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The role of the anter ior  and pos te r ior  portions of the hypothalamus and its in terconnec-  
tion with the ce rebra l  cortex in rabbits in the changes in tempera ture  homeostat is  occu r -  
ring during exposure to a ra ised  oxygen p re s su re  was investigated by recording the t em-  
pera ture  of the principal heat-producing and hea t - t ransmi t t ing  organs and t issues .  Ex- 
citation of nervous s t ructures  was produced by e lect r ical  stimulation in various stages of 
exposure to oxygen. 

Prolonged inhalation of gas mixtures  with high oxygen concentrat ions at normal  and ra ised  oxygen 
p re s su re s  has been shown to lead to the development of p rogress ive  hypothermia [1-3]. 

The object of the present  investigation was to examine the role of the ce rebra l  cortex and hypothala-  
mus in the changes in t empera tu re  homeostas is  occur r ing  in animals exposed to a hyperoxic a tmosphere .  

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

The experiments  were car r ied  out in a portable r ecompress ion  chamber  with an oxygen concentration 
of 96 :~1% at normal  a tmospher ic  p r e s s u r e  (760~-20 mm Hg) for  4-5 days or  in oxygen at a p re s su re  ra ised  
to 2660 mm Hg. Electrodes  were f i rs t  implanted into the anter ior  and pos ter ior  parts  of the hypothalamus 
and into the region of the sigmoid gyrus  of the cortex, and stimulating pulses (0.5-2 V, 50/sec) were passed 
through them at various stages of exposure to oxygen. Immediate ly  before each experiment,  t he rmoe lec -  
t r i c  probes were inserted into the animals '  l iver,  skeletal  muscles ,  and subcutaneous cel lular  t issue,  and 
thermocouples  into the rectum; thermocouples  also were glued to the skin on the ear  and over  the spine. 
Measurements  were made with a m i r r o r  galvanometer .  During the experiments ,  changes in respirat ion,  
in the lumen of the aur icular  vesse ls ,  and in the general  behavior of the animals were observed visually. 
Altogether 98 rabbits  were tested.  

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

The pretoxic stage of exposure of the rabbits to oxygen was charac te r ized  by slowing of respirat ion,  
constr ict ion of the aur icular  vesse ls ,  general  motor  activity, a ra ised t empera tu re  in the rectum, liver,  
and skeletal muscles ,  and a lowered t empera tu re  on the skin of the ears  and spine. Stimulation of the an- 
t e r io r  hypothalamus at this t ime increased the respira t ion rate,  somet imes  to the extent of causing tachy-  
pnea, dilated the vesse ls  of the ear  and, as can be seen in Tables 1 and 2, lowered the tempera ture  in the 
liver, rectum,  and thigh muscles ,  but ra ised  the skin t empera tu re  .of the ears  and over the spine. In addi- 
tion, marked inhibition of motor  activity was observed.  When the stimulation stopped, the an imals '  p re -  
vious condition was res tored .  Stimulation of the pos te r io r  hypothalamus, on the o ther  hand, caused a more  
marked increase  in t empera tu re  of the rectum, l iver,  and skeletal muscles  and a decrease  in the skin t em-  
pera tu re  of the ears and dorsum. 
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In the pre toxic  stage,  cha rac t e r i zed  by an inc reased  resp i ra t ion  ra t e  and pulmonary  ventilation and 
by dilatation of the aur icu la r  ve s se l s ,  by a genera l  i nc rease  in musc le  tone and by the development  of gen-  
e ra l  hypothermia ,  s t imulat ion of the an te r io r  hypothalamus m e r e l y  lowered the musc le  tone, whereas  s t i m -  
ulation of the pos t e r io r  hypothalamus dis tor ted  the r egu la r  physiological  r e sponses  cha rac t e r i s t i c  of s tage 
II of exposure  to hyperoxia .  Marked const r ic t ion of the au r i cu la r  ve s s l e s ,  accompanied by a fu r the r  de-  
c r e a s e  in skin t e m p e r a t u r e  of the ea r s  and dorsa l  region,  was observed  3-5 sec a f te r  the beginning of s t i m -  
ulation, while on the other  hand, the t e m p e r a t u r e  of the rec tum,  l iver ,  and ske le ta l  musc l e s  was lowered.  
Ins tead of being quickened, r e sp i ra t ion  was slowed. The musc le  tone s t i l l  r ema ined  ra i sed .  

The toxic s tage  in animals  breathing oxygen under increased  p r e s s u r e  was cha rac t e r i zed  by con-  
vuls ions ,  by dilatation of the au r i cu la r  ve s s e l s ,  a p i lomotor  response ,  rapid and deep resp i ra t ion  wi thbr i e f  
per iods  of apnea, and specif ic  t e m p e r a t u r e  changes in the invest igated organs  and t i s sues ;  during the con- 
vulsions the t e m p e r a t u r e  of the musc l e s  and r ec tum was ra i sed ,  the l iver  t e m p e r a t u r e  r emained  low, the 
bra in  t e m p e r a t u r e  was sharp ly  reduced,  and the skin t e m p e r a t u r e  of the ea r s  and dorsum showed i r r e g u -  
l a r  changes.  During s t imulat ion of the an te r io r  hypothalamus,  musc le  tone was reduced,  the oxygen con-  
vulsions were  weaker  in intensity,  and the t e m p e r a t u r e  in the ske le ta l  musc l e s  was only ve ry  slightly r a i sed .  
The t e m p e r a t u r e  of the r ec tum and l iver  was sharp ly  reduced,  while the skin t e m p e r a t u r e  of the ea r s  and 
over  the spine was ra i sed .  The p i lomotor  r e sponse  had d isappeared .  Stimulation of the p o s t e r i o r  hypo-  
tha lamus ,  on the other  hand, led to an i nc r ea se  in the intensi ty of the convulsions,  reduced the per iod be -  
tween convulsions,  and caused a s ha rpe r  inc rease  in the t e m p e r a t u r e  of the thigh musc l e s ,  r ec tum,  and 
l iver  and a sha rpe r  dec r ea s e  in the skin t e m p e r a t u r e .  Constr ic t ion of the au r i cu la r  v e s s e l s  and slowing 
of r e sp i ra t ion  were  obse rved  for  a shor t  t ime .  

Stimulation of the cor tex  in the region of the s igmoid gyr i  in the pre toxic  s tage led to a m o r e  p r o -  
longed elevation of the t e m p e r a t u r e  of the l iver  and skele ta l  musc les  than in intact an imals .  In the sub-  
toxic s tage of oxygen exposure ,  s t imulat ion of the cor tex ,  as shown in Tables  1 and 2, inhibited the develop-  
ment  of p r o g r e s s i v e  hypothermia .  Stopping the s t imulat ion led to a fu r the r  fal l  of t e m p e r a t u r e .  Cor t ica l  
s t imulat ion in s tage HI (paroxysmal)  did not yield definite r e su l t s .  These  r e su l t s  suggest  a d i rec t  influence 
on the cor tex  through the hypothalamic cen te rs  on the heat ba lance  of the o rgan i sm during exposure  to a 
hyperoxie  a tmosphere .  This  hypothesis  is conf i rmed by exper iments  in which the rabbi t s  rece ived  a p r e -  
l iminary  injection of caffeine, causing m arked  cor t ica l  excitat ion.  A m o r e  intensive t e m p e r a t u r e  r e sponse  
in the pre toxic  s tage,  accompanied  by elevat ion of the t e m p e r a t u r e  in the p r inc ipa l  hea t -producing  organs ,  
was obse rved  in this group of an imals .  E ther  anes thes ia ,  on the other  hand, inhibited the t e m p e r a t u r e  
r e sponse  of the exper imenta l  an imals .  

Predominance  of inhibition in the cor tex  thus weakens the t e m p e r a t u r e  response ,  while p redominance  
of excitat ion intensif ies  it. However,  m o r e  complex re la t ionships  between the cor tex  and subcor t ica l  s t r u c -  
tu res ,  which have  not so fa r  been elucidated, may  exist  in different  s tages  of exposure  to hyperoxia .  

L I T E R A T U R E  C I T E D  

1. I . I .  Antonov, Transac t ions  of the Cent ra l  Pos tgraduate  Medical  Inst i tute  [in Russian],  Vol. 95, Mos -  
cow (1966), p. 96. 

2. A . G .  Zhironkin, A. F. Panin, and P. A. Sorokin, Effect of a Raised Pa r t i a l  P r e s s u r e  of Oxygen on 
Man and Animals  [in Russian],  Leningrad (1965). 

3. H . V .  Claman and H. B e c k e r - F r e y s e n g ,  Luft fahr tmedizin ,  4, 1 (1939). 

500 


