2 .

T h a c o r e ,  V .R .  and  S h u k l a ,  S . R . P .  C a n n a b i s  p s y c h o s i s  and p a r a n o i d  
s c h i z o p h r e n i a .  A r c h .  G en .  P s y c h i a t r y  3 3 : 3 8 3 - 3 8 6 ,  1 9 7 6 .

T h u r l o w ,  H . J .  On d r i v e  s t a t e  and c a n n a b i s :  A c l i n i c a l  o b s e r v a t i o n .
C an .  P s y c h i a t r .  A s s o c .  J .  1 6 : 1 8 1 - 1 8 2 ,  1 9 7 1 .

T i n k l e n b e r g ,  J . R .  M a r i j u a n a  and  human a g g r e s s i o n ,  p p .  3 3 9 - 3 5 7 .  I n  
M i l l e r ,  L . L .  ( e d . )  M a r i j u a n a :  E f f e c t s  o n  Human B e h a v i o r . New
Y o r k :  A cadem ic  P r e s s ,  1 9 7 4 .

T i n k l e n b e r g ,  J . R . ,  R o t h ,  W . T . , and  K o p e l l ,  B . S .  M a r i j u a n a  and
e t h a n o l :  D i f f e r e n t i a l  e f e c t a  o n  t im e  p e r c e p t i o n ,  h e a r t  r a t e ,  and
s u b j e c t i v e  r e s p o n s e .  P s y c h o p h a rm a c o lo g y  4 9 : 2 7 5 - 2 7 9 ,  1 9 7 6 a .

T i n k l e n b e r g ,  J . R . ,  R o t h ,  W . T . ,  K o p e l l ,  B . S . ,  and M u rp h y ,  P .  C a n n a b i s  
and a l c o h o l  e f f e c t s  o n  a s s a u l t i v e n e s s  i n  a d o l e s c e n t  d e l i n q u e n t s .  
Ann . N .Y .  A c ad .  S c i .  2 8 2 : 8 5 - 9 4 ,  1 9 7 6 b .

T r e f f e r t ,  D .A .  M a r i j u a n a  u s e  i n  s c h i z o p h r e n i a :  A c l e a r  h a z a r d .  Am.
J .  P s y c h i a t r y  1 3 5 : 1 2 1 3 - 1 2 1 5 ,  1 9 7 8 .

U . S .  D e p a r tm e n t  o f  H e a l t h  an d  Human S e r v i c e s ,  N a t i o n a l  I n s t i t u t e  o n  
D rug  A b u se .  P r o j e c t  DAWN. A n n u a l  R e p o r t — 1 9 7 9 .  W a s h in g t o n ,
D . C . :  U . S .  G o v e rnm en t  P r i n t i n g  O f f i c e ,  1 9 7 9 .

V a c h o n ,  L . ,  S u l k o w s k i ,  A . ,  a n d  R i c h ,  E .  M a r ih u a n a  e f f e c t s  o n
l e a r n i n g ,  a t t e n t i o n  and  t im e  e s t i m a t i o n .  P s v c h o p h a rm a c o lo g i a  
3 9 : 1 - 1 1 ,  1 9 7 4 .

W a r r e n ,  R . ,  S im p s o n ,  H . ,  C im b u r a ,  G . ,  e t  a l .  D rug  I n v o l v e m e n t  i n  
t r a f f i c  f a t a l i t i e s  i n  t h e  p r o v i n c e  o f  O n t a r i o .  P r o c e e d i n g s  o f  
t h e  2 4 t h  C o n f e r e n c e  o f  t h e  A m e r ic a n  A s s o c i a t i o n  f o r  A u t o m o t i v e  
M e d ic in e  ( i n  p r e s s ) .

W e i l ,  A . T . ,  Z i n b e r g ,  N . E . ,  an d  N e l s e n ,  J .M .  C l i n i c a l  and  
p s y c h o l o g i c a l  e f f e c t s  o f  m a r ih u a n a  i n  man . S c i e n c e  
1 6 2 : 1 2 3 4 - 1 2 1 2 ,  1 9 6 8 .

W e i l ,  A .T .  A d v e r s e  r e a c t i o n s  t o  m a r ih u a n a ,  c l a s s i f i c a t i o n  and 
s u g g e s t e d  t r e a t m e n t .  N . E n g l .  J .  Med. 2 8 2 : 9 9 7 - 1 0 0 0 ,  1 9 7 0 .

W ig ,  N .N .  and V e r s a ,  V .K .  P a t t e r n s  o f  l o n g - t e r m  h e a v y  c a n n a b i s  u s e  
i n  N o r t h  I n d i a  and i t s  e f f e c t s  o n  c o g n i t i v e  f u n c t i o n s :  A
p r e l i m i n a r y  r e p o r t .  D ru g  and  A l c o h o l  D ep end en c e  2 : 2 1 1 - 2 1 9 ,  1 9 7 7 .

Z e i d e n b e r g ,  P . ,  C l a r k ,  W .C . ,  J a f f a ,  J . ,  e t  a l .  E f f e c t  o f  o r a l
a d m i n i s t r a 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  o n  m em o ry ,  s p e e c h ,  
and  p e r c e p t i o n  o f  t h e r m a l  s t i m u l a t i o n :  R e s u l t s  w i t h  f o u r  n o rm a l
human v o l u n t e e r  s u b j e c t s .  P r e l i m i n a r y  r e p o r t .  C o c p r .  P s y c h i a t r y  
1 4 : 5 4 9 - 5 5 6 ,  1 9 7 3 .



_ Z _
THERAPEUTIC POTENTIAL AND 
MEDICAL USES OF MARIJUANA

T h e r e  h aa  b e en  g r o w in g  i n t e r e s t  i n  t h e  p o s s i b i l i t y  t h a t  c a n n a b i s  an d  
i t *  d e r i v a t i v e s  w i l l  be v a l u a b l e  f o r  t h e  t r e a t m e n t  o f  s e v e r a l  m e d i c a l  
anvj p s y c h i a t r i c  c o n d i t i o n s .  The 9 7 t h  C o n g r e s s , f o r  e x a m p l e . 
i n t r o d u c e d  a b i l l  ( H .R .  4 4 9 8 )  " t o  p r o v i d e  f o r  t h e  t h e r a p e u t i c  u s e  o f  
m a r i j u a n a  i n  s i t u a t i o n s  i n v o l v i n g  l i f e - t h r e a t e n i n g  o r  s e n s e - t h r e a t e n ­
i n g  i l l n e s s  an d  t o  p r o v i d e  a d e q u a t e  s u p p l i e s  o f  a a r i j u a n a  f o r  su ch  
u s e .  ”

M o s t  o f  t h e  p u t a t i v e  t h e r a p e u t i c  e f f e c t s  o f  c a n n a b i s  a r e  b e l i e v e d  
t o  be  m e d ia t e d  by  t h e  c e n t r a l  n e r v o u s  s y s t e m .  T h e s e  i n c l u d e  e f f e c t s  
o n  a p p e t i t e /  n a u s e a  and  v o m i t i n g ;  e p i l e p s y ;  m u s c l e  s p a s t i c i t y ;  
a n x i e t y ;  d e p r e s s i o n ;  p a i n ;  an d  o n  g l a u c o m a ;  a s t h m a ;  and  t h e  sym ptom s 
o f  w i t h d r a w a l  f r o m  a l c o h o l  and  n a r c o t i c s .  The l i t e r a t u r e  o n  t h e s e  
and  o t h e r  t h e r a p e u t i c  a c t i o n s  b e l i e v e d  m e d ia t e d  by  t h e  c e n t r a l  
n e r v o u s  s y s t em  w i l l  b e  r e v i e w e d  i n  t h i s  c h a p t e r .

I n  g e n e r a l ;  t h e  c o m m i t t e e  f i n d s  t h a t  c a n n a o i s  sh ow s p r o m i s e  i n  
some o f  t h e s e  a r e a s ;  a l t h o u g h  t h e  d o s e  n e c e s s a r y  t o  p r o d u c e  t h e  
d e s i r e d  t h e r a p e u t i c  e f f e c t  i s  o f t e n  c l o s e  t o  o n e  t h a t  p r o d u c e s  a n  
u n a c c e p t a b l e  f r e q u e n c y  o f  t o x i c  ( u n d e s i r a b l e )  s i d e - e f f e c t s .  Wha t i s  
p e r h a p s  m o re  e n c o u r a g in g  t h a n  t h e  t h e r a p e u t i c  e f f e c t s  o b s e r v e d  t h u s  
f a r  i s  t h a t  c a n n a b i s  seem s t o  e x e r t  i t s  b e n e f i c i a l  e f f e c t s  t h r o u g h  
m echan ism s  t h a t  d i f f e r  f r o m  t h o s e  o f  o t h e r  a v a i l a b l e  d r u g s .  T h i s  
r a i s e s  t h e  p o s s i b i l i t y  t h a t  some p a t i e n t s  whc w o u ld  n o t  b e  h e lp e d  by 
c o n v e n t i o n a l  t h e r a p i e s  c o u l d  b e  t r e a t e d  e f f e c t i v e l y  w i t h  c a n n a b i s .  A 
s e c o n d  p o s s i b i l i t y  i s  t h a t  c a n n a b i s  c o u l d  b e  c o n ta in ed  w i t h  o t h e r  
d r u g s  t o  a c h i e v e  a  t h e r a p e u t i c  g o a l ;  b u t  w i t h  e a c h  d r u g  b e in g  u s e d  a t  
a  l o w e r  d o s e  t h a n  w o u ld  be  r e q u i r e d  i f  e i t h e r  w e re  u s e d  a l o n e .  As a  
r e s u l t ;  f e w e r  s i d e - e f f e c t s  w o u ld  b e  e x p e c t e d  t o  o c c u r .  I t  may be 
p o s s i b l e  t o  r e d u c e  s i d e - e f f e c t s  b y  s y n t h e s i z i n g  r e l a t e d  m o l e c u l e s  
t h a t  c o u l d  h a v e  a m o re  f a v o r a b l e  r a t i o  o f  d e s i r e d  t o  u n d e s i r e d  
a c t i o n s ;  t h i s  l i n e  o f  i n v e s t i g a t i o n  s h o u l d  h a v e  h i g h  p r i o r i t y ;  
b e c a u s e  su c h  s y n t h e t i c  d e r i v a t i v e s  may u l t i m a t e l y  h a v e  w i d e s p r e a d  
t h e r a p e u t i c  u s e .
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GLAUCOMA

G lau c om a  i s  t h a  l e a d i n g  c a u s e  o f  b l i n d n e s s  i n  t h e  U n i t e d  S t a t e s .  The 
t e r n  i s  u s e d  t o  d a s c r i b e  s  g r o u p  o f  o c u l a r  d i s e a s e s  c h a r a c t e r i z e d  by  
a n  i n c r e a s e  i n  i n t r a o c u l a r  p r e s s u r e ,  whVch dam ages t h e  o p t i c  n e r v e  
and  l e a d s  e v e n t u a l l y  t o  l o s s  o f  v i s i o n .  The d i s e a s e  a f f e c t s  o v e r  tw o  
m i l l i o n  A m e r i c a n s  o f  ag e  3 5  o r  o l d e r .  A l t h o u g h  t h e r e  i s  i n c r e a s i n g  
r i a k  o f  g la u c o m a  w i t h  i n c r e a s i n g  a g e ,  t h e r e  a r e  f o rm s  t h a t  d e v e l o p  i n  
i n f a n c y .  The N a t i o n a l  S o c i e t y  t o  P r e v e n t  B l i n d n e s s  ( 1 9 8 0 )  a l o o  
e s t im a t e s  t h a t  3 0 0 , 0 0 0  new c a s e s  a r e  d i a g n o s e d  e a c h  y e a r .

T r e a tm e n t  o f  g la u c o m a  d e p en d s  o n  t h e  t y p e  and c a u s e .  I t  may be 
p h a r m a c o l o g i c a l  o r  s u r g i c a l .  S u r g e r y  i s  u s e f u l  t r e a t m e n t  i n  
r e l a t i v e l y  f ew  c a s e s ;  t h e r e  i s  a  h ig h  i n c i d e n c e  o f  f a i l u r e  and 
s e r i o u s  c o m p l i c a t i o n s  may o c c u r .  A v a i l a b l e  a n t i g l a u c o n a  d r u g s  a r e  
e f f e c t i v e  i n  r e g u l a t i n g  I n t r a o c u l a r  p r e s s u r e  i n  many p a t i e n t s ,  and 
a r e  t h e  m a i n s t a y  o f  t r e a t m e n t  i n  th e  m os t  common f o rm  o f  g la u c o m a ,  
b u t  t h e r e  a r e  some a d v e r s e  s i d e - e f f e c t s .  Some p a t i e n t s  a r e  r e f r a c ­
t o r y  t o  p r e s e n t  f o rm s  o f  t r e a t m e n t  and become b l i n d  a s  t h e  d i s e a s e  
p r o g r e s s e s ;  f o r  th em , t h e r e  i s  a  p a r t i c u l a r l y  u r g e n t  n e ed  t o  f i n d  
e f f e c t i v e  d r u g s .

C a n n a b i s  ( t h e  c r u d e  d r u g ) ,  A -9 -TBC  ( t h e  p u r e  c o m p o u n d ) , and 
same o t h e r  c a n n a b i n o i d  d e r i v a t i v e s  l o w e r  i n t r a o c u l a r  p r e s s u r e  when 
a d m i n i s t e r e d  b y  v a r i o u s  r o u t e s ,  su ch  a s  i n h a l a t i o n ,  o r a l ,  o r  
i n t r a v e n o u s .  H ow e v e r ,  a d v e r r a  s i d e - e f f e c t s  o f  c a n n a b i s  and  A -9-THC 
a l s o  h a v e  b e en  r e p o r t e d .  M os t  p a t i e n t s  w i t h  g la u c o m a  a r e  e l d e r l y ,  
and  h a v e  a r e d u c e d  t o l e r a n c e  f o r  many o f  t h e s e  s i d e - e f f e c t s .  E ven  
w i t h o u t  t h e  a d v e r s e  s i d e  e f f e c t s ,  sm o k in g ,  o r a l ,  and  i n t r a v e n 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  a r e  n o t  s u i t a b l e  f o r  t h e  l o n g  t e rm .  F o r  
e x a m p le ,  t o  g i v e  a d e q u a t e  c o n t r o l  f o r  i n t r a o c u l a r  p r e s s u r e ,  f o u r  
m a r i j u a n a  c i g a r e t t e s  p e r  d a y  o f  2 p e r c e n t  4 - 9 - t h c  w o u ld  be 
n e c e s s a r y ;  t h i s  am ount i s  c o n s i d e r e d  h e a v y  u s a g e  and  c o u l d  p o s e  a 
s e r i o u s  h e a l t h  p r o b l e m  i n  l o n g - t e r m  u s e .  T h e r e f o r e ,  t o p i c a l  
a p p l i c a t i o n  w o u ld  be t h e  m o s t  s a l u t a r y  r o u t e  o f  a d m i n i s t r a t i o n  f o r  
t h e  p a t i e n t  who n e e d s  c o n t i n u o u s  t r e a t m e n t .

Human S t u d i e s

I n t e r e s t  i n  u s i n g  c a n n a b i s  f o r  t h e  t r e a t m e n t  o f  g la u c o m a  was f i r s t  
s t i m u l a t e d  by  t h e  o b s e r v a t i o n  o f  H e p l e r  e t  a l .  ( 1 9 7 1 ,  1 9 7 2 )  t h a t  
i n t r a o c u l a r  p r e s s u r e  d e c r e a s e d  when h e a l t h y  human s u b j e c t s  smoked 
c a n n a b i s  ( 0 . 9  p e r c e n t  and  1 . 5  p e r c e n t  A -9-THC c o n t e n t )  u s i n g  an 
i c e - c o o l e d  w a t e r  p i p e .  ( S e e  G r e e n ,  1 9 7 9 ,  f o r  a n  e x t e n s i v e  l i t e r a t u r e  
r e v i e w . )

A s t u d y  o f  t h e  a c u t e  o c u l a r  e f f e c t s  o f  c a n n a b i s  i n  4 2 9  s u b j e c t s  
showed t h e r e  was a  d o s e - r e l a t e d  and  s t a t i s t i c a l l y  s i g n i f i c a n t  
r e d u c t i o n  o f  i n t r a o c u l u r  p r e s s u r e  f o l l o w i n g  t h e  sm o k in g  o r  i n g e s t i o n  
o f  c a n n a b i s  c o n t a i n i n g  1 ,  2 ,  o r  4 p e r c e n t  & -9 -TBC  ( H e p l e r  e t  a l . ,  
1 9 7 6 a ) . T h e  am oun t o f  p r e s s u r e  d e c r e a s e  was i n  t h e  r a n g e  o f  30 
p e r c e n t  f o r  t h e  c a n n a b i s  t h a t  c o n t a i n e d  2 p e r c e n t  A -9 -TH C .
N i n e t e e n  h o s p i t a l i z e d  s u b j e c t s  who smoked c a n n a b i s  o f  1 o r  2 p e r c e n t
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£ - 9 -THC c o n t e n t  w a r *  o b s e r v e d  f o r  3 5  d a y *  an d  a n o t h a r  2 9  s u b j e c t s  
w a r *  o b s e r v e d  a *  i n - p a t l a n t s  f o r  a  t o t a l  o f  94  d a y * .  T h a r *  was a 
c o n s i i t a n t  d r o p  i n  I n t r a o c u l a r  p r a a a u r *  i n  t h o a a  sm o k in g  t h *  2 p a r c a n t  
c a n n a b i s  and  t h *  r e d u c t i o n  a p p e a r e d  t o  l a a t  4 t o  5 h o u r *  ( H a p la r  a t  
a l . , 1 9 7 6 a ) .  Th* a u t h o r s  n o t a d  t h a t  t h * r *  d i d  n o t  seam  t o  b« much o f  
a c u m u l a t i v e  a f f a c t  o n  s i z e  o f  p u p i l s  o r  up on  I n t r a o c u l a r  p r a a a u r *  
r a s p o n s * .  S t u d i a s  b y  o t b a r  i n v a s t i g a t o r s  h a v a  c o n f i r m e d  t h i s  a f f a c t  
o f  c a n n a b i s  and A -9 -TBC  i n  c a u s i n g  r a d u c t i o n  o f  i n t r a o c u l a r  
p r a a a u r *  i n  humans ( S h a p i r o ,  1 9 7 4 ;  P u r n a l l  and  G r a g g ,  1 9 7 5 ) .

P a r a z - R a y a a  a t  a l .  i n  1 9 7 6  i n v a s t i g a t a d  t h a  a f f a c t  o f  i n t r a v a n o u a  
i n f u s i o n  o f  s i x  c a n n a b i n o i d s  i n  h a a l t h y  v o l u n t e e r * .  O a l t a - 8-THC , 
A -9 -TH C , l l - h y d r c o c y -A - 9 ~ T B C ,  c a n n a b i n o l ,  c a n n a b i d i o l ,  and  
8 - 6 - h y d r o x y -A - 9 - T H C  w a ra  t a s t a d  o n  h a a l t h y  a u b j a c t a  w i t h  n o rm a l  
i n t r a o c u l a r  p r a a a u r * ;  ^ - 8-T H C , A~9-THC , and  1 1 - h y d r o x y - T H C  c a u s a d  
t h a  g r a a t a s t  r a d u c t i o n  i n  p r a s s u r s .  O f  t h a s a  A -8-TBC  c a u s a d  th a  
l a r g a s t  d e c r a a a a  i n  i n t r a o c u l a r  p r a s s u r a ,  w i t h  t h a  l a a s t  number o f  
p s y c h o l o g i c a l  a i d a - a f f a c t s .

I n  a  p r a l i m i n a r y  s t u d y  o f  1 1  human g la u c o m a  p a t i a n t s  who s a o k a d  
m a r i j u a n a  ( 1 ,  2 ,  and  4 p a r c a n t )  o r  i n g a s t a d  A -9 -THC  ( 1 5  a g ) ,  i n t r a ­
o c u l a r  p r a s s u r a  was l o w a r a d  an  a v a r a g a  o f  30  p a r c a n t  i n  7 o u t  o f  1 1  
p a t i a n t s  ( H a p l a r  a t  a l . ,  1 9 7 6 a ) . A n o t h a r  s t u d y  ahowad t h a t  a o s t  
p a t i a n t s  had  a  d s c r a a s *  i n  i n t r a o c u l a r  p r a s s u r a  a f t a r  i n g e s t i o n  o f  
1 5 ,  2 0 ,  o r  3 0  ag  o f  A -g-THC and  a f t a r  sm o k in g  c a n n a b i s  c o n t a i n i n g  
1 ,  2 ,  an d  4 p a r c a n t  a - 9^tbC  ( H a p l a r  a t  a l . ,  1 9 7 6 b ) .

I d a a l l y ,  t h a  s y n t h a a i s  o f  a p r a p a r a t i o n  t h a t  c o u l d  b a  a p p l i a d  
t o p i c a l l y  t o  t h *  a y *  w o u ld  b a  m o s t  d a s i r a b l a  f o r  hum an s ,  b a c a u a a  t h i s  
w o u ld  a l l o w  f o r  s a l f - a d u i n i s t r a t i o n .  H o w e v e r ,  i n i t i a l  s t u d i a s  i n  
humans w i t h  a  t o p i c a l  p r a p a r a t i o n  o f  A -9 -T E C  h a v a  n o t  shown a 
c o n s i a t a n t  a f f a c t  o n  i n t r a o c u l a r  p r a a a u r *  ( M a r r i t t  a t  a l . ,  1 9 8 1 ) .
M o ra  w o rk  n e e d s  t o  b a  d o n a  o n  t h i s  p o s s i b i l i t y .

A n i s i a l  S t u d i a s

W h i l e  a n im a l  s t u d i a s  h a v a  a u p p o r t a d  t h *  o b a a r v a t i o n  t h a t  A -9 -THC  
l o w e r s  i n t r a o c u l a r  p r e s s u r e  a f t a r  o r a l  and  t o p i c a l  a d m i n i s t r a t i o n  i n  
r a b b i t s  (G r e a n  a t  a l . ,  1 9 7 7 a , b ;  1 9 7 8 ) ,  an d  a f t a r  i n t r a v e n o u s  a d m in i s ­
t r a t i o n  i n  t h e  c a t  ( In n em aa  a t  a l . ,  1 9 7 9 ) ,  t h *  r e d u c t i o n  i n  i n t r a ­
o c u l a r  p r e s s u r e  i s  n o t  c o m p l e t e l y  u n d e r s t o o d .  I t  may r a s u l t  i n  p a r t  
f r o m  a c e n t r a l  n a r v o u a  s y s tem  a f f e c t ,  and  i n  p a r t  t h r o u g h  a c t i o n  o n  
t h o  a d r e n e r g i c  s y s t e m  i n  t h *  a y e ,  p r o b a b l y  m e d ia t e d  b y  t h a  n e u r o ­
t r a n s m i t t e r  n o r e p i n e p h r i n e .

S i d * - 2 f f e c t s

M a r i j u a n a  and  A - 9 - th c  g i v e n  o r a l l y ,  i n t r a v e n o u s l y ,  o r  i n  c l g a r e t t a s  
t o  c o n t r o l  g la u c o m a  c a u s a  s y s t e m i c  s i d a - a f f e c t a ,  s u c h  a s  i n c r e a s e  i n  
h a a r t  r a t a ,  d a c r a a s a  i n  b l o o d  p r a s s u r a ,  and  p s y c h o t r o p i c  a f f a c t s .
Soma o f  t h a s a  s i d a - a f f a c t a  a r a  s i g n i f i c a n t  en oug h  t o  p o s e  p r o b l e m s ,  
p a r t i c u l a r l y  i n  p a t i a n t s  v i t h  g l a u c o m a ,  who a r a  u s u a l l y  e l d e r l y .  B u t
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o n  t h *  o t h e r  h a n d ,  seme o f  t h e s e  e f f e c t s  may d i s a p p e a r  a s  t o l e r a n c e  
( d e c r e a s e d  r e s p o n s e  w i t h  r e p e a t e d  u s e )  d e v e l o p s .

T o l e r a n c e  t o  t h e  I n t r a o c u l a r  P r e s s u r e  R e d u c in g  E f f e c t

No t o l e r a n c e  was d e t e c t e d  t o  t h e  o c u l a r  e f f e c t s  o f  c a n n a b i s  i n  
r a b b i t s  a f t e r  1  y e a r ' s  t o p i c a l  i n s t i l l a t i o n  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  S P - 1 ,  S P - 1 0 6 ,  and  S P - 2 0 4  (G re e n  and K im , 1 9 7 7 ;  G re e n  e t  
a l . ,  1 9 7 7 b ) .  H e p l e r  e t  a l .  ( 1 9 7 6 b )  n o t a d  a c e i l i n g  e f f e c t  i n  humans , 
i n  t h a t  t h e  sm ok ing  o f  22 c a n n a b i s  c i g a r e t t e s  d i d  n o t  r e s u l t  i n  a 
s i g n i f i c a n t  d e c r e a s e  i n  e y e b a l l  p r e s s u r e  a s  c om pa red  w i t h  a s u b j e c t  
who smoked o n l y  2 c i g a r e t t e s .  The a r e a  o f  t o l e r a n c e  w i l l  need  f u r t h e r  
s t u d y ,  e s p e c i a l l y  i f  a  c a n n a b i n o i d  p r e p a r a t i o n  w i t h  a  s a t i s f a c t o r i l y  
h i g h  r a t i o  o f  t h e r a p e u t i c  t o  s i d e - e f f e c t s  c a n  be f o u n d .

Summary

C a n n a b i s ,  4 - 9 - T E C ,  e t h e r  c a n n a b i n o i d  d e r i v a t i v e s ,  and  t h e i r  
s y n t h e t i c s ,  r e d u c e  i n t r a o c u l a r  p r e s s u r e  i n  humans when sm oked , o r  
g i v e n  i n t r a v e n o u s l y  o r  o r a l l y .  H ow ev e r ,  t h e r e  a r e  s y s t e m i c  
s i d e - e f f e c t s  a s  w e l l  a s  p s y c h o t r o p i c  e f f e c t s  t h a t  a r c  o f  c o n c e r n .  I t  
i s  n o t  y e t  c l e a r  w h e th e r  an e f f e c t i v e  t o p i c a l  p r e p a r a t i o n  c a n  be 
d e v e l o p e d  t h a t  w i l l  n o t  h a v e  t h e s e  s i d e - e f f e c t s .  F u t u r e  w o rk  s h o u ld  
d e t e rm in e  w h e th e r  s y n t h e t i c  c a n n a b i n o i d s  o r  c a n n a b i n o i d  a n a l o g u e s  c a n  
b e  f o u n d  t h a t  w i l l  be  e f f e c t i v e  i n  t r e a t i n g  g la u c om a  w i t h o u t  c a u s i n g  
s i d e - e f f e c t s .

ANTIEMETIC ACTION

C e r t a i n  c a n c e r  c h e m o t h e r a p e u t i c  a g e n t s  r e g u l a r l y  p r o d u c e  n a u s e a  and  
v o m i t i n g  a f t a r  o r a l  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 .  T h o s e  t h a t  a r e  
m o s t  s e v e r e  i n  t h a t  r e s p e c t  a r e  c i s p l a t i n ,  a c t i n o o y c i n  0 , a d r i a m y c i n ,  
c y c l o p h o s p h a m id e ,  m e t h o t r e x a t e ,  and t h e  n i t r o s o u r e a s .  O t h e r  a n t i ­
c a n c e r  compounds may p r o d u c e  n a u s e a  l e s s  r e g u l a r l y  o r  i n  l e s s  m a rk ed  
f a s h i o n .

B e c a u s e  c a n c e r  c h em o th e r a p y  now c a n  p r o d u c e  i n c r e a s e d  s u r v i v a l  i n  
p a t i e n t a  w i t h  some n e o p la sm s  ( r e c u r r e n t  o r  m e t a s t a t i c  b r e a s t  c a n c e r ,  
s m a l l  c e l l  c a r c in o m a  o f  t h e  l u n g ,  o v a r i a n  c a n c e r ,  and  o t h e r s )  and 
s u b s t a n t i a l  c u r e  r a t e s  i n  s e v e r a l  ( a c u t e  l y m p h o b l a s t i c  l e u k e m i a ,  
H o d g k in s  d i s e a s e ,  g e rm  c e l l  t u m o r s  o f  t h e  t e s t i s ,  e t c . )  n a u s e a  and 
v o m i t i n g  t h a t  i n t e r f e r e  w i t h  p a t i e n t s '  w i l l i n g n e s s  t o  c o n t i n u e  
t h e r a p y  c a n  be a l i f e - t h r e a t e n i n g  s i d c - e f f e c t .  E ven  f o r  t h o s e  
w i l l i n g  t o  e n d u r e  t h e  sym p tom s , t h e y  c a n  b e  e x t r e m e l y  u n p l e a s a n t  and  
d e b i l i t a t i n g .

E s t a b l i s h e d  a n t i e m e t i c s  ( p r o c h l o r p e r a z i n e  and o t h e r  p h e n o t h i a -  
s l n e s )  a r e  n o t  v e r y  e f f e c t i v e  a g a i n s t  d r u g - i n d u c e d  e m e s i s ,  and t h e r e  
i s  a n e ed  f o r  new and m ore  r e l i a b l e  a n t i e m e t i c  a g e n t s .  M e t o c l o p r a -  
a l d e ,  a  d e r i v a t i v e  o f  p r o c a i n a m id e ,  h a s  r e c e n t l y  b e en  shown t o  be


