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In r e sponse  to e l ec t r i ca l  s t imulat ion of a f rog scia t ic  nerve prepara t ion  at 30-50 / sec ,  
a gradual  i nc rease  in ampli tude of the action potent ials  is observed .  This  i nc rea se  is 
based  on an a f t e r - i n c r e a s e  in the exci tabi l i ty  of the ne rve  f ibers .  

E lec t r i ca l  changes developing in a ne rve  t runk during the passage  of impulses  along individual f ibe rs  
can exer t  a substant ia l  influence on the functional s ta te  of neighboring, nonfunetioning f ibers .  This  is man i -  
fes ted  by changes in the i r  exci tabi l i ty and, under  ce r ta in  conditions, by the onset of spreading excitat ion 
[3, 4, 8, 9]. A ma thema t i ca l  analysis  of this interact ion for  nonmedullated f ibers  has recen t ly  been given 
by Markin [5]. However,  in the invest igat ions cited, attention was concentra ted on interact ion between f ibers  
actual ly during the genera t ion of the spreading spike.  However ,  r epo r t s  have been published [10, 11] that 
in some  cases  the change in the p rope r t i e s  of nonfunctioning f ibers  can also be exhibited for  tens or  even 
hundreds of mi l l i seconds  a f t e r  the spike. 

The object of the presen t  investigation was to analyze some of the conditions under which this p r o -  
longed interact ion between f ibers  is found, and to es tabl i sh  the connection between this phenomenon and the 
phase  of a f t e r -depo la r iza t ion  of the m e m b r a n e .  

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

Altogether  150 exper iments  were  c a r r i e d  out on the isolated scia t ic  ne rve  of the f rog Rana t e m p o r a r i a .  
The p rox ima l  end of the n e r v e  was s t imulated by single, pai red,  o r  r egu la r  square  pulses  f r o m  an e lec t ronic  
s t imula tor  with radiof requency output. Action potentials  were  r eco rded  f rom the d is ta l  end of the nerve ,  in 
some exper iments  by s i l ve r  e lec t rodes ,  and in o thers  with nonpolarizing A g - A g C 1  e lec t rodes  ( in te re lec-  
t rode  dis tance 2.5-3 cm).  When monopolar  record ing  was used, the segment  of the n e r v e  beneath the dis ta l  
e lec t rode  was killed by crushing it with forceps  o r  by the applicat ion of hot physiological  sal ine.  Action 
potent ials  were  amplif ied and r eco rded  by means  of a 5-channel  UFUPT-5  ins t rument  (made a t  the expe r t -  
men ta l  workshops of the Inst i tute of Exper imenta l  Medicine,  Academy of Medical  Sciences of the USSR). 

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

Under o rd inary  conditions, r e sponses  of a f resh ly  p r epa red  spec imen  of the ne rve  f r o m  autumn f rogs  
to compara t ive ly  infrequent,  r egu la r  s t imulat ion remained  unchanged throughout the p er iod of s t imulat ion.  
With an inc rease  or  dec r ea s e  in the s t rength  of the s t imuli ,  the ampli tude of both the f i r s t  and the subse -  
quent r e sponses  in a r egu l a r  s e r i e s  inc reased  or  dec rea sed  correspondingly;  only ff the f requency of s t imu-  
lation was higher than 150-300/sec  was the ne rve  r e sponse  depressed:  the action potentials  p r o g r e s s i v e l y  
diminished during st imulat ion.  No inc rea se  in ampli tude of the r e sponses  ever  took place  during r eg u l a r  
s t imulat ion of these  p repa ra t ions .  

However,  under cer ta in  conditions a comple te ly  different  p ic ture  was observed .  In r e sponse  to s t i m -  
uli of submaximal  s t rength,  the action potentials  of the ne rve  during repe t i t ive  s t imulat ion gradual ly  began 
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Fig, 1 Fig. 2 

Fig. 1. Increase  in amplitude of action potentials of nerve after  changes produced 
by gentle drying in air .  Time marke r  50 msec.  Single action potential with mono-  
polar  recording  and calibration signal for  it (interval between peaks 20 msec) .  

Fig. 2. Changes in amplitude of testing action potentials of al tered nerve  (air-  
dried) depending on duration of interval af ter  conditioning stimulus. Time m a r k e r  
50 msee~ 

to increase  and could ult imately be severa l  t imes g rea te r  in amplitude than the response  to the f i rs t  s t im-  
ulus. The rate and degree of increase  of the nerve response under these conditions varied depending on 
severa l  factors ,  the most  important of which was the initial functional state of the preparat ion.  If the nerve 
was f i rs t  kept in Ringer ' s  solution, then dried gently and kept for  a short t ime in hypertonic solution with 
an increased NaC1 concentration, the rate  and degree of this phenomenon were increased.  

Other conditions being equal, the degree of the increase  in amplitude of the action potentials was 
largely dependent on the frequency of stimuli appliedi within certain limits, the higher the frequency the 
sharper  and g rea te r  the increase  in amplitude of the action potentials. The records  (Fig. 1) show that a 
slight increase  in amplitude of the action potentials occur red  at a frequency of 2/see .  The optimal f r e -  
quency of stimulation, at which this increase  was most  c lear ly  exhibited, was 30-50/sec .  It is interesting 
to note that at optimal frequencies of stimulation the increased amplitude of the action potentials was highly 
stable and could pers i s t  for 5 rain or  more  without any marked sign of a decrease .  This suggests that at 
optimal frequencies of stimulation, a high level of excitability is maintained throughout, and each impulse 
evidently leaves behind it a t race ,  in the form of increased excitability. In fact, if after  stimulating the 
nerve  at subthreshold strength and at the optimal frequency for exhibition of summation (30-50/sec),  the 
strength of stimulation was increased up to the threshold or  above it, and then again, without stopping the 
stimulation, it was steadily weakened down to subthreshold values, the nerve continued to respond, thereby 
exhibiting a unique form of facilitation. 

To obtain the final solution to the problem of whether, in these cases,  there is an a f t e r - inc rease  of 
excitability, a special  ser ies  of experiments was ca r r i ed  out to measure  the threshold of excitability both 
after  a single stimulus and after  a ser ies  of stimuli,  i.e., during repeti t ive activity of the nerve.  Under 
these conditions the strength of the testing stimulus was at the threshold level, and the duration of thephase  
of exaltation was judged f rom the longest interval after  which an increase  in amplitude of the response  to 
the threshold stimulus took place. In some experiments,  to determine the phase of exaltation, instead of a 
single testing stimulus a ser ies  of 3 such stimuli was applied (Fig. 2). In this case a smal l  increase  in the 
f i rs t  testing action potential led to a marked increase  in the subsequent potentials,  thereby emphasizing the 
general  picture of change in the testing response.  As a result ,  the duration of the phase of exaltation could 
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Fig. 3. Change in ampli tude of tes t ing action 
potentials  (second volley) of a l t e red  ne rve  de-  
pending on duration of in terva l  a f te r  condition- 
ing s t imulat ion for  1 sec (first  volley).  Dura -  
tion of each volley 1 sec .  Frequency  of s t i m -  
ulation 50/sec .  

be de te rmined  m e r e  accura te ly ,  especia l ly  at its end, 
when it became  s m a l l e r  and s m a l l e r  and d isappeared .  
The investigation showed that in every  case  when the re  
was a success ive  inc rease  in ampli tude of the action 
potentials  during repea ted  r e sponses ,  the threshold  
of exci tabi l i ty a f te r  a single s t imulat ion was depressed ,  
i .e. ,  a phase  of exaltation occurred ;  its duration was 
ve ry  long, averaging  154.7 ~-10.1 m s e c  and, in indi- 
vidual exper iments ,  500 m s e c  or  m o r e .  As might be 
expected [2, 7], the long duration of this phase  of ex-  
altat ion cor responded  to a s im i l a r  duration of the 
a f te r -depo la r iza t ion  potential.  After  s t imulat ion for  
1 sec at a f requency of 50 /sec  (Fig. 3), the duration 
of a f t e r -depo la r i za t ion  and of the phase of exaltat ion 
was not ve ry  substant ia l ly  a l tered ,  but it was n e v e r -  
the less  shortened slightly,  on the ave rage  by 9.6 • 1.4% 

These  r e su l t s  thus show conclusively that the 
i nc rea se  in ampli tude of the r e sponse  during r epe t i -  
t ive  s t imulat ion of the ne rve  t runk c o r r e l a t e s  with the 
exis tence  of a prolonged and well  ma rked  phase  of 
exaltation, and of the depolar iza t ion respons ib le  for  it. 

C lear ly  the i nc rea se  in r e sponse  of the nerve  
t runk to repe t i t ive  s t imulat ion is the resu l t  of suc-  
ces s ive  recru i t ing  of new f ibers ,  not excited by the 
preceding st imuli ,  into the response .  However,  it is 
difficult to give any fu r the r  in te rpre ta t ion  of this fact ,  
because  it cannot be explained by the summat ion  of 
local potent ials  at the point of application of the s t i m -  
ulus, s ince augmentat ion of the r e sponses  was ob-  
se rved  when the in terva ls  between the s t imul i  were  

v e r y  long (over 500 msec)  and, by contras t ,  they were  absent  when the in tervals  were  short  (below 
2.5 msec) .  

It was pointed out above that this phenomenon is c l ea r ly  re la ted  to the development  of a f t e r - d e p o l a r -  
ization of the m e m b r a n e .  However ,  it must  be  asked how a f t e r -depo la r i za t ion  of some  f ibers  can evoke 
inc reased  exci tabi l i ty in o thers .  The s imples t  explanation of this effect would apparent ly  be to a t t r ibute  
it to the action of ~local cu r r en t s , "  bringing about in teract ion between the ne rve  f ibers  during the sp read  
of spikes  [9]. However,  in the per iod of slowly developing a f te r -depola r iza t ion ,  the local  cu r ren t s  mus t  
be ve ry  smal l ,  for  the m e m b r a n e  of the whole f ibe r  is m o r e  or  less  depolar ized  (the potential  gradient  along 
the m e m b r a n e  is v e r y  low). It t h e r e f o r e  s e e m s  m o r e  l ikely that the prolonged a f t e r - in t e rac t ion  between 
the f ibers  is due to the accumulat ion of K + ions in the in ters t i t ia l  spaces  [6, 12]. An inc rease  in the in t e r -  
ce l lu lar  concentrat ion of these  ions leads to depolar iza t ion of the m e m b r a n e  and, as a resu l t  of this ,  to a 
lowering of the threshold  of exci tabi l i ty both of the d i rec t ly  excited f ibe r s  and of the i r  neighbors .  

This  or  a s i m i l a r  m e c h a n i s m  of an i nc rea se  in exci tabi l i ty could also explain cer ta in  f o r m s  of syn-  
chronizat ion in both the pe r iphe ra l  and the cen t ra l  nervous  sy s t em [1]. The e l ec t r i ca l  and chemica l  p r o c -  
e s se s  taking p lace  in single s t ruc tu ra l  units of the nervous  sys t em mus t  evidently have a s t ronge r  and wider  
influence on the functional s ta te  of neighboring units than is usual ly  considered.  
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