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Llenb nccnepoBaHUA: M3yumnTb BAMAHUE NOMGEHO/bHBIX MPENapaToB Ha GYHKLMOHAIbHYO MOPGOIOrUI0 NOYEK NPU SKCNEepUMeHTaNbHOM MeTabo-
nnyeckom cuHapome (MC).

Matepuan u meTogbl: SKCNepUMEHTaNbHOE UCCea0BaHMe NpoBeaeHo Ha 50 kpbicax iHuM Wistar. na mogenvposaHua MC ncnonb3oBanach Gpyk-
TO3HasA MOAeNb KopmaeHus. HuBoTHbIe 6bian pacnpeaeneHbl Ha rpynnbl (No 10 B KaXKAoii) B 3aBUCHMOCTM OT BUAA NONYyYaemoi KoppekLum (asun-
capTaH, KoHueHTpaT noanderonos (MP) no3bl BUHOrPaAa, KOHLEHTPAT MNP cemaH BUHOrpaaa), rpynna cpaBHeHus npeacTasieHa MC 6e3 Koppekumu,
KOHTPO/IbHAA rPynna — MHTAKTHbIMU KMBOTHbIMM. 18 OLEeHKM 3GDEKTUBHOCTU Pas/IMUHbIX TEPANEBTUYECKMUX CTPATErMIA UCMNONb30BAANCH BUOXUMU-
yeckune 1 MopdONOr1YECKMEe METOAbI UCCIEA0BAHMA.

Pe3ynbratbl: N0Ka3aHo, YTo MN® KOHLEHTPaTbI U3 103bl U CEMSAH BUHOTPaZa, a TakKe 610KaTopbl PeL,enTopoB aHrMoTeH3uHa Il nepsoro Tuna (aswncap-
TaH) OKa3bIBAlOT MONOKUTENbHOE MeTabosMyeckoe Bo3aeicTane, npesoTapallas passutve MC.

3aKnoueHue: pesy/bTaTbl NPOBEAEHHbIX UCCNe0BaHMI YKa3bIBAOT Ha HEPONPOTEKTOPHbIN NoTeHLUMan N KOHLEHTPATOB CEMAH 1 103bl BUHOTPaSA
npu MC v No3BONAIOT PEKOMEHA0BATb UX A8 KIMHUYECKOTO M3yYeHUs B KaUecTBe CPesCTB KOMM/IEKCHOM Tepanumu meTabonnyeckoi Hepponatum u
[pYrux 3a6oneBaHnit NoYeK, aCCOLUMPOBAHHbIX C METABOIMYECKUMM HAPYLIEHUAMM.
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Objective: To study the effect of polyphenolic compounds on biochemical profile and renal morphology in the context of experimental metabolic
syndrome (MetS).

Methods: An experimental study was conducted involving 50 Wistar rats, utilizing a high fructose diet to simulate metabolic syndrome (MetS). The
animals were grouped into groups of 10 based on the treatments they received, which included Edarbi (azilsartan) and polyphenol-rich extracts from
grape cane and seeds. There was also a comparison group consisting of rats with MetS that did not receive any treatment, as well as a control group
of healthy intact animals. Biochemical and morphological methods were employed to evaluate the effectiveness of the various therapeutic strategies.
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Results: Polyphenol-rich extracts derived from grape cane and seeds, along with angiotensin Il type 1 receptor blockers, such as Edarbi (azilsartan),

have demonstrated a beneficial effect in preventing the onset of MetS.

Conclusion: The results of the study suggest that polyphenol-rich extracts derived from grape seeds and cane may offer nephroprotective benefits in
the context of MetS. Therefore, the study recommends these extracts for clinical trials as part of a comprehensive treatment approach for metabolic
nephropathy and other kidney-related diseases linked to metabolic disorders.
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BBEAEHMUE

MaTonornyeckne COCTOAHMA, KOTOpble CBA3aHbl C MeTabonu-
YECKUM CUHAPOMOM — MC (MHCYIMHOPE3UCTEHTHOCTb, OMMPEHMUE,
ANCUNUAEMMA, apTepuanbHas ruUnepTeHsns) Yacto obycnasnu-
BaloT pPas3suTMe MOPPODYHKLMOHANbHBIX HAPYLWEHUA Pa3ANYHbIX
OpraHoB, BK/Yas Moyku [1]. MHAyuMpoBaHHble MeTabonnyecku-
MU HapyLIeHUAMMU OKWUCAUTENbHBIV CTPecc, BOCManeHue, 3HAOTe-
NManbHaa AMcOYHKUMA Ha GOHe COMyTCTBYIOLLEN FMMepaKTMBaLLMK
CMMMNATOAAPEHANOBOM U PEHUH-AHTMOTEH3MH-aIbAOCTEPOHOBON CY-
CTEM acCOLMMPOBAHbI C Pa3BUTUEM MeTabonnyeckol HedponaTtuu,
NPOSABASAIOLLENCA B MpOrpeccupytowert anbbymmHypmum M nodveyHom
rMnepduUaLTPaLMK, @ TaKKe NPUBOAALLME K PA3BUTUIO XPOHUYECKOW
60n1e3HM novek (XBM) [2].

Cpeam XpoHUYeCKnX HeMHPEKLMOHHBIX 6one3Heit XbIN 3aHMMaeT
0coboe MecTo, Tak Kak CBA3aHa C YXyALIEHMEM KauyecTBa *KWU3HWU U Bbl-
COKOV CMepTHOCTbI0. HayuHble nccneaoBaHns NOCAeAHUX NET CBuae-
TE/IbCTBYIOT O TOM, YTO MOPAXKEHME MOYEK MOKET PACCMATPUBATLCA KaK
04HO 13 npossneHunii MC. B npoBeaEHHbIX UCCNef0BAHMAX NMOKA3aHo,
yto MC sBnseTca He3aBUCUMbIM pakTopom pucka XBIM. Hannune me-
TabOo/IMYECKMX HAPYLUEHWI YBENNYMBAET BEPOATHOCTb Pa3BuTus XBIy
nauueHTos ctapie 20 neT B 2,6 pasa, Npu 3TOM OTMeYaeTca Npamas
3aBMCMMOCTb C KOIMYECTBOM AMarHOCTUYECKUX Kputepmes MC [3, 4].

YunTbiBas MeAMKO-COLMANbHYI0 3HAYMMOCTb METaboMYECKUX
3abonesaHui, B YacTHocTM MC, B COBpeMEHHOM MeLMLMHCKON npak-
TUKE, O4HWUM M3 Hanboiee aKkTyasIbHbIX BOMPOCOB OCTAETCSA MOMCK Na-
TOreHeTUYeckM 0B6OCHOBAHHbIX CMOCODOB KOPPEKLIMM BCETO CMEKTPa
BO3MOMHbIX HapyLIEeHWA. B 3TOM acnekTe nepcnekTMBHbIM NpeacTas-
NAeTcA 1Ucnonb3osaHue nonudeHonos (M) — wWmpoKo pacnpocTpa-
HEHHbIX OMONOTMYECKM aKTUBHbIX BELLECTB PACTUTENIbHOTO MPOUCXOMK-
[eHUA, CrnocobHbIX OKasbiBaTb BO3AEWCTBME Ha MaTOreHeTUYecKkue
3BeHbA MC. Cpegy MHOrMX GaKTOpPOB, OMPEeAenstoWmx Hay4HbIM
nHTepec K MN®, Ha nepefHUIn NNaH BbIXOAAT UX aHTUOKCUAAHTHbBIE U
NPOTMBOBOCMANUTENbHbIE CBOMCTBA. Pe3ynbTaThl pAda SKCNEpPUMEH-
TaNbHbIX PAabOT M KJAMHWUYECKMX UCCNEA0BAHMI NO3BOWAN NOATBEP-
AnTb Hannume y M npoTtuBoamabetnyeckoro addeKTa, KOTopbIn
aCcCOLMMPOBAH C BOCCTAHOB/NIEHMEM YYBCTBUTE/IBHOCTU K UHCYIUHY U1
HOpManu3aumen yrnesogHo-nunuaHoro obmena [5-7].

ObpaLlaeT Ha cebs BHMMAHWUE BbICOKAsA CTEMEHb reTeporeHHo-
CTU XMMMYECKOTO cTpoeHns M coeamHeHUA. U3BECTHbI pasiMyHble
Knaccbl MO, BkNoYas GAaBoOHOUAbI, TAHUHbI, CTUNLOEHBI, UTHAHbI U
ap. Kaxapli Knacc UMEET YHKKa/IbHble CBOMCTBA M CMOCOBHOCTL B3au-
MOZENCTBOBATb C Bronornieckumm cuctemamm [8-10].

B nocnesHee BpeMsa OTMEYAETCA BCMIECK HAy4HOrO MHTEpeca K
LenebHbIM CBOMCTBAM BMHOrpaga, obycnoBaeHHbIM buonormyecku
aKTUBHbIMU M, T0KANN30BAHHBIMU B KOKULLE, MAKOTH, CEMEYKaX BU-
HOrpagHoW AroZbl, rpebHAX BUHOrpaLHoM rpo3au. N BuHOrpaaa, Ko-
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INTRODUCTION

Metabolic syndrome (MetS) is linked to various pathological
conditions, including insulin resistance, obesity, dyslipidemia, and
arterial hypertension, and these can lead to morphofunctional
kidney disorders [1]. Metabolic nephropathy, linked to metabol-
ic disorders, arises from a combination of factors, including ox-
idative stress, inflammation, and endothelial dysfunction. These
factors, along with the overactivation of the sympathoadrenal
and renin-angiotensin-aldosterone systems, contribute to the
progression of the disease. The condition is characterized by al-
buminuria and renal hyperfiltration, ultimately leading to chronic
kidney disease (CKD) [2].

CKD is a serious global health issue due to its impact on
quality of life and high mortality rates. Recent studies indicate
that kidney damage may be a manifestation of MetS and that
MetS is an independent risk factor for CKD. The presence of met-
abolic disorders increases the risk of developing CKD by 2.6 times
in individuals over 20, with a direct correlation between the num-
ber of MetS diagnostic criteria and CKD risk [3, 4].

The prevalence and severity of metabolic diseases, espe-
cially MetS, present a significant challenge in modern medicine.
Addressing this challenge requires identifying effective methods
to treat the full spectrum of related disorders. Polyphenols (PPs),
abundant plant-derived compounds with antioxidant and anti-in-
flammatory properties, show promise in this area. Experimental
and clinical studies suggest that PPs can improve insulin sensitiv-
ity and normalize carbohydrate and lipid metabolism, potentially
leading to antidiabetic effects [5-7].

Polyphenolic compounds exhibit significant structural diver-
sity, falling into various classes like flavonoids, tannins, stilbenes,
and lignans, each with distinct properties and interactions within
biological systems [8-10].

Grapes contain biologically active PPs with potential medic-
inal properties, particularly in their skin, pulp, seeds, and stems.
These PPs, released during alcoholic fermentation, are crucial for
the biological effects of grape processing byproducts. Commonly
used extracts of PPs from grape seeds and cane primarily consist
of flavonoids and non-flavonoids [2, 8, 14-16].

Monomeric flavonoids exist primarily as glycosides of antho-
cyanins, including delphinidin, malvidin, cyanidin, and petunidin.
Other monomeric flavonoids include quercetin and its glycoside,
as well as (+)-D-catechin and (—)-epicatechin. Oligomeric and
polymeric flavonoids, specifically procyanidins, are composed of
condensed catechin units. Oligomeric procyanidins consist of a
few catechin units, including catechin, epicatechin, and their di-
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TOpbIE IKCTPArMpPYHTCA B NPOLLECCce CNMPTOBOrO BPoXKeHus, onpeae-
NAT bronornyeckme ceomncTea 1 ahpdeKTbl NPOAYKTOB NepepaboTku
BMUHOrpasa. Lmpoko ncnonblyemble KOHLEHTPaTbI NP cemaAH 1 103bl
BMHOrPaZa NPevMMYyLLEeCTBEHHO NpPeACTaB/ieHbl ABYMA OCHOBHbIMM
rpynnamm selects G1aHOBOMAHOW U HebNaBOHOMAHOM Npupoasl [2,
8, 14-16].

MoHomepHble $GAaBOHOWAbI MPUCYTCTBYIOT B BUAE MMUKO3UA0B
aHToUMaHOB (enbdUHUANHA, MaNbBUANHA, LIMaHWAMHA, NeTyHUau-
Ha), KBepLEeTUHa 1 ero ruKosuaa, (+)-D-katexuHa, (-)-anukatexvHa.
OnuromepHble GAaBOHOWAbI MPOLMAHWUANHBI COCTOSAT U3 HECKOIbKMX
(8O wWwecTn) KOHAEHCMPOBAHHbBIX KAaTEXMHOBBIX eAMHML, (KaTexuHa,
3MNMKATEXMHA U MX AUMEPOB), NOAMMEPHbIE MPOLMAHUAMHBI cofep-
KaT ceMb U 6osee KaTeXMHOBbIX eAnHUL, TpU 3TOM OIMTOMEpPHbIE U
nonumepHole Gpopmbl GNaBOHOMAOB COCTABAAOT 60/bLUYIO Nabusib-
HYIO 4acTb CYMMapHbIX KOHLEHTPaToB, 061a43ar0LWmx bruonornyeckoi
aKkTMBHOCTbO. Cpeayn HednasoHoUaHbIX D MAEHTUDULMPOBaAHDI
OKCMbEeH30MHble (rannoBas, CMPEHeBas) U OKCMKOPUYHbBIE KUCAOTbI
(kadTapoBas, KayTapoBas), XIOPOreHOBasA KMUC/IOTa U TpaHC-pecsepa-
Tpon [11].

PaHee npoBefEHHbIE KAMHUYECKUE UCTbITAaHUA CPeau uL, C
XPOHWYECKMMU 3ab0NEBAHUAMM, B TOM YMC/IE TMOYEK, BbIABUAN He-
KoTopble pasnuua B addekTuBHOCTM Tepanuu MO. B yactHoCcTH,
BbIACHWIOCh, YTO BMONOTMYECKas aKTUBHOCTb KOHLIEHTpaToB MNd BK-
HOrpasa 3aBUCUT OT UX XMMUYECKOW CTPYKTYPbI, KOHLEHTpaLmm, byo-
[LOCTYMHOCTM, @ TaKKe HYTPUTMBHbLIX 0COBEHHOCTEN MALLMEHTOB. Ak-
Tyas/IbHOM W 3aC/y}KMBatoLen 0cob0ro BHMMaHWUA 3aja4eit oCTaérca
onpegeneHue 6e3onacHbix 1 3ddeKTUBHbIX 403 [P Bo M3bexaHue nx
HEraTMBHOrO BAUAHMA Ha MOPOOPYHKLMOHAIbHBIE XapPaKTEPUCTUKM
nouek [12, 13].

Takum 06pasom, CcyLiecTsylollMe HeOoLHO3HAYHbIE MHEHWA O
MexaHu3max feicteus MNd, a Takke OTCYTCTBME MONHOTbI 3HAHWIA O
KNMHUYECKMX 3QHEKTax pacTuUTeIbHbIX MeTabonnTos 0bycnasnBatoT
aKTya/IbHOCTb NPOBeAEHUA JAONOHUTENbHBIX UCCEA0BAHMIA MO AaH-
HOM TEMATHKE.

LLENb UCCNEQOBAHUA

M3yuntb BamaHue NP npenapatos Ha GyHKLMOHANBHYIO MOPdO-
JIOTMI0 NOYeK Npu akcnepumeHTanbHom MC.

MATEPUAN U METOAbI

JKcnepuMeHTasbHOE UCCef0BaHNe BbINoAHeHO Ha 50 Besblx
Kpblcax-camuax amHum Wistar kateropum SPF (OMBX PAH nuTOMHUK
«MywwwmHo») Bo3pacTtom 10-12 mecaues, maccoit Tena 250-300 T.

CornacHo Au3aliHy UCCeA0BaHUS, BCE XKMBOTHbIE OblIM paHao-
MW3MPOBaHbI Ha 5 rpynn:

e | rpynna (n=10) — »kwnBOTHbIE ¢ MC, nonyyaBLUME aHTUTU-
nepTeH3MBHbIM Npenapat (asuncapTaH);

e |l rpynna (n=10) — »kwnBOTHbIE ¢ MC, nonyyaBLUMe KOHLEH-
Tpat N cemaH suHorpaga (KCB);

e Il rpynna (n=10) — »kunBOTHbIE ¢ MC, Nony4yasLIne KOHLEH-

Tpat MN® nosbl BUHorpaga (BK/1B);
e |V rpynna cpasHeHusa (n=10) — »xkmBoTHbIe ¢ MC 6e3 Kop-
peKkumu;
eV KOHTpO/bHasA rpynna (n=10) — MHTaKTHbIE }KMBOTHbIE.
JKcnepuMeHT NPOBOAUACA B Aga 3Tana. Ha | atane y nabopatop-
HbIX YKMBOTHbIX Ha NPOTAXeHUn 14 Hedenb OCYLWECTBAANOCL MoAe-
nuposaHune MC ¢ ncnonb3oBaHnem GpyKTO3HOW MOAEN KOPMIEHUA
(cTaHzapTHBIN TBEPABIV KOopM ¢ 60% copepkaHnem GpyKTo3bl (Kom-
6mkopm JIBK-120, FOCT 34566-2019, Poccus). Bbibop mogenu 6bin
0bycnosnieH Tem GpakTom, 4To GPyKTO3a OKa3bIBAET BbIPAXKEHHOE B/IU-

mers, while polymeric procyanidins contain seven or more units.
These oligomeric and polymeric forms of flavonoids are signifi-
cant components of extracts that exhibit biological activity. In ad-
dition to flavonoids, non-flavonoid PPs include oxybenzoic acids
like gallic acid and syringic acid, as well as oxycinnamic acids such
as caftaric and coutaric acids. Chlorogenic acid and trans-resvera-
trol also belong to this group [11].

Previous clinical trials involving individuals with CKD and
grape PPs therapy have shown varied results. The effectiveness
of grape PP extracts depends on their chemical structure, concen-
tration, bioavailability, and the patients' nutritional status. A key
objective is to determine safe and effective PP doses that do not
negatively impact the kidneys' structure and function [12, 13].

Therefore, there is a need for further research on PPs due to
ongoing debates about their mechanisms of action and an incom-
plete understanding of their clinical effects. This lack of clarity ne-
cessitates more investigation on this subject.

PURPOSE OF THE STUDY

To investigate the impact of polyphenolic compounds on
biochemical profile and renal morphology in the context of ex-
perimental MetS.

METHODS

Wistar rats of the SPF (Specific Pathogen Free) category
from Pushchino Nursery for Laboratory Animals (Moscow re-
gion, Russia), aged 10-12 months and weighing between 250-300
grams, were used in this study. The animals were randomly as-
signed to five groups as follows:

e Group 1 (n=10): Animals with MetS receiving the anti-
hypertensive drug azilsartan medoxomil (AZL-M), mar-
keted as Edarbi.

e Group 2 (n=10): Animals with MetS receiving a poly-
phenol-rich extract from grape seeds (GSE).

e Group 3 (n=10): Animals with MetS receiving a poly-
phenol-rich grape cane extract (GCE).

e Group 4 (n=10): Comparison group of animals with
MetS that did not receive any treatment.

e Group 5 (n=10): Control group of intact animals.

The experiment was conducted in two stages. In the initial
stage of the study, MetS was induced in laboratory animals for
14 weeks using a high fructose diet. This diet was composed of a
standard diet with 60% fructose content, sourced from LBK-120
Compound Feed, ISO 34566-2019 (Belgorodskie Korma LLC, Bel-
gorod Region, Russia). This model was selected because fructose
significantly affects metabolism and is critical in modeling MetS,
as it leads to hyperglycemia and induces both insulin and leptin
resistance [14].

At stage 2, beginning in the 15th week of the experiment,
a comparative assessment was conducted to evaluate the effec-
tiveness of various therapeutic interventions. The following treat-
ments were utilized:

Angiotensin Il type 1 receptor blockers, AZL-M, marketed as
Edarbi. The selection of this drug for the study was based on pre-
vious research that demonstrated its antihypertensive effect as
well as its positive impacts on lipid metabolism and glomerular
filtration [15-17].

The following non-alcoholic food-grade polyphenol-rich ex-
tracts were used:
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fIHWe Ha MeTaboNn3M M BaxKHa Npu mogenvposaHun MC, NOCKONbKY
NPUBOAMT HE TONbKO K TMNEPIZIMKEMUM, HO U UHAYLIMPYET UHCYSIUHO-
PEN3UCTEHTHOCTb U PE3UCTEHTHOCTb K IeNTUHY [14].
Ha Il 3Tane, HaunHan ¢ 15-0i1 Heaenu aKkcneprMeHTa, Bbiia Npo-
BeAeHa CPaBHUTE/IbHAA oLeHKa 3GPEKTUBHOCTM Pa3INYHbIX TEpanes-
TUYECKMX CTpaTernid. bblnn MCNonb3oBaHbl cneayrowme GapmaKkono-
rMYECcKMe KOMMNO3ULIMMK:
e 6/0KaTop peLenTopoB aHrMoTeHsuHa |l nepsoro Tmna —
asuncapTaH. Bblbop 3Toro npenapata Ana MccaefoBaHUs
OCHOBaH Ha pesy/ibTaTax npeaplaylwmx paboT, NnokasbiBa-
IOLLMX €ro aHTUrMNEPTEH3NBHOE AENUCTBME U NMO3UTUBHbIE
3GEeKTbl B OTHOLWEHUM IMNUAHOTO 0B6MEHa U KNyboUKo-
BoOM dpunbTpaumm [15-17];

®  KOHLEHTpaT nonndeHoNoB cemaH BMHOrpaga b6esasko-
ronbHbIn nuwwesol CTO 01580301-045-2023 «KoHueHTpaT
noMdeHoN0B CeMAH BUHOTPasa 6e3anKoro/bHbIN nuLe-
Boi. TexHuyeckue ycnosusa» (KCB) (PrbYH «BHHMMUBMB
«Marapau» PAH, Poccus);

®  KOHLEHTpaT noAndeHoNoB N103bl BUHOrpada 6e3ankorosb-
HbI nuwesown CTO 01580301- 036-2021 «KoHueHTpaT no-
NMdEHONOB N103bl BUHOTPada 6€3asKoro/bHbIN MULLLEBOWA.
TexHuyeckue ycnosua» (BK/B) (PreyYH «BHHUMBKMB «Ma-
rapay» PAH, Poccus).

®YHKUMOHANbHbIE UHTPEAMEHTbI M BUONOTMYECKM aKTUBHbIE Be-
LLeCTBa, BXOAALWME B COCTAaB pa3paboTaHHOM NULLEBOW MPOAYKLMM C
HOPMMPYEMbIM KONMYECTBOM NonUdeHON0B, NpeAcTaBneHbl B Tab. 1.

Tabnuya 1 OyHKUUOHAsbHbIE UHepedueHmMebl U buosoeuYecku
aKMUBHsle 8euecmaa, 8xo0aujue 8 cocmas paspabomaHHol
nuwesol NPoOyKYUU ¢ HOPMUPYEMbIM Konu4ecmsom P

e Product Name: Non-alcoholic food-grade concentrate
of grape seed polyphenols
Standard Code: STO 01580301-045-2023
Description: polyphenol-rich grape seed extract (GSE)
Produced by: the Federal State Budget Scientific Insti-
tution "All-Russian National Research Institute of Viti-
culture and Winemaking "Magarach" of the Russian
Academy of Sciences, Crimea, Yalta, Russia.

e Product Name: Non-alcoholic food-grade concentrate
of grape cane polyphenols
Standard Code: STO 01580301-036-2021
Description: Polyphenol-rich grape cane extract (GCE)
Produced by: the Federal State Budget Scientific Insti-
tution "All-Russian National Research Institute of Viti-
culture and Winemaking "Magarach" of the Russian
Academy of Sciences, Yalta, Republic of Crimea, Russia.

The functional ingredients and biologically active substanc-
es in the extracts with a standardized amount of PPs are present-
ed in Table 1.

Biochemical and morphological methods were employed to
evaluate the therapeutic potential of the compounds.

Blood samples from experimental animals were collected
every four weeks to measure the laboratory parameters outlined
in the study protocol, including glucose, total cholesterol (TC), tri-
glycerides (TG), high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) levels. Blood was drawn from the tail vein, and

Table 1 Functional ingredients and biologically active substances
in the extracts with a standardized amount of PP

dyHKUMOHaNbHbIE MHrpeaueHTbl/Functional ingredients

dnaBoHOMAbI, B TOM Yncne
Flavonoids:

AHTOLMaAHbI

Anthocyanins

dnaBaHosbI

Flavanols

dnaBoHoONbI

Flavonols

Buonorunuecku akTusHble Bewectsa/ Biologically active substances

TpaHc-pecBepaTpon

Trans-resveratrol

MAPOKCUKOPUYHBIE KUCNOTbI
Hydroxycinnamic acids
MApPOKCMBEH30MHbIE KUCIOTbI (rannoBas)
Hydroxybenzoic acids (gallic acid)
MpounaHnanHbl

Procyanidins

CyMMapHoe cogepskaHue BoA0pacTBOPUMbIX aHTMOKCUAAHTOB B MepecyéTe Ha

CTaHAAPTHbIN aHTUOKCMAAHT TPONOKC, r/am3

The total content of water-soluble antioxidants, expressed in terms of the standard

antioxidant Trolox,g TE/dm?3
AfeKBaTHasA CyTouyHas 003a, MN

B NepecyéTte Ha BEIMYUHY CyTOYHOro npuéma Mo s konnvectse 0,7 r

Daily extract consumption, mL,
related to the PP intake of 0.7 g

KCB/GSE BKNB/GCE
33344 693.4
3283.1 645.6

513 47.8
= 911.8
45.5 -
1055.3 23.1
17266.8 6010.9
76.7+5.4* 13.4£0.9*
6.9 14.0%*

NpumeyaHus: * — AaHHble NpuBeaeHbl B BUAe Mim; ** — B nepecyéte Ha MaKCUMa/bHYIO aieKBaTHYHO CYTOUHYHO A03y NpUéma TpaHc-pecaepatpon 150 mr
Notes: * — data are expressed as Mtm; ** —based on the maximum daily dose of trans-resveratrol 150 mg
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[na oueHKM TepaneBTUYECKOTO MOTEHLMana npenapartos Mc-
no/b30BaAnCh BUOXMMMYECKUE U MOPDONOTMYECKME METOAbI HUCC/e-
[l0BaHuA.

[na onpepeneHva nabopaTopHbIX MOKasaTenel, Npeaycmo-
TPeHHbIX MPOTOKO/IOM UCCNEA0BAHNSA, Kaxable 4 Heaenn NPon3BOAN-
Nacb OLLEHKA YPOBHEN 1110K03bI, 06Lero xonectepuHa (OXC), Tpuru-
uepuaos (TT), "MNONPOTEMHOB BbICOKOM U HM3KOWM nioTHocTv (JINBI,
JINHM) B 06pa3suax KpoBW 3KCMEPUMEHTA/IbHbIX KMBOTHbIX. B3aTne
KPOBM OCYLLECTBNANOCH U3 XBOCTOBOM BeHbI. MonydeHne nnasmbl u3
Lle/IbHOW KpoBWM NPOBOAMIOCH MOCPEACTBOM LIEHTPUYrMpoBaHuA.
OnpegfeneHne nokasaTtenel BbINOMHANOCL Ha aBTOMaTUYeCKOM bUo-
XMMUYeckom aHanusatope ERBA XL-180 (Erba Lachema, Brno, Czech
Republic) ¢ ncnonbsoBaHMe CTaHAAPTU3MPOBAHHBIX METOAUK.

[ina nposeneHuAa mMopdonoruyeckoro uccneaoBaHna Ha 24-i
Hefene UccnefoBaHWA (Nocne NPUMEHeHUA NPEnapaToB KOPPEKLUK
B TeyeHve 10 HeAe/b) OCYLLECTBAANACH IBTaHA3MUA KMBOTHbIX. Mocne
12-yacoBoro nepunoga ronogaHua NyTém AeKanuTaLmm Nog HapKo3om
C NPUMEHEHNEM AWN3TUNOBOTO 3PUPa MKMBOTHBIX BbIBOAWAMN U3 IKC-
nepumeHTa 1 NPoBoAMAKN 3abop GparmeHTOB NOYEYHOW TKAHM pas-
mepom 1x1 cm. [Ins npoBeaeHns CBETOBOW MUKPOCKOMUM 06pasLpl
dvKenpoBanuch B GopmanvHe, AeruapaTMpoBasnCh U 3aaUBasUCh
B NapadmHOBble BIOKM A8 OKPACKM FEMATOKCUIMHOM U 303UMHOM.
Ha ckaHepe ructonpenapatoB Aperio CS 2 (Leica Biosystems, Deer
Park, IL, USA) nonyyanucb umdpoBbie M306paXkeHUs npenapatos C
ysennuyeHvnem 40x. C nomoLbto nporpammHoro obecrneyeHns Aperio
ImageScope M3mMepAnMCb Takue mapameTpbl, Kak Naowagbp 1 Aua-
METP NMOYeYHOro Te/blia, NAOLAAb U AUAMETP COCYAMUCTOrO KNYHOuUKa,
NAOLWaAb MOYEBOrO MPOCTPAHCTBA, BbICOTA SMNUTENNA, HAPYXKHbIV U
BHYTPEHHWUI AMAaMETPbl NPOKCUMA/IbHbIX U AUCTa/IbHbIX KaHa/bLEB,
cobupatenbHol Tpybouku. Kaxaplii M3 napameTpoB U3MEpPANCA He
MeHee, yem B 10 nonsx 3peHus AN KaxLoro }XMBOTHOTO.

MccnepoBaHve 0n0bpeHo sTUYECKMM KoMUTETOM KpbIMCKOro
denepanbHoro yHusepcuteta um. B.U. BepHaackoro (npotokon Ne 7
01 25.06.2024 1.).

Cratuctnyeckas obpaboTka noayveHHbIX AaHHbIX OCYLLECTBAA-
Nacb ¢ NoMoLLpto Nporpammbl Statistica 10.0 (StatSoft, Inc., Tulsa, OK,
USA). N5 BblsiBNEHMA HOPMANbHOCTU pacnpeseneHns Ucnonb3osan-
cA Kputepuin LLlanupo-Bunaka. Mockonbky B GoNbLUMHCTBE Cnyvaes
pacnpeseneHune npusHaka OKasanoCb OTIMYHbIM OT HOPMabHOTO,
BbluMCAANACh MeapaHa (Me) u MeKKBapTUAbHbINM pasmax [Q1; Q3].
[ONns BbIABNEHMA OTAMUMI MeXay rpynnamu Bbin MCNONb30BaH Hena-
pameTpuyecknin U-kputepmuin MaHHa-YUTHU. OTANYMA CYUTANUCH CTa-
TUCTUYECKM 3Ha4YMMbImK npm p<0,05.

PE3YNILTATbI

JKcnepumeHTanbHoe mogenuposaHne MC npu KopmaeHWUM
Kpblc 60% GPYKTO3HbIM KOPMOM COMPOBOXAANOCh PA3BUTUEM XapaK-
TEPHbIX NMpU3HaKkoB MC: abaoMMHaNbHOE OXUPEHWe (LeHTpabHbIN
KpUTEPUI), TUNEPINKeMUSA, ANCAUNUAEMUS.

K KoHUy 24 Hefenu sKCnepvMEHTa BEC KMPOBOWM KAeTYaTKu
OpPIOLLHON NONOCTH (BMCLLEPANbHOM KUPOBOM TKAHM) B rpynne Kpbic
¢ MC 6e3 KoppeKLmn ysennumnnca Ha 18,2% no cpaBHEHUIO € rpynnow
KoHTpons (p<0,05).

JKcnepumeHTanbHoe MogenvposaHne MC y KpbiC conposo-
KOAN0Cb U3MEHEHUAMM AUNUAHOTO Npodumns: nosblweHnem OXC Ha
15,8% (p<0,05), poctom ypoBHsa T Ha 39,2% (p<0,01), /INHMN Ha 21,6%
(p<0,05), rntoko3bl Ha 39,6% (p<0,01) n cHukeHnem JINBM Ha 36,9%
(p<0,01).

Ha doHe npumeHeHus asuncapTaHa pa3BMBanOCh CTaTUCTUYE-
CKM 3HAUMMOe yNyYLleHne AMNUAHOro Npoduna, a UMeHHO YMeHblLLe-

plasma was separated from whole blood through centrifugation.
These parameters were analyzed using a standardized automat-
ic biochemical analyzer, the ERBA XL-180 (Erba Lachema, Brno,
Czech Republic).

For the morphological study, conducted on the 24th week of
the study (after 10 weeks of treatment), the animals were eutha-
nized. Following a 12-hour fasting period, they were decapitated
under anesthesia with diethyl ether. Fragments of kidney tissue
measuring 1x1 cm were collected. To prepare the specimens for
light microscopy, they were fixed in formalin, dehydrated, and
embedded in paraffin blocks, after which they were stained with
hematoxylin and eosin. Digital slides with 40x magnification were
obtained using the Aperio CS 2 slide scanner (Leica Biosystems,
Deer Park, IL, USA). Aperio ImageScope software was used to an-
alyze renal tissue samples, measuring various structural parame-
ters. These included the cross-sectional area and diameter of the
renal corpuscle and glomerulus, urinary space area, and epitheli-
al cell height within the nephron. Additionally, the outer and in-
ner diameters of both proximal and distal tubules, as well as the
collecting ducts, were assessed. Each parameter was analyzed at
a minimum of 10 random fields of view for each animal.

The study received approval from the Ethics Committee of
V.I. Vernadsky Crimean Federal University, Russia (protocol No. 7
dated June 25, 2024).

Statistical analysis of the data was performed using the
Statistica 10.0 software (StatSoft, Inc., Tulsa, OK, USA). The Sha-
piro-Wilk test was employed to assess the normality of the dis-
tribution. As most data deviated from a normal distribution, the
median (Me) and interquartile range [Q1; Q3] were calculated.
The nonparametric Mann-Whitney U test was utilized to evaluate
differences between the groups, with statistical significance set
at p<0.05.

RESULTS

A 60% fructose diet in rats successfully modeled MetS, char-
acterized by abdominal obesity (visceral adipose tissue increase),
hyperglycemia, and dyslipidemia.

Specifically, the study found an 18.2% increase in abdomi-
nal adipose tissue in the Group 4 (MetS group without treatment)
compared to the control at week 24. This increase was statistical-
ly significant (p<0.05).

The study revealed significant changes in the rats' lipid pro-
file. Specifically, there were increases in TC (15.8%), TG (39.2%),
and LDL (21.6%), with corresponding p-values of less than 0.05
for TC and LDL, and less than 0.01 for TG. Additionally, glucose
levels rose by 39.6% (p<0.01), while HDL levels decreased by
36.9% (p<0.01).

In Group 1, treatment with AZL-M resulted in significant
improvements in lipid profiles and glucose levels. Specifically,
there was a 13.1% decrease in TC, a 25.7% decrease in TG, and a
30.0% decrease in LDL cholesterol, all with statistical significance
(p<0.05). Additionally, HDL levels increased by 54.7% (p<0.001),
and glucose levels were reduced by 39.3% compared to a control
group (p<0.01).

The experimental polyphenol-rich extracts had varying ef-
fects on the lipid profile. Thus, the intake of GSE resulted in a sig-
nificant decrease in TG levels by 47.9% (p<0.01) and an increase
in HDL by 37.7% (p<0.05). However, a slight rise in TC by 5.9%
was noted in comparison to the MetS group without treatment
(Group 4) (p>0.05). It is essential to mention that GSE did not
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Hue OXC Ha 13,1% (p<0,05), Tl Ha 25,7% (p<0,05), /INHM Ha 30,0%
(p<0,05), nosbliwexue JIMNBIM Ha 54,7% (p<0,001). Takxke npuém asmn-
CapTaHa COMPOBOXKAA/NCA CHUNKEHUEM YPOBHA [JIMKEMUM NO CPaBHe-
Huto ¢ rpynnoii MC 6e3 koppekuum Ha 39,3% (p<0,01).

MpumeHeHre M sKkcnepumeHTanbHbIX 06pa3LOB UMeNo pas-
NINYHOE BAMAHWUE HA IMNUAHDINA cnekTp. Tak, npuém KCB okasan bna-
ronpuaTHoOe BAMAHUE Ha ypoBeHb TI (cHUxeHwue Ha 47,9% (p<0,01) n
NNBN (Ha 37,7% (p<0,05)) B KPOBK, OAHAKO Ha 3TOM pOHE OTMEYANOCh
yBenmyeHne OXC Ha 5,9% (p>0,05) no oTHoweHuto K rpynne MC 6e3
KoppeKumn. TakKe CTOUT OTMETUTb OTCYTCTBUE BbIPAXKEHHOro rmnor-
IMKemmyeckoro aeicteua KCB, Ha ¢poHe npuéma KOToporo ypoBeHb
T/IFOKO3bl CHU3WACA ULWb Ha 4,6% no cpaBHeHuto ¢ rpynnoit MC 6e3
KoppeKumu Ha 39,3% (p>0,05).

Mcnonb3oBaHue BK/1B cnocobcTBoBano BbipaXKeHHOMY CHUMKeE-
Huto OXC Ha 29% (p<0,05), TI — Ha 47,9% (p<0,01) n NNHMN —Ha 37,7%
(p<0,05), HO He cnocobCTBOBANO CTAaTUCTUYECKM 3HAUMMOW HOPMASU-
3auum yposHsa JINBM u ratoko3bl (p>0,05) (puc. 1).

MocKkonbKy MHTepec NPeACTaBAANO BO3MOXKHOE HedponpoTeK-
TopHoe peiictene MO npoaykToB nepepaboTkM BUHOrpasa, bbina
nccnefosaHa Mopdonorna MOYEK 3KCMEPUMEHTANbHbBIX KUBOTHbIX.
B KOHTPONbHOM rpynne Mmopdonoruyeckas KapTuHa CTPYKTYpbl NoYeK
COOTBETCTBOBA/Ia BO3PACTHON HOPME: KOPKOBOE BELLECTBO COCTOA-
710 13 NMOYeYHbIX Tenel, UMeLLMX COCyaUCTbie KayboUKM v Kancyny
LLlymnaHckoro-boymeHa, MPOKCUManbHbIX U AWUCTANbHBIX W3BUTbIX
KaHa/bLEeB, a TaKKe cobupaTenbHbix Tpybouek (puc. 2A). MpoKcu-
MasibHble KaHa/bLibl XapaKTepU30BaANCh BbICOKMM LUAUHAPUYECKUM
PECHUTYATLIM 3MUTENEM C 6a3aIbHON UCUEPUEHHOCTBIO M NPaKTUYe-
CKM OTCYTCTBMEM NPOCBETA. INUTENWI AUCTaIbHBIX KaHa/lbLes Obin
HECKO/IbKO HUKE, @ B LIeHTpe KaHasblia nmencsa npocseT 11,66 [10,11;
16,18] MKM B avameTpe. InuTennii cobupatenbHbix TpyboueK Obin
OZLHOCNOMHbIN NPUMATUYECKUIA.

B rpynne MC 6e3 KoppeKuun obpaiiano Ha cebsa BHUMaHWe
NOJIHOKPOBME KPYMHbIX COCYA0B, PaclMpeHue KanuansapHon cetu
B K1yDOYKax, CTas U CNafK SpUTPOLIMTOB B Kanuaisapax Kaybouka u
MEXKYTOYHOM TKaHM (puc. 2B). Mo gaHHbIM MOpPPOMETPUM NaoLaab
KnybouKa M nowab MOYEBOro NPOCTPAHCTBA Y Kpbic ¢ MC yBenu-
Yyunacb B CPaBHEHUM C KOHTPO/bHOM rpynnoit Ha 24,8% (p<0,05) u
83,6% (p<0,05) cOOTBETCTBEHHO. YBE/IMYMBANCA MPOCBET 3/1EMEHTOB
TybynapHoro annaparta: Ha 30,6% B rpynne ¢ mogensto MC (p<0,05)
ON18 NPOKCUMANbHBIX KaHanbueB 1 22,3% Ana AUCTanbHbIX KaHanb-
LieB cooTBeTcTBeHHO (p<0,05). YacTo BCTPeYannCb MHOXKECTBEHHbIE
MefIKMe oyarn NepuBacKyIAPHON MHOUALTPALMKU. INUTENNI NPOKCK-
MasibHbIX KaHaNbLEB AUCTPODUYEH, B KAXKAOM BTOPOM MO/E 3peHus

2
**G

1,8

mmonb/n - mmol/L for lipids
=
>
—

0,6

0,4

0,2

| rpynna
Group 1

Il rpynna
Group 2

Il rpynna
Group 3

IV rpynna
Group 4
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demonstrate a pronounced hypoglycemic effect, as glucose levels
decreased only by 4.6% compared to the MetS group without in-
tervention (p>0.05).

In contrast, GCE intake led to a significant reduction in TC by
29% (p<0.05), TG by 47.9% (p<0.01), and LDL by 37.7% (p<0.05).
However, it did not result in a statistically significant normaliza-
tion of HDL and glucose levels (p>0.05) (Fig. 1).

Since the possible nephroprotective effect of polyphenolic
grape processing byproducts was of interest, the morphology of
the kidneys of experimental animals was studied. In the control
group, the morphological presentation of the kidney structure
was age-appropriate: the cortex consisted of renal corpuscles
with glomeruli and the Bowman capsule, proximal and distal
convoluted tubules, and collecting ducts (Fig. 2A). The proximal
tubules featured columnar epithelium with a brush border of
microvilli on their apical surface, along with basal striation and
a nearly absent lumens. The epithelium of the distal tubules was
somewhat lower, and in the center of the tubule, there was a
lumen of 11.66 [10.11; 16.18] um in diameter. Collecting ducts
were covered by a single layer of simple columnar epithelium.

In Group 4, the glomerular capillaries displayed significant
abnormalities. There was an observation of congestion in nu-
merous large blood vessels and capillary network dilatation with-
in the glomeruli. Additionally, RBC stasis and aggregation were
noted within the glomerular capillaries and the mesangium (see
Fig. 2B). Morphometric analysis of rat kidneys revealed signifi-
cant changes in glomerular and urinary space areas in Group 4
compared to a control group. Specifically, the glomerular area in-
creased by 24.8% (p<0.05), and the urinary space area increased
by 83.6% (p<0.05). There was significant enlargement of the lu-
mens in both proximal and distal tubules, with 30.6% and 22.3%
increase in lumen size of the proximal and distal tubules, respec-
tively (p<0.05). Moreover, multiple small foci of perivascular in-
flammatory infiltration were frequently observed. The epitheli-
um of the proximal tubules showed degenerative changes, with
at least one tubule demonstrating enhanced proximal tubular

Puc. 1 [Tokazamesnu nunudHo20 NPOGUASA U 2/1H0KO3bl Y HUBOMHbIX
uccnedyemsix epynn: * — p<0,05 no cpagHeHuto ¢ 2pynnoti KOHMPOS;
** — p<0,01 no cpasHeHuto ¢ epynnoli koHmpons, #— p<0,05 no cpas-
HeHuto ¢ epynnoli MC 6e3 kopperyuu, ## — p<0,01 no cpasHeHuto ¢
2pynnol MC 6e3 kopperyuu, ### — p<0,001 no cpasHeHuro ¢ 2pynnoli
MC 6e3 KoppeKkyuu; G —0mHOCUMCA K KpugoU 21toKo3b!

Fig. 1 Lipid profile and glucose values
in the study groups: * — p<0.05

8 when values in the study group were
compared to the control group; ** —
p<0.01 when the values in the study
group were compared to the control
group; #— p<0.05 when the values in

©

mmonb/n - mmol/L for glucose

5 oxc/ie the study group were compared to the
— TT/TG Group 4, ##— p<0.01 when the values

4 in the study group were compared
SSSANHOAOL 45 the Group 4; ##t# — p<0.001 when

3 wmmnnen/HoL  the values in the study group were

5 compared to Group 4, G — relates to the
—Tnmwoxosa/ g, cose curve

Glucose

V rpynna
Group 5
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Puc. 2 [MapeHxuma KopKo8020 8elecmsa NoYKU 300po8bix Kpbic (A) u Kpbic ¢ modesnsto MC (B). Liugpamu ykasaHel cocyoucmell knyboyek (1),
NpoKcUManbHbIl KaHaney (2), ducmansHbili KaHaney (3) u cobupamesnsHas mpyboyka (4); * —cma3 u cnadx apumpoyumos. Cmpesnkol omme-
ueHa 6e1KosasA UHPUALMPALUA 3NUMenuoyUos. [eMamoKcUauH U 303uH. Y8, 400x

Fig. 2 Renal cortex parenchyma in healthy rats (A) and rats with the MetS model (B). The following structures are shown: the glomerulus (1),
proximal tubule (2), distal tubule (3), and collecting duct (4); * — RBC stasis and aggregation. The arrow indicates enhanced proximal tubular

protein reabsorption. Hematoxylin and eosin. Magnification: 400x

BCTPEYAsICA, KaK MUHUMYM, OIMH KaHaseL, ¢ 6e1KOBON MHGUALTPaLW-
€eli, CyLLeCTBEHHO XyKe Obifa BbipaxkeHa 6a3asbHas McYepyeHHOCTb
3NUTENNOLMTOB.

MpY KOPPEKLMM a3UNCaPTaHOM Y KPbIC COXPAHANNCH MPU3HAKK
HapyLIeHUs reMoAMHaMWUKM B BUAE MOSHOKPOBUA COCYAO0B, CTasa M
cnazka apuTpoumnToB (puc. 3A). TakKe 0OTMEYANOCh YBEIMYEHMWE MI0-
LLI3A¥ MOYEBOTO NPOCTPAHCTBA U YMEHbLUEHWE HAPYKHbIX AVAMETPOB
M3BUTbIX KaHaNbLEB MO CPABHEHMIO C rPynMoi *KuBoTHbIX ¢ MC 6e3
Koppekumn (p<0,05). Ouarn MHGUALTPALMM eanHUYHBI. Benkosble
OT/IOKEHWA BCTPEYAIUCh /INLLb B EAMHUYHBIX KAETKax, YTO COOTBET-
CTBYET HOPME.

Y rpynnbl }KMBOTHbIX C KoppeKumei BK/IB KpoBeHanonHeHue
KPYMHbIX COCYZIOB HE MMENO OTKJIOHEHWI OT HOpMbI, HO B Gonee
MEIKUX apTepUAX, HAYMHAA C YPOBHA MEXA0/bKOBbIX, UMENN MEecTo
rMnepemus, MectTamu cTas u cnagK sputpouuTos. O4aroBo BCTpeya-
JIUCb HeBOoNbLIME YHACTKU IMMPOUIHOW MHPUALTPALMN MEKYTOUHOW

protein reabsorption observed in every second field of view, and
there was a noticeable reduction in basal striation.

When treated with AZL-M, the rats continued to show signs
of hemodynamic disturbances, including vascular congestion
along with RBC stasis and aggregation (Fig. 3A). Compared to
Group 4, there was a significant increase in the tubular urinary
space and a decrease in external diameters of the convoluted tu-
bules (p<0.05). Isolated foci of inflammation were observed, and
enhanced proximal tubular protein reabsorption was found only
in isolated cells, which is considered normal.

In Group 3, congestion of large vessels was not observed.
However, congestion, along with RBC stasis and aggregation,
were observed in smaller arteries, starting from the interlobu-
lar vessels. Focal areas of lymphoid infiltration in the interstitial
tissue were noted. Additionally, there were areas of enhanced
proximal tubular protein reabsorption, with at least one tubule

Puc. 3 [MapeHxuma KOPKOBO20 8ewyecmaa NOYKU Kpbic ¢ modesnsto MC u pasnudHbiMu 8apuaHmMamu Koppekyuu: A — Koppekyua a3uncapmaHom,
B — Koppekyus bK/IB, C — kopperuus KCB. Liugppamu ykazaHsl cocyoucmsili kaybouek (1), npokcumaribHell kaHaney (2), ducmarsHell KaHaney,
(3) u cobupamenesHas mpyboyka (4); * —cma3s u cnadx spumpoyumos. Cmpenkamu ommeyeHa 6eKo8aA UHPUALMPALUA SNUMEeNUOYUOS.

[emamokcunuH u 303uH. Ys. 400x

Fig. 3 Renal cortex parenchyma in rats with the MetS model and various treatments: A — treatment with AZL-M, B — treatment with GCE, C—
treatment with GSE. The following structures are shown: the glomerulus (1), proximal tubule (2), distal tubule (3), and collecting duct (4); * — RBC
stasis and aggregation. Arrows indicate enhanced proximal tubular protein reabsorption. Hematoxylin and eosin. Magnification: 400x
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TKaHW. COXPaHANNCH Y4aCTKM C 6eNKOBOW MHPUALTPALIMEN SNUTENNO-
LIMTOB NMPOKCMMA/bHbIX KaHaNbLEB (B KaXKAOM MO/e 3pEHUA He MeHee
OAHOTO KaHanbLa ¢ aucTpoduei). Mpu 3ToM 0TMEUEHO 3HaUUTENbHOE
yMeHbLUEHWEe NAOWAAM COCYAMCTOrO Knyboyka Ha 25,5%, nioia-
M noyeyHoro Tenbua (p<0,05) Ha 7,1%, CTaTUCTMYECKM 3HaYMmoe
YMEHbLLUEHWE BHYTPEHHETO AuameTpa npokcumanbHoro (p<0,05) u
[MCTaNIbHOTO M3BUTbIX KaHanbLes (p<0,05) Ha 32,6% n 49,8% cooTBeT-
CTBEHHO, YTO CBMAETENbCTBYET O YaCTUYHOM BOCCTAHOBIEHWUMN QYHK-
uMmn moyeobpaszoBaHus (puc. 3B).

B rpynne c koppeKkumeir KCB oTMeueHO HOpManbHOE KpoBeHa-
NOJIHEHME KPYMHbIX COCYA0B, ABNEHWUA CTa3a U CNafKa 3pUTPOLMUTOB
BCTPEYANNCh €AMHWYHO B OTAE/MbHBIX Kanuanapax. 3T0 MOXeT Koc-
BEHHO CBWMAETENbCTBOBATb 06 Y/NyYleHUM PEONOrMYecKUX CBOWCTB
KpoBW. JlIumponaHaa MHOGUALTPaALMA He3HAUMTeNbHA U NPUCYTCTBO-
Ba/la TONbKO BOKPYI [0/1eBbIX COCYAO0B, YTO ABAAETCA HOPMOW Ans
Kpblc. OTMEYanoch CTaTUCTUYECKM 3HAUMMOE YMEHbLUEHNE NOLWAAN
cocyamcToro kKnybouka Ha 15,8% (p<0,05) 1 CHUMKEHWE BHYTPEHHErO
AMaMeTpa NPOKCMManbHOrO KaHanbua Ha 10,2% (p<0,05) oTHOCK-
TenbHo rpynnbl ¢ MC 6e3 Koppekuun. MoyeBoe NPOCTPaAHCTBO He
6b1710 pacwmpeHo. CoxpaHANMCh NPU3HAKM AUCTPOGUM SNUTEAUOLM-
TOB B BMAE MHOMAbTPauum 6enkom (puc. 3C).

CnefyeT OTMETWTb, YTO HU B OZHOM Tpynne C KoppeKuuen He
6b1710 3aMeYeHO NPU3HAKOB U3MEHEHWUSA ME3aHMUA COCYAMUCTOrO Ky-
60uKa, oTCYTCTBOBaNM ABNeHUs drbpo3a, xapakTepHble Ansa XbIN npu
MCy yenoseka.

OBCYXAEHUE

CornacHo nMTepaTypHbIM AaHHbIM, MOBPEXAEHME MOYeK npu
MC npossnseTcs KnyboukoBoi runepdunsTpalment, Kak cneacrsue
rnomepynomeranvei, npoamdepaumeinn MesaHr1anbHbIX KNETok, no-
JouutonaTtuen, a B TybynsapHoOM annapate — yTo/leHnem 6asanbHbix
MembpaH, TybynapHoi atpodueit, dMbpPo3om MHTEPCTULMA, CKAEPO-
30M cocyzoB [18, 19]. B Halei mofenn AaHHble HapyLweHUs bblau
OTMeYeHbl INLLb YaCTUYHO U Kacaiuch, B NepByto ovepesb, U3MeHe-
HUWI KPOBEHAMO/IHEHUA COCYZ0B, YBEMYEHUA pa3mepa COCyAUCTOro
KNybouKa M NpocBeTa NPOKCUMaNbHbIX U AUCTaNbHbIX KaHaNbLEB, YTO
CBUAETENLCTBYET O runepdunbTpaumum. Hakonnenue 6enkosbix 0T/10-
KEHWUI B 3NUTENWMN KaHa/bLEB, KOTOpble Mbl Habnloganw, cornacy-
€TCA C NpW3HaKaMu NPOTEMHYPUM/anbbyMUHYPUM, XapaKTEPHOIA, Mo
ZaHHbIM nTepatypbl, Ana MC [20]. PaHee B aKcnepMMeHTax Ha Mbl-
Wwax 6bl710 NOKa3aHO, YTO SMUTENUI KaHaNbLEB NPU OXKMPEHUU 1 MC
noagepraeTca AUCTpoduM BCAeACTBUE HapYLLEHUIA SHePreTUYeCKoro
0b6MeHa 1 OKUCIMTENIbHOTO CTPecca Nog, AeCTBUEM BbICOKMUX KOHLIEH-
TPaLUWI I0KO3bl B NEPBUYHON Moue [21].

MoKa3aHo, YTo NpenapaTbl C BbICOKUM cogepkaHunem MNP, oco-
6eHHO pecBepaTpona, NONOKUTENbHO BAUAIOT HA BOCMANEHNE U Me-
Tabonunam npu MC, CTUMYAIMPYA BHYTPUKNETOUHbIE NMYTU U aKTUBMPYSA
PPARy n GLUT 4. Aktneaumsa PPARy KoHTponupyeT meTabonnsm wu
CHW)XAET BAMAHME KUPHbIX KUCNOT, NpeaoTBpaLlas, Takum obpasom,
pa3BUTME OKUCAUTENBHOIO CTPecca M 3HAOTENNANbHON ANCPYHKLMK
[5, 21]. Hawe uccneposaHve noatsepanno cnocobHocts N npoayk-
TOB U, B 0COBEHHOCTH, pecBepaTpona 61aronpuATHO BAUATbL HA K-
KEMUYECKUIA U IMNUAHBIN CTATYC, 33 UCK/IIOYEHWEM HOPMAM3aLLK
ypoBHA OXC, a Take Ha CTPYKTYpy noyek u ux dyHkumio, bnarogaps
BOCCTAHOB/IEHMIO K/lyDOUKOBOrO M KaHanbLeBoro annapara. Hedpo-
npotekuma MNP coeanHeHUAMM peanusyetcs, No-BUAMMOMY, Npeu-
MYLLECTBEHHO 4Yepe3 aHTMOKCMAAHTHbIE U aHTMNpoAMdepaTuBHble
MexaHu3Mmbl [22-25].

HecmoTps Ha Hannume MHOXKECTBA MONOMKUTE/IbHBIX CBOMCTB,
M® KoHLEeHTPaTbl OKa3annCb MeHee 3PHEKTUBHBIMM MO CPABHEHUIO C
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showing degenerative changes in each field of view. A significant
decrease was observed in the glomerular and renal corpuscle
cross-sectional areas, by 25.5% and 7.1%, respectively (p<0.05).
There was also a statistically significant decrease in the internal
diameter of the proximal (32.6%, p<0.05) and distal convoluted
tubules (49.8%, p<0.05), indicating an improved renal tubular
function (Fig. 3B).

In Group 2, congestion of large vessels was not observed,
with RBC stasis and aggregation noted only in isolated capillaries.
This could suggest an improvement in the rheological properties
of the blood. Lymphoid infiltration was minimal and confined to
perilobar vascular areas, which is typical for rats. A statistically
significant decrease in glomerular cross-sectional area (15.8%,
p<0.05) and a reduction in the internal diameter of the proximal
tubules (10.2%, p<0.05) were observed compared to Group 4.
The tubular urinary space did not show any expansion, and epi-
thelial cell degenerative changes, manifesting as enhanced proxi-
mal tubular protein reabsorption, persisted (Fig. 3C).

Importantly, in neither of the treatment groups were any
mesangial changes noted, nor were there any features of fibrosis
typical of CKD seen in humans with MetS.

DISCUSSION

According to the literature, kidney damage in MetS is char-
acterized by several changes. These include glomerular hyperfil-
tration, which leads to glomerulomegaly, mesangial cell prolif-
eration, and podocytopathy. In the tubules, notable alterations
include thickening of the basement membranes, tubular atrophy,
interstitial fibrosis, and arterial sclerosis [18, 19]. In our model,
only some of the alterations were noted, primarily related to
changes in blood vessel filling along with glomerulomegaly and
increased lumen diameter in proximal and distal tubules, which
indicates hyperfiltration. Additionally, the observed enhanced
proximal tubular protein reabsorption aligns with the signs of
proteinuria and albuminuria, which, according to the literature,
are characteristic of MetS [20]. Previous study results with mouse
models indicated that the tubular epithelium in obesity and met-
abolic syndrome demonstrates degenerative changes. This con-
dition is due to disturbances in energy metabolism and oxidative
stress caused by glucosuria [21].

Research indicates that supplements rich in PPs, particular-
ly resveratrol, positively impact inflammation and metabolism in
MetS. They stimulate intracellular pathways and activate PPARy
and GLUT4. The activation of PPARy helps regulate metabolism
and reduces the impact of fatty acids, thereby preventing oxida-
tive stress and endothelial dysfunction [5, 21]. Our study con-
firmed that polyphenolic products, particularly resveratrol, can
improve glucose and lipid levels. However, they do not normalize
TC levels. Additionally, these compounds appear to benefit the
structure and function of the kidneys by restoring the integrity of
the glomerular and tubular systems. The nephroprotective effects
of polyphenolic compounds are likely achieved primarily through
antioxidant and antiproliferative mechanisms [22-25].

Although polyphenol-rich extracts have many positive prop-
erties, they are less effective than medications that directly tar-
get the renin-angiotensin-aldosterone system. However, further
research on grape PPs may identify the optimal extract ratios for
stabilizing blood sugar levels, improving lipid profiles, and pro-
tecting kidney function in MetS.
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npenapaTtamu, HanpAMYIO BAMAIOLMMMU Ha PEHWH-aHMMOTEH3WUH-a/lb-
[OCTEPOHOBYIO CUCTEMY, OZiHAKO AanbHellee u3yyeHune M BUHO-
rpaga 06eLlaeT BbisABUTbL HauyyLlee COOTHOWEHWE AN cTabuinsa-
LMK YPOBHA caxapa, IMNUAHOro Npoduns 1 3awmTbl novek npu MC.

3AKNIOYEHUE

Pe3ynbTaThl NPOBEAEHHBIX HAMM UCCAIEA0BaHUIA YKa3bIBaOT Ha
HedponpPOTEKTOPHBIN NoTeHUMan M KOHLEHTPATOB CEMAH U /103bl
BUHOrpaza npu MC 1 No3BOAAKT PEKOMEHAOBATb MX ANA KAMHUYe-
CKOTO M3yYeHWs B KA4eCTBe CPEACTB KOMM/IEKCHOM Tepanum meTabo-
NIMYecKoi HedponaTtum 1 Apyrmx 3ab6oneBaHMI NoYeK, aCCOLMUPOBaH-
HbIX C METABONNYECKMMM HAPYLLIEHUAMM.

CONCLUSION

Our studies suggest that polyphenolic extracts derived from
grape seeds and cane have nephroprotective properties. We
recommend these extracts for clinical trials as a complementary
treatment for metabolic nephropathy and other kidney diseases
related to metabolic disorders.
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