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B3AMMOCBS3b BBISIBAEHHBIX IN SILICO MIN VIVO 5
ITPOTUBOANABETUYECKUX 1 AHTUATEPOCKAEPOTUYECKINX CBOUCTB
HOBBIX ITPON3BOAHBIX ANUTNAPOIINMPUAVIHA 1 TUEHOIIMPUAVHA
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Lienb uccnepoBaHma: oLeHKa B3aMMOCBA3M BblsiBNEHHbIX in silico v in vivo npoTuBoaMabeTMyeckmnx 1 aHTUaTePOCKIEPOTUYECKMX CBOMCTB HOBbIX NPO-
M3BOAHBIX AUTMAPONUPUAMHA U TUEHONUPUAMHA HA MOAENM KOMOMHMPOBAHHOM NULLEBOM M NocaeaytoLlel AeKCamMeTa30HOBOM HArpy3oK B aKcne-
puMeHTe.

Matepuan n metogbl: CMHTE3MPOBaHHbIE Ha Ba3e HayyHo-uccnepoBaTenbckoi nabopatopmn «XMMIKE» JIyraHCKOro rocyfapCTBEHHOMO YHUBEPCU-
TeTa UM. Bnagumupa [ans Bewiectsa noABepraavcb BUPTYanbHOMY BUOCKPUHUMHIY, YTO MO3BOJIUIO BbIAEIUTb HECKONIbKO NNAEPOB: COEAUHEHNS C
wndpamm AZ-383, AZ-023, TD-0331 1 mar-014. SKcnepuMeHT bbi/1 BbINONHEH Ha 56 N0N10BO3penbIX Kpbicax-camuax Wistar. KOHTpoabHYtO rpynny co-
CTaBW/IN KPbICbl, KOTOPbIM MOZEIMPOBANNCH METabOIMYECKME HAPYLLIEHWSA C MOMOLLbIO MULLEBO U AeKCAMeTa30HOBOM Harpy3oK. YeTbIpém OnbITHbIM
rpynnam nocie MoLeNMPOBaHNA HapYLWEHNI BHYTPUXKENYAOUHO B TeueHne 14 aHeit BBOAMANUCH HOBble coeaunHerns (1,5 mr/Kkr) ¢ wudpom AZ-383
(onbiTHas rpynna Ne 1), AZ-023 (onbiTHas rpynna Ne 2), TD-0331 (onbitHas rpynna Ne 3), mar-014 (onbitHaa rpynna Ne 4). }KuBoTHble rpynnbl cpas-
HeHUA nosyyanu MeTGopMMUH, aTopPBACcTaTUH U MMYyHODaH. pK BbIBOAE KMBOTHbIX U3 IKCNEPUMEHTA ONPEAENANNCh FIOKO3a, OBLLMI XONeCTepuH,
TPUIANLLEPUAbI KPOBMU.

PesynbTaThl: BbICOKOXKMPOBAA U BbICOKOYINIEBOAHAA HArpy3KM C NOCAeAyoLWyM BBEAEHUEM feKcaMeTa3oHa NMPUBOAWAMN K Pa3BUTUIO HapyLWEHWN yre-
BOZAHOTIO M MNUAHOro obmeHa (rntoko3sa kposu 9,8+0,9 mmonb/n, 0bwmit xonecteput 3,0£0,4 mmonb/n, Tpuranuepuasl 2,4+0,7 mmonb/n). Bo Bcex
OMbITHBIX FPyNNax, rae NPUMEHAINC HOBbIE COEAUHEHUS, IIFOKO3a, 0BLLMIA XONECTEPUH U TPUIMLIEPUAbI KPOBM AOCTUIIN 3HAYEHWI, CTAaTUCTUYECKM
He OT/IMYAIOLLMXCA OT aHANOTUYHBIX NOKa3aTeNeil MHTAKTHOM rPynMbl XKUBOTHbIX.

3aK/l0ueHue: N3y4yaemMble B IKCNEPUMEHTE HOBbIE MPOM3BOAHbIE LMaHOTUOALETaMMAa ¢ wudpammn AZ-383, AZ-023, TD-0331 1 mar-014 npossnatoT
NPOTMBOAMADETUYECKYIO M aHTUATEPOCKNEPOTUYECKYIO aKTUBHOCTb, KOTOPbIE 3aK/THOUALOTCA B CHUMKEHUM IJIMKEMUU U YMEHbLIEHUM KOHLLEHTpaL M 06-
LLLero XoNnecTepuHa v TPUIULEPULOB KPOBU NPU MOLENMPOBAHUU METabONNYECKMX HapYLLEHUI C MOMOLLBIO KOMBUHUPOBAHHOW NULLLEBOI HArpy3Ku
1 NocaeAytoLLero BBeleHNA feKcameTasoHa.

Kniouesble cnoBa: Ouz2udponupuduH, mueHonupuduH, yuaHomuoauemamud, Hosble MpPou3sodHsle, npomusoduabemuyeckue ceolicmea,
aHMUaMepoCKAepoOMuUYecKas AKmMugHOCMb, KOMOUHUPOBAHHAA MUWEBAA Ha2Py3Ka, 0eKCAMema30oH08aA Ha2PYy3Ka.
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RELATIONSHIP BETWEEN THE IN SILICO AND IN VIVO ANTIDIABETIC AND
ANTIATHEROSCLEROTIC PROPERTIES OF NOVEL DIHYDROPYRIDINE AND
THIENOPYRIDINE DERIVATIVES
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Objective: To evaluate the relationship between the in silico and in vivo antidiabetic and antiatherosclerotic properties of novel dihydropyridine and
thienopyridine derivatives using an experimental model of combined dietary loading followed by dexamethasone administration.

Methods: Substances synthesized at the Research Laboratory “ChemEx” of Vladimir Dahl Lugansk State University were subjected to virtual bioscreening,
which made it possible to identify several lead compounds: AZ-383, AZ-023, TD-0331, and mar-014. The experiment was performed on 56 mature male
Wistar rats. The control group consisted of rats in which metabolic disorders were modeled by dietary and dexamethasone loading. In four experimental
groups, after modeling the disorders, the novel compounds were administered intragastrically for 14 days at a dose of 1.5 mg/kg: AZ-383 in experimental
group No. 1, AZ-023 in experimental group No. 2, TD-0331 in experimental group No. 3, and mar-014 in experimental group No. 4. Animals in the comparison
groups received metformin, atorvastatin, and imunofan. When the animals were removed from the experiment, blood glucose, total cholesterol, and
triglyceride levels were determined.
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Results: High-fat and high-carbohydrate loading, followed by dexamethasone administration, led to the development of carbohydrate and lipid metabolic
disorders, with blood glucose 9.8+0.9 mmol/L, total cholesterol 3.0+0.4 mmol/L, and triglycerides 2.4+0.7 mmol/L. In all experimental groups treated with
the novel compounds, blood glucose, total cholesterol, and triglyceride levels did not differ statistically from the corresponding parameters in the intact

group of animals.

Conclusion: The novel cyanothioacetamide derivatives studied in the experiment, designated AZ-383, AZ-023, TD-0331, and mar-014, exhibit antidiabetic
and antiatherosclerotic activity, as evidenced by reductions in glycemia and total blood cholesterol and triglyceride concentrations in a model of metabolic
disorders induced by combined dietary loading followed by dexamethasone administration.

Keywords: Dihydropyridine, thienopyridine, cyanothioacetamide, novel derivatives, antidiabetic properties, antiatherosclerotic activity, combined dietary

loading, dexamethasone loading.
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BBEAEHUE

Macwwtabbl pacnpocTPaHEHHOCTH caxapHoro auabeta Il Tvna
(CA 1) B coBpemeHHOM MUpe TPYAHO NepeoueHUTb. Yucno noael ¢
HapyLEHUAMU YINeBOAHOTO OBMeHa YBENIMYMBAETCA C KaXkAblM ro-
ZIOM, YTO ABNAETCA CEPbE3HOMN HEe TONIbKO MEAULMHCKOM, HO U CoLu-
anbHolt npobnemott [1]. CA Il cBA3aH € pa3BUTHEM MHOXKECTBA MaKpo-
N MMKPOCOCYAMCTbIX OCNOXKHEHWMI, B TOM YMCNE UHBANIMAN3UPYIOLLETO
XapaKTepa, KOTopble 3HAUMTENBHO YXYALLIAKOT KAYeCTBO XKU3HU JtOAEN.
[nabetnyeckan HedpponaTna OTHOCKUTCA K CEPbE3HBIM MUKPOCOCYAM-
CTbIM ocnoXKHeHnAM C[ |1, BO3HUKAIOLWMM MpK TMNEPIIKEMUN U U3-
ObITOYHOM CEKpeLMn LUTOKMHOB [2].

B npoucxoxaeHnn AmabeTMyeckoi NoMHeNponaTMM OCHOBHasA
ponb otBoAUTCA daKTopy Hekposa onyxonei (TNFa), obnagatoiemy
MPOBOCMANNTENbHBIM LENCTBUEM, YHACTBYHOLLEMY B PETYAALMM OOMe-
Ha YI/1eBOL0B W IMNUAOB, ABNAIOLLEMYCA MUTOTEHHbIM GAaKTOPOM Npw
anonto3e aaunouutoB. Kpome Toro, TNFa ctumynupyeT cekpeLmio
NenTUHA, Peryinpyet GYHKLMU MUTOXOHZPUIA U SKCMIPECCUIO TEHOB,
WHAYUMPYET UHCYSIMHOPE3UCTEHTHOCTb B KMPOBOM U MbILLEYHOM TKa-
HAX, UHTMOMPYET CEKPELMIO MHCYNNHA B-KNETKaMM NOAKENYL0YHOM
xenesbl [3, 4].

Paccmatpusas makpococyauctble ocnoxkHeHna CL 1l, K koTo-
pPbIM OTHOCATCA MHQAPKT MMOKapAa, CepAevHas HegoCcTaTOYHOCTb,
0CTpOE HapyLieHWe MO3roBOro KpoBoobpalLeHWs, ocoboe BHUMaHMe
HY}KHO YA€UTb SHA0TeNMANbHON AUCOYHKLMU. MaToreHeTUYeckumm
MexaHU3MaMM eé BO3HMKHOBEHMA ABNAOTCA GaKTOPbl BOCMANEHNS U
Tpomb006pa3oBaHMs, a TaKKe CTPYKTYPHO-GYHKLMOHA/IbHbIE U3Me-
HEeHMA COCYAMCTOM CTeHKM [2].

[axke HeBbIpaXKeHHOE MOBbILEHWE YPOBHA INIMKMPOBAHHOTO re-
MOII06MHA OTHOCUTENBHO pedepeHCHbIX 3HAYEHMI acCOLMMPOBAHO
C MOBbILIEHNEM KOHLEHTPALMIA TaKMX 3HAOTENNA/NbHBIX MApPKEPOB,
KaK aHgoTenmH-1 n gaktop poH BunnebpaHga. IHAOTENMANbHAA ANC-
GYHKLUMK, NOBbILLEHME NPOAYKLMM Ba3OKOHCTPUKTOPHBIX U NPOTPOM-
60reHHbIX MeAMATOPOB ABAAIOTCA OAHMM U3 OCHOBHbIX MATOreHeTH-
YECKMX MEXaHM3MOB Pa3BUTMA W NMPOrPECCUPOBAHNA AMAbeTUYECKO
Hedponatum [5].

MatoreHes CA Il TecHO cBA3aH C OXuUpeHnem. Y nauueHToB C
CL 1l BbISBNAKOTCA HAPYLIEHUA CMOCOBHOCTU K AnddepeHLMpoBKe
CTBOJIOBbIX K/IETOK KMPOBOM TKaHM KaK B aAWMOreHHOM, TaK U ocTe-
OreHHOM HanpaBieHuaAX [6]. YYEHble BbiCKa3bIBaOT NPELNONOKEHNE,
4TO NOAABNEHME AAMNOTEHE3a MOMKET ObITb PE3YNLTATOM aKTMBALMM
ocTeoreHesa CTBONOBbIMK KneTkamu npu C/, |l, ogHako 3ToT Bonpoc
TaKKe 0CTaéTcs NPOTUBOPEUMBbLIM [7].

KaK CKasaHO Bbllle, HEOTLEM/IEMOW YacTbto naToreHesa C/, I
ABNAETCA HA/MUME UHCYIMHOPE3UCTEHTHOCTU NepudepUUYEcKnX TKa-

INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) in the
modern world is difficult to overstate. The number of people
with disorders of carbohydrate metabolism increases every year,
which represents a serious problem not only medically but also
socially [1]. T2DM is associated with the development of numer-
ous macro- and microvascular complications, including disabling
complications, which significantly impair patients’ quality of life.
Diabetic nephropathy is one of the serious microvascular compli-
cations of T2DM that develops in the presence of hyperglycemia
and excessive cytokine secretion [2].

In the development of diabetic polyneuropathy, the princi-
pal role is attributed to tumor necrosis factor alpha (TNFa), which
has proinflammatory activity, participates in the regulation of
carbohydrate and lipid metabolism, and acts as a mitogenic fac-
tor in adipocyte apoptosis. In addition, TNFa stimulates leptin
secretion, regulates mitochondrial function and gene expression,
induces insulin resistance in adipose and muscle tissues, and in-
hibits insulin secretion by pancreatic B-cells [3, 4].

When considering the macrovascular complications of
T2DM, which include myocardial infarction, heart failure, and
acute cerebrovascular accidents, special attention should be paid
to endothelial dysfunction. The pathogenetic mechanisms under-
lying its development include inflammatory and thrombotic fac-
tors, as well as structural and functional changes in the vascular
wall [2].

Even a mild increase in glycated hemoglobin relative to
reference values is associated with increased concentrations of
endothelial markers such as endothelin-1 and von Willebrand
factor. Endothelial dysfunction and increased production of vaso-
constrictor and prothrombogenic mediators are among the main
pathogenetic mechanisms in the development and progression of
diabetic nephropathy [5].

The pathogenesis of T2DM is closely associated with obe-
sity. In patients with T2DM, impaired differentiation capacity of
adipose tissue stem cells has been identified in both adipogenic
and osteogenic directions [6]. Researchers have suggested that
suppression of adipogenesis may result from stem cell-mediated
activation of osteogenesis in T2DM; however, this issue remains
controversial [7].

As noted above, an integral component of the pathogenesis
of T2DM is insulin resistance in peripheral tissues, which arises
from both post-receptor and receptor defects. With regard to re-
ceptor defects in the development of insulin resistance, two caus-
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Hel, KOoTopas BO3HMKAET B Pe3ynbTaTe Kak NOCTPeLenTopHbIX, TaK U
peLenTopHbIX AedekToB. Kacascb peLenTopHbIx AedeKkToB npu pas-
BUTUM MHCYIMHOPE3UCTEHTHOCTU, OTMETUM [BE MPUYMHbI: MyTaLus
B FeHEe pPeLenTopa MHCYANHA U HaZuMe ayTOAHTUTEN K peLenTopam
WHcynuHa [1].

B TecHol ceasu ¢ C/, Il MOXKHO paccMaTpmBaTb aTEPOCKIEPO3,
PacnpOCTPaHEHHOCTb KOTOPOTO MMEET MPOrPeCcCUPYIOLLMIN XapaKTep,
a NOCNeACTBUA MPeACTaBAAOT ONACHOCTb B M/IAHE YBEUYEHUA cep-
[LleYHO-COCYAMCTOM CMepTHOCTY [8].

Befywaa ponb B aTeporeHese OTBOAWUTCA OKUCAUTENbHOMY
CTpeccy, 3HAOTENNANbHON ANCOYHKLUMM WM Pa3BMBAIOLLEMYCA BOCMa-
nuTenbHoMy npoueccy. Mo AaHHBIM YYEHbIX, OLHVMM U3 BEAyLLMX 3Be-
HbeB naToreHesa, CBA3bIBaOLWMX OxupeHune, CA Il n atepocknepos,
AB/IAETCA MHCYNIMHOPE3NCTEHTHOCTb. B yCN0BUAX MHCYIMHOPE3UCTEHT-
HOCTM, CONPOBOMXKAAtoLLEN M3ObITOUHYIO Maccy Tena u CA II, npoucxo-
[T NOBPEXKAEHWE SHAOTENNS BCNEACTBUE TMMEPTINKEMUN, XPOHUYE-
CKOro BOCMaNeHus U SUCAUMUAEMUM, YTO CNOCOOCTBYET aKTMBALMMU
OKMCAWUTENIbHOTO CTPECCa U SHAOTENNANbHOW ANCOYHKLMM [9].

Hy}KHO OTMETWTb, YTO M aAMMOUMTbI, U MaKpodarn ABAAOTCA
MCTOYHMKAMM LUTOKMHOB, KOTOPbIE CMOCOBCTBYIOT YCUAEHUIO WMHCY-
JMHOPE3UCTEHTHOCTU NEpUPEPUYECKMX TKAHEN, MOTYT MHAYLMPOBaTb
BbICBODOXKAEHME [MHOKO3bI B MEYEHM M Pacnag, IIMKOreHa, a TakKe UH-
rméuposatb NO-CMHTa3y, BCIEACTBME YEro CHUMKAETCA KOHLEHTpauus
OKCM/1a a30Ta B CTEHKaX COCYAO0B, YTO CNOCOOCTBYET NMPOrpeccupoBa-
HWIO aTepockneposa [10].

BbileonucaHHble MaTOreHeTMYeCcKMe CBA3U  MOATBEPKAAoT
My/IbTUGAKTOPUAIBHOE MPOUCXOKAEHNE U MHOTOKOMMOHEHTHBIV Na-
ToreHe3 C[ Il, aTepockneposa v OXKMPEHUA, @ TaKXKe UX TECHYIO CBA3b
MeXay cobol, uTo TpebyeT nomcka onTMasbHOM dapmakonoruye-
CKOV KOppeKLMK, KoTopas ByaeT NONOKMTENbHO BAWATL Ha YIIeBo-
ZHbIV, IMNUAHLIA 06MeH M UMMyHoNorMYeckne dakTopbl, 061a4aTb
BbICOKMM npoduiem 6e3onacHocTU. Ha AaHHbI MOMEHT B NpaKTUKe
COBPEMEHHbIX Bpayel cywiectByeT 60/blUON cneKTp dapmaKoKop-
PEKTOPOB MMNEPIANKEMUN U gucaunuaemun. OfHaAKo, NeKapCTBEH-
Hble CpeacTBa 06NaAA0T PALOM HeXenaTeNnbHbIX PeaKkuUui, a TakkKe
He MMelT BO3MOMKHOCTM MOKPbLITb BCE MAaTOFEHETUYECKME 3BEHbA
pa3BuTMA MeTabonnyeckoro cuHapoma [11]. YuutbiBas TeHAeHUMIO
K YBE/IMYEHMIO AONUN /IHOLEN NOXMAOMO BO3pacTa Cpeam HaceneHus,
MacliTabHoOMy pacnpocTpaHeHuto cpeau naumenTos CA I, oxupexus,
CepLeYHO-COCYAUCTbIX 3a601€BAHUIA, TUNEPIMMTUAEMUM, @ TAKIKE Bbl-
COKMI PUCK NOAMNparmasum Npu HasHauYeHUM Tepanum, akTyalbHbIM
BUAMUTCA MOWCK HOBbIX JIEKAPCTBEHHbIX NMPenapaTtos, 06/1aatoLLux of-
HOBPEMEHHO MOIOKUTE/IbHBIM BIUAHWEM Ha YINEBOAHbIA U AUNUA-
HbIli 0OOMEH, MMEIOLLMX MMMYHOTPOMHbIE CBOMCTBA, a TaKkKe Cnocob-
HOCTb K renaTonpoTeKLum Ha poHe BbICOKOTo Npoduia 6e30nacHOCTU.

B LaHHOM HanpaBAEHUM HayYHbIN MHTEPEC NPEeACTaoT HOBble
COeAMHEHMA 13 paga NPOM3BOAHbIX LMaHOTHOaLeTamKuaa. UmetoTcs
nyb6AMKaLMK, COrNAcHO KOTOPbIM AepuBaThl TETPArnaponupuLoHoB
M FeKCarnapoXMHONMHOB, MPOU3BOAHbLIX LMAHOTMOALETaMUAA, 06-
Hapy»KMBAOT ONPELENEHHYIO NPOTUBOBOCMANMUTENbHYIO, aHasbre-
TUYECKYI0 aKTUBHOCTb [12, 13], NpoABAAOT aHTUAENPECCaHTHbIE U
aHanenTM4eckune cBOMCTBA [14]. TaksKe ecTb Ny6AMKaLMK, B KOTOPbIX
OMUCaHbl renaTonpoTeKTOPHbIE, TMMOTIMKEMUYECKUE U TUMOAUMN-
femunyeckre 30 eKTbl HOBbIX MPOM3BOAHbLIX LMAHOTMOALETaMMUAA
[15].

LLENb UCCNEAOBAHMUA

OuEHKa B3aMMOCBA3M BbIBNIEHHDIX in silico v in vivo npotuso-
AMabeTnyeckmx U aHTMATEPOCKNEPOTUYECKMX CBOMCTB HOBbIX NPOU3-
BOZHbIX AUMMAPONUPUAMHA U TUEHOMUPUAMHA HA MOZENN KOMBUHH-
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es should be noted: mutation in the insulin receptor gene and the
presence of autoantibodies to insulin receptors [1].

Atherosclerosis may be considered in close association with
T2DM,; its prevalence is progressively increasing, and its conse-
quences pose a risk in terms of increased cardiovascular mortality
[8].

A leading role in atherogenesis is attributed to oxidative
stress, endothelial dysfunction, and the developing inflammatory
process. According to researchers, one of the key pathogenetic
links connecting obesity, T2DM, and atherosclerosis is insulin re-
sistance. Under conditions of insulin resistance associated with
excess body weight and T2DM, endothelial damage results from
hyperglycemia, chronic inflammation, and dyslipidemia, thereby
contributing to oxidative stress and endothelial dysfunction [9].

It should be noted that both adipocytes and macrophages
are sources of cytokines that contribute to increased insulin re-
sistance of peripheral tissues, may induce glucose release in the
liver and glycogen breakdown, and may also inhibit NO synthase,
resulting in a decreased concentration of nitric oxide in the vascu-
lar walls, which promotes the progression of atherosclerosis [10].

The pathogenetic relationships described above confirm the
multifactorial origin and multicomponent pathogenesis of T2DM,
atherosclerosis, and obesity, as well as their close interrelationship.
This necessitates the search for an optimal pharmacological correc-
tion that positively affects carbohydrate and lipid metabolism and
immunological factors, while maintaining a high safety profile.

At present, modern medical practice has a wide range of
pharmacological agents to correct hyperglycemia and dyslipid-
emia. However, medicinal products are associated with a num-
ber of adverse reactions and are unable to cover all pathogenet-
ic links in the development of metabolic syndrome [11]. Taking
into account the trend toward an increasing proportion of elderly
people in the population, the widespread prevalence of T2DM,
obesity, cardiovascular diseases, and hyperlipidemia among pa-
tients, as well as the high risk of polypharmacy when prescribing
therapy, the search for new medicinal agents appears relevant.
Such agents should simultaneously exert positive effects on car-
bohydrate and lipid metabolism, possess immunotropic proper-
ties, and have hepatoprotective potential, all against the back-
ground of a high safety profile.

In this regard, novel compounds in the cyanothioacetamide
class are of scientific interest. There are publications indicating
that derivatives of tetrahydropyridones and hexahydroquinolines,
which are cyanothioacetamide derivatives, exhibit certain an-
ti-inflammatory and analgesic activity [12, 13] and demonstrate
antidepressant and analeptic properties [14]. There are also pub-
lications describing the hepatoprotective, hypoglycemic, and hy-
polipidemic effects of novel cyanothioacetamide derivatives [15].

PURPOSE OF THE STUDY

To evaluate the relationship between the in silico and in vivo
antidiabetic and antiatherosclerotic properties of novel dihydro-
pyridine and thienopyridine derivatives using an experimental
model of combined dietary loading followed by dexamethasone
administration.

METHODS

At the Research Laboratory “ChemEx” of Vladimir Dahl Lu-
gansk State University, we synthesized more than 13,000 novel
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pPOBaHHOM NULLEBOM M NOCNEAYHOLLEN LEKCAMETa30HOBOM HarpysoK B
9KCNEPUMEHTE.

MATEPUAN U METOAbI

Ha 6a3e HayuHo-uccnenoBaTesibCkov nabopatopum «XMMIKC»
JlyraHcKoro rocyaapcTBeHHOro yHuBepcuteta Mm. Banagumupa dana
Hamu 6b110 cMHTE3MpoBaHO 60s1ee 13000 HOBbIX rETEPOLMKINYECKMX
COoeIMHEHWI 13 pAAA NPOU3BOAHBIX LiMaHOTMOALLETaMMUAA.

BHOBb CMHTE3MpOBaHHble BellecTBa OblM NOABEPrHYTbI BUP-
Tya/lbHOMY BUOCKPUHMHTY C MOMOLLbIO OHNalH-cepBMca Swiss Target
Prediction u cepsuca Pass Online Ha Way2Drug Predictive Service, uto
NO3BO/IM/IO BbIAENUTb HECKONIBKO NUAEPOB: coeAnHeHUsA ¢ nabopa-
TOpHbIMK Wwndpamm AZ-383, AZ-023, TD-0331 1 mar-014, koTopble
NPeanoN0KUTENbHO, YYUTbIBas ONpeaenéHHyto in silico TponHocTb
K BromuLieHaM, 061afaloT NPOTUBOANAOETUYECKMMM M aHTUATEPO-
CKNepoTUYecknuMmn adpdeKkTamu.

IKcnepuMeHTanbHOe WUCCNeaoBaHWe Bbl10 BbINOMHEHO Ha 56
NMoNoBO3penbIX Kpbicax-camuax Wistar Ha 6ase HUW askcnepumen-
TanbHOW 6MoNOrMM U MeauLMHbI BOPOHEKCKOTO rocyfapCTBEHHOTO
MeLMLMHCKOro yHuBepcuTeTa um. H.H. BypaeHko. Bblno chopmupo-
BaHO 7 rpynn no 8 XMBOTHbIX B KaXAoN. PacnpeseneHne Ha rpynnbl
Npoun3BOANIOCL PAHAOMHbIM 06Pa3oMm C UCMOb30BaHUEM «METoA]
KOHBEpTOB».

MHTaKTHaA rpynna — KpbiCbl NOAYYann CTaHAAPTHbIV CYTOYHbIN
paLMoH 1 BoZy B cBO60OAHOM AocTyne. KOHTpo/IbHasA rpynna — KpbIChl
[aHHON rpynnbl B 4ONONHEHWE K CYTOYHOMY PaLIMOHY MOAyYanu ms-
6bITOYHOE KONMYECTBO NasibMOBOro mMacsa m3 pacyéra 30 r/Kr maccbl
TeNa KpbIC B TeyeHue 8 Hefesb, a NUTbeBas BoAa Obina 3ameHeHa Ha
20% pacTBop GpyKTO3bl 415 GOPMUPOBAHMA KOMMIEKCA HAPYLUEHWN,
3aTeM MM BHYTPUOPIOLUIMHHO BBOAWACA AekcameTa3oH 0,125 mr/kr
eXXeZlHeBHO Ha NpOoTAKeHWK 13 aHen.

[Lanee 66111 chopmmpoBaHbl 4 OMbITHbIE FPYMIbl, BCEM KUBOT-
HbIM KOTOPbIX M3Ha4YasbHO GblIM CMOAENMPOBaHbI MeTabonnyeckue
HapyLleHns NyTém AUTEeNbHOW BbICOKOXKMPOBOW U BbICOKOYINEBOA-
HOW HarpysoK (B TeyeHue 8 Heaenb B LONONHEHUE K CyTOYHOMY paLiy-
OHy 136bITOK NaIbMOBOrO Macna 13 pacyéra 30 r/Kr macchl Tena Kpbic
+ NuTbeBas Boza Oblna 3ameHeHa Ha 20% pacTeop GpyKTO3bI) M MO-
cNeflytolero BHyTPUOPIOWMHHOTO BBEAEHWA AekcameTasoHa (0,125
MF/Kr eKeAHEBHO Ha NpoTAXKeHUW 13 aHelt). B kauectBe dapmakokop-
PEKLMN BHYTPUKENYAOUHO B TedeHne 14 fHel NpvMeEHAN0Cb HOBOE
COeAMHEeHMEe U3 YMUCaa NPOMU3BOAHbIX LiMaHOTMOALETaMKAa B [O3M-
poske 1,5 mr/Kr ¢ wudpom AZ-383 (onbiTHas rpynna Ne 1), ¢ wmdpom
AZ-023 (onbiTHas rpynna Ne 2), ¢ wudpom TD-0331 (onbiTHas rpynna
Ne 3), ¢ wndpom mar-014 (onbiTHas rpynna Ne 4). CTpyKTypHble dpop-
MyJ1bl COEAVHEHWI NPeaCcTaBAeHbl Ha PUC.

lpynna cpaBHeHMA bblna NPeACTaBAEHA XUBOTHbIMM, KOTOPbIM
nocie MOAENMPOBAHUA MeTabonUYecknx HapylueHUi C NMOMOLLbIO
BbICOKOKA/IOPUAHOW W TNIIOKOKOPTUKOMAHOM Harpy3ok B KayecTse
bapmaKoKoppeKLmmM BHYTPUKENYA0YHO B TedeHne 14 nHell BBoamacA
metdopmuH (300 mr/Kr maccbl Tena) 1 atopsactatH (200 MKr/Kr mac-
Cbl TENA), @ TAKXKE BHYTPUMBILLEYHO BBOAM/ICA NpenapaT umyHodbaH
Ha GU3MONOrMYECKOM PaCcTBOPE OAMH pa3 B AeHb no 0,7 MKr/Kr no
cxeme: Ha 1-e, 3-u, 5-e, 7-e, 9-e cyTku.

E)XeiHEBHO B TeyeHMe BCero 3KCNepMMeHTa 3a NOAOMbITHbIMK
YKMBOTHBIMM MPOBOAMNOCL HabnloAeHWe MOBeAEHYECKOW aKTWBHO-
CTW, aNNETUTA, XKaXAbl, EXXEHEAEeNbHO OCYLLECTBANOCh B3BELLNBAHME
KpbIC.

HKMBOTHbIE KOHTPO/IbHOW FPYNMbl BbIBOAWAMCH U3 IKCMIEPUMEHTA
MO OKOHYAHWI0 MOZENMPOBAHUA HaPYLLEHWI. BbIBOA, KMBOTHBIX OMbIT-
HbIX FPYNM 1 rpynMbl cpaBHeHUA Bbln NPOM3BEAEH N0 OKOHYAHMIO Nepu-

heterocyclic compounds from the group of cyanothioacetamide
derivatives.

The newly synthesized substances were subjected to vir-
tual bioscreening using the online Swiss Target Prediction ser-
vice and the PASS Online service on the Way2Drug Predictive
Service platform. This made it possible to identify several lead
compounds with the laboratory codes AZ-383, AZ-023, TD-0331,
and mar-014, which, given their predicted in silico tropism for
specific biological targets, may possess antidiabetic and antiath-
erosclerotic effects.

The experimental study was performed on 56 mature male
Wistar rats at the Research Institute of Experimental Biology and
Medicine of N.N. Burdenko Voronezh State Medical University.
Seven groups were formed, with eight animals in each group. The
animals were randomly assigned to groups using the envelope
method.

The intact group consisted of rats that received a standard
daily diet and had free access to water. The control group consist-
ed of rats that, in addition to the daily diet, received an excessive
amount of palm oil at a dose of 30 g/kg of rat body weight for
8 weeks, while drinking water was replaced with a 20% fructose
solution to induce a complex of metabolic disorders. Subsequent-
ly, dexamethasone was administered intraperitoneally at a dose
of 0.125 mg/kg daily for 13 days.

Four experimental groups were then formed. In all animals
of these groups, metabolic disorders were initially modeled by
prolonged high-fat and high-carbohydrate loading: for 8 weeks, in
addition to the daily diet, the animals received an excess amount
of palm oil at a dose of 30 g/kg of rat body weight, and drinking
water was replaced with a 20% fructose solution. This was fol-
lowed by intraperitoneal administration of dexamethasone at
0.125 mg/kg daily for 13 days. As pharmacological correction, a
novel compound from the group of cyanothioacetamide deriv-
atives was administered intragastrically for 14 days at a dose of
1.5 mg/kg: AZ-383 in experimental group No. 1, AZ-023 in exper-
imental group No. 2, TD-0331 in experimental group No. 3, and
mar-014 in experimental group No. 4. The structural formulas of
the compounds are shown in Fig.

The comparison group consisted of animals that, after mod-
eling metabolic disorders using high-calorie and glucocorticoid
loading, received pharmacological correction for 14 days. Met-
formin was administered intragastrically at a dose of 300 mg/
kg of body weight, atorvastatin at a dose of 200 pg/kg of body
weight, and imunofan in physiological saline was administered in-
tramuscularly once daily at a dose of 0.7 pg/kg according to the
following schedule: on days 1, 3, 5, 7, and 9. Throughout the ex-
periment, the experimental animals were monitored daily for be-
havioral activity, appetite, and thirst; and the rats were weighed
weekly.

Animals in the control group were removed from the exper-
iment after completion of the modeling of metabolic disorders.
Animals in the experimental groups and the comparison group
were removed from the experiment after completion of the phar-
macological correction period. The rats were removed from the
experiment by overdose of inhalation anesthesia with isoflurane
using a veterinary anesthesia station equipped with a TEC-3 va-
porizer. Blood samples were collected for subsequent biochem-
ical analysis. The following parameters were assessed: glucose,
total cholesterol, and triglycerides.

Ethical statement. The experimental design was reviewed
and approved at a meeting of the Ethics Committee of N.N. Bur-
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043 GapMaKoNorMUecKoi KoppeKLmuu. BbiBog, KpbIC 13 3KCnepUMeHTa
npou3BoaMACA NYTEM NEPefo3MPOBKM MHFANALMOHHBIM HAapPKO30M
130hNYPaHOM C MOMOLLBIO BETEPUHAPHON HAPKO3HOW CTaHLMM C UC-
naputenem TEC-3. OcyuiectBnanca 3abop KpoBU Ais NOCAeAYHoLEero
Broxvmmyeckoro aHanusa. MccnefoBaHuio nogfiexany cneaytolime
NoKa3aTenu: MoKo3a, 06LLMI XoNecTepuH, TPUINLEPUABI.

dTuyeckoe 3assneHue. [IM3aiiH akcnepumeHTa Bbln paccmo-
TPeH 1 0p0bpeH Ha 3acefaHnm STUYECKOro KOMUTETa BOpoHeKCKoro
rocyAapCTBEHHOIO MeAWLMHCKOro yHuBepcuteta um. H.H. bypaeHko
(npotokon Ne 5 ot 18.10.2022 1.).

CratucTUyeckuit aHanus. poBepKa NONYYeHHbIX AaHHbIX Ha
HOPMa/IbHOCTb pacnpefeneHna ocyllecTsnanace metogom Llanm-
po-Yunka. HekoTopble AaHHble He COOTBETCTBOBA/IM KpUTEPMAM
HOPMa/bHOTO pacnpeseneHus, No3TOMy CTaTUCTUYECKUIA aHaIM3 OCy-
LLECTBNEH MO HemapameTpUYeckum metogam. [aHHble 6bian npes-
CTaB/IEHbI B BUAE MeAWaHbl U MEXKBapPTUIbHOMO MHTepBasa (Me [Q1;
Q3]). MHOeCTBEHHbIEe CPaBHEHMA MeXAay rpynnamu NpoBeaeHbl No
Kputepuio Kpackena-Yonnuca. MonapHble CPaBHEHUA C MHTAKTHOW
rpynnoi nposoauAucb No Kputepuio [laHHa. YpoBeHb cTaTucTuye-
CKOM 3HAYMMOCTM COrIacHO nonpaske boHdeppoHU bbin ycTaHOBEH
Ha yposHe a=0,007.

PE3YNbTATbI

BbICOKOXKMPOBAsA M BbICOKOYINIEBOAHAA HAarpysku B TeyeHune 8
HeZeNb, a TaKkXe nocneaylollee BBeAEHME AeKcameTa3oHa Npuso-
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Puc. CmpykmypHsle hopmysibl uzy4daemsix coeduHeHul us yucna
HOBbIX NPOU3BOOHbIX UUAHOMUOAUEMAaMUoa

Fig. Structural formulas of the studied compounds from the group of
novel cyanothioacetamide derivatives

denko Voronezh State Medical University (Protocol No. 5 dated
October 18, 2022).

Statistical analysis. The Shapiro-Wilk test was used to assess
the normality of data distribution. Some data did not meet the
criteria for normal distribution; therefore, statistical analysis was
performed using nonparametric methods. Data were presented
as the median and interquartile range (Me [Q1; Q3]). Multiple
comparisons between groups were performed using the Krus-
kal-Wallis test. Pairwise comparisons with the intact group were
performed using Dunn’s test. The level of statistical significance,
according to the Bonferroni correction, was set at a=0.007.

RESULTS

High-fat and high-carbohydrate loading for 8 weeks, fol-
lowed by dexamethasone administration, led to the development
of carbohydrate and lipid metabolic disorders in control-group
rats. Thus, the cholesterol level increased by 67%, and the tri-
glyceride concentration by 118% relative to the intact group. In
addition, hyperglycemia developed, induced by combined dietary
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Tabauya Pesynemamel BUOXUMUYECKO20 GHA/U3A KPOBU
nodonbimHbIx #usomHsix, Me [Q1; Q3]

Table Results of biochemical blood analysis in
experimental animals, Me [Q1; Q3]

Mokasatennb
lpynna Parameter
Group 06wuni1 XonectepuH, MMonb/n Tpuravuuepugbl, Mmonb/n Tnoko3a, mmonb/n
Total cholesterol, mmol/L Triglycerides, mmol/L Glucose, mmol/L
MHTaKTHan 1.8 [1.5; 2.1] 1.1[0.8; 1.4] 5.2 [4.8;5.8]
Intact
KoHTposbHan 3.0[2.1; 3.4] 2.4[1.7;3.3] 9.8 [8.3;10.8]
Control p1<0.001 p:=0.001 p1<0.001
OnbiTHas Ne 1 (AZ-383) 1.9 [1.4; 2.3] 1.4[0.9; 2.2] 6.1[5.4;6.7]
Experimental group No. 1 (AZ-383) p:+>0.05 p:>0.05 p:>0.05
OnbiTHas Ne 2 (AZ-023) 1.9 [1.6; 2.4] 1.2 [0.8; 1.6] 5.7 [5.2; 6.4]
Experimental group No. 2 (AZ-023) p+>0.05 p+>0.05 p+>0.05
OnbiTHasa Ne 3 (TD-0331) 2.0[1.7; 2.5] 1.1[0.7; 1.6] 5.7 [4.9; 6.2]
Experimental group No. 3 (TD-0331) p+>0.05 p:+>0.05 p:+>0.05
OnbiTHan Ne 4 (mar-014) 2.0[1.8;2.5] 1.1[0.7; 1.6] 6.0 [5.5; 6.4]
Experimental group No. 4 (mar-014) p+>0.05 p+>0.05 p:>0.05
lpynna cpaBHeHUa (MeThopMuH, 1.9 [1.6; 2.2] 1.0 [0.6; 1.5] 5.9 [5.0; 7.1]
aTopBacTaTUH, UMyHObaH) p:>0.05 p:>0.05 p:>0.05
Comparison group (metformin,
atorvastatin, imunofan)
p (df=6) <0.001 =0.001 <0.001

MprmeyaHue: p — CTaTUCTUYECKAA 3HAUMMOCTb PA3NNUMIA NMPU MHOKECTBEHHOM CpaBHEHUM rpynn (No Kputepuio Kpackena-Yosnnuca); pr — CTaTUCTUYECKAs 3HAYMMOCTb
pasinumin nokasatenem no CPaBHEHWIO C MHTAKTHOW rpynnoi (no Kputepuio [laHHa; cornacHo nonpaske boHdeppoHu a=0,007)

Note: p indicates the statistical significance of differences in multiple comparisons between groups using the Kruskal-Wallis test; p; indicates the statistical significance of
differences in parameters compared with the intact group using Dunn’s test; according to the Bonferroni correction, a=0.007

AVNW K PasBUTUIO HAPYLLIEHWI YIIEBOAHOTO U IMNUAHOMO 0BMeHa y
KPbIC KOHTPO/IbHOM Tpynnbl. TaK, YPOBEHb XONECTEPUHA YBEAUYUACA
Ha 67%, KOHUEHTpauusa TpUrnLepuaoB Bo3pocia Ha 118% oTHo-
CUTEIbHO KMBOTHbIX MHTAKTHOW rpynnbl. Kpome Toro, pa3suBanachb
TUNEPIIMKEMMA, UHAYUMPOBAHHAA KOMOWHMPOBAHHON NULLEBOW U
noc/ieaytowei [IIOKOKOPTUKOUAHOW Harpy3kamu. [noKo3a Kposu
BO3POC/a Ha 88% OTHOCWUTENbHO aHANOMMYHOTO MOKA3aTeNs UHTAKT-
HbIX KpbIC (Tabn.).

Kak B1aHo 13 Tabnnupl, papmaKkonornyeckas Koppekums cmoae-
JIMPOBAHHbBIX HAPYLUEHWUI NPU NOMOLLY HOBbIX NMPOU3BOAHBIX LIMAHO-
TUOaLEeTaMM1aa NPUBOAMAA K HOPMaM3aLLMm NnokasaTtenein AMnuaHo-
ro obmeHa 1 mrKkemun. Bo Bcex onbITHbIX rpynnax, rae npMmeHsanch
HOBbIE COEAUHEHWS, T1I0K03a, OBOLLMIA XONECTEPUH U TPUIULLEPUIbI
KpoBU AOCTUTIN SHBHGHMﬁ, CTaTUCTUYECKU He OT/INYaOLWKMXCA OT aHa-
JIOTWUYHbIX MOKa3aTeNei MHTAaKTHOM rpynbl }KMBOTHBIX. B rpynne cpas-
HeHus, rae Ana GapMaKoNorMyeckor KOPPEKLMU CMOAENNPOBAHHDIX
HapyLIeHUM UCMNOoMb30BaIUCh MeTGOPMUH, aTopPBaCTaTUH U UMYHO-
baH, MPOUCXOANN0 CHUKEHME YPOBHA IMMKEMMU, @ TaKKe YMeHbLLe-
HME KOHLEHTPaLLMM 0BLLLErO XONECTePUHA U TPUIMULEPUAOB KPOBH.

OBCYXXEHUE

Hanuume npoTnMBoanabeTMyeckmx U aHTUATEPOCKNEPOTUYECKUX
CBOWCTB U3y4aemblX B IKCNIEPUMEHTE HOBbIX MPOU3BOAHbIX LLUAHOTUO-
aLeHTamMMAa MOXKHO 060CHOBaTb OOHAPYKEHHbIMM Y HUX NPK UCCae-
[0BaHUAX in silico NpeAnoNoXKUTENbHBIMU BUOMULLIEHAMMU.

MonyyeHHble NyTEM BUOCKPUHUHIA AaHHble OMPeAenUn Ans
COeIMHEHWA U3 pAaa NPou3BOAHbIX 1,4-ANrMapONUPUANHOB C Wnd-
pom AZ-383  (5-cyano-6-({2-[(4-ethoxyphenyl)amino]-2-oxoethyl}
thio)-4-(2-furyl)-2-methyl-N-(2-methylphenyl)-1,4-dihydropyridine-3-
carboxamide) cneaytolme npesnonaraemble GBUOMULLEHN: OPEKCUHO-
Bble peuenTopsbl |, Il TMNOB; peuenTopbl XENYHbIX KACNOT, CBA3AHHbIE

and glucocorticoid loading. Blood glucose increased by 88% rela-
tive to the corresponding value in intact rats (Table).

As shown in the Table, pharmacological correction of the
modeled disorders with novel cyanothioacetamide derivatives
led to normalization of lipid metabolism parameters and gly-
cemia. In all experimental groups that received the novel com-
pounds, blood glucose, total cholesterol, and triglyceride levels
did not differ statistically from the corresponding parameters in
the intact group of animals. In the comparison group, in which
metformin, atorvastatin, and imunofan were used to pharmaco-
logically correct the modeled disorders, a decrease in glycemia
was observed, along with reductions in total blood cholesterol
and triglyceride concentrations.

DiScuUsSION

The antidiabetic and antiatherosclerotic properties of the
novel cyanothioacetamide derivatives studied in the experiment
may be explained by the putative biological targets identified for
these compounds in in silico studies.

The data obtained by bioscreening identified the following
putative biological targets for the compound from the group of
1,4-dihydropyridine derivatives with the laboratory code AZ-383
(5-cyano-6-({2-[(4-ethoxyphenyl)amino]-2-oxoethyl}thio)-4-(2-fu-
ryl)-2-methyl-N-(2-methylphenyl)-1,4-dihydropyridine-3-carbox-
amide): orexin receptors types 1 and 2; G protein-coupled bile
acid receptor type 1; glycogen synthase kinase 3; nicotinamide
phosphoribosyltransferase; and adenosine receptors of the Al,
A2a, and A2b types. These targets are of interest with regard to
the regulation of carbohydrate and lipid metabolism, as well as
the ability to exert hepatoprotective activity.

The orexin system is an important target for the correction
and prevention of obesity, peripheral tissue insulin resistance,
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¢ G-6enkom | TMNa; KMHa3a-3 IMKOreHCKHTa3bl, HUKOTUHamuadoc-
dopunbosnnTpaHcdepasa, ageHo3MHOBbIE peLenTopbl TMnos Al, A2a,
A2b, KOTOpble NPEACTABAAT UHTEPEC B OTHOLLEHUW PETYAALMM YIe-
BOAHOIO M IMNMAHOrO 0OMeHa, a TaKKe CNOCOBHOCTM NPOABAATD re-
NaTONPOTEKTOPHYHO aKTUBHOCTb.

OpeKcnHoBasA cuCTeMA ABNAETCA BAXKHOM MULLEHbID ANA KOp-
PeKUMM M NPOPUNAKTMKM PA3BUTUA OMMPEHMUSA, WMHCYNUHOPE3U-
CTeHTHOCTM nepudepnyeckmx TkaHei, CL Il [16]. HénuHble KMCNoTbI
ABNAKOTCA PEryNATOPaMM SKCNPECCUM FEHOB, Y4YaCTBYHOLWMX B MeTabo-
NIN3Me NEPBUYHDBIX KENYHBIX KUCIOT, XONECTEPUHA U TPUTIMLLEPULOB
B renatouuTax u naasme [17]. OfHoOM U3 GyHKLMI KMHA3a-3 IIMKOreH-
cuHTa3sbl (GSK-3) aBnseTca perynauma cuHTesa [MKoreHa u obmeHa
rntoko3bl [18]. HukotMHamuadocdoprbosnntpaHchepasa obnagaer
NPOTMBOAMABETUYECKOW aKTUBHOCTBIO, @ MOAAB/IEHNE €€ KOHLEHTPa-
LMK NPY OKMPEHUM NPUBOAMT K CHUMEHUIO YpoBHA HAL(+) 1 akTuB-
HOCTW CUPTyMHa 1, y4acTBYIOLLErO B Pa3BUTUMN MHCYIMHOPE3UCTEHT-
HocTu [19]. CTumynupoBaHMe afgeHO3MHOBLIX pelentopos Al, A2a,
A2b noBbIWAET YPOBEHb AHTMOKCUAAHTHOM 3alUMTbl, CnocobeTByeT
LIMTONPOTEKTOPHOMY EMCTBMIO Ha Pa3/IMYHbIE OPraHbl U TKAHW, B TOM
yucne nevexu [20].

KOHAEHCMPOBAHHbIA TUEHOMUPUAMH M3 PAZLA HOBbLIX MPOM3-
BOZHbIX LMaHOTMOALETaMMaa € nabopatopHbim wmndpom AZ-023
([3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-
2-yl](phenyl)methanone), cornacHo AaHHLIM MONEKYAAPHOTO [OKUH-
ra, UMeeT NpesnoNoXMUTENbHYIO TPONHOCTb K peuentopam PPAR-y,
PPAR-a, PPAR-6, aHZpOCTaHOBbIM peLienTopam, peuentopam GPR40,
CBA3aHHbIM ¢ G-6€/1KoM, renaTouuTapHoOMy aaepHomy dakTopy 4a.

PeuenTtopbl PPAR-y MrpatoT BaxkHyHO posib B agunoreHese n um-
MYHHOM OTBETE, a TaKXe B JIMMUAHOM WU yrieBogHOM obmeHe [21].
AHppocTaHoBble peuentopbl (CAR) OTHOCATCA K SAepHbIM peuen-
TOpam M ABAAIOTCA PEryiaTopamu roKoHeoreHesa, meTabonnsma
JKMPHBIX KMCAOT, BunnpybuHa v KeénuHbix kucnot [22]. GPR4A0 ono-
CpeayoT [NIOKO303aBUCMMOE YCUNIEHWE CEKPeLMN UHCYINHA, B CBA-
31 C YeM MPUB/IEKAOT BHUMAHME YYEHbIX, KaK NOTEHLMaNbHASA Tepa-
nesTUYeCKas uenb npu CA, Il [23]. fenaTounTapHbIi AAEPHBIN GakTop
4o (HNF4a) saBnsetca ogHUM M3 [aBHbIX PErysaTopos pasBuTUs U
GYHKLMOHMPOBAHMA B-KNETOK MOLKENYAOYHOM Kenesbl, a MyTaLum
B €ro reHe OTHOCATCA K MOHOME€HHbIM NPUYMHAM CaxapHoro auabeta
MODY1 [24].

CoepgyHeHue ¢ nabopatopHbiM Wippom TD-0331 npu n3yyeHun
in silico nokasano cBok TPOMHOCTb K peuentopam PPAR-y, PPAR-q,
PPAR-6, 2-eHoun-KoA-rnapatase, aHAPOCTAHOBLIM peLenTopam, re-
naTouuTapHomy agepHomy daktopy 4a, peuentopam GPR40, ceAsaH-
HbIM ¢ G-6enkom, 6enky-nepeHocumky aeupos xonectepuHa (CETP),
peuentopam dapHesonaa X, KMHa3a-3 rMKoreHCHMHTase, 4to obycna-
B/NMBAET ero MeTabosMyeckue CBOICTBA, MOMOXMTENIbHOE BO3AeN-
CTBME HA YINEBOAHbIV U IMNUAHBINA 06MEH.

2-eHoun-KoA-rmapatasa OTHOCUTCA K depmeHTam, y4acTByto-
WMM B B-OKMCNEHUM OYeHb OJIMHHOLEMNOYEYHbIX U O-METWU/I-Pa3BeT-
B/IEHHDBIX KMPHbIX KMC/IOT, @ TaK}Ke B CUHTE3e XKENYHbIX KucaoT [25].
MHrnbunposaHue CETP nosblwaeT yposeHb xonectepuHa JIMBIM v no-
TEHLMANbHO MOXKET ObITb MCMONb30BAHO A/19 IeYeHUs CepaeYHO-Co-
CyamcTbix 3abonesaHmnit [26]. UmetoTca pesynsTaTbl UCCAEA0BAHNM in
Vivo, COrNAacHO KOTOPbIM aroHUCTbI peLenTopos dpapHesounaa X cno-
CODCTBYIOT CHUMKEHUIO YPOBHSA [HOKO3bl U XONECTEPUHA KPOBM, YTO
rOBOPWT O €ro BAMAHWUM Ha MeTabonnyeckume npoueccsl [27].

CornacHo [aHHbIM MPOBEAEHHOTO [AOKWMHFA, COeAMHEHWE C
nabopatopHbiM wudpom mar-014 ((ethyl 4-({[5-cyano-6-({2-[(3,5-
dichlorophenyl) amino]-2-oxoethyl}thio)-4-(2-furyl)-2-methyl-1,4-
dihydropyridin-3-ylJcarbonyl}amino)benzoate) npossuno npeanono-
JKUTEIbHYIO TPOMHOCTb K CAEAYHOWMM BMOMULLIEHAM: NEeYEHOYHbBIM
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and T2DM [16]. Bile acids are regulators of the expression of
genes involved in the metabolism of primary bile acids, cholester-
ol, and triglycerides in hepatocytes and plasma [17]. One of the
functions of glycogen synthase kinase 3 (GSK-3) is the regulation
of glycogen synthesis and glucose metabolism [18]. Nicotinamide
phosphoribosyltransferase has antidiabetic activity, whereas its
suppression in obesity leads to decreased NAD(+) levels and re-
duced activity of sirtuin 1, which is involved in the development
of insulin resistance [19]. Stimulation of adenosine receptors Al,
A2a, and A2b increases antioxidant protection and contributes to
a cytoprotective effect in various organs and tissues, including the
liver [20].

The condensed thienopyridine from the group of novel cy-
anothioacetamide derivatives with the laboratory code AZ-023
(3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]
quinolin-2-ylmethanone), according to molecular docking data,
has putative tropism to PPAR-y, PPAR-a, and PPAR-6 receptors,
constitutive androstane receptors, G protein-coupled GPR40 re-
ceptors, and hepatocyte nuclear factor 4a.

PPAR-y receptors play important roles in adipogenesis, the
immune response, and lipid and carbohydrate metabolism [21].
Constitutive androstane receptors (CARs) belong to the nuclear
receptor family and regulate gluconeogenesis and the metabo-
lism of fatty acids, bilirubin, and bile acids [22]. GPR40 receptors
mediate glucose-dependent enhancement of insulin secretion
and therefore attract researchers' attention as potential thera-
peutic targets in T2DM [23]. Hepatocyte nuclear factor 4a (HN-
F4a) is one of the main regulators of pancreatic B-cell develop-
ment and function, and mutations in its gene are among the
monogenic causes of MODY1 diabetes [24].

In the in silico study, the compound with the laboratory code
TD-0331 demonstrated tropism to PPAR-y, PPAR-a, and PPAR-6
receptors, 2-enoyl-CoA hydratase, constitutive androstane re-
ceptors, hepatocyte nuclear factor 4a, G protein-coupled GPR40
receptors, cholesteryl ester transfer protein (CETP), farnesoid X
receptors, and glycogen synthase kinase 3. This accounts for its
metabolic properties and its positive effect on carbohydrate and
lipid metabolism.

2-Enoyl-CoA hydratase belongs to the enzymes involved in
the B-oxidation of very-long-chain and a-methyl-branched fat-
ty acids, as well as in bile acid synthesis [25]. Inhibition of CETP
increases HDL cholesterol levels and may be used to treat car-
diovascular diseases [26]. In vivo studies indicate that farnesoid
X receptor agonists reduce blood glucose and cholesterol levels,
suggesting their influence on metabolic processes [27].

According to the docking data, the compound with the lab-
oratory code mar-014 (ethyl 4-({[5-cyano-6-({2-[(3,5-dichlorophe-
nyl)Jamino]-2-oxoethyl}thio)-4-(2-furyl)-2-methyl-1,4-dihydropy-
ridin-3-yl]carbonyl}amino)benzoate) showed putative tropism
to the following biological targets: liver X receptors (LXRs), mito-
chondrial aspartate/glutamate carriers, 2-enoyl-CoA hydratase, G
protein-coupled GPR40 receptors, cholesteryl ester transfer pro-
tein (CETP), protein tyrosine phosphatase 1B (PTP1B), and insu-
lin-degrading metalloprotease enzyme (IDE).

Studies demonstrate that liver X receptor (LXR) agonists in-
fluence reverse cholesterol transport and modulate the immune
system, leading to reduced atherosclerotic lesions in in vivo ex-
periments [28]. Protein tyrosine phosphatase 1B (PTP1B) is in-
volved in regulating the insulin signaling pathway and is a target
for developing inhibitors to treat T2DM and obesity [29]. The in-
sulin-degrading metalloprotease enzyme (IDE) modulates blood
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X-peuentopam (LXR), MMTOXOHAPMANbHBIM NEPEHOCYMKAM acnapTa-
Ta/rnyTamara, 2-eHoun-KoA-ruaparase, peuentopam GPR40, cA3aH-
HbIM € G-6enkom, besky-nepeHocunky adupos xonectepuHa (CETP),
npoTenHoBol TMpo3nHpochaTase 1B (PTP1B), depmeHTy meTansio-
npotease, pacluienastoLiemy uHcynuH (IDE).

MccnepoBaHna OeMOHCTPUPYIOT, YTO arOHUCTbl MEYEHOYHbIX
X-peuentopos (LXR) BAMAIOT Ha 0BpaTHbIA TPAHCMOPT XonecTepuHa
1 UMEIOT CMOCOBHOCTb K MOAYNALMU MMMYHHOM CUCTEMBI, YTO NpU-
BOAMT K YMEHbLUEHMIO aTePOCKNEPOTUYECKMX MOPaXKEHMI B Kcne-
pumeHTax in vivo [28]. MpoTtenHoBas TMpo3uHpocdaTasa 1B (PTP1B)
YYacCTBYeT B PErynaLmMm CUrHaNbHOTO NYTU MHCYANHA W NpeacTaBaset
coboii MULeHb 418 pPa3paboTku MHTMBMTOPOB Npu NedeHun CA Il u
oXUpeHus [29]. PepMeHT MeTanNonpoTeasa, PacLLennatoLWmnA UHCY-
NvH (IDE), mogynupyeT ypoBeHb IoKo3bl B Kposw [30]. Mocpeactsom
NPOrHO3MpPyemoro Bo3fAencTBuA coeanHeHna mar-014 Ha MUTOXOH-
[pvasbHble NepeHoCcYMKM acnapTata/myTamara, 2-eHounn-KoA-ruapa-
Tasy, peuentopbl GPR40, cBA3aHHble ¢ G-6eKoM, HeNOK-NepeHOCUYMK
adupoB xonectepuHa (CETP) 06bACHAETCA ero BeposATHaA NPOTUBOAM-
abeTnyecKas 1 aHTUATEPOCKIEPOTUYECKas aKTUBHOCTb.

3AKNIOYEHUE

YCTaHOBNEHO, YTO U3y4aeMble B IKCMEPUMEHTE HOBblE MPOU3-
BOAHbIE LiMaHOTHOALLeTaMMAA C NabopaTopHbiMM Windpammn AZ-383,
AZ-023, TD-0331 1 mar-014 npossAstoT NPOTUBOAMABETUYECKYIO K
aHTUATEPOCKIEPOTUYECKYIO aKTMBHOCTb, KOTOPbIE 3aKlouyaloTcA B
CHUXXEHWM [IMKEMUM U YMEHbLIEHWN KOHLEHTPaLumM obLuero xone-
CTepUHA U TPUIULLEPUAOB KPOBU NPY MOAEIMPOBaHUMN MeTabonnye-
CKUX HapyLUEeHWI C NOMOLLbIO KOMBUHMPOBAHHOW MULLEBOI HArpy3Ku
1 NOCNefyoLLEro BBEAEHNS AEKCAMETa30Ha, YTO MOXKHO 060CHOBaTb
NPeanoNOKUTENbHbIMU BUOMULIEHAMM, ONpeaenéHHbIMKM ANa coe-
[OVHEHWA NyTém nccnenoBanus in silico.

glucose levels [30]. The probable antidiabetic and antiatheroscle-
rotic activity of mar-014 may be explained by its predicted effects
on mitochondrial aspartate/glutamate carriers, 2-enoyl-CoA hy-
dratase, G protein-coupled GPR40 receptors, and cholesteryl es-
ter transfer protein (CETP).

CONCLUSION

It was established that the novel cyanothioacetamide de-
rivatives studied in the experiment, with the laboratory codes
AZ-383, AZ-023, TD-0331, and mar-014, exhibit antidiabetic and
antiatherosclerotic activity. These effects are manifested as re-
ductions in glycemia and total blood cholesterol and triglycer-
ide concentrations in a model of metabolic disorders induced by
combined dietary loading followed by dexamethasone adminis-
tration. This activity may be explained by the putative biological
targets identified for these compounds through in silico investi-
gation.
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