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Abstract

According to most researchers, stress is one of the main causes of the ever increasing number of cardiovascular,
gastrointestinal, neurologic and other diseases. In addition to acute damage to organs and systems, stress causes
exacerbation of chronic diseases, and also suppresses the immune system. Controlled and uncontrolled stress causes
reversible and irreversible changes in the body. If reversible changes in controlled stress lead to the development of
adaptation to external influences, irreversible changes can lead to the death of the organism. Given the close attention of
researchers to stress, research on the mechanisms for developing the body's adaptation to stressful influences is a major
problem in modern biology and medicine.

At the same time, the stress response is a necessary link in the adaptation of the organism. However, with an overly
intense and prolonged exposure to stress factors, the response significantly reduces the overall resistance of the
organism, turning stress reaction from an adaptation link to a pathogenesis link of various diseases.

Adaptation of the human and animal organism to constantly changing environmental conditions is one of the main

problems of medical and biological science.
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biological,  biochemical and electrophysiological
parameters of a number of brain structures

Introduction

Numerous data published in recent years indicate the
existence of complex mechanisms of interaction,
integration of the immune, endocrine and nervous
systems [1-5]. Thus, the formation of an immune response
is accompanied by the use of the afferent part of the
nervous system and the change in the molecular
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(hypothalamus, pituitary, hippocampus and others). For
example, administration of E. coli lipopolysaccharide to
experimental animals is accompanied by a significant
increase in the number of IL-1B-positive cells, as well as
IL-1B, IL-1RA, IL-6 and TNFa mRNA expression in the
hypothalamus, pituitary gland, hippocampus, striatum,
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circumventricular structures. In this regard, the activation
of immunocompetent cells obligatorily leads to a change
in cortical functions. In addition, there are data on the
direct modulation of cortical functions during
immunogenesis. Consequently, the formation of an
immune response to specific antigens is accompanied by a
modulation of functional activity, both subcortical
structures and the cortex of the cerebral hemispheres. As
a result, the efferent part (the autonomic nervous system
and the hypothalamic-pituitary-adrenal axis) are
subsequently "included" in the regulatory process [5-7]

It seems that the change in the functional parameters
of the central nervous system during the formation of an
immune response may be a consequence of several
mechanisms’ initiation. First, there is evidence that the
formation of an immune response in the lymphoid organs
is accompanied by an adequate change in the functional
activity of the sensory nerve endings in the stroma and
parenchyma. In this case, the change in the membrane
potential of activated immunocompetent cells, as well as
the cytokines produced by them, capable of affecting
sensory nerve structures through specific receptors, can
act as trigger factors leading to these changes. Secondly,
the penetration of cytokines and even immunocompetent
cells from systemic circulation into brain parenchyma
through intact blood-brain barrier has been reported [8].
Moreover, the initiation of these mechanisms is
undoubtedly capable of leading foremostly to
modulations of the functional parameters of the central
nervous system, and then to the activation of the
autonomic nervous system and the hypothalamic-
pituitary-adrenal axis in the process of
immunoregulation.

Estimating the stress-induced suppression of immune
reactions, it is shown that the task of the immune system
is to maintain a hereditarily determined individuality of
the organism. This task covers two areas: first, the
elimination of exogenous "non-own" structures and,
secondly, the destruction of endogenous "changed"
structures, the formation of which takes place in large
numbers with the constant restructuring of the cellular
elements of the organism [5,9]. According to a certain
opinion, elimination of exogenous "not their" structures is
the primary task of humoral immune reactions of B cells.
On the other hand, the destruction of endogenous
"altered" structures is the primary objective of cellular
immune responses of cytotoxic T cells and natural killers.
Immunological health as a whole depends on a
harmonious relationship between the humoral and
cellular immune responses. Studies aimed at identifying
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neural ways to regulate the immune response have been
initiated because of the availability of data suggesting that
psychological stress and depression can alter the function
of the human immune system, and immune responses in
animals can be due to the classical Pavlovian paradigm,
and that neural damage can inhibit various aspects of the
immune response [10] These changes can affect the
immune system and are important for the course of
cancer, acquired immunodeficiency syndrome (AIDS), and
for initiating or impairing autoimmune diseases, including
endocrine-related diseases. The degree of influence of
these factors, (if they actually exist) through known
neuroendocrine pathways, is unknown. Alternative
regulatory pathways from the central nervous system to
the immune system include the catecholamines and
neuropeptides of the autonomic nervous system that
innervates the lymph nodes, spleen and thymus,
adrenomedullary catecholamines and hormones that
affect the secretion of thymosin and other regulatory
thymic hormones. Despite the evidence that the nervous
system can affect immune function through neural and
neuroendocrine mechanisms, the role of these factors in
human inflammatory diseases has not yet been
determined.

The nervous system can affect the immune function
through a variety of mechanisms: through the
hypothalamic-pituitary function, through the innervation
of the autonomic nervous system of the spleen, liver,
intestine and lymphoid organs, through the circulation of
catecholamines, through sensory peptides such as
somatostatin, substance P and with changes in diet and
activity. A less known mechanism is the direct secretion
into the blood of the immune-controlling factors by the
brain.

The most important hormone that affects immune
responses is cortisol, which inhibits most aspects of the
immune response, including proliferation of lymphocytes,
the production of immunoglobulins, cytokines and
inflammatory mediators and cellular toxicity, and the
production of inflammatory leukotrienes. This inhibitory
reaction is based on the anti-inflammatory effect of
glucocorticoids and occurs within the range of values
induced by stress or inflammation. The pituitary-adrenal
response to stress can influence the intensity of the
immune response and the produced inflammatory
components, including changes in the tone and patency of
the vessels. The loss of this function makes animals with
adrenal insufficiency vulnerable to inflammation. The fact
that inflammatory mediators of the IL-1 type can activate
the hypothalamic-pituitary-adrenal axis suggests a
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negative feedback loop to regulate the intensity of the
inflammation. Since the pituitary-adrenal function is
almost completely controlled by the brain, this system is
an excellent example of neuroimmunomodulation.

The influence of other hormones of the anterior
pituitary gland on the immune function is more subtle.
Gonadotropin-deficient mice show thymic atrophy,
lymphatic tissue involution and T-cell damage-functional
dysfunctions that are reversible by gonadotropin
administration. In addition, a decrease in gonadotropin
secretion during aging can cause chronic impairment of
the immune function. Atrophy of the thymus in old rats is
completely reversible by gonadotropin administration.
Prolactin can also stimulate the immune function. T and

B-lymphocytes and some lymphoma cells contain
membrane prolactin receptors; impaired
immunocompetence in hypophysectomized mice is

shown to be corrected by prolactin administration;
antibodies to prolactin inhibit the proliferation of
lymphocytes of several cell lines; immunosuppressive
cyclosporine blocks the prolactin effect of stimulating
lymphocytes. Such an effect of prolactin on lymphocytes
might be pituitary-mediated, but also might occur due to
an autocrine or paracrine regulation, since lymphocytes
themselves  produce prolactin. The effect of
hyperprolactinemia and prolactin inhibition of human
immune function has not yet been explained.

Adrenocorticotropic hormone, vasopressin and ao-
melanocyte stimulating hormone (MSH) are pyrogen-
induced fever inhibitors. MSH at the periphery
counteracts some effects of IL-1 on the function of
fibroblasts and monocytes.

Other neuropeptides that affect the immune response
include substance P, somatostatin, corticoliberin, and
vasointestinal peptide (VIP). The concentrations required
for the biological effect appear to be too high to be
physiologically effective through circulatory transport,
but these peptides can be produced by peripheral sensory
nerve endings and immunocompetent inflammatory cells
creating considerably high local concentrations.

The secretion of pituitary hormones in lymphocytes is
regulated by the same factors that their secretion is
regulated in the pituitary gland. For example, secretion of
adrenocorticotropic hormone by lymphocytes is
suppressed by glucocorticoids and stimulated by a
corticotropin-releasing factor; immunoreactivity of
lymphocytes is stimulated by thyrotropin-releasing
hormone (TRH) and is suppressed by thyroid hormone.
The endocrine value of hormone secretion by
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lymphocytes is not determined. For example,
lymphocytes from hypophysectomized mice infected with
the Newcastle virus can synthesize a sufficient amount of
adrenocorticotropic hormone to stimulate the adrenal
cortex. One of the studies was criticized on
methodological grounds, however, the case of Cushing's
syndrome was apparently caused by excessive secretion
of adrenocorticotropic hormone by a large area of
inflammation. In addition, there are conflicting data as to
whether adrenocorticotropic hormone receptors are
present on lymphocytes or not.

Methods

The experimental part of the study was carried out on
sexually mature rats of the Wistar and August lines (study
of the purine nucleotide metabolism) weighing 170-180 g.
In the first series of experiments in stress resistant Wistar
rats, neurogenic stress was caused by applying extreme
stimulation to the reflexogenic zone of the aortic arch
with an impulse current for three hours. In the second
series of experiments in August rats, predisposed to
stress, neurogenic stress was caused by immobilizing the
animals upside down with a load of 35 g per 100 g of body
weight for 60 minutes.

Three-hour electrostimulation of the aortic arch is
known to produce neurogenic stress response and cause a
small-scale dystrophic myocardial lesion with a depletion
of tissue norepinephrine. Using a slight ether anesthesia, a
thin polyethylene insulated nichrome electrode with a
diameter of 120 pm was inserted in into the aortic arch
through the right common carotid artery. The distal end
of the electrode, 0.3-0.5 mm long, was left in isolation in
the lumen of the arch, the proximal end was taken
through the skin into the region of the right ear and fixed
on a gauze pad. After 1 day, the animals were immobilized
and the electrode located in the aorta was connected to a
square-wave generator output. A platinum electrode was
inserted under the skin of the left forelimb and
electrostimulation of the aortic arch was performed for 3
hours at a pulse frequency of 50 Hz, a pulse duration of 10
ms, and a voltage of 5-7 V.

After carrying out electrostimulation, changes in the
PQRS waves’ voltage and the shortening of the R-R
interval were noted on the ECG. However, the most
noticeable was the decrease in the voltage of the T wave
and the shift of the ST interval below the isoelectric line.
These changes indicate dystrophic and hypoxic damage to
the myocardium, caused by extreme stimulation of the
reflex zone of the aortic arch. Tissue samples were taken
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after ECG recording. Sections of the myocardium samples
were studied using optical microscope, cell infiltration,
swelling and vacuolation of muscle fibers with loss of
striation were noted.

The immune system was examined by flow cytometry,
assessing total count of lymphocytes, T-lymphocytes (CD3
+) and B-lymphocytes (CD72 +) in peripheral blood.
Subpopulations of T cells with suppressor and helper
activity were identified, including theophylline-sensitive
rosette-forming cells (TRFC-sens) and theophylline-
resistant rosette-forming cells (TRFC-res). Number of
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circulating immune complexes and phagocytic activity
were also assessed [11].

Results

Functional state of the immune system in neurogenic
stress was assessed in experiment on August rats. Intact
animals were included in the control group. The study
group included animals in which neurogenic stress was
caused by immobilization. The results of the study are
presented in Table 1.

. Time after stress was caused
Indicator Control group
24 hours 48 hours 72 hours 120 hours
Lymphocytes 4586+321 4910+128 47301144 4927+136 4779+149
LMIT (PHA) 0.82+0.06 1.44+0.02* 0.92+0.02 1.00+0.10 0.81+0.07
Suppressor cell index 61.1+1.6 52.2+1.2 53.6+1.4 66.5+1.5 62.2+1.4
CIC 1.36+0.03 0.70+0.01* 0.36+£0.06** 0.67+0.08** 1.07+0.03
AFC 52.0£4.9 26.0+2.5* 24.0+3.7* 17.5+1.9%* 20.0£1.9*%*
Phagocytic activity 36.2+2.4 12.4+1.6* 26.0£1.6** 16.7+2.4%* 32.4+1.7%*

Note:

(*) - Statistically significant difference (p<0,05) compared to control group;

(**) - Statistically significant difference (p<0,05) compared to previous time point
Table 1: Immunological indicators of white rats at different times of neurogenic stress (M£5D, %, g/1).

24 hours after immobilization, functional state of the
cellular immunity changes were observed: migration
speed assessed using leukocyte migration inhibition test
(LMIT) increased by 75,6% and suppressor cell index
decreased by 14,6% compared to control group. There
were also changes in the function of the humoral
immunity: decrease in level of circulating immune
complexes (CIC) and antibody-forming cells (AFC) by
48.5% and 2.0 times, respectively, compared with the
control group. At the same time point, there were changes
in nonspecific resistance of the organism, which were
expressed in a significant decrease in (2.9 times
compared to control group).

48 hours after immobilization, significant changes
affected only the humoral immunity and nonspecific
resistance of the organism. CIC and AFC levels decreased
by 48.6% and 7.7%, respectively. At the same time,
phagocytic activity increased 2.1 times.

Later, 72 and 120 hours after immobilization, changes
in the parameters of cellular and humoral immunity, as
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well as non-specific resistance of the organism, were of a
multidirectional nature, reverting to original values.

The results of an experimental study of the immune
system in neurogenic stress indicate that immobilization
of animals has a modulating effect on the cellular link of
immunity and a depressing effect on humoral immunity
and nonspecific resistance of the organism.

Thus, the results of our study of the immune system
function indices in adaptation processes allow us to
conclude that various stressful effects cause changes in
the functional state of the immune system and ultimately
lead to immune dysfunction and secondary
immunodeficiency states.

The study of the metabolism of purine nucleotides
under neurogenic stress was carried out in the
lymphocytes of August rats. Intact animals were in the
control group. The study group included animals with
neurogenic stress caused by immobilization. The results
of the study are presented in Table 2.
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Indices Eomtmall T Time after stress was caused
24 hours 48 hours 72 hours 120 hours
5-HT 1.18+0.34 6.97+2.10* 7.53+2.25% 10.04+2.57* 10.06+0.27*
AJIIA 1.51+0.28 0.85+0.23* 0.94+0.29* 1.79+0.46** 1.10+0.29**
AM®-JIA 0.64+0.18 1.57+0.43* 1.31+0.36* 1.88+0.37** 1.94+0.64*
5-HT/AM®-J1A 1.844+0.212 4.439+0.857* 5.748+1.238* 5.340+1.046* 5.186+1.224*
AJIA/AMO-JIA 2.359+0.383 0.541+0.242* 0.718+0.248* 0.952+0.312* 0.567+£0.152**

Note:

(*) - Statistically significant difference (p<0,05) compared to control group;

(**) - Statistically significant difference (p<0,05) compared to previous time point
Table 2: Activity of purine metabolism enzymes in August rat lymphocytes in neurogenic stress (M£SD, nmol/mg xs).

The activity of 5'-nucleotidase in the lymphocytes of
the animals studied 24 hours after the stress increased
5.9 times in comparison with the control group and
tended to grow further. The activity of lymphocyte
adenosine deaminase 24 hours after immobilization, on
the contrary, decreased by 43.7% in comparison with the
control. However, after 72 hours, activity of adenosine
deaminase increased to match initial value. The activity of
AMP-deaminase in the lymphocytes of the study group
increased 2.4 times in comparison with the control 24
hours after the exposure and later maintained high values
[12-20].

The ratios of activity of 5'-nucleotidase/AMP-
deaminase (“A” ratio) and adenosine deaminase/AMP-
deaminase (“B” ratio) were assessed. Results indicate an
increase in the A ratio 24 hours after the stress effect by
2.4 times in comparison with the control group. In later
time points, the “A” ratio retained high values. “B” ratio,
on the contrary, decreased 24 hours after immobilization
4.4 times in comparison with the control group and
further maintained low values.

These data indicate that neurogenic stress causes
changes in the metabolism of purine nucleotides, which is
manifested by an increase in the activity of 5'-
nucleotidase and AMP-deaminase and a decrease in the
activity of adenosine deaminase in lymphocytes. Changes
in the activity of these enzymes might lead to impairment
of the functions of immune cells. This assumption can be
verified by matching immune system functional indices
and the activity of purine nucleotides’ metabolism
enzymes in lymphocytes.

Thus, the results of the study of the metabolism of
purine nucleotides in adaptation processes indicate that
neurogenic stress causes an increase in the activity of 5'-
nucleotidase and AMP-deaminase and a decrease in the
activity of adenosine deaminase in the lymphocytes of
experimental animals.
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Summarizing the results of the study of changes in the
immune system and the metabolism of purine
nucleotides, the following conclusions can be stated [21-
34].

Various stressful effects cause changes in the
functional state of the immune system and ultimately lead
to immune dysfunction and secondary immunodeficiency
states. Thus, in experimental neurogenic stress, despite
the modulating effect of immobilization on the cellular
link of the immune system of experimental animals,
inhibition of humoral immunity and nonspecific
resistance of the organism occurs. At the same time,
neurogenic stress causes an increase in the activity of 5'-
nucleotidase and AMP-deaminase and a decrease in the
activity of adenosine deaminase in the lymphocytes of
experimental animals.

Summary

The analysis of literature data and the results of the
study of the functional state of the adreno-thyroid system
under experimental neurogenic stress showed that the
reduction of capture of catecholamines by the heart
tissues is the basis of the revealed disorders. This, in turn,
can lead to prolonged adrenergic impulses, and then to
depletion of catecholamine content in tissues. At the same
time, depletion of tissue catecholamine stores in case of
neurogenic stress can be associated with a violation of the
norepinephrine reuptake mechanism by the adrenergic
neuron. In this case, the implementation of the
sympathetic signal in the tissues of the myocardium is
impaired before adenylate cyclase step, which leads to a
disruption of the function of the myocardial
adrenoreceptors during the mediator seizure step. The
redistribution of thyroid hormones in the mitochondria of
myocardial cells under neurogenic stress can be of an
adaptive nature aimed at stimulating synthetic and
bioenergetic processes in the myocardium in response to
the amplification and then exhaustion of sympathetic
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impulses. In this case, both thyroxine and norepinephrine
increase the activity of myocardial adenylate cyclase
directly, which might be associated with an increase in
the sensitivity of the P-adrenergic receptors in the
myocardium.

Thus, in neurogenic stress, prolonged adrenergic

impulses might lead to depletion of tissue catecholamine
stores via the decrease in the reuptake of catecholamines
by tissues.
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