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The article is devoted to studying the mechanisms of kidney damage due to obesity and the search for new ways to correct
renal dysfunction with modulators of hydrogen sulfide (H,S). The problem of obesity-related kidney damage is becoming
increasingly important. The pathogenesis of obesity includes a wide range of biochemical changes that initiate kidney damage,
including disorders of the H,S system. The difficulty of correcting H,S levels in the kidneys for obesity is due to the ability of
known H_S donors to enhance lipogenesis and accelerate obesity. Therefore, the search for safe modulators of H,S metabolism
in the kidneys for obesity continues. The aim of the study was to determine the effect of zinc sulfate, sodium thiosulfate,
lipoic acid, taurine on the expression of H,S metabolic enzymes, mediators of inflammation and fibrogenesis in the kidneys
of obese rats induced by high-calorie, high-fat diet. The study results showed that obesity in the kidneys of rats reduces the
expression of genes of transulfation enzymes (cystathionine-y-lyase, cystathionine-8-synthase), increasing the production
of insulin-like growth factor 1 and tumor necrosis factor alpha, increases serum levels. reduced biochemical signs of renal
dysfunction, immunoinflammatory and profibrotic processes in the kidneys and did not increase the development of obesity.
Zinc sulfate and lipoic acid have been shown to regulate renal expression of H,S-synthesizing enzymes. Thus, establishing
molecular mechanisms of influence of modulators of H,S metabolism on the course of obesity nephropathy is a promising area

of further medical and biological research
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Relationship of publications with planned research
works. The work is a fragment of the planned research
of the Department of Biological and General Chemistry
of National Pirogov Memorial Medical University «The
role of exogenous and endogenous sulfur-containing
compounds in the mechanisms of damage to internal
organs and cytoprotection in various pathological con-
ditions» (No state registration —0119U 001142).

Introduction. The role of the hydrogen sulfide (H_S)
gas transmitter in the pathochemistry of obesity and its
complications is the subject of active research in biol-
ogy and medicine. H,S is involved in regulating lipid
metabolism and fat accumulation in the body [1], but
depending on the conditions shows different biological
effects [2].

The kidneys are one of the key target organs,
whose metabolism and physiological functions suf-
fer from obesity [3, 4]. H,S is physiologically synthe-
sized in the kidneys by cystathionine-y-lyase (CSE),
cystathionine-B-synthase (CBS), mitochondrial sul-
furtransferases, and is involved in the regulation of
all renal functions [5, 6]. Renal dysfunction is associ-
ated with decreased endogenous H,S production [7],
and H,S donors provide a nephroprotective effect [8].
Meanwhile, information on changes in H,S metabolism
in the kidneys due to obesity and approaches to its cor-
rection remains debatable. There is evidence that intro-
ducing H,S (NaHS) donor reduces the accumulation of
lipids and the expression of proinflammatory cytokines
in the kidneys, improves filtration function, reduces
body weight under a high-fat diet [9]. According to

other data, H,S donors and stimulators of its endoge-
nous products inhibit lipolysis, stimulate adipogenesis
and fat deposition in white adipose tissue [10, 11].

The search for correctors of H,S metabolism, which
would provide nephroprotection in obesity, and at the
same time, do not activate lipogenesis and adipogen-
esis, adjust the production of cytokines and growth
factors, remains relevant. Positive effects on lipid
metabolism and body weight in obesity have been
shown in zinc [12], alpha-lipoic acid [13], taurine [14],
and antihypertensive and nephroprotective effects
in sodium thiosulfate [15]. Finding out the effect of
these correctors on the production of H_S in the kid-
neys and associated processes in obesity is considered
appropriate.

The aim is to establish the effect of zinc sulfate,
sodium thiosulfate, lipoic acid, taurine on the expres-
sion of enzymes of hydrogen sulfide synthesis, media-
tors of inflammation, fibrogenesis in the kidneys of rats
with diet-induced obesity.

Object and methods of research. The experiments
were performed on 60 white adult laboratory male
rats with an initial body weight of 150-190 g, follow-
ing bioethical principles adopted by the First National
Congress of Ukraine on Bioethics (Kyiv, 2001), the pro-
visions of the European Convention for the Protection
of Vertebrate Animals used for Experimental and
other Scientific Purposes» (Strasbourg, 1986), Council
of Europe Directives 86/609/EEC (1986), the Law of
Ukraine «On the Protection of Animals against Cruelty»
(Ne 3447-1V of 21 February 2006, p. 26).
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Laboratory animals were kept in standard conditions
of the vivarium of National Pirogov Memorial Medical
University, with a 12-hour lighting regime (day/night),
at a temperature of 22+2°C, relative humidity 555 %,
with free access to water and feed ad libitum. According
to the principle of minimizing mass and growth differ-
ences, 5 experimental and 1 control group (10 indi-
viduals) were formed. The control group received
a complete diet of granular food — standard diet
(2.71 kcal / g; 22.1 % protein, 10.8 % fat, 67.1 % carbo-
hydrate per calorie).

The experimental groups consumed a high-calorie
high-fat diet (HFD) for 70 days [16], consisting of 60 %
SD, 10 % eggs, 10 % pork lard (with the addition of fatty
minced meat), 9 % sugar, 5 % peanuts, 5 % milk pow-
der, 1 % sesame oil (4.33 kcal/g; 15.7 % protein, 39.5 %
fat, 44.8 % calories per calorie). The development of
diet-induced obesity (DIO) was determined by changes
in the Lie index (the ratio of the root of the cubic body
weight (g) to nasal-anal body length (cm)) Obesity was
considered achieved at values of the Leeindex > 0.31.
From the 57th to the 70th day, 4 experimental groups
received correctors — zinc sulfate 124 mg/kg (Teva,
Poland), sodium thiosulfate 300 mg/kg (Pharmstandard-
Biolik, Ukraine), a-lipoic acid 100 mg/kg Berlin-Chemie,
Germany), taurine 100 mg/kg (Elit-Pharm, Ukraine),
intragastrally once a day on 0.1 % starch gel. The con-
trol and one experimental group received equivolume
amounts of starch gel during this period. Euthanasia of
rats was performed by decapitation under thiopental
anesthesia (100 mg/kg i/g).

Serum was obtained by centrifugation of whole
blood at 1500 g for 15 min at 18-22°C. The kidneys
were washed with chilled 1.15 % KCl solution, a sample
of tissue was taken to determine gene expression and
stored at —70 °C until studies. The remaining tissue was
homogenized for 2 min in a cooled medium of 1.15 %
KClI (1: 4 weight/volume ratio) at 3000 rpm. Centrifuged
for 30 min at 600 g at 4 °C, aliquots of the postnuclear
supernatant were collected and stored at —20 °C until
studies. In the kidneys, mediators of inflammation and
fibrogenesis were determined — the level of insulin-like
growth factor 1 (IGF1, ELISA Mediagnost, Germany) and
tumor necrosis factor (TNFa, ELISA Quantikine, USA).
An early marker of glomerular dysfunction was deter-
mined in serum — the level of cystatin C (RayBiotech,
USA). The study was performed according to the man-
ufacturer’s instructions, detection was performed on a
STAT-FAX 303+ (USA) analyzer.

The level of expression of the genes CSE, CBS in the
kidneys was determined by polymerase chain reaction
(PCR)inrealtime. Total RNA was isolated from the Quick-
RNA MicroPrep Kit (Zymo Research, USA), and cDNA
was obtained in a reverse transcription reaction from

the ProtoScript M—MulV First Strand cDNA Synthesis
Kit (New England Biolabs, USA). CSE and CBS gene
expression was determined in the presence of SYBR
Green | dye using a CFX 96 detection amplifier (Bio Rad,
USA). The reaction mixture contained 10x amplification
buffer with SYBR Green | dye; 25 mM MgCl 2; 2.5 mm
deoxynucleoside triphosphates; specific primers for
rat genes [17] CSE (5’-GCTGAGAGCCTGGGAGGATA-3/,
5'TCACTGATCCCGAGGGTAGCT-3);

CBS (5'CTCCGGGAGAAGGGTTTTGA-3,
5’-CATGTTCCCGAGAGTCACCAT-3’), the p-actin ref-
erence gene (5’-ACCCGCGAGTACAACCTTCTT-3,
5’-TATCGTCATCCATGGCGA, 5 pl of cDNA sample was
added to the mixture. Amplification mode: 94°C 3 min;
40 cycles: 94°C 15 s; 64°C 40 min. For data analysis, the
relative Ct method was used, calculated by the formula
2-ACt'

Statistical processing of primary material was per-
formed in MS Excel, IBM Statistics SPSS 26 for Windows.
Calculated the mean value (M), the error of the mean
(m). The statistical significance of the differences was
assessed in the Kruskel-Wallis test, and the relationship
was measured by the Spearman correlation coefficient
(rs). Differences at p<0.05 were considered statistically
significant. The results are given as Mtm.

Research results and their discussion. The use of
HFD for 10 weeks caused the development of obesity
in animals of all experimental groups, which showed
an increase in the Leeindex > 0.31 (fig. 1). At day 70,
the Leeindex in rats with DIO was 0.341+0.002 versus
0.29340.002 in the control (p<0.001). The two-week
introduction of correctors did not deepen the changes
in the Leeindex, and in the group DIO + LA the changes
were less pronounced (Leeindex — 0.326+0.003, p=0.05
relative to the DIO group).

Lee index

Lee index, IU

DIO+LA DIO+Taurine

Control pIo DIO+ZnS04 pro+Na25203

m0day m70 days
Figure 1 — Lee index in rats with obesity induced by
a high-calorie diet (DIO) and under the action of H,S metabolism
modulators (Mtm, n=10).
Notes: 1. * p<0,05; ** p<0.01; *** p<0.001 — relative to the control
group; 2. # p<0.05, ## p<0.01 — relative to the DIO group (without
correction); 3. § — p <0.001 between the initial (0 days) and the final Lee
index (70 days) in the group.
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The use of HFD initiated the development of
renal dysfunction in experimental rats, as evidenced
by an increase in serum cystatin C — an early marker
of damage to the glomerular apparatus of the kid-
neys (fig. 2). In particular, in the DIO group, the level
of cystatin C in serum was higher by 198 % (p<0.001)
than in control. The introduction of all metabolic
correctors restrained HFD-induced deterioration of
renal function: the level of cystatin C in the groups
DIO + ZnS0O4, DIO + Na2S 203, DIO + LA and DIO + tau-
rine was lower by 33.1; 41.8; 36.3 and 31.1 % (p <0.01)
than in the DIO group.
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DIO +ZnS04 DIO +Na2S203

Figure 2 — Serum cystatin C levels in rats with diet-induced obesity
(D10) and under the action of H,S metabolism modulators
(Mtm, n=10).

Notes: 1. * p<0,05; ** p<0.01; *** p<0.001 - relative to the control group;

2. # p<0.05, ## p<0.01 — relative to the DIO group (without correction).

The development of obesity on the background of
HFD was accompanied by a decrease in the expres-
sion of H_S-synthesizing enzymes in the kidneys of rats
(fig. 3). As of day 70, the relative level of CSE / B-actin
mRNA in the DIO group was 59.7 % lower (p<0.001),
and the CBS / B-actin mRNA was lower and 54.2 %
lower (p<0.001) than in the DIO control group. Zinc sul-
fate and lipoic acid increased the expression of CSE and
CBS in the kidneys of DIO rats, while thiosulfate and
taurine did not. In particular, the level of CSE / B-ac-
tin mRNA and CBS / B-actin mRNA in the DIO + ZnSO,
group was higher by 51.9 and 68.4 % (p<0.05), and in
the DIO + LA group — higher by 40,7 and 50 % (p<0.05)
than in the DIO group, respectively.

Under the conditions of HFD in the kidneys of rats
significantly increased production of pro-inflammatory
and profibrogenic mediators — insulin-like growth fac-
tor 1 (IGF-1) and tumor necrosis factor-alpha (TNFa),
and metabolic correction inhibited this process (fig. 4).
Thus, in the DIO group, the level of IGF-1 was higher by
156.1 % (p <0.001), and the level of TNFa was higher
by 129.3 % (p<0.001) than in the control. In the groups
DIO + ZnS04, DIO + Na2S 203, DIO + LA and DIO + tau-
rine, the level of IGF-1 was lower by 48.4; 41.4; 42.6
and 33.7 % (p<0.01), and the level of TNFa was lower
by 41.8; 29.1; 36.3 and 30.8 % (p<0.01) than in the DIO
group, respectively.
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Figure 3 — Expression of CSE and CBS genes in the kidneys of rats with
diet-induced obesity (DIO) and by modulators of H,S metabolism
(Mm; n=6).

Notes: 1. * p<0,05; ** p<0.01; *** p<0.001 —relative to the control group;

2. # p<0.05, ## p<0.01 — relative to the DIO group (without correction).
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Figure 4 — Levels of IGF-1 and TNFa in the kidneys of rats with diet-
induced obesity (DIO) and under the action of modulators of H,S
metabolism (M+m; n=10).

Notes: 1. * p<0,05; ** p<0.01; *** p<0.001 — relative to the control group;

2. # p<0.05, ## p<0.01 — relative to the DIO group (without correction).
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Correlation analysis (table) showed statistically sig-
nificant mean inverse relationships between CSE and
CBS gene expression levels and markers of kidney dam-
age and the Lee index. The strongest association was
found between CSE expression and cystatin C levels and
IGF-1 levels (rs=0.685; 0.595, p<0.001).

Table — Correlation coefficients between the level of
expression of CBS and CSE genes and markers of kidney
damage in rats with diet-induced obesity (n=35)

CBS CSE
Indicator

r P r, p
IGF-1 -0,528 0,001 -0,595 <0,001
TNFa -0,357 0,035 -0,518 0,001
Cystatin C -0,574 0,001 -0,685 <0,001
Lee index -0,559 <0,001 -0,368 0,030
otes: rs is the Spearman correlation coefficient.

Thus, decreased expression of HJS synthesis
enzymes is associated with activation of inflammatory
and fibrotic processes in the kidneys due to obesity.
Zinc sulfate, lipoic acid, thiosulfate, and taurine reduce
biochemical changes in the kidneys but show different
effects on the H,S system. Changes in H,S metabolism
in the kidneys induced by obesity can disrupt overall
homeostasis, immune protection, reduce the body’s
adaptive reserves [18]. The high-fat diet causes a com-
plex of biochemical disorders in the kidneys — oxida-
tive stress, inflammation, fibrogenesis [19, 20], ectopic
fat accumulation [21], impaired expression of insulin

receptors [22]. Blocking the action of IGF-1 reduces
glomerulomegaly, inflammatory infiltration, tubuloin-
terstitial fibrosis in diabetic nephropathy in rats [23].
Therefore, the ability of the above metabolic correctors
to adjust the level of IGF-1 and TNFa in the kidneys,
along with the effect on the expression of H,S meta-
bolic enzymes, confirms their high nephroprotective
potential in obesity.

Conclusions. 1. In obese rats induced by a high-cal-
orie, high-fat diet, an association has been established
between decreased expression of H_S-synthesizing
enzyme (CSE, CBS) genes in the kidneys and biochem-
ical markers of renal dysfunction, inflammation and
fibrogenesis.

2. Zinc sulfate, lipoic acid, sodium thiosulfate and
taurine inhibit the development of nephropathy in
rats under a high-calorie, high-fat diet: reduce levels of
cystatin C, insulin-like growth factor 1, tumor necrosis
factor-alpha, do not aggravate obesity. Zinc sulfate and
lipoic acid help normalize the expression level of tran-
sulfation enzyme genes (CSE, CBS) in the kidneys of rats
with diet-induced obesity.

Prospects for further research. The establishment
of molecular mechanisms through which the effect of
modulators of different pathways of hydrogen sulfide
metabolism on the development of obesity nephrop-
athy is realized will allow to establish new therapeutic
targets for its prevention and correction. Further study
of the role of modulation of H,S metabolism in the
mechanisms of obesity is promising.
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BMNAMB UUHK CYNIb®ATY, TIOCY/IbGATY HATPIIO, NINOEBOI KNCNOTU, TAYPUHY HA EKCMPECIKO EH3UMIB
CUHTE3Y MNAPOTEH CY/1b®lAY, MEAIATOPU 3ANANEHHA, ®IBPOMEHE3Y B HUPKAX LLYPIB 3 AIET-IHAYKOBAHUM
OXUPIHHAM

BnaxueHKo B.B., 3aiuko H.B.

Pe3tome. Bcmyn. Ponb rigporeH cynbdigy (HZS) y NaToxXimii OKMUPiHHA Ta MOro yCKNaAHEeHb 3a1MULLAETLCA Npeame-
TOM aKTUBHUX AOCAIAKEHb Bionorii Ta meaAnuMHU. HUPKK € O4HMM i3 KNHOYOBUX OpPraHiB-milLeHEeN, SKi CTpaXK4atoTb Npu
OXMPiHHI. H_S di3ionoriyHo cMHTE3YeTbCA B HUPKAX, | 6epe yuacTb B perynaujii ycix HUPKOBMX GYHKUIN, NinigHoro obmiHy
Ta agunoreHesy. MNoLyK KOpeKTopiB 06MiHy H,S, aki 6 3abe3neyvyBanu HehpPONPOTEKLLIO NPU OXKUPIHHI, HE aKTMBYBaNN
ninoreHes Ta aAMMNOreHes, € aKTya/IbHUM.

Mema: BCTaHOBUTU BNAMB UMHK cynbdaTty, TiocynbdaTty HaTpito, NiNOEBOI KUCNOTU, TAYPUHY HA EKCMPECito eH3MMIB
CuHTe3y rigporeH cynbodify, meaiaTopu 3ananeHHs, ¢pibporeHesy B HUPKax LWypPiB 3 AiET-IHAYKOBAHUM OXUPIHHAM.

06’ekm i memodu OocnioreHHA. [Jocnign nposedeHi Ha 60 6innx NabopaTopHUX Lypax-camuax 3 AOTPUMaH-
HAM NpuHUMNiB 6ioeTnkn (Ctpacbypr, 1986). OKMPiIHHA BUKIMKAAN BUMCOKOKA/NOPIAHOK BUCOKOMKMPOBOK AIETOMD
(4,33 kKkan/r, 39,5 % »wupis) ynpoaos 70 Ai6. KOHTPObHI LLypi OTpUMYyBann cTaHAaPTHUIA Kopm (2,71 Kkan/r, 10,8 %
»upis). MeTaboniuHi KopeKkTopu (LMHK cynbdar, Tiocynbdat HaTpPito, NiINOEBY KMCNOTY, TaypuH) BBOAMAM B/WA 3 56-01 Mo
70-y noby. B KpoBi BU3Ha4YanM piBeHb UUCTaTUHY C, B HUPKAX — eKCNPecito reHis H,S-cuHTe3yloumnx eHsvumis (CSE, CBS),
piBHi IGF1 Ta TNFa. CTaTnctuyHy 06pobKy npoBoanau B nakeTi IBM Statistics SPSS 26.

Pesynabmamu. Y LypiB 3 OXUPIHHAM BMABNANOCH 30iNblUeHHA PiBHA UMCTAaTUHY C B CMPOBATLi KPOBi, 3HUXKEHHA
piBHA ekcnpecii reHis CSE, CBS, niaBuWLLeHHA PiBHIB MeaiaTopiB 3ananeHHs Ta ¢ibporeHesy (IGF1, TNFa). BuasneHi
obepHeHi acouialii mix piBHeM eKcnpecii reHis H,S-CMHTE3YI0UMX €H3UMIB B HMPKax Ta GioXiMiYHUMKN MapKepammn
YParKeHHA HUPOK. LInHK cynbdat (124 mr/kr), TiocynbdaT Hatpito (300 mr/kr), ninoesa kucnota (100 mr/Kr), TaypuH
(100 mr/kr) 3meHLwwyBanu pisHi unctatuHy C, IGF1 Ta TNFa y WypiB 3 OXMPiHHAM. LIMHK cynbdaT Ta Ninoesa Kncnota
nifBULLYBanu piBeHb ekcnpecii reHis CSE, CBS B HUPKaXx LLypiB 3 OXKMPIHHAM, TiocynbdaT i TaypuH He BUKAMKAIN TaKOrO
edeKkTy. BBeAEHHSA }KOLHOro 3 KOPEKTOPiB He NOrNG10BANI0 03HAKM OXMUPIHHSA.

BucHogKu. 3HWMKeHHSA eKcnpecii eH3umiB cuHTe3y H_S acouitoeTbes 3 akTUBALLIEID 3anabHKX Ta dibPOTUUYHMX MpoLe-
CiB B HMPKaX 3a OXKMPiHHA. LMHK cynbdaT, ninoeBa KMCAOTa, TiocynbdaT, TaypuH 3MEHLYTb BioXiMiUHi 3MIHW y HUPKaX,
afne BUABNAIOTb Pi3HY aKTUBHICTb WOAO BM/IMBY Ha KCMPECito eH3MMmiB 06miHy H_S.

Knrouosi cnosi: rigporeH cynbdin, 0XXMPiHHA, HUPKK, 3ananeHHs, Gibpos.

THE EFFECT OF ZINC SULFATE, SODIUM THIOSULFATE, LIPOIC ACID, TAURINE ON THE EXPRESSION OF ENZYMES
OF HYDROGEN SULFIDE SYNTHESIS, MEDIATORS OF INFLAMMATION, FIBROGENESIS IN THE KIDNEYS OF RATS WITH
DIET-INDUCED OBESITY

Blazhchenko V.V., Zaichko N.V.

Abstract. Introduction. The role of hydrogen sulfide (H,S) in the pathochemistry of obesity and its complications
remains the subject of active research in biology and medicine. The kidneys are one of the key target organs that suffer
from obesity. Physiologically, H,S is synthesized in the kidneys, and is involved in the regulation of all renal functions, lipid
metabolism and adipogenesis. The search for correctors of H,S metabolism, which would provide nephroprotection in
obesity, would not activate lipogenesis and adipogenesis, is relevant.
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The aim of study: to establish the effect of zinc sulfate, sodium thiosulfate, lipoic acid, taurine on the expression of
enzymes of hydrogen sulfide synthesis, mediators of inflammation, fibrogenesis in the kidneys of rats with diet-induced
obesity.

Object and methods of research. The experiments were performed on 60 white male laboratory rats in accordance
with the principles of bioethics (Strasbourg, 1986). Obesity was simulated by a high-calorie high-fat diet (4.33 kcal/g,
39.5 % fat) for 70 days. Control rats received standard feed (2.71 kcal/g, 10.8 % fat). Metabolic correctors (zinc sulfate,
sodium thiosulfate, lipoic acid, taurine) were administered intravenously from the 56™ to the 70" day. The level of
cystatin C in the blood was determined, the expression of H_S-synthesizing enzyme genes (CSE, CBS), IGF1 and TNFa
levels were determined in the kidneys. Statistical processing was performed in the package IBM Statistics SPSS 26.

Results. In obese rats, increased serum cystatin C levels, decreased levels of CSE and CBS gene expression, increased
levels of inflammatory and fibrogenesis mediators (IGF1, TNFa) were found. Inverse associations between the level
of gene expression of H,S-synthesizing enzymes in the kidneys and biochemical markers of kidney damage have been
identified. Zinc sulfate (124 mg/kg), sodium thiosulfate (300 mg/kg), lipoic acid (100 mg/kg), and taurine (100 mg/kg)
decreased cystatin C, IGF1, and TNFa levels in obese rats. Zinc sulfate and lipoic acid increased the expression of CSE,
CBS genes in the kidneys of obese rats, thiosulfate and taurine did not cause this effect. The introduction of any of the
correctors did not aggravate the signs of obesity.

Conclusions: Decreased expression of H_S synthesis enzymes is associated with activation of inflammatory and
fibrotic processes in the kidneys under obesity. Zinc sulfate, lipoic acid, thiosulfate, taurine reduce biochemical changes
in the kidneys, but show different activity in influencing the expression of H_S metabolic enzymes.

Key words: hydrogen sulfide, obesity, kidney, inflammation, fibrosis.
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BM/INB LUHK CYNIb®ATY, TIOCY/Ib®ATY HATPIIO, NINOEBOI KUC/TIOTU, TAYPUHY
HA EKCNPECIIO EH3UMIB OBMIHY TNAPOTEH CYNboiAyY, MEAIATOPU 3ANANEHHA
TA ®IBPOTEHE3Y B HUPKAX LLYPIB 3 AIET-IHAYKOBAHUM OXWUPIHHAM

BiHHMULbKUIA HALiOHaNIbHUIA MeaUYHUIA yHiBepcuTeT im. M.I. Muporosa (m. BiHHMUA, YKpaiHa)
vitwik@gmail.com

Cmamms npuceayeHa 00CAIOHEHHIO MEXAHI3MI8 ypaXeHHS HUPOK 30 OXCUPIHHA Ma NMowyKy Ho8UX Moxcaugocmeli Kopek-
yii peHanoHoi duceyHKyii modynamopamu pieHsa 2idpozeH cynbidy (H,S). [pobnema acoyiliosaHo2o 3 OMUPIHHAM YWKO-
OxceHHA HUPOK Habysae sce binbwoi akmyasnbHocmi. [lamozeHe3 OXUPIHHA 8KAOYAE WUPOKUl criekmp BGioxXiMidHUX 3MiH,
AKI IHIYiloroMb ypaxeHHA HUPOK, 30Kpema MopyweHHs cmaHy cucmemu H.S. CknadHicme Kopekuii pieHsa H.S e Hupkax 3a
OXCUPIHHA 3yMosneHa 30amHicmio sidomux 0oHopie H,S nocuntoeamu ninozeHes i akcenepysamu oxcupiHHA. Tomy nowyk 6es-
neyHuUx Mmooynamopie ob6MiHy H.,S 8 HUpKax 3a oxupiHHA mpueae. Memoto pobomu 6ys10 8CMAHOBAEHHA 8MAUBY YUHK CYrlb-
amy, miocynegpamy Hampito, NiNOEBOI KUCAOMU, MAypPUHy HA eKcripecito eH3umie obmiHy H,S, mediamopu 3ananeHHAa ma
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pibpoceHe3zy 8 HUPKAX WYpie 3 OMCUPIHHAM, iHOYKOBAHUM BUCOKOKA/IOPIlHOW BUCOKOMX(UPOBoto Oiemoro. Pezynbmamu
00CnidxHEeHHA MOKA3aAU, WO 30 OMUPIHHA 8 HUPKAX WYpi8 3HUMCYEMbCA EKCnpecia 2eHig eH3Uumie mpaHccynbpyeaHHsA
(yucmamioHiH-y-niazu, yucmamioHiH-8-cuHmasu), 3pocmae NPoOdyKuis iHCyniHONodibHo20 hakmopy pocmy 1 ma pakmopy
HeKpo3y NyxaAuHu anbga, niosuuyemeca cuposameosuli piseHo yucmamuHy C. Yci memaboniyHi Kopekmopu 3MeHwysanu
6ioxiMi4Hi 03HAKU peHas1bHOT OUCPYHKUIL, iMyHO3aNaAbHUX Ma NpogibpomMuYHUX Npouecie 8 HUPKAX i Mpu yboOMy He MoCusto-
801U PO36UMOK OMUPIHHA. 30aMHiCMb pe2y1i08amu HUPKo8yY exkcrpeciio H,S-cuHmesyroyux eH3umie 8UAsunu YuHK cynoepam
ma ninoeea Kucaoma. TaKUM YUHOM, 6CMAHOB/EHHA MONEKYAAPHUX MeXaHIi3mis ensusy modynamopie 0bmiHy H,S Ha nepebie
Heghponamii o#cUpiHHA € NepcreKMuU8HUM HAMPAMKOM M00aAb6WUX MeOUKO-6i0a102iuHUX OOCNIOHCEHb.
KntouoBi cnosi: 2idpozeH cynbgio, oxcupiHHA, HUPKU, 3anasneHHs, ¢ibpos.

38’A30K ny6niKauih 3 NAAHOBMMM HAYKOBO-
JocnigHummu pobotamu. PoboTta € pparmeHTOM nna-
HoBoi HOP kadeapwu 6ionoriyHoi Ta 3arasnbHOi Ximii
BiHHMLbKOrO HaLiOHaNbHOrO MEAUYHOIO YHIBEPCUTETY
im. M.I. Muporosa «Ponb eK30reHHUX Ta eHAOreHHUX
CiPKOBMICHMX CMO/IYK B MEXaHi3MaX YparKeHHA BHYTPILL-
HiX OpraHiB Ta UMTONPOTEKLii 3@ pPi3HMX NATONOTIYHMX
cTaHiB» (N2 aeprkaBHOi peecTpauii —0119U 001142).

Bctyn. Ponb rasoTpaHcmiTTepy rigporeH cynbdiay
(H,S) y naToximii OXMpiHHA Ta #Oro ycknafHeHb €
npeaMeTomM aKTUBHUX HAyKOBUX AOCAIAXEHb Yy rany-
3ax bionorii Ta meanuUMHN. H,S 3any4yeHnin go perynauii
ninigHoro obmiHy Ta akymMynaLii *Kupis B opraHismi [1],
OfHAK 3aNeXHO Bif, YMOB AEeMOHCTPYE Pi3HOCNPAMO-
BaHi bionoriuHi edpektu [2].

HWpKM € oaHWMM i3 KAHOYOBMX OpPraHiB-milleHew,
meTabonism Ta ¢isionoriyHi GyHKUIT AKMX cTpaxaa-
t0Tb Npu OXMpiHHI [3, 4]. HS disionoriuHo cuHTesy-
€TbCA B HMPKaxX 3a y4yacTi umcTaTioHiH-y-niasu (CSE),
LMCTaTiOHiH-B-cuHTasn (CBS), miToXxoHAPIaNbHUX Cy/b-
dypTpaHchepas, i bepe yyacTb B perynsii ycix HUpKo-
BUX QYHKLiN [5, 6]. PeHanbHa AnchYHKLiA acoLitoeTbCS
31 3HWXKEHHAM eHforeHHOT npoaykuii H.S [7], a goHopm
H,S 3abesnedyioTb HedponpoTeKkTOpHUin edekT [8].
Mix TUMm, iHpOopMauia Wodo 3MiH 06MiHY H.S B HuMp-
Kax 3a OXWMPIHHA Ta nigxoais A0 MOro Kopekuii 3a1u-
LLIAETHCA AMCKYTabeNbHOLO. ICHYIOTb AaHi, WO BBEAEHHA
AoHopy H.S (NaHS) sHnxye akymynauito niniais Ta ekc-
npecito Npo3anasbHUX LLUTOKIHIB B HUPKaX, MOKPALLYE
dinbTpauinHy GyHKLUIO, 3MEHLWYE macy Tina 3a yMOB
BMCOKOKMPOBOI AieTn [9]. 3a iHWMMKM AaHUMU, LOHOPU
H,S Ta cTUMynATOpM Oro eHA0reHHOT NpoAyKuji iHriby-
H0Tb NiNOAI3, CTUMYNIOKOTbL a4MMNOreHes Ta AeNOHYBAHHSA
XUpPY B 6iNili nposii TKaHuHi [10, 11].

Mowyk KopekTopis 0bmiHy H.S, ski 6 3abesneuvy-
BaNM HedpPONPOTEKLO NPU OXMPIHHI, | BoAHOYAC He
aKTMBYBaNM NinoreHes Ta agunoreHes, Kopuryesaau
NPOAYKLIO LMTOKIHIB Ta pocToBMX aKTopiB, 3aau-
LIAETbCA aKTyaNbHUM. MMO3UTUBHUI BMIMB HAa OOMIH
ninigis Ta macy Tina Npu OXUPIHHI AoBeaeHU y npe-
naparis UMHKY [12], anbda-ninoesoi kucnotu [13], Tay-
puHy [14], a y TiocynbdaTy HaTpilo BUABNEHUIA aHTUTI-
NepTeH3UBHUIA Ta HepponpoTeKTOpHUN edekTn [15].
3’AcyBaHHA BM/IMBY BKa3aHWX KOPEKTOPIB Ha MPOAyK-
uito H,S B HMpKax Ta acouioBaHi npouecn B ymosax
OXMPiIHHA BOAYAETbCA AOLINBHUM.

MeTa — BCTaHOBWUTM BMN/NB LMHK cy/bdaTy, TioCy/b-
daTy HaTpito, NiINOEBOI KNCNOTU, TaypPUHY Ha eKCNpecito
€H3MMIB CMHTe3y rigporeH cynbdiay, meaiatopu 3ana-
NleHHA, pibporeHesy B HMpPKax LWypiB 3 AieT-iHAYKOBa-
HUM OXMPIHHAM.

O6’eKT i meTopam AocnipKeHHa. [ocnign npo-
BeAeHi Ha 60 6inux cTaTeBO3piNMX /1abOPaATOPHMUX
Lypax-camyAx 3 NMo4YaTKoBOK Mmacot Tina 150-190 r
3 OOTPUMAHHAM BI0ETUYHMX NPUHLMNIB, YyXBaNeHUX
Mepwum HaujioHaNbHUM KOHrpecom YKpaiHu 3 6io-
eTukn (Kuis, 2001), nonoskeHb «EBPOMNENCHKOI KOH-
BEHLiT NPo 3axucT XpebeTHUX TBapMWH, WO BUKOPUC-
TOBYIOTbCA ANA AOCNIAHUX Ta IHWWX HAYKOBUX Linen»
(Ctpacbypr, 1986), Oupektns Paan €sponu 86/609/
EEC (1986), 3akoHy YKpaiHu «[po 3axUCT TBapuH Big,
YopcToKoro nosogyeHHsa» (Ne 3447-1V Big 21.02.2006,
CT. 26). JTabopaTopHi TBAPWMHW YTPUMYBAJIUCb B CTAH-
OApTHUX YMOBax BiBapito BiHHWUbKOro HauioHanb-
Horo yHiBepcuteTy im. M.I. MNMuporosa, 3 12-roagnHHUM
PEXMMOM OCBIT/IEHHA (4eHb/HiY), npu Temnepatypi
22+2° C, BifAHOCHIM BosiorocTi nosiTpa 555 %, 3 Bifb-
HMM A0CTYNOM A0 BoauM Ta Kopmy ad libitum. 3a npuH-
LMNOM MiHiMi3aL,ii maco-pocToBuxX BiaMiHHOCTelM Byno
chopmoBaHo 5 gocnigHux i 1 KOHTponbHa rpynu (no 10
0cobuH). Tpyna KOHTPO/0 OTPMMyBasa NOBHOPAL,OH-
HUIM TPaHY/IbOBaHUI KOPM — CTaHAapTHY Aiety (2,71
KKan/r; 22,1 % 6inkis, 10,8 % kupis, 67,1 % Byrneso-
Ais 3a Kanopaxem). [locnigHi rpynu ynpoaosx 70 gi6
CNOXKMBANN BUCOKOKANOPiINHY BUCOKOXMPOBY Ai€Ty
(BKA) [16], wo cknaganacb 360 % CA, 10 % anua, 10 %
CBMHAYOro Napay (3 A04aBaHHAM KMPHOTO M’SICHOro
dapuuy), 9 % uykpy, 5 % ounieHoro apaxicy, 5 % cyxoro
MosoKa, 1 % KyH»KyTHOT onii (4,33 kKkan/r; 15,7 % 6in-
KiB, 39,5 % Kupis, 44,8 % BYI/IeBOAIB 33 Ka/IOPaXKeM).
Po3BUTOK AieT-iHAyKOBaHOro oxupiHHA (410) BM3Ha-
Yanu 3a 3miHo iHAeKcy Jli (BigHOWEHHA KOpeHsA Kybiy-
HOro macu Tina (r) 4o HasanbHO-aHaNbHOI AOBMKUHU
Tina (cm)) CTaH OXKMPIHHA BBa)Ka/iM AOCATHYTUM MpuU
3HayeHHsAX iHgekcy Jli 2 0,31. 3 57-0i no 70-y poby
4 pocnifHi rpynu oTPUMYBaIM KOPEKTOPU — LMHK Cy/b-
dat 124 mr/kr (Teva, Monblwa), Tiocynbdat HaTpito
300 mr/Kkr (PapmcraHpapT-bionik, YkpaiHa), a-ninoesy
kucnoty 100 mr/kr (Berlin-Chemie, HimeuunHa), TaypuH
100 mr/kr (Enit-papm, YKpaiHa), iHTparactpanbHo 1 pas
Ha goby Ha 0,1 % KpoxmanbHomy reni. KOHTposbHa
Ta OA4HA [ociigHa rpyna y uel nepiog oTpMmyBanu
€KBio6’EMHI KiIbKOCTI KpoxmasnbHoro rento. EBraHasito
LLLYpiB NPOBOAUAM LWNAXOM AeKaniTauii nig TioneHTano-
BMM Hapko3om (100 mr/kr B/ou).
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CrpoBaTKy KpoBi OTpUMyBanu LeHTpUdYryBaHHAM
LinbHOi Kposi npu 1500 g 15 xB npu 18-22°C. Hupkn
NPOMMBaNU oxonoaxeHnum posumHom 1,15 % KCl,
BiAOMpPanM HaBaKKy TKAHWHW A9 BU3HAYEHHA eKc-
npecii reHis i 40 NpoBeAeHHN AO0CAiAXKeHb 36epiranu
npu —70°C. PewTy TKaHWHW TFOMOreHi3yBanuM 2 xB B
oxonoarkeHomy cepegosuili 1,15 % KCl (BigHOWeHHSA
maca/ob’em 1:4) npu 3000 06/x8. LeHTpndyrysanm
30 xB npu 600 g npu 4°C, Biabupann anikBoTn nocra-
OEepHOro cynepHaTaHTy i 40 NPoBeAeHHA AO0CAIAXeHb
36epirann npu —20°C. B HMpKax BM3HayaAn mepja-
TOpM 3ananeHHsa Ta ¢ibporeHesy — piBeHb iHCYNIHO-
nogibHoro ¢aktopy pocty 1 (IGF1, ELISA Mediagnost,
Germany) Ta ¢akTopy HeKkposy nyxamHu (TNFa, ELISA
Quantikine, USA). B cupoBaTLi KpOBi BU3Ha4Yann paHHii
MapKep romepynapHoi AncdyHuii — piBeHb LUCTATUHY
C (RayBiotech, USA). flocnigKeHHA NpoBoAUAU 3rigHO
iHCTPYKLIT BUPOOHUKIB, AETEKL,iIO 34iMCHIOBAaNM Ha aHa-
nizatopi STAT-FAX 303+(CLLA).

PiBeHb ekcnpeciireHiB CSE, CBS B HMpPKax BU3Ha4Yanu

MeToaoM nonimepasHo-naHuorosoi peakuii (M/P) B
pexumi peanbHoro 4acy. 3aranbHy PHK Buginanu 3a
Habopom Quick-RNA MicroPrep Kit (Zymo Research,
USA), kOHK oTpumyBanu B peaKuii obepHeHOi TpaH-
cKpunuii 3a Habopom ProtoScript M—MulV First Strand
cDNA Synthesis Kit (New England Biolabs, USA).
Ekcnpecito reHis CSE, CBS BM3Hayanu B NPUCYTHOCTI
6apBHMKa SYBR Green | 3a 4ONOMOro0 AeTEKTYBa/b-
Horo amnnidikatopa CFX 96 (Bio Rad, USA). PeakujinHa
cymiw mictnna 10x 6ydep ans amnnidikauii 3 6apBHK-
Kom SYBR Green |; 25 mM MgCIz; 2,5 MM pe30KcnHy-
KneosuarpudocdaTis; cneymdiyHi npanmepu aas reHis
wypis [17] CSE (5-GCTGAGAGCCTGGGAGGATA-3’,
5’-TCACTGATCCCGAGGGTAGCT-3');
CBS (5’-CTCCGGGAGAAGGGTTTTGA-3’,
5’-CATGTTCCCGAGAGTCACCAT-3’), pedepeHTHOro
reHy  B-aktmHy  (5'-ACCCGCGAGTACAACCTTCTT-3/,
5’-TATCGTCATCCATGGCGAACT-3’), 5 Oa/mkn SynTaq
OHK-nonimepasun, go cymiwi gogasanm 5 mkn 3pasky
KOHK. Pexxum amnnidikauii: 94°C 3 xB; 40 umknis:
94°C 15 c; 64°C 40 xB. [nA aHanisy AaHUX 3aCTOCOBY-
Basn BigHoCcHMI Ct meTog 3 po3paxyHKOm 3a popmy-
noto 275,

CTaTUCTMYHY 06pPOBKY NepBMHHOIO MaTtepiany npo-
Boaunu B naketi MS Excel, IBM Statistics SPSS 26 for
Windows. Po3paxoByBanu cepefHe 3HauyeHHs (M),
noxmbky cepegHboro (m). CTaTUCTUUYHY 3HaYyLiCcTb
BiAMIHHOCTeN ouiHtoBann B TecTi Kpackena-Yonnica,
3B'A30K MOKa3HWKIB — 33 KoediuieHTOM Kopenauii
CnipmaHa (r ). CTaTUCTUYHO 3HAYYLLIMMM BBAXKaNW BiA-
MiHHOCTI npu p<0,05. Pe3ynbtat HaBegeHo Ak Mtm.

Pe3ynbTaTu JocnipgKeHHA Ta iX 06roBopeHHs.
3actocyBaHHA BK/ ynpogosx 10 TUXKHIB BMKAMKANO
PO3BUTOK OXMPIHHA Y TBAPUH BCIX JOCNIAHUX TPYN, LLO
3acBigvyBano 3poctaHHsA iHgekey Jli 2 0,31 (puc. 1). Ha

70 pnoby inaekc Niy wypis 3 410 ctaHosms 0,341+0,002
npotn 0,293+0,002 B KoHTpoONi (p<0,001). AiBOTMKHEBE
BBEAEHHA KOPEKTOPiB He NorMbatoBano 3miH iHAeKcy
Ni, a B rpyni OIO+/IK 3MiHM BMABUANCD MEHLL BMpPas-
HUMM (iHaekc Jli—0,326+0,003, p=0,05 BiAHOCHO rpynu
410).

Inpexc Ji

Tunexce JIi, ym.om.

KonTpo.ab J10

JNO+ZnS04 TI0+Na2§203  JIO+JIK IO+ taypu

N0 q06a =70 moda

PucyHok 1 — IHaekc /li y wypiB 3 0KMPiHHAM, iHAYKOBaHUM
BUCOKOKanopiliHoto gietoto (A10), Ta 3a aii moaynaTopis 06miHy H,S
(Mzm, n=10).

Mpumitku: 1. p<0,05; ~* p<0,01; """ p<0,001 — BiAHOCHO rPYNu KOHTPOAIO;
2.%p<0,05, #p<0,01 — BigHOCHO rpynu 10 (6e3 Kopekuii); 3. § — p<0,001
MiX noyatkoBum (0 fo6a) Ta diHanbHUM iHgeKcom Jli (70 poba) B rpyni.

3actocyBaHHA BK/, iHiLit0oBano po3BUTOK peHanbHOI
ANCOYHKUIT Yy AOCNIAHMX LWYypiB, NPO O CBiAYMTb Mia-
BULLEHHA B CMPOBATLi KpoBi LMcTaTUHY C — paHHbOro
MapKepa ypaxeHHA KAybo4yKoBOro amnapaTy HMPOK
(puc. 2). 3okpema, B rpyni AlO piBeHb umcTatuHy C
B CMpOBaTLi KpoBi 6yB BULLMM Ha 198 % (p<0,001), Hix
B KOHTpONi. BBegeHHs ycix meTaboniyHMx KopeKTopis
CTpuMyBano iHaykoBaHe BK/ noripweHHA ¢yHKLiO-
Ha/NIbHOTO CTaHy HUPOK: piBeHb uucTaTHy C B rpynax
A10+ZnS0O,, AIO+Na,S ,0,, AI0+/K Ta Al0+TaypuH bys
HURUMM Ha 33,1; 41,8; 36,3 Ta 31,1 % (p<0,01), Hix
8 rpyni 4l0.

Hucratun C
450

400
350
300 o oy
u i

250

200

Tucrarus C, HO/MI

150

100

KonTpoas J10

JI0+ZnS04 II0+Na2S203  JIO+JIK JIO+ Taypun

PucyHoK 2 — PiBeHb uuctatuHy C B CMpOBaTL,i KPOBi y LypiB 3 Ai€eT-
ingykoBaHum oxupinHam (A10) ta 3a aii moaynatopis 06miHy H,S
(M£m, n=10).

Mpumitku: 1. p<0,05; ~* p<0,01; " p<0,001 — BiAHOCHO rPyNM KOHTPOAIO;

2.%p<0,05, #p<0,01 — BigHocHO rpynu 10 (6e3 kopeKu,i).
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Po3BMTOK OXMpiHHA Ha Thi BKA cynpoBoarKyBascA
3HWXKEHHAM  eKkcnpecii  H,S-CMHTesylounx eHsumis
B HMpKax wypis (puc. 3). Ctanom Ha 70 o6y 8 rpyni 10
BigHOCHWI piBeHb MPHK CSE / B-akTUH 6yB HMXYMM Ha
59,7 % (p<0,001), a MPHK CBS / B-akTUH HUXX4YMM Ta
54,2 % (p<0,001), Hix B rpyni KoHTpoat. LIMHK cynb-
¢daT Ta ninoeBa KMcnoTa nigsuwyBann ekcnpecito CSE
Ta CBS B HMpKax wypis 3 10, B y TOM Yac sK Tiocynbdar
i TaypuH Takoro edeKkTy He BUKAMKaAU. 30Kpema,
piseHb MPHK CSE / B-aktmuH Ta MPHK CBS / B-akTuH
B rpyni Al0+ZnSO, 6ys suwwmm Ha 51,9 Ta 68,4 %
(p<0,05), a B rpyni AIO0+/1K — Buwmm Ha 40,7 Ta 50 %
(p<0,05), Hix B rpyni 410, BignosigHo.
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PucyHok 3 — EKkcnpecis reHiB CSE Ta CBS B HUPKaXx LypiB 3 Ai€eT-
iHgykoBaHUM oxupiHHam (A10) Ta 3a aii moaynaTopis 06miny H,S
(M£m; n=6).

Mpumitku: 1. 'p<0,05; * p<0,01; """ p<0,001 — Bi4HOCHO rpynu KOHTPOAIO;

2.%p<0,05, #p<0,01 — BigHOoCcHO rpynu 110 (6e3 KopeKLuii).

3a ymoB BK/[, B HMpKax LWypiB iCTOTHO MigBuLly-
Basacb MNPOAYKLUiA npo3anaabHUX i npodibporeH-
HUX MepgiaTopiB — iHCyniHonoaibHoro ¢akTopy pocTy
1 (IGF-1) Ta ¢dakTopy Hekposy nyxauH anbda (TNFa),
a MeTaboniyHa KoOpekLis cTpumyBasa Uel npouec
(puc. 4). Tak, B rpyni 410 piseHb IGF-1 6yB BMLMM Ha
156,1 % (p<0,001), a pieHb TNFa — Buwmm 129,3 %
(p<0,001), Hix B koHTponi. B rpynax [Al0+ZnSO,,
Al0+Na,S 0, AI0+/IK ta [AlO+taypuH piseHb IGF-1
6yB HMKUMM Ha 48,4; 41,4; 42,6 Ta 33,7 % (p<0,01),
a piseHb TNFa — HuxKuum Ha 41,8; 29,1; 36,3 1a 30,8 %
(p<0,01), Hix B rpyni 410, BignosigHo.

Kopensauiinmii aHanis (tabn.) 3acsiguvme cratuc-
TMYHO 3HauyLLi 0bepHeHi 3B’A3KN cepeaHbOl CUIN MiXK
piBHem eKkcnpecii reHiB CSE Ta CBS Ta mapKepamu ypa-
YKEHHS HUPOK, a TaKoX iHAeKcom Jli. Hanbinbw cunb-

HUIM 3B’A30K BUABNABCA MiX piBHem ekcnpecii CSE Ta
pisHem umnctatuHy Ci pisHem IGF-1 (r =—0,685; 0,595,
p<0,001).
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PucyHoK 4 — PiBHi IGF-1ta TNFa B HUpKaX LypiB 3 Ai€T-iHAYKOBaHUM
oxupiHHam (A10) Ta 3a aii mogynaTopis 06miny H,S (Mim; n=10).
Mpumitku: 1. p<0,05; " p<0,01; " p<0,001 — BiAHOCHO rPynn KOHTPOIO;

2.%p<0,05, #p<0,01 — BigHOCcHO rpynu 10 (6e3 KopekKuii).

Tabnuusa — KoediuieHTn Kopenauii mixK piBHem eKcnpecii
reHis CBS Ta CSE Ta mapKepamu ypaxeHHA HUPOK Y
LypiB 3 Ai€T-iIHAYKOBAaHUM OXKUPiHHAM (n=35)

CBS CSE
MoKasHUK

r p r p
IGF-1 -0,528 0,001 -0,595 <0,001
TNFa -0,357 0,035 -0,518 0,001
Uuctatmun C | -0,574 0,001 -0,685 <0,001
IHaeKc i -0,559 <0,001 -0,368 0,030

Mpumitku: r — koediuieHT kopenauii CripmaHa.

TaKMM YMHOM, 3HUMKEHHA eKCNpecii eH3UMIB CUHTE3Y
H,S acouitoeTbea 3 aKTUBALLIEID 3anasibHWX Ta dibpoTny-
HUX MPOLLECIB B HUPKaX 3a OXMPiHHA. LUMHK cynbdar,
NinoeBa K1cnoTa, Tiocynbdat, TaypuH 3mMeHLWyoTb 6io-
XiMiYHI 3MiHW Yy HUPKaX, ane BUABMAOTb Pi3HY aKTUB-
HICTb WOA0 BNUBY Ha cuctemy H.S. 3miHn obmiHy H.S
B HMPKaX, iHAYKOBaHI OXXMPIHHAM, MOXXYTb NOPYLLYBATU
3arasibHUM TOMeOCTas, IMYHHUM 3aXMUCT, 3HWUNKYBATH
afanTuBHI pesepsBu opraHiamy [18]. BucoKoxkmposa
Ai€Ta IHAYKYE B HUPKAX CKNAAHUM KomnaeKkc bioximiu-
HUX MOpYyWeHb — OKCUOATUBHWUI CTPeC, 3ananeHHs,
dibporeHes [19, 20], ekToniuHy aKymynauito xupis [21],
NopyLeHHA eKcnpecii iHcyniHoBuX peuentopis [22].
bnokyBaHHa gii IGF-1 3meHWwye rnomepynomeranito,
3ananbHy iH@iNbTpayito, TybynoiHCcTepcTULIaNbHUI
$ibpo3 3a aiabeTnyHi HedponaTii y wypis [23]. Tomy,
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30aTHICTb BMLLEBKA3aHUX MeTaboniyHMx KopekTopis
KopuryBaTu piBeHb IGF-1 Ta TNFa B HMpKax, nopAag, i3
BMN/IMBOM Ha eKCrpecito eHsumis obminy H.S, niareep-
[OKYE X BUCOKMIA HEPPONPOTEKTOPHUI NOTEHLian npu
OXKMPIHHI.

BucHoBKMU. 1.V LypiB 3 OXUPIHHAM, iHAYKOBAaHUM
BMCOKOKaNOPIAHOKO BMCOKOXMPOBOIO Ai€TO, BCTa-
HOBJIEHA acoLiaLia MK 3HUMKEHHAM eKcrnpecii reHis
H,S-cuHTesytoumnx ensumis (CSE, CBS) B HUpKax Ta 6io-
XIMIYHHUMW MapKepammn peHaNbHOi AUCPYHKLIT, 3ana-
JIeHHA Ta pibporeHesy.

2.  UuHK cynbdaT, ninoeBa Kucnota, Tiocynb-
daT HaTpito i TaypuH CTPUMYIOTb PO3BUTOK Hedpo-
natii y wypiB 3a YMOB BMCOKOKANOPiINHOI BUCO-

KOXMPOBOI AI€ETU: 3MeHWYTb piBHI unuctatuHy C,
iHcyniHonopaibHoro dakTopy pocTy 1, bakTopy HeKpo3y
NyXJAMHKU anbda, He NOrNNBI0Tb O3HAK OXMUPIHHSA. LIMHK
cynbdaT Ta NiNOEBA KMUCAOTA CNpUAKOTb HOpManisaLii
PiBHA eKcnpecii reHiB eH3uMmiB TpaHccynbdpyBaHHA (CSE,
CBS) B HMPKaX LLYpPiB 3 AiET-iHAYKOBAHNUM OXKMUPIHHAM.

MNepcnektusu noAanbLunx BOCNigKeHb.
BcTaHOBNEHHA MONEKYNAPHUX MEXaHi3miB, yepes AKi
peani3yeTbCa BNAMB MOAYAATOPIB Pi3HUX LWAXIB 0OMiHY
rigporeH cynbdiny Ha po3BUTOK HedponaTii OXKUPIHHA,
[03BO/INTb BCTAHOBUTWU HOBI TEpPaneBTUYHI MmilleHi i
npodinakTUKM Ta KopeKuii. Moganblie BUBYEHHA poni
moZaynauii 06miHy H.S mexaHismax pO3BUTKY OMMPIHHA
€ NepPCNeKTUBHUM.
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BMNAUB UUHK CYNIbGATY, TIOCY/IbGATY HATPIIO, NINOEBOI KNCNOTU, TAYPUHY HA EKCMPECIIO EH3UMIB
CUHTE3Y MNAPOTEH Cy/b®lAY, MEAIATOPU 3AMNANIEHHA, ®IBPOMEHE3Y B HUPKAX LLYPIB 3 AIET-IHOYKOBAHUM
OXUPIHHAM

BnaxueHKo B.B., 3aiuko H.B.

Pe3tome. Bcmyn. Ponb rigporeH cynbdigy (HZS) y naToximii oXMpPiHHA Ta MOro ycknagHeHb 3a/IMLWAETLCA Npeame-
TOM aKTUBHUX AOCAiAXKeHb bionorii Ta meanunHU. HUPKM € OAHUM i3 KNHOUYOBUX OpraHiB-milleHel, fKi CTpaXKaatoTb nNpu
OXMPiHHI. H_S $i3ionoriyHo cMHTe3YeTbCA B HUPKAX, i 6epe yyacTb B perynsauii ycix HUpPKOBUX GYHKLM, NiNigHOro 06miHy
Ta agunoreHesy. MNoLyK KOpeKTopiB 06MiHy H,S, aki 6 3abe3neyvyBanu HebpPONPOTEKLLIO NPU OXKUPIHHI, HE aKTMBYBaNN
ninoreHes Ta aAUMNOreHes, € aKTya/IbHUM.

Mema: BCTaHOBUTU BNAMUB UUHK cynbdaTy, TiocynbdaTy HATpitO, INOEBOT KUCNOTU, TaypPUHY HA eKCNpecito eH3numis
CUHTe3y rigporeH cynbdigy, megiatopu 3ananeHHa, pibporeHesy B HUPKax LLYypPiB 3 AiE€T-iIHAYKOBAHUM OXUPIHHAM.

06’ekm | memodu docnioxeHHA. Jocnian nposeaeHi Ha 60 6innMx NabopaToOpPHUX Lypax-cCamusaX 3 AOTPUMAHHAM
npuHumnis 6ioetnkn (Ctpacbypr, 1986). OXMPIHHA BUKAUKANU BMCOKOKANOPIMHOK BUCOKOXMpPOBOK AieToto (4,33
KKan/r, 39,5 % kupis) ynpogos 70 4i6. KOHTPOAbHI Wypi OTpUMyBann cTaH4apTHUI Kopm (2,71 kkan/r, 10,8 % kupis).
MeTaboniuHi KopeKktopu (UMHK cynbdar, TiocynbdaT HaTpilo, NiINOEBY KUCAOTY, TaypuH) BBoanaun B/wn 3 56-oi no 70-y
006y. B KpoBi BU3HA4Yanu piseHb UMCTaTUHY C, B HUPKAX — EKCNpPEeCito reHis H,S-cuHTe3yloumnx eHaumis (CSE, CBS), piBHi
IGF1 Ta TNFa. CtatuctnyHy 06pobky nposoaunun B naketi IBM Statistics SPSS 26.

Pesynbmamu. Y UIypiB 3 OXUPIHHAM BUABAANOCH 36iNblueHHA piBHA uMcTaTUHY C B CMPOBATL KPOBi, 3HUMKEHHA
piBHA eKkcnpecii reHis CSE, CBS, niapuuieHHA piBHIB MeaiaTopis 3ananeHHA Ta ¢ibporeHesy (IGF1, TNFa). BussneHi
obepHeHi acoujiauii Mix piBHEM eKcnpecii reHis H,S-cMHTE3yH0UMX eH3UMIB B HMPKax Ta BioXiMiYHMMKM MapKepamK ypa-
EHHA HUPOK. LIHK cynbdart (124 mr/kr), TiocynbdaT HaTpito (300 mr/Kr), ninoesa kucnota (100 mr/Kr), TaypuH (100 mr/
Kr) 3meHLlyBanu piBHi unctatuHy C, IGF1 ta TNFa y wypiB 3 okupiHHAM. LIMHK cynbdat Ta finoeBa KMcAoTa NigsuLy-
Banu piBeHb eKkcnpecii reHiB CSE, CBS B HUPKaX WYpPiB 3 OXKMPIHHAM, TiocynbdaT i TaypuH He BUKIUKAIN TaKoro edekTy.
BBEAEHHS }KOAHOMO 3 KOPEKTOPIB HE MOMMBA0BAN0 O3HAKM OXKUPIHHSA.

BucHogKu. 3HWKeHHSA eKcnpecii eH3MmiB cuHTe3y H.S acoLitoeTbes 3 akTUBaLLiEIO 3anasibHKX Ta dibPOTUUHMX MpoLe-
CiB B HMPKAX 3a OXKMPIiHHA. LIMHK cynbdaT, ninoesa KMCNOTa, TiocynbdaT, TaypuH 3MEHLYHOTb 6ioXiMiYHI 3MiHW Y HUPKaX,
ane BMABNAIOTb Pi3HY aKTUBHICTb LO/A0 BMN/IMBY Ha EKCMNPECito eH3UMIB 06MiHY H,S.

Kniouosi cnosi: rigporeH cynbdin, 0XXMPiHHA, HUPKK, 3ananeHHs, Gibpos.

THE EFFECT OF ZINC SULFATE, SODIUM THIOSULFATE, LIPOIC ACID, TAURINE ON THE EXPRESSION OF ENZYMES
OF HYDROGEN SULFIDE SYNTHESIS, MEDIATORS OF INFLAMMATION, FIBROGENESIS IN THE KIDNEYS OF RATS WITH
DIET-INDUCED OBESITY

Blazhchenko V.V., Zaichko N.V.

Abstract. Introduction. The role of hydrogen sulfide (H,S) in the pathochemistry of obesity and its complications
remains the subject of active research in biology and medicine. The kidneys are one of the key target organs that suffer
from obesity. Physiologically, H,S is synthesized in the kidneys, and is involved in the regulation of all renal functions, lipid
metabolism and adipogenesis. The search for correctors of H,S metabolism, which would provide nephroprotection in
obesity, would not activate lipogenesis and adipogenesis, is relevant.

The aim of study: to establish the effect of zinc sulfate, sodium thiosulfate, lipoic acid, taurine on the expression of
enzymes of hydrogen sulfide synthesis, mediators of inflammation, fibrogenesis in the kidneys of rats with diet-induced
obesity.

Object and methods of research. The experiments were performed on 60 white male laboratory rats in accordance
with the principles of bioethics (Strasbourg, 1986). Obesity was simulated by a high-calorie high-fat diet (4.33 kcal/g,
39.5 % fat) for 70 days. Control rats received standard feed (2.71 kcal/g, 10.8 % fat). Metabolic correctors (zinc sulfate,
sodium thiosulfate, lipoic acid, taurine) were administered intravenously from the 56™ to the 70" day. The level of
cystatin C in the blood was determined, the expression of H_S-synthesizing enzyme genes (CSE, CBS), IGF1 and TNFa
levels were determined in the kidneys. Statistical processing was performed in the package IBM Statistics SPSS 26.

Results. In obese rats, increased serum cystatin C levels, decreased levels of CSE and CBS gene expression, increased
levels of inflammatory and fibrogenesis mediators (IGF1, TNFa) were found. Inverse associations between the level
of gene expression of H,S-synthesizing enzymes in the kidneys and biochemical markers of kidney damage have been
identified. Zinc sulfate (124 mg/kg), sodium thiosulfate (300 mg/kg), lipoic acid (100 mg / kg), and taurine (100 mg/
g) decreased cystatin C, IGF1, and TNFa levels in obese rats. Zinc sulfate and lipoic acid increased the expression of CSE,
CBS genes in the kidneys of obese rats, thiosulfate and taurine did not cause this effect. The introduction of any of the
correctors did not aggravate the signs of obesity.
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Conclusions: Decreased expression of H,S synthesis enzymes is associated with activation of inflammatory and
fibrotic processes in the kidneys under obesity. Zinc sulfate, lipoic acid, thiosulfate, taurine reduce biochemical changes
in the kidneys, but show different activity in influencing the expression of H_S metabolic enzymes.

Key words: hydrogen sulfide, obesity, kidney, inflammation, fibrosis.
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