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Regeneration of nerve t issue in newborn mammals  has been inadequately studied. Most invest igators  
consider  that brain neurons do not regenera te .  However, some workers  accept that brain neurons in mammals  
are  capable of amitotic division during ear ly  ontogeny [1, 3]. 

In the investigation descr ibed below manifestat ions of a degenerative cha rac t e r  ar is ing in brain t issue of 
newborn rabbits af ter  transplantat ion of comparat ively large areas  of the brain were studied. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on two groups of animals .  Group 1 consis ted of 142 rabbits of the same 
breed,  aged 2-4 days,  in which c ross -g ra f t ing  of a reas  of the brain was ca r r i ed  out by an original :method. A 
scheme of the operation of t ransplantat ion of brain a reas  in the newborn rabbits is givenin Fig. 1. Under 
inhalational ether  anesthesia  a semi lunar  incision was made through the scalp in the r ight  pa r i e to - t emporo - f ron -  
tal region. The convex side of the incision faced the concha auriculae.  The incision was ca r r i ed  deeper through 
the cranial  bones by means of nar row-bladed  s c i s s o r s .  The result ing osteoplastic flap was bent upward with 
forceps  and a narrow metal  spatula (0.8 cm wide) was inser ted  beneath it; by means of this spatula a lamina 
of the par ie to - tempora l  region of the brain about 0.7 x 0.7 • 0.2 mm in a rea  was excised and removed f rom 
the cranial  cavity. The lamina of brain t issue included the cortex and underlying subcort ical  zones of the brain.  
The operat ion was pe r fo rmed  under s te r i le  conditions with an a i r  t empera tu re  in the region of the wound of 
18~ and it was pe r fo rmed  on two animals s imultaneously.  As soon as the areas  of brain t issue had been r e -  
moved f rom the cranial  cavity, they were immediately replaced on the brain of the other animal, i~l the place 
f rom which the corresponding piece of nerve t issue had been removed.  In other words homonymous areas  of 
brain of approximately equal s ize were  graf ted f rom one animal to the other.  As soon as the piece of brain 
t issue had been placed in the required  position the skin and bone flaps was replaced in its usual position and 
the skin wound closed with a continuous si lk suture.  

Group 2 consisted of 122 rabbits  of the same breed aged 2-4 days, on which s imi la r  operat ions were pe r -  
formed.  

None of the animals died in the course  of the operat ions.  

The animals were decapitated between 1 and 45 days after  the operation. The brain was removed and 
fixed in its ent i re ty  in 10% neutral  formalin,  after  which a t r ansverse  incision was made through it, passing 
through the site of the graft .  A slice of brain  about 0.5 cm thick was obtained, including both the recipient '  s 
bra in  and also par t  of the graft ,  and this was embedded in paraffin wax. Sections were cut and stained with 
hematoxylin and eosin, by Nissl '  s, Van Gieson' s and Spielmeyer '  s method, and for  DNA by FeulgecL, s method. 

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

Rejection of the graf t  did not occur  in the animals of group 1. In group 2 the graf t  was re jec ted  in three 
animals (2.45%). 
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Fig.  1. Scheme of opera t ion of c r o s s  graf t ing of 
b ra in  a r ea s  in newborn rabbi ts  (a and b) (shaded 
area). 

Fig.  2. Morphological  changes in graf t  and  in r ec ip i en t ' s  bra in  t i s sue  a f t e r  t ransplanta t ion  of 
bra in  a r ea s ,  a) Area  of nec ros i s  in g ra f t  on 3rd day a f t e r  operat ion.  Hematoxyl in-eos in ,  100• 
b) ce l lu lar  b a r r i e r  consist ing mainly of glial  cel ls  together  with a few young connec t ive- t i s sue  
cel ls  on the boundary between the g ra f t  and rec ip ien t ' s  brain,  5th day a f te r  operat ion.  N i s s l ' s  
method, 180• c )  g l ia l - f ib rous  capsule on boundary between g ra f t  and r ec ip i en t ' s  bra in  15 days 
a f t e r  operat ion.  Hematoxyl in-eos in ,  180• d) genera l  view of t r ansp lan ted  t i s sue  on l l t h  day 
a f t e r  operat ion.  N i s s l ' s  method.  180• e) amitot ic  division of neuron.  N i s s l ' s  s ta in ,  i m m e r -  
sion; f) hyper t rophy  and h y p e r c h r o m i a  of neuron of r ec ip i en t ' s  bra in  c lose  to s i te  of graf t ing.  
N i s s l ' s  s ta in,  immers ion ;  g) neuron of ord inary  s ize  in r ec ip i en t ' s  bra in  t i s sue  s o m e  dis tance 
f r o m  si te  of graf t ing.  N i s s l ' s  stain,  i m m e r s i o n .  

Macroscopica l ly ,  until 7 days a f te r  the operat ion the graf t  was s e p a r a t e d  f r o m  the r ec ip i en t ' s  bra in  by a 
groove .  By the 11th day and l a t e r  the g roove  was no longer  vis ible ,  but the g ra f t ed  a r ea  could be deduced by 
the i r r e g u l a r  shape  of the p rominences  in the t e m p o r o - p a r i e t a l  region of the r ight  h e m i s p h e r e ,  sur rounded by 
an oval or  round depress ion  of b ra in  t i ssue .  Because  of this the bra in  was a s y m m e t r i c a l  in shape,  and this 
p e r s i s t e d  to  some degree  until 45 days.  

The morpho log i ca l and  regenera t ive  changes in the g ra f t  and in the r ec ip i en t ' s  bra in  t i s sue  were  equally 
dist inct  in animals  of the two groups .  

On the f i r s t  day a f t e r  the operat ion changes of a dystrophic  c h a r a c t e r  took place  in the g ra f t  and in the 
r ec ip ien t ' s  brain: segmenta l  lys is  of the basophil ic  subs tance ,  vacuolat ion of the cy toplasm,  and swelling of the 
neurons .  These changes were  m o s t  ma rked  n e a r  the line separa t ing  the graf t  f r o m  the r ec ip i en t ' s  bra in  and 
were  l e s s  m a r k e d  in the ce r eb ra l  hemisphere  to which the g ra f t  was applied. Bes ides  dyst rophic  changes,  nec ro -  
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Fig.  3. Genera l  view of g r a f t  on 25th day a f t e r  operat ion.  Hematoxy-  
l in-eosin .  

Fig.  4. Time course  of change in number  of b inueleolar  neurons  in 
newborn rabbi ts  a f te r  operat ion.  1) Control ,  ~) exper iment .  Ab- 
sci s sa,  t ime a f t e r  operat ion (in days);  ordinate,  numbe r  of binuele o la f  
neurons .  

biot ic  changes a lso  were  observed ,  as shown by the p r e sence  of a r e a s  of bra in  t i s sue  with pale ,  swollen neurons ,  
with indist inct  outlines,  without basophil ie subs tance ,  and with vaeuolated nuclei  and cy top lasm,  as well  as of 
foci  of nec ro s i s  (Fig. 2a), which were  p r e sen t  both in the g ra f t  and in the r ec ip i en t ' s  brain.  Nuclear  debr is  
could be obse rved  in the foei of nec ros i s  and the glial  cel ls  there  were  often p r e s e r v e d .  Dyst rophic  changes 
were  p re sen t  in the bra in  for  a long t ime but the necrobiot ic  changes mainly  ended by the 7th day a f t e r  the 
operat ion.  Many f r ee - ly ing  e ry th rocy te s  could be obse rved  between the g ra f t  and r ec ip i en t ' s  brain.  

On the 3rd, 5th, and 7th days a f t e r  the operat ion of a concentra t ion of mac rophages  appeared  between the 
g ra f t  and the rec ip ien t  brain,  mode ra t e  at f i r s t  but l a t e r  of cons iderable  magnitude (Fig. 2b). 

Star t ing With the f i r s t  day a f t e r  the opera t ion p ro l i f e ra t ive  act ivi ty  of g l ioeytes  was obse rved  in the b ra in  
t i s sue  and the graf t ,  and took place by both mitot ic  and ami to t ie  cel l  division.  A c l e a r  dec r ea se  in the n u m b e r  
of neurons  clue to death took place in the g ra f t  on the 3rd day and la te r ,  bu t  the remain ing  neurons  were  s t r u c -  
tu ra l ly  viable (Fig. 2d). On the 3rd day a f t e r  the opera t ion changes of edematous  type,  or  to some extent  of 
i sehemie  ~ype began to p redomina te  in the brain  t i ssue:  r i m s  of pale  spaces  appeared  around the cel ls ,  h y p e r -  
e h r o m a s i a  of the neurons  was detected,  and changes in shape of the nuclei were  obse rved  in s o m e  cel ls ,  with 
t r ans lucency  of the cy toplasm.  On the 5th-7th day a f t e r  the operat ion,  on the boundary between the g ra f t  and 
the r ec ip i en t ' s  bra in ,  bes ides  macrog l ioey tes  it was a lso  poss ib le  to see  a few neutrophil ic  leukocytes  and 
cel ls  of lymphoid type. On the 7th day elongated connec t ive- t i s sue  cel ls  ( f ibroblasts  and f ibrocytes)  also were  
p r e s e n t  in th is  si tuation.  

On the l l t h  and 15th days a f t e r  the operat ion,  p r o c e s s e s  of fo rma t ion  of a g l ia l - f ib rous  capsule,  which 
s e p a r a t e d  the g ra f t  f r o m  the r ec ip i en t ' s  bra in ,  a s s u m e d  predominance  (Fig. 2c). Until the end of the expe r imen t  
viable  neurons  could be seen  in the graf t ,  but the i r  total  number  was reduced.  The genera l  appearance  of the 
g ra f t  on the 25th day a f t e r  the operat ion is shown in Fig.  3. By the end of the expe r imen t  the g ra f t  was c o m -  
ple te ly  s e p a r a t e d  f r o m  the r ec ip i en t ' s  bra in  by a surrounding g l ia l - f ib rous  capsule .  

Regenera t ive  changes were  min imal  in the ne rve  t i ssue .  No re l iab le  pa t t e rns  of mi tos is  were  obse rved  
in the neurons .  Occasional  f igures  of ami tos i s  was r evea led  in neurons by the p re sence  of an incomplete  con-  
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str ic t ion band in their  nuclei (Fig. 2e). Cytotomy of the neurons during amitotic division was never  once ob- 
served.  Frequently in the histological sections neurons lying very  close together  could be seen. In some cases  
this picture could simulate one of amitosis ,  as was confirmed by a careful study of these cells.  

Previous ly  [2] the wr i t e r  showed that af ter  mild brain t r auma  in newborn rabbits an increase  in s ize  of 
the neurons in the injured hemisphere  could not be detected visually.  After  t ransplantat ion of areas  of the brain 
hypertrophy of some neurons was found visually both in the graf t  and in the rec ip ien ts ' s  brain (Fig. 2f, g). This 
p rocess  was par t icu lar ly  c lear ly  defined close to the line separat ing the graf t  f rom the rec ipient ' s  brain.  Hyper -  
trophy of these neurons occur red  soon after  the operat ion ( ls t  and 3rd days) and attained its highest degree of 
development on the l l t h  and 15th days. 

Some workers  regard  an increase  in the number  of binucleolar neurons as a sign of compensatory  and 
adaptive changes in the brain [4, 5]. In our mater ia l  an increase  in the number  of binucleolar neurons was ob- 
se rved  during the f i r s t  days af ter  the operation, and pe r s i s t ed  until the end of the experiments .  The t ime 
course  of the number  of binucleolar neurons in newborn rabbits af ter  t ransplantat ion of areas  of the brain, 
compared  with the normal  situation, is i l lustrated in Fig. 4. 

In the course  of these experiments  evidence was thus obtained that in rabbets aged 2-4 days t ransplanta-  
tion of quite considerable areas  of the brain is possible.  Under these c i rcumstances  some neurons in the graft  
died, but some survived this situation and remained viable until the end of the exper iments .  Regeneration of 
brain t issue does not take place at the cellular  level. Amitotic division of neurons can evidently take place in 
r a re  cases;  mitosis was never  found in neurons in our mater ia l .  Marked hypert rophy of the neurons occurred.  
This indicates that regenerat ion of nerve t issue during postnatal ontogeny takes place entirely at the in t ra -  
cel lular  level. 

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

1. L. Sh. Dzhidzheishvili ,  in: Reactive and Regenerat ive P roces se s  in the Nervous System [in Russian], 
Tbilisi  (1971), pp. 26-38. 

2. I . I .  Malyshev, Byull. t~ksp. Biol. Med., No. 11, 78 (1982). 
3. I . G .  Khorebava, in: Reactive and Regenerative P roces se s  in the Nervous System [in Russian], Tbilisi 

(1971), pp. 196-208. 
4. A . M .  Strukov and S. K. Lapin, Arkh. Patol. ,  No. 8, 21 (1956). 
5. N . E .  Yarygin and V. N. Yarygin, Pathological and Adaptive Changes in the Neuron [in Russian], Moscow 

(1973). 

1020 


