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One trend in the design of atomic power stations (APS) based on fast neutrons is the de- 
velopment of APS in which dissociating nitrogen tetroxide is used as heat carrier and as work- 
ing heat. The multifactor nature of the radiational and toxic action (ionizing radiation, 
nitrogen oxides and their transformation products, mainly nitrates and nitrites) determines 
the need for solution of a number of medical biological problems, one of which is the study 
of the~combined action of ionizing radiation and of sodium nitrite on methemoglobin formation, 
associated with the action of nitrites as a metabolic product of nitrogen oxide metabolism. 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats weighing 180-200 g. The animals were 
kept under animal house conditions on a standard diet. Single whole-body irradiation was 
given on the UGU-420 gamma-ray source in doses of 77.4 and 180.6 mCi/kg body weight with a 
dose rate of 1.64-10 -4 A/kg. Sodium nitrite (chemically pure) dissolved in physiological sa- 
line was injected intraperitoneally (7 mg/100 g body weight) i, 3, 7, and 15 days after irrad- 
iation. The animals were killed under superficial ether anesthesia by bleeding from the heart. 
The methemoglobin concentration was determined 15, 45, 60, 90, and 180 min after injection of 
sodium nitrite [i]. 

The dynamics of methemoglobin formation and reduction was determined in hemolysates [2]. 
Oxidation of hemoglobin to methemoglobin was carried out with glucose and methylene blue [9- 
li]. 

The dynamics of changes in the methemoglobin concentration was monitored on a VSU-2-P 
spectrophotometer at 540-630 nm. The hemoglobin content in the hemolysates was determined by 
the cyanmethemoglobin method, the methemoglobin content by the method of Austin and Drabkin 

and by spectrophotometry [2]. 

EXPERIMENTAL RESULTS 

Methemoglobin is present in small quantities (1-4%) in the blood of intact animals. The 
methemoglobin concentration in the blood of the irradiated rats increased with the time elaps- 
ing after Jiation in a dose of 180.6 mCi/kg, and was 4.45, 6.56, 12.2, and 8.3% on the 
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Fig. i. Methemoglobin concentration (in %) in rats' blood on ist, 3rd, 7th, and 15th 
days after irradiation and 15, 45, 60, 90, and 180 min after injection of nitrite. 
Black columns -- control; white columns -- irradiation in a dose of 77.4 mCi/kg; 
obliquely shaded -- irradiation in a dose of 180.6 mCi/kg; horizontal line indicates 
methemoglobin level in control animals. 

Fig. 2. Dynamics of nitrite oxidation (a) and reduction (b) of methemoglobin (in %) 
in hemolysates of blood of control rats and rats irradiated in a dose of 180.6 mCi/kg 
body weight. A: i) Control, 2) on 3rd day, 3) on 15th day, 4) on 7th day after ir- 
radiation; B: i) control; 2) on ist day, 3) on 4th day, 4) on 15th day, 5) on 7th day 
after irradiation. 

ist, 3rd, 7th, and 15th days, respectively. Irradiation in a dose of 77.4 mCi/kg caused no 
increase in the methemoglobin concentration in the blood compared with the control. 

A diagram showing the relationship between nitrite-induced methemoglobin formation and 
dose and time elapsing after irradiation is shown in Fig. i. It can be seen that the methe- 
moglobin concentration when nitrite was injected after irradiation was much higher than val- 
ues obtained when nitrite was injected into unirradiated animals. The maximal radiation ef- 
fect was manifested in the first 15 min and toward 3 h after injection of nitrite. In the 
period of maximal development of methemoglobinemia (i h) this difference disappeared, for the 
blood methemoglobin level can rise only to a limit (about 65%) beyond which the animals die. 
With an increase in the time after irradiation in a dose of 180.6 mCi/kg the methemoglobin 
concentration rose, to exceed the methemoglobin concentration in the blood of control animals 
with nitrite-induced poisoning by 240% on the 7th day and by 280% on the 15th day. According 
to the results, the expected blood level of methemoglobin after 15 min, based on summation 
of effects of their separate action (nitrites 10% and irradiation 12.2~8% on the 7th-15th day) 
ought to be 18 and 22%; in fact, it was 34 and 38%, i.e.,the effect of combined action was 
more than additive. 

One possible cause of this could be disturbance of the balance of the oxidation-reduction 
systems of the erythrocytes as a result of irradiation: an increase in the rate of generation 
of endogenous methemoglobin formers and a decrease in the rate of reduction of methemoglobin 
through inhibition of activity of the methemoglobin reductase system. 

Data on methemoglobin formation in partially purified hemoglobin solutions during nitrite- 
induced oxidation in hemolysates of control rats and of rats irradiated in a dose of 180.6 
mCi/kg, and on its reduction are given in Fig. 2. The rate of methemoglobin formation implies 
the time during which half of the hemoglobin is converted into methemoglobin. For the control 
animals this was 4 min. In irradiated animals the rate of oxidation of hemoglobin was higher 
and it increased with an increase in the time after irradiation. It reached peak values on 
the 7th day (108 sec), i.e., twice the rate of hemoglobin oxidation observed in the blood of 
intact animals. Later the rate of oxidation approached the normal value, and on the 15th day 
it was 144 sec. 

The reduction process took place more slowly in irradiated animals. The rate of reduc~ 
tion decreased with an increase in the time elapsing after irradiation, to reach a minimum on 
the 7th day. A further increase in the time after irradiation led to an increase in the rate 
of reduction, which came close to the rate of reduction in hemolysates of blood from intact 

animals. 

1499 



The coefficient of correlation between the rate of oxidation and the methemoglobin con- 
tent in the hemolysates of irradiated animals, calculated from experimental values, was 0.91, 
and between the rates of oxidation and reduction it was also 0.91. 

The results are evidence that processes of oxidation and reduction are interconnected and 
are determined by changes taking place in the erythrocytes during irradiation. This effect can 
be realized by several mechanisms. In particular, the strucutre of hemoglobin is changed dur~ 
ing irradiation, andthis is accompanied by disturbance of the physicochemical properties of 
the erythrocytes and of the amino-acid composition of the primary structure of the polypeptide 
chains of hemoglobin. 

Under the influence of ionizing radiation excessive formation of hydrogen peroxide, an 
endogenous radiosensitizer and active methemoglobin former, takes place in the cells. High 
radiation radiosensitivity of protein sulfhydryl groups, which are endogenous radioprotectors 
(in particular, reduced glutathione, etc.), disturbs processes of detoxication of endogenous 
methemoglobin formers. 

During irradiation, activity of glucose-6-phosphate dehydrogenase, which catalyzes the 
first oxidation reaction of glucose in the pentose phosphate cycle, an important step in the 
generation of reducing agents in the cells in the form of NADPH and NADH, decreases [8~i0]. 

Increased sensitivity of irradiated animals to the action of sodium nitrite may thus be 
the result of a combination of radiation-toxic processes connected with disturbance of the in- 
ternal structure of hemoglobin that maintains the integrity of biochemical processes and its 
resistance to oxidation-reduction factors, and also the result of additional formation of en- 
dogenous methemoglobin formers (hydrogen peroxide or other equivalent free-radical compounds), 
a decrease in the content of natural radioprotectors, and disturbance of intracellular genera~ 
tion of reducing agents necessary for the reduction of methemoglobin. 
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