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E n v i r o n m e n t a l  T e m p e r a t u r e  a n d  F i r i n g  R a t e  o f  H y p o t h a l a m i c  N e u r o n e s  

C u r r e n t  theor ies  ~,~ of t he  cen t r a l  ne rvous  con t ro l  of 
b o d y  t e m p e r a t u r e  sugges t  t h a t  i n f o r m a t i o n  f rom sk in  
t h e r m o r e c e p t o r s  is c o m b i n e d  w i t h  t h a t  f rom t e m p e r a t u r e -  
sens i t ive  neu rones  in t he  h y p o t h a l a m u s .  A t  t he  m o m e n t  
t h e r e  is l i t t l e  d i rec t  ev idence  for  th i s  and  m o s t  a t t e m p t s  ~, 4 
to  record  changes  in f i r ing  r a t e  in  t he  h y p o t h a l a m u s  w h e n  
ho t  or cold s t imul i  were app l ied  to  t he  skin  h a v e  no t  been  
successful.  However ,  W I T  a n d  W A N G  5 were able  to  show 
t h a t  h y p o t h a l a m i c  un i t s  could b e  s t i m u l a t e d  b y  in f ra - red  
h e a t i n g  of t he  sk in  a f t e r  a de lay  of 2-5  ra in  b u t  before  
h y p o t h a l a m i c  t e m p e r a t u r e  rose;  moreove r  t h e  same  un i t s  
were f u r t h e r  a f fec ted  w h e n  h y p o t h a l a m i c  t e m p e r a t u r e  
d id  rise. I n  t h e  p r e s e n t  expe r i m en t s ,  u n i t  a c t i v i t y  h a s  
been  s tud ied  in t he  a n t e r i o r  h y p o t h a l a m u s  of r ab -  
b i t s  while  a m b i e n t  o r h y p o t h a l a m i c  t e m p e r a t u r e s  were 
changed  i ndependen t ly .  

Reco rd ing  t e c h n i q u e  was  s imi la r  to  t h a t  descr ibed  pre-  
v ious ly  s excep t  t h a t  glass mic rop ipe t t e s  were used and  
the  r a b b i t s  were s eda t ed  w i t h  u r e t h a n e  (400mg/kg) .  
Microelect rodes  were inse r t ed  b e t w e e n  1 a n d  2 m m  f rom 
t h e  mid l ine  in  corona l  p l anes  f rom 1 m m  an t e r i o r  to  
3 m m  pos te r io r  to  t he  a n t e r i o r  commissure .  The  an ima l s  
were p laced  in a wind  t u n n e l  where  t he  t e m p e r a t u r e  
could be  changed  w i t h i n  30 sec to  a n y  p o i n t  in t he  r ange  
t 0 - 4 0  ~ In i t i a l  r ecord ing  of a u n i t  was  m a d e  a t  25 ~ 
an d  t h e n  t he  t e m p e r a t u r e  was lowered to a b o u t  10~ 
r a i s e d  to 40~ a n d  r e t u r n e d  to  25~ W h e n  t i m e  per-  
m i t t e d  t h e  h y p o t h a l a m i c  t e m p e r a t u r e  was also ra ised 
a n d  lowered t h r o u g h  I ~ using  i m p l a n t e d  t h e r m o d e s  ~. 

S e v e n t e e n  neu rones  (out  of 150 tes ted)  h a v e  been  found  
wh ich  were af fec ted  w h e n  a m b i e n t  t e m p e r a t u r e  was  
changed .  13 of these  on ly  changed  t h e i r  f i r ing  ra t e  to  
cooling, 3 r e sponded  to  w a r m i n g  and  cooling, a n d  on ly  
1 was affected b y  warming .  H a l f  of t he  un i t s  which  
r e sponded  to  cooling d id  so b y  a n  increase  in f i r ing  r a t e  
a n d  ha l f  b y  a decrease,  F igure  1 shows resu l t s  f rom a 
neu rone  whose  f i r ing  r a t e  was  more  t h a n  doub led  b y  
cooling t h e  e n v i r o n m e n t  to  10 ~ b u t  whose  r a t e  a t  40 ~ 
was  no t  a p p a r e n t l y  d i f f e ren t  f rom t h a t  a t  25 ~ There  
was  a de lay  of a b o u t  45 sec b e t w e e n  in i t i a t i ng  t he  t em-  
p e r a t u r e  c h a n g e  in t he  w ind  t u n n e l  a n d  t h e  increase  in  
f i r ing  ra te .  

I t  was  poss ible  to  t e s t  t h e  s ens i t i v i t y  of 6 of the  17 
' c u t a n e o u s '  un i t s  to  changes  of h y p o t h a l a m i c  t e m p e r a t u r e  
a n d  all  6 r e sponded  to th i s  local  t h e r m a l  s t imulus .  An  
e x a m p l e  is g iven  in F igure  2 of a neu rone  wh ich  was 
slowed b y  a m b i e n t  cooling, una f fec t ed  b y  a m b i e n t  wa rm-  
ing a n d  also exc i ted  b y  h y p o t h a l a m i c  warming .  O the r  
cells showed a d i f fe ren t  p a t t e r n  of responses,  one, for 
example ,  be ing  acce le ra ted  b y  a m b i e n t  cooling a n d  b y  
h y p o t h a l a m i c  warming .  F r o m  the  smal l  sample  so far  
o b t a i n e d  no  p a t t e r n  has  emerged.  

These  resu l t s  show t h a t  t h e r m a l  i n f o r m a t i o n  f rom the  
p e r i p h e r y  is re layed  to t he  an t e r i o r  h y p o t h a l a m u s  and  
can  t h e r e  inf luence  t he  b e h a v i o u r  of neu rones  w h i c h  are 
also sens i t ive  to  local  t e m p e r a t u r e .  W h a t  p a r t  th i s  
i n f o r m a t i o n  p lays  in  t he  con t ro l  of b o d y  t e m p e r a t u r e  is 
n o t  ye t  clear, b u t  i t  should  be  poss ib le  to  t e s t  HAMMEL'S x 
a d j u s t a b l e  s e t - p o i n t  h y p o t h e s i s  w h e n  t h e  sens i t i v i ty  of 
a neu rone  to  h y p o t h a l a m i c  t e m p e r a t u r e  can  be  deter -  
m i n e d  a t  more  t h a n  one a m b i e n t  t e m p e r a t u r e .  
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Fig. 2. Fir ing rate (taken over 8 sec periods) of a neurone sensitive 
to ambient and hypothalamic temperatures. Hypothalamic (neurone) 
temperature is shown by the solid line and ambient temperature at 
the top of the frame. 
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Fig. 1. F i r ing  ra te  ( taken over  8 sec periods) of a neurone exci ted 
by  ambien t  cooling. Ambien t  t empera tu re  is shown at  the top of 
the frame and  the slopes give an ind ica t ion  of the ra te  of change 
of tempera ture .  

Zusammen/assung. I m  vo rde ren  H y p o t h a l a m u s  des Ka-  
n i n c h e n s  w u r d e n  N e u r o n e n  gefunden ,  de ren  Impuls f re -  
quenz  bei  schnel le r  ~ n d e r U n g  der  A u s s e n t e m p e r a t u r  auf  
10 oder  40~ zu- oder  a b n a h m .  E in ige  dieser  N e u r o n e n  
waren  auch  gegen kle ine  V e r ~ n d e r u n g e n  de r  H i r n t e m p e -  
r a t u r  empf ind l ich .  
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