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E L E C T R O N - A U T O R A D I O G R A P H I C  A N A L Y S I S  OF 

P R O J E C T I O N S  OF S O M A T O S E N S O R Y  C O R T I C A L  

A R E A S  I AND I I  IN  T H E  P O S T E R I O R  V E N T R A L  

N U C L E U S  O F  T H E  T H A L A M U S  

E .  L a n g , *  F .  H a j d u ,  I .  K i s ,  
a n d  Z .  V. E l i s e e v a  
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Di f fe rences  in the organizat ion Of cor t icofugal  f ibe r s  a r i s ing  f rom s o m a t o s e n s o r y  cor t i ca l  
a r e a s  I (S I)  and II (S H) were  detected by e l e c t r o n - m i c r o s c o p i c  au toradiography in the pos-  
t e r i o r  vent ra l  nucleus (NVP) of the tha lamus .  The d i s t r ibu t ionofeor t i cofuga l  f ibe rs  f r o m  the 
co r respond ing  zones of the two s o m a t o s e n s o r y  cor t i ca l  a r eas  within NVP d i f fe r s .  Endings of both 
types of f ibe r s  f o r m  synaptic  contacts  chiefly with dis ta l  dendr i tes  of r e lay  ce l l s  of NVP and much 
less  frequently with dendr i tes  of Golgt type II in terneurons .  No d i rec t  convergence  of f ibers  
a r i s ing  f rom the two s o m a t o s e n s o r y  a r ea s  on single cel ls  of NVP was observed.  

KEY WORDS: cor t icofugal  f ibers ;  s o m a t o s e n s o r y  cor t ica l  a r eas ;  pos t e r io r  vent ra l  nucleus 
of~the tha lamus;  degenerat ion;  autoradiography;  e l ec t ron  microscopy.  

P rev ious  e lec t rophys io logica l  invest igat ions showed that soma tosenso ry  cor t ica l  a r e a s  I and iI differ  in 
the i r  influence on the r e l ay  neurons of the p o s t e r i o r  vent ra l  nucleus (NVP) of the thalamus,  the axons of which 
run to s o m a t o s e n s o r y  cor t i ca l  a r e a  I [3-5] .  The modulating effect  of the s o m a t o s e n s o r y  cor t ica l  a r ea s  is 
manifes ted  pa r t i cu la r ly  c l ea r ly  in re la t ion  to the t r a n s m i s s i o n  of af ferent  s ignals  [ 3] and the format ion  of t r ace  
p r o c e s s e s  which develop in NVP af ter  the passage  of an af ferent  impulse  [4]. 

The nature of the morphological  subs t ra t e  respons ib le  for d i f fe rences  in the cha rac t e r  of cor t ica l  con- 
t ro l  over  the mechan i sm of t r a n s m i s s i o n  of s ignals  through the thalamic re lay  f rom the two soma tosenso ry  
a r ea s  has not yet been explained. To study these p rob lems  the invest igat ion desc r ibed  below was undertaken.  

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

E x p e r i m e n t s  were  c a r r i e d  out on 36 cats  weighing 2.5-4 kg. An autoradiographic  method was used in the 
expe r imen t s  of s e r i e s  I. Leucine-3H, in a concent ra t ion  of 100 # Ci/~l ,  was injected into the zone of r e p r e s e n -  
tat ion of the fo re l imb  in s o m a t o s e n s o r y  a r e a  I (S I) of the cor tex  (six cats) and s o m a t o s e n s o r y  a r e a  II (SII) of 
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the cor tex (five cats). The mieroinject ion of isotope was given by a Hamilton's  syringe at four points in each 
par t icular  area  four t imes in the course  of 5 rain. 

In the experiments  of se r ies  II the method of e lec t ron microscopy was used to study degenerat ing t e r -  
minals ofcor t icofugal  f ibers .  For  this purpose, thermocoagulat ion of the zone of representa t ion  of the forel imb 
in area  S I (five cats) and a rea  SII of the cortex (four cats) was car r ied  out. 

In the experiments  of se r ies  I I I a  combination of the two previous methods was used. In seven cats the 
a rea  of representa t ion  of the forel imb in cor t ica l  area  S I was coagulated and leueine-3H was injected at the 
same time into the corresponding zone of cor t ica l  a rea  SII. In nine cats coagulation of a rea  SII was accompa-  
nied by injection of leueine -3 H into cort ical  a rea  S I. 

The animals were killed 66 h la ter  under anesthesia  during intravital perfusion through the heart. Pieces 
of brain forming the anter ior ,  middle, and pos te r ior  parts  of the ipsi lateral  and eontralateral  NVP of the thalamus 
were additionally fixed in the perfusi0n solutions and, after dehydration, were embedded in Araldite.  Ul t ra th in  
sections were cut f rom the mater ia l  obtained f rom the animals of se r ies  II and these were s tudied in the 
IEM-100 B electron microscope .  Sections for  light autoradiography by the Kopr iwa-Leb lond  method [12] and 
for  e l ec t ron -mic roscop ic  autoradiography by Granboulan 's  method [8] were cut f rom the blocks obtained from 
the animals  of se r ies  I and IIL The semithin sections for  light autoradiography were coated with Ilford K-5 
liquid photographic emulsion. After  development in Kodak D19 developer  and fixation in 30% thtosulfate solu-  
tion, the t rack  autoradiographs were stained with toluidine blue and examined in the light microscope .  The 
number  of grains  of s i lver  above the neuropil  was determined for  each 3200 p2 of section. Ultrathin sect ions,  
before coating with photographic emulsion,  were stained with uranyl  acetate and lead ci t rate  by Reynolds'  
method [161. The ultrathin sections were exposed for  4-8 months.  Af ter  development,  the ultrathin s e c -  
tions were examined in the IEM-100B electron mic roscope .  

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

After injection of leucine-3H into the zone of representa t ion  of the forel imbs in a rea  S I the larges t  num- 
ber of grains of s i lver  was found in the middle part  of the lateral  nucleus of NVP (n. VPL), where the forel imb 
is represented.  The mean number of grains above a standard a rea  here was 78 per 3200 #2. The largest  num- 
ber of grains observed in some regions of the middle par t  of n. VPL was 90 per 3200 #2. The number of grains 
of s i lver  in the anter ior  and pos te r ior  par ts  of NVP (n. VPL ant., n .  VPL post.) fell sharply, and in the medial 
nucleus of NVP (n. VPL) and in the cont ra la te ra l  n. VPL it did not exceed the spontaneous activity. The large 
number of grains of s i lver  in the middle part  of n. VPL is evidence that comparat ively  many cort icofugal  fibers 
originating in the zone of representa t ion  of the forel imb in cor t ica l  a rea  S I terminate  in this par t  of NVP. Very 
low activity was observed in different par ts  of NVP after injection of labeled leucine into the zone of r e p r e s e n -  
tation of the forel imb in cor t ical  a rea  SII. This indicates that comparat ively  few cort icofugal  fibers f rom area  
SII terminate  in NVP. The largest  number of grains of s i lver  (20 per 3200/z 2) was observed in the pos ter ior  
part  of NVP (n. VPL post.), whereas in the anter ior  and middle par ts  of the nucleus it was only 13-14 per 
3200 #2. 

Consequently, the resul ts  sbowing that the zone of representa t ion of the forel imb in cor t ical  area  SII 
sends most  of its f ibers to the caudal portions of NVP agree with resul ts  obtained by other methods [1, 2, 6, 
Io1. 

The topographical  distr ibution of cort icofugal  f ibers ar is ing from the corresponding somatotopie zones 
of the two cor t ical  somatosensory  a reas  differed within NVP but the charac te r  of their endings was identical. 
Endings of both types of f ibers corresponded to Gui l le ry ' s  type "RS" profi les [7], which have small,  dark axon 
terminals  with densely packed, round synaptic vesicles,  in the glomerul i  surrounded by a capsule composed 
of p rocesses  of glial cells, degenerat ing endings were very  r a re ly  seen, in agreement  with the observations of 
Jones and Powell [ 9]. Most of the synapses  formed by degenerat ing cort icofugal  endings were axodendritic 
contacts.  Axosomatic contacts were rare .  Most of the axodendritic synapses formed by degenerat ing endings 
were contacts on the surface of dendri tes of re lay  cells (Fig. 1A). Synapses between cort icofugal  fibers and 
Gui l lery 's  "F2" profiles were less frequently seen [7]. These profiles are considered to be dendritic profiles 
of Golgi type II interneurons [ 12]. The te rminals  of cort icofugal  f ibers were always the presynapt ic  compon- 
ents of the synapses.  

Within NVP overlapping of the terminals  of the cort icofugal  f ibers ar is ing f rom the corresponding 
somatotopieally organized zones of the two somatosensory  cor t ical  areas  was slight. By e lec t ron-mic roscop ic  
autoradiography and investigation of degenerating terminals, corticofugal fibers originating in the two cortical 
somatosensory areas could be labeled simultaneously but differently and, consequently, they could be distin- 
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Fig. I. Electron mierographs of posterior lobe of ventral hypothalamie nucleus (NVP): 

A) anterior part of NVP after coagulation of somatosensory cortical area II (degenerating 

synapse on dendrite of relay cell of NVP can be seen in the center). B, C) Autoradiographs 

of posterior part of NVP after injection of leucine-aH into somatosensory cortical area I and 

coagulation of somatosensory cortical area II (synapse formed by autoradiographically la- 
beled cortical axon terminal on dendrite of relay cell in NVP can be seen in the center). 

guished from each other in the same preparation. In one part of NVP fibers arising from cortical area S I de- 

generated as the result of coagulation of that area, whereas the corticofugal fibers from area SII were labeled 
with the isotope. In preparations from the other series of experiments, fibers from area S I were identified by 

their autoradiographie grains, whereas fibers from area SII showed signs of degeneration as the result of coagu- 

lation of area SII (Fig. IB, C). No direct convergence of corticofugal fibers arising from the two areas of the 
cortex could be observed by this method on single neurons of NVP. However, this does not rule out the possi- 
bility of such convergence, but merely indicates that if it existed it was quantitatively on a very small scale. 
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The morphologica l  observa t ions  descr ibed  above conf i rm the wr i t e r s  f view [4] that during t r a n s m i s s i o n  
of the afferent  signal the influence of cor t ica l  a r ea  S I on the re lay  neurons of NVP is exhibited di rect ly .  
Meanwhile, the phasic,  fac i l i t a tory  influence of cor t ica l  a r ea  SII is manifes ted  indirectly,  through other,  most  
probably  re t i cu la r ,  s t r uc tu r e s ,  for the number  of endings of cor t icofugal  f ibers  a r i s ing  f rom cor t ica l  a r e a  SII 
is e x t r e m e l y  sma l l  in that par t  of NVP where these r e l ay  neurons a re  located in the nucleus.  
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U L T R A S T R U C T U R A L  M E C H A N I S M S  OF S E R O T O N I N  

DE M Y E  L I N A T  I O N  
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a n d  t~. A. B a r d a k h c h ' y a n  
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The effect  of sero tonin  on the u l t r a s t ruc tu re  of the white ma t t e r  in the CNS of dogs was studied. 
In t r ac i s t e rna l  injection of the amine (6 ~zg in 0.I  ml physiological  saline) led to cons iderable  
d i s tu rbances  in the myel in and gila in regions  of the white ma t t e r  of the spinal  cord adjacent to 
the ce r eb rosp ina l  fluid channels.  Loss  of the r egu la r  s t ruc tu re  and separa t ion  of the lamel lae  
of the myelin with rupture  and lys is  of the myel in sheath and demyel inat ion were  observed.  
Vacuolar  degenera t ion  was observed  in the ol igodendrocytes;  the a s t roey te s  were  vir tual ly  
unchanged. After  local l n t r a c e r e b r a l  injection of the amine (2 lzg in 0.01 ml physiological  s a -  
line) s i m i l a r  d is turbances  developed in the white ma t t e r  of the c e r e b r a l  hemisphe res ,  but with 
fea tures  of an in f l ammatory  reac t ion  in the late s tages  of the investigation.  In control  animals  
which rece ived  injections of physiological  sal ine,  changes appeared  la ter  and only in the gl io-  
cytes .  It is concluded that serotonin  has the p rope r ty  of injuring myel in  and glia. 

KEY WORDS: serotonin;  u l t r a s t r uc t u r e  of the CNS; myelin;  gila; demyelination.  

An important  role  in the pathogenesis  of a l lerg ic  demyel inat ion is played by the intensity and c h a r a c t e r  
of the l iberat ion and inactivation of biogenic amines ,  notably serotonin  [2-5] .  In the course  of exper imenta l  
a l lerg ic  encephalomyel i t i s  serotonin  has been shown to escape  f rom the brain  into the ce reb rosp ina l  fluid; on 
the other hand, intravenous injection of smal l  doses  of serotonin into dogs af ter  immunizat ion with encephal i to-  
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