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The d o s e - e f f e c t  cu rves  of the  p r e s s o r  r e f l e x  f rom the skin, by analogy with those f rom 
re f lexogenic  zones of ce r t a in  organs  studied prev ious ly ,  cons is ted  of two p a r t s :  i n t e r oc e p -  
t i r e  and nocicept ive  r e f l e x e s .  The l a t t e r  appeared  in r e sponse  to the d i r ec t  act ion of high 
concen t ra t ions  of KC1 (125-250 raM) on nerve  f i be r s .  Synchronizat ion of exc i ta t ion  in the 
f ibe r s ,  which is cons ide red  to be the specia l  code of pain, could not be detected on the 
n e u r o g r a m s .  

T h e r e  a r e  two views r e g a r d i n g  the na ture  of the p e r i p h e r a l  mechan i sm of pain.  One r e g a r d s  pain as 
the r e s u l t  of exc i ta t ion  of a spec i f ic  r e c e p t o r  sy s t em [13]. The second pos tu la tes  that  the same p e r i p h e r a l  
nervous  s t r u c t u r e s  a r e  r e s p o n s i b l e  for  painful and pa in l e s s  sensa t ions ,  and that  ~exci ta t ion  of nerve  endings 
by o r d i n a r y  s t imula t ion  cannot give r i s e  to a sensat ion  of pain, but this  can take p lace  in r e s p o n s e  to s t imu-  
la t ion which acts  on the nerve  f ibe r  i tself"  [12]. 

The view that d i r e c t  s t imula t ion  of nerve f ibe r s  takes  place  when a painful s t imulus  is  appl ied has been 
conf i rmed e x p e r i m e n t a l l y  only in the l a s t  decade [1, 2, 4-7, 9-11]. These  w o r k e r s  showed that ce r t a in  a f f e r -  
ent nerve  f i b e r s  of the in tes t ine ,  the m e m b r a n e s  of the hear t ,  and t h e t i s s u e s  of the lower  l imbs  p o s s e s s  a 
dual function: they conduct impu l se s  f rom r e c e p t o r s  when these  a r e  s t imula ted  in the usual way, and they 
act  as  d i r e c t  " r e c e p t o r s "  of nocicept ive  s t imul i .  This  conclusion was based on the ana lys i s  of the r e l a t i o n -  
ship of p r e s s o r  r e f l e x e s  a r i s i n g  during the act ion of chemica l  s t imul i  and, in p a r t i c u l a r ,  of K ions.  

If this  is  t rue  for n e r v e s  of al l  organs ,  s i m i l a r  r e s u l t s  would be expected in r e s p o n s e  to inject ion of 
KC1 into the fluid per fus ing  an a r e a  of skin. The p r e s e n t  inves t iga t ion  was c a r r i e d  out to study this  p rob lem.  

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

In e x p e r i m e n t s  on cats  under ure thane anes thes i a  the skin of the hind l imb was per fused  with R i n g e r ' s  
solution by the method d e s c r i b e d  e a r l i e r  [8]. KC1 was injected into the per fus ion  fluid in concent ra t ions  of 
between 15.6 and 1000 raM, and in a volume of 1 ml.  Record ing  e l e c t r ode s  connected to a UBP 1-01 ampl i f i e r  
were  p laced  on the media l  branch of the saphenous nerve  running f rom the per fused  a r e a  of skin. Po ten t ia l s  
were  r e c o r d e d  on a loop osc i l log raph .  The p r e s s u r e  in the ca ro t id  a r t e r y  was r e c o r d e d  by a m e r c u r y  ma-  
nomete r  on a kymograph.  

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  

Inject ion of KC1 into the per fus ion  fluid of the a r e a  of skin evoked a p r e s s o r  r e f l ex .  The th resho ld  
concent ra t ion  of KC1 was 15.6 raM. The ampli tude of the th resho ld  r e f l e x e s  did not exceed 3 mm Hg. With 
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Fig. 1. Amplitude of p ressu re  ref lex as a function of KC1 con- 
centration: a) injection of KC] into saphenous ar tery ,  recept ive 
field of skin flap intact (mean resu l t s  of 14 experiments) ;  b) in- 
jection of KC1 into saphenous ar tery ,  recept ive field of skin flap 
isolated (mean resul t s  of nine experiments);  c) central  end of 
divided saphenous nerve bathed in KC1 solutions (mean resul t s  
of 12 experiments) .  Abscissa,  KC1 concentration (in mM); 
ordinate, amplitude of ref lexes  (in mm Hg). 

Fig.  2. Impulses  recorded  in f ibers of saphenousnerve  
'after injection of KC1 into blood vessels  of skin in con- 
centrat ions of 31.2 (A) and 250 (B) mM. Time marker  
10 Hz, cal ibrat ion 20 ~V. 

an increase  in concentration,  the amplitude of the p res so r  reflex gradually increased.  After injection of 
KC1 in a concentrat ion of 125-250 mM, a much grea ter  reflex effect on the blood p re s su re  was produced than 
with smal le r  concentrat ions.  A further  increase  in the KC1 concentration evoked ref lexes  of the same order  
(Fig. la) .  

Reflexes to small  concentrat ions of KC1 ar is ing in response  to excitation of r ecep to r s  [9] were called 
ref lexes of the f i rs t  order .  P r e s s o r  ref lexes to high concentrat ions of KC1, accompanied by hyperpnea and 
movements  of the animal, were called ref lexes of the second order .  They ar ise  by the action of KC1 direct ly  
on the nerve f ibers .  Concentrations evoking ref lexes of the second order  are  nociceptive or  painful [2, 9]. 

To verify the exci ta tory  act ionof  KC1 on the nerve fibers,  experiments  were ca r r i ed  out on which the 
compounds were injected into the perfusion fluid after complete isolation of the recept ive  field. In these ex- 
per iments  the genicular branch of the saphenous nerve and all the blood vesse ls  of the skin flap were ligated. 

The threshold concentrat ions of KC1 in these experiments  was 62.5 mM. However, p r e s so r  ref lexes 
to high concentrat ions of KC1 were of the same order  as those in the experiments  with an intact recept ive  
field (Fig. lb). 
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To conf i rm the d i rec t  exc i ta to ry  action of l a rge  concentrat ions of KC1 on nerve  f ibers ,  a s e r i e s  of ex-  
p e r i m e n t s  was c a r r i e d  out in which the cent ra l  end of the divided saphenous ne rve  was bathed inKC1 solution 
of di f ferent  concent ra t ions  [10]. 

The r e su l t  was a d o s e - e f f e c t  cu rve  which was a lmos t  identical  with that obtained in the expe r imen t s  
of the prev ious  s e r i e s  (Fig. lc ) .  In half of the exper imen t s  the f i r s t  (already nociceptive) p r e s s o r  r e f l exes  
we re  obtained by the act ion of KC1 in a concentra t ion of 250 raM. When the ne rve  was bathed in KC1 solutions 
with concent ra t ions  of 15.6-125 raM, no p r e s s o r  effect  was obtained. In35% of the expe r imen t s  the initial 
concentra t ion causing elevat ion of the blood p r e s s u r e  was 125 raM, and in 15% of expe r imen t s  i twas  62.5 raM. 

The  r e f l e x e s  of the f i r s t  and second o r d e r s  di f fered in their  genes is  and c h a r a c t e r .  Clear ly  the im-  
pulse ac t iv i ty  in the ne rve  f i be r s  evoking these two types  of r e f l exes  could not be ident ica l .  I t  has b e e n p o s -  
tulated that nocicept ive  concent ra t ions  of KC1 evoke synchronized d i scha rges  in thin af ferent  f ibers ,  and that  
these a re  the specia l  code of pain [9]. Synchronizat ion of impulses  of exci tat ion in the f ibers  could be detected 
on a n e u r o g r a m  as  Mgh-vol tage integral  potent ia ls .  To tes t  this hypothesis ,  ac t iv i ty  of the medial  branch of 
the saphenous ne rve  was r e c o r d e d  during injection of KC1 in var ious  concentra t ions .  

N e u r o g r a m s  af te r  inject ion of KC1 in subnociceptive and nocicept ive concentra t ions  a re  shown in Fig.  
2. KC1 in a concentra t ion of 31.2 mM evoked ve ry  sl ight low-vol tage  spike act ivi ty  at  the beginning 
of injection (Fig. 2A), while in a concentra t ion of 250 mM it evoked prolonged and w e l l - m a r k e d  impulse  a c -  
t ivi ty  (Fig. 2B). Init ial ly,  low-vol tage  spikes  were  r ecorded ,  but in the middle of the injection these  changed 
to h igh-vol tage .  However,  it was imposs ib le  to judge f rom the cha rac t e r  of this act ivi ty  whether synchroni-  
zation of exci tat ion occu r r ed  in the f ibers ,  o r  to de te rmine  which group of f i be r s  conducted the impulse .  It  
can be postula ted that low-vol tage  impulse  act ivi ty  is c h a r a c t e r i s t i c  of group C f ibers ,  and high-vol tage ac -  
t ivi ty of group A f i be r s  [31. The poss ibi l i ty  is not ruled out that synchronizat ion of impulses  in group C 
f i be r s  is  masked  by the h igh-vol tage  d i scharges  in the group A f ibe r s .  
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