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Thermocoagula t ion  of the second cor t ica l  s o m a t o s e n s o r y  a r e a  was c a r r i e d  out to study its 
connections with the p a r a f a s c i c u l a r  complex of the tha lamus  in the cat.  P r e t e r m i n a l  de-  
genera t ion of cor t ica l  a f fe ren ts  in the p a r a f a s e i e u l a r  complex  was found in f rontal  sect ions  
of the b ra in  s ta ined by the F i n k - H e i m e r  method.  Degenerated drop- l ike  f ibers  were  much 
thinner  in this s t ruc tu re  than f ibers  running toward the vent robasa l  complex.  In all p roba -  
bil i ty a f fe ren t  f ibe rs  f r o m  the cor tex  f o r m  axo-dendr i t i c  and s o m e t i m e s  a x o - s o m a t i c  con-  
tac t s .  Most of the degenera ted  f ibers  were  concent ra ted  chiefly in the l a te ra l  pa r t  of the 
nucleus.  However,  local  a r e a s  in which degenera t ion  was concent ra ted  could not be found 
in the nucleus.  The p r e c i s e  topographic  dis t r ibut ion of cort icofugal  f ibe r s  evident ly  is 
found at the p r i m a t e  level .  The p re sence  of d i rec t  connections between the second s o m a -  
t o s e n s o r y  a r e a  and the p a r a f a s c i c u l a r  complex sugges ts  that the l a t t e r  pa r t i c ipa te s  in the 
somat ic  functions of the bra in .  

Among the nuclei  of the nonspecif ic  s y s t e m  of the tha lamus  the cen t rum medianum (CM) is one of the 
mos t  important .  Fo r  most  m a m m a l s ,  e spec ia l ly  subp r ima te s ,  CM is r ega rded  together  with the p a r a f a s c i c -  
ular  nucleus (Pf) as a single complex,  for  at this s tage of phylogeny CM is not yet dist inguishable as an in- 
dependent nucleus.  In the cat ,  an object  widely used in modern  e lec t rophys io logica l  r e s e a r c h ,  the p a r a f a s -  
c icu la r  complex (CM-Pf) should the re fo re  be dist inguished [5]. 

It was held fo r  a long t ime that a f t e r  r emova l  of the neocor tex  the nonspecif ic  nuclei  do not undergo 
r e t rog rade  degenerat ion,  o r  such  degenerat ion is e x t r e m e l y  slight. As a r e su l t  of the introduction of more  
accura te  methods for  detecting degenera ted  f ibers  in r ecen t  yea r s  convincing evidence has not been obtained 
on the exis tence  of Connections of the an t e r i o r  zones of the cor tex ,  notably the motor  cor tex ,  with the CM- 
Pf  complex both in p r i m a t e s  [6, 10, 11, 14, 17] and in cats  [18]. In p r i m a t e s ,  m o r e o v e r ,  the topographic  
distr ibution of these  connections was found to be quite c l ea r  [6, 10]. 

The p r o b l e m  of the cor t icofugal  projec t ions  of the s o m a t o s e n s o r y  cor tex  in C M-Pf  has not yet been 
solved although there  is evidence of the exis tence  of such connections [4, 7, 9, 15, 19]. 

The r e su l t s  of e lec t rophys io logica l  s tudies of eor t icofugal  r e sponses  in CM-Pf  [1-3], c l e a r l y  de tec t -  
able during s t imulat ion of the second s o m a t o s e n s o r y  a r e a  of the cor tex ,  suggest  that the s o m a t o s e n s o r y  
cor tex ,  e spec ia l ly  this p a r t  of it, must  in fact  have w e l l - m a r k e d  connections with the CM-Pf  complex.  

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

Morphological  invest igat ions of cor t icofugal  connections were  c a r r i e d  out on six cats  in which the 
cor tex  was r e m o v e d  by thermocoagula t ion  over  the whole of the second s o m a t o s e n s o r y  a r e a  (the an te r io r  
ec tosylv ian  gyrus) .  Under pentobarbi ta l  anes thes ia  3-4 days a f t e r  the opera t ion  the bra in  was per fused  with 
10% neutra l  fo rma l in  in physiological  sa l ine ,  a f t e r  which f ronta l  s e r i a l  sect ions  were  s ta ined by the F i n k -  
He imer  method to r evea l  t e rmina l  degenerat ion.  
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Fig. 1. Degeneration of thin f ibers  in the pa ra fa s -  
c teular  complex af ter  coagulation of the secoad 
cor t ica l  somatosensory area (photomicrograph, 
MBI-II microscope, ocular 40, boreal 2.5). 

Fig. 2. Degeneration of p re te rmina l  f ibers  in the 
para fasc icu la r  complex of the thalamus af te r  coagu- 
lation of the second somatosensory  a rea  of the co r -  
tex: a) degeneration of cor t ica l  afferents  along the 
course  of the dendrite of a neuron of the para fasc ic -  
ular  complex (photomicrograph, MBI-11, ocular  60, 
homal 2.5); b) multiple degeneration against the back-  
ground of a large  neuron of the para fasc ieu la r  complex 
(photomicrograph, MBI-11, ocular  40, homal 2.5); e) 
r acemose  degenerat ion against the background of a 
neuron of the p a r ~ a s c i c u l a r  complex (photomicrograph, 
MBI-11, ocular ,  60, homal 2.5). 
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Fig. 3. D iagram of extent of cor t ica l  a f fe ren ts  
f r o m  second s o m a t o s e n s o r y  a r e a  in the p a r a -  
f a sc i cu l a r  complex (coordinates taken f r o m  the 
at las  of J a s p e r  and Ajmone-Marsan} .  

EXPERIMENTAL RESULTS 

Consider ing that according to data in the l i t e r a tu r e  [9] the r e m o v a l  of smal l  a r e a s  of cor tex  does not 
yield posi t ive r e s u l t s ,  it was decided to c a r r y  out comple te  coagulat ion of the second s o m a t o s e n s o r y  a r e a  
of the cor tex  throughout its depth. 

Termina l  degenerat ion was found in f ronta l  sec t ions  through the cat b ra in  in the region of the p a r a -  
f a sc i cu la r  complex  of the tha lamus .  The degenera ted  f ibers  were  va r i cose  and f ragmented .  Many thin f i -  
b r i l s ,  b roken  up into drople t s ,  could be seen  in the field of vision and these  were  undoubtedly p r e t e r m i n a l s  
of cor t icofngal  f ibe rs  (Fig. 1). The cor t icofagal  pro jec t ions  in C M - P f  a re  evidently cha r ac t e r i z ed  by these 
thin f ibe r s ,  as Japanese  w o r k e r s  also point out [15]. Rinvik [19] also obse rves  that cor t icofugal  f ibe rs  of 
CM-Pf  a re  thinner than f ibers  running toward the ven t robasa l  complex .  This observa t ion  ag rees  with the 
e lec t rophys io logica l  data  indicating a longer  la tent  per iod of act ivat ion of neurons  of the nonspecif ic  nuclei 
in r e sponse  to cor t ica l  s t imulat ion than with the r e sponses  of the cel ls  of the tha lamie  r e l a y  nuclei [12]. 
Accordingly it can be postula ted that  the duration of the la tent  per iod is explained by the ca l ibe r  of the c o r -  
t icofagal  f ibe r s  in CM-Pf  and not by synapt ic  delay. 

A degenera ted  f ibe r  in some sect ions  apparen t ly  broke  up along the course  of a l a rge  dendrite of a 
CM neuron (Fig. 2a). The a f fe ren t  f ibers  f r o m  the cor tex  evidently f o r m  t rue  axo-dendr i t ic  contacts .  This 
ag rees  with data obtained by l i gh t -m i c ro s cop i c  [20] and e l e c t r o n - m i c r o s c o p i c  [25] studies of the s t ruc tu re  
of the cat  CM-Pf  complex (without coagulation of the cor tex) .  Together  with axo-dendr i t ic  contacts ,  in all 
p robabi l i ty  axo - soma t i c  contacts  also a re  occas iona l ly  found. F o r  ins tance,  degenerat ing f r agmen t s  of f i -  
be r s  could be t r a c e d  agains t  the background of l a rge  cel ls  (Fig. 2b, c). Degenera ted  t e rmina l s  could be ob-  
s e rved  m o r e  often in the neuropi l  of the nucleus,  against  the background of nuclei  of glial ce l l s .  

Many undegenerated axons also were  found in CM-Pf .  This indicates that  CM-Pf  has extensive con- 
nections with o ther  bra in  s t r u c t u r e s .  Of these the mos t  impor tant  a re  connections of CM-Pf  with the motor  
(anter ior  c ruc ia te  gyrus)  [6, 10, 11, 14, 17], the m o t o r - a s s o c i a t i v e  (gyrus p ro reus ) ,  and the s o m a t o s e n s o r y  
(gyrus coronal is)  a r e a s  of the cor tex  [4, 15, 19]. 

Most of the d e g e n e r a t e d  f ibers  were  concentra ted  chiefly in the l a t e r a l  pa r t  of the nucleus (Fig. 3), 
roughly coinciding with the pa r t  of CM in which axons of cel ls  of the f rontal  cor tex  t e rmina te  [18]. How- 
eve r ,  no suff icient ly local  a r e a  could be identified in the nucleus in which the degenerat ion was concen t ra t -  
ed; the degenera ted  f ibers  were  s p r ead  in s epa ra t e  groups  without any dist inct  focus.  This pa t t e rn  has also 
been emphas ized  by o ther  w o r k e r s .  A more  loca l ized  topographical  dis t r ibut ion of the r ep re sen ta t i on  of 
cor t icofugal  f ibe rs  has been obs e rved  in CM of p r ima t e s  [18], pa r t i cu l a r ly  for  projec t ions  of the frontal  
cor tex.  

This invest igat ion r evea led  the p re sence  of d i rec t  connections between the second s o m a t o s e n s o r y  
a r e a  and the p a r a f a s c i c u l a r  complex of the eat  tha lamus  although the p r ec i s e  topography of these  eo r t i co -  
fugal pro jec t ions  could not be es tabI[shed.  The r e su l t s  of these  invest igat ions ,  l ike the data in the l i t e r a -  
ture  ci ted above,  suggest  that the C M - P f  complex par t i c ipa tes  in the somat ic  functions of the bra in .  In all 
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probabil i ty,  in p r ima tes ,  anthropoid apes,  and man fur ther  special izat ion has taken place through evolution 
and CM has different ia ted as an independent nucIeus, adapted chiefly for  somatic functions. It will be r e -  
called that a s imi la r  view was expressed  as long ago as in 1865 by Luys,  who f i r s t  distinguished CM as an 
independent s t ruc ture .  

However, the view has long been accepted in the l i t e ra tu re  that the pa ra fasc icu la r  complex and, in 
par t icu lar ,  CM is instead an intrathalamic connector  and that it has no di rect  re la t ion to cor t ica l  functions. 
This view is based on a s e r i e s  of investigations [8, 16, 23, 24] in which no connections between the cor tex  
and CM could be establ ished,  although some evidence to the con t ra ry  had been found at that t ime [21, 22]. 
These contradictions c a n  be at tr ibuted to technical difficulties. The re t rograde  degenerat ion method does 
not permi t  changes in the ce l lu lar  composit ion to be demonstra ted (or they are  l a rge ly  masked) ff b i fur -  
cating axons are  p resen t ,  and these are  par t i cu la r ly  numerous ia the axonal sys t em of CM [20]. The con- 
t radict ions affecting this p rob lem can also be explained by different  approaches used by the authors con-  
ce rned  to define the boundaries of CM-Pf  [13]. 

Finally,  having r ega rd  to the thinness of the CM f ibers ,  d i rec t  degenerat ion methods such as the 
Marchi method could not yield positive resu l t s  and not until the introduction of modern  impregnation meth-  
ods could degenerat ion of the thin axon te rmina ls  in the cat CM-Pf  be revea led ,  espec ia l ly  a f t e r  removal  of 
the second cor t ica l  somatosensory  a rea .  
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