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In expe r imen t s  on spinal  cats  and cats  lightly anes the t ized  with hexobarbi ta l ,  the conduction 
of impulses  in thick a f fe ren t  f ibe rs  was blocked by a d i rec t  cur ren t .  The N2-component of 
the dorsa l  su r face  potential  of the spinal cord  was shown to re f lec t  the integral  pos tsynapt ic  
potential  of segmenta l  in te rneurons  of the dorsa l  horn ac t ivated by re la t ive ly  h igh- threshold  
group A76 f ibers .  

The dorsa l  su r face  potential  (DSP) of the spinal cord  has  been invest igated in some detail and de-  
sc r ibed  [1-8]. Var ious  groups  of af ferent  f ibe r s  and cent ra l  neurons  exci ted by them a re  known to pa r t i c i -  
pate in DSP generat ion.  According to some  worke r s ,  the origin of the f i r s t  and l a rges t  negative postsynapt ic  
component  of the DSP (the Nl-component)  is a s soc ia t ed  with act ivi ty  of in terneurons ,  mainly  nonsegmental ,  
of the dorsa l  horn  [1, 4]. The question of the genes i s  of l a t e r  negative components ,  espec ia l ly  the second 
(N2) , has  not yet  been explained. 

The  ro le  of a f fe ren t  f ibe r s  of var ious  types in the fo rmat ion  of the N2-component of the DSP is ex-  
amined  below. 

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

The expe r imen t s  we re  c a r r i e d  out on spinal ca ts  and cats  l ightly anes thet ized with hexobarbi ta l  (50 
m g / k g  body weight). Laminec tomy  was p e r f o r m e d  in the region of the lumbosac ra l  en la rgement .  The pop-  
l i teal ,  common peroneal ,  super f ic ia l  peroneal ,  and sura l  ne rves  were  dissected.  After  the opera t ion the 
animal  was fixed secu re ly  to a m a s s i v e  me ta l  f rame.  Potent ia ls  f rom the dorsa l  s t t r face and ventra l  roo ts  
we re  ampl i f ied  and r eco rded  f rom the s c r e e n  of a ca thode - r ay  osci l loscope.  Square pulses  f rom an e l e c -  
t ronic  gene ra to r  with radio  f requency output were  used for  s t imulat ion.  The  an ima l ' s  body t e m p e r a t u r e  
was main ta ined  at the normal  level .  The brain  and nerves  were  flooded with minera l  oil. To obtain an 
isola ted a f fe ren t  vol ley in r e l a t ive ly  h igh- th resho ld  f ibers ,  conduction of impulses  in thick a f fe ren ts  was 
blocked by a d i rec t  cur ren t .  Th is  method has advantages  over  a l t e rna t ive  methods because  anodic blocking 
of a ne rve  is se lec t ive ,  r e v e r s i b l e ,  and eas i ly  control led [9]. 

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

The re la t ionship  between the DSP and s t rength of s t imulat ion was invest igated in the f i r s t  group of 
expe r imen t s .  Daring weak s t imula t ion  of mixed ne rves  (popliteal and common peroneal)  an action potential  
in the a f fe ren t  f ibe r s  appeared  f i r s t .  As the s t rength of s t imulat ion was increased,  an Nl-component  and 
P -wave  appeared .  At a ce r t a in  intensi ty of s t imulat ion (1.3-1.5 thresholds) ,  a l a te r  negative N2-component 
was formed.  A fu r the r  i nc r ea s e  in the s t rength of s t imulat ion inc reased  the ampli tude of the Nl-component  
and, at the s ame  t ime,  reduced  the l a t e r  negative waves.  The r e su l t s  of one exper imen t  a r e  given in Fig. 1. 
The s t rength of s t imulat ion was e x p r e s s e d  in mul t ip les  of the threshold  value (T) for the f ibers  with lowest  
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Fig. 1. Changes in DSP in r e l a -  
tion to s t rength of s t imulat ion of 
popli teal  nerve.  Numbers  show 
s t rengths  of s t imulat ion in t h r e s h -  
olds. 

z 0,2mV ~ 10msec 

Fig. 2. Changes in DSP in r e l a -  
tion to s t rength of polar iz ing c u r -  
ren t  blocking conduction in s t i m -  
ulated af ferent  nerve.  Number s  
give s t rengths  of polar iz ing c u r -  
r en t  (in mA); top row - s t imulat ion 
of popli teal  nerve,  bottom row - 
s t imulat ion of superf ic ia l  p e r o n -  
eal nerve.  

f=0,5 2 ~ 6 /# 

10,2 mV ~ 2 msec  

Fig. 3. Dependence of DSP on 
f requency of  s t imulat ion.  Top 
row, DSPs evoked by s t imulat ion 
of superf ic ia l  peroneal  nerve;  
bottom row, the s a m e  but with 
polar iza t ion  of the nerve;  num-  
be r s  show frequency of s t i m u-  
lation. 

thresholds  contained in the peroneal  nerve.  As Fig. 1 shows, the 
N2-component appeared  in r e sponse  to s t imulat ion with a s t rength 
of 1.4 T and reached  its  m a x i m u m  in r e sponse  to s t imulat ion with a 
s t rength of 2 T. A fur ther  i nc rease  in the s t rength of s t imulat ion 
led to a reduct ion in the N2-component , while the Nl-component  in-  
c r e a s e d  to its maximum.  

This  phenomenon sugges ts  that the Nz-eomponent  r e f l ec t s  
act ivi ty of in te rneurons  exci table by r e l a t ive ly  h igh- threshold  f ibers  
with a lower ve loc i ty  of impulse  conduction~ 

To conf i rm this hypothesis ,  in the second group of e x p e r i -  
ments  the thick low- threshold  f ibers  were  blocked by dc polar iza t ion  
of the nerve.  Exper imen t s  on the mixed  nerves  showed that  as the 
s t rength of the polar iz ing cu r r en t  was inc reased  the af ferent  peak 
d i sappeared  f i rs t ,  followed by the Nl-component  when the s t rength 
of the cur ren t  was 0.4-0.6 mA. The remain ing  N2-component was a 
low-ampl i tude (100-150 ~V) potential  and was followed by a posi t ive 
wave. I t s  m a x i m u m  was shifted into the reg ion  of longer t imes  (40- 
50 msec} and its ampli tude was reduced  on the ave rage  by one-  
th i rd  compa red  with the P -wave  of the ord inary  DSP. As Fig. 2 
(top row} shows, polar iza t ion  of the popli teal  ne rve  by a cu r r en t  of 
0.6 mA led to comple te  d i sappearance  of the Nl-component .  The 
mean  la tency of the N2-component , m e a s u r e d  in nerve  polar iza t ion  
exper iments ,  was  6.3 r e se t .  Calculat ions showed that the conduction 
veloci ty  in f ibers  r espons ib le  for  genera t ion  of the N2-component 
va r i ed  between 18 and 38 m / s e e ,  with a mean  value of 28.5 m / s e e ,  
whereas  the conduction veloci ty  in f ibers  respons ib l~  for genera t ion  
of the Nl-component  ave raged  53 m / s e e .  F ibe r s  excit ing i n t e r -  
neurons genera t ing the N2-component thus belong to the A76 group. 

In the next expe r imen t s  the ro le  of cutaneous f ibe r s  in the 
format ion  of the N2-component of  the DSP was studied. 

Po la r i za t ion  of cutaneous nerves  (superf ic ia l  peroneal  and 
sural) led to changes in the DSP s imi l a r  to those  obse rved  in the 
expe r imen t s  with the mixed nerves .  Examinat ion of Fig. 2 (bottom 
row} shows that  po lar iza t ion  of the superf ic ia l  peroneal  nerve  by a 
cu r r en t  of 0.35 mA reduced  the ampli tude of the Nl-component  by 
a lmos t  50% compared  with the control .  An inc rea se  in the cu r ren t  
to 0.4 mA led to d i sappearance  of this  component  while the N 2- 
component  and following posi t ive  wave r ema ined  intact.  S imul-  
taneous record ing  of the DSP and ven t ra l  roo t  potent ia ls  showed that 
at a ce r t a in  s t rength of polar iz ing cu r r en t  s t imulat ion of the afferent  
ne rves  caused the appearance  only of the N2-component and of the 
cor responding  polysynaptic  action potential  in the ven t ra l  roo ts .  

In the  las t  group of expe r imen t s  the effect  of repe t i t ive  s t imulat ion at different  f requencies  on the 
c h a r a c t e r  of changes in the N2-component of the DSP was studied. Stimuli were  applied to the superf ic ia l  
peronea l  nerve.  Potent ia ls  were  r e c o r d e d  by superposi t ion  of ten sweeps of the beam. As a r e su l t  of this 
s t imulat ion the ampli tude of the N2-component was reduced to a ce r t a in  s teady value,  and r e m a i n e d  s t ab i -  
l ized at a lower level  than initially. The  r e c o r d s  shown in Fig, 3 i l lus t ra te  the substant ia l  d i f ference  be -  
tween the c h a r a c t e r  of changes in the N 1- and Nz-components of the DSPs evoked by repe t i t ive  s t imulat ion 
of the superf ic ia l  peroneal  nerve.  At f requencies  of 10 /sec  the ampli tude of the s tabi l ized Nl-component  
was 75% of the initial value,  whereas  the N2-component was comple te ly  suppressed .  

Analysis  of these  r e su l t s  shows that the N l -  and N2-components  of the DSP re f l ec t  the act ivi ty of 
different  s t ruc tu re s  in the spinal  cord.  The re la t ive ly  10w ampli tude of the N2-component indicates  that the 
in te rneurons  genera t ing it a r e  located in deeper  l a y e r s  of the dorsa l  horn. This  ag r ee s  with the o b s e r v a -  
t ions of Selzer  and Spencer [10] that  ce l l s  generat ing the N2-component lie fn Rexed ' s  l ayer  V. The 

100 



correlat ion now established between changes in the N2-component and the polysynaptic reflex response 
confirms the view that the N2-eomponent reflects  the integral excitatory postsynaptic potential of segmental 
interneurons excited by relatively high-threshold afferents with a lower conduction velocity, The decrease 
in amplitude of the N~.-component after a certain strength of stimulation is reached can probably be at tr ib-  
uted to pr imary afferent depolarization developing in the terminals of relatively slow-conducting fibers 
following activation of presynaptic inhibition mechanisms by the preceding volley of impulses in fast-con- 
ducting fibers. 

The more marked inhibition of the N 2- than of the Nt-component at low frequencies of stimulation is 
possibly connected with the functional propert ies  of synapses formed by the thinner afferents responsible 
for generation of this component and also with the deeper homosynaptic depression developing in them. 
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