
THE E F F E C T  OF C Y S T A M I N E  ON O X I D A T I V E  P H O S P H O R Y L A T I O N  

IN THE SPLEEN OF I R R A D I A T E D  A L B I N O  RATS 

V G. Vladimirov 

Order of Lenin S. M Kirov Military Medical Academy (Director, Candidate Med. Sci., 
D. A. Golubentsev), Leningrad 
(presented by Active Member AMN SSSR A. V. Lebedinskii) 
Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 54, No. 11, 
pp. 55-58, November, 1963 
Original article submitted December 19, 1961 

Recent investigations have shown that oxidative phosphorylation is disturbed in the tissues of the irradiated 
organism [2, 4, 10, 13, 14, 15]. The resistance of the organism to the action of ionizing radiation may be increased 
by the prophylactic administration of certain sulfur-containing compounds. We were therefore interested in the study 
of the effect of these compounds on the disturbances of oxidative phosphorylation caused by irradiation. In the pres- 
ent research we studied the effect of  cystamine on oxidative phosphorylation in the spleen of irradiated albino rats. 

E X P E R I M E N T A L  M E T H O D  
Experiments were conducted on male albino rats weighing from 90 to 150 kg. The animals received a normal 

diet. Radiation sickness was induced by whole-body roentgen-ray irradiation in a single dose of 600 r. Conditions 
of irradiation: current strength 15 mA, voltage 180 kV, dose rates 9.2 and 11.2 r / rain,  filters 0.5 mm Cu and 1 mm 
A1, skin focus distance 70 cm. The experimental rats were decapitated on the 1st, 2rid, 3rd, 6th, and 9th days after 

irradiation. 

The rats used to investigate the effect of cystamine on the processes of oxidative phosphorylation received an 
intraperitoneal injection of a 1% neutralized solution of the hydrochloride of  this compound, immediately before 

TABLE 1. Changes in Oxidative Phosphorylation in Spleen Homogenates of Rats after Whole.-Body Irradiation in 

a Dose of 600 r 

I 

Time after ox ~ 
irradiation ~ .~ 

E 
(in days) ~ r.a,~o 'E 

Before irra- 
diation ;6 

1st :0 

2nd ;7 

3rd 14 

6th :4 

9th .8 

13 

i0 

I0 

I0 

Weight of combined 
phosphorus (gg) 

arithmetical 
mean • 

206 • 11.7 

188 -~ 10.6 

131 :~ 12.8 

69 :L 9.9 

204 • 21 

180 • 9.9 

significance 
of changes (P) 

Not signifi- 
cant 

< 0.001 

< 0.001 

Not s igni f i -  
cant 

Vol. of oxygen 
absorbed (pg) 

arithmetical significance 
mean ~m 

73• 

76• 

94 • 
64.~ 5 

82• 6 

98 • 9.1 

of changes (P) 

Not signifi- 
cant 

< 0.02 
Not signifi- 

cant 
~w N 

< 0.05 

Ratio P : 0 

arithmetical significance 
mean • 

1.05 i 0.05 

0.95 :~ 0.09 

0.52 + 0.07 

0.40 • 0.05 

0.96 • 0.17 

0.67 • 0.04 

of changes (p) 

Not signifi- 
cant 

< 0.001 
< 0.001 

Not signifi- 
cant 

< 0.001 

irradiation, in a dose of 75 mg base per kilogram body weight. In this series of experiments the oxidative phos- 
phorylation was studied on the 3rd, 6th, and 9th days after irradiation. 

Splenic tissue was homogenized in a 0.25 M sucrose solution with the addition of versene (0.01 M) and NaF 
(0.1 M). The relative proportions of tissue and sucrose solution were 1 : 3. The oxygen absorption was measured 
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manometrically in a Warburg's apparatus. The composition of the incuba- 
tion medium was as follows: potassium phosphate buffer 0.006 M, tri- 
ethanolamine buffer 0.016 M, glucose 0,02 M, succinic acid 0.012 M, 
MgC12 0.006 M, ATP 0.001 M, crystalline hexokinase 1 mg/ml of medium; 
the pH of the mixture was 7.6. The incubation time was 20 rain at 36 ~ 

The intensity of oxidation and phosphorylation was estimated from 
the utilization of oxygen and inorganic phosphorus. The phosphorus was 
determined by the Fisk-Subbarow method. The results were analyzed 
statistically; the changes were considered significant if p ~ 0.05 (p is the 
probability of a chance occurrence). 

EXPERIMENTAL RESULTS 
On the 2nd day after irradiation of the rats the level of esmrifica- 

tion of inorganic phosphorus fell by an average of 37%, while the oxygen 
absorption increased by 29%. Since the changes in oxygen absorption and 
esterification of phosphates were in different directions, the value of the 
P : O ratio was reduced on the average by half (Table 1). 

A still more marked depression of oxidative phosphorylation was ob- 
tained in rats on the 3rd day after irradiation. At this time the esterified 
inorganic phosphate was reduced to one-third, and the value of the P : O 
ratio had fallen by more than 60% by comparison with the corresponding 
vaIues obtained in nonirradiated animals. One of the causes of the marked 
depression of phosphorylation must have been the destruction of the lym- 
phoid tissue, leading to changes in the cellular composition of the spleen. 
On the 6th day after irradiation, and the average value of the P : O ratio 
was normal in some cases, although in others it varied between wide l im- 
its (0.34-1.5). At the crisis of radiation sickness (the 9th day after irra- 
diation) the level of combination of phosphate again fell and the P : O 
ratio was lowered. 

Next we studied the protective action of cystamine on oxidative 
phosphorylation in irradiated rats by administering it in prophylactically 
effective doses. 

The results given in Table 2 show that in the animals protected by 
cystamine, on the 3rd day after irradiation the weight of inorganic phos- 
phate combined by the splenic tissue was almost twice as great as in the 
irradiated animals of the control group. However, because this increase 
was accompanied by a simultaneous increase in the oxygen consumption 
(by 64%), the P : O ratio was almost unchanged. 

The effect of cystamine on oxidative phosphorylation in subsequent 
periods of the investigation was similar. On the Gth day after irradiation 
the level of esterification of inorganic phosphorus and of absorption of 
oxygen in the spleen of the rats protected by eystamine rose by 24% and 
11%, respectively. The intensity of tissue respiration and the fixation of 
inorganic phosphorus in this case actually exceeded the level obtained in 
the nonirradiated animals, although the correlation between these proc- 
esses remained the same as in healthy rats. Finally, on the 9th day, the 
protective action of eystamine was demonstrated not only by an increase 
in the level of esterification of inorganic phosphate, but also by an in- 
crease in the degree of correlation between phosphorylation and tissue 
respiration. 

Hence the level of phosphorylation and its correlation with tissue 
respiration are lowered in the spleen of animals irradiated with ionizing 
radiation. Protection by cystamine diminishes but does not completely 
abolish these disturbances.- 

1237 



The mechanism of the disturbance of oxidative phosphorylation in irradiated animals has been insufficiently 
studied. There are indications [9] of depression of phosphorylation in the mitochondria of the liver and spleen dur- 
ing irradiation, attributed to increased secretion of thyroxin and corticosteroids. It is interesting to note that the dis- 
sociation between respiration and phosphorylation caused by the action of various factors (hypothermia, thyroid hor- 
mone) is not always an irreversible disturbance [5-8], and the lowering of the P : O ratio in some cases may actually 
be regarded as a compensatory mechanism responsible for ensuring thermo-regulation or the rapid accumulation of 
oxidation products providing the raw material for biological syntheses. However, the stability of the lowered P : O 
ratio and of the lowered concentration of high-energy phosphates in irradiated tissues suggests that the disturbances 
of oxidative phosphorylation are serious. We know that oxidative phosphorylation is closely connected with the syn- 
thesis of nucleic acids. 

In A. M. Kuzin's opinion [3], during exposure to ionizing radiation the microstructures built up of high-poly- 
mer nucleic acids suffer most. It is obvious that even very slight injuries to the structures of the nucleus and mito- 
chondria may lead to disturbance of the biochemical processes responsible for oxidative phosphorylation and DNA 
synthesis. 

The protective action of cystamine on nucleic acid metabolism in different organs of irradiated animals has 
been described elsewhere [1, 11, 12]. The experimental facts obtained in the present investigation demonstrate that 
the prophylactic administration of cystamine also lessens the changes in oxidative phosphorylation in the spleen of 
irradiated rats. 

SUMMARY 
In this work, performed on albino rats, the author demonstrated that x-irradiation in a dose of 600 r.leads to the 

change of the oxidative phosphorylation level in the spleen. In these conditions there occurs a drop of the phosphory- 
larion level and its dissociation from the tissue respiration. Administration of cystamine (in prophylactic effective 
doses) to the animals prior to the irradiation with ionizing radiation decreases the changes of the oxidative phosphory- 
lation in the spleen, without eliminating them completely. 
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