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corrective thermoregulatory behaviour. In view of- the 
present result, i t  may be hypothesized tha t  the signal for 
behaviour was the difference: Ta - Tspin. cord. One would 
then expect the dog behaviourally to reduce its ambient 
temperature, when its spinal temperature was maintained 
at a low value. 

Such was the case in the previous experiment; Figure 2 
summarizes the results then obtained for dogs Buf and 
Ami. The behavioural response was measured in terms 
of the number of Inn coolings requested by the dogs 
during the 30 min trial period. When ambient temperature 

in the climatic chamber (T~) was higher than spinal 
thermode temperature (Tth), the dogs' behaviour was 
proportional to Ta - Tin. This was true for all values of 
Tm and T~. Here again, the dogs' behaviour may seem 
paradoxal, because with a cool spinal cord (20~ dog 
Bur behaved in such a way as to reduce its skin tempera- 
ture. Two completely different circumstances: thermal 
spinal cord self-stimulation and environmental tempera- 
ture adjustment seemed, therefore, to be motivated by the 
same signal, T~ - Tth. The dogs where working to reduce 
this signal, when Ta 7 T m >  0 assuming tha t  Ts = / (T~). 
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Summary. Blockade of beta receptors inhibited thyroxine-induced increases in Tre, blood FEA and LA levels during 
exercise in dogs. 

Pretreatment  with thyroid hormones markedly in- 
creases plasma free fat ty acid (FFA) levels and body 
temperature during exercise e - t  A suggestion was made 
tha t  this increase in the plasma FFA concentration is 
mostly caused by potentiation by thyroid hormones of 
the lipolytic action of catecholamines, which are released 
in increasing amounts during exercise in dogs 5. 
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Fig. 1. Changes in rectal temperature (z~Tre) during 60 min exercise. 
�9169 control exercise; �9169 exercise performed 72 h following 
Ta + Inderal given at 30 m~n of the run; �9 . . . .  O, exercise performed 
72 h following T~ without Inderal. 

The thyroid hormone-induced exercise hyperthermia 
was supposed to be at least part ly due to a greater heat  
production during exercise, since an increased FFA 
mobilization usually results in increased calorigenic 
action. An enhancement in anaerobic metabolism might 
also have had a part  in this mechanism. 

In the present study, an a t tempt  was made to ascertain 
the role of catecholamines in the thyroxine-induced 
changes in metabolism and temperature during exercise. 
For this purpose propanolol, which inhibits the metabolic 
action of catecholamines, was administered during the 
exercise perlormed by thyroxine-treated dogs. 

Material and methods. Experiments were carried out on 
6 male, mongrel dogs weighing 18-25 kg. Before each 
experiment the dogs were deprived of food for 18-20 h, 
but  had free access to water. At first, the dogs performed 
a 60 min control run on a treadmill. The slope of the 
treadmill  was 12 ~ and its speed ranged from 1.2-1.6 m/sec, 
according to the individual capacity of each animal. 
Then, after at least i week interval, the dogs were injected 
s.c. with L-thyroxine (Light and Co., England) in a single 
dose of 100 vg/kg body weight. 3 days after the injection 
the animals performed treadmill exercise of the same 
intensity and duration as in the control experiments. 
At 30 min of the exercise propranol01 (Inderal, ICI) was 
given i.v. in a dose 0.25 mg/kg body weight, and after 10 
min rest the run was continued for a further 30 min. In 
the same dogs thyroxine (T~) injection was repeated after 
at least a 1-month interval, and the dogs performed an 
exercise run 3 days following the injection. In these 
additional experiments only Tre measurements were 
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car r ied  ou t  to  c o m p a r e  Tro changes  w i t h  t hose  found  a f t e r  
p rop rano lo l  a d m i n i s t r a t i o n .  

I m m e d i a t e l y  before  exercise, a t  30 m i n  of exercise,  
a n d  a f t e r  i ts  t e r m i n a t i o n ,  b o t h  in t h e  con t ro l  a n d  T~- 
t r e a t e d  dogs, v e n o u s  b lood samples  were t a k e n  for  de-  
t e r m i n a t i o n s  of p l a s m a  free f a t t y  acid ~, b lood l a c t a t e  7, 
a n d  glucose levels. Blood glucose was m e a s u r e d  us ing  a n  
e n z y m a t i c  me thod .  

D u r i n g  t h e  runs  r ec ta l  t e m p e r a t u r e  was  m e a s u r e d  
c o n t i n u o u s l y  w i t h  a ca l i b r a t ed  t h e r m o c o u p l e  t h e r m o -  
m e t e r  (Ellab,  Copenhagen) .  S t a t i s t i c a l  s ignif icance was 
t e s t e d  b y  m e a n s  of S t u d e n t ' s  t - tes t  for pa i red  samples  
a n d  t h e  level  of s igni f icance  was p < 0.05. 

Results. Fol lowing  a single in j ec t ion  of T 4, r ec t a l  
t e m p e r a t u r e  (Tre) increases  d u r i n g  exercise were h ighe r  
(p < 0.01) t h a n  d u r i n g  t h e  con t ro l  runs ,  a l t h o u g h  t h e  
t e m p e r a t u r e s  a t  res t  d id  n o t  differ. I n d e r a l  in jec ted  a f t e r  
30 ra in  of t h e  exercise r educed  t h e  f u r t h e r  r ise in Tre 
(Figure 1). 

Changes  in b lood free f a t t y  acid (FFA) and  l a c t a t e  (LA) 
c o n c e n t r a t i o n s  d u r i n g  exercise fol lowing T 4 a d m i n i s t r a -  
t i on  are p r e sen t ed  in F igure  2. I n  c o m p a r i s o n  w i t h  con t ro l  
values ,  t h e r e  was  a m a r k e d  increase  (p < 0.01) in  t h e  
p l a s m a  F F A  level  a t  30 m i n  of t h e  exercise pe r fo rmed  a f t e r  
T4 a d m i n i s t r a t i o n ,  a n d  p rop rano lo l  abol i shed  t h i s  effect. 

Af te r  30 m i n  of exercise,  pe r fo rmed  3 days  fol lowing T 4 
a d m i n i s t r a t i o n ,  b lood  L A  was  m a r k e d l y  e l eva ted  (p < 
0.05) above  t h e  level  found  in t h e  con t ro l  run,  a n d  a t  
t he  end  of t he  exercise i t  was  sti l l  h i g h e r  (p < 0.05) t h a n  
t h e  con t ro l  va lue .  

I n  t he  t h y r o x i n e - p r e t r e a t e d  dogs, t h e  m e a n  4- SE  
pre-exercise  b lood  glucose c o n c e n t r a t i o n s  3.9 4- 0.08 mM/l 
were h i g h e r  (p < 0.01) t h a n  in t h e  con t ro l  e x p r i m e n t s  

3.5 

~E 
E 3.0 

.-,.I 

2.5 

2.0 

1.5 

1.0 

I Inderat 

/ 
/ 

! 
/ /  

3.2 4- 0.08 mM/1. A t  t he  end  of t h e  exercise pe r fo rmed  b y  
t h y r o x i n e - p r e t r e a t e d  dogs in j ec t ed  w i t h  I n d e r a l  b lood  
glucose level  decreased  to  2.4 4- 0.2 mM/1, whereas  in  
t h e  con t ro l  e x p e r i m e n t s  i t  was r educed  to  2.6 4- 0.1 raM~1. 

Discussion. I n  a g r e e m e n t  w i t h  p rev ious  f ind ings  3, 4, t h e  
d a t a  p r e sen t ed  showed  t h a t  T c p r e t r e a t m e n t  m a r k e d l y  
increases  p l a s m a  F F A  c o n c e n t r a t i o n  a n d  Tre d u r i n g  
exercise in dogs. Moreover ,  i t  was  found  t t l a t  exercise-  
i nduced  increases  in  b lood  L A  c o n c e n t r a t i o n s  a f te r  T 4 
in jec t ion  were m a r k e d l y  h i g h e r  t h a n  ill t h e  con t ro l  
e x p e r i m e n t s  a n d  m u c h  h i g h e r  t h a n  those  r epo r t ed  b y  
TIPTON et  al. 8 a t  t h e  end  of more  in t ens ive  exercise. The  
h i g h  levels of b lood L A  d u r i n g  exercise w i t h  T4-pre t rea t -  
m e n t  i nd i ca t e  m a r k e d  s t i m u l a t i o n  of anae rob i c  m e t a b -  
olism, a n d  sugges t  t h a t  t he  l a t t e r  m a y  be  a t  leas t  p a r t l y  
respons ib le  for t h e  g rea te r  increases  in  Tre. More r ap id  
decrease  in. b lood glucose c o n c e n t r a t i o n  in t he  p roprano lo l  
- i n j ec ted  dogs conf i rms  t h e  resu l t s  o b t a i n e d  b y  B~ZBZlNS- 
I~A a n d  NAZAR 9, a n d  NAZAR e t  al. ~~ a n d  ind ica tes  t h a t  
t he  b lockade  of f l -adrenergic  recep tors  increases  carbo-  
h y d r a t e  c o n s u m p t i o n  d u r i n g  exercise. 

A d m i n i s t r a t i o n  of p rop rano lo l  a t  30 m i n  o f  t he  exercise 
p e r f o r m e d  3 days  fol lowing T 4 a d m i n i s t r a t i o n  abo l i shed  
t h e  exerc ise- induced  increase  in t h e  p l a s m a  F F A  level, 
and  i n h i b i t e d  to  a c e r t a i n  e x t e n t  t he  increase  in b o d y  
t e m p e r a t u r e ,  so t h a t  Tre a t  t h e  end  of t he  exercise n e v e r  
ach ieved  such  h i g h  va lues  as in  t h e  runs  pe r fo rmed  a t  t h e  
same  t i m e  a f t e r  T 4 in jec t ion ,  b u t  w i t h o u t  p ropranolo l .  

The  fac t  t h a t  p rop rano lo l ,  a p o t e n t  f i -adrenergic  
b lock ing  agen t ,  r educed  t h e  m e t a b o l i c  changes  i nduced  b y  
t h y r o x i n e  ind ica tes  t h a t  d u r i n g  exercise t h y r o i d  h o r m o n e s  
p o t e n t i a t e  t i le  ac t ion  of e a t echo l amines  b y  in f luenc ing  
/%receptors. 

I t  shou ld  be  m e n t i o n e d  t h a t  p rop rano lo l  ha s  been  
emp loyed  w i t h  s a t i s f ac to ry  resu l t s  in  t h e  t r e a t m e n t  of t h e  
m a n y  cl inical  m a n i f e s t a t i o n s  of h y p e r t h y r o i d i s m  11, t2, 
a l t h o u g h  as r e p o r t e d  b y  AzlzI e t  al. t3 t h e  d rug  ha s  no  
inf luence  on  t h e  t h y r o i d  g land  func t i on  or t h e  pe r iphe ra l  
m e t a b o l i s m  of t hy rox ine .  
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Fig. 2. Changes in blood FFA and LA concentration during 60 miI1 
exercise. O--O, control exercise; O - - O ,  exercise performed 72 h 
following T~ + Inderal at 30 min of the run, Values are means 4. SE 
of 6 experiments. 
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