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Lienb uccnepoBaHmaA: U3yumnTb BAVAHME HOBbIX COEAMHEHWI U3 pAda LepVBaATOB LaHOTMOALLETaMMAA C aHaIbIeTUYECKOM aKTUBHOCTbIO Ha BUOXUMK-
YecKue noKasaTenn KPoBM KPbIC C OCTPbIM NapaLieTamososbim renatutom (OMNT).

Martepuan n meToabl: OMbiTbl OCYLLECTBAANNCL Ha 80 Benbix 6eCNopoAHbIX NO0BO3PENbIX KPbICaX MyKCKoro nosia secom 250-300 r. 8 rpynn no 10
YMBOTHbIX BbI/IN 334€MCTBOBAHbI B OMbITE: MHTAKTHAA, KOHTPOJ/IbHAA, pedepeHTHas (TMOTPUa3onnH B fo3e 10 Mr/Kr) U NATb OMbITHBIX FPYMM, KOTOPbIE
B peXkMme NpodunaKkTMKa/nedeHne noayvanm opurmHanbHble NPousBoaHble anbda-LnaHoTHoaLeTammnaa ¢ kogamu Mar-014, Mar-037, Mar-075, d02-
123, TD-0331 B go3e 5 mMr/Kr. IKcnepumeHTasbHO mogenunposancs ONM BBeaeHnem napauetamosna B fo3e 1500 mMr/Kr B Te4eHMe NepPBbIX 4BYX AHEN
yepes yac nocse BBefeHNA coeanHeHunit. Ha 5-11 geHb nponssoauncs 3aboi MUBOTHbIX € onpeaeneHnem bUOXMMUYECKUX NoKa3aTeneil B KPOBU.
Pe3ynbTaTthl: HA OCHOBAHUM CPABHEHMS MOJYYEHHbIX AAHHbIX C TAKOBbIMM 3HAYEHWUAMM Y KPbIC MHTAKTHOW TPynMbl YCTAHOB/IEHO, YTO KONMYECTBO
obuwero 6uAMpybuHa y KpbiC KOHTPONBLHOW FPYMMbl NPEBbIWANO UHTAKTHblE 3HaYeHWs B 2,8 pasa, a ypoBeHb npamoro bunnpybuHa — B 2,5 pasa.
MokasaTenb anaHUHaMMHOTpaHchepasbl bbin yBennyeH Ha 59,3%, acnapTaTammHoTpaHcpepasbl — Ha 63,6%, ypoBeHb Wéno4Hol dpocdaTtasbl — Ha
91,5%. Y pedepeHTHOI 1 BCex OMbITHbIX FPynn NnokasaTtenu obLiero v npamoro 6uanmpybuHa 6bin Ha YPOBHE KpbIC MHTAKTHOM rpynnbl. B onbiTax Ha
6enbix Kpbicax Npu mogenvposaHum OMI ycTaHOB/EHbI BbipasKeHHble TenaTonpPOTEKTOPHbIE CBOWCTBA CMHTE3MPOBAHHbIX HaMK de novo 0bpasLos
reTepoLMKANYECKUX COEAMHEHWIA C paHee YCTaHOBNEHHOM aHaNbreTMYeCcKoi U MPOTUBOBOCMANNTEIbHON aKTUBHOCTbIO. M3yyeHHble bruoxumuyeckne
nokasaTesim Kposu Kpbic ¢ OMNI CBMAETENbCTBYHOT O TOM, YTO HOBbIE TeTEPOLMKINYECKUEe coefnHerus ¢ wudpamm d02-123, Mar-014, Mar-075 n TD-
0331 cnocobHbl NpeaoTBPaTUTL OCTPOE NapaLLeTaMONOUHAYLMPOBAHHOE NOBPEXKAEHMNE NEYEHM, HE U3MEHUB 3HAYEHUI BUOXMMUYECKMX MapKEPOB
DYHKLMOHUPOBAHMA MEYEHM, YTO KOCBEHHO CBUAETENbCTBYET O LIeJIOCTHOCTM renaToumToB. MpMHMMasn BO BHUMaHMe pe3y/ibTaTbl paHee NpoBeaeH-
HbIX HAMW 3KCMEPUMEHTOB O BbICOKOW aHaAbreTM4YecKow M NPOTUBOBOCMAIUTENbHOWM aKTUBHOCTM U3y4aemMblx 06pa3LLoB, NPeBbILaloLLei TaKoBble Y
aHanbruHa, nbynpodeHa, MHAOMETALMHA U MENOKCUKaMa B LECATKMU Pas, YCTAHOB/IEHHbIE UX renaTonpOTEKTOPHbIE CBOMCTBA CBUAETE/NLCTBYIOT O
LenecoobpasHoOCTU AanbHENWNX JOKAUHUYECKUX UCCNef0BaHUN.

3aKntoueHue: cpesiv HOBbIX FTeTEPOLMKINYECKUX COEAMHEHNI U3 PAZAA NPOM3BOAHbIX LLUAHOTUOALLETaMMUAA renaTonpoTEKTOPHYHO aKTUBHOCTb MOKa3a-
m obpasubl ¢ wudpom d02-123, Mar-014, Mar-075 n TD-0331.

KntoueBble cnoBa: neveHs, 2eMamomoKCU4HOCMb, 2eamonpomeKmopbl, YuaHomuoayemamuo, napayemamonosslli zenamum.

Ona uutupoBaHua: bubwuk EHO, byxtoaposa [P, ®ponos KA, Kpusokonbicko CI. [enaTonpoTeKTOpHbIE CBOMCTBA MPOU3BOAHBIX LIMAHOTUOALLETAMMAA C
aHaNbreTMYecKo aKTUBHOCTbIO MPM OCTPOM MapaLeTamosioBoM renatute. BecmHuk AsuyeHHsl. 2026;28(3):728-38. https://doi.org/10.25005/2074-0581-
2026-28-3-728-738
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Objective: To investigate the effects of novel cyanothioacetamide derivatives with analgesic activity on blood biochemical parameters in rats with acute
paracetamol-induced hepatitis (APH).

Methods: The experiments were performed on 80 adult male outbred albino rats weighing 250-300 g. The animals were divided into eight groups of
10 rats each: an intact group, a control group, a reference group receiving thiotriazolin at a dose of 10 mg/kg, and five experimental groups receiving
original a-cyanothioacetamide derivatives coded Mar-014, Mar-037, Mar-075, d02-123, and TD-0331 at a dose of 5 mg/kg in a preventive/therapeutic
regimen. APH was experimentally induced by administering paracetamol at 1,500 mg/kg during the first two days, one hour after administration of the
test compounds. On day 5, the animals were euthanized, and blood biochemical parameters were determined.

Results: Compared with corresponding values in intact rats, total bilirubin in the control group was 2.8-fold higher, and direct bilirubin was 2.5 - fold higher.
Alanine aminotransferase (ALT) activity increased by 59.3%, aspartate aminotransferase (AST) activity by 63.6%, and alkaline phosphatase (ALP) activity by
91.5%. In the reference group and all experimental groups, total and direct bilirubin levels remained comparable to those of intact animals. Experiments in
albino rats with experimentally induced APH demonstrated pronounced hepatoprotective properties of the de novo synthesized heterocyclic compounds
that had previously been shown to possess analgesic and anti-inflammatory activity. Biochemical blood parameters in rats with APH indicate that the
novel heterocyclic compounds coded d02-123, Mar-014, Mar-075, and TD-0331 prevented acute paracetamol-induced liver injury without significant
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alterations in biochemical markers of liver function, indirectly indicating preservation of hepatocyte integrity. Given our previous studies showing that
these compounds have analgesic and anti-inflammatory activity exceeding that of metamizole, ibuprofen, indomethacin, and meloxicam by several-fold
to tens-fold, the hepatoprotective properties identified in the present study support further preclinical investigation.

Conclusion: Among the novel heterocyclic compounds belonging to the cyano-thioacetamide derivative series, compounds coded d02-123, Mar-014,

Mar-075, and TD-0331 demonstrated hepatoprotective activity.

Keywords: Liver, hepatotoxicity, hepatoprotective agents, cyanothioacetamide, paracetamol-induced hepatitis.
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BBEAEHMUE

B opraHu13me nocTofaHHO 06pa3yeTca MHOKECTBO TOKCUYHBIX CO-
eMHEHUI (aMMMaK, GEHON, MHAOA, CKATON, NYTPECUMH, KaAaBEPUH U
Zpyrue), B OCHOBHOM BC/IEACTBME aKTUBHOCTU THUOCTHbIX BaKTEpU,
06UNIbHO HACENAIOLLMX TOJICTYIO KULLKY. TakKe Yyepes XKenyaouHo-Ku-
LUEYHbIM TPaKT B OPraHM3m HEeMpepbIBHO NMOCTYNaeT MHOXECTBO Kce-
HOBMOTMKOB, BK/IKOYAs IeKapPCTBEHHbIE NpenapaTbl, NULLEBbIE KpacK-
TeNU, KOHCePBAHTbI U necTuumnabl. NeveHb ABNAETCA eAUHCTBEHHbIM
opraHom, 061a4atoLWmMmM CNoCOBHOCTbIO HEWTPaNN30BaTb 3TU Bellle-
CTBa NOCPEACTBOM CBOEN ETOKCUMKALIMOHHOM dyHKLmM [1].

Kpome Toro, Kao4eBbIM acmekTOM fAB/AETCA PO/ib NeyYeHu B
XPaHEHWW [IVKOTeHa Y FTOMEeOoCTa3e MIHOKO3bl. YUNTbIBaA MeXaHWU3MbI
I/IMKOreHesa 1 MIMKOreHOIU3a, NeveHb AeNCTBYET Kak pesepsyap -
KO3bl, MOZy/IMPYA YPOBEHb Caxapa B KPOBM NMOCPEACTBOM CMHTE3a U
pacnaga ravKoreHa [2].

Bo/bLWMHCTBO HaKTOPOB CBEPTHIBAHUA KPOBM BbIpabaTbiBaeTcs
B neyeHu. MoCcKobKY NeveHb ABNAETCA eAUHCTBEHHbIM OPraHOM, rae
3TV GaKTOPbI CUHTE3UPYHIOTCA, CHUMKEHWUE UX YPOBHA MOMKET YKa3blBaTb
Ha NoBpeXKAeHMEe NEeYEHN U HapyLLEHNE QYHKLMM cuHTE3a benkos [3].

Bnarogapa depmeHTam, HaxoAALMMCA B renaToLmMTax NeveHu,
B OpraHuM3me MpOWCXOAAT MHOroobpasHble meTabonuueckue npo-
ueccbl. CekpeTopHble GepMeHTbl, TakMe KaK: MCeBAOXONMHICTEpa-
33, Lepy/nonia3MuH, X0IMHICTepasa M HEKOTOPble aHTUKOAryasaHTbI,
CVMHTE3MPYIOTCA renaToLMTaMn U Npu HOPMasbHbIX YCI0BUAX Bblae-
NATCA B KPoBAHOE pycno. MHAMKATOpHble GpepmeHTbl OTBEYAtOT 3a
BbINO/IHEHWNE BHYTPUK/IETOUYHbIX GYHKLIMIA. B HOpMe YacTb U3 HUX (ana-
HWHamuHoTpaHchepasa (A/IT), acnapTatammHoTpaHcoepasa (ACT),
NaKTaTAMMMAPOreHasa, anbAonasa) B Masblx KONMYECTBAX MOCTOAHHO
NPUCYTCTBYHOT B KPOBM, OCTa/IbHAsA YacTb BblAENAETCA TONIbKO B C/lyyae
rlyBOKOro NnoBpexKaeHWA neyenm [4].

B coBpemeHHOM MWpe Becbma OCTPO CTOWT npobiema noau-
nparmasvn u camonevyenua. [lapaueTtamon Bbi3blBaeT [0303aBU-
CMMBbIVi HEKPO3 renaToLMTOB NEYEHU U BXOAUT B TPOWKY NAEPOB B
penTUHre NeKapcTBeHHbIX CPEACTB, UCMOb3yEMbIX B LIeNAX Camoy-
6uitcTBa [5]. OCHOBHbIM TOKCMYHbBIM METAabONMTOM NapaLLETaMONa AB-
naetca N-auetmn-p-6eHsoxmHoHummuH (NAPQI), KoTopbili 0bpasyeTcs
B NeYeHn BCAeACTBME BO3AENCTBUA GEPMEHTHOM CUCTEMbI LUTOXPO-
ma P-450. UcToweHne 3anacoB ryTaTUOHA B MeYEHU MPOUCXOAUT B
pesynbTaTe OCTPOV Nepeno3npoBkK. B pesynstate NAPQI HakanavBa-
€TCA, BbI3bIBas HEKPO3 renaTouuTos [6].

Ha npoTaxeHWM nocnefHWX NET aKTUBHO pa3pabaTtbiBatoTcs
HOBblE reTepOLMKANYECKME COeAUHEHUA U3 PAAA NPOU3BOAHbIX Lin-
aHOTMOALEeTaMMAA B NIaHe UCCNefoBaHUA UX GapMaKoNornyeckux
cBoiictB [7-10]. 3aduMKcMpOBaHO, YTO OAHMM M3 MNEPCNEeKTUBHbIX
KNAcCOB COEAMHEHUM C aHaNbreTUYecKoi aKTUBHOCTbIO ABAAOTCA
fdepvBatbl 1,4-AUrvaponvpuaMHOB M3 PAAA NPOM3BOAHbLIX O-LW-

INTRODUCTION

A wide variety of toxic compounds, including ammonia,
phenol, indole, skatole, putrescine, cadaverine, and others, are
continuously formed in the body, mainly due to the activity of
putrefactive bacteria that abundantly colonize the large intestine.
In addition, numerous xenobiotics continuously enter the body
through the gastrointestinal tract, including medicinal products,
food colorants, preservatives, and pesticides. The liver plays a
central role in neutralizing and eliminating these substances
through its detoxification function [1].

Another key liver function is glycogen storage and main-
tenance of glucose homeostasis. Through glycogenesis and gly-
cogenolysis, the liver serves as a glucose reservoir and regulates
blood glucose concentrations by synthesizing and breaking down
glycogen [2].

The liver synthesizes most blood coagulation factors. Be-
cause the liver is the principal site of their synthesis, decreased
levels of these factors may indicate hepatic injury and impaired
protein synthesis [3].

A wide range of metabolic processes are mediated by en-
zymes located in hepatocytes. Hepatocytes synthesize and nor-
mally release secretory enzymes and proteins, including pseu-
docholinesterase, ceruloplasmin, cholinesterase, and certain
anticoagulant factors, into the bloodstream. Indicator enzymes
perform intracellular functions. Under physiological conditions,
some of them, including aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), lactate dehydrogenase, and aldo-
lase, are continuously present in the blood in small amounts. In
contrast, others are released into the circulation primarily in cas-
es of severe hepatic injury [4].

Polypharmacy and self-medication represent import-
ant contemporary healthcare problems. Paracetamol causes
dose-dependent hepatocellular necrosis and is among the most
frequently used medications in intentional drug overdose [5].
The major toxic metabolite of paracetamol is N-acetyl-p-ben-
zoquinone imine (NAPQI), which is formed in the liver through
metabolism by the cytochrome P450 enzyme system. Acute
paracetamol overdose results in depletion of hepatic glutathione
stores. Consequently, NAPQI accumulates and causes hepatocyte
necrosis [6].

In recent years, researchers have actively developed and
investigated novel heterocyclic compounds belonging to the
class of cyanothioacetamide derivatives for their pharmacologi-
cal properties [7-10]. Derivatives of 1,4-dihydropyridines derived
from a-cyanothioacetamide have been identified as a promising
class of compounds with analgesic activity [11, 12]. Cyanothio-
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aHoTuoauetammnaa [11, 12]. UX UMKAMYECKME CUCTEMbl Ha OCHOBE
LMaHOTMOALIETaMMAA BbIFOAHO MCMOAb30BaTb B Pa3paboTke HOBbIX
NNeKapCTBEHHbIX NPENapaToB 3a CYET WX NErKOAOCTYNHOCTM U MOAU-
GYHKLMOHANbHOCTK, @ TaKKe HAZMUMUA HECKONbKMX HYKNEO- U 3/1eK-
TpodunbHbIX LeHTpos [13].

B HayuHOW Xxumuyeckoi nabopatopum «XMMIKe» JlyraHckoro
rocyZlapCTBEHHOrO yHMBepcUTETa M. Bnagumupa [ans Ha gaHHbIv
MOMEHT 6b1/10 co3aaH0 60s1ee 10 TbICAY HOBbBIX OPUTMHAJIbHBIX MPO-
M3BOAHbIX Q-LLMAHOTMOALLETaMMAA, CUHTE3 B AAHHOM HanpaBieHUn
NPOZO/KAETCA U B HacToAwlee Bpema [12]. B TeueHue nocnegHmx 10
NeT Ccpeay AepuBaToB LMAHOTMOALETaMUAA HamK Bblan 0bHapyKe-
Hbl NOTEHLMa NbHble 06pa3Lbl C renaTonpPOTEKTOPHLIMM CBOMCTBAMM B
onbiTax Ha Benbix KpbiCax Ha MOXKeLAX TETPaXIOPMETAaHOBOTO, TETPa-
LIMKNMHOBOTO, NapaL,eTamMo/IbHO-aIKOroabHOro renatuTos [14, 15].

Tak, B paje sKCnepMMeHTaNbHbIX PaboT NokasaHa crnocobHOCTb
YaCTUYHO MMAPUPOBAHHLIX MUPUAMHOB — COEAMHEHMI C Wndpamm
CV047, CV146, CV043, a TakKe npoussoaHbix 1,4-guruaponupuam-
HoB ¢ wudpamu d02-123, d02-172 npu BHYTPUraCTPaNbHOM eXKeLHeB-
HOM BBeAeHUM B TeyeHue 14 aHelt B go3e 5 Mr/Kr npesoTepalLaTth
bopmrpoBaHMe CTPYKTYPHO-PYHKLMOHANBHBIX M3MEHEHUI NeYeHn B
YCNOBUAX MOLENMPYEMbIX NATONOMMYECKMX COCTOAHMI [16].

OcobeHHOCTbIO M3yyaemblx COEAMHEHUI ABNAETCA UX BbICOKMI
npoduab 6e30nacHOCTH, T.e. HM3KaA OCTpas nepopasibHas TOKCKY-
HOCTb (MOCKO/IbKY OHM OTHOCATCA K 5-My Kaaccy — ManoTOKCUYHble
coeamHeHun LDso 60nee 5000 mr/kr) [17].

LLENb UCCNEAOBAHMUA

M3yunTb BAUAHME HOBbIX COEAMHEHUI U3 PAJA [EPUBATOB LM-
aHOTMOALLETaMUA C aHA/IbIETUYECKOW aKTUBHOCTbIO Ha Buoxummye-
CKMe MOKa3aTeNu KPOBW KpbIC C OCTPbIM NapaLeTamoioBbIM renaty-
Tom (OMr).

MATEPUAN U METOAbI

OnbITbl OCYLLECTBAAANUCL B 3UMHUIA nepuog, Ha 80 Genbix bec-
NOPOAHbIX NONOBO3PEbIX KPbICaXx My¥KCKoro nona secom 250-300 .
8 rpynn no 10 *KMBOTHbIX OblaM 334eMCTBOBaHbI B OMbITE: MHTAKTHaA,
KOHTpO/bHaA, pedepeHTHan («TuoTpuasonuHy», 0304 000, Poccus,
B f03€e 10 Mr/Kr) v NATb OMbITHBIX FPYNM, KPbIChl KOTOPbIX B PEXUME
npodunakT1Ka/nedeHne noay4aanm OpUrMHajbHbIE MNPOWU3BOAHbIE
anbda-umaHoTHoaLeTaMmaa ¢ Kogamu Mar-014, Mar-037, Mar-075,
d02-123, TD-0331 B mo3e 5 Mr/Kr.

B aKcnepumeHTabHbIX YC10BMAX B NlabopaTopun Kadespbl GyH-
[aMEHTaNIbHOW M KAMHMYecKo dapmaKkonorum JlyraHckoro rocyaap-
CTBEHHOTO MELMLIMHCKOrO YHMBEpCHUTETa UM. CBATUTENSA JIYKM NPOU3-
BOAMNOCb mogenunposaHune Ol ¢ BBegeHMem napaueTamona B gose
1500 mr/Kr B Te4eHMe NEPBbIX ABYX AHEN, Yepes Yac noc/ie BBeAeHNs
coeauHeHuin. Ha 5-i1 aeHb nponsBoauacs 3ab60M }KUBOTHbIX C onpee-
NeHvem BMOXMMUYECKMX NOKa3aTenei B Kposu. BeeaeHve go3bl 3000
Mr/Kr napauetamona Ha npoTaskeHun 24 yacos cootseTcTsyeT 50%
LDso 3TOro npenapara.

Xvmuueckne Gopmysbl U3y4aemMblX COEAUHEHUI NMPOU3BOLHbIX
O-UpMaHoTMoaUeTammaa — Aepusatos 1,4-gurnaponvpuamnHa u tma-
[ArasvHa — npusegeHbl Ha puc. 1.

DU3MKO-XMMMYECKME MapaMeTpbl, TakMe Kak MnoduabHOCTb
(LogP), pactBopumocTb (LogS), monekynspHaa macca (MW), Konu-
YeCTBO AOHOPOB M aKLENTOpoB BOAOpoAHOM caasn (H-Bond Donor/
Acceptor), a TaK¥e KOAMYecTso Bpallatowmxca ceaselt (Rotatable
Bonds), urpatoT Kato4eByto posb B onpeaeneHnn ADME-npoduns co-
eANHEHNS.
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acetamide-based cyclic systems are particularly attractive for the
development of novel pharmacological agents because of their
accessibility and multifunctionality, as well as the presence of
several nucleophilic and electrophilic centers [13].

To date, more than 10,000 novel original a-cyanothioacet-
amide derivatives have been synthesized at the KhimEx Scientific
Chemical Laboratory of Vladimir Dahl Lugansk State University,
and research in this field is ongoing [12]. Over the past 10 years,
we have identified several cyanothioacetamide derivatives with
potential hepatoprotective properties in experiments on albi-
no rats using models of carbon tetrachloride-, tetracycline-, and
paracetamol/alcohol-induced liver injury [14, 15].

Several experimental studies have demonstrated that par-
tially hydrogenated pyridines coded CV047, CV146, and CV043, as
well as 1,4-dihydropyridine derivatives coded d02-123 and d02-
172, administered intragastrically once daily at a dose of 5 mg/
kg for 14 days, were capable of preventing the development of
structural and functional hepatic alterations under experimental-
ly induced pathological conditions [16].

An important characteristic of the compounds under in-
vestigation is their favorable safety profile, particularly their low
acute oral toxicity. They belong to toxicity class 5, corresponding
to compounds with low toxicity and an LDso exceeding 5,000 mg/
kg [17].

PURPOSE OF THE STUDY

To investigate the effects of novel cyanothioacetamide de-
rivatives with analgesic activity on blood biochemical parameters
in rats with acute paracetamol-induced hepatitis (APH).

METHODS

The experiments were conducted during the winter season
using 80 adult male outbred albino rats weighing 250-300 g. The
animals were divided into eight groups of 10 rats each: an intact
group, a control group, a reference group receiving thiotriazolin
(Ozon LLC, Russia) at a dose of 10 mg/kg, and five experimental
groups receiving original a-cyanothioacetamide derivatives cod-
ed Mar-014, Mar-037, Mar-075, d02-123, and TD-0331 at a dose
of 5 mg/kg according to a preventive/therapeutic administration
regimen.

APH was experimentally induced at the laboratory of the
Department of Fundamental and Clinical Pharmacology, St. Luke
Lugansk State Medical University, by administering paracetamol
at a dose of 1,500 mg/kg during each of the first two days, one
hour after administration of the test compounds. On day 5, the
animals were euthanized, and blood samples were collected for
biochemical analysis. A cumulative paracetamol dose of 3,000
mg/kg administered over 24 hours corresponds to approximately
50% of the LDso of the drug.

The chemical structures of the investigated a-cyanothioac-
etamide derivatives, including 1,4-dihydropyridine and thiadia-
zine derivatives, are shown in Fig. 1.

Physicochemical parameters, including lipophilicity (LogP),
aqueous solubility (LogS), molecular weight (MW), the number of
hydrogen-bond donors and acceptors (HBD/HBA), and the num-
ber of rotatable bonds, play an important role in determining the
ADME profile of a compound.

The LogP values of all investigated compounds ranged from
3.51 to 4.22, indicating moderate lipophilicity. Their predicted



bubux EIO ¢ coasm. Aapda-niaHoTroanieTaMn 1 rapareTaMo/10BbIN reTaTUT

BECTHMK ABMILIEHHEBI
Tom 28 * No 3 * 2026

CHs

Cl

Cl
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

Cl

d02-123

5-cyano-N-(2,4-dichlorophenyl)-4-(2-furyl)-2-methyl-6-[(2-oxo-2-
{[3-(trifluoromethyl)phenyllaminojethyl)thio]-1,4-dihydropyridine-3-
carboxamide

3HaueHuna LogP pna Bcex coefMHEHMI HaxoaATcA B AWanaso-
He oT 3,51 0 4,22, 4TO YKa3blBaeT Ha YMEPEHHYIO MMNOGUNBHOCTb.
PacTBopumocCTb B BOAg, oLieHnBaemas no Logs, ABnaeTtca A0OCTaTOYHO
HW3KoW (0T 6,97 A0 -4,66), UTO MOXKET NOTEHLMA/IbHO OrPaHNYMBaATbL
abcopbumto coeguHennii. CoeamHenne TD-0331 gemoHcTpupyet
HaunydWwyo pactBopumoctb (LogS=-4,66) cpean mccnepyembix o6-
pasuos.

MonekynapHaa macca: coeanHeHune TD-0331 umeet moneky-
nApHyto maccy (435,57 [la), COOTBETCTBYIOLLYIO KPUTEPUIO JIMMUHCKK
(MW<500 [a).

BogopogaHble cBA3M: BCe COEAMHEHWA COOTBETCTBYHOT KPUTEPHIO
JIMNWHCKM NO KoAMYecTBy AOHOPOB BoZopoaHoi ceasun (HBD<5). Ko-
JIMYECTBO aKLLENTOPOB BOAOPOAHOM cBA3n (HBA) BapbupyeT oT 5 10 8,
YTO TaK»Ke COOTBETCTBYET KpuTepuio JinnuHckin (HBA<10).

CootsetcTBue npasuay JIMnuHcku: coeanHerne TD-0331 non-
HOCTbIO COOTBETCTBYET Npasuay JIMNMHCKU. ITO NO3BONAET NpeAno-
JIOXMUTb, YTO aHHOe coefHeHue obnasaet 6onee 6aaronpuUATHLI-
M1 GapMaKOKMHETUYECKMMM CBOMCTBAMM MO CPABHEHUIO C APYrUMU
nccnesyembimmn coegmHennamu. CoepguHenna d02-123, Mar-014,
Mar-037 v Mar-075 HapyLuatoT NpaBuao JIMNUHCKU NO MONEKYNSPHOM
macce (MW>500 fa).

Puc. 1 CmpoeHue MoneKys usy4aemolx HOBbIX OPURUHA/TbHbIX
Npou3800HbIX YuaHomuoauemamuoa

Fig. 1 Molecular structures of the novel original cyanothioacetamide
derivatives investigated in the study

\
0 | = /O
™
CH;

Mar-037

ethyl 4-[({[3-cyano-5-({[4-(ethoxycarbonyl)phenyllaminojcarbonyl)-4-
(2-furyl)-6-methyl-1,4-dihydropyridin-2-yljthio}acetyl)Jamino]benzoate

CHs

TD-0331

8-(4-ethoxy-3-methoxyphenyl)-6-oxo-3-phenyl-3,4,7,8-tetrahydro-
2H,6H-pyrido[2,1-b][1,3,5]thiadiazine-9-carbonitrile

(ﬂ'ls

HsC

Mar-075

ethyl 4-{[(5-cyano-4-(2-furyl)-6-{[2-(4-methoxyphenyl)-2-oxoethyl]thio}-
2-methyl-1,4-dihydropyridin-3-yl)carbonyllamino}benzoate
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MOCTOSHHbBIN KOHTPO/b 33 *KMBOTHbIMK BCex rpynn 6bin obe-
cneveH. B nabopatopum GUKCMPOBANOCh MONONKEHWE, MOBEAEHVE,
notpebneHne KOpMa, BOAbI, COCTOAHMA LLIEPCTAHOro NOKposa. Ha na-
Tbl eHb bbln Npon3BeséH 3a60p KpoBM U3 beapeHHOM BeHbl. CTaH-
[apTHbIMU METOAMKAMM Ha aBTOMATUYECKOM aHanusaTope ans buo-
XMMUYECKOTO U UMMYHOTYPOMAVMETPUYECKOTO aHanu3a «Buta/laiH
200» (Poccuiickas deaepaums) n Habopa peakTMBOB NPOM3BOACTBA
«Butan» (Poccuiickas Penepaups) onpesensnca yposeHb obLiero
6unnpybuHa, npamoro 6unupybuHa, AT, ACT u weénoyHol docda-
Tasbl (LLD).

dTuyeckoe 3asBneHue. MccnenoBaHua noayuunu opobpexue
Komuccum no 61o3aTrke JlyraHCKOro rocyAapCTBEHHOTO MeAULMHCKO-
ro yHuBepcuTeTa um. Ceatutens Jlykm (npotokon Ne 6 ot 01.11.2024).

CratuctMyeckas 06paboTka ocyliecTsnfnacb HemapameTpu-
YECKUM METOAOM MHOXECTBEHHOIO cpaBHeHus Kpackena-Yonnuca
¢ post-hoc aHanusom no Kputeputo [laHHa CO CTeneHblo cBOGOAbI
df=7. C yyétom nonpaBku BoHbEPPOHM, YPOBEHb CTATUCTUYECKOW
3HAYMMOCTM NpPUHMMancA Kak a=0,05/8=0,006. Pacuétbl nposeaeHbl
B OHMalH-pecypce https://www.statskingdom.com/kruskal-wallis-
calculator.html.

PE3YNbTATbI

[aHHble BUOXMMMYECKOTO aHanM3a Kposw Kpbic ¢ OMI Ha doHe
bapMaKoKOPPEKLLMM HOBbIMM MPOU3BOAHBIMM LIMAHOTMOALLETAMMA],
Ha OCHOBAaHWMM KOTOPbIX MPOBOAMACL CTATUCTUYecKas 0bpaboTka
[aHHbIX, NpeacTasneHbl B Tabs. 1. *MBOTHbIE KOHTPO/IBHOM rPYRMbl C
TPETLEro AHA IKCNEPUMEHTA BeNM CebA KpallHe 3aTOPMOXKEHO, KOPMa
notpebnanu B 48a pasa MeHbLUe. TPOoe KMBOTHbIX U3 Fpynnbl nornbo.
Konunyectso obuiero 6unmpyburHa y Kpbic ¢ mogenvpyembim OMNT 6e3
bapMaKoKOPPEKLMM NPEBBILANO MHTAKTHbIE 3HAYeHWs B 2,8 pasa;
npamoro 6unmpybuHa — cooTBeTcTBeHHO B 2,55 pasa. Mokasatenb
ANT 6bin yBenunyeH Ha 59,3%, ACT — Ha 63,6%, a ypoBeHb LL® — Ha
91,5%. 3TO NOATBEPHKAAET TANKECTb COCTOAHUA KMBOTHbIX, ONpeaens-
€MYI0 BU3YasibHO.

Pe3ynbTaTbl CTaTUCTMYECKOM 06pabOoTKM C MOMOLLLbIO Henapame-
TPUYECKOTO METOAA MHOMKECTBEHHOMO CpaBHeHMA Kpyckena-Yonnuca
C Kputepnem [aHHa npescTaBneHbl B Tabn. 2.

B KpoBM KpbiC pedpepeHTHOM 1 BCEX OMbITHLIX FPYMN NoKasaTenu
obLero 1 npamoro 6unnpybuHa 6binv Ha YPOBHE KPbIC MHTAKTHOW
rpynnbl.

OnbITHasA rpynna Kpbic ¢ n1abopaTtopHbim wudpom Mar-037 npo-
LeMOHCTpUpoBana cneunduyeckne pesynbtatbl B CPAaBHEHWUMU C ApY-
TUMM 3KCNEPUMEHTAIbHBIMU rpynnamu. B ux Kposu 3admKkcnposaHo
CHU}KeHMe NoKasaTens obuiero bunnpybuHa — Ha 32,6% 1 npamoro
6unnpybuHa — Ha 54,8%, a Takke nosbleHne akTMBHOCTU A/IT — Ha
49,0%. AkTMBHOCTb ACT B CPaBHEHMWM C MHTAKTHOW rpynnow bblaa cHK-
KEHa B OMbITHbIX rpynnax ¢ wudpom d02-123 —Ha 27,5%, a B rpynne ¢
Kogom Mar-014 — Ha 25,6%.

NabopaTopHble KpbICbl OMbITHbIX TPYNM C BBEAEHUEM UCCe-
Zyemblx 06pasLLOB NPOM3BOAHBIX LiMaHOTHOALETaMKAR A dapma-
Kokoppekuun OMI oTAMYanncb No BHeLHeMy BUAY U NOBEAEHMIO OT
KPbIC KOHTPO/IbHOM rpynnbl. Cpeay HUX He Bbino rmbenn, a BANOCTH U
MeO/IMTENbHOCTU B OTHOLLEHUM ABUTaTEIbHOM aKTUBHOCTU He 3aduK-
CMPOBAHO Ha NPOTAXEHUM BCErO IKCNEPUMEHTa. ANNeTUT, macca Tena
KPbIC ¥ KONMYECTBO NOTPEBNSEMOM BOAbI HE U3MEHWUUCH.

OBCYXAEHUE

MonyyeHHble Hamu pesynbTaThl 06 OTYETAMBO BbIPAXKEHHOM
renaToTOKCMYECKOM BO3AEWCTBIUM BbICOKMX 403 NapaLleTamosa cora-
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aqueous solubility, expressed as LogS, was relatively low, ranging
from -6.97 to -4.66, which may potentially limit compound ab-
sorption. Among the investigated compounds, TD-0331 demon-
strated the highest predicted aqueous solubility (LogS =-4.66).

Regarding molecular weight, TD-0331 had a molecular
weight of 435.57 Da and therefore met the Lipinski criterion of
MW <500 Da.

All investigated compounds met the Lipinski criterion for
hydrogen-bond donors (HBD <5). The number of hydrogen-bond
acceptors ranged from 5 to 8 and also complied with the corre-
sponding Lipinski criterion (HBA <10).

Regarding compliance with Lipinski's Rule of Five, TD-0331
fully satisfied the relevant criteria. This finding suggests that this
compound may possess a more favorable pharmacokinetic pro-
file than the other investigated compounds. In contrast, d02-123,
Mar-014, Mar-037, and Mar-075 violated the molecular-weight
criterion of Lipinski's Rule of Five (MW >500 Da).

All animals were continuously monitored throughout the
experiment. General posture, behavior, food and water intake,
and coat condition were recorded. On day 5, blood samples were
collected from the femoral vein. Serum levels of total bilirubin,
direct bilirubin, ALT, AST, and alkaline phosphatase (ALP) were de-
termined using standard methods with a VitaLine 200 automated
biochemical and immunoturbidimetric analyzer (Russian Federa-
tion) and reagent kits manufactured by Vital (Russian Federation).

Ethical statement. The study was approved by the Bioethics
Committee of St. Luke Lugansk State Medical University (Protocol
No. 6 dated November 1, 2024).

Statistical analysis. Statistical analysis was performed using
the nonparametric Kruskal-Wallis multiple-comparison test fol-
lowed by Dunn's post hoc test, with 7 degrees of freedom (df=7).
After Bonferroni correction, the threshold for statistical signifi-
cance was set at a=0.05/8=0.006. Calculations were performed
using the online statistical resource StatskKingdom (https://www.
statskingdom.com/kruskal-wallis-calculator.html).

RESULTS

Table 1 presents the biochemical blood parameters of rats
with APH injury receiving pharmacological correction with nov-
el cyanothioacetamide derivatives, which formed the basis for
subsequent statistical analysis. Beginning on day 3 of the experi-
ment, animals in the control group exhibited marked lethargy and
consumed approximately half as much food as usual. Three ani-
mals in this group died. In rats with experimentally induced acute
paracetamol-induced liver injury that received no pharmacolog-
ical correction, the total bilirubin level was 2.8-fold higher than
that in the intact group, while direct bilirubin was 2.55-fold high-
er. ALT activity increased by 59.3%, AST activity by 63.6%, and ALP
activity by 91.5%. These biochemical changes were consistent
with the severity of the animals’ condition observed clinically.

The results of statistical analysis using the nonparametric
Kruskal-Wallis multiple-comparison test with Dunn’s post-hoc
test are presented in Table 2.

In rats from the reference group and all experimental
groups, total and direct bilirubin levels were generally compara-
ble to those observed in the intact group.

The experimental group receiving the compound coded
Mar-037 demonstrated a distinctive biochemical profile com-
pared with the other experimental groups. Relative to the intact
group, total bilirubin was reduced by 32.6% and direct bilirubin
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Tabnuya 1 buoxumuyeckue nokazamesnu Kposu kpeic ¢ O Ha ¢oHe
(hapMaKOKOPPEKYUU HOBbIMU NPOU3BOOHLIMU YUGHOMUOAUEMAamMuoa

Table 1 Biochemical blood parameters in rats with APH receiving
pharmacological correction with novel cyanothioacetamide derivatives

O6wuii 6unupybuH  Mpamoi 6unmupybuH ANT ACT [11{0)
Total bilirubin Direct bilirubin ALT AST ALP
lpynna 1 a=0.89 a=0.93 a=53.97 a=195.5 a=176.33
(nHTakTHaA) X1 0%=0.17 0%=0.24 0%=125.02 0%=2.108.56 0%=1,142.52
Group 1 0=0.42 0=0.49 0=11.18 0=45.91 0=33.80
(intact) X1 V=50.47% V=56.63% V=22.15% V=25.11% V=20.49%
lpynna 2 a=2.5 a=2.37 a=85.97 a=317.83 a=337.72
(KoHTponbHanA) X2 0°=0.78 0%=0.72 0%=305.27 0%=3,845.65 0%=14.32
Group 2 0=0.88 0=0.84 0=17.47 0=62.01 0=3.784
(control) X2 V=36.82% V=38.23% V=21.73% V=20.86% V=10.72%
a=0.87 a=0.99 a=58.02 a=153.43 a=136.575
I'pynna 3 2— 2| 2— 7 7
T EEOTNE 0°=0.25 0°=0.16 0°=1.356 0’=2.23 0°=6.031
L . 0=0.50 0=0.40 0=36,82 0=47.23 0=77.66
Group 3 (thiotriazolin) X3
V=61.74% V=43.25% V=67.84% V=32.91% V=60.79%
lpynna 4 a=1.02 a=0.73 a=56.17 a=141.8 a=197.35
(d02-123) X4 02=0.30 02=0.43 02=260.38 0’=813.4 02=1.97
Group 4 0=0.55 0=0.66 0=16.13 0=28.5 0=44.49
(d02-123) X4 V=57.75% V=96.73% V=30.71% V=21.5% V=24.35%
lpynna 5 a=1.0 a=0.66 a=44.41 a=145.43 a=164.93
(Mar-014) X5 0°=0.22 0°=0.09 0°=58.25 0°=267.2 0°=293.02
Group 5 0=0.47 0=0.30 0=7.63 0=16.34 0=17.11
(Mar-014) X5 V=47.39% V=49.71% V=18.37% V=12.02% V=11.1%
lpynna 6 0:3';7 a=0.7 a=60.18 a=146.5 a=151.65
(Mar-075) X6 o=0- 5 62=0.50 0%=2.11 0°=1.94 0%=2.147
Group 6 V=41 él% 0=0.70 0=45.95 0=44.04 0=46.33
(Mar-075) X6 ’ V=108.38% V=81.62% V=32.14% V=32.67%
lpynna 7 a=1.29 a=0.7 a=49.28 a=168.31 a=160.26
(TD-0331) X7 02=0.89 02=0.50 02=642.33 02=3.159 02=1.284
Group 7 0=0.94 0=0.70 0=25.34 0=56.20 0=35.84
(TD-0331) X7 V=78.28% V=76.4% V=54.97% V=35.7% V=23.91%
lpynna 8 a=0.60 a=0.42 a=80.43 2=220.85 a=173.06
(Mar-037) X8 0%=0.11 0°=0.18 0°=718.76 02=1.526.95 02=4.093
Group 8 0=0.33 0=0.43 0=26.80 0=39.07 0=63.980
(Mar-037) X8 V=60.08% V=108.64% V=35.63% V=18.92% V=39.52%

Mpumeyanme: a — cpeHee apudMeTUYECKOE; 0% — AUCTIEPCUA; O — CPELHEKBAAPATUYHOE OTKIOHEHUE; V — K0oaddULMEHT BapuaLmm
Note: a — arithmetic mean; o — variance; o — standard deviation; V — coefficient of variation

cytoTca ¢ paboTtamu paga vccnefoBaTeneit U WMPOKO U3BECTHDI B K/U-
HUYecko npakTuke [18, 19]. MapaLeTamon BXOAMUT B TPOWKY «aHTUAU-
[lepoB» B PeMTUHTIe NIeKapCTBEHHbIX CPEACTB, UCMO/b3YeMbIX B LENAX
camoybuiicTea. B coBpeMeHHOM Mupe CNPOC M COBIT aHaIbreTUYECKUX
1 YKapOMOHWM¥KaIoLLMX CPeACTB [OCTaTOYHO BENUK. be3peLenTypHbIi n
HepesKo BECKOHTPO/bHbINM OTMYCK AaHHbIX NPenapaTos eLé bonblue
NOBbILIAET UX AOCTYMHOCTb M ycyrybnaet npobnemy BospacTaroLei
renaToTokcuuHocTu [20].

B ofHOM W3 Wccnei0BaHuUiA yKasaHo, YTo gobasneHue pomenu-
30na (4-meTunnMpasona) paLuyoHanbHO Kak BCMOMOraTe/IbHbl MeTog,
NeyeHns napaLeTamoNbHOM MHTOKCUKALIMKM, MOCKONbKY NocnefHui
ABNAETCA KOHKYPEHTHbIM aHTarOHWCTOM a/IKOTONbAErMAPOreHasbl
N MOLLHbIM MHIMBuTOpom CYP2E1, ocHOBHOrO M30depmeHTa MeTabo-
nm3ma auetamnHodeHa B NAPQI. Kpome atoro, domennson MHrMbu-
pyeT nyTb N-KOHLIEBOM KMHA3bl C-Jun, OTBETCTBEHHOM 338 MUTOXOHAPU-
anbHyto ancdyHkumio [21].

B Apyrom uccnenoBaHMM OBHAPYXKEH MPOTEKTOPHbIA 3ddeKT
Mito-TEMPO B ycnosusx aLeTamMHOGEHOBOrO MOBPEXAEHUA Mneve-
HW B CEPMM OMbITOB Ha 3KCNepMMEeHTaNbHbIX Mbiwax. Mito-TEMPO

by 54.8%, whereas ALT activity increased by 49.0%. Compared
with the intact group, AST activity was reduced by 27.5% in the
d02-123 group and by 25.6% in the Mar-014 group.

Rats in the experimental groups receiving cyanothioacet-
amide derivatives for pharmacological correction of APH differed
markedly in appearance and behavior from animals in the control
group. No deaths occurred in these groups, and no lethargy or
slowing of motor activity was observed throughout the exper-
iment. Appetite, body weight, and water intake remained un-
changed.

DiscusSION

Our findings demonstrating the pronounced hepatotoxic
effects of high-dose paracetamol are consistent with the results
reported by other investigators and with well-established clinical
observations [18, 19]. Paracetamol is among the medications fre-
quently involved in intentional overdose. In modern healthcare,
the demand for and use of analgesic and antipyretic drugs remain
high. Their over-the-counter availability and frequently uncon-
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Tabauya 2 Pesynemamel cmamucmuyeckol 0bpabomku ¢
NOMOWbIO HENAPAMEMPUYECKO20 MeEMOAa MHOMECMBEHHO20
cpasHeHuA Kpackena-Yonauca ¢ kpumepuem [laHHa

Mpamoit 6unupy6buH
Direct bilirubin

X1-X2 <0.001 >0.006
X1-X3 >0.006 >0.006
X1-X4 >0.006 >0.006
X1-X5 >0.006 >0.006
X1-X6 =0.005 >0.006
X1-X7 =0.004 >0.006
X1-X8 <0.001 =0.004
X2-X3 =0.002 =0.004
X2-X4 =0.005 =0.005
X2-X5 >0.006 >0.006
X2-X6 >0.006 <0.001
X2-X7 >0.006 >0.006
X2-X8 <0.001 <0.001

Table 2 Results of statistical analysis using the nonparametric
Kruskal-Wallis multiple-comparison test with Dunn’s post-hoc test

ANT ACT Wo
ALT AST ALP
p

>0.006 >0.006 =0.003
>0.006 >0.006 >0.006
>0.006 =0.005 >0.006
>0.006 >0.006 >0.006
>0.006 =0.005 >0.006
>0.006 >0.006 >0.006
=0.004 =0.003 =0.005
=0.005 <0.001 <0.001
>0.006 <0.001 >0.006
<0.001 <0.001 <0.001
=0.001 <0.001 <0.001
=0.004 =0.001 <0.001
>0.006 >0.006 =0.001

NpuMeyaHue: p — CTaTUCTUYECKas 3HAYMMOCTb PAsNNYNIA NOKa3aTeNell Mexay napamu rpynn (no kputeputo laHHa co cTeneHbio cBobogapl df=7); ypoBeHb cTaTucTUYecKoit
3HaumMmocTn a=0,05/8=0,006 (cornacHo nonpaske BoHbeppoHm), T.e. Bce 3HaueHus, KoTopble 6binu Gonblue 0,006 cuMTannCh CTaTUCTUYECKM HE3HAYUMBIMM

Note: p indicates the statistical significance of differences between pairs of groups according to Dunn’s test (df=7). The statistical significance threshold was set at
a=0.05/8=0.006 after Bonferroni correction; therefore, all p values greater than 0.006 were considered statistically non-significant

CYLLECTBEHHO 0C/N1abNAN NOBbILLEHWE YPOBHA TPAHCAMMHA3, OKUCAN-
Te/IbHbIN CTPECC B MUTOXOHAPMAX, 06pa30BaHMe HUTPOTUPO3NHA, NO-
BpexxaeHne JHK B neyeHn v HeKponTo3 neyenn [22].

Kpome TOro, B OTAENbHBIX KAMHWYECKMUX UCCNeA0BaHUAX, OCY-
LLEeCTBAEHHDBIX Ha J1abOPaTOPHBIX }KMBOTHbIX in Vivo YCTaHOBNAEHO, YTO
MeTGOPMMH OKa3blBAET MPOTEKLMIO NEYEHM NPKY Nepeso3npoBKe aLe-
TamunHodeHa. CoyeTaHne MeTGOPMMHA C NapaLLETaMONOM CMOCODOHbI
YMEHbLWMUTb OKUCUTENbHbIN cTpecc [23].

Ha npeasapuTesibHOM 3Tane 6bl10 NPOBEAEHO MOAENMPOBA-
HMEe BGWMOCKPUHMHIA, YTO CMOCOBCTBOBANO B AaNbHENWLIEM LeneHa-
NpaBAEHHO BbIBUTb OTAE/NbHbIE NPOM3BOLHbIE LMAHOTUOALETAMMA],
obnagatolime renaTonpoTeKTOPHOM aKTUBHOCTbIO. ITO MO3BONAO
YCTaHOBUTb MOTEHLMaNbHblE BUONOrMYECKME MULLEHW ANA BELLECTB C
nabopaTtopHbiMK Kogamu Mar-014, Mar-037, Mar-075, d02-123, TD-
0331. OHu npeacTaBaeHbl Ha puc. 2.

[Oepwsat 1,4-gurnaponupuanHa ¢ kogom Mar-037 noteHum-
aZIbHO MOXKET B3aMMOZLENCTBOBATb C afeHO3MHOBbIMM A2a u Al

trolled use further increase access to these medications and ag-
gravate the problem of drug-induced hepatotoxicity [20].

One study suggested that the addition of fomepizole
(4-methylpyrazole) may be useful as an adjunctive treatment for
paracetamol poisoning. Fomepizole is a competitive inhibitor of
alcohol dehydrogenase and a potent inhibitor of CYP2E1, one of
the principal cytochrome P450 isoenzymes involved in the con-
version of acetaminophen to NAPQI. In addition, fomepizole in-
hibits the c-Jun N-terminal kinase pathway, which is implicated in
mitochondrial dysfunction [21].

Another experimental study demonstrated a protective ef-
fect of Mito-TEMPO against acetaminophen-induced liver injury
in mice. Mito-TEMPO substantially attenuated the increase in
transaminase activity, mitochondrial oxidative stress, nitrotyro-
sine formation, hepatic DNA damage, and liver necroptosis [22].

Furthermore, several in vivo experimental studies in labora-
tory animals have demonstrated that metformin may exert hepa-
toprotective effects in acetaminophen overdose. Co-administra-

h KannabuonmbIe
Y peuenTops1 CB1; CB2 Koary/ spoHHb Il Kunasa-
penenTop Cannabinoid receptors $axTop X IVIHKOr eHCHHTa3a 3
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peuentopamu. Peuentopbl A1 1 A2a urpatoT BaXKHYO poab B 3HEp-
roobecneyeHnn Knetku. ALEHO3MH, Kak MPOAYKT meTabonuyeckoi
TpaHchopmaummn ATO, anddyHAMPYET M3 KNETKM WM AEWCTBYET Ha
MECTHOM YpPOBHe, aKTUBMPYA afeHO3MHOBbIE peLienTopbl. Mpu cTu-
mynaumun Al afeHO3MHOBbIX PeLLEenTOPOB CHUMNKAeTCA NoTpebHOCTb
KNEeTOK B KMCNOPOZE, a Npy CTUMYAALMM aleHO3MHOBBIX PELLEenTOpoB
A2a npoucxoauT yBenuuyeHue obecnevyeHus KUCNoPOAOM TKaHEMN.
9TOT aHTUIMNOKCAHTHBIN 3GdEKT BaXKEH B YCNIOBMAX MOBPEXAEHMA
NapeHXMMbl NeYeHn Npy BO3LENCTBUM HA OpPraHU3M renaToTPONHbIX
Ap08. Kpome atoro, coegnHeHne Mar-037 meeT Takue bUOMMLLEHH,
KaK LIMKIOOKCUreHasa-2, apaxmnaoHaT-5-amnokeureHasa, docoonmna-
3a A2 1 CB2-KkaHHabvowaHble peLenTopb.

CoepmnHeHuna nog kogamu Mar-014 n Mar-075, KOTopble CXOXK
NO XMMWYECKOMY CTPOEHWIO C aHeCTe3MHOM, C BbICOKON BEPOATHO-
CTbIO MOTYT BAMATb Ha apPaXMAOHAT-5-MMMOKCUTeHasy U LIMKIOOK-
cureHasy-2. TakKe B AManasoHe GUomuLEHER 3TUX 06pa3LIOB ecTb
KOarynaumoHHbIN GpakTop X 1, B pesy/bTaTe, NOTEHLMaNbHaA aHTUKO-
arynAHTHaA aKTUBHOCTb.

lenaTonpoTeKTOPHbIE CBOMCTBA M3y4aeMbIX HaMU HOBbIX B1ONO-
TMYECKM aKTUBHbIX COEAMHEHUI MOTYT ObiTb PE3yNbTAaTOM UX MOTEH-
umanbHoro BamsaHua Ha HNF4a (sgepHbiii dakTop renatouutos 4a),
4TO 6bI10 HAMM YCTaHOBNEHO in silico.

BbICOKasn renaTonpoTeKTOpHasA aKTUBHOCTb COEAUHEHUA U3 pada
TagmasnHos ¢ kogom TD-0331 ¢ Microtubule-associated protein npe-
JonpeaenseT ero NOTeHUMANbHYIO CNOCOBHOCTb B MOAYIUPOBaHUM
LIUTOCKENETHBIX B3aMMOZENCTBUIA, Hanbonee BaXKHbIMM M3 KOTOPbIX
ABNAIOTCA MUTOTUYECKAA aKTUBHOCTb, AMddEpeHLMPOBKa U NOABUNK-
HOCTb KNETOK (B TOM YMC/IE U PereHepaLyoHHan akTUBHOCTb renaTo-
LMTOB).

OrpaHu4eHus uccnefoBaHuA. BosmoHbIMM oLMbKamu B npo-
BeEHHOM 3KCNepUMEHTE MOTYT BbITb Pa3NNUMNA MO MACCe KPbIC, KOTO-
pbiX B3AAM B ONbIT, B AWanasoHe 50 mr.

3AKNIOYEHUE

B onbiTax Ha 6enbix Kpbicax nNpu mogennposaHum OMI ycTa-
HOB/IEHbI BbIPAXKEHHbIE FEMATONPOTEKTOPHbIE CBOWMCTBA CMHTE3UPO-
BaHHbIX Hamu de novo 06pa3LLOB reTepPOLIMKANYECKUX COEANHEHNI C
paHee YCTaHOBNEHHOW aHaNbreTMYeCcKon U NPOTUBOBOCMANUTENBHOM
AKTUBHOCTbHO. M3y4eHHble BUOXMMMUYECKME NOKA3aTeNN KPOBU KPbIC C
OMMl cBUAETENBCTBYIOT O TOM, YTO HOBbIE FETEPOLMKANYECKME COeaM-
HeHuA ¢ wndpamm d02-123, Mar-014, Mar-075 n TD-0331 cnocobHbi
npeaoTBPaTUTL OCTPOE NapaLeTaMONOMHAYLIMPOBAHHOE MOBPEXKAE-
HUE NeYeHu, He U3MEHMB 3HAUEHUI BUOXMMUYECKUX MAPKEPOB dYHK-
LIMOHMPOBAHUA NEYEHU, YTO KOCBEHHO CBUAETENLCTBYET O LLESIOCTHO-
CTV renaToLmToB.

MpUHUMaa BO BHUMaHME pe3ynbTaTbl paHee MNPOBEAEHHbIX
HaMK 3KCMEPUMEHTOB O BbICOKOM aHaNbreTUYecKon U npoTMBOBOC-
MaAUTENbHON aKTMBHOCTM M3y4yaeMblx 00pa3LioB, MpeBblLAOLLEN
TaKOBble Y aHaNbrMHa, nbynpodeHa, MHAOMETALMHA U MENOKCUKaMa
B [ECATKM pa3s, YCTAaHOB/EHHbIE MX FEeNaToONpPOTEKTOPHbIE CBOMCTBA
CBUAETENbCTBYHOT O LIeNIeCO0OPa3HOCTU AaIbHENLLMX JOKANHUYECKUX
nccneaoBaHui.

MepcnekTvBamK JanbHENLWNX UCCNELOBaHWI ABAAETCA 3an/1a-
HWpPOBaHHOE MOPDOSIOTMYECKOE NCCAEA0BAHME C aHAM30M MOPdO-
METPUYECKMX MOKa3aTe/lell MeYyeHn KpbIC B YCI0BUAX NMPOBOAVMOrO
3KCNepUMeHTa.

tion of metformin and paracetamol has been shown to reduce
oxidative stress [23].

At the preliminary stage of the study, in silico bioscreening
was performed to facilitate the targeted identification of individ-
ual cyanothioacetamide derivatives with potential hepatoprotec-
tive activity. This approach made it possible to identify potential
biological targets for compounds coded Mar-014, Mar-037, Mar-
075, d02-123, and TD-0331. These potential targets are present-
ed in Fig. 2.

The 1,4-dihydropyridine derivative coded Mar-037 may po-
tentially interact with adenosine A2A and Al receptors. Al and
A2A receptors play an important role in cellular energy homeo-
stasis. Adenosine, which is generated during ATP metabolism,
diffuses out of cells and acts locally through the activation of ade-
nosine receptors. Stimulation of A1 adenosine receptors reduces
cellular oxygen demand, whereas stimulation of A2A adenosine
receptors increases oxygen delivery to tissues. This antihypox-
ic effect may be particularly important in conditions associated
with hepatic parenchymal injury caused by hepatotoxic agents. In
addition, potential biological targets of Mar-037 include cycloox-
ygenase-2, arachidonate 5-lipoxygenase, phospholipase A2, and
cannabinoid CB2 receptors.

Compounds Mar-014 and Mar-075, which are structurally
similar to benzocaine, are highly likely to affect arachidonate 5-li-
poxygenase and cyclooxygenase-2. Their predicted target profiles
also include coagulation factor X, suggesting the possibility of an-
ticoagulant activity.

The hepatoprotective properties of the novel biologically ac-
tive compounds investigated in the present study may also be as-
sociated with their potential effects on hepatocyte nuclear factor
4 alpha (HNF4a), as suggested by our in silico analysis.

The pronounced hepatoprotective activity of the thiadiazine
derivative TD-0331 may also be related to its predicted interac-
tion with microtubule-associated proteins. Such interactions may
contribute to modulation of cytoskeletal processes involved in
mitotic activity, cell differentiation, and cell motility, including re-
generative processes in hepatocytes.

Study limitations. A potential limitation of the experiment
was variability in the body weight of the rats included in the study
within the specified weight range.

CONCLUSION

Experiments in albino rats with experimentally induced APH
demonstrated pronounced hepatoprotective properties of the
de novo synthesized heterocyclic compounds that had previously
been shown to possess analgesic and anti-inflammatory activity.
The biochemical blood parameters obtained in rats with parac-
etamol-induced liver injury indicate that the novel heterocyclic
compounds coded d02-123, Mar-014, Mar-075, and TD-0331
were able to prevent acute paracetamol-induced hepatic injury
while maintaining biochemical markers of liver function at levels
comparable to those of intact animals, indirectly suggesting pres-
ervation of hepatocyte integrity.

Considering the results of our previous experiments demon-
strating pronounced analgesic and anti-inflammatory activity of
the investigated compounds, reportedly exceeding that of met-
amizole, ibuprofen, indomethacin, and meloxicam by several-fold
to several tens of fold, the hepatoprotective properties identified
in the present study support the rationale for further preclinical
investigation. Future studies are planned to include morpholog-
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ical examination of the liver with morphometric analysis under
the same experimental conditions.
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