
,54 Specialia EXPERIENTIA XXII/1 

Age Differences  in the Cellular R e s p o n s e  to 
Cerebral  Les ions  in the Do~ and Mouse  

In troduct ion .  Func t iona l  regenera t ion  of the  nervous  
sys t em of young animals  has no t  been a cons is ten t  f inding 
(RAMON Y CAJAL 1, BARNARD and  CARPENTI~R 2, and 
\VI~DLE et  aI. a). The cellular response following abla t ion 
of cer ta in  areas of the  ce rebrum of the  young dog (ZOLEN- 
KOVA and  MIR'rOVA 4) was character ized  by  macroscopic  
' r egenera t ion '  of the  ab la ted  area. Descr ip t ion  of the  
h is to logy of these lesions was, however,  i nadequa te  and 
the  ques t ion  of neurona l  regenera t ion  was posed bu t  not  
inves t iga ted  fur ther .  KASTRIKIN5 s tudied  effects of 
mechanica l  in jury  to the  ce rebrum of adul t  ra ts ;  no to ta l  
res tora t ion  of bra in  t issue occurred in these adul ts ,  in 
which a glio-fibrotic c icatr ix  formed.  

2VIaterials and methods. Thi r ty  C57/B16 mice (5 days  
old) and  10 beagles (8 new-born  and 2 adults) were 
opera ted  on asept ical ly  under  general  anesthesia .  Follow- 
ing c ran io tomy  a core of ce rebrum was r emoved  f rom the  
par ie to-occipi ta l  region of each subjec t  by  t rochar  and 
cannula  (16-18 mg tissue r emoved  f rom mouse,  25-35 mg 
from 4 new-born  and 45 55 mg from 1 adul t  dog). The 
o ther  5 dogs were given ' s t i r red '  lesions (no t issue re- 
moved :  t issue d i s rup ted  wi th  silver probe,  size of lesion 
being same d iamete r  as ex t i rpa ted  lesions). 

Two and  four weeks pos topera t ive ly ,  th ree  mice (total 
six) were anes the t ized  wi th  e ther  and perfused in t ra-  
cardial ly wi th  acrolein. The bra ins  were then  removed  
and, following f ixat ion,  were p repared  for serial sect ion 
and histologic s ta in ing wi th  H. & E., Holmes '  silver 
ni t ra te ,  cresol violet  and Luxol  fas t  blue. The remain ing  
mice were en thana t i zed  four weeks pos topera t ive ly  and 
examined  macroscopical ly.  

All dogs were eu thana t i zed  four weeks pos tope ra t ive ly  
wi th  in t ravenous  pen toba rb i t one ;  the  brain  was r emoved  
following in t racard iac  perfus ion wi th  hepar in  saline and 
formal in  and the  lesioned area dissected for histologic 
s ta in ing wi th  H. & E., Holmes '  silver n i t ra te ,  Thionin 
and Ora 's  myel in  stain.  

The cellular react ion to mechanica l  in jury  in the  neo- 
na te  mouse  was d e p e n d e n t  upon the in t eg r i ty  of the  
original lesion. If collapse of the  ad j acen t  cort ical  edges of 
the  lesion occurred,  heal ing took place and macro-  

scopically no scar  was visible, a l though  the  cerebral  
hemisphere  was smal ler  in size t h a n  the  opposi te  un- 
opera ted  hemisphere .  In  app rox ima te ly  50 % of the  sub- 
jects,  collapse did no t  occur and a large meningeal  adhe-  
sion developed,  p reven t ing  cortical  repair  (Figure 1). 

Fig. 2. Mouse cortex 4- weeks post-operative. Complete (a) and par- 
tial {b) apposition of lesion. Note paucity of glial reaction (H. & E. 

x 200). 

Fig. 1. Brains of 32-day-old mice showing variations in cortical re- 
organization 28 days post-operative. Note smaller cerebral lobe 

where healing has occurred. 
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Histologic  examina t ion  of neona te  dog and mouse re- 
vealed a marked  lack of cellular, vascular  and meningea l  
reac t ion  to  the  mechanica l  in jury  a t  the  site of appos i t ion  
of the  edges of the  lesion (Figure 2). In  mice examined  
two weeks pos topera t ive ly ,  there  were more  microglia 
t h a n  in subjec ts  examined  four weeks pos topera t ive ly .  
Endo the l i a l  cells forming capillaries were present ,  bu t  the  
lesion in all cases character is t ica l ly  lacked macroglial  
prol i fera t ion;  few dividing as t rocytes  were found. Com- 
pa red  wi th  similar  lesions in adul t  mice (stab wounds)  
(from the  collection of Dr. R. L. SIDMAN 6) as t rocytos is  
was  minimal .  Normal  neurons  in reduced number s  were 
p re sen t  a t  the  site of the  lesion bu t  no mi to t ic  figures 
were evident .  

A meningeal  plug formed in adul t  dogs and macroglial  
reac t ion  was in tense  wi th  capil lary endothel ia l  vacular iza-  
t ion of the  region, l ymphocy t i c  reac t ion  f rom the  meninges  
and microglia as engorged macrophages  (git ter  cells) were 
p re sen t  (Figure 3). In  the  s t i r red adul t  lesion the  menin-  
geal and  vascular  react ions were less p ronounced  and the  
macrogl ia l  and  macrophage  prol i fera t ion around the  iso- 
la ted  cort ical  f r agmen t  more intense  wi th  neurona l  chro- 

matolys is  and  degenera t ion  in the  center  of the  lesion. In  
the  new-born  these  neurons,  a l though  reduced in size, 
s ta ined normal ly ,  resembl ing CAJAL'S 1 neuronal  preserva-  
t ion phenomenon .  Macrophage  and macroglial  prolifera- 
t ion was minimal ,  and re -or ien ta t ion  of the  cellular ele- 
m e n t s  occurred so t h a t  the  normal  appearance  of cortico- 
cellular layer ing was seen. In  one new-born ,  a focus of 
prol i fera t ing cells resembl ing an e p e n d y m o m a  was found ; 
these were mos t  p robab ly  t rans loca ted  e p e n d y m a l  cells 
d rawn  ou twards  by  the  cannula  dur ing the  operat ion.  

The in tense  cellular prol i fera t ion following in jury  in 
the  adul t  and  the  necess i ty  of removing  large quant i t ies  
of lipids following myel in  degenera t ion  (SPATZL P~N- 
FIELD 8) is con t ra s t ed  by  the  lack of myel in iza t ion  of the  
cerebral  cor tex  in the  new-born  dog (HARMAN 9) and  
mouse (KoBAYASHI et  al. 10), and consequent ly  fewer de- 
genera t ive  e lements  are present .  Mitosis and migra t ion  
of neurons  occur pos tna ta l ly  (ANGEVINE and  SIDMAN 11, 
ALLEN 12, and BUCHHOLTZl3), and  some neuroblas t s  m a y  
effect a form of r ep lacemen t  of degenera t ing  neurons.  
Cellular reorganiza t ion  is faci l i ta ted by  the  normal  g rowth  
and deve lopmen t  of unin jured  neurons  th rongh  the  wo,md 
area and pauc i ty  of glial and macrophage  react ion 
(CHAMBERS 14, CLARK 15, and  BRODAL 16). We conclude t h a t  
the  neona ta l  ce rebrum of non-precocial  m a m m a l s  has  
super ior  heal ing abilities, charac te r ized  b y  cellular re- 
organizat ion wi th  minimal  gliosis ~7. 

Zusammen/assung. Die zellul~re Reak t ion  an t r auma t i -  
sehen, mechan i sch  gese tz ten  LS~sionen in der  Gehi rnr inde  
wurde  an neugeborenen  und  e rwachsenen  H u n d e n  sowie 
an M~usen nn te r such t .  Die Hei lung der LS~sionen in Neu- 
geborenen war  so, dass das Gehirngewebe makroskopisch  
normal  aussah;  histologisch waren  die d u r c h t r e n n t e n  
E lemente  durch  die Hei lungsprozesse un te r  minimaler  
glialer Reak t ion  wieder gut  reorganisiert .  
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Fig. 3. Cortical lesions (extirpated) in neonate dog (a) and adult (b). 
Note lack of cellular reaction in (a) showing reorganization of cortical 

layers. 
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