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Abstract - the effect of the 3-fold irradiation on the glutatione system was studied. Activation
of these system was shown to take place at early terms (1 hour) after irradiation, then it was
exhausted that resulted in accumulation of lipid peroxidation products in blood. This phase
changes in glutathione system could be correspond to certain stages of stress-syndrome.

During exposure of the organism to radiation chain free-radical reactions arise, which are
accompanied by activation of lipid peroxidation processes (POL), destruction of proteins and
nucleic acids [1,2]. Normally, the system of antiperoxide mechanisms (superoxide dismutase,
catalase, glutathione peroxidase, glutathione transferase, glyoxalase and
formaldehydedehydrogenase) maintains the chain oxidative reactions in a stable state [3].
Reduced glutathione (GSH), glutathione peroxidase (GPx), glutathione transferase (GST),
glutathione reductase (GR) and NADPH form a glutathione antiperoxide system. This system,
as a rule, effectively protects cells against peroxide stress, and usually only its lack or
exhaustion lead to severe damage.

The state of the glutathione system and the content of POL products can characterize the
response of the organism to irradiation. In this study the state of the antioxidant system in the
blood of low-dose irradiated rats was investigated. Experiment was carried out on female rats
initially weighting 140-160 g. The animals were irradiated three times and received a total dose
of 0.25 Gy (0.25 Gy per week). Blood was assayed for the activity of GPx, GR, catalase, GST
and the content of GSH and malonedialdehyde (MDA). The measurements were made after 1
and 24 hours, 1 and 4 weeks after the last irradiation.

Table I summarizes the results obtained in our experiment. The erytrocyte concentration
of low-molecular weight thiols (nearly 90% of which are represent by GSH) was significantly
increased (by 21%) one hour after the last irradiation; 24 hours, 1 and 4 weeks later the
changes were unsignificant. The activity of the glutathione regenerating enzyme GR was
increased (by 34%) after one hour; 24 hours later it was decreased (by 41%); after week it
raised to the corresponding control values and after 4 weeks it was decreased again. Increasing
of GPx activity was noted 24 hours after irradiation and at other periods this index did not
significantly differ from the control values. Besides GPx, catalase is also responsible for H2O2
detoxication. Increasing of its activity was noted one hour and 4 weeks after the irradiation.
According to the data [4], GPx and catalase function undependendly, however GPx plays a
greater role in detoxication of H2O2. GPx not only prevents accumulation of organic
hidroperoxides by hindering generation of reactive oxygen species, but efficiently reduces
them. GST ("nonselenium Gpx") acts in the same way at this site of metabolism. Joint work of
these enzymes prevents further progress of peroxidation and accumulation of secondary
metabolites. Total GST activity of blood plasma increased (by 43%) by the end of the fourth
week after irradiation. It has been suggested that GPx and GST are complementary in organic
hydroperoxide metabolism. GPx, by metabolizing of organic hydroperoxides, can prevent
accumulation of peroxidation secondary products, but it is unable to detoxicate it. GST
successfully metabolizes organic hydroperoxides [5]. This suggestion was proved by MDA
level found in our experiment. Its concentration increased by the end of the first week after
irradiation and significantly decreased 4 weeks after irradiation.

Thus, in the blood of 3-fold irradiated rats the phase changes in the glutathione system
were shown. This changes can be considered either as compensative-adaptational or as stages
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of stress-syndrome. At the stage of resistance the organism adapts, mobilizes its defensive
forces i.e., the antiperoxide system is activated. Then comes a phase of exhaustion which is
corresponded to intensification of free-radical oxidation [6].

The mobilization of defensive forces in our experiment was manifested by increasing of
the activities of GR, Gpx, catalase and GSH content at early periods (1 hour) after the
irradiation. The phase of exhaustion was noted after 24 hours or one week after the irradiation,
when accumulation of POL products in the blood was detected. Four weeks after the
irradiation the antiperoxide system was activated again.

Table I. Glutathione system, catalase activity and MDA level in rats blood after irradiation
Mean±SEM (n=6)», p<0.05 vs control

GSH,mM
GR, nmol/Vsec
GPx, nmol/ml/sec
GST, nmol/ml/sec
Catalase, nmol/ml/sec
MDA,uM

Control

2,77±0,ll
5,ll±O,51
0,41 ±0,05
21,67±3,67
O,98±O,O5
20,9±2,l

Time after irradiation
1 hour

3,35±0,ll*
6,83±0,58*
0,44±0,05
17,67±6,67
l,32±0,12*
16,3±2,2

24 hours
2,77±0,13
3,03±0,57*
O,53±O,O55
15,0±2,6
0,95±0,l
18,2±0,8

1 week
2,95±0,06
5,58±0,73
0,41±0,05
24,5±2,33
0,75±0,09
26,7±2,0*

4 weeks
2,76±0,18
l,53±0,14*
0,45±0,06
31,17±1,5*
l,18±0,09
8,9±l,0*
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