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The effect of chlorpromazine,  t r i f luoperazine,  and reserp ine  on the r e se rves  of the adrenergic  
mediator in the rat  vas deferens was studied by spect rof luor imetry ,  f luorescence his tochem- 
is t ry,  and electron microscopy.  Chlorpromazine (5 mg/kg) had no effect on the total content 
of noradrenalin,  its distribution, and its granular  r e se rves  in the adrenergic  nerves.  Tr i f luo-  
perazine (1 and 5 mg/kg) lowered the noradrenalin concentration in proport ion to the number 
of granular  ves ic les  (up to 70%), but by a l e s se r  degree than reserp ine  (1 and 5 mg/kg) .  

An essent ial  role in the mechanism of action of neuroleptics may be played by the decrease  in the 
brain concentration of catecholamines produced by them [1, 4, 7, 9]. Because there  is much in common 
between the mechanisms of function of the central  and per ipheral  adrenergic  neurons [2], it was decided 
to investigate the effect of t r i f luoperazine,  chlorpromazine,  and reserp ine  on the noradrenalin r e se rves  in 
adrenergic  nerve fibers of the rat  vas deferens,  a convenient model on which to study pharmacologica l  effects 
on the content, intraneuronal  distribution, and u l t ras t rue tura l  localization of the mediator.  

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 rats  weighing 180-250 g. Chlorpromazine in a dose of 5 m g / k g  
and t r i f luoperazine  and reserp ine  in doses of 1 and 5 m g / k g  were  injected intraperi toneally.  The animals 
were  decapitated in the experiments  with chlorpromazine  and t r i f luoperazine af ter  2, 4, and 24 h and in the 
experiments with reserp ine  after  2, 4, 10, and 20 h. In each experiment the vas deferens was divided into 
three  par ts ,  in one of which the concentration of catecholamines was determined by the method of Von Euler 
and Lishajko [5], without attempting to differentiate between noradrenalin and adrenalin in the samples be-  
cause of the low concentration of the latter.  F luorescence  was recorded  with the Opton spec t rof luor imeter  
at wavelengths of 395 and 505 nm. Another par t  was t rea ted  by the f luorescence his tochemical  technique of 
Falck and Owman [6]. The sections were examined with the ML-2 luminescence microscope.  The third 
par t  of the mater ia l  was used for e l ec t ron -mic roscop ic  investigation and cytochemical  t rea tment  by the 
method of T r a n z e r  et al. [12], which permi ts  the specific detection of monoamine r e s e r v e s  s tored in the 
synaptic vesicles .  

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

The resul ts  are  summar ized  in Table 1. The mean concentration of noradrenalin in the control  ani- 
mals was 18.3 • 1.4 ~g/g.  Its level did not differ significantly f rom the control 2, 4, and 24 h af ter  adminis-  
t rat ion of chlorpromazine. .  Trif luoperazine,  in doses of 1 and 5 mg/kg ,  reduced its concentration by 24- 
36%. This effect continued at about the same level for the res t  of the investigation. In the experiments  
with reserp ine  the noradrenalin concentration fell more appreciably than after  t r i f luoperazine,  and the effect 
was c lear ly  dependent on the t ime of administrat ion of the reserpine .  

Group for Electron Microscopy, Labora tory  of Pharmacology  of the Nervous System, Institute of 
Pharmacology,  Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician of the 
Academy of Medical Sciences of the USSR V. V. Zakusov.) Trans la ted  f rom Byulleten' ]~ksperimental 'noi 
Biologii i Meditsiny, VoL 76, No. 11, pp. 76-80, November,  1973. Original ar t ic le  submitted January24,  1973. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g'est 17th Street, New York, N. }'. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher, t 
copy of this article is available from the publisher for' $15.00. 

1329 



T A B L E  1. C o n c e n t r a t i o n  of N o r a d r e a a l i n  in Vas  D e f e r e n s  of Ra t  
a f t e r  A d m i n i s t r a t i o n  of C h l o r p r o m a z i n e ,  T r i f l u o p e r a z i n e ,  and  
R e s e r p i n e  

Substance 

Control . . . . . . .  

Chlorpromaziue.. 

Trifluoperazine . . 

Reserpine . . . . . .  

Time Noradrenalin 
Dose(in after concentration 

mg/kg) l i n i e c t i o n | ~  i-n%oof 
l(in h) i ~ : ~ e  eontro: 

Number 
Intensity of of granular 

vesicles 
fluorescene~ (in % of 

| contzol) 

2 
4 

24 
2 
4 

24 
2 
4 

24 
2 
4 

10 
20 
2 
4 

10 
20 

18,3~ 1,4" 
16,4m2,4 
16,2~1,6 
16,9~1,2 
13,9• 
13,l---+1,7 
13,7• 
12,1~1,8 
13,1~1,5 
11,8~1,0 
11,0~2,3 
7,5-+- 1,4 
3,8+,0,6 
2,3"+-0,8 

10,8• 
7,3~I,0 
3,3• 
2,0-+-0,8 

+ + + +  
+ §  
§ 2 4 7  
+ §  
+ §  
+ + §  
+ + §  
+ + §  
+ § 2 4 7  
+ §  
§ 2 4 7  
§ 2 4 7  

+ +  
+ 

+ + + +  
+ + §  

+ §  
+ 

lOO 

93 
96 

74 

72 

45 
19 
12 

*Conf idence  l i m i t s  of mean  fo r  P =0.05.  
Legend :  ++++ b r i g h t  f l u o r e s c e n c e ;  +-H- m o d e r a t e ;  ++ weak ;  
+ v e r y  weak.  

F l u o r e s c e n c e - h i s t o c h e m i c a l  i n v e s t i g a t i o n s  c a r r i e d  out to  d e m o n s t r a t e  the  m e d i a t o r  v i s u a l l y  in s i tu  
and to  d e t e r m i n e  i t s  c o n c e n t r a t i o n ,  l o c a l i z a t i o n ,  and c h a r a c t e r  of d i s t r i b u t i o n  showed  tha t  in the  c o n t r o l  a n i -  
m a l s  n o r a d r e n a l i n  was  p r e s e n t  a l m o s t  e n t i r e l y  in t he  a d r e n e r g i c  n e r v e s  and gave  the  t y p i c a l  g r e e n  f luo -  
r e s c e n c e  [13]. A dense  p l exus  of t e r m i n a l  b r a n c h e s  of axons  con ta in ing  b r i g h t l y  f l u o r e s c e n t  v a r i c e s  a long  
t h e i r  length  w e r e  d e m o n s t r a t e d  h i s t o c h e m i c a l l y  {Fig. 1A). A f t e r  a d m i n i s t r a t i o n  of c h l o r o p r o m a z i a e  and 
t r i f l u o p e r a z i n e  t he  conten t  and c h a r a c t e r  of d i s t r i b u t i o n  of t h e  m o n o a m i n e s  did  not d i f f e r  a p p r e c i a b l y  f r o m  
the  c o n t r o l  (Fig .  113), and the  i n t e n s i t y  of f l u o r e s c e n c e  l i k e w i s e  was  unchanged  (Tab le  1). R e s e r p i n e  induced  
a g r a d u a l  d e c r e a s e  in t he  b r i g h t n e s s  of f l u o r e s c e n c e  of the  m o n o a m i n e s .  A f t e r  4 h t he  p i c t u r e  of f l u o r e s -  
cence  s t i l l  r e s e m b l e d  the  c o n t r o l  a l though ind iv idua l  v a r i c e s  gave  a r a t h e r  w e a k e r  f l u o r e s c e n c e .  By 10 h 
t he  f l u o r e s c e n c e  of mos t  of t he  th in  axons  had  d i s a p p e a r e d ,  the  v a r i c e s  w e r e  f e w e r  in n u m b e r ,  and  t h e y  
gave  a weak  f l u o r e s c e n c e  (Fig .  1C). A f t e r  20 h the  f l u o r e s c e n c e  was  a l m o s t  c o m p l e t e l y  e x t i n g u i s h e d  e x -  
cep t  in s o l i t a r y  v a r i c e s  (Fig .  1D). 

In the  e l e c t r o n  m i c r o s c o p e  the  a d r e n e r g i c  f i b e r s  a p p e a r e d  as  s e c t i o n s  of round,  oval ,  o r  e longa t ed  
shape  depend ing  on t h e i r  p r o j e c t i o n  in t he  p l ane  of t he  e l e c t r o n  m i c r o g r a p h .  In t h e  s e c t i o n s  f r o m  the  c o n t r o l  
a n i m a l s  s y n a p t i c  v e s i c l e s  with a dense  i nc lus ion  at  the  c e n t e r  w e r e  found (Fig .  2A) ; t h i s  c o n s i s t e d  of the  
p r o d u c t  of the  c y t o c h e m i c a l  r e a c t i o n  of the  m o n o a m i n e s  s t o r e d  in t he  v e s i c l e s  [~, 10-12] .  B e s i d e s  g r a n u l a r  
v e s i c l e s ,  s o m e  t e r m i n a l s  con ta ined  s o l i t a r y  a g r a n u l a r  v e s i c l e s  of the  s a m e  s i z e ,  hav ing  p r o b a b l y  l o s t  t h e i r  
m o n o a m i n e s  [11, 12]. In s o m e  e x p e r i m e n t s  the  n u m b e r  of g r a n u l a r  v e s i c l e s  p e r  s q u a r e  m i c r o n  of s e c t i o n  
t h rough  the  n e r v e  f i b e r  was  c a l c u l a t e d ,  us ing  at l e a s t  20-30 s e c t i o n s  f r o m  the  s a m e  s p e c i m e n  fo r  t h i s  p u r -  
p o s e .  T h e  mean  n u m b e r  of v e s i c l e s  in t he  c o n t r o l  e x p e r i m e n t s  w a s  158 • 29 (P =0.05) .  The  r e s u l t s  of t h e s e  
e x p e r i m e n t s ,  e x p r e s s e d  a s  p e r c e n t a g e s  of the con t ro l ,  a r e  a l s o  g iven  in T a b l e  1. A f t e r  a d m i n i s t r a t i o n  of 
c h l o r p r o m a z i n e  (5 mg/kg)  t he  n u m b e r  of g r a n u l a r  v e s i c l e s  r e m a i n e d  v i r t u a l l y  unchanged .  T r i f l u o p e r a z i n e  
(5 mg/kg)  r e d u c e d  t h e i r  n u m b e r  to  72-74% (Fig .  2B). R e s e r p i n e  (5 m g / k g )  had  a s t r o n g e r  ac t ion :  the  n u m -  
b e r  of g r a n u l a r  v e s i c l e s  4 h a f t e r  i t s  a d m i n i s t r a t i o n  was  r e d u c e d  to  45% (Fig .  2C), and the  d e c r e a s e  con-  
t inued down to  19% a f t e r  10 h and to  12% of t he  c o n t r o l  l e v e l  a f t e r  20 h (Fig .  2D). 

T h e  fo l lowing  conc lu s ion  can  be  d rawn f r o m  a c o m p a r i s o n  of the  r e s u l t s .  C h l o r p r o m a z i n e ,  u n d e r  the  
condiUons  i n v e s t i g a t e d ,  had  no ef fec t  on the  t o t a l  content  of n o r a d r e n a l i n ,  i t s  d i s t r i b u t i o n  in t h e  p r e s y n a p t i c  
s t r u c t u r e s ,  and the  s t a t e  of i t s  g r a n u l a r  r e s e r v e s .  T h i s  a g r e e s  wi th  the  r e s u l t s  of t he  b i o c h e m i c a l  d e t e r -  
mina t ion  of n o r a d r e n a l i n  in the  b r a i n  a f t e r  a d m i n i s t r a t i o n  of c h l o r p r o m a z i n e  [4]. T r i f l u o p e r a z i n e  r e d u c e d  
the  t o t a l  content  of m e d i a t o r  to  64-76% and r e d u c e d  the  conten t  of i t s  g r a n u l a r  r e s e r v e s  in p r o p o r t i o n  (down 
to 72%). The  b r i g h t n e s s  of f l u o r e s c e n c e  and the  l o c a l i z a t i o n  and d i s t r i b u t i o n  of the  m o n o a m i n e s  in the  a d r e n -  
e r g i c  n e r v e s  w e r e  not  v i s i b l y  changed.  
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Fig. 1. F luo rescence  of monoamines  of ad renerg ic  nerves  
of ra t  vas  deferens  a f te r  adminis t ra t ion  of t r i f luoperaz ine  
and r e s e r p i n e  (150x). A) Adrenerg ic  f ibers  of control  ani-  
mal; B) 10 h a f t e r  admin is t ra t ion  of t r i f luoperaz ine  (5 rag/  
kg); C and D) 10 and 20 h ~, respec t ive ly ,  a f te r  injection of 
r e s e r p i n e  (5 mg /kg ) .  

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 g ranu la r  
synapt ic  ve s i c l e s  in ad rene rg i c  ne rves  of r a t  vas  deferens  
a f te r  adminis t ra t ion  of t r i f luoperaz ine  and r e se rp ine :  A) 
control;  B) content of ves i c l e s  4 h a f t e r  injection of t r i f l uo -  
pe raz ine  (5 mg/kg);  C and D) 4 and 20 h, respec t ive ly ,  a f ter  
injection of r e s e r p i n e  (5 mg/kg) .  Magnif icat ions:  in A, B, 
D, 70,000• in C 60,000x. 

Rese rp ine  exhausted the noradrenal in  r e s e r v e s  most  of all. T h e i r  to ta l  content, just  as with t r i f luo-  
peragine ,  fell  in propor t ion  to the dec r ea se  in g ranu la r  r e s e r v e s .  Meanwhile the f i r s t  4 h, when the content 
of monoamines  fell  to  40~,  showed v i r tua l ly  no change in the h i s tochemica l  p ic ture .  -Complete  co r re la t ion  
between the histochemical findings and the results of the biochemical and electron-microscopic investiga- 

tions was observed for the first time i0 and 20 h after administration of reserpine. The absence of such 
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correla t ion in the experiments with t r i f luoperazine and during the f irst  few hours after administrat ion of 
reserpine ,  when the noradrenalin content was reduced to 70 and 40%, respectively,  of its initial level, agree 
with the observations of Jonsson [8] who showed that the relationship between the brightness of f luorescence 
of monoamine-formaldehyde derivatives and the noradrenalin content is linear only if the concentration of 
noradrenalin in the t issues  does not exceed 40%. The decrease  in the aoradrenal in level in the endings of 
per ipheral  adrenergic neurons discovered by the wr i t e r s  in response to the action of t r i f luoperazine agrees 
with results  of biochemical  investigations of the brain [1]. 

The results  described above are evidence of considerable differences between the actions of t r i f luo-  
perazine,  chloropromazine,  and reserpine  on the presynapt ic  s t ructures  of per ipheral  adrenergic  neurons. 

i. 
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