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The Influence of Ambient Temperature on Thermoregulatory Responses to Intraventricularly 
Injected Monoamines  in Sheep, Goats and Rabbits 

H a v i n g  f o u n d  t h a t  a n  i n j e c t i o n  o f  n o r a d r e n a l i n e  (NA) 
i n t o  t h e  c e r e b r a l  v e n t r i c l e s  o f  t h e  e a t  c a u s e d  a fa l l  in  
b o d y  t e m p e r a t u r e ,  w h i l e  a s i m i l a r  i n j e c t i o n  of  5 - h y d r o x y -  
t r y p t a m i n e  ( 5 - H T )  c a u s e d  a r ise ,  F~LDBERO a n d  MYERS ~ 
p r o p o s e d  t h a t  t h e  c o n t r o l  o f  b o d y  t e m p e r a t u r e  (Tb) is 
m e d i a t e d  t h r o u g h  t h e  c o n t r o l l e d  r e l ea se  of e n d o g e n o u s  Sheep 
h y p o t h a l a m i c  m o n o a m i n e s .  T h e r e  is n o w  m u c h  s u p p o r t i n g  with 
e v i d e n c e  fo r  t h i s  t h e s i s  ~, a b u t  spec i e s  a p p a r e n t l y  d i f f e r  fleece 
g r e a t l y  in  t h e  e f f ec t s  u p o n  t h e r m o r e g u l a t i o n  w h e n  t h e  
m o n o a m i n e s  a r e  i n t r o d u c e d  i n t o  t h e  c e r e b r a l  v e n t r i c l e s  Sheared 
o r  t h e  a n t e r i o r  r e g i o n  of  t h e  h y p o t h a l a m u s  4. FINDLAY sheep 
a n d  T ~ o g P s o ~ "  6 f o u n d  t h a t  c h a n g e s  in  T b  of  t h e  o x  a r e  
a m b i e n t  t e m p e r a t u r e  (Ta) d e p e n d e n t ,  a n d  t h a t  b o t h  N A  
a n d  5 - H T  c a n  c a u s e  a fa l l  in  T b  a t  d i f f e r e n t  T a .  L i t t l e  Goats 
a t t e n t i o n  h a s  b e e n  p a i d  to  t h e  i n f l u e n c e  o f  a m b i e n t  
c o n d i t i o n s  in  t h e  m a j o r i t y  of  s t u d i e s  of  t h e  e f f e c t s  o f  
h y p o t h a l a m i c  m o n o a m i n e s  u p o n  t h e r m o r e g u l a t i o n ,  a n d  
a p p a r e n t  spec i e s  v a r i a t i o n s  c o u l d  p o s s i b l y  be  r e l a t e d  to  Ta .  

Rabbits 
Materials  and methods. W e  h a v e  e x a m i n e d  t h e  e f f ec t s  

o f  i n j e c t i o n s  o f  N A  a n d  5 - H T  i n t o  t h e  l a t e r a l  c e r e b r a l  
v e n t r i c l e s  of  s h e e p ,  g o a t s  a n d  r a b b i t s  d u r i n g  e x p o s u r e  
t o  a w i d e  r a n g e  of  a m b i e n t  t e m p e r a t u r e s  u p o n  s e v e r a l  
t h e r m o r e g u l a t o r y  p a r a m e t e r s ,  a n d  h a v e  c o m p a r e d  t h e s e  
e f f ec t s  w i t h  t h o s e  w h i c h  m i g h t  be  p r e d i c t e d  f r o m  a s i m p l e  
m o d e l  of. t h e  n e u r o n a l  c o n n e c t i o n s  b e t w e e n  t h e r m o s e n s o r s  
a n d  t h e r m o r e g u l a t o r y  e f f ec to r s .  

C a n n u l a e  w e r e  i n t r o d u c e d  i n t o  t h e  l a t e r a l  c e r e b r a l  
v e n t r i c l e s  b y  a s p e t i c  s u r g e r y  u n d e r  g e n e r a l  a n a e s t h e s i a .  
I n  s h e e p  a n d  g o a t s  a m o d i f i e d  C o l l i s o n - t y p e  c a n n u l a  
w a s  used6 ,  L I n  r a b b i t s  t h e  t e c h n i q u e  a n d  c a n n u l a  as -  Sheep 
s e m b l y  of  MONNIER a n d  GANOLOFF 8 w a s  e m p l o y e d .  A t  with 
t h e  s a m e  t i m e  a r e - e n t r y  t u b e  w a s  s e c u r e d  a g a i n s t  t h e  fleece 
w a l l  o f  a c a r o t i d  a r t e r y  in  s h e e p  a n d  g o a t s  f o r  t h e  s u b -  
s e q u e n t  r e c o r d i n g  of  p a r a - c a r o t i d  t e m p e r a t u r e .  A t  l e a s t  Sheared 
o n e  w e e k  w a s  a l t o w e d  for  r e c o v e r y  b e f o r e  e x p e r i m e n t s  sheep 
w e r e  b e g u n .  

T e s t s  w e r e  m a d e  w i t h  u n a n a e s t h e t i z e d  a n i m a l s  in  a 
c l i m a t i c  c h a m b e r .  S u c c e s s i v e  t e s t s  on  i n d i v i d u a l  a n i m a l s  Goats 
w e r e  m a d e  a t  i n t e r v a l s  of  n o t  less  t h a n  3 d a y s .  T r u n k  sk in ,  
e a r  sk in ,  r e c t a l  a n d  p a r a c a r o t i d  t e m p e r a t u r e s  we re  r eg i s -  
t e r e d  a t  f r e q u e n t  i n t e r v a l s  u s i n g  a m u l t i p o i n t  r e c o r d e r .  
R e s p i r a t o r y  e x c u r s i o n s  a n d  t h i g h  m u s c l e  E M G  were  
s a m p l e d  a t  i n t e r v a l s  of  5 m i n  u s i n g  a p o l y g r a p h  r eco rde r .  Rabbits 
N A  ( B r i t i s h  D r u g  H o u s e )  a n d  5 - H T  c r e a t i n i n e  s u l p h a t e  
( M a y  a n d  B a k e r )  w e r e  i n j e c t e d  i n t o  t h e  l a t e r a l  v e n t r i c l e s  
o f  s h e e p  a n d  g o a t s  in  v o l u m e s  o f  u p  to  0.2 m l  c o n t a i n i n g  
1 0 0 - 2 5 0  [zg of  o n e  o r  t h e  o t h e r  a m i n e  (base) ;  in  r a b b i t s  
t h e  c o r r e s p o n d i n g  q u a n t i t i e s  w e r e  0.05 m l  c o n t a i n i n g  
2 0 - 7 5  ~g N A  or  4 0 - 8 5  pig 5 - H T  (base) .  N o t  m o r e  t h a n  
2 i n j e c t i o n s  w e r e  m a d e  d u r i n g  a 6 h e x p e r i m e n t a l  pe r i od .  
C h a m b e r  t e m p e r a t u r e  w a s  h e l d  c o n s t a n t  a t  5, 10, 20, 30, 
35 o r  4 0 ~  (-4-1 ~ t h r o u g h o u t  a n y o n e  e x p e r i m e n t .  T h e  
s h e e p  w e r e  t e s t e d  f i r s t  w i t h  f leece  i n t a c t  a n d  a g a i n  a f t e r  
s h e a r i n g  w h i c h  w a s  n e c e s s a r y  t o  e l ic i t  s h i v e r i n g  a t  0 ~ Ta .  

Results and discussion. T a b l e  I s u m m a r i z e s  t h e  r e s p o n s e s  
to  i n t r a v e n t r i c u l a r  i n j e c t i o n s  of  N A .  A t  h i g h  T a ,  p a n t i n g ,  
w h i c h  is a m a j o r  a v e n u e  of  h e a t  loss  in  t h e  3 spec ies ,  w a s  
a l w a y s  d e p r e s s e d  a n d  T b  rose .  A t  a low T a  s h i v e r i n g ,  if 
p r e s e n t ,  w a s  d e p r e s s e d  a n d  T b  fell. A t  a m o d e r a t e  T a  
(20 ~ for  g o a t s  a n d  r a b b i t s ,  10 ~ for  s h e e p  w i t h  f leece,  
a n d  30~  for  s h e a r e d  sheep )  w h e n  t i le  a n i m a l s  w e r e  
n e i t h e r  s h i v e r i n g  n o r  p a n t i n g  a t  t h e  t i m e  of  t h e  i n j e c t i o n ,  
N A  h a d  l i t t l e  e f f ec t  o n  T b .  

T a b l e  I I  s u m m a r i z e s  t h e  r e s p o n s e s  o f  i n t r a v e n t r i c u l a r  
i n j e c t i o n s  o f  5 - H T .  I n  al l  3 s p e c i e s  5 - H T  h a d  l i t t l e  o r  n o  
i m m e d i a t e  e f f ec t  u p o n  T b  a t  h i g h  a m b i e n t  t e m p e r a t u r e s ,  

Table I. Intraventricular noradrenaline 

Function 10 ~ 20 ~ 30 ~ 40 ~ 

resp. freq. slow moderate ~' rapid Y rapid ~, 
shivering . . . .  
ear temp. (c) - -  (d) (d) 
body temp. ~' -~ ' A ,~ 

resp. freq. slow slow slow rapid 
shivering V ~' - -  - -  
ear temp. (c) (c) - -  (d) 
body temp. ~ "It - -  A 

resp. freq. slow slow rapid V rapid 
shivering "i' - -  - -  - -  
e a r  temp. (e) (e) (d) (d) 
body temp. * ~" ,g ,~ 

5~ 35oC 
resp. freq. slow moderate ~ rapid V rapid 
shivering V - -  - -  - -  
ear temp. (c) ; (d) (d) 
body temp. v ~ A ,1, 

Table II. Intraventricular 5-hydroxytryptamine 

Function 10 ~ 20 ~ 30 ~ 40 ~ 

resp. freq. slow moderate J" rapid j' rapid 
shivering . . . .  
ear temp. A ~ (d) (d) 
body temp. y V - -  - -  

resp. freq. slow slow slow rapid 
shivering V V - -  - -  
ear temp. (c) (e) ~, (d) 
body temp. V ~ ~ - -  

resp. freq. slow slow ~, rapid • rapid 
shivering V - -  - -  - -  
ear temp. j' ~ (d) (d) 
body temp. V V 'V 

5 ~ 35 ~ 
resp. freq. "slow~ moderate A rapid u rapid ~' 
shivering ~ ~ - -  - -  
ear temp. ~ ~, (d) (d) 
body temp. V V ~ - -  

Tables I and II. , ,  aI1 increase in the function or temperature; 
V, a decrease in the function or temperature; ]' $, a small change in 
a few individuals; (e) ear vessels constricted, no change as a result 
of injection; (d) ear vessels dilated, no change as a result of injection; 
-- ,  function or temperature unchanged by injection. 
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bu t  resul ted  in a fall in Tb at  low a m b i e n t  t empera tu res .  
In  goats  a t  modera t e  Ta and  in r abb i t s  a t  b o t h  mo d e ra t e  
and low Ta there  was an increase in resp i ra to ry  f requency  
and vasod i l a t a t ion  of the  ears. Shivering, when  present ,  
was depressed.  In  sheep an increase in r e sp i r a to ry  fre- 
quency  did no t  a lways occur, and was only  brief  if it  did. 
The ears of unshorn  sheep vasodi la ted  when  5-HT was 
in jec ted  at  a low Ta, bu t  in the  sheared sheep the  ears 
r emained  vasoconst r ic ted .  At  h igh Ta (35 or 40 ~ when  
Tb was  l i t t le af fec ted  by  5-HT, resp i ra to ry  f requency  
was a l ready  h igh  and  ear blood vessels a l ready  di lated,  
so l i t t le or no fu r ther  increase in hea t  loss was possible. 

The h y p o t h a l a m i c  act ion of the  monoamines  is pre- 
sumab ly  synap t i c  and  a s imple  r ep re sen ta t ion  of t he  
neuronal  connect ions  be tween  the rmosensors  and  the rmo-  
effectors,  which allows for reciprocal  inhib i t ion  be tween  
hea t  p roduc t ion  and hea t  loss funct ions  (Figure) has  been  
used in an a t t e m p t  to  analyse  these effects  of NA and 
5-HT upon  the  h y p o t h a l a m i c  control  of Tb. A subs tance  
which ac t iva tes  e i ther  the  p a t h w a y  f rom cold receptors  
to hea t  p roduc t ion  effectors,  or f rom w a r m  receptors  to 
hea t  loss effectors,  would be expec ted  to cause reciprocal  
inhibi t ion if it  acted at  the  first  synapses  ( 'a '  or 'b') bu t  
not  if it  ac ted  at  the  second ones ('c' or 'd').  Also, an 
in jec ted  exc i t a to ry  subs tance  would be expec ted  to be 
mos t  effect ive in changing body  t e m p e r a t u r e  when  the  
synapse  a t  which it acts  is not  a l ready being max imal ly  
ac t iva ted  by  the  drive f rom the  thermosensors .  The local 
inject ion of a subs tance  which  excites a t  synapse  'a', for 
example,  would be expec ted  to be more  effect ive a t  low 
a m b i e n t  and /or  deep body  t e m p e r a t u r e  when  hea t  loss 
could be increased and hea t  p roduc t ion  reduced,  t h a n  
when hea t  loss was a l ready max imal ly  ac t iva ted  and hea t  
p roduc t ion  max ima l ly  inhibi ted.  

An inh ib i to ry  subs tance  which is released na tura l ly  as 
a consequence  of the  s t imula t ion  of the  the rmosensors  
would act, in this  model, a t  the  second synapses ,  and it 
could be ei ther  specific, inhibi t ing only hea t  p roduc t ion  
or hea t  loss when locally applied,  or non-specific,  inhib- 
it ing which ever  p a t h w a y  is act ive at  the  t ime of its 
appl icat ion.  

The observed effects of NA and 5-HT injected  intra-  
vent r icu lar ly  on t e m p e r a t u r e  regulat ion are readi ly  
expressable  in te rms  of this  model.  NA reduced hea t  
loss and caused a rise in Tb at  h igh  Ta, and  reduced  hea t  
p roduc t ion  and caused a fall in Tb at  low Ta. These 
responses  are those expec ted  of a nonspecif ic  inh ib i to ry  
subs tance  act ing a t  synap t i c  sites 'e '  and 'd ' .  The  overal l  
effect  of in t raven t r i cu la r  5-HT was to increase hea t  loss 
and to reduce hea t  product ion ,  and was therefore  mos t  
effect ive a t  a low Ta when  b o t h  these  responses  con- 
t r ibu ted  to  the  fall in Tb, and least  effect ive a t  a h igh 
Ta when  there  could be l i t t le fur ther  increase in hea t  
loss and  Iit t le or no decrease in hea t  product ion .  These 
are the  responses  pred ic ted  for a specific exc i t a to ry  sub- 
s tance act ing a t  synapse  'a ' .  

The f indings of FINDLAY and THOMPSON 5 reveal  t h a t  
in oxen 5-HT also appears  to act  as if it  exci tes  synap t ic  
site 'a '  specifically. They  repor ted  5-HT to cause a fall 
in Tb a t  high Ta. NA caused a fall in Tb a t  low Ta and 
could have  ac ted  at  site 'd ' .  However ,  NA was not  in jec ted  
at  a Ta higher  t h a n  30 ~ so there  is no evidence as to 
whe the r  NA would inhibi t  hea t  loss a t  a h igher  Ta and 
so cause a rise in Tb in the  ox. 

Thus  in t e rms  of the  model ,  which  is obviously a 
grossly overs implif ied concept ,  the  monoamines  NA and 
5-HT do no t  act  reciprocally a t  all amb ien t  t empe ra tu r e s  
in sheep, goat, r abb i t  and  ox. NA has t he  effects of a 
non-specific inhib i tor  which depresses  the  ac t iv i ty  of 
bo th  the  hea t  p roduc t ion  and the  hea t  loss effectors,  and 

can resul t  in e i ther  a rise or fall in Tb, While 5-HT has  
the  effects of a specific exc i t a to ry  subs tance  which  in- 
creases the  ac t iv i ty  of hea t  loss effectors  and depresses  
the  ac t iv i ty  of hea t  p roduc t ion  effectors,  and can thus  
only resul t  in a fall in Tb. 

If, then,  in these  species NA is not  the  exc i t a to ry  sub- 
s tance  which  is c o m p l e m e n t a r y  to  5-HT there  m a y  be 
ano the r  na tu ra l ly  occurr ing subs tance  which  pe r fo rms  
this  funct ion.  P re l imina ry  s tudies  9 suggest  t h a t  in sheep 
this  could be ace ty lchol ine .  

The effects  upon  Tb of in t r aven t r i cu la r  NA and  5-HT 
in the  sheep 1~ n,  goat~2, rabbit13, ~ and  ox ~5 have  been  
repor ted  to be similar,  b u t  no t  identical .  The differences,  
it  would now seem, could be due to differences in t e s t  
condit ions.  However ,  the  cat  ~, dog ~ and  m o n k e y  ~7,18 
are repor ted  to  reac t  s imilar ly  to each o ther  b u t  qui te  
d i f ferent ly  f rom the  o ther  4 species. I t  is therefore  essent ia l  
to know wha t  inf luence Ta has upon the  t h e rmo reg u l a to ry  
effects  of i n t r aven t r i cu la r  or i n t r a -h y p o t h a l ami c  mono-  
amines  in these  species, and w h e t h e r  t h e y  can be inter-  
p re ted  in t e rms  of the  model .  

5-HT 
Warm -. > . J 0 <+ cz', > Heat loss 

Recep;ors N [if errors 

Co,[r " <+b<> / " ~ < :  1 > Hea; prociuct,on 
t~ 

A simple neuronal model to represent the reciprocal inhibition of 
heat production effeetors when heat loss is increased in response 
to a warm stimulus, and the converse situation when the sheep is 
exposed to a cold stimulus. 

Zusammen/assung. Zur Erkl / i rung der  Ef fek te  auf die 
Thermoregula t ion  in Schafen,  Ziegen und Kan inchen  bei 
verschiedenen  U m w e l t t e m p e r a t u r e n  yon in t r aven t r iku -  
1/iren In jek t ionen  von Noradrena l in  (NA) und 5 -Hydroxy-  
t r y p t a m i n  (5-HT) wurde  ein einfaches Neuronenmode l l  
vorgeschlagen.  Diese Monoamine  en t fa l t en  n icht  in allen 
S i tua t ionen  eine reziproke "vVirkung. 5-HT fi ihrt  zu e inem 
Anst ieg des W~rmever lus t e s  und einer H e m m u n g  der  
W&rmebildung. NA h e m m t  sowohl W~rmever lus t  wie 
auch "W/trmebildung 19. 
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