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The magni tude and durat ion of a f t e r  depo la r i za t ion  and hype r po l a r i z a t i on  of the i so la ted  frog 
sc i a t i c  ne rve  with its ep ineur ium and p e r i n e u r i u m  intact  and r e m ove d  were  s tudied during 
r epe t i t i ve  s t imula t ion  under  va r ious  condit ions.  It is concluded f rom the exper imen ta l  r e -  
sul ts  that  the ou te r  m e m b r a n e s  of the ne rve  play no e s sen t i a l  ro le  in the format ion  of the 
a f t e r - p o t e n t i a l s  of the ne rve  t runk.  This is conf i rmed  ind i rec t ly  by the fact  that  a l l  effects  
due to the g r e a t  magni tude and durat ion of a f te r  depo la r i za t ion  a r e  r ep roduced  in ne rve  
t runks a f te r  r e m o v a l  of the outer  m e m b r a n e s :  the a f t e r - p e r i o d  of i n c r e a s e d  exc i t ab i l i ty  
(phase of exal tat ion) ,  the phenomenon of the te tan ized  s ingle  r e sponse ,  and the i n c r e a s e  in 
ampl i tude  of the act ion potent ia ls  during submax ima l  te tan iza t ion .  

The durat ion of a f t e r - p o t e n t i a l s  in the intact  frog ne rve  is m e a s u r e d  in tens o r  hundreds of m i l l i s e c -  
onds,  while a f t e r  r e p e t i t i v e  s t imula t ion  it is  m e a s u r e d  in seconds  and minutes  [2, 3, 5, 6, 12, 13, 16]. The 
max ima l  dura t ion of the a f t e r - p o t e n t i a l s  of the i so la ted  ne rve  f iber ,  on the other  hand, does not exceed 50 
msec  while a f t e r  a s ingle  exci ta t ion  it is only a few mi l l i s econds  [17, 18]. 

It has accord ing ly  been pos tu la ted  [18] that  the r e l a t i ve l y  long durat ion of the a f t e r - p o t e n t i a l s  of the 
i so la ted  nerve  t runk is caused  by in te r rup t ion  of the c i r cu la t ion  of blood in the t runk and by swell ing of the 
Schwann ce l l s ,  as a r e s u l t  of which during exci ta t ion  the re  is an app rec i ab l e  shift  of ion concent ra t ion  in 
the s m a l l  volume of t i s sue  fluid sur rounding  the ne rve  f ibe rs ,  leading to prolonged changes in the p e r m e a -  
b i l i ty  and po la r i za t ion  of the exc i tab le  m e m b r a n e .  In i so la ted  f ibe r s ,  on the o ther  hand, accord ing  to this  
hypothes is ,  ions diffuse f r ee ly  into the sur rounding  solut ion or,  in intact  an ima l s ,  into the t i s sue  fluid and 
blood, so that  the i r  concen t ra t ion  nea r  the exci tab le  m e m b r a n e  r e m a i n s  r e l a t i ve l y  constant .  

However,  the p re sence  of pos i t ive  a f t e r - p o t e n t i a l s  in the intact  ne rve  with i ts blood supply intact  was 
demons t r a t ed  o r ig ina l l y  by Loren te  de No [16] and l a t e r  by the work of BShm and Straub [7]. The sugges -  
t ion by Meves [18] that prolonged a f t e r - p o t e n t i a l s  a r e  absent  in the f ibers  of an intact  ne rve  was thus not 

TABLE 1. Durat ion of A f t e r - D e p o l a r i z a t i o n  and Hyperpo la r i za t ion  
of a Nerve  at  Different  F requenc i e s  of St imulat ion (M ~: m) 

Duration (in reset) .of after- Duration (in sec) of after-hyper- 
Frequency of depolarization of n e r v e  polarization of nerve 
stimulation 

with intact with mere- with intact with mem- 
per second membranes branes re- branes re- 

moved membranes moved 

10 
50 

100 
500 

144 -+- 12,6 
84~9,2 
47--4,3 
66• 

138~ 12.9 
80+8.6 
48~-4,2 
7~0,6 

1,04~-0,05 1,02~-0,05 
1,09~0,05 1,09~0,05 
1,18~0,07 1,16-----0,07 
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Fig. 1. Effect of repeti t ive stimulation on af ter-potent ials  of 
nerve before (A) and after  (B) removal  of the epineurium and 
perineurium. Duration of stimulation 0.01, 0.05, 0.1, 0.5, 1, and 
4 sec respect ively.  Frequency of stimulation 300 / sec .  
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Fig r 2. Changes in maximal value of 
af ter -depolar iza t ion  and hyperpolar i -  
zation after  stimulation of a nerve 
with intact (shaded columns) and re -  
moved (unshaded columns) epineurium 
and perineurium after  stimulation at 
different frequencies.  Abscissa ,  f r e -  
quency of stimulation; ordinate, am- 
plitude of af ter-potent ia ls .  Af te r -de-  
polarization shown above the abscissa ,  
a f te r -hyperpolar iza t ion  shown below. 

confirmed experimentally.  In o rder  to continue the study of 
af ter-potent ials  it was therefore  extremely important  to a ssess  
the role of the outer membranes  of the nerve,  which per form a 
b a r r i e r  function and, because of their  capacity and their  high 
res is tance ,  may affect the charac te r  of the recorded  electr ical  
response  of the nerve.  

The object of the present  investigation was to study the 
effect of removal  of the epineurium and per ineurium on af ter-  
potentials of a nerve during repeti t ive stimulation at different 
frequencies.  

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

Experiments  (more than 60) were  ca r r i ed  out on the iso- 
lated sciat ic nerves of pond frogs (Rana ridibunda) in the 
period f rom December,  1970 to March, '1971 and f rom Novem- 
ber,  1971 to March, 1972, at a t empera tu re  of 18-20~ Before 
the experiment the isolated nerve preparat ions were kept for 
1-1.5 h in Ringer ' s  solution. The membranes  were  removed 
under the MBS-2 binocular microscope:  initially a longitudinal 
incision was made in the epineurium and perineurium by means 
of a sharp-pointed t r iangular  blade, after  which they were re-  
moved with relat ively blunt dissection needles.  The nerve  
was then kept for a fur ther  20 rain in Ringer ' s  solution, the pH 
of which was periodically checked and maintained at 7.3. 



Fig .  3. E f f ec t  of f r e q u e n c y  (number s  on left) of s t i m u l a t i o n  on m a g n i -  
tude  and d u r a t i o n  of a f t e r - d e p o l a r i z a t i o n  of  denuded  n e r v e  in m e d i u m  
wi th  i n c r e a s e d  c o n c e n t r a t i o n  of  c a l c i u m  c h l o r i d e  (A) and e f fec t s  on 
n e r v e  t r u n k  c a u s e d  by  h igh  and p r o l o n g e d  a f t e r - d e p o l a r i z a t i o n :  in-  
c r e a s e  in a m p l i t u d e  of  a c t i o n  po t en t i a l s  dur ing  r e p e t i t i v e  s t i m u l a t i o n  
at  s u b m a x i m a l  s t r e n g t h  (B) and i n c r e a s e  in a b o v e - t h r e s h o l d  r e s p o n s e s  
a f t e r  a p p l i c a t i o n  of one  o r  s e v e r a l  m a x i m a l  s t i m u l i  ( t e t an ized  s i ng l e  
r e s p o n s e s  [1]) (C). 

The  n e r v e  was  s t i m u l a t e d  by m e a n s  o f  a type  ES-10  e l e c t r o n i c  s t i m u l a t o r  wi th  r a d i o f r e q u e n c y  output .  
The  d u r a t i o n  of  each  p u l s e  was  0.1 m s e c .  Ac t ion  p o t e n t i a l s  of the  n e r v e  w e r e  r e c o r d e d  wi th  c a l o m e l  e l e c -  
t r o d e s ,  wi th  an h ~ t e r e l e e t r o d e  d i s t a n c e  of  2.5 cm.  The  d i s t a l  end of the  n e r v e  was  k i l l e d  by a p p l i c a t i o n  of a 
t h e r m o c a u t e r y .  Ac t ion  p o t e n t i a l s  w e r e  a m p l i f i e d  and r e c o r d e d  on a f i v e - c h a n n e l  U F U P T - 5  p h y s i o l o g i c a l  
a p p a r a t u s  o p e r a t i n g  under  dc cond i t i ons .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The combined action potential of a nerve kept for 1-1.5 h in Ringer's solution was accompanied by a 

well-marked after-depolarization, lasting 125.5 • 9.2 msec in these experiments. 

During repetitive stimulation, summation of the after-depolarization took place. Its duration after 

short-term stimulation at high frequency showed a slight increase, but after prolonged stimulation (0.5 see 

or more) it fell almost to its minimum (Fig. IA). With an increase in the duration of tetanization (starting 
with 0.5 sec) the after-hyperpolarization was exhibited more clearly. The longer the preceding tetanization, 
the greater its amplitude, but its duration remained approximately constant. 

Records from the same nerve obtained after removal of the epineurium and perineurium are given in 
Fig. IB. The character and magnitude of the after-potentials clearly remained substantially unchanged. 



Since the re  is r eason  to suppose that the outer  m e m b r a n e s  play an important  ro le  in the genes is  of 
the long a f te r -po ten t ia l s ,  it s eemed  v e r y  probable  that the a f te r -po ten t ia l s  of a ne rve  with its outer  m e m -  
b r anes  intact and r emoved  would differ  s ignif icant ly when the f requency of s t imulat ion was var ied .  

After  r emova l  of the m e m b r a n e s  the max imal  value of the a f t e r -po ten t i a l s  fell  s ignificantly (Fig. 2). 
However,  this  d e c r e a s e  was not d i rec t ly  connected with the absence  of the ep ineur ium and per ineur ium.  
Actually in these  expe r imen t s  the ampli tude of the action potentials  of the ne rve  t runk fell  a f te r  r emova l  
of the m e m b r a n e s  by 12 • 0~ This  sugges ts  that  during the d issec t ion  some of the f ibe r s  were  injured, 
increas ing  the shunting not only of the spike potential ,  but also of the following a f t e r -po ten t i a l s .  The du ra -  
t ion of the a f t e r -po ten t i a l s  r ema ined  prac t ica l ly  unchanged, however ,  a f t e r  r e m o v a l  of the nerve  sheaths .  

To judge f rom the data given in Table  1, the a f t e r -hype rpo la r i za t ion  obse rved  in the p resen t  exper i -  
ments  was identical  with the phases  P1 [11] and Pz [15] descr ibed  in the isolated and intact nerve .  During 
b r i e f  s t imulat ion (less than 10 sec) the phase  of slow hyperpolar iza t ion  is absent  [7, 12, t61 and only the 
phase  of fast  hyperpolar iza t ion  is observed .  BShm and Straub [7] a t tempted  to explain the shor tness  of the 
a f t e r -hype rpo la r i za t ion  of single ne rve  f ibers  by postulating that in isolated f ibers  the phase  of fas t  a f te r -  
hyperpolar iza t ion  is p resen t  but the corresponding slow phase is absent.  However,  to judge f rom data in 
the l i t e ra tu re  [12, 16] and f rom the resu l t s  of the p resen t  investigation the phase of fas t  hyperpolar iza t ion  
las ts  for  m o r e  than 1 sec ,  s ignif icantly longer than the maximal  (50 msee)  durat ion of a f t e r - h y p e r p o l a r i z a -  
t ion of single ne rve  f ibers .  

After  the p repara t ions  had been kept for 7-9 h in R inge r ' s  solution or  for  10-30 min in a solution with 
high ca lc ium concentra t ion [5, 6] the re  was a m a r k e d  inc rease  in the a f te r -depo la r iza t ion ,  which under 
these  conditions could last  for  1.5 sec.  As the f requency of s t imulat ion of this ne rve  increased ,  the dura-  
t ion of the a f t e r -depo la r i za t ion  also increased ,  and this was re f lec ted  in an a f t e r - p e r i o d  of inc reased  ex- 
ci tabi l i ty  and inc reased  ampli tude of the tes t ing act ion potentials (Fig. 3A). These  coupled changes in ex- 
c i tabi l i ty  emphas ize  the t rue  nature  of the r eco rded  a f te r -po ten t ia l s  and they rule  out any assumpt ion  that 
they could be a r t i f ac t s  caused by the pass ive  p rope r t i e s  of the ne rve  trunk. This conclusion is conf i rmed 
indirect ly also by the fact that all  the effects caused by the g r ea t  magnitude and duration of the a f t e r - d e -  
polar iza t ion  were  reproduced  in ne rve  t runks a f t e r  r emova l  of the ou te r  m e m b r a n e s :  the a f t e r -pe r iod  of 
inc reased  exci tabi l i ty (or phase of exaltation), the inc rease  in ampli tude of the action potentials  during sub- 
maximal  te tanizat ion [5, 6] (Fig. 3B), and the phenomenon of the te tanized single r e sponse  [1] (Fig. 3C). 
These  effects  also took place in r e sponse  to s t imulat ion at or  sl ightly below threshold  s t rength.  This sug-  
ges t s  that the a f te r -po ten t ia l s  r eco rded  in the p resen t  exper iments  and the effects  produced by them in the 
ne rve  trunk a r e  c ha r ac t e r i s t i c  of the mos t  excitable thick axons which a r e  usually used for  making p repa -  
ra t ions  of single ne rve  f ibers .  

It can be concluded f rom the foregoing account that the epineur ium and per ineur ium do not play an 
essent ia l  ro le  in the format ion  of the a f te r -po ten t ia l s  of the ne rve  trunk. Prolonged durat ions of the a f te r -  
potent ials  of the ne rve  trunk a re  possibly  linked with the p re sence  of a su r face  b a r r i e r  on each s epa ra t e  
f iber  [10, 11, 19], leading to the accumulat ion of ions in the immedia te  p rox imi ty  of the exci table m e m b r a n e ,  
with consequent marked  a f t e r - changes  in polar iza t ion and excitabil i ty.  This b a r r i e r  on single nerve  f ibers  
may,  however,  be damaged during dissect ion.  
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