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u n t e r  K o n t r o l l b e d i n g u n g e n  ~aufgetadem>. F i g u r  I zeigt  
das  E r g e b n i s  dieser  V e r s u c h e :  u n t e r  de r  E i n w i r k u n g  yon  
A d r e n a l i n  wi rd  die *sCa-Aufnahme gegenf iber  den  Kon-  
t ro l l en  s ign i f ikan t  ges te iger t .  Die A b g a b e  de r  *sCa- 
A k t i v i t ~ t  erwies s ich u n t e r  A d r e n a l i n  ebenfa l l s  deu t l i ch  
ges te ige r t  (F igur  2). Bei  d iesen  V e r s u c h e n  w u r d e n  die  
P r i i p a r a t e  z u n ~ c h s t  60 m i n  in e iner  4sCa-hal t igen B a d -  
16sung <~aufgeladen,, ansch l i e s send  5, 10, 20 u n d  30 ra in  
in  i n a k t i v e r  K - T y r o d e l 6 s u n g  m i t  u n d  ohne  A d r e n a l i n z u -  
sa t z  i nkub ie r t .  

Bei  den  gesch i lde r t en  V e r s u c h e n  f and  s ich ke ine  s igni-  
f i kan t e  VerAnde rung  de r  C a - K o n z e n t r a t i o n  im Gewebe,  
sie lag im Mi t t e l  u m  0,32 p)kq/0,1 g F.G.  

Auf  G r u n d  unse re r  E r g e b n i s s e  u n d  neue re r  A n g a b e n  in  
de r  L i t e r a t u r  2,8,6 m 6 c h t e n  wi r  a n n e h m e n ,  dass  die be-  
s ch r i ebene  A u f h e b u n g  de r  K a l i u m - L ~ i h m u n g  des  Myo-  
ca rds  d u r c h  A d r e n a l i n  m i t  e iner  A n d e r u n g  de r  M e m b r a n -  
permeabi l i t /~ t  fiir K a t i o n e n  u n t e r  B e v o r z u g u n g  de r  
K a l z i u m - I o n e n  erkl/~rt w e r d e n  k a n n L  

Summary. T h e  effec t  of a d r e n a l i n e  on  t h e  cel lu lar  
ca lc ium e x c h a n g e  d u r i n g  t h e  K - d e p o l a r i z a t i o n  of myo-  

c a r d i u m  was  s t ud i ed  in  i so la ted  lef t  aur ic les  of guinea- 
pigs b y  m e a n s  of t h e  45Ca. I n c r e a s i n g  t h e  extracellular 
K - c o n c e n t r a t i o n  f rom 2 .7-30  m M  w i t h o u t  corresponding 
r e d u c t i o n  in s o d i u m  c o n c e n t r a t i o n  resu l t s  in  a depression 
of c o n t r a c t i o n  s t r e n g t h  of t he  m y o c a r d i u m  w h e n  current 
is appl ied .  The  depress ion  is i m m e d i a t e l y  revers ib le  by 
u s ing  ad rena l ine .  Th i s  was  assoc ia ted  w i t h  a significant 
inc rease  of t h e  4sCa exchange .  
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Activation of Purkinje Neurons  Through  Climbing Fibres After Chronic Lesions of the Olivo-Cere- 
bellar Pathway 

I n  ex t r ace l lu l a r  record ing ,  a d i scharge  evoked  in a 
ce rebe l la r  P u r k i n j e  n e u r o n  b y  m o n o s y n a p t i c  a c t i v a t i o n  
t h r o u g h  c l imb ing  f ibres  c an  easi ly  be  d i s t i ngu i shed  f rom 
t h e  one  el ici ted in t he  s ame  n e u r o n  t h r o u g h  t h e  d i s y n a p t i c  
p a t h w a y  of m o s s y  f ibres  a n d  g r anu l e  cells 1 (Figure  1A). 
W h e r e a s  t h e  l a t t e r  a p p e a r s  as  a success ion of ac t ion  p o t e n -  
t ials ,  t h e  f o r m e r  is c h a r a c t e r i z e d  b y  a n  in i t i a l  spike  p o t e n -  
t ia l  fol lowed b y  a b u r s t  of smal le r  spikes  s u p e r i m p o s e d  on  a 
slow wave,  a n d  t h e  whole  com pl ex  is all  or none  in n a t u r e  
because  of t he  one - to -one  r e l a t i ons h i p  b e t w e e n  c l imb ing  
f ibres  a n d  P u r k i n j e  neurons .  

B o t h  t ypes  of d i scha rges  c a n  be  e l ic i ted in a s ingle 
P u r k i n j e  n e u r o n  of t h e  pos t e r i o r  v e r m i s  t h r o u g h  e i t h e r  
p e r i p h e r a l  s t i m u l a t i o n  ( somes the t ic ,  v i sua l  a n d  acoust ic)  
or  e lectr ical  s t i m u l a t i o n  of t h e  ce rebra l  cor tex2 ;  those  
due  to  t he  c l imb ing  f ibres  h a v e  a longer  de lay  t h a n  those  
el ic i ted b y  t h e  mossy  f ib re -g ranu le  cell sys tem.  

Accord ing  to  SZENTkGOTHAI a n d  RAJKOVITS 3, in  t h e  
ca t  a l m o s t  all  c l imb ing  f ibres  o r ig ina te  in  t h e  infer ior  
olive, all  o t h e r  ce rebe l la r  i n p u t  a r r i v i n g  v ia  m o s s y  fibres.  
F ib re s  l eav ing  t h e  ol ive o n  one  side cross  t h e  midl ine ,  
t r a v e r s e  t h e  c o n t r a t a t e r a l  o l i va r y  nuclei  a n d  finally, r e a c h  
t h e  ce rebe l l a r  co r t ex  t h r o u g h  t h e  infer ior  ce rebe l la r  
peduncle* .  One  would  the re fo re  e x p e c t  t h a t  a mid l ine  
sec t ion  b e t w e e n  t h e  2 infer ior  ol ives or  a b i l a t e r a l  sec t ion  
of t he  infer ior  ce rebe l la r  pedunc le s  would  de s t r oy  all  
o l ivo-cerebe l la r  f ibres  a n d  t h u s  suppress  t hose  responses  
of t h e  P u r k i n j e  n e u r o n s  wh ich  a re  due  to  t h e  c l imb ing  
fibres.  T h e  p r e s e n t  inves t iga t ions ,  ba sed  u p o n  such  sec- 
t ions ,  sugges t  h o w e v e r  t h a t  all c l imb ing  f ibres  do  no t  
o r ig ina t e  in  t h e  infer ior  olive.  

Chron ic  lesions of b o t h  t ypes  were p e r f o r m e d  e lect ro-  
lyr ica l ly  on  15 ca t s ;  9 a n i m a l s  h a d  a mid l ine  sec t ion  (Fig- 
ure  1) a n d  6 a b i l a t e r a l  sec t ion  of t he  infer ior  pedunc les .  
On ly  ca t s  w i t h  comple t e  lesions were t a k e n  in to  con-  
s ide ra t ion  in t h i s  repor t .  T he  acu t e  e x p e r i m e n t s  were  per -  

fo rmed  8 d a y s  to  6 m o n t h s  a f t e r  t h e  section(s) .  P u r k i n j e  
cells d i scharges  were  r ecorded  f rom the  pos t e r io r  vermis 
of t h e  ce rebe l la r  co r t ex  (simplex,  fo l ium a n d  tuber ) .  

As a cont ro l ,  8 i n t a c t  a n i m a l s  were also explored.  All 
p r e p a r a t i o n s  were  p e r f o r m e d  u n d e r  chlora lose-nembuta l  
a n a e s t h e s i a  (35 m g / k g  of chlora lose  a n d  10 mg /kg  of 
n e m b u t a l ) ,  immob i l i zed  w i t h  F t axed i l  a n d  maintained 
u n d e r  ar t i f ic ia l  r e sp i ra t ion .  P l a t i n u m  i r id ium micro- 
e lectrodes,  m a d e  acco rd ing  to  t h e  m e t h o d  of WOLBARSHT 
et  al. ~ a n d  i n su l a t ed  w i t h  Insu lex ,  were used  for recording 
t he  ex t r ace l lu l a r  u n i t a r y  ac t iv i ty .  P u r k i n j e  cells were 
iden t i f i ed  b y  t h e i r  a n t i d r o m i c  r e sponse  to  electrical 
s t i m u l a t i o n  of t h e  u n d e r l y i n g  w h i t e  m a t t e r  t h r o u g h  bi- 
po la r  s t e r eo t ax i c  e lec t rodes  s. On ly  u n i t s  r e s p o n d i n g  with 
la tenc ies  of less t h a n  1 msec  a n d  fol lowing t h e  antidromi¢ 
s t i m u l a t i o n  up  to  a t  l eas t  200/sec were t a k e n  in to  con- 
s idera t ion .  The  re spons iveness  of these  P u r k i n j e  cells to 
a c t i v a t i o n  of b o t h  c l imb ing  f ibres  a n d  mossy  fibre-granule 
cells was  t e s t e d  to e lec t r ica l  s t i m u l a t i o n  of t h e  motor 
co r t ex  a n d  of one  or  o t h e r  pos t e r io r  paw,  to  t one  (clicks) 
a n d  to  l i gh t  (brief  f lashes).  

I n  t h e  con t ro l  group,  a l m o s t  all  n e u r o n s  ident i f ied as 
P u r k i n j e  cells showed  t h e  cha rac t e r i s t i c  c l imb ing  fibre 
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responses,  a t  least  to  1 b u t  f r equen t ly  to  several  of t he  
4 t y p e s  of s t imuli .  These  responses,  as shown in F igure  2A, 
were  usual ly  p receded  by  1 or several  ac t ion  po ten t i a l s  
co r respond ing  to  t he  ac t iva t ion  of t he  mossy  f ibres and  
granule  cell sys tem.  Spon taneous  c l imbing  fibre responses  
were  also a c o m m o n  f inding.  In  a few cases, when  no 
clear c l imbing  fibre responses  were  ob ta ined ,  a f fe ren t  
s t imula t ion  was  r epea t ed  a f t e r  i.v. in jec t ion  of 0.10 to  
0.15 mg/kg  of s t rychnine .  This  m e t h o d  increased Purk in je  
cell responses  to  a f fe ren t  s t imula t ion  (Figure 2 D - F ) .  
Only  2 f rom 52 uni ts  r ecorded  failed to  show s p o n t a n e o u s  
and  evoked  c l imbing  f ibre responses ,  b u t  in these  2 
pa r t i cu la r  un i t s  t he  s t r y c h n i n e  t e s t  was  n o t  used.  In  t h e  
g roup  wi th  chronic  lesions of t h e  ol ivo-cerebel lar  p a t h w a y ,  
46 of t h e  80 Pu rk in j e  neurons  indent i f ied ,  still d i sp layed  
b o t h  s p o n t a n e o u s  and  evoked  c l imbing  f ibre ac t iva t ion  
and  mossy  f ibre-granule  cell responses  as in t h e  cont ro l  
g roup  (Figure 2 B-C).  In  a few cases only,  an in jec t ion  of  
s t r y c h n i n e  was  needed  to  release responses  (Figure  2 G - J ) .  

I n  t he  remain ing  34 uni ts  i t  was  by  no means  possible  to  
ob ta in  spon t aneous  or evoked c l imbing  f ibre responses  
while mossy  f ibre-granule  cell ac t iva t ion  invar iab ly  per-  
sisted.  As shown  in F igure  3, the  s t rychn ine  t e s t  effec- 
t ive ly  sho r t ened  the  delay  and  increased the  n u m b e r  of 
spikes in response  to  mossy  f ibre-granule  cell ac t iva t ion ,  
b u t  did no t  succeed in releasing the  c l imbing fibre re- 
sponses.  Therefore  i t  can  be sugges ted  t h a t  those  par t i cu la r  
Purk in je  neurons  were depr ived  of the  m o n o s y n a p t i c  ex- 
c i t a to ry  i n p u t  as a resul t  of the  chronic  lesions pe r fo rmed .  
In  this  p re l imina ry  inves t iga t ion ,  resul ts  could no t  be 
q u a n t i t a t i v e l y  d i f f e ren t i a t ed  accord ing  to  t he  2 k inds  of 
lesions pe r fo rmed .  

In  one  respec t  our  e x p e r i m e n t s  conf i rm the  ana tomica l  
d a t a  2 showing  t h a t  c l imbing f ibres or ig ina te  in t he  in- 
ferior  olive. B u t  only  42% of Pu rk in j e  cells were  af fec ted  
b y  our  lesions. I t  m a y  there fore  be pos tu l a t ed  t h a t  more  
t h a n  hal f  of the  f ibres p ro jec t ing  to  t h e  pos te r io r  ve rmis  
have  an ex t ra -o l iva ry  origin. Moreover  i t  should  be a d d e d  

Fig. 1. Frontal sections of the medulla showing an electrolytic mid- 
line lesion made 20 day-s before. The anterior-most section is at the 
top, the posterior-most at the bottom. Interval between sections 
800/~. Nissl stain. 
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I 
Fig. 2. A-C, responses of 3 Purkinje neurons to electrical stimulation 
of a posterior paw in A, ill an intact preparation; in B, in a cat with 
bilateral section of the inferior cerebellar peduncles; and in C, ill a 
cat with midline medullary section. Note that, in all 3 cases, mossy 
fibre-granule cell responses are followed by the climbing fibre 
responses (see text). D-F, intact preparation; responses of a Purkinje 
neuron to antidromic stimulation (D) and to posterior paw stimula- 
tion before (E) and after (F) i.v. injection of 0.1 mglkg of strychnine. 
G-I, cat with bilateral pedunculotomy. Same successive tests as 
D-F. 
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Fig. 3. Animal with bilateral peduneulotomy. Responses of a 
Purkinje cell identified by response to antidromie stimulation (C), 
to electrical stimulation of the motor cortex (1) of a posterior paw (2) 
and to clicks (3), before (A) and after (B) i.v. injection of 0.15 mg/kg 
of strychnine. 
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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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