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Texas Research Institute o/Mental  Sciences, 1300 Moursund A venue, Houston (Texas 77025, USA);  and The University 
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Summary. Ag-THC (10 mg/kg,  i.p.) a d m i n i s t e r e d  to mice  i m m e d i a t e l y  a f te r  w i t h d r a w a l  f rom a 3-day exposure  to  
e t h a n o l  v a p o r  was found  to  in t ens i fy  w i t h d r a w a l  reac t ions .  No effect  was seen w h e n  zJg-THC was a d m i n i s t e r e d  ch ron-  
ical ly  du r ing  t he  exposure  to  e thanol .  

The  abuse  of a lcohol  in  m a n y  cu l tures  r em a i ns  a m o n u -  
m e n t a l  p rob l em social ly a n d  physiological ly .  T he  t r e a t -  
m e n t  of pos ta lcohol ic  s y m p t o m s  is p r e sen t l y  t he  m o s t  
p romiz ing  a p p r o a c h  to  t h e  p rob lem,  t h o u g h  mos t  d rugs  
used  for th i s  purpose  are e i the r  pa r t i a l l y  effect ive  or h a v e  
side-effects  of themse lves .  Severa l  s tud ies  2 - 4  i nves t i ga t i ng  
t he  c o m b i n e d  effects of e t h a n o l  a n d  m a r i j u a n a  or i ts  
ac t ive  c o n s t i t u e n t  ( - - ) -Ag- t e t r ahydrocannab ino l  (Ag-THC) 
h a v e  p r e sen t ed  ev idence  t h a t  a c ross- to lerance  exis ts  be-  
t w e e n  these  two  drugs  of abuse.  I n  one s t u d y  3 i t  was  
found  t h a t  synhexa l ,  a s y n t h e t i c  d e r i v a t i v e  of Ag-THC, 
was benef ic ia l  in  t r e a t i n g  w i t h d r a w a l  s y m p t o m s  f rom 
the  use of alcohol.  B o t h  c o m p o u n d s  elici t  d e p r e s s a n t  ef- 
fects  b u t  on ly  alcohol  is k n o w n  to  p roduce  phys ica l  
dependence ,  w i t h d r a w a l  f rom wh ich  is a ccom pan i ed  b y  
anx ie ty ,  t r emu lousnes s  a n d  nausea .  

A m e t h o d  5 r ecen t l y  deve loped  to  q u a n t i t a t e  accu ra t e ly  
t h e  a lcohol  w i t h d r a w a l  r eac t ion  in mice ha s  been  useful  
in  t he  e v a l u a t i o n  of t he  effects of drugs,  k n o w n  to  a l t e r  
neu ro t r ansmis s ion ,  on  w i t h d r a w a l  f rom e thanol% The  
fol lowing s t u d y  was u n d e r t a k e n  to  d e t e r m i n e  w h e t h e r  
Ag-THC, b y  mod i fy ing  phys ica l  dependence  on  e thano l ,  
could  effect  t he  w i t h d r a w a l  response  or could mod i fy  t he  
w i t h d r a w a l  r eac t ion  w i t h o u t  necessar i ly  effect ing t he  
add ic t ion  process;  a n t a g o n i s m  of t he  response  would  be  
useful  in  t he  t r e a t m e n t  of t he  a lcohol  w i t h d r a w a l  syn-  
drome.  

Materials and methods. Male Yale-Swiss  mice of ave rage  
we igh t  25-30 g were exposed  to a c o n s t a n t  level  of a lcohol  
v a p o r  us ing  a c h a m b e r  s imi lar  in  des ign to  t h a t  r epo r t ed  
b y  GOLDSTEIN 5 b u t  w i t h  t he  fol lowing modi f i ca t ions :  A 
fan  was n o t  ins ta l led  in t he  c h a m b e r  since suff ic ient  
c i rcu la t ion  was ach ieved  b y  the  air  flow (20 CFH)  f rom 

a c o n t i n u o u s  d u t y  pressure  p u m p  (Nep tune  D y n a - P u m p ,  
Model  No. 4K ,  N e p t u n e  Produc t s ,  Inc. ,  Dover ,  N . J . ) ;  
e t h a n o l  was  de l ivered  in to  t he  f lask a t  a r a t e  of 76.3 mg /  
m i n  b y  a Sage Syr inge  P u m p ,  Model  355 (Orion Research ,  
Cambr idge ,  Ma.) wh ich  resu l ted  in a v a p o r  c o n c e n t r a t i o n  
of 10.5-11.5 mg/1 a i r  w i t h i n  t h e  c h a m b e r .  

The  mice (in groups  of 24) were p laced  in 2 co lony  boxes  
c o n t a i n i n g  bedding ,  w i th in  t he  c h a m b e r ;  t h e y  were ex- 
posed to  t he  v a p o r  con t i nuous ly  for 3 days  excep t  for 1 
to  2 h each  m o r n i n g  a t  wh ich  t i m e  t h e y  were g iven  food, 
w a t e r  and  da i ly  in jec t ions  (see Tab le  I for i n j ec t ion  
schedule) ;  samples  were also t a k e n  to d e t e r m i n e  b lood  
e t h a n o l  levels. A p r i m i n g  dose of e t h a n o l  in sal ine (1.25 g/  
kg) was g iven  i .p.  on ly  on  t he  f i rs t  d a y  before  p lac ing  t h e  
an ima l s  in  t h e  c h a m b e r ;  pyrazo le  (68 mg/kg)  in  sal ine 
was a d m i n i s t e r e d  da i ly  excep t  on  t he  d a y  of w i thd rawa l .  
Ag-THC was suspended  in 4 %  Tween-80 in sal ine a n d  
10 m g / k g  was a d m i n i s t e r e d  ora l ly  us ing  a n  18 ga i n t u b a -  
t i on  needle.  I n  t he  acu te  s tudy ,  Ag-THC was g iven  im-  
m e d i a t e l y  upon  w i t h d r a w a l  to  ha l f  of t he  mice ;  t he  
r e m a i n i n g  an ima l s  (vehicle control)  received an  e q u i v a l e n t  
v o l u m e  of 4% Tween-80  in saline.  I n  t he  chronic  s tudy ,  

1 TO whom reprint requests should be addressed: Texas Research 
Institute of Mental Sciences, 1300 Moursulld Avenue, HoustQn, 
Texas 77025, USA. 
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Fig. 1. Effects of acute administra- 
tion of LJO-THC on withdrawal 
from ethanol. 24 mice were ex- 
posed to ethanol for 3 days ; of the 
23 mice surviving, 11 received 
10 mg/kg of LJg-THC (solid line) 
and 12 received the vehicle (dotted 
line) immediately after withdrawal 
(see Methods). The points repre- 
sent the mean scores and the ver- 
tical bars are the SEM. * P < 0.02; 
�9 *p < 0.05; + p < 0.1 (Student 
t-test). 
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Table I. Injection schedule for mice exposed to ethanol vapor 

Time" Acute study Chronic study 
(day) 

Control z] S-THC Control zJ 9-THC 

1 Ethanol, pyrazole Ethanol, pyrazole Ethanol, pyrazole, vehicle b 
2 Pyrazole Pyrazole pyrazole, vehicle b 
3 Pyrazole Pyrazole Pyrazole, vehicle b 
4 Vehicle b z] 9-THC in vehicle b _ 
(after withdrawal) 

Ethanol, pyrazole, A%THC in vehicle b 
Pyrazole, z] s -THC in vehicle b 
Pyrazole,z] 9-THC in vehicle ~ 

�9 The animals were exposed to ethanol vapor continuously for 3 days. bVehicle: 4% Tween-80 in saline. 

Ag-THC was given dai ly wi th  t he  pyrazole  in ject ions  
excep t  on the  day  of wi thdrawal ,  while t he  controls  
received pyrazole  t oge the r  w i th  4To Tween-80 in saline. 

The wi thdrawa l  react ion was graded hour ly  for 15 to  
16 h, a f ter  exposure  to alcohol, using the  previous ly  
descr ibed m e t h o d  of convulsions upon handl ing  5. The 
convuls ions were elicited b y  holding the  mouse b y  the  
tai l  and  when  necessary,  ro ta t ing  the  mouse  to evoke a 
response.  They  were t h e n  assigned a score, depend ing  
upon  the  in t ens i ty  of the i r  react ion,  as follows : 1 = tonic  
convuls ion when  the  mouse  is l if ted and given a gent le  
180 ~ t u r n ;  2 = tonic-clonic convuls ion elicited by  a 
gentle spin, or tonic  convuls ion when  l if ted wi thou t  t u rn -  
ing; 3 = tonic-clonic convulsion no t  requir ing any  spin;  
4 = v io lent  tonic-clonic convulsion,  of ten  cont inuing  
af ter  release of the  mouse.  The mean  score and s t and a rd  
error  were de t e rmined  for each in terval  and  p lo t t ed  
agains t  t ime.  

E t h a n o l  levels were de t e rmined  as previous ly  de- 
scribed 7 using a Var ian  2100 gas c h r o m a t o g r a p h  wi th  a 
dual  channe l  f lame ionizat ion detector ,  and a 6 ft, ~/4 inch. 
I . D .  U -shaped  glass co lumn using n i t rogen as t he  carrier  
gas a t  a ra te  of 18 ml/min.  The c h a m b e r  alcohol level was 
de t e rmined  dai ly  by  assaying 1-ml a l iquots  of t he  vapor  
w i t h d r a w n  from the  sampl ing  por~c ; s tandards ,  con ta in ing  
a known  concen t ra t ion  of e thanol  vapor ,  were analyzed 
s imul taneously .  The blood e thanol  levels of the  mice were 
de t e rmined  indirec t ly  by  in ject ing an air pocke t  a t  the  

nape  of the  neck, t h e n  sampl ing  as above.  The pa r t i t i on  
coef ic ient  of e thanol  be tween  the  blood to the  air pocke t  
is 1850 : 1. 

To de te rmine  if A"-THC alone or in combina t ion  wi th  
pyrazole  could cause seizures in animals  no t  exposed to  
ethanol ,  two  addi t ional  s tudies  were made.  12 mice were 
p r e t r ea t ed  for 3 days  wi th  pyrazole  as descr ibed above;  
24 h af ter  the  last  inject ion,  Ag-THC (10 mg/kg) was 
admin is te red  (see above) and the  mice were immed ia t e ly  
scored for convuls ions on handl ing.  In  ano the r  experi-  
ment ,  Ag-THC was admin i s t e red  to  mice no t  p r e t r ea t ed  
wi th  pyrazole,  t h e n  scored. 

Results  and discussion. W i t h  the  use of pyrazole,  the  
e thanol  blood level dur ing  the  per iod of exposure  re- 
ma ined  s table  a t  1.47 mg/ml  • 0.18 (SEM). This level of 
e thanol  was suff icient  for in tox ica t ion  ye t  low enough to 
minimize the  mor t a l i t y  rate.  The an imals  were depr ived  
of food and  wa te r  while being exposed  to t he  vapor  to 
e l iminate  metabol ic  f luc tua t ions  be tween  the  mice;  th is  
resul ted  in an app rox ima te  20% weight  loss which  was 
soon recovered af ter  wi thdrawal .  

Figure 1 shows the  effects of an acute  oral dose (10 mg/  
kg) of Ag-THC (given immed ia t e ly  af ter  w i thd rawa l  f rom 
ethanol)  on the  w i thd rawa l  reac t ion;  there  was a def ini te  
e n h a n c e m e n t  of the  sever i ty  of the  seizures as compared  

7 M. K. RoAc~ and P. J. CREAVEN, Clin. chim. Acta 21, 275 (1968). 
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Fig. 2. Effects of chronic ad- 
ministration of XP-THC on with- 
drawal from ethanol. 24 mice 
were exposed to ethanol for 
3 days; one-half received 10 mg/ 
kg of dg-THC daily (solid line) 
and the other half received the 
vehicle (dotted line) (see Methods). 
Of thezlg-THC group, 11 survived 
the exposure period and 10 recov- 
ered from withdrawal; + indicates 
one death during withdrawal. The 
points represent the  mean scores 
and the vertical vats are the SEM. 
* P < 0.05 (Student t-test). 
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Table II. Ethanol levels in blood following withdrawal from ex- 
posure to ethanol vapor and acute or chronic treatment with Ag-THC 
(see Methods) 

Time after Blood ethanol (mg/ml) 
withdrawal 
(h) Acute Chronic 

Vehicle A]%THC Vehicle d%THC 

1.5 0.86 _t_ 0.04 0.85 4. 0.08 1.08 :t2 0.27 1.09 4. 0.16 
2.0 0.75 4. 0.04 0.74 4- 0.06 0.96 4- 0.26 0.96 4- 0.16 
3.0 0.53 4- 0.05 0.54 4- 0.03 0.75 4- 0.24 0.70 4- 0.16 
4.0 0.35 4- 0.06 0.39 4- 0.04 0.57 4- 0.22 0.46 4- 0.13 
5.0 0.23 4- 0.06 0.24 4- 0.04 0.44 ::t= 0.23 0.31 4- 0.10 

Each value represents the mean • SEM of 3 animals. All values 
obtained with A%THC are not significantly different from the corre- 
sponding control (Student t-test). 

to  t he  con t ro l  an ima l s  rece iv ing  t he  vehic le  (acute  s tudy,  
D a y  4, Tab le  I ) ;  t h e  per iod  for r ecovery  was also pro-  
longed in t h e  Ag-THC group.  To d e t e r m i n e  w h e t h e r  or 
n o t  th i s  effect  was  due  to  p roper t i e s  in t r ins ic  to  Ag-THC 
(as seen w i t h  severa l  o t h e r  c o m p o u n d s  % convuls ions  on  
h a n d l i n g  were scored in sepa ra te  groups  of an ima l s  no t  
exposed to e t h a n o l  b u t  were g iven  Ag-THC w i t h  or wi th -  
ou t  3-day p r e t r e a t m e n t  w i t h  pyrazole .  In  e i the r  case t he  
scores were m i n i m a l  (0.6 to  0.7) and  began  to d imin i sh  
1 to  2 h a f t e r  a d m i n i s t r a t i o n ;  these  f ind ings  could not ,  
therefore ,  a c c o u n t  for t h e  pro longed  fac i l i t a t ion  of wi th-  
d rawa l  seizures b y  Ag-TttC seen in F igure  1. Our  resul t s  
c o n t r a s t  w i t h  those  r epor ted  p rev ious ly  3 in wh ich  syn-  
hexyl ,  a s y n t h e t i c  T H C der iva t ive ,  lessens w i t h d r a w a l  
s y m p t o m s  in alcoholics.  On t he  o the r  h a n d ,  t he  above  
d a t a  ind i rec t ly  conf i rm t he  f indings  of GOLDSTEIN 6 
i nd i ca t i ng  t h a t  drugs  wh ich  mod i fy  b ra in  ca t echo lamine  

levels in t ens i fy  e t h a n o l  w i t h d r a w a l  seizures. A~ ha s  
been  shown  to man i f e s t  a dose -dependen t  mod i f i ca t ion  
of b r a i n  n o r e p i n e p h r i n e  levels in mice s, 9. Moreover ,  a 
f l uc tua t i on  of no rep ineph r ine  a n d  d o p a m i n e  levels in  t he  
b r a i n  du r ing  the  f i rs t  12 h of w i t h d r a w a l  was obse rved  in 
mice exposed  to  e t h a n o l  v a p o r  for 3 days  t0. Recen t ly ,  i t  
was  found  t h a t  Ag-THC also fac i l i ta tes  m i n i m a l  seizures 
i nduced  b y  p e n t y l e n e t e t r a z o l  ( P T Z ) ~ .  Rese rp ine  w h i c h  
is k n o w n  to  e n h a n c e  P T Z  convuls ions  12 has  also been  
r epo r t ed  to fac i l i ta te  a lcohol  w i t h d r a w a l  seizures 6. 

W h e n  Ag-THC was g iven  ch ron ica l ly  to  mice u n d e r -  
going e thano l  add i c t i on  (chronic s tudy ,  Days  1 to  3, 
Tab le  I), t h e  r e su l t ing  w i t h d r a w a l  response  was n o t  
s ign i f i can t ly  d i f fe ren t  f rom t h a t  seen in t he  vehic le  con-  
t ro l  (Figure 2). 

To examine  t he  poss ib i l i ty  t h a t  A~ could effect  
t he  d i s a p p e a r a n c e  of e t hano l  a f te r  w i thd rawa l ,  b lood 
e t h a n o l  levels were m o n i t o r e d  d u r i n g  t h i s  per iod.  As 
i nd i ca t ed  in Tab le  II ,  no s ign i f ican t  di f ference was found  
be tween  t he  vehic le  con t ro l  and  t he  T H C  group  in e i the r  
t h e  acu te  or chronic  s tudy.  

Our  f indings  ind ica te  va r i ab l e  i n t e r ac t i ons  be tween  
Ag-THC a n d  e t h a n o l :  acu te  in j ec t ion  of Ag-THC affects  
t he  w i thd rawa l ,  whereas  chronic  a d m i n i s t r a t i o n  p roduces  
no s ign i f ican t  effect  on  t he  dependence  a n d  hence  t h e  
w i thd rawa l .  This  implies  t h a t  add ic t ion  and  w i t h d r a w a l  
are  m a n i f e s t a t i o n s  of d i f fe ren t  biological  processes. I t  is 
hoped  t h a t  these  s tudies  will s t i m u l a t e  f u r t h e r  i nves t iga -  
t ion  in to  t he  c o m b i n e d  effects of a lcohol  and  m a r i h u a n a .  
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Sur l ' invers ion  de l 'act ion hypertens ive  de la pros tag landine  F2a , chez  le rat ~ 

Reversa l  of the Pres sor  Effect of PGF2~ in the Rat 
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Summary. I n  n o r m a l  ra ts ,  p r o s t a g l a n d i n  F2= is a p o t e n t  vasocons t r i c to r .  The  co r respond ing  sys temic  h y p e r t e n s i o n  is 
p rogress ive ly  a t t e n u a t e d  b y  t a c h y p h y l a x i s ,  r evea l ing  a longlas f ing  fall  of b lood pressure.  T a c h y p h y l a x i s  is acce le ra ted  
b y  prev ious  in jec t ion  of a rach idon ic  acid and  b r adyk in in .  The  vasodepress ive  a c t i v i t y  of PGF2= is i n h i b i t e d  b y  in-  
dome thac in .  

Les p ros t ag l and ines  E e t  A son t  vasod i l a t a t r i ces  e t  
hypo tens ives .  P a r  contre ,  l ' ac t iv i t4  ca rd iovascu la i re  de la 
p ro s t ag l and ine  F2~ (PGF2~) est  va r i ab l e  selon l 'esp6ce 
an imale :  la PGF2~ est  v a s o d @ r e s s i v e  chez le C h a t  e t  le 
Lap in ,  h y p e r t e n s i v e  chez le Chien ~. Chez le P o n l e t  
anesth6si4,  elle d4clenche selon l ' a n i m a l  e t  la dose, des 
modi f i ca t ions  de t rois  t ypes :  h y p e r t e n s i o n  art6rielle,  
h y p o t e n s i o n  ou r4ponse  b i p h a s i q u e  h y p e r t e n s i o n - h y p o -  
tens ion .  Chez le P o u l e t  spinal ,  elle est  u n i q u e m e n t  h y p e r -  
t ens ive  ~. Chez le Ra t ,  elle a u g m e n t e  la press ion ar t6r iel le  
sui te  ~ son pouvo i r  va s ocons t r i c t eu r  p4 r i ph f r i que  2,4-6. 

E n  4 t u d i a n t  chez le R a t  les i n t e r ac t i ons  en t r e  les act i -  
v i t4s  ca rd iovascu la i res  de la b r a d y k i n i n e  et  celles de la 
P G F ~ ,  nous  avons  observ6  que t ro is  c o n d i t i o n s  exp6ri-  

men ta l e s  au  moins  p e r m e t t e n t  d ' i nve r se r  l ' h y p e r t e n s i o n  
ar t6riel le  li4e ~ ce t te  p r o s t a g l a n d i n e ,  la  t r a n s f o r m a n t  en 
une  ac t ion  hypo tens ive .  E n  voici  la descr ip t ion .  
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