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Background. Sulfur dioxide (SO,) is proposed as a novel gasotransmitter that is endogenously formed
depending on the activity of aspartate aminotransferase, glutathione synthetase, and dihydrogen sulfide
content. SO, and its donors can potentially have a corrective effect in reducing oxidative stress-induced in-
juries under conditions of adaptation syndrome. Salivary glands are highly sensitive to stressors, but SO,
role in these organs under stress and general adaptation syndrome is largely unknown. Objective. The aim
of our study was to determine the effect of the inorganic SO, donor on the prooxidant-antioxidant balan-
ce and dihydrogen sulfide content in the salivary glands of rats under conditions of immobilization stress.
Methods. Experiments were performed on 24 white male Wistar rats divided into groups: intact; injected
intraperitoneally with SO, donor Na,SO,/NaHSO, (0.54 mmol/kg/0.18 mmol/kg) daily; immobilized on their
backs for 1 h daily; injected intraperitoneally with Na,SO,/NaHSO, daily 30 min before immobilization.
Animals were withdrawn from the experiment on the 5" day, salivary glands were removed, homogenised,
the supernatant was used for biochemical studies. Results. It was shown that the introduction of SO, donor
against the background of the general adaptation syndrome modeling led to a decrease in the blood plasma
content of corticosterone, mitigation of lipid peroxidation and oxidative damage of proteins, cystathionine
[-synthase and cystathionine y-lyase activation and dihydrogen sulfide content restoration in the salivary
glands. Conclusions. It was concluded that correction of stress-induced changes in the salivary glands of rats
with sulfur dioxide led to the prevention of the development of oxidative stress and the restoration of dihydro-
gen sulfide production from cystathionine f-synthase and cystathionine y-lyase and an increase in the activity
of aspartate aminotransferase.

Keywords: sulfur dioxide, dihydrogen sulfide, salivary glands, general adaptation syndrome, oxidative
stress.

eneral adaptation syndrome arises as a non-
G specific response of the body to internal

or external factors of excessive force and
is realized through a combination of physiological,
emotional, cognitive and behavioral reactions. The
impact of destabilizing factors on the body acti-
vates the hypothalamic-pituitary-adrenal axis and
the sympathetic nervous system. Stimulation of the
hypothalamus leads to the release of corticotropin,
which stimulates the release of adrenocorticotropic
hormone by the pituitary gland. This hormone acts

on the adrenal gland, which produces increased
levels of glucocorticoids, particularly cortisol. It is
cortisol that triggers physiological reactions through-
out the body as an adaptive response to stressors [1].
The scientific school of Professor Tarasenko L.M.
established that the salivary glands are highly sensi-
tive to stressors, which are manifested by the acti-
vation of lipid peroxidation processes and oxidative
modification of proteins against the background of a
decrease in antioxidant protection, as well as a de-
crease in the mass of the gland under conditions of
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acute stress and an increase in the content of sulfide
anions under conditions of water avoidance stress
[2, 3]. Prolonged elevation of cortisol levels contribu-
tes to an imbalance in the homeostasis of immune
functions and inflammatory processes, leading to
excessive release of pro-inflammatory cytokines and
increased catabolism, which causes a pro-oxidant-
antioxidant imbalance and induces oxidative stress,
which contributes to changes in lipids, proteins, car-
bohydrates, and DNA [4].

The development of oxidative stress under im-
mobilization stress in the salivary glands is likely to
lead to corresponding changes in the transsulfura-
tion pathway, namely a decrease in the activity of
cystathionine B-synthase (CBS, EC 4.2.1.22), cys-
tathionine y-lyase (CSE, EC 4.4.1.1) and 3-mercapto-
pyruvate sulfurtransferase (3-MST, EC 2.8.1.2) and
depletion of biothiols under chronic stress conditions
[5, 6]. However, under conditions of acute stress, or
chronic but low-intensity stress, the activity of CSE
and 3-MST may temporarily increase, leading to
increased formation of dihydrogen sulfide (H,S),
which performs an antioxidant, membrane-stabi-
lizing, anti-inflammatory and anti-apoptotic role,
which generally contributes to the adaptation pro-
cess [7, 8]. And this will lead to an increase in the
oxidation of SO, to SO, and SO, as intermediates
and final metabolites of H,S oxidation [9].

SO, has its own enzymatic pathway of forma-
tion in the body (Fig. 1). Cysteine dioxygenase oxi-
dizes L-cysteine to form L-cysteine sulfinate, which
is then transaminated to form [B-sulfinylpyruvate,
catalyzed by aspartate aminotransferase (AST,
EC 2.6.1.1). The B-sulfinylpyruvate is then spontane-
ously broken down into SO, and pyruvate. Endoge-
nous SO, is metabolized to sulfite, which is further
oxidized to sulfate by sulfite oxidase and then ex-
creted in the urine [10]. Another pathway for SO,

biosynthesis may be its formation by NADPH oxi-
dase in activated neutrophils from H,S under condi-
tions of oxidative stress. In addition, H,S can first be
oxidized to thiosulfate by sulfide oxidase and then
converted to SO, by thiosulfate sulfur transferase or
glutathione-dependent thiosulfate reductase [11].

SO, is proposed to play a role as a novel
gasotransmitter involved in the control of blood
pressure and vasorelaxation, cell proliferation, apo-
ptosis, oxidative stress, inflammation, endoplasmic
reticulum stress, collagen remodeling, ion channel
function, and post-translational protein modifica-
tion [11-14]. The role of SO, in the mechanisms of
development of various diseases is no less impor-
tant, and it has now been established to participate
in the development of hypertension, atherosclero-
sis, vascular calcification, myocardial hypertrophy
and damage, acute lung injury, colitis and neuronal
damage [10]. Potentially, the use of SO, donors can
have a significant corrective effect on metabolism
under conditions of general adaptation syndrome,
increasing the adaptive capabilities of the body.

The aim of the study was to determine the ef-
fect of the inorganic donor SO, on the prooxidant-
antioxidant balance and dihydrogen sulfide content
in the salivary glands of rats under conditions of im-
mobilization stress.

Materials and Methods

The experimental study was conducted accor-
ding to the ARRIVE (Animal Research: Report of
In Vivo Experiments) 2.0 guidelines (Percie du Sert
et al., 2020) and in accordance with the European
Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes
(Strasbourg, 1986) The animals were kept in a vi-
varium accredited according to the “Standard Rules
for the Arrangement, Equipment and Maintenance
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Fig. 1. Canonical enzymatic pathway of the formation of SO,
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of Experimental Biological Clinics (Vivarium)”.
The devices used in the studies were subject to met-
rological control. All experimental methods were
approved by the Bioethical Commission of Poltava
State Medical University (protocol No. 228 dated
20.06.2024).

The experiments were performed on 24 white,
sexually mature male Wistar rats, weighing 210-
295 g. Throughout the experiment, the animals were
kept in a vivarium in accordance with the rules of
animal hygiene and maintained on a 12/12 h light/
dark cycle, at 26°C, with constant aeration, and a hu-
midity of (43+2)%. Rats received ad libitum mixed
grain-vegetable diet and water.

Groups. Group I — intact rats (n = 6). Group II
(SO,) — rats (n = 6) were daily injected intraperito-
neally with the SO, donor Na,SO,/NaHSO, dissolved
in distilled water (0.54 mmol/kg/0.18 mmol/kg) [15].
Group III (stress) — rats (n = 6) were daily immobi-
lized on their backs for 1 h exposure for 5 days [16].
Group IV (stress+S0O,) — rats (n = 6) were adminis-
tered intraperitoneally with the SO, donor Na, SO,/
NaHSO, dissolved in distilled water (0.54 mmol/
kg/0.18 mmol/kg) daily, 30 min before the immobi-
lization stress simulation.

Animals were withdrawn from the experi-
ment on the 5" day by taking blood from the right
ventricle of the heart under thiopental anesthesia.
The object of research was the salivary glands. For
biochemical research, 10% homogenate was used,
which was prepared according to the following pro-
tocol. Salivary glands were minced and placed in a
Petri dish. The tissue was homogenized in 10 mM
Tris (2-amino-2-hydroxymethyl-propane-1,3-diol)-
HCl bufter, pH 7.4 (1 g of tissue per 9 ml of medium)
for 30-40 s. The supernatant was used for biochemi-
cal studies. All manipulations were carried out at 0°
to +4°C (in an ice bath).

Biochemical research methods. The content of
corticosterone was determined in rat blood plasma
[17]. 0.1 ml of blood plasma was taken for analysis.
Then 2 ml of Reagent 1 (100 mg of ammonium te-
tramethylhydroxide pentahydrate in 5 ml of distilled
water) was added. Then 2 ml of reagent 2 (100 mg
of nitroblue tetrazolium chloride in 50 ml of methyl
alcohol) was added. The mixture was incubated for
10 min at room temperature. Afterwards, it was cen-
trifuged at 3000 rpm for 10 min. The supernatant
was transferred to a new row of centrifuge tubes and
absorption was measured at 510 nm in a 10 mm cu-
vette against the control sample (containing all rea-

gents, but instead of blood plasma, distilled water
was used).

Catalase activity in rat salivary gland homoge-
nate was determined by the color of the products
formed as a result of the reaction of hydrogen peroxi-
de with ammonium molybdate. The calculation was
performed based on the amount of hydrogen peroxi-
de catabolized in the presence of 0.1 ml of 10% sali-
vary gland homogenate containing catalase per unit
of time [18].

To determine the activity of superoxide dis-
mutase (SOD), we used the reaction of adrenaline au-
toxidation in an alkaline medium with the formation
of superoxide, by comparing the rate of adrenaline
autoxidation in the presence of 0.1 ml of 10% sali-
vary gland homogenate and without it. SOD activity
was calculated in conventional units (u.u., 1 unit in-
dicates a 50% reduction in reaction rate) [18].

The production of superoxide anion radical
was determined by the reaction of the latter with ni-
troblue tetrazolium dihydrochloride (DNST), which
leads to the conversion of DNST, yellow in color, to
diformazan, blue in color. The maximum absorption
of diformazan in chloroform at a wavelength of 500-
570 nm [19].

Free malondialdehyde (MDA) was estimated
by a specific reaction with 1-methyl-2-phenylindole
in a mixture of methanol and acetonitrile to form a
chromogen (carbocyanine dye) with maximum light
absorption at a wavelength of 586 nm [20].

The content of oxidatively modified proteins
(OMP) was determined spectrophotometrically. The
principle of the method is that 2,4-dinitrophenylhy-
drazine reacts with the carbonyl groups of oxidized
proteins to form dinitrophenylhydrazones. The for-
mation of dinitrophenylhydrazones was recorded at
a wavelength of 540 nm [21].

Concentration of sulfide anion (calculated as
H,S concentration). H,S specifically reacts with N-
N-dimethyl-para-phenylenediamine in the presence
of Fe** ions and excess of hydrochloric acid to form
a red-pink chromogen with a maximum light absorp-
tion at a wavelength of 667 nm [21].

The content of sulfites (SO,*) was determined
by the concentration of the colored reaction product
formed by the interaction of SO,* with o-phthaldial-
dehyde in the presence of ammonium chloride [22].

The content of biological thiols was determined
by the color product of the reaction of biological thiol
groups (-SH) of cysteine (Cys) and reduced glu-
tathione (GSH) with 3,3',5,5-tetramethylbenzidine
(TMB) in the presence of silver ions (Ag") [23].
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To determine the activities of cystathionine
B-synthase (CBS) and cystathionine y-lyase (CSE),
the total substrate-induced increase in the amount
of hydrogen sulfide was determined upon the intro-
duction of excess L-cysteine. Under the influence of
CSE, hydrogen sulfide and pyruvate are formed in
equimolar concentrations. Therefore, the difference
between the concentration of hydrogen sulfide and
pyruvate formed will correspond to the activity of
CBS, and the amount of pyruvate formed will reflect
the activity of CSE.

CSE activity was determined by the increase in
pyruvate concentration after incubation of 0.2 ml of
10% tissue homogenate with 0.3 ml of 1% L-cysteine
hydrochloride solution and 3.5 ml of Tris buffer
(pH 7.4; M = 0.2). Dilution factor K = 20. Incubation
was carried out at a temperature of 37°C for 60 min.
Then 0.1 ml of the solution was taken after incuba-
tion and 0.4 ml of 2,4-dinitrophenylhydrazine solu-
tion (1 mmol/l) was added. Incubation was carried
out at room temperature for 20 min. 4 ml of sodium
hydroxide solution (4 mol/l) was added. Incubation
was carried out at room temperature for 10 min. The
absorbance (A) was determined against distilled wa-
ter at a wavelength of 510 nm in a cuvette with an
optical path length of 10 mm. The calculation of cys-
tathionine y-lyase activity was carried out according
to the formula: Ax121 umol/gxK(20)/t(60 min) or
A1%x40.333 pmol/min per g [24].

The level of total substrate-induced H,S pro-
duction (V) was determined after incubation of
0.2 ml of 10% tissue homogenate with 0.3 ml of
1% L-cysteine hydrochloride solution and 3.5 ml
of Tris buffer (pH 7.4; M = 0.2). Dilution fac-
tor K = 20. Incubation was performed at 37°C for
60 min. H,S content was determined as described
above [21]. Then, 0.2 ml of the solution was taken
after incubation and 0.2 ml of the sulfide anion
reagent was added. Incubated at room temperature
for 15 min. 5 ml of 1 M hydrochloric acid solution
was added. The absorbance (A) was determined
against distilled water at a wavelength of 667 nm
in a cuvette with an optical path length of 10 mm.
The calculation of V was carried out according to
the formula: Ax78.603 umol/gxK(20)/t(60 min) or
A1%x26.201 pmol/min per g.

CBS activity was determined by the formula:
V — CSE, umol/min per g.

The activity of aspartate aminotransferase
(AST) in 10% salivary gland homogenate was deter-
mined using a diagnostic kit manufactured by NPP
“Filisit-Diahnostyka”.
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Mathematical and statistical research methods.
Statistical analysis of biochemical results was per-
formed using pairwise comparison with the nonpar-
ametric Mann-Whitney test. All statistical calcula-
tions were performed in Microsoft Office Excel and
its Real Statistics 2019 extension. The difference was
considered statistically significant at P < 0.05.

Results

Under conditions of immobilization of rats on
their backs for 1 h daily for 5 days, the content of
corticosterone in the blood serum increased by 1.25
times compared to the intact group of rats (Fig. 2)
(P <0.05). Intraperitoneal administration of the inor-
ganic donor of SO, to rats led to a 1.41-fold decrease
in corticosterone content in the blood plasma of rats,
and administration of the inorganic donor of SO,
30 min before immobilization stress modeling re-
sulted in a 1.71-fold decrease compared to the intact
group of rats (P < 0.05). Correction of stress syn-
drome with an SO, donor led to a 2.15-fold decrease
in corticosterone content in the blood plasma of rats
compared to the group of animals with stress syn-
drome without correction (P < 0.05).

Intraperitoneal administration of a SO, donor
solution for 5 days led to an increase in the pro-
duction of superoxide anion radical in the salivary
glands of rats by 1.28 times, the content of OMP by
1.18 times, sulfide anions by 1.35 times, sulfite ani-
ons by 1.29 times, and AST activity by 1.19 times
compared to the intact group of rats (Fig. 3, C, E;
Fig. 4, A, B, F) (P <0.05).

Modeling immobilization stress according to
G. Selye led to an increase in catalase activity in the
salivary glands of rats by 1.12 times, SOD by 1.39
times, superoxide anion radical production by 1.74
times, MDA content by 1.61 times and OMP by 1.6
times compared to the intact group of rats (Fig. 3, A,
B, C, D, E) (P < 0.05), which indicates the develop-
ment of oxidative and carbonyl stress against the
background of adaptive activation of the catalase-
superoxide dismutase link of antioxidant defense in
the salivary glands of rats. Modeling of the gene-
ral adaptation syndrome led to a decrease in CBS
activity in the salivary glands of rats by 1.73 times
and CSE by 1.22 times, which was accompanied by
a decrease in sulfide content by 1.62 times and an
increase in AST activity by 1.29 times and sulfite
content by 1.12 times compared to the intact group
of rats (Fig. 4, D, E, F) (P < 0.05).
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Fig. 2. Corticosterone content in the blood serum
of rats under the conditions of the introduction of
an inorganic SO, donor against the background
of modeling of the general adaptation syndrome,
M+SE. *P < 0.05 compared with the intact group
of rats; "P < 0.05 compared with the group of rats
that were introduced with the SO, donor; “P < 0.05
compared with the group of rats that were simulated
with the stress syndrome

The introduction of the SO, donor Na,SO,/
NaHSO, 30 min before the simulation of immo-
bilization stress daily led to a decrease in catalase
activity in the salivary glands of rats by 1.01 times,
SOD by 1.12 times, superoxide anion radical produc-
tion by 1.17 times, MDA content by 1.15 times, and
OMP by 1.46 times compared to the group of rats
in which the stress syndrome was simulated without
correction (Fig. 3, A, B, D, E) (P < 0.05). Compared
with the intact group of animals, catalase activity
under the conditions of introduction of inorganic
SO, donor against the background of immobiliza-
tion stress in the salivary glands of rats is higher
by 1.11 times, SOD by 1.23 times and production of
superoxide anion radical by 1.49 times (P < 0.05).
Introduction of SO, donor Na,SO,/NaHSO, against
the background of immobilization stress led to an
increase in CBS activity by 1.36 times, CSE by 1.34
times, AST by 1.08 times and sulfide content by 1.63
times in relation to the group of rats in which im-
mobilization stress was simulated without correction
(Fig. 4,D, E, F) (P <0.05).

Discussion

Intraperitoneal administration of the SO, donor
Na,SO,/NaHSO, (0.54 mmol/kg/0.18 mmol/kg) for
5 days leads to the development of protein-directed

oxidative stress in the salivary glands of rats due to
increased production of superoxide anion radical,
however, we did not observe increased lipid peroxi-
dation, which indicates the onset of oxidative stress
development probably without a sufficient amount of
hydroxyl radicals, which are the main reactive oxy-
gen species (ROS) for lipoperoxidation. Protein oxi-
dation is more sensitive to ROS than cell membrane
phospholipids [25]. Such changes are consistent with
experimental data from Qin G., et al. 2016 and Li S.,
et al. 2019, which found that at higher doses, sulfur
dioxide reduces the membrane potential of cardio-
myocyte mitochondria, cytochrome ¢ oxidase (com-
plex I'V) activity, and ATP synthesis due to increased
ROS production, leading to mitochondrial dysfunc-
tion [26, 27]. It is likely that mitochondrial electron
transport chain dysfunction leads to decreased H,S
oxidation by sulfide quinone reductase (SQR), which
is part of the sulfide oxidation unit (SOU) [28], re-
sulting in increased sulfide levels in our studies. The
initial development of oxidative stress leads to inter-
mittent AST activation and increased sulfite levels in
rat salivary glands.

Modeling immobilization stress in rats leads to
activation of the superoxide dismutase-catalase link
of the antioxidant system of the salivary glands of
rats against the background of increased production
of superoxide anion radical. However, activation of
the antioxidant system is unable to compensate for
the increase in ROS, which leads to the activation
of lipid peroxidation and increased oxidative dama-
ge to proteins. Our data are consistent with the con-
cept of oxidative stress development in the salivary
glands of rats under chronic stress, as supported by
the studies of Souza-Monteiro D., et al. 2025 and
Keremi B., et al. 2017 [29, 30] and by our previous
studies [31]. Changes in hydrogen sulfide metabo-
lism are likely associated with inhibition of cbs gene
transcription by cortisol through glucocorticoid re-
ceptors [32]. Decreased CBS and CSE activity en-
hances the development of oxidative stress due to
mitochondrial dysfunction [33]. Such changes may
be related to the transcription factor KLF4 (Kruppel-
like factor 4), which is increased after stress or glu-
cocorticoid treatment and suppresses the expression
of CBS and CSE [34]. The decrease in endogenous
hydrogen sulfide content, which is a consequence of
the decrease in CBS and CSE activity, contributes
to lipid peroxidation and oxidative damage to pro-
teins, since endogenous H,S acts as a cytoprotector
and antioxidant. Increasing oxidative stress intensity
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Fig. 3. Prooxidant-antioxidant balance in the salivary glands of rats under the conditions of introduction of
inorganic donor SO, against the background of modeling of general adaptation syndrome, M+SE: A - cata-
lase activity; B — superoxide dismutase activity; C — superoxide anion radical production; D — malondialde-
hyde; E — oxidation-modified proteins. *P < 0.05 compared with the intact group of rats; P < 0.05 compared
with the group of rats, which were introduced donor SO,; *P < 0.05 compared with the group of rats, which
were simulated stress syndrome
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Fig. 4. Parameters of sulfur metabolism in the salivary glands of rats under the conditions of the introduction
of an inorganic SO, donor against the background of modeling of the general adaptation syndrome, M+SE:
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increases AST activity, including through cytolysis
and mitochondrial dysfunction, but a high redox po-
tential likely reduces SO, content by rapidly trans-
forming it to SO,. It is also important to reduce the
hydrogen sulfide level as the reduction in the activity
of CBS and CSE reduces the amount of substrate for
SO, formation.

According to the results of our studies, daily
administration of the SO, donor Na,SO,/NaHSO,
(0.54 mmol/kg/0.18 mmol/kg) 30 min before one-
hour immobilization of rats on their backs for 5 days
led to the prevention of the development of oxidative
stress and a decrease in the production of superoxi-
de anion radical in the salivary glands of rats. Such
changes can be explained by the rapid conversion of
SO, to SO, under conditions of high redox poten-
tial in the salivary glands of rats during stress syn-
drome modeling, which plays a cytoprotective role
by maintaining the content of biothiols. According
to Kimura Y., et. al. 2019 sulfite is a novel cytopro-
tective molecule against oxytocin by maintaining
extracellular cysteine levels, leading to increased in-
tracellular cysteine and glutathione (GSH), through
the reaction of sulfite with cystine, which converts it
to cysteine, which can be transported into neurons
more efficiently than cystine and used for GSH pro-
duction. [35]. Our data are consistent with those of
Salari M., et. al. 2023, who found that SO, donors
reduced MDA and corticosterone levels in depressed
animals. According to these results, SO, reduced
tissue damage and ultimately behavioral disorders
induced by depression by reducing oxidative stress
and inflammation [36]. According to our research,
prolonged immobilization stress leads to depletion
of the superoxide dismutase-catalase link of anti-
oxidant defense and causes adaptive activation of
AST to restore and maintain the level of biothiols
(cysteine and GSH).

An important mechanism of protection against
oxidative stress that occurs under conditions of
general adaptation syndrome in the salivary glands
of rats in our studies is the activation of CBS and
CSE by the production of H,S, which has a direct
antioxidant effect and activates Keapl through S-
sulfhydration, which leads to dissociation of NRF2,
and increased nuclear translocation and expression
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of antioxidant genes by binding to ARE sites of
promoters [37]. The direct antioxidant effect of H,S
was established in the works of Predmore BL., et. al.
2012 and Nagy P., et. al. 2010, namely, it was proven
that H,S is able to remove ROS and reactive nitrogen
species (RNS), including hypochlorous acid, hydro-
gen peroxide, lipid hydroperoxides, superoxide and
peroxynitrite [38, 39], which may explain the de-
crease in the production of superoxide anion radical
in our studies.

Limitations. The authors of the manuscript con-
sciously acknowledge that the interpretation of the
results is limited by species/model factors, housing
conditions, and resource constraints. In vivo studies
in sexually mature male Wistar rats under standar-
dized conditions with a limited number of doses,
mostly surrogate endpoints and a short observa-
tion period do not allow for definitive conclusions
regarding long-term safety and clinical relevance.

Conclusions. Modeling immobilization stress
for 5 days led to lipid peroxidation and damage to
protein structures in the salivary glands of rats, with
a decrease in the formation of dihydrogen sulfide
and sulfites from cystathionine B-synthase and cys-
tathionine y-lyase and an increase in the activity of
aspartate aminotransferase, probably for the recove-
ry of biothiols.

Correction of the general adaptation syndrome
in the salivary glands of rats exposed to sulfur dioxi-
de prevented the development of oxidative stress,
restored dihydrogen sulfide production from cys-
tathionine B-synthase and cystathionine y-lyase, and
increased aspartate aminotransferase activity.
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Beryn. Cynbopyp miokeun (SO,) samporo-
HOBaHO SIK HOBUH Tra3oTpaHCMiTep, IO EHJIO-
TEHHO YTBOPIOETHCS 3alIe)KHO BiJ] AKTUBHOCTI
acriaprataMiHOTpaHc(epasy, IIyTaTIOHCHHTETa3u
Ta BMICTy Jquriaporen cyibdiny. SO, Ta #oro jno-
HOPH TIOTCHIIIITHO MOXYTh MaTH KOPHUTYBaJbHHH
epeKT y 3MEHIICHHI YIIKOJIKCHb, CIPHUYNHEHHX
OKCHUJIATHUBHUM CTPECOM, 3a YMOB 3aralibHOro
ajanTaiiiHoro cunapoMy. CIMHHI 3aJI03U JTyXKe
YyTIMBI JI0 CTpecoBUX (hakTopis, ane ponb SO, y
WX OpraHax 3aJInIa€ThCs HEJJOCTATHHO BUBUYCHOIO.
Meta. MeTor0 Hamoro MOCHiiKeHHsS OyJIo BU3HA-
YUTHU BILUIMB HEOpraHidHoro joHopa SO, Ha mpo-
OKCHJIAHTHO-aHTUOKCHUJIAHTHUN OallaHC Ta BMICT
JTUTiIpored cynb(iay B CIMHHUX 3aJ03aX HIypiB
3a yMoOB iMMoOinizamiiiHoro crpecy. Meronu. Exc-
MEPUMEHTH MPOBOMIM Ha 24 OUIMX IIypax-cam-
1sx JiHil Bicrap, po3aiieHux Ha rpynu: iHTaKTHI
TBapHHHU, SKUM IIOJHS BHYTPIIIHHOOYEPEBUHHO
oM JIoHop SO, Na,SO,/NaHSO, (0,54 mmons/
k1/0,18 MMOJIB/KT); TBAPUHH, SIKUX IMMOO1TI3yBaIn
y TOJIOKEHHI Ha CITMHI IPOTATOM | TOIUHHU HIOTHS;
TBapHHH, SIKUM IIOJICHHO BHYTPIIIHEOOUYEPEBUHHO
oK Na,SO,/NaHSO, 3a 30 X8 10 immo0iTizarii.
TBapuH BHUBOJMIN 3 €KCHEPUMEHTY Ha S5-i JIEHb,
CIIMHHI 3aJI03W BHJAJSIM, TOMOTCHI3yBajH, CYy-
MEPHATAHT BUKOPHCTOBYBAIU JUISI OIOXIMIYHUX
nociimkenb. Pesyiabraru. [lokasaHo, 10 BBEICH-
Hs foHopa SO, Ha T MOJENIOBAHHS 3arajJbHOrO
aJanTaniiHoro CHHJAPOMY TPU3BOIWIO JIO 3HH-
JKEHHS BMICTY KOPTHKOCTEPOHY B TUIa3Mi KPOBi, J10
3MEHIICHHS TIEPOKCUIHOIO OKHCJICHHS JIMIIIB Ta
OKCHJIATHBHOTO YIIIKOJ)KEHHSI IIPOTEiHIB, aKTUBAIIi

[UCTATIOHIH-B-CHHTa3W Ta I[MCTATIOHIH-Y-JIia3u
i 10 BiJIHOBIICHHSI BMICTY QUTiApOreH cynbdiny B
CIIMHHUX 3aJ103aX. BUCHOBKH. 3p00JIcHO BUCHOBOK,
10 KOPEKIIisl CTPEC-iIHIYKOBAHUX 3MiH y CIMHHUX
3ano3ax mypis SO, 3amobirana po3BUTKY OKCHa-
THUBHOTO CTPECY, CIIpHsia BiJHOBJICHHIO POy KIIil
JIUTiApored cynb(iay BiJ LHUCTATIOHIH-PB-CHHTa3H
I UUCTATIOHIH-y-Tia3M, a TaKOXK IiJBUIIKIA
AKTUBHICTh acrmapraTamMiHoTpaHchepasy.

KnwoyoBi cnoBa: cynedyp TIOKCHI,
JIUTIIPOTeH Cynb(ia, CIWHHI 3aJI03U, 3arajibHU
aanTamiiiHIN CHHAPOM, OKCUIATUBHHH CTpEC.
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