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After local irradiation of the liver in rabbits and whole-body irradiation of rats, tissue respiratio~ 
and oxidative phosphorylation of the mitochondria are depressed in the liver. The most marked decrease 
is foundafter local irradiation of rabbits in a dose of 6240 R. The use of oxygeP, inl~lations does notpre- 
vent this depression of respiration and oxidative phosphorylation, but the intensi~ of the decrease is much 
lower, indicating a beneficial effect of o~h, gen on recovery processes after izradiation. 

The beneficial effect of oxygen inhalations on the general condition of cancer patients receiving ra- 
diotherapy has been reported pre~'iously. There is no general agreement regarding the beneficial effect 
o~ oxygen on the state of animals with radiation injuries, and the treatment of irradiated patients with oxy- 
gen inhalations requires experimental justification. 

In the present investigation respiration and oxidative phosphorylation of the liver mitochondrla of 
animals receiving local or whole-body irradiation were studied. 

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

The effect of local irradiation was studied on 30 rabbits weighing 2000-2200 g. The rats (160) were 
divided into two groups: group 1 (40 rats) received whole-body irradiation in a dose of 600 R, and group 2 
(120 rats) were similarly treated with a dose of 900 R. Each group was divided into two subgroups, one of 
which was irradiated only, while the second received irradiation and daily oxygen inhalations. The inves- 
tigations were carried out in different orders depending on the dose. In the rats of group I (600 R) they 
were carried out on the day o[ irradiation and thereafter on the 7th~ 14th, 21st, and 28th days; on the rats 
ot group 2 (900 R) daily for 14 days. The animals were killed by decapitation. The liver mitochondria were 
isolated by differential centrifugation by the method of Hogeboom and Schneider as modified by V. P. Sku- 
lachev [1]; the pH of the solution was 7.4. After washing, the mitochondria were suspended in 0.25 M su- 
crose solution corresponding in volume to the weight of the liver tissue. Composition of incubation me- 
dium: K2HPO 4 1.5 - 10 -I M; Mg~SO4 5 " 10 "z M; ATP-I~a 1.8 - 10 -~ M; glucose 1.5 - I0 "i M. Yeast hexo- 
k/n~e obtained by SoP method was used. To 0.2 ml hexokinase, 0.4 ml of mitochondrial suspension was 
added. The substrate was 0.025 M succinic acid in a volume of 0.1 ml. The final volume of the incubation 
sample was 1 ml. Respiration was determined by a manometric method. Incubation was carried out at 
26". Absorption of oxygen was determined after equalization of the temperature for 7 rain for a period of 
20 rain. Phosphorus was determined by the mathod of Lowry and Lopez, based on the difference between 
concentrations d inorganic phosphate at the beginning and end of incubation [2]. 

EXPERIMENTAL RESULTS 

The results of the study of respiration and oxidative phosphorylation of the liver mitochondria of 
rabbits after local irradiation in a dose o[ 6240 R are given in Table I. 
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1096 



TABLE 1. 
Local Irradiation in Dose of 6240 R 
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Fig. 1. Changes in respiration and oxidative phosphorylation a~fber whole-body i r radia-  
tion in a dose of 600 R. 1) Respiration of animals receiving oxygen inhalations after i r radi-  
ation; 2) oxidative phosphoD,!ation of animals receiving oxygen inhalations after irradiation; 
3) respiration of control animals; 4) oxidative phosphorylation of control animals. 

Fig. 2. Changes in respiration and oxidative phosphorytation after whole-body i r -  
radiation in a dose of 900 R. Legend as in Fig. 1. 

The results show that after local irradiation of the liver, the processes of tissue respiration and of 
associated oxidative phosphorylation in this organ are profoundly disturb,~. L~halations of oxygen had a 
beneficial effect on energy metabolism in the liver mitochondria after local irradiation. 

Results showing changes in respiration and oxidative phosphorylation over a period of time af ter  
whole-body irradiation in a dose of 600 R are given in Fig. 1. 

A gradual depression of respiration and oxidative phospborylation was observed in the rats .  During 
the f i rs t  days respiration was almost unchanged , but af ter  the 7th day it was diminished to reach a mini- 
mum by the 14th day, after which it rose slightly but had not regained its initial value by the 28th day. 

In rats  receiving oxygen inhalations, the index of respiration was much higher than in the control 
animals.  During the f irst  7 days after irradiation the intensity of respiration rose slightly, then fell to 
reach a minimum on the 14th day, after which it again rose slightly but did not reach its initial level. Res- 
piration in the animals receiving oxygen inhalations was thus slightly more intensive than in the controls. 

Oxidative phosphorylation was depressed much sooner after irradiation than respiration. It was 
found to be depressed on the 2nd day after irradiation and reached a minimum also on the 14th day, after 
which it increased slightly without regaining its initial value. Administration of oxygen inhalations did not 
prevent depression of oxidative phosphorylation~ which also fell to a minimum on the 14th day, af ter  which 
it increased slightly but did not regain its initial level. However, oxidative phosphorylation in this group 
of animals was much higher than in the controls throughout the 28-day period, indicating a beneficial effect 
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of c~xygen inhalations on coupled oxidative phosphorylation. Consequently, oxygen had a beneficial effect 
after whole-body irradiation of the animals in sub|etJ-~l doses. 

The pattern was somewhat different in rats receiving whole-body irradiation in a lethal dose (Fig. 2). 

During the f irst  days a slight increase in respiration and oxidative phosphorylation was observed, 
but by the 5th day both indices had fallen sharply in all groups of animals, to reach a rrAnimum on the 8th 
day. After the 8th day a r e l a t i ~  increase in respiration and oxidative phosphorylation began, and con- 
tinued until death of the animals. However, despite this increase, they remained far below the initial l eve l  

The fact that respiration and oxidative phosphorylation d animals receiving whole-body irradiation 
in a dose of 900 R began to increase on the 8th day although the animals were destined to die indicates that 
the disturbance d these processes in the liver mitochondria was not the cause of death. Death took place 
as a resu~; of the progressive radiatiau pathology, the irreversible changes caused by the action of lethal 
doses of ionizing radiation. Oxygen inhalations under these conditions also had a beneficial effect on the 
indices of tissue respiration and coupled oxidative phosphorylation. 

The experimental results demonstrate the value of oxygen administration ~ patients with cancer 
when ionizing radiation is used as one of the principal methods of treatment.  
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