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T h e  a t r o p h y  was  less, b u t  t h e  decrease  in  cho l ines t e ra se  
more  p r o n o u n c e d ,  t h a n  a f t e r  a b ig  dose  of b o t u l i n u m  
t o x i n  (Tab le  I I ) .  I n  c o n t r a s t  to  b o t u l i n u m  tox in ,  de-  
n e r v a t i o n  caused  a dec reased  e n z y m e  a c t i v i t y  also w h e n  
t h i s  was  expressed  o n  a w e i g h t  bas i s  (Tab le  I). I n  t h e  
series  o f  r a t s  b o t h  d e n e r v a t e d  a n d  g iven  tox in ,  t h e  a t r o p h y  
was  g r e a t e r  t h a n  a f t e r  on ly  d e n e r v a t i o n ,  while  t h e  
e n z y m e  a c t i v i t y  was  c o m p a r a b l e  to  t h a t .  a f t e r  d e n e r v a -  
t i o n  (Tab le  I I ) .  

Discussion. T h e  resu l t s  here  r e p o r t e d  show t h a t  t w o  
weeks  a f t e r  t h e  i n j e c t i o n  of b o t u l i n u m  t o x i n  i n to  t h e  
a n t e r i o r  t i b i a l  musc le  t h e r e  is a dec reased  cho l ines te rase  
a c t i v i t y .  T h e  decrease  is, however ,  less t h a n  t h a t  o b t a i n e d  
a f t e r  d e n e r v a t i o n  of t he  muscle .  T h e  d i f fe rence  can  n o t  be  
e x p l a i n e d  b y  loss of e n z y m e  he ld  in  t h e  d e g e n e r a t i n g  
n e r v e  t e r m i n a l s ,  s ince  t he se  a re  k n o w n  t o  c o n t a i n  ex-  
t r e m e l y  sma l l  a m o u n t s  of  e n z y m e  c o m p a r e d  w i t h  t h e  
e n d - p l a t e  (CoUTEAUXZ). O n  d e n e r v a t i o n  of t h e  musc le  in  
a d d i t i o n  to  t ox in ,  t h e  dec rease  w as  s imi l a r  to  t h a t  a f t e r  
o n l y  d e n e r v a t i o n .  T h e  t o x i n  t h e r e f o r e  does  n o t  seem t o  
h a v e  a n y  effect  in  i tse l f  on  t h e  enzyme ,  w h i c h  can  exp la in  
w h y  b o t u l i n u m  t o x i n  does  n o t  h a v e  t h e  same  effect  as 
sec t ion  of t h e  nerves .  T h u s  t h e r e  seems to  be  some in-  
f luence  of t h e  n e r v e  on  t h e  muscle  n o t  b locked  b y  b o t u -  
l i n u m  tox in .  I n  t h i s  connex ion ,  i t  is of i n t e r e s t  to c o m p a r e  
t he  sugges t ion  p u t  fo rward  t h a t  t h e  n e r v e  h a s  some in-  
f luence on  t h e  musc le  a p a r t  f r om t h a t  caused  b y  release of 
acetylcholine (~ULLER, ECCLES a n d  ECCLES*). I t  m a y  also 
b e  reca l led  t h a t  l o n g - c o n t i n u e d  b l o c k i n g  of t h e  e f fec t  of  
t h e  cho l ine rg ic  n e r v e s  o n  s a l i v a r y  g l a n d s  b y  a n  a t r o p i n e -  
l ike  a g e n t  does  n o t  cause  c h a n g e s  in  t h e  cho l ines t e r a se  
a c t i v i t y  of t h e  g land  (STROMBLADS). 
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Zusammen[assung 

]3ei Z u f u h r  y o n  B o t u l i n u m - A - T o x i n  in  d e n  Muske l  
T ib ia l i s  a n t e r i o r  de r  R a t t e  w a r  die Chol ines te raseak t i~d t i t t  
n a c h  zwei W o c h e n  h e r a b g e s e t z t ,  j e d o c h  wen ige r  ausge-  
s p r o c h e n  als n a c h  zweiw6chiger  D e n e r v i e r u n g  des  Mus-  
kels.  

Crossed Reflex Act ions  Evoked  
by High  Thresho ld  Musc le  Afferents  

I n  sp ina l  ca t s  impul ses  in  g r o u p  I I  (12-4  ~.) a n d  I I I  
(4-1  ~t) musc le  a f f e ren t s  evoke  in ips i l a te ra l  m o t o n e u r o n e s  
t h e  ac t i ons  of  t h e  genera l  f lexion reflex,  L e. w i d e s p r e a d  
e x c i t a t i o n  to  f lexor  a n d  i n h i b i t i o n  to  e x t e n s o r  m o t o -  
neurones .  I t  has ,  howeve r ,  b e e n  o b s e r v e d  t h a t  u n d e r  some  
c o n d i t i o n s  t he se  a f f e r en t s  give i n h i b i t o r y  effects  to  
f lexors  a n d  s o m e t i m e s  also e x c i t a t o r y  to  ex t enso r s  x. T he  
p r e s e n t  i n v e s t i g a t i o n  is c o n c e r n e d  w i t h  c o n t r a l a t e r a l  
ef fects  f rom these  a f ferents .  U n a n a e s t h e t i z e d  d e c e r e b r a t e  
ca t s  w i t h  b o t h  h i n d l i m h s  d e n e r v a t e d  were  used.  T h e  
ef fec t  of s ingle c o n d i t i o n i n g  vol leys  evoked  a t  d i f f e ren t  
s t i m u l u s  s t r e n g t h s  was e x a m i n e d  o n  c o n t r a t a t e r a l  m o n o -  
s y n a p t i c  t e s t  reflexes.  

I n  a c u t e  sp ina l  p r e p a r a t i o n s ,  no  g r o u p  I ef fects  were  
o b s e r v e d  b u t  i t  h a s  b e e n  c o n f i r m e d  t h a t  t h e r e  a re  u sua l ly  
p r o n o u n c e d  effects  b y  vo l leys  in  h i g h  t h r e s h o l d  musc le  
a f f e ren t s  ~. E x t e n s o r s  as  well  as f lexors  rece ived  e i the r  
i n h i b i t i o n  or  e x c i t a t i o n  b u t  in  e a c h  e x p e r i m e n t  t h e  s ame  
ef fec t  was  usua l ly  exe r t ed  o n  m o t o r  nucle i  of synerg ic  

musc les  (ex tensors  or  flexors).  These  effects  occu r red  in 
c o m b i n a t i o n s  w h i c h  inc luded  al l  four  poss ible  v a r i a t i o n s :  
(1) genera l i zed  e x c i t a t i o n  or  (2) i n h i b i t i o n  or  (3) e x c i t a t i o n  
to  f lexors  a n d  i n h i b i t i o n  to  e x t e n s o r s  or  (4) f ina l ly  t h e  
oppos i t e  w i t h  i n h i b i t i o n  to  f lexors  a n d  e x c i t a t i o n  to  ex-  
t ensor s .  T h e  l a s t  v a r i a t i o n  was  t h e  m o s t  f r e q u e n t  one,  a n d  
would  be  expec ted ,  a c c o r d i n g  to  S h e r r i n g t o n ' s  s c h e m e  of 
d o u b l e  rec iproca l  i n n e r v a t i o n .  I n  one case  a r eve r sa l  f r om 
i n h i b i t i o n  to  e x c i t a t i o n  occur red  in  f lexor  m o t o r  nucle i  
d u r i n g  t h e  course  of t h e  e x p e r i m e n t .  As g roup  I I  a n d  
I I I  vol leys  c an  evoke  d i f f e ren t  crossed effects  in  d i f f e ren t  
a n i m a l s  u n d e r  a p p a r e n t l y  iden t i ca l  cond i t ions ,  t h e r e  is, 
b o t h  to  c o n t r a l a t e r a l  f lexor  a n d  ex t enso r  m o t o n e u r o n e s ,  
one  i n h i b i t o r y  a n d  one  e x c i t a t o r y  p a t h w a y .  P r e s u m a b l y  
t h e  b a l a n c e  b e t w e e n  t h e s e  c h a n n e l s  is labi le  a n d  eas i ly  
in f luenced ,  whe rea s  on  t h e  ips i l a t e ra l  s ide t h e  e x c i t a t o r y  
p a t h  to  f lexor  a n d  t h e  i n h i b i t o r y  p a t h  to  e x t e n s o r  m o t o r  
nuc le i  a re  v e r y  p r e d o m i n a n t  in  t h e  sp ina l  s t a t e .  

I n  t h e  d e c e r e b r a t e  ca t ,  t h e  ip s i l a t e ra l  s y n a p t i c  a c t i o n s  
b y  g r o u p  I I  a n d  I I I  musc le  a f f e r en t s  m a y  be  c o m p l e t e l y  
s u p p r e s s e d  3. Th i s  is due  to  a ton ic  i n h i b i t o r y  con t ro l  f rom 
t h e  b r a i n  s t e m  of i n t e r n e u r o n e s  m e d i a t i n g  t h e r e  effects.  
I t  h a s  n o w  b e e n  found  t h a t  a s imi la r  con t ro l  is exe r t ed  
on  t h e  i n t e r n e u r o n e s  m e d i a t i n g  crossed g roup  I I  a n d  I f I  
effects,  as is e v i d e n c e d  b y  t he  f ind ing  t h a t  in  t he  decere-  
b r a t e  s t a t e  s t i m u l a t i o n  of t he se  f ibers  n e v e r  e v o k e d  effects  
in  c o n t r a l a t e r a l  m o t o n e u r o n e s .  

T h e  re lease  of  s u p r a s p i n a l  c o n t r o l  of i p s i l a t e ra l  re f lex  
a rcs  h a s  b e e n  i n v e s t i g a t e d  a f t e r  va r i ous  les ions i n  t h e  
lower  r e t i c u l a r  f o r m a t i o n  4. A f t e r  a m e d i a l  les ion in  lower  
pons ,  t h e r e  i s  a re lease  of t h e  t on i c  con t ro l  of t h e  in-  
h i b i t o r y  p a t h  to  ips i l a t e ra l  e x t e n s o r  m o t o n e u r o n e s  a n d  
c o n c o m i t a n t l y  a n  o p e n i n g  of a n  i n h i b i t o r y  p a t h  t o  ipsi-  
l a t e r a l  f lexor  m o t o n e u r o n e s .  Re lease  of t h e  e x c i t a t o r y  
p a t h w a y  to  ips i l a te ra l  f lexors  occurs  o n l y  a f t e r  a more  
c a u d a l  lesion in t h e  b r a i n  s t em.  S imi la r  i n v e s t i g a t i o n s  
h a v e  now been  m a d e  on  t h e  s u p r a s p i n a l  con t ro l  of c rossed  
ac t ions .  A low p o n t i n e  les ion g a v e  re lease  of crossed  in-  
h i b i t i o n  to  ex tensors .  I n  t h e  F i g u r e  a g r o u p  I I  + I I I  
vo l ley  in  t h e  n e r v e  to  ga s t rocnemius - so l eus  h a d  no  ef fec t  
o n  c o n t r a l a t e r a l  e x t e n s o r  m o t o n e u r o n e s  (gas t rocnemius -  
soleus) in  t h e  d e c e r e b r a t e  s t a t e  (o) .  Af te r  a p o n t i n e  
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The effect of a conditioning volley in the nerve to gastrocnemius- 
soleus on the monosynaptic reflex from the contralateral gastrocne- 
mius-soleus nerve recorded in the ventral root. 100% on the ordinate 
represents the unconditioned amplitude of the test reflex. Conditioned 
amplitude, expressed as percentage of control amplitude, is plotted as 
a function of time interval between the conditioning and testing stimuli. 
The three series of measurements were obtained after the lesions in- 
dicated in the schematic drawing, all at a'conditioaing stimulus 

strength supramaximal for group III. 
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2 E. R. PERL, J. Ncurophysiol. 21, 10I (1958}. 
s R. M. ECCLES and A. LUNDBERG, J. Physiol. I47, 565 (1959). 
4 B. ItOL~QWSr and A. LUNDBERG, J. Physiol. 148, 70P (1959). 



460  Br~ves communications - Brevi comunicazioni [ExPERIENTIA VoL. XVI]10] 

lesion,  t h e r e  was i n h i b i t i o n  (A),  wh ich  c h a n g e d  in to  ex-  
c i t a t i o n  a f t e r  a low sp ina l  sec t ion  (X) .  I n  add i t i on  t h e  
p o n t i n e  lesion gave  a release of i n h i b i t i o n  to  c o n t r a l a t e r a l  
f lexor  m o t o r  nuclei ,  wh ich  s o m e t i m e s  r ema ined ,  s o m e t i m e s  
c h a n g e d  to e x c i t a t i o n  a f t e r  a lesion a t  obex .  T h u s  t he  
ef fec t  of a tow p o n t i n e  lesion is a genera l ized  re lease  of in-  
h i b i t o r y  g roup  I I  a n d  I f I  p a t h w a y s  to ips i l a t e ra l  a n d  
c o n t r a l a t e r a l  ex t enso r  a n d  f lexor  m o t o n e u r o n e s  w i t h  no  
sign of a rec iprocal  or a doub le  rec iproca l  o rgan iza t ion .  

There  are  s imi lar i t ies  in  t he  s u p r a s p i n a l  con t ro l  of ipsi-  
a n d  c o n t r a l a t e r a l  effects  b y  h i g h  t h r e s h o l d  musc le  affer-  
en t s  which  sugges t  a f u n c t i o n a l  l inkage.  Howeve r ,  t h e  ex- 
p e r i m e n t s  w i t h  s u p r a s p i n a l  con t ro l  h a v e  also g iven  f u r t h e r  
ev idence  of the  ex i s t ence  of two  sets  of p a t h w a y s  med i -  
a t i ng  ac t ions  of oppos i te  m o d a l i t y  f rom these  a f f e ren t s  to  
c o n t r a l a t e r a l  e x t e n s o r  as well  as f lexor  m o t o n e u r o n e s .  I t  is 
possible  (as ha s  been  sugges ted  for t h e  ips i l a te ra l  effect  4 
t h a t  t h e  oppos i t e  ac t ions  on  a g i v e n  c o n t r a l a t e r a l  m o t o r  
nuc leus  a re  evoked  b y  one  a n d  t h e  s ame  a f f e r en t  s y s t e m  
a n d  t h a t  s u p r a s p i n a l  cen t r e s  c an  select  e i t h e r  c h a n n e l  or  
close bo th .  

}~IRGITTA HOLMQVIST 
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Rdsumd 

Chez le c h a t  sp ina l  des  impu l s ions  p rovoqu6es  d a n s  les 
f ibres  a f f6ren tes  k seuil  ~lev6 d 'o r ig ine  muscu la i r e  chez  le 
c h a t  sp ina l  f ac i l i t en t  ou i n h i b e n t  des m o t o n e u r o n e s  
c o n t r a - l a t 6 r a u x  f l6chisseurs  et  ex tenseurs .  Chez l ' a n i m a l  
d6c6r6br6, ces ac t ions  crois6es son t  suppr im6es ,  t a n d i s  
q u ' a p r 6 s  une  16sion pon t ine ,  les ac t ions  inh ib i t r i ces  se 
m a n i f e s t e n t .  

Fig. 1. Sagittal section of cerebellum of a mouse homozygous for 
'reeler' gene. Age 18 days. Note: Invasion of molecular layer by 
various cells, reduction of granular layer and disturbance of the 

arrangement of Purkinje cells. × 80. 

O b s e r v a t i o n s  o n  the  N e u r o p a t h o l o g y  of  ' R e e l e r ' ,  
a N e u r o l o g i c a l  M u t a t i o n  in  M i c e  1 

The  ' ree le r '  s y n d r o m e  is caused  b y  a single recess ive  
gene m u t a t i o n .  The  m a i n  f ea tu re s  of t he  d e r a n g e m e n t  
caused  b y  t h e  ' ree ler '  gene  a re :  lack  of m u s c u l a r  coordi-  
na t ion ,  b a l a n c i n g  di f f icul t ies  a n d  t r emors .  Mice h o m o -  
zygous  for t h e  ' r ee le r '  gene  show the  d i s t u r b a n c e  a f t e r  t h e  
12 th  d a y  of p o s t n a t a l  age. T h e y  r a r e l y  su rv ive  b e y o n d  t he  
21st  day ,  a n d  we h a v e  n e v e r  been  ab le  to  ra ise  a n y  of 
t h e m  to  b r e e d i n g  age. Mice h e t e r o z y g o u s  for t h e  ' ree ler '  
gene b e h a v e  no rma l ly .  

I n  a p rev ious  c o m m u n i c a t i o n  2 we r e p o r t e d  a 100°/0 in-  
crease  of ce rebe l l a r  cho l ines t e r a se  in  mice  h o m o z y g o u s  for  
t h e  ' ree ler '  gene  o v e r  t h e  va lues  o b t a i n e d  for  ce rebe l l a r  
e n z y m e  c o n c e n t r a t i o n  of n o r m a l  l i t t e rma te s ,  who  c a r r y  
t h e  ' reeler '  gene e i t h e r  in  h e t e r o z y g o u s  cond i t i on  or n o t  a t  
all. 

A s t u d y  of t he  n e u r o p a t h o l o g y  of t h i s  m u t a t i o n  was  
b e g u n  w i t h  a h is to logica l  ana lys i s  of b r a i n s  of ' r ee le r '  
an imals .  

'Ree le r '  mice and  the i r  n o r m a l l y  b e h a v i n g  l i t t e r m a t e s  
were  sacr i f iced b e t w e e n  t he  ages  18-21 days  p o s t n a t a l l y .  
T h e i r  b r a i n s  were f ixed in 10% formal in .  The  m a t e r i a l  
was  e m b e d d e d  in  paraf f in ,  cu t  15 tz th i~k  i n  s a g i t t a l  or  
p a r a s a g i t t a l  p lane .  The  sec t ions  were  s t a i ned  w i t h  eresyl  
violet .  

The  h is to logica l  ana lys i s  r evea led  t h a t  t h e  o r g a n i z a t i o n  
of t h e  ce rebe l lum is m a r k e d l y  a l t e r e d  in af f l ic ted  ' r ee le r '  
an imals .  The  t yp i ca l  a p p e a r a n c e  of t he  folia is missing.  

The  a r r a n g e m e n t  of P u r k i n j e  cells wh ich  n o r m a l l y  sur-  
r o u n d  t h e  g r a n u l a r  l ayer  is severe ly  d i s tu rbed .  T h e  
g r a n u l a r  l ayer  is m u c h  r ed u ced  a n d  t h e  a rea  of w h i t e  
m a t t e r  c o n t a i n s  large  n u m b e r s  of cells, w h i c h  r e semble  
P u r k i n j e  cells (Fig. 1 a n d  2). 

T h e  m e a n i n g  of our  f ind ings  in  t e r m s  of n e u r o p h y s i o l o g y  
is st i l l  obscure .  T h e  n a t u r e  of t h e  ' r ee le r '  s y n d r o m e ,  t h e  
m o s t  d r a m a t i c  s y m p t o m s  of wh ich  cons i s t  of f ine i n t e n -  
t i ona l  t r emors ,  a n d  fa i lure  to  m a i n t a i n  l ocomoto r  b a l a n c e  
in h o m o z y g o u s  a n i m a l s  c e r t a i n l y  sugges t s  ce r ebe l l a r  in -  
v o l v e m e n t .  

I n  cons ide r ing  these  f ind ings  i t  is of i n t e r e s t  t h a t  t h e  
h is to logica l  ana lys i s  of b r a i n s  of t h e  ' r ee le r '  m u t a n t s  
revea led  a severe  d i s t u r b a n c e  of t h e  e y t o a r c h i t e c t o n i e s  of 
t h e  cerebe l lum.  I n  a n u m b e r  of neuro log ica l  m u t a n t s  in 
mice,  wh ich  h a v e  been  i n v e s t i g a t e d ,  no  gross  h is to logica l  
c h a n g e s  w i t h 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  h a v e  been  de-  
t ec t ed  3-5. T h e r e  a re  a few except ions .  In  t h e  ' ag i tans"  
m u t a t i o n ,  w h i c h  re sembles  t h e  ' r ee le r '  s y n d r o m e  in some 
respects ,  d e g e n e r a t i v e  ch an g es  l imi t ed  to  P u r k i n j e  cells 
a n d  to  a lesser degree  to  m o s s y  f ibers  of t h e  ce rebe l lum 
of aff l ic ted a n i m a l s  h a v e  been  r e p o r t e d  b y  MARTINEZ a n d  
SIRLIN 6. 
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