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There are  two aspects  of the function of any r eeep to r s t r ue tu r e :  the f i r s t ,  the mos t  general ,  is the 
t ransformat ion  of the energy of external  st imulation into an e lec t r ica l  p rocess  and the second, the m o r e  
special ,  is the communicat ion of information.  

The receptor  i tself is not a pass ive  link in the t r ansmiss ion  of information,  but it se lect ively  empha-  
s izes  the most  important  features  of an adequate st imulus.  For  instance,  cer ta in  tactile r ecep to r s  are 
special ized for  the recep tor  of only cer ta in  aspects  of mechanical  st imulation.  Some of t h e s e - t h e  "phase" 
r e c e p t o r s - r e a c t  to active deformation of the sMn, while o t h e r s - t h e  "s ta t ic"  r e c e p t o r s - a l s o  d ischarge  at 
the moment  of the deformat ion "plateau" [2, 5, 9, 10]. Oftentaetile recep tors  possess ing  different p r o p e r -  
ties are  united into a single functional group [8, 13], so that information concerning different aspects  of an 
acting st imulus may probably be t ransmi t ted  simultaneously.  

Information f rom a single recep tor  is determined not only by its own activity, but a l soby  the resul tant  
of the combined activity of a group of recep tors .  Examples of this can be seen in the photoreceptors  of the 
eye [4, 7] and the taste buds of the tongue [2]. 

A single tacti le nerve f iber  is usually highly ramified,  and innervates severa l  r ecep to r  points, f o r -  
ming a recep tor  field. Considerable overlapping of the receptor  fields takes place.  This a n a t o m i c a l o r g a n -  
ization probably c rea tes  favorable conditions for  the per iphera l  interact ion of the tactile recep tors  of the 
skin, and the object of the presen t  investigation was to study this problem.  

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

Experiments  were  ca r r i ed  out on an isolated skin flap of the hind limb of the frog (Rana temporar ia) ,  
supplied by the medial  cutaneous branch of the femora l  nerve.  Pin point st imulation was produced with a 
hair  (diameter  0.3 ram), moving f ree ly  through a hole in the center  of the ends of a metal cylinder.  The 
cyl inder  was fixed to a mieromanipula tor .  Contact was produced by means of the m i c r o m e t e r  sc rew of the 
micromanipula tor ,  and continued for  1.5 sec.  The impulses  ar is ing in response  to contact with the r e c e p t o r  
points of the skin were  picked up f rom the nerve by a pai r  of s i lver  e lect rodes ,  with an in tere lec t rode  dis-  
tance of 3-4 ram. Recordings were  made on an "Alvar"  myocathograph.  Elec t r ica l  s t imulat ion of the cuta-  
neous nerve  was provided by means of a type SIF-3 s t imulator ,  and the s t imulat ing e lect rodes  were applied 
proximal ly  to the detecting e lec t rodes .  

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 activity of the tactile receptor  point investigated c lear ly  changed after  light mechanical  s t imula-  
tion of neighboring tactile receptors  of the same receptor  f i e ld  This change was shown both by a distinct 
reduction in the number  of impulses in the discharge and by a change in the cha rac t e r  of the :responses to 
application of the same ove r - th re sho ld  adequate st imulus.  

The dynamics of the responses  of a tactile recep tor  point after  light mechanical  s t imulat ion of neigh- 
boring receptors  for 60 sec  is shown in Fig. 1. A decrease  in the number  of impluses in the response of 
the investigated recep tor  was found 5 sec af ter  discontinuing mechanical  st imulation of the neighboring 
recep tors ,  but the maximal  decrease  (by 70~c) was observed 1-2 min la ter .  The flew of impulses was mos t  
c lear ly  inhibited in the middle pa r t  of the discharge,  where the impulses almost  completely disappeared.  
In this case the response  assumed the cha rac t e r  of the discharge of a "phase" receptor ,  because the same 
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Fig. 1. Changes in responses  of 
a single tactile recep tor  point 
under the influence of neighboring 
r ecep to r s  of the same recep tor  
field. 1) response  of a r ecep to r  
point to touching by a hair  before  
mechanical  st imulation of neigh- 
bor ing receptors ;  2-5) the same 
responses  30 sec,  and 1, 3, and 5 
rain af ter  mechanical  s t imulat ion 
of neighboring points.  

adequate st imulus evoked impulses only at the beginning and end of 
its action. The frequency of the impulses and the charac te r  of the dis-  
charge re turned  to their initial state af ter  4-5 min. 

The activity of the investigated recep to r  changed not only af ter  
st imulation of receptors  of the same field, but also after  adequate 
st imulation of neighboring receptor  fields supplied by another branch 
of the femoral  nerve.  In this case the Character of the changes in the 
responses  of the tactile receptor  point was s imi la r  to that descr ibed 
above. Consequently, the activity of each tactile recep tor  during p e r -  
ception of an adequate stimulus depends on influences of surrounding 
receptor  points belonging to the same o r  to neighboring receptor  fields 

One possible mechanism of the observed  interact ion may be 
ant idromic influences spreading f rom excited recep tors  into neighbor-  
ing branches  of the nerve fiber.  

To test  this hypothesis experiments  were ca r r i ed  out with e lec-  
t r ical  stimulation of the per ipheral  segment  of the medial cutaneous 
branch of the femora l  nerve.  

The experimental  results  showed that e lect r ical  stimulation of 
the cutaneous nerve led to c lear  changes in the activity of the tactile 
receptors  it supplied. The cha rac te r  of these changes depended on 
the pa rame te r s  of the e lec t r ica l  stimulation. 

Elect r ica l  stimuli of short  duration (0.5 msec),  but of high f r e -  
quency  (100 cps) led to marked inhibition of the activity of the tactile 
recep tors .  This effect was expressed  both by a decrease  in the total 
number  of impulses  and a change in the cha rac t e r  of the responses .  
As Fig. 2 shows, touching with the hair  excited two nerve f ibers  pos -  
sess ingdif ferentphysio logica l  cha rac te r i s t i c s .  One fiber possessed  
impulses of high amplitude (190 pV) and a short  latent period, andwas 

adapted more  rapidly. It responded at the beginning and end of the action of the stimulus and it could be 
regarded  as a s t ruc ture  sensi t ive only to dynamic deformation (a "phase" receptor) .  The other f iber pos-  
s e s sed impu l ses  of lower amplitude (90 #V) and a longer latent period, and it responded mainly at the mo-  
ment of the deformat ion "plateau." It was evidently a s t ruc ture  sensitive to static deformation.  

The osc i l lograms  (Fig. 2, A) show that the discharge of the f iber responding to static deformation 
was inhibited f i r s t  and most  severe ly .  I ts low-ampli tude impulses a lmost  disappeared during the f i r s t  s e -  
conds after  e lec t r ica l  st imulation of the nerve.  During the next 3-4 rain the number  of high-amplitude im-  
pulses also fell by 40~c. The activity re turned to its initial level after 8-10 rain, 

When the cutaneous nerve was st imulated by e lect r ical  stimuli of long duration (7 msec) but low f r e -  
quency (10 cps) the activity of the tactile recep tors  was usually intensified. It is c lear  f rom Fig. 2, B that 
30 sec after s t imulat ion of the nerve the number of impulses in the response  increase  by 40%, and re turned  
to its initial level only gradually in the course  of 10 rain. It is interest ing that changes in the activity of the 
tacti le receptors  of s imi l a r  cha rac te r  of observed not only in response to antidromic stimulation of the 
nerve  supplying them, but also to st imulation of the nerve supplying the ne ighbor ingreeeptor  f ie ld  The 
effect of e lec t r ica l  st imulation of the cutaneous nerve was seen most  c lear ly  on the threshold responses  
of the tacti le r ecep tors .  

It is c lear  f rom Fig. 3 that the frequency of the threshold response of the investigated r e c e p t o r f e l l b y  
50% after  e lec t r ica l  st imulation of the cutaneous nerve,  whereas the response  to an adequate stimulus ten 
t imes over  the threshold level fell by only 25~c. 

Pin point tactile st imuli  acting on a single recep tor  s t ruc ture  are  r a r e ly  found in nature.  Usually the 
adequate st imulus is a tangible surface,  in which case many receptors  belonging to the same or  to severa l  
r ecep to r  fields are  s t imulated simultaneously.  The tactile receptors  may thus interact  during percept ion 
of the st imulus.  In fact, in the presen t  experiments  the activity of each tactile receptor  depended on the 
state of the surrounding recep tors ,  belonging to the same or  to a neighboring recep tor  field. If these other  
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Fig .  2. Action of e l e c t r i c a l  s t imula t ion  of the p e r i p h e r a l  end 
of a s e n s o r y  ne rve  on r e s p o n s e s  of the t ac t i l e  r e c e p t o r s  sup-  
p l ied  by it .  A - e l e c t r i c a l  s t imula t ion  with p a r a m e t e r s  of 
100 cps ,  0.5 m s e c ,  5 V, for  30 s e e ;  B - e l e c t r i c a l  s t imula t ion  
with p a r a m e t e r s  of 10 cps,  7 msec ,  5 V for  30 sec;  1) r e -  
sponses  of the r e c e p t o r  point  to touching by a ha i r  b e f o r e  
e l e c t r i c a l  s t imula t ion  of the nerve ,  2-4) the same  r e s p o n s e s  
1, 5, and 10 rain r e s p e c t i v e l y  a f te r  e l e c t r i c a l  s t imula t ion  of 
the ne rve .  
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Fig .  3. Rela t ionship  between the effect  of e l e c t r i c a l  s t imula t ion  
of a s e n s o r y  ne rve  and the ampl i tude  of the adequate s t imu lus .  
a -c)  r e s p o n s e s  of a t ac t i l e  r e c e p t o r  point  to touching by a ha i r  
with a weight  of 0.003, 0.04, and 0.1 g r e s p e c t i v e l y  be fo re  e l e c t r i -  
cal  s t imula t ion  of the nerve;  a~-c ') the same  r e s p o n s e s  1 rain 
a f te r  e l e c t r i c a l  s t imula t ion  of the ne rve  with p a r a m e t e r s  of 100 
eps ,  0.5 m s e c ,  4 V, for  30 see .  

r e c e p t o r s  were  exc i ted  the ac t iv i ty  of the inves t iga ted  point  was c o n s i d e r a b l y  inhibi ted .  This inh ib i to ry  
i n t e r ac t ion  between r e c e p t o r s  was not a s imp le  quant i ta t ive  regu la t ion  of the a f fe ren t  input, but was of m o r e  
spec i f i c  impor t ance .  As a r e s u l t  of this  in te rac t ion ,  as we have seen,  the " s ta t i c  T~ d i scha rge  of the r e c e p t o r  
may a s s u m e  a "phase ~t c h a r a c t e r .  

A poss ib l e  m e c h a n i s m  of the i n t e r ac t ion  between tac t i l e  r e c e p t o r s  may be by an t id romic  inf luences 
sp read ing  f rom exc i ted  r e c e p t o r s .  The r e s u l t s  of the expe r imen t s  with e l e c t r i c a l  s t imula t ion  of the p e -  
r i p h e r a l  end of the cutaneous ne rve  conf i rmed  this .  E l e c t r i c a l  s t imula t ion  of the ne rve  evoked c l e a r  changes 
in the ac t iv i ty  of the t ac t i l e  r e c e p t o r s ,  Depending on i ts  p a r a m e t e r s ,  both inhibi t ion and in tens i f i ca t ion  of 
the i r  ac t iv i ty  were  obse rved .  In a l l  p robab i l i t y  this effect  was the r e s u l t  of an t id romic  inf luences sp read ing  
along the af ferent  f i b e r s .  In tens i f ica t ion  of the ac t iv i ty  of the tac t i l e  r e c e p t o r s  dur ing s t imula t ion  of the 
cutaneous ne rve  by e l e c t r i c a l  s t imu l i  of long dura t ion  (7 msec)  could be the r e s u l t  of exc i ta t ion  of the s y m -  
pa the t ic  f ibe r s  conta ined  in  i t  [ t l ] .  The fact  that  the changes in r e s p o n s e  to e l e c t r i c a l  s t imula t ion  of the 
cutaneous ne rve  took p l ace  in va r i ous  d i r ec t ions  ind ica tes  the r e g u l a t o r y  impor t ance  of the an t id romic  

225 



inf luences .  Such inf luences a r e  not m e r e l y  a l abo ra to ry  fact ,  but they are  one of the na tura l  mechan i sms  
of in teract ion be t ween , r ecep t o r s i  Cattell  and Hoagland obse rved  in cutaneous r e c e p t o r s  [1] and Papuzzi  and 
Casse l la  in the tact i le  r e c e p t o r s  of the tongue [14] that an impulse  f r o m  an exci ted r ecep to r  can only sp r ead  
o r thodromica l ly ,  but can also be  r e c o r d e d  in neighboring b ranches  of the ne rve  f iber ,  which it  r eaches  
an t id romica l ly .  The point  of applicat ion of these an t id romic  influences is p robab ly  the region of the ne rve  
endings " r e spons ib l e"  for  the product ion of the speading impulses ,  where  the conditions a re  sui table for  
pos t - t e t an i c  faci l i ta t ion o r  inhibition. This was conf i rmed by the expe r imen t s  of Diamond and c o - w o r k e r s  
[3] and L o e w e n s t e i n a n d R a t h k a m p  [12], showing that an t idromic  influences change the col~ditions of f o r -  
mat ion  of a moving impulse  in the f i r s t  node of Ranvier  of a Paccinian corpusc le .  

The poss ib i l i ty  also is not ru led  out that a med ia to r  may be s e c r e t e d  in the region of the r e c e p t o r  
endings as a r e su l t  of an t id romic  influences [6]. T h i s  is probably  the m e c h a n i s m  of the in terac t ion  occu r -  
r ing between r e c e p t o r s  belonging to neighboring,  over lapping r ecep to r  f ields.  

Hence, under  the act ion of an adequate s t imulus ,  complex  p r o c e s s e s  of in te rac t ion  take p lace  in the 
t a c t i l e r e c e p t o r s .  These  de te rmine  the p r i m a r y  integrat ion of informat ion reaching  the cen t ra l  nervous  
s y s t e m .  Both a quanti tat ive,  and a m o r e  specif ic  regulat ion of the af ferent  input take place,  emphas iz ing  
the spat ia l  con t rac t  of the acting s t imulus .  
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