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Subcutaneous inject ion of noradrena l in  into mice  adapted to cold ( - 15") and to phys ica l  exer t ion  
caused a m o r e  m a r k e d  inc rea se  in oxygen consumption than in control  animals..  

Noradrenal in  is fo rmed  in the body by  r a t s  acc l imat ized  to cold in amounts  3-4 t imes  g r e a t e r  th~n in 
contro l  an imals  [9]. Depocas found that in t ravenous  injection of noradrena l in  s t imula tes  the r e sp i r a t ion  of 
colr  r a t s .  

In control  an i m a l s  no reac t ion  was found to noradrcna l in  [5~ 6]. 

The object  of the p r e s en t  investl~-'atJon was to study the effect  of subcutaneous injection of va r ious  
doses  of noradrena l ln  on the oxygen consumption in albino mice  adapted to life under  different  condit ions.  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  w e r e  p e r f o r m e d  on 79 male  albino mice .  The mice  of group 1 were  adapted to a low 
t e m p e r a t u r e  ( - 15 ~ [1]. The an ima l s  of group 2 were  subjected to physical  t ra ining.  The mice  were  
placed in groups on the wal ls  of a wi re  cage which was lowered into wate r .  The wa te r  did not p e r m i t  the 
mice  to leave the ve r t i ca l  wi re  mesh ,  so that they moved along it o r  hung f rom it in a s ta t ionary  posi t ion.  
Each per iod of t ra in ing las ted  1.5 h and w~as repeated  daily for  45-50 days .  The mice  of group 3 undetuvent 
ne i ther  acc l ima t i za t ion  nor  phys ica l  t ra ining and were  used as  con t ro l s .  

The oxygen consumption of the an ima l s  pe r  unit of body weight was  m e a s u r e d  [3]. Readings were  
taken eve ry  10 rain for  30 min.  The mean  oxs, gen consumption p e r  g r a m  body weight pe r  hour was taken 
as  100. The an ima l s  were  then injected with noradrenal in  in doses  of 0.5, 1.5, 5, and 10 V-~Jg body ~,eight 
and the oxygen consumption was again  de te rmined  until the a n i m a l ' s  r e sp i r a t i on  had re turned to no rma l .  

The changes in oxygen consumption a f t e r  injection of noradrena l in  were  m e a s u r e d  e v e r y  10 rain and 
e x p r e s s e d  as  pe rcen tages  of the init ial  level .  A mean  graph ~ s  plotted for  each group of expe r imen ta l  
an imals .  The r e s u l t s  for  each exper imen ta l  group were  compared  by m e a s u r i n g  the a r e a s  outlined by the 
graph  of the mean  change in oxygen consumption w~th t ime  until r e sp i r a t i on  re turned  to no rma l .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

In the  control  mice  the oxygen consumption inc reased  pa ra l l e l  to the inc rease  in dose of n o r a d r e n a -  
Hn. The reac t ion  to the s m a l l e s t  dose was only 10 conventional units .  Physiological  saline caused the s ame  
reac t ion  of r e sp i r a t i on  as  the smal l  dose  of noradrenal in .  With an i nc rea se  in dose of noradrenal ln ,  the in-  
tens i ty  of oxygen consumpt iona l so  inc reased .  The l a rges t  dose of noradrena l tn  injected (10 pgJg) caused  
m a r k e d  inhibition of r e sp i r a t i on  in 70% of the mice  of this group.  In the f i r s t  10 min af ter  injection, the 
oxygen consumption fell  by near ly  half i ts  no rma l  ~-alue and r ema ined  at this level  for  about 1.5 h. The 
effect  of this dose  was 87 conventional units for  mos t  mice .  In the o ther  30% of control  mice ,  the oxygen 
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Fig.  I .  Change in oxygen consumpt ion  in 
control  (a), co ld-acc l imat ized  (b), and 
physica l ly  t ra ined (c) albino mice  ~ t e r  
subcutaneous injection of noradrenal in  in 
dose s  of 0.5 (1), 1.5 (2), 5 (3), and 10 (4) 
'p4~kg. t torizontal  line r e p r e s e n t s  initial  
level  of oxygen absorpt ion.  

consumpt ior  inc reased  a f t e r  injection of this dose of n o r a d r e n -  
alin by 40-~o% compared  with no rma l .  The increased  oxygen 
consumption p e r s i s t e d  in these  an imals  for  m o r e  than 1.5 h. 

In co ld -acc l ima t ized  mice  the oxygen consumption a f t e r  
injection of all  these  doses  of noradrenal in  was much higher  
than in the control  an ima l s  (see Fig.  1). 

A dose of 10/~g/g s o m e t i m e s  caused death of both control  
and acc l imat ized  mice .  I Iowever,  the control  mice always 
died with a sharply  reduced oxygen consumption, while the a c -  
c l imat ized  mice  died with a ve ry  high oxygen consumption.  

During l abo ra to ry  acc l imat iza t ion  of the mice  to cold, 
2 5 - 3 t ~  of the mice  were  able to to le ra te  a t e m p e r a ~ r e  of - 15" 
for  10 h during the f i r s t  s tay in the r e f r i g e r a t o r .  The r e su l t s  
of our  ex2aeriments with noradrenal in  show that approx imate ly  
30% of the control  mice  reac ted  to injection of noradrenal ln  just  
like the acc l imat ized  mice .  An additional s e r i e s  of expe r imen t s  
showed that the control  mice  with the g rea t e s t  posi t ive reac t ion  
of r e sp i ra t ion  to noradrenal in  gave the highest curvival  ra te  at 
the low t e m p e r a t u r e .  The extent  of the inc rease  in oxygencon-  
sumption a f t e r  injection of noradrenal in  was  thus re la ted  to 

to le rance  to cold. This  conclusion was conf i rmed by our  e x p e r i m e n t s  on h ~ n s t e r s ,  i ~, which the react ion  of 
r e sp i r a t i on  to noradrena l in  is ve ry  g r ea t  and which a r e  able to to le ra te  a t e m p o r a t ~ r e  of - 15" without s p e -  
c i a l  t ra ining.  

Cooling and acc l imat iza t ion  to cold a r e  assoc ia ted  with i nc rea sed  noradrenal in  production by the body 
in warm-b looded  re'rituals [4, 7, 8, 9]. Noradrenal in  s t imula tes  glycogen breakdown, ac t iva tes  deaminat ion 
and keto--acid formation,  and i n c r e a s e s  the concentrat ion of fat ty acids  in the blood [10]. The excess  of 
fa t ty  acids is oxidized by f ree  oxidation.  The dec r ea se  in the  P/O ra t io  in the mi tochondr ia  of acc l imat ized  
pigeons [2] s u g g e s t s t h a t  adaptat ion of warm-b looded  an imals  to a low tem!>erabare is assoc ia ted  with an 
inc reased  role  of f r ee  oxidation. Apparent ly  two para l l e l  p r o c e s s e s  take place  in the body during a c c l i m a -  
t izat ion:  an i nc rea se  in the amount of oxidation subs t r a t e s  en te r ing  the cel l  under the influence of n o r a d r e n -  
nUn and intensif icat ion of f ree  oxidation, as  m e a s u r e d  by the amount of subs t r a t a  oxidized or  by the o~,~'gen 
consun~od in unit t ime .  Adaptation of warm-b looded  an imals  to cold (accl imatizat ion),  f rom the point of 
view of t i ssue  resp i ra t ion ,  may  poss ib ly  be equivalent  to an i n c r e a s e  in the power of f r ee  oxidation in the 
ml tochondr ia .  

The react ion  of r e sp i r a t ion  of the physical ly  t ra ined  mice  to the min imal  dose  of noradenaltn tes ted  
was  m o r e  th,~n four t imes  g r e a t e r  than the r e sp i r a t ion  reac t ion  of the contro l  mice  and c~me c lose r  to tha~ 
of co ld -acc l imat ized  mice  (Fig. 1). The reac t ions  of the acc l imat ized  and t ra ined  mice  to medium doses  
of noradrenal in  a lso  were  s imi l a r~  

The work of V. P. Sk-ulachev [~] demons t ra t ed  that survix~al of an ima l s  ezposed to cold Is dependent 
on the i r  abil i ty to d i ssoc ia te  oxidation and phosphcryla t ion.  In our  expe r imen t s  adaptation to s eve re  cool -  
ing was accompanied by an i nc r ea s e  in intensi ty of  oxy. gen consumption under the influence of noradrenal in .  
In an imals  capable of to lera t ing s e v e r e  cooling at once, without p r e l i m i n a r y  training, tb.e react ion  of r e -  
sp i ra t ion  to noradrenal in  was  found to be inc reased .  Compar i son  of these  findings sugges ts  that th~ in -  
c r e a s e  of d issocia t ion of oxidation and phosphoryla t ion in Skulachev~s expe r imen t s  re f lec t s  an inc rease  in 
the power  of f ree  oxidation, and that the r e sponse  of the body to injection of noradrenaI ln  may be used a s  a 
t e s t  of changes in this  power .  Th is  method has  the advantage that  it can be used to de te rmine  changes in 
the power of the f r ee  oxidation s y s t e m  without the need for  blocking phosphoryla t ing  oxidation. 
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