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Despi te  i ts  undoubted p r a c t i c a l  impor t ance  and c ons i de r a b l e  theore t i ca l  i n t e r e s t ,  the p r o b l e m  of the 
effect  of va r ious  doses  of ioniz ing r ad ia t ion  on the s ens i t i v i t y  of an imals  to acute hypoxia has  r e c i v e d  
l i t t l e  at tent ion in the r e c e n t  l i t e r a t u r e .  Conflicting r e s u l t s  have been  obtained by d i f ferent  w o r k e r s  [2, 3, 
11- 14], poss ib ly  because  they used  d i f fe ren t  e xpe r i m e n t a l  condi t ions:  d i f fe ren t  doses  of i r r a d i a t i o n ,  d i f -  
f e ren t  i n t e rva l s  between i r r a d i a t i o n  and c a r r y i n g  out the e xpe r i m e n t s ,  an imals  of d i f fe ren t  s pe c i e s  and 
sex,  and d i f ferent  techniques to p roduce  hypoxia and d i f fe rences  in i ts de g r e e .  

The objec t  of the p r e s e n t  inves t iga t ion  was to examine  the s ens i t i v i t y  of i r r a d i a t e d  mice  to hypoxia 
in the in i t i a l  p e r i o d  of acute r ad ia t ion  s i cknes s  depending on the dose of i r r a d i a t i o n .  

EXPERIMENTAL METHOD 

Experiments were carried out on i00 male mice weighing 18-22 g and 18 male rats weighing 120- 

200 g. 

The expe r imen t s  were  divided into 6 s e r i e s :  in s e r i e s  I - IV the r e s i s t a n c e  of the an ima l s  to high 
a l t i tudes  was de t e rmined  a f t e r  a s ingle  exposure  to whole-body i r r a d i a t i o n  (10 mice  in a dose  of 200 R, 11 
in a dose of 400 R, 10 in a dose  of 600 R, and 19 mice  in a dose of 800 R; in s e r i e s  V the l ac t i c  acid  con-  
cen t ra t ion  was d e t e r m i n e d  in the blood of the i r r a d i a t e d  an imals  (3 r a t s  i r r a d i a t e d  in a dose of 400 R and 
3 r a t s  in a dose of 800 R); in s e r i e s  VI the oxygen consumption of the i r r a d i a t e d  an ima l s  was inves t iga ted  
(3 r a t s  i r r a d i a t e d  in a dose  of 800 R). The an imals  were  i r r a d i a t e d  with x - r a y s  by means  of a type RUM-3 
appa ra tus  (voltage 185 kV, c u r r e n t  15 mA, f i l t e r  0.5 mm Cu, sk in- focus  d i s tance  40 cm, dose r a t e  40 R /  
rain). The animals  we re  i r r a d i a t e d  in boxes  divided by pa r t i t i ons .  One box contained 5 mice  and the o ther  
2 r a t s .  The t ime  between i r r a d i a t i o n  and exposure  to hypoxia was 96 h fo r  the mice  i r r a d i a t e d  in dose of 
200 R, 75-70 h for  the mice  i r r a d i a t e d  in doses  of 400 and 600 R, 56 h for  mice  i r r a d i a t e d  in a dose of 800 
R, and 73 h for  r a t s  i r r a d i a t e d  in doses  of 400 and 800 R. 

The mice  were  p l aced  in a vacuum e x s i c c a t o r  with a capac i ty  of 6 l i t e r s  and " r a i s e d "  at: the r a t e  of 
30 m / s e c  to an "a l t i tude"  of 10 000 m and then lowered  f rom this a l t i tude at the r a t e  of 5 m / s e c  unti l  the 
t ime of death.  Two m i c e - c o n t r o l  and i r r a d i a t e d - w e r e  " r a i s e d "  at  the s ame  t ime .  The c r i t e r i o n  used  to 
indica te  the r e s i s t a n c e  of the an ima l s  to high a l t i tudes  was the i r  r e s i s t a n c e  to p r o g r e s s i v e  hypoxia dur ing 
the "ascen t "  in the e x s i c c a t o r  unti l  the onse t  of t e r m i n a l  convulsions and r e s p i r a t o r y  a r r e s t .  

The l ac t i c  acid  in the blood of the cont ro l  and i r r a d i a t e d  r a t s  was d e t e r m i n e d  quant i ta t ive ly  by the 
method of B a r k e r  and Summerson  [1]. Blood was taken f rom the ta i l  vein of the an imals  in a volume of 1 
ml .  A type SF-4  s p e c t r o p h o t o m e t e r  was used  for  the c o l o r i m e t r i c  de te rmina t ion .  

The oxygen consumpt ion of the e x p e r i m e n t a l  and in tac t  r a t s  was d e t e r m i n e d  by E. V. G u b l e r ' s  method 
[5]. The de t e rmina t ion  was c a r r i e d  out over  a p e r i o d  of 10 min.  

EXPERIMENTAL RESULTS 

In these expe r imen t s  (Fig.  1) the r e s i s t a n c e  of the mice  i r r a d i a t e d  in a dose of 200 R to high a l t i tudes  
was h igher  than that of the cont ro l  an imals  (P= 0.01). The mice  i r r a d i a t e d  in doses  of 400, 600, and 800 R 
were  l e s s  r e s i s t e n t  to high a l t i tudes  than control  mice  (the va lues  of P co r r e spond ing  to these doses  of 
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Fig. 1. Comparat ive r e s i s -  
tance of control  and i r r a d -  
iated mice to high altitudes 
in the latent per iod  of rad ia -  
tion s ickness .  Along the axis 
of a b s c i s s a s - d o s e s  of i r r a d -  
iation (in R}; along the axis of 
ordinates  - a l t i tude  reached 
(in m). Here andin Fig. 2 
and 3: I - c o n t r o l ,  I I - e x p e r i -  
ment.  
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Fig. 3. Oxygen consumption 
of ra ts  i r rad ia ted  in a dose 
of 800 R and control  r a t s .  
Along the axis of a b s c i s s a s -  
weight of ra ts  (in g); along 
the axis of o r d i n a t e s -  
oxygen consumption (ml/kg 
body weight/min).  
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Changes in lactic 
acid concentrat ion in the 
blood of ra ts  depending on 
dose of i r radiat ion.  Along 
the axis of a b s c i s s a s -  
doses of i r radia t ion (in R); 
along the axis of o r d i n a t e s -  
lactic acid (in mg%). 

i r radiat ion were 0.05, >0.2, and 0.005). A significant 
difference in the behavior of the animals during the 
"ascent"  was observed only in the case of the mice 
i r radia ted  with 800 R. In the animals of this se r ies  
of the experiments  the number  of convulsions was 
35% grea te r  than in the controls ,  and in mos t  of them 
the intensity and duration of the convulsions was grea t -  
er .  However, in 3 mice of this ser ies  of experiments  
no well marked terminal  convulsions were seen. In 
one experiment the animals showed no convulsions 
whatever,  and in 2 other experiments  only a fewweak 
spasms were observed.  

These expermental  resul ts  suggest  that the r e -  
s is tance of the i r rad ia ted  mice to hypoxia is de ter -  
mined mainly by the typological proper t ies  of the 
central  nervous sys tem and its functional state during 
i r radiat ion [8]. Whole-body i r radiat ion of animals 
causes disturbances of higher nervous activity, occur -  
r ing in 3 success ive  phases [4, 7]. The f i r s t  phase 
ar i ses  during the latent per iod of acute radiation s ick-  
ness and corresponds  to the times of the present  
ser ies  of experiments .  It is charac te r ized  by weak- 
ness of internal inhibition and by more  intensive ex- 
citation. In turn, the increased  excitation lowers the 
res i s tance  of the animals to acute hypoxia [10]. In 

the presen t  experiments  in which mice were i r radia ted  with large doses of x - r a y s  the increased  excitabil-  
ity of the central  nervous sys tem had a decisive effect in relat ion to lowering the res i s tance  of the animals 
to high altitudes. 

In the case  of the mice i r radia ted  in a dose of 200 R the combined affect of a moderate  dose of ion- 
izing radiation and of hypoxia evidently led to st imulation of the adaptive reactions of the i r radia ted  animals 
(central nervous sys tem,  endocrine glands, etc), thereby increas ing the res i s tance  of the animals to high 
altitudes [9]. 
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To de te rmine  the extent  of the change of t i ssue r e sp i r a t i on  toward anaerobic  g lycolys is  a f ter  i r r a d -  
iat ion of r a t s  with doses  of 400 and 800 R and to examine the effect  of this f ac to r  on the d e c r e a s e  in r e -  
s i s t ance  to hypoxia, the blood was inves t iga ted  b iochemica l ly  by quanti tat ive es t imat ion  of the lac t ic  acid 
in the in tac t  and expe r imen ta l  an imals .  It is c l e a r  f r o m  Fig. 2 that the lact ic  acid concentra t ion in the 
r a t s  i r r ad i a t ed  in a dose  of 800 R was h igher  than in the healthy ra t s ,  whereas  in the animals  i r r ad i a t ed  
in a dose of 400 R it  was s m a l l e r .  However ,  the d i f ference  between these values  and the controls  we re  
no t s ta t i s t ica l ly  s ignif icant  (0.2 >P < 0.5). 

The fall  of 23~c in the gas exchange of r a t s  i r r ad i a t ed  in a dose of 800 R by compar i son  with that  in 
control  an imals ,  obse l :vedin these  expe r imen t s  (Fig. 3), sugges ts  that l a rge  doses  of ionizing radia t ion may  
have a d e p r e s s a n t  ef fec t  on oxidative me tabo l i sm .  
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