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t h a t  a comple t e  lesion of t he  infer ior  ce rebe l l a r  pedunc l e s  
suppres s  o t h e r  a f f e r en t  p a t h w a y s  to  t he  ce rebe l l a r  cor tex .  
Our  mid l ine  sec t ions  were n o t  specif ical ly  l imi ted  to  
o l ivo-cerebe l la r  f ibres  (see F igure  1), b u t  e x t e n d e d  to  t h e  
n e i g h b o u r i n g  r e t i cu la r  f o r m a t i o n  wh ich  also p ro jec t s  to  
t h e  ce rebe l l a r  co r t ex  ~. Therefore ,  i t  is poss ible  t h a t  t h e  
i n t e r r u p t i o n  of t h e  o l ivo-cerebe l la r  p a t h w a y  is on ly  in  
p a r t  r e spons ib le  for t h e  suppres s ion  of P u r k i n j e  n e u r o n  
responses  to  c l imb ing  f ibre  a c t i va t i on .  

tes t6es  p a r  s t i m u l a t i o n  a f f~ren te  d a n s  u n  g roupe  d ' a n i -  
m a u x  i n t a c t  e t  d a n s  u n  g roupe  d ' a n i m a u x  avec  16sion 
c h r o n i q u e  t o t a l e  e t  b i l a t6 ra le  de la  voie  ol ivo-cerebel leuse.  
On a d 6 m o n t r 6  q u ' u n e  p a r t i e  s e u l e m e n t  des  f ibres  qu i  
a t t e i g n e n t  la r~gion v e r m i e n n e  du  lobe pos t6 r i eu r  du  
ce rve le t  o n t  l eur  or igine  d a n s  l 'o l ive  inf6rieure.  
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H i s t o c h e m i c a I  C h a n g e s  in  U p p e r  M o t o r  L e s i o n s ,  P a r k i n s o n i s m  and  D i s u s e .  Di f ferent ia l  Effect  on  
Whi te  a n d  Red M u s c l e  F i b r e s  

H i s t o c h e m i c a l  m e t h o d s  for  i n d i c a t i o n  of t he  e n z y m e  
a c t i v i t y  in s t r i a t ed  muscle  h a v e  p e r m i t t e d  a d i f fe ren t ia -  
t i on  of t h e  f ibres  in to  g roups  w i t h  d i f f e ren t  m e t a b o l i c  
p re requis i tes .  Thus ,  in  v e r t e b r a t e s ,  a la rge ly  rec iproca l  
r e l a t i on  ex is t s  b e t w e e n  t h e  p h o s p h o r y l a s e  a c t i v i t y  a n d  
t h e  o x i d a t i v e  e n z y m e  a c t i v i t y  in  t h e  i n d i v i d u a l  musc le  
f ibres  1. T h e  w h i t e  f ibre  h a s  a h igh  p h o s p h o r y l a s e  ac t iv i ty ,  
whe reas  t h e  m y o g l o b i n r i c h  red  f ibre  ha s  a h i g h  a c t i v i t y  
of o x i d a t i v e  enzymes ,  such  as c y t o c h r o m e  oxidase,  D P N  
d i a p h o r a s e  a n d  succ ina t e  dehyd rogenase .  

On  t h e  bas is  of a m e t h o d  for morpho log i ca l  i n d i c a t i o n  
of musc le  a c t i v i t y  2 i t  h a s  r e c e n t l y  been  s h o w n  in pre-  
l i m i n a r y  e x p e r i m e n t s  t h a t  t h e  m o t o r  u n i t  is, to  a h igh  
degree,  un i fo rm  wi th  respec t  to  i t s  e n z y m e  p a t t e r n  3. 

I n  man ,  t h e  o rde r  of r e c r u i t m e n t  of t he  m o t o r  un i t s  is 
la rgely  fixed, a n d  is t h u s  i n d e p e n d e n t  of t he  t y p e  of 
ac t iva t ion* .  Th i s  impl ies  t h a t  some musc le  f ibres  a re  in  a 
s t a t e  of more  or  less c o n t i n u o u s  ac t iv i ty ,  whe reas  o t h e r s  
a re  u t i l ized  o n l y  u n d e r  specia l  cond i t ions ,  such  as  s t r o n g  
or  r ap id  c o n t r a c t i o n .  A g a i n s t  th i s  b a c k g r o u n d ,  i t  is of 
i n t e r e s t  to  a s c e r t a i n  how m o t o r  d i s t u r b a n c e s ,  a s soc ia ted  
w i t h  some i n a c t i v i t y  a n d  c h a n g e  in tone,  r e spec t ive ly  
r eac t  on  t he  f u n c t i o n a l  a n a t o m y  of t h e  ske le ta l  muscle .  

T h r e e  g roups  of p a t i e n t s  were  s t ud i ed  b y  m e a n s  of 
musc le  b iopsy.  (A) Cen t r a l  h e m i p a r e s i s  due  to  v a s c u l a r  

ce rebra l  lesion or  ce rebra l  t u m o u r  (9 cases), (B) p a r k i n -  
son i sm (4 cases), (C) i n j u r y  to  t h e  a n t e r i o r  c ruc ia t e  l iga- 
m e n t  of t h e  knee  (11 cases). 

S t a in ing  for myof ib r i l l a r  A - b a n d  A T P a s e  5 al lows a 
g roup ing  i n to  2 d i s t i n c t  t y p e s  of fibre,  in  w h i c h  t h e  
a c t i v i t y  level  is l a rge ly  rec iproca l  to  t h e  ox ida t ive .  T h e  
d i s t i n c t  d i f ferences  in a c t i v i t y  were  m a i n t a i n e d  u n d e r  
t h e  ex i s t ing  pa tho log ica l  cond i t ions  (Figures  1 a n d  2). 
Th i s  m a k e s  t h e  m e t h o d  well  su i t ed  for c lass i f ica t ion  of 
t h e  f ibres  in  m e a s u r e m e n t  of t h e  2 m a i n  t ypes  sepa ra te ly .  

I n  t h e  g roup  of c e n t r a l  pares is ,  t h e  una f f ec t ed  side 
se rved  as  a cont ro l .  T h e  o t h e r  g roups  of p a t i e n t s  were  
c o m p a r e d  w i t h  a con t ro l  m a t e r i a l 8  
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Fig. 1. Biceps brachii muscle. Myofibrillar A-band ATPase. (a) 
Normal muscle. Large, strongly reacting white fibres and smaller 
weakly reacting red fibres. (b) 6-months' total paresis {damage to 
pyramidal tract). Extreme atrophy of white fibres (stained black). 
(c) Parkinsonism with a long history of akinesia and rigidity. 
Moderate atrophy of white fibres (stained black) and hypertrophy of 
red fibres (stained light). × 130. 

T h e  resu l t s  c an  be  s u m m a r i z e d  as follows: 

(a) Select ive  a t r o p h y  of t h e  w h i t e  f ibres  wh ich  was re- 
l a t ed  to t he  g rade  of pares is  a n d  t he  d u r a t i o n  of f u n c t i o n a l  
loss (Figure  lb ) .  Af te r  5 -6  weeks  t o t a l  paresis ,  d i s t i nc t  
a t r o p h y  was  p resen t .  1 p a t i e n t  w i t h  a long  h i s t o ry  of 
s p a s t i c i t y  showed  h y p e r t r o p h y  of r ed  fibres.  

I n  a d d i t i o n  to  a genera l ized  decrease  in  s t a i n a b i l i t y  for 
D P N  d i a p h o r a s e  a n d  succ ina t e  dehyd rogenase ,  cy to-  
logical  c hanges  were  o b s e r v e d  t h a t  h a v e  b e e n  descr ibed  
e lsewhere  7. 

(b) I n  cases of l e n g t h y  ak ines ia  a n d  r ig id i ty ,  b o t h  a t r o p h y  
in  t he  wh i t e  f ibre  g roup  a n d  h y p e r t r o p h y  in t h e  r ed  f ibre  
g roup  were  d e m o n s t r a b l e  (F igure  lc) .  No  de f in i t e  increase  
o r  decrease  was  o b s e r v e d  in t h e  r eac t i on  for  D P N  dia-  
phorase ,  succ ina t e  d e h y d r o g e n a s e  or  phospho ry l a se .  

(c) H a l f  of t h e  cases showed  changes  in  t h e  red  f ibre  
group,  chief ly  in  t h e  fo rm of a t r o p h y  s (Figure  2b). Th e  
a c t i v i t y  p a t t e r n  of t h e  e n z y m e  reac t ions  used was  r e t a ined .  

One  case of p s e u d o a r t h r o s i s  of t h e  t i b i a  was  also 
e x a m i n e d ,  a n d  showed a t r o p h y  of t h e  s a m e  t y p e  as in  
d a m a g e  to  t h e  c ruc i a t e  l i gamen t ,  b u t  of m o r e  a d v a n c e d  
degree.  

T h e  t o n e  d e p e n d e n c e  of t h e  red  f ibres  c a n  be  d i scussed  
a g a i n s t  t h e  b a c k g r o u n d  of t he se  inves t iga t ions .  T h e  effect  
ot a r e d u c t i o n  in t one  h a s  b e e n  s t ud i ed  e x p e r i m e n t a l l y  in  
t e n o t o m i z e d  a n i m a l s  9,x°, a n d  t h e  resu l t s  a re  in  good 
a g r e e m e n t  w i t h  t h o s e  in  p a t i e n t  g roup  C. Analogous ly ,  
one  could  e x p e c t  t h e  r ed  f ibres  t o  r e a c t  to  a n  increase  in  
t o n e  b y  h y p e r t r o p h y .  J u d g i n g  b y  t h e  r e su l t s  in  p a t i e n t  
g roups  A a n d  B, th i s  seems,  in  fact ,  t o  b e  t h e  case. 

E x p e r i m e n t a l  f ind ings  i nd i ca t e  t h a t  t h e  w h i t e  f ibres  
are  a d a p t e d  to  s h o r t e r  c o n t r i b u t i o n s  of a c t i v i t y  t h a n  t h e  
r ed  ones  a re  a . I f  t h e y  a re  o rgan ized  in m o t o r  un i t s  w i t h  
a h i g h  t h r e s h o l d ,  t h e  a t r o p h y  in c en t r a l  pares i s  a n d  in  
P a r k i n s o n i s m  could  b e  assoc ia ted  w i t h  t h e  i n a b i l i t y  to  
c a r r y  o u t  m a x i m a l  v o l u n t a r y  musc le  c o n t r a c t i o n  in  these  
diseases.  

Fig. 2. Quadriceps femoris muscle. Myofibrillar A-band ATPase. 
(a) Normal muscle. Strongly and weakly reacting fibres of largely 
uniform size. (b) Damage to anterior cruciate ligament with 2-year 
history. Atrophy of red fibres (stained light). × 130. 

Zusammen/assung. Muske lb iops i ema te r i a l  aus  P a t i e n t e n  
m i t  m o t o r i s c h e n  S t 6 r u n g e n  bei  V e r l e t z u n g  de r  P y r a m i d e n -  
b a h n ,  P a r k i n s o n i s m u s  u n d  K r e u z b a n d v e r l e t z u n g  w u r d e  
m i t  h i s t o c h e m i s c h e r  T e c h n i k  ana lys i e r t .  E i n e  A t r o p h i e  
d e r  weissen  F a s e r n  w u r d e  be i  P y r a m i d e n b a h n v e r l e t z u n g  
u n d  P a r k i n s o n i s m u s  b e o b a c h t e t .  K r e u z b a n d v e r l e t z u n g  
e rgab  haup t s t i ch l i ch  A t r o p h i e  d e r  r o t e n  Fase rn ,  w i th rend  
diese bei  d a u e r n d e r  Spas t iz i t i i t  u n d  Rig id i t i t t  H y p e r t r o -  
p h i e t e n d e n z e n  zeigen. 
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