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Cholinergic Mechanism in the Inhibition of Spinal Reflexes from the Superficial Radial Nerve of the 
Decerebrate Cat 

I t  h a s  been  k n o w n  t h a t  s t i m u l a t i o n  of t h e  superf ic ia l  
r ad i a l  (SR) ne rve  depresses  some a c t i v i t y  of t h e  cen t r a l  
ne rvous  sys tem,  for  example ,  low r a t e  (3-8 Hz) vol ley  
produces  E E G  s y n c h r o n i z a t i o n l  a n d  depresses  or 
abol ishes  ex t enso r  a n d  f lexor  E M G  responses  to  s t imu la -  
t ion  of p rop r iocep t ive  muscle  a f fe ren t s  2, a n d  fu r ther ,  a 
s ingle vol ley  evokes  t h e  i n h i b i t o r y  p o s t s y n a p t i c  p o t e n t i a l s  
( IPSPs )  n o t  on ly  in  t he  t r i g e m i n a l  b u t  also in ex t enso r  
a n d  f lexor  l u m b a r  sp ina l  m o t o n e u r o n e s  ~. R e c e n t l y  we 
found  t h a t  t h e  I V S P s  in t h e  t r i g e m i n a t  m o t o n e u r o n e s  
were increased  in size a n d  l a t e  h y p e r p o l a r i z a t i o n  newly  
a p p e a r e d  a f t e r  a n  a d m i n i s t r a t i o n  of p h y s o s t i g m i n e  
(0.15 mg/kg ,  i.v.) a n d  t h a t  these  p h y s o s t i g m i n e  effects  
were a n t a g o n i z e d  b y  a t r o p i n e  (1.0 mg/kg ,  i.v.) b u t  n o t  b y  
d ihyd ro - f l - e ry th ro id ine  (0.5 mg/kg ,  i.v.) 4. I n  t h e  p r e s e n t  
s t u d y  we a t t e m p t e d  to  i n v e s t i g a t e  t h e  effects  of physo -  
s t i gmine  a n d  r e l a t ed  c o m p o u n d s  u p o n  t h e  i n h i b i t i o n  of 
t h e  sp ina l  ref lexes  f rom t h e  SR n e r v e  in  u n a n e s t h e t i z e d  
dece r eb ra t e  cats .  

Materials and methods. All surgical  ope ra t i ons  were 
p e r f o r m e d  u n d e r  e t h e r  anes thes ia .  Cats  were d e c e r e b r a t e d  
preco l l i cu la r ly  b y  suc t ion  and  t h e  sp ina l  cord  was exposed  
f rom L~ to S,. The  v e n t r a l  roots  of L~-S~ were cu t  a n d  t he  
sp ina l  ref lexes  were r ecorded  f rom L 5 a n d  L~ v e n t r a l  roots .  
P o l y e t h y l e n e  c a t h e t e r s  were  i n se r t ed  to  t h e  c o n t r a l a t e r a l  
f emora l  a r t e r y  {for m o n i t o r i n g  t h e  Mood pressure)  a n d  
f emora l  ve in  (for d rug  a d m i n i s t r a t i o n ) .  Af te r  t he  opera -  
t i ons  were  comple t ed ,  e t h e r  a n e s t h e s i a  was  d i s c o n t i n u e d  
a n d  t h e  ca t s  were immob i l i z ed  w i t h  ga l l amine  t r i e t h i od ide  
a n d  were m a i n t a i n e d  u n d e r  ar t i f ic ia l  r e s p i r a t i on  (30-  
40/min) .  E x p e r i m e n t s  were s t a r t e d  a t  leas t  3 - 4  h a f t e r  
t h e  d i s c o n t i n u a t i o n  of t h e  anes thes i a .  B o t h  r e c t a l  a n d  
sp ina l  pool  t e m p e r a t u r e s  were k e p t  a t  37-39°C w i t h  a n  
a u t o m a t i c  t h e r m o r e g u l a t o r  dev iced  in our  l abo ra to ry .  

Results and discussion. A single shock  s t imu lus  to  
e i t he r  one of t he  t ib ia l ,  pe ronea l  a n d  med ia l  ga s t rocnemius -  
soleus (mG-S) ne rves  i nduced  m o n o s y n a p t i e  ref lex (MSR) 
in L 7 a n d  p o l y s y n a p t i c  ref lex (PSR)  w i t h  t h e  l a t ency  of 
a b o u t  4 msec  in L s v e n t r a l  roo ts  (F igure  1 H).  As r e p o r t e d  
p rev ious ly  ~ a n d  exempl i f i ed  in F igu re  1A, B a n d  F (upper  
t race) ,  b o t h  M S R  a n d  P S R  were  depressed  a f t e r  a p h a s e  

of t r a n s i e n t  e n h a n c e m e n t  b y  t h e  c o n d i t i o n i n g  s t i m u l a t i o n  
of e i t he r  ips i l a t e ra l  (A) or  c o n t r a l a t e r a I  (B) S R  n e r v e  a t  a 
s u p r a m a x i m a l  i n t e n s i t y  for A~ a f f e ren t  fibers.  The  
in i t i a l  e n h a n c e m e n t  of t he  M S R  a n d  P S R  (cu taneous  
fac i l i t a t ion)  a p p e a r e d  a t  a l a t e n c y  of a b o u t  15 msec,  
a t t a i n e d  m a x i m u m  a t  a b o u t  25 msec a n d  decl ined 
g r a d u a l l y  b y  a b o u t  35 msec.  I m m e d i a t e l y  a f t e r  t he  
c u t a n e o u s  fac i l i ta t ion ,  t he  i n h i b i t i o n  of t he  M S R  a n d  P S R  
were  o b s e r v e d  ( cu taneous  inh ib i t ion) ,  r e a c h e d  m a x i m u m  
a t  a b o u t  50 msec  a n d  decayed  w i t h  t i m e  in  85-90 msec. 
I t  is r a t h e r  ra re  to  o b t a i n  t h e  c u t a n e o u s  inh ib i t i on ,  how- 
ever,  as is i l l u s t r a t ed  in F igure  1 E a n d  F, i t  was .po t en t i a t -  
ed b y  a n  a d m i n i s t r a t i o n  of p h y s o s t i g m i n e  (0.15 mg/kg)  
regard less  of t he  size of t h e  ex i s t ing  i n h i b i t i o n  before  
p h y s o s t i g m i n e  (D, G). Th i s  p h y s o s t i g m i n e  ef fec t  a p p e a r e d  
in  1-2 ra in  a f t e r  a d m i n i s t r a t i o n ,  a t t a i n e d  m a x i m u m  a t  
4 -15  ra in  a n d  g r a d u a l l y  dec l ined  in  a b o u t  30-40 mill .  

A n o t h e r  effect  of p h y s o s t i g m i n e  a t  t h e  s a m e  dose  in 
dece r eb ra t e  ca t s  was  t he  d i m i n u t i o n  of t he  M S R  a n d  P S R  
in size w i t h  a s imi la r  t i m e  course  to  i ts  p o t e n t i a t i n g  effect  
on t h e  c u t a n e o u s  inh ib i t ion .  The  m a x i m u m  r e d u c t i o n  of 
the  M S R  in a m p l i t u d e  was a b o u t  3 0 - 4 0 %  of t h e  control .  
I n  low sp ina l  cats ,  however ,  t h e  same  dose of physos t ig -  
m i n e  p roduced  l i t t l e  c h a n g e  in e i t h e r  M S R  or  P S R .  There -  
fore, i t  is cons idered  t h a t  t h e  depress ion  of t h e  M S R  a n d  
P S R  m a y  b e  due  to  t h e  descend ing  inf luences  f rom supra -  
sp ina l  s t ruc tu res .  B o t h  of t he se  p h y s o s t i g m i n e  effects  
were  c o m p l e t e l y  b locked  b y  a t r o p i n e  (1.0 mg/kg)  (E) b u t  
no t  b y  d ihydro - f l - e ry th ro id ine  (0.5 mg/kg) .  Th i s  m a y  
ind ica t e  t h a t  muscar in ic ,  r a t h e r  t h a n  nicot inic ,  chol inerg ic  
m e c h a n i s m  is conce rned  w i t h  t he  c u t a n e o u s  inh ib i t ion .  

I n  o rde r  to  c la r i fy  w h i c h  p a r t  of t h e  b r a i n  s t e m  was  
concerned  w i t h  t h e  c u t a n e o u s  inh ib i t i on ,  e i t h e r  m e d i a l  or  
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Fig. 1. Time course of the cutaneous inhibition and effects of physostigmine. A to B, C to E and 1: toll  were obtained from different animals, 
respectively. A, B: typical example of the cutaneous facilitation and inhibition of the MSR produced by the conditioning stimulation of the 
ipsilateral SR nerve (A) and contralateral one (B). C to E and lower traces of F to H: the cutaneous inhibition of the MSR recorded from L 7. 
Upper traces of F to H : that of the PSR recorded from La ventral root. These reflexes were evoked by stimulation of the tibial nerve. C, 
F: before. D, G: 5-10 rain after physostigmine (0.15 rng/kg). E: 3 rain after atropine (1.0 mg/kg). H: MSR (lower trace) and PSR (upper trace) 
at fast sweep speed. Upward arrows: time of stimulation of the SR nerve. Dots in A to G: that of the tibial nerve. 
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Fig. 2. Effect of brain stem lesion upon the cutaneous inhibition. A and B; filled areas are part of lesion of brain stem at indicated position. 
Column I ; MSR evoked by the tibial nerve stimulation alone. Column II ; MSR after the conditioning stimulation of the ipsitateral SR nerve 
at an interval of about 50 msee. Column III ;  MSR after that of the contralaterat SR nerve at the same interval as Column II. Line C, before; 
Line D, after the lesion of lateral part of the medulla shown in A. Line E; after lesion of medial part shown in B. Upper traces were obtained 
at a slow sweep speed and lower ones at a fast sweep speed. 

l a t e r a l  p a r t  of t h e  b r a i n  s t e m  was cu t  w i t h  f ine scissors 
a f t e r  t h e  r e m o v a l  of t he  ce rebe l lum b y  suc t ion  u n d e r  
p h y s o s t i g m i n e  ef fec t ive  s ta te ,  As seen in F igure  2, the  
M S R  h a d  b e e n  depressed  to  a b o u t  50% b y  t h e  condi-  
t i on ing  s t i m u l a t i o n  of e i t h e r  ips i l a t e ra l  or c o n t r a l a t e r a l  
S R  n e r v e  a t  a c o n d i t i o n i n g - t e s t i n g  i n t e r v a l  of a b o u t  50 
msec  before  les ion in  t h i s  p r e p a r a t i o n  (C). Af t e r  lesion of 
t h e  l a t e ra l  p a r t  of t h e  m e d u l l a  (A) t h e  c u t a n e o u s  i n h i b i t i o n  
c h a n g e d  l i t t l e  (D), whi le  i t  was  c o m p l e t e l y  abo l i shed  b y  
sec t ion  of t h e  m e d i a l  p a r t  of i t  (B, E). Th i s  c lear ly  shows 
t h a t  t h e  med ia l  p a r t  of t h e  m e d u l l a  is conce rned  w i t h  t h e  
c u t a n e o u s  inh ib i t ion ,  b u t  t he  loca l iza t ion  of p h y s o s t i g m i n e  
a n d / o r  ace ty l cho l ine  sens i t ive  m e c h a n i s m  r e m a i n s  un-  
known .  

Zusammen/assung. Nachwe i s  e iner  ve r s t / i r k t en  Spina l -  
r e f l e x - H e m m u n g  bei  de r  dece reb r i e r t en  K a t z e  d u r c h  
P h y s o s t i g m i n .  De r  Ref lex  wird  fiber N. rad ia l i s  super-  
f icial is  h e r v o r g e r u f e n  und  d u r c h  A t r o p i n  v611ig aufge-  
hoben ,  w~ihrend Dihydro - f l - e ry th ro id in  ke ine  W i r k u n g  
h a t t e ,  
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E f f e c t  i n  v i v o  o f  N o r e p i n e p h r i n e  o n  t h e  M e m b r a n e  

T h e  co ld - induced  increase  in t h e r m o g e n e s i s  of b r o w n  f a t  
a p p e a r s  to  be  m e d i a t e d  b y  n o r e p i n e p h r i n e  (NE)  de r ived  
f rom s y m p a t h e t i c  n e r v e  t e r m i n a l s  L One  of  t h e  f i r s t  e v e n t s  
m e a s u r a b l e  in  t h i s  m e t a b o l i c  a c t i v a t i o n  is t h e  depola r iza -  
t i on  of t h e  m e m b r a n e  of t h e  b r o w n  fa t  cell. Th i s  c h a n g e  in  
m e m b r a n e  p o t e n t i a l  c an  be  e l ic i ted  b y  N E  app l i ed  e i t h e r  
in  s i tu  s or  in v i t ro4 ,L  S imi la r  c h a n g e s  are  also seen 
fol lowing e lect r ica l  s t i m u l a t i o n  (in v ivo)  of t h e  s y m p a -  
t h e t i c  ne rves  to  t he  b r o w n  fa t  p a d  a. T h a t  t h i s  depola r iza -  
t i on  is a t  l eas t  p a r t i a l l y  assoc ia ted  w i t h  a c t i v a t i o n  of 
a d e n y l  cyclase was sugges ted  3 fo l lowing t h e  f ind ing  t h a t :  
a) t h e  depo l a r i za t i on  induced  b y  e lect r ica l  s t i m u l a t i o n  is 
abo l i shed  a f t e r  t r e a t m e n t  of t he  a n i m a l  w i t h  t h e  adre-  
nergic  an t agon i s t ,  p rop rano lo l ;  a n d  b) t heophy l l ine ,  
a l t h o u g h  e l ic i t ing  a t h e r m o g e n i c  r e sponse  f rom t h e  b r o w n  
fa t ,  d i d  n o t  r e su l t  in  a depo l a r i z a t i on  of t h e  m e m b r a n e  s. 
R e c e n t l y ,  o b s e r v a t i o n s  o b t a i n e d  in v i t r o  h a v e  con f i rmed  
these  r e su l t s  a n d  h a v e  been  s imi l a r ly  i n t e r p r e t e d L  

As a n  e x p l a n a t i o n  of t h e  u n d e r l y i n g  bas i s  for  t h i s  
depo la r i za t ion ,  2 poss ib le  m e c h a n i s m s  m a y  be  cons idered  ; 

R e s i s t a n c e  o f  B r o w n  F a t  C e l l s  z 

namely ,  a n  increase  in  m e m b r a n e  p e r m e a b i l i t y  a n d / o r  a 
d i r ec t  c h a n g e  in t h e  a c t i v i t y  of a n  e lec t rogenic  p u m p  
(Figure  1). Hence ,  t h e  p r e sen t  s t u d y  was  u n d e r t a k e n  to  
d e t e r m i n e  w h e t h e r  t he  N E - i n d u c e d  sh i f t  in  ionic d i s t r i bu -  
t ion  was  indeed  a c c o m p a n i e d  b y  a n  increase  in t h e  p e r m e -  
ab i l i t y  of t h e  m e m b r a n e .  

To e v a l u a t e  t h i s  poss ib i l i ty ,  t h e  e f fec t  of N E  on  t h e  
m e m b r a n e  re s i s t ance  of t he  b r o w n  fa t  cells was  e x a m i n e d  
in L o n g - E v a n s ,  co ld -acc l ima ted  (4 ± 1°C, 3 -4  weeks) ra ts .  
These  r a t s  were a n e s t h e t i z e d  ( sodium p e n t o b a r b i t a l ,  
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