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1 .  INTRODUCTION.

A, O b j e c t  o f  t h e s i s .

D e t a i l e d  s t u d i e s  o f  t i ie q u a n t i t a t i v e  ch an g e s  

i n  n u c l e a r  p o p u l a t i o n  i n  d e g e n e r a t i n g  p e r i p h e r a l  

n e r v e  have a l r e a d y  b e e n  p u b l i s h e d  by  v a r i o u s  a u t h o r s  

( A b e rc r o m b ie  & J o h n so n *  19 46; Thomas, 19 48;

J o s e p h ,  1947 ,  1948 ,  1950) and c e r t a i n  i n t e r e s t i n g  

c o n c l u s i o n s  were drawn from t h e i r  work w h ich  i s  

su m m ar i sed  in  Tab le  I  ( J o s e p h ,  1 9 5 0 ) .

TABLE I .

ITerve s t u d i e d  % age Maximum 
( r a b b i t )  f i b r e s  n u c l e a r

in c re a se

h e r v e  t o  
m e d i a l  h e a d  
o f  g a s t r o c 
nemius  (Thomas) 80 14x

S c i a t i c  nerve 
(Abercrombie
& J o h n s o n )  33 8x

S u r a l  n e r v e
(Thomas) 25 ' 5x

G r e a t e r
s p l a n c h n i c
n e r v e  ( J o s e p h )  4 I f x

A n t e r i o r
m e s e n t e r i c
n e r v e  ( J o s e p h )  n i l  n i l

• TTo.of n u c l e i  
p e r  c.mm* 

ITormal D e g e n e r a t e d

2 7 , 0 0 0  4 5 0 ,0 0 0

4 3 .0 0 0

9 0 . 0 0 0

3 3 0 .0 0 0

4 4 0 .0 0 0

448*000 4 7 0 ,0 0 0

3 5 8 ,0 0 0

The c o n c l u s i o n s  r e a c h e d  were

( l )  t h a t  n e r v e s  o f  d i f f e r e n t  f i b r e  s i z e  showed

d i f f e r e n t  n u c l e a r  i n c r e a s e s  d u r i n g  d e g e n e r a t i o n ;



(_2) t h a t  th e  l a r g e r  th e  f i b r e s  th e  g r e a t e r  was

t h e  maximum i n c r e a s e  i n  th e  number  o f  n u c l e i ;

( 3 )  t h a t  norm al  n e r v e s  c o n s i s t i n g  o f  f i b r e s  o f  

l a r g e  s i z e  c o n t a i n e d  f e w e r  n u c l e i  p e r  c.mm. 

t h a n  t h o s e  c o n s i s t i n g  of  f i b r e s  o f  s m a l l  s i z e ;

(4 )  t h a t  t h e  n e r v e s  c o n s i s t i n g  o f  l a r g e  f i b r e s  

r e a c h e d  t h e i r  maximum i n c r e a s e  l a t e r  t h a n  

t h o s e  c o n s i s t i n g  o f  s m a l l  f i b r e s ;

( 5 )  t h a t  the  maximum number  of  n u c l e i  i n ' a l l  

n e r v e s  d u r i n g  d e g e n e r a t i o n ,  w h a t e v e r  t h e i r  

f i b r e  s i z e ,  was s i m i l a r .

I t  was t h o u g h t  t h a t  s i m i l a r  s t u d i e s  i n

r e l a t i o n  to  t h e  w h i t e  m a t t e r  o f  th e  s p i n a l  c o r d

c o u l d  g iv e  i n f o r m a t i o n  r e g a r d i n g

(1 )  c h a n g e s  i n  n u c l e a r  p o p u l a t i o n  a f t e r  d i f f e r e n t  

p e r i o d s  o f  d e g e n e r a t i o n ;

(2 )  t h e  b e h a v i o u r  o f  the  d i f f e r e n t  c e l l s  i n  th e  

s p i n a l  co rd  d u r i n g  d e g e n e r a t i o n ;

(•3) d i f f e r e n c e s  b e tw e en  t h e  f i b r e s  o f  p e r i p h e r a l  

n e r v e s  and o f  t r a c t s  in  t h e  s p i n a l  c o rd  d u r i n g  

d e g e n e r a t  i o n ;

( 4 )  t h e  p ro b le m  of  r e g e n e r a t i o n  in  the  s p i n a l  c o r d .

B .  S t r u c t u r e  o f  p o s t e r i o r  columns o f  s p i n a l  c o r d .

1 . lie ry e  f i b r e s .

I t  i s  a c c e p t e d  t h a t  th e  medium and l a r g e  m y e l i n a t e d
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ns rve  f i b r e s  i n  t h e  p o s t e r i o r  co lumns c o n t a i n  t h e  

c e n t r a l  p r o c e s s e s  o f  some o f  th e  n e u r o n e s  in  t h e  

p o s t e r i o r  r o o t  g a n g l i a  and a re  m o s t l y  p r o p r i o c e p t i v e  

i n  f u n c t i o n .  In  a d d i t i o n  t h e r e  a re  many s m a l l e r  

m y e l i n a t e d  and u n m y e l i n a t e d  f i b r e s  w h ich  a r e  e i t h e r  

a s c e n d i n g  o r  d e s c e n d i n g  and a r e  i n t s r s e g m e n t a l  in  

t y p e , t h a t  i s ,  t h e i r  c e l l  b o d i e s  a r e  in  t h e  g r e y  

m a t t e r  o f  th e  s p i n a l  c o r d .  The axon i s  s u r r o u n d e d  

b y  a  m y e l in  s h e a t h  w hich  a c c o r d i n g  t o  r e c e n t  work 

p o s s e s s e s  nodes  ( F e i n d e l ,  A l l i s o n ,  & W e d d e l l ,  1948;  

A l l i s o n  & F e i n d e l ,  1 9 49 ;  Hess  & Young,  1 9 5 2 ) .  These 

n e rv e  f i b r e s  do n o t  p o s s e s s  t h e  d i s t i n c t  s h e a t h  

known as  th e  ne u r i le m m a  w hich  i s  fo u n d  i n  m y e l i n a t e d  

p e r i p h e r a l  n e r v e s .  I n s t e a d  t h e r e  i s  a  n e tw o rk  o f  

g l i a l  f i b r e s ,  b o t h  v e r t i c a l  and h o r i z o n t a l ,  i n  which 

th e  m y e l i n a t e d  n e rv e  f i b r e s  r u n .

In a  t y p i c a l  m y e l i n a t e d  p e r i p h e r a l  n e r v e ,  th e  

Schwann c e l l  i s  f o u n d  b e tw e e n  th e  n eu r i lem m a and 

t h e  m y e l in  s h e a t h .  A c o m p a ra b le  c e l l ,  t h e  o l i g o d e n d r o 

c y t e  , i s  found  n e x t  t o  t h e  m y e l in  s h e a t h  o f  th e  n e rv e  

f i b r e s  o f  the  p o s t e r i o r  c o lu m n s .  To what  e x t e n t  t h e y  

a r e  s i m i l a r  w i l l  be d i s c u s s e d  in  the  n e x t  s e c t i o n .

B ac h  n e rv e  f i b r e  in  a  t y p i c a l  p e r i p h e r a l  n e rv e  

i s  s u r r o u n d e d  by  a  c o n n e c t i v e  t i s s u e  s h e a t h  c a l l e d  

t h e  e n d o n e u r iu m .  T h e re  i s  no com p arab le  s h e a t h  

ro u n d  th e  n e rv e  f i b r e s  o f  th e  w h i t e  m a t t e r  of  t h e



T r a n s v e r s e  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d  
s t a i n e d  ie i  g f , r t  - P a l  sh o w in g  m y e l in  s h e a t h s  
in  p o s t e r i o r  co lumns and i n d i c a t i n g  th e  s i z e  
o f  th e  f i b r e s  in  t h e s e  c o lu m n s .
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s p i n a l  c o r d .  R ib r o u s  t i s s u e  s e p t a  a r e  d e s c r i b e d ,  

h o w e v e r ,  p a s s i n g  f rom th e  p i a  m a t e r  t o w a r d s  t h e  

g r e y  m a t t e r ,  t h r o u g h  the w h i t e  m a t t e r .

■In v i e w  of  th e  d i f f e r e n t  r e s u l t s  o b t a i n e d  in  

v a r i o u s  d e g e n e r a t i n g  p e r i p h e r a l  n e r v e s ,  i t  i s  

i m p o r t a n t  to  c o n s i d e r  t h e  s i z e  o f  t h e  f i b r e s  i n  

t h e  p o s t e r i o r  c o lu m n s .  These  columns c o n t a i n  a  

c o n s i d e r a b l e  number  o f  l a r g e  f i b r e s  b e tw e e n  12 

and 18 p i n  d i a m e t e r  ( s e e  R i g ,  1) and r e s e m b le  

a mixed  p e r i p h e r a l  n e r v e ,  s u c h  as  t h e  s c i a t i c  

n e rv e  o f  t h e  r a b b i t  w h ic h  was u s e d  i n  t h e  e x p e r i 

m en ts  o f  A b e rc ro m b ie  & J o h n s o n  ( 1 9 4 6 ) .

11. C e l l s  and t h e i r  p r o c e s s e s .

The c e l l s  in  t h e  w h i t e  m a t t e r  can  be 

c l a s s i f i e d  as

(a )  n e u r o g l i a  ( t h e  m a j o r i t y  o f  t h e  c e l l s ) ;

(b)  c o n n e c t i v e  t i s s u e ;

( c )  b l o o d  v e s s e l  ( e n d o t h e l i a l  and  sm ooth  m u s c l e ) .

( a)  H e u r o g l i a .

I n  s p i t e  o f  c e r t a i n  r e c e n t  d i f f e r e n c e s  of  

o p i n i o n  which  w i l l  be r e f e r r e d  t o  l a t e r ,  t h e  

R i o - H o r t e g a  c l a s s i f i c a t i o n  o f  th e  n e u r o g l i a  i s  

s t i l l  g e n e r a l l y  a c c e p t e d .  T h is  i s  f u l l y  d e a l t  

w i t h  b y  P e n f i e l d  (1932)  a n d  R i o - H o r t e g a  (1932)  and
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i t  i s  a  b r i e f  v e r s i o n  o f  t h e i r  d e s c r i p t i o n  w h ich  

f o l l o w s .  P e n f i e l d  (1 9 3 2 )  s e p a r a t e d  the  n e u r o g l i a  

i n t o  th e  n e u r o g l i a  p r o p e r  and  th e  m i c r o g l i a  and 

d e a l t  w i t h  th e  n e u r o g l i a ,  u n d e r  th e  h e a d i n g s  o f  

a s t r o g l i a  and o l i g o d e n d r o g l i a .  U n t i l  1 9 1 3 ,  two 

e l e m e n t s  were  r e c o g n i s e d  i n  the c e n t r a l  n e r v o u s  

sys tem , ,  n e rv e  c e l l s  ( n e u r o n e s )  and o t h e r  c e l l s  

( n e u r o g l i a ) .  I n  t h a t  y e a r  C a j a l  d i f f e r e n t i a t e d  

in  th e  n e u r o g l i a ,  one g r o u p  o f  c e l l s  w h ic h  he 

c a l l e d  a s t r o g l i a  c o n s i s t i n g  of  a s t r o c y t e s .  He 

r e f e r r e d  to  the  c e l l s  i n  th e  c e n t r a l  n e r v o u s  

s y s t e m  which  were n e i t h e r  n e u r o n e s  n o r  a s t r o c y t e s  

a s  t h e  " t h i r d  e l e m e n t " .  I t  was B i o - H o r t e g a  who 

d i s c o v e r e d  t h a t  t h i s  " t h i r d  e l e m e n t "  c o n s i s t e d  o f  

two g r o u p s  o f  c e l l s ,  o l i g o d e n d r o g l i a ,  t h e  c e l l s  

of  w h ich  he c a l l e d  o l i g o d e n d r o c y t e s , and m i c r o g l i a .

A s t r o c y t e s  a r e  s u b d i v i d e d  i n t o  f i b r o u s  and 

p r o t o p l a s m i c ,  d e p e n d in g  on w h e t h e r  t h e r e  a r e  f i b r e s  

i n  t h e  c a l l  p r o t o p l a s m .  U ib ro u s  a s t r o c y t e s  

a r e  fo und  in  t h e  w h i t s  m a t t e r  o f  th e  c e n t r a l  

n e r v o u s  s y s t e m  and p r o t o p l a s m i c  o c c u r  i n  th e  g r e y  

m a t t e r .  B o th  t y p e s  have  e x p a n s i o n s  p a s s i n g  i n  a l l  

d i r e c t i o n s  an d  b r a n c h i n g  f r e q u e n t l y .  These  e x p a n s i o n s  

a r e  a t t a c h e d  to  b l o o d  v e s s e l s .  The e x p a n s i o n s  o f  the 

f i b r o u s  a s t r o c y t e s  t e n d  to  be s t r a i g h t s r  and l a r g e r  

t h a n  t h o s e  o f  t h e  p r o t o p l a s m i c  a s t r o c y t e s .  A s t r o c y t e s
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have  numerous  i n t r a c e l l u l a r  s t r u c t u r e s  th e  d e t a i l s  

o f  w h ich  h e l p  t o  d i s t i n g u i s h  them ,  b u t  t h e y  can be  

i d e n t i f i e d  b e c a u s e  o f  t h e i r  l a r g e  s i z e  and th e  e a s e  

w i t h ' w h i c h  t h e i r  c y t o p l a s m  s t a i n s .  They a l s o  have  

a  l a r g e r . ,  p a l e r  n u c l e u s  t h a n  t h e  o t h e r  n e u r o g l i a l  

c e l l s .

H e ld  (.1903) i s  q u o te d  b y  P a n f i e l d  a s  b e i n g  

t h e  main s u p p o r t e r  o f  t h e  t h e o r y  t h a t  t h e  f i b r e s  

p r o d u c e d - b y  th e  a s t r o c y t e s  form a  s y n c y t iu m  d i s t i n c t  

f rom  th e  a s t r o c y t e s  t h e m s e lv e s , ,  a l t h o u g h  Huber  (1901)  

h ad  a l r e a d y  w r i t t e n  a b o u t  t h i s .  H a r d e s t y  (1904)  

a g r e e d  w i t h  t h i s  c o n c e p t i o n  o f  ah e x t r a c e l l u l a r  n e t 

work i n  t h e  c e n t r a l  n e r v o u s  systan ,  and t h i s  t h e o r y  has  

more r e c e n t l y  b e e n  r e v i v e d  b y  Andrew & A sh w o r th  (19 4-4 

a  & h )  who d e s c r i b e d  two t y p e s  o f  f i b r e s  , e x t r a c e l l u l a r  

and  n e u r o g l i a l .  They c l a i m e d  t h a t  the  e x t r a c e l l u l a r  

f i b r e s  form i n v e s t i n g  c o v e r s  f o r  th e  b l o o d  v e s s e l s  and  

a r e  s i m i l a r  t o  t h e  f i b r e s  o f  c o l l a g e n o u s  t i s s u e .

B a i r a t i  (1947)  d e s c r i b e d  a  g l i a l  s u b s t a n c e  i n  th e  

w h i t e  m a t t e r  o f  the c e n t r a l  n e r v o u s  s y s te m  a p a r t  f rom 

th e  a s t r o c y t e  e l e m e n t s .  Most w o r k e r s  do n o t  a g r e e  

t h a t  th e  n e u r o g l i a l  n e tw o r k  i s  s e p a r a t e  f rom th e  c e l l s  

w h ic h  p ro d u ce  i t  •

P e n f i e l d  (1932)  d e s c r i b e d  s e v e r a l  t y p e s  o f  

a s t r o c y t e s  found  i n  d i f f e r e n t  p a r t s  o f  th e  n e r v o u s
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s y s t e m  b u t  f o r  the  p u r p o s e  o f  t h i s  work th e  o n ly  

i m p o r t a n t  ones  a r e  the  f i b r o u s  a s t r o c y t e s .

A l t h o u g h  R i o - H o r t g a  d i f f e r e n t i a t e d  o l i g o d e n d r o g l i a  

f rom m i c r o g l i a ,  i t  s h o u ld  be n o t e d  t h a t  R o b e r t s o n  (1900)  

d e s c r i b e d  the  same c e l l s  much e a r l i e r  and c a l l e d  them 

m e s o g l i a .  The o l i g o d e n d r o c y t e  h a s  a s m a l l e r  body  

and  n u c l e u s  t h a n  t h e  a s t r o c y t e -  I t s  p r o l o n g a t i o n s  

do n o t  end  i n  r e l a t i o n  t o  b l o o d  v e s s e l s .  They h a v e ,  

h o w e v e r ,  e x p a n s i o n s  e x t e n d i n g  f rom t h e  c e l l  b o d y .  They 

a r e  found  c l o s e l y  a p p l i e d  t o  n e rv e  c e l l s  and n e r v e  

f i b r e s ,  and t h o s e  a s s o c i a t e d  w i t h  n e r v e  f i b r e s  a re  

c a l l e d  i n t e r f a s c i c u l a r  o l i g o d e n d r o c y t e s  • These  a.re 

t h e  i m p o r t a n t  c e l l s  in  t h i s  s t u d y .  They form rows 

b e tw e en  t h e  n e r v e  f i b r e s  and a r e  c l o s e l y  a p p l i e d  to  th e  

m y e l i n  s h e a t h  round w h ich  t h e y  form a  l o o s e l y  woven 

n e t w o r k .  R i o - H o r t e g a  d e s c r i b e d  f o u r  t y p e s  o f  

o l i g o d e n d r o c y t e s  a c c o r d i n g  to  th e  d i f f e r e n c e s  i n  

t h e i r  e x p a n s i o n s .  The l a r g e s t  o f  t h e s e ,  w h ich  a r e  

found  r e l a t e d  t o  the  l a r g e s t  ty p e  o f  n e r v e  f i b r e  

i n  th e  c e n t r a l  n e r v o u s  s y s t e m ,  b e a r  a  marked 

r e s e m b l a n c e  t o  th e  Schwann c e l l s  of  p e r i p h e r a l  n e r v e s .  

W he the r  o r  no t  o l i g o d e n d r o c y t e s  o f  t h i s  ty p e  a re  

homologous  w i t h  Schwann c e l l s  i t  i s  d i f f i c u l t  to  s a y .

The e v i d e n c e  r e l a t e d  t o  t h i s  may be c o n s i d e r e d  h e r e .

They occupy  th e  same p o s i t i o n  w i t h  r e g a r d  t o  the  m y e l in
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s h e a t h  and t h e i r  a p p e a r a n c e  s u g g e s t s  a  s i m i l a r i t y  

in  s t r u c t u r e .  hone o f  th e  a u t h o r s  who d e s c r i b e  

t h e  nodes  i n  the  m y e l i n  s h e a t h s  i n  t h e  c e n t r a l  

n e r v o u s  s y s t e m  s u g g e s t e d  t h a t  t h e r e  i s  one 

o l i g o d e n d r o c y t e  f o r  e a c h  node c o m p a r a b le  w i t h  

t h e  s i n g l e  Schwann c e l l  found  a s s o c i a t e d  w i t h  

e a c h  node i n  a  p e r i p h e r a l  n e r v e .

F u n c t i o n a l l y  b o t h  have  b e e n  a s s o c i a t e d  w i t h  

t h e  m y e l i n a t i o n  o f  n e r v e  f i b r e s .  o p e i d e l  (1932)  

c o r r e l a t e d  t h e  movements  o f  s h e a t h  (Schwann) c e l l s  

w i t h  m y e l i n  s h e a t h  f o r m a t i o n .  More r e c e n t l y  

P e t e r s o n  (1950)  found  t h a t  s p i n a l  g a n g l i o n  s h e a t h  

c e l l s ,  w h ic h  have  th e  same o r i g i n  a s  Schwann c e l l s - ,  

d e v e l o p  m y e l in  s h e a t h s  r o u n d  axon s p r o u t s  i n  t i s s u e  

c u l t u r e s .  The e v i d e n c e  l i n k i n g  up t h e  o l i g o d e n d r o c y t e s  

w i t h  m y e l i n a t i o n  i s  b a s e d  t o  some e x t a n t  on d i s e a s e s  

a s s o c i a t e d  w i t h  d . e m y e l i n a t i o n  ( C o l l i e r  & G r e e n f i e l d ,  

1 9 2 1 ;  . G r e e n f i e l d ,  1933 ;  B r a i n  & G r e e n f i e l d ,  1950) 

i n  which  i t  i s  c l a i m e d  t h a t  th e  o l i g o d e n d r o c y t e s  

d i s a p p e a r  b e f o r e  t h e  d e g e n e r a t i o n  o f  t h e  m y e l i n .

P b n f i e l d  (1924)  made th e  s t a t e m e n t  t h a t  o l i g o d e n d r o c y t e s  

a r e  a s s o c i a t e d  w i t h  m y e l in  f o r m a t i o n  b e c a u s e  t h e y  f i r s t  

a p p e a r  i n  l a r g e  numbers a t  t h e  t im e  o f  m y e l i n a t i o n ,  

t h e y  a r e  n o t  s e e n  b e f o r e  m y e l i n a t i o n  b e g i n s  and a t  

t h i s  p e r i o d  t h e i r  p r o t o p l a s m i c  g r a n u l e s  a r e  u n u s u a l l y
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l a r g e  and n u m ero u s .  Lumsden (195C) s u g g e s t e d  t h a t  

i n  d e m y e l i n a t i n g  d i s e a s e s  the  o l i g o d e n d r o c y t e  i s  

d e s t r o y e d  and. r e l e a s e s  an  enzyme w hich  d e s t r o y s  

th e  m y e l i n .  B r a i n  & G r e e n f i e l d  (1950)  on th e  o t h e r  

hand  p u t  f o r w a r d  th e  t h e o r y  t h a t  t h e  a b n o rm a l  m y e l in  

may a f f e c t  th e  o l i g o d e n d r o c y t e s  i n  t h e s e  d i s e a s e s .

H B r s t a d i u s  ( 1 9 5 0 ) ,  summing up t h e  e v i d e n c e  

r e g a r d i n g  t h e  o r i g i n  o f  th e  Schwann c e l l s ,  c o n c l u d e d  

t h a t  t h e r e  i s  g e n e r a l  a g r e e m e n t  t h a t  th e y  come from 

th e  n e u r a l  c r e s t ,  a l t h o u g h  t h e r e  i s  some d o u b t  w h e t h e r  

th e  r e s t  o f  t h e  s p i n a l  c o r d  a l s o  makes a  c o n t r i b u t i o n  

( D e t w i l e r ,  1937;. Haven',  1 937 ;  J o n e s ,  1939 ;  D e t w i l e r  

& K e h o e ,  1 9 3 9 ) .  O l i g o d e n d r o c y t e s  have  an e c t o d e r m a l  

o r i g i n  d e v e l o p i n g  from t h e  e c t o d e r m  w h ic h  form s  th e  

n e u r a l  tu b e  and n e u r a l  c r e s t .

One would  have e x p e c t e d  t h a t  s t u d i e s  o f  th e  r e a c t i o n s  

o f  Schwann c e l l s  i n  d e g e n e r a t i n g  p e r i p h e r a l  ne rve  and. 

o f  o l i g o d e h d r o c y t e s  i n  d e g e n e r a t i n g  f i b r e  t r a c t s  in  

th e  w h i t e  m a t t e r  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  would 

g i v e  i n f o r m a t i o n  show ing  a p o s s i b l e  s i m i l a r i t y  b e tw ee n  

t h e s e  two c e l l s .  U n f o r t u n a t e l y  t h e  i n t e r p r e t a t i o n  o f  

th e  e x p e r i m e n t s  on th e  c e n t r a l  n e r v o u s  s y s te m  v a r i e s  so 

much t h a t  no c o n c l u s i o n s  can  be d ra w n .  B r i e f l y  i t  can  

s t a t e d  t h a t  i n  d e g e n e r a t i n g  m y e l i n a t e d  p e r i p h e r a l  n e r v e s
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Sc hwarm c e l l s  m u l t i p l y .  T h a t  t h e y  a r e  p h a g o c y t i c  

i s  now g e n e r a l l y  a c c e p t e d ,  a l t h o u g h  h e i s s  ( 1 9 4 4 ; ,  who 

found  t h a t  in  i n  v i t r o  e x p e r i m e n t s  s h e a t h  (Schwann) 

c e l l s  'became macrophages"  w h ic h  were  p h a g o c y t i c ,  r e f u s e d  

t o  commit h i m s e l f  w i t h  r e g a r d  t o  • w h e t h e r  Schwann c e l l s  

i  n ad u l  t  de ge ne r a t  i  n g n e rve  To e have i  n the  s a me way •

W ith  r e g a r d  t o  t h e  r e a c t i o n  o f  o l i g o d e n d r o c y t e s  i n  

d e g e n e r a t i n g  f i b r e  t r a c t s  and e l s e w h e r e  i n  t h e  

n e r v o u s  sy s te m  t h e r e  a r e f two c o m p l e t e l y  d i f f e r e n t  

s c h o o l s  o f  t h o u g h t .  One s t a t e s  c a t e g o r i c a l l y  t h a t  

t h e s e  c e l l s  n e i t h e r  m u l t i p l y  no r  p h a g o c y t o s e ,  and 

t h e  o t h e r  t h a t  t h e y  do b o t h .  T h i s  w i l l  be c o n s i d e r e d  

i n  d e t a i l  i n  th e  s e c t i o n  d e v o t e d  t o  f o rm e r  s t u d i e s  

on th e  d e g e n e r a t i o n  o f  th e  w h i t e  m a t t e r  and f i b r e  

t r a c t s  in  t h e  c e n t r a l  n e r v o u s  s y s t e m .

B e f o r e  l e a v i n g  th e  d e s c r i p t i o n  o f  a s t r o g l i a  and 

o l i g o d e n d r o g l i a  i t  s h o u l d  be p o i n t e d  o u t  t h a t  some 

a u t h o r s  do n o t  a c c e p t  what  may be  t e rm e d  th e  P e n f i e l d -  

R i o - H o r t e g a  c l a s s i f i c a t i o n *  Andrew h A shw or th  (1945)  

d e s c r i b e d  two t y p e s  o f  o l i g o d e n d r o g l i a ,  c e l l s  w i t h o u t  

p r o c e s s e s  w h ic h  th e y  c a l l  a d e n d r o g l i a  and c e l l s  w i t h  

p r o c e s s e s .  They c l a i m e d  t h a t  C a j a l  d e s c r i b e d  t h i s  

a d e n d r o g l i a  i n  1920 and. 1923 .  B a i r a t i  (19 48 a  cc b ;  

1950)  w a n te d  to  r e c l a s s i f y  t h e  n e u r o g l i a ,  b e c a u s e  t h e r e  

a r e  no r e a l  s t r u c t u r a l  d i f f e r e n c e s  b e tw e e n  a s t r o c y t e s  

and o l i g o d e n d r o c y t e s . He d e s c r i b e d  t h r e e  t y p e s  o f  

c e l l s  i n  n e u r o g l i a ;  the  f i r s t  i n c l u d e s  p ro  t o o l a s m i c
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a s t r o c y t e s  and t y p e s  t h r e e  and f o u r  i n  R i o - H o r t e g a ’ s 

c l a s s i f i c a t i o n  o f  o l i g o d e n d r o c y t e s ;  t h e  second,  t y p e s  

one and two i n  R i o - H o r t e g a ’ s c l a s s i f i c a t i o n  and the 

t h i r d ,  f i b r o u s  a s t r o c y t e s .  I t  i s  i n t e r e s t i n g  t o  n o t e  

t h a t  e v e n  R i o - H o r t e g a  (1944)  s t a t e d  t h a t  o l i g o d e n d r o c y t e s  

can  d e v e l o p  i n t o  an a s t r o c y t i c  ty p e  of  c e l l ,  b u t  added 

t h a t  t h i s  i s  f o u n d  o n l y  i n  tum ours  where t h e r e  a r e  no 

n e rv e  f i b r e s .  B ' a i r a t i  i n  h i s  c l a s s i f i c a t i o n  p o i n t e d  

o u t  t h a t  t h e  d i f f e r e n c e s  in  n e u r o g l i a l  c e l l s  a r e  due 

to  t h e  i n t e r s t i t i a l  sp a c e  b e tw e e n  "ne rve  e l e m e n t s " .  

D’Agata, (1950)  s u g g e s t e d  t h a t  a s t r o g l i a ,  o l i g o d e n d r o g l i a  

and m i c r o g l i a  a r e  a l l  one ty p e  o f  c e l l  w i t h  d i f f e r e n t  

m o r p h o l o g i c a l  c h a r a c t e r s .  M eanwhi le  he w an te d  t o  r e t a i n  

R i o - H o r t e g a ’ s c l a s s i f i c a t i o n  and  e x p r e s s e d  d i s a p p r o v a l  

o f  B a i r 3,11’ s .

As h a s  a l r e a d y  b e e n  p o i n t e d  o u t  i t  was R i o - H o r t e g a  

i n  1921 who d i s t i n g u i s h e d  i n  C a j a l ’ s t h i r d  e l e m e n t ,  

two t y p e s  o f  c e l l s  w h ich  had  d i f f e r e n t  m o r p h o l o g i c a l  

a p p e a r a n c e s  and d i f f e r e d  f u n c t i o n a l l y  and e m b r y o l o g i c a l l y . 

He c a l l e d  t h e s e  c e l l s  d e n d r o g l i a  a,nd m i c r o g l i a *  He 

s t a t e d  t h a t  m i c r o g l i a  i s  o f  m esode rm a l  o r i g i n  and can 

m i g r a t e  and become p h a g o c y t i c .  I t  i s  found in  b o t h  

g r e y  and w h i te  m a t t e r ,  b u t  more e s p e c i a l l y  i n  th e  f o r m e r .  

R i o - H o r t e g a  (1932)  sum m ar ised  h i s  c o n c e p t  o f  the  m i c r o g l i a  

i n  th e  f o l l o w i n g  way.  M o r p h o l o g i c a l l y  i t  c o n s i s t s  o f  

c e l l s  w i t h  s c a n t y  c y t o p l a s m  w h ich  h a s  a few b r a n c h e d



- 1 2 -

p r o c e s s e s  e n d i n g  f r e e l y .  The n u c l e u s  i s  s m a l l  and 

d a r k .  The c e l l s  l i e  i n  th e  f ram e w o rk  of  f i b r e s  fo rm ed  

by  th e  a s t r o g l i a  and  o l i g o d e n d r o g l i a . .  . f u n c t i o n a l l y  

he r e g a r d e d  t h e s e  c e l l s  as  p a r t  o f  the  r e t i c u l o 

e n d o t h e l i a l  s y s t e m  and m a i n t a i n e d  t h a t  t h e y  become 

a c t i v e l y  p h a g o c y t i c  when n e c e s s a r y ,  f o r  e x a m p le ,  

d u r i n g  d e g e n e r a t i o n  o f  n e r v e  c e l l s  o r  ne rve  f i b r e s .  

C o n s e q u e n t l y  t h e y  become a c t i v e  in  d i s e a s e  and he 

c l a i m e d  t h a t  t h e y  a r e  t h e  o n l y  s o u r c e  o f  s u c h  

p h a g o c y t i c  c e l l s .  L a s t l y  t h e y  a r i s e  from th e  

m en inges  a t  a  l a t e  s t a g e  i n  f o e t a l  l i f e ,  t h a t  i s ,  

t h e y  a r e  m esode rm al  i n  o r i g i n ,  u n l i k e  t h e  a s t r o g l i a  

and  o l i g o d e n d r o g l i a  w h ic h  a r e  e c t o d e r m a l  i n  o r i g i n .

S in c e  more r e c e n t  work on t h e  o r i g i n  o f  th e  p i a  

m a t e r  c l a i m s  t h a t  i t  i s  d e r i v e d  f rom  th e  e c to d e r m  

f o r m in g  t h e  n e u r a l  c r e s t ,  R i o - H o r t e g a 1 s t h e o r y  

r e g a r d i n g  th e  o r i g i n  o f  t h e  m i c r o g l i a  must  be 

r e c o n s i d e r e d .  A l t h o u g h  R i o - H o r t e g a  h i m s e l f  l i s t e d  

t h e  a u t h o r s  who a g r e e  and d i s a g r e e  w i t h  him r e g a r d i n g  

th e  o r i g i n  o f  th e  m i c r o g l i a ,  i t  a p p e a r s  from t h e  

l i t e r a t u r e  t h a t  th e  main d isao ; ree rnen t  i s  n o t  r e g a r d i n g  

i t s  o r i g i n  b u t  r a t h e r  r e g a r d i n g  i t s  f u n c t i o n  in  r e l a t i o n  

to  d e g e n e r a t i o n  in  th e  c e n t r e , I  n e rv o u s  ’s y s t e m .

A s s o c i a t e d  w i t h  t h i s  d i s a g r e e m e n t  i s  th e  p ro b le m  of  

t h e  f u n c t i o n s  o f  t h e  a s t r o c y t e s  a r d  o l i g o d e n d r o c u t e s  

in  t h e  same c i r c u m s t a n c e s .
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R i o - H o r t e g a  p o i n t e d  o u t  t h a t  the

t r a c t s  i n  t h e  s p i n a l  c o r d  i s  r e l a t i v e l y  s c a r c e  as 

compared  w i t h  t h a t  i n  t h e  c e r e b ru m  and c e r e b e l l u m .

In  the  t r a c t s  t h e  c e l l s  t e n d  t o  l i e  in  th e  d i r e c t i o n  

o f  t h e  n e rv e  f i b r e s  w i t h  p r o l o n g a t i o n s  a t  r i g h t  

a n g l e s  t o  t h e  f i b r e s .

P e n f i e l d  & Gone (1950)  gave  a  t a b l e  w i t h  h e l p s  

t o  c l a s s i f y  t h e  n e u r o g l i a .  T h is  t a b l e  i s  p a r t l y  

r e p r o d u c e d  in  T a b le  I I .

TABUS II .

C l a s s i f i c a t i o n  o f  t h e  i n t e r s t i t i a l  c e l l s  o f  t h e  

c e n t r a l  n e r v o u s  s y s te m

Bormal  forms

A s t r o c y t e s  (a )  p r o t o p l a s m i c  
I g r e y  m a t t e r )

( b ) f i b r o u s
( w h i t e  m a t t e r )

( b ) C o n n e c t iv e  t i s s u e  c e l l s .

T h ro u g h o u t  t h e  s p i n a l  cord  t h e r e  a r e  f i b r o u s

o f  the  c o rd  t o w a r d s  t h e  g r e y  m a t t e r .  These  s e p t a

O l i g o d e n d r o " 1

( b ) i n t e r f a s c i c u l a r  
( w h i t e  m a t t e r )

( a )  p e r i n e u r o n a l  
s a t e l l i t e s
( g r e y  m a t t e r )

Microglia U b i q u i t o u s
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c o n t a i n  f i b r o c y t e s  and m acro p h ag es  and 

may w e l l  c o n s t i t u t e  an  i m p o r t a n t  s o u r c e  of  

m ac ro p h ag es  i n  c o n d i t i o n s  i n  w h ic h  d e g e n e r a t i o n  

o f  the  f i b r e  t r a c t s  t a k e s  p l a c e .  The m o s t  ob v io u s  

s ep tu m  i s  th e  p o s t e r o - m e d i a n  b e tw e e n  t h e  two 

p o s t e r i o r  c o lu m n s .

( c ) B lo o d  v e s s e l s  .

In  t h e  w a l l s  o f  b l o o d  v e s s e l s  a r e  f o u n d  e n d o 

t h e l i a l  and sm oo th  m usc le  c e l l s .  I t  i s  p o s s i b l e  t h a t  

t h e  number o f  b l o o d  v e s s e l s  may i n c r e a s e  d u r i n g  

d e g e n e r a t i o n  and t h u s  t h e y  must  be  c o n s i d e r e d  as  

a p o s s i b l e  s o u r c e  o f  any i n c r e a s e  i n  n u c l e i  i n  a 

d e g e n e r a t e d  a r e a .  B lo o d  v e s s e l s  h o w ev er  a re  few 

i n  t h e  w h i t e  m a t t e r .

To s u m m a r i s e r t h e  c e l l s  fo u n d  in  normal  p o s t e r i o r  

columns o f  t h e  s p i n a l  c o r d  a r e

( a )  f i b r o u s  a s t r o c y t e s ;

f b )  o l  i g o d e n d r o c y  t e s ;

( c )  m i c r o g l i a l  c e l l s ;

(d)  c o n n e c t i v e  t i s s u e  c e l l s  -  f i b r o c y t e s  and
m a c ro p h a g e s ;

( e ) b l o o d  v e s s e l  c a l l s  -  e n d o t h e l i a l  and
smooth  m usc le  c e l l s  .

C. Changes i n  t h e  whi t e  m a t t e r  o f  the  c e n t r a l  ne r v c u s 

sy s tem  due t o  i t s  d e g e n s r a t i o n .

D e g e n e r a t i v e  c h a n g e s  have  b e en  p r o d u c e d  by many 

d i f f e r e n t  e x p e r i m e n t a l  methods and many w o rk e r s  have
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d ra v n  c o n c l u s i o n s  from one t y p e  of  e x p e r i m e n t  

and a p p l i e d  them, t o  a l l  h i n d s  o f  d e g e n e r a t i o n  w i t h o u t  

s u f f i c i e n t  j u s t i f i c a t i o n .  The f o l l o w i n g  a re  t h e  

m ethods  u s e d :

Ci)  E x p e r i m e n t s  i n  w h ich  t h e  s p i n a l  c o r d  h a s  "been 

c u t  and  th e  r e s u l t i n g  d e g e n e r a t i o n  o f  f i b r e  

t r a c t s  s t u d i e d  a t  d i f f e r e n t  t im e i n t e r v a l s  

( i n c l u d e d  i n  t h e s e  i s  t h e  e x p e r i m e n t  o f  r e m o v in g  

h a l f  t h e  c e r e b r a l  c o r t e x  and s t u d y i n g  th e  c h an g e s  

in  t h e  a f f e c t e d  p y r a m id a l  t r a c t ) .

(2 )  E x p e r i m e n t s  i n  w h i c h  some p a r t  o f  t h e  c e n t r a l  

n e r v o u s  s y s t e m  i s  i n j u r e d  and the  r e a c t i o n  o f  

t h e  s u r r o u n d i n g  t i s s u e s  i s  s t u d i e d  a t  d i f f e r e n t  

t im e  i n t e r v a l s .  In  t h e s e  e x p e r i m e n t s  i t  i s  

u s u a l l y  t h e  g r e y  m a t t e r  w h ich  i s  s t u d i e d  a l th o u g h ,  

so m e t im es  t h e  w h i t e  m a t t e r  i s  o b s e r v e d .  S i n c e  s i m i l a r  

c e l l s  a r e  fo u n d  in  b o t h  g r e y  and w h i t e  m a t t e r ,  

f o r  exam ple ,  o l i g o d e n d r o c y t e s ,  i t  i s  assumed by 

t h e  a u t h o r s  t h a t  t h e s e  c e l l s  r e a c t  i n  the  same 

way i n  b o t h  t y p e s  o f  n e r v o u s  t i s s u e .  T h e re  i s  

a l s o  some d o u b t  to h e th e r  th e  f i r s t  e x p e r i m e n t s , 

t h a t  i s ,  c u t t i n g  t h e  s p i n a l  c o r d ,  a r e  co m p arab le  

w i t h  th e  e x p e r i m e n t s  r e f e r r e d  to  in  t h i s  s e c t i o n .

(b)  S t u d i e s  o f  d i s e a s e s ,  somet imes  e x p e r i m e n t a l l y

p r o d u c e d ,  i n c l u d i n g  tum ours  o f  th e  c e n t r a l  n e rv o u s  

s y s t e m .  In  t h e s e  c o n d i t i o n s  t h e  d e m y e l i n a t i n g
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d i s e a s e s ,  i n  w h ich  f i b r e  t r a c t s  d e g e n e r a t e  and 

d i s a p p e a r ,  a r e  th e  o b v io u s  ones  t o  be c o n s i d e r e d .  

A ga in  one w onders  w h e t h e r  t h e  p a t h o l o g y  o f  t h e s e  

d i s e a s e s  c a n  be compared w i t h  t h a t  o f  d e g e n e r a t i o n  

o f  f i b r e  t r a c t s  c a u s e d  b y  c u t t i n g  t h e  c o r d .  In  

t h e s e  d i s e a s e s  c o n t i n u i t y  o f  th e  axons i s  m a i n t a i n e d  

w i t h  n e u r o n e s  f o r  a  l o n g  t i m e ,  t h e  p r o c e s s  o f  

d e m y e l i n a t i o n  i s  s lo w  and i s  th e  c a u s e  o f  th e  

u l t i m a t e  d i s a p p e a r a n c e  o f  t h e  axon and the  

c e n t r a l  n e r v o u s  s y s te m  i s  s t u d i e d  many y e a r s  

a f t e r  t h e  o n s e t  o f  th e  d i s e a s e .

1 • E x p e r i m e n t s  c a u s i n g  d e g e n e r a t i o n  o f  f i b r e  t r a c t s .

I f  a  p e r i p h e r a l  n e r v e  i s  i n t e r r u p t e d ,  t h e r e  t a k e s  

p l a c e  i n  th e  p e r i p h e r a l  s tump a  p r o c e s s  w h ich  i s  known 

as  W a l l e r i a n  d e g e n e r a t i o n .  B r i e f l y ,  t h i s  c o n s i s t s  

o f  a  d i s a p p e a r a n c e  o f  t h e  a x o n s  and m y e l in  s h e a t h s  

and  a  m u l t i p l i c a t i o n  o f  t h e  c e l l s  i n  th e  s tu m p .

S i m i l a r l y  i f  t h e  f i b r e s  o f  a  t r a c t  in  t h e  s p i n a l  

c o r d  a r e  s e v e r e d  f rom t h e i r  n e u ro n e s  t h e r e  t a l e s  

p l a c e  a  d e g e n e r a t i o n  o f  the axons  and. m y e l i n  s h e a t h s .  

What h a p p e n s  w i t h  r e g a r d  t o  th e  number o f  t h e  c e l l s  

i s  n o t  f u l l y  known. The o n l y  e x p e r i m e n t  o f  t h i s  

n a t u r e  was t h a t  o f  L a s s e k  6: S h a p i r o  (19 51) who 

s t u d i e d  t h e  q u a n t i t a t i v e  c h a n g e s  i n  t h e  n e u r o g l i a l  

c e l l s  o f  th e  p y r a m id a l  t r a c t  f o l l o w i n g  i t s  d e g e n e r a t i o n  

by r em o v a l  o f  one h a l f  o f  the  o p p o s i t e  c e r e b r a l  c o r t e x .  

They fo u n d  t h a t  an i n c r e a s e  o c c u r s  a f t e r  6 d a y s ; t h : t
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t h e  i n c r e a s e  i s  v e r y  v a r i a b l e  a t  d i f f e r e n t  t i m e s  

and a v e r a g e s  27),’ and t h a t  t h e  i n c r e a s e  may he. 

o n l y  a p p a r e n t  b e c a u s e  th e  a f  f s  c t e d  a r e a  s h r u n h .

H o s t  a u t h o r s , a l t h o u g h  t h e y  do n o t  a c t u a l l y  c o u n t  

t h e  c e l l s ,  r e f e r  t o  t h e i r  i n c r e a s e  i n  t h e  c o u r s e  

o f  d e g e n e r a t i o n  a l t h o u g h  H a l l i b u r t o n  (1907)  

s p e c i f i c a l l y  m e n t io n e d  t h a t  t h e  c e l l s  do n o t  

i n c r e a s e  and  m a i n t a i n e d  t h a t  r e g e n e r a t i o n  does  

no t  o c c u r  i n  t h e  s p i n a l  c o r d  f o r  t h i s  r e a s o n .

Q u a l i t a t i v e  s t u d i e s  o f  t h e  c e l l  c h a n g e s  on 

th e  o t h e r  hand  have b e e n  made b y  o t h e r  w o r k e r s .

J ak o b  (1914)  e x p e r i m e n t e d  on r a b b i t s  in  which he  

s e c t i o n e d  th e  s p i n a l  c o r d  and s t u d i e d  t h e  c h a n g e s  

i n  t h e  w h i t e  m a t t e r  a t  d i f f e r e n t  l e v e l s  a f t e r  

v a r y i n g  i n t e r v a l s *  H i s  q u a l i t a t i v e  e x p e r i m e n t s  

have  b e e n  r e p e a t e d  c h i e f l y  b e c a u s e  o f  th e  c o n t r o v e r s y  

r e g a r d i n g  t h e  s o u rc e  o f  t h e  m ac ro p h ag es  w h ich  a p p e a r  

d u r i n g  d e g e n e r a t i o n .  J ak o b  m a i n t a i n e d  t h a t  t h e  o l i g o 

d e n d r o c y t e s  c o u l d  become p h a g o c y t i c  a s  w e l l  as  the  

m i c r o g l i a .  In  f a c t  he a t t r i b u t e d  a  s i m i l a r  r o l e  

t o  t h e  a s t r o c y t e s .  R o b e r t s o n  (1900)  s u g g e s t e d  

t h a t  w ha t  he t e r m e d  m e s o g l i a ,  now r e c o g n i s e d  as 

t h e  same as  th e  o l i g o d e n d r o g l i a ,  became p h a g e c y t i c  

i n  the  d e g e n e r a t i n g  w h i t e  m a t t e r .  He h a s  b e e n  m e n t io n e d  

i n  t h i s  s e c t i o n  b e c a u s e  he h a s  one o f  the  e a r l i e s t  

r e f e r e n c e s  to t h i s  p r o b le m .
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• J 'akob d e s c r i b e d  f i v e  t y p e s  o f  c e l l  w h ich  a p p e a r e d  

i n  t h e  c o u r s e  of  d e g e n e r a t i o n  o f  f i b r e  t r a c t s ,  t h e  

m y e l o c l a s t  w h ich  b r e a k s  down t h e  axon and m y e l i n ,  

t h e  m yelophage  w h ic h  a c t s  on t h e  p r o d u c t s  o f  th e  

f i r s t  s t a g e  and t h e  lfg i t t e r M c e l l s ,  w h ich  r e p r e s e n t  

t h r e e  s t a g e s  i n  t h e  c h a n g e s  in  t h e  f a t  i n  t h e  m y e l o -  

p h ag es  b e f o r e  t h e  b r o k e n  down p r o d u c t s  o f  t h e  m y e l in  

a r e  t r a n s f e r r e d  t o  th e  b l o o d  v e s s e l s .  A c c o r d i n g  t o  

J a k o b  t h e s e  " g i t t e r "  c e l l s  a r i s e  f rom  a l l  t h e  c e l l s  

i n  t h e  n e u r o g l i a ,  i n c l u d i n g  a s t r o c y t e s  and o l i g o 

d e n d r o c y t e s .

The n e x t  r e f e r e n c e  to  d e g e n e r a t i o n  i n  t h e  f i b r e  

t r a c t s  o f  t h e  s p i n a l  c o r d  was made b y  C a j a l  (1928)  

who d e a . l t  c h i e f l y  w i t h  t h e  ch an g es  i n  t h e  v i c i n i t y  

of  t h e  wound.  He m a i n t a i n e d  t h a t  b o t h  t h e  m i c r o g l i a  

and t h e  " s a t e l l i t e * 1 c e l l s ,  t h a t  i s ,  t h e  o l i g o d e n d r o 

g l i a ,  a re  p h a g o c y t i c  and compared t h e  a c t i o n  of  t h e s e  

l a t t e r  c e l l s  w i t h  t h s t  o f  t h e  Schwann c e l l s  in  

d e g e n e r a t i n g  p e r i p h e r a l  n e r v e s .  He s t a t e d  t h a t  t h e  

l a r g e s t  t u b e s  d e g e n e r a t e  f i r s t  an d  t h a t  t h e  n e u r o g l i a  

p r o l i f e r a t e s  i n  c o lu m n s .  These  s t u d i e s  were c o n f i n e d  

t o  t h e  e a r l i e s t  s t a g e s  o f  d e g e n e r a t i o n  ( a  few  d a y s )  

f o l l o w i n g  s e c t i o n  o f  t h e  s p i n a l  c o r d  i n  y o ung  d o g s ,  

c a t s  and r a b b i t s .

Cramer & A l p e r s  (1 9 ?2 )  h e m i s e c t i o n e d  t h e  s p i n a l  

c o r d  o f  r a b b i t s  and exam ined  th e  s p i n a l  c o r d s  on the
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t r d  t o  t h e  8 t h  day  a f t e r  s e c t i o n  and a .lso on t h e  

1 0 t h ,  1 2 t h ,  2 4 t h ,  5 5 t h ,  52nd,  and 7 8 t h  d a y s .  They 

cla imed,  t h a t  in  th e  3 rd  to  t h e  5 th  days t h e  o l i n o 

de n d r o c y t e s  n e x t  t o  th e  d e g e n e r a t i n g  a x i s  c y l i n d e r  

d e g e n e r a t e  h u t  t h o s e  f u r t h e r  away p r o l i f e r a t e .  At 

t h i s  e a r l y  s t a g e  t h e  c e l l s  o f  th e  m i c r o g l i a  rem a in  

few h u t  become a c t i v e .  The a s t r o c y t e s  h y p e r t r o p h y .

From t h e  5 t h  t o  t h e  1 0 t h  days  t h e  o l i g o d e n d r o c y t e s  

a,nd th e  m i c r o g l i a ,  in  t h e  a r e a  where t h e  n e rv e  

f i b r e s  a r e  d e g e n e r a t i n g ,  a l s o  de g e n e r a l s  and t h e  

m i c r o g l i a  o u t s i d e  i n v a d e s  t h i s  a r e a .  D u r i n g  t h i s  

s t a g e  th e  a s t r o c y t e s  e n c i r c l e  t h e  d e g e n e r a t i n g  c e l l s .  

From th e  1 2 t h  t o  t h e  35th. days  b o t h  t h e  o l i g o d e n d r o c y t e s  

and m i c r o g l i a  p h a g o c y t o s e  t h e  d e g e n e r a t i n g  c e l l s .

From t h e  5 t h  t o  t h e  S th  week ’’g i t t e r ’1 c e l l s  a r e  fo rm ed  

by b o t h  t h e  o l i g o d e n d r o c y t e s  and t h e  m i c r o g l i a .  They 

a r e  fo u n d  in  g ro u p s  and a r e  s w o l l e n  w i t h  f a t .  At 

t h i s  s t a g e  t h e  f a t  i s  p a s s e d  t o  the  a s t r o c y t e s .

F i n a l l y  t h e  a s t r o c y t e s  form a  c i c a t r i x  i n  t h e  a r e a s  

o f  d e g e n e r a t i o n .

P e n f i e l d  (1932)  d e a l t  w i t h  many a s p e c t s  o f  the  

n e u r o g l i a l  c h a n g e s  i n  w h i te  m a t t e r  d u r i n g  d e g e n e r a t i o n  

b u t  i t  i s  i m p o r t a n t  t o  s o r t  o u t  th e  d i f f e r e n t  c o n d i t i o n s  

i n  w hich  t h i s  t a k e s  p l a c e .  He made l i t t l e  o r  no 

r e f e r e n c e  t o  t h e  t y p e  o f  d e g e n e r a t i o n  w h ic h  i s  b e i n g
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c o n s i d e r e d  in  t h i s  s e c t i o n ,  t h a t  i s  t h e  d e g e n e r a t i o n  

w h ic h  i s  co m p arab le  t o  th e  changes  w h ich  t a k e  p l a c e  

in  t h e  p e r i p h e r a l  s tump o f  a  c u t  n e r v e .  T h e re  i s  

a  r e f e r e n c e  t o  g l i o s i s ,  r e s u l t i n g  f rom  m y e l in  d e g e n 

e r a t i o n  s u c h  as  i s  fo u n d  i n  t a b e s  d o r s a l i s  o r  a 

p a t c h  o f  d i s s e m i n a t e d  s c l e r o s i s ,  b u t  t h e s e  d i s e a s e s  

a r e  h a r d l y  co m p a ra b le  w i t h  t h e  d e m y e l i n a t i o n  o f  th e  

p o s t e r i o r  co lumns f o l l o w i n g  s e c t i o n  o f  t h e  c o r d .  

S i m i l a r l y  he d i d  n o t  d i s c u s s  t h e  r e a c t i o n  o f  th e  

o l i g o d e n d r o c y t e s  to  what may be t e rm e d  a c u t e  t r a c t  

d e g e n e r a t i o n  in  t h e  s p i n a l  c o r d .  , H i s  o n ly  r e f e r e n c e  

t o  t h e s e  c e l l s  in  r e l a t i o n  to  d e m y e l i n a t i o n  was to 

p o i n t  'o u t  t h a t  t h e  d i s a p p e a r a n c e  o f  m y e l in  r e s u l t s  

i n  a  d e c r e a s e  o f  o l i g o d e n d r o c y t e s  o r  the t r a n s f o r m a t i o n  

o f  o l i g o d e n d r o c y t e s  i n t o  a s t r o c y t e s .

R i o - H o r t e g a  (1932)  e m p h a s i s e d  t h e  p h a g o c y t i c  

n a t u r e  o f  the m i c r o g l i a  and d e n i e d  t h a t  a s t r o c y t e s  

and o l i g o d e n d r o c y t e s  p e r f o r m  t h i s  f u n c t i o n .  A ga in  

i t  s h o u l d  be u n d e r s t o o d  t h a t  the v a r i o u s  p a t h o l o g i c a l  

c o n d i t i o n s  to  w h ich  he r e f e r r e d  do n o t  i n c l u d e  t h e  

t y p e  o f  d e g e n e r a t i o n  w h ic h  i s  d e a l t  w i t h  in  t h i s  

t h e s i s .

I t  can  t h u s  be  s e e n  t h a t  o n ly  J a k o b ,  C a j a l ,

Cramer  1 A l p e r s ,  and L a s s e k  1 S h a p i r o  have c o n s i d e r e d  

th e  c h a n g e s  w h ich  t a k e  pla,ce i n  f i b r e  t r a c t s  s e p a r a t e d  

from t h e i r  cell  bodies f o r  v a r y i n g  p e r i o d s  up to  100 d a y s .
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11 .  E x p e r i m e n t s  c a u s i n g  d e s t r u c t i o n  of  w h i te  m a t t e r .

Many w o rk e r s  have  s t u d i e d  the  e a r l y  and. l s . te  

e f f e c t s  o f  d i r e c t  i n j u r y  to  the  b r a i n ,  and som et im es  

t h e  s p i n a l  c o r d ,  and d e s c r i b e d  i n  d e t a i l  t h e  c e l l  

ch an g e s  .which tak e  p l a c e  i n  and a round  th e  wound.

I t  i s  o b v io u s  f rom the  l i t e r a t u r e  t h a t  t h e r e  a r e  

two s c h o o l s  o f  t h o u g h t ;  t h o s e  who m a i n t a i n  t h a t  i n  

t h e  e a r l y  s t a g e s  p h a g o c y t e s  a r e  d e r i v e d  f rom m i c r o g l i a  

o n l y  and t h o s e  who c l a i m  t h a t  o l i g o d e n d r o c y t e s  and 

p e r h a p s  a s t r o c y t e s  can  a l s o  become p h a g o c y t e s ,

R i o - H o r t e g a  & P e n f i e I d  (1927)  d e s c r i b e d  t h e  

e f f e c t s  o f  s. s t a b  wound in  r a b b i t s ’ b r a i n s .  The 

a s t r o c y t e s  n e a r  th e  wound show c l a s m a t o - d e n d r o s i s , 

t h a t  i s ,  t h e i r  p r o c e s s e s  d i s & p p e a r  a s  a p re  1 i rn in a ry  

t o  t h e i r  u l t i m a t e  d e s t r u c t i o n .  Somewhat f u r t h e r  

away from the  wound t h e s e  c e l l s  s w e l l  and m u l t i p l y  

b y  a m i t o t i c  d i v i s i o n .  P i n a l l y  t h e s e  c e l l s  a r e  

r e s p o n s i b l e  f o r  th e  p r o d u c t i o n  o f  the g l i a l  s c a r  

i n  th e  a r e a  o f  th e  wound. E a r l y  on ,  in  t h e  wound 

i t s e l f  and a t  i t s  m a r g i n s ,  t h e r e  i s  a  m i c r o g l i a l  ■ 

r e a c t i o n  i n  w hich  b o t h  amoeboid  t y p e s  o f  c e l l s  and 

compound g r a n u l a r  c o r p u s c l e s  a r e  s e e n .  These c e l l s  

-"re p h a g o c y t i c ,  a c t i n g  as  s c a v e n g e r s  o f  t h e  d e s t r o y e d  

c e l l s  and f i b r e s .

P e n f i e l d  & B u c k le y  (1928)  c a r r i e d  o u t  e x p e r i m e n t s
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in  which, t h e y  p ro d u c e  p u n c t u r e  wounds o f  the h r a i n  

w i t h  a  h o l l o w  a/nd a  s o l i d  n e e d le  and compared th e  

r e s u l t i n g  s c a r s .  A ga in  i t  was e m p h a s i s e d  t h a t  

p h a g o c y t o s i s  i s  c a r r i e d  o u t  by  th e  m i c r o g l i a .

F e r r a r o  & D a v i d o f f  (1928)  on th e  o t h e r  h a n d ,  

u s i n g  c a t s ,  found  t h a t  t r a u m a  o f  th e  c e r e b r a l  c o r t e x ,  

p r o d u c e s  s w e l l i n g ,  h y p e r t r o p h y  and th e  f o r m a t i o n  o f  

c l u s t e r s  o f  o l i g o d e n d r o c y t e s  w hich  form compound 

g r a n u l a r  c o r p u s c l e s ,  t h a t  i s ,  p h a g o c y t i c  c e l l s .

C a j a l  (1 9 2 8 )  d e s c r i b e d  s e v e r a l  k i n d s  o f  p h a g o 

c y t i c  c e l l s  some o f  which he s u g g e s t e d  come from 

n e u r o g l i a ,  f o r  ex a m p le ,  t h e  rod  l i k e  c e l l s  and t h e  

amoeboid c e l l s  d e s c r i b e d  by  v a r i o u s  a u t h o r s .

'Lin el.1 (1929)  made no r e f e r e n c e  to  o l i g o d e n d r o 

c y t e s  i n  h i s  d e s c r i p t i o n  o f  t h e  changes  f o l l o w i n g  

c e r e b r a l  t r a u m a .  He showed t h a t '  w i t h i n  t h r e e  d ay s  

th e  m i c r o g l i a  fo rms compound g r a n u l a r  c o r p u s c l e s  

r e a c h i n g  a  maximum in s i x  d a y s . They p h a g o c y t o s e  

th e  mye1 in  . The a s t  r o c y  t e  s show s 1 i g h t  hype r t  r  ophy 

a f t e r  t h r e e  days  b u t  t h e i r  maximal r e a c t i o n  i s  a f t e r  

t h r e e  weeks,,  when t h e y  d e v e l o p  p r o c e s s e s  a t  r i g h t  

a n g l e s  t o  t h e  i n j u r y .  A f t e r  f o u r  weeks t h e r e  i s  

a  f e l t i n g  o f  the i n j u r e d  a r e a  w h ic h  d e v e l o p s  th e  

a p p e a r a n c e  o f  a  f e l t e d  mat a f t e r  two m o n th s .  T h i s  

f i n a l l y  forms a  s c a r .
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H is  p a p e r  d e a l t  l a r g e l y  w i t h  e x p e r i m e n t s  which  

showed t h a t  i t  i s  t h e  m i c r o g l i a  w h ic h  i n g e s t s  

l i p i d s ,  I n d i a n  i n k  and t r y p a n  b l u e  and h i s  c o n 

c l u s i o n s  s u p p o r t  t h e  t h e o r y  t h a t  p h a g o c y te s  a re  

d e r i v e d  f ro m  m i c r o g l i a  and n o t  f rom o l i g o d e n d . r o g l i a .

H ic k s  (1947)  m a i n t a i n e d  t h a t  m i c r o g l i a  p ro d u c e s  

th e  p h a g o c y t e s  w h ic h  a r e  most a c t i v e  d u r i n g  the  f i r s t  

week f o l l o w i n g  c e r e b r a l  i n j u r y .  They p e r s i s t  f o r  a 

l o n g  ' t im e .  About th e  t h i r d  week,  a s t r o c y t e s  p r o l i f e r a t e  

and t h e n  l a y  down f i b r i l s .  I n  d e m y e l i n a t i n g  d i s e a s e s  

he s u g g e s t e d  t h a t  m y e l i n  i s  p h a g o c y t o s e d  i n  the f i r s t  

and s e c o n d  week by m i c r o g l i a ,  and i n  th e  f o u r t h  week 

g l i o s i s  t a k e s  p l a c e  by  th e  a c t i o n  o f  t h e  f i b r o u s  a s t r o 

c y t e s .  K u h le n b e c k  (19 52) s t a t e d  t h a t  compound g r a n 

u l a r  c o r p u s c l e s  a p p e a r  a f t e r  the  f o u r t h  day f o l l o w i n g  

i n j u r y  t o  t h e  b r a i n .  They come from b o t h  m i c r o g l i a  

and t h e  b l o o d  v e s s e l  w a l l s .  He t h o u g h t  t h a t  o l i g o 

d e n d r o c y t e s  may a l s o  form t h e s e  c e l l s .

S u m m ar is in g  t h i s  l i t e r a t u r e  i t  may be s a i d  t h a t  

i n  a  brain wound,  a s t r o c y t e s  n o t  i m m e d i a t e l y  d e s t r o y e d  

a t  t h e  s i t e  o f  t h e  i n j u r y  undergo  c 1a s m a t o d e r d r o s i s

n e a r  the  l e s i o n  m u l t i p l y  and. form p r o c e s s e s  which  

p roduce  a  g l i a l  s c a r .  The t i s s u e  d e s t r o y e d  b ;  t h e

as  a  p r e l i m i n a r y  to  d i s o p p e a r i Th e a s t  ro c y t  e s

t r a u m a  i s  p h a g o c y to s e d  v e r c k l y  as  a p r e l i o i v a i
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to  t h e  f o r m a t i o n  of  t h e  s c a r ,  h o s t  a u t h o r s  a g r e s  

t h a t  th e  m i c r o g l i a  p e r f o r m s  t h i s  f u n c t i o n  a i d e d  by  

an i n v a s i o n  o f  s i m i l a r  c e l l s  from b l o o d  v e s s e l s  n e a r b y .  

Some s u g g e s t  t h a t  o l i g o d e n d r o c y t e s  can be come p h a g o 

c y t i c .

H I • D i s e a s e s  a s s o c i a t e d  w i t h  d e g e n e r a t i o n  of  f i b r e  t r a c t s .

The f i r s t  g roup  t o  be c o n s i d e r e d  a r e  t h o s e  w hich  

a f f e c t  t h e  p o s t e r i o r  co lum ns  o f  the  s p i n a l  c o r d ,  namely 

t a b e s  d o r s a l i s ,  s u b a c u t e  combined d e g e n e r a t i o n  o f  t h e  

c o rd  and U r i e d r e  i c h f s a t a x i a *  I n  t a b e s  d o r s a l i s  o n ly  

t h e  p o s t e r i o r  columns a r e  i n v o l v e d .  I n  t h e  o t h e r  

two t h e  l a t e r a l  columns a r e  a l s o  i n v o l v e d .  U n f o r t u n 

a t e l y  t h e  s p i n a l  c o r d s  o f  p a t i e n t s  s u f f e r i n g  from t h e s e  

c o n d i t i o n s  a r e  u s u a l l y  s e e n  a f t e r  t h e  d e r a y e l i r a t i o n  

h a s  b e e n  p r o g r e s s i n g  f o r  . y e a r s ,  and th e  l i t e r a t u r e  does  

no t  make r e f e r e n c e  t o  th e  p a t h o l o g i c a l  changes  fo u n d  

i n  t h e  e a r l y  s t a g e s .

B lackw ood ,  Dodds & S o m m e rv i l l e  (1949)  m e n t io n e d  

th e  g l i o s i s  i n  e a c h  of  t h e s e  c o n d i t i o n s ,  p o i n t i n g  o u t  

t h e  d i f f e r e n c e s  b e tw ee n  them.  In  r e f e r r i n g  t o  s u b a c u t e  

combined  d e g e n e r a t i o n  o f  th e  c o r d  the j r  s t a t e d  t h a t  th e  

m y e l in  s h e a t h s  show g r e a t  s w e l l i n g  and s u b s e q u e n t  d e g e n 

e r a t i o n  t o g e t h e r ' w i t h  d e g e n e r a t i o n  of  the ancons. The 

m y e l in  i s  a b s o r b e d  by p h a g o c y t e s  and l a r g e  c l e a r  s p a c e s  

a r e  l e f t .  Bor some unknown r e a s o n  th e  r e  i s  v e r y  l i t t l e  

r e n a r a t i v e  g l i o s i s  in  t h i s  d i s e a s e ,  u n l i k e  t u b e s  d o r s a l i s
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H a s s i n ’ s (1948)  d e s c r i p t i o n  o f  th e  f i b r e  t r a c t s  

in  s u b a c u t e  com bined  dege n e r a t  io n  s u g g e s t e d  t h a t  t h e  

d e g e n e r a t i o n  i s  r a p i d  and c o n s e q u e n t l y  th e  c e l l  

ch a n g e s  in  th e  t r a c t s  a r e  v e r y  m ark ed .  He d e s c r i b e d  

m y e lo p h ag es  and d i f f e r e n t  t y p e s  o f  " g i t t e r 11 c e l l s  

( J a k o b Ts name f o r  p h a g o c y t e s  o r  compound g r a n u l a r  

c o r p u s c l e s )  t a l c in g  p a r t  i n  th e  p h a g o c y t o s i s  o f  hie 

d e g e n e r a t i n g  m y e l i n .  B i g g a r t  (1949)  compared t h e  

a b se n c e  o f  g l i a l  p r o l i f e r a t i o n  i n  t h i s  d i s e a s e  w i t h  

t h e  a b se n c e  o f  p r o l i f e r a t i o n  o f  Schwann c e l l s  in  

p e r i p h e r a l  n e u r i t i s  a s s o c i a t e d  w i t h  v i t a m i n  B^ 

d e f i c i e n c y .  T h i s  hon/ever  s u g g e s t s  t h a t  t h e  c e l l s  

f o rm in g  g l i a ,  t h e  a s t r o c y t e s ,  a re  c o m p a ra b le  w i t h  

t h e  Schwann c e l l s ,  and t h i s  i s  un1 i k e l y •

The re  a r e  many o t h e r  d i s e a s e s  in  w h i c h  f i b r e  

t r a c t s  a re  a f f e c t e d ,  f o r  e x a m p l e , d i s s e m in a t e d ,  s c l e r o s i s ,  

o p t i c  n e u r o m y e l i t i s ,  d i f f u s e  c e r e b r a l  s c l e r o s i s  ( t h i s  

d i s e a s e  h a s  s e v e r a l  o t h e r  names a c c o r d i n g  t o  h ' i l s o n ,

19 47) and i t  was hoped  t h a t  d e s c r i p t i o n  of  the  

p a t h o l o g y  o f  t h e s e  d i s e a s e s  c o u l d  be c o r r e l a t e d  w i t h  

t h e  c h a n g e s  found, in  the p o s t e r i o r  columns w hich  

d e g e n e r a t e d  a f t e r  c u t t i n g  the  c o r d .  H a s s i n  (1948)  

gave d e t a i l s  of  th e  c e l l  ch an g e s  in  some o f  t h e s e  

c o n d i t i o n s  b u t  h i s  most i m p o r t a n t  c o n t r i b u t i o n  was 

th e  s u g g e s t i o n  t h a t  t h e  p h a g o c y t e s  v a r y  i n  t h e i r  

o r i g i n  a c c o r d i n g  to  th e  type  of  d i s e a s e ,  i n  v a s c u l a r
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d i s t u r b a n c e s  t h e  p h a g o c y t e s  a r e  m i c r o g l i a l ,  i n  

" s e c o n d a r y  d e g e n e r a t i o n "  t h e y  a r e  n e u r o g l i a l ,  

and in  " d e g e n e r a t i v e  s o f t e n i n g "  t h e y  a r i s e  f rom  

b o t h  s o u r c e s .

I T ,  Summary o f  s e c t i o n  G.

In  a l l  c o n d i t i o n s  i n v o l v i n g  d e g e n e r a t i o n  o f - t h e  

axons  and m y e l in  s h e a t h s  of  n e rv e  f i b r e s  in  th e  c e n t r a l  

n e r v o u s  s y s t e m , '  two p r o c e s s e s  t o  a  g r e a t e r  o r  l e s s  

e x t e n t  t a k e  p l a c e  ( a )  p h a g o c y t o s i s  o f  d e g e n e r a t e d  

m a t e r i a l  (b)  f o r m a t i o n  o f  a  g l i a l  s c a r .  D u r in g  

p h a g o c y t o s i s  t h e  c e l l s  a r e  c a l l e d  compound g r a n u l a r  

c o r p u s c l e s  o r  " g i t t e r "  c e l l s  ( " r o d "  c e l l s  a r e  a 

v a r i a t i o n  o f  t h e s e  c e l l s ) .

TSftiat i s  t h e  s o u r c e  o f  t h e s e  c e l l s ?  One s c h o o l  

m a i n t a i n s  t h a t  o n l y  m i c r o g l i a  c a n  p ro d u ce  p h a g o c y t e s  

and t h e  o t h e r  t h a t  o l i g o d e n d r o g l i a  can a l s o  do t h i s .

One g e t s  th e  i m p r e s s i o n  from t h e  l i t e r a t u r e  t h a t  some 

o f  t h e  d i f f e r e n c e s  o f  o p i n i o n  a r i s e  b e c a u s e  t h e  

v a r i o u s  w o r k e r s  were s t u d y i n g  d i f f e r e n t  c o n d i t i o n s .

I s  a  b r a i n  wound co m parab le  w i t h  t h e  d e g e n e r a t i o n  o f  

f i b r e  t r a c t s  a f t e r  c u t t i n g  th e  c o r d ?  I s  f i b r e  t r a c t  

d e g e n e r a t i o n  a f t e r  c u t t i n g  t h e  c o r d  c o m p ara b le  w i t h  

th e  d e m y e l i n a t i n g  d i s e a s e s ?  Are a l l  t h e  d i s e a s e s  

in  w hich  f i b r e  t r a c t  d e g e n e r a t i o n  o c c u r s  co m p arab le  

w i t  h o ne an o t h e r ?  I s  d e ge n e r a t  ion  f o i l  owi n g 

v a s c u l a r  changes  co m p a ra b le  w i t h  a t o x i c  ch a n g e ?

Are a c u t e  v a s c u l a r  changes  co m p a ra b le  w i t h  c h r o n i c
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v a s c u l a r  c h a n g e s ?  hhen  the  q u e s t i o n s  a re  p u t  i n  

t h i s  way one r e a l i s e s  t h e t  R i o - H o r t e g a  (1939) 

may have  t e e n  to o  e m p h a t i c  a b o u t  t h e  u t t e r  

i m p o s s i b i l i t y  o f  any  c e l l  o t h e r  t h a n  one d e r i v e d  

from, m i c r o g l i a  c a u s i n g  p h a g o c y t o s i s  and t h a t  

Andrew (19 41) f o r  example  may be r i g h t  in  c l a i m i n g  

t h a t  in  c e r t a i n  s p e c i f i c  c i r c u m s t a n c e s  p e r i n e u r o n a l  

o l i g o d e n d r o c y t e s  may d e s t r o y  n e u r o n e s *

T h e re  i s  no c o n t r o v e r s y  a b o u t  t h e  f o r m a t i o n  

o f  th e  g l i a l  s c a r .  T h is  i s  b r o u g h t  a b o u t  by  t h e  

f i b r o u s  a s t r o c y t e s . They m u l t i p l y  and  s e n d  o u t  

p r o c e s s e s  w hich  form a  f e l t i n g * w h i c h  r e p l a c e s  

t h e  d e s t r o y e d  n e rv e  f i b r e s .
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2* lAh A1'J3 .

A . H a t s r i a l *

A d u l t  r a b b i t s  o f  mixed s t o c k  were used*  The 

r a b b i t -  was a n a e t h e t i s e d  w i t h  i n t r a v e n o u s  n em bu ta l  

( 25mg. p e r  k g . )  and e t h e r  was a d m i n i s t e r e d ,  as 

r e q u i r e d ,  b y  i n h a l a t i o n .  A v e r t i c a l  m i d l i n e  i n c i s i o n  

was made i n  th e  b a c k  c e n t r e d  o v e r  t h e  m ost  p r o m in e n t  

v e r t e b r a l  s p i n e .  T h is  was e s t i m a t e d  to  be in  the  

r e g i o n  o f  t h e  l a s t  c e r v i c a l  and f i r s t  t h o r a c i c  

v e r t e b r a e .  The v e r t e b r a l  m u sc le s  were s e p a r a t e d  

f rom t h e  s p i n o u s  p r o c e s s e s  and l a m in a e  f o r  a  d i s 

t a n c e  o f  a b o u t  2 . 5  cm. The s p i n o u s  p r o c e s s  and 

l a m i n a e  o f  the  most  p r o m i n e n t  v e r t e b r a  were- removed 

and th e  c o r d  w i t h  i t s  m en inges  e x p o s e d .  The m eninges  

were . c u t  t r a v e r s e l y  and th e  c e r e b r o s p i n a l  f l u i d  

a l l o w e d  to  e s c a p e .  The m i d l i n e  o f  t h e  c o r d  was 

e a s i l y  i d e n t i f i e d  by  a v e r t i c a l l y  r u n n i n g  b lo o d  

v e s s e l  and  a  t r a n s v e r s e  i n c i s i o n  was made w i t h  a
c

G raa fe  k n i f e  on one o r  o ther -  s i d e  o f  th e  m i d l i n e  

t h r o u g h  what  was e s t i m a t e d  t o  be one p o s t e r i o r  column.  

T h i s  i n c i s i o n  was u s u a l l y  ab o u t  2 . 5  mm. wide and 

2  mm. d e e p .  The l i p s  o f  t h e  wound s e p a r a t e d  f o r  

a b o u t  1 . 5  mm.. The m u sc le s  were b r o u g h t  t o g e t h e r  

o v e r  th e  d e f e c t  in  th e  v e r t e b r a e  and. t h e  i n c i s i o n  

i n  the  s k i n  c l o s e d .

Under  a n a e s t h e s i a  a  b i o p s y  was p e r fo r m e d  on 

t h e  r a b b i t s  1 0 , 2 0 , 50, ana w. ;0  days  a f t e r  tme
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D iagram  show ing  s i t e  o f  o p e r a t i o n  and way i n  
w h ich  th e  s p i n a l  c o r d  was d i v i d e d  and f i x e d .
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o p e r a t  ion  . 4 cm. o f  th e  s p i n a l  c o r d ,  so t h a t

t h e r e  we r e  2 , 5  cm. above t h e  s i t e  o f  th e  l e s i o n ,  

were t a k e n  o u t  and. th e  m en in g es  c a r e f u l l y  removed 

w i t h  s c i s s o r s .  The cord, was d i v i d e d  i n t o  4 p i e c e s  

e a c h  1  cm. l o n g .  The m os t  r o s t r a l  p i e c e  (A) was 

f i x e d  in  B o u i n .  I n  a t  l e a s t  two o f  each  g ro u p  o f  

r a b b i t s  1  cm. o f  t h e  s p i n a l  c o r d  im m e d ia t e ly  c a u d a l  

t o  t h e  f i r s t  p i e c e  (B) was f i x e d  i n  f o r m a l  s a l i n e .

I n  the  o t h e r s  i t  was u s e d  f o r  t i s s u e  c u l t u r e .  1 cm. 

o f  t h e  s p i n a l  c o rd  c o n t a i n i n g  t h e  s i t e  of t h e  l e s i o n  (C) 

was t a k e n  e i t h e r  f o r  t i s s u e  c u l t u r e  o r  f i x e d  i n  Bouin  

and 1  cm. c a u d a l  t o  t h i s  (D) was f i x e d  in  B ou in  

( s e e  B i g .  2 ) .  A c o n s i d e r a b l e  number o f  normal  c e r v i c a l  

s p i n a l  c o rd s  were o b t a i n e d  and d i v i d e d  i n t o  f o u r  p i e c e s  

[A r B 0 ,  and D) e a c h  1 cm. l o n g .  These  c o r r e s p o n d e d  

t o  t h e  p i e c e s  t a k e n  from th e  o p e r a t e d  a n im a l s  and 

were f i x e d  o r  u s e d  f o r  t i s s u e  c u l t u r e  in th e  same way.

B .  H i s t o l o g y .

Segment A was embedded i n  p a ra f f in  wax and t r a n s 

v e r s e  s e c t i o n s  were c u t  a t  5p- from e a c h  e n d .  At l e a s t  

one segm ent  A from e a ch  g ro u p  o f  a n im a l s  was s e c t i o n e d  

l o n g i t u d i n a l l y  a t  7jx. One s l i d e  o f  t r a n s v e r s e  s e c t i o n s  

was s t a i n e d  w i t h  haema/fcoxyl in  and e o s i n  and used f o r  

c o u n t i n g  n u c l e i  and one by B o d i a n f s t e c h n i q u e  f o r  axon 

s t a i n i n g .  One s l i d e  o f  l o n g i t u d i n a l  s e c t i o n s  was 

s t a i n e d  w i t h  h a e r n a to x y l in  and e o s i n .  The B o d ian
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s t a i n e d  s e c t i o n s  were used  f o r  c o n f i r m i n g  t h e

d e g e n e r a t i o n  ox t h e  a x o n s .

Segment B was u sed  f o r  th e  d e m o n s t r a t i o n  of

m y e l i n  by  We i g e r t - P a l *s m e th o d .  T r a n s v e r s e  s e c t i o n s

a t  1 0 jx were c u t  and th e n  l o n g i t u d i n a l  s e c t i o n s  a t

10|x. These  were u s e d  to  d e m o n s t r a t e  th e  d e g e n e r a t i o n

o f  the  m y e l in  o f  some p a r t  o f  t h e  p o s t e r i o r  columns*

G* C o u n t i n g  o f  n u c l e i .

A s q u a r e d  g r i d  was p l a c e d  in  th e  m i c r o s c o p i c  
1 u

1  'e y e p i e c e  and t h e  -g o b j e c t i v e  u s e d .  The number o f  

n u c l e i  s e e n  i n  a  f i e l d  was c o u n t e d .  In  t h e  normal  

s p i n a l  c o r d s  a t  l e a s t  1 0  f i e l d s  were t a k e n  and th e  

mean number o f  n u c l e i  p e r  f i e l d  c a l c u l a t e d ,  s i n c e  

in  t h e  p o s t e r i o r  columns d i f f e r e n t  a r e a s  c o n t a i n  

d i f f e r e n t  numbers  o f  n u c l e i .  In  th e  d e g e n e r a t e d  

s p i n a l  c o r d s  t h e  n u c l e i  in  a s  many f i e l d s  as  p o s s i b l e  

i n  b o t h  t h e  n o im a l  and d e g e n e r a t e d  a r e a s  were c o u n t e d  

and t h e  mean number o f  n u c l e i  p e r  f i e l d  was fo u n d .

T h i s  was done a t  two l e v e l s  o f  e a c h  s p i n a l  c o r d .

D* A rea  o f  p o s t e r i o r  columns and l e n g t h  o f  n u c l e i .

The a r e a  o f  th e  p o s t e r i o r  co lumns was m easured  

b y  means o f  the  g r i d  and a  1 M o b j e c t i v e .  The u n i t

used  was t h e  s i n g l e  s q u a r e  in  th e  g r id . .  T h is  was 

done  b e c a u s e  t h e  number o f  n u c l e i  p e r  f i e l d  can be



\ot*

T r a n s v e r s e  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  h a e m a t o x y l i n  and e o s i n ,  show ing  
t y p i c a l  l a r g e  p a l e  n u c l e u s  o f  two a s t r o c y t e s .  
The n u c l e u s  o f  one has  a  w e l l  m arked  n u c l e o l u s  
and  th e  o t h e r  h as  a  c o n s i d e r a b l e  amount of  
c y t o p l a s m .
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c h a n g e d  b y  s w e l l i n g  o r  c o n t r a c t i o n  o f  the  p o s t e r i o r  

co lumns, ,  w i t h o u t  any a c t u a l  change i n  t h e  number of  

n u c l e i *  The l e n g t h  o f  th e  n u c l e i ,  a s  was shown by  

A b e rc ro m b ie  (19 46),.  a l s o  i n f l u e n c e s  t h e i r  number i n  

a  t r a n s v e r s e  s e c t i o n .  U s in g  l o n g i t u d i n a l  s e c t i o n s  

s t a i n e d  v / i t h  h a e m a t o x y l i n  and e o s i n  sam p le s  of  t h e  

l e n g t h  o f  t h e  n u c l e i  i n  th e  no rm a l  and  d e g e n e r a t e d  

a r e a s  were  t a k e n  and co m p ared .

S* D i f f e r e n t i a l  c o u n t i n g  o f  n u c l e i .

I n  t h e  s e c t i o n s  s t a i n e d  w i t h  h a e m a t o x y l i n  and 

e o s i n  two t y p e s  o f  c e l l s  were e a s i l y  d i s t i n g u i s h e d ,  

l a r g e  c e l l s  w i t h  a  l a r g e  p a l e  n u c l e u s  and a  n u c l e o l u s  

( t h e s e  c e l l s  f r e q u e n t l y  had  w e l l  s t a i n e d  c y t o p l a s m )  

and s m a l l e r  c e l l s  w i t h  a  s m a l l e r ,  more d a r k l y  s t a i n i n g  

n u c l e u s ,  no n u c l e o l u s  and p r a c t i c a l l y  no s t a i n e d  c y t o 

p la sm  ( s e e  F i g . .  3 ) .  These  tTiro t y p e s  o f  c e l l s  were 

d i f f e r e n t i a t e d  i n  a l l  s e c t i o n s  and c o u n t e d .  The 

p e r c e n t a g e  o f  e a c h  ty p e  o f  c e l l  i n  b o t h  th e  norm a l  

and de ge n e r  a t  e d a re  us was c a l  c ul  a t  e d .

A l t h o u g h  b o t h  c o n n e c t i v e  t i s s u e  and b l o o d  v e s s e l  

c e l l s  c o n t r i b u t e  t o  t h e  number o f  n u c l e i  c o u n t e d ,  

c a r e f u l  e x a m i n a t i o n  of  t h e  s e c t i o n s  showed t h a t  b lo o d  

v e s s e l s  were se ldom  s e e n  in  the normal  and d e g e n e r a t e d  

a r e a s  o f ,  t h e  p o s t e r i o r  columns and t h e r e  was l i t t l e  

e v i d e n c e  t h a t  c o n n e c t i v e  t i s s u e  c e l l s  o c c u r r e d  in  

s i g n i f i c a n t  num bers .  I t  was t h e r e f o r e  a s 3 uned t h a t



t h e  n u c l e i  c o u n t e d  b e l o n g e d  a lm o s t  e n t i r e l y  

n e u r o g l i a l  o r  m i c r o g l i a l  c e l l s .
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3 .  RESULTS.

A. Lumber o f  n u c l e i  p e r  f i e l d  i n  n o r mal  p o s t e r i o r  c o lu m n s .

Table 111 shows th e  number  o f  n u c l e i  p e r  f i e l d  

a t  2 l e v e l s  i n  15 a n i m a l s  ana  t h e  t o t a l  a r e a  o f  th e  

p o s t e r i o r  columns a t  e a c h  l e v e l .

TABLE 111 .

R a b b i t  ITo.of n u c l e i  A re a  o f  p o s t e r i o r
number  L e v e l  p e r  f i e l d  columns ( in a r b i t -

a i y  u n i t s ) .

1029 1 2 5 .0 0 2.5
2 2 8 .0 0 . 2 .0

1054 1 2 0 . 5 0 2 1

.
2 2 4 .0 0 2 0

1062 1 2 2 .5 8 2 2
2 2 7 .8 0 28

1069 1 2 0 .7 3 25
2 1 6 .9 1 2 1

1453 1 2 0 .4 0 2 2

2 2 5 .2 0 2 0

1456 1 2 8 .3 3 2 2
2 2 6 .3 3 2 0

1457 1 2 4 .6 3 2 1

2 2 5 .3 0 24

1498 1 3 0 .7 0 2 0

2 2 3 .6 3 2 1

1502 1 1 8 . 2 0 27
2 1 3 .5 0 33

1560 1 1 6 . 0 0 2 2

2 1 6 .67 26

1598 1 2 1 .7 5 27
2 1 5 .4 3 33

16 51 1 24 .14 2 2

2 2 1 .91 24



F i g .  4«

Diagram o f  c e r v i c a l  s p i n a l  cord, show ing  
d e g e n e r a t e d  a r e a  ( s h a d e d )  5 1 ,  2 ,  3 a r e
d e g e n e r a t e d  f i e l d s ;  n o t e  t h a t  f i e l d s  2 , 
3 i n c l u d e  a  s m a l l  normal  a r e a .
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1670 1 2 5 .3 3 23
2 25 .7 5 24

1723 1 2 1 .8 3 23
2 1 7 .1 7 32

1761 1 1 9 .6 0 24
2 2 5 .9 0 23

T o t a l  15 T o t a l  30 Mean 2 2 .4 7 Mean 2 3 .8 3
r a b b i t s l e v e l s S.D. 4 .7 3 S .D .  3 .6 7

I t  can  be  s e e n  f ro m  T a b le  111 t h a t  th e  number o f  

n u c l e i  p e r  f i e l d  d o e s  n o t  v a r y  t o  any  e x t e n t  w i t h  

t h e  l e v e l  o f  t h e  s p i n a l  c o r d .  F u r th e r m o r e  t h e r e  

i s  v e r y  l i t t l e  d i f f e r e n c e  b e tw e e n  r a b b i t s .

B .  l u m b e r  o f  n u c l e i  p e r  f i e l d  a f t e r  1 0  days1 d e g e n e r a . t i o n .

The a r e a  of  d e g e n e r a t i o n  in  t h e  p o s t e r i o r  columns 

v a r i e d  c o n s i d e r a b l y .  I t  was u s u a l l y  to  one s id e  o f  t h e  

m i d l i n e  and d i d  no t  e x t e n d  o v e r  the  whole o f  one 

p o s t e r i o r  co lum n.  I t  was n o t  s h a r p l y  marked o f f  from 

t h e  s u r r o u n d i n g  normal  a r e a  a l t h o u g h  i t  was e a s y  to  

s e e  where t h e  d e g e n e r a t e d  a r e a  changed  to  t h e  normal  

a r e a .  The B o d ia n  s t a i n e d  s e c t i o n  was u sed  to  check  

t h e  a r e a  o f  d e g e n e r a t i o n .  F r e q u e n t l y  h o w e v e r ,  a f i e l d ,  

w h ic h  was r e g a r d e d  as d e g e n e r a t e d ,  c o n t a i n e d  a  s m a l l  

a r e a  o f  norm a l  f i b r e s  ( s e e  F i g .  4 ) .  T h i s  a p p l i e s  to  

a l l  t h e  c o r d s  a f t e r  th e  d i f f e r e n t  p e r i o d s  o f  d e g e n e r a t i o n .

T a b le  IV shows the  number o f  n u c l e i  p e r  f i e l d  

a t  two l e v e l s  in  th e  normal and d e g e n e r a t e d  a r e a s  o f  t h e
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F j g ,  5 .

T r a n s v e r s e  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  h a e m a t o x y l i n  and e o s i n ,  show ing  n u c l e a r  
changes  a f t e r  1 0  d a y s ’ d e g e n e r a t i o n .



-35-

p o s t e r i o r  columns o f  9 r a b b i t s  a f t e r  10 days  V 

d e g e n e r a t i o n  and a l s o  th e  t o t a l  a r e a  of  th e  p o s t e r i o r

c olumns 

R a b b i t

a t  e a c h l e v e l .

TABLE 1Y.

L u c l e i  p e r  f i e l d
A rea  o f  
columns

number L e v e l Lormal D e g e n e r a t e d r a i y  un;

1382 1 3 3 .2 0 4 6 . 3 8 2 0
2 33*14 5 1 .8 0 19

1473 1 2 4 .0 0 5 5 .5 0 28
2 2 5 .5 0 6 5 .2 5 19

1497 1 2 7 .17 6 0 .2 0 19
2 28 .17 6 1 . 5 0 17

1574 1 1 3 .8 0 3 3 .5 0 28
2 2 0 .3 3 4 3 .0 0 25

1575 1 1 7 .0 0 28 .33 32
2 1 2 .17 2 5 .3 3 30

1620 1 1 1 .3 8 29 .3 3 27
2 2 2 . 0 0 3 6 .3 3 16

1729 1 1 1 . 2 0 2 5 .3 3 38
2 1 4 .7 5 2 5 .7 5 36

1730 1 1 2 . 2 0 2 3 .7  5 40
2 1 3 .0 0 2 9 .2 5 35

1732 1 20 .6 7 3 5 .2 5 29
2 1 8 .5 0 3 8 .0 0 27

Total 9 T o t a l 18 Msan 2 0 . 50 Mean 3 8 .0 6 Me an 21
rabbits lev s i  s S .D .  7 . 04 S .D .  1 4 . 4 5 S .D .  r

A f t e r  1 0  days* d e g e n e r a t i o n  i f  one compares  t h e  

number  o f  n u c l e i  p e r  f i e l d  in  t h e  d e g e n e r a t e d  a r e a  w i t h  

t h e  number in  th e  normal  a r e a ,  i t  can be c o n c l u d e d  t h a t  

t h e r e  i s  an i n c r e a s e .  T h is  i n c r e a s e  i s  o f  t h e  o r d e r  

o f  1 , 8  t i m e s  t h e  normal,  number  ( s e e  P ig* 5) a l t h o u g h  

i t  v a r i  e s in  d i f f e r s  n t  r  abb i t s  ( f rom  1 . 5  t o  2 . 7  t i  mes
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t h e  n o r m a l ) .

T h e re  i s  a n o t h e r  way o f  a s s e s s i n g  t h i s  d i f f e r e n c e .

The mean number o f  n u c l e i  p e r  f i e l d  in  th e  normal  a r e a s  

i s  2 0 .3 0  and  i n  t h e  d e g e n e r a t e d  a r e a s  i s  3 8 . 0 6 .  By- 

u s i n g  th e  t_ t e s t ,  t h e s e  means a r e  compeared and t h e i r  

d i f f e r e n c e  i s  found to  be  h i g h l y  s i g n i f i c a n t  (p<^ 0 . 0 0 1 ) .

C. humber o f  n u c l e i  p e r  f i e l d  a f t e r  2 0 . d a y s 1 d e g e n e r a t i o n .

T a b le  V shows t h e  number o f  n u c l e i  p e r  f i e l d  

a t  two l e v e l s  in  t h e  no rm a l  and d e g e n e r a t e d  a r e a s  of  

t h e  p o s t e r i o r  co lumns o f  1 0  r a b b i t s  a f t e r  2 0  d a y s 1 

d e g e n e r a t i o n  and a l s o  th e  t o t a l  a r e a  o f  th e  p o s t e r i o r  

co lum ns  a t  e a c h  l e v e l .

TABUS V.
A rea  o f  p o s t e r i o r

R a b b i t  B uc le  i  p e r  f i e l d  co lumns ( i n  a r b i t -
number L e v e l Bormal D eg e n e ra te d - r a i y

1052 1 2 3 .0 0 5 3 .5 0 24
2 2 2 .8 0 5 5 .0 0 24

1053 1 1 9 .1 1 4 9 .0 0 24
2 2 2 .8 0 6 9 .2 0 27

107 4 1 2 7 .1 4 1 0 9 .5 0 19
2 2 5 .5 0 1 1 0 .5 0 2 0

107 5 1 2 3 .0 0 9 2 .6 0 24
2 3 5 .0 0 1 3 6 .0 0 17

1383 1 1 9 .1 7 5 2 .5 0 23
2 24. 29 5 7 .2 5 2 1

1384 1 2 4 .3 3 8 5 .7 3 23
2 2 3 .8 0 7 6 .1 7 2 2

1392 1 2 3 .8 0 6 0 .4 0 2 0

2 24. 57 5 5 .0 0 19

1435 1 2 0 . 0 0 5 6 .00 2 0

2 25. 00 61 .00 20
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L j g .  6 .

T r a n s v e r s e  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  h a e m a t o x y l i n  and e o s i n ,  showing n u c l e a r  
c h a n g e s  a f t e r  2 0  d a y s 1 d e g e n e r a t i o n .
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1436 1 1 6 .0 0 50.66 25
O 1 4 .8 6 38 .6 6 2 1

1471 1 1 9 .3 3 5 1 .2 5 2 2

2 1 8 .0 0 4 8 .0 0 24

T o t a l  10 T o t a l  2 0 . lie an 2 2 .7 5 lie an 6  8 . 40 .me a )
r a b b i t s l e v e l s S .D .  4 .5 0 S .D .  29 .17 S.D

I t  can  "be s e e n  f rom T a b le  V t h a t  a f t e r  20 d a y s ’ 

d e g e n e r a t i o n  t h e r e  i s  an i n c r e a s e  i n  t h e  number o f  

n u c l e i  i n  t h e  d e g e n e r a t e d  a r e a  as  compared w i t h  the  

number  o f  n u c l e i  in  t h e  normal  a r e a s  o f  the  p o s t e r i o r  

c o lu m n s .  T h i s  i n c r e a s e  i s  o f  t h e  o r d e r  o f  3 t im e s  

t h e  norm al  ( s e e  Ipi g .  6 ) v a r y i n g  from 2 . 5  t o  4 .5  t im es  

t h e  n o r m a l .  By u s i n g  t h e  t_ t e s t ,  the  mean number 

o f  n u c l e i  p e r  f i e l d  in  th e  normal  a r e a s  ( 2 2 .7 5 )  can 

be compared w i t h  th e  mean i n  th e  d e g e n e r a t e d  a r e a s  

( 6 8 . 4 0 ) .  The d i f f e r e n c e  b e tw e e n  t h e s e  means i s  

h i g h l y  s i g n i f i c a n t  (p < 0  . 0 0 1 ) .

D« Humber o f  n u c l e i  p e r  f i e l d  a f t e r  50 d a y s ’ d e g e n e r a t i o n . 

T a b le  VI shows th e  number o f  n u c l e i  p e r  f i e l d  a t  two 

l e v e l s  in  the normal  and d e g e n e r a t e d  a r e a s  o f  t h e  

p o s t e r i o r  columns o f  f i v e  r a b b i t s  a f t e r  50 d a y s ’ 

d e g e n e r a t i o n  and a l s o  t h e  t o t a l  a r e a  o f  t h e  p o s t e r i o r  

co lum ns  a t  e a c h  l e v e l  .
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F i g .  7 .

T r a n s v e r s e  s e c t i o n  of  c e r v i c a l  s p i n a l  cord . ,  
s t a i n e d  h a e m a t o x y l i n  and e o s i n ,  sh o w in g  n u c l e a r  
c h a n g e s  a f t e r  50 d a y s ’ d e g e n e r a t i o n .
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TAB15J 71

R ab b i  t
Area, of  p o s t e r i o r

number Le v e l Hormal D e g e n e r a t e d r a r y  u n i '

1483 1 1 4 . 6 0 3 3 .8 0 2 2
2 1 8 .6 0 4 1 .0 0 29

1484 1 2 1 .1 7 6 5 .0 0 24
2 1 6 .6 7 6 4 .7 5 24

1485 l ‘ 2 0 . 2 0 6 9 .8 0  ■ 31
2 1 5 .3 7 7 9 .6 0 31

1501 1 1 7 .8 0 4 5 .0 0 30
2 1 4 .2 0 3 1 .7 5 30

1556 1 1 8 .6 0 7 8 .6 7 23
2 2 4 .2 0 9 8 .6 7 24

Total 5 Tbfcal 1 0 Me an 1 8 . 1 4 Mean 6 0 .8 0 Mean 2 6 .8 0
rabbits larels S .D .  3 .0 8 S .D .  1 9 .2 3 S .D .  3 .5 8

I t  can  be  s e e n  f rom  T a b le  71 t h a t  a f t e r  5C) days* 

d e g e n e r a t i o n  t h e r e  i s  an. i n c r e a s e  i n  t h e  number of  

n u c l e i  i n  the  d e g e n e r a t e d  a r e a s  as. compared w i t h  

t h e  number i n  t h e  normal a r e a s .  T h i s  i n c r e a s e  i s  

o f  t h e  o r d e r  o f  3 . 5  t i m e s  t h e  no rm a l  ( s e e  P i g .  7) 

v a r y i n g  f rom  2 .3  t o  5 . 3  t i m e s  th e  n o rm a l .

I f  t h e  means o f  t h e ’ normal and d e g e n e r a t e d  

a,rea,ses a re  compared by u s i n g  th e  t  t e s t  ( 1 8 .1 4  and 

6 0 . 8 0  r e s p e c t i v e l y )  t h e  d i f f e r e n c e  i s  found t o  be 

h i g h l y  s i g n i f i c a n t  ( p<^ 0 . 0 0 1 ) .

.3. Humber o f  n u c l e i  p e r  f i e l d  a f t e r  1 0 0  d a y s ’ d e g e n e r a t i o n

Tab le  711 shows the  number o f  n u c l e i  p e r  f i e l d  

a t  two l e v e l s  in  th e  normal  and d e g e n e r a t e d  a r e a s  o f  

t h e  p o s t e r i o r  co lumns o f  4 r a b b i t s  a f t e r  100 daw s’
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T r a n s v e r s e  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  h a e m a t o x y l i n  and e o s i n ,  show ing  n u c l e a r  
ch a n g e s  a f t e r  1 0 0  d a y s ’ d e g e n e r a t i o n .
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c olumns a t  e ac h l e v e l .

TAB LB Y l l .
A re a o f  p o s t e r i o r

Rabb i t L o . o f  n u c l e i  p e r  f i e l d c o l  urn n s ( i n  a rb  i  t
nurnbe r L e v e l Loiraal D e g e n e r a t e d r a i y u n i t s )

1443 1 1 1 . 8 6 7 2 .5 0 28
2 1 3 .3 6 8 8 .5 0 25

1444 1 2 0 .5 0 5 3 .3 3 25
2 1 5 .0 0 6 3 .0 0 26

1452 1 1 5 . 3 8 7 2 .6 7 26
2 1 5 .1 3 5 4 .0 0 23

1463 1 1 8 .6 3 8 1 .7 5 2 2
2 1 4 .86 6 3 .0 0 27

T o t a l  4 T o t a l  8 He an  15*59 Mean 68 .59 Mean 2 5 .2 5
raJ±>its leve 1  s S .D .  2 .6 2 S .D .  1 2 .1 2 S .D . 1 .8 7

I t  can  be  s e e n  f ro m  Table  Y l l  t h a t  a f t e r  100 d a y s ’ 

d e g e n e r a t i o n  t h e r e  i s  an i n c r e a s e  i n  t h e  number o f  

n u c l e i  i n  t h e  d e g e n e r a t e d  a r e a s  as  compared  w i th  

t h e  number  in  t h e  normal a r e a s . T h i s  i n c r e a s e  i s  

o f  th e  o r d e r  o f  f i v e  t im e s  th e  no rm a l  ( s e e  .Fig. 8 ) 

v a r y i n g  f rom 2 .6  t o  6 .5  t i m e s  th e  n o rm a l .

I f  b y  u s i n g  th e  t_ t e s t  th e  mean ( 1 5 .5 9 )  o f  th e  ■ 

n o rm a l  a r e a s  i s  compared  w i t h  t h e  mean ( 6 8 .5 9 )  of  

t h e  d e g e n e r a t e d  a r e a s ,  t h e  d i f f e r e n c e  b e tw ee n  th e  means 

i s  found  t o  b e  h i g h l y  s i g n i f i c a n t  (p < p  . 0 0 1 ) .

F .  A rea  of  p o s t e r i o r  columns o f  a l l  s p i n a l  c o rd s  s t u d i e d .

T a b le  Y l l l  shows t h e  means and s t a n d a r d  d e v i a t i o n s  

o f  t h e  t o t a l  a r e a s  o f  t h e  p o s t e r i o r  columns o f  t h e  

s p i n a l  c o r d s  i n  b o t h  t h e  normal a n i m a l s  and a f t e r

d. i f  f e  r e n t  p e r i o d s  o f  d e g e n e r a t i o n .  (The i n d i v i d u a l

a r e a s  na ve  b e e n  g i ve n  in  wie l a s t  c o l umns  o f  T a b l e s  < " ] _r~ _
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TABLJ  V l l l .

A rea  o f  po s t e r i o r  columns
: i n  a rb i t r s . . ry  un i  vs )

P e r i o d of S tandard . rumbe r
de ge ne r a t  ion  lie an d e v i a t  ion l e v e l s

n i l 2 3 .8 3 3 .6 7 30

1 0  d a y s 26 *94 7 .6 0 18

2 0  d a y s 2 1 .9 5 2 .3 8 2 0

50 days 2 6 .8 0 3 .5 8 1 0

1 0 0  da.ys 2 5 .2 5 1 .8 7 8

The means o f  t h e  a r e a s  o f  th e  p o s t e r i o r  co lumns af te r  1 0 ,

50 and 100 d a y s 1- d e g e n e r a t i o n  a re  not  s i g n i f i c a n t l y  d i f f e r e n t  

f ro m  one a n o t h e r .  By means o f  t h e  _t t e s t ,  i t  c a n  be  

shown t h a t  t h e  mean o f  t h e  a r e a s  o f  the  normal  r a b b i t s  

i s  p r o b a b l y  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  th e  o t h e r  means 

(p .1 l i e s  b e tw ee n  0 .0 5  and  0 . 0 1 ) and t h a t  th e  mean of the  

a r e a s  o f  t h e  2 0  day  r a b b i t s  i s  s i g n f i c a n t l y  d i f f e r e n t  f rom 

t h e  means o f  t h e  o t h e r  a r e a s  (p  -  0 . 0 1 ) .  These d i f f e r e n c e s  

may b e  due t o  s h r i n k a g e  b u t  i t  seems u n l i k e l y  t h a t  t h e  

co lumns s w e l l  up a f t e r  1 0  days* d e g e n e r a t i o n ,  s h r i n k  a f t e r  

20 d a y s * , s w e l l  a g a i n  a f t e r  50 days* and rem a in  in  t h a t  

s t a t e  a f t e r  100 da 3^s*. S l i g h t l y  d i f f e r e n t  l e v e l s  o f  t h e  

c o r d  c o u l d  a c c o u n t  f o r  t h e s e  d i f f e r e n c e s ,  3ven  i f  s h r i n k 

age and  s w e l l i n g  were t h e  c a u s e ,  t h e  d i f f e r e n c e s  would  n e t  

m a t e r i a l l y  a f f e c t  t h e  r e s u l t s .  In  any c a s e ,  c o m p a r i so n s  in  

t h e  n u c l e a r  c o u n t s  have been  made b e tw een  th e  normal  and 

d e g e n e r a t e d  a r e a s  w i t h i n  e a c h  c o r d  o r  group  o f  co rd s  in  

e s t i m a t i n g  th e  i n c r e a s e  o f  n u c l e i .
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G. L e n g t h  o f  n u c l e i  in  normal  and d e g e n e r a t e d  a r e a s .

T a b le  IX shows t h e  mean l e n g t h  o f  150 n u c l e i  in  

b o t h  th e  norm a l  and d e g e n e r a t e d  a r e a s  o f  th e  d i f f e r e n t  

g ro u p s  o f  r a b b i t s .

TA3LB I X .

Mean l e n g t h  of  
n u c l e u s  ( inn ,  )

P e r i o d  of
d e g e n e r a t i o n  f o r m a l  D e g e n e r a t e d

n i l  6 ,7 9

1 0  d ay s  6 . 1 0  6 .6 0

20 days  7 . 3 4  6 . 7 3

50 d a y s  7 . 1 8  6 .5 7

100 d a y s  ' 7 . 3 0  6 . 6 7

The s m a l l  d i f f e r e n c e s  b e tw e e n  t h e  mean l e n g t h s  of

t h e  n u c l e i  i n  t h e  no im al  and d e g e n e r a t e d  a r e a s  can

b e  i g n o r e d  when co m p ar in g  th e  number  of  n u c l e i  i n

th e  t r a n s v e r s e  s e c t i o n s  o f  t h e  d i f f e r e n t  r a b b i t s ,  s i n c e

A b e rc ro m b ie  &. Jo h n so n  (1946)  showed t h a t  t h e  c o r r e c t i o n

f a c t o r  f o r  n u c l e a r  c o u n t s  due  t o  d i f f e r e n c e s  i n  n u c l e a r
a

l e n g t h  in  s e c t i o n s  of  e q u a l  t h i c k n e s s  i s  b when a  i s  

t h e  mean l e n g t h  o f  the  n u c l e u s  i n  u n d e g e n e r a t e d  n e r v e s  

and b t h e  mean l e n g t h  o f  t h e  n u c l e u s  in  d e g e n e r a t e d  

ne rves.

I-I. ITumber o f  n u c l e i  i n  normal  c o rd s  compared w i t h  number  

i n  normal a r e a s  of d e g e n e r a t e d  c o r d s „

T a b le  X snows the number o f  n u c l e i  p e r  f i e l d  in  

t h e  p o s t e r i o r  columns o f  no rm a l  c o rd s  and in t h e  normal
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a r e a s  o f  t h e s e  co lumns  a f t e r  d i f f e r e n t  p e r i o d s  o f  

d e g e n e r a t i o n *

TARL5 X,

ITuciber o f  n u c l e i  p e r  f i e l d
( n o rm a l )

P e r i o d  o f  ■ S t a n d a r d  ITumber
d e g e n e r a t i o n  Mean d e v i a t i o n  o f  l e v e l s

n i l  2 2 .4 7  4 . 7 3  30

10 d ay s  20*50 7 . 0 4  18

20 d ay s  22*75 4 . 5 0  2 0

50 days  1 8 . 1 4  3 . 0 8  10

100 days  1 5 .5 9  2 . 6 2  8

T here  i s  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  number 

o f  n u c l e i  i n  n o rm a l  p o s t e r i o r  co lumns and t h e  number 

i n  n o rm a l  a r e a s  a f t e r  1 0  and 2 0  d a y s 1 d e g e n e r a t i o n .

By u s i n g  t h e  t e s t , ,  i t  can be shown t h a t  a f t e r  50 

and 1 0 0  d a y s 1 d e g e n e r a t i o n ,  th e  number o f  n u c l e i  p e r  

f i e l d  i n  t h e  normal  a r e a s  o f  t h e s e  c o r d s  i s  s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  number in  normal  p o s t e r i o r  co lum ns .

I f  t h e  no rm a l  c o r d s  a re  compared  w i t h  t h e  50 day c o r d s ,  

p i s  fo u n d  t o  be < 0  .0 0 2  a n d ^ ^  0 . 0 0 1 .  I f  t h e  normal  

c o r d s  a r e  compared w i t h  t h e  1 0 0  day  c o r d s  p i s  < 0  . 0 0 1 . 

Thus i t  can  be c o n c lu d e d  t h a t  th e  n u c l e i  i n  one norm a l  

a r e a s  o f  th e  p o s t e r i o r  columns o f  50 and 100 day  c o rd s  

d e c r e a s e  in  number  as compared w i t h  th e  number found in  

normal  c o r d s .  The p o s s i b l e  e x p l a n a t i o n  o f  t h i s  w i l l  be  

d i s c u s s e d  l a t e r .
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Graph to  show mean n u c l e a r  p o f e u l a t i o n s  p e r  
■ i e l d  a f t e r  d i f f e r e n t  p e r i o d s ’ o f  d e g e n e r a t i o n  
e x p r e s s e d  as  p e r c e n t a g e  o f  t h a t  o f  u n d e g a n e r a t e d  
p o s t e r i o r  c o lu m n s .
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I* ITumber o f  n u c l e i  i n  normal  a r e a s  compared w i t h  numb e r  

i n  d e g e n e ra te d ,  a r e a s  a f t e r  d i f f e r e n t  p e r i o d s  o f  

dege ne r a t  io n  •

T a b le  XI shows th e  means and s t a n d a r d  d e v i a t i o n s  

o f  t h e  number  o f  n u c l e i  p e r  f i e l d  in  th e  normal  and 

d e g e n e r a t e d  a r e a s  o f  t h e  p o s t e r i o r  columns a f t e r  

d i f f e r e n t  p e r i o d s  of  d e g e n e r a t i o n *

TABIdS X I .

P e r i o d
o f
d e g e n e r 
a t i o n

Humber o f  n u c l e i  p e r  f i e l d  
F o rm a l  D e g e n e r a t e d

S t a n d a r d  S t a n d a r d  
Mean d e v i a t i o n  Mean d e v i a t i o n

Ds t i m a  
i  n c r e a  
a f t e r  
degene

E i l 22*47 4 .7 3 - - -

1 0  days 20* 50 7*04 3 8 .0 6 1 4 .4 5 1 . 8 x

2 0  days 2 8 .7 5 4 .5 0 6 8 .4 0 29 .17 3x

50 days 1 8 . 1 4 3*08 6 0 .8 0 1 9 .2 3 3 .4 x

1 0 0  d a y s 1 5 .5 9 2 .6 2 6 8 .5 9 1 2 . 1 2 4. 5x

I t  can  b e  s e e n  t h a t  up t o  100 d a y s ,  t h e  number of 

n u c l e i  i s  i n c r e a s i n g ,  a l t h o u g h  th e  r a t e  o f  i n c r e a s e  

s low s  down c o n s i d e r a b l y  ( s e e  F i g . 9 ) .  In v i e w  o f  t h e  

s i g n i f i c a n t  d e c r e a s e  in  th e  number o f  n u c l e i  in t h e  

norm a l  a r e a s  o f  the 50 and  1 0 0  day  r a b b i t s , ,  t h e  i n c r e a s e  

i n  n u c l e i  a f t e r  2 0  days  may be more a p p a r a n t  t h a n  r e a l .  

There  i s  c e r t a i n l y  no e v id e n c e  o f  a  d e c r e a s e *  T h i s  can 

b e  c o n t r a s t e d  w i th  p e r i p h e r a l  n e r v e s  in  w hich  a maximum 

i n c r e a s e  o f  n u c l e i  t a k e s  p l a c e  w i t h i n  50  d a y s  ( o r  much 

s o o n e r  i n  n e r v e s  with, a  s m a l l  iibx*e s p e c t ru m )  and  

i s  f o l l o w e d  b y  a d e c r e a s e  in th e  number of  n u c l e i
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Graph, to  show ms an t o t a l  p o p u l a t i o n  of  
n u c l e i  of  n s r v e s  a t  d i f f e r e n t  t i m e s  o f  
d e g e n e r a t i o n  e x p r e s s e d  as  p e r c e n t a g e  o f  
tha . t  o f  \ 1 r»degenera ted  r e r " e ( f rom  
Ah e rc  ro  ml' i  e <1 J o h n s o n ,  1 9 4 6 ) .
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( Aloe r c r o m b i e  & Johnson , .  1946 j, Thomas, 19 48;

J o s e p h ,  1950)  . M g .  10 i s  a r e p r o d u c t i o n  o f  th e  

g r a p h  p r e s e n t e d  by A bercrom bie  h Johnson  in  . t h e i r  

p a p e r  on the. n u c l e a r  p o p u l a t i o n  changes  in  the s c i a t i c

n e rv e  o f  t h e  r a b b i t .

J .  D i f f e r e n t i a l  c o u n t i n g  o f  n u c l e i .

The n u c l e i  i n  the  p o s t e r i o r  columns o f  th e  norm al  

c o r d s  and i n  th e  normal  and d e g e n e r a t e d  a r e a s  o f  t h e

c o r d s  i n  th e  e x p e r i m e n t a l  a n im a l s  were d i f f e r e n t i a t e d

as  d e s c r i b e d  on p .  31.  Those which  a r e  l a r g e  and  

p a l e  a r e  assumed to  b e l o n g  t o  a s t r o p y t e s  and  t h e  o t h e r s  

to  b e l o n g  e i t h e r  t o  o l i g o d e n d r o c y t e s  o r  m i c r o g l i a l  

c e l l s .  The number o f  a s t r o c y t e s  was a s s e s s e d  as  a 

p e r c e n t a g e  o f  th e  t o t a l  c e l l s  c o u n t e d  i n  each  s e c t i o n  

and T a b le  X I 1 g iv e s  t h e  mean p e r c e n t a g e  o f  t h e s e  c e l l s  

i n  b o t h  th e  n o rm a l  and d e g e n e r a t e d  a r e a s  o f  the  . c o rd s .

TABLS X l l .

Days of' A s t r o c y t e s  fQ o f  t o t a l  n u c l e i

d e g e n e r a t i o n  ITormal area, D e g e n e r a t e d  a r e a

M l  21

10 20 19

20 17 12

50 17 16

100 17 27

I t  can be s e e n  t h a t  t h e  number o f  a s t ro c y te s  in  t h e  

n o rm a l  a r e a s  i s  f a i r l y  c o n s t a n t .  In  th e  d e g e n e r a t e d
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a r e a s  i t  a p p e a r s  t h a t  a l l  the  c e l l s  have m u l t i p l i e d  

e q u a l l y  a f t e r  1 0  days,,  t h e n  the  a s t r o c y t e s  l a g  b e h i n d  

so  t h a t  a f t e r  2 0  days  th e y  form  a  s m a l l e r  p e r c e n t a g e  

o f  t h e  t o t a l ,  t h e n  a f t e r  50 days  t h e y  ca tc 'h  up on t h e  

o t h e r  c e l l s  and f i n a l l y  a f t e r  1 0 0  d a y s ,  t h e y  show 

a  g r e a t e r  i n c r e a s e  t h a n  p r e v i o u s l y .  The p o s s i b l e  

s i g n i f i c a n c e  o f  t h e s e  changes  w i l l  be c o n s i d e r e d  l a t e r .
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I t  i s  p ro p o sed  t o  d e a l  w i th  the  d i s c u s s i o n  u n d e r  

t h e  h e a d i n g s  s u g g e s t e d  on p .  2 .

A. Changes in  n u c l e a r  p o p u l a t i o n  a f t e r  d i f f e r e n t  p e r i o d s  

o f  d e g e n e r a t i o n .

T he re  can he  no d o u b t  t h a t  th e  n u c l e i  o f  t h e  

p o s t e r i o r  co lum ns  i n c r e a s e  i n  number d u r i n g  d e g e n e r a t i o n  

of  t h e i r  f i b r e s .  The r e s u l t s  show t h a t  t h i s  i n c r e a s e  

goes  on f a i r l y  s l o w l y  a t  f i r s t ,  t h a t  i s  f o r  a p e r i o d  

o f  1G d a y s ,  and t h e n  more r a p i d l y  be tw een  10 and 20 

d a y s .  A p p a r e n t l y  the  i n c r e a s e  i s  s low ed  a f t e r  t h a t ,  

t h a t  i s ,  b e tw e e n  20 and 5 0 ,  and  50 and 100 d a y s .

I t  i s  • i n t e r e s t i n g  t o  n o t e  th e  d i f f e r e n c e  b e tw ee n  

t h e s e  r e s u l t s  and th o s e  o f  Lasselc  & S h a p i r o  (19 5 1 ) .

They removed most  o f  t h e  c e r e b r a l  c o r t e x  o f  the l e f t  

h e m is p h e r e  i n c l u d i n g  a r e a  4 in  c a t s  and s t u d i e d  th e  

q u a n t i t a t i v e  r e s p o n s e  o f  the g l i a l  c e l l s  i n  t h e  

d e g e n e r a t e d  p y r a m id a l  t r a c t  in  th e  m e d u l l a .  They 

f o u n d  a  v a r i e d  i n c r e a s e  a t  d i f f e r e n t  t i m e s ,  a v e r a g i n g  

2 7 $ ,  t h e y  n e v e r  found an i n c r e a s e  o f  th e  o r d e r  d e s c r i b e d  

in  t h i s  t h e s i s  and e v e n  s u g g e s t e d  t h a t  t h e  i n c r e a s e  may 

be  an  i l l u s i o n  due to  s h r i n k a g e  o f  t h e  c o r d .  Only 

one an im a l  was s t u d i e d  a f t e r  e a c h  p e r i o d  o f  d e g e n e r a t i o n  

w h ich  v a r i e d  from 1 day t o  365 d a y s .  The d i f f e r e n c e s  

b e tw e e n  t h e i r  r e s u l t s  and th o se  found i n  trie p r e s e n t  

i n v e s t i g a t i o n  may be due to  d i f f e r e n c e s  b e tw ee n  t n e  

medul la ,  and s p i n a l  c o rd  n e u r o g l i a ,  t o  t h e i r  w e  o f
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o n l y  one a n i m a l  a f t e r  e a c h  p e r i o d  o f  d e g e n e r a t i o n  

and  t o  t h e  d i f f e r e n c e s  b e tw e e n  c a t s  and r a b b i t s  

w i t h  r e g a r d  t o  n e u r o g l i a l  r e s p o n s e ,  r u r t h e r a i o r e  

i t  i s  p o s s i b l e  t h a t  t h e  whole of t h e  p y r a m id a l  t r a c t  

d i d  n o t  d e g e n e r a t e  as  a  r e s u l t  o f  th e  o p e r a t i v e  

p r o c e d u r e  c a r r i e d  o u t .  llo a t t e m p t  a p p e a r s  to  have  

b e e n  made t o  c h e c k  t h e  e x t e n t  o f  t h e  d e g e n e r a t i o n  

f o l l o w i n g  th e  o p e r a t i o n .

The r e l a t i o n s h i p  b e tw een  t h e  m u l t i p l i c a t i o n  o f  

t h e  c e l l s  in  t h e  p e r i p h e r a l  s tump o f  t h e  d e g e n e r a t e d  

n e r v e  an d  r e g e n e r a t i o n  was d i s c u s s e d  by J o s e p h  (1948) 

and i t  was p o i n t e d  o u t  i n  t h a t  p a p e r  t h a t  “i t  i s  

u n l i k e l y  t h a t  th e  p r o l i f e r a t i o n  o f  th e  Schwann c e l l s  

in  d e g e n e r a t i n g  n e rve  f i b r e s  p l a y s  as  i m p o r t a n t  a 

r o l e  i n  r e g e n e r a t i o n  as e a r l i e r  w r i t e r s  s u g g e s t '* .

T h a t  m u l t i p l i c a t i o n  o f  c e l l s  o c c u r s  i n  d e g e n e r a t i n g  

f i b r e  t r a c t s  o f  th e  s p i n a l  c o r d  in  which r e g e n e r a t i o n  

a p p a r e n t l y  does  no t  o c c u r  a p p e a r s  to  be c o n f i r m a t o r y  

e v i d e n c e  o f  th e  f a c t  t h a t  r e g e n e r a t i o n  i s  n o t  r e l a t e d  

t o  t h e  p r o l i f e r a t i o n  o f  c e l l s  in  the n e rv o u s  s y s t e m .

O t h e r  w orke rs  have n o t  t r i e d  t o  a s s e s s  the  

q u a n t i t a t i v e  ch an g es  o f  th e  n u c l e i  d u r i n g  d e g e n e r a t i o n  

o f  s p i n a l  c o r d  t r a c t s ,  a l t h o u g h  i t  i s  ob v io u s  from 

t h e i r  work  t h a t  many of  them n o t i c e d  an i n c r e a s e .
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C a j a l  (1928)  r e f e r s  t o  t h e  p r o l i f e r a t i o n  o f  the  

n e u r o g T i a  i n  columns a f t e r  10 d a y s ’ d e g e n e r a t i o n  

and. an  e x a m i n a t i o n  o f  the s p i n a l  c o r d s  a f t e r  the  

same p e r i o d  of  d e g e n e r a t i o n  in  th e  p r e s e n t  s tu d y  

c o n f i r m s  t h i s .  I t  i s  o f  some i n t e r e s t ,  as  w i l l  

be  shown l a t e r i t h a t  t h i s  c o lu m n a r  a r r a n g e m e n t  of  

t h e  p r o l i f e r a t i n g  n u c l e i '  i s  no l o n g e r  s e e n  in  th e  

20 days*  d e g e n e r a t i o n  s p e c i m e n s .  The 50 and 100 

day  s p e c im e n s  s i m i l a r l y  do n o t  show a  c o lu m n a r  

a r r a n g e m e n t  o f  t h e  m u l t i p l y i n g  c e l l s  ( s e e  F i g ,  13a ,  

b , c , d , e ) .

B.  The b e h a v i o u r  o f  t h e  d i f f e r e n t  c e l l s  i n  t h e  s p i n a l  

c o r d  t r a c t s  d u r i n g  d e g e n e r a t i o n .

I t  h a s  b e e n  shown i n  the  r e s u l t s  t h a t  th e  

d e g e n e r a t i o n  o f  th e  p o s t e r i o r  columns i s  accom pan ied  

by  a n  i n c r e a s e  i n  b o t h  th e  a s t r o c y t e s  and the  r e s t  of 

t h e  c e l l s .  The a b i l i t y  to  d i f f e r e n t i a t e  t h e  c e l l s  , 

i s  b a s e d  on th e  p r o p e r t i e s  of t h e  n u c l e i  of  t h e  d i f f e r e n t  

t y p e s  o f  c e l l s .  I t  m ust  be a d m i t t e d  t h a t  t h e  c l a s s i f 

i c a t i o n  o f  t h e  n e u r o g l i a l  and m i c r o g l i a l  c e l l s  u s u a l l y  

d e p e n d s  on s p e c i a l  s t a i n i n g  t e c h n i q u e s  and t h e s e  have 

n o t  b e e n  c a r r i e d  o u t .  On t h e  o t h e r  hand  a  c a r e f u l  

s t u d y  of  the  l i t e r a t u r e  i n d i c a t e s  t h a t  a s t r o c y t e s ,  

o l i g o d s n d r o c y t e s  and m i c r o g l i a l  c e l l s  can o f t e n  be 

d i s t i n g u i s h e d  by t h e i r  n u c l e i  even  a f t e r  d e g e n e r a t i o n .
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A s t r o c y t e  s have 1 a r  ge p a l e  n u c l e i  wi t i l  a we 11 marks d 

n u c l e o l u s ,  o l i g o d e n d r o c y t e s  h a v e  s m a l l e r  n u c l e i  which 

a p p e a r  g r a n u l a r  o r  r e t i c u l a r  and m i c r o g l i a l  c e l l s  have 

s m a l l ,  d a r k l y  s t a i n i n g  n u c l e i .  In a d d i t i o n ,  t h e  l a r g e  

p a l e  n u c l e i  a r e  o f t e n  d i s t i n g u i s h e d  from the o t h e r s  

b e c a u s e  t h e y  u s u a l l y  show c y to p la s m  round  them .  The 

r e s t  of  t h e  n u c l e i  have n o t  been  s u b d i v i d e d ,  a l t h o u g h  

among them t h e r e  a p p e a r  to  be v e r y  few s m a l l ,  d a r k l y  

s t a i n i n g  n u c l e i , t h a t  i s  t h e r e  a re  a p p a r e n t l y  v e r y  

few m i c r o g l i a l  c e l l s .  E x a m in a t io n  o f  th e  10 day  

d e g e n e r a t e d  sp ec im e n s  i n d i c a t e s  t h a t  t h e r e  a r e  more 

o f  t h e s e  n u c l e i  t h a n  a re  found  a t  o t h e r  s t a g e s  of  

d e g e n e r a t i o n .  However t h e  e x a c t  d i f f e r e n t i a t i o n  o f  

n u c l e i  which  a re  no t  l a r g e  and p a l e  was not  c a r r i e d  

o u t  b e c a u s e  f r e q u e n t l y  i t  was d i f f i c u l t  t o  d i s t i n g u i s h  

one f rom t h e  o t h e r  w i t h  c e r t a i n t y .  I t  s h o u l d  b e  p o i n t e d  

ou t  t h a t  o t h e r  a u t h o r s  who s t u d i e d  d e g e n e r a t i o n  o f  

s p i n a l  t r a c t s  f o l l o w i n g  d i v i s i o n  o f  the  s p i n a l  co rd  

a p p e a r  t o  be c e r t a i n  t h a t  t h e  o l i g o d e n d r o c y t e s  m u l t i p l y  

e a r l y  on ( J a k o b ,  1914; Ca . ja l ,  1928;  Cramer & A lp e r s  , 

1 9 3 2 ) .  T h is  i s  i n  ag reem en t  w i t h  the  r e s u l t s  i n  t h i s  

e x p e r i m e n t «

The f i g u r e s  show ing  th e  p e r c e n t a g e  o f  the  two 

g ro u p s  o f  c e l l s  s u g g e s t  t h a t  d u r i n g  t h e  p e r i o d  be tw een  

10  and 20 d a y s ’ d e g e n e r a t i o n ,  th e  o l i g o d e n d r o c y t e s  and 

th e  m i c r o g l i a l  c e l l s  m u l t i p l y  a t  a g r e a t e r  r a t e  th a n
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F i g .  11 ( a) .

T r a n s v e r s e  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  T e i g f l r t - F a l , show ing  m y e l in  p r e s e n t  
a f t e r  20 d a y s ’ d e g e n e r a t i o n .
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F i g .  12 ( a ) .

T r a n s v e r s e  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  W e i g e r t - P a l ,  s l i o m n g  m y e l i n  p r e s e n t  
a f t  e r  50 days* de ge ne r a t  i o n .



L o n g i t u d i n a l  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d  
s t a i n e d  \7e i g e r t - P a l , show ing  m y e l i n  p r e s e n t  
a f t e r  50 d a y s ’ d e g e n e r a t i o n .
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t h e  a s t r o c y t e s  and t h a t  s u b s e q u e n t l y  t h e  

a s t r o c y t e s  m u l t i p l y  more r a p i d l y *  T h is  can  be 

r e l a t e d  t o  two p r o c e s s e s  which a r e  g o i n g  o n . .  A f t e r  

d i v i s i o n  o f  the  p o s t e r i o r  co lum ns ,  th e  f i b r e s  d i s t a l  

t o  th e  l e s i o n  d e g e n e r a t e .  The f i r s t  p r o c e s s  c o n s i s t s  

of th e  b r e a k i n g  up of  t h e  m y e l in  s h e a t h  and axon and 

t h e i r  p h a g o c y t o s i s .  T h is  p r o c e s s  t a k e s  much l o n g e r  

i n  the  c e n t r a l  n e rv o u s  sy s tem  t h a n  i n  p e r i p h e r a l  

n e r v e s  a l t h o u g h  one c a n n o t  o f f e r  any v e r y  good r e a s o n  

f o r  t h i s  d i f f e r e n c e .  S e c t i o n s  s t a i n e d  by the We i g e r t  

P a l  method c o n f i rm  t h i s .  The re  i s  a  c o n s i d e r a b l e  

amount o f  m y e l in  p r e s e n t  a f t e r  20 d a y s ’ d e g e n e r a t i o n ,  

much more t h a n  one would e x p e c t  when comp a. r e d  w i t h  a 

p e r i p h e r a l '  ne rve  ( s e e  P i g .  11a & b ) .  Fven  a f t e r  

50 d a y s ’ d e g e n e r a t i o n  t h e r e  i s  s t i l l  some m y e l in  ( s e e  

F i g ,  12a  & b ) .  T h is  p h a g o c y t o s i s  i s  a s s o c i a t e d  

w i t h  th e  c e l l  changes  o u t l i n e d  a b o v e ,  namely t h e  

g r e a t e r  m u l t i p l i c a t i o n  o f  t h e  o l i g o d e n d r o c y t e s  an d  

m i c r o g l i a l  c e l l s .

The s eco n d  p r o c e s s  t a k e s  p l a c e  a t  a  l a t e r  s t a g e  

and i s  i n d i c a t e d  b y  the  r e l a t i v e  i n c r e a s e  o f  th e  a s t r o  

c y t e s  a t  50 days  as  compared w i t h  20 d a y s  and t h e i r  

s t i l l  g r e a t e r  i n c r e a s e  a f t e r  100 d a y s . I t  i s  d u r i n g  

t h i s  p e r i o d  t h a t  t h e  d e g e n e r a t e d  a re a  becomes a  g l i a l  

s c a r *  In a d d i t i o n  the a s t r o c y t e s  seem t o  be more
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t h e  d e g e n e r a te d ,  a r s a .  mary o f  t h e  a s t r o c y t e s  a t  

t h i s  s t a g e  o f  d e g e n e r a t i o n  t a k e  on the  a p p e a r a n c e  

o f  s h a t  h a v e  b e e n  c a l l e d  IT iss l  *s plump a s t r o c y t e s  

( g l  eh as t a t e  Ze 11 e n ) * The y  h a v e b e e  n d e s c r  ib e d by  

P e n f i e l d  (1932)  as h a v i n g  a l a r g e ,  o v a l  n u c l e u s  w i t h  

f a i n t l y  s t a i n i n g  n u c l e a r  c h r o m a t in  and b e i n g  a c t i v e l y  

f i b r e  f o r m i n g .  He q u o te s  S p i e lm e y e r  (1922)  who 

p o i n t e d  o u t  t h a t  plump a s t r o c y t e s  a re  e n c o u n t e r e d  where 

n e rv o u s  t i s s u e  has  gone t h r o u g h  ex t r e m e  b u t  c i r c u m 

s c r i b e d  d e g e n e r a t i o n .

The s i g n i f i c a n t  d e c r e a s e  in  t h e  number o f  n u c l e i  

fo u n d  in  t h e  normal a r e a s  of  t h e  50 and 100 day  s p i n a l  

c o r d s  ( s e e  T a b le  X) may be r e l a t e d  to  t h i s  p r o c e s s  of 

g l i o s i s .  There  may be a  m i g r a t i o n  o f  a s t r o c y t e s  to w ard s  

t h e  d e g e n e r a t e d  a r e a  r e s u l t i n g  i n  f e w e r  c e l l s  in  t h e  

no rm a l  a r e a .

A l t h o u g h  t h e r e  i s  no c o n t r o v e r s y  r e g a r d i n g ■th e  

c e l l s  w h ich  form a  g l i a l  s c a r  -  t h e r e  i s  c o m p le te  

a g r e e m e n t  by  a l l  w o rk e rs  t h a t  a s t r o c y t e s  m u l t i p l y  

t o  p e r fo r m  t h i s  f u n c t i o n  -  t h e  p ro b le m  of  w h ich  c e l l s  

a c t  as  p h a g o c y t e s  e a r l i e r  on h a s  s t i l l  to  be s o l v e d .

I t  s h o u ld  be made c l e a r  t h  t  R i o - H o r t e g a ,  as  f a r  as  

can  be a s c e r t a i n e d ,  has  n e v e r  i n v e s t i g a t e d  t h e  g l i a l  

changes  f o l l o w i n g  i n t e r r u p t i o n  o f  f i b r e  t r a c t s  in  t h e  

s p i n a l  c o r d .  In  1932 ,  he  l i s t e d  s e v e r  d i f f e r e n t
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p a t h o i o g i c a l  s t a t e s  in  which m i c r o g l i a l  c e l l s  a c t  

a s  p h a g o c y t e s  b u t  none o f  t h e s e  c o n d i t i o n s  i s  t r u l y  

c o m p a ra b le  w i t h  d e g e n e r a t i o n  o f  f i b r e  t r a c t s  due to  

t h e i r  s e p a r a t i o n  f rom t h e i r  c e l l  b o d i e s .  I t  must 

be a d m i t t e d  t h a t  h i s  e v id e n c e  would s u g g e s t  t h a t  o n ly  

m i c r o g l i a  i s  c a p a b l e  o f  p h a g o c y t o s i s  and t h a t  the  

o l i g o d e n d r o c y t e s  n e v e r  p a r t i c i p a t e  in  t h i s  p r o c e s s .

On th e  o t h e r  h a n d ,  a l l  o t h e r  w o rk e r s  who have s t u d i e d  

d e g e n e r a t i o n  o f  f i b r e  t r a c t s  have been  s a t i s f i e d  t h a t  

o l i g o d e n d r o c y t e s  m u l t i p l y  and a c t  as  p h a g o c y t e s .  The 

p r e s e n t  work would s u p p o r t  t h i s  v i e w  and i t  s h o u ld  be  

added  t h a t  t y p i c a l  compound g r a n u l a r  c o r p u s c l e s  

( f i t t e r ” c e l l s ) ,  which  a r e  f a i r l y  e a s i l y  d i s t i n g u i s h a b l e  

and. a r e  d e r i v e d  from, m i c r o g l i a ,  a r e  r a r e l y  s e e n  

a f t e r  any o f  th e  p e r i o d s  o f  d e g e n e r a t i o n  s t u d i e d .

T h e i r  s m a l l  number a f t e r  10 and 20 d a y s ’ d e g e n e r a t i o n  

i s ,  i n  f a c t ,  r a t h e r  s u r p r i s i n g .

A f u r t h e r  p o s s i b i l i t y  h a s  t o  be c o n s i d e r e d .  I f  i t  

i s  assum ed t h a t  t h e  a s t r o c y t e s ,  o l i g o d e n d r o c y t e s  and 

m i c r o g l i a l  c e l l s  c a n  be d i s t i n g u i s h e d  from each  o t h e r  

i n  t h e  w h i te  co lumns o f  t h e  normal s p i n a l  c o r d ,  may 

t h e y  n o t  change t h e i r  m o r p h o l o g i c a l  c h a r a c t e r s  d u r i n g  

d e g e n e r a t i o n  so t h a t  i t  becomes d i f f i c u l t  t o  s o r t  o u t  

t h e  d i f f e r e n t  t y p e s  o f  c e l l ?  The more r e c e n t  o p i n i o n s  

o f  some o f  th e  I t a l i a n  w o rk e rs  ( B a i r a t i ,  1948 a  & b ,  

1950;  D’A g a ta ,  1950) would s u p p o r t  t h i s  v i e w .  They
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c l a i m  t h a t  t h e  n e u r o g l i a  and m i c r o g l i a  a re  r e a l l y  

th e  same c e l l s  w i t h  d i f f e r e n t  m o r p h o l o g i c a l  p r o p e r t i e s  

due to  t h e  e f f e c t s  p ro d u c ed  by  t h e  s u r r o u n d i n g  t i s s u e s .  

I f  t h e s e  e f f e c t s  d i s a p p e a r  d u r i n g  d e g e n e r a t i o n  the  

d i s t i n c t  s t r u c t u r a l  c h a r a c t e r s  o f  th e  c e l l s  may be 

l o s t *  Pur  therm  ore, i t  i s  common f o r  d i f f e r e n t i a t e d  

c e l l s  t o  l o s e  some o f  t h e i r  c h a r a c t e r i s t i c  f e a t u r e s  when 

t h e y  become a c t i v e ,  f o r  ex am p le ,  f i b r o c y t e s , when a c t i v e  

i n  a  wound, .change t h e i r  a p p e a r a n c e s .  C o n s e q u e n t ly  

a l t h o u g h  t h e  c e l l s  in  the  d e g e n e r a t e d  a r e a s  a r e  assumed 

t o  be m o s t l y  a s t r o c y t e s  and o l i g o d e n d r o c y t e s  t h e  l a t t e r  

may i n c l u d e  m i c r o g l i a l  c e l l s  whose n u c l e i  have changed  

in  t h e i r  s t a i n i n g  p r o p e r t i e s .

The e a r l y  m u l t i p l i c a t i o n  o f  th e  a s t r o c y t e s  i s  

more d i f f i c u l t  to  a c c o u n t  f o r ,  and i t  may be t h a t  

Jakob  i s  c o r r e c t  in  m a i n t a i n i n g  t h a t  t h e y  a re  p h a g o 

c y t i c .  I t  i s  c o n c e i v a b l e  t h a t  t h e y  m u l t i p l y  e a r l y  on 

due t o  the  s t i m u l u s  of  some c h e m ic a l  a g e n t  r e l e a s e d  

by  th e  d e g e n e r a t i n g  f i b r e s .  T h is  m i l  be c o n s i d e r e d  

in  g r e a t e r  d e t a i l  in  th e  n ex t  s e c t i o n .

C. D i f f e r e n c e s  b e tw een  t h e  f i b r e s  o f  p e r i p h e r a l  n e r v e s  

and o f  t r a c t s  in t h e  s p i n a l  cord  d u r i n g  d e g e n e r a t i o n .

The most s t r i k i n g  d i f f e r e n c e  b e tw ee n  t h e  n u c l e a r  

p o p u l a t i o n  changes  in  d e g e n e r a t i n g  p e r i p h e r a l  n e rv e  and 

f i b r e  t r a c t s  in t h e  s p i n a l  co rd  i s  t h a t  the  p e r i p h e r a l  

n e r v e s  show a maximum n u c l e a r  c o p u l a t i o n  a f t e r  a  v a r y i n g



p e r i o d ,  w h ic h  i s  n e v e r  more t h a n  30 d a y s .  T h is  

v a r i e s  w i t h  t h e  f i b r e  s p e c t ru m  o f  t h e  n e rv e  s tu d i e d *

On th e  o the . r  h an d  t h e  n u c l e i  i n  th e  p o s t e r i o r  columns 

no on i n c r e a s i n g  up to  KQ days. In th e  p e r i p h e r a l  

n e rv e s , ,  the  l a r g e r  the  f i b r e s  t h e  g r e a t e r  was t h e  

i n c r e a s e  and th e  l o n g e r  was t h e  t ime t a k e n  to r e a c h  

t h a t  i n c r e a s e  , b u t  t h e  maximum was r e a c h e d  w i t h i n  

30 d ay s  even  i n  t h e  n e rv e  w i t h  the l a r g e s t  f i b r e s .

S e c t i o n  of  t h e  normal p o s t e r i o r  columns s t a i n e d  by 

t h e  W e i g £ r t - F a l  method show t h a t  f rom t h e  p o i n t  o f  

v i e w  o f  f i b r e  s i z e  t h e s e  columns a re  b e s t  compared 

w i t h  a  m ixed  n e rv e  l i k e  th e  s c i a t i c  n e rv e  o f  th e  

r a b b i t ,  s t u d i e d  by A berc rom bie  & Johnson  ( 1 9 4 6 ) .

They e s t i m a t e d  t h a t  th e  maximum n u c l e a r  i n c r e a s e  

o c c u r s  a f t e r  a b o u t  25 days* d e g e n e r a t i o n ,  a f t e r  

w h ich  th e  n u c l e a r  p o p u l a t i o n  f a l l s  r a p i d l y  a t  f i r s t  

and t h e n  more s l o w l y .  At 50 days  i t  has  f a l l e n  

c o n s i d e r a b l y  b u t  a t  100 d a y s  th e  a d d i t i o n a l  d e c r e a s e  

i s  n o t  g r e a t  ( see  F i g .  1 0 ) .  These a u t h o r s  s u g g e s t  

t h a t  t h e  i n c r e a s e  i n  c e l l s  i s  due to  "a c h e m i c a l  s t i m u l u s  

coming b y  d i f f u s i o n  from the a u t o l y s i n g  n e rv e  f i b r e s " .  

They o f f e r  no e x p l a n a t i o n  f o r  th e  s u b s e q u e n t  d e c r e a s e  

i n  n u c l e i .

J o s e p h  (1947 ,  1948) e m p h a s i s e d  t h a t  the  s i z e  o f  

th e  ne rve  f i b r e s  may be an  i m p o r t a n t  f a c t o r  in  d e t e r m in i n g  

t h e  n u c l e a r  p o p u l a t i o n  i n c r e a s e .  In n e r v e s  w i t h  l a r g e r
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d u r i n g  d e g e n e r a t i o n  l e a v e s  a  l a r g e  space  which i s  

f i l l e d  b y  d i v i d i n g  c e l l s .  The n e r v e s  w i t h  s m a l l e r  

f i b r e s  have s m a l l e r  sp aces  to  f i l l  and so r e a c h  t h e i r  

maximum i n c r e a s e  e a r l i e r  and th e  i n c r e a s e  i s  s m a l l e r ,  

A b e rc ro m b ie  & Jo hnson  (1946)  p o i n t  o u t  t h a t  th e  

s u b s e q u e n t  d e c r e a s e  in  n u c l e i  i s  a s s o c i a t e d  w i t h  

s h r i n k a g e  o f  t h e  t u b e s  in  the  d e g e n e r a t e d  nerve  t o g e t h e r  

w i t h  a  s h r i n k a g e  o f  the  whole n e r v e .  They do n o t  s t a t e  

t h a t  t h i s  s h r i n k a g e  c a u s e s  t h e  decrea .se  in t h e  n u c l e i  

b u t  i t  i s  s u g g e s t e d  h e r e  t h a t  t h a t  may be th e  c a s e .

In d e g e n e r a t i n g  p e r i p h e r a l  n e r v e s ,  a t  l e a s t  in  

t h e  e a r l y  s t a g e s ,  p h a g o c y t o s i s  o f  t h e  d e g e n e r a t i n g  

m y e l i n  s h e a t h  and axon t a k e s  p l a c e  and th e  e a r l y  

m u l t i p l i c a t i o n  o f  th e  c e l l s  must  be  r e l a t e d  t o  some 

e x t e n t  t o  t h i s  p r o c e s s ,  l i a c ro p h a g es  from th e  en d o -  

neu r iu m  may be t h e  main  c e l l s  w h ich  remove t h e  d e b r i s  

w i t h i n  t h e  n eu r i lem m a and f o r  t h i s  p u rpose  t h e s e  c e l l s  

m us t  e n t e r  t h e  neur i lem rna l  t u b e .  B lood  v e s s e l s  in  th e  

ne rve  may be a n o t h e r  s o u rc e  o f  t h e s e  m a c ro p h a g e s .

Caqal (1928) s t a t e d  t h a t  the m u l t i p l y i n g  Schwann c e l l s  

i n s i d e  th e  n eu r i le m m a c o n t a i n  f a t  d r o p l e t s  and c a l l e d  

t h i s  p r o c e s s  " f a t t y  i n f i l t r a t i o n "  r a t h e r  th a n  p h a g o c y t o s i s  

w h ic h ,  he m a i n t a i n e d ,  i s  c a r r i e d  o u t  by m acrophages  

e n t e r i n g  the  tu b e  a f t e r  abou t  7 d a y s .  Abercrombie  A 

J o h n s o n  (1946) do not  d i s c u s s  t h i s  p r o b le m .

ddien com par ing  d e g e n e r a t i o n  in p e r i p h e r a l  n e r v e s
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w i t h  t h a t  i n  t h e  p o s t e r i o r  columns o f  th e  s p i n a l  cord  

t h e r e  i s  a  s i m i l a r i t y  in  t h a t  the  m y e l in  s h e a t h  and 

axon d i s a p p e a r  i n  b o t h  c a s e s .  The re  i s  a  d i f f e r e n c e  

how ever  in  t h a t  t h i s  p r o c e s s  i s  much s low er  and t a k e s  

c o r r e s p o n d i n g l y  l o n g e r  i n  t h e  s p i n a l  c o r d .  Th is  d i f f e r 

ence may to  some e x t e n t  a c c o u n t  f o r  what  a p p e a r s  t o  be 

a  s l o w e r  i n c r e a s e  i n  t h e  n u c l e a r  p o p u l a t i o n  of  th e  

d e g e n e r a t i n g  p o s t e r i o r  co lum ns .  On t h e  o t h e r  hand 

t h e  n u c l e a r  i n c r e a s e  in' th e  p o s t e r i o r  columns even  

a f t e r  100 days  d o e s  n o t  r e a c h  anywhere n e a r  t h e  

l e v e l  o f  t h e  i n c r e a s e  a f t e r  25 d ay s  in  what may be 

co m p a ra b le  p e r i p h e r a l  n e r v e s  ( 4 . 5  t im e s  as  compared  

w i t h  8 . 4 - t i m e s )  •

I t  i s  s u g g e s t e d  t h a t  th e  main d i f f e r e n c e s  i n  

n u c l e a r  p o p u l a t i o n  changes  d u r i n g  d e g e n e r a t i o n  a re  

due t o  th e  d i f f e r e n c e s  i n  s t r u c t u r e  b e tw een  p e r i p h e r a l  

n e rv e  f i b r e s  and f i b r e s  i n  t h e  s p i n a l  p o s t e r i o r  co lum ns .  

The i m p o r t a n t  d i f f e r e n c e  i s  t h e  p r e s e n c e  o f  a  n e u r i -  

lemmal s h e a t h  and endoneur ium  in  th e  f o r m e r .  B ecause  

o f  t h e s e  s t r u c t u r e s ,  and i t  i s  d i f f i c u l t  to  d e t e r m in e  

w hich  p l a y s  t h e  more i m p o r t a n t  p a r t , the  p e r i p h e r a l  

n e r v e  a f t e r  t h e  b r e a k - u p  o f  th e  m y e l in  s h e a t h  and 

axon c o n s i s t s  of  a l a r g e  number o f  f a i r l y  r i g i d  t u b e s  

c o n t a i n i n g  a t  f i r s t  m u l t i p l y i n g  c e l l s .  These t u b e s  

as  t h e y  a re  f a i r l y  r a p i d l y  e m p t i e d  o f  t h e i r  d e b r i s  

a r e  f i l l e d  mors and more w i t h  c e l l s  u n t i l  c e l l  d i v i s i o n  

s t o p s  e i t h e r  b e c a u s e  the  c h e m ic a l  f a c t o r  s t i m u l a t i n g
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f f ig .  13 ( a ) .

L o n g i t u d i n a l  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  h a e m a t o x y l i n  and e o s i n ,  sh o w in g  no rm a l  
c o r d  w i t h  n e u r o g l i a l  c e l l s  i n  columns and l o n g i t u d . i n a l  
t u b a l  s t r u c t u r e  of  f i b r e s .
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F i g .  15 (b)  .

L o n g i t u d i n a l  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  h aem a to :x y l in  and e o s i n ,  sh o w in g  a f t e r  
10 d a y s T d e g e n e r a t i o n ,  n e u r o g l i a l  c e l l s ’ s t i l l  
i n  co lum ns  and s t i l l  some e v i d e n c e  of  l o n g i t u d i n a l  
t u b a l  s t r u c t u r e  o f  f i b r e s .
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? i r «  13 (c ) .

L o n g i t u d i n a l  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
t a i n e d  h a .em a to x y l in  and e o s i n ,  showing^ a f t e r  
0 d ay s1 d e g e n e r a t i o n  n e u r o g l i a l  c e l l s  no l o n g e r  

i n  co lumns and l o s s  o f  l o n g i t u d i n a l  t u b a l  s t r u c t u r e  
o f  f i b r e s •
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? i g »  13 (d.)»

L o n g i t u d i n a l  s e c t i o n  o f  c e r v i c a l  s i ) i n a l  c o r d ,  
s t a i n e d  h a e m a t o x y l i n  and e o s i n ,  showing a f t e r  
50 d a y s ’ d e g e n e r a t i o n  n e u r o g l i a l  c e l l s  no l o n g e r  
i n  columns and l o s s  o f  l o n g i t u d i n a l  t u b a l  s t r u c t u r e s  
in  f i b r e s .
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F i g .  15 ( 9 ) .

L o n g i t u d i n a l  s e c t i o n  o f  c e r v i c a l  s p i n a l  c o r d ,  
s t a i n e d  h a e m a t o x y l i n  and e o s i n ,  s h o w i n g  a f t e r  
1 00  days*  d e g e n e r a t i o n ; n e u r o g l i a l  c e l l s ' n o  l o n g e r  
i n  c o l u m n s  and l o s s  o f  l o n g i t u d i n a l  t u b a l  s t r u c t u r e s  
i n  f i b r e s .
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c e l l  d i v i s i o n  c e a s e s  to  have'  t h i s  e f f e c t  o r  b e c a u s e  

t h e r e  i s  no more room f o r  f u r t h e r  c e l l s  o r  b e c a u s e  

o f  b o t h  f a c t o r s .  S u b s e q u e n t l y  th e  t u b e s  s h r i n k  and 

t h e  c e l l  p o p u l a t i o n  f a l l s .  In  th e  s p i n a l  p o s t e r i o r  

columns th e  t u b e s ,  o r  r s . t h e r  the  t u b a l  s t r u c t u r e s ,  

c o l l a p s e  and t h e r e  a r e  few t u b a l  s p a c e s  w a i t i n g  t o  

be f i l l e d  by m u l t i p l y i n g  c e l l s .  There  i s  however  

an e a r l y  m u l t i p l i c a t i o n  of n u c l e i  f o r  p h a g o c y t o s i s .  

S u b s e q u e n t l y  th e  c e l l s  m u l t i p l y  t o  p roduce  a  g l i a l  

s c a r .  In  s u p p o r t  of  t h i s  s u g g e s t i o n  two h i s t o l o g i c a l  

f i n d i n g s  a re  r e p o r t e d .  In  a  s e c t i o n  of  a  normal  

s p i n a l  c o r d  s t a i n e d  f o r  r e t i c u l i n  a  p o s t e r i o r  r o o t l e t  

c u t  in .  t r a n v e r s e  s e c t i o n  showed v e r y  c l e a r l y  r e t i c u l i n  

s u r r o u n d i n g  t h e  f i b r e s ,  whereas  the f i b r e  t r a c t s  o f  

t h e  s p i n a l  c o rd  showed no e v i d e n c e  o f  r e t i c u l i n  in  

a  s i m i l a . r  s i t e  t h u s  c o n f i r m i n g  t h e  work o f  L a id lo w  

( 1 9 3 0 ) .  S e c o n d l y . l o n g i t u d i n a l  s e c t i o n s  o f  th e  d e g e n 

e r a t e d  s p i n a l  co rd s  a f t e r  20, 50 and 100 days* d e g e n 

e r a t i o n  show t h a t  t h e  t u b a l  n a t u r e  o f  t h e  p o s t e r i o r  

columns i s  l o s t  in th e  d e g e n e r a t e d  a r e a s  and t h e  

m u l t i p l y i n g  n u c l e i  a r e  no l o n g e r  i n  co lu m n s .  In  

a d d i t i o n  th e  n u c l e i  a r e  r o u n d ,  u n l i k e  t n o s e  in  d e g e n 

e r a t i n g  p e r i p h e r a l  nerve  in  which th e y  a re  m a rk e d ly  

e l o n g a t e d , t h i s  e l o n g a t i o n  b e i n g  due t o  t h e  c o m p a r a t i v e l y  

r i g i d  tu b e  i n  which  th e  c e l l s  l i e  ( s e e  P i g .  1 3 a ,  b ,  c ,  

d , e ) .
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Does t h i s  i n v e s t i g a t i o n  h e l p  t o  e l u c i d a t e  the  

p ro b le m  as  to  w h e th e r  th e  o l i g o d e n d r o c y t e  arid t h e  

Schwann c e l l  a r e  th e  sane c e l l  b u t  in  a  d i f f e r e n t  

s i t u a t i o n ?  B o th  c e l l s  m u l t i p l y  e a r l y  on d u r i n g  

d e g e n e r a t i o n  and b o t h  c e l l s  show f a t  i n c l u s i o n s  

in  t h e i r  c e l l  body d e r i v e d  from th e  m ye l in  s h e a t h .

One may a c c e p t  C a j a l ' s  s u g g e s t i o n  t h a t  t h i s  i s  n o t  

p h a g o c y t o s i s .  The c o n t i n u i n g  i n c r e a s e  o f  the  

n u c l e i  in  th e  d e g e n e r a t i n g  p o s t e r i o r  columns i s  

a p p a r e n t l y  due to  t h e  a s t r o c y t e s  and i t  may be  

assumed t h a t  the  o l i g o d e n d r o c y t e s  s t o p  m u l t i p l y i n g  

i n  t h e  s p i n a l  c o rd  as  do the  Schwann c e l l s  i n  p e r i 

p h e r a l  n e r v e s .  I t  may be s a i d  t h e r e f o r e  t h a t  the. 

o l i g o d e n d r o c j r t e s  r e sp o n d  in  a  way co m parab le  w i t h  

th e  Schwann c e l l  r e s p o n s e .

Dm The p rob lem  o f  r e g e n e r a t i o n  i n  the  s p i n a l  c o r d .

One o f  the  most  i m p o r t a n t  p r e r e q u i s i t e s  f o r  

r e g e n e r a t i o n  in  p e r i p h e r a l  n e rv e s  i s  th e  e x i s t e n c e  

o f  th e  t u b e s  in  t h e  p e r i p h e r a l  s tu m p .  From what 

h a s  b e e n  a l r e a d y  s a i d  in  the  d i s c u s s i o n  i t  can be 

s e e n  t h a t  t h i s  p r e r e q u i s i t e  i s  m i s s i n g  in  t h e  s p i n a l  

c o r d .  The absence  o f  t h e s e  t u b e s  p r o b a b l y  p l a y s  a 

v e r y  i m p o r t a n t  p a r t  i n  p r e v e n t i n g  c o m p le te  r e g e n e r a t i o n  

o f  f i b r e  t r a c t s  i n  t h e  s p i n a l  c o r d .  t f in d le  cc Chambers 

(1950)  by means o f  p y ro g e n s  p r e v e n t e d  t h e  f o r m a t i o n  

o f  a  g l i a l  s c a r  a t  t h e  s i t e  o f  s e c t i o n  o f  t h e  s p i n a l
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cord. i n  c a t s  and dogs and  as a  r e s u l t  net? 

a: ons grew a c r o s s  t h e  s i t e  o f  th e  l e s i o n .  They 

d i d  n o t  o b t a i n  any f u c t i o n a l  r e g e n e r a t i o n ,  however , ,  

and t h a t  may have b ee n  due t o  th e  absence  o f  t u b a l  

s t r u c t u r e s  a l o n g  w h ich  th e  f i b r e s  c o u l d  grow.  One 

may s p e c u l a t e  on whether ,  f u n c t i o n a l  r e g e n e r a t i o n  

would be a c h i e v e d  w i t h  t h e  c o n t i n u e d  use o f  p y ro g e n s  

w h ich  may p r e v e n t  g l i a l  s c a r r i n g  o f  th e  d e g e n e r a t e d  

t r a c t s .

I t  i s  s u g g e s t e d  t h a t  t h i s  i n v e s t i g a t i o n  l e a d s  

one to  b e l i e v e  t h a t  com ple te  r e g e n e r a t i o n  i n  t h e  

s p i n a l  c o r d  i s  p r e v e n t e d  t o  some e x t e n t  by t h e  

c o l l a p s e  o f  t h e  t u b e s  and th e  f o r m a t i o n  o f  t h e
i

g l i a l  s c a r  due t o  t h e  a c t i v i t y  o f  th e  a s t r o c y t e s  

i n  t h e  d e g e n e r a t e d  a re a *
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5 * SmhiAKY.

1 .  Changes i n  t h e  n u c l e a r  p o p u l a t i o n  in  the  

p o s t e r i o r  columns o f  t h e  s p i n a l  c o r d  o f  t h e  

r a b b i t  have b een  s t u d i e d  a f t e r  10 ,  20,, 50 and 

100 d a y s ’ d e g e n e r a t i o n *

2m I t  h a s  been found t h a t  t h e r e  i s  a  p r o g r e s s i v e  

i n c r e a s e  in  t h e  n u c l e i  up to 100 d a y s .  A f t e r  10 

days  t h e  i n c r e a s e  i s  a b o u t  1 . 8  t i m e s  th e  normal, ,  

a f t e r  20 days  3 t i m e s ,  a f t e r  50 days 3 . 4  t i m e s  and 

a f t e r  100 days  4 .5  t i m e s .

3 .  There  a re  some s i g n f i c a n t  changes  in  th e  a r e a  of  

th e  p o s t e r i o r  c o lu m n s .  I t  i s  s u g g e s t e d  t h a t  t h e s e  

ch an g es  a re  not  i m p o r t a n t  i n  c o n s i d e r i n g  the  r e s u l t s .  

The re  i s  no s i g n f i c a n t  change i n  t h e  l e n g t h  of  th e  

n u c l e i  a f t e r  a l l  p e r i o d s  of d e g e n e r a t i o n  s t u d i e d .

4 .  The a s t r o c y t e s  have b ee n  . d i f f e r e n t i a t e d  from the  

o t h e r  c e l l s  ( o l i g o d e n d r o c y t e s  and m i c r o g l i a l ' c e l l s ) 

bjr, r e a s o n  o f  the  a p p e a ra n c e  of  t h e i r  n u c l e i  in  

h a e m a t o x y l i n  and e o s i n  s t a i n e d  s e c t i o n s .  The a s t r o 

c y t e s  were found t o  i n c r e a s e  e a r l y  on e q u a l l y  w i t h

t h e  o t h e r  c e l l s .  Between 10 and 20 days  t h e y  i n c r e a s e  

t o  a  l e s s  e x t e n t .  S u b s e q u e n t l y  t h e y  c a t c h  up w i t h  

and i n c r e a s e  to  a g r e a t e r  e x t e n t  t h a n  t h e  o t h e r  c e i l s .

5 .  I t  i s  s u g g e s t e d  t h a t  t h e  i n c r e a s e  in  o l i g o d e n d r o c y t e s  

and m i c r o g l i a l  c e l l s  i s  f o r  p h a g o c y t o s i s  o f  th e  d e g e n -
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e r a t i n g  m ye l in  s h e a t h s  and axons  o f  t h e  f i b r e  

t r a c t s  and th e  s u b s e q u e n t  i n c r e a s e  o f  t h e  a s t r o 

c y t e s  i s  f o r  the  f o r m a t i o n  o f  a  g l i a l  s c a r .

6 .  Comparison i s  made b e tw e e n  t h e  n u c l e a r  p o p u l a t i o n  

changes  in  d e g e n e r a t i n g  p e r i p h e r a l  n e r v e s  and in  the  

p o s t e r i o r  columns o f  t h e  s p i n a l  c o r d .  Most of  t h e s e  

d i f f e r e n c e s  a r e  p r o b a b l y  due to  th e  d i f f e r e n c e  in  

s t r u c t u r e  o f  the  n e rv e  f i b r e s ,  th e  main one b e i n g  

t h e  p r e s e n c e  o f  a  f a i r l y  r i g i d  tube  in  the p e r i p h e r a l  

n e rv e  due t o  th e  n eu r i le m m a and e n d o n e u r iu m . The 

c o n s e q u e n t  c o l l a p s e  o f  th e  t u b e s  in  th e  p o s t e r i o r  

columns i s  a l s o  r e s p o n s i b l e  f o r  p r e v e n t i n g  f u n c t i o n a l  

r e g e n e r a t i o n  o f  f i b r e  t r a c t s  in  the  s p i n a l  c o r d .
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6 .  AC1QTC .JL3DGMMMFT3.
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J • Z* Young f o r  r e a d i n g  and c r i t i c i z i n g  th e  

m a n u s c r i p t ;  Mr* M. A herc rom hie  f o r  much h e l p f u l  

a d v i c e ;  D r .  G. A* Thomas f o r  h i s  e x c e l l e n t  

p i c t u r e s ;  and Mr. S .  Cox f o r  t e c h n i c a l  a s s i s t a n c e .
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