
INCREASED AMPLITUDE OF 

IN THE FROG NEUROMUSCULAR SYNAPSE 

DIRECT AND INDIRECT STIMULATION OF 

FIBER 

IV[. A. Kamenskaya, M. V. Kirzon, 
E. V. Migulina, and A. V. Minor 

POSTSYNAPTIC POTENTIALS 

DURING COMBINED 

THE MUSC LE 

UDC 612.816.1/.3 : 612.741.9 

The poss ib i l i ty  of ex is tence  of feedback between the musc le  f iber  and neu romuscu la r  s y n a p s e  
was subjected to d i rec t  expe r imen ta l  invest igation.  Act ivi ty  of the moto r  end-pla te  in an i so-  
lated p repa ra t ion  of the sc ia t ic  nerve  and s a r t o r i u s  musc le  of Rana t e m p o r a r t a  was recorded  
in t race l lu la r ly  during pa r t i a l  blocking of synaptie t r a n s m i s s i o n  by low-f requency  (1 / sec)  in- 
d i rec t  s t imulat ion fo r  7-10 rain. Simultaneous d i rec t  and indi rec t  s t imulat ion of the musc le  
f i be r s  by a volley of s t imuli  was  followed a f t e r  an in terval  of 50-500 m s e c  by a tes t ing  s t i m -  
ulus applied to the n e r v e .  An effect  of an inc rease  in ampli tude of the tes t ing end-pla te  
potent ial  (E pP)  compared  with the ampli tude of the cor responding  E P P  evoked a f t e r  appl ica-  
t ion of a vol ley  of s t imul i  to the nerve  only, was observed  in s eve ra l  exper iments .  The p r e s -  
ence and magnitude of this effect  were  found to depend on the depth of the block in the expe r -  
imenta l  p repa ra t ion  and on the intensi ty of potentiat ion of the control  E PPs .  

The poss ib i l i ty  of a modulat ing or  act ivat ing feedback f r o m  a ske le ta l  musc le  to the neu romuscu la r  
synapse and, in particular, to the motor nerve and its ending has been discussed by several writers [1-9]. 
One way of obtaining d i rec t  evidence that such feedback exis ts  i s  by c rea t ing  expe r imen ta l  conditions for  
the function of the neuromuscu la r  synapse  under  which genera t ion  of end-pla te  potent ials  (EPPs) and m u s -  
cle action potent ia ls  (APs) would be uncoupled so that  it would be poss ib le  to obse rve  in turn  e i ther  i so la ted  
E P P s  or combined E P P s  with musc le  APs,  s imulat ing no rma l  unblocked t r ansmis s ion .  

This  approach  to the p rob lem was used in the invest igat ion desc r ibed  below. 

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

E P P s  and APs  of a musc le  f iber  were  recorded  in t race l lu la r ly  by means  of "floating" g lass  m i c r o -  
e l ec t rodes  [2] with a tip about i p in d i am e t e r  f r o m  an isolated p repa ra t ion  of the s a r t o r i u s  musc le  and 
scia t ic  ne rve  of the f rog  Rana t e m p o r a r i a .  The e l ec t r i ca l  act ivi ty  was  led to a d c  ampl i f i e r  and photo-  
graphed f r o m  the s c r e e n  of a type S1-18 ca thode - r ay  osci l loscope.  The nerve  was  s t imula ted  by square  
pulses  (0.5-1.0 msec ,  30 or 50 Hz) through s i l ve r  e l ec t rodes  si tuated 20-30 r am f r o m  the musc le .  F o r  di- 
r ec t  s t imulat ion,  A g - A g C 1  e lec t rodes  1.5-2 m m  in d i a m e t e r  we re  applied to the su r face  of the musc le  10 
ram f r o m  the recording  point. The musc le  cont rac ted  under  i s o m e t r i c  conditions. The threshold s t rength  
of the s t imulus  for  d i r ec t  s t imulat ion was  0.3-0.5 V. Stimulation above threshold s t rength  was  used. The 
two-channel  EST-10A and the ESL-1  s t imula to r s  were  used. Neuromuscu la r  t r a n s m i s s i o n  was blocked by 
s t imulat ing the nerve  for  7-10 rain with single pulses  at i Hz, The depth of the block was cons idered  to be 

Depar tment  of Physiology of Man and Animals ,  Facul ty  of Biology and Soil Science, Moscow State Uni- 
vers i ty .  Labora to ry  of the Phys icochemica l  Bas i s  of Reception, Insti tute of Chemica l  Phys ics ,  Academy 
of Sciences  of the USSR, Moscow. (Presented  by Academic ian  of the Academy of Medical  Sciences  of the 
USSR,S. E.  Severin.)  T rans la t ed  f r o m  Byulle ten '  l~ksper imenta l 'no i  Biologii i Meditsiny,  Vol. 76, No. 10, 
pp. 12-14, October ,  1973. Original  a r t i c l e  submit ted  Sep tember  26, 1972. 

�9 7974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 [{~est 17th Street, New York, N. Y. 70011. 
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. A 
copy of this article is available from the publisher for $15.00. 

1132 



A B 

ALAA~AL �9 

& Az~ o 

 A /AAA, 
A ~ ! o 

A2 o 2 z 

Fig. 1 Fig. 2 

Fig. 1. E x p e r i m e n t s  with a combinat ion of d i rec t  (1) and indirect  
(2) s t imulat ion of the muscle :  A) scheme of expe r imen ta l  method; 
(B-D) r e su l t s  of one exper iment ;  B) control  s e r i e s  of E P P s  with 
delayed test ing EPP;  C) s imul taneous d i rec t  and indirect  s t imula -  
tion of muscle ,  test ing E PP apprec iab ly  g r e a t e r  than in the control;  
D) control  s e r i e s  of musc le  APs  with delayed tes t ing EPP .  Cal -  
ibrat ion 10 mV, t ime m a r k e r  0.5 sec.  

Fig. 2. Compar i son  of effect  of i nc rease  in tes t ing E P P  a f t e r  c o m -  
bined s t imulat ion AT/AT0 with degree  of potentiat ion (or d e p r e s -  
sion) of las t  E P P  in control  vol ley A n / A  t. Points  r e p r e s e n t  r e su l t s  
of six expe r imen t s  with superf ic ia l  b lock (amplitude of single E P P  
f r o m  6 to 10 mV) for  va lues  of T in each  exper imen t  at  which the 
value of AT/AT0 was maximal ,  

optimal if EPPs of sufficiently high amplitude appeared in response to indirect stimulation at 30-50 Hz with- 
out the appearance, meanwhile, of APs in the muscle fiber. 

Simultaneous direct and indirect stimulation of the muscle by a volley of stimuli of fixed duration 
(500 msec) with the testing EPP, separated from the volley by an interval of time T, was used. The inter- 
val T could be changed from 0 to 500 msec. Under these circumstances APs, which were masked by EPPs 
superposed on them, and the testing EPP were recorded. A series of EPPs evoked by the same volley of 
stimuli applied to the nerve, together with the testing stimulus separated from it by the same time interval 
T, was used as the control (Fig. IA). 

In all experiments the shape of the EPP was verified in order to make sure that local responses of 
the electrically excitable membrane of the muscle fiber were not being recorded. 

EXPERIMENTAL RESULTS 

In the control series of EPPs a progressive potentiation of the successive EPPs was usually observed. 
The degree of potentiation of the testing EPP was smaller than that of the last EPP in the volley. With a 
decrease or increase in the interval T the amplitude of the testing EPP steadily approached that of the last 
EPP in the volley or the single EPP (~he first in the volley). In some preparations potentiation was absent 
or a progressive decrease of the EPPs in the series was observed. Under these circumstances the testing 
EPP was smaller than the first but larger than the last EPP. In each experiment the degree of potentiation 
(or depression) of the EPPs arising after repetitive stimulation was estimated from the ratio An/Ai, where 
A n and A i are the amplitudes of the last and first EPP in the volley, respectively. 

In ex~periments with simultaneous direct and indirect stimulation an effect of increased amplitude of 
the testing E PP (AT) compared with the testing EPP in the control (Am) was observed in seven of 17 prep- 
arations. The maximal observed effect was 300~ of the control value. The size of the effect in each in- 
dividual case depended on T and reached its maximum in the interval from 50 to 20 msec. With a decrease 
in T the effect diminished in magnitude. The reason was evidently that during combined stimulation, by con- 
trast with the control, the testing EPP was recorded against a background of marked and prolonged after- 
depolarization induced by the series of muscle spikes. 
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Analysis  of the resul ts  shows a connection between the p resence  and magnitude of the observed effect, 
on the one hand, and the p resence  of potentiation and the depth of the block on the other  hand. The depth of 
the block was es t imated f rom the amplitude of the single (or f irst)  EPP ,  fo r  the recording was made each 
t ime d i rec t ly  f r om the region of the end-plate (this was shown by the p resence  of miniature  E P P s  and by 
the shape of the EPP). In every ease in which the amplitude A was large enough (~ 6 mV) so that, under 
those circumstances, definite potentiation was observed (An/A 1 > i) this effect was well marked (_> 130%). 
With a deeper block (A~ _< 3 mV) and in the presence of potentiation the effect was absent or weak (~< 120%). 
If, however, not potentiation but depression of the EPP was observed in the control (An/A I < i), no effect 
was found whatever the amplitude of the EPP. In experiments with EPPs of a high amplitude (superficial 
block) quantitative correlation was observed between the degree of increase of the testing EPP after com- 
bined stimulation AT/AT0 and the degree of potentiation An/A I (Fig. 2). 

As an additional control the testing EPP was recorded after a series of APs evoked by direct stimu- 
lation only (Fig. ID). In these experiments the amplitude of the testing EPP did not exceed that of the first 
EPP in a series of EPPs evoked by nerve stimulation (Fig. IB). Repetitive excitation of the muscle fibers 
by itself thus did not lead to the effect described. This fact, together with the dependence on the depth of 
the block indicated above, show that, for the effect to develop, a certain degree of excitation of the struc- 
tures on the neuromuscular synapse - of the postsynaptic and, possibly, the presynaptic membrane also- 
is required. 

The second essential condition for manifestation of the effect is potentiation of the E PP during repet- 
itive nerve, st imulation in the control.  This suggests that the mechanism of the observed effect  may  be 
s imi la r  to that of the potentiation found under  these exper imenta l  conditions. If, however, the nature of the 
effect d i f fe r s  f rom the mechanism of potentiation, in any event summation of the two p ro ce s se s  leads to an 
increase  in amplitude of the E P P  during repet i t ive activity of the n e r v e - s y n a p s e - m u s c l e  system. 

The phenomenon descr ibed  above suggests a "stabil izing" effect  of the muscle  f iber  on the neuromus-  
cular  synapse. The concre te  mechanism of this effect  r equ i r e s  fu r the r  investigation. 
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