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ABSTRACT

Background. Due to the increasing burden of metabolic diseases, the search for and development of pathogenetically sound and safe
therapeutic strategies that influence the development and progression of nephropathy associated with metabolic syndrome is urgent.
Aim. To conduct a comparative evaluation of the effectiveness of various groups of drugs in correcting the metabolic profile and
adipokine status to slow the progression of nephropathy associated with metabolic syndrome.

Materials and methods. An experimental study was conducted on Wistar rats. To simulate metabolic nephropathy, the animals were
fed a solid diet containing 60% fructose. From weeks 14 to 24, the animals were administered various therapeutic compositions. At
the end of the experiment, anthropometry of the animals was performed, and lipid metabolism parameters and blood adipokine levels
were assessed.

Results. Results of multiple comparisons revealed no significant differences in cholesterol, triglyceride, high-density lipoprotein, low-
density lipoprotein, or leptin and adiponectin levels between the groups of animals receiving corrective therapy and the metabolic
syndrome group without correction. However, a positive effect on lipid status and adipokine parameters was observed with monotherapy
with a dipeptidyl peptidase 4 inhibitor and grape seed concentrate.

Conclusions. The positive trends observed in normalizing adipose tissue metabolic activity with the dipeptidyl peptidase 4 inhibitor
and grape seed concentrate indicate their potential in the combination therapy of nephropathies associated with metabolic syndrome.
However, further clinical trials are required to confirm their efficacy and safety.
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AHHOTALMA

AkTyanbHocTb. B cBs3u ¢ yBenuyeHnem bpemern meTabonuueckux 3abonesaHnin akTyanbHbIM SBNSETCA NOWCK 1 pa3paboTka nato-
reHeTYeck 060CHOBaHHbIX M 630MacHbIX TepaneBTUYECKNX CTPATENMIA, BIINSIOLLMX Ha pa3BUTHe M MPOrpeccupoBaHie Hedponatim,
accoLMmMpoBaHHON ¢ MeTabonMYeCcKUM CUHAPOMOM.

Llenb — NpoBeCTU CPaBHUTENBHYIO OLIEHKY SEKTUBHOCTI Pa3nMYHbIX TPYNN NpenapaToB B KOPPEKLMM MeTabonmyeckoro npoduns
11 aMNOKVMHOBOTO CTaTyca 15 3aMeANEeHNs NPOrpeccpoBaHus HeponaTn, acCOLMMPOBAHHON C METABONMYECKUM CHHAPOMOM.
Matepuanbi 1 MeToabl. JKCNEpUMEHTaNbHOE UCCNEAO0BaHWe NPOBEAEHO Ha kpbicax NuHumn Wistar. [Ins Mogenvposanus metabo-
NMYeckoii HechponaTik UCMONb30BANM MOLENb KOPMITEHUS XMBOTHbIX TBEPAbIM KOpMOM ¢ 60% cogepkaHuem gpykTossl. C 14-i no
24-10 HeJento XMBOTHBLIM HasHaYanMCb PasnnyHbIE TepaneBTYECKe KOMMO3uLMK. 1o 3aBepLUeHUM SKkCnepUMEeHTa Bbinn NPOBEAEHbI
AHTPOMOMETPMS XMBOTHbIX, OLieHKa NokasaTtenelt NMNuMAHoro obMeHa 1 agunoKHOB B KPOBM.

Pe3ynbTatbl uccnefoBaHus. PesynbTatsl MHOXECTBEHHOMO CPaBHEHWS! HE BbISIBUMN AOCTOBEPHON Pa3HMLIbl B YPOBHE XONECTEPUHA,
TPUrINLEPULOB, NMMNOMNPOTENHOB BbICOKON M HI3KOI NMOTHOCTH, @ TaKkKe B KOHLIEHTpaLMSX NENTUHA 1 aGUNOHEKTUHA MEXAY rpynnamu
XMBOTHbIX, MOMNyYaLLMMN KOPPEKLIMOHHYIO Tepanuo, 1 rpynnoi MeTabonmyeckoro cuHapoma 6e3 koppekuun. Mexay Tem oTMeyeH
MOMOXWTENbHBIN 3GhEKT B OTHOLLEHWM NOKa3aTenel MMNMAHOIO CTaTyca 1 aaunoKMHOB MPW MOHOTEpPaNUM MPenapaToM rpynmbl MHIU-
BuTOpoB AMNENnTMAMNNEeNTUaa3bl 4 1 KOHLEHTPaTaMu CEMSIH BUHOTpaga.

BbiBoAbI. BbisiBNeHHble NO3UTUBHBIE TEHAEHLMM K HOPManu3aLmum MeTabonmyeckor akTMBHOCTM JKUPOBOM TKaHW Ha OHe npuema
WHrMOUTOpa AMNenTUaMNNenTLasbl 4 N KOHLUEHTPaTa CEMSH BUHOTpaZa ykasblBatoT Ha WX MOTEHLMan B KOMMAEKCHON Tepanun He-
tbponaTuii, CBA3aHHbIX C MeTaboMMYECKNM CHAPOMOM, OGHAKO 151 MOATBEPKAEHUS NX 9pdeKTUBHOCTH 1 Be3onacHoCTH TpebytoTes
BarbHeLne KMHNYECKNE NCTIbITaHWS.

KntoueBble cnosa: MeTabonuyeckuii CHAPOM, XPOHUYeCkas BoNesHb NoYeK, NOMNGEHONbHbIE KOHLEHTPaTbl, HePPONPOTEKTUBHAS
Tepanus
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RELEVANCE

According to epidemiological studies, chronic kidney
disease (CKD) is becoming more common. CKD is found
in 13.4% people in the general population [10]. The high
frequency of renal dysfunction is largely due to secon-
dary nephropathies of dysmetabolic origin associated with
metabolic syndrome (MS), obesity, hypertension, diabetes
mellitus, and dyslipidemia. The dominant role of MS in the
growth of worldwide CKD prevalence has been estab-
lished. Metabolically induced nephropathy is detected in a
significant proportion of patients with CKD, ranging from
20 to 50% depending on the region and population studied
[12]. The presence of MS increases the risk of developing
nephropathy on average 2.6 times. In patients with two,
three, four, or five MS criteria, the likelihood of developing
CKD increases by 2.21, 3.38, 4.23, and 5.85 times higher,
respectively, compared to patients who do not have any or
only one criterion for the syndrome. With a duration of MS
of nine years or more, the risk of developing CKD increases
by approximately 50% [13].

The most significant mechanisms contributing to the
development and progression of chronic kidney disease
(CKD) in metabolic syndrome (MS) are associated with
excessive accumulation of adipose tissue, the develop-
ment of chronic low-intensity inflammation, oxidative
stress, and insulin resistance (IR). Adipose tissue dys-
function contributes to the formation of cardiometabolic
risk factors and the development of CKD. Over time, these
interrelated pathological processes lead to a gradual de-
cline in kidney function, increasing the risk of cardiovascu-
lar disease, renal failure, disability, and death.

In this regard, it is important to search for and develop
pathogenetically sound and safe therapeutic strategies that
influence the development and progression of metaboli-
cally induced nephropathy. The possibility of preventing the
progression of CKD in patients with MS and elevated blood
pressure (BP) is determined by the timely use of antihy-
pertensive therapy. To reduce proteinuria, the use of drugs
that suppress the renin-angiotensin-aldosterone system
(RAAS) is recommended. The nephroprotective properties
of angiotensin-converting enzyme (ACE) inhibitors and an-
giotensin Il receptor blockers (ARBs) have been proven [9].

Currently, the use of hypoglycemic drugs from the
group of dipeptidyl peptidase-4 (DPP-4) inhibitors, sodi-
um-glucose cotransporter 2 (SGLT2) inhibitors, and glu-
cagon-like peptide-1 (GLP-1) receptor agonists are being
studied in slowing the progression of CKD. In addition to
glycemic control, drugs from these groups exhibit nephro-
protective properties, reducing inflammation and impro-
ving endothelial function [2, 4, 7].

Another promising therapeutic approach is the use of
polyphenolic concentrates to target common key patho-
genetic mechanisms characteristic of CKD and MS. With
their anti-inflammatory and antioxidant activity, polyphe-

nols can exert an angioprotective effect and improve cell
sensitivity to insulin [8, 15].

AIM

The aim of the study is to conduct a comparative
assessment of various groups of drugs in correcting the
metabolic profile and adipokine status to slow the progres-
sion of nephropathy associated with metabolic syndrome.

MATERIALS AND METHODS
The experimental study was performed on male Wi-

star rats (age 2.5-3 months, weight 250-300 g (initially)

obtained from the SMK STEZAR breeding facility (Rus-
sian Federation). MS and associated kidney damage in
rats were modeled using a fructose feeding model: stan-
dard solid feed “Combifood LBC-120"" with 60% fructose
added. The initial duration of MS modeling was 14 weeks.

The animals in the control group were fed standardized

diet without fructose. The animals were then divided into

groups depending on the drug they received for 10 weeks:

+  Group 1: control group — intact animals (n=5);

+  Group 2: MS without correction (n=6);

o Group 3: MS with BRA Il inhibitor GScorrection —
azilsartan medoxomil (Heopharm, Russia) (n=8);

« Group 4: MS with correction with sodium-glucose co-
transporter 2 (SGLT2) inhibitors — ipragliflozin (Astel-
las Pharma, Japan) (n=8);

«  Group 5: MS with correction using dipeptidyl pepti-
dase-4 (DPP-4) inhibitors — gozogliptin (Pharmsin-
tez-Tyumen, Russia) (n=6);

+ Group 6: MS with correction using non-alcoholic
grapevine concentrate (GVC) (Kurchatov Institute —
Magarach, Yalta, Russia) (n=10);

« Group 7: MS with correction using non-alcoholic
grape seed concentrate (GSC) (Kurchatov Institute —
Magarach, Yalta, Russia) (n=8);

+  Group 8: MS with correction using a combination of
azilsartan medoxomil and GVC (n=11).

The experiment lasted for 24 weeks.

At the end of the study, after a 12-hour fasting pe-
riod, euthanasia was performed by decapitation under
inhalation anesthesia with the veterinary drug Isoflurane
(MIRALEK-AGRO LLC, Russian Federation). The study
complied with regulatory requirements established by
the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Pur-
poses; and a positive opinion was obtained from the lo-
cal bioethics committee of the Federal State Autonomous
Educational Institution of Higher Education “V.I. Verna-
dsky KFU”, protocol No. 7 dated 25.06.2024.

" GOST 23462-2019. Products of the compound feed industry.
Acceptance rules, packaging, labeling, transportation, and storage.




Blood serum was obtained by centrifuging whole blood
from animals for 15 minutes at 3000 rpm. Lipid profile pa-
rameters, including total cholesterol (TC), triglycerides (TG),
high-density lipoproteins (HDL) and low-density lipoproteins
(LDL), were assessed using an Express Plus automatic
biochemical analyzer (Bayer Diagnostics, Germany). Se-
rum levels of leptin and adiponectin were determined by
solid-phase enzyme-linked immunosorbent assay (ELISA)
using specialized kits (Cloud-Clone, China) on a Multiskan
FC analyzer (Thermo Fisher Scientific, Finland).

Statistical analysis was performed in R (version
4.3.3) (R Core Team, 2024) using the WRS package
(version 0.44). Given the small sample size in the study
groups, the 20% truncated mean was used as a descrip-
tive statistic. This measure ensures the stability of the re-
sults against deviations from normal distribution (asym-
metry and heavy tails), while maintaining an interpreta-
tion similar to the standard mean.

Paired comparisons of the control group and the ex-
perimental group with reproduced MS without correction
were performed graphically: by plotting a shift function
graph. Differences were considered statistically signifi-
cant when partial or complete stochastic inequality was
observed.

A one-factor Welch-like test for 20% truncated means
was used for multiple group comparisons. Type | error con-
trol of p-values was performed using the Homel method.
A post-hoc set of pairwise comparisons was performed
by comparing linear contrasts for 20% truncated means.

The effect size was estimated by calculating the
standardized difference d-value of KMS (Kulinsky—Mor-
gensthaler-Staudt) for the 20% truncated mean, where
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0.2 corresponded to a small effect, 0.5 corresponded to
a medium effect size, and 0.8 corresponded to a large
effect size, as well as explanatory power (€): £=0.15 cor-
responded to a weak effect size, 0.35 corresponded to
a medium effect size, and 0.5 corresponded to a strong
effect size. In this study, p-values were considered as an
indicator of study quality.

RESULTS

The development of metabolic syndrome and as-
sociated kidney damage was accompanied by lipid me-
tabolism disorders, manifested by weight gain, visceral fat
accumulation, and dyslipidemia. In the uncorrected MS
group, there was a stochastic increase in body weight, to-
tal cholesterol, triglycerides, low-density lipoproteins, and
a decrease in high-density lipoprotein concentration com-
pared to the control group. The results of multiple group
comparisons revealed differences in cholesterol (¢=0.51,
p=0.220891), triglycerides (¢=0.44, p=0.121865), LDL
(¢=0.39, p=0.192091), and HDL (¢=0.76, p=0.041332), as
well as in body weight (¢=0.75, p=0.000140) and abdomi-
nal fat (¢=0.53, p=0.031278) in the MS group without cor-
rection and against the background of taking the studied
drugs (Fig. 1, Tables 1, 2).

A graph of the shift function of leptin and adiponectin
indicators revealed partial stochastic inequality in the con-
trol and MS groups without correction.

The results of multiple comparisons of groups in terms
of markers of renal damage revealed a difference in the
levels of leptin (¢=0.39, p=0.921722) and adiponectin
(¢=0.57, p=0.000704) in the MS group without correction
and against the background of taking the studied drugs.
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Fig. 1. Body weight of animals (a) and the amount of visceral fat (b) in the analyzed groups of animals
Puc. 1. Macca Tena XvBOTHBIX () 1 KOMMYECTBO BUCLIEPANbHOTO Xupa (6) B aHanMaupyeMblX rpynnax KUBOTHbIX
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Table 1. Effect sizes and difference in position measures (20% trimmed mean) of the intervention groups compared to the untreated metabolic
syndrome group for body weight and visceral fat

Ta6nuua 1. MokasaTeny ypoBHs addekTa U pasHOCTb Mep nonoxeHus (20%-yceueHHoe cpeaHee) rpyn, NonyYatoLmx KOPPEKLMOHHYIO Tepanmio,

Mo CpPaBHEHMIO C rpynnoil MeTabonmueckoro cuHapoma 6e3 KoppekLymm, B OTHOLLEHUW MAcChl Tena 1 BUCLIepanbHOro xupa

Ipynnbl xmBOTHBIX / Animal groups

Macca Tena / Body mass

Macca BucuepansHoro xupa / Visceral fat mass

MC + BPA I/ MS + ARB Il

CunbHbiit / Strong (§=0,92),
167,286 (95% AW / CI: 70,359;
264,212, pag; = 0,000845)

CunbHblit / Strong (§=0,72),
-4,157 (95% AW / Cl: —11,033;
2.71, pag= 0,350371)

MC + MHIKT-2 / MS + SGLT2 inhibitors

CunbHblit / Strong (§=0,76),
60,619 (95% AW / Cl: -28,209;
149,447, p,=0,238442)

CunbHblit / Strong (§=0,75),
-4,146 (95% AW / CI: -11,065;
2,772, ppy=0,343269)

MC + 10MM-4 / MS + DPP-4 inhibitors

Cpegnnui [ Average (¢=0,46),
64,286 (95% AW / Cl: —=209,440;
338,011, pay=0,946789)

CunbHblit / Strong (§=0,82),
-3,671(95% AW/ Cl: -10,556;
3,213, pa=0,52937)

53,119 (95% [IW1 / CI: =35 441;
141,679, poy= 0,412475)

MC + KNB/MS + GVC OrtcyteteyeT / No (§=0,09), CunbHbin / Strong (€=0,74),
8,386 (95% W/ Cl: -80,514; -4,620 (95% AW/ Cl: -11,507;
97,285, p,g=0,999999) 2,267, pag=0,251003)
MC + KCB / MS + GSC CunbHbin / Strong (6=0,57), CunbHblit/ Strong (¢=0.82),

—4.921 (95% [/ CI: ~11.866;
2.024, pyy= 0.198632)

MC + BPA Il + BKIIB / MS + ARB + GVC

Cnabbinn / Weak (¢=0,21),
21,714 (95% AW / Cl: -91,706;
135,135, pag= 0,999961)

CunbHblit / Strong (§=0,71),
-4,396 (95% AW/ Cl: -11,270;
2,477, pag=p=0,296869)

Notes: Cl — confidence interval.

IMpumeyanus: O — posepuTenbHbIN MHTEPBAN.
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Fig. 2. Levels of leptin (a) and adiponectin (b) in the blood serum of animals of the analyzed groups
Puc. 2. YpoBHM nenTuHa (a) v agunoHekTHa (6) B CbIBOPOTKE KPOBU KUBOTHbIX @HANM3NpyeMbIX rpynn

Figure 2 shows the range of the markers studied, and the
effect size for each corrective drug is presented in Table 3.

DISCUSSION

The central link in cardiovascular-renal-metabolic disor-
ders is visceral obesity, which is considered a powerful risk
factor for the development of secondary IR. Compensatory
hyperinsulinemia, which inevitably develops against the

background of IR, leads to ectopic accumulation of adipose
tissue, closing the vicious circle and causing a whole range
of other pathophysiological complications, including arterial
hypertension, dyslipidemia, and atherosclerosis [1].

At the same time, there is a growing body of evidence
suggesting that kidney involvement may occur indepen-
dently in the presence of obesity, even in the absence of
hypertension and/or diabetes mellitus. The direct role of




Table 2. Lipid profile of animals of the analyzed groups

Tabnuua 2. NTunnaHbIA NPoUNb XKUBOTHBIX aHaNU3UPyEMbIX rpynn

[pynnbl XMBOTHbIX / OX, mmonb/n / Tr, mmons/n / NNHA, mmons/n / JINBM, mmonb/n /
Animal groups TC, mmol/l TG, mmol/l LDL, mmol/l HDL, mmol/l
K/ CG 1,008 0,651 0,2042 0,476
MC / MS 1,011* 0,666* 0,291* 0,436*
MC + BPA I/ 1,16 0,546 0,342 0,758
MS +ARB (€=0,32)** (€=0,43)** (€=0,44)* (&=0,77)*
0,148 (95% AW / -0,119 (95% On/ 0,050 (95% A / Cl: 0,323 (95% oW/
Cl: -0,497; 0,794, Cl: -0,427; 0,189, -0,085; 0,185, Cl: -0,024; 0,669,
Pag= 0,997813) Pag= 0,880866) Pag=0,929548) Pag=0,075692)
MC + MHIKT-2 / 1,268 0,683 0,328 0,652
MS + SGLT2 inhi- (€=0,42)** (&=0,11)* (€=0,35)** (¢=0,92)**
bitors 0,257 (95% AW / 0,018 (95% AN / 0,037 (95% oW / 0,216 (95% 0N /
Cl: -0,395; 0,909, Cl: -0,295; 0,331, Cl: -0,120; 0,194, Cl: -0,053; 0,485,
Pag=0,878793) Pag=1,000000) Pag=0,999170) Pag=0,141381)
MC + 1ann-4 / 1,107 0,53 0,270 0,552
MS + DPP-4 inhi- (¢=0,28)** (€=0,37)** (¢=0,22)** (€¢=0,59)**
bitors 0,096 (95% AW/ -0,136 (95% AN/ -0,021 (95% AW / 0,117 (95% On /
Cl: -0,558; 0,750, Cl: -0,476; 0,205, Cl: -0,179; 0,136, Cl: -0,170; 0,404,
Pag=0,999993) Pag=0,869150) Pag=0,999998) Pag= 0,852784)
MC +KNnB/ 1.433 (¢=0.61)* 0,629 0,336 0.708
MS + GVC 0.421 (95%-0n / (¢=0,15)** (¢=0,26)** (¢=0,85)**
Cl: -0.236; 1.079, -0,037 (95% A / 0,044 (95% on / 0,272 (95% N/
Pag0.391284) Cl: -0,343; 0,270, Cl: -0,126; 0,215, Cl: -0,034; 0,579,
Pag=0,999999) Pag=0,999086) Pag=0,104932)
MC + KCB / 1.258 0,66 0,265 0,6
MS + GSC (€=0.38)** (€=0,05)** (€=0,18)** (¢=0,78)**
0.247 (95% oW/ -0,006 (95% A/ -0,026 (95% AW/ 0,164 (95% OW /
Cl: -0.486; 0.979, Cl: -0,314; 0,302, Cl: -0,160; 0,107, Cl: -0,114; 0,442,
Pag=0.971319) Pag=1,000000) Pag=0,999844) Pag=0,470810)
MC + BPA Il + BKIB / 1,118 0,54 0,334 0,661
MS +ARB + GVC (€=0,15)** (€=0,26)** (€=0,29)** (&=0,75)**
0,107 (95% AW / -0,126 (95%-0n / 0,043 (95% on / 0,226 (95% OW /
Cl: -0,588; 0,802, Cl: -0,442; 0,190, Cl: -0,143; 0,228, Cl: -0,063; 0,514,
Pag=0,999998) Pag=0,896545) Pag=0,999383) Pag=0,185682)

Notes: * — compared to the control group; ** — compared to the MS group without correction; Cl — confidence interval.
lpumeyaHus: * — no CPABHEHMIO C rPYNMOIN KOHTPONS; ** — no cpasHeHuto ¢ rpynnoit MC 6e3 koppekumu; AN — foBepuTenbHbIil HTEpBan.

adipose tissue dysfunction in the development and pro-
gression of nephropathies has been proven [14]. Thus, the
negative effect of visceral obesity on the kidneys may be a
consequence of developing comorbid conditions, such as
diabetes mellitus, hypertension. It can also result from the
direct impact of adipose tissue on the kidneys associated
with the endocrine activity of substances produced by
adipocytes (leptin, adiponectin, etc.) [20]. Recent studies
confirm a close relationship between adipokines and CKD,
especially in the presence of metabolic disorders [16]. The
results of our experimental study confirm these data. The
results obtained in this study reflect a significant increase
in visceral fat mass, lipid profile disorders, an increase in
leptin concentration, and a decrease in serum adiponectin
concentration when renal disorders are associated with MS.

The multicomponent nature of the pathogenesis of
dysmetabolic nephropathy suggests that therapy aimed at
reducing visceral fat mass and normalizing the levels of

biologically active substances involved in the regulation of
fat metabolism may slow the progression of the disease.
In the course of the current study, a comparative assess-
ment was made to evaluate efficacy of BRA Il drugs with
potent antihypertensive potential, innovative drugs SGTL-2
and DPP-4 inhibitors with claimed hypoglycemic effects,
as well as plant polyphenolic concentrates with antioxi-
dant and anti-inflammatory properties.

Atrend toward weight loss, mainly due to visceral adi-
pose tissue, was observed in all groups of animals with MS
receiving corrective therapy. Given that visceral adipose tis-
sue is more sensitive to catecholamine-dependent lipolysis
and less sensitive to the antilipolytic action of insulin, further
studies of the indirect effects of the drugs under investiga-
tion on the sympathoadrenal system are needed to explain
the observed reduction in visceral fat mass.

At the same time, the drugs under study did not have
the expected effect on the metabolic activity of adipose
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Table 3. Trimmed mean difference (20%) and comparative assessment of leptin and adiponectin levels in animals with metabolic syndrome: treatment

groups versus uncorrected group

Ta6nuua 3. PasHocTb yceueHHbIX cpefiHnx (20%) U cpaBHUTENbHAs OLEHKA YPOBHEN NENTUHA U aaUNOHEKTUHA Y KMBOTHBIX C METaBONNYECKUM
CHAPOMOM: TepanesTUYeckue rpynnbl N0 CPaBHEHMIO C rpynnoi Ge3 KoppeKLym

[pynmbl XMBOTHBIX /

Animal groups JlentuH, Hr/mn / Leptin, ng/ml

AnunoHekTtuH, Hr/mn / Adiponectin, ng/ml

MC + BPA1I/MS + ARB | Cnabeiit / Weak (¢=0,29),

-0,319 (95% AW / CI: -2,506; 1,867, p,=0,998800)

CunbHbin / Strong (¢=0,76),
-0,934 (95% AW/ Cl: -4,635; 2,766, p,,=0,806773)

MC + WHIKT-2 / MS + CpepHuit / Average (¢=0,43), CunbHblit / Strong (§=0,76),
+ SGLT2 inhibitors -0,437 (95% BN/ Cl: -2,586; 1,712, pa=0,984903) | -0,931(95% AW / CI: —4,632; 2.770, p,,=0,809205)
MC + MANn-4 / MS + Cpepntui / Average (¢=0,49), Ortcytcreyet / No (§=0,006),
+ DPP-4 inhibitors -0,479 (95% AN / Cl: -2,683; 1,725, pag=0,982090) | -0,006 (95% AW / CI: -3,608; 3,597, p,4=1,000000)
MC + KNB/MS + GVC Orteyteteyet / No (§=0,13), Orcytcreyet / No (§=0,09),

0,249 (95% [N / CI: -2,701; 2,202, pyy= 0,999998) | -0,194 (95% [ / CI: -3,456; 3,067, p,,;=1,000000)
MC + KCB/MS + GSC | CpegHuii / Average (¢=0,47), Cpeganuii / Average (¢=0,5),

-0,500 (95% AW / CI: -2,742; 1,742, p,;=0,944771)

-0,631(95% AW/ Cl: -4,243; 2,981, p,=0,972475)

MC + BPA Il + BKIIB /
MS +ARB + GVC

Cnabbiit / Weak (¢=0,29),

-0,314 (95% AN / CI: -2,395; 1,767, p,;=0,999727)

CunbHblit / Strong (§=0,54),
-0,662 (95% AW | CI: —4,183; 2.858, p,=0,967647)

Notes: Cl — confidence interval.
lMpumeyanus: I — noBepuUTENbHbIA MHTEPBAN.

tissue. According to available scientific reports, BRA I,
SGTL-2, DPP-4 inhibitors and polyphenolic compounds
groups are capable of exerting positive pleiotropic ef-
fects on the lipid profile and adipokines in individuals with
metabolic and cardiovascular disorders [2, 7]. However,
the above-mentioned literature data are still contradictory
and have not been reliably confirmed in our experimental
study. Apparently, the noted dissonance is due to a num-
ber of objective reasons, as well as the pharmacodynamic
characteristics of the drugs themselves.

The lack of clear conclusions regarding how the
groups of drugs studied affect the metabolic activity of
adipose tissue can be explained by a small sample size,
varying degrees of severity of the subjects’ conditions, and
individual differences in metabolism. Moreover, it should
be noted that in a number of previous clinical studies in
patients with endocrinological and cardiological profiles,
combination therapy was used, and assessing the lipid
profile was not always a primary endpoint.

As for the potential effects of BRA Il inhibitors, it's
been suggested that these drugs have a dose-dependent
effect on lipid metabolism [9]. In addition, several studies
have described the phenomenon of partial escape from
angiotensin Il blockade in patients with type 2 diabetes
mellitus and diabetic nephropathy, which may also apply
to the results of our study [3, 11].

The lack of effect on lipid profile and adipokine le-
vels when taking ipragliflozin in animals with nephropathy
against the background of MS, is, in our opinion, asso-
ciated with an increase in LDL concentration due to he-
moconcentration caused by natriuresis and a decrease in
the expression of LDL receptors on the surface of hepa-
tocytes. SGLT2 inhibitors “switch” energy metabolism to
lipid utilization, moderately increasing ketone production

and intracellular cholesterol synthesis, and also reduces
cholesterol absorption in the intestine [5].

At the same time, it is important to note the positive
trend toward normalization of TG, LDL, VLDL, and leptin
levels in groups of animals with MS and nephropathy that
received IDPP-4 and GSC drugs.

The effect of gozogliptin on blood lipid and adipokine
levels has not been sufficiently studied. However, it has
been reported that, in addition to their declared hypogly-
cemic effect, IDPP-4 drugs are capable of directly and
indirectly regulating lipid metabolism. An in vitro experi-
ment has shown that the hypolipidemic effect of DPP-4 in-
hibitors may be associated with a decrease in cholesterol
synthesis in the liver and an increase in lipoprotein ca-
tabolism, occurring against the background of increased
insulin secretion and enhanced tissue sensitivity to insu-
lin [4]. In addition, there are increasing suggestions that
other tissues, including the intestine, are involved in the
hypolipidemic effect of IDPP-4. In another study using
DNA microarray technology, the authors show that IDPP-4
affects plasma triglyceride and cholesterol levels through
its inhibitory activity on the transcription factor SREBP2
(Sterol Regulatory Element-Binding Protein 2, a protein
that binds to the sterol regulatory element 2), the main
regulator of cholesterol and lipid homeostasis [19].

Currently, there is widespread discussion regarding
the potential of polyphenols as promising biologically ac-
tive compounds in treating and preventing obesity against
a backdrop of metabolic disorders. The accumulated data
indicate that polyphenols can reduce preadipocyte proli-
feration, suppress adipocyte differentiation and viability,
and have a normalizing effect on the metabolic activity of
adipose tissue [15]. Meanwhile, these pleiotropic effects
are the prerogative of certain subtypes of flavonoids, in-




cluding catechins and quercetin [6]. The effect of these
compounds is determined by their interaction with cell
membranes, changing the phase state of membrane
lipids and their structural organization. The literature
reports indicate that polyphenols influence the expression
of nuclear and cytoplasmic proteins. Their participation
in cell signaling systems, in particular mTOR (mecha-
nistic Target of Rapamycin), appears to be an important
component of the physiological activity of bioflavonoids.
Suppression of mTOR activity prevents adipogenesis
and disrupts the viability of adipocytes, while its exces-
sive activation promotes adipogenesis [18]. Activation
of AMP-dependent protein kinase gene expression indi-
cates the involvement of LKB1/AMPK (Liver Kinase B1/
AMP-activated Protein Kinase), a signaling pathway in
polyphénol concentrate action. The suppression of lipid
synthesis is caused by a decrease in the activity of ace-
tyl-CoA carboxylase, and the stimulation of B-oxidation is
caused by the activation of carnitine palmitoyltransferase
| and mitochondrial uncoupling protein UCP2 through
receptors activated by peroxisome proliferator-activated
receptors (PPAR) a [17].

It is important to note that the flavonoid compounds
described are present in significantly higher amounts in
grape seed concentrate than in vine concentrates, which
directly explains a more pronounced hypolipidemic effect
in the group of animals with metabolic nephropathy that
received GSC. Despite the high content of resveratrol in
GVC, which has powerful anti-inflammatory and antioxidant
activity, the total content of water-soluble antioxidants was
significantly higher in grape seed concentrate, which also
likely played a significant role in reducing the intensity of
oxidative stress associated with excess adipose tissue and
allowed for the normalization of adipose tissue metabolic
activity.

Given the lack of a pronounced positive effect on
lipid status and adipokine levels with monotherapy with
BRAII inhobitors and GSC, their combined use also did
not demonstrate the expected effect on existing adipose
tissue dysfunction in animals with nephropathy against
the background of MS.

CONCLUSION

1. Acomparative assessment of the efficacy of drugs
from the BRA Il, SGLT-2, and DPP-4 inhibitor groups,
as well as plant polyphenol concentrates, revealed a
positive effect on body weight reduction, mainly due to
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