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In connection with the numerous investigations conducted on animals and involving removal  of the cerebral  
cortex, there is considerable interest in the problem of the character  of the morphological  changes taking place  in 
such animals  in other parts of the centra l  nervous system. Physiologists usually describe such animals  as decor t i -  
cated,  without always paying heed to the structural changes developing in the subcortical  formations after removal  
of the cerebra l  cortex. 

It is reported in the l i terature [1, 2, 5-7] that important  secondary changes arise in the structures of the dien-  
cephalon of  animals  after removal  of the cortex, and they undergo intensive degeneration. Some authors [5] have 
accordingly concluded that such animals should be regarded as being "hypetha lamic ."  

The object  of the present investigation was to study certain subcortical  formations after exclusion of the 
cerebra l  cortex (the neocortex) and basal gangl ia  (s t r io-pal l idary  formations) from the lower levels of the brain by 
division of the internal  capsule, a method developed by M. M. Khananashvili  [3, 4]. The structure of the cortex 
thus excluded was also studied. 

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

The operation which was performed has many advantages over extirpation of the cortex: i t  is less t raumat ic  
and causes less interference with the blood supply to the brain. At the same t ime,  i t  allows the to ta l  or almost 
to ta l  exclusion of  the neocortex from the other portions of the brain. Morphological  studies were made of thebta ins  
of two dogs after b i la te ra l  division of  the internal  capsule and the brains of two cats after uni la tera l  division of the 
in ternal  capsule. In one of these cats (No. 20) the corpus cal losum also was divided (in order to exclude the inf lu-  
ence of the opposite hemisphere). The cats survived for 1.5 months after the operation, one dog l ive 3 months 
(Lisichka) and the other 6 months (Rem). 

The brain of each an imal  was t reated by Nissl's method. Horizontal sections were cut. 

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

The invest igat ion showed that  in both cats a l l  subdivisions of the in ternal  capsule (anterior l imb, genu, and 
posterior l imb) had been comple te ly  divided at a l l  levels (Fig. 1). In addition, during the operation, when the ap -  
proach to the in ternal  capsule was being madd, a smal l  area (10-15 m m  2) of the cortex and the underlying white 
mat ter  of  the presplenial  gyrus was destroyed. 

In cat  No. 11 the section was made in such a way that the caudate nucleus was excluded along with the cor-  
tex. By doing so, both these structures were comple te ly  departed from the thalamus and the other subcortical  struc- 
tures. In ca t  No. 9,0 the section cut through a smal l  area of the body of the caudate nucleus, leaving behind one 
part connected with the cortex and the other connected with the thalamus. 
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Fig. 1. Line of division of in ternal  capsule 

in cat No. 11. Th) Thalamus; Nc) caudate nuc-  
leus; arrow) l ine of division. Loupe. Nissl's 
method. 3 x. 

The most marked structural changes were observed in 

these cats in the nuclei  of the thalamus and metathalamus.  

Nearly a l l  the nerve cells in the nuclei  of the anterior, 

ventral ,  and la te ra l  groups, a large proportion of the cells 

in the media l  group of nuclei ,  and some ceils of the nuclei  

of the midl ine  were absent and replaced by neuroglia (Fig. 
2). In the nuclei  of the midl ine  the two habenular nuclei ,  
the ceils of the paraventricular  nucleus, and the rhomboid 
nucleus were comple te ly  intact.  Part of the ceils in the 

dorso-media l  and re t icular  nuclei  also were intact .  In the 
la tera l  genicula te  body nearly a l l  the large and most of 
the midd le - s ized  and small  cells  were absent and replaced 
by neuroglia.  In the media l  genicula te  body also, most of 
the ganglion ceils had died. No changes could be seen in 
the ceils of the hypothalamus and mesencephalon.  

The study of the brain of the dog Rein showed that 
al l  parts of the internal  capsule were comple te ly  divided 
b i la te ra l ly  at  a l l  levels of the horizontal  sections. Sig-  

nif icant  changes were observed in the nuclei  of the tha l a -  
mus: almost total  degenerat ion of the cells was observed 
on both sides in the anterior nuclei  and the nuclei  of the 
la teral ,  ventral  and media l  groups (Fig. 3). Solitary ceils 
remained in the region of the cen t r a l - l a t e ra l  nucleus, 
both habenular nuclei ,  and the re t icular  nucleus and a few 

were distributed along the midl ine.  Many ganglion cells 
were absent in the la te ra l  and media l  genicula te  bodies, 

akhough in the former many cells remained intact .  In the 
hypothalamus and mesencephalon no loss of nerve cells 
was observed. 

Fig. 2. Area at the border of the left (side of operation) and 

right (normal) halves of the thalamus in cat No. 20. Normal 

nerve cells are seen on the right; many nerve cells are re- 

placed by neuroglia on the left. Th) Left half of thalamus; 

Th r) right half of thalamus. Photomicrograph. Nissl's meth- 
od. 90 • 
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Fig. 3. Right half  of thalamus in the dog Rein. De- 

generat ion of various groups of nuclei.  Legends as in 
Fig. 1. Photomicrograph. Nissl's method. 10 x. 

Fig. 4. Line of division of in ternal  capsule on both sides in the 
dog Lisichka. Legend as in Figs. 1 and 3, Loupe. Nissl's meth-  

od. 3 x. 

84 



Investigation of the brain of the dog Lisichka showed that al l  parts of the internal  capsule at a l l  levels in the 
lef t  hemisphere had comple te ly  degenerated,  while in the right a smal l  bundle of fibers of the anterior l imb re-  

mained in tac t  at the ventral  levels of the horizontal  sections. Having gone through the in ternal  capsule, the incision 

continued more posteriorly, dividing part of the cortex of the rhinencephalon from the neocortex (Fig. 4). In the 

lef t  hemisphere,  where the internal  capsule had comple te ly  degenerated,  considerable retrograde degeneration was 
observed to have taken place in the nuclei  of the anterior,  la tera l ,  ventral ,  and media l  groups, and in some nucle i  
of the midl ine  of the thalamus. S imi lar  degenerat ion was observed in the la te ra l  and media l  genicula te  bodies. A 
few cells remained in tac t  in the media l  group of nuclei  (cen t ra l - la te ra l ,  dorso-medial) ,  and a l l  the cells in the 
habenular  nuclei  and some cells in the re t icular  nuclei  were preserved. On the side of incomple te  division, cells 
remained  in the antero-ventra l ,  dorso-media l ,  and ret icular  nuclei ,  and in part of the anterior portion of the la te ra l  
and the med ia l  division of the ventra l  nucleus. The habenutar  cells and cells in the region of the midl ine  were in -  
tact .  In the hypothalamus and mesencephalon no signif icant  changes affecting the nerve cells were detected.  

Tile study of a l l  the cor t ica l  zones of the neocortex and of the rhinencephalon of the cats and dogs showed that 
the structure of the cortex (its arrangement  in layers, the number of nerve cells and their state) remained  bas ica l ly  
unchanged. However, in the motor cortex, especia l ly  in the cats, degenerat ion of the large pyramidal  ceils in layer  
V of the cortex could be  observed. This is a par t icular ly  interesting fact because i t  shows that the cells of the cor-  
tex do not undergo degenerat ion,  i f  the pia l  blood supply is in tact ,  even after division of a l l  the afferent and effer-  

ent  project ion pathways of the neocortex. At the same t ime  i t  may be supposed that the cor t ical  cells continue to 
in terac t  through the short association fibers which were mainly  preserved after the operation. 

The invest igat ion of the caudate nucleus, the putamen, the globus pallidus, the amygdaloid  nucleus, and the 
claustrum in the cats and dogs revealed  no substantial changes in the ce l l  structure of these formation. Only in the 
brain of the dog Rein and of cat  No. 11 was primary degenerat ion of the caudate nucleus and the media l  part of the 
globus pallidus observed. 

Hence, the study of the subcortical  structures in animals after division of the in ternal  capsule showed that the 
most marked changes, amounting in some cases to comple te  degeneration of whole groups of nuclei  (anterior,  l a t -  
eral ,  ventral ,  and medial ) ,  were observed in the thalarnic and me ta tha l amic  structures. In the adjacent  subcortex 

(s t r io-pal l tdary  structures), the hypothalamus and the mesencephalon no changes in the cells were seen. The celts 
of the cerebral  cortex were re la t ive ly  intact .  Consequently, taking the facts described above into account, not only 
was the cortex (neocortex) excluded in these animals,  but the thalamus had also degenerated.  The animals could 
therefore be regarded as "hypothalamic"  but with preservation of individual  nonspecific nuclei  of the thalamus 
( re t icular  nucleus, etc.) .  

S U M M A R Y  

A study was made  on certain subcort ical  formations and the cortex of cats and dogs after severing the internal  
capsule, which leads to disconnection of the cortex of the cerebral  hemispheres (neocortex) with the basal ganglia 
( s t r io -pa l l ida l  formations) from the underlying regions of the brain. The most severe changes, to the degree of 
comple te  degenerat ion of the major i ty  of cells,  were noted in the thalamus, with preservation of the nerve cells in 
s t r io -pa l l ida l  formations, the hypothalamus, the midbrain,  and with a re la t ive  retention of the cor t ica l  ceils of the 
cerebra l  hemispheres. Therefore, such animals can be regarded as animals not only with an excluded cortex but 
also with a degenerated thalamus, i . e . ,  as "hypothalamic"  animals having retained isolated nonspecific nuclei  of 
the thalamus. 

i. 

2. 

3. 

4. 

5. 

6. 
7. 

L I T E R A T U R E  C I T E D  

O. Sager, The Diencephalon [in Russian], Budapest (1962). 

L. Ya. Pines and I. Yu. Zel ikin,  Transactions of the Academic ian  I. P. Pavlov Physiological  Laboratories [in 
Russian], Moscow-Leningrad,  Vol. 8 (1938), p. 483. 

M. M. Khananashvili ,  Abstracts of Proceedings of the 17th Conference on the Problem of Higher Nervous Ac-  
t iv i ty  [in Russian], Moscow-Leningrad  (1956), p. 135. 
M. M. Khananashvili ,  Fiziol.  Zh. SSSR, No. 5, 661 (1961). 
A. S. Chemyshev, Byull. ~ksper. Biol., 10, No. 3, 194 (1940). 
B. Bronwer, Arch. Neerl. Physiol., Vol. 4 (1919), p. 124. 
H. Rothman, Z. Ges. Neurol. Psycbiat. ,  Bd. 87, S. 247 (1928). 

85 


