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By an e lect rophysiological  method of recording  afferent  activity of a cutaneous nerve evoked by pin- 
point st imulation of the skin, resu l t s  were obtained indicating the existence of ref lex interact ion between tac-  
tile r ecep to r s  of symmet r i ca l  skin a reas .  Spinal neuron. ~. at the level of segment  8-9 and also efferent  so-  
matic and sympathetic pathways are  involved in this interaction,  and each of them is cha rac te r i zed  by the 
specific nature of its final effect. 

We have previously  shown [1] that interact ion takes place between spatial ly separa te  skin r ecep to r s .  
Activity of the tactile r ecep to r s  of an investigated a rea  of skin is modified by mechanical  st imulation (touch- 
ing) applied to various par ts  of the body. These changes va ry  in direct ion depending on the point of applica-  
tion of st imulation to the skin. Reciprocal  relat ionships were  establ ished between tacti le r ecep to r s  of a reas  
of skin whose 'under iying muscles  also bore rec ip roca l  re la t ionships  to each other.  Hence, according to our 
observat ions,  motor  r ec ip roc i ty  is supplemented by recep tor  rec iproc i ty .  

The object of the present  investigation was to study the mechanism and pathways of interact ion be-  
tween tactile r ecep to r s  of symmet r i ca l  skin a reas .  

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

Exper iments  were ca r r i ed  out on cura r i zed  frogs (Rana temporar ia) .  The index of tacti le r ecep to r  ac-  
t ivity was the responses  recorded  f rom the cutaneous branch of spinal nerve X (cutaneous branch of n. 
c ru r i s  medialis) to pinpoint subthreshold st imulation of the skin on the dorsa l  surface  of the thigh. Changes 
in spike responses  to adequate st imulation of tactile r ecep to r s  of the s y m m e t r i c a l  skin a rea  for  60 sec were 
studied. Skin flaps measur ing  100 ram2 were  detached f rom the underlying muscles ,  remaining only in rmr- 
vous communicat ion with the animal, the blood vesse l s  having been divided. 

In some exper iments  the tested a rea  of skin was desympathized by deviscera t ion  of the animal, ext i r -  
pation of the sympathet ic  chain, and careful  division of the r ami  communicantes  at the level of the lumbar 
sympathetic ganglia. In other exper iments  the sympathet ic  nerve chain remained  intact and the dorsa l  and 
ventral  roots  of spinal nerves  IX and X were  divided on the side of test ing.  E lec t r ica l  activity was r eco rded  
by means of a pai r  of s i lver  e lec t rodes  on an "Alvar"  myocathograph.  

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 exper iments  showed the existence of a definite inhibitory interact ion between the r ecep to r s  of 
symmet r i c a l  skin a reas ,  manifested by changes in both the f requency and duration of d ischarge  f rom the in- 
vest igated r ecep to r s .  

The exper imenta l  resu l t s  are  shown in Fig. 1. By 10 sec after  the beginning of st imulation of the sym" 
met r ica l  a rea  the f requency of spikes in the response  of the tested recep to r  fell by more  than half, and the 
duration of d ischarge  fell  f rom 900 to 650 msec .  Against  the background of continued st imulat ion the r e -  
sponse of the r ecep to r s  r ecove red  only ve ry  slightly. After  cessa t ion of stimulation, prolonged inhibition of 
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Fig.  1. Changes in f requency  and durat ion of spike 
r e s p o n s e  of tact i le  r e c e p t o r s  during mechan ica l  
s t imula t ion  of s y m m e t r i c a l  skin flap.  Ordinate:  
on the r ight ,  durat ion of r e s p o n s e  (in msec) ,  on the 
left, f requency  of spikes  (in sec);  absc i ssa :  t ime  
(in sec) .  a) Dynamics  of change Lrl r e s p o n s e  du ra -  
tion; b) dynamics  of change in spike f requency.  On 
osc i l logram:  1) initial  r e sponse ;  2-4) r e s p o n s e s  
a f te r  10, 30, and 60 sec during s t imulat ion;  5-7) 
r e s p o n s e s  60, 120, and 180 sec a f te r  s t imulat ion.  

the a f t e r - ac t i v i t y  was observed .  The r e spo n se  r e -  
gained its ini t ial  level  a f te r  5-6 min.  The durat ion 
of the r e c e p t o r  r e sponse  was l e s s  affected by in-  
hibit ion than the f requency  of the spikes .  

The inhibi tory in terac t ion  between s y m m e t -  
r i c a l  a r e a s  is re f lex  in nature  and d i s appea r s  af-  
t e r  des t ruc t ion  of the spinal  cord:  It cannot take 
place unless  the spinal  segments  a re  intact  at the 
level  of en t ry  of the af ferent  f i be r s  f r o m  the tes ted  
skin a r e a s .  

Division of the postganglionic sympathe t ic  
pathways supplying the tes ted  a r e a  of skin consid-  
e r ab ly  weakened the effect  of " s y m m e t r i c a l  inhi- 
bi t ion." This was shown by a reduct ion in i ts  depth 
to 20-25~ and a significant  shortening of its dura-  
tion, to 30 sec .  Absence of a f t e r - ac t i v i t y  also was 
c h a r a c t e r i s t i c  (Fig. 2, II). 

Divis ion of the ven t ra l  and a lso  the dorsa l  
roo t s  at the level  of ent ry  of pa i r s  IX and X of sp i -  
nal ne rves ,  i .e. ,  division of the somat ic  connec-  
t ions between the spinal  cord  and tes ted  r e c e p t o r s ,  
while leaving the i r  sympathe t i e  innervat ion intact,  
a lso  modified the "sympathe t ic  inhibition" effect.  
The onset  of inhibition under  these  conditions was 
delayed and not until 30-60 sec a f te r  the begin-  
ning of s t imulat ion of the s y m m e t r i c a l  a r ea  was a 
m a x i m u m  (40~) reached.  A long a f t e r - ac t i v i t y  

was  obse rved ,  so that the r e s p o n s e s  of the r e cep to r  did not r e tu rn  to the i r  init ial  level  until 5-6 min (Fig. 2, 
m). 

The re la t ionsh ip  between the somat ic  and sympathe t ic  components  in the " s y m m e t r i c a l  inhibition" ef-  
f ec t  is shown g raph ica l ly  in Fig. 3. In the intact  animal  this effect  took place as a r e su l t  of complex i n t e r ac -  
t ion between influences spreading  along sympathe t ic  and e f fe ren t  somat ic  pathways.  Each of these path- 
ways is r e spons ib le  for  pa r t i cu l a r  p a r a m e t e r s  of " s y m m e t r i c a l  inhibition. ~ The e f fe ren t  somat ic  pathways 
supply the rapid  and b r ie f  component  of " s y m m e t r i c a l  inhibit ion," whe reas  sympathe t ic  influences a re  
brought  in at a l a t e r  s tage and supply the slow component  and the prolonged a f t e r -ac t iv i ty .  The " s y m m e t r i -  
ca l  inhibition" ef fec t  in the intact  an imal  is evidently not the s imple  a r i t hme t i ca l  sum of the sympathe t ic  and 
somat ic  influences,  for  in the intact  an imal  the rapid  component  of " s y m m e t r i c a l  inhibition" is deeper  than 
in the desympa th izedan ima l :  probably  the sympathe t ic  nervous  sy s t em is able to s t r e s s  or  deepen somat ic  
effects .  

Analys is  of the o sc i l l og rams  p resen ted  in this paper  shows that  the r e co rded  act ivi ty  is act ivi ty  of s in-  
gle f ibe r s .  In our invest igat ions we were  dealing with r e c e p t o r - f i b e r  units.  The act ivi ty  of such a unit was  
found to depend not only on the p a r a m e t e r s  of the adequate s t imulus ,  but also on influences a r r iv ing  f r o m  
tact i le  r e c e p t o r s  of the s y m m e t r i c a I  a rea ,  provided that they also were  subjected to adequate s t imulat ion.  
This means that an interaction effected with the participation of spinal neurons takes place between the re- 
ceptors of symmetrical skin areas. Research during recent years suggests that spinal internuncial neurons 
may take part in the mechanism of symmetrical interaction between skin receptors (4-6, 8, 9,11, 13). 

Afferent impulses reaehing the spinal cord from receptors in different parts of the skin can evidently 
relay to sympathetic pathways via connections between the somatosensory and sympathetic elements of the 
spinal cord, as morphological studies have shown [3]. As the experiments with division of the ventral roots 
and desympathization showed, transmission of influences from the spinal cord to the skin receptors takes 
place with the participation of sympathetic and efferent somatic pathways, each characterized by the specific 
nature of its final effect. Whereas somatic influences are characterized by the short latency and the rapid- 
ity and brevity of the effect, sympathetic influences, on the contrary, give an effect which is relatively slow 
to develop, but which is of eonsiderable duration and is followed by a prolonged after-activity. 
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Fig. 2. Changes in responses of tactile receptors during stimu- 
lation of symmetrical skin area in an intact animal (I), a de- 
sympathized animal (II), and an animal with divided ventral roots 
but with an intact sympathetic ehafa (III)o 1) Initial response; 
2-4) after stimulation for 10, 30, and 60 sec; 5-7) 30, 60,180, and 
300 sec after stimulation. 
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Fig. 3. Relationship between sympathet- 
ic and somatic influences in the "sym- 
metrical inhibition" effect. Ordinate: 
depth of effect (in percent), abscissa; 
time (in sec). i) Intact animal; 2) de- 
sympathized; 3) animal with divided 
ventral roots, but with intact sympath- 
etic nerve chain. Arrows denote begin- 
ning and end of stimulation. 
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A n u m b e r  of w o r k e r s  u s ing  d i f f e r e n t  m e t h o d s  have  d e -  
s c r i b e d  the i m p o r t a n t  r o l e  of the  s y m p a t h e t i c  n e r v o u s  s y s t e m  in 
r e g u l a t i o n  of a c t i v i t y  of the m e c h a n o r e c e p t o r s  of the  sk in  [7, 
12]. F u x e  and N i l s s o n  [10], m o r e o v e r ,  showed  tha t  the  s y m p a -  
the t i e  i n f l u e n c e s  m a y  be  the  r e s u l t  of d i r e c t  a c t i o n  of the  s y m -  
pa the t i c  m e d i a t o r  on the r e c e p t o r  e n d i n g s .  

In our  e x p e r i m e n t s  on i n t a c t  a n i m a l s  r e g u l a t i o n  of the a e -  
t i v i t y  of the  t a c t i l e  r e c e p t o r s  a p p e a r e d  to b e t a  c o m p l e x  p r o c e s s  
of i n t e r a c t i o n  b e t w e e n  s o m a t i c  and s y m p a t h e t i c  i n f l u e n c e s  on the 
f i n a l  l ink,  the  r e c e p t o r .  E x a m p l e s  of such  i n t e r a c t i o n  m a y  a l s o  
be  s e e n  wi th  o t h e r  r e c e p t o r s ,  p a r t i c u l a r l y  t h o s e  of t a s t e  [2]. 

I t  would  be i n t e r e s t i n g  to s tudy  the n a t u r e  of the  s o m a t i c  
f i b e r s  and t h e i r  c e n t r a l  c e l l s  t ak ing  p a r t  in r e g u l a t i o n  of t a e -  
t i l e  sk in  r e c e p t o r s .  
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