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Experiments  on dogs have shown that after administration of cerebrocyto t ropic  serum, regenerat ion 
of nerve cells is mainly of the intracel lular  type: hypertrophy of the bodies and p rocesses  of the neurons.  
Hypertrophy of neurons is accompanied by an increase  in their content of DNA and RNA. 

The view has long been held, as some invest igators  [4] still maintain, that nerve cells a re  stable 
and cannot regenera te .  However, the problem of regenerat ion of nerve cells  in the central  nervous system 
has not yet  been finally solved [3, 6, 8]. 

The present  investigation was based on the principle of specific action of cerebrocyto t ropic  sera  on 
brain t issue.  It was assumed that large doses of these se ra  may produce destructive changes in the brain, 
as a resul t  of which protein breakdown products  will subsequently stimulate regenerat ion of nerve t issue 
elements still remaining intact. 

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

Experiments  were ca r r i ed  out on 16 healthy young and adult dogs, receiving cerebrocytot ropic  se ra  
by injection into the blood s t ream,  in some cases (7 dogs) intravenously and in other (9 dogs) i n t r a - a r -  
terial ly:  the common carotid a r t e ry  used for  in t ra -a r t e r i a l  injection of the serum was exter ior ized in a 
skin flap. 

All the animals received cerebrocytot ropic  serum in a dose of 4 ml 5 t imes at intervals of 3 days. 
The react ing dose was injected in a volume of 5 ml 5 days after the last  injection. After receiving the 
cerebrocyto t ropic  se ra  the animals developed severe cytotoxie shock, f rom which 3 of the 9 dogs (intra- 
ar ter ia l  injection) died. 

The cerebroeytot ropic  se ra  were obtained by immunization of rabbits with dog brain t issue by the 
normal  immunologic method. The sera  thus obtained were tested by the complement fixation reaction; 
their  serologic t i te rs  were  1 : 400, 1 : 600, and 1 : 800. 

The animals were sacr i f iced 5, 10, 15, 20, 25, and 30 days after injection of the react ing dose. The 
brain was fixed in 12% neutral  formal in  solution. Pieces of different par ts  of the brain and spinal cord 
were embedded in paraffin wax. Sections were stained by Nisel' s method and for  nucleic acids (Feulgen 
and Brachet  react ions and with gallocyanin). 

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

Par t icu lar  attention was paid to changes in the nerve cells.  At short  intervals  after  injection of the 
sera ,  degenerative and destructive changes were observed,  principally in less  res is tant  neurons.  The 
more  res is tant  cells remained intact, and they were subsequently responsible to some extent for the 
development of regenerat ive  p rocesses  (20th-30th day after injection of the react ing dose). 
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Fig. 1. His tograms of distribution of cort ical  neurons by 
size.  A b s c i s s a -  c lasses  of cells by size (in units of area):  
1 (1-1.9); 2 (2-2.9); 3 (3-3.9); 4 (4-4.9); 5 (5-5.9); 6 (6-6.9); 
7 (7-7.9); 8 (8-8.9); 9 (9-9.9); 10 (10-10.9); 11 (11-11.9); 
12 (12-12.9); 13 (13-13.9); 14 (14 and over);  o r d i n a t e -  
percentage of cei ls .  
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Fig.  2. His tograms of distribution of 
cor t ical  neurons by their nucleic acid 
content. A b s c i s s a -  c lasses  of cells 
by content of DNA+ ttNA (in con- 
ventional units): 1 (0.168-0.499); 2 
(0.500-0.999); 3 (1.000-1.499); 4 
(1.500-1.999); 5 (2.000 and above); 
o r d i n a t e - p e r c e n t a g e  of cel ls .  

Hypertrophy of intact neurons lying side by side with or  a 
shor t  distance away from dying nerve cells was observed to begin 
with. The nerve cell increased  in size, its nucleus became large ,  
as also did the nucleolus, and the p rocesses  became thicker and 
somet imes  longer (Figs. 1, 2). The quantity of t igroid substance 
increased  and the t igroid granules became l a rge r .  The RNA 
content in these cells increased.  In sections stained by Braehe t ' s  
method RNA appeared as bright red, large granules,  more  numer -  
ous than in the normal  cell. Hypertrophied nerve cells were  
commoner  in the basal ganglia and spinal cord.  Some neurons 
were  between twice and three t imes la rger  than their  neighbors.  
The number of hypertrophied nerve cells increased  in the la ter  
s tages of the experiment.  

To determine the extent of this phenomenon of hypertrophy 
of nerve cells,  a cytospectrophotometr ic  study was made of the 
total content of nucleic acids (DNA+RNA). This par t  of the in-  
vest igation was ca r r i ed  out by a scanning method on the MUF-5 
cytospectrophotometer .  Sections were stained with gallocyanin. 
Photometr ic  measurements  were  made at X= 578 nm. Cortical 
neurons of the frontal lobes of control and experimental  animals 
were investigated at random. Altogether 105 cells f rom each 
animal were  studied. 

The number of cells  of increased  size and with an increased  nucleic acid content was found to be 
higher in the experimental  animals .  

The his togram (Fig. 1) shows that the number of enlarged cells (column 14 in the his togram) is 
13.6% higher for the experimental  animal than for the control (difference stat is t ical ly significant). The 
other  h i s togram (Fig. 2) shows that the number of cells  with an increased content of nucleic acids (column 
5 of the histogram) was 15o6% higher in the experimental  animal than in the control (difference s tat is t ical ly 
significant). 

The presence  of hypertrophy of nerve cells is thus also confirmed by quantitative studies.  

Hypertrophy of nerve  cells can be regarded  as one form of manifestation of what D. S. Sarkisov 
descr ibes  as intracel lular  regenerat ion.  

Sarkisov [7] s tates  that during hypertrophy specific protein s t ruc tures  accumulate in the cell.  In his 
opinion, regenerat ion in some t issues  takes place on the t e r r i t o ry  of intracel lular  s t ructures~ The content 
of those specific protein s t ruc tures  which part icipate in compensation of the function of dead cells is 
thereby increased.  For  this reason,  the wr i t e r s  also regard  this type of phenomenon as intracel lular  
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Fig.  3. Hyper t rophy of p r o c e s s e s  of a ne rve  cell 
f rom the an te r io r  horns  of the spinal cord (20th 
day of exper iment) .  Impregnat ion  with s i lve r  by 
the B i e l s c h o w s k y - G r o s  method.  500 • 

regenera t ion .  The nerve  t issue in the p r e s e n t  expe r i -  
ments  is an example  of this type of regenera t ion .  In 
this context Zhinkin [5] s ta tes  that  the hyper t rophied 
cel l  can p e r f o r m  the function of two or more  cel ls .  

Besides  ma rked  hyper t rophy  of the cell body, 
changes also took p lace  in the p r o c e s s e s  (Fig. 3). 
Somet imes  the cell did not i nc rea se  in s ize ,  but it 
gave off one or  seve ra l  p r o c e s s e s ,  some t imes  ending 
in globular swell ings.  In some cases  these p r o c e s s e s  
touched the bodies  of other  cel ls .  The fo rmat ion  of 
connections of this type by lengthening of the p r o -  
c e s s e s  is  another  f o r m  of compensat ion occur r ing  in 
ne rve  t i s sue .  

In the cor tex  of young animals  (2 dogs at the 
30th day of the exper iment) ,  and also in some of the 
basa l  ganglia of the hypothalamic region, foci of 
different  s izes ,  in some cases  amounting to whole 
f ields of p ro l i fe ra t ion  of undifferentiated cells  r e -  
sembl ing medul loblas ts  were  seen.  Foei  of this type 
were  also p re sen t  among the white ma t t e r  of the 

cerebral hemispheres. Larger cambial cells (glial cells and neurons) were present here among the small 
cells. Among these undifferentiated cells, distinctively dividing cells could be seen. 

When nerve tissue undergoes severe damage, the most primitive type of regeneration resembling the 
embryonic type thus reappears. Medulloblastic tissue proliferates, and as it differentiates it forms both 
neurons and glial cells. Evidently in this case the organism, confronted with a serious emergency, uses 
all its powers to bring about regeneration of the nervous system. 

Binuclear nerve cells appeared in the cortex and subcortex of the brain in many animals, and this 
was evidently preceded by hyperehromatosis of the nucleus. Binuelear cells are larger than the ordinary 
mononuclear cells. 

The widespread distribution of polyploid cells in nerve tissue has been demonstrated by cytophoto- 
speetrophotometrie investigations [I, 2]. The possibility is likewise not ruled out that polyploid cells 
may also be formed following the action of cytotoxins on nerve tissue. 

Regeneration of nerve cells following specific action on nerve tissue thus takes place principally by 
intracellular regeneration of neurons: hypertrophy of the body and processes with the appearance of new 
synaptic connections. 
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