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be  dep l e t ed  b y  p rocedure s  w h i c h  cause  t r a n s m i s s i o n  
fa i lure  or a r e d u c t i o n  in ACh s tores  does  n o t  necessa r i ly  
i m p l y  t h a t  these  vesic les  a re  i n t i m a t e l y  i n v o l v e d  in t h e  
s to rage  a n d  re lease  of A e h  n .  

Rdsumd. La s t i m u l a t i o n  p rdgang l ion ique  ~ 60/sec pen-  
d a n t  4 ra in  p r o d u i t  u n  d p u i s e m e n t  des vdsicules s y n a p -  
t i q u e s  e t  une  r 6 d u c t i o n  de  30% d u  c o n t e n u  de  l ' a c&y l -  
chol ine.  A p r &  c e t t e  p & i o d e  de  s t i m u l a t i o n ,  on  obs e rve  
f r d q u e m m e n t  l ' en f lu re  de  l ' 6 c l a t e m e n t  des  m i t o c h o n d r i e s  
a u x  ex t rdmi tds  des  ner ts .  Ces c h a n g e m e n t s  duns  l ' u l t r a -  
s t r u c t u r e  de ces derni~res  ne  se son t  pus  encore  m o n t r 6 s  

revers ib les  lo rsque  l ' on  laisse p a r  la su i te  les gang l ions  
se reposer  p e n d a n t  p lus ieurs  minu t e s .  
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P h a r m a c o l o g i c a l  Effects  of  C a r b a r y l  II.  M o d i f i c a t i o n  of  S e r o t o n i n  M e t a b o l i s m  in the  Rat  B r a i n  

I n  a p r e v i o u s  p a p e r  I i t  was  r e p o r t e d  t h a t  t h e  a d m i n -  
i s t r a t i o n  of a m i x t u r e  of D D T ,  p a r a t h i o n  a n d  c a r b a r y l  
( L - n a p h t h y l - N - m e t h y l c a r b a m a t e )  i n d u c e d  a n  increased  
e l i m i n a t i o n  of  u r i n a r y  3 - m e t h o x y - 4 - h y d r o x y - m a n d e l i c  
ac id  (VMA) a n d  5 -hydroxy-3 - indo ly l ace t i c  acid (5-HIAA)  
in t h e  r a b b i t .  I t  was  p o s t u l a t e d  t h a t  a s t ress  m e c h a n i s m  
is invo lved ,  f e a t u r i n g  a n  inc reased  s y n t h e s i s  r a t e  of t h e  
c a t e c h o l a m i n e s  a n d  S e r o t o n i n  respec t ive ly .  HASSAN * 
d e m o n s t r a t e d  a n  inc reased  s y m p a t h o a d r e n e r g i c  a c t i v i t y  
in  t h e  ra t ,  fo l lowing t h e  ora l  a d m i n i s t r a t i o n  of ca rba ry l .  
T h i s  inc reased  a c t i v i t y  i n v o l v e d  inc reased  s y n t h e s i s  of 
n o r e p i n e p h r i n e  pe r i f e ra l ly  ( and  p r o b a b l y  cen t ra l ly )  w i t h  
c o n c o m i t a n t  increase  of  u r i n a r y  V M A  excre t ion .  

O--CO--NH--CH a 

( ) ~ )  (Carbaryl) 

T h e  pu rpose  of t h e  p r e s e n t  i n v e s t i g a t i o n  was  to  s t u d y  
t h e  ef fec t  of a s ingle  c a r b a r y l  dose on  s e r o t o n i n  m e t a b -  
o l i sm in t h e  r a t  b r a i n .  

Male  a l b i n o  r a t s  ( H o l t z m a n )  we igh ing  150-180 g were  
used  in t h i s  s tudy ,  All  a n i m a l s  were  h o u s e d  in  g roups  
for  severa l  weeks,  a n d  fed  a s t a n d a r d  d i e t  of P u r i n a  
l a b o r a t o r y  chow.  C a r b a r y l  was  a d m i n i s t e r e d  o ra l ly  as  
a su spens ion  in  p e a n u t  oi l  a t  a s ingle  dosage  of 60 mg/kg .  
Con t ro l  r a t s  reqeived  on ly  p e a n u t  oil. A n i m a l s  were  
ki l led b y  d e c a p i t a t i o n ,  a n d  t h e  b r a i n  was  qu i ck l y  re- 
m o v e d  a n d  e x t r a c t e d .  Al l  d e t e r m i n a t i o n s  were  m a d e  
o n  whole  b r a i n .  S e r o t o n i n  was  d e t e r m i n e d  b y  t h e  pro-  
cedure  of BOGDANSKI ~ a n d  5 - H I A A  b y  t h e  m e t h o d  of 

GIACALONE a n d  VALZELLI 4. T h e  c o n c e n t r a t i o n  of cor- 
t i co s t e rone  in  t h e  p l a s m a  was  e s t i m a t e d  b y  a t luorescence  
m e t h o d  5. T h e  A m i n c o  B o w m a n  S p e c t r o p h o t o f l u o r o m e t e r  
was  used  for  al l  f luo rescen t  m e a s u r e m e n t s .  

T h e  re su l t s  of t h e  s t u d y  on  t h e  level  of 5 - H T  a n d  
5 - H I A A  in  t he  b r a i n  are  s h o w n  in t he  Table .  The  con-  
c e n t r a t i o n  of t h e  a m i n e  a n d  i t s  m e t a b o l i t e  i nc reased  
s ign i f i c an t l y  a f t e r  2, 4 a n d  6 h fo l lowing c a r b a r y l  a d m i n -  
i s t r a t i on .  Af te r  24 h t h e  level  of b o t h  s u b s t a n c e s  r e t u r n e d  
to  n o r m a l .  

I n  o rde r  t o  i n v e s t i g a t e  t h e  e f fec t  of c a r b a r y l  on  b r a i n  
5 - H T  f o r m a t i o n ,  e n d o g e n o u s  s to res  of t h e  a m i n e  were  
p rev ious ly  dep le ted  b y  i n h i b i t i o n  of i t s  syn thes i s .  Car-  
b a r y l  was  g iven  72 h a f t e r  p - c h l o r o p h e n y l a l a n i n e  (PCPA) 
a d m i n i s t r a t i o n  a n d  a n i m a l s  were  sacr i f iced 4 h la ter .  
T h e  a m i n e  level  was  s ign i f i can t ly  h i g h e r  w h e n  c o m p a r e d  
w i t h  P C P A  con t ro l  v a l u e  (F igure  1). R e s e r p i n e - p r e t r e a t e d  
a n i m a l s  showed  t h e  s ame  t r e n d .  P l a s m a  co r t i cos t e rone  
level  was  also inc reased  b y  a b o u t  125%,  one  h o u r  a f t e r  
t h e  o ra l  a d m i n i s t r a t i o n  of t h e  c a r b a m a t e  (Figure  2). 
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Effect of a single carbaryl dose on brain 5-HT and 5-HIAA 

Hours after 5-HT 
Carbaryl 

5-HIAA 

Concentration % Increase Concentration % Increase 
Izg/g 4- S.E. tzg/g 4- S.E. 

Ratio 
5-HIAA 
5-HT 

0 0.61 4- 0.05 - 
2 0.78 4- 0.07 28 
4 0.78 4- 0.08 28 
6 0.80 ::t= 0.07 31 

24 0.60 -4- 0.06 - 

0.25 4- 0.02 - 0.41 
0.30 4- 0.02 20 0.38 
0.31 4- 0,03 24 0.40 
0.31 4- 0.03 24 0.39 
0.24 4- 0.02 0.40 

Carbaryl dose 60 mg/kg. Results are mean of groups of 5-8 animals 4- S.E. 
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T h i s  p r o b a b l y  r e p r e s e n t s  t h e  m a x i m u m  e l e v a t i o n  of t h e  
glucocor t icoid .  T h e  level  d r o p s  t h e r e a f t e r  a n d  a p p r o a c h e d  
p r e t r e a t m e n t  levels  a f t e r  20 h. I n  con t ro l  e x p e r i m e n t s ,  
t h e  a d m i n i s t r a t i o n  of p e a n u t  oil  a lone  d id  n o t  cause  a n  
increase  in t h e  p l a s m a  cor t i cos te rone ,  a f t e r  1 h. 

The  effect  of c a r b a r y l  on  ce rebra l  s e ro ton in  m e t a b o l i s m  
is be l i eved  to  be  r e l a t ed  to  a ' s t ress  m e c h a n i s m ' .  The  
effect  s imu la t e s  t h a t  of e lectr ic  s t ress  e, a n d  is p r e s u m a b l y  
p r o v o k e d  b y  a n  e n h a n c e d  s y n t h e s i s  a n d  n o t  b y  a .de-  
c reased  u t i l i z a t i on  of t h e  amine .  Th i s  a s s u m p t i o n  is 
s u p p o r t e d  b y  some c o m p l i m e n t a r y  ev idence .  1. S e r o t o n i n  
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Fig. 1. Effect of carbaryl on endogenous 5-HT levels in the brain 
of normal and PCPA or reserpine-pretreated animals. PCPA pre- 
treated animals received the drug i.p. (360 mglkg) 72 h before 
administration of carbaryl and animals were killed 4 h later. Reser- 
pine (5 mg/kg) was administered i.p., immediately before carbaryl 
was given, animals were killed 4 h later. Results are expressed as a 
percentage of control values 4-S.E. The endogenous 5-HT levels 
in control animals were 0.61 -t- 0.05 [xglg. *P < 0.01 when compared 
with respective controls. 

leve l  in  t h e  b r a i n  of c a r b a r y l - t r e a t e d  an imals ,  p r e t r e a t e d  
w i t h  P C P A  was  72% h i g h e r  t h a n  t h e i r  r e spec t ive  con-  
t rois .  These  resu l t s  sugges t  t h a t  5 -HT s y n t h e s i s  is 
acce l e ra t ed  b y  ca rba ry l .  The  poss ib i l i ty  t h a t  t h e  effect  
of P C P A  is d i m i n i s h e d  b y  c a r b a r y l  c a n n o t  be  ru led  out .  
2. The  dep le t ion  of b r a i n  5 -HT b y  rese rp ine  cou ld  also 
be  p a r t i a l l y  a n t a g o n i z e d  b y  ca rba ry l .  3. T h e  f o r m a t i o n  
of h i g h e r  a m o u n t s  of 5 - H I A A  ill t h e  b r a i n  is p r o b a b l y  
a consequence  of a n  inc reased  s y n t h e s i s  r a t e  of se ro ton in ,  
a n d  m a y  r e p r e s e n t  a h i g h e r  f u n c t i o n a l  u t i l i z a t i on  of t h e  
amine .  Since o rgan ic  acids  a re  r e m o v e d  f rom t h e  b r a i n  
b y  a n  ac t ive  e n e r g y - r e q u i r i n g  process  ~, a n  ef fec t  o n  
t r a n s p o r t  b y  c a r b a r y l  cou ld  c o n t r i b u t e  to  t h e  c h a n g e s  
in ce reb ra l  5 - H I A A  levels  obse rved .  

T h e  increase  in  t h e  b i o s y n t h e t i c  r a t e  of s e r o t o n i n  m a y  
i n v o l v e  a c t i v a t i o n  of  t r y p t o p h a n  h y d r o x y l a s e  a n d / o r  
h y d r o x y t r y p t o p h a n  deca rboxy la se .  T h e  poss ib le  a c t i v a -  
t i o n  of t r y p t o p h a n  h y d r o x y l a s e  rece ives  s u p p o r t  f r o m  
t h e  P C P A  e x p e r i m e n t s .  T h e  i n h i b i t i n g  power  of P C P A  
of t r y p t o p h a n  h y d r o x y l a s e  s could  be  - a t  l eas t  p a r t i a l l y  - 
o v e r c o m e  b y  c a r b a r y l .  I t  is also w o r t h  m e n t i o n i n g  t h a t  
s t ress  i n d u c e d  b y  acu t e  cold  exposure  s ign i f i can t ly  
increases  ce reb ra l  t r y p t o p h a n - 5 - h y d r o x y l a s e  a c t i v i t y  9. 

T h e  changes  in  t h e  b r a i n  a m i n e  level  un l ike ly  i nvo lve  
m o n o a m i n e  ox idase  i nh ib i t i on ,  because  of t h e  conco-  
m i t a n t  increase  in  ce r eb ra l  5 -HIAA.  I n  f ac t  t h e  r a t i o  
5 - H I A A / 5 - H T  r e m a i n e d  essen t i a l ly  u n a l t e r e d  (no signifi-  
c a n t  differences)  (Table) .  The  a d m i n i s t r a t i o n  of c a r b a r y l  
in to  r a t s  was  r e p o r t e d  to  increase  t h e  d e g r a d a t i o n  of 
c a t echo l amines ,  p r e s u m a b l y  t h r o u g h  a c t i v a t i o n  of m o n o -  
a m i n e  ox idase  2 T h i s  sugges t s  in  t u r n  t h a t  t h e  inc reased  
f o r m a t i o n  of c e r eb ra l  5 - H I A A  in  c a r b a r y l - t r e a t e d  r a t s  is 
p r o b a b l y  t h e  r e su l t  of MAO a c t i v a t i o n .  

T h e  a d m i n i s t r a t i o n  of c a r b a r y l  a lso s t r o n g l y  s t i m u l a t e s  
co r t i cos t e rone  secre t ion  b y  t h e  ad rena l s .  Norma l ly ,  
co r t i cos t e rone  sec re t ion  would  be  cons ide red  a n  i n d e x  
of t h e  re lease  of ACTH.  However ,  i t  is n o t  k n o w n  w h e t h e r  
t h e  changes  of s e ro ton in  m e t a b o l i s m  are  r e l a t ed  to  t h e  
a c t i v a t i o n  of t h e  p i t u i t a r y ~ a d r e n a l  sys tem.  U n d e r  con-  
d i t i ons  of r e s t r a i n t  stress,  b r a i n  5 -HT level  d id  n o t  cor- 
r e l a t e  w i t h  t h e  ad r enoco r t i c a l  a c t i v a t i o n  ~0. 
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Fig. 2. Effect of a single carbaryl dose (60 mg/kg) on plasma eorti- 
eosterone. Points represent means of at least 5 animals and bars 
indicate 4- S,E. 

Zusammen[assung. Nachweis ,  dass  C a r b a r y l  d ie  Kon-  
z e n t r a t i o n  y o n  S e r o t o n i n  u n d  5 -Hydroxy indo le s s ig s~u re  
i m  R a t t e n h i r n  s te iger t .  De r  Z u s a m m e n h a n g  m i t  e i n e m  
St ress  w i rd  a ls  m6g l i ch  a n g e n o m m e n .  
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