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Morphological and electrophysiological investigations demonstrated the absence of con- 

nections between individual subdivisions in the first somatosensory area of the cortex. 

They also confirmed the existence of a strict somatotopieal organization of the connections 
between the two somatic regions of the cortex and that these connections end principally in 

cortical layers IV and III. 

The resul ts  of morphological  and electrophysiological  investigations indicate the existence of con- 
nections between the f i rs t  and second somatic areas  (SI and SII) in the cerebra l  cortex [1-3, 7, 9]. 

A more detailed analysis of these connections has been undertaken recently by morphologists who 

have examined the preterminal degeneration following extirpation of comparatively small areas of cortex 

[4, 5]. However, even in these investigations, Considerable contradictions were discovered. In particular, 
connections were found between individual subdivisions of the sensory representation in the same cortical 

somatic area and differences between the degree of somatotopical organization of the connections were 

found between areas SI and SII. 

It was accordingly decided to make a special morphological  and electrophysiologlcal  analysis  in 
order  to clarify the charac te r  of the interzonal and intrazonal connections in the somatic cortex.  

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

The electrophysiological  par t  of the investigation was ca r r i ed  out partly on unanesthetized, i m m o -  
bilized cats, and part ly on cats anesthetized with nembutal under acute experimental  conditions. The 
method of record ing  the focal cor t ical  potentials and single unit responses  was descr ibed previously [3]. 

Morphological investigations of intrazonal  and interzonal connections were ca r r i ed  out on 4 cats f rom 
which small a reas  of cortex (about 2 mm in diameter),  corresponding to the focus of maximal  responses  
to stimulation of the skin of the hind limb, were extirpated in region SI by thermocoagulat ion.  F rom 7 to 9 
days after  the operation, under nembutal anesthesia  the brain  was perfused,  and the segment of cortex 
including the two somatosensory  a reas  was cut into three blocks so that each corresponded to the r e p r e -  
sentation of the hind limb, the forelimb, and the snout in a rea  SH. The zones of representa t ion  of indi- 
vidual par t  s of the body were determined immediately before perfusion by the method of recording focal 
responses .  The blocks were t reated by the Nauta--Gygax method [8]. 

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

Results of the Electrophysiological  Experiments .  Recordings of focal interzonal responses  of un- 
anesthetized, immobilized animals showed that the region of spread of responses  in SII to stimulation of 
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Fig.  1. Extent of degenera ted  f ibe r s  
in f rontal  sec t ions  through the c a t ' s  
brain after local thermocoagulation 

in the zone of the hind limb in re- 

gion SI. 

the cor tex  in the r e p r e s e n t a t i o n  zones of the hind l imbs  and f o r e -  
l imbs  in S[ ove r l ap  cons ide rab ly .  Among the in te rzona l  r e s p o n s e s ,  
d i f fer ing in the i r  conf igurat ion and t empora l  p a r a m e t e r s ,  a local  
a r e a  could be d is t inguished in which focal  r e s p o n s e s  c h a r a c t e r i s -  
t ic  of the place  of ending of the in te rzona l  a s soc i a t i ve  connec -  
t ions appear .  These r e s p o n s e s  p o s s e s s  the min ima l  la tent  per iod  
and durat ion of the pos i t ive -nega t ive  waves .  The s e r i e s  of fas t  
waves of potent ia l  a lways co r re sponded  to the phase of d e v e l o p -  
ment  of the posi t ive  wave. 

In an imals  anes the t i zed  with nembutal , the zones f rom which 
focal r e s p o n s e s  to an in te rzona l  co r t i ca l  s t imulus  could be r e -  
corded  were  much n a r r o w e r  and ha rd ly  over lapped  at  a l l .  In 
r e sponse  to in te rzonal  s t imula t ion ,  only r e s p o n s e s  c lose  in the i r  
configurat ion and t e m p o r a l  p a r a m e t e r s  to the r e s p o n s e s  of the 
zone of ending of the in te rzonal  f ibe r s  were  p r e s e r v e d .  

The m i c r o e l e c t r o d e  inves t iga t ions  showed that  neurons 
with a shor t  la tent  per iod ,  indicat ing that  endings of in te rzonal  
co r t i ca l  connect ions were  p r e s e n t  on these  ce l l s ,  were  r e c o r d e d  
in the other  somat i c  r eg ions  only f rom a local  a r e a  in which in- 
t e rzona l  r e s p o n s e s  c h a r a c t e r i s t i c  of the focus appeared .  The 
la tent  pe r iod  for  the monosynap t ica l ly  ac t iva ted  co r t i ca l  ce l l s  was 
1.4-1.8 m s e c .  Cel ls  involved an t id romica l ly  in the r e s p o n s e ,  

with a la tent  pe r iod  of d i scharge  of 0.7-1.2 msec ,  could be found in the same loca l i zed  a r e a s .  For  example ,  
the a r e a  in which shor t - la tency  d i s cha rges  appeared  in reg ion  ~ I  to s t imula t ion  of the zone of r e p r e s e n t a -  
tion of the hind l imbs  in reg ion  SI did not exceed  1.5-2 mm in d i a m e t e r .  In a r e a s  of the cor tex  surrounding 
the loca l  zone of shor t - la tency  unit  r e s p o n s e s ,  the latent  per iod  of the unit  r e s p o n s e s  indica ted  the p r e s -  
ence of s e v e r a l  i n t r a c o r t i e a l  synapt ic  r e l a y s  in the i r  cou r se .  

Analys i s  by the method of r eco rd ing  in te rzonal  focal r e s p o n s e s  showed that  the zones of r e p r e s e n t a -  
t ion of individual  a r e a s  of the body in region  SI a re  not in terconnected .  

In te rzonal  r e s p o n s e s  in region  SII to s t imula t ion  of reg ion  SI a re  more  m a r k e d  than r e s p o n s e s  in 
reg ion  SI to s t imula t ion  of reg ion  SII. 

Resu l t s  of the Morphological  Expe r ime n t s .  In 3 of the 4 an imals  injury in the zone of r e p r e s e n t a t i o n  
of the hind l imb in reg ion  SI Was r e s t r i c t e d  to the l a y e r s  of the cor tex  and did not affect  the under ly ing 
s t r u c t u r e s .  In the immedia te  vic ini ty  of the region of injury,  degene ra t ed  f ibe r s  running tangent ia l ly  in 
l a y e r s  I, III, and V could be found. The zone of sp r ead  of this  degenera t ion  was l imi t ed  to the region  of 
r e p r e s e n t a t i o n  of the hind l imb and did not affect  t h e  zone of r e p r e s e n t a t i o n  of the fo re l imb in the same 
region .  The only except ion was one case  in which the a r e a  of in jury  was more  extens ive  and included the 
white m a t t e r  immed ia t e ly  beneath the s i te  of coagulat ion.  

The course  of the degenera ted  f i be r s  was followed in the white m a t t e r  as fa r  as reg ion  SII (Fig.  1), 
where  they were  loca ted  in a sma l l  a r e a  l imi ted  to the zone of r e p r e s e n t a t i o n  of the hind l imb.  They 
c l imbed  up to c o r t i c a l  l a y e r  III. The d imens ions  and d i r ec t ion  of the cour se  of mos t  of the f ibe r s  in l a y e r s  
VI and V sugges t  that they were  f ibe r s  pass ing  through into l a y e r s  IV and III, in which they appeared  as  
t iny ,  s c a t t e r e d  g ranu les ,  c h a r a c t e r i s t i c  of p r e t e r m i n a l  degenera t ion .  In the zones of r e p r e s e n t a t i o n  of the 
fo re l imb and snout, no degenera t ion  was found. 

Jones  and Powell  [4] found no connect ions between individual  subdivis ions  of the r e p r e s e n t a t i o n  of 
sensat ion  in reg ion  SI, although other  inves t iga to r s  [6, 10] cons ide r  that such connect ions ex i s t .  This point 
of view has been conf i rmed recen t ly  by Kawamura  and Otani [5]. Having r e g a r d  to the impor tance  of this  
fact  to the unders tanding  of the organ iza t ion  of connect ions and in t e rac t ions  in neuronal  s y s t e m s  r ece iv ing  
a f fe ren t  impu l ses  f rom the l imbs ,  it was decided to make r e p e a t e d  obse rva t ions  of the r e s u l t s  of analogous 
opera t ions .  The zone of r e p r e s e n t a t i o n  of the hind l imb,  which is r e l a t i ve l y  c i r c u m s c r i b e d  and local ,  and 
remote  f rom region  SII, was  chosen for  in jury .  In a l l  3 ca ses  in which the a r e a  of injury was smal l  and 
did not affect  the white ma t t e r ,  no connect ions could be c l e a r l y  d is t inguished between the zones of r e p r e -  
senta t ion of the hind l imbs  and fo r e l imbs  with region SI. This was also shown by the r e s u l t s  of r eco rd ing  
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focal cor t ica l  r e s p o n s e s .  The sp read  of f ibers  into other  subdivisions of the same region in the exper i -  
ments  of Kawamura  and Otani [5], and also the considerable  sp read  of degenera ted  f ibers  into neighboring 
cor t i ca l  zones,  can evidently be explained by injury to the white ma t t e r .  Similar  r e su l t s  also were  ob -  
se rved  in one of the p resen t  expe r imen t s  in which the white m a t t e r  was damaged.  

The r e s u l t s  of the p resen t  morphologica l  and e lec t rophys io logica l  invest igat ions conf i rm the exis tence 
of a s t r i c t  somatotopica l  c h a r a c t e r  of organizat ion of the connections between the two somat ic  a r e a s  of the 
cortex,  and they show that the i r  endings a re  mainly  in l aye r s  IV and III of the cor tex .  The r e s u l t s  of the 
e lec t rophys io logica l  expe r imen t s ,  both under  acute exper imenta l  conditions and on waking an imals  with 
implanted e l ec t rodes ,  a re  in ag reemen t  with the conclusion of Kawamura  and Otani [5] regard ing  the r e l a -  
tive dominance of connections f r o m  region SI to region SII. 
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