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E x t r a c e l l u l a r  r eco rd ing  of unit  ac t iv i ty  conf i rmed  the ex i s tence  of somato top ica l ly  o rgan ized  connec-  
t ions between the two s o m a t o s e n s o r y  a r e a s  of the cor tex .  Neurons of one s o m a t o s e n s o r y  a r e a ,  responding 
to p e r i p h e r a l  s t imula t ion ,  can i n t e r a c t  only with ce l l s  of the o ther  s o m a t o s e n s o r y  a r e a  r ece iv ing  impulses  
f rom homologous r e c e p t o r  zones .  These  e x p e r i m e n t s  demons t r a t e  that  it  is poss ib l e ,  in p r inc ip l e ,  for 
c lose  in te rac t ion  to take p lace  be tween two a r e a s  of the somat ic  cor tex  in the cour se  of s e n s o r y  ana ly s i s .  

The existence of a second somatosensory area in the mammalian somatosensory cortex was estab- 
lished originally by Adrian [i] and confirmed later by Woolsey and co-workers [8-12]. After the discovery 
of a similar organization in the visual [6] and auditory [7] cortex, it became obvious that double representa- 
tion of sensation is a general principle of the organization of sensory systems in the cortex. It can be sup- 
posed that the neurons of both sematosensory areas form the structural basis of a single, precisely func- 
tioning system of analysis of afferent impulses generated by stimuli of widely different types. Indirect 
evidence of this is given by the somatotopically organized interconnection between the two areas revealed 
by the method of evoked potentials [3-5], and also by recent morphological studies showing that interzonal 
connections in the somatosensory cortex terminate on dendrites of neurons in the deep layers of the cortex [2]. 

In the p r e s e n t  inves t iga t ion  a combinat ion of the method of evoked poten t ia l s  and m i e r oe l e c t r o de  
techniques was used  to analyze  the connections between the two s o m a t o s e n s o r y  a r e a s  and between i n t e r -  
zonal  and p e r i p h e r a l  r e s p o n s e s  of c o r t i c a l  neurons .  

EXPERIMENTAL METHOD 

Acute expe r imen t s  we re  p e r f o r m e d  on cats  anes the t i zed  with nembutal  and on unanes the t ized ,  i m -  
mob i l i zed  an ima l s  on which opera t ions  we re  p e r f o r m e d  under  loca l  anes thes ia .  Evoked poten t ia l s  we re  
r e c o r d e d  f rom the sur face  of the cor tex  with s i l v e r  e l e c t r o d e s .  Single unit  ac t iv i ty  in one s o m a t o s e n s o r y  
zone loca ted  by the surface  e l ec t rode  was r e c o r d e d  e x t r a c e l l u l a r l y  by means  of g l a s s  m i c r o e l e c t r o d e s  
f i l led  with 3M KC1. Response  potent ia ls  were  evoked by d i r e c t  s t imula t ion  of the zones of r e p r e s e n t a t i o n  
of the f o r e -  and hind l imbs  in the o ther  c o r t i c a l  a r e a ,  and a lso  by s t imula t ion  of cutaneous n~rves  of the 
c o n t r a l a t e r a l  fo re l imb ( super f i c ia l  r ad i a l  nerve) or  hind l imb (sura l  nerve) .  

EXPERIMENTAL RESULTS 

Points  in the cor tex  r ece iv ing  a f fe ren t  p ro jec t ions  f rom s e p a r a t e  pa r t s  of the body in the f i r s t  (CI) 
and the second (CH) s o m a t o s e n s o r y  a r e a s  a r e  joined by d i r e c t  connect ions o rgan ized  in accordance  with 
the somato topic  p r inc ip le  c h a r a c t e r i s t i c  of the r e p r e s e n t a t i o n  of c u t a n e o - m u s c u l a r  sensa t ion .  F o r  example ,  
a r e sponse  to s t imula t ion  of the r e p r e s e n t a t i o n  of the hind l imb in one zone was r e c o r d e d  only in the reg ion  
of r e p r e s e n t a t i o n  of the hind l imb in the other  zone and did not a r i s e  in the region of r e p r e s e n t a t i o n  of the 
fo re l imb .  This effect was seen  e s p e c i a l l y  c l e a r l y  in an imals  anes the t i zed  with nembutal .  The ex i s t ence  of 
d i r e c t  in te rzona l  connections can be deduced not only f rom the la tent  per iod  of evoked poten t ia l s  f rom the 
co r t i ca l  su r f ace ,  but a l so  f rom the ab i l i ty  of the neurons  to undergo an t id romic  and d i r e c t  o r thodromic  
ac t iva t ion .  Neurons loca ted  in the focus of max imal  ac t iv i ty  of the r e s p o n s e  region  usua l ly  responded  to 
s t imula t ion  of the other  a r e a  with a h igh- f requency  d i s cha rge  cons i s t ing  of 3 or  4 sp ikes .  The d i s c h a r g e s  
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Fig. 1. Depression of potentials in the overlapping zone of af-  
ferent  projections in cort ical  zone CII by preceding stimulation 
of the corresponding region in zone CI. Below: scheme explain- 
ing the experimental  model.  Zones of representa t ion of the fore-  
and hind limbs in zone CII. Foci of maximal activity of sura l  (S) 
and radial  (R) nerves  indicated by dots; point of recording  shown 
by a c i rc le .  Let te rs  are  explained in the text. Calibration of amp-  
litude 0.5 mV, time 10 msec .  

of these neurons coincided in t ime with the period of development of the initial positive and subsequent 
negative phases of the evoked potential of the cor t ica l  surface.  As the microe lec t rode  was moved f rom 
the focus of activity to the per iphery  of the region of representa t ion,  the amplitude of the surface response 
fell and shor t - la tency  discharges  disappeared f rom the unit responses .  In per ipheral  par ts  of the r ep re -  
sentation zone of that limb only the late d ischarges  of the p r i m a r y  response,  corresponding in time to the 
period of development of the surface-negat ive  phase,  remained.  Similar  changes in the cor t ical  response 
were  also observed in the case of movement ,  not of the recording e lec t rodes ,  but of the stimulating elec-  
t rode into the other area .  

Preceding stimulation of the representa t ion zone of the hind limb in one somatosensory  area  blocked 
the test  responses  in the other  a rea  to per iphera l  st imulation of the nerve of the same limb only, but did 
not affect the response of neurons in the representa t ion zone of the forel imb.  
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Fig. 2. Depression of interzonal  po- 
tentials by preceding st imulat ion of 
the corresponding cutaneous nerve.  
Legend as in Fig. 1. Calibration of 
amplitude 0.5 mV, t ime 10 msee .  

The principle of somatopic organization of connections of 
the two a reas  and of interaction between interzonal  and peripheral  
responses  could be c lear ly  demonstra ted not only in loci of maxi-  
mal activi ty of the cor t ical  representa t ion zones,  but also in 
a reas  of overlapping of afferent  project ions,  to which excitation 
a r r ives  f rom both the forelimb and the hind limb. In the exper i -  
ment i l lustrated in Fig. 1, potentials were recorded  in the over -  
lapping zone of afferent  project ions of the sura l  (S) and radial  (R) 
nerves  c loser  to the focus of maximal activity in the represen ta -  
tion zone of the hind limb. The localization of the e lectrodes  
could easi ly be judged f rom the cha rac te r  of the unit responses  
to per ipheral  and, in par t icu lar ,  to cor t ical  st imuli  applied a l t e r -  
nately to the representa t ion zones of the forelimb (CI10 and hind 
limb (CIs). Although responses  f rom the surface of the cor tex 
were  of higher amplitude for the project ion of the forel imb,  the 
unit responses  were  more  marked in the representa t ion of the 
hind limb. This is explained by the fact that the amplitude of the 
combined responses  in the project ion zone of the forelimb during 
stimulation of the other a rea ,  just  as that in response  to per i -  
pheral  stimulation, was always much grea te r  than the amplitude 
of the responses  in the hind limb zone. In other words,  in ter-  
zonal connections in the representa t ion  zone of the forel imb were 

much s t ronger  than in that of the hind limb. Stimulation in the region of CI S evoked a powerful shor t -  
latency volley of unit d ischarges  at this point of zone CII, whereas  st imulation in the region of CIR evoked 
only a single discharge with a long latent period.  

A preceding st imulus f rom the regions of CI S or CIR blocked only the corresponding per ipheral  r e -  
sponse in CH and did not inhibit the responses  of the same neuron to a per ipheral  stimulus f rom the other 
lilnb. Hence, only those neurons in zone CI which a re  activated by a per iphera l  stimulus f rom the c o r r e s -  
ponding limb affected the response  of neurons in zone CH with an extensive receptive field. 

In an experimental  model of this kind the possibi l i ty of a block of the per ipheral  tes t  volley, not im-  
mediate ly  at  the cor t ical  neurons,  but at the cells of the thalamic re lay  nucleus,  sending somatotopieally 
organized project ions to both cor t ica l  zones,  had natural ly to be considered.  Preceding cort ical  s t imula-  
tion could excite the re lay  neurons of the pos terovent ra l  nucleus of the thalamus and, consequently, the 
sys t em of rec iproca l  inhibition of these neurons,  ant idromical ly  or  through corticofugal connections.  

To rule out the possibi l i ty of a blocking of the afferent volley at the level of the thalamic re lay af ter  
preceding cor t ica l  st imulation of one zone, the same experimental  model was used but the per ipheral  s t im-  
ulus in this ease was not the test  s t imulus,  but the preceding stimulus (Fig. 2). In the case of this combina-  
tion of st imuli ,  cor t ica l  responses  in zone CH to st imulation of zone CI were blocked in the same manner 
although, as Sencer ~] previously showed, interzonal impulses are  not t ransmit ted  through the thalamic 
re lay ,  but conducted along in t racor t ica l  connections. Finally, the possibil i ty of a blocking of afferent  im-  
pulses d i rec t ly  at the cor t ica l  level was not demonstrated by experiments  in which responses  f rom the c o r -  
t ical surface and action potentials of single units were evoked not by tes t  stimuli f rom the nerve,  'out by 
di rec t  s t imulat ion of the re lay  nucleus itself.  

These experiments  demonst ra te  that close interaction between the two somatosensory  zones in the 
course  of sensory  analysis  is possible in principle.  
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