-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by Directory of Open Access Journals

ACTA BIOMEDICA SCIENTIFICA, 2018, Tom 3, Ne 6

BHOXHMHHA
BIOCHEMISTRY

DOI: 10.29413/ABS.2018-3.6.2
YAK 616-01/09

Kolesnikova L.R. 2, Makarova O.A. 2, Natyaganova L.V. !, Dolgikh M.IL. ', Korytov L.I. 2

Metabolism and Physiological Functions Adjustment of the Organism
under Stress Influence

! Scientific Centre for Family Health and Human Reproduction Problems
(ul. Timiryazeva 16, Irkutsk 664003, Russian Federation)

2Irkutsk State Medical University

(ul. Krasnogo Vosstaniya 1, Irkutsk 664003, Russian Federation)

Abstract

Stress reaction of the organism is a process occurring at the cellular, tissue and systemic levels. The organism responds
to any adverse effect with a multi-level reaction, which causes the development of stress and, as a result, adaptation.
The damaging effect is due to the excessive strengthening of another adaptive effect - lipotropic, that increases the
activity of phospholipases and the intensity of free radical oxidation of lipids through the catecholamines and protein
kinases. The changes in the immune system during the adaptation stage are to maintain antigenic homeostasis of the
internal environment of the organism due to lymphoid cells, ymphocytes and cytokines. Almost all cells with antigen
representation function are capable to produce interleukins under certain conditions. The vascular system is a kind of an
indicator of any pathological process, determining the state of requlatory and adaptive mechanisms, the features of the
connective tissue matrix. Stress causes a restructuring of metabolism and physiological functions, which increases the
organism’s resistance to acute death. Thus, the physiological meaning of the stress reaction is the emergency mobiliza-
tion of energy and structural resources of the organism and the creation of positive background for the implementation
of reactions, aimed at maintaining homeostasis in extreme situations.
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Pe3zrnome

CmpeccopHas peakyusi opezaHu3ma npedcmas.isiem co6oli npoyeccwl, Npoucxodsiujue Ha KAeMo4HOM, MKAHEBOM U
cucmemHoM yposHsx. Op2aHusm Ha A1060e Heb1a2onpusimHoe gosdeticmeue omeeyaem MHO20ypO8He8oll peakyuet,
Komopas o6ycaasaueaem passumue cmpecca, U, kak caedcmaue, adanmayuio. Ilogpexcdarowuil sgpgpekm cesiza
C upe3MepHbIM ycusieHueM 0py2020 adanmuseHozo agdekma — AUNOMPONHO20, KOMOPLLI Yepe3 KameXo1aMUHb,
npomeuHKUHA3bl ycuausaem akmusHocms gocghoaunas u ygeauvugaem uHMeHCU8HOCMb C80600HOPAOUKANLHOZO0
OKUc/neHusl Aunudos. B ummyHHoU cucmeme usmeneHuss Ha cmaduu adanmayuu 3aKA4AMCes 8 No0JdepHcaHuu
aHMu2eHHo20 2oMeocmasa eHympeHHell cpedbl Op2aHU3Ma 3a c4ém AUMPOUOHBIX KAemoK, AUMPOYyUMos,
yumokuHos. [I[pakmuyecku 8ce K1emKku, npu onpedéneHHbIX yCA08USX 0CyWecmesaouue npedcmasieHue AHmu2eHd,
€cnoco6Hbl K npodykyuu uHmepaelikuxHa. Cocyoucmas cucmema s18/151emcsl c80e06pa3HbIM UHOUKAMOPOM 106020
namo.io2u4eckoz2o npoyeccd, onpedeassi COCMOSHUS pe2y/siMOPHbLIX U AdanmueHbIX MEXaHU3MO08, 0CO6eHHOCmU
coeduHUMeIbHOMKAHHO20 Mampukca. Cmpecc 8bi3bl8aem maky nepecmpolky Memaboau3ma u uzuos102u4ecKux
@yHKyull, Komopas nogvlwaem ycmoil4ugocms op2aHusmMa k ocmpot zubeau. Takum o6pasom, gpusuosozuyeckuli
CMbICA cmpecc-peakyuu 3aKaA4aemcs: 8 IKCMpPeHHOU MOOUAU3AYUU IHep2emU1ecKux U CmpyKmypHbIX pecypcos
0p2aHuU3Ma U co30aHUU NOJ0HCUMENAbHO20 POHA 015 OCYyWecmsaeHUsl peakyull, HanpasieHHbIX Ha noddepicaHue
20Me0cmasa 8 IKCMPEMAaabHbIX CUMYAYUSIX.
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ORGANISM STRESS REACTION

Environment influences all living organisms in mod-
ern society. Organism response to a non-specific stimulus
first appeared in the Selye works at the beginning of the
last century and were considered as a General adaptation
syndrome. [t was only in 1946 that Selye began to system-
atically use the term “stress” for the notion of ‘general
adaptation tension’ Stress reaction of the organism is
a process, occurring at the cellular, tissue and systemic
levels [21, 25]. Stress reactions during its development
pass three stages: the alarm stage, the resistance stage,
the exhaustion stage [10].

The alarm stage occurs in reply to the direct action
of the stressor (6-48 hours). During the alarm stage the
functional activity of organs and cells, that are responsi-
ble for the life-supporting reserve of the body, increases.
Selye distinguished two phases of the alarm stage: the
shock phase and the anti-shock phase. In the shock
phase, we can observe hypotension, muscles hypotonia,
disorders of the permeability of the vascular and capil-
lary membrane, exudation, haemoconcentration, general
catabolism, gastrointestinal ulcers, leukocytosis, then
acute leukopenia (eosinopenia). In the anti-shockphase,
protective mechanisms develop: we see increase in the
secretory activity of the cortex and medulla of adrenal
glands, increase in the secretion of adrenaline, adreno-
corticotrophic hormone (ACTH), glycine cleavage system
(GCS). There is involution of the thymic-lymphatic system.
If the stressor continues to act further or its effect was
strong, the second stage comes - an increase of resistance.
Generally, 48 hours after the exposure, we can observe
adrenal hypertrophy, an increase of adenohypophysis
basophilic cells, thyroid hyperemia, and eosinophilia.
Resistance to the stressors increases. Selye interpreted
stress that reached the resistance stage as a ‘general
adaptation syndrome’. Then, morphology and function-
ing of organs and tissues restore. If the stress factor is
destructive, the body resistance is reduced, and the third
stage of exhaustion comes. This stage can lead to death.
But the organism has a clear adaptive orientation, which
is a result of self-preservation. This process is based on
activation of the glucocorticoids and catecholamines
synthesis, which contribute to the activation of organs
and systems, responsible for adaptation. The damage
effect has the relation with the excessive strengthening of
another adaptive effect - lipotropic. This effect increases
the activity of phospholipases and the intensity of free
radical oxidation of lipids through catecholamines, pro-
tein kinases [8, 12].

The changes in the immune system during the adap-
tation stage are to maintain antigenic homeostasis of the
internal environment of the organism due to lymphoid
cells, lymphocytes, and cytokines. Almost all cells with
antigen-presenting function are capable to produce the
interleukins under certain conditions.

VASCULAR SYSTEM REACTION
TO THE DAMAGING FACTOR

The vascular system is a kind of an indicator of any
pathological process. It determines the state of regulatory
and adaptive mechanisms and the connective tissue ma-
trix features [19]. Connective tissue consists of a complex

of cells, fibers and the basic substance. They have similar
origin and functions. Connective tissue can be found
everywhere in the entire organism. Collagen and elastic
fibers are the fibrous structures of connective tissue. The
predominant cell elements are fibroblastic cells [20].
Fibroblasts form collagen, elastin, proteoglycans and gly-
coproteins. Fibroblasts maintain the extracellular matrix
and destroy the extracellular matrix in terms of remodel-
ing the skeleton fibers. The source of fibroblasts are low
differentiated cells of connective tissue of mesenchyme
origin and bone marrow predecessors. The number of
fibroblasts increases under the influence of cytokines and
chemokines, as well as during the development of inflam-
mation and fibrosis. They actively leave the bloodstream
and participate in remodeling and repairing of connective
tissue [13, 22, 32, 35]. Progenitor cells of the fibroblastic
row can be differentiated into myofibroblasts and adipo-
cytes, chondrocytes and osteoblasts [16].

Immobilization of animals leads to the development of
general stress, which is based on activation of stress-real-
izing systems (corticotropin-releasing factors, adrenocor-
ticotropic hormone, glucocorticoids and catecholamines).
Catecholamines and glycocorticosteroids are powerful
vasoconstrictors. There is a narrowing of the vessels, the
total peripheral resistance increases with their long-term
and excessive blood flow. It leads to disruption of organs
and tissues hemodynamics [6]. Most authors believe that
imbalance, occurring in the sympathetic and parasympa-
thetic parts of the autonomic nervous system, precedes
hemodynamic disorders and, consequently, is the earliest
premorbid sign. At extreme conditions, hemorheological
changes are observed, which acquire a certain degree of
severity from the duration of exposure. The changes in
hemoreological properties of blood lead to hemodynamics
and microcirculation disorders [4].

A significant amount of scientific works on exper-
imental models prove that oxidative stress, in which a
large number of oxygen active forms (free radical com-
pounds) is accumulated in the blood, stimulates consid-
erably the progression of endothelial dysfunction. The
effect of stress is an important factor in the development
of vascular remodeling through endothelial dysfunction.
With excessive activation of oxidative stress, the cell
wall alters, which leads to excessive macro-vascular
permeability. An experimental study of the balance of
pro- and antioxidant system showed that long-term
oxygen intoxication leads to violations of ion transport
and physicochemical properties of membrane proteins
and lipids, which leads to changes in the activity of
membrane-bound enzymes, reduction of the electrical
stability of their lipid layer.

A number of authors have noted changes in the values
of the linear blood flowspeed, an increase in the average
linear systolic and linear diastolic blood flow speed, and
pressure gradient during acute immobilization stress [5].

According to literature sources, the indicator param-
eter of the response to stress is the reaction of electro-
phoretic mobility and erythrocytes [39]. The hormones
are released under the stress: catecholamines, glucocor-
ticoids, etc. That leads to the implementation of lipase
and phospholipase activation, to an increase of the free
radical oxidation of lipids [24, 33, 37].
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LIPID PEROXIDATION AND STRESS REACTION

In response to stress factors, the organism reacts
by the intensification of free-radical oxidation, which is
realized by the mechanisms of lipid peroxidation [30,
36]. With excessive activity of oxidative stress, the cell
walls are altered, leading to the increase of macro-vas-
cular permeability. As we have already mentioned, an
experimental study of the balance of pro- and antioxi-
dant system revealed that long-term oxygen intoxication
leads to violations of ion transport and physico-chemical
properties of membrane proteins and lipids, leading to
changes in the activity of membrane-bound enzymes,
reduction of electrical stability of their lipid layer. During
the experiment, A.V. Deryugina concludes that the phase
change of erythrocytes is associated with the action of
stress-realizing components. Along with this, the con-
centration of malondialdehyde (MDA) and glutathione
increases. The researchers assumed that the concentra-
tion of MDA in erythrocytes is determined by an increase
in the content of adrenaline in the peripheral blood. The
decrease of the MDA concentration may be due to the ef-
fect of corticosteroids concentration that appears during
of the stress-reaction realization. Corticosteroids activate
compensatory-adaptive reactions in the erythrocytes, thus
increasing the content of glutathione. Glutathione and
glutathione-dependent enzymes contribute to adaptation
to oxidative stress [3].

There are pathological changes due to free radical
oxidation of biomolecules by active oxygen forms under
various types of stress (immobilization, pain, cold, acous-
tics) [28, 29]. Thus, the proteins of the plasma membranes
are primarily subjected to change, thatlead to the depoly-
merization of the membranes and cell lysis. Stress leads
to general adaptation syndrome, the main role in which
is given to the autonomic nervous system. Adrenaline and
norepinephrine are neurotransmitters of the sympathetic
nervous system. They are actively involved in system
changes of the lipid peroxidation under stress [7, 14].
Intensification of free radical oxidation was confirmed to
cause development of secondary changes in organs and
tissues at stress [24, 27].

Under the emotional-pain stress, protein peroxidation
increased by 26.7 % in blood plasma and liver of rats, by
8.4 % - in the lungs and by 9.1 % - in the myocardium.
Under the preventive introduction of alpha tocopherol,
the level of protein peroxidation significantly decreased,
that indicated pronounced stress-protective effect of
antioxidants.

Tension and depletion of antioxidant system (AOS)
were observed during cold exposure of rats, as evidenced
by a significant decrease in the level of ceruloplasmin
in the blood of the experimental animals, as well as a
decrease in vitamin E and reduction of catalase and
superoxide dismutase (SOD) activity, compared with
the same indicators in the intact group. The reaction of
quantitative and qualitative changes in the composition
of blood cells is noted during study of the stress response.
[t can reveal compensatory mechanisms of organism ad-
aptation to stress. Immobilization disturbed blood redox
balance. Measurement of the MDA level, characterizing
the lipid peroxidation of erythrocyte membranes, showed
7 % increase, compared with the control after one hour

of immobilization. The activity of SOD and catalase in-
creased by 13.4 % and 9.7 % respectively [9]. The model
of emotional-pain stress shows that free radical oxidation
of lipids (hydroperoxides of phospholipids, Schiff bases)
increases 2-3 times depending on the stress duration.

AOS is represented by at least three levels of protec-
tion. The firstlevel is realized in the form of mitochondrial
respiration. The second level (anti-radical) is intended
to inhibit free radical processes of the lipid peroxidation
system. At the third level (anti-peroxide), the formed
peroxides are destroyed. SOD, catalase and peroxidase
are antioxidant enzymes that act at all levels. If the first
line of defense suffered hyperoxiarise, as a result of weak
splitting of O,, which leads to failure of mitochondrial
respiration, and, as a consequence, the emergence of ox-
ygenic stress. Some destabilizing processes in cell violate
the second and third levels of protection, so their impact
on free radicals and peroxides changes.

The decrease of the lipid peroxidation intensity in
blood plasma due to the increase of the activity of anti-
oxidant enzymes - superoxide dismutase and catalase,
glutathione reductase - is observed in short-term immo-
bilization stress. The increase of the antioxidant system
activity at response to the intensification of free radical
oxidation processes due to the depletion of antioxidant
enzyme systems resources leads to its oppression [15, 31].
Apparently, the deficiency of antioxidant protection is not
characteristic of stress itself, but of later and more severe
phenomenon of tissue damage [17, 34, 38]. This function
leads to damage of the membranes during prolonged or
intense stress reaction. Itis transformed from an adaptive
effect into a damaging one. Under stress, the system of
lipid peroxidation changes. This change is associated both
with these products’ increase and decrease. The same
change occurs in the system of AOS, which suppresses the
activity of lipid peroxidation [2, 26]. Due to the resources
depletion of antioxidant enzyme systems, it leads to
antioxidant protection system oppression. This function
is not typical for the stress itself, but for the later and
more severe phenomenon of tissue damage. As a result
of the accumulation of lipid peroxidation products, cell
membranes are destroyed and vascular permeability is
disturbed [11, 18].

IMMUNE RESPONSE TO STRESS

Inhibition of the immune system function under
stress is associated with the suppression of T-system,
changes in the number of recirculating T-cells in relation
to B-cells and macrophages [23].

The mechanism of the changes of immunoreactivity
during stress is associated with activation of the me-
diators of the stress system - corticotropin-releasing
hormone, adrenocorticotropic hormone, glucocorticoids
and catecholamines. The blood system is mobilized and
the immune response is activated under the moderate
increase of the mediator’s secretion. With increased secre-
tion of these mediators, immunoreactivity is suppressed.
Immunosuppression under the stress is associated with
an increase of the glucocorticoid hormones concentration
in the blood serum, redistribution of erythrocytes and
activation of T-suppressors. Stimulation of immunity in
the form of lymphocyte mobilization, interaction with he-
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matopoietic stem cells of the bone marrow is an adaptive
reaction, as a result of which there is a period of recovery
or with prolonged exposure to stress a state of secondary
immunological failure develops.

There are three types of stressors: acute stress fac-
tors, short-term stressors and long-term stressors. The
immune response depends on the duration of stress ex-
posure. In acute stress, there is an increase in the number
of circulating suppressors/cytotoxic T-cells, but long-term
stress factors reduce their number.

Acute stress can enhance the immune function of
the adaptive response, but chronic stress suppresses the
immune response due to the depletion of the organism
resources. The secretion of adaptive “stress” hormones
(catecholamines, vasopressin, etc.) leads to an increase
of the calcium entry into the cell, mobilization and re-
duction of glycogen reserve and to the implementation
of the lipid triad. The lipid triad is the activation of lipase,
phospholipase and the increase in free radical oxidation
of lipids. As a result of the lipotropic effect of the stress
reaction, a modification of the lipid bilayer of the mem-
branes occurs, the viscosity decreases and the membrane
fluidity increases.

The complex effect of stress hormones to the immune
system can cause quite pronounced secondary immuno-
deficiency, especially during prolonged stress exposure.
Selye assumed that chronic stress should be regarded as
an oncological risk factor. Catecholamines promote the
production of erythropoietin and through it - the activa-
tion of erythropoiesis. Erythropoiesis and thrombocyto-
poiesis are further amplified under the influence of glu-
cocorticoids and androgens secreted in some individuals
under the stress. A number of stressors greatly stimulates
the vasopressin genes. Vasopressin in high concentrations
increases the production and thrombogenic functions of
platelets, as this inhibits the synthesis of plasminogen
activators and the development of coagulation factors in
the liver, which involves glucocorticoids. As aresult, stress
leads to increased coagulability and thrombogenic poten-
tial of blood, erythropoiesis and thrombocytopoiesis [10].

During acute immobilization stress there are changes
in the pituitary, adrenal, thyroid glands. The conducted
research [1] confirms that the state of prolonged stress
leads to the same changes.

In the central nervous system and visceral organs,
the disorders of all components of microcirculation are
revealed. They arose during a single immobilization and
progress during the prolonged stress. In the heart and
lungs the disturbances of intravascular microcirculation
component are marked, which are morphologically man-
ifested in the form of sludge phenomenon and separation
of blood and leukostasis in the vessels of the stomach wall.
The change of vascular tonus and blood filling of organs
is revealed, the phenomenon of ischemia in many organs
is noted, which is a violation of the vascular component
of microcirculation, an increase in the permeability of
blood vessels and the integrity of microvessels. These
manifestations are most pronounced in animals under
prolonged stress, and in a number of organs (heart, lungs,
liver, kidneys, stomach) microcirculatory disorders lead to
the development of dystrophic and necrotic changes. The
separation of the blood to plasma and structural elements

is manifested, there is a sludge phenomenon associated
with increased adhesion, agglutination and aggregation.
Damage of the vascular endothelium and exposure of the
subendothelial layers triggers the platelet reaction, blood
coagulation and causes vasospasm. The changes in local
blood flow of the endocrine glands are noted, and it is
manifested as a functional hyperemia. Thus, it indicates a
significant activation of the main stress-releasing systems.

Stress causes such restructuring of metabolism and
physiological functions that increases resistance of the
organism to acute death. Thus, the physiological meaning
of stress-reaction is the emergency mobilization of energy
and structural resources of the organism and the creation
of a positive basis for the implementation of reactions
aimed at supporting of homeostasis in extreme situations.
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