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An amperomet r i c  method was used to investigate the oxygen tension in the gas t rocnemius  muscle of 
unanesthetized albino rats  during hypothermia.  A fall of body tempera ture  was accompanied by a gradual 
decrease  of pO2: during cooling to 34 ~ it fell on the average by 65% of its initial value, and to 3 4 - 3 0  ~ by 
40%. The value of pO 2 recovered  during art i f icial  reheating. 

The skeletal musculature  plays an important  role in cold thermogenesis  [5, 8, 9, 11]. However, many 
of the charac te r i s t i cs  and conditions of this thermogenes is  remain  unexplained. 

In the present  investigation the oxygen tension was studied in the muscles  of hypothermic rats .  

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

Experiments  were car r ied  out on 12 albino rats  of both sexes weighing 150-350 g. The unanesthetized 
animal was fixed in the supine position, and cooled by covering its body with rubber  bags eonta{ning 
crushed ice. When the rectal  t empera ture  had reached 30 ~ , ar t i f icial  reheating was begun by covering the 
body with bags containing water  at 45 ~ . At all stages of the experiment the oxygen tension was recorded  in 
the gast rocnemius  muscle.  In 5 animals the tendo achillis was divided before the experiment began, while 
in the remaining 7 ra ts  it was left intact. 

The oxygen tension in the muscle was determined amperomet r ica l ly  [1, 2]. The polar izing electrode 
was a platinum wire 0.1 mm in diameter ,  soldered into a glass capi l lary tube, so that its f ree  end did not 
exceed 1 mm in length. The nonpolarizing electrode was a calomel electrode connected to the object through 
0.9% NaC1 solution. A constant negative potential of 0.7 V was applied to the polarizing electrode (pushed 
into a muscle for  5-6 mm and left in that position until the end of the experiment).  The current  in the c i r -  
cuit was measured  by a type M-21 m i r r o r  galvanometer  with a sensit ivity of 0.62 �9 10 -~ A/mm. 

Because of inadequate stability of the open platinum electrodes,  their  sensit ivity to oxygen was mea-  
sured before each experiment.  For  this purpose,  the cur ren t  between the polarizing and nonpolarizing e lec -  
t rodes  was measured  in 0.9% NaC1 solution, brought into equilibrium with the surrounding air .  The strength 
of the residual current  in 0.9% NaC1 freed f rom oxygen by addition of sodium sulfite (0.1 ~/100 ml solution) 
was then measured.  A calibration curve was plotted f rom the resul ts  obtained. 

In the course  of the work, the surface of the polar izing electrode within the t issue changes its p rop-  
er t ies  under the influence of sur face-ac t ive  substances and electroadsorpt ion.  To reduce the degree of 
electroadsorpt ion,  the measurements  were made in an interrupted sequence: af ter  every  3 rain of work, 
the e lectrodes  were shor t -c i rcu i ted  for  1 rain - until their  potentials were equalized. In this way, the next 
measurement  could begin when the e lec t ros ta t ic  proper t ies  of the active surface of the electrode were uni- 
form.  In addition, at the end of the experiment,  the electrode calibration was repeated. Since the sensitivity 
of the electrode is a l inear function of t ime, appropriate  cor rec t ions  were  made to the f igures obtained at 
the various periods of the experiment.  

Because of changes in the rate  of diffusion, which are  proport ional  to the absolute t empera ture  of the 
object, a second cor rec t ion  also was made. This was based on the tempera ture  coefficient, and was de te r -  
mined for  each polar izing electrode experimentally.  
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TABLE i. Effect of Hypothermia on Oxygen Tension 
in Gastrocnemius Muscle of Rat (M~m) 

Muscle 

Intact 
With preliminarily 

divi/Jed tendon - 

Initial 

27• 2,7 

34+ 2,6 

Cooling to . Reheating 

~ i ~--30~ 30--34 ~ over 34 ~ 

17• I 11• I 16• 23• 
24• 2,0 22 +- 1,8 .21• 3,0 23• 2,5 

EXPERIMENTAL RESULTS 

The results obtained showed that the development of hypothermia is accompanied by a decrease in the 
oxygen tension both in the intact muscle, and in the muscle whose tendon had previously been divided 
(see Table I). 

The marked decrease in oxygen tension discovered in these experiments in the muscle may be re- 
garded as evidence that cold thermogenesis takes place under conditions of muscular hypoxia. This view 
is supported by indirect evidence of an increase in the relative importance of anaerobic processes in mus- 
cles during hypothermia induced by other means than by drugs: the appearance of a marked loss of glyco- 
gen in the muscles [3, i0, 13], and the accumulation of lactates both in the muscles and in the blood [6,7,12]o 

There are three possible reasons for the decrease in oxygen tension in the muscle: first, less oxy- 
gen reaching the tissue; second, increased utilization of oxygen by the cells; and third, the low tempera- 
ture of the tissue. In hypothermia not due to drugs, all these factors evidently play a role. It has been 
shown experimentally that during shivering there is an increase in the oxygen demand [5]~ On the other 
hand, the amount of oxygen reaching the muscle is inadequate: Our previous investigations [4] revealed a 
decrease of the blood supply, not only to the skin but also to the skeletal mnscles of the cooled animal, 

by 33-50%. 

Any mechan ica l  v ib ra t ion  is known to i n c r e a s e  the r a t e  of diffusion of oxygen to an e l ec t rode ,  and 
thus, to give va lues  for  the oxygen tens ion in the t i s sue  which a r e  too high. To p reven t  such v ib ra t ion  f rom 
developing,  the tendon of the ga s t rocnemius  musc le  was divided.  Even if it  did not comple te ly  abol i sh  the 
con t rac t i l e  ac t iv i ty  of the musc le ,  the d iv is ion  mus t  have weaked it ve ry  cons ide rab ly  and reduced i ts  oxy-  
gen demand.  At the same t ime ,  the degree  of c o m p r e s s i o n  of the blood v e s s e l s  pa s s i ng  through the musc le  
must  have been reduced  a f t e r  d iv is ion of the tendon, and accord ingly ,  t h e  blood supply of the musc le  must  
have been improved,  and its oxygen supply i n c r e a s e d .  Never the les s ,  even under  these  condit ions,  in r e -  
sponse to hypo the rmia  the oxygen tens ion c l e a r l y  fel l ,  although not by the same  amount as in the intact  m u s -  
cle .  The main  r eason  for  th is  d e c r e a s e  was evident ly  ac t ive  v a s c u l a r  s p a s m .  
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