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According to Selye, stress is a stress reaction that occurs as a non-specific
response of the body to the action of extreme unfavorable factors - stressors. By
its biological nature, stress has an adaptive orientation and activates protective
mechanisms to prevent the pathogenic effect of adverse environmental factors

on the body.
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According to Selye, stress is characterized by a
number of stages successively replacing each other:
anxiety, resistance and exhaustion. In recent years,
ideas about stress have expanded. The concept of
stress by G. Selye was transformed by W. Canon and
developed by L. Levy into the concept of emotional
stress [2]. From the position of the general theory of
functional systems P.K. Anokhin, a conflict situation
plays a decisive role in the genesis of emotional stress.
A conflict situation develops when a subject, in the
presence of a vital need, is unable to achieve a socially
or biologically important result. A prolonged conflict
situation, i.e. continuous negative emotional stress
leads to a state of prolonged stagnant excitation of the
brain and the development of systemic stress reactions
[2]. Numerous works have shown that stress disrupts
the functions of the thyroid gland, sexual, blood
circulation, heart, and the state of the immune system
[3-6].

Experimental studies have shown the
participation of immune mechanisms in the formation
of emotional reactions in animals. Moderate stress
exposure leads to potentiation of the immune
response, and strong long-term stress exposure leads
to immunosuppression [7]. Thus, in experiments on
rats, it was shown that a short-term moderate effect
of an emotional-pain stressor leads to an almost 2-fold
increase in the activity of normal killers, then, under
the influence of ongoing stress, a depression in the
activity of immunocompetent cells occurs [8]. Also,
with a moderate emotional stress reaction, animals
were found an increase in the number of macrophages
and an increase in phagocytic activity. Severe and
prolonged stress leads to a stressor decrease in the
response of T-lymphocyte blast transformation to a
mitogen [9], a decrease in the lytic activity of T-
lymphocytes and normal killers in relation to tumor
target cells [10], and depression of the cytotactic
function of macrophages [11].

It has been established that prolonged

emotional stress reduces the activity of normal killers
in the body of mice by almost 3 times. Adaptation to
repeated short stressful situations largely or
completely prevents depression caused by prolonged
stress [12,13]. Inhibition of the immune system
function under stress is associated with the
suppression of the activity of the T-system, a change
in the specific number of recirculating T-cells in
relation to B-cells and macrophages. Also shown is the
influence of the neuroendocrine system, an increase in
the level of beta endorphins on the development of
stress immunosuppression [14].

Under stress, lymphopenia, eosinopenia, and
neutrophilic leukocytosis develop in the peripheral
blood [15]. The cause of lymphopenia is the migration
of lymphocytes to the bone marrow [16, 17]. The
appearance of eosinopenia is associated with the
migration of eosinophils into tissues, where they carry
out immune reactions with tissue macrophages [18].
The development of leukocytosis in the first hours of
stress occurs due to the release of mature
granulocytes from the bone marrow. Activation of
stress-realizing systems leads to an increase in
exogenous catecholamines and glucocorticoids, which
in turn increase neutrophilic leukocytosis [19,20].
Dhabhar F.S. (2009) in his works showed that stress
and stress hormones play the role of regulators and
modulators of the immune response. Stress and the
release of glucocorticoid hormones can enhance or
suppress immune function depending on the following
factors: the duration of stress (acute or chronic),
changes in the distribution of leukocytes in the body,
the concentration and nature (endogenous, synthetic)
of the effects of glucocorticoid hormones, the time of
release of stress hormones depending from the stage
of the immune response [19].

According to Zhetpisbaev B.A. and Raisova
T.K. [21,22], in the early stages of the adaptation
syndrome in the peripheral blood, leukocytosis,
lymphocytosis, a decrease in the functional activity of
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the cellular and humoral immunity and nonspecific
resistance of the body are noted.

The next stage is characterized by leukopenia
and lymphopenia, strengthening of the T-system of
immunity, non-specific resistance of the body, lack of
restoration of the B-link of immunity. Musainova A.K.
[23] studied the effect of emotional stress on cellular,
humoral, and nonspecific phagocytic immunity on days
1, 2, and 3 after emotional stress was reproduced. In
the peripheral blood on the 1st day after the stress
exposure, the number of leukocytes significantly
increased by 49% of the initial value, slightly
decreased on the 2nd day, and reached the initial level
on the 3rd day. The relative and absolute number of
lymphocytes significantly increased after stress
exposure by 1.6 and 3.5 times on days 1 and 2,
respectively, and remained high on day 3. The
absolute number of T-total lymphocytes after stress
exposure significantly increased throughout the
observation period. Lymphocytosis against the
background of leukocytosis is associated with the
migration of lymphoid cells and stress redistribution of
blood against the background of microcirculation
disorders in organs and tissues [24].

Consequently, there are conflicting data on the
number of lymphocytes in emotional stress. When
studying theophylline-resistant and theophylline-
sensitive rosette-forming cells, a significant increase in
the absolute number of theophylline-resistant rosette-
forming cells was noted in the first two days, then
decreased to the initial level. The relative humber did
not change within two days, decreased on the 3rd day
after the stress exposure.

The absolute and relative number of
theophylline-sensitive  rosette-forming cells  with
suppressor activity significantly increased on days 1, 2,
and 3. At the first stage of the general adaptation
process, i.e. in the first two days, an increase in cells
with helper and suppressor activity was observed, a
decrease in the helper-suppressor index was noted,
the number of leukocytes and all types of lymphocytes
increased. The indicators of the humoral link of
immunity changed in different directions. On the one
hand, the suppression index and the number of B-cells
increased, and on the other hand, the level of
concentration of circulating immune complexes
decreased.

According to Tanatova Z.A. et al. and
Musainova A.K. [23,25] when studying the nonspecific
phagocytic link of immunity during emotional stress, 1,
2, and 3 days after stress, an increase in the
phagocytic number, HBT test indicators, and
phagocytosis percentage was noted and confirmed the
data obtained by other authors. The increase in the
phagocytic activity of leukocytes is associated with the
body's compensatory response to stress in the form of
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a "metabolic explosion" in the neutrophil.

Thus, at an early stage of the stress reaction,
activation of the cellular and phagocytic link and
depression of humoral immunity occur.

When students were observed during the
examination session, a decrease in the level of
immunoglobulin A in saliva was found, which returned
to normal after the examination [26]. Suzdalnitsky R.S.
and Levando V.S. noted a decrease in immunity during
stressful loads in athletes [27].

The mechanism of changes in
immunoreactivity under stress is associated with the
activation of mediators of the stress system -
corticorylizing hormone, adenocorticotropic hormone,
glucocorticoids and catecholamines. With a moderate
increase in the secretion of mediators, the blood
system is mobilized and the immune response is
activated. With increased secretion of these mediators,
inhibition of immunoreactivity occurs [7].

Immunosuppression during stress is associated
with an increase in the concentration of glucocorticoid
hormones in the blood serum, redistribution of
erythrocytes, and activation of T-suppressors.
Stimulation of immunity in the form of mobilization of
lymphocytes, interaction with hematopoietic stem cells
of the bone marrow is an adaptive reaction, which
results in a recovery period or, with prolonged
exposure to a stressor, a state of secondary
immunological deficiency develops.

Herbert and Cohen conducted a meta-analysis
of studies on the relationship between stress and the
immune system. And they identified three types of
stressors - acute stressors (such as speaking in front
of an audience), short-term stressors (such as exams),
and long-term stressors (such as unemployment,
bereavement). They reported that under stress there
is an increase in circulating white blood cells and a
decrease in circulating B cells, T cells, helper and
suppressor/cytotoxic T cells, and large granular
lymphocytes. They also reported that under stress
there is a significant decrease in the percentage of T-
cells, T-helpers, suppressors and cytotoxic T-cells. In
addition, the immune response depended on the
duration of exposure to the stressor. During acute
stress, an increase in the number of circulating
suppressor/cytotoxic T cells was noted, but long-term
stress factors reduced their number. However, natural
killer function decreased under both acute and chronic
stress. In some studies, on the contrary, an increase in
the number of natural killers was noted, which is
apparently associated with a short-term increase in
immune function due to acute secretion of stress
hormones [26].

Segerstrom and Miller (2004) also conducted
an extensive meta-analysis of 293 independent studies
from 1960 to 2001 (N=18941). The analysis of the
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results confirmed that acute stress can increase the
immune function of the adaptive response, but chronic
stress suppresses the immune response, resulting in
the depletion of the body's resources. In addition,
older and sick people are more vulnerable to stress.
The authors also assessed how different types of
immune response correlated with different types of
stress. And they identified 3 categories of stress:

Acute stress: Public speaking and mental work
fall into this category. With this type of stress, natural
immunity is enhanced, that is, an increase in the
number of natural killer cells in the peripheral blood
was noted.

Consequences of Stressful Situations: This
category included a focal event such as a natural
disaster or the loss of a spouse. This category of stress
is not strongly associated with immune changes. After
the loss of a spouse, there is a decrease in natural
immune responses. There was a non-significant
increase in natural and specific immune responses
after exposure to natural disaster and non-immune
changes in breast biopsy. Chronic stressors: This
category includes long-term stressors such as living
with a disability, caring for someone with dementia,
being unemployed. Chronic stressors have a negative
impact on almost all functions of the immune system,
regardless of gender and age [27].

The release of adaptive "stress" hormones -
catecholamines [28], vasopressin, etc. leads to an
increase in the entry of calcium into the «cell,
mobilization and decrease in the glycogen reserve, and
to the implementation of the lipid triad. The lipid triad
is the activation of lipase,phospholipases, and an
increase in free radical lipid oxidation. As a result of
the lipotropic effect of the stress reaction, a
modification of the lipid bilayer of the membrane
occurs, in particular, the phospholipid and fatty acid
composition of the lipid bilayer of the membrane
changes, the viscosity decreases and the fluidity of the
membrane increases.

The lipotropic effect of the stress reaction
provides an urgent adaptation of the body to the
action of environmental factors. However, with an
excessively long and intense stress reaction, excessive
activation of phospholipases, lipases, and free radical
oxidation can lead to membrane damage and acquire a
key role in transforming the adaptive effect of the
stress reaction into a damaging one.

An important factor in changing the lipid
bilayer of the membrane is free radical lipid oxidation.
Numerous studies have shown an increase in free
radical lipid oxidation under stress [29-11]. Under
stress or with the introduction of catecholamines, the
activation of lipid peroxidation (LPO) in the heart, liver,
skeletal muscles, and other organs has been proven
[22]. Activation of lipid peroxidation under extreme
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conditions is a typical process in the development of
the general adaptation syndrome.

On the model of emotional pain stress, it was

shown that free radical oxidation of lipids
(phospholipid hydroperoxides, Schiff bases) increases
by 2-3 times depending on the duration of stress [23].
Prilipko L.L. [24] noted an increase in free radical
lipid oxidation during emotional stress in humans
during operator work under time pressure.
There are works describing the suppression of lipid
peroxidation in acute and in the initial phase of chronic
stress [25-26]. According to Gulyaeva N.V. with co-
authors under stress, LPO activation is preceded by
inhibition of LPO. So in women with algomenorrhoea
with menstrual pain, the level of Schiff bases in the
blood plasma first decreased (0-12 hours), then (12-24
hours) increased. According to Devyatkina T.A. The
dynamics of the course of acute stress is characterized
by alternating periods of increased LPO intensity with
periods of their decrease [17].

Many researchers have found a decrease in
the body's antioxidant system under stress [27,28].
When studying lipid peroxidation and the antioxidant
system in rats of different strains, intensification of
lipid peroxidation (an increase in the level of
malondialdehyde - MDA) and a decrease in antioxidant
protection - an increase in glutathione peroxidase, a
decrease in glutathione reductase and superoxide
dismutase, i.e. a state of decompensation of the
reserve capacity of antioxidant functions and a
violation of the detoxification of the superoxide anion
radical develops [17]. Studies have shown high levels
of antioxidant enzymes (superoxide dismutase,
glutathione peroxidase, glutathione reductase) in the
hypothalamus in control animals. Higher catalase
activity was also found in the hypothalamus [19].
However, short-term emotional stress causes the most
pronounced decrease in the activity of antioxidant
enzymes in the hypothalamus [18]. In the study of
changes in glutathione-dependent enzymes of the
antioxidant system in young and old rats in response
to stress, a higher level of the glutathione reductase
enzyme was noted in young rats compared to old rats
at different time intervals after the onset of stress
exposure. The activity of glutathione peroxidase and
glutathione reductase did not change significantly.
According to the authors, lower antioxidant activity in
stressed old rats can lead to a decrease in the
reliability of antioxidant activity and activation of LPO
[10].

Surina-Marysheva E.F. (2008) noted a
decrease in the intensity of lipid peroxidation
processes in blood plasma due to an increase in the
activity of antioxidant enzymes - superoxide dismutase
and catalase, glutathione reductase during short-term
immobilization stress. An increase in the activity of the
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antioxidant system in response to the intensification of
free radical oxidation processes due to the depletion of
the resources of antioxidant enzyme systems leads to
the inhibition of the antioxidant system. Apparently,
the insufficiency of antioxidant protection is
characteristic not of stress itself, but of a late and
more severe phenomenon of tissue damage.

With the progression of free radical lipid
oxidation, a large number of unsaturated
phospholipids are oxidized and the number of
unsaturated phospholipids in the microenvironment of
functional proteins increases in membranes. This leads
to a decrease in the fluidity of the membrane and the
mobility of the peptide chains of these proteins and a
decrease in the activity of the proteins. Further
accumulation of oxidized unsaturated phospholipids
leads to an increase in permeability and destruction of
the membrane [11].

LPO in tissues changes depending on the
phase of development of emotional stress and
correlates with changes in animal behavior [42,43].
The high reactivity of the nervous-endocrine system
and, accordingly, the high supply of oxygen and fatty
acids to the tissues and the relatively low functional
activity in rats leads to an increase in free radical
processes.
oxidation. Emotional stress activates free radical
oxidation of triglycerides and acids that have not been
used for a long time in the course of enzymatic
oxidation [14, 15].

Thus, free radical lipid oxidation and LPO
activation is one of the early factors of physiological
dysfunction during emotional stress.

An analysis of the literature data showed that
immunological changes develop depending on the
stage of stress, the strength and duration of the stress
factor. And there are also different opinions about
changes in lipid peroxidation and antioxidant
protection during emotional stress.
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