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Introduction

Abstract

BACKGROUND: For many years, the world community has been concerned with the problem of the consequences
of radiation exposure on the human body. A wide range of possible variants of radiation effects on humans and
biota determines the range of necessary pharmacological means of protecting the organism and populations. In the
mechanisms of the formation of radioresistance, the leading role is assigned to the processes of lipid peroxidation
(LPO) and the antioxidant (AO) system. The study of the effect of such factors as radiation and immobilization
stress on the body separately and in combination is relevant since the modern conditions of human habitation
are characterized by high urbanization, physical inactivity, and a complex radioecological situation in a number of
regions.

AIM: The aim of the study was to study the role of free radical oxidation in the tissues of the adrenal glands
and immunocompetent organs and cells under the combined effect of a sublethal dose of gamma radiation and
immobilization stress in the experiment.

MATERIALS AND METHODS: The work was carried out on 40 male Wistar rats: I-control; ll-subjected to
immobilization stress after 1 h; lll-exposed to gamma irradiation; and IV-tested combined effects (immobilization
stress and gamma radiation). Before the exposure, there was topometric-dosimetric preparation of the experimental
animals. To this end, the object was placed on an isocentric therapeutic desk of Terasix X-ray simulator (Czech
Republic), which is similar to the therapeutic desk of the y-irradiator by its construction and parameters.

RESULTS: The results obtained make it possible to assess the role of free radical oxidation under the combined
action of ionizing radiation at a sublethal dose and immobilization stress in the experiment. The combined effect
was accompanied by the accumulation of diene conjugates and malondialdehyde products in homogenates and the
development of double oxidative stress in the test objects. The dominant role of ionizing radiation was revealed under
the combined effects of immobilization stress and radiation factor.

CONCLUSIONS: In animals of the 4" group, the state of oxidative-metabolic processes was characterized by
overproduction of LPO products and subsequently by depression of AO defense. The urgency of continuing research
on the combined effects of radiation and stress factors on public health and taking measures to eliminate negative
effects on the population seems to be undoubted.

effectiveness of exposure to low-intensity IS in small
doses is the initial AO status in animal tissues as one
of the main parameters of the LPO regulation system.

For many years, the world community has
been concerned with the problem of the consequences
of radiation exposure on the human body. A wide
range of possible variants of radiation effects on
humans and biota determines the range of necessary
pharmacological means of protecting the organism
and populations. In the mechanisms of the formation
of radioresistance, the leading role is assigned to
the processes of lipid peroxidation (LPO) and the
antioxidant (AO) system [1], [2], [3], [4].

One of the debatable issues is the question
of the contribution of the dose and/or dose rate to
the formation of the consequences of weak radiation
effects [5], [6], [7]. An important factor in the biological

Maintaining a balance between the processes
of free radical and peroxidation and the state of AO
protection is one of the most common biochemical
reactions occurring in the human body and ensuring
its vital activity [8], [9], [10], [11], [12], [13]. However,
the changes that occur in the body with the processes
of LPO and the combined action of y-radiation against
the background of immobilization stress have been
relatively little studied [12].

Despite the existence of various theories of
the biological effect of small doses of ionizing radiation,
most authors attach primary importance to DNA
damage in the manifestation of the genetic effects of
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radiation [14], [15], [16]. In general, the patterns of the
release of genetic disorders in the area of low doses are
characterized by a pronounced nonlinearity and have
a universal character, differing for different objects by
the values of doses at which the nature of dependence
changes and their sensitivity to external influences is
determined [15], [17].

The study of the effect of such factors as radiation
and immobilization stress on the body separately and in
combination is relevant since the modern conditions of
human habitation are characterized by high urbanization,
physical inactivityy, and a complex radioecological
situation in a number of regions [4], [5], [18], [19].

Materials and Methods

He work was carried out on 40 male Wistar rats
weighing 200-250 g and was divided into four groups:
[-control (n = 10); ll-subjected to immobilization stress
after 1 h (n = 10); lll-exposed to gamma irradiation
(n =10); and IV-tested combined effects (immobilization
stress and gamma radiation) (n = 10). Rats from groups
[l and IV were exposed to radiation at a dose of 6 Gy
once on a TERAGAM Co60 apparatus (Czech Republic).

Experiments on animals were carried out
in accordance with the requirements of the Geneva
Convention “International Guiding Principles for
Biomedical Research Involving Animals” (Geneva,
1990). The animals were immobilized by placing them
in special plastic cages-cases, limiting their movements
for 6 h with a break of an hour’s rest three times at room
temperature. The animals were withdrawn from the
experiment 1 hour after stress by decapitation against
the background of light ether anesthesia.

Animals of groups Ill and IV were irradiated 30
days before the study onthe TERAGAM Co60 radiotherapy
device once at a dose of 6 Gy. The products of LPO in
various organs and cells were determined in animals.
For the study, lymphocytes were isolated from peripheral
blood and homogenates were prepared from the liver,
spleen, thymus, lymph nodes of the small intestine, and
adrenal glands. The content of diene conjugates (DC)
and malondialdehyde (MDA) was determined in them.
The obtained results of the study were processed by the
generally accepted methods of variation statistics with the
calculation of Student’s criteria [20].

Results

As studies have shown, under immobilization
stress, the concentration of DC increases in peripheral

blood lymphocytes from 0.21 £ 0.02 to 0.34 = 0.03
(p < 0.05) and in the thymus from 0.44 + 0.03 to 0.53 £
0.03 (p < 0.05) (Figure 1). After irradiation in animals,
the level of DC in blood lymphocytes remains at an
increased level (p < 0.05), and no changes were
observed in the thymus. In experimental animals, after
stress-radiation exposure, the concentration of DC in
peripheral blood lymphocytes and thymus showed
significant changes, the content of DC in lymphocytes
was almost 2.1 times higher (p < 0.001), in the thymus,
it was almost 3.7 times (p < 0.001) increased. The
content of DC in immobilization animals in the liver
and adrenal glands of the small intestine showed that
an increase was noted in the liver from 0.64  0.05 to
1.89 + 0.13 (p < 0.001), that is, by 2.9 times, and in
the adrenal glands — from 1.24 + 0.08 to 2.32 + 0.21
(p < 0.01), approximately 1.9 times.

Please reference the figure in the text (Figure 1).
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Figure 1: The content of DC in various objects of research and series
in the experiment. The different are statistically significant with the
intact group: *p<0.05, **p<0.01, ***p<0.001

The concentration of DC in the lymph nodes of the
small intestine in animals of group lll, exposed to gamma
irradiation, increased from 0.30 + 0.02 to 2.67 + 0.20, or
8.9 times (p < 0.001), and in group IV up t0 0.49 + 0.13 or
1.6 times (p < 0.05). In the liver homogenates of irradiated
animals, a tendency to increase was noted, when, under
the influence of a stress-radiation factor, the amount of
DCs increased from 0.64 + 0.05t0 2.31 £ 0.27 or 3.6 times
(p <0.001). In the second and third groups, no significant
changes were observed on the part of the adrenal glands,
and in the animals of group IV, an increase in the number
of DC by 1.3 times was noted (p < 0.05). On the part of the
spleen, the level of DCs showed a tendency to increase,
when, under the influence of a stress-radiation factor, the
amount of DCs increased from 1.24 + 0.08 to 2.62 + 0.29,
or 2.1 times (p < 0.01).

The results obtained indicate that when exposed
to stress and stress-radiation factors, free radical
oxidation is activated, possibly due to a decrease in the
activity of AO enzymes in most of the studied organs
in these series. After radiation exposure, a tendency
toward an increase in the product of LPO was noted in all
objects. As you know, the activation of LPO is based on
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excessive generation of reactive oxygen species, which
exceeds the physiological capabilities of AO systems
that occur after depletion of enzyme systems. And also
a combination of these mechanisms in the case of the
action of the radiation factor, which is determined, on the
one hand, by the massive death of radiosensitive cells of
the body and the loss of AOs, and, on the other hand, by
the active generation of LPO initiators.
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Figure 2: The content of MDA in various objects of research and
series in the experiment. The different are statistically significant with
the intact group: *-p<0.05, **-p<0.01, ***-p<0.001

Please reference the figure in the text (Figure 2).

The intensity of LPO processes in the studied
objects using MDA in rats exposed to stress, gamma
radiation, and their combined effect is presented in
Figure 2. In almost all studied groups, the content of
the MDA LPO product is significantly higher than in
the control group (p < 0.05). Under the influence of a
stress factor in peripheral blood lymphocytes, the MDA
content remained at the level of control values, but there
was a slight tendency to increase by 90% (p < 0.001).
Moreover, the response to gamma radiation was marked
by an increase in the amount by 62.5% (p <0.01). Under
stress exposure in the liver homogenate, an increase in
the MDA level was noted by 2 times (p < 0.001), with
a combined exposure by 92.3% (p < 0.05), with an
isolated action of gamma radiation, and an increase by
76.92% (p < 0.01). At the rest of the studied objects,
a stable increase in the MDA content was revealed.
Thus, in animals, when exposed to a stress factor, the
concentration of MDA in the lymph nodes of the small
intestine increased insignificantly (p < 0.05), when
exposed to gamma radiation by 66.6% (p < 0.01), under
combined exposure (group 1V) by 100% (p < 0.001). In
the thymus homogenate, an increase in the activation of
LPO processes was observed, which was expressed in
a higher content of MDA in comparison with the control
group. The concentration of MDA in group Il increased
by 38.46% (p < 0.05), in group Ill by 46.15% (p < 0.05),
and in group IV by 92.3% (p < 0.05). A similar dynamics
was observed in blood lymphocytes in group Il by 25.0%
(p < 0.05), in group Ill — by 62.5% (p < 0.01), and in
group IV — by 137.5% (p < 0.001). Under the influence
of a stress factor in the adrenal glands, the MDA content
remained at the level of control values (Figure 2).

Discussion

Oxidative stress is one of the important
pathogenetic links of many diseases (including
occupational ones); in which reactive oxygen species
manifest their toxic effect due to their intense generation
and depletion of AO protection.

The studies carried out revealed in all studied
groups the activation of LPO processes in objects, which
was expressed in a significant increase in the content
of MDA and DC. The revealed changes indicate the
presence of an imbalance of the oxidative-AO system
in the immunocompetent organs in animals exposed
to radiation and stress factors, more pronounced in
animals exposed to the combined effects of these
factors. In animals of the 4" group, the state of
oxidative-metabolic processes was characterized by
overproduction of LPO products and subsequently by
depression of AO defense. The urgency of continuing
research on the combined effects of radiation and
stress factors on public health and taking measures to
eliminate negative effects on the population seems to
be undoubted.
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