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The Influence of Temperature on the Activity of 
Spinal ct- and 7-Motoneurons 

I n  1955 BROOKS e t  al. z r e p o r t e d  t h a t  cool ing of t he  
sp ina l  cord  of ca t s  was  folIowed b y  a n  a u g m e n t a t i o n  of 
sp ina l  reflexes, t n  1963 SIMON et  al. * found  t h a t  m o d e r a t e  
local cool ing of t he  dog 's  sp ina l  cord  r e su l t ed  in  sh ive r ing  
w i t h  increased oxygen  c o n s u m p t i o n .  So fa r  n o t h i n g  ha s  
been  k n o w n  a b o u t  the  effects  of t e m p e r a t u r e  on  t h e  
s p o n t a n e o u s  a c t i v i t y  of sp ina l  ~- a n d  7 -mo toneu rons .  

Cats  were a n a e s t h e t i z e d  w i t h  b a r b i t u r a t e  (Pe rnoc ton ,  
40-50 mg/kg) ,  Cooling of t h e  sp ina l  cord  was ach ieved  b y  
an  U- shaped  p o l y t h e n e  t u b e  t h r o u g h  w h i c h  w a t e r  of dif-  
f e ren t  t e m p e r a t u r e s  could  be  c i rcu la ted .  T he  p o l y t h e n e  

a v e r y  few cases t h e  ca- a n d  7 - m o t o n e u r o n  a c t i v i t y  re- 
t u r n e d  to  p recoo l ing  levels whi le  t he  cool ing was  sti l l  
go ing  on. 

R e w a r m i n g  of t h e  sp ina l  cord  was  fol lowed b y  a r e t u r n  
of ~- as well  as 7 - m o t o n e u r o n  a c t i v i t y  to  p recoo l ing  levels  
(Figure ,  cu rve  A a n d  inset ,  p a r t  b). I n  some  cases t h e  7- 
a c t i v i t y  d id  show a t r a n s i t o r y  increase  d u r i n g  r ewarming .  
Th i s  seems  to  be  a n  i n d i c a t i o n  t h a t  t h e  c h a n g e  of t em-  
p e r a t u r e  as well  as t h e  abso lu t e  level  of t e m p e r a t u r e  does  
h a v e  a n  effect  on  t he  s p o n t a n e o u s  a c t i v i t y  of t h e  mo to -  
neurons ,  

I f  t h e  t e m p e r a t u r e  was ra i sed  a b o v e  t h e  n o r m a l  range ,  
s p o n t a n e o u s  f i r ing  7 - m o t o n e u r o n s  cou ld  b e  suppressed .  
Th i s  supp re s s ion  occu r red  a t  t e m p e r a t u r e s  b e t w e e n  39 
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Cooling Rewarming 
Spontaneous ca- and 7-motoneuron activity during local cooling of the cat's spinal cord. A, Upper curve: The 7-motoneuron activity of 
a small ventral root filament (ordinate) plotted against the temperature on the surface of the spinal cord (abscissa). B, Inset: Upper 
trace: temperature on the surface of the spinal cord. Middle trace: motoneuron activity within the same ventral root filament. Lower 
trace: muscle activity by electromyography, a) Initial phase of cooling; arrow indicating onset of cooling, b) After returning to pre- 

cooling temperatures. 

t u b i n g  was p u s h e d  in to  t h e  v e r t e b r a l  cana l  t h r o u g h  a hole  
in  t he  sacra l  bone  such  t h a t  t he  t ip  of t he  t u b i n g  was  
w i t h i n  t he  lower  t h i r d  of t he  t h o r a c a l  region.  T he  t u b i n g  
was c o n n e c t e d  b y  a fou r -way  s top-cock  to t h r e e  t h e r m o -  
s t a t s  in w h i c h  the  w a t e r  was  he ld  c o n s t a n t  a t  16, 37-39 
a n d  45°C respec t ive ly .  T he  a m b i e n t  t e m p e r a t u r e  of t h e  
l a b o r a t o r y  was k e p t  b e t w e e n  28 a n d  30°C. T h e  a c t i v i t y  
of ca- a n d  7 - m o t o n e u r o n s  was  recorded  f rom t h i n  f i l amen t s  
of  t h e  v e n t r a l  roo ts  of L 6 to  S,. 

M o d e r a t e  cool ing of t h e  sp ina l  cord  usua l ly  r e su l t ed  in 
a n  increase  in 7 - m o t o n e u r o n  ac t iv i ty .  E i t h e r  new  7-moto-  
n e u r o n s  were  a c t i v a t e d  b y  lower ing  t he  t e m p e r a t u r e ,  or 
t h e  f r equency  of s p o n t a n e o u s  f i r ing neu r ons  was in-  
creased.  I n  m o s t  of t he  cases th i s  increase  occur red  w i t h i n  
a few seconds  a f t e r  t h e  onse t  of cooling a n d  before  a n y  
sh ive r ing  was visible.  D u r i n g  th i s  t ime  t he  a c t u a l  t e m -  
p e r a t u r e  of t he  sp ina l  cord  h a d  c h a n g e d  b y  on ly  a few 
t e n t h s  of a degree.  I f  t he  a n a e s t h e s i a  of t h e  a n i m a l  was  
no t  too  deep,  ca-motoneurons could be  a c t i v a t e d  as well, 
b u t  t he  increase  in y - m o t o n e u r o n  a c t i v i t y  a lways  pre-  
ceded t h a t  of  t h e  a -m o t oneu r ons .  A t yp i ca l  e x a m p l e  of  
such  a response  is s h o w n  in t h e  inse t  B of t h e  F igure  
(pa r t  a). 

D u r i n g  cool ing the  f r equency  of b o t h  t he  ca- a n d  7- 
m o t o n e u r o n s  usua l ly  showed  some a d a p t a t i o n ,  as c an  be  
seen for the  v - a c t i v i t y  f rom t he  cu rve  A of t he  Figure .  I n  

a n d  41°C on t h e  surface  of t he  sp ina l  cord. On r e t u r n i n g  
to  p r e w a r m i n g  t e m p e r a t u r e s  t i le s p o n t a n e o u s  a c t i v i t y  
was  re -es tab l i shed .  

Zusammen/assung. Loka le  Kf ih lung  des  R t i c k e n m a r k s  
bei  K a t z e n  in  B a r b i t u r a t n a r k o s e  f f ihr te  zu e iner  Steige- 
r u n g  de r  A k t i v i t i i t  sowohl  d e r  ~- a ls  a u c h  de r  7-Moto-  
neurone ,  die du~:ch W i e d e r e r w i i r m u n g  wieder  rf iekgiingig 
g e m a c h t  werden  konn te .  Die  Schwel le  ffir diese A k t i v i t g t s -  
s t e ige rung  lag bei  d e n  7 - M o t o n e u r o n e n  n ied r ige r  als  be i  
den  ca-Motoneuronen.  E r w i t r m u n g  f iber  die Ausgangs -  
t e m p e r a t u r e n  u n t e r d r f i c k t e  eine bei n o r m a l e r  T e m p e r a t u r  
v o r h a n d e n e  S p o n t a n a k t i v i t i t t  d e r  v -Motoneurone .  

F. W. KLUSSMANN 

William G. Kerckho//-Herz/orschungsinstitul der 
Max-Planch-Gesellscha/t, Bad Nauheim (Germany), 
April 9, 1964. 
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