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Ha cerogHAWHWUIA AeHb 60/b ABAAETCA OAHOM U3 CaMblX aKTyaNbHbIX Npobaem meauuUMHbI. COFMAcHO CTaTUCTUYECKUMM AaHHbIM, 6onee 70% 3abone-
BaHWIi CONPOBOMKAAIOTCA OCTPLIM UAN XPOHUYECKUM 6ONEBbIM CUHAPOMOM. Bo BceMUpHOW opraHu3aLmm 34paBooOXpaHeHus cuMTaloT, 4to bonesble
CUHAPOMbI ABNAIOTCA OAHOW U3 CaMblIX YaCTbIX MPUYMH 0BpaLLEHMSA K Bpayy v cocTaBasatoT J0 40% Bcex 3aperucTpupoBaHHbIX ciy4vaes. ExxerogHo Bpa-
4N Ha3HAYaKoT HECTEPOUAHbIE NPOTMBOBOCNANUTEbHbIE cpeacTBa (HMBC) okono 500 MUANMOHOB pas, HO 3HAYUTENbHAsA YacTb NALMEHTOB, KOTOPbIE
CTPafaloT OT XPOHUYECKUX BONE, NCNONb3YHOT M3BECTHbIE MM NpenapaTsbl 6e3 peLenTa. Y HasHaYaeMblx B PeanbHOM KaMHUYecKol npakTuke HIMBC B
cnekTpe HebNaronpPUATHLIX PeakLMii HEPeLKO BCTPEYAETCA reMaTOTOKCUYHOCTb.

Llenb uccneaoBaHUA: OLEHKA M3MEHEeHUs NoKasaTenei KpoBm KpbIC Noc/e ABYXHeAENbHOro BBeAeHUA Haubonee 4acTo NnpumeHsembIx B KavHuke HNBC
1 HOBbIX NPOM3BOAHBIX PAAA 3-aMUHOTMEHO[2,3-b]nupuanHa u 1,4-0MrMapoHUKOTMHAMMAR € Hanbosee BbipaKeHHOW aHaIbreTUYeCKOM aKTUBHOCTBIO.
Marepuan 1 meToabl: N0 pesy/bTaTy CKPUHUHIA BblI0 0TOBPaHO AECATb HU3KOMONEKYNAPHbIX INTaHAO0B, MOTEHLIMABbHO CNOCOBHbIX B3aMMOAECTBO-
BaTb C peLenTopamu U GepmeHTamu, yHacTByOLWUMU B GYHKLMOHMPOBAHUM aHTUHOLMLENTUBHOW CUCTEMDI, U COAEPHKALLMX dparmeHTbl 3-aMUHO-
TneHo[2,3-b]nupuanHa u 1,4-oMrnapoHnKoTMHaMKAA — 0bpasLibl ¢ 1abopaTopHbiMK Widpamm AZ023, AZ169, AZ213, AZ257, AZ729, AZ383, AZ331,
AZ420, AU04271, AU04288 u pnis akcnepumeHTa oTobpann u3 Hux AZ383, AZ331, AZ023, AZ420. dKCcnepuMeHT peann3oBbiBaacsa Ha 36 6esbix Kpbl-
cax-camMLax co cpesHei maccolt Tena 250-280 r. 3abop KpoBM NpounsBoanaca n3 beapeHHol BeHbl. CTaHAAPTHLIMU METOAMKAMM ONpeaensnnch Koau-
YEeCTBO 3PUTPOLIMTOB, ENKOLMUTOB, TPOMBOLUTOB, remornobuHa, COd.

Pe3ynbTatbl: N0 UTOY IKCNEPUMEHTANbHbIX UCCAEA0BAHUI UCCeAYeMble COEAUHEHWA HE BbI3bIBAOT IEKONEHWW, B OTIMYME OT NpenapaTa CpaBHe-
HMA. Kpome Toro, y coeamHennii AZ-023, AZ-331, AZ-383 ¢ BblpaKeHHOW aHaAbreTM4yecKow 1 NPOTUBOBOCNANNTENbHOWM aKTUBHOCTbIO YAAN0Ch 06Hapy-
UTb NN TEHAEHLUMIO K CHUXKEHMIO YMCNa TPOMBOLMTOB, YTO TpebyeT LONONHUTENbHbIX UCCEA0BAHUNA.

3aKkntoueHue: NpoBeAEHHbIe UCCeA0BaHMA NO 6e30MacHOCTU NPUMEHEHNA NPOU3BOAHBIX KOHAEHCUPOBAHHbIX 3-aMUHOTUEHO[2,3-b]nupuanHos u
1,4-pMrnaponnpuanMHOB NO3BOMUAN ONPEAENUTb NepCcrneKTUBHOCTb UX AanbHeNLWel JOKAMHUYECKON pa3paboTKu C Lenbio BbiABAEHWA B byayliem
HOBbIX BbICOKOIQdEKTUBHbIX U 6e30nacHbIX cpeacTB AnA dapmaKkoKoppeKLum 601eBoro U BOCNaAUTEIbHOTO CUHAPOMOB Pa3/IMYHOMO reHe3a U UH-
TEHCUBHOCTMU.

KntoueBble cnoBa: aHasU3 KPo8U, 2eMamomoKcu4Hocme, 60s1e80l CUHOPOM, GHAMb2eMUYeCcKas aKMUBHOCMb, mueHonupuduHsl, 1,4-0uzudponupu-
OUH®bl.
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Pain is a significant problem in medicine today. More than 70% of diseases are accompanied by acute or chronic pain syndrome. According to the
World Health Organization, pain syndromes are one of the most common reasons for seeking medical care, accounting for up to 40% of registered
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cases. Non-steroidal anti-inflammatory drugs (NSAIDs) are prescribed around 500 million times every year. However, many patients with chronic pain
rely on over-the-counter medications. Among the NSAIDs prescribed in clinical practice, hematotoxicity is a common adverse reaction.

Objective: To assess changes in blood parameters in rats after a two-week administration of the most commonly used clinically NSAIDs and new
derivatives of the 3-aminothieno[2,3-b]pyridine and 1,4-dihydronicotinamide series with the most pronounced analgesic activity.

Methods: Ten low molecular weight ligands were chosen after screening various ligands. These ligands are capable of interacting with receptors
and enzymes that are involved in the antinociceptive system. They contain fragments of 3-aminothieno[2,3-b]pyridine and 1,4-dihydronicotinamide.
Samples with laboratory codes AZ023, AZ169, AZ213, AZ257, AZ729, AZ383, AZ331, AZ420, AU04271, AU04288 were selected for the experiment.
Among them, AZ383, AZ331, AZ023, and AZ420 were chosen. The study involved 36 white male rats weighing between 250-280 g. Blood was collected
via the femoral vein and analyzed using standard methods for erythrocyte, leukocyte, platelet, hemoglobin, and erythrocyte sedimentation rate (ESR)
levels.

Results: According to experimental studies, unlike the reference drug, the compounds studied do not cause leukopenia. In addition, only a tendency to
decrease the number of platelets was detected for compounds AZ023, AZ331, and AZ383 with pronounced analgesic and anti-inflammatory activity,
which requires additional research.

Conclusion: Studies conducted on the safety of using derivatives of condensed 3-aminothieno[2,3-b]pyridines and 1,4-dihydropyridines have
shown promising results for further preclinical development. These derivatives can become highly effective and safe agents for alleviating pain and
inflammation of various origins and severity in the future.

Keywords: Blood test, hematotoxicity, pain syndrome, analgesic activity, thienopyridines, 1,4-dihydropyridines.
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BBEAEHUE

Bonb ABNAETCA OAHUM U3 BarKHEMLINX NPOBAEMHbIX BONPOCOB, C
KOTOPbIMM CTa/IKMBAETCA COBPEMEHHAA meauumHa. Mo gaHHbIm Bee-
MUWPHOW OpraHu3auum 3apaBooxpaHenus (BO3) macwTtabbl pacnpo-
CTpaHeHMA 6oneBbIX CMHAPOMOB B Pa3BUTbIX CTPAHAX MOXHO CPaB-
HWUTb C NaHaemuen [1].

CornacHo npubAM3uTENbHbBIM AaHHbBIM 3apY6eXHbIX YYEHBIX, OKO-
no 70% u3BeCTHbIX YenoBeyecTBy 3abonesaHuii conposoxkaatotca 60-
nbto. CneposatenbHO, OT 6ONEBbLIX OLLYLLEHWUI CTPaaeT NPaKTUYECKM
KaXKablii NATLIA YeNoBeK TPpyAocnocobHoro Bospacta [2]. Pesynbratbl
3NUAEMMONOTUYECKMX UCCNef0BaHUIA, NPOBeAEHHbIX B Poccuu, AH-
rvn, ®panHumm, CLLUA v page apyrux cTpaH, Nokasanw, YTo nepuoamnye-
ckan 6onb AaBnAeTca npobnemoint ans 7-64% HaceneHus, a XpoHUYecKas
60/1b — 19 8-45% (B 3aBMCMMOCTU OT MecTa NpoBeAeHus onpoca) [3].

BO3 cyuTaert, yto Honesble CUHAPOMbI ABAAIOTCA OAHOM U3 ca-
MbIX YaCTbIX NPUYMH 0BpaLLEeHUA K Bpayy M cocTasastoT Ao 40% Bcex
3aPErncTPMpPOBaHHbIX cayyaes [1, 4]. OaHaKo 0TeyYecTBEHHbIE U 3apy-
6eHble UCCNea0BaTeNy AeNatoT aKLEHT Ha TOM, YTO OKO/IO % CTpaja-
IOLLMX XPOHUYECKMMM 6OAIMM, HE 0OPALLAIOTCA 33 MOMOLLBIO B MEAW-
LIMHCKMe yupexaeHua [5], a npuMeHAIoT 1eKapCcTBEHHbIe CPeacTsa U3
rpynnbl HMBC 6€3 KOHCy/bTaLuK y crieLmanmcra.

B HacTosLLee Bpems inaepamm no o6bEmy notpebneHus cpeau
06e36011BalOLWMX CPEACTB, No-npexHemy, octatotcs HMBC. CornacHo
HEKOTOPbIM UCCNEe0BAHMAM, B MUpe NpubansutensHo 300 munamo-
HOB Yenosek nNpuHUmatoT HMBC xoTs 6bl KpaTKoBpemMeHHO 1 30 mu-
JINOHOB, BbIHYXAEHHbIX MPUHUMATb UX Ha NMOCTOAHHOM ocHose [6]. Y
Ha3HauyaeMbIX B peasnbHOM KaMHuYeckol npaktuke HIBC B cnektpe
HebnaronpuATHbIX AEMCTBUIN HepeaKo BCTPeYaeTCcA remaToTOKCMY-
HOCTb [7-9]. 370 ycyrybnseT v orpaHUYMBAET UX NPUMEHEHME Y NaLy-
€HTOB remaTo/10rM4ecKoro U OHKOI0rM4Yeckoro npoduns. Kpome Toro,
WX YTHETAlOLLLEE BAMAHME Ha eKoLUMTapHOe 3BEHO CO3Aa€ET Npeano-
CbIZIKU K BO3HUKHOBEHWIO UMMYHOZEPULIMTHBIX COCTOAHWA.

B doKyce HayuHbIX MHTEPECOB COBPEMEHHbIX UCCaea0BaTenen,
3aHMMAIOLLMXCA MOMUCKOM HOBbIX IEKAPCTBEHHBIX CPEACTB C aHa/b-
reTMYeCKOM aKTUBHOCTbIO, HAXOAATCA BMONOrMYEecKMn aKkTUBHbIE coe-
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INTRODUCTION

Pain is a major issue in modern medicine, posing significant
challenges to healthcare professionals worldwide. The World
Health Organization (WHO) has described pain syndromes as a
pandemic in developed countries [1].

According to foreign researchers, approximately 70% of
all known diseases are accompanied by pain, with almost every
fifth person of working age suffering from it [2]. Epidemiological
studies conducted in various countries, including Russia, the UK,
France, and the USA, have revealed that 7-64% of the population
experiences periodic pain, while 8-45% suffer from chronic pain
(depending on the location of the survey) [ 3].

According to WHO, pain syndromes are a common reason
for visiting a doctor, accounting for up to 40% of all registered
cases [1, 4]. However, several researchers have emphasized that
around 75% of those who suffer from chronic pain do not seek
medical help [5] but instead self-medicate with drugs from the
NSAID group without consulting a specialist.

NSAIDs are currently the most commonly consumed pain-
killers. Studies estimate that around 300 million people world-
wide use NSAIDs for short-term periods, while 30 million people
are required to take them continuously [6]. However, NSAIDs
have been known to cause hematotoxicity [7-9], which limits
their use in hematological and oncological patients. Moreover,
their inhibitory impact on the leukocyte link creates conditions
for immunodeficiency states.

Researchers are exploring biologically active compounds
that can target specific receptors or combinations of receptors to
develop effective analgesic drugs. One promising group of com-
pounds is the cyanothioacetamide derivatives [10-14]. However,
before these compounds can be used as drugs, extensive exper-
iments on their acute and chronic toxicity must be conducted to
ensure their safety.

To identify the most exciting samples of heterocyclic com-
pounds that have the potential to bind to biotargets for treating
inflammatory, pain, or fever syndromes, researchers conducted
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[AMHeHUs, cnocobHble BO3AEMCTBOBATb Ha ONpesenéHHble MULLEHU
NMbOo WX CoYeTaHus, NPOW3BOAHbIE LMaHoTHoaueTamuaa [10-14]. U
BOMPOCHI MX HE30MACHOT0 MPUMEHEHMA KaK NePCNEKTUBHBIX eKap-
CTBEHHbIX CPELCTB MO Pe3y/ibTaTam OMbITOB B KOHTEKCTE OCTPOM U XpO-
HUYECKOW TOKCMYHOCTM BCErAa NPaBOMOYHbI.

Ha noarotoBUTENbHOM 3Tane nepes COCTaB/NEHWEM AM3aiHa
3KCMNepUMeHTa Ans onpeaeneHns 06pasLoB reTepoLMKINYECKUX Coe-
[LVHEHWI, Hanbonee MHTEPECHbIX B NJIaHE CNOCOBHOCTH CBA3bIBATHLCA
C BEPOATHBIMM BUOMULLIEHAMM C Lie/Ibto GapMaKonorMyeckoi Koppek-
LMW BOCMaNUTENbHOMO, 60NEBOMO AW NMXOPALOYHOTO CUHAPOMOB,
6bl1 NPOBEAEH BUPTYa/bHbINA BUOCKPUHUHT 340 HOBbIX MPOU3BOAHbBIX
LMaHOTMOALETaMMUAa, CUHTE3UPOBAHHbLIX HamK B HayuHo-uccneno-
BaTe/NbCKOM Nlabopatopum «XUMIKe» JIyraHCKOro rocyAapCTBEHHOMO
yHUBepcuTeTa MM. Bnagumumpa dans (3aB. nabopatopuein — foKTop
XMMUYECKMX HayK, npodeccop C.I. KpusoKonbicko). Mpu atom mc-
NoNb30BaANCb MHGOPMaLMOHHbIe pecypcbl Online SMILES Translation
Service and Structure File Generator ot National Cancer Institute's
CADD Chemoinformatics group of the National Institutes of Health
(Frederick, MD, USA); Open Parser for Systematic IUPAC Nomenclature
(OPSIN) ot Centre for Molecular Informatics, Department of Chemistry
at the University of Cambridge (Cambridge, UK), a Tak»Ke npeamkTop-
Hblli OHNalH-pecypc admetSAR [15-17].

Mo pesynbTaTy CKpUHMHrA 6bI10 OTOBPaHO AECATb HWU3KOMO-
NIEKYNAPHBIX JIMraHAOB, MOTEHUMANbHO TPOMHbIX K peuentopam U
dbepmeHTam, BO3AEWCTBME Ha KOTOPbIE CMOCOOHO BNATL HA TEYEHWe
BOCMA/NIUTENBHOMO MPOLLECcca U CHUKaTb BO/IEBbIE OLLYLIEHMA, U CO-
Jepawyx dparmeHTbl 3-amuHoTUEHO[2,3-b]nMpuanta v 1,4-guru-
[LPOHVMKOTUHaMMAA. ITO COeMHEHNA C NabopaTopHbIMMK Wndpamu
AZ023, AZ169, AZ213, AZ257, AZ729, AZ383, AZ331, AZ420, AU04271
1 AU04288. Ha ocHoBe aHanu3a AaHHbIX, NONYYEHHbIX B pe3yabraTe
BUPTYasIbHOTO BUMOCKPUHMHIA, 6bIIO YCTAHOBNEHO, YTO BUOMMULLEHS-
MM 415 3TUX 06Pa3LL0B ABNAIOTCA GEPMEHTbI: apaxuaoHaT-5-IMNOKCK-
reHasa, UMKI0OKcureHasa-2, docdonnnasza A2, docdoamnactepasa, a
TaK»Ke NPOCTaHOWAHbIE, COMATOCTAaTUHOBbIE, 34EHO3MHOBbIE U KaHHa-
6uonaHble peuentopbl. CTPYKTYpa U XMMuUdeckne Gopmynbl aHHbIX
NPOV3BOAHbIX LiaHOTUOALLETaMMAA NPEACTABAEHbI Ha PUC.

B xoZie 3KCNeprMEHTOB MO UCCEL0BAHMI0 AHTUHOLMLLENTUBHOM
M NPOTVMBOBOCMANNTENIbHOW aKTUBHOCTM BbILLENPUBEAEHHDBIX COEANHE-
HWI B CEPUM KNACCMYECKUX GapMaKONOrMYeCcKmX TECTOB Ha benbix Na-
60pPaTOPHbIX KPbICaX BbIABIEHBI MONIEKYNbI-MAEPDI, Y KOTOPbIX bblna
o6HapyKeHa aKTUBHOCTb, 3HAUYMTENBHO MPEBbILIAOLLANA TAKOBYIO AN
HUMECYNMAA, UHAOMETALUMHA, MeTammusona Hatpua (MH), auetunca-
NMUMNoBoW KucioTbl [18]. Bblin BbIABAEHBI YETHIPE COEAMHEHUA:
AZ023 (3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]
quinolin-2-yl](phenyl) methanone); AZ331 (5-cyano-4-(2-furyl)-N-(2-
methoxyphenyl)-6-{[2-(4-methoxyphenyl)-2-oxoethyl]thio}-2-methyl-
1,4-dihydropyridine-3-carboxamide); AZ420 (5-cyano-4-(2-furyl)-N-
(2-methoxyphenyl)-6-({2-[(3-methoxyphenyl) amino]-2-oxoethyl}
thio)-2-methyl-1,4-dihydropyridine-3-carboxamide) " AZ383
(3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno(2,3-b]
quinolin-2-yl] (phenyl)methanone), KoTopble nNpeBOCXOAAT aKTMB-
HOCTb NpenapaTos cpasHeHnaA B 3-10 pa3 nNo pasMYHbIM TeCTam.

[NA OLEHKM WX BO3MONKHOTO reMaTOTOKCMYECKOTO AeNCTBUA
M3HaYaNbHO aKTya/bHbIM C HALei TOYKM 3pEeHWs NpeacTaBaseTcs
U3y4YeHWe B CPABHUTENIbHOM acMeKTe BAMAHWA YacTo NPUMEHAEMbIX
B K/MHUYECKoW npakTuke HMBC M CHTE3MPOBAHHbIX HOBbLIX reTepPO-
LMKIMYECKUX COEAMHEHWUN C aHANbrEeTUYECKON aKTUBHOCTBIO Ha OC-
HOBHbIE MOKA3aTe/M KAMHWYECKOTO aHain3a KPoBU B XPOHUYECKOM
3KCNepUMeHTe.

a virtual screening of 340 newly synthesized cyanothioacet-
amide derivatives. This was performed at the ChemEx Lab in Lu-
gansk State University named after Vladimir Dal under Dr. S.G.
Krivokolysko, a Professor with a PhD in Chemical Sciences. Be-
fore experimenting, we carried out a thorough screening pro-
cess using various resources. These included the Online SMILES
Translation Service and Structure File Generator, based at the
National Cancer Institute's CADD Chemoinformatics group of
the National Institutes of Health in Frederick, MD, USA. We also
used the Open Parser for Systematic IUPAC Nomenclature (OP-
SIN), powered by the Centre for Molecular Informatics, Depart-
ment of Chemistry at the University of Cambridge, UK, and the
admetSAR web service [15-17].

Ten low molecular weight ligands were selected based
on the screening results. These ligands are potentially tropic
to receptors and enzymes and can influence the course of the
inflammatory process, reduce pain, and contain fragments of
3-aminothieno[2,3-b]pyridine and 1,4-dihydronicotinamide.
The laboratory codes for these compounds are AZ023, AZ169,
AZ213, AZ257, AZ729, AZ383, AZ331, AZ420, AU04271, and
AU04288. The analysis of data obtained through virtual screen-
ing revealed that the biotargets for these samples are the
following enzymes: arachidonate-5-lipoxygenase, cyclooxy-
genase-2, phospholipase A2, phosphodiesterase, and several
receptors including prostanoid, somatostatin, adenosine, and
cannabinoid receptors. The structure and chemical formulas of
these cyanothioacetamide derivatives can be found in Fig.

During experiments, a set of leader molecules was identi-
fied to study certain compounds' antinociceptive and anti-inflam-
matory properties. These leader molecules exhibited significantly
higher activity than used drugs such as nimesulide, indometha-
cin, metamizole sodium (MS), and acetylsalicylic acid [18]. Four
compounds were found to be particularly noteworthy: AZ023
(3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]
quinolin-2-yl](phenyl) methanone); AZ331 (5-cyano-4-(2-furyl)-
N-(2-methoxyphenyl)-6-{[2-(4-methoxyphenyl)-2-oxoethyl]
thio}-2-methyl-1,4-dihydropyridine-3-carboxamide); AZ420 (5-cy-
ano-4-(2-furyl)-N-(2-methoxyphenyl)-6-({2-[(3-methoxyphenyl)
amino]-2-oxoethyl}thio)-2-methyl-1,4-dihydropyridine-3-carbox-
amide) and AZ383 (3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahy-
drothieno[2,3-b]quinolin-2-yl] (phenyl)methanone). These com-
pounds exhibited 3-10 times higher activity in various tests than
comparison drugs.

To determine their potential hematotoxicity effect, it is
crucial to initially compare the influence of commonly used
NSAIDs in clinical practice with newly synthesized heterocyclic
compounds that have analgesic activity on the key indicators of
a clinical blood test in a chronic experiment.

PURPOSE OF THE STUDY

To evaluate changes in blood parameters after two weeks
of administering commonly used NSAIDs and new derivatives
of 3-aminothieno[2,3-b]pyridine and 1,4-dihydronicotinamide
series with analgesic activity.

METHODS

The study involved 36 white male rats with an average
weight of 250-280 g. The rats were divided into control, refer-
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AU04288
[3-amino-4-(2-furyl)-6, 7-dihydro-5H-cyclopenta[b]thieno[3,2-e]pyridin-
2-yl](4-methoxyphenyl)methanone

Br

AU04271
3-amino-N-(4-bromophenyl)-4-(2-furyl)-5,6,7,8-
tetrahydrothieno[2,3-b]quinoline-2-carboxamide

AZ023
[3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-
2-yll(phenyl)methanone

)
H3C/

AZ331
5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-6-{[2-(4-methoxyphenyl)-2-
oxoethylJthio}-2-methyl-1,4-dihydropyridine-3-carboxamide

502

AZ729

[3-amino-4-(5-methyl-2-furyl)-5,6,7,8-tetrahydrothieno[2,3-b]quinolin-

2-yl](3-bromophenyl)methanone

CHj

(0]

N
=
NH
H,C N S
H
(0]
Br
AZ257

6-{[2-(4-bromophenyl)-2-oxoethyl]thio}-5-cyano-4-(2-furyl)-N-(2-
methoxyphenyl)-2-methyl-1,4-dihydropyridine-3-carboxamide
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CH,

NH

o
AZ383

5-cyano-6-({2-[(4-ethoxyphenyl)amino]-2-oxoethyljthio)-4-(2-furyl)-2-
methyl-N-(2-methylphenyl)-1,4-dihydropyridine-3-carboxamide

NH (0]

AZ420
5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-6-({2-[(3-methoxyphenyl)
amino]-2-oxoethyljthio)-2-methyl-1,4-dihydropyridine-3-carboxamide

H;C

AZ169
6-(benzylthio)-5-cyano-4-(2-furyl)-N-(2-methoxyphenyl)-2-methyl-1,4-
dihydropyridine-3-carboxamide

Br

AZ213
6-{[2-(4-bromophenyl)-2-oxoethyl]thio}-5-cyano-4-(2-furyl)-2-methyl-
N-(2-methylphenyl)-1,4-dihydropyridine-3-carboxamide

Puc. CmpykmypHble hopmysnel U Ha38aHUA no HomeHKnamype NKOMAK 0aa uccnedyemsix 3-amuHomueHo[2,3-binupuduHos u

1,4-0ueudponupuduHos

Fig. Structural formulas and IUPAC names for studied 3-aminothieno[2,3-b]pyridines and 1,4-dihydropyridines

LLENb UCCNEQOBAHUA

OueHUTb M3MEHEHWUA NOKasaTesNel KPOBM KPbiC NOCNe AByX-
HeZeNIbHOTO BBEAEHWUA Hanbosiee 4acTo MPUMEHAEMBIX B KAWHUKE
HMBC 1 HoBbIX NPOM3BOAHBIX PAAA 3-aMMHOTMEHO(2,3-b]nnpuanHa n
1,4-0MrMAPOHMKOTMHAMMUAA C Hanbonee BbIPAXKEHHOM aHaMbreTuye-
CKOM aKTMBHOCTbIO.

MATEPUAN U METOAbI

IKCnepuMeHT peannsoBaH Ha 36 6enbix KpblCax-Camuax co
cpepHent maccolt Tena 250-280 r. JlabopaTopHble XKMBOTHblE OblAK
pasgeneHbl Ha KOHTPO/IbHYHO, pedepeHTHYIO U YeTbIPE OMbITHbIE FPYn-
nbl. }1MBOTHblE pedepeHTHON rpynnbl OAHOKPATHO B CYTKM Ha NpoTA-
eHun 14 pHelt nonydann MH (AHanbrud «OAO dapmcTaHaapT») B
nose 7 mr/kr. Boibop npenapata-pedepeHta 0bycnoneH pekomet-
Jauvamu MupoHosa A.H. u Xabpuesa P.Y., onuMcaHHbIMK B COOTBET-
CTBYIOLLVMX [/1aBaX PYKOBOACTB MO MPOBEAEHMIO IKCNePUMEHTAbHbIX
JOKIMHUYECKUX UCCNe0BAHMI IEKAapCTBEHHBIX CPEACTB B pa3aenax,
Kacatowmxca HMBC. MepeyeHb NOTEHUMANbHbIX BGUOMMLILEHEN NO
MTOram NpesBapUTEIbHO OCYLLECTBAEHHbIX UCCNefoBaHuMi in silico
noaTBep:KAaeT 3ToT Bblbop. OcTaBLUMECs YEeTbIPE FPynMbl BKAKOYAAN

ence, and four experimental groups. The reference group was giv-
en MS medication (marketed under Analgin by OJSC Pharmstan-
dard in Dolgoprudny, Moscow region, Russian Federation) once
daily for 14 days at a 7 mg/kg dose. The reference drug is chosen
based on the recommendations of A.N. Mironov. The guidelines
for conducting experimental preclinical studies of drugs, specifi-
cally the sections regarding NSAIDs, were described by R.U. Khab-
riev. This choice is confirmed by the list of potential biotargets,
which is based on the results of preliminary in silico studies. In
the study, four groups of animals were given derivatives of 3-ami-
nothieno[2,3-b]pyridine and 1,4-dihydropyridine at a dose of 5
mg/kg (AZ383, AZ331, AZ023, AZ420) through a gastric tube in
the form of an aqueous suspension. These groups had the most
notable analgesic activity based on previous in vivo experiments.
The animals were euthanized on the 15" day, and blood was col-
lected via the femoral vein and analyzed using standard methods
for erythrocyte, leukocyte, platelet, hemoglobin, and ESR levels.
During the experimental studies, all protocols were strictly
followed as per Order No. 199n issued by the Russian Ministry of
Health on April 1, 2016, which approved the Rules of Good Lab-
oratory Practice. The laboratory animals were constantly moni-
tored and provided free access to food and water throughout
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YKMBOTHbIX, KOTOPbIM YepPe3 ¥KeyA0UHbIN 30HA, B BUAE BOAHOM B3Be-
C1 B f03€ 5 MI/KF BBOAMAM YKa3aHHble Bbllle NPOMU3BOAHbIE 3-amu-
HoTueHo[2,3-b]nupuanHa v 1,4-aurvpponupuamnta (AZ383, AZ331,
AZ023, AZ420) c Hanbonee BbipaXKEHHOW aHaNbreTUYECKOW aKTUB-
HOCTbIO MO pe3ynbTaTaM MpPOBeAEHHbIX PaHee 3KCNEePUMEHTOB in
vivo. 32001 MBOTHbIX OCYLLEeCTBAAACA HA 15-1 aeHb. 3abop Kposu
npowssoauca u3 beapeHHo BeHbl. CTaHAAPTHBIMKU METOAUKaMK
ONpeaensucb KoJMYEeCcTBO 3PUTPOLUTOB, NEMKOLMTOB, TPOMBOLU-
TOB, remornobuHa, CO3

IKCnepuUMeHTaNbHble UCCNeA0BaHUA NPOBOAWUAUCL B MOSHOM
cooTtseTcTBUM € npukasom N2 199H MuHsapasa Poccum ot 1 anpens
2016 ropa (06 yTBep:kaeHuM MpaBun Hagnexallein nabopaTopHoW
npakTvku). Ha Bcém npoTsxkeHUM nepuoga uccnenosaHunit nabopa-
TOPHbIE XMBOTHbIE bblAM Nog HabntogeHnem B ycnosuax cBobogHOro
focTtyna K nuwe v Boae, B cootsetctaum ¢ FOCT 33044-2014 «[MpuH-
LMMbl Hag/iexallein 1abopaTopHOW NPaKTUKMY (YTBEPHKAEH MpuWKa-
30M PesiepanbHOro areHTCTBa MO TEXPEryaMpoBaHUI0 U METPONOMUM
Ne 1700-cT, ot 20 Hosbps 2014 r.).

WccneposaHve nonyunno ofobpeHune Komuccuel no 6uostu-
Ke JlyraHCKOro rocyapCTBEHHOTO MEAMLMHCKOTO YHUBEPCUTETA UM.
Ceatutens Jlykun, npotokon Ne 6 o1 01.11.2021 r.

CTaTUCTUYECKUIN aHaNU3 NPOBOAWMICA METOAAMM Hernapame-
TPUYECKON CTaTUCTUKK, BCNEACTBME OTCYTCTBUA HOPMaNbHOCTU pac-
npeseneHns U Manoro KoinM4yecTsa HabltoaeHUI B KaXKaoM rpynne.
[ecKpUNTUBHLIN aHaNN3 NPOBOAMACSA C BbifiBNEHWEM MeamaHbl (Me)
BapMaLMOHHbIX PAAOB. [AMCNEepPCMOHHbINA aHa M3 NONYYEHHbIX [aH-
HbIX NpoBoamnaca Ha pecypce [Kruskal Wallis Test Calculator] (https://
www.statskingdom.com/kruskal-wallis-calculator.html) no metoay
Kpyckana-Yonnuca ¢ nocnegytowmm post-hoc aHanmsom no Kpute-
puvto [laHHa. HyneBas runotesa otsepranace npu p<0,05.

PE3YNbLTATbI U UX OBCYXKOEHUE

PesynbTaTbl NPOBEAEHHbIX UCCAEA0BAHMM M aHAM3 NOAYYEHHO-
ro MacciBa [AaHHbIX NO3BOMNAM BbIABUTbL TOT GAKT, YTO Y MMBOTHbIX
pedepeHTHON rpynnbl 3apUKCUMpPOBaHa Nelikonexus (Tabn.). B KAnHKU-
YECKOM aHa/I3e KPoBM KpbIC, NonyyaBlumnx MH Ha npoTsKeHUn aByX
HeAenb, YCTaHOBNEHO CTaTUCTUYECKM 3HAYMMOE CHUMKEHME Kosnye-
CTBa NEMKOLMTOB Ha 17% B CpaBHEHUM C NOKA3aTENAMM B MHTAKTHOM
rpynne.

AHaNM3bl KPOBM KMUBOTHBIX BCEX OMbITHBIX TPYMM, NOMYYaBLIMX
HOBblE COeAMHEHUs, He 0BHAPYKMBAIN YMEHbBLLEHMA YNUCNA NENKO-
LIMTOB MO CPAaBHEHWIO C MHTAKTHOW rPYNnoii. 3TO CyLLEeCTBEHHbIN MO-
MEHT, NOCKO/IbKY He 3adUKCMPOBAHO JAe TeHAEHLUMM K YTHETEHUIO
NeikoumuTapHoro pocta (Tabn. 1). OgHaKo npu 3Tom B pedepeHTHOM
rpynne, nonydasweir MH, Haba04aN0Ch CTaTUCTUYECKM 3HAYMMOE
CHWXEHWE YPOBHA NEAKOLMTOB MO CPABHEHMIO M C ONbITHLIMM Tpyn-
namu.

ConocTaB/ifn NosyYeHHble Pe3yNbTaTbl NOKa3aTeNn KOAMYecTsa
3PUTPOLIMTOB B KPOBM S1abBOPATOPHbIX KUBOTHBIX OMbITHbIX FPyNM,
No/y4YaBLUMX NPOU3BOAHbIE TUEHONUPUAMHA U 1,4-AUTMAPOHUKOTH-
HaMWuZa, ¥ ero 3HayeHue y KpbIC MHTaKTHOW v pedepeHTHON rpynn,
MOHO 3aMETMTb, YTO MCMO/Ib30BAHME HOBbIX COEAMHEHMIA HE NPUBO-
[UT K CTaTUCTUYECKM 3HAYMMOMY CHUMEHMIO KOIMYECTBA YKa3aHHbIX
(bOPMEHHBIX 31EMEHTOB KPOBY.

YpoBeHb remornobuHa B KpoBM KPbIC, MOTYYaBLUMX ABE HEAEM
06paseL, AZ023, He 0BHAPYKMBAET CTAaTUCTUYECKMN 3HAUUMBIX PA3TNYMIA
C TaKOBbIM, 3aPErUCTPUPOBAHHbBIM HaMU Y KPbIC MHTAKTHOWM rpynnbi.

TpomboumnTapHOe 3BEHO KPOBM KPbIC TaKKe He NMOKa3asio CTaTu-
CTMYECKM 3HAUMMbIX M3MEHEHWI. MOMKHO YKa3aTb IMLLb Ha Hainume
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the research period. The study adhered to the GOST 33044-2014
"Principles of Good Laboratory Practice" (as approved by the Fed-
eral Agency for Technical Regulation and Metrology (Rosstand-
art), Order No. 1700-st dated November 20, 2014).

The bioethics commission of Lugansk State Medical Univer-
sity named after St. Luke approved the study, protocol No. 6 of
01.11.2021.

Nonparametric statistical methods were used for the anal-
ysis due to the small sample size and lack of normal distribution.
Descriptive analysis was conducted to determine the median
(Me) of the variation series. The Kruskal-Wallis method was ap-
plied to analyze the variance of the data obtained using the Kru-
skal-Wallis Test Calculator (https://www.statskingdom.com/kru-
skal-wallis-calculator.html), followed by post hoc analysis using
Dunn's criterion. The null hypothesis was rejected at p<0.05.

RESULTS AND DISCUSSION

The results of the studies and analysis of the resulting data
array revealed that leukopenia was recorded in animals of the
reference group (Table). A clinical analysis of the blood of rats
treated with MS for two weeks revealed a statistically decrease in
leukocytes by 17% compared to the indicators in the intact group.

Blood tests on the animals in all experimental groups that
received new compounds did not reveal any decrease in leuko-
cytes compared to the intact group. This is crucial because no
tendency to suppress leukocyte growth was observed (as shown
in Table). On the other hand, the reference group that received
MS showed a statistically significant decrease in the level of leu-
kocytes compared to the experimental groups.

After comparing the results of the number of erythrocytes
in the blood of laboratory animals from the experimental groups
that were administered thienopyridine and 1,4-dihydronicotin-
amide derivatives, with the values of the intact and reference
groups of rats, it can be inferred that the usage of new com-
pounds does not cause a statistically significant reduction in the
number of erythrocytes in the blood.

The hemoglobin level in the blood of rats that received the
AZ023 sample for two weeks did not show a statistically signifi-
cant difference from that of rats in the intact group.

The study did not find any significant changes in the plate-
let levels of rat blood. However, there appears to be a tenden-
cy for platelets in rats treated with MS to decrease by 7.6%.
This decrease is further pronounced in the 1,1,4-dihydropyr-
idines AZ383 and AZ331 and the thienopyridine AZ023. These
compounds appear to possess antiplatelet properties that can
be further explored through an increase in the number of ex-
perimental animals. The analysis of biotargets based on virtual
screening results suggests that the trends observed are likely
associated with their spectrum of activity. Additionally, a two-
week compound administration with laboratory code AZ420 did
not affect platelet levels in rats, as the levels remained similar to
those of the intact group.

Table 1 shows that the ESR indicator in the blood of both the
reference and experimental groups of rats did not change after
two weeks of intragastric administration of MS, as well as cyan-
othioacetamide derivatives with codes AZ383, AZ331, and AZ023,
compared to the intact group. However, the indicator tended to
increase only in the experimental group after the introduction of
AZ420.
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Tabnauya okazamenu KAUHUYECKO20 GHAU3A KPOBU KPbIC Nocse
08yxHedesnbHo20 8sedeHus 3-amuHomueHo[2,3-bjnupuduHos
u 1,4-duzudponupuduHos ¢ Haubosee sblpaxeHHOU

Table Blood analysis of rats treated with 3-aminothieno[2,3-b]
pyridines and 1,4-dihydropyridines for two weeks to assess
analgesic efficacy

QHaNb2eEMUYECKOU QKMUBHOCMbHO

p(H)
MH/MS WUHT/IA AZ383 AZ331 AZ023 AZ420
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6)
SpUTPOLMTE (x10%2/1) 5.0 53 5.1 5.1 5.3 5.4 :(j:(éi
12 U
RBC (x10'/1) e
111.5 133.5 119.0 119.0 129.5 115.5 =0.223
femornobuH (r/n) ~
Hemoglobin (g/I) H=6.97
df=5
3.4 4.4 5.1 5.0 4.8 4.8 =0.008
NeikouuTe! (x10/a) p,=0.010 p,<0.001 p,=0.006 p,=0.005 p,=0.030 H=15.7
e p,>0.05 p,>0.05 p,>0.05 p,>0.05 df=5
p,>0.05 p,>0.05 p,>0.05
p,>0.05 p,>0.05
p.>0.05
Toom6ouuTs! (x10°/7) 222.0 236.0 214.0 208.0 212.0 211.0 ;(_)28:;(7)
5 =2.
Platelets (x10%/1) dfes
CO3 (Mm/u) 2.0 2.0 2.0 2.0 2.0 2.5 =0.476
ESR (mm/h) e
df=5

MprmeyaHua: p — CTaTUCTMYECKaRA 3HAYMMOCTb Pa3NMuMiA NOKa3aTeNel NP1 MHOXEeCTBeHHOM cpaBHeHMM (no H-kputepuio Kpyckana-Yonnuca); post-hoc: p, — ctatuctuye-
CKaA 3HAaYMMOCTb Pa3/NuMiA NOKa3aTeNe Mo CPaBHEHMIO C MBOTHBIMY, TAe MCNoNb30Banca MH; p, — CTaTUCTNYeCKaA 3HAYMMOCTb Pa3animid NoKasaTeneli No CPaBHEHMIO C
WMHTaKTHBIMM WBOTHbIMM (MHT); p, — CTaTUCTU4YECKas 3HAYMMOCTb PasnnumMid NoKasaTeneli C 3KUBOTHbIMM, Y KOTOPbIX NpUMeHANcA AZ383; p, — CTaTUCTMYECKaA 3HAYMMOCTb
pa3nnumii nokasatenelt C XKMBOTHBIMK, Y KOTOPbIX NpUMeHanca AZ331; p, — CTaTUCTMYECKaA 3HaYMMOCTb Pa3IMUMi NOKa3aTeNeld C MBOTHBIMM, Y KOTOPbIX NPUMEHANCA
AZ023 (post-hoc — no kputepuio laHHa)

Notes: p —the significance of differences for multiple comparisons was analyzed using the Kruskal-Wallis H test followed by Dunn's post-hoc test: p — statistical significance of
differences in indicators; p, — statistical significance of differences in indicators compared to animals treated with MS; p, — statistical significance of differences in indicators
compared to intact animals (IA); p, — statistical significance of differences in parameters with animals in which AZ383 was used; p, — statistical significance of differences in

parameters with animals in which AZ331 was used; p, — statistical significance of differences in parameters with animals in which AZ023 was used

TEHAEHLMW CHUXKEHWA KONUYECTBA TPOMOOLMTOB B KPOBM KpbIC, NO-
Nyyaslmnx MH Ha 7,6%. B To e Bpems, Kak BUAHO W3 Taba. 1, 1,4-au-
rmaponupugnibl AZ383 n AZ331, a Takke TmeHonupuanH AZ023
06HapYKUBAKOT TEHAEHLMM K CHUNKEHMIO YMCIA TPOMOOLMTOB B eLé
6onbLueit cTeneHn. BepoaTHO, CTAaTUCTUYECKM 3HAYMMble M3MEHEHUA
MOXHO NOAYYUTb NPU YBEANYEHUWN KOMYECTBA SKCNEPUMEHTANbHbIX
KMBOTHbIX. BbliBNEHHble TEHAEHLMMN, BEPOATHO, CBA3AHbI C HAMUK-
€M B CMEeKTPe MX aKTUBHOCTW aHTUArperaHTHbIX CBOMCTB, HA YTO eCTb
YKa3aHuA Npu aHanuse bomuLLeHel No pesynsTaTam BUPTYanbHOrO
OMOCKpUHUHTA. [1ByXHeAeNbHOe BBeLEHWE CoeauHeHs ¢ nabopatop-
HbIM Wndpom AZ420 KpbicamM COOTBETCTBYIOLLEN OMbITHOWM rPynMbl
TaK¥Ke He 0TPa3nIoCh Ha YPOBHe TPOMOOLMTOB, MOCKO/IbKY OH OCTas-
€A BNM3KMM 3HAUEHMAM Y KPbIC MHTAKTHOM pynmbl.

Mccnesyemblii nokasatenb CO3 B KPOBU KpbIC pedepeHTHOMN u
OMbITHBIX FPYNM, KaK BUAHO U3 Tabn. 1, He NpeTepneBaeT UIMEHEHUN
yepes Age HeflesM NOC/Ie BHYTPUracTpanbHOro eeeaeHna MH, a Tak-
e NPOoM3BOAHbIX LiMaHoTMOoaLeTammnaa ¢ wudpamu AZ383, AZ331 n
AZ023 B cpaBHEHWUM CO 3HAYEHUEM Y KPbIC MHTAKTHOW rpynnbl. Jnwb
B OMbITHOW rpynne nocne seeaeHna AZ420 oH MMeN TEHAEHLMIO K No-
BblLUEHMIO.

K orpaHuyeHusam npoBeAEHHbIX WCCAeLOBaHUI cheayeT
OTHECTM OTCYTCTBME WCCAeA0BaHWA MNOKasaTenei pasBEépHyTOM
nenKounuTapHoi Gopmynbl, YTO He NO3BOAAET CYAUTb O HaNUUUK
KaKWX-1MbB0 OTAENbHbIX U3MEHEHWI BCNEACTBME NPUMEHEHWUA CUH-
Te3MpoBaHHbIX BewecTs. [103TOMy AaHHbIM acnekT TpebyeT Aanb-
HeliLwero nsyyeHus.

It is important to note that the conducted studies had some
limitations. The detailed leukocyte formula was not studied,
which makes it difficult to determine any individual changes due
to the use of synthesized substances. Therefore, further research
is required to address this aspect.

CONCLUSION

Studies conducted on the hematotoxicity of the original
thienopyridine and 1,4-dihydropyridine derivatives, such as
AZ023, AZ331, AZ383, and AZ420, which possess notable anal-
gesic and anti-inflammatory properties, have shown promise in
their preclinical development. These compounds could potential-
ly be used to develop new and highly effective agents for treating
pain and inflammatory syndromes of varied origins and intensity.
Unlike the reference drug, the test compounds do not cause leu-
kopenia. However, derivatives of 1,4-dihydropyridine with codes
AZ383 and AZ331 and thienopyridine AZ023 tend to reduce plate-
let counts, possibly due to their antiplatelet properties. Never-
theless, further research is necessary to confirm this ability with
more experimental animals.
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3AK/NIOYEHUE

Takum 06pa3om, NPOBEAEHHbIE UCCIEA0BAHUA TEMATOTOKCUY-
HOCTV OPUMMHANbHbIX MPOW3BOAHbIX TUEHONWUPUAWHA U 1,4-aurvapo-
nupuamHa AZ023, AZ331, AZ383 n AZ420 c Bbipa)KeHHOM aHasbre-
TUYECKOW M NPOTUBOBOCMANIUTENIbHOW aKTUBHOCTBIO B XPOHUYECKOM
9KCNepUMEHTe MOKa3asn NepcreKkTMBHOCTb UX AabHeWLen [OKN-
HUYeCKOW Pa3paboTKM C Lesblo BbiABNEHWUS B ByayLiem HOBbIX Bbl-
COKO3QdEKTUBHBIX M Be3onacHbIX cpeacTs Ans GpapmaKoKoppeKLmm
60n1eBoro 1 BOCNaAUTENbHOrO CUHAPOMOB Pa3/INYHOMO reHesa M UH-

TEHCUBHOCTM. Mccnepyemble COEANHEHNS He BbI3bIBAOT SIEAKOMNEHUH,
B OT/IMYME OT NpenapaTa cpaBHeHWs. MponssogHble 1,4-aurnaponu-
puavHa ¢ wudpammn AZ383 n AZ331, a Takke TMeHonupuanH AZ023
06HAPYKMBAIOT TEHAEHLMIO K CHUMKEHMIO YMcia TPOMBOLUTOB, YTo,
NPeAnNONOKNUTENbHO, CBA3AHO C aHTUArPEraHTHbIMM CBOMCTBAMM COe-
OMHEHW. Ho ana oKasaTeNbeTBa AaHHOW CNOCOBHOCTM He0bX0AMMO
NPOAOMKUTb UCCNELOBAHMA C BObLIMM KOMYECTBOM 3KCNEPUMEH-
Ta/IbHbIX }KUBOTHbIX.
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