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The effect of the original Soviet psychotropic agent carbidine on the content and deposition 
of adrenerg[c  media tor  in the synaptic vesicles  of sympathetic nerve f ibers  of the rat  vas 
deferens was studied by e lec t ron-mic roscop ic  cytochemis t ry .  The resul ts  showed that 
carbidine can reduce the r e se rves  of monoamines deposited in synaptic vesicles  but does 
not affect the uptake and accumulation of exogenous noradrenalin by synaptic vesicles .  
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An important role in the mechanisms of action of carbidine (3 ,6-dimethyl- l ,2 ,3 ,4 ,4a ,9a-hexahydro-  
carboline dihydrochloride),  an original Soviet psychotropic agent with pharmacological  proper t ies  of a neu- 
roleptic and ant idepressant  [3], is played by the effect of the compound on adrenergic  p rocesses  [4]. How- 
ever,  the effect of carbidine on the content of adrenergic  mediator  and on its deposition in synaptic ves i -  
cles (SVs) has not yet been investigated. 

Accordingly, in the investigation descr ibed below, the effect of carbidine on integrity of the mono-  
amines in SVs of adrenergic  nerves and the penetration of exogenous noradrenalin (NA) into the SVs were  
studied. 

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

The NA content of SVs of adrenergic  nerve f ibers  of the rat  vas deferens was determined by a com-  
bined e lec t ron-microscopic  and cytochemical  method (fixation in a mixture of glutaraldehyde and para -  
formaldehyde,  pH 7.4, potassium bichromate,  pH 4.2, and osmium tetroxide), by means of which catechol-  
amines can be specif ical ly demonstrated in SVs as granules [5]. 

The mater ia l  was examined and photographed on the JEM-100V (Japan) electron microscope.  The 
number  of granular  SVs per  ~2 of section through the nerve f iber  was counted in not less than 30 electron 
micrographs  f rom each specimen.  The experimental  results  were  subjected to s tat is t ical  analysis and the 
confidence limits of the means were  determined at the P = 0.05 level. 

The number  of granular  SVs in vivo was determined 4, 12, and 24 h after  administrat ion of carbidine 
in doses of 5 and 20 mg/kg. The accumulation of exogenous NA in the SVs was studied after  exhaustion of 
the endogenous r e se rves  of mediator  by tyramine.  For  this purpose, the tyramine was injected in t raper i to-  
neally (50 mg/kg) 5 t imes,  with an interval of 1 h between injections. Exogenous NA (0.5 mg/kg) was then 
injected intravenously, and mater ia l  was taken for  examination 30 min later,  in some experiments,  the 
animals were  given carbidine in the same doses 2 h before  the injection of NA. 

The vas deferens was incubated in vit 'ra in aerated Krebs '  solution at 32~ The experiments were 
ca r r i ed  out after  p re l iminary  incubation of the vas in Krebs ' s  medium for  1.5 h. The number of SVs was 
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Fig. I. Electron-microscopic demonstration of adrenergic 
mediator in SVs of sympathetic nerve fibers of rat vas def- 
ereas: A) content of mediator in SP of intact animal, 51,000 x; 
B) 24 h after injection of carbidine in dose of 20 mg/kg, 
55,500 x. 

T A B L E  1~ Effect of C a r b i d i n e  on 
NA con ten t  in SVs of A d r e n e r g i e  
Nerve  F i b e r s  of Rat  Vas De fe r ens  
in vivo 

TABLE 2. Effect of Carbidine 
on NA Content in SVs of Adrea- 
e r g i c  Nerve  F i b e r s  of Rat  Vas 
Defe rens  in v i t ro  

Dose of 
carbidine 
(in rng/kg) 

Control 

5 

20 

No. of granular SVs 

I per ~2 % of 
control 

158+-+'29 * 100 

111+-19 70 
1 106 +- 17 67 
24 10l+-20 64 

107+- 17 68 
12 103+- 19 65 
24 96----- 16 61 

* Conf idence  l i m i t s  of m e a n s  
g iven  fo r  P = 0.05. 

No. of granular SVs 
Concentration of 
carbidine (in 1,~ per ~2 % of 

control 
i 

Control 123+-17" I 100 

3,4- 10 J- + 108+---- 15 I 88 
3,4.10 -~ 87+---- 11 [ 71 

* Confidence limits of means 
given for P = 0.05. 
~" Incubation with earbidine for 
30 rain in all experiments. 

d e t e r m i n e d  30 min  a f t e r  add i t ion  of c a r b i d i n e  in c o n c e n t r a t i o n s  of 3.4" 10 -4 and 3 . 4 . 1 0  -3 M, equ iva len t  to 

0.1 and 1 EDs0, c a l cu l a t ed  in p r e l i m i n a r y  e x p e r i m e n t s  to s tudy  the effect  of inh ib i t ion  by c a r b i d i n e  of con -  
t r a c t i o n s  of the vas  in r e s p o n s e  to 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 pos tgang l ion ic  sympa t he t i c  n e r v e s  [11. 

A c c u m u l a t i o n  of exogenous NA in SVs was s tud ied  a f t e r  exhaus t ion  of the r e s e r v e s  of m e d i a t o r  by 
t y r a m i n e  (0.2raM, 2 h) and s u b s e q u e n t  incuba t ion  of the t i s sue  with exogenous NA (3 * 10-eand  9 �9 10 -5 M, 

30 min) .  In s o m e  e x p e r i m e n t s ,  e a r b i d i n e  was added to the m e d i u m  in the s a m e  c o n c e n t r a t i o n  15 rain b e -  
fo re  d e t e r m i n a t i o n  of NA. 

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

On the e l e c t r o n  m i c r o g r a p h  the a d r e n e r g i c  n e r v e  f i b e r s  of the vas d e f e r e n s  appea red  as c i r c u l a r ,  
oval ,  o r  e longa ted  p ro f i l e s  depend ing  on the d i r e c t i o n  of the f i b e r  in the p lane  of sec t ion .  In in tac t  a n i m a l s  
the a d r e n e r g i c  f i b e r s  con ta ined  n u m e r o u s  SVs, m a i n l y  600-800 A in d i a m e t e r  ( s o m e t i m e s  1200.-2000 -~) 
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Fig.  2. E l e c t r o n - m i c r o s c o p i c  demons t ra t ion  of ad rene rg i c  
m e d i a t o r  in SVs of sympathe t i c  ner{'e f ibe r s  of ra t  vas de -  
f e r ens :  A) cont ro l ,  50,500 x; B) a f t e r  exhaust ion of r e -  
s e r v e s  of m e d i a t o r  by ty ramine ,  56,000 • C) a f t e r  exhaus-  
tion of r e s e r v e s  of m e d i a t o r  by t y r a m i a e  and subsequent  in-  
jec t ion  of NA (0.5mg/kg,  30 min), 52,000 x; D) a f te r  exhaus-  
tion of r e s e r v e s  of m e d i a t o r  by t y r amine  and inject ion of c a r -  
bidine (20 mg/kg) 2 h be fore  inject ion of NA, 50,000 • 

with dense  inclusions in the cen te r ,  cons i s t ing  of the product  of the cy tochemica l  reac t ion  of ca t echo l -  
amines  depos i ted  in the SVs (Fig. 1A). The mean number  of g r a n u l a r  SVs ca lcu la ted  p e r  #2 of sec t ion  
through the nerve  f i b e r  in the cont ro l  an ima l s  in vivo was 158• (P = 0.05). 

The effect  of ca rb id ine  on the number  of SVs s to r ing  a d r e ne r g i c  m e d i a t o r  is shown by the data in 
Table  1. C l ea r l y  a f t e r  inject ion of ca rb id ine  in doses  of 5 and 20 mg/kg the number  of g r a n u l a r  SVs fel l  to 
about 60-70~,  whereas  4 h a f te r  inject ion of the compound in a dose  of 5 mg/kg, the i r  mean number  showed 
only a tendency to fal l .  In a l l  o ther  c a s e s  the d e c r e a s e  in number  of g r a n u l a r  SVs d i f fered  s igni f icant ly  
f rom the mean value in the cont ro l  expe r imen t s  (Fig. 1B). 

The number  of g r a n u l a r  SVs in the cont ro l  spec imens  in v i t ro  was l e s s  than in the exper imen t s  in 
vivo, p robab ly  on account of loss  of some  of the ca techo lamine  r e s e r v e s .  In these  expe r imen t s  a d e c r e a s e  
in the number  of g r a n u l a r  SVs could a lso  be seen  a f te r  incubation of the t i s sue  with ca rb id ine  in a concen-  
t r a t ion  of 3 .4 .10  -3 IVl (Table 2). 

It can be concluded f rom ana lys i s  of these  data  that the d e c r e a s e  in number  of g r a n u l a r  SVs a f t e r  
admin i s t r a t i on  of ca rb id ine  in expe r imen t s  in vivo and in v i t ro  can be a t t r ibuted  to the abi l i ty  of the c o m -  
pound to lower  the r e s e r v e s  of ca t echo lamines  in the depot ve s i c l e s .  S i m i l a r  r e s u l t s  have p r e v i o u s l y b e e n  
r e c o r d e d  in expe r imen t s  on the vas defe rens  with r e s e r p i n e  and t y r a m i n e  [2, 6]. 
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TABLE 3. Effect  of C a r b i d i n e  
on Uptake of Exogenous  NA by 

SVs of A d r e a e r g i c  Nerve  F i b e r s  
of Rat  Vas Defe rens  in vivo 

Substance and 
dose (in mg/kg) 

No. of granular 
SVs 

per gz % o f  
control 

Control 158--20" 100 

5 54-----14 

0,5 119-+-20 

2 0,5 107--19 

02,5 10l-*- 15 

i 

Tyramine~ 
Tyramine + NA 

0,5 
Tyramine + car- 

bidine 5 + NA 
0,5 

Tyrarnine + car- 
bidine 20 ~ NA 
0,5 

34 

75 

68 

64 

* Conf idence  l i m i t s  of m e a n s  
g iven  fo r  P = 0.05. 

? T y r a m i n e  added 5 t imes  (50 
mg/kg) at hour ly  i n t e r v a l s  b e -  
tween  in jec t ions  in al l  e x p e r i -  
m e n t s .  

TABLE 4. Effect  of C a r b i d i n e  
on Uptake of Exogenous  NA by 
SVs of A d r e n e r g i c  Nerve  F i b e r s  

nf Rat  Vas Defe rens  in v i t ro  

Substance and dose 
(in mg/kg) 

No. of granular 
SVs 

%of 
per ~ control 

Control 123-- +17. 100 

Tyramine 0,2, I0 -s ' t  
Tyramine 4- NA 

2.10-'6 $ 
Tyrarnine-F NA 

9.10-5 
Tyramine + carbidine 

3,4. l0 -~ +NA 
3.10 -s 

Tyramine+ carbidine 
3,4.10 -3 T NA 
3.10 -6 

Tyramine + ca rbidine 
3,4.10 -4 -~ NA 
9.10 -s 

Tyramine + carbidine 
3,4.10 -a -}- NA 
9. I0 -~ 

22+--9 18 

49 +-- 10 40 

105• 14 85 

37--6 30 

34----- 7 28 

I00~ 13 81 

91~12 74 

* Conf idence  l i m i t s  of" m e a n s  
g iven f o r  P = 0.05. 
~f Incubat ion  with t y r a m i n e  (0.02 
raM) f o r  2 h in a l l  e x p e r i m e n t s .  
$ Incubat ion  wi th  NA fo r  30 rain 
in a l l  e x p e r i m e n t s .  

The  effect  of c a r b i d i n e  on p e n e t r a t i o n  of exogenous  NA into SVs and the a c c u m u l a t i o n  of m e d i a t o r  in 
them was s tudied  a f t e r  exhaus t ion  of the c a t e c h o l a m i n e  r e s e r v e s  by t y r a m i n e .  T h e s e  r e s u l t s  a r e  g iven  in 
T a b l e s  3 and 4 fo r  e x p e r i m e n t s  in vivo and in v i t ro  r e s p e c t i v e l y .  It wil l  be  c l e a r  f r o m  T a b l e  3 that  the 
conten t  of g r a n u l a r  SVs in vivo a f t e r  a d m i n i s t r a t i o n  of t y r a m i n e  fel l  to 34% (Fig. 2A, B), but  30 rain a f t e r  
in jec t ion  of NA (Fig. 2C) it had r i s e n  aga in  a p p r e c i a b l y  (to 75%). C a r b i d i n e  did not p r e v e n t  the p e n e t r a t i o n  
of exogenous  NA into SVs (Fig. 2D), and the n u m b e r  of g r a n u l a r  SVs was i n c r e a s e d  to 64-68% af te r  a d m i n -  
i s t r a t i o n  of c a r b i d i n e  and NA. S i m i l a r  effects  w e r ~  obta ined  in e x p e r i m e n t s  in v i t ro  (Table  4). It wi l l  be  

c l e a r  f r o m  T a b l e  4 that a f t e r  incuba t ion  of the t i s s u e  wi th  t y r a m i n e  the n u m b e r  of SVs con t a in ing  g r a n u l e s  
fel l  m o r e  (down to 18%) than in the e x p e r i m e n t  in vivo.  Subsequent  r e s t o r a t i o n  of the m e d i a t o r  r e s e r v e s  
in SVs took p lace  d i f f e ren t ly  depend ing  on the c o n c e n t r a t i o n  of added NA. F o r  ins tance ,  a f t e r  incuba t ion  
fo r  30 m i n  wi th  NA in c o n c e n t r a t i o n s  of 3 �9 10 -G and 9 �9 10 -5 M the n u m b e r  of g r a n u l a r  SVs i n c r e a s e d  to 40 
and 85% r e s p e c t i v e l y .  In e x p e r i m e n t s  in which  c a r b i d i n e  was in jec ted  b e f o r e  the addi t ion  of NA, the n u m -  
b e r  of g r a n u l a r  SVs also rose ,  a l though the r e s u l t s  of these  e x p e r i m e n t s  depended on the c o n c e n t r a t i o n  of 
NA and c a r b i d i n e .  

The i n c r e a s e  in the n u m b e r  of g r a n u l a r  SVs was p a r t i c u l a r l y  g r e a t  if NA was p r e s e n t  in the m e d i u m  
in a h ighe r  c o n c e n t r a t i o n  (9 �9 10 -5 M), and c a r b i d i n e  in a l ow e r  c o n c e n t r a t i o n  (3.4 �9 10 -4 M). P r e i n c u b a t i o n  
wi th  c a r b i d i n e  in a h igher  c o n c e n t r a t i o n  (3 .4 .10  -3 M), on the o the r  hand, r e s u l t e d  in a s m a l l  d e c r e a s e  in 
the n u m b e r  of g r a n u l a r  SVs. Th i s  fact ,  in al l  p robab i l i t y ,  is connec ted  wi th  the ab i l i ty  of the p r e p a r a t i o n  
to r e d u c e  the c a t e c h o l a m i n e  r e s e r v e s  in the SVs, in a g r e e m e n t  wi th  the r e s u l t s  of e x p e r i m e n t s  r e p o r t e d  
above (Table  2). 

The  fo l lowing  c o n c l u s i o n s  can  a c c o r d i n g l y  be d r a w n  f r o m  these  fac t s :  1) C a r b i d i n e  r e duc e s  the r e -  
s e r v e s  of a d r e n e r g i c  m e d i a t o r  s t o r e d  in SVs; 2) it does not p r e v e n t  the p e n e t r a t i o n  of exogenous  NA into 
SVs, and the a c c u m u l a t i o n  and s t o r a g e  of NA depend on the c o n c e n t r a t i o n  of e x t r a n e u r o n a l  m e d i a t o r .  
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