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Abstract

Background: Under physiological conditions, the activity of the formation of active oxygen is low. The activity of these processes
is intensified under stress-induced situations. This study aimed to investigate the role of free-radical oxidation (FRO) in adrenal tissues
and immunocompetent organs and cells in mature white rats after 6 hours of immobilization stress.

Methods: The studies were performed on 40 White male rats of the Wistar line with a bodyweight of 200 to 240 g. Two series of
experiments were conducted: I series: determination of indices in intact rats (10 rats); II series: determination of indices after a 6-hour
immobilization stress action on them. Animals of II series were divided into 3 groups of 10 rats in each: group 1: those undergoing
acute immobilization stress, withdrawal from the experiment in 1 hour; group 2: those undergoing acute immobilization stress,
withdrawal from the experiment in 25 hours; and group 3: those undergoing acute immobilization stress, withdrawal from the
experiment in 49 hours. The obtained data were processed by statistical methods with the help of the ""Biostat" and "Excel" software
packages.

Results: In groups 1, 2, and 3, the animals were simulated acute immobilization stress by fixing the animals for 6 hours in bright
light. The results of the conducted studies indicate changes in lipid peroxidation and antioxidant system (LPO-AOS) in case of
immobilization stress-excitation. In developing free-radical pathology at immobilization stress-excitation, the more expressed
disturbance of LPO-AOS, and accordingly the intensity of lipoperoxidation in the structural membrane of all investigated organs was
high at the initial stage of exposure.

Conclusion: At 49 hours after immobilization, stress less pronounced influence on the lipoperoxidation process was noted. The
increase in the intensity of excessive lipoperoxidation testifies to the inhibited manifestation of AOS in the organism.
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Introduction
In recent years, the role of reactive oxygen species  (ROS) and the free radical processes initiated by them in
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various pathological conditions have been widely
discussed. Under phys iological conditions, the activity of
these processes is low; and under stress-induced
situations, the formation of active oxygen forms is
intensified. ROSs, in their turn, lead to excessive and
uncontrolled activation of lipoperoxidation processes,
which may eventually lead to a pathological state
accompanied by impaired functioning of antioxidant
system (AOS) enzymes. The reaction of free-radical
oxidation (FRO) is initiated by ROS that lead to
destruction of biomolecules and chemical modification.
Because of the presence in the organism of complex
enzyme complexes with specific electron transport
prosthetic and coenzyme groups, the oxygen reduction
process runs through a multistage mechanism, which
minimizes the possibility of formation of highly reactive
intermediate oxygen compounds (1).

Oxidative stress results from the disruption of the redox
system marked by a notable overproduction of the ROS.
There are 4 major sources of ROS, including NADPH
oxidases, xanthine oxidases, mitochondria, and nitric
oxide synthases (2). Generation of ROS is a physiological
process that take place in every aerobic organism. Lipid
peroxidation (LPO) is defined as a disturbance in the
balance between the production of free radicals and
antioxidants in favor of the oxidants. The imbalance
between those 2 fractions may potentially lead to cell
damage at molecular level. Due to the fact that oxidants
are formed at a different rate as a normal product of
aerobic metabolism, complex biochemical mechanisms
are required to regulate the entire process (3). Free
radicals and associated oxidizing agents are ubiquitous
and short-lived intermediates formed in aerobic organisms
throughout life. These reactive species participate in redox
reactions leading to oxidative modifications in
biomolecules, among which proteins and lipids are the
preferred targets. Despite a wide range of enzymatic and
nonenzymatic AOS in mammalian cells, the excess
formation of the oxidant causes the accumulation of new
products that can disrupt the function and structure of
cells, resulting in degeneration and cell death.
Physiological levels of oxidants modulate cell functions
through homeostatic redox-sensitive cell signal cascades
4).

Free-radical products of LPO and carbonyl compounds;
for example, malondialdehyde (MDA), have a robust
damaging effect on the mitochondrial genome.
Disturbances in the structure and expression of the
mitochondrial genome under Vivo conditions are
associated with the effect of these very compounds.
Products of LPO can cause an increase in nonspecific
proton conductivity of the inner mitochondrial
membranes. They are classified as valid natural
separators. Activation of LPO processes in mitochondria
can disrupt oxidative phosphorylation because the effect
of the ATP synthesis process depends on the structural
integrity of the inner membrane (5). Large flows of O —
20,- and H,0, lead to oxidation of mitochondrial
components and cause mitochondrial dysfunction and
even transfer of apoptotic cell death signals (6).
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Damaged mitochondria lose barrier function and ability
to accumulate calcium ions (7). Ca®" ions activate many
intracellular processes; for example, increase the activity
of membrane phospholipases (8, 9). The activation leads
to the accumulation of free fatty acids and
lysophosphatides that disturb the structural organization of
lipid and protein complexes in the membranes, which in
turn increases the intensity of LPO (10-12). Despite a vast
number of clinical and experimental studies, changes in
the state of FRO require further research, which makes it
necessary to study biochemical aspects of the adaptation,
specifically, the biochemistry of immunocompetent
organs. Under physiological conditions, LPO is limited by
AOS, which can be disrupted by harmful factors (13-18).
It is necessary to take into account the importance of the
system to determine its function in the formation of the
pathological process in animals in different periods under
the induced stress-effects in immunocompetent organs and
cells. This work aimed to study the role of FRO in
immunocompetent organs and cells in mature White rats
after 6 hours of immobilization stress action on them.

Methods

This was an experimental and analitycal study. The
study was conducted at Astana Medical University
(January-July 2020). The research was performed on 40
White Wistar male rats weighing 200 to 240 g. (period of
recruitment: January-February 2020). The animals were
kept in normal conditions on a standard food diet with free
access to water and food at room temperature of 20 °C to
22°C. Two series of experiments were conducted: I series:
determination of indices in intact rats (10 rats); II series:
determination of indices after 6 hours of immobilization
stress. Animals of series II were divided into 3 groups of
10 rats in each. Group 1 was those undergoing acute
immobilization stress, withdrawal from the experiment
after 1 hour. Group 2 was those rats undergoing acute
immobilization stress, withdrawal from the experiment
after 25 hours. Group 3 was those undergoing acute
immobilization stress, withdrawal from the experiment
after 49 hours. The experimental procedures were
performed according to EU Directive 2010/63/EU and
according to the ethical standards of the local ethics
committee of the JSC "Astana Medical University"
protocol No. 4 0f07.09.2017.

Period of exposure: February-May 2020. In 1, 2, and 3
groups in animals simulated acute immobilization stress
by fixing animals for 6 hours in bright light. For this
experiment, animals were placed in individual plastic
compartments adapted for immobilization (length, 20 cm;
width, 6 cm). The animals were removed from the
experiment in 1, 25, and 49 hours after acute
immobilization stress by incomplete decapitation under
mild ether anesthesia. Products of LPO and AOS enzymes
in organs and cells were determined in studied animals.
Lymphocytes were isolated from peripheral blood, and
homogenates from the spleen, lymph nodes of the small
intestine mesentery, liver, thymus, and adrenal glands
were prepared for investigation. They determined the
content of conjugated dienes (CD) (19) and MDA (20),
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the activity of the enzyme glutathione reductase (GR),
glutathione peroxidase (GP) (21), and catalase (CAT)
(22). The follow-up period was 1 month, June through
July 2020.

Data collection was processed by statistical method of
evaluation of experimental data using "Biostat" and
"Excel" software packages using the Student's criterion for
evaluating the reliability of differences in individual data
groups. Student's t test is a statistical method based on the
student’s distribution, which is used to determine the sta-
tistical significance of differences in mean values. Hy-
pothesis testing was used to determine the P value on dif-
ferent stages of the research.

Results

The results of the study showed that 1 hour after the
immobilization stress, the CD concentration increased in
all investigated objects in comparison with the control
group, which indicated the development of a pronounced
stress response in response to multihour immobilization.
Of these, no significant increase was noted in adrenal
gland homogenates and lymph nodes of the small intestine
mesentery: from 1.14+0.07 to 1.24+0.10 (p>0.05) and
from 0.30£0.02 to 0.35+0.02 (p>0.05), respectively, while
in other studied objects a significant increase of this index
was noted: in the liver, it was 195.31% (p<0.001); in the
thymus, it was 20.45% (p<0.05); in the spleen, it was
87.09% (p<0.009); and in peripheral lymphocytes, it was
61.90% (p<0.05) (Table 1). However, 25 hours after im-
mobilization stress from the side of CD concentration, the
same picture was noted, with an enormous change in the
process of lipoperoxidation. If we switched to digital val-
ues, a significant increase could be noted. In the liver, it
was 417.18% (p<0.001); in the thymus, it was 47.72%
(p<0.009); in the spleen, it was 191.93% (p<0.001); in the
adrenal glands, it was 28.07% (p<0.05), and in the lymph
nodes of the small intestine mesentery, it was 26.67%
(p<0.05), except for peripheral blood lymphocytes, which
contained CD within the limits of control animals (Table
1).

At the next stage of the experiment, the influence of
immobilization stress on the production of the primary

substance of DC LPO after 49 hours in organs were stud-
ied. In comparison with previous indicators, a sufficient
decrease in the formation of CD product in the late period
of immobilization stress was revealed. In comparison with
the control data of this series of parameters, ambiguous
changes were revealed; that is, significant changes oc-
curred in liver and spleen homogenates: in the liver, it was
65.63% (p<0.05); in the spleen, it was 91.12% (p<0.001).
However, on the other objects of the study, no significant
change was revealed, in comparison with the control
group, accompanied by upward tendencies (p>0.05).
Considering the results of previous researches and the
indicators of deviations it is possible to ascertain that the
most significant increase of CD and MDA level of prod-
ucts in response to immobilization stress-influence has
been noted on the early period after stress; namely, on 25
hours after immobilization stress in comparison with the
control group of rats. Immobilization stress was also ac-
companied by increased activity of the studied enzymes in
most of the studied tissues and cells (23-25). The results
obtained indicate that under the action of immobilization
stress, FRO is activated, which may be related to a de-
crease in the activity of antioxidative enzymes in most of
the studied organs. It is known that LPO activation is es-
tablished on the excessive generation of active oxygen
forms, which exceeds the physiological possibilities of
AOS after enzyme systems are depleted (5; 10). Oxidation
of lipids leads to destructive changes in membrane struc-
tures and the necessary enzymes associated with them.
The results of the study showed that 1 hour after the
immobilization stress, the MDA concentration increased
as a CD concentration in all investigated objects, and no
significant increase was noted in adrenal gland homoge-
nates and lymph nodes of the small intestine mesenteric
lipids: from 0.19+0.02 to 0.21+0.02 (p>0.05) and from
0.03£0.005 to 0.04+0.003 (p>0.05), respectively. Howev-
er, a significant increase was revealed in other investigat-
ed objects: in the liver, 100.0% (p<0.001), in the spleen —
55.17% (p<0.05), in the thymus — 38.46% (p<0.05), in
lymphocytes — 25% (p<0.05) (Table 1). The results of the
study 25 hours after the immobilization stress from the
MDA concentration showed an increase in the product in

Table 1. CD and MDA Concentration in Organs and Lymphocytes of Blood under Immobilization Stress-Effects

Indicators Object of study 1 series 11 series
Intact rats 1 group — one hour 2 group — 25 hours 3 group — 49 hours
(n=10) after the stress after the stress after the stress
(n=10) (n=10) (n=10)
CD (conditional unit) Liver 0.64+0.05 1.89+0.13%** 3.31+0.21%*%* 1.06+0.11*
Spleen 1.24+0.08 2.3240.21%* 3.62+0.24%** 2.37£0.15%**
Thymus 0.44+0.03 0.53+0.03* 0.65+0.04** 0.45+0.04
Adrenal glands 1.14+0.07 1.24+0.10 1.46+0.11* 1.25+0.13
Mesenteric lymphaules 0.30+0.02 0.35+0.02 0.38+0.03* 0.34+0.03
Blood lymphocytes 0.21£0.02 0.34+0.03* 0.20+0.02 0.23+0.02
MDA (measurement Liver 0.13+0.01 0.26+0.02%** 0.33+0.03*** 0.18+0.02*
mole/mgr) Spleen 0.29+0.03 0.45+0.03* 0.32+0.03 0.34+0.03
Thymus 0.13+0.01 0.18+0.01* 0.20+0.02* 0.21+0.02*
Adrenal glands 0.19+0.02 0.21+0.02 0.24+0.02 0.23+0.02
Mesenteric lymphaules 0.03+0.005 0.04+0.003 0.07+0.006*** 0.08+0.009**
Blood lymphocytes 0.08+0.006 0.10+0.007* 0.07+0.005 0.09+0.005
Note: inequalities with the contact group are significant: * P <0.05; ** P <0.009; *** P <0.001 (P values were determined by hypothesis testing).
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the liver homogenates, thymus, and lymph nodes of the
small intestine mesentery. The MDA content in the liver is
2.54 times higher (p<0.001), in the thymus, it was 1.54
times higher (p<0.05), and in the lymph nodes of the small
intestine mesentery, it was 2.33 times higher (p<0.001)
than in unstressed animals. In these circumstances, the
degree of MDA in other studied objects did not alter (26-
28).

In the next block of experiments, we investigated (Table
2) the impact of immobilization stress after 1, 25, and 49
hours on the body's AOS in blood organs and lympho-
cytes. As a result of exposure after 1 hour of immobiliza-
tion stress action, a significant decrease of CAT, GP, and
GR activity in the liver and the spleen was revealed:
CATs, in liver homogenates by 22.87% (p<0.05), in
spleen homogenates by 19.83% (p<0.05); GP in liver ho-
mogenates by 22.91% (p<0.05), in spleen homogenates by
28.36% (p<0.05); GR in liver homogenates by 24.42%
(p<0.05), and in spleen homogenates by 27.12% (p<0.05).

On the side of peripheral blood lymphocytes, a signifi-
cant decrease of GR (by 22.77%; p<0.05) and GP (by
30.25%; p<0.05) and tendency to decrease the activity of
enzyme CAT were noted. The same pattern was observed
from the thymus and lymph nodes of the small intestine
mesentery. In adrenal gland homogenates, there was no
significant decrease in the activity of the studied enzymes
(p>0.05). Thus, immobilization stress (in 1 hour after the
experiment) was accompanied by pronounced functional
activity disorders of the most essential adaptive and adap-
tive systems of the body and accumulation of toxic com-
pounds in tissues affecting their function. The AOS of the
organism as a whole and its tissue and its cells provide
binding and alteration of free radicals, prevention of bio-
molecules formation, and decomposition. At the next
stage, the influence of immobilization 25 hours after stress
on the activity of enzymes of CAT, GP, and GR in organ
and cell homogenates was studied. One of the antioxidant
protection enzymes is CAT, which is involved in the de-
composition of ROS, thereby increasing the body's adap-

tive response. At this stage of the study, for various rea-
sons unknown to us, there was a significant and nonsignif-
icant increase in the activity of all enzymes of this system
when excessive lipoperoxidation was previously reported
after 25 hours of experience.

For example, a significant increase in the activity of
CAT in homogenates of lymph nodes of the small intes-
tine mesentery is 1.51 times (p<0.05), and it is 1.27 times
in adrenal gland homogenates (p<0.05). The activity of
GR in homogenates of lymph nodes of small intestine
mesentery is 1.62 times (p<0.01), and it is 1.34 times in
lymphocytes (p<0.05). Also, with respect to GP, increased
activity was found in lymphocytes, lymphatic nodes, and
adrenal glands: in peripheral blood lymphocytes it was
from 431.824+37.23 to 556.02+43.52 (p<0.05), in adrenal
glands from 167.45+11.33 to 352.38+28.42 (p< 0.001), in
lymph nodes of the small intestine mesentery from
223.28+19.13 to 291.34+20.13 (p<0.05) (Table 2). The
enzymes of the AOS are an internal part of the body, and
with the help of these enzymes, the AOS is normally able
to destroy excess free radicals. In this regard, the increase
in the activity of AOS enzymes 25 hours after immobiliza-
tion stress, brings the body's reaction in a possible mani-
festation of the second stage of stress on the example of
our experiment; as 25 hours after immobilization stress
resulted in the expressed activation of enzymes of the
body's AOS.

At the next stage of this series, the effect of immobiliza-
tion stress after 49 hours of exposure to antioxidant pro-
tection enzymes was studied. At this stage, a multidirec-
tional change in the activity of antioxidant protection en-
zymes was observed: a significant increase of CAT activi-
ty in lymphocytes was 1.27 times (p<0.05), GP in liver
homogenates 1.25 times (p<0.05); significant suppression
of CAT activity in adrenal glands 1.37 times (p<0.05), GP
in lymphocytes 1.54 times (p<0.05), in adrenal glands
1.23 times (p<0.05), and GR in adrenal glands 1.24 times
(p<0.05) (Table 2). The growth in activity of the studied
enzymes suggests an increase in the level of active oxygen

Table 2. Activity OF GR, GP, and CAT in organs and lymphocytes of blood under immobilization stress-effects

Indicators Object of Study I series 11 series
Intact Rats Group 1 — 1 Hour Group 2 — 25 Hours Group 3 —49 Hours
(n=10) After Stress (n=10) After Stress (n=10) After Stress (n=10)
GR pmol/g min Liver 24.24+2.01 18.32+1.25* 27.78+2.04 22.22+2.05
Spleen 36.13+3.13 26.33+£2.17* 43.15+£3.48 29.1142.52
Thymus 30.24+2.54 25.82+2.03 33.67+2.67 31.88+2.38
Adrenal glands 23.13+1.89 17.64+1.32* 25.38+2.12 18.65+1.20*
Mesenteric lymphaules 26.09+2.14 20.27+1.67* 42224341 ** 30.63+2.65
Blood lymphocytes 9.31+0.83 7.19+0.53* 12.48+1.17* 8.11+0.66
GP pmol/g min Liver 166.13£14.47 128.07+8.35%* 261.94420.22* 208.55+15.32%
Spleen 256.35+21.12 183.65+12.63* 244.38+20.37 227.63+18.98
Thymus 117.68+8.57 112.36+9.67 137.25+10.11 121.33+10.25
Adrenal glands 167.45+11.33 145.18+11.28 352.38428.42%** 136.67+9.85*
Mesenteric lymphaules 223.28+19.13 212.75+17.37 291.34420.13* 245.32+17.38
Blood lymphocytes 431.82+437.23 301.19422.74* 556.02+43.52* 279.65+20.24*
CAT % (losses Liver 75.35+6.14 58.12+4.39* 80.05+7.45 63.52+4.77
H,0,) Spleen 60.16+4.77 48.23+£3.01* 72.34+6.43 73.86+5.56
Thymus 54.46+4.05 37.63£3.02* 63.57+4.77 53.14+4.32
Adrenal glands 62.36+5.24 60.38+4.55 79.16+5.25* 45.33+3.04*
Mesenteric lymphaules 51.24+4.26 41.29+2.28%* 77.08+6.11* 46.234£3.15
Blood lymphocytes 90.13+8.34 73.36+5.58 90.23+7.37 114.34+8.11*

Note: dissimilarities with the contact group are significant: *P <0.05; **P <0.01; ***P <0.001.
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forms and their peroxide compounds under immobiliza-
tion stress, which indicates a change in the integrity of the
cell membrane.

Discussion

Cell death may occur as a result of the lack of energy
(7). According to modern concepts, stress is a protective
neuroendocrine reaction caused by changes in the activity
of both the nervous system and the hypothalamus-
pituitary-adrenal system (8, 9). According to study by
Narizhnaya et al, immobilization stress (24 h) causes
thymus and spleen involution, adrenal hypertrophy, and
serum cortisol levels increase by 67% relative to intact
animals (10). Pertsov et al in the paper "State of Stress
Marker Organs in Rats With Different Behavioral Activity
Under Multiple Stressors" studied changes in the relative
weight of stress marker organs in rats with different
parameters of behavior in the "open field" test after
repeated stress loads on a model of daily 4-hour
immobilization during 8 days. In behaviorally passive rats,
thymus and spleen involution was noted. In inactive
animals, the mass of these organs practically did not
change but decreased after repeated stress exposures on
the third and especially on the eighth day of the study
(11). Other objects-targets of harmful influence of
stressogenic factors are also known. According to the
Russian scientists' research, in the case of immobilization
and hypokinetic stress, there are various violations of
cardiovascular, musculoskeletal, and endocrine systems
activity, metabolic processes, and decrease of immune
system activity (12, 13). Ghezzi believes that the
environmental factors may cause biological reactions,
such as oxidative stress and inflammation, because of
chemical, physical, or psychological changes (14).

Our researches have established that the pathological
condition caused by immobilization stress in 49 hours is
followed by the increase of MDA in liver, thymus and
lymph nodes of experimental rats: 1.38 times, 1.62 times
(p<0.05) and 2.67 times (p<<0.001) accordingly in compar-
ison with control animals. In other objects of research, the
effect of experimental immobilization stress during 49
hours was followed by nonsignificant accumulation of
MDA (p>0.05) in spleen homogenates, adrenal glands,
and lymphocytes of peripheral blood in comparison with
the control group (I group). When comparing the impact
of immobilization stress on the formation of MDA in the
organs and lymphocytes and on the indicator of deviation
showed a significant increase in the liver, thymus, and
lymph nodes of the small intestine mesentery at 25 with
49 hours after the experience. Thus, excessive lipoperoxi-
dation may have led to destructive changes in the mem-
brane structures of the above objects. In our example, in-
creased content of lipoperoxidation products is typical for
tissues with high regenerated and metabolic process. The
data obtained in the study showed that under immobiliza-
tion stress, the activity of the foregoing enzymes in the
thymus, spleen, liver, and mesenteric lymph nodes did not
change significantly, but showed an opposite change in
comparison with the unstressed group (p>0.05).

Adaptive processes of an organism are known to depend

on a great extent on the completeness of the AOS func-
tion. The pathological process, induced by experimental
immobilization stress, is accompanied by expressed in-
fringements of functional activity of the most crucial ad-
aptation systems of the organism and subsequently by an
accumulation of toxic for organism compounds in tissues,
affecting their primary function. The AOS of an organism
provides binding and alteration of excessively formed free
radicals, prevention of biomolecules formation, and deg-
radation (11-13).

Conclusion

The results of the conducted researches confirm the
changes in lipoperoxidation and AOS under immobiliza-
tion stress-effects. The intensity of lipoperoxidation in the
structural membrane of all investigated organs was high at
the initial stage. The increase of intensity of excessive
lipoperoxidation confirms the inhibited display of AOS in
an organism. Infringements of functional interconnections
of catalytic glutathione redox system and longtime tension
of AOS links, most likely, contribute to a decrease of an-
tioxidant status of an organism that sets before the neces-
sity to develop perspective methods of adaptation correc-
tion.

In our example, we did record all the stages of stress;
with acute stress, sometimes there is only the stage of
"anxiety." The stage depends on the level of the stressor
factor. To identify and confirm all stages of stress, up to
the stage of "exhaustion," we think it is possible to use a
more powerful stressor or chronic stressor. Nevertheless,
that is the task of future research work. The results of this
research allow us to formulate the following conclusions:

1. On the model of immobilization stress of White rats,
it was established that the pathological process caused by
immobilization stress-induced action activates LPO and
reduction of AOS in cells, immunocompetent organs.

2. In developing free-radical pathology under immobili-
zation stress-induced action, more pronounced LPO-AOS
disorder occurs at the initial stage of exposure.

3. 49 hours after immobilization stress, a less pro-
nounced influence on the lipoperoxidation process was
observed.
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