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Materials and methods. The research material consisted of the results of examination and treatment of 140
patients diagnosed with varicose veins of the lower extremities at the Istanbul NS Clinic and the Yeni Ganja Medical
Center during 2017-2020. Among the patients there were 98 men, 42 women, average age 57.1+0.62 years.

The duration of diabetes mellitus was 13.8+0.33 years. At the same time, 98 (70%) patients had a history of dia-
betes mellitus of 10-14 years, 27 (19.29%) patients — 15-19 years, 13 (9.29%) patients — 20-24 years, and 2 (1.43%)
patients had more than 25 years. The concentration of sugar in the blood was 183.9+4.9 mg/dl, and the amount of
glycohemoglobin was 9.0+0.09%, varying from 7.5% to 11.9%.

EVLA was performed for all patients after appropriate preoperative preparation.

Depending on the energy density, the patients were divided into control and main groups. In 60 patients in-
cluded in the control group, the speed limit of the extractor device was set at 1 mm/s, and the power was set at 8-10
Watts to supply 80-100 J/cm of energy to the vein. 80 patients of the main group were divided into 2 subgroups of
40 people each.

Results and discussion. Varicose veins of the lower extremities are considered the most obvious clinical sign of
chronic venous insufficiency. Varicose veins significantly decreased (p<0.0001) in the control group a week after
EVLA. Varicose veins were not detected in 57.1% of patients on the right and 25 on the left. In 24 people on the
left, the number and volume of varicose veins significantly decreased (p<0.0001) and decreased to the level to be
assessed at 1 point.

140 patients with diabetes mellitus underwent EVLA. In the control group (n=60), energy was applied in 80-100
J/cm; in the main A subgroup (n=40) 100-120 J/cm and in the main subgroup (n=40) 120-140 J/cm. The results on
the VCSS scale were compared a week, 1 month, 6 months and 1 year after EVLA. The analysis proved that EVLA with
an energy output of 120-140 J/cm is more effective in patients with diabetes mellitus.

In our study, positive effect was confirmed by the best VCSS quality of life indicators and a significant reduction
in the number of relapses after surgery in patients with diabetic varicose veins.
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THE EFFECT OF LIPOIC ACID, ZINC SULFATE AND SODIUM THIOSULFATE ON H,S
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The article is devoted to the study of the peculiarities of hydrogen sulfide (H,S) exchange in the heart and blood
vessels during experimental obesity induced by a high-calorie, high-fat diet and to the justification of approaches to
the correction of detected violations by modulators of various ways of sulfide exchange. It is known that a decrease
in the level of endogenous H,S is a factor in the development of arterial hypertension, coronary heart disease, left
ventricular dysfunction, myocardial fibrosis, and heart failure. The primary source of H,S in the heart and blood ves-
sels is PLP-dependent L-cysteine desulfurization reactions, an alternative source can be sulfur transferase reactions
of thiosulfate exchange. The role of different pathways of H,S metabolism in the mechanisms of damage to the car-
diovascular system due to obesity is unclear, and the search for effective and safe correctors of sulfide metabolism is
urgent. The work aimed to find out the effect of lipoic acid, zinc sulfate and sodium thiosulfate on H,S exchange in the
cardiovascular system of rats with experimental obesity (EQO) and to compare it with the effect of reference modula-
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tors of the H,S / cystathionine-y-lyase pathway. According to the results of our research, EO is characterized by the
formation of H,S deficiency in the heart and blood vessels, a decrease in the activity of the main H,S-synthesizing
enzymes (cystathionine-y-lyase, cysteine aminotransferase / 3-mercaptopyruvate sulfurtransferase), inhibition of
mitochondrial pathways of H,S oxidation and deposition. Propargylglycine deepens the disturbance of sulphide me-
tabolism, whereas the reference donor H,S (NaHS) reduces their severity. Lipoic acid, zinc sulfate, sodium thiosulfate
effectively adjust the level of H,S in the cardiovascular system under EO conditions, activate L-cysteine desulfuriza-
tion processes and thiosulfate-dependent reactions of H,S formation, increase the activity of thioredoxin reductase
and sulfite oxidase, and are not inferior to NaHS in effectiveness. Establishing the role of modulators of H,S exchange
in regulating the functional state of the cardiovascular system during obesity will allow for improvement in the treat-
ment and prevention of cardiometabolic multimorbidity in the future.

Key words: hydrogen sulfide, obesity, metabolism, heart, vessels.

Connection of publications with planned research
works.

The work is a fragment of the planned SRW M. Py-
rohov Vinnytsia National Medical University “The role
of exogenous and endogenous sulfur-containing com-
pounds in the mechanisms of damage to internal organs
and cytoprotection in various pathological conditions”
(state registration number 0119U001142).

Introduction.

In recent years, a lot of evidence has been accumu-
lated regarding the significant role of sulfur-containing
amino acids (methionine, homocysteine, cysteine) and
their low molecular weight metabolite — hydrogen sul-
fide (H,S) in the pathogenesis of cardiovascular diseases
[1, 2, 3]. It has been established that H_S has a wide
range of physiological effects: it regulates the contrac-
tility of smooth myocytes and cardiomyocytes, affects
the conduction system of the heart, ensures adaptation
of the myocardium to hypoxia and ischemia, exerts an
antioxidant, anti-inflammatory, anti-apoptotic effect [3,
4]. A decrease in the level of endogenous H,S is a factor
in the development of arterial hypertension, coronary
heart disease, left ventricular dysfunction, myocardial fi-
brosis, and heart failure [4, 5]. In the cardiovascular sys-
tem of animals and humans, the formation of H,S main-
ly occurs from L-cysteine (table) with the participation
of the PLP-dependent enzymes cystathionine-y-lyase
(CSE, EC 4.4.1.1) and cysteine aminotransferase (CAT, EC
2.6.1.3) together 3-mercaptopyruvate sulfur transferase
(3-MST, EC 2.8.1.2), cofactors of the last one are thiore-
doxin, dihydrolipoic acid and zinc [3, 6]. An additional
source of endogenous H,S can be the reduction reac-
tion of its metabolite-thiosulfate anion with the partici-
pation of thiosulfate sulfurtransferases (TST, EC 2.8.1.1;
2.8.1.3; 2.8.1.5), 3-MST, glutathione and thioredoxin [7,
8]. In the mitochondria, H,S is utilized, which is oxidized
to thiosulfate and sulfite (with the participation of the
SQR sulfide quinone oxidoreduc-
tase system), and sulfite is further
transformed into sulfate with the

not fully understood. Visceral and perivascular adipose
tissue is also known to express CSE and is a producer of
H,S that stimulates adipocyte proliferation in vitro [11].
There is more and more information that specific bio-
logical effects of H,S are realized through the thiosulfate
anion, which has its own antioxidant and vasoprotec-
tive properties, and thiosulfate sulfurtransferases are
involved in the mechanisms of initiation of metabolic
disorders [8, 9]. Thus, the search for effective and safe
correctors of various pathways of H,S exchange in the
cardiovascular system for obesity remains relevant. Hy-
pothetically, cofactors and cosubstrates of sulfurtrans-
ferases — lipoic acid, sodium thiosulfate, zinc sulfate —
may have such properties, however, their influence on
the exchange of H,S in the heart and blood vessels due
to obesity has not been determined.

The aim of the study.

To find out the effect of lipoic acid, zinc sulfate and
sodium thiosulfate on the exchange of H2S in the cardio-
vascular system of rats with experimental obesity and to
compare it with the effect of classical modulators of the
H,S / CSE pathway.

Object and research methods.

Experiments were conducted on 70 white sexu-
ally mature male laboratory rats with an initial weight
of 150-180 g. Experimental studies were planned and
completed following the bioethical principles of the “Eu-
ropean Convention for the Protection of Vertebrate Ani-
mals Used for Research and Other Scientific Purposes”
(Strasbourg, 1986), Directive Council of Europe 86/609/
EEC (1986), the Law of Ukraine “On the Protection of
Animals from Cruelty” (No. 3447-1V dated 21.02.2006,
Article 26), “General Ethical Principles of Animal Ex-
periments”, reflected in resolutions I- VII National Con-
gresses of Ukraine on Bioethics (Kyiv, 2001-2019). The
animals were housed in the standard conditions of the
experimental biological clinic of the VNMU named after

Table — Main enzymatic reactions of H_S exchange

in the cardiovascular system

involvement of sulfite oxidase
(EC 1.8.3.1) [3, 9, 10]. H,S is also

Enzyme (cofactor)

Reaction scheme

CSE / PLP

L-cysteine + H,O - pyruvate + H,S + NH,

deposited in mitochondria in the

composition of polysulfides, per- | CAT/PLP

L-cysteine + a-ketoglutarate - 3-mercaptopyruvate + glutamate

sulfides, and sulfane-bound forms
with the participation of sulfur-
transferases and thioredoxin [3,

3-MCT thioredoxin, Zn%,
lipoic acid

3-mercaptopyruvate - pyruvate + H,S
5,0, > S0,” +H,S
(3-MCT-SH -> 3-MCT-S-SH + R(SH), > RS-S + H,S)

10].

. TST / glutathione, thio-
The role of different pathways

redoxin

5,0,”+2G-SH > SO,” + H,S + GS-5G
2HS +20,> 5,0, +H,0

of H,S metabolism in the mecha- SQR/ FAD

H,S + 50,2+ FAD > 5,0, + FADH,

nisms of damage to the cardio-
vascular system due to obesity is

Sulfite oxidase

SO, +H,0 + 2Fe’® (cyt c) - SO, >+ 2H* +2Fe** (cyt c)
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Figure 1 — Comparative assessment of the effect of modulators of H,S exchange on the state of the H,S / cystathionine-y-lyase (CSE) system
in the myocardium and aorta of rats with experimental obesity (Mim, n=10).

Notes: 1) groups: 1 — control; 2 — EO; 3 — EO+PGG; 4 — EO+NaHS; 5 — EO+a-LA; 6 — EO+ZnSO,; 7 — EO + Na,S,0

2) statistically significant

27273

differences: * — p<0.05 relative to the 1st group (** — p<0.01; *** — p<0.001); # — p<0.05 relative to the 2nd group; § — p<0.05 relative to the 3rd

group; $- p<0.05 relative to the 4th group.

MI Pirohov: under a 12-hour light regime day/night,
temperature 22+2°C and relative air humidity 55+5%,
with free access to water and food. When randomizing
animals into experimental groups, the principle of mini-
mizing differences in weight and growth parameters
was followed.

Experimental obesity (EQ) was induced in 6 groups
of rats (10 individuals in each group) by using a high-
calorie, high-fat diet with an energy value of 4.33 kcal/g
(15.7% proteins, 39.5% fats, 44.8% carbohydrates by
calorie) for 10 weeks as described [12]. Animals of the
control group received a standard diet for laboratory
rodents with an energy value of 2.71 kcal/g (22.1% pro-
teins, 10.8% fats, 67.1% carbohydrates by calorie, RPE
F.U.D. LLC, Ukraine). From the 8th to the 10th week, EO
animals were injected with 1) reference modulators of
H,S exchange: transsulfation inhibitor D,L-propargyl-
glycine (PGG, Sigma, USA) at a dose of 50 mg/kg and
H,S donor — NaHS (Sigma, USA) in a dose of 3 mg/kg
administered once a day intraperitoneally; 2) potential
modulators of the 3-mercaptopyruvate sulfur transfer-
ase pathway and thiosulfate-dependent H,S synthesis:

zinc sulfate (ZnSO,) at a dose of 124 mg/kg, a-lipoic acid
(a-LA) at a dose of 100 mg/kg, sodium thiosulfate (Na-
,5,0,) at a dose of 300 mg/kg was administered intra-
gastrically once a day. Control animals received equiv-
olume amounts of solvents. Animals were removed
from the experiment by decapitation under thiopental
anesthesia (100 mg/kg intraperitoneally). The heart and
thoracic aorta were removed, washed with a chilled so-
lution of 1.15% KCl, a 200 mg tissue weight was taken
to determine the H_S content, the rest of the tissue was
chopped with scissors, homogenized in a medium of
0.25 M sucrose, 0.01 M Tris (pH 7.4) in a ratio of 1:4
(mass/volume) at 3000 rpm (Teflon-glass), centrifuged
for 30 minutes at 600 g at 4°C, aliquots of the centrifuge
were taken into Eppendorf microtubes and stored at
-20°C until the research.

The content of H,S in the myocardium and aorta was
determined by the spectrophotometric method, ac-
cording to Wilifiski [13]. The activity of CSE, CAT /3-MST
in L-cysteine desulfurization reactions was determined
according to Stipanuk [14] in a modification of [15]. The
activity of H_S formation from thiosulfate anion with the
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participation of TST was determined as described [15].
The activity of sulfite oxidase was determined by the
rate of reduction of potassium hexocyanoferate in the
presence of sulfite anion [16], the activity of thioredoxin
reductase (KF 1.8.1.9) — by the rate of NADPH-depen-
dent reduction of 5,5'-dithiobis (2-nitrobenzoate) [17].
The protein content in the samples was determined ac-
cording to Lowry [18].

Statistical processing of the results was carried out
in MS Excel and IBM Statistics SPSS 26 for Windows.
The average value (M) and the average (m) error were
calculated. The Mann-Whitney U test assessed the sig-
nificance of the differences, the correlation of indicators
was determined by the Spearman correlation coefficient
(r). Differences at p<0.05 were considered statistically
significant. Results are given as M+m.

Research results and their discussion.

It was established that a 10-week use of a high-cal-
orie diet caused the formation of a deficiency of endog-
enous H,S in the cardiovascular system of rats (fig. 1A,
B). Thus, in the control group, the content of H,S in the
myocardium and aorta was 3.21+0.18 and 2.15+0.11
nmol/mg protein, and in the EO group — 1.85+0.11 and
1.3540.06 nmol/mg of protein, which was, respectively,
lower by 42.4% and 37.2% (p<0.001). Administration of
PGG (an irreversible inhibitor of CSE) aggravated H_S de-
ficiency in the myocardium and aorta of rats with EO:
in group 3, this indicator was 58.2 and 68.8% (p<0.001)
lower than in control, and 27.6 and 50.3% (p<0.05)
lower than in rats of group 2. Administration of NaHS
(a classical donor of H,S) increased the level of H,S in
the myocardium and aorta of rats with EO; this indica-
tor in group 4 was higher by 30.8 and 26.7% (p<0.05)
than in group 2. It turned out that all applied metabolic
correctors provided a statistically significant increase
in H.,S levels in the myocardium and aorta of rats with
EO: a-LA (group 5) — by 44.8 and 51.1% (p<0.01), ZnSO,
(group 6) — by 58.4 and 40% (p<0.01), Na,S,0, (group 7)
—32.4 and 19.3% (p<0.05), respectively. Regarding their
ability to reduce H,S deficiency in the heart and vessels
induced by a high-calorie diet, these modulators were
not inferior to the reference donor NaHS, and a-LA and
ZnS0O, even slightly exceeded its effect.

A high-calorie diet caused a statistically significant
decrease in the activity of PLP-dependent desulfuriza-
tion of L-cysteine in the cardiovascular system of rats
(fig. 1C, D): in the control group, CSE activity in the myo-
cardium and aorta was 0.69+0.02 and 0.98+0.03 nmol
H,S/min mg protein, and in group 2 (EO) — 0.52+0.02
and 0.63%0.04 nmol H,S/min mg protein, which, respec-
tively, was lower by 24 .6 and 35.7% (p<0.001). Admin-
istration of PGG caused a more pronounced inhibition
of PLP-dependent desulfurization of L-cysteine: CSE ac-
tivity in the myocardium and aorta in group 3 was 39.1
and 56.1% lower than in control (p<0.001) and 19.2
and 31.7% lower than in group 2 (p<0.05). Administra-
tion of NaHS corrected changes in CSE activity in the
myocardium and aorta under EO conditions: this indi-
cator in group 4 (EO + NaHS) was higher by 26.9 and
46% (p<0.01) than in group 2. In rats with EO, who re-
ceived a-LA and ZnSO,, also showed higher CSE activ-
ity in the myocardium (by 23.1 and 21.1%, p<0.01) and
aorta (by 39.6 and 36.5%, p<0,01) compared to group 2,
which practically corresponded to the corrective effect
of NaHS. Administration of Na,S,0, did not cause sig-

nificant changes in CSE activity in the myocardium and
aorta of rats with EO, and this indicator was statistically
significantly lower (by 15.2 and 23.9%, p<0.05) than in
rats with EO that received NaHS.

The modulators of the HS exchange mentioned
above caused practically comparable changes in the
H,S/CSE system in the myocardium and aorta. Subse-
quently, the effect of modulators on the mitochondrial
pathways of sulfide metabolism was investigated only in
the myocardium, where the expression of sulfurtrans-
ferases is more active. It was established that a 10-
week high-calorie diet caused a statistically significant
decrease in the activity of mitochondrial H,S synthesis
in the myocardium of rats (fig. 2A, B). In the control
group, the activity of CAT/3-MST and TST was 1.56+0.06
and 2.6610.16 nmol HZS/min-mg protein, and in group
2 (EO) - 0.94%0.04 and 1.590.07 nmol H,S/min mg
protein, which was lower by 39.7 and 40.2% (p<0.001),
respectively. The introduction of PGG caused a more
pronounced suppression of the activity of CAT/3-MST
and TST in the myocardium: in group 3, these indicators
were 43.0 and 49.2% lower than in control (p<0.001),
but the differences compared to group 2 were not sta-
tistically significant. The introduction of NaHS caused
an increase in the activity of CAT/3-MST and TST in the
myocardium under conditions of EO: in group 4, these
indicators were higher by 24.5 and 54.1% (p<0.05)
than in group 2. In rats with EO, administration of a-LA
caused an increase in CAT/3-MST activity by 40.4 and
23.9% (p<0.05), and administration of ZnSO, by 54.2
and 66% (p<0.01), respectively, compared to group 2.
When using Na,S,0,, a moderate increase in CAT/3-MST
activity (by 20.2%, p<0.05) and a significant increase in
TST activity (by 79.8%, p<0.05) was recorded, compared
to group 2.

Under the conditions of a high-calorie diet, a de-
crease in the activity of the ways of deposition and uti-
lization of sulfides was observed in the myocardium of
rats (fig. 2C, D). Thus, in rats with EO, thioredoxin re-
ductase and sulfite oxidase activity were 39.7 and 40.2%
lower than in the control group. In EO rats treated with
PGG, the activity of thioredoxin reductase and sulfite
oxidase decreased more clearly (by 59.3 and 44.3%,
p<0.001) compared to the control, but the differences
in group 2 were not statistically significant. On the other
hand, the administration of NaHS to rats with EO pro-
vided a statistically significant increase in the activity of
thioredoxin reductase and sulfite oxidase (by 38.4 and
39.0%, p<0.01) compared to group 2.

The introduction of a-LA, ZnSO, and Na,S,0, caused
an increase in the activity of thioredoxin reductase (by
46.1; 61.9 and 32.7%, p<0.01) and sulfite oxidase (by
32.1; 48.9 and 65%, p< 0.01) compared to group 2. In
terms of the ability to correct changes in the activity of
mitochondrial enzymes of sulfide metabolism induced
by a high-calorie diet, a-LA and ZnSO, were not inferior
to the reference donor NaHS, and Na,S,0, even sur-
passed its effect on TST and sulfite oxidase (by 16.7 and
18.6%, p<0.05).

Thus, under EQ, an H,S deficiency is formed in the
cardiovascular system of rats, which is associated with
a decrease in the activity of key H,S-synthesizing en-
zymes (CSE, CAT/3-MST) and suppression of the activity
of mitochondrial enzymes involved in the oxidation and
deposition of H,S. NaHS, cofactors of sulfide exchange
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Figure 2 — Comparative evaluation of the effect of modulators of st exchange on mitochondrial enzymes of sulfide exchange in the
myocardium of rats with experimental obesity (Mim, n=10).
Notes: 1) groups: 1 — control; 2 — EO; 3 — EO+PGG; 4 — EO+NaHS; 5 — EO+a-LA; 6 — EO+ZnSO,; 7 — EO + Na,S,0,; 2) statistically significant
differences: * — p<0.05 relative to the 1st group (** — p<0.01; *** — p<0.001); # — p<0.05 relative to the 2nd group; § — p<0.05 relative to the 3rd

group; $- p<0.05 relative to the 4th group.

(a-LA, ZnSO,) and Na,S,0, show the ability to correct the
level of H,S in the myocardium and aorta of rats with
EO and also reduce the depressing effect of a high-fat
diet on the processes of L-cysteine desulfurization, thio-
sulfate-dependent reactions, increase the activity of H_S
formation thioredoxin reductase and sulfite oxidase.

Obesity is characterized by oxidative stress and per-
sistent inflammation [19], which can cause changes in
the conformation and native properties of redox-sensi-
tive enzymes of H,S metabolism and the development
of deficiency of their cofactors and substrates. In par-
ticular, zinc, a-LA and thiosulfate are recognized anti-
oxidants, and their need may increase under oxidative
stress. For example, hypozincemia is often found in pa-
tients with obesity and diabetes, and taking zinc supple-
ments reduces metabolic disorders and contributes to
weight loss [20]. Taking a-LA also helps to reduce body
weight in obese and overweight people and reduces the
phenomena of oxidative stress, inflammation, and dysa-
dipokinemia [21].

Interest in the role of thiosulfate and thiosulfate
sulfurtransferases in the pathogenesis of metabolic dis-

orders has significantly increased in recent years [8]. It
was established that rhodanese (TST EC 2.8.1.1) expres-
sion in adipose tissue is positively correlated with insulin
sensitivity and negatively correlated with fat mass [22].
Administration of thiosulfate (the main substrate of
TST) to diabetic rats improved glucose absorption and
reduced insulin resistance of 3T3-L1 adipocytes [8, 22].

The results of our studies on the effect of cofactors
on the exchange of H,S are consistent with the experi-
mental data of Dugbartey G. J. et al. (2022), who showed
the ability of a-LA to increase cardiac CSE expression
and plasma H.,S levels in streptozotocin-diabetic rats,
and demonstrated a reduction of this effect when PGG
was administered [23]. There is evidence that a-LA can
increase the expression of the thioredoxin reductase
gene [24], and zinc can increase the reducing properties
of thioredoxin [25]. TST affects the pool of antioxidants
— it causes persulfidation of glutathione, which can re-
duce thioredoxin, provide sulfonation of cyanides and
interconversion of sulfane sulfur [8]. It was shown that
Na,S,0, in vivo and in vitro acted as an H,S-mimetic: it
inhibited the proliferation of cells in the wall of the ca-

138

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuyunn — 2023 — Bun. 4 (171) / Bulletin of problems in biology and medicine — 2023 - Issue 4 (171)



KNIHIYHA TA EKCMEPUMEHTA/IbHA MEAULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

rotid artery and segments of human veins, increased the
formation of polysulfides and persulfidation of proteins,
which was associated with tubulin depolymerization,
cell cycle arrest, decreased migration and proliferation
of smooth myocytes vessels [26].

Thus, a-LA, ZnSO, and Na,S,0, are capable of cor-
recting the exchange of H,S in the heart and blood ves-
sels and can be used for this purpose in clinical condi-
tions because, unlike the classic NaHS donor, these
substances are included in ready-made dosage forms
and are approved for use in practical medicine.

Conclusions.

1. During experimental obesity induced by a high-cal-
orie diet, a deficiency of H_S is formed in the cardiovas-
cular system, the activity of the main H,S-synthesizing
enzymes (CSE, CAT/3-MST) and mitochondrial enzymes
of sulfide metabolism (TST, thioredoxin reductase, sul-
fite oxidase) decreases. Obesity-associated disorders of
H,S metabolism in the myocardium and aorta are exac-
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erbated by the administration of propargylgilcin and re-
duced by the administration of NaHS.

2. a-LA, zinc sulfate, and sodium thiosulfate increase
the level of H,S in the myocardium and aorta, reduce
the depressing effect of a high-fat diet on the processes
of L-cysteine desulfurization and the thiosulfate-depen-
dent pathway of H,S formation, and increase the activ-
ity of thioredoxin reductase and sulfite oxidase. These
modulators are not inferior to the classic NaHS donor in
terms of their ability to adjust the level of H,S in the car-
diovascular system under conditions of obesity, and in
terms of their effect on the mitochondrial links of sulfide
exchange, they demonstrate a more pronounced effect.

Prospects for further research.

Elucidation of the role of modulators of various path-
ways of H,S exchange in regulating the functional state
of the cardiovascular system during obesity will allow
the future to substantiate new personalized approaches
to the prevention of cardiometabolic multimorbidity.
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BMJIMB NINOEBOI KUCNOTWU, LUHKY CYNIb®ATY TA TIOCY/Ib®ATY HATPIIO HA OBMIH
H,S B CEPLLEEBO-CYANHHIU CUCTEMI LLYYPIB 3A EKCMTEPUMEHTA/IbBHOITO OXXUPIHHA

BiHHMLUbKKMIA HaLiOHaNnbHUIT MeguyHuii yHiBepcutet im. M.I. Muporosa (m. BiHHuuAa, YKpaiHa)
olenabobetska@gmail.com

Cmamms npuceayeHa eus4eHHio ocobsausocmeli 0bmiHy 2idpozeH cyneidy (H,S) e cepyi ma cyduHax 3a
eKcrnepumMeHmasnbHO20 OXUPIHHA, iIHOYKOBAHO20 8UCOKOKA/IOPIlIHO B8UCOKOXUPOBOH 0iemoto, 0b6rpyHmMy8aHHHO
nioxodie 00 KopeKyii suseneHUx nopyweHsb MoOyaamopamu pi3HUX WAsAxie cynbgioHo2o obmiHy. Bidomo, wo
3HUMCEHHSA pieHA eH002eHH020 H,S € YUHHUKOM po3sumky apmepianbHoi 2inepmeHsii, iwemidHoi xeopobu cepys,
OucyHKYIi nig020 winyHo4Ka, hibposyeaHHa miokapdy ma cepyesoi HedocmamHocmi. [onoeHUM Oxcepesnom H.S 6
cepui ma cyouHax € [TA/1®-3anexcHi peakyii 0ecynbgypysaHHs L-yucmeiHy, anbmepHamMuU8HUM OH(epesioM MOHCYMb
gucmynamu cynbgypmpaHchepasHi peakyii 0bmiHy miocynegpamy. Pone pisHUX wnsaxie 06miHy H,S 8 mexaHizmax
YWKOOHEHHACepyes0-cyOUHHOICUCMEMU3a 0XUPIHHAHe3 Aco8aHainowyKegdekmusHuxmabezrneyHUxKopekmopie
cynbioHo2o 0bMiHy € akmyaneHum. Memotro pobomu 6yno 3’acysamu 8Mnaue Aino€eoi KUCa0mu, YUHKY cysabgpamy
ma miocynbgamy Hampito Ha 06miH H.S 8 cepyeso-cyOuHHI cucmemi wypie 3a eKCrnepumMeHmasnbHo20 OXCUPIHHSA
(EO) ma nopieramu liozo 3 dieto emanoHHUX Modynamopie wnsxy H,S / yucmamionin-y-niasa. 3a pesyasmamamu
Hawux docnideHo, EO xapakmepusyemoecs hopmysaHHam depiyumy H.S e cepyi ma cyduHax, 3HUMEHHAM
aKmMueHocmi 20/108HUX H S-cuHmesyrouux eHsumie (yucmamioHiH-y-niasu, yucmeiHamiHompaHcgpepasu / 3-mep
KanmonipysamcynegypmpaHcghepasu), iH2iby8aHHAM MiMOXOHOPIAAbHUX WAXi8 OKUCHEeHHS ma OernoHY8aHHS
H.S. MponapzinaniyuH no2nubnroe nopyweHHs cynbgioHo2o obmiHy, Hamomicmos emanoHHuli doHop H2S (NaHS)
3MeHWYE ix supasHicme. JTinoesa Kucaoma, YUHK cynbgpam, miocynbpam Hampito edheKmusHO Kopuayroms piseHb
H,S cepueso-cydunHili cucmemi 3a ymoes EO, akmusyrome npoyecu decynbgpypysarHs L-yucmeiny ma miocynbgpam-
3anexHi peakyii ymeopenHa H,S, nidsuwyrome akmueHicmb miopedoKcuHpedykmasu ma cynbgimokcudasu,
i 30 epekmuenicmio He nocmynaromecs NaHS. BcmaHoeneHHA poni modynamopie obmiHy H,S e peaynayii
(DYHKUIOHAbHO20 CMAHY cepuyeso-cyOUHHOI cucmemu 30 OXUPIHHA 00380/1UMb YOOCKOHAAUMU AiKY8AHHA ma
npoginakmuky KapdiomemaboniyHoi mynemumopbidHocmi y nepcriekmusi.

Knrouosi cnoea: 2iopoeeH cynbgid, oncupiHHA, memabosniam, cepuye, CyOuHU.

38’A30K ny6niKauiii 3 nnaHOBMMM HayKOBO-40CNiIA-
HUMM poboTamu.

Pobota € pparmeHTom nnaHosoi HAP BiHHMUbKOrO
HaUiOHa/ZIbHOTO MeAMYHOro yHisepcutety im. M.l Mu-
poroBa «Ponb eK30reHHMX Ta eHA0reHHUX CiPKOBMICHUX
CMONYK B MEXaHi3MaXx yparkeHHA BHYTPILWHIX OpraHis Ta
LMTONPOTEKLLT 32 Pi3HMX NaTo/OrYHMX cTaHiB» (N2 aep-
*KaBHoI peecTpauii 0119U001142).

HY, FTOMOLMCTEIHY, LMCTEIHY) Ta IX HU3bKOMONEKYNAAPHOTrO
meTabonity — rigporeH cynboiay (H,S) y natoreHesi cep-
LLeBO-CYAMHHMX 3axBOptoBaHb [1, 2, 3]. BcTaHOBAEHO, LLO
H,S Bonogje WMPOKMM cnekTpom ¢isionoriuHmx edpexTis:
peryntoe CKOPOTAMBICTb MaZeHbKMX MIOLMTIB Ta Kapaio-
MioUuMTIB, BNIMBAE Ha NPOBIAHY CMCTEMy cepuia, 3abesne-
Yye afanTaLito MioKapay A0 rinoKcii Ta iwemii, cnpasnae

Bcryn.
32 OCTaHHi POKM HAKOMUYMNOCb YMMANO [OKasiB
LLLOA0 BAaroMoi posi CipKOBMICHMX aMiHOKMCIOT (MeTiOHi-

QHTUOKCMAAHTHY, NPOTM3ananbHy, MPOTUAMNONTUYHY Ait0
[3, 4]. 3HWKEHHA piBHA eHAOreHHOoro H,S € YMHHUKOM
PO3BUTKY apTepianbHOI rinepTeHsii, iLuemiyHoi xBopobu
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Tabnuua — OCHOBHI @eH3MMAaTUYHI peaKLin 06miHy
H,S B cepueBo-cyAnHHIN cuctemi

BeAeHi 3rigHO 6i0eTUYHMX MpPUH-
uMnie «EBPONENCbKOI KOHBEHLi

EH3um (KodaKTop)

Cxema peakuii

NPO 3aXMCT XpebEeTHUX TBAPWH, WO
BMKOPUCTOBYIOTLCA ANA AOCNIAHUX

urn/nAane L-umcrein + H,0 - nipysat + H,S + NH,

Ta iHWKX HayKoBux Linei» (Ctpac-

LLAT / NAD

L-umncTeiH + a-KeTornyTapat - 3-mepKanTonipysaT + rayTamar

bypr, 1986), Aupektns Paan €.-
ponun 86/609/EEC (1986), 3akoHy

3-mepkantonipysat —> nipysat + H,S

3-MCT TiopeaoKCuH, Szoaz, > 5032' +HS

Zn?, ninoesa KMcnota

(3-MCT-SH - 3-MCT-5-SH + R(SH), = RS-S + H.S)

YKpaiHm «[po 3axmcT TBapuH Big
YKOPCTOKOrO  MoBOAMEHHA»  (Ne

TCT / rnyTaTioH, Tiope-
LOKCUH

5,0,” +2G-SH > SO,” + H,S + GS-5G
2HS +20,> 5,0 +H,0

3447-IV Big 21.02.2006, cT. 26),
«3aranbHUX EeTUYHWUX NPUHLMNIB

SQR/ BAL H,S +50,% + ®ALl > 5,0, + OALH,

EeKCNEPUMEHTIB Ha TBAapUHax», Bi-
nobparkeHnx y pesontouiax I-VII

CynbdiTokcmpaasa

SO, +H,0 + 2Fe* (cyt c) - SO, >+ 2H* +2Fe* (cyt c)

HauioHanbHUX KOHrpecis YKpaiHu
3 6ioeTnkn (Kuis, 2001-2019). Tea-

cepusa, AMChYHKLIT NiBOro WayHouKa, Gpibpo3yBaHHs mio-
Kapay Ta cepLeBol HegocTaTHocTi [4, 5].

B cepueBO-CyaMHHIN cucTemi TBApWH Ta NOAUHU
yTBOpeHHsa H.S nepesaxHo BigbyBaeTbcA 3 L-umcreiHy
(tabn.) 3a yuacti MNAJID-3an1€KHUX €H3UMIB LIUCTATIOHIH-
y-niasu (UM, Ko 4.4.1.1) Ta yucreiHamiHoTpaHchepasm
(LLAT, Kd 2.6.1.3) pasom 3-mepkantonipysBaTcyabdyp-
TpaHcdepasow (3-MCT, Kb 2.8.1.2), kodaKTopamwu
OCTaHHbOI BUCTYMAlOTb TIOPEAOKCUH Ta AMriapoNinoesa
KMCMOTa Ta UMHK [3, 6]. [logaTKoBUM AyKepenom eHpao-
reHHoro H,S mosKe cnyrysaTi peakuis BigHOBNEHHA MOro
BNacHoro metabonity — TiocynbdaT-aHioOHy 3a yyacTi Ti-
ocynbodatcynboypTpaHcoepas (TCT, Ko 2.8.1.1; 2.8.1.3;
2.8.1.5), 3-MCT, rnyTtaTioHy Ta TiopeaokcuHy [7, 8]. B
MITOXOHApIAX BiABYyBaETbCA yTuizauia H.S, AKMiA oKuc-
HIOETbCA A0 TiocynbdaTy Ta cynbdiTy (3a ydacTi cynb-
digxiHoHoKcnaopeayKTasHoi cuctemum SQR), a cynboit
[ani nepeTBOPHOETLCA B CybdaT 3a yvacTi cynbdiTOKCH-
fasn (KP 1.8.3.1) [3, 9, 10]. Takox y mitoxoHapiax H,S
OEnNOHYETbCA Y CKAaai nonicynbdiais, nepcynbdigis Ta
cynbdaH3B’A3aHi Gopmi 3a yyacTi cynboypTpaHchepas
Ta TiopegoKcuHy [3, 10].

Ponb pi3HUX WNAXiB 0BMiHY H,S B MmexaHi3max yLKo-
[MKEHHSA CepLeBO-CYANHHOI CUCTEMM 33 OXMUPIHHA OCTa-
TOYHO Hes’'scoBaHa. Bigomo, Wo BicuepasbHa Ta ne-
pPUBaCKyNApPHA MPOBa TKaHMHA TakKoXK ekcnpecye LI
i € npoayueHTom H.S, AKmWii cTumynioe nponidepauio
agunouuTis in vitro [11]. 3'aBnseTbca Bce Hinblue iHpop-
Mauji, Wwo okpemi GionoriuHi edextn H,S peanisyoTbes
yepes TiocynbdaT-aHioH, WO MA€E BAACHI aHTUOKCUAAHTHI
Ta Ba30MPOTEKTOPHI BAACTUBOCTI, a TiocynbdaTcynbdyp-
TpaHchepasm 3anyyeHi y mexaHiamu iHiliauii metaboniu-
HUX po3nagis [8, 9]. TaKMM YMHOM, MOLIYK ePEKTUBHMX Ta
6e3neyHnx KOPEKTOPIB Pi3HMX WA 06bmiHy H.S B cep-
LLeBO-CYAMHHIN CUCTEMI 3@ OMKMPIHHA 3a/ULLIAETLCA aK-
TyanbHUM. [NOTETUYHO, TaKi BAACTMBOCTI MOXYTb MaTh
KodaKTopu Ta KocybcTpaTh cynbdypTpaHchepas — nino-
€Ba KMCNOTa, TiocynbdaT HaTpPito, UMHK cynbdaT, ogHaK ixX
BMNNB Ha 0BMiH H_S B cepui Ta cyanHax 3a OXKUPiHHA He
BM3HAYeHoO.

Merta gocnigKeHHs.

3’AacyBaTu BMN/IMB NINOEBOI KACNOTH, LMHKY cynbdaTy
Ta Tiocyibdaty HaTpito Ha 06MiH H,S B cepueBo-CyauHHI
CUCTEMI LLLYPiB 3@ EKCNIEPUMEHTANIbHOFO OXKMPIHHA Ta No-
PIBHATU MO0 Ai€t0 KNACUUHUX MOAYNATOPIB LWAAXY HZS/
urn.

O6’€eKT i meToAM AOCNIANKEHHS.

[Locnign nposeaeHi Ha 70 6inux ctateBo3pinmx nabo-
PATOPHMX LLypax-CaMUsAX i3 no4aTKoBot macoto 150-180
r. EkKcnepymeHTanbHi gocnigKeHHA 3anaaHoBaHi Ta npo-

puHK NepebyBann B CTaHAAPTHUX
YMOBaxX eKCnepuMeHTasIbHOI 6ionoriyHoi KaiHikn BHMY
im. M.I. Mnporosa: 3a 12-roANMHHOrO CBIT/IOBOrO PeXNMY
AeHb/Hiy, TemnepaTypn 22+2°C Ta BigHOCHOI BOJIOrOCTI
nosiTpA 55+5%, 3 BiIbHUM ZOCTyNnOm A0 BoaM Ta ixi. Mpwm
paHAOMI3aLLii TBAPUH Yy AOCANIAHI rpynu AOTPUMYBAUCH
NPUHUMNY MiHIMI3aL|T BiaMiHHOCTE 33 Maco-poCTOBMMM
napameTpamu.

EKcnepumeHTanbHe 0XMpiHHA (EO) BUKAMKaAK y 6
rpyn wypiB (Mo 10 0COBUH B KOMKHIlM) LINSXOM 3acToCy-
BaHHA BMCOKOKaNOPiIMHOI BUCOKOXKMPOBOI AIETUN 3 eHep-
reTuyHoto LjHHicTio 4,33 kkan/r (15,7% 6inkis, 39,5%
Kupis, 44,8% ByrneBofiB 3a Kanoparkem) ynpogosx 10
TUXKHIB AK onucaHo [12]. TBapMHU KOHTPO/ILHOI rpynu
OTPMMYBANIM CTAHAAPTHUIM pauioH Ana nabopatopHux
TPM3YHIB 3 eHepreTMYHo UiHHicTio 2,71 KKan/r (22,1%
6inkiB, 10,8% xupis, 67,1% BYr/1eBOAIB 32 Ka/NopaXKeM,
TOB «HBM ®.Y.[.», YkpaiHa). TBapuHam 3 EO 3 8-ro no
10-1 TMRAEHDb BBOAWMAM 1) €TaNoHHI MoaynaTopy 06MmiHy
H.S: iHribiTop TpaHccynbdyBaHHA D,L-nponaprinrniumH
(NAr, Sigma, CLUA) y fosi 50 mr/kr Ta goHop H,S — NaHS
(Sigma, CLUA) y n03i 3 mr/kr 8BBoguau 1 pa3s Ha goby BHY-
TPILWHBbOOYEPEBUHHO; 2) NOTEHLMHI MOAYNATOPU LUNAXY
3-mepKanTonipysaTcynbdypTpaHcdepasm Ta Tiocynbdat-
3anexHoro cuutesy H.S: umHk cynbdat (ZnSO,) y Aosi
124 mr/kr, a-ninoesy kucnoty (a-/1K) y nosi 100 mr/kr,
HaTpiii Tiocynbdat (Na,S,0,) y aosi 300 mr/kr BBOAMAM
1 pa3 Ha foby BHYTPILHBbOWAYHKOBO. KOHTPO/bHI TBa-
PUHN OTPUMYBaNM eKBiOB'EMHI KifIbKOCTi PO3YMHHUKIB.
TBapuH BUBOAUAM 3 €KCMEPUMEHTY LUAAXOM AeKaniTauji
nia, TioneHTanosMm Hapko3om (100 mr/Kr BHYTPIiLIHbOO-
YepeBMHHO). Buayyanu cepue Ta rpygHy aopTty, Npomu-
Ba/IN OXONogyKeHMM posumHom 1,15% KCI, Bigbupanu
HaBaXKy TKaHWHW 200 Mr Ans BU3HAYEHHA BMmicTy H.S,
peLTy TKaHWHM NoAPIGHIOBANM HOXMLAMM, FOMOTeEHI3y-
Ba/un B cepegosuwi 0,25 M caxaposu, 0,01 M Tpuc (pH
7,4) y cnissigHoweHHi 1:4 (maca/o6’em) npu 3000 06/
xB (TednoH-ckno), ueHTpudyrysanm 30 xsuanH npu 600
g npu 4°C, anikBoTu LeHTpudyraTy BigbMpanm B MiKpo-
npobipku Eppendorf i o npoBeaeHHA gocnigKeHb 36e-
piranu npu -20°C.

Bmict H_S B miokapai Ta aopTi BU3Ha4am cnekTpodo-
TOMeTpU4HMM meTtogom 3a Wilinski [13]. AktusHicTb LT,
LIAT /3-MCT B peakujiax gecynboypysaHHa L-LuCTeiHy BK-
3Ha4anu 3a Stipanuk [14] y moaumdikauii [15]. AKTUBHICTb
yTBOpeHHA H_S 3 Tiocynbdat-aHioHy 3a ydacTi TCT Bu3Ha-
Yanu Ak onucaHo [15]. AKTUBHICTb cybdiToOKCMaAa3n BU-
3HaYanM 3a WBMAKICTIO BiAHOBNEHHSA rekcouiaHodepaTy
Kanito B NPUCYTHOCTI cynbdiT-aHioHy [16], aKTUBHICTb Tio-
pefnoKcuHpeayktasm (K 1.8.1.9) —3a weunakictio NADPH-
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PucyHOK 1 — MopiBHANbHA OLiHKa BNAMBY MoAYNATOpPiB 06MiHy H,S Ha cTan cuctemu H,S / uncratioHin-y-niasa (LiI/1) 8 miokapai Ta aopri
LLYpiB 3 eKCNEePUMEHTANIbHUM OXKUPIHHAM (Mim, n=10).

Mpumitkn: 1) rpynu: 1 — KoHTponb; 2 — EO; 3 — EO+MMT; 4 — EO+NaHS; 5 — EO+a-/1K; 6 — EO+ZnSO,; 7 - EO + Na,5,0

,5,0,; 2) CTaTUCTUYHO 3HaYYLLj

BigMiHHOCTI: * — p<0,05 BigHOCHO 1-0i rpynu (** — p<0,01; *** — p<0,001); # — p<0,05 BigHOCHO 2-0i rpynu; § — p<0,05 BigHOCHO 3-0i rpynu; $-

p<0,05 BigHOCHO 4-0i rpynu.
3a/1eXHOoro BigHoBNeHHA 5,5'-aiTiobic(2-HiTpobeH3oaty)
[17]. BmicT npoteiHy B npobax Bu3Hayanum 3a Lowry [18].

CTaTUCTMUHY 06pOb6KY pes3ynbTaTiB NpPoBOAMAN B
naketi MS Excel Ta IBM Statistics SPSS 26 for Windows.
Po3paxoByBanu cepefHe 3HaYeHHs (M), noxmbky cepes-
Hboro (m). [locToBipHiCTb BiAMiHHOCTEN ouiHtoBaamM 3a U
KpuTepiem MaHHa-YiTHi, 38’30K NOKa3HWKIB BU3Ha4Ya u
3a KoediuieHTom Kopensuii CnipmaHa (rs). CTaTUCTUYHO
3HAYYLWMMM BBaXKau BigmiHHOCTI npu p<0,05. Pe3ynbra-
TW HaBegeHo AK M+m.

Pe3ynbraTtv AocnigxeHHa Ta ix 06roBopeHHA.

BcraHoBneHo, wo 10-TMXKHeBe 3acTOCYBaHHA BWUCO-
KOKaNopilMHOI AieTM BUKAMKANO dopmyBaHHA aediunTy
eHaoreHHoro H,S B cepueBo-CYyAMHHIN cucTemi Wwypis
(puc. 1 A, B). Tak, B rpyni KOHTPOAO BMICT H,S B miokap-
4i Ta aopTi ctaHosums 3,21%0,18 Ta 2,15+0,11 HMmoNb/Mr
nporteinHy, a B rpyni EO —1,85+0,11 ta 1,35+0,06 Hmonb/
MF MpOTeiHy, Wo 6yno, BiANOBIAHO, HUKYMM Ha 42,4%
Ta 37,2% (p<0,001). BeeaeHHsn MMl (Heo60POTHOrO iHri-
6itopy L) nornnbntosano gediuut H,S B8 miokapai ta
aopTi wypis 3 EO: B rpyni 3 uei nokasHuK 6ys Ha 58,2 Ta
68,8% (p<0,001) HUKUMM, HiXK B KOHTPOI, Ta Ha 27,6 Ta

50,3% (p<0,05) HUKUMM, HiX Y LypiB rpynu 2. Beeaex-
HA NaHS (knacuyHoro aoHopy HZS) niasuLLyBano piBeHb
H,S B miokapai Ta aopTi wypis 3 EO; Ll NOKasHMK B rpyni
4 6yB BuwwMM Ha 30,8 Ta 26,7% (p<0,05), Hixk B rpyni 2.
BusiBuocCh, WO yci 3acTocoBaHi MmeTaboniyHi KopeKkTopm
3abe3neynnn CTaTUCTUYHO 3HauyLle MiABULLEHHS PiBHA
H.,S B miokapaij Ta aopTi wypis 3 EO: a-/IK (rpyna 5) — Ha
44,8 1a 51,1% (p<0,01), ZnSO, (rpyna 6) — Ha 58,4 Ta 40%
(p<0,01), Na,S,0, (rpyna 7) — 32,4 Ta 19,3% (p<0,05), Bia-
noBigHO. 33 34aTHICTIO 3MeHLWYBaTH AediunT H.S B cepui
Ta CyAMHaX, iHOYKOBAHWA BUCOKOKAJIOPIMHOW AiETOM,
BKa3aHi MOAYNATOPM He NOCTYNanCb eTaJOHHOMY [ OHO-
py NaHS, a a-/IK ta ZnSO, HaBiTb AeLlo nepesepLUyBau
moro edexr.

BucoKkoKanopiltHa [AjeTa  BUKAMKANA CTaTUCTUYHO
3HayyLwe 3HWKeHHA aKkTmBHocTi MNAJIP-3anexHoro fe-
cynbdypyBaHHs L-uncTeiHy B cepLeBo-CyaANHHIl cuctemi
wypis (puc. 1 B, T): B rpyni KOHTPOAKO aKkTMBHICTb LIT/T B
MioKapai Ta aopti ctaHosuna 0,69+0,02 ta 0,98+0,03
Hmonb H,S /xB-mr nporteiny, a 8 rpyni 2 (EO) — 0,52+0,02
Ta 0,6310,04 Hmonb H,S /XB-Mr MpoTeiHy, Wo Bianosig-
HO, ByN10 HUXKUMM Ha 24,6 Ta 35,7% (p<0,001). BeeaeH-
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PucyHok 2 — MopiBHANbHA OUiHKa BNMBY MOAynATOPiB 06MiHy H,S Ha miToxoHApianbHi eH3umm cynbdigHoro o6miHy B miokapai
LLYpiB 3 eKCNEePUMEHTANIbHUM OXKUPIHHAM (Mim, n=10).

Mpumitkn: 1) rpynu: 1 — KoHTponb; 2 — EO; 3 — EO+MMT; 4 — EO+NaHS; 5 — EO+a-/1K; 6 — EO+ZnSO,; 7 - EO + Na,5,0

,5,0,; 2) CTaTUCTMHHO 3HauyLLj

BiAMiHHOCTI: * — p<0,05 BigHoCHO 1-0i rpynu (¥* — p<0,01; *** — p<0,001); # — p<0,05 BigHOCHO 2-0i rpynu; § — p<0,05 BigHOCHO 3-0i rpynu;

$- p<0,05 BigHOCHO 4-0i rpynu.
Ha MMI BUKAKKaNO 6inbll BUpasHe NpurHiyeHHs MANG-
3an1eKHOro  AecynbdypyBaHHA L-LuCTeiHy: aKTMBHICTb
LI B8 miokapai Ta aopTi 8 rpyni 3 6yna Ha 39,1 Ta 56,1%
HU¥KYOIO, HiXK B KOHTponi (p<0,001) Ta Ha 19,2 Ta 31,7%,
HWXKYOLO, HiK B rpyni 2 (p<0,05). BeeaeHHs NaHS kopury-
BaNO 3MiHM aKTUBHOCTI LIIJ1 B MioKapAi Ta aopTi 32 ymoB
EO: ueit nokasHuK B rpyni 4 (EO + NaHS) 6ys Buwum Ha
26,9 Ta 46% (p<0,01), Hixx B rpyni 2. Y wypiB 3 EO, Aki
otpumysanu o-/IK Ta ZnSO,, TakoXk BMABNANACL BULLA
akTuBHicTb L[/1 B miokapaj (Ha 23,1 1a 21,1%, p<0,01) Ta
aopri (Ha 39,6 Ta 36,5%, p<0,01) nopiBHAHO 3 rpynoto 2,
LLLO NPAKTMYHO BianoBigano kopurytodomy edpekty NaHS.
BeeaeHHA Na,S,O, He BMKAMKANO CYTTEBMX 3MiH aKTWB-
HocTi U1 B miokapai Ta aopTi y wypis 3 EO, i uel nokas-
HWK BUABMBCA CTaTUCTUYHO 3HauyLLe HUKYMM (Ha 15,2 Ta
23,9%, p<0,05), Hix y wypis 3 EO, ki oTpumyBanm NaHS.
BuwiesasHaueHi mogynatopu o6miHy H.S BUKAMKam
NPaKTUYHO CMiBCTaBHI 32 BE/IMYMHOIO Ta CNPAMOBAHICTIO
3MiHUM B cuctemi HZS/LI,Fﬂ B MiOKapai Ta aopTi. B nogano-
LWOMY BMJIMB MOAYNATOPIB HA MITOXOHAPIANbHI LWAAXM
cynbdigHoro obmiHy 6yB AocnigKeHui nuwe B miokap-
Ai, Ae ekcnpecia cynbdypTpaHchepas € Hinbll aKTUBHOIO.
BctaHoBneHo, Wwo 10-TMXKHEBa BMCOKOKA/OpiliHa AjeTa

BMK/IMKANA CTaTUCTUYHO 3HAYYLLLE 3HUMKEHHA aKTUBHOCTI
MiTOXOHApianbHoOro cMHTesy H.S B miokapaj wiypis (puc.
2 A, B). B rpyni KoHTpoAto akTuBHicTb LAT/3-MCT Tta TCT
craHosuna 1,5610,06 1a 2,6610,16 HmoAb H,S /xB-mr npo-
TeiHy, a B rpyni 2 (EO) — 0,94+0,04 Ta 1,59+0,07 Hmonb
H.S /XB-Mr npoTeiHy, Wo 6yno Hux4YMm Ha 39,7 Ta 40,2%
(p<0,001), BignosiaHo. BeegeHHs MM BUKAMKaNO 6inbLu
BMpa3He NpurHiyeHHa aktmusHocTi LIAT/3-MCT Ta TCT 8
MiOKapai: B rpyni 3 ui nokasHWKkKM 6ynun Ha 43,0 Ta 49,2%
HUXKUYMMU, HiXK B KOHTpoAi (p<0,001), ane BigmiHHOCTI No
BiJHOLEHHIO [0 Tpynu 2 He By/IM CTaTUCTUYHO 3HaAYYLLK-
mun. BeegeHHAa NaHS BuKnnKano nigBuLweHHA akTUBHOCTI
LLAT/3-MCT Ta TCT B miokapai 3a ymos EO: rpyni 4 uj no-
KasHWKK 6ynun BUWMMM Ha 24,5 Ta 54,1% (p<0,05), Hix B
rpyni 2. Y wypis 3 EO BBeaeHHA a-J/IK BUKAMKaNo niasu-
LeHHA aktneHocTi LLAT/3-MCT Ha 40,4 ta 23,9% (p<0,05),
a BBeAeHHA ZnSO, — Ha 54,2 Ta 66% (p<0,01), sBignosia-
HO, MopiBHAHO 3 rpynoto 2. Mpu 3actocysaHHi Na.S,0,
peecTpyBanocb NOMipHe NiABULLEHHA akTUBHOCTI LLAT/3-
MCT (Ha 20,2%, p<0,05) Ta 3HaYHe 3pOCTaHHA aKTUBHOCTI
TCT (Ha 79,8%, p<0,05), nopiBHAHO 3 rpynoto 2.

3a yMOB BMCOKOKa/IOpPiMHOI AieTM cnocTepiranocb
3HMMKEHHA aKTUBHOCTI LWAAXIB AeNOHYBAHHA Ta yTuAisauii
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cynboiais B miokapai wypis (puc. 2B, T). Tak, y wypis 3
EO aKTMBHICTb TiopegoKCUMHpeayKTasmM Ta cynbdiTokcnaa-
31 B 6yna Ha 39,7 Ta 40,2% HWUKYOLO, HiXK B rpymni KOHTP-
onto. Y wypis 3 EO, aki otpumysanu MIMI, akTUBHICTb Ti-
OpefoKCMHPeayKTa3n Ta cybdiToKCMAa3M 3HUKYBaNACh
6inblw BMpasHo (Ha 59,3 Ta 44,3%, p<0,001) nopisHAHO 3
KOHTpOJIEM, ane BifMiHHOCTI NO BiAHOLUEHHIO A0 rpynu
2 He By CTAaTUCTUYHO 3HAYYLLMMK. HaTomicTb, BBEAEH-
HA NaHS wypam 3 EO 3a6e3neymno CTaTUCTUYHO 3HaAuy-
e NigBULLEHHA aKTUMBHOCTI TiOpeAoKCMHpeayKTasn Ta
cynboiTokenaasm (Ha 38,4 Ta 39,0%, p<0,01) nopiBHAHO
3 rpynoto 2.

BseseHHs a-JIK, ZnSO, Ta Na_S,0, BuKAuKano nigsu-
LLLeHHA aKTUBHOCTI TiopeoKCMHpeayKTasm (Ha 46,1; 61,9
Ta 32,7%, p<0,01) Ta cynbditokcmaasu (Ha 32,1; 48,9 Ta
65%, p<0,01) nopiBHAHO 3 rpynoto 2. 3a 34aTHICTIO Ko-
pUryBaTM 3MiHWU aKTUBHOCTI MITOXOHAPIaIbHUX eH3UMIB
cynbdigHoro obmiHy, iHAyKOBaHI BUCOKOKaNOpPiMHOW Ai-
€Toto, a-J/IK Ta ZnSO, He nocTynanncb €TasloOHHOMY A0HO-
py NaHS, a Na_S,0, HaBiTb nepesepLUIyBas MOro BI/IMB Ha
TCT Ta cynbdiTokecmaasy (Ha 16,7 Ta 18,6%, p<0,05).

Takmm umHom, 3a EO BigbyBaeTbca GopMyBaHHSA
Aediunty H.S B cepueBo-CyaMHHIN cucTemi wypis, WO
ACOLLIOETLCA 3i 3HUMKEHHAM aKTUBHOCTI KAto4oBMX H.S-
cuHTE3youMX eHsumis (L1, LLAT/3-MCT) Ta npurHiven-
HAM aKTUBHOCTI MITOXOHAPIaNbHUX €H3UMIB, 3a/1y4eHNX
Y NPOLECU OKUCHEHHs Ta AenoHyBaHHsA H,S. NaHS, ko-
darTopu cynbdigHoro obminy (a-/1K, ZnSO,) Ta Na,S,0,
BUABNAIOTb 34ATHICTb KOPUIyBaTH piBeHb H,S B Miokapai
Ta aopTi wypis 3 EO, a TaKOXK 3MEHLUYIOTb AeNpUMYOYMiA
BM/IMB BMCOKOXKMPOBOI AIETM Ha mpouecu aecynboypy-
BaHHA L-umcTeiHy, TiocynbdaT-3anexHi peakKLii yTBopeH-
HA H.S, NiABULLYIOTb aKTUBHICTb TiIOPEAOKCUHPEAYKTA3M
Ta cynbdiTOKCMAasu.

OKMPIHHA XapaKTEepPU3YETbCA OKCUAATUBHUM CTpe-
COM Ta MEepCUCTYOUYUM 3ananeHHAMm [19], wo morke Bu-
KAMKATW 3MiHM KoHdOopMaLii Ta HATUBHUX BNACTMBOCTEMN
PefOoKC-YYT/IMBUX eH3uMiB 0BmiHy H.S, po3suTok fedi-
LMTY iX KodaKTopiB Ta cybcTpaTie. 30Kkpema, UMHK, a-J1K
Ta TiocynbdaT € BUSHAHNUMM aHTUOKCUMAAHTAMM | 3@ OKCU-
[aTMBHOTO cTpecy notpeba B HMX MOXKe 3pocTaTtu. Tak,
Y NALEHTIB 3 OXMUPIHHAM Ta LYKPOBMM AiabeTom 4yacTto
BUABNAETLCA MNOLMHKEMIA, @ NPUAOM NpenapaTiB LMHKY
3MeHLWYye MeTaboniuHi po3nagn Ta CNPUAE 3HUMKEHHIO
macu Tina [20]. Mpuitom a-JIK TaKoXK CNpUA€E 3HUKEHHIO
MacK Tina y ocib 3 OXKMPIHHAM Ta HaZ/IMLLKOBOH Baroto,
3MEHLUYE ABMLLA OKCWMAATMBHOIO CTPEecy, 3anasieHHs,
aucagunokiHemii [21].

IHTepec 4o poni TiocynbdaTy Ta Tiocynbdatcynbdyp-
TpaHcdepas y natoreHesi meTaboniuHUX po3nagis cyT-
TEBO MOCU/IMBCA B OCTaHHi poku [8]. BcTaHOB/EHO, LLO
ekcnpecis pogaHesu (TCT KP 2.8.1.1) B KMPOBii TKaHWHI
NO3UTMBHO KOPEJHOE 3 YYTAMBICTIO A0 iHCYNiHY | HeraTus-
HO KOPEJTIOE 3 }KMPOBOHO Macoto [22]. BBeaeHHsA wypam 3
LyKpoBMM AiabeTom TiocynbdaTty (ocHOBHOro cybcTparty
TCT) nokpallyBano 3aCBOEHHA [/IHOKO3M i 3MEHLLYBAO
iHCyniHope3ucTeHTHicTb agmnouuTie 3T3-L1 [8, 22].

Pe3ynbtaTn Hawmx gocnigyKeHb Woao BnAnBy Kodak-
TOpiB Ha 0OMIH H,S y3rofpKyroTbCaA 3 eKCnepuMeHTanbHu-
mun gaHumm Dugbartey G. J. et al. (2022), siki nokasanu
3paTHicTb a-/1K nigsuwysath ekcnpecito LI/ B cepui Ta
piBeHb H.S B naasmi Kposi y LLypiB 3 CTPENTO30TOLMHO-
BMM fiabeTom, i 3acBiAYNAM 3MEHLUEHHA UbOro epeKkTy
npw seeaeHHi MMT [23]. IcHytoTb goKasn, wo a-J1K moxe
NiABULLYBATM EKCMNPECilo reHa TiopeAOoKCMHPeayKTasn
[24], a uMHK — 36inblUYBaTK BiAHOBAKOBAbHI BNACTUBOCTI
TiopegokcuHy [25]. TCT BnAMBAE Ha Nya aHTUOKCUAAH-
TiB — BUKAMKAE nepcynbdifaLito ryTaTioHy, AKMM moxxe
BiHOBNIOBATW TiOpPeAOKCMH, 3abe3nedyBaTu cynbdoHy-
BaHHA UiaHigiB Ta iHTepKoHBepcito cynbdaHe cynbdyp
[8]. MokasaHo, wo Na,S,0, in vivo Ta in vitro aisas sk H,S-
MIMETMK: npurHiyysas nponidepauito KNITUH y CTiHLi
COHHOI apTepii Ta cermeHTax BeH AOANHM, NiABULLYBAB
yTBOpEeHHA nonicynbdiais Ta nepcynbodigauito 6inkis, Wwo
acoLitoBanochk 3 genonimepumsadieto TybyniHa, 3ynMHKo
KNITUHHOTO UMKY, 3HUKEHHAM MirpaLii Ta nponidepau;i
rNafeHbKUX MiOUMTIB CyamH [26].

Takum unHom, a-JIK, ZnSO, Ta Na,S,0, 3[4aTHi Kopu-
rysatv o6miH H,S B cepui Ta cyanHax i MoxyTb ByTh 3a-
CTOCOBaHI 3 LLIED METOI B K/IHIYHMX YMOBAX, afKe, Ha
BigMiHY Bif knacmyHoro aoHopy NaHS, ui pevyoBmHM BXO-
OATb 40 CKAaAy roTOBUX NliKapCbKMX GOpPM i f,03BO/IEHI A0
3aCTOCYBAHHA B NMPAKTUYHIN MeANLMHI.

BucHoBKMw.

3a eKCnepMMEHTANIbHOrO OXKUPIHHA, HAYKOBAHOrO
BMCOKOKANOPiINHOWO Ai€ETO, B CepueBO-CYAMHHIN cuc-
Temi Gpopmyetbea AediunT H.S, 3HWKYETbCA aKTUBHICTb
OCHOBHMX H_S-cnHTesyroumnx ensumis (L1, LIAT/3-MCT)
Ta MITOXOHAPIaNbHUX eH3UMIB cynbdigHoro obmiHy (TCT,
TiopegoKcMHpeayKTasu, cynbdiTokcmaasu). AcouinoBaHi
3 OXKMPIHHAM NopyLIeHHA 06miHy H,S B MioKapai Ta aopTi
nornnboTLCA NPY BBEAEHHI MPONaprinrinuuHy i 3SmeH-
WwytoTbcA Npu BBeaeHHi NaHS.

o-/linoeBa KMCNOTa, UMHK cynbdat Ta TiocynbdaTt Ha-
TPito MigBMLLYIOTL piBeHb H,S B Miokapai Ta aopTi, 3MeH-
WYOTb AENPUMYHOUYNIA BNINB BUCOKOMXKMPOBOI AIETU Ha
npouecu aecynbdypyBaHHa L-uncTeiHy Ta TiocynbdaT-3a-
NEXHUA WNAX yTBOPEHHA H.S, NiABULLYIOTb aKTUBHICTb
TiopegoKCMHpeayKTasn Ta cynbdiTokcnmaasn. BkasaHi
MOAYNATOPYM 3a 34aTHICTIO KOpUryBaTu piseHb H,S B cep-
LLEBO-CYAMHHII CUCTEMI 33 YMOB OXKMPIHHA He nocTyna-
10TbCA KnacmdHomy goHopy NaHS, a 3a BnarBom Ha miTo-
XOHApianbHi NaHKKU cybdigHOro 06MiHY AEMOHCTPYHOTb
6inblW BUPaA3HUI edekT.

MepcneKTMBM NOgaNbLUNX AOCAIAMNKEHD.

3’AcyBaHHsA PO MOAYNATOPIB Pi3HMX WAAXIB 0OMiHY
H,S B perynauii pyHKLiOHaNbHOTO CTaHy CepLeBo-CyAnH-
HOI CUCTEMM 33 OXKMPIHHA J03BONNTL Y NEPCNEKTUBI 06-
IPYHTYBaTU HOBI NepcoHidikoBaHi niaxoan Ao npodinak-
TUKM KapgiomeTaboiyHoi MynsTMMOp6igHOCTI.
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BMNAMB NINOEBOT KNC/TOTU, LLUHKY CYNIb®ATY TA TIOCYNb®ATY HATPIKO HA OBMIH H2S B CEPLIEBO-CY-
OWHHIA CUCTEMI LLYPIB 3A EKCMEPUMEHTA/IbBHOTO OXUPIHHA

BobeubKa O. M., 3aiuko H. B.

Pestome. Bcmyn. CipkoBMmicHi amiHOKMC0TK Ta ix meTaboniT rigporeH cynbdig (H,S)siairpatotb Baromy ponb y
naToreHesi cepLeBO-CYAMHHMX 3aXBOPIOBaHb Ta MeTaboNuHMX PO31aAIB. SHUNKEHHA PiBHA eHA0reHHOro H.S € UnH-
HUKOM apTepiafbHOI rinepTeHsii, AMchyHKLUIi niBoro wayHouka, ¢ibposy miokapay, cepueBoi HegocTaTHOCTI. Ponb
Pi3HUX WAAXiB 06MiHY H,S B MexaHi3max YLIKOAXEHHSA CepLs Ta CYAMH OCTaTO4HO He 3'ACOBaHa, He BU3HAYeHi nig-
X04M [0 KopeKuii cynbdifiHOro 06MiHY 33 OXKMUPIHHA.

Mema: 3’acyBaTu BMN/MB NINOEBOT KUCAOTU, LMHKY CynbdaTy Ta TiocynbdaTy HaTPito Ha 06MIH H,S B cepueso-cy-
OVHHIN cUCTeMi LLYPiB 33 eKcnepmrmeHTanbHOro oxKunpiHHA (EOQ) Ta NopiBHATK MOTO 3 Ai€l0 KNacUYHMUX MoAayNATOpIB
waaxy H.S / uncratioHin-y-niasa (LiMN).

06’ekm i memoodu OocnioreHHA. Jocnian npoBegeHo Ha 70 BinnX HENiHIMHUX Wypax-CaMusaX i3 4OTPUMAHHAM
bioeTnyHMx Hopm Ta npuHumnis (Ctpacbypr, 1986; Kuis, 2001). EO BUKANKANM 3aCTOCYBAaHHAM BMCOKOKANOPiMHOT
nietn (4,33 kkan/r, 39,5% »upis) ynpoaosk 10 TUKHIB. Mpyna KOHTPOO OTPMMYyBaia CTaHAAPTHWUI pauioH (2,71
KKan/r, 10,8% xupis). Mogynatopu obmiHy H,S — nponaprinriunn, NaHS, a-ninoesy kucnoty (a-/K), umHK cynbdar,
TiocynbdaT HaTpilo BBOAUAM YNPOJOBK OCTaHHIX 2-X TUKHIB LWypam 3 EO. B miokapai Ta rpyaHin aopTi BU3Havanu
BMICT H,S Ta aKTMBHICTb eH31miB 06MiHy H.S. CtatnctniHy 06pobky pesynbratis nposoauaun 8 naketi IBM Statistics
SPSS 26. ocToBipHicTb BigmiHHOCTel ouiHoBann 3a U Kputepiem MaHHa-YiTHi npu p <0,05.

Pesynemamu. Y wypis 3 EO BUABAANOCH 3HUKEHHA BMiCTY H_S B miokapai Ta aopTi (Ha 42,4 1a 37,2 %, p<0,001)
MoOpiBHAHO 3 KOHTposieM. BeeaeHHs nponaprinriuuHy (50 mr/Kr) nornubnosano aediumt H_S, y Toi yac sk BBe-
neHHA NaHS (3 mr/Kkr) Ta moaynaTopis cynbdigHoro 06miHy — a-/1IK (100 mr/Kr), uuHK cynbdaty (124 mr/kr), Tio-
cynbdaty HaTpito (300 mr/Kr) nigsuLLyBano piBeHb H,S & miokapai Ta aopTi wypis 3 EO. 3a EO B cepueBo-CyanHHiIN
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CUCTEMI LWYypiB PEECTPYBANOCh 3HUMKEHHSA aKTUBHOCTI AecynbdypyBaHHA L-uncteiy (3a yyacTi UMCTaTioHiH-y-/1ia3un
Ta uMcTeiHamiHoTpaHchepasm/ 3-mepkantonipysatcynbdypTpaHchepasm) Ta TiocyibdaT-3aN1€XKHOM0 YTBOPEHHA H.S
(3a yuacri TiocynbdatcynbdypTpaHcdepas), 3HMNKYBaNaCb aKTUBHICTb TIOPELOKCMHPEAYKTasn Ta cynbdiToKcMaasu.
BBeaeHHs nponapririyMHy nornnbaoBano BUABAEHI NopylueHHs, a BBeaeHHA NaHS, a-/1K, uMHK cynbdaty Ta Tio-
CynboaTy HaTpito CNPUAIO HOPMANI3aLLii aKTUBHOCTI €H3KMIB 06MiHY H,S. Halkpalyuin kopuryounin edekT Woao pis-
HUX WAAXis 06miHy H.S cnpasaanu a-/IK Ta umHK cynbdart, a TiocybdaT HaTpito Haibinbl edpeKTUBHO NiABULLYBaB
aKTMBHICTb TiocynbdaTcynbdypTpaHchepasu.

BucHOBKK. 3a OXMPiHHA GopmyeTbes AediumT H,S B cepueBo-CyAMHHIN CUCTEMI, LLO aCOLIIOETLCA 3i 3HUMKEHHAM
aKTMBHOCTI H,S-CMHTe3yl0uMX eH3MMIB Ta MITOXOHAPIaAbHMX eH3MMiB cynbdiaHoro obmiHy. Kodaktopu cynbdyp-
TpaHcdepas (Ninoesa KMCNOTa, UMHK, TioCcyNbdaT) epeKTUBHO KOpUryIoTb piBeHb eHaoreHHoro H,S 8 cepui Ta cyan-
Hax 32 OXKMPIiHHA, i 32 UMM edpeKTom He noctynaroTbea NaHS.

KntouoBi cnosi: rigporeH cynbdin, 0XXUpiHHA, meTaboniam, cepLe, CyamHu.

THE EFFECT OF LIPOIC ACID, ZINC SULFATE AND SODIUM THIOSULFATE ON H2S METABOLISM IN
CARDIOVASCULAR SYSTEM OF RATS IN EXPERIMENTAL OBESITY

Bobetska O. P., Zaichko N. V.

Abstract. Introduction. Sulfur-containing amino acids and their metabolite hydrogen sulfide (H,S) play a pivotal
role in the pathogenesis of cardiovascular diseases and metabolic disorders. Decrease of endogenous H,S level is
considered to be an unifying mechanism for the arterial hypertension, left ventricular systolic dysfunction, myocar-
dial fibrosis, heart failure. Little is known about the role of different H,S metabolic pathways in heart and vessels
impairment. Strategies for sulfide metabolism correction in obesity outline areas for the future study.

The aim of study: to establish the effect of lipoic acid, zinc sulfate and sodium thiosulfate on H,S metabolism in
cardiovascular system of rats in experimental obesity (EO) and further comparison with influence of the conven-
tional modulators of H,S/cystathionine-y-lyase (CSE) metabolic pathways.

Object and methods of research. The experiments were performed on 70 white non-linear male rats in accor-
dance with general principles of bioethics (Strasbourg, 1986, Kyiv, 2001). EO was simulated by a high-calorie diet
(4,33 kcal/g, 39,5% fat) for 10 weeks. Control rats group received a standard feed (2,71 kcal/g, 10,8% fat). Rats with
EO were administered H,S metabolism modulators — propargylglycine, NaHS, a- lipoic acid (a-LA), zinc sulfate, sodi-
um thiosulfate during the last 2 weeks of the experiment. The level of H,S and activity of H,S metabolism enzymes in
myocardium and thoracic aorta were determined. Statistical processing was performed in the package IBM Statistics
SPSS 26. The significance of the differences was assessed by the Mann-Whitney U test at p<0.05.

Results. Rats with EO exhibited a decreased level of H,S myocardium and aorta (42,4 and 37,2%, p<0,001) com-
pared to those from the control group. Propargylglycine (50 mg/kg) supplementation caused aggravation of H,S
deficiency, while NaHS (3 mg/kg) and sulfide metabolism modulators — a-LA (100 mg/kg), zinc sulfate (124 mg/kg),
sodium thiosulfate (300 mg/kg) promoted elevation of H,S level in myocardium and aorta of rats with EO. Activity of
L-cysteine desulfurization (by cystathionine-y-lyase and cysteine aminotransferase/3-mercaptopyruvate sulfurtrans-
ferase) and thiosulfate-mediated synthesis of H,S (by thiosulfate sulfurtransferases) was decreased, diminishing of
thioredoxin reductase and sulfite oxidase activity in cardiovascular system of rats with EO have been identified as
well. Propargylglycine exacerbated violations, mentioned above. NaHS, a-LA, zinc sulfate, sodium thiosulfate sup-
plementation represented a promising approach for adjusting H,S metabolism enzymes activity. In summary, a-LA
and zinc sulfate held the strongest potential to correct different H,S metabolic pathways. Sodium thiosulfate was the
most resultant in the enhancement of thiosulfate sulfurtransferase activity.

Conclusions. H,S deficiency in cardiovascular system accompanying obesity is associated with decreased activity
of H_S-synthesying enzymes and mitochondrial enzymes of sulfide metabolism. Cofactors of sulfurtransferases (li-
poic acid, zinc, sodium thiosulfate) are good at correction of endogenous H,S content in heart and vessels in obesity.
Moreover, their corrective effect is the same as than NaHS demonstrates.

Key words: hydrogen sulfide, obesity, metabolism, heart, vessels.
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