
The results of this investigation indicate that the heat loss center in different animals contains mech- 
anisms which incorporate cholinergie neurons whose activity is not signifieanfIy inhibited by PG. There is 
also reason to suppose that the development of febrile reactions is modulated to a considerable degree by the 
functional activity of central choIinergic and monoaminergic systems.  

The authors are gratefu[ to Dr, I. R. Weeks and Dr. J. E. Pike (Upjohn Company, Kalamazoo, Michi- 
gan, USA) for providing the prostaglandins used in these experiments. 
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A B O L I T I O N  OF THE P R E S Y N A P T I C  A C T I O N  OF 

C A R B A C H O L  BY T U B O C U R A R I N E  

E .  E .  N i k o l ' s k i i  and  R .  A.  G i n i a t u I I i n  UDC 615.217.32.015.23:615.217.34 

The presynaptic action of carbachoI (C) was studied in experiments on a neuromuscular prepara- 
tion of the sartorius muscle of Rana ridibunda. C was shown to significantly reduce the quantum 
composition of the endplate potentials (mEPP) as a result of the direct action of C on motor nerve 
endings. D-Tuboeurarine causeda marked decrease in the sensitivity of motor nerve endings to 
C. Relations between C and tubocurarine as regards their action on the quantum composition of 
mEPP were of the competitive antagonism type. Atropine, in low concentrations, had no effect 
on the presynaptic action of C. The results of these experiments indicate that the decrease in 
mEPP under the influence of C is mediated through specific nicotinic cholinergic structures of 
motor nerve endings. 

KEY WORDS: nerve ending; carbacho[; presynaptic action; tubocurarine; competitive relations. 

Many chotinomimetic drugs are known to possess a presynaptic action, manifested as changes in the 
process of mediator liberation in response to motor nerve stimulation [2, 9,10,12]. In particular,  acetylcholine 
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TABLE 1. Effect of C (5 "10 -6 M) on m E P P  
of Neuromuscular  Prepara t ions  in Ringer ' s  
Solution without (/%) and with 03) Tubocurar ine 

A B 

sg 
t,X 
p 

.~,~, "~ O v 

50,7 36,8 
30,8 21,3 
21,3 13,0 
21,7 20,1 
42,2 28,9 
16,I 9,0 

30,5 21,5 
1,84 
4,86 

<O.Ol 

27,4 
30,9 
39,0 
7,4 

31,5 
44,1 

30,1 

17,7 18,1 
26,2 33,2 
65,3 67,2 
26,2 29,3 
10,5 13,4 
0,9 1 ,l 

24,5 27, l 
1,01 
2,55 

>0,05 

2,3 
26,7 
2,9 

[l,8 
27,6 
22,7 

15,6 

(ACh), succiny[ choline (SCh), and carbachol  (C) reduced the quantum composi t ion of end-plate potentials 
(mEPP) in neuromuscula r  preparat ions  on ra ts  [12] and frogs [2, 9,10]. The fact  that these substances ,  in 
low concentrat ions ,  acted on mediator  l iberation suggested that their  presynapt ic  effect is mediated through 
specific cholinergic nerve endings [12,15]. 

The present  investigation was undertaken to tes t  this hypothesis .  Since establ ishment  of competitive 
relat ions between cholinomimetic drugs and their  antagonists is important  evidence of the receptor  nature of 
their  action, it was decided to study the effect of C on m E P P  in the presence  of the nicotinic cholinolytic D- 
tubocurar ine  and the musear inic  chotinolytie a t ropine.  

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

Experiments  were car r ied  out on a neuromuscular  prepara t ion of the sa r to r ius  muscle of Rana ridibunda 
in the fail and winter .  A standard microe lec t rode  technique was used to record  synaptic potentials .  During 
the experiment  the neuromuscular  prepara t ion  was kept in a bath with a capacity of 7 cm 3, containing running 
Ringer ' s  solution, which could easi ly  be replaced by a s imi la r  solution containing the tes t  drugs .  The rate  of 
flow of the solutions through the bath was 8 ml /min .  The experiments  were car r ied  out at room tempera ture  
and the pH of the solutions was kept at 7.3. Action potentials of the muscle fiber were blocked ei ther  by r e -  
ducing the Ca ++ ion concentrat ion in the Ringer ' s  solution to 0.9 mM and addition of Mg ++ in a concentrat ion of 
5 mM [8] or by dividing the muscle  fibers t r ansve r se ly  [1,6]. Depending on the method of blocking of myo-  
neural  t r ansmis s ion  the m E P P s  were calculated ei ther  by the d i rec t  method -- division of the mean amplitude 
of the EPP  by the mean amplitude of the miniature EPP,  or by calculation of the coefficient of variat ion of E P P  
amplitudes during s t imulat ion of the nerve with a frequency of 0.5 Hz [8,11]~ The experimental  resul ts  were 
subjected to s ta t is t ica l  analysis  by Student 's t - t e s t  with a 0.95 level of s ignif icance.  The effect  of C on synap-  
ses  of intact neuromuscu la r  prepara t ions  and on preparat ions  previously t reated with atropine was compared by 
Wile oxon's c r i t e r ion .  

EXPERIMENTAL RESULTS 

Experiments  on neuromuscu la r  preparat ions  (Ca ++ concentrat ion 0.9 mM, Mg ++ concentrat ion 5 mM in 
the Ringer ' s  solution) showed that C, in a concentrat ion of 5 "10 -6 M, acting for 15 min, led to a decrease  in 
the amplitude of m E P P  on a v e r a g e b y  30.1 * 52% of its initial value (Table 1). This decrease  could be ex-  
plained ei ther  by the d i rec t  action of the agonist  on motor  nerve endings or by ionic changes accompanying 
activation of the postsynaptic membrane  [14]. To study the importance of depolar izat ion of the end plate of 
the muscle  fiber in the dec rease  in m E P P ,  the effect of C was studied in a concentrat ion which did not act  on 
the postsynaptic membrane .  The exper iments  showed that C, in a concentrat ion of 1 -10 -6 M, reduced m E P P  
by 14.3 :~ 5.0% (P < 0.05) but caused vir tually no change in the membrane  potential of the muscle f iber .  These 
resul ts  indicate a d i rec t  action of C on motor  nerve endings.  To study the connection between the presynapt ic  
effect of C and activation of nicotinic cho[inergic s t ruc tu res  of nerve endings, the presynapt ic  action of the 
mimet ic  was studied in the presence  of D- tuboeurar ine .  These experiments  were s tar ted after p re l iminary  
incubation of the neuromuscu la r  prepara t ion  for i h in Ringer ' s  solution with D-tubocurar ine  (1 �9 10 -7 g /m[) ,  
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Fig .  1. P resynap t i c  act ion of C as a function of its con-  
cen t ra t ion .  A b s c i s s a ,  negat ive logar i thm of carbacho[  
concent ra t ion  (M); ord ina te ,  quantum compos i t ion  of E P P  
(in % of init ial  va lue) .  1) Effect  of C on quantum c o m p o s i -  
t ion of E P P  in R i ng e r ' s  solut ion without tubocurar ine ;  2) 
ef fec t  of C on quantum compos i t ion  of E P P  in R inge r ' s  s o -  
lution with t ubocu ra r i ne .  Each point on curves  r e p r e s e n t s  
r e s u l t s  of s ix  e x p e r i m e n t s .  

when the m E P P ,  somewhat  reduced as a r e s u l t  of the p resynap t ic  act ion of the D- tubocura r ine  i t se l f  [5,13], 
had become  s tab i l ized .  The expe r imen t s  showed that  cu ra r i za t ion  cons iderably  reduced the sens i t iv i ty  of the 
moto r  ne rve  endings to C (Table 1). These  r e su l t s  indicate that  nicotinic chol inergic  r e c e p t o r s  play an i m -  
por tan t  role  in the m e c h a n i s m  of the p resynap t i c  act ion of C. To de te rmine  the c h a r a c t e r  of re la t ions  between 
C and D- tubocura r ine  as  r ega rd s  the i r  effect  on m E P P ,  c o n c e n t r a t i o n - - e f f e c t  cu rves  for  intact  and cu ra r i zed  
(5-10 -7 g / m l )  musc l e s  were  plot ted.  Exper imen t s  were  c a r r i e d  out on a "divided" neu romuscu l a r  p r e p a r a -  
t ion,  for  the pe rmanen t  d is turbance  of act ion potential  genera t ion  in the divided musc le  f ibers  enabled the a c -  
t ion of high doses  of the chol inomimet ic  to  be s tudied.  The r e su l t s  of these  expe r imen t s  a re  i l lus t ra ted  in Fig.  
1 and they show that  under  the influence of tubocura r ine  the c o n c e n t r a t i o n - - e f f e c t  curve  for  C was shifted t o -  
ward higher  concentra t ions  but r ema ined  pa ra l l e l  to the f i r s t  curve  obtained for  p repa ra t ions  not t r ea ted  with 
D- tubocu ra r ine .  This  a r r a n g e m e n t  of the concen t r a t i on - -  effect  curves  is evidence of c o m p e t i t i v e - a n t a g o n i s t i c  
re la t ions  [3] between C and D- tubocura r ine  on ne rve  endings.  

To study the exis tence  of musca r in i c  chol inergic  r e c e p t o r s  on the p resynap t ic  m e m b r a n e  s i m i l a r  e x p e r i -  
ments  were  c a r r i e d  out with a t rop ine .  In low concentra t ions  atropine is known to have no presynapt ic  act ion 
[7], but to keep the expe r imen ta l  conditions the s ame  as  were  used to study the effect  of D- tubocura r ine ,  the 
act ion of C on m E P P  of the a t ropinized p r epa ra t i on  was studied a f t e r  p r e l i m i n a r y  incubation of the n e u r o m u s -  
cu la r  p r e p a r a t i o n  for  1 h in R inge r ' s  solution with a t rop ine .  These  expe r imen t s  showed that  a t ropine ,  in a 
concentra t ion  of 4 . 1 0  -8 M, did not change the intensi ty of p resynap t ic  act ion of C (P > 0.05) and reduced it 
s l ightly in a concent ra t ion  of 1 -10 -6 M. The speci f ic i ty  of a t ropine as a m u s c a r i n i c  cholinolytic is known to 
be exhibited in concent ra t ions  of the o r d e r  of 10 -a M, and in higher  concent ra t ions  it may  have a nicotinic 
cholinolytic act ion [4]. It can be concluded f r o m  the r e su l t s  that  the d e c r e a s e  in m E P P  under the influence of 
C is effected through nicotinie chol inergic  s t r u c t u r e s  of the motor  ne rve  endings .  The fact  that  C gave a p r e -  
synapt ic  effect  in concentra t ions  lower than those requi red  to depola r ize  the end plate sugges ts  the exis tence  
of d i f fe rences  in the organiza t ion  of chol inergic  r e c e p t o r s  of the moto r  nerve  endings and p resynap t ic  m e m -  
b rane  of amphibian musc le  f i be r s .  
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