
1204 Specialia EXPERIENTIA 33/9 

and  a b u n d a n c e  of m i c r o f i l am en t s  in  these  zones. The  
cell m e m b r a n e s  were, however ,  closely apposed  a n d  no  
a l t e r a t i ons  were seen in  j unc t i ons  o the r  t h a n  desmosomes .  
I n  t he  r e m a i n i n g  m a t e r i a l  a m o n g  t he  l ivers  of 35 p a t i e n t s  
rece iv ing  no MTX,  d e t a c h e d  d e s m o s o m e s  were n o t e d  on ly  
in  one (hyper l ipopro te inemia ) .  However ,  t he  assoc ia t ion  
b e t w e e n  m i t o c h o n d r i a  and  m i c r o f i l am en t s  of s t r u c t u r a l l y  
u n a l t e r e d  desmosomes  ha s  b e e n  read i ly  obse rved  in t h e  
M T X - t r e a t e d  (figures 2 a n d  3) as well as u n t r e a t e d  groups.  
The  f ind ings  ind ica te  t h a t  d e t a c h m e n t  of d e s m o s o m a l  
p laques  is a ra re  j u n c t i o n a l  a b n o r m a l i t y ;  t h a t ,  however ,  
is r a t h e r  p r e v a l e n t  in  t h e  l iver  t i ssue  of M T X - t r e a t e d  
psor ia t i c  subjects .  D i rec t  c o n t a c t  be t w een  m i t o c h o n d r i a  
and  f i l amen t s  of s e p a r a t e d  desmosomes  was cons ide rab ly  
more  f r e q u e n t  t h a n  in t h a t  of n o r m a l  m acu l ae  a d h a e r e n t e s  
of t he  h u m a n  liver.  T he  assoc ia t ion  of m i t o c h o n d r i a  
w i t h  desmosomes  is c o m m o n l y  no t i ceab le  in c e r t a i n  
n o r m a l  5 and  a b n o r m a l  6 t issues,  sugges t ing  t h a t  mi to -  
c h o n d r i a  ac t ive ly  p a r t i c i p a t e  in  t he  f o r m a t i o n  a n d / o r  

func t i on  of a d h a e r e n t  j unc t ions .  Since f ine s t r u c t u r a l  
ev idence  of m i t o c h o n d r i a l  i n j u r y  is c o m m o n l y  found  in  
the  l iver  ceils of M T X - t r e a t e d  subjec ts ,  i t  is r ea sonab le  
to  suppose  t h a t  m i t o c h o n d r i a l  f unc t i on  is also impai red .  
M T X  is k n o w n  to  in te r fe re  w i t h  nucleic  acid m e t a b o l i s m  L 
I n  a d d i t i o n  to  nuc lea r  D N A  a n d  RNA,  t h e  m i t o c h o n d r i a l  
genet ic  m a t e r i a l  m a y  also be  a t a r g e t  of th i s  toxic  effect  
poss ib ly  r e su l t ing  in q u a n t i t a t i v e  and  q u a l i t a t i v e  changes  
of t h e  syn thes i s  of m i t o c h o n d r i a l  nucleic  acids a n d  pro-  
teins.  The  r e l a t i on  of m i t o c h o n d r i a l  i n j u r y  to t he  s t ruc-  
t u r a l  a n d  poss ib ly  f u n c t i o n a l  a l t e r a t i ons  of d e s m o s o m a l  
a t t a c h m e n t s  r e m a i n s  to  be  e luc ida ted .  
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Summary. A b n o r m a l - d S - t e t r a h y d r o c a n n a b i n o l  (ABN-AS-THC) failed to el ici t  c en t r a l  n e r v o u s  s y s t e m  and  card io-  
vascu la r  effects  in  l a b o r a t o r y  animals .  A b n o r m a l - c a n n a b i d i o l  (ABN-CBD)  was also devo id  of ove r t  b e h a v i o r a l  effects  
b u t  p roduced  m a r k e d  h y p o t e n s i o n  w i t h  on ly  s l ight  b r a d y c a r d i a  in anes thes ized  dogs. 

A n u m b e r  of n a t u r a l l y - o c c u r r i n g  c o n s t i t u e n t s  of mar i -  
h u a n a ,  inc lud ing  c a n n a b i d i o l  (CBD), AS- te t r ahydrocan-  
n a b i n o l  (AS-THC) a n d  A ~  (Ag-THC) 
h a v e  been  t e s t ed  for  t he i r  ab i l i t y  to  p roduce  cannab i s - l ike  
pha rmaco log i ca l  effects.  The  l a t t e r  2 c o m p o u n d s  h a v e  
been  found  to  be t he  p r i m a r y  p s ychoac t i ve  c o m p o u n d s  
whi le  CBD is m u c h  less ac t ive  as a b e h a v i o r a l  agent .  
Syn thes i s  a n d  t e s t i ng  of ana logues  of these  n a t u r a l l y -  
occur r ing  c o m p o u n d s  ha s  p r o v i d e d  i n f o r m a t i o n  r ega rd ing  
t he  s t r u c t u r a l  r e q u i r e m e n t s  for  c a n n a b i n o i d  ac t iv i ty .  I n  a 
r ecen t  rev iew of t he  l i t e ra tu re ,  M e c h o u l a m  et  al. 4 pre-  
sen ted  a s u m m a r y  of s t r u c t u r e - a c t i v i t y  r e l a t ionsh ips  
wh ich  showed  t he  i m p o r t a n c e  of a free phenol ic  g roup  a n d  
a n  a lkyl  side cha in  for  b e h a v i o r a l  a c t i v i t y  (figure). To 
d e t e r m i n e  w h e t h e r  t he  pos i t ions  of these  groups  were  
r e l e v a n t  for pha rmaco l og i ca l  ac t iv i ty ,  ABN-AS-THC a n d  
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A B N - C B D  were syn thes i zed  accord ing  to a r ecen t ly  re- 
p o r t e d  p rocedure  5,6. These  nove l  ana logs  differed f rom 
the  n a t u r a l  c a n n a b i n o i d s  in  t h a t  the  phenol ic  h y d r o x y l  
g roup  was t r a n s p o s e d  w i t h  t h e  p e n t y l  s idecha in  (figure). 
The  purpose  of t he  p r e s e n t  s t u d y  was t o  eva lua t e  these  
a b n o r m a l  c o m p o u n d s  for c a n n a b i n o i d  ac t iv i ty .  
Methods. The  ab i l i t y  of these  c o m p o u n d s  to  p roduce  s t a t i c  
a t a x i a  (an effect  u n i q u e  to  p s y c h o a c t i v e  cannab ino ids )  
and  o t h e r  cha rac t e r i s t i c  b e h a v i o r a l  effects  was e x a m i n e d  
in mongre l  dogs of e i t he r  sex (8-12 kg). The  effects  of 
c a n n a b i n o i d s  on  behav io r ,  s e m i q u a n t i t a t e d  as p rev ious ly  
descr ibed  b y  M a r t i n  e t  aL% were obse rved  for 30 m i n  
fol lowing i.v. a d m i n i s t r a t i o n .  3 obse rvers  i n d e p e n d e n t l y  
r a t e d  t h e  b e h a v i o r  of each  dog, and  t h e  means  of t he  
m a x i m u m  scores were recorded.  
The  effects  of c a n n a b i n o i d s  on  s p o n t a n e o u s  m o t o r  a c t i v i t y  
were assessed in Swis s -Webs te r  mice (Dubl in  F a r m s ,  
20-25 g) a f te r  a n  i.p. i n j ec t ion  of e i the r  vehicle  or  drug.  
90 min  a f te r  t he  in jec t ion  mice  were p l a t e d  in pho toce l l  
a c t i v i t y  c h a m b e r s  (2 mice  pe r  chamber ) ,  and  a f t e r  a 
10 -min -o r i en t a t ion  t o t a l  c o u n t s  were o b t a i n e d  for a 15- 
rain-period.  U n c o r r e l a t e d  sample  means  were c o m p a r e d  
s t a t i s t i ca l ly  b y  app ly ing  S t u d e n t ' s  t - tes t .  Ca rd iovascu la r  
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e x p e r i m e n t s  were c o n d u c t e d  w i th  p e n t o b a r b i t o l - a n e s t h e -  
t ized dogs  of e i the r  sex  (6-11 kg). E a c h  a n i m a l  rece ived  
an  i.v. in jec t ion  (left f emora l  vein) of vehic le  30 m i n  pr ior  
to t h e  a d m i n i s t r a t i o n  of a s ingle dose of a c a n n a b i n o i d .  
Blood p r e s su re  a n d  h e a r t  r a t e  were recorded  1, 3, 5, 15, 
30, 45 a n d  60 m i n  a f t e r  d r u g  a d m i n i s t r a t i o n .  The  vehic le  
for all c a n n a b i n o i d s  was  a m i x t u r e  of E m u l p h o r  (EL-620,  
G A F  Corpora t ion) ,  e t h a n o l  a n d  sal ine s. 100 m g  of d r u g  
was  d i s so lved  in  I m l  of a 1 : 1 m i x t u r e  of E m u l p h o r  a n d  
e thano l .  P ro p e r  d i lu t ions  were  m a d e  w i t h  n o r m a l  sal ine.  
Results.  AS-THC p r o d u c e d  classical  c a n n a b i n o i d  b e h a v -  
ioral effects  (s ta t ic  a t ax i a ,  hyper re f l ex ia ,  etc.) in t he  dogs  
a t  doses  a s  low as 0.4 m g / k g .  ABN-AS-THC was  t e s t e d  a t  
2, 4 a n d  10 m g / k g  a n d  fai led to elicit  cha rac t e r i s t i c  can -  
nab in o id  a c t i v i t y  t h o u g h  t he  a n i m a l s  sh ied  a w a y  e a c h  
t i m e  t h e y  were a p p r o a c h e d  b y  an i nves t i ga to r .  W h e n  
a d m i n i s t e r e d  a t  doses  of 0.1 m g / k g  a n d  0.5 mg /kg ,  A B N -  

�9 C B D p r o d u c e d  no obse rvab le  behav io r a l  changes .  CBD  
a n d  A B N - C B D  a t  doses  of 2 or 10 m g / k g  also fai led to  
i nduce  s t a t i c  a t a x i a  a n d  o the r  m a n i f e s t a t i o n s  of c a n n a -  
b ino id  behav io ra l  ef fec ts  in dogs.  CBD a n d  A B N - C B D  did 
cause  some  depres s ion  of a c t i v i t y  a t  2 m g / k g  and  p r o d u c e d  
p r o f o u n d  s ed a t i o n  a n d  a p p a r e n t  musc l e  r e l axa t i on  asso-  
c ia ted  w i t h  p r o s t r a t i o n  a t  t he  h ighe r  dose. The  vehic le  
p r o d u c e d  no no t i ceab le  behav io r a l  effects  a t  a n y  of t he  
doses.  
AS-THC p r o d u c e d  a r e d u c t i o n  of s p o n t a n e o u s  a c t i v i t y  in 
mice  a t  2.5, 5 a n d  10 m g / k g .  These  r e su l t s  agree w i th  d a t a  
r epo r t ed  p r e v i o u s l y  f rom our  l a b o r a t o r y 7  as well as t h a t  
f r o m  o th e r s  9. A b n o r m a l  zI*-THC, CBD a n d  A B N - C B D  
did  n o t  cause  a s ign i f i can t  r e d u c t i o n  in s p o n t a n e o u s  
a c t i v i t y  a t  doses  of 2.5, 5, 10 or 20 mg /kg .  
I n  t h e  a n e s t h e t i z e d  dog,  A B N - C B D  p r o d u c e d  m a r k e d  
h y p o t e n s i o n  t h a t  a p p e a r e d  to  be dose- re la ted  a n d  s imi la r  
in m a g n i t u d e  to  t he  h y p o t e n s i o n  p r o d u c e d  b y  AS-THC 
(table). T h e  depresso r  a c t i v i t y  of A B N - C B D  was  more  
rap id  in o n se t  t h a n  t h a t  of A~-THC (peak effect  a t  
1-3 m i n  vs  10-20  min)  a n d  h a d  a sho r t e r  d u r a t i o n  
(20-30 m i n  as opposed  to  > 60 min) .  A t  a dose of 0.5 

Cardiovascular effects of cannabinoids in the anesthetized dog 

Maximum percent change 
Treatment N Dose Mean arteria! Heart rate 

(mg]kg) pressure* 

Vehicle 4 - 0.5 -4- 1.6 1.4 4- 3.0 
ABN-CBD 4 0.5 -38.4 • 13.4"* - 4.4 -t- 7.5 

- ] 4.0] Vehicle 12 - 8.4 • 4.8 *** 3.4 -4- 
ABN-AS-THC 3 2.0 -12.0 4- 4.0 - 7.4 4- 7.4 ] 
CBD 3 2.0 -12.8 4- 0.9 12.6 4- 4.1 [ 
ABN-CBD 3 2.0 -64.2 4- 5.7] -19.4 4- 3.9 J 
A~-THC 3 2.0 -51.6 4- 2.8] -43.7 4- 4.1 ] 

The dogs were anesthetized with sodium pentobarbitol (30 mg/kg, 
i.v.). Arterial pressure was recorded from the left femoral artery, and 
heart rate was obtained from surface EKG recording using needle 
electrodes. The left femoral vein was cannulated to allow i.v. ad- 
ministration of drugs. Each animal received an i.v. injection of 
vehicle, equivalent to the amount contained in the corresponding 
drug doses, 30 min prior to the administration of a single dose of 
eannabinoid. In 43% of the animals, the initial injection of vehicle 
produced a profound decrease in mean arterial pressure, wheezing 
and urticaria that was apparently due to a mast-cell histamine re- 
lease. This response subsided within 30 min and a second injection of 
vehicle at that time was devoid of activity. In these animals, the 
second injection of vehicle served as the control for subsequent in- 
jection of eannabinoid. * Mean arterial pressure = diastolic pressure 
-I- 1In (systolic pressure-diastolic pressure), ** Significantly different 
from vehicle (Student's t-test; p < 0.001). ***Values not included 
within the same bracket differ significantly from each other [Dun- 
cart's Multiple Range test; p < 0.05). 

mg /kg ,  t he  h y p o t e n s i v e  effect  of A B N - C B D  was  associ -  
a t ed  w i th  an  u n a l t e r e d  h e a r t  r a t e  (table). The  s a m e  d o s e  
of AS-THC ha s  been  s h o w n  to  p roduc e  s imi la r  h y p o t e n s i o n  
assoc ia ted  w i t h  b r a d y c a r d i a  1~ Th i s  d i f ference  in t he  
ac t ions  of A B N - C B D  a n d  AS-THC on h e a r t  r a t e  is also 
ind ica ted  in t he  t ab le  where  i t  can  be seen  t h a t  2.0 m g / k g  
of AS-THC p roduc e d  a s ign i f i can t ly  g rea t e r  r e d u c t i o n  in 
h e a r t  r a t e  t h a n  a n  equa l  dose  o f  A B N - C B D  e ve n  t h o u g h  
t h e  h y p o t e n s i ~ e  effects  of t h e  c a n n a b i n o i d s  were  s imilar .  
N e i t h e r  ABN-AS-THC no r  CBD s ign i f i can t ly  a l te red  
blood p re s su re  a t  a dose of 2 m g / k g  e ve n  t h o u g h  CBD 
p roduc e d  a s l igh t  b u t  s ign i f i can t  b r a d y c a r d i a  (table). 
Discussion.  The  dog s t a t i c  a t a x i a  t e s t  h a s  long been  con-  
s idered  a r e l a t i ve ly  specif ic be ha v io r a l  mode l  for  com-  
p o u n d s  h a v i n g  cannab i s - l i ke  a c t i v i t y  in  m a n  11. I n  add i -  
t i on  to  th i s  ac t iv i ty ,  p s y c h o a c t i v e  c a n n a b i n o i d s  h a v e  been  
d e m o n s t r a t e d  to s u p p r e s s  s p o n t a n e o u s  m o t o r  a c t i v i t y  in 
r ode n t s  9 a n d  p roduce  b r a d y c a r d i a  a n d  h y p o t e n s i o n  in 
a n e s t h e t i z e d  dogs  12-14. I n  t he  p r e s e n t  s t u d y ,  t h e  t r a n s -  
pos i t ion  of t he  h y d r o x y l  a n d  p e n t y l  g r o u p s  in t h e  p h e n y l  
r ing  of AS-THC resu l t ed  in a c o m p o u n d  (ABN-A~-THC) 
w h ic h  was  inac t ive  in all 3 of t he  above  p a r a d i g m s .  T h e s e  
d a t a  show t h a t  b o t h  t he  p resence  of t he se  f u n c t i o n a l  
g roups  as well as t he i r  pos i t ions  on t h e  p h e n y l  r ing  are  
r e q u i r e m e n t s  for c a n n a b i n o i d  ac t iv i ty .  
Cannab id io l  (CBD), as p r e v i o u s l y  r e po r t e d  15, was  found  
to be inac t ive  in the  b e h a v i o r a l  t e s t i n g  p rocedures .  Th i s  
n a t u r a l l y - o c c u r r i n g  c a n n a b i n o i d  did p roduc e  a s l igh t  de- 
crease  in h e a r t  ra te  b u t  did  no t  a l t e r  b lood pressure .  
A B N - C B D  also failed to p roduc e  c lass ical  c a n n a b i n o i d  
behav io ra l  effects .  However ,  A B N - C B D  was  found  to be 
as  p o t e n t  as  AS-THC in dec reas ing  b lood pressure .  T h u s ,  
it  wou ld  a p p e a r  t h a t  t h e  r e l a t ive  pos i t ions  of the  phenol ic  
h y d r o x y l  a n d  p e n t y l  side c h a i n  are less specific for cardio-  
v a s c u l a r  a c t i v i t y  t h a n  for CNS a c t i v i t y  w i t h  t he  s t ruc -  
t u r a l  r e q u i r e m e n t  v a r y i n g  d e p e n d i n g  on w h e t h e r  a c om-  
p o u n d  is a congene r  of a t e t r a h y d r o c a n n a b i n o l  or can-  
nabidiol .  
The  c a rd iova sc u l a r  effects  of c a n n a b i n o i d s  h a v e  been  
a t t r i b u t e d  to cen t r a l  n e r v o u s  s y s t e m  ac t ions  r e su l t i ng  in 
a r e d u c t i o n  in pe r iphe ra l  s y m p a t h e t i c  a c t i v i t y  a nd  en-  
h a n c e m e n t  of va ga l  tone  1~, la, 16. Whi l e  i t  m a y  be poss ible  
t h a t  A B N - C B D  is a c t i ng  t h r o u g h  a s imi la r  m e c h a n i s m ,  
its c a rd iova sc u l a r  ac t ions  a re  d i f fe ren t  f r o m  A~-THC in 
t h a t  i t s  effects  on h e a r t  r a t e  are  m u c h  less. T h e  p r e s e n t  
s t u d y  is t he  f i rs t  to  descr ibe  a c a n n a b i n o i d  w i th  cardio-  
v a s c u l a r  ac t ions  w h i c h  lacks  ove r t  b e h a v i o r a l  effects .  
A B N - C B D  m a y  be  of i n t e r e s t  as a p o t e n t i a l  h y p o t e n s i v e  
a g e n t  since i t  h a s  on ly  a s l igh t  effect  on h e a r t  ra te  a n d  
a p p e a r s  n o t  to  cause  b e h a v i o r a l  changes .  
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