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Methods of physiological analysis were used to study the effect of the original psychotropic  
agent carbidine on adenergic neuro t ransmiss ion  on the isolated rat  vas deferens as the mod- 
el. The content of noradrenal in (NA) was determined spec t rof luoremetr ica l ly  in the same 
ducts and the ability of the neuroleptic to block the uptake of exogenous NA by the tissue also 
was investigated. Carbidine was found to possess  an adrenomimet ic  effect, due to its ability 
to l iberate NA, leading to a decrease  in the endogenous r e se rves  of the neuromediator .  
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Carbidine (3,6-dimethyl-l ,2,3,4,4a,9a-hexahydro-3S-carboline) is an original Soviet psychotropic  
agent with the proper t ies  of a neuroleptic and ant idepressant  [3]. An important  role in the mechanism of 
its action is ascr ibed to its effect on adrenergic  s t ruc tures  [4], although this problem has so far  received 
little investigation. 

In this investigation the effect of carbidine was studed on adrenergic  neuro t ransmiss ion  on the isola- 
ted rat vas deferens,  a convenient model with which to study these p roces se s  because of its rich innervation 
with sympathetic nerve fibers [2, 61. In addition, the noradrenal in (NA) content was studied in this test  ob- 
ject,  and the ability of carbidine to block the reutil ization of exogenous NA af ter  exhaustion of the NA re-  
serves  by tyramine also was studied. 

E X P E R I M E N T A L  M E T H O D  

Experiments  were ca r r i ed  out on the isolated vas deferens of rats  weighing 180-250 g. The ducts 
were incubated in aerated Krebs '  solution at 32~ for  1.5 h, with the nutrient solution changed every  15 min. 
Contractions of the vas were then studied in response to 1) t ransmura t  e lec t r ica l  stimulation of postgang- 
1ionic sympathetic f ibers,  2) addition of NA, and 3) addition of BaC1 z. Contractions were recorded on paper  
on a kymograph drum by means of a f rontal-wri t ing lever.  T ransmura l  stimulation was applied for  3 sec 
every  2 min by means of c i r cu la r  platinum elect rodes ,  using pulses of 0.1 msec,  100 V, and 30 Hz, capable 
of stimulating only postganglionic sympathetic nerve fibers [1]. 

In o rde r  to detect the adrenolytic or  adrenomimetic  proper t ies  of the prepara t ion  its effect was 
studied on contract ions induced by the addition of NA (1/zg/ml); the spasmolytic  effect of carbidine was 
studied by investigating its effect on contract ions induced by the addition of 1 mg /ml  BaC1 z. 

The total NA content in the ducts was determined by spec t rof luorometry  [5]. T o  study the action of 
carbidine on the uptake of exogenous NA the prepara t ion was administered 15 min before the addition of the 
neuro t ransmi t te r ,  af ter  p re l iminary  exhaustion of the endogenous NA re se rves  by incubating the vas with 
tyramine (0.2 mM, 2 h). 

E X P E R I M E N T A L  R E S U L T S  

In the f i rs t  stage the effect of carbidine was studied on contract ions of the vas evoked by t ransmura t  
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T A B L E  1~ E f f e c t  of  C a r b i d i n e  on C o n -  
t r a c t i o n s  of  R a t  V a s  D e f e r e n s  E v o k e d  by  
T r a n s m u r a l  E l e c t r i c a l  S t i m u l a t i o n  of  
S y m p a t h e t i c  F i b e r s  o r  by  A d d i t i o n  of  NA 
and BaC12 

[Transmural stimu-I~ .~ ~ I~,  
Carbidine Ilatio n I ' ~  ~ 'm;~ ,-i 
c o n c e n t r a -  
tion (in ~g] am 11 . . . .  ~ .~,~ 
ml) ~contrac-ltura |P-~ ~ ~ I ~  ~ ~ |tiora 1 I~a ~-~ ~]~a ~'amm 

| In % of control 

Control 100~-9 * - -  100-- 10 100-----7 
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83----- 12 
124-----21 
131-----28 
129----- 26 
158-----9 
1 6 8 ~  20 
145~18 
93~ 6 
47+---21 
32~ 14 

15~--6 
20----- 7 
26-4-10 
30m8 
34-----9 
41-----13 
46"4-12 

99 ~ -- 8 
97~ 9 
94----- 11 

178-----31 
342-----86 i 
369----- 134 i 
371~-127 
366 -~ 105 
229~ 58 
212-----62 

235+--74 
102-----45 
58-4-38 
474-22 

*S ign i f i c an t  i n t e r v a l s  of  m e a n s  fo r  P = 0.05.  

T A B L E  2. E f f e c t  of  C a r -  
b id ine  on N o r a d r e n a l i n  
Con ten t  in R a t  Vas  D e -  
f e r e n s  

Carbidine NA concentration 
concentration fin llg/g .fin ~ Of 
(in M) iwelgnr oi control 

Itissue 

Control [ 9,7--0,7" 100 

3,4.10 ---~* * [ 8,9~- 1,1 92 
3,4.1~ 1 6,7---0,7 69 

�9 S ign i f i c an t  i n t e r v a l s  of  
m e a n s  fo r  P = 0 . 0 5 .  
~Incuba t ion  wi th  c a r b i d -  
ine  in a l l  e x p e r i m e n t s  
w a s  c a r r i e d  out  fo r  30 min .  

e l e c t r i c a l  s t i m u l a t i o n  o f  the s y m p a t h e t i c  n e r v e s .  In th i s  
s e r i e s  o f  e x p e r i m e n t s  c a r b i d i n e  w a s  a d d e d  in c o n c e n t r a -  
t ions  of 0.!_--1500 ~ g / m l  and 15 m i n  l a t e r ,  the  t e s t  o b -  
j e c t  was  r i n s e d  wi th  the  incuba t ion  s o l u t i o n  unt i l  the i n i t i a l  
l e v e l  of  c o n t r a c t i o n s  w a s  r e s t o r e d .  A f t e r  e a c h  dose  of  
c a r b i d i n e  the m e a n  v a l u e  of the r e s p o n s e  was  d e t e r m i n e d  
o v e r  a p e r i o d  of 15 ra in  and  was  e x p r e s s e d  as  a p e r c e n t :  
age  of  the  a m p l i t u d e  of  the c o n t r a c t i o n  in the c o n t r o l  
s e r i e s .  The  r e s u l t s  a r e  g iven  in T a b l e  1. 

As  T a b l e  1 s h o w s ,  in  c o n c e n t r a t i o n s  of  5-250 ~ g / m l  
the  n e u r o l e p t i c ,  a f t e r  add i t i on ,  l e d  to a m a r k e d  i n c r e a s e  
in  the a m p l i t u d e  of  c o n t r a c t i o n s  in r e s p o n s e  to e l e c t r i c a l  
s t i m u l a t i o n .  In add i t i on ,  a f t e r  a d d i t i o n  of  c a r b i d i n e  the 
a p p e a r a n c e  of  a ton ic  c o n t r a c t i o n  ( c o n t r a c t u r e )  of  the v a s  
was  o b s e r v e d .  F o r  i n s t a n c e ,  in c o n c e n t r a t i o n s  of  5 and 
10 # g / m l ,  c a r b i d i n e  i n c r e a s e d  c o n t r a c t i o n s  up to 1 2 9 - 1 3 1 ~  
and  in c o n c e n t r a t i o n s  of  5 0 , 1 0 0 ,  and 250 ~ g / m l - u p  to 
145-168%o C o n t r a c t u r e  of  the v a s  i n c r e a s e d  to 15,  20,  
and  30% r e s p e c t i v e l y .  Wi th  a f u r t h e r  i n c r e a s e  in the 
n e u r o l e p t i c  c o n c e n t r a t i o n  to 500-1500 ~ g / m l ,  the  ton ic  
c o n c e n t r a t i o n  con t inued  to i n c r e a s e  (to 34-46 %) and the 
r e s p o n s e  to e l e c t r i c a l  s t i m u l a t i o n  g r a d u a l l y  d e c r e a s e d .  
The  e f f ec t i ve  c o n c e n t r a t i o n  in wh ich  c a r b i d i n e  r e d u c e d  
c o n t r a c t i o n s  Of the  vas  by 50% (EDs0) in r e s p o n s e  to e l e c -  
t r i c a l  s t i m u l a t i o n  w a s  940 ~ g / m l  (3.4" 10 -3 M).  

The  e f f ec t  of  c a r b i d i n e  on c o n t r a c t i o n s  i nduced  by  
the add i t i on  of NA a l s o  r e f l e c t e d  the  da ta  g iven  in T a b l e  1. 
The  n e u r o l e p t i c  p o t e n t i a t e d  the  NA e f fec t .  A f t e r  i t s  a d -  
d i t i on ,  c a r b i d i n e  a l s o  c a u s e d  the v a s  to c o n t r a c t  i n d e p e n -  
den t ly .  Th i s  a d r e n o m i m e t i c  a c t i o n  could  a l s o  be  found in 
c a s e s  when the p h a r m a c o l o g i c a l  a g e n t  i s  ab l e  a) to a c t i v a t e  
a d r e n e r g i c  r e c e p t o r s ,  b) to l i b e r a t e  m e d i a t o r  f r o m  n e r v e  
f i b e r s  o r ,  and c) to b l o c k  the up take  of  NA by  s y m p a t h e t i c  
f i b e r s .  

To a n a l y z e  t h e s e  h y p o t h e s e s ,  30 ra in  a f t e r  the a d -  
d i t ion  o f e a r b i d i n e  the  NA con ten t  was  d e t e r m i n e d  in the  
d u c t s ,  and the a b i l i t y  of  the  n e u r o l e p t i c  to b l o c k  the up take  
of  exogenous  NA by the t i s s u e  o f  the  v a s  and to a c c u m u l a t e  

i t  a f t e r  e x h a u s t i o n  of  the  endogenous  NA r e s e r v e s  by  t y r a m i n e  a l s o  was  i n v e s t i g a t e d .  The  r e s u l t s  a r e  
g iven  in T a b l e s  2 and 30 

As T a b l e  2 shows ,  a f t e r  the a d d i t i o n  of c a r b i d i n e  in a c o n c e n t r a t i o n  of 0.1 EDs0 (3~4.10 -4 M) a t en-  
dency  was  o b s e r v e d  fo r  the NA c o n c e n t r a t i o n  to d i m i n i s h ,  w h e r e a s  a f t e r  the a d d i t i o n  of c a r b i d i n e  in a con-  
c e n t r a t i o n  of 1.0 ED~0 (3.4.10 -3 M) the NA con ten t  fe l l  a p p r e c i a b l y  (to 69%). I t  w i l l  be c l e a r  f r o m  T a b l e  3 tha t  
a f t e r  p r e l i m i n a r y  i ncuba t ion  of the v a s  with t y r a m i n e  (0.2 mM, 2 h) the  NA l e v e l  in the t i s s u e  fe l l  to 57%. 
The  s u b s e q u e n t  a d d i t i o n  of NA (1 ~ g / m l )  led  to an a p p r e c i a b l e  i n c r e a s e  in the conten t  of the m e d i a t o r  in the 
t i s s u e  (to 112%). 

C a r b i d i n e ,  added  15 min  b e f o r e  the n e u r o t r a n s m i t t e r  in c o n c e n t r a t i o n s  of 0.1 ED~0 and 1.0 EDs0, did  
not  b l o c k  the up take  and a c c u m u l a t i o n  of exogenous  NA in the t i s s u e .  The  s m a l l  a c c u m u l a t i o n  of NA in the 
c a s e  when c a r b i d i n e  was  added  in a c o n c e n t r a t i o n  of 1.0 EDs0, can  be  e x p l a i n e d  by  the a b i l i t y  of c a r b i d i n e  
to l i b e r a t e  the n e u r o m e d i a t o r .  

The s p e c t r o f l u o r o m e t r i c  da t a  thus i n d i c a t e s  that  the n e u r o l e p t i c  can  l i b e r a t e  NA bu t  cannot  b l o c k  the 
up take  and a c c u m u l a t i o n  of the exogenous  m e d i a t o r .  The  p r o b l e m  of the a b i l i t y  of c a r b i d i n e  to exc i t e  a -  
a d r e n e r g i c  r e c e p t o r s  d i r e c t l y  r e m a i n s  open.  H o w e v e r ,  f a c t s  ob ta ined  in  the c o u r s e  of th i s  i nve s t i ga t i on  
( c o n t r a c t i o n  of the vas  in r e s p o n s e  to add i t i on  of a p r e p a r a t i o n  p o t e n t i a t i n g  the e f fec t  of NA, the  a p p e a r a n c e  
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TABLE 3. Effect of Carbidine on Uptake of Exogenous Noradre-  
nalin by Isolated Rat Vas Deferens 

Su'bstanees 

Carbidine con- NA content 
Me~ ntrati~ in~g/g~eig~ ~ %  

) of tissue trol of con- 

3,4.10 --4 
3,4.10 -3 

9,7-----0,7* 

5,5• 
10,9~1,7 
9,8-4-0,9 
7,1--0,6 

Control I 

Tyramine't 
Tyramine + NA:[: 
Tyramine + earbidine + NA 
Tyramine + carbidine + NA 

'* Confidence intervals  of mean when P = 0.05. 

100 

57 
112 
100 
73 

tIncubation with tyramine (0.2 raM) in all experiments  ca r r i ed  
out for  2 h. 
$ Incfibation with NA (1/zg/ml) ca r r ied  out in all experiments  for  30 min. 

of contraeture ,  and an increase  in the contract ions in response to e lec t r ica l  stimulation) can be explained 
by the proper ty  of the neuroleptic to l iberate NA from nerve endings. 

The reduction in the amplitude of the contract ions during stimulation of adrenergic  f ibers af ter  the 
addition of carbidine in concentrat ions of 500-1500 pg /ml  is presumably  the result  of a sympatholytic effect. 
For  instance, it follows from Table 1 that inhibition of the contract ions in response to t r ansmura l  st imula- 
tion cannot be explained by the adrenolytic or  the slight spasmolytic  action of carbidine (manifested in con- 
centrat ions of 1000-1500 #g/ml) .  The decrease  in amplitude of the contract ions may also be connected with 
a decrease  in the number  of free adrenergic  receptors  capable of interacting with the NA liberated during 
stimulation. This hypothesis is based on the fact that carbidine, when administered in increasing concen- 
trat ions,  leads to an increase  in the l iberation of NA, which occupies an eve r - inc reas ing  number  of adren-  
ergic receptors  and potentiates the tonic contract ion of the vas. 

It can accordingly be concluded from these results  that the adrenomimet ic  effects of carbidine are 
connected with its wel l -marked  ability to l iberate NA from nerve endings. These qualities of the neurolep- 
tie may evidently play an important  role in the mechanisms of its pharmacologica l  action~ 

1, 
2. 
3. 
4. 
5. 
6 .  
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