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Cholinesterase Activity in Skeletal Muscle  
After Botul inum Toxin  

Fol lowing sect ion of t h e  chol inergic  nerves  to  var ious  
organs,  including skele ta l  muscle ,  a decreased  chol in-  
es terase  ac t iv i ty  has  been  found  (STR6MBLADX). I t  was  
therefore  of i n t e r e s t  to  s t u d y  w h e t h e r  blocking of t he  
t ransmiss ion  in chol inergic  nerves  b y  b o t u l i n u m  t o x i n  
would  also affect  t h e  chol ines terase  ac t iv i ty .  

The tox in  has  no acu te  effect  on chol ines terase  ac t iv i ty  
(~BuRGEN et al. ~). 

Me thods .  The effect  of B o t u l i n u m  tox in  A on  t h e  we igh t  
and  chol ines terase  a c t i v i t y  of t he  an te r io r  t ibiaI  muscles  
of 12 m o n t h s  old female  ra t s  was  s tudied .  The  tox in  was  
in f i l t ra ted  i n t r a m u s c u l a r l y  in four  series of ra ts ,  each  
consis t ing of f ive animals .  The  doses  used  in the  four  
series were :  0.005, 0.01, 0-02, and  0.04 ~tg of t ox in  in to  
each leg. I n  addi t ion ,  in one series of f ive ra ts ,  t h e  sciat ic  
ne rve  in t h e  t h i g h  was cu t  asept ica l ly  u n d e r  e the r  and  in 
a n o t h e r  series of f ive ra t s  b o t h  b o t u l i n u m  t o x i n  0.02 ~g 
was  g iven and  the  ne rve  cut .  The  cont ro l  series cons i s ted  
of 11 n o r m a l  ra ts .  

F o u r t e e n  days  a f t e r  t he  t ox in  h a d  been  given,  or t h e  
nerve  cut ,  the  an imal  was  killed in e ther .  The  r igh t  and  
left  an te r io r  t ib ia l  muscles  were  r emoved ,  c leaned,  washed  

g iv ing  final  r eac t ion  concen t r a t i ons  oI 0.06 and  0.2% 
respec t ive ly .  The gas phase  was  5% CO~ in ni t rogen.  
Read ings  were  taken ,  a f t e r  t i pp ing  of t h e  subs t ra tes ,  
eve ry  5 min  for 30 min.  Correc t ions  were  m a d e  for changes  
in  a t h e r m o b a r o m e t e r  and  e n z y m e  b l ank  as well as for 
n o n - e n z y m i c  hydro lys i s  of t h e  subs t r a t e s .  All e s t ima t ions  
were  m a d e  in dupl ica te .  

Resu l t s .  W h e n  the  f igures for ra t s  g iven tox in  (Table I) 
are Compared wi th  the  co r respond ing  ones  in the  series of 
n o r m a l  ra ts ,  i t  is found  t h a t  t he  in jec t ion  caused  a re- 
duc t ion  in we igh t  and  in chol ines terase  a c t i v i t y  expressed  
on a whole  muscle  basis.  I f  t h e  figures for  chol ines terase  
a c t i v i t y  are expressed  on a we igh t  basis, t he re  is no 
decrease.  Obvious ly  the  a t r o p h y  has  been  of t he  s ame  
order  as t h e  d e c r e a s e  in chol ines terase  ac t iv i ty  in t h e  
muscle.  C o m p a r i s o n s  b e t w e e n  t h e  four  series g iven t o x i n  
show t h a t  t he  smalles  dose had  less ef fect  t h a n  t h e  o the r  
ones.  The  t h r e e  b igger  doses  have  in general  caused  t h e  
s ame  effects ;  t h e r e  is no ind ica t ion  of  a g rea t e r  ef fect  
w h e n  t h e  dose  was  increased.  The h ighes  t dose g iven  
seemed  to  be also t h e  h ighes t  to lerable .  The  r a t s  g iven 
0.04 ~g in each  leg were,  a t  t i le end  of t he  e x p e r i m e n t a l  
per iod,  in a v e r y  bad  general  condi t ion .  

Af te r  sec t ion  of t he  sciat ic  nerve,  t he re  was  an  a t r o p h y  
of the  muscles  and  a decreased  chol ines te rase  ac t iv i ty .  

Tab. I. Weight and cholinesterase activity in anterior tibial muscles 
The figures are given with ~: S. E. Each value in the experimental series was compared with the corresponding one in the series of 
normals. The significance of a difference is given by ~ = P < 0.05, b = p < 0'01, and o = p < 0-001. Ach = acctylcholine as substrate. 

Mch = methacholine as substrate. 

Procedure Weight in mg ~xl COz[30 min[2 muscles lxl CO~[30 min/g 

Normal muscle (n = 11 for figures under weight 
and Ach. n = 8 for figures under Mch) 
0.005/zg of botulinum toxin A in each leg 14 days 
previously (n = 5) 
0-1 btg of botulinum toxin A in each leg 14 days pre- 
viously (n = 5) 
0'02 ~g of botulinum toxin A in each leg 14 days 
previously (n = 5) 
0'04 ~tg of botulinum toxin A in each leg 14 days 
previously (n = 5) 
Section of sciatic nerve 14 days previously (n = 5) 

8504 - 4 5  

6 6 0 4 - 3 9  b 

3704-21e  

333q-29c  

4804-200 
5144 - 1 3  e 

Ach Mch 

3 3 9 4 - 2 4  1 8 6 4 - 2 4  

268=]=40 132-t-23 

149-1-23e 744-  9 b 

2 1 1 4 - 3 5  b 92-1-!6  b 

1884-23  c 87- t -10  b 
103-4-11 e 484-  7 c 

Ach 

407 ± 

395 4- 

399 4- 

632 4- 

399 4- 
200 4- 

Mch 

34 2 2 2 4 . 3 8  

36 1964-23  

51 2 0 2 4 . 2 8  

79 a 2 7 2 4 - 3 3  

62 1824-27  
22c 9 2 4 - 1 3  b 

Tab. II. Weight and cholinesterase activity in anterior tibial muscle after injection of botulinum toxin, section of the sciatic nerve, or 
after a combination of thesc two procedures. 

The figures after nerve section and after toxin plus nerve section are compared with those after toxin only. The significance of a difference 
is given by • = P0.05, b = 190.01 a n d ¢ =  P0.001. 

Procedure Weight in mg [zl CO2/30 rain]2 muscles ~tl COz/a0 min/g 

0.02 ~tg of botulinum toxin A in each leg 14 days 
previously (n = 5) 
Section of sciatic nerve 14 days previously (n = 5) 
0.02 ~tg of botulinum toxin A plus section of sciatic 
nerve 14 days previously (n = 5) 

3334 - 2 9  
514-t-13 c 

3534- S 

Ach 

2 1 1 + 3 5  
1 0 3 1 1 1  a 

87-t- 7 b 

Mch Ach 

9 2 4 - 1 6  6 3 2 4 - 7 9  
484-  7 a 200=t=22 c 

45=t=10 a 2464-21b 

Mch 

272 4- 33 
92 4- 13 c 

127 -b 26 b 

in sahne,  weighed and  homogen ized  t o g e t h e r  in  .8 ml  of 
K r e b s '  b ica rbona te  solution.  The  vo lume  was  f inal ly ad-  
j u s t e d  to 10 ml  w i th  t he  buffer.  1-8 ml  of t h e  h o m o g e n a t e  
was  b r o u g h t  in to  t h e  ma in  c o m p a r t m e n t  of W a r b u r g  
vessels.  The subs t ra tes ,  in 0.2 ml  in a side arm,  were  the  
chlor ides  of ace ty lchol ine  and  m e t a c h o h n e  in a m o u n t s  
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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). 

B. C. R.  STROMBLAD 

Institute o] Physiology, University o[ Lurid (Sweden), 
May 27, 1960. 

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  

% eontre 13~6 
140 F ~ 
120i ~ / ~ " " -  ~ ,~ .~  

- - -  j .  

5' 1(1 1~5 2'0 msec 25 x spinal(~,z } 

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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