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The effect of a new antianginal preparat ion,  nonachlazine, on adrenerg ic  neuro t ransmiss ion  
in the isolated rat  vas deferens was studied by recording  contract ions of the duct in response 
to t r a n s m u r a l  st imulation of postganglionic sympathetic nerves  by the e lec t r ic  current  o r  by 
application of noradrenal in  (NA) or  BaC12. The effect of nonachlazine on the NA content was 
studied spec t rof luoromet r ica l ly  and the ability of the prepara t ion  to block the uptake of exo- 
genous NA by the t i ssues  also was investigated. Nonachlazine was found to have a moderate  
sympatholyt ic  action, which was combined with its spasmolyt ic  effect.  Nonachlazine also 
has a well marked ability to block the reaccumulat ion of NA in the t i s sues .  

KEY WORDS: nonachlazine; adrenerg ic  neuro t ransmiss ion ;  content and uptake o fno rad ren -  
alin. 

Nonachlazine - [ 10 ' f~-(1,4-diazabicyclo(4,3,0)-nonany-4)propionyl-2-chlorphenothiazine dihydro-  
chloride] - is a new antianginal prepara t ion  used clinically for the t rea tment  of ischemic hear t  disease.  
The experimental  study of nonachlazine has shown [2] that the mechanism of its positive effect on the c i r -  
culation and card iac  activity is connected with its ability to in terfere  with per iphera l  adrenergic  p roces ses .  
However, this problem has been inadequately studied. 

In this investigation the effect of nonachlazine on adrenerg ic  neuro t ransmiss ion  was studied in the 
isolated rat  vas deferens,  a convenient object with which to study these problems because of its abundant 
supply of  adrenerg ic  nerves ,  its marked  contract ion response,  and so on. 

EXPERIMENTAL METHOD 

The isolated vas deferens of rats weighing 180-250 g was used. The ducts were placed in aerated 
Kreb's solution at 32~ and incubated for 1.5 h, the incubation solution being changed every 15 rain. The 
effect of nonachlazine was then studied on contract ions induced by var ious  methods depending on the p u r -  
pose of analysis  of  adrenerg ic  neuro t ransmiss ion .  The response of the vas was recorded  by means of  a 
frontally writing lever  on the paper  s tr ip of a kymograph.  

Contract ions were studied in response to t r a n s m u r a l  e lec t r ica l  stimulation of the postganglionie 
sympathet ic  f ibers .  Stimuli were applied through c i r cu la r  platinum elec t rodes  for 3 sec every  2 rain, 
using conditions (0.1 msec ,  100 V, 30 Hz) under which only adrenerg ic  nerve f ibers were stimulated [1]. 
To d iscover  whether nonachlazine had adrenolyl ic  o r  adrenomimet ic  proper t ies ,  its effect on contract ions 
induced by addition of noradrenal in  (NA) was studied. The spasmoyt ic  action of the prepara t ion  was studied 
from its ability to reduce contract ions in response to conditions of BaC12. 

The total  NA content in the t issue was determined spec t rof luoromet r ica l ly  by the method of Euler 
and Lishajko [3]. 
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T A B L E  1. Ef fec t  o f  N o n a c h l a z i n e  on 
C o n t r a c t i o n s  of  I s o l a t e d  R a t V a s  D e f e r e n s  
I nduced  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  o r  by Add i t i on  of  NA and 

BaC12 (M •  

Nonachlazine 
concentration 
(~g/ml) 

Control 

0,01 
0,1 
0,5 
1,0 
5,0 

10,0 
25,0 
50,0 

Transmural Contractions 
stimulation after addi- 
(amplitude 

I~ contrac- tion of 1 ~g/ml NA 
,tions, % of !(u/o of con- 
control) trod 

100-"9 I" I00----- 10 

98----- 7 1202--- 11 
92-"15 195-"76 
98+8 213-"84 
86~4 251• 
642--- 17 316+95 
48-"6  224-"80 
29-" 3 73----- 25 
19-"5 15--7 

:ontrac tions 
after addition 
of 1 mg/ml 
BaC12 (~o of 
control)* 

100+--7 

106-"9 
127 ..4-16 
146----- 38 
193----- 40 
226-" 47 
101-"34 
49-" 19 
26----- 17 

* E x p e r i m e n t  wi th  BaC1 z c a r r i e d  out in 
K r e b s - R i n g e r  so lu t ion  ( d i f f e r e n c e  
b e t w e e n  r e s u l t s  not  s t a t i s t i c a l l y  s i g n i f -  
i c an t ) .  
~Confidence l i m i t s  on the  m e a n  g iven  
fo r  P =0 .05 .  

T A B L E  2. Effec t  o f  Nonaoh laz ine  on 
Conten t  and Uptake  o f  NA by I s o l a t e d  
Rat  Vas  D e f e r e n s  

Substances and 
concentration 
(tz g/ml) 

C ontro 1 * 
Nonachlazine 0,95 $ 
N- 95** 

I'0r - 
Nonachlazine + NA 0.95 
Nonachlazine +NA 9.5 

Content of NA 
'tzg/g wt. of ,~ r - -  
tissue 70 or 
I(M ~- m) control 

9,7--0,7T 100 
9,6---+0,8 100 

10,0-----0,6 102 
14,3-" 1,8 147 
11,5-"1,3 119 
9,9----- 1,0 102 

* Incuba t ion  in K r e b s '  so lu t ion .  
?Conf idence  l i m i t s  o f  m e a n  g iven  fo r  
P = 0 . 0 5 .  
$ 0.I EDs0 for inhibition of contractions 
of vas by transmural electrical stimu- 
lation. 
* * EDs0 for inhibition of contractions of 
vas by transmural electrical stimulation. 

? ? Incuba t ion  wi th  NA in a c o n c e n t r a -  
t i on  o f  1 # g / m l  l a s t e d  fo r  30 m i n  in a l l  
e x p e r i m e n t s .  

To s tudy  the  e f f ec t  of  n o n a c h l a z i n e  on the  up take  and a c c u m u l a t i o n  o f  exogenous  NA the  p r e p a r a t i o n  
was  a d d e d  15 min  b e f o r e  the  a d d i t i o n  of  NA. The r e s u l t s  w e r e  s u b j e c t e d  to  s t a t i s t i c a l  a n a l y s i s  and con -  
f idenee  l i m i t s  of  the  m e a n  w e r e  d e t e r m i n e d  fo r  P = 0 . 0 5 .  

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

The e f f ec t  of  n o n a e h h z i n e  on c o n t r a c t i o n s  o f  the  v a 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  o f  
the  a d r e n e r g i e  n e r v e s  i s  shown in T a b l e  1. The v a s  was  r i n s e d  out 15 ra in  a f t e r  the  add i t i on  o f  the  p r e -  
p a r a t i o n  by r e p e a t e d  changes  of  the  incuba t ion  s o l u t i o n  un t i l  the  o r i g i n a l  l e v e l  of  c o n t r a c t i o n s  was  r e s t o r e d .  
In e a c h  c a s e  a f t e r  add i t i on  of  the  p r e p a r a t i o n  the  m e a n  a m p l i t u d e  of  the  c o n t r a c t i o n  was  c a l c u l a t e d  fo r  a 
p e r i o d  o f  15 rain and e x p r e s s e d  as  a p e r c e n t a g e  o f  the  o r i g i n a l  r e a c t i o n .  I t  wi l l  be c l e a r  f r o m  Tab le  1 
tha t  n o n a c h l a z i n e ,  s t a r t i n g  with  a c o n c e n t r a t i o n  of  1-5  g g / m l ,  c a u s e d  inh ib i t ion  o f  c o n t r a c t i o n s  in r e s p o n s e  
to  s y m p a t h e t i c  n e r v e  s t i m u l a t i o n .  F o r  i n s t a n c e ,  a f t e r  a d d i t i o n  of  the  p r e p a r a t i o n  in a c o n c e n t r a t i o n  of  
1 g g / m l  a t e n d e n c y  fo r  the  a m p l i t u d e  o f  the  c o n t r a c t i o n s  to  be r e d u c e d  was  found. A f t e r  add i t i on  in a 
c o n c e n t r a t i o n  of  5 p g / m l ,  n o n a c h l a z i n e c a u s e d  inh ib i t ion  of  the  c o n t r a c t i o n s  by up to 64%, in a c o n c e n t r a -  
t i on  o f  10 # g / m l  up to  48%, and in c o n c e n t r a t i o n  o f  25 and 50 # g / m l ,  of  up to  29 and 14% r e s p e c t i v e l y .  
C a l c u l a t i o n  of  the  ha l f  e f f e c t i v e  c o n c e n t r a t i o n  (EDsO , at  which  n o n a c h l a z i n e  l o w e r e d  the  l e v e l  of  c o n t r a c -  
t i o n s  by  50% 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 ,  gave a m e a n  va lue  of  ED~0 =9.5 # g / m l .  

A d e c r e a s e  in a m p l i t u d e  of  the  c o n t r a c t i o n s  cou ld  be o b s e r v e d  i f  the  s u b s t a n c e  s t ud i e d  p o s s e s s e d :  
1) a s p a s m o l y t i c  ac t ion ,  2) a d r e n o l y t i c  p r o p e r t i e s ,  o r  3) s y m p a t h o l y f i c  p r o p e r t i e s .  

In o r d e r  to  d e t e r m i n e  which  o f  t h e s e  p r o p e r t i e s  n o n a c h l a z i n e  in fac t  p o s s e s s e s  e x p e r i m e n t s  w e r e  
c a r r i e d  out  to s tudy  the  a c t i o n  of  the  p r e p a r a t i o n  on c o n t r a c t i o n s  induced  by  add i t ion  of  BaC12 fo r  NA. 
The e x p e r i m e n t s  wi th  BaC12 ( 1 m g / m l )  showed  tha t  n o n a c h l a z i n e  has  a s y m p a t h o l y t i c  a c t i o n  s t a r t i n g  with  
a c o n c e n t r a t i o n  of  25 p g / m l  (Table  1). I n v e s t i g a t i o n  of  the  e f f ec t  of  n o n a c h l a z i n e  on c o n t r a c t i o n s  induced  
by  the  add i t i on  of  NA showed tha t  i t  does  not  p o s s e s s  ~ - a d r e n o b l o c k i n g  p r o p e r t i e s .  I t  wi l l  be c l e a r  f r o m  
T a b l e  1 tha t  n o n a c h l a z i n e ,  on the  o t h e r  hand,  has  a w e l l - m a r k e d  a b i l i t y  to  p o t e n t i a t e  the  a c t i o n  of  NA, 
s t a r t i n g  f r o m  v e r y  low c o n c e n t r a t i o n s  (0.01 p g / m l ) .  

I t  can  be conc luded  f r o m  a c o m p a r i s o n  o f  t h e s e  da t a  tha t  i nh ib i t i on  o f  c o n t r a c t i o n s  of  the  v a s  by 
n o n a c h l a z i n e  (in c o n c e n t r a t i o n s  of  1-10 p g / m l )  in r e s p o n s e  to  s t i m u l a t i o n  of  the  a d r e n e r g i c  n e r v e s  cannot  
be  e x p l a i n e d  by  the  e x i s t e n c e  of  s p a s m o l y t i e  o r  a d r e n o l y t i e  p r o p e r t i e s  of  the  p r e p a r a t i o n ,  but  i s  the  r e -  
su l t  of  i t s  m o d e r a t e l y  s t r o n g  s y m p a t h o l y t i c  a c t i on .  O n  add i t i on  of  the  p r e p a r a t i o n  in h i g h e r  c o n c e n t r a t i o n s  
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(25-50 ~ J m l )  this  effect  was supplemented by the spasmolyt ic  action of nonachlazine.  The dec rease  
in the con t rac t ions  in response  to addition of NA af te r  the addition of noaachlazine in concentrat ions of 
25-30 p g / m l  also was connected with the appearance of a spasmolyt ic  action of the prepara t ion  in these 
concentra t ions  (Table 1). The wel l -marked  ability of nonachlazine in a concentrat ion of 0.01-10 p g /ml  
to potentiate  contract ions  induced by NA (Table 1) cannot be explained by the ability of the prepara t ion  to 
act ivate ~ -ad renocep to r s  d i rec t ly  o r  through l ibera t ion  of med ia to r  f rom nerve endings.  In that case,  
during t r a n s m u r a l  s t imulat ion nonachlazine would not inhibit but, on the cont ra ry ,  would increase  the 
amplitude of response  of the organ by causing it to contract  tonical ly .  The ability of nonachlazine to 
potentiate  the action of NA could be linked with its ability to block the reass imi la t ion  of NA by sympathet ic  
f ibers ,  with a consequent increase  in the concentra t ion of the media to r  at the r e cep to r s .  

To tes t  this hypothesis  the NA content in the vas was de termined spec t ro f luoromet r ieaUy af te r  the 
addition of nonachlazine o r  of exogenous NA, or  the combined addition of nonachlazine and exogenous IqA. 
It will be c l ea r  f rom Table 2 that nonachlazine af te r  addition in concentrat ions equal to EDs0 (inhibition 
of contract ions in response  to t r a n s m u r a l  stimulation) and 0.1 EDs0 had no appreciable effect  on the con- 
tent  of NA r e s e r v e .  The subsequent addition of exogenous NA in a concentrat ion of l ~ g / m l  led to a con-  
s iderable  increase  in the content of neuromedia to r  in the t i s sue  (up to 147%). Addition of nonachlazine 
before  NA prevented  the effect  of NA accumulat ion.  As Table 2 shows, addition of nonachlazine before 
NA in a concentra t ion of 0.95 # g / m l  (0.1 EDs0) considerably  reduced the uptake and accumulation of NA, 
the concentrat ion of which in the t i ssue did not r i se  above 119%. When added in a concentrat ion of 9.5 
p g / m l  (EDs0) , the p repara t ion  complete ly  blocked NA accumulat ion.  

Results  obtained by different  methods of  investigation thus supplement each o ther  and lead to the 
conclusion that  nonachlazine,  with its effect  on adrenerg ic  neuro t ransmiss ion ,  has a modera te ly  s t rong 
sympatholyt ic  action (in concentrat ions of 1-10 ~g/ml) ,  which is supplemented by its spasmolyt ic  effect  
(in concentra t ions  of 25-30 #g /ml ) .  Nonachlazine also has a we l l -marked  p roper ty  of blocking the r e a c -  
cumulation of exogenous NA by the t i ssue ,  and thus of potentiating the action of NA. 
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