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Exposure  for 1 h to a hypoxic a tmosphere  containing 11.4% oxygen lowers  the gas exchange 
and the rec ta l  t e m p e r a t u r e  in ra ts ,  but the e l ec t r i ca l  act ivi ty  of the i r  musc les  r e m a i n s  a l -  
most  unchanged. In an a tmosphere  containing 7.4% oxygen, bes ides  a dec rease  in gas ex-  
change to the same level,  dep re s s ion  of the t he rmoregu l a to ry  tone of the musc les  and a more  
marked dec rease  of body t e m p e r a t u r e  a re  observed.  After  t r a n s f e r  of the an imals  f rom the 
hypoxic a tmosphere  to o rd ina ry  air ,  within the course  of 1 h in the f i r s t  case the gas ex-  
change and body t e m p e r a t u r e  r i se  but do not rega in  the control  level,  while in the second 
case  the e l ec t r i ca l  act ivi ty of the musc les  r e tu rns  to no rma l ,  the body t e m p e r a t u r e  r i s e s  
slightly,  but tbe gas exchange r e m a i n s  depressed .  

With a dec rease  in the pa r t i a l  p r e s s u r e  of oxygen in the a tmosphere ,  the total  gas exchange is lowered,  
and in warm-blooded  an imals  this is  accompanied by a marked lower ing  of the body t empera tu re  [13, 16, 
17]. Different  opinions are held on the mechan i sm of this phenomenon [1, 4, 8-12, 14]. It has recent ly  been 
cons idered  that the main  cause  of the d e c r e a s e  in gas exchange in hypoxta is  dep res s ion  of chemical  t h e r -  
moregula t ion  [3]. An impor t an t  role  is  also played by the heat output, which is  i nc rea sed  in hypoxia [6]. 

There  is l i t t le  in format ion  in the l i t e r a tu r e  on the r e s to ra t i on  of gas exchange and the rmoregu la t ion  
after  an imals  are t r a n s f e r r e d  back to b rea th ing  a i r  in re la t ion  to the degree  of p reced ing  hypoxia. The 
p r e s e n t  inves t iga t ion  was c a r r i e d  out to study this  problem.  

EXPERIMENTAL METHOD 

Exper imen t s  were ca r r i ed  out on 30 male Wis tar  r a t s  weighing 200-300 g, divided into three  groups 
with 10 an imals  in each group. The an ima l s  were placed in a chamber  with a capacity of 20 dm 3, in which 
they success ive ly  brea thed  a i r  for 1 h, hypoxic mixture  [or 1 h, and again air .  Every hour,  a i r  samples  
were taken f rom the chamber  and analyzed in a Haldane ' s  apparatus ;  the gas exchange was calculated by 
the usual  method [7]. The t e m p e r a t u r e  in the chamber  was mainta ined at 25 ° by means of a thermosta t .  
The rmoregu la t ion  was a s se s sed  f rom the m u s c u l a r  activity, which was recorded e lect rophysiological ly .  
Miche l ' s  cl ips were used as e lec t rodes ,  and potent ia ls  were recorded  from the musc les  of the neck, which 
are  most  active in the t h e r m o r e g u l a t o r y  reac t ion  [2]. Changes in the e l ec t r i ca l  activity of the muscles  
(EAM) were recorded  automat ica l ly  by a special  i n s t r u m e n t  cons is t ing  of a UBP1-01 ampl i f ie r ,  a PS-100 
e lec t ronic  pulse counter  a Kozhevnikov [5] type in tegra tor ,  and an MPO-2 loop osci l lograph.  The n u m -  
be r  and a rea  of the muscle  osc i l l a t ions  were de te rmined  per  minute in convent ional  uni ts  cons is t ing  of 
readings  of the i n s t rumen t s .  The body t empe ra tu r e  was measured  rec ta l ly  by means  of an e l e c t r o t h e r m o -  
meter .  

Two s e r i e s  of expe r imen t s  were ca r r i ed  out. In s e r i e s  I the oxygen concent ra t ion  in the hypoxic mix-  
ture  was 11.4%, and in  the second it  was 7.4% cor respond ing  to approximate  al t i tudes of 5000 and 8000 m 
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TABLE 1. Changes in EAM, Gas Exchange, and Rectal  T e m p e r a -  
tu re  in Rats  in a Hypoxic Atmosohere  
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A) air ;  H) hypoxic mixture .  

above sea  level .  In s e r i e s  Ill (control) the an imals  brea thed  a i r  under  s i m i l a r  condit ions for  the same 
per iods  of t ime.  The re su l t s  were analyzed s ta t i s t i ca l ly  by the method of compar i son  of pa i r s .  

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

The expe r imen ta l  r e su l t s  are  shown in Table 1. 

During modera te  hypoxia (ser ies  I) the gas exchange of the ra ts  was diminished.  The i r  oxygen con-  
sumpt ion fell by 23.8% compared  with i ts  in i t ia l  level ,  and the i r  exc re t ion  of carbon  dioxide fell by 23.3%. 
The dec rease  in EAM was not s t a t i s t i ca l ly  s ignif icant .  The rec ta l  t e m p e r a t u r e  dur ing  the stay in the hy-  
poxic mixture  fell gradual ly  on the average by 1.3 °. 

After  the an imals  had been  t r a n s f e r r e d  to b rea th ing  air ,  the gas exchange tended to r e t u r n  to n o r m a l  
but the oxygen consumpt ion pe r  hour  was on the average 13% lower  than in i t ia l ly ,  while the excre t ion  of 
carbon dioxide was 13.8% lower. The changes in EAM again were not s t a t i s t i ca l ly  s igni f icant  (Table 1). 
The body t e m p e r a t u r e  rose  slightly but s t i l l  r ema ined  1 ° below its  in i t ia l  level  (P < 0.001). 

During more  seve re  hypoxia (exper iments  of s e r i e s  II) the gas exchange was lowered by the same 
amount;  the oxygen consumpt ion fell by 24% and the carbon  dioxide exc re t ion  fell  by 24.3% compared  with 
ini t ia l ly .  With respec t  to the n u m b e r  of osc i l la t ions ,  t he rmoregu l a to ry  act ivi ty fell  by 42.8% (P =0.025), 
while with r e spec t  to a r ea  of the osc i l la t ions ,  i t  fell by 7.3% (P > 0.05) r e l a t ive  to the control .  During the 
stay in the hypoxic medium, the an ima l s '  t e m p e r a t u r e  fell by 2.2 °. 

During a stay for 1 h in a i r  after  hypoxia, the an ima l s '  gas exchange r ema ined  at the same  lowered 
level ,  while the EAM was sl ightly h igher  than in i t ia l ly .  The an imals '  body t e m p e r a t u r e  rose  sl ightly dur ing  
this per iod  (by 0.3°), but st i l l  r ema ined  on the average 1.9 ° below i ts  in i t ia l  value (P < 0.001). 

In the control  s e r i e s  of expe r imen t s  when the ra t s  were kept for 3 h in a i r  (the a i r  in the c ha mbe r  
was changed every  hour),  the gas exchange, EAM, and body t e m p e r a t u r e  were  v i r tua l ly  unchanged.  

These exper iments  revea led  a dec rease  in gas exchange, EAM, and rec ta l  t e m p e r a t u r e  of the an ima l s  
kept under  hypoxic condit ions,  conf i rming  the r e su l t s  obtained by over  inves t iga to r s  [2, 3, 15]. 

During moderate  hypoxia, the gas exchange and body t e mpe r a t u r e  are the re fo re  lowered,  while the 
t he rmoregu l a to ry  tone of the musc les  is v i r tua l ly  unchanged, in more  severe  hypoxia the gas exchange 
fal ls  to the same degree,  but an appreciable  dec rease  in EAM and a fall of r ec ta l  t e m p e r a t u r e  develop. 
During hypoxia the gas exchange of the animals  fal ls  to a ce r t a in  level ,  which is then main ta ined  even if 
the oxygen concen t ra t ion  in the insp i red  a i r  is  reduced ve ry  considerably .  The poss ib i l i ty  is  not ru led  out 
that this  un i fo rm level  of d iminut ion  of the gas exchange in the two s e r i e s  of expe r imen t s  was due to the 
re la t ive ly  high t e m p e r a t u r e  which prevai led .  At low t e m p e r a t u r e s  the gas exchange is  dependent  to a 
g r ea t e r  degree on the oxygen concen t ra t ion  in the su r round ing  medium [3]. One of the physiological  mech-  
a n i s m s  of main tenance  of a low level  of me tabo l i sm dur ing seve re  hypoxia is probably  a dec rea se  in the 
t he rmoregu la to ry  tone of the musc les .  
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R e s t o r a t i o n  of the i nves t i ga t ed  p h y s i o l o g i c a l  funct ions a f t e r  the an ima l s  had been  r e t u r n e d  f r o m  the 
hypoxic  m i x t u r e  to o r d i n a r y  a i r  took p l a c e  d i f f e ren t ly  depending on the d e g r e e  of hypoxia.  In the e x p e r i -  
men t s  of s e r i e s  I (11.4% O2), for  i n s t ance ,  dur ing  a s t ay  of  1 h in a i r  the  gas  exchange rose ,  but  s t i l l  r e -  
mained  13% below i t s  in i t i a l  l eve l ,  w h e r e a s  the EAM ac tua l ly  e x c e e d e d  the con t ro l  in tens i ty .  S i m i l a r  r e l a -  
t i onsh ips  were  o b s e r v e d  in the e x p e r i m e n t s  of  s e r i e s  II {7.4% O2) , a l though the gas  exchange in th is  c a se  
r e m a i n e d  at the low "hypoxic"  l eve l  dur ing  the hour  tha t  the an ima l s  were  kept  in o r d i n a r y  a i r ,  while the 
EAM was i n c r e a s e d  to a g r e a t e r  deg ree .  In the a f t e r - p e r i o d ,  r e c o v e r y  of the in i t i a l  l eve l  of gas  exchange 
i s  ev iden t ly  p r e c e d e d  by r e c o v e r y  of  the  t h e r m o r e g u l a t o r y  tone of  the m u s c l e s .  The body t e m p e r a t u r e  of 
the r a t s  dur ing  th i s  s a m e  p e r i o d  r o s e  by only 0.3 ° in  both s e r i e s  of e x p e r i m e n t s .  

Consequent ly ,  a f t e r  r e p l a c e m e n t  of the hypoxic  mix tu re  by a i r ,  to begin  with the an ima l s  v EAM in-  
c r e a s e d ,  and th is  i s  fol lowed by  a much s l o w e r  i n c r e a s e  in the gas  exchange  and body t e m p e r a t u r e .  Under  
t hese  e x p e r i m e n t a l  condi t ions ,  a p e r i o d  of  1 h i s  ev iden t ly  insuf f ic ien t  for  the inves t iga t ed  funct ions to r e -  
t u rn  to no rma l .  It can be pos tu l a t ed  that ,  with a r e l a t i v e l y  weak d e g r e e  of hypoxia ,  t h e r m o r e g u l a t o r y  
m u s c l e  tone p l ays  h a r d l y  any p a r t  in the r e a c t i o n  as  an adapt ive  mechan i sm.  In the case  of m o r e  s e v e r e  
hypoxia ,  a l l  the s tud ied  ind i ces  were  r e f l e c t e d  in the  p r o c e s s .  The c h a r a c t e r  of r e c o v e r y  s u g g e s t s  that  the 
EAM is  mos t  l ab i le ,  while  changes  in the t e m p e r a t u r e  and gas  exchange  were  d i s t i nc t ly  ine r t .  The l a s t  
two f a c t o r s  ev iden t ly  r e f l e c t  changes  at the  t i s s u e  leve l .  
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