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AHHOTAIIUA

B HacTos11€e BpeMsI TOMCK HOBBIX BHICOKO3Gb(MEKTUBHBIX 1 6€30MaCHBIX CpeZIcTB hapMakoTepanuu 3a601eBaHuH, CO-
MTPOBOK/IAIOIIMXCS OOJIEBBIM CUHIPOMOM, SIBJISIETCS aKTyaJIbHBIM HAIllpaBJIEHHEM COBPEMEHHBIX (DapMaKOJIOTUUECKHUX HC-
cJIeJOBaHUM.

CuHTe3upOBaHHbIE Ha Ga3e HAYUHO-HCCIIENOBATENbCKOU Jiabopatopun «XuMakce» (JIyraHCKHH rocyaapcTBEHHBIN
yHUBepcuTeT UM. Biiagumupa Jlasist) 170 HOBBIX POU3BOAHBIX JIU- U TETPATUPOTTUPUANHOB OBLIN TIO/IBEPTHYTHI BUPTY-
aJIbHOMY OMOCKPUHUHTY C HCIIOJIb30BaHUEM KOMILIEKCa IPOrpaMMHOTo obecnieuenus: Swiss Target Prediction. B craThe
OIHCAHbI CKPUHUHTOBBIE UCCIIEZIOBAHUS IN VIV0 5 00pa3II0B CEPOCO/IEPIKAIIUX TU- U TETPATrHAPOIIUPUIMHOB (JtabopaTop-
uble mudps d02-138, as-262, f02-079, cv-074, cv-143) B KJIACCUYECKOM TECTE TOPsUEH MIJIACTUHBI B CPaBHEHUH ¢ pede-
PEHTHBIM IIPENApaToOM — METaMU30JI0M HaTpusi. COeIMHEHHS BBOAMIN BHYTPHKEIY0YHO B I03€ 5 MT/KT 32 1.5 4 /IO TI0-
MeIIeHH KPBIC Ha TOPAYYIO IUIACTHUHY, IIPEapaT CPaBHEHUS — TAKXKE 3a 1.5 U /[0 TIOMEIIEHHUS Ha TOPSAYYIO0 IUIACTHUHY, BHY-
TPUIKEJIYZIOUHO, B ZI03€ 7 MI/KT.

MakcuMasbHO BBIPAXKEHHOU aHAJIbIeTHYECKOU aKTUBHOCTBIO B JI03€ 5 MI'/KI' 00J1a/1al0T 06pasibl ¢ 1abopaTOPHBIMU
mudpamu as-262 (awmn 6-({2-[(4-aneTrideHnT)aMIHO |-2-0KCOATHII F THO)-5-IIHaHO-4-(2-Dypri1)-2-MeTHUI-1,4-AUT U/ -
ponupuanH-3-kapbokcunat) u do2-138 (artuin 4-[({[3-1uano-5-{[(2,4-auruapodennn)amMuHo JKapooHuI t-4-(2-bypui)-
6-MEeTHUJI-1,4-TUTU/IPOITHPUIUH-2-HJI | THO falleTHI)aMUHO |0eH30aT), KOTOPhIe OKa3aJIuch B 2.03 U 1.9 pa3a COOTBETCTBEH-
Ho 3 dekTHBHEee MeTaMu30J1a HaTpusi. OcTajbHbIe TPU 00pasiia MOKa3aju aHAJOTHYHYI0 MeTaMe30J1y HaTpus 60s1eyTo-
JISTIOIIYI0 aKTUBHOCTb.

Karwueswle caosa: cepocozepKamye Ju- U TeTPparuipornupuinobl, aHaJIbreTudyeCcKasd aKTUBHOCTb.

ABSTRACT
Nowadays the search of new high-efficiency and safe drugs for the pharmacotherapy of diseases accompanied by pain
syndrome is an active area of modern pharmacological research.
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170 new derivatives of di- and tetrahydropyridines synthesized on the basis of the Chemex Research Laboratory, Vlad-
imir Dahl Lugansk State University were exposed to the virtual bioscreening using the Swiss Target Prediction software.
The paper describes screening studies in vivo of 5 samples of sulfur-containing di- and tetrahydropyridines (laboratory
codes do2-138, as-262, f02-079, cv-074, cv-143) in the standard hot plate test in comparison with the reference drug —
metamizole sodium. The compounds in the dose of 5 mg/kg were given intragastrically 1 hour and a half before placing the
rats on the hot plate, the reference drug in the dose of 7 mg/kg also was given intragastrically 1 hour and a half before plac-
ing the rats on the hot plate.

The compounds with laboratory codes as-262 (allyl 6-({2-[(4-acetylphenyl)amino]-2-oxoethyl}thio)-5-cyano-4-
(2-furyl)-2-methyl-1,4-dihydropyridine-3-carboxylate) and do2-138 (ethyl 4-[({[3-cyano-5-{[(2,4-dichlorophenyl)
amino]carbonyl}-4-(2-furyl)-6-methyl-1,4-dihydropyridine-2-yl]thio}acetyl)amino]benzoate) possess the most
pronounced analgesic activity in the dose of 5 mg/kg, they demonstrated 2.03 and 1.9-fold efficiency in comparison
to metamizole sodium respectively. The rest three specimens demonstrated metamizole sodium-like analgesic acti-

vity.

Keywords: sulfur-containing di- and tetrahydropyridines, analgesic activity.

BBE/JIEHHME

B coBpeMeHHOW KJIMHUYECKOW IPAKTHKE pac-
MIPOCTPaHEHHOCTh H60JIEBOTO CHUHAPOMA Upe3BbIUaii-
HO BeJINKA, YYUThIBas MHOTOYUCJIEHHbIE U PAa3HO-
IUTAHOBBIE ATHOJIOTUUYECKHE IPUYHHBI, €0 BHI3bIBA-
omue [1—4]. dxkcneptsl BO3 coobiiatoT, 94T0 90 %
Bcex 3a00JIeBaHUM CBA3aHBI ¢ 60J1b10. COBpeMeHHbIe
HCCIIEZIOBATEIA OCYIIECTBIISIOT ITOUCK HOBBIX METO-
JI0B  00e300JIMBaHUs, ITOCKOJIPKY IPAKTHKYIOIINE
Bpaud pa3JIUYHBIX CIEIUATIbHOCTEN €XKeTHEBHO
CTAJIKUBAIOTCS C MTOTPEOHOCTHIO KYyIIUPOBaHUs 60s1e-
BOro cuH7IpoMa [5]. B aHecTe3H0I0THYecKOr Tpak-
THKe, HapsAy C HEMOCPEICTBEHHBIM 3 (MEKTUBHBIM
u 6e30macHbIM 00e300JIMBAaHUEM XHUPYPTUUECKOTO
BMeIIIaTe/IbCTBA, Ba’KHO OCYIIIECTBUTH IIPEBEHTHB-
HYI0 aHQJIBTE3UIO U OJIATONPUATHOE TeUeHUe ToCIe-
OTIepAIIMOHHOTO Ieprosa [6].

[MpuHMMasi BO BHUMaHUE Ha/IMYKe 3HAUYUTEJb-
HOTO KOJIMYECTBA PasHOOOPA3HBIX MOOOUHBIX 3(-
(heKTOB y IpUMEHSIEMbBIX B HACTOSIIEE BPEMS B KJIU-
HUYECKOU MMPAaKTUKe HECTEPOU/IHBIX TPOTUBOBOCIIA-
JIUTEJIBHBIX CPEJICTB, MOUCK HOBBIX BBICOKOA(bdEK-
TUBHBIX U 0€30IacHBIX CPECTB (apMaKOTepaIru
BOCIIAJINTETLHBIX 3a00JIEBAHUY SIBJISETCS AKTyasIb-
HBIM HAIlpaBJIEHHEM COBPEMEHHBIX (hapMaKOIOTH-
YecKuxX HcceoBaHui [7—10]. Ocobblii MHTEpeC B
HaCTOsIITlee BPeMsI MIPEZCTABIIAIOT POU3BOIHBIE ITH-
a”HoTHOAaIeTaMKAa, 00JIafatoNe BHICOKOM aKTUB-
HOCTBIO B OTHOIIIEHUH BUPYCOB KJIEIEBOTO SHIeDa-
smmta v [ToBaccaH [11], a Tak’ke BBIpasKEHHBIMH ITPO-
THUBOBOCIAJIUTEIBHEIM [12] 1 aHasenTruyeckuMm [13]
addexramu, alanTOreHHBIM JieHcTBUEM [14] 1 yme-
perHO# aHTH-BMY-akTHBHOCTBIO [15]. DTH coemu-
HEHUS MOTYT UCIIOJIb30BAThCA JIJIsI MHTUOUPOBAHUS
ayToTakcuHa [16] 1 yrHeTeHusi ob6pa3oBaHus OeTa-
aMUJIOHHOTO ITenTuaa [17].

INTRODUCTION

In current clinical practice the prevalence of
pain syndrome is extremely high taking into consid-
eration numerous and diverse etiological causing it
[1—4]. WHO experts report that 90% of all the dis-
eases are associated with pain. Present day re-
searchers are searching for new analgesic tech-
niques since medical practitioners of various spe-
cialties meet the necessity of pain management ev-
ery day [5]. In practice of anesthesia it is important
to control the preventive analgesia and favorable
course of postoperative period alongside with di-
rectly effective and safe anesthesia of surgical inter-
vention [6].

Taking into consideration the presence of signifi-
cant number of various side effects in non-steroidal
anti-inflammatory drugs applied in the clinical prac-
tice nowadays, the search of highly effective and safe
drugs of inflammatory disease pharmacotherapy is
the active area in current pharmacological research
[7—10]. The derivatives of cyanothioacetamide pos-
sessing high activity with respect to tick-borne en-
cephalitis and Powassan viruses [11], as well as pro-
nounced anti-inflammatory [12] and analeptic [13]
effects, adaptogenic effect [14] and mild anti-HIV-
activity [15] are of particular interest nowadays.
These compounds can be applied for autotaxin inhi-
bition [16] and beta-amyloid peptide formation sup-
pression [17].

Synthesized on the base of Chemex Scientific
Laboratory (Vladimir Dahl Luhansk State Univer-
sity) 170 new derivatives of di- and tetrahydropyri-
dines were subjected to virtual bioscreening using
the complex od software Swiss Target Prediction,
developed by scientists from Swiss Institute of Bio-
informatics  (http://swisstargetprediction.ch/in-
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Fig. 1. Structural chemical formulas of studied sulfur-containing di- and tetrahydropyridines derivatives

CuHTEe3UpOBaHHBIE HaMMU Ha 0ase HAyIHO-
HCCIIeTOBATENBCKON abopaTopun «XuMakce» (JIy-
TaHCKUU TOCYJIJapCTBEHHBIN YHHBepCUTET UM. Bia-
qumvupa Jlaas) 170 HOBBIX IIPOU3BOHBIX - U Te-
TParUPOIUPUANHOB OBLINA IOJBEPTHYTHl BUPTY-
aJIbHOMY OWOCKPUHUHTY C HCIIOJIb30BAHUEM KOM-
IJIeKca IporpaMMHOr0 obecreueHust Swiss Target
Prediction, paspaboTraHHOTO y4eHBIMH  Swiss
Institute of Bioinformatics (http://swisstargetpre-
diction.ch/index.php), on-line pecypcos: Online
SMILES Translator and Structure File Generator
(U.S. National Cancer Institute; https://cactus.nci.
nih.gov/translate/), OPSIN: Open Parser for
Systematic IUPAC nomenclature (University of
Cambridge, Centre for Molecular Informatics;
https://opsin.ch.cam.ac.uk/) [18].

OtobpaHHbIE ¢ TIOMOIIBI0 TPOTPAMM BUPTYaJIb-
HOro OMOCKPHHMHTA IATh 00pa3IoB ceEpPOCo/iepsKa-
IUX V- U TETPAruAPONUPUUHOB SBJISIOTCS HaW-
0oJiee TEPCIEKTUBHBIMU, C YUETOM IIpe/IoJiarae-
MbIX OMOMUIIIEHEHN TSI (hapMaKOKOPpeKIuu 6oJie-
BOro cuHapoMa. Ux xumuueckue GOpMYJIbI MPEJ-

dex.php), on-line resources: Online SMILES Trans-
lator and Structure File Generator (U.S. National
Cancer Institute; https://cactus.nci.nih.gov/trans-
late/), OPSIN: Open Parser for Systematic IUPAC
nomenclature (University of Cambridge, Centre for
Molecular Informatics; https://opsin.ch.cam.ac.
uk/) [18].

Five sulfur-containing di- and tetrahydropyri-
dines specimens selected by means of virtual bio-
screening software are the most promising ones con-
sidering the supposed biotargets for therapy of pain
syndrome. Their chemical formulas are represented
in Fig. 1. The compounds are recommended for fur-
ther preclinical trials in the experiments with lab
animals for the analgesic activity study.

Before then the experimetal studies on the acute
oral toxicity of compound with similar chemical
structure have been conducted [19]. The advantage
of the entire class of synthesized and studied cya-
nothioacetamide derivatives is their affiliation
with low toxicity compounds (5 toxicity class,
LD_, = 5000 mg/kg).

Journal homepage: http://jsms.ngmu.ru
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ctaByieHbl Ha puc. 1. CoeTUHEHUs] PEKOMEH/YIOTCS
JUISL JAJIbHEHINNX JOKJINHUYECKUX UCCIeJOBAaHUN B
OTIBITAX Ha JIAOOPATOPHBIX KUBOTHBIX 10 U3YUEHUIO
aHAJIBIE€TUYECKOI aKTHUBHOCTH.

Panee HaM¥ OBLTH IIPOBEIEHBI DKCIIEPUMEHTAITb-
HbIE UCCJIEIOBAHUS 10 UBYUEHUIO OCTPOI TIEPOPATh-
HOH TOKCHMYHOCTH COEJMHEHHH CXOJHOH XUMHYe-
CKOU CTPYKTYpHI [19]. [IpenMyIimecTBOM BCETO Kjiac-
ca CUHTE3WPOBAHHBIX HAMU U UCCIIEAYEMBIX TTPOU3-
BOJTHBIX ITUAHOTHUOALIETAMU/IA SIBJISIETCS UX IIPUHA-
JIEKHOCTh K MAJIOTOKCHUYHBIM COeAUHEHUAM (5-H
KJ1ace TOKCHYHoCTH, LD, | > 5000 MT/KT).

IHEJIb NCCJIEJOBAHUA

V3yueHre aHAIbIeTHYECKOH aKTHBHOCTH CHHTE-
3UPOBAHHBIX 00PA3I[0B HOBBIX MMPOM3BOIAHBIX CEPO-
COZIEpKAIIUX JU- U TETPArHIPONUPUIUHOB B KJIac-
cuyeckoM Tecte ropssueit miactusbl (hot plate) Ha
0eJIbIX KphIcaX.

MATEPUAJIBI 1 METO/1bI

DKCIIEpUMEHT IIPOBEZIeH Ha OeJIbIX 6eCTIOpPOTHBIX
KpbICax-caMI[aX MacCcou 220—250 T, IOJIyYeHHbIX U3
BuBapusa 'Y JIHP «Jlyranckuii rocysapcTBEHHBIN
MEJUIMHCKUH YHUBEpCUTET WMeHH CBATHUTEIS
Jlyku», B OCEHHe-3UMHUH Meproa B JabopaTopuu
kadeapsl GyHIaMEHTAIPHON U KIMHUYECKON dap-
MaKOJIOTUH IIPU CJIEAYIONUX YCIOBHSIX:

— PEKUM OCBEIIEHH: eCTECTBEHHBIH;

— TeMIlepaTypa OKpy»Kalolel cpepl: 22—24 °C;

— OTHOCUTEJIbHAS BJIAYKHOCTH BO3/IyXa: 40—50 %.

O6beM BBIOOPKH — 70 0COOEH, COTJIacHO pacye-
TamM omIadH-KaibKysasaTopa (https://medstatistic.
ru/calculators/calcsize.html) u pexomenmaruam
[20].

UccemoBaHusl MPOBOJUJIM B COOTBETCTBUH C
MpaBWIaMu JIAOOPATOPHON IMPAKTHUKH, YCTAHABJIH-
BaIOLUMU TPeOOBAHUA K JIOKITUHUYIECKUM HCCIIEJ0-
BaHusAM B PO (mpukasz MuHHCTEPCTBA 3paBOOXpa-
HEHUs U CONHAJIbHOTO pa3putus Poccutickoir Pepe-
panuu ot 23 aBrycra 2010 1. N© 708H), ¢ mpaBWIaMu
u MexIyHapoHBIMU PEKOMEeHIauuaMu EBpormeii-
CKO¥M KOHBEHIIUU IO 3aIUTE [TO3BOHOYHBIX KHUBOT-
HBIX, UCIIOJIb3YEMBIX B SKCIIEPUMEHTATIBHBIX HCCIIE-
JloBaHUSX (1997 T.).

JKcrepuMeHTaJIbHble TIpyIHNbl  (OPMUPOBAIU
METOZIOM CJIydaiiHoro otbopa. [lepes HauamoM sKc-
IIepUMeHTa Bee JJabopaTOPHbIE KUBOTHBIE TPOXOH-
JIM aJanTanyi B TedeHue 14 aHed. Kpbickl ObLIn
paszenensl Ha 7 Tpymm (1o 10 ocobell B KasKI0H):
KOHTpPOJIbHYIO (0e3 dapmakokoppekiuu), pede-
peHTHYIO (TpyIIia CpaBHEHU s — METaMHU30JI HaTPHsI)
U 5 OIBITHBIX TPYII IO KOJIMYECTBY UCCIIEAYEMBIX
CepocoiepKaIINX JIU- U TETPATUIPOIUPUIUHOB.

AIM OF THE RESEARCH

To study the analgesic activity of the synthesized
samples of new sulfur-containing di- and tetrahydro-
pyridines derivatives in the standard hot plate test in
white rats.

MATERIALS AND METHODS

The experiment was carried out in white outbred
male rats weighing 220—250 g received from the vi-
varium of the St. Luka Lugansk State Medical Uni-
versity during autumn-winter period in the labora-
tory of Fundamental and Clinical Pharmacology De-
partment in the following conditions:

— lighting mode: natural;

— temperature: 22—24°C;

— relative humidity: 40—50%.

Sample size is 70 individuals according to on-line
calculator computation (https://medstatistic.ru/cal-
culators/calcsize.html) and references [20].

The study was carried out in compliance with lab-
oratory practice principles establishing the require-
ments for preclinical studies in the Russian Federa-
tion (the order of the Ministry of Health and Social
Development of the Russian Federation of August
23, 2010, No. 708#), with the principles and Interna-
tional References of European Convention for the
Protection of Vertebrate Animals used for Experi-
mental or other Scientific Purpose (1997).

The experimental groups were formed by the
method of random selection. Before the experiment
all the lab animals had undergone the adaption for 14
days. The rats were divided into 7 groups (10 indi-
viduals in each one): the control group (without drug
therapy), the reference group (metamizole sodium)
and 5 experimental groups according to the number
of studied sulfur-containing di- and tetrahydropyri-
dines.

The analgesic activity was estimated in the hot
plate test based on behavioral reactions controlled by
supraspinal structures in response to pain stimula-
tion [21]. The animals were placed on the metal plate
heated up to 52°C (50—55 °C) on average, surround-
ed by the cylinder. The time from rats’ being placed
on the hot surface to the appearance of behavioral
response to the nociceptive stimulation as springs,
withdrawals, and licking the hind legs was recorded.
The animals in the control group were introduced 2
ml of 0.9% sodium chloride solution intragastrically.
As a reference drug for the reference group met-
amizole sodium was used (Analgin, Pharmstandard
JSC) in a dose of 7 mg/kg. The drug was introduced
intragastrically 1 hour and a half before rats’ being
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OrmpejieyieHHe aHAJIBIeTUUECKOH AaKTHBHOCTHU
IIPOBOJIUJIOCH B TeCTe TOPSTUEH IIJIACTUHBI, OCHOBAH-
HOM Ha TOBEJEHYECKUX PeaKIUAX, KOHTPOJIUpye-
MBIX CyIIPAaCIIMHAIBHBIMU CTPYKTYPAMU, B OTBET HA
OoJieBOe paszpaskeHue, coryiacHo [21]. YKuBOTHBIX
TIoMeIIaId Ha pa3oTPeTyIo B cpeHeM 10 52 °C (50—
55 °C) METa/UTHYECKYIO IUTACTUHY, OKPYKEHHYIO IT1-
JIMHAPOM. PerucTpupoBasiock BpeMsI ¢ MOMEHTA II0-
MeIleHHs Ha TOPSYYI0 MTOBEPXHOCTH /IO MOSBJIEHUS
IIOBEZIEHYECKOTO OTBETA HA HOIUIENTUBHYIO CTHMY-
JISILIVIO B BUJIE TIPBIXKKOB, OT/IEPTUBAHUI U 0OJIN3BI-
BaHUU 3aiHUX Jian. JKUBOTHBIM KOHTPOJIbHOH IPyII-
IIBI BBOAWJIN 2 MJI 0.9% P-pa XJIOpU/ia HATPUSA BHY-
TPIKeJIyZIOUHO. B KauecTBe mpemnapaTta cpaBHEHUS
JUTs pedepEeHTHOM TPYIIIBI KPhIC MUCIOJIb30BAH Me-
tamuzon Hatpus (AHameruH, OAO «®apmcraH-
JlapT») B 7103 7 MT'/Kr. Ero BBOJIMUTM BHYTPHIKEITY-
JTOYHO 32 1.5 4 /10 IOMEIIeHHs KPBIC Ha IOBEPXHOCTD
ropsiued IiacTUHbL. [19Th 06pa3I0B OPUTHHATBHBIX
BHOBb CHHTE3MPOBAHHBIX CEPOCO/IEPKAIIUX U- U
TETParUIPOIUPUIUHOB BBOJIWJIM BHYTPIIKEITYI0U-
HO B JI03€ 5 MT/KT 32 1.5 4 JI0 TIOMEIIeHNs KPbIC Ha
ropsA4yio IacTuHy. Kputepruem anajapreTHuecKkoro
a¢ddeKrTa TPpUHAT KOJIMYECTBEHHBIN ITOKa3aTeab —
JIOCTOBEPHOE YBEJIWUYEHUE JATEHTHOTO IIEPHUOJA pe-
aKI[UU II0CJIe BBEJIEHNUS BEIlleCTBa.

ITosTomMy craTucTHUeckass 06paboTKa IOJIyYeH-
HBIX Pe3yJIBTATOB IPOU3BOIMIACH COTJIACHO [22, 23]
U 110 U3BECTHBHIM (HOpPMyJIaM U METOAAM MaTeMaTH-
YeCKOH CTAaTHCTUKHU, XapaKTEepPU3YIOUUM KOJIMUe-
CTBEHHYI0O W3MEHYUBOCTh IIPUHATOTO KpPUTEpUs.
B mpomecce 06pabOTKH 3KCIIEPUMEHTATHHBIX JIaH-
HBIX OTIPEJEISIIUCD:

— cpenHee apudMeTHIECKOe BpEMEHU JTaTEHTHO-
ro IepHo/ia 10 Hauajia MPhIKKOB C IIOBEPXHOCTU T'0O-
psAYeil IIaCTUHEI a, C;

— [ucriepcust 3HAYEHUU O° BOKDPYT CpPEIHEro
apu@pMeTHIECKOro;

— CpeHEeKBaJIpaTUYECKOe OTKJIOHEHUE O}

— ko3¢ uruenT Bapuarun V.

JloCTOBEPHOCTH OTJIMYUI PACCUNUTHIBAIU 110 Me-
TOAy YWIKOKCOHA, B CPaBHEHUM C KOHTPOJIbHOM
TPYIIOH KUBOTHBIX.

PE3YJ/IBTATDBI 1 OBCYKJIEHNE

PesynbpTaThl MCCIETOBAHUUN aHAJIBIeTHUYECKOU
AKTUBHOCTHU MATH OPUTUHAJILHBIX, BHOBb CHUHTE-
3UPOBAHHBIX CEPOCOIEPIKAIIUX JIU- U TETPATHAPO-
MMAPUTUHOB B TECTE TOPsYell IJIACTHHBI IIPeJCTaB-
JieHbl B Ta0J1. 1. Ha ocHOBe aHaA/IM3a JaHHBIX, TPE/T-
CTaBJIEHHBIX B Ta0J1. 1, BpeMs JI0 Hadasa MOIIPhI-
TUBAaHUH C TOBEPXHOCTU TOpSYEH IJIACTUHBI Y
KpbIC KOHTPOJIBHOM TIpPyIIBI cocTaBuyo 18.3 c.
[IpenBapuTesibHOE BBEJlEHUE HEHAPKOTHYECKOIO

placed on the hot plate surface. Five original newly
synthesized samples sulfur-containing di- and tetra-
hydropyridines were introduced intragastrically at a
dose of 5 mg/kg 1 hour and a half before rats’ being
placed on the hot plate surface. The indicator of an-
algesic effect is considered a quantitative index — the
reliable increase of latency after the substance injec-
tion.

Therefore, the statistical processing of obtained
data was performed according to [22, 23] both well-
known formulas and methods of mathematical sta-
tistics defining quantitative variability of the as-
sumed indicator. In experimental data processing
were defined following:

— the arythmetical mean of latency before the
start of springs from the hot plate surface q, s;

— 0? value variance around the average mean;

— standard deviation o;

— variation coefficient V.

The significance of differences was calculated ac-
cording to Wilcoxon signed-rank test in comparison
with the control group of animals.

RESULTS AND DISCUSSION

The data of analgesic activity study of original
newly synthesized sulfur-containing di- and tetra-
hydropyridines in the hot plate test are represented
in Table 1. Based on data analyses represented in
Table 1 the time before the beginning of springs off
the hot plate surface is 18.3 s in the rats of the con-
trol group. The preliminary injection of metamizole
sodium 1 hour and a half before rats’ being placed in
the hot plate demonstrates the longer latentcy be-
fore nociceptive impulse arises as much as 79.78%
and is 32.9 s. It confirms the presence of marked
analgesic effect in the range of pharmacological
drug activity.

In the animals of five experimental groups receiv-
ing various samples of partially hydrogenated pyri-
dines containing benzocaine fragment in their struc-
ture, the increased time before the beginning of the
springs over the heated up metal plate surface is re-
corded, that proves the demonstration of antinoci-
ceptive activity exceeding the one in metamizole so-
dium (Fig. 2). It is evident from Fig. 2 that tetrahy-
dropyridines with the codes fo2-079 and cv-143
demonstrated the values of latency of animals’ stay-
ing on the hot plate being similar to same values in
the reference group.

It has been revealed that 1,4-dihydrothiopyridine
with lab code cv-074 increases nearly 2-folds the
time before the beginning of the springs over the
heated up metal plate surface in the rats of the cor-
responding experimental group in comparison with
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Ta6uuna 1. /[ucriepCHOHHBIN aHAIU3 IOKa3aTeslel aHAIbIeTUYeCKONH aKTUBHOCTH

(110 IUTEIBHOCTH JIATEHTHOTO ITEPHO/Ia IPeObIBAHNA JKUBOTHBIX HA TOPAYEH IIaCTHHE) BHOBb

CHHTE3UPOBAHHBIX CEPOCOIEPKAIINX IM- U TETPATH/[POIUPUINHOB B IMHAMUKE TIOBBIIIEHUS 3D (PEKTUBHOCTH

Table 1. Analysis of variance of the analgesic activity values (according to the latency of the animals’ being placed on the
hot plate) of newly synthesized sulfur-containing di- and tetrahydropyridines in the dynamics of effectiveness increase

Cpennee apudme-

I'pymnna :KuBOTHBIX THUYECKOE a, C

KoaddunuenT

CpenHekBapaTIye- Bapuatm V

Hucnepcus o®
CKOE OTKJIOHEHUE O

Animal group Arithmetical Variance 02 Standard deviation o Variation
mean a, ¢ coefficient V'

1. KorTpospHasa 18.3 38.7 6.2 33.9

(2 M1 0.9% p-pa xJI0puzia HATPHA)

Control

(2 ml 0.9% sodium chloride solution)

2. CpaBHeHUs (METATN30JI HATPUs, 7 MT/KT) 32.9 154.9 12.4 37.8

Reference (metalizole sodium, 7 mg/kg)

3. f02-079 (5 mr/kr) | (5 mg/kg) 34.8 178.2 13.3 38.4

4. cv-143 (5 mr/xr) | (5 mg/kg) 35.7 29.0 17.0 47.7

5. cv-074 (5 mr/xr) | (5 mg/kg) 39.7 117.1 10.8 27.3

6. do2-138 (5 mr/kr) | (5 mg/kg) 62.6 908.0 30.1 48.1

7. as-262 (5 mr/kr) | (5 mg/kg) 66.8 392.2 19.8 20.6

aHaJIbTeTHKA METaMU30J1a HAaTPHUS 3a 1.5 U 70 I0-
MeIIeHUs KPBIC HAa PA30TPETYIO IJIACTHHY OKa3bI-
BaeT yBeJMUYeHHe JIATEHTHOTO IIEpUOJia [0 BO3-
HUKHOBEHHUS HOI[MIIENITUBHOTO HMIIyJibca Ha
79.78 % u cocTaBisieT 32.9 . ITO MOJATBEPKAAET
HaJINYKE BHIPAXKEHHOTO O0JIeyTosIso1Iero 3ddek-
Ta B CIeKTpe (HapMaKOJIOTUUECKOW aKTUBHOCTHU
Ipernapara.

VY KUBOTHBIX HATH ONBITHBIX TPYIII, MOJyYaB-
IIUX pas3juvHble 00pa3Ibl YaCTUUYHO TUPUPO-
BaHHBIX IUPUINHOB, COAEPIKAIINUX B CBOEH CTPYK-
Type aHEeCTEe3WHOBBIN (pparMeHT, 3aperucTpupo-
BaHO yBeJMYeHHE BPEMEHU /10 Haudaja IMOJIPhI-
TUBAaHUH HAJ MOBEPXHOCTHIO Pa30TPETOU MeETas-
JINUECKOH IJIACTHUHBI, YTO IMOATBEPIKAAET IPOSB-
JleHWue AaHTUHOLUIENTUBHONH aKTUBHOCTH, IIpe-
BOCXO/SIIE TAKOBYI0 y MeTaMU30Jia HaTpUsi
(puc. 2). Kak BUHO U3 puc. 2, TETParupONUpHU-
IoOHBI c JjtabopartopHbiMu mudpamu f02-079 u
CV-143 TOKa3a/J i 3HAYEHUs JIJINTEJIHHOCTH Jia-
TEHTHOTO IIepUuojia NpeOBIBAHUA KUBOTHBIX Ha
ropsiueil IJIaCTHHE, AHAJIOTHUYHBIE TAKOBHIM B
rpyIe CpaBHEHUS.

BrisiBII€HO, UTO 1,4-TUTUAPOTUONUPU/IHH C JIa-
6opaTopHBIM HMIUGPOM CV-074 YBEJIUUUBAET Bpe-
M [0 Hayaia HMOAUPBITUBAHUU HAJ MOBEPXHO-
CTHhIO PA30TPETON METAJIMUYECKOU IJIACTHHBI Y
KPBIC COOTBETCTBYIOIIEH OMBITHOMN I'PYIIIBI B CPaB-
HEHUHU C KOHTPOJBHOW mOouTH B JBa pasa (Ha
195 %). B cpaBHeHUH ¢ mokaszarensiMu B pede-
peHTHOU rpymme 3ToT obpaser 3G deKTUBHEE Me-
TaMM30J1a HATPUA HA 20.6 % 10 OoseyTossomen
aKTUBHOCTH.

the control one (by 195%). In comparison with the
reference group values this sample is more effective
than metamizole sodium by 20.6% according to the
analgesic activity.

According to analgesic activity force the com-
pounds do2-138 and as-262 are the leading ones
among the studied samples in the conducted test.

The animals in the experimental group receiving
1,4-dihydropiridine containing benzocaine fragment
in its structure (lab code do2-138) 1 hour and a half
before algogene injection with the preventive pur-
pose were defined by sudden significant increase
(3.4-fold) of latency of the simulated standard acute
pain syndrome while comparing with the same val-
ues in the rats of control group. If one compares the
considered value with the similar one in the refer-
ence group it has 1.9-folds overdrawing.

The sample with lab code as-262 demonstrated
the 3.7-fold increase of time of animals’ staying on
the surface of heated up metal plate from the ex-
perimental group in comparison to that in the rats
from the control group. In comparative analysis of
these values with the similar ones in rats from the
reference group the compound with lab code
as-262 proved to have 2.03-fold efficiency accord-
ing to analgesic activity if compared to metamizole
sodium.

Obtained data on the analgesic activity of five new
sulfur-containing di- and tetrahydropyridines verify
the presence of antinociceptive properties in the
range of pharmacologic activity. It agrees with the
data of virtual bioscreening. So, 1,4-dihydropiridine
with lab code do2-138 with a high probability can in-
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Fig. 2. Value of latency in the hot plate test in the animals of different groups

ITo cuyie aHAJIBIeTUYECKOW aKTUBHOCTU B IIPOBE-
JIeHHOM TecTe coemnHenus do2-138 u as-262 sSBJs-
IOTCS JTUAEPAMU CPEAH UCCIEAYEMBIX 00Pa3IOB.

JKMBOTHBIE OIBITHOW TPYIIBI, IOJIYJaBIINE C
NpOGWIAKTUYECKOH IEbI0 1,4-TUTUPOIUPHUIIH,
coZieprKaIuil B CBOEH CTPYKTYpe GparMeHT aHecre-
3uHa (;1aboparopusii mudp do2-138), 3a 1.5 4 10
BBEJIEHUS aJIbTOTE€HA, XapaKTePU30BAJIUCh PE3KUM,
JIOCTOBEPHBIM yBeJTMYeHHEM (B 3.4 pasa) JaTeHTHO-
rO IepuoJia MOJEJIUPYEMOTO HAMU KJIACCHYECKOTO
ocTporo 60JIEBOTO CHHAPOMA, B CDABHEHUU C AHAJIO-
TUYHBIM IIOKA3aTejieM Yy KPbIC KOHTPOJIBHOU TPYII-
nbl. Ecyiv cpaBHUBaTh paccMaTpUBaeMBbIH IOKa3a-
TeJIb C AHAJIOTUYHBIM B pepepEeHTHOH IPyIIIie, TO OH
IIPEBHIIIAET €0 B 1.9 pa3a.

OO6paser ¢ ytabopaTopHbIM MHU(PPOM as-262 IMO-
KazaJl yBeJIMUeHHE B 3.7 pa3a BpeMeHH NpeObIBaHUs
JKHBOTHBIX OIIBITHOH TPYIIIIBI HA IIOBEPXHOCTH Pa30-
TPETOU METAJUIMYECKOHN IIJIACTUHBI B CPAaBHEHHUU C
TAKOBBIM Y KPBIC KOHTPOJIbHOH rpynmbl. [Ipu cpas-
HUTEJIbHOM aHAaJIN3€ 9TUX [T0Ka3aTesel ¢ aHAJIOTHY-

fluence cyclooxygenase-2. Besides, the probable op-
portunity of its impact on cannabinoid receptors CB1
and CB2 is revealed that potentially increases the
probability of pain sensation elimination. Tetrahy-
dropiridines with lab codes cv-074 and fo2-079 can
bind with serotonin receptors (5-HT2A), cannabi-
noid receptors CB1 and CB2, sigma-opioid receptors,
as well as arachidonate-5-lipooxygenase. The data of
conducted bioscreening also indicate their potential
capacity to influence the metabotropic glutamate re-
ceptors type 5.

1,4-dihydropiridine with lab code cv-143 can have
the analgesic activity due to potential impact on
k-opioids and cannabinoid receptors CB1 and CB2.

The sample with lab code as-262 with a high
probability can bind to adenosine Ai-recetors. This
sample can possess valuable features of a potential
analgesic drug. It is a result of the impact on such
biotargets as cyclooxygenase-2, serotonin (5-HT2A),
dopamine receptors (D2 and D3) and phosphodies-
terase.
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HBIMU Y KpbIC peepEeHTHOU T'PYIIIbI COEJITMHEHHE C
J1abopaTopHBIM IU(PPOM as-262 0Ka3ajIoCh B
2.03 pasa a(pdexTrBHEE 110 HOJIEYTOJSIONIEH aKTHB-
HOCTH B CDAaBHEHUHU C METAMHU30JIOM HATPHS.

[TosyyeHHbIe HAMU B BKCIIEPUMEHTE PEe3yJib-
TaThI 110 AHAJIBTETUYECKON aKTUBHOCTH IIATU HO-
BBIX CEPOCO/IEPIKAIIUX TU- U TETPATUIPOTTH DU K-
HOB IOATBEPKJAIOT HAJIUUHNE B CIeKTpe ux dap-
MaKOJIOTUYECKOH aKTUBHOCTH AHTUHOIUIEIITHUB-
HBIX CBOWCTB. ATO COTJIACyeTCSA C JITAaHHBIMHU BUP-
TyasibHOTO OGuockpuHuHra. Tak, 1,4-IUTHAPOIIH-
punuH ¢ aboparopusm mudpom do2-138 ¢ BbI-
COKOU CTENEeHbI0 BEPOSATHOCTH CIIOCOOEH BO3JIeN-
CTBOBATh Ha IHUKJIOOKCUreHasy-2. Kpome Toro,
BBISIBJIEHA BEPOATHAS BO3MOXKHOCTH €T0O BJIUSIHUS
Ha kaHHaOuousHble pernentopsl CB1 u CB2, yto
MOTEHIIHAJIBHO YBEJIMUUT BEPOATHOCTh yCTpaHe-
HuA 00JIEBBIX OLyIIeHUN. TeTparugponupumoHbl
¢ sabopatopHbiMu mudpamu cv-074 u f02-079
MOTYT  CBSA3BIBATHCA C  CEPOTOHUHOBBIMHU
(5-HT2A) penenTopaMu, KaHHAOUOUHBIMU pe-
nentopamu CB1 u CB2, curma-onuouHbIMH pe-
IEeNTOPaMHU, a TaK¥Ke C apaxu/0HAT-5-JIUIOKCHU-
reHa3ou. Pe3ysibTaTsl MpOBEIEHHOTO HAMU BHD-
TyaJIbHOTO OMOCKPHHHUHTA TaK)Ke YKa3bIBAIOT Ha
UX TOTEHI[HMAJIbHYI0 CIOCOOHOCTh BO3JAEUCTBUSA
Ha MeTabOTPOIHBIE IITyTaMaTHbIE PELENTOPHI s~
TOTO THIIA.

1,4-TUTHAPOIUPUINH C JIAOOPATOPHBIM IIUd-
pOM cv-143 MOKeT 00JIalaTh aHATBTETHYECKON aK-
THUBHOCTBIO BCJIEJICTBHE MOTEHIIHMAIBLHOTO BIIMSHUSA
Ha Kalla-OIHOWIHbIE PEIeNTOPhl U KaHHAOWOU/-
Hble perentopsl CB1 u CB2.

O6paser ¢ 1a00paTOPHBIM MTUGPOM as-262 C BbI-
COKOU CTeIIeHbI0 BEPOSTHOCTH CIIOCOOEH CBA3BIBATH-
cs ¢ aZleHO3WHOBBIMH Al-perentopamu. JlaHHBIHA
obpasern MoKeT 00s1a7]aTh IEHHBIMU CBOWCTBAMU
MMOTEHITNAJIbHOTO aHAIBTETUYECKOTO CPEZCTBA. DTO
SIBJISIETCS CJIEICTBHEM BO3/EHCTBUS HA Takue OHo-
MUIIIEHH, KaK ITUKJIOOKCUTEHA3a-2, CEPOTOHHHOBBIE
(5-HT2A), nodpamunossie (D2 u D3) penentopsl u
docdommnacrepasa.

SAKJIIOYEHUNE

[IpoBesieHHBIE N VIVO UCCTIEOBAHUSA B TECTE TO-
psiueli IJIaCTUHBI IIATH HOBBIX CEPOCOIEPIKATIUX TH-
U TETPArUAPONUPUANHOB [TOKA3/IN HAJTUYNE MaK-
CUMAaJIbHO BBIPA’KEHHOH aHaIbIeTUUYECKOH AaKTUB-
HOCTH B JI03€ 5 MT/KT Y /IByX HUKEIPUBEJIEHHBIX CO-
eIMHEeHUH:

— as-262 (ammun 6-({2-[(4-anertundenuna)amu-
HO]-2-0KCOA3THUJI}THO)-5-THAHO-4-(2-Dypui)-2-
METHUJI-1,4-TUTHAPOTTUPUIHH-3-KapOOKCHIaT) (B
2.03 pasza 3¢ dpeKTHBHEE METAMHU30J1a HATPHs);

CONCLUSION

The study of 5 new sulfur-containing di- and tet-
rahydropyridines in the hot plate test carried out in
vivo demonstrated the presence of maximum pro-
nounced analgesic activity in a dose of 5 mg/kg in
two following compounds:

— as-262 (allyl 6-({2-[(4-acetylphenyl)amino]-2-
oxoethyl}thio)-5-cyano-4-(2-furyl)-2-methyl-1,4-di-
hydropyridine-3-carboxylate) (possesses 2.03-fold
efficacy vs metamizole sodium);

— do2-138 (ethyl 4-[({[3-cyano-5-{[(2,4-dichlo-
rophenyl)amino]carbonyl}-4-(2-furyl)-6-methyl-
1,4-dihydropyridine-2-ylJthio}acetyl)amino]benzo-
ate) (possesses 1.9-fold efficacy vs metamizole so-
dium).

The sample with lab code cv-074 (2-{[3-cyano-4-
(2-furyl)-6-o0x0-1,4,5,6-tetrahydropyridine-2-yl]
thio}-N-(2-methylphenyl)acetamide) demonstrates
the moderately marked analgesic activity. The sam-
ples with lab codes fo2-079 (2-{[3-cyano-4-(2-furyl)-
6-0X0-1,4,5,6-tetrahydropyridine-2-yl]thio}-N-(2-
ethylphenyl)acetamide) and cv-143 (allyl 5-cyano-6-
{[2-(diphenylamino)-2-oxoethyl}thio)-4-(2-furyl)-
2-methyl-1,4-dihydropyridine-3-carboxylate) dem-
onstrated the analgesic activity compared to the ef-
fect of reference drug application (metamizole so-
dium).

Conflict of interest. The authors declare no
conflict of interest.

— do2-138 (atun 4-[({[3-tmnano-5-{[(2,4-gurna-
podenusn)amuuo |kapOboHUI} -4-(2-bypus)-6-
METHJI-1,4-AUTUAPOTUPUTUH-2-HUJI | THO }AI[€TUII)
aMuHO6eH30aT) (B 1.9 pasa 3¢ deKTUBHEee METaMHU-
30J1a HATPHS).

YMepeHHO BBIPpAXKEHHYIO OOJIEYTOJIAIONIYI0 aK-
THUBHOCTH TPOSIBJSAET oOpaszer] ¢ ImudpoM cv-074
(2-{[3-1imano-4-(2-pypun)-6-okco-1,4,5,6-TeTpa-
TUAPONUPUANH-2-U | THO - N-(2-MeTrideHmI)are-
TaMupK).

AHAJIPreTHYECKYI0 aKTUBHOCTb, CPAaBHHMYKO C
a3 dexToM OT MpuUMeHeHUs Ipenapara-pedepeHTa
(MeTaMu30J1 HATPUSI), MPOABUIN 00pA3IBI C M-
pamu f02-079 (2-{[3-nmano-4-(2-pypu)-6-okco-
1,4,5,6-TeTparuApONUPUANH-2-UJI | THO }-N-(2-
sTUADEHNI)aneTaMuI) U cv-143 (aIui 5-1uaHo-6-
{[2-(mudeHUTaMHUHO)-2-0KCODTHUII|TUO }-4-(2-
bypun)-2-meTuN-1,4-TUTUPOTUPUTUH-3-
KapboKcuIaT).

KoH@MKT HHTEpPECOB. ABTODHI 3aABJIAIOT 00
OTCYTCTBUM KOH(JIMKTA HHTEPECOB.
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