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Table III. Solubilization of succinate dehydrogenase by KCN in the 
presence of various effectors 

Conditions Extracted PBF (%) 

No addition 100 
Suecinate, 40 mM 0 
NADtt, 5 mM 43 
IDP, 5 mM 21 

The Keilin-Hartree heart muscle preparations were pretreated with 
each effeetor for 15 rain at 30~ (in the samples with NADH and 
succinate, I mM KCN was also added). Other conditions as in the 
Figure. 

per iod  m a y  be in t e rp re t ed  as resul t ing f rom a preferent ia l  
in te rac t ion  of CN-  wi th  one of the  two forms of the  en- 
zyme.  

In  re la t ion to  these  f indings,  the  effect  of KCN on the  
butanol-solubi l ized  succinate  dehydrogenase  was invest i -  
gated.  The enzyme was incuba ted  wi th  KCN in var ious  
condi t ions  ; KC1 was added  to the  control  to yield the  same 
ionic s t reng th .  The ac t iv i ty  was measured  at  d i f fe rent  
t imes  w i t h o u t  and  wi th  full ac t iva t ion  by  succinate  
(Table II).  In  the  la t t e r  case, no subs tan t i a l  difference 
be tween  controls  and  KCN- t r ea t ed  samples  is observed,  
whe the r  incuba t ions  are carr ied out  under  n i t rogen  or in 
air. No p ro tec t ion  agains t  i r reversible  inac t iva t ion  is t hen  
af forded by  KCN. On the  o ther  hand,  if ac t iva t ion  by  
succinate  is no t  per formed,  the  ac t iv i ty  in the  KCN- 
t r e a t ed  samples  a lways remains  h igher  in the  var ious  
condi t ions  tes ted.  These resul ts  suggest  t h a t  KCN par t ia l ly  
p reserves  succinate  dehydrogenase  agains t  spon taneous  
deac t iva t ion .  We shall  recall t h a t  the  f lavopro te in  solu- 
bilized by  KCN 6 shows a lower degree of deac t iva t ion ,  as 
ac t iv i ty  r emains  cons t an t  w i th  t ime  and  succinate  
enhances  th is  ac t iv i ty  1.4 t imes  only. 

These da t a  suggest  a preferen t ia l  in te rac t ion  of C N -  
wi th  ac t iva t ed  succinate  dehydrogenase .  The lag per iod 

thus  describes a s i tua t ion  of s ta t ionary,  s t a t e  for the  
ac t iva ted  form, being the  solubilized enzyme replaced by  
convers ion of the  deac t i va t ed  one. However ,  effectors  
which  are well known for the i r  ac t iva t ing  act ion on the  
pa r t i cu la te  enzyme  1, p r e v e n t  to  d i f fe rent  ex t en t s  t h e  
resolut ion of succinate  dehydrogenase  f rom the  m e m b r a n e  
by  cyanide  (Table I I I ) .  

In  our previous  work  6 we have  shown t h a t  CN-  b inds  
to the  n o n -h aem iron of succinate  dehydrogenase .  We m a y  
thus  conclude t h a t  the  convers ion of the  enzyme  f rom a 
deac t iva t ed  in to  an ac t iva ted  s ta te  results  in an exposure  
of the  n o n -h aem iron-labile sulphide  chromophore .  Never-  
theless,  in te rac t ion  of the  enzyme wi th  effectors causes a 
h ind rance  a t  the  site of C N -  b i n d i n g  As to  t he  mechan i sm 
of ac t iva t ion ,  t he  p resen t  d a t a  are more  cons i s t en t  w i t h  
the  scheme proposed  by  McDONALD-GIBsON and  THORN 4 
which  includes a free equi l ibr ium be tween  a deac t iva ted  
and an ac t iva ted  form of succinate  dehydrogenase ,  i.e. 
t he  process of ac t iva t ion  does no t  necessar i ly  occur 
t h ro u g h  the  b ind ing  of an ac t iva to r  10 

Riassunto. Anal izzando l ' e f fe t to  del c ianuro sulla 
Succinato  Deidrogenasi ,  si conclude che si ha  una  in tera-  
zione preferenziale  del CN-con  la forma a t t iva ta ,  l ibera  
del l 'enzima.  L ' a t t i vaz ione  modi f icherebbe  percib l 'accessi-  
bil i t~ del g ruppo  ferro non  eme. 
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Effects of Te trahydrocannabino l s  on Cyclic A M P  Levels  in Rat Brain Areas  

The role of adenosine  3 ' 5 ' - m o n o p h o s p h a t e  (cyclic 
AMP) as an in t racel lu lar  med ia to r  of ho rmone  ac t ion  has  
been well established1.  GOLDBElaG ~ had  previous ly  
r epor ted  t h a t  d i b u t y r y l  cyclic AMP p o t e n t i a t e d  the  end 

Table I. Effects of z]S-THC and ZI~ on cyclic AMP levels in rat 
brain areas 

Brain area Cyclic AMP 

Control AJS-THC Ag-THC 

Cortex 0.17 -~ 0.08 0.29 -t- 0.04 0.14 ~_ 0.09 
Hypothalamus 2.39 • 0.65 2.19 4- 0.33 2.26 ~ 0.27 
Cerebellum 1.18 i 0.16 1.08 i 0.05 1.17 4- 0.21 
Medulla 1.25 • 0.30 1.03 ~ 0.08 1.20 -4- 0.12 
Midbrain 0.84 4- 0.17 1.29 ~ 0.17 ~ 0.88 -V 0.09 

1 h after receiving either 10 mg/kg of the THC or 4% Tween 80-saline 
i.v. brain areas from rats were assayed for the level of cyclic AMP 
(pmole/mg wet tissue). Each value represents the mean (•  S.E.) of 
8 determinations. ~ Significantly different from the vehicle control, 
p <  0.05. 

p la te  po ten t i a l  in isolated ra t  d i a p h r a g m  by  a p p a r e n t l y  
fac i l i ta t ing the  release of acetylchol ine.  Trans-(--)-A s- 
T e t r ah y d ro ean n ab i n o l  (AS-THC) has  been  shown to  have  
an effect  s imilar  to  t h a t  of ant ichol inergic  agents  in 
abol ishing the  behaviora l  inh ib i t ion  of h a b i t u a t i n g  
exper iences  in mice 3. In  a previous  paper  we repor ted  
decreases  in r a t  b ra in  acety lchol ine  levels af ter  in jec t ion  
of A s- and A~ ~. Therefore,  we t h o u g h t  t h a t  t he  
ac t ion  of the  THC's  on the  cholinergic sys t em could 
poss ibly  be med i a t ed  by  cyclic AMP. This  repor t  descr ibes  
t he  effect  of the  THC's  on the  concen t r a t ion  of ra t  b ra in  
cyclic AMP.  

Methods. Male Sprague-Dawley  ra ts  in groups  of 4 were 
in jec ted  i.v. w i th  10 mg/kg  of Ag-THC or AS-THC in 4% 
Tween-80-sal ine and sacrificed af ter  1 h. Animals  used in 
t he  d e t e rmi n a t i o n  of cyclic AMP levels were sacrif iced in a 

1 E. W. S1JTllERLAND and T. W. RALL, Pharmac. Rev. 72, 265 
(1960). 

2 A. L. GOLDB~RG and .1- J. SING~R, Proc. natn. Aead. Sci., USA 64, 
135 (1969). 

8 H. BROWN, Psychopharmaeologia 21, 294 (1971). 
4 W. E. AsKew, A. P. KI~BALL and B. T. Ho, Brain Res. 69, 375 

(1974). 
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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- 
G e h a l t e s  
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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 ,  


