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Table II. Effect of z]S-THC on adenylate cyclase and cyclic nucleotide phosphodiesterase activities in rat brain areas 

Brain area Adenylate cyclase Cyclic nucleotide phosphodiesterase 

Control ZJS-THC Control zJS-THC 

Medulla 0.11 • 0.02 0.10 • 0.10 7.94 • 0.84 8.67 4- 0.25 
Cerebellum 0.58 -t- 0.09 0.33 -t- 0.08 13.79 • 1.24 17.06 4- 1.56 ~ 
Midbrain 0.93 4- 0.13 0.68 4- 0.07 b 70.68 4- 12.79 �9 54.85 4- 7.04 b 

1 h after receiving either 10 mg/kg of zJS-TI-IC or 4% Tween 80-saline i.v., brain areas from rats were assayed for adenylate cyciase (nmole 
cyclic AMP formed/mg protein/min) and cyclic nucleotide phosphodiesterase (~xmole inorganic phosphate released/mg protein/20 min) 
activities. Each value represents the mean (4- S.E.) of 8 determinations. ~ Significantly different from the vehicle control, p < 0.01. bSignifie- 
antly different from the vehicle eontroi, p < 0.02. 

commercia l  microwave  oven by  exposure  to microwaves  
for 30 sec 5 The heads  were chilled before removal  of bra ins  
and  dissect ion into var ious  bra in  areas ; o ther  animals  were 
sacrificed by  decapi ta t ion .  Bra in  areas were ident i f ied 
according to VALZELLI 6. 

Cyclic AMP con ten t  was de te rmined  by  the  me th o d  of 
GILreAN 7 involv ing  b inding  of the  cyclic nucleot ide  to  
pro te in  kinase. Tissues were homogenized  in 5~o TCA 
and ex t r ac t ed  wi th  e thy l  ether .  The aqueous  layer  was 
evapora ted  to dryness  under  dr ied n i t rogen  and the  
residue conta in ing  cyclic AMP was incuba ted  wi th  
p ro te in  kinase, al l-cyclic A M P  and  sod ium ace ta te  
buffer,  p H  4. Samples  were calcula ted by  reference to  a 
s t anda rd  curve. 

The m e t h o d  of WEISS and COSTA s was used for es t ima-  
t ion of adeny la te  cyclase ac t iv i ty  w i th  the  labeled 
cyclic AMP formed f rom the  subs t ra te ,  14C-ATP, being 
puri f ied by  column c h r o m a t o g r a p h y  and prec ip i ta t ion  by  
ba r ium hydrox ide  and  zinc sulfate. Samples  were 
correc ted  for r ecove ry .  Cyclic nucleot ide  phospho-  
d ies terase  was assayed by  the  m e t h o d  of ROBERTS 9 
where in  the  3', 5 ' -phosphodies te r  bond  of cyclic AMP was 
cleaved by  the  phosphodies te rase ,  followed by  the  cleav- 
age of 5 ' -phospha te  by  snake v e n o m  esterase.  Inorganic  
p h o s p h a t e  con ten t  was t h e n  de te rmined  by  the  m e t h o d  of 
CHEN 10 

Results and discussion. While  ztg-THC exer ted  no 
s ignif icant  changes  in cyclic AMP levels in the  ra t  bra in  
areas examined,  its isomer, z]S-THC, p roduced  a s ignif icant  
increase of cyclic AMP con ten t  in t he  midbra in  and sl ight  
decreases of the  cyclic nucleot ide  in t he  cerebel lum and  
medul la  (Table I). W h e n  the  b iosyn the t i c  and  metabol ic  
enzymes  were assayed in  the  th ree  bra in  areas, ds_ THC 
effected a s ignif icant  decrease in t he  act ivi t ies  of bo th  
adeny la t e  cyclase and  cyclic nucleot ide  phosphod ies te rase  
in t he  midbra in .  I t  is therefore  l ikely t h a t  the  e levat ion of 
cyclic AMP in the  midbra in  by  AS-THC could be the  
resul t  of a decreased t u rnove r  of the  cyclic nucleotide.  

A n u m b e r  of psychoac t ive  drugs, such as benzo-  
diazepines,  phenoth iaz ines ,  t r icycl ic  an t idepressan t s  and  
pur ine  s t imulan t s  have  been known to  affect  bra in  cyclic 
AMP sys tems  via  the  inh ib i t ion  of phosphodies te rase .  A 
correla t ion has  been found be tween  the  abi l i ty  of these  

drugs to  reduce anx ie ty  and  the i r  abi l i ty  to inh ib i t  
phosphod ies te rase  imply ing  t h a t  the  drug act ion m a y  be 
med ia t ed  by  bra in  cyclic AMP 11, ~2. In  a prev ious  r epor t  4, 
ra t  bra in  acety lchol ine  was shown to be decreased by  bo th  
/3S-THC and  Ag-THC. However ,  it  is no t  l ikely t h a t  the  
effect  of THC's  on the  cholinergic sys t em is med ia t ed  by  
cyclic AMP,  because the  p resen t  s t u d y  has  shown a lack 
of effect  of the  Ag-isomer on the  nucleot ide  level in 
several  ra t  bra in  areas. The difference Observed wi th  the  
2 isomeric THC's  regard ing  the i r  effects  on the  cyclic 
A M P  sys tem fur ther  subs t an t i a t e s  the  repor t  f rom our 
group and  t h a t  of SEGAL and KENN Y :a t h a t  the  two  isomers 
exer t  d i f ferent  spec t ra  of b iochemical  and  psycho-  
pharmacolog ica l  act ions.  The med ia t ion  of some behavior-  
al effects of zjS-THC by  cyclic AMP is h ighly  possible.  

Zusammenfassung. AS-Tet rahydrocannabinol  senkt  die 
Adenylcyclase  und  die Phosphod ies te rase  im Mit te lh i rn  
und ve ru r sach t  gleichzeit ig eine E r h 6 h u n g  des cAMP- 
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P o l y h y d r o x y l a t e d  M e t a b o l i t e s  of  t rans-S t i lbene  in  t h e  Rat  

Several  s t i lbene der ivat ives ,  mos t  no t ab ly  the  estro- 
genic com pound  die thyls t i lbes t rol ,  are of in te res t  because 
of the i r  considerable  biological act ions.  However ,  our 
knowledge of the  me tabo l i sm of s t i lbenes is no t  extensive,  
a l though  some recent  inves t iga t ions  have  provided  several  

in te res t ing  f indings.  Thus, trans-stilbene itself, which was 
earl ier  shown to  be conver ted  to the  ex t en t  of a few 
percen t  to 4 ,4 ' -d ihydroxys t i l bene  in r abb i t s  1,2, is now 
known to undergo a s ignif icant  degree of hyd roxy la t i on  
in bo th  r abb i t s  and  guinea-pigs a The ur inary  metabol i tes ,  
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wh ich  a m o u n t e d  to 1 0 - 1 1 %  of t he  dose in these  species, 
were iden t i f i ed  as 4 -hydroxys t i lbene ,  4, 4 ' - d ihyd roxys t i l -  
bene  a n d  b o t h  of t h e  m o n o m e t h y l  e thers  of 3, 4 -d ihydroxy-  
s t i lbene.  I n  ad i t ion ,  a nove l  me tabo l i t e ,  4 ,4" -d ihydroxy-  
b ibenzyl ,  w h i c h  was fo rmed  b y  t h e  r e d u c t i o n  of t he  
doub le  b o n d  was r epo r t ed  to  a ccoun t  for a b o u t  2% of t he  
a d m i n i s t e r e d  trans-stilbene in  r a b b i t s  *. F u r t h e r  r e l e v a n t  
f ind ings  a b o u t  t he  m e t a b o l i c  fa te  of s t i lbenes  h a v e  been  
o b t a i n e d  in s tud ies  of a d i h y d r o x y  der iva t ive ,  d ie thy ls t i l -  
bestrol .  I n  t he  ra t ,  t h i s  c o m p o u n d  is ex t ens ive ly  excre ted  
in t he  bi le  as a g lucuron ide  c o n j u g a t e  wh ich  is s ubs equen t -  
ly h y d r o l y z e d  b y  i n t e s t i n a l  bac ter ia ,  t h u s  g iv ing  rise to  a 
p r o n o u n c e d  e n t e r o h e p a t i c  c i rcu la t ion  of d i e thy l s t i l be s t -  
rolS-L I n  v iew of t h e  above  f indings ,  t o g e t h e r  w i t h  t he  
knowledge  t h a t  r educ t i ve  r eac t ions  are o f ten  car r ied  ou t  
b y  t h e  in te s t ina l  b a c t e r i a  s, t h e  p r e s en t  s t u d y  was car r ied  
ou t  in  o rder  to  i aves t i ga t e  t he  n a t u r e  a n d  or ig in  of t he  
h y d r o x y l a t e d  m e t a b o l i t e s  of trans-stilbene in  t he  ra t .  

Male a lb ino  r a t s  we igh ing  approx .  250 g were used. 
T h e y  were m a i n t a i n e d  on  a commerc ia l  pe l le t  d ie t  a n d  
w a t e r  ad  l i b i t u m  bu t ,  in  some expe r imen t s ,  t h e y  were 
swi t ched  to a pur i f ied  diet9 t h r ee  days  pr io r  to  dosing.  
Trans-stilbene, a zone-ref ined sample  of more  t h a n  99.9% 
pur i ty ,  was a d m i n i s t e r e d  a t  a dose level  of 100 m g / k g  
i n t r a g a s t r i c a l l y  as e i t he r  a n  aqueous  suspens ion  or a 
so lu t ion  in soya oil or i.p. as a so lu t ion  in soya  oil (1 mI). 
Ur ine  a n d  faeces samples  were col lected s e p a r a t e l y  in 
con ta ine r s  k e p t  a t  < 0 ~ A p r e l i m i n a r y  s t u d y  i n d i c a t e d  
t h a t  t he  u r i n a r y  exc re t ion  of free m e t a b o l i t e s  of s t i lbene  
a m o u n t e d ,  a t  most ,  to  t races  o n l y  a n d  t he  ur ine  samples  
were the re fore  h y d r o l y z e d  pr io r  to  ex t rac t ion .  Po r t i ons  of 
samples  h y d r o l y z e d  b y  re f lux ing  for i h in 1 N HC1 showed 
reduced  a m o u n t s  of m e t abo l i t e s  c o m p a r e d  w i t h  i nden t i ca l  
samples  i n c u b a t e d  w i t h  a g lucu ron idase - su lpha ta se  pre-  
p a r a t i o n  (0.1 ml  of glusulase,  E n d o  Labora to r ies ,  G a r d e n  
City, N.Y. in  10 ml  of sample) .  F u r t h e r m o r e ,  m a x i m a l  
a m o u n t s  of m e t a b o l i t e s  were de t ec t ed  fol lowing an  incuba-  
t i on  t i m e  of approx .  6 h and  reduced  recover ies  were n o t e d  
when  longer  t i m e s  were used. These  samples  were t h e n  ex- 
t r a c t e d  w i t h  e the r  w h i c h  was s h a k e n  w i t h  5% N a H C O  3 
so lu t ion  to  r e m o v e  acidic com pounds .  The  e t h e r  e x t r a c t s  
were dried,  e v a p o r a t e d  and  t r e a t e d  w i t h  I ml  Tri-  Sil (Pierce 
Chemical  Co., Rockford ,  Il l inois).  The  t r i m e t hy l s i l y l  
e the r s  of t he  m e t a b o l i t e s  t h u s  fo rmed  were ana lyzed  b y  
gas c h r o m a t o g r a p h y  a n d  c o m b i n e d  gas c h r o m a t o g r a p h y /  
mass  s p e c t r o m e t r y  (Var ian  M A T  111) us ing  co lumns  
c o n t a i n i n g  3% OV-17 or OV-25. 

The  resu l t s  showed  t h a t  v a r i a t i o n s  in  the  rou te  of 
a d m i n i s t r a t i o n  or dosage form of trans-stilbene or in  t he  
d ie t  given,  resu l ted  largely  in a l t e r a t i ons  in  t he  q u a n t i t a -  
t i ve  r a t h e r  t h a n  the  q u a l i t a t i v e  n a t u r e  of t he  p a t t e r n  of 
u r i n a r y  me tabo l i t e s .  U r i n a r y  excre t ion  of m e t abo l i t e s  
was more  p ro longed  in an ima l s  fed t h e  h igh ly  d iges t ib le  
pur i f i ed  d ie t  (up to  10 days)  whereas  i t  was  essent ia l ly  
comple te  w i t h i n  4 days  w h e n  t h e  o r d i n a r y  d ie t  was used. 
As a resu l t  of compar i sons  w i t h  t he  r e t e n t i o n  t imes  and  
t he  mass  spec t r a  of reference  compounds ,  t he  fo l lowing 
m e t a b o l i t e s  were unequ ivoca l l y  de t ec t ed :  4 -hydroxy- ,  
4, 4 ' - d i h y d r o x y -  a n d  3, 4, 4 ' - t r i h y d r o x y - s t i l b e n e ;  3, 4-di- 
hydroxy- ,  4, 4 ' -d ihydroxy- ,  3, 4, 4 ' - t r i h y d r o x y -  and  3, 3% 
4,4"-tetrahydroxybibenzyl. These  r e m a r k a b l e  tr i-  and  
t e t r a - h y d r o x y l a t e d  m e t abo l i t e s  were found  to be  t he  
m a j o r  u r i n a r y  me tabo l i t e s  of trans-stilbene. An ind i ca t i on  
of t he  a m o u n t s  of h y d r o x y l a t e d  m e t a b o l i t e s  exc re ted  was 
o b t a i n e d  b y  a d d i n g  t he  chemica l ly  r e l a t ed  4 -hydroxy-  
d i p h e n y l m e t h a n e  to  t h e  u r ine  samples  as a n  i n t e r n a l  
s t anda rd .  The  r ecove ry  a f t e r  4 days  in r a t s  fed t h e  
o r d i n a r y  d ie t  a m o u n t e d  to  a b o u t  24% of t he  dose a n d  t he  
respec t ive  va lues  for  t r i h y d r o x y b i b e n z y l ,  t r i h y d r o x y -  
s t i lbene  a n d  t e t r a h y d r o x y b i b e n z y l  were a p p r o x i m a t e l y  

8, 2 and  5 % of the  dose. F u r t h e r m o r e ,  smal le r  a m o u n t s  of 
t he  m o n o m e t h y l  e thers  of all t h r ee  of these  m a j o r  m e t a -  
bol i tes  were also ident i f ied .  In  t h e  case of t h e  b ibenzy l  
der iva t ives ,  t he  mass  spec t ra  of these  me tabo l i t e s  show 
a p r o m i n e n t  peak  a t  m/e 209 which  is h igh ly  cha rac te r i s t i c  
for t he  TMSO (CHsO)-benzyl  f r agmen t .  

The  m e t a b o l i t e s  excre ted  in t he  bi le  col lected for 3 or 
5 h fol lowing t h e  i.p. i n j ec t ion  of trans-stilbene were found  
to be  4-hydroxy- ,  4, 4 ' - d ihyd roxy -  a n d  3, 4, 4 ' - t r i hyd roxy -  
s t i lbene.  Me tabo l i t e  excre t ion  was g rea te r  in  the  5 h 
sample,  wh ich  also c o n t a i n e d  re l a t ive ly  more  di- and  t r i -  
h y d r o x y  compounds .  No b ibenzy l  c o m p o u n d s  were de tec t -  
ed in the  bile. The  above  3 s t i lbene  der iva t ives ,  t o g e t h e r  
w i t h  t he  d i h y d r o x y - m e t h o x y  compound ,  were excre ted  
in t he  ur ine  of r a t s  in  wh ich  t he  c o m m o n  bile duc t  was  
t i ed  off a n d  severed  pr io r  to  t he  s t i lbene  in jec t ion .  These  
r a t s  d id  no t  excre te  b ibenzy l  m e t a b o l i t e s  in  t he  ur ine.  
A n o t h e r  expe r imen t ,  in wh ich  2 r a t s  were fed t he  o r d i n a r y  
d ie t  s u p p l e m e n t e d  w i t h  1% n e o m y c i n  su lpha t e  beg inn ing  
3 days  pr io r  to  dosing,  showed  a s t r i k ing  r educ t i on  in t he  
a m o u n t s  of u r i n a r y  phenol ic  me tabo l i t e s .  Less t h a n  1% 
of the  dose was found  in the  2-day ur ine  and  t h i s  cons i s ted  
m a i n l y  of 4, 4 ' - d ihyd roxy -  and  3, 4, 4 ' - t r i hyd roxys t i l bene .  
Some m e t h y l  e the r  of t he  l a t t e r  c o m p o u n d  was also 
de tec ted  b u t  of the  b ibenzyls ,  on ly  a smal l  a m o u n t  of the  
4 , 4 ' - d i h y d r o x y  d e r i v a t i v e  was p r e s e n t .  These  resu l t s  
s t rong ly  sugges t  t h a t  r e d u c t i o n  of t he  double  b o n d  in t he  
h y d r o x y l a t e d  me tabo l i t e s  of trans-stilbene is a r eac t ion  
car r ied  ou t  b y  t he  i n t e s t i n a l  microf lora  fol lowing t he  
b i l i a ry  exc re t ion  of t he  s t i lbenes.  The  degree of r eabsorp-  
t ion  of the  b i l i a ry  me tabo l i t e s  and  t h e i r  i n t e s t i n a l  p r o d u c t s  
is no t  known,  b u t  t he  p r e sen t  s tudy ,  w h i c h  ha s  accoun ted  
for on ly  a b o u t  1/4 of t he  a d m i n i s t e r e d  trans-stilbene, 
suggests  t h a t  faecal  exc re t ion  is also likely. Techn ica l  
diff icul t ies  h a v e  no t  p e r m i t t e d  a clear  a s ses smen t  of th i s  
p o i n t  ye t  b u t  f u r t h e r  work  is p l a n n e d  w i t h  14C-labelled 
trans-stilbene, which  will  hopefu l ly  p rov ide  a more  
c o m p r e h e n s i v e  p i c tu re  of the  me tabo l i c  fa te  of th i s  com- 
p o u n d  10 

Zusammen/assung. N a c h  E i n g a b e  yon  trans-Stilben bei  
R a t t e n  w u r d e n  die gr6ss ten  Mengen  im H a r n  als 3, 4, 4'- 
T r ihyd roxys t i l ben ,  3, 4, 4 ' - T r i h y d r o x y b i b e n z y l  u n d  3, 3% 
4 , 4 ' - T e t r a h y d r o x y b i b e n z y l  nachgewiesen.  Die B ibenzy l -  
de r iva t e  werden  nachsche in l i ch  n a c h  Aussehe idung  in der  
Galle  yon  D a r m b a k t e r i e n  metabo l i s i e r t .  
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