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The working p r o p e r t i e s  and heat  format ion  of skele ta l  musc les  were  invest igated during con t rac -  
tion in l abora to ry  r a t s  adapted to hypoxia and cor responding  controls .  During indirect  e lec t r i ca l  
s t imulat ion of the m u s c l e t h e  s t rength of contract ion,  work, and fatigu~ abili ty of the musc le  were  
de te rmined  and the i nc rea se  in t e m p e r a t u r e  of the musc le  as a r e su l t  of the contract ion was 
m e a s u r e d .  Adaptation to hypoxia was shown not to affect  the s t rength  of contract ion of the musc le  
or  the quantity of work done. However,  hypoxia leads to a reduct ion in the t e m p e r a t u r e  effect  
of muscu la r  contract ion,  exp re s sed  per  unit work  done. This  indicates an inc rease  in the ef-  
f iciency of muscu la r  work  during adaptation to hypoxia. The fat iguabil i ty of musc l e s  is inc reased  
in "hypoxic" ra t s .  The changes in the energe t ics  of muscu la r  contract ion during adaptation to 
hypoxia and to cold a r e  different  in direct ion.  
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According to a we l l - a rgued  opinion, in hypoxia cons iderable  changes take p lace  in the t he rmoregu l a to ry  
s y s t e m  and, in pa r t i cu la r ,  in the muscu la r  s y s t e m - t h e  main source  of control led heat production in the body 
[3, 4, 9-12]. The w r i t e r s  showed p rev ious ly  [1] that  during adaptation to hypoxia, unlike cold adaptation [5, 6], 
heat  format ion  in the m us c l e s  pe r  unit of e l ec t r i ca l  act ivi ty fal ls  during t h e r m o r e g u l a t o r y  contract ion.  The 
question of changes in the working p r o p e r t i e s  of musc l e s  and the eff ic iency of muscu la r  contract ion during 
prolonged exposure  to hypoxia r equ i r e s  exper imenta l  ver i f icat ion.  

This  paper  de sc r ibe s  an investigation of the working capaci ty of skele ta l  m u s c l e s  and heat  fo rmat ion  
in them during contract ion in albino r a t s  adapted to hypoxia. 

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

E x p e r i m e n t s  were  c a r r i e d  out on male  albino r a t s  weighing 250-300 g. To produce  adaptation of the 
an imals  to hypoxia, they were  " r a i s e d " i n  a p r e s s u r e  chamber  to an "alt i tude" of 7000 m for  3 h daily for  30- 
35 days.  The t e m p e r a t u r e  in the p r e s s u r e  chamber  was mainta ined at between 22 and 24~ Animals  of the 
control  groups were  kept at the s ame  t e m p e r a t u r e .  During e lec t r i ca l  s t imulat ion of the motor  ne rve  in si tu 
the following indices were  recorded :  the s t rength of contract ion of the muscle ,  the work  done by it, and i ts  
t empe ra tu r e .  The method of r ecord ing  these  indices was fully descr ibed  p rev ious ly  [7, 8]. During the exper t -  
mea t s  the "core"  t e m p e r a t u r e  of the body was measu red  constantly by means  of an e l e c t r o t h e r m o m e t e r .  The 
r ec t a l  de tec tor  was inser ted  to a depth of 6 cm.  Fatiguabil i ty was a s s e s s e d  f r o m  the dec r ea se  in the s t rength 
of muscu la r  contract ion at  the end of a 10-sec per iod  of tetanus,  as a pe rcen tage  of the initial level .  The p a r a m e -  
t e r s  of 146 muscu la r  cont rac t ions  (in ten an imals  adapted to hypoxia and 5 controls)  were  investigated.  

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  

The  r e su l t s  a r e  given in Table  1. The "core"  t e m p e r a t u r e  of the body in the r a t s  adapted to hypoxia did 
not differ  significantly f r o m  that of the controls .  As the r e s u l t s  in Table  1 show, prolonged exposure  to hypoxia 
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TABLE 1. Effect  of Pro longed  Exposure  to Hypoxia on Working Capaci ty of Skeletal  
Muscles  and The i r  Energe t i e s  

Increase in tern- ] 
perature of con- Strength of I Work, g. em (A) Fatigue, % AT/A, *C/ 
tracting muscle, contraction, g (g. cm) x 10 -3 
"C • I0-s (*,T) 

Control 242,98_4-11,8 49,24_+.2,84 I 269,9-+29,9 31-+3,14 0 895_+0,143 
pHypoxia 143.75--+t2,5 51,9-+1,7 294,63-+17,9 54+_5,1 0,489-+0,082 I < o  001 ~->0 05 >0 05 . <0,01 <o,oo]  

did not affect  the s t rength of muscu la r  cont rac t ions  induced by e lec t r i ca l  s t imulation of the motor  nerve.  The 
quantity of work done l ikewise did not differ  in the two groups of animals .  However,  there  was a marked  de-  
c r e a s e  in the t e m p e r a t u r e  effect  of muscu la r  contract ion per  unit of work  done in an imals  adapted to hypoxia. 
This  indicates an i nc r ea s e  in the eff iciency of muscu la r  contract ion (and of muscu la r  work) during prolonged 
exposure  of the an imal  to hypoxia. Under these  c i r c u m s t a n c e s  g r e a t e r  fatigue developed in the musc le  of the 
r a t s  adapted to hypoxia than in the controls:  the abil i ty to maintain the or iginal  s t rength of contract ion during 
a 10-see  per iod  of te tanus was reduced.  

Despi te  the d e c r e a s e  in energy  expenditure on the product ion of muscu la r  work, the r e s e r v e s  for  p e r f o r -  
mance  of work  were  evidently reduced  a f te r  adaptation to hypoxia. The main component  of the effect  of hypoxia 
on the body is a shor tage  of energy,  evidence of which is given by a dec r ea se  in the content of h igh-energy com-  
pounds in the t i s s ue s  [2]. Pro longed exposure  to a hypoxic a tmosphe re  is evidently accompanied  by changes 
of an adaptive cha rac t e r ,  a imed at the p r e s e r v a t i o n  of energet ic  homeos tas i s  under conditions of a shor tage  
of h igh-energy  compounds,  through a reduct ion in energy  expenditure for the product ion of physica l  work. A 
change in the energe t ics  of muscu la r  contract ion takes  p lace  both during adaptation to the t e m p e r a t u r e  fac tor  
and to hypoxia. The change in efficiency, it is suggested,  may be a genera l  physiological  p r inc ip le  of the regu-  
lation of functions during adaptation to di f ferent  envi ronmenta l  f ac to rs .  
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