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PE3HOME

AxtyansHocTb. [1n 9hheKTMBHON 1 6e30nacHO hapmakoTepanny BocnaneHns 1 6011 UCNonb3yTCa HECTEPOUAHbIE NPOTUBOBOCNAM-
TenbHble cpeacTsa (HMBC). Kak npaBuno, OHWU CHUXAKOT YPOBEHb racTpONpOTEKTOPHOro npocTarnadanHa E2 BcneacTeme MHrM6UPOBaHUs
uuknookcurerassl-1. Linnkocopepxailas monekyna-kangugar N-annunumupason-umkk (6uc(N-annunummiason)umHkanalerar) — nep-
CMEKTMBHbIA NPOTUBOBOCNANMTENbHBIA Npenapar, NOTeHLMaNbHO NNLIEHHBIA raCTPOTOKCUYHOCTMY.

Llenp: xemopeakToMHOe MOLeNMpoBaHmne papmakonorniecknx acpdektos N-annunmMmnaason-LUnHKa n LWHKOBbIX NPON3BOAHBIX N3BECTHbIX
HMBC (muknogeHak, HUMeCynuz, KeToponak) MetTofami TOMOM0rMYeCKOro aHanmuaa xeMmorpadooB YUCNEHHOr0 NPOrHO3MPOBAHUS B COX-
HbIX CUCTEMAX MPU3HAKOB.

Marepuan n meTogel. [IpoBeAeHo in Silico mofennpoBaHne Monekynbl-kanauaara N-annunummuaason-LyHka, cuHTesnposaHHoro 8 ®rbYH
UL «ApKyTcKin MHCTUTYT Xumum um. A.E. ®asopckoro Cubupckoro otaeneHns PAH» ¢ 1CNONb30BaHMEM KOHIMOMepaTa MeToL0B XeMo-
MH(OPMALMOHHOr0 aHan3a Moniekyn Hay4Hoii wkonsl HO.W. XKypasnésa. [JaHHble METOAbI BKIHOHAKOT TEOPUIO aHanm3a Xemorpados, MeTo-
[bl MPOrHO3MPOBAHNSA YUCIIOBbIX TAPreTHbIX NePEMEHHbIX, KOMOMHATOPHYIO TEOPUIO PA3PELUNMOCTU/PErynspHOCTI, TOMOSIOTMYECKNA METOL,
aHann3a aanHbix. OueHka hapMakonormyeckux BOSMOXKHOCTEl MOJIEKYT B PaMKax XeMOPEaKTOMHOI MeTOA00rM (HOBEIALLEro Hanpasne-
HUS NPUNOXEHUSA CUCTEM MALLMHHOMO 06Y4eHNs B 061aCTV NOCTFEHOMHOM (DapMakKonoruy) NpoBoauNIach NOCPEACTBOM CPABHEHUS XUMUYe-
CKOW CTPYKTYPbI MOMEKYN paLeTamoB CO CTPYKTYpamm MONeKy, Ans KOTOPbIX MOMEKYNAPHO-(PapMakonornieckne CBONCTBA U3y4eHbl C 1C-
NoNb30BAHNEM ANTOPUTMOB 0BYHYEHWS NCKYCCTBEHHOTO WHTENNEKTa Ha OCHOBE WHAopmauuu Tuna big data, npesctasneHHoi B 6as3ax
naHHbIx PubChem, HMDB, STRING, PharmGKB. Ha 0cHOBaHWUM BCEro KOMMEKCa pasnnyunii Mexay Mosiekynamm Bo B3auMoaencTBusx ¢ 6en-
Kamun-peLentopammn ans Kaxnaon Bbl4ucnanmu 6ann «npoTuBoLeNCTBAA 0XUPEHUIO» KaK NOPALKOBbIA HOMEP 3TOW MONEKYIbl NPU Yrnopsao-
4eHUKN N0 Y6bIBAHMIO 3HAYEHNI COOTBETCTBYHOLLNX XEMOPEAKTOMHbIX KOHCTaHT.
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Pe3ynbrartbl. Noka3aHo, 410 N-anninnnmnaason-UmHK MoXeT 0651aatb NPOTUBOBOCNANUTENbHbLIM AENCTBMEM, 00YCNOBNEHHBIM BIMSHUEM
Ha aKTUBHOCTb LIMTOKMHOB W, OTYACTW, Ha MeTabonM3m nNpocTarnaHaMHOB U NENKOTPUEHOB. Ero LeHTpanbHble 3ddheKTbl BECbMA CX0XMU
¢ acbchekTamu umHkocomepxalmx HIMBC. AHanbreTuyeckuit noteHuman N-annunumngason-LUnHKa 0CHOBAaH Ha MHIMOUPOBAHUN KIHUHOBbIX
MOATMNOB PELENTOPOB, a TakXe Ha cnabom 60KNPOBAHUM AKTUBHOCTY MACTAMUHOBBLIX PELENTOPOB M AHTUHOLMLENTUHOBLIX CBOCTBAX.
Morekyna MoXeT 0Ka3blBaTb 3aLLUTHOE BO3LECTBIE HA SNUTESTUI CIUSNCTOI XenyaKa 1 He yXyALlaeT CBONCTBA MyKO3a/IbHOr0 3aLLUTHOr0
€Nnos xenyaka. MokasaHo, 410 N-anannumnaason-unHK No CPaBHEHNO ¢ APYrMM COeUHEHUSAMI, BOLLEALIMMN B aHaNN3, B HaUMeHbLLUei
CTENeH) 0Ka3bIBAET HEraTBHOE BANSHIE HA METAB0M3M Pa3NNYHbIX BUTAMUHOB U MUKPOANEMEHTOB.

3akntoyenne. XeMopeakToMHoe NpodunmposaHie N-annunumMmaason-LUynHKa ykasbiBaeT Ha NepcrneKTUBbI ero NPUMEHeHUs Kak MpoTUBOBOC-
nanuTenbHOro npenapara.

KITHO4EBBIE CJI0BA

N-annunnmMmnaason-umnHK, LMHKOCoAepKaLline COeanHeHNs, NPOTUBOBOCNANNUTESbHbINA npenapar, no604Hble 3G deKTbl, XeMOUHGOpMATIKa,
(hapmakouH(opmaTIKa, MHTENNEKTYanbHbI aHANN3 AaHHbIX.
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SUMMARY

Background. Nonsteroidal anti-inflammatory drugs (NSAIDs) are used for effective and safe pharmacotherapy of inflammation and pain.
NSAIDs usually reduce the level of gastroprotective prostaglandin E2 due to cyclooxygenase-1 inhibition. The zinc-containing candidate
molecule N-allylimidazole-zinc (bis-(N-allylimidazole) zinc diacetate) is a promising anti-inflammatory drug, potentially devoid of gastrotoxicity.

Objective: chemoreactome modeling of the pharmacological effects of N-allylimidazole-zinc and zinc derivatives of known NSAIDs (diclofenac,
nimesulide, ketorolac) using topological analysis of chemographs of numerical prediction in complex feature systems.

Material and methods. In silico modeling of the candidate molecule N-allylimidazole-zinc synthesized at Federal Research Center “Favorsky
Irkutsk Institute of Chemistry” (Siberian Branch of Russian Academy of Sciences), was carried out using a conglomerate of chemoinformatic
molecule analysis methods of Yu.l. Zhuravlev scientific school. These methods include the theory of chemograph analysis, methods for
predicting numerical target variables, combinatorial theory of solvability/regularity, topological data analysis. Chemoreactome, pharmaco-
information and chemoneurocytological methods of analyzing the molecules properties are based on chemoreactome methodology, the
latest direction in the application of machine learning systems in the field of postgenomic pharmacology. The pharmacological capabilities of
molecules within chemoreactome methodology are assessed by comparing the chemical structure of racetam molecules with the structures
of molecules for which the molecular pharmacological properties have been studied using artificial intelligence learning algorithms based on
big data information presented in PubChem, HMDB, STRING, PharmGKB databases. Based on the entire complex of differences between
molecules in interactions with receptor proteins, the “anti-obesity” score was calculated for each as the serial number of this molecule when
sorting in descending order the values of the corresponding chemoreactome constants.

Results. It was shown that N-allylimidazole-zinc may have anti-inflammatory effect due to the influence on cytokine activity and, in part, on
prostaglandin and leuktriene metabolism. Its central effects are comparable to the effects of zinc-NSAIDs. The analgesic potential of
N-allylimidazole-zinc may be associated with the inhibition of kinin receptors, weak antihistaminic and antinociceptive properties. The
molecule may exhibit a protective effect on epithelial gastric mucosa and does not impair the properties of the stomach mucosal protective
layer. It has been shown that N-allylimidazole-zinc, compared to other compounds included in the analysis, has the least negative effect on
the metabolism of various vitamins and microelements.

Conclusion. Chemoreactome profiling of N-allylimidazole-zinc indicates the prospects for its use as an anti-inflammatory drug.
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OcHoBHble MOEHTb! ighights

Yr1o yxe u3BeCTHO 06 3Toil TEME?

» HecTepoupHbie npotuBoBocnanutenbHble cpepctsa (HMBC) cHumkaroT
YPOBEHb FraCTPONPOTEKTOPHOIO NpocTarnananHa E2, Hrnbupys LMKnook-
cureHasy-1, 1 NoAaBASIOT CUHTE3 NPOBOCNANNTENbHbIX NPOCTArNaHANHOB
NOCPEeLACTBOM NHIMOMPOBAHMS LNKIOOKCUTEHA3bI-2

» llcnonb3oBaHune KOMNNEKcoB «LUMHK-HIMBC» He BbI3bIBAET 3HAYNTENbHbIX
NOBPEXAEHUIA CN3UCTBIX XEeNyaKa U KNLWEYHUKA, HabN0[aTCs TONbKO
CnaboBbIpaXeHHbIE MUKPOMOBPEXAEHIUS CIIM3UCTON XKenyaka

» [lo6asneHne LnHka K HIMBC penaet aTt KOMNO3ULMW CYLLECTBEHHBIMU
MCTOYHMKAMI MUKPO3JIEMEHTA LIMHKA, XapaKTepu3yHoLLerocs camocTos-
TeNbHbIMY NPOTUBOBOCNANUTENLHBIMU U UMMYHOMOAYNMPYIOLLMMIA CBOIA-
CTBaAMU

Y10 HOBOrO faeT cTaTha?

» okaszaHo, YTO LMHKOCOAepXKallee coeanHeHne N-anamnMmmaason-LUmHK
(6uc(N-annmnumMnason)unHKanaLeTar) — nepcnekTMBHOE NpOTUBOBOCTA-
NNTENbHOE CPeACTBO, MOTEHUMANbHO NuLeHHoe HegocTatkos HIMBC

» YCTaHOBNEHO, YTO MPOTUBOBOCMANUTENbHOE AeiicTBUME N-anamaumunpa-
30/1-LIMHKA 00YCMOBMIEHO BANSIHUEM HA aKTWBHOCTb LIMTOKWMHOB W, OTHa-
CTM, Ha MeTa60/N3M NPOCTarnaHANHOB 1 NENKOTPUEHOB

» [poTBo60nesor adhekT N-annnnmmmaason-LnHka MoXeT 6bITb CBA3aH
C WHrM6MPOBAHMEM PELIENTOPOB KUHWHOB, CNabbIMM aHTUTMCTaMUHOBbI-
MU 11 QHTUHOLMLENTUHOBLIMY 3dpchekTamu. N-annmnummaason-umHK mo-
)KeT MPOSABNIATb raCTPONPOTEKTOPHbIE CBOCTBA

Kak 310 MOXeT NoBMATb HA KNMHUYECKYHO NPAKTUKY B 0603pumom byaywiem?

» [pn cyTo4HOI NOTPEBHOCTY B LMHKe nopsgka 15-20 mr N-annunumunga-
30/1-LMHK W UCCeaoBaHHble LMHK-HIMBGC BNAKOTCA CyLECTBEHHbLIMM
UCTOYHMKAMM 37IEMEHTHOrO LIMHKA

P XeMopeakTOMHbIiA aHanu3 N-anaunumMmaason-LmHKa yKas3biBaeT Ha nep-
CMEKTUBbI CO3JaHNS Ha ero OCHOBE JIeKapCTBEHHOMO npenapara ¢ Bblpa-
)KEHHBIMM MPOTUBOBOCMANUTENbHBIMI U aHaNbre3npyLLMMI CBONCTBA-
MU, He 06/1aJat0LLEr0 YNbLIEPOTEHHbIM eiACTBUEM

BBEJEHUE / INTRODUCTION

[Mo pesynbratam cuCTEMATU3ALMM BONbLIMX AAHHBIX B pAMKaxX MexX-
JYHApPOAHOro NepcreKTUBHOrO PeecTpa NPOTOKOSIOB CUCTEMATUYECKINX
0630p0B B 3[1paBO0OXPaHeHMN 1 coumanbHoi nomowm PROSPERO [1],
1,5 MNpA 4enoBeK BO BCEM MUpe CTpafatoT 0T XPOHUYECKon 6onu,
npuyeM ee pacnpoCcTPAHEHHOCTb YBENNYNBALGTCS C BO3pacToM. bonb
acCoLMMPYETCs C YCTaNOCTbi0, CHIKEHNEM Ka4eCTBa XU3HU 1 6onee
TSKEeSbIM NPOrHO30M MHOXXECTBA 3a60/eBaHNiA.

CpaBHeHne xapakTepucTuk 60511 Npu LUNPOKOM ChekTpe 3abone-
BAHWIA, CMCTEMATU3NPOBAHHbIX B 6a3ax AaHHbIx PubMed/MEDLINE
n Gochrane Library ¢ momeHTa nx cosganns go 31 maprta 2021 r,,
M03BOMNIIO0 CTPATUMLMPOBATL 3HAYUMOCTb 60S1EBOr0 CUHAPOMA MO

What is already known about the subject?

» Nonsteroidal anti-inflammatory drugs (NSAIDs) reduce the level of
gastroprotective prostaglandin E2 by inhibiting cyclooxygenase-1, and
lower the synthesis of pro-inflammatory prostaglandins by inhibiting
cyclooxygenase-2

» The use of zinc-NSAID complexes do not cause significant damage to
stomach and intestinal mucous membranes; only mild micro-lesions of
gastric mucosa are observed

» The addition of zinc to NSAIDs makes these compositions essential
sources of the trace element zinc, characterized by independent anti-
inflammatory and immunomodulatory properties

What are the new findings?

» It was shown that zinc-containing compound N-allylimidazole-zinc
(bis-(N-allylimidazole) zinc diacetate) is a promising anti-inflammatory
substance, potentially devoid of NSAID disadvantages

» It was determined that anti-inflammatory effect of N-allylimidazole-zinc is
due to its effect on cytokine activity and, in part, on prostaglandin and
leukotriene metabolism

» The analgesic effect of N-allylimidazole-zinc may be associated with
inhibition of kinin receptors, weak antihistamine and antinociceptive
effects. N-allylimidazole-zinc may have gastroprotective properties

How might it impact the clinical practice in the foreseeable future?

» With a daily requirement for zinc of about 15-20 mg, N-allylimidazole-zinc
and the studied zinc-NSAIDs are significant sources of elemental zinc

» Chemoreactomic analysis of N-allylimidazole-zinc indicates the prospects
of creating a drug based on it with pronounced anti-inflammatory,
analgesic properties that will not have an ulcerogenic effect

Knaccudpnkaumn 3a6oneBaHnii, Noay N CTENEHN THXKECTU (YMEPEH-
Has unu Tsxenas 601b), CBA3b C NCUXMYECKUMU/NOBEAEHYECKUMU
paccTpoicTBaMu, NaTonOrMAMn cucTeMbl KpOBOOOPALLEHNS 1 Hapy-
LLEHNEM MO3roBOro KpOBOTOKA. Cpeiyt XXEHLLMH N0 CPABHEHMIO C MYX-
YMHAMMW 0TMEYeHO HebosbLIOe npeobriafiaHne nauneHToB ¢ 60/1bH0
(49,8% npotus 43,5%) n 3ameTHoe (B 1,8 pasa) — ¢ 60/1bt0 B NoOsAC-
HuLe. OCHOBHbIE rpynmnbl CONYTCTBYHOLIMX 3a601€BaHNIA C YyMEPEHHON
1 TSXKeNOoN cTeneHsmMn 601 BKntoYanu ractponapes (92,3%), nerou-
Hyto runepTeH3nto (90,0%), XpOHMYECKYO 06CTPYKTUBHYIO 60/1€3Hb
nerkux (83,2%) n paccesHHblin cknepos (80,0%) [1].

XpoHuyeckas 6051b — NpobeMa 06LLECTBEHHOr0 34PaBOOXPAHEHUS,
KoTopas TpebyeT ropasfo 6osiee aP@EKTUBHbIX (hapMaLeBTNYeCKIMX
BMELLATENbCTB C MUHUMAMbHbIMI MPOUASAMI NOBOYHBIX AEiACTBUIA.

GAPMAKOIKOHOMMUKA. CospemeHHas thapMakoakoHoMuKa 1 hapmakoanuaemuonorus. 2024; Tom 17, No 4
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HecTepomaHble npoTuBoBocnanutenbHble cpeactsa (HMBC), npume-
HAEMbIe [ NeveHns 60n1 U BOCNaneHus, OCYLLECTBAAT OCHOBHOE
(hapmakonoru4yeckoe LEencTBrue NnocpescTBOM 6/10Kafbl aKTUBHOCTM
unknookcureHasbl-2 (LOM-2) n 4epes psa LEHTPanbHbIX MEXaHW3-
MOB [2]. Mpu oLeHKe NepcneKTMBHOCTM Monekyn-kanauaatos HIMBC
00bIYHO ONpefensTCcs (hapMakonornieckne 1 TOKCMKONOrnyeckue
npounmn He TONLKO in Vitro w in vivo, HO W in Silico. Qna 3T10ro aHa-
NN3UPYETCS Kak UX NPOTMBOBOCNANNTENbHAS aKTUBHOCTb (Hanpumep,
Ha PasNNYHbIX MOAENsSX — OTeK Nanbl y KPbIC, MOAENb C UCMOSb30-
BaHMEM ropsveil NNacTukm), Tak U aHanbresupytoLlee aeiicteme (Ha
Pa3nNYHbIX MOAENAX KOPYEN Y KPbIC — MHBEKLMS YKCYCHOI KMCNOTbI,
yLLEMIEHNE XBOCTA W LEeNbIA PAL 3KCNepUMeHTaNIbHbIX MOAENel no-
BPEXEHMS Nepuepnyecknx HepBOB Y XNBOTHBIX), @ TAKXKE PUCKK
YNbLEPOreHHOro BO3AeCTBIA NOCe NepopasibHOro npruema.

Mouckn HoBbIx HIMBC ocyLiecTBAAIOTCA, B YaCTHOCTM, B Hanpasfe-
HUW NOBbILLEHNA UX 6€30MACHOCTY (B T.4. CHUXEHMS YIbLIEPOTeHe3a).
OpHako 6e3 npeaBapuTebHOr0 MOAENPOBAHNS in Silico MOXET BbITb
noJsly4eH NpsmMo NPOTMBONOMOXHLIA pe3ynbTar. Hanpumep, cuHTe3
1 1ccnesoBaHne HOBOW NPOW3BOAHON MOYEBMHbI (1-(2-xn0p6eH-
301)-3-(2,3-AMXnopEHNI)-TMOMOYEBNHbI) NPOLEMOHCTPUPOBANN
CPABHUMBbIA C aCMUPUHOM W UHAOMETALUUHOM NPOTUBOBOCNANIUTESb-
HbI 9(ppeKT. Ho npu 3TOM COBEPLUEHHO He yaanoch u3bexarsb ra-
CTPOTOKCUYHOCTU, XapakTepHoit ans HMBC [3].

YcuneHue npoTUBOBOCNANUTENBHOMO M YCTPAHEHWE racTPOTOKCUY-
Horo adhgpekta HMBC nocpeacTBOM KOMMNIEKCO06PA30BAHMS C MOHAMU
LIMHKa — BECbMa 3aMaH41Bas nepcnekTnea hapmMakosorum MUKpoane-
meHTOB 1 HIBC, no3BonstoLasn coxpaHiTb NPOTUBOBOCMANNTENbHbIE
1 npoTMBo60neBble apdekTbl HMBC 1 CHUXATb racTPOTOKCUYHOCTD.
Takne pesynbTatbl 661N NONYYEHbI A1 KOMNIEKCOB NOHA LNHKA
C AuknoeHakom [4], MHaoMeTaunHoM [5] 1 faxe AN cMeceil opra-
HUYECKNX COMelt UnHKa ¢ pasnuyHbiMm HIMBC (ruapoacnapTarta LuHKa
¢ néynpocreHom) [6, 7]. MpumeHeHre komnnekcos LuHka ¢ HIMBC nnm
cmeceit HIMBC ¢ consgmu yuHKa AOCTOBEPHO CHUXA0 MUKPOMOBPEX-
LEHNS CAN3UCTON Xenyaka.

Lenb — xemopeakTOMHOE MOZENIMPOBaHNe hapMakKoornyeckux
athhekToB N-annunumniason-LnHKa u LNHKOBbIX NPOU3BOLHbBIX U3-
BeCTHbIX HIBC (anknodeHak, HUMeCynua, KeToponak) MetTofamu
TONOJNIOrMYECKOr0 aHann3a xemorpaoB 1 YUCIEHHOTO NPOrHO3MPO-
BaHUS B CIIOXHbIX CUCTEMAX NPU3HAKOB.

N-annunumunpason-Zn /
N-allylimidazole-Zn

Zn-puknodpenak / Zn-diclofenac

PucyHok 1. CTPYKTYpbl M3Y4EHHbIX MOMEKYN
Figure 1. Structures of the studied molecules

MATEPWAN N METO[1bl / MATERIAL AND METHODS

WccneposanHbie monekynbl / The studied molecules

[poBeneHo in silico mogenupoBaHne LMHKOCOAEpKallero
NPOTUBOBOCNANUTENIBHOIO cpeAcTBa N-annunumMnaason-umHka
(6uc(N-annunumugason)uMHKANALETaT), CUHTE3UPOBAHHOTO
B OIBYH OULL «ApKyTCKniz MHCTUTYT Xumumn um. A.E. ®aBopckoro
Cubnpckoro otaenenns PAH» n noTeHUManbHO He NPOSBASIOLLLErO
ractpoTtokcuyeckux HegoctatkoB HIBC. ViccnenoBaHHble MONEKy-
Nbl NpefCTaBNeHbl Ha PUCYHKE 1.

XemopeakTomHoe mofenuposaxue / Chemoreactome modeling

XemopeakToMHoe /n Silico MofenupoBaHue apmMakosiornyeckux
CBOMCTB pAfa LMHKOCOLEpXALLMX KoMniekcoB 1 N-annunumunpaa-
30/1-LMHKA OCYLLECTBNANOCH NOCPELCTBOM KOHIIIOMepaTa MeToA0B
XeMOUH(OPMALMOHHOr0 aHann3a Monekyn Hay4How Lwkosbl K., XKy-
pasnésa [8-10]. Mpouenypa 0CHOBaHA Ha TEOPWUM TOMOSOTMYECKOTO
aHanuaa gadHbix [11, 12].

MogenupoBaHue NPpoOBOANIIOCL B KOHTEKCTE CUCTEMHO-6M0M0MM-
4eCKOro MoAxofa NOCTTEHOMHOM (hapMakooruy, B KOTOPOM NPUHU-
MaeTcs, 4TO [eiCTBYIOLLEe Ha4yano nboro nekapcrea Moaynupyert
YPOBHM 1 aKTUBHOCTb MPHK-TpaHCcKpunToMa, TapreTHbIX 6e1K0B npo-
TeoMa 1 MUMUKPUPYET NOA Maslble MOSIEKYNbI B COCTaBe MeTabonomMa
opranuama [13].

Jlto6ble aDeKTbI, KaK NPOTUBOBOCNANNTESIbHbIE, TaK U BCE 0CTaSlb-
Hble, MOLeNNpPOBaNNCh B TPKM JTana:

1) dhopMupoBaHue peneBaHTHOM BbIGOPKYU JaHHbIX A 06y4eHns
(Hanpumep, MOeKysbl C MPOTUBOBOCNANIUTESIbHON aKTUBHOCTLIO);

2) pacyer XUMWUYeCKOro pacctosiHng dy mexay monekynamu [8];

3) Bbl4NCIIEHNE KOHCTAHT MHrMoupoBanua (Ki), nomymakcumansHoro
nHrnéuposanus (aHrn. half-maximal inhibitory concentration, 1C50).

Ha nepsom 3Tane popmMupoBanacb BbIGOPKA UCXOAHbLIX AAHHbIX.
C 9TOW LieNbo MO KITK0YEBbIM CI0BaM (Hanpumep, ONMCbIBAIOLLUM LieH-
TpanbHoe fencTene — “dopamine”, “adrenergic”, “opioid”, “histamine”,
“serotonin”, “glutamate”, “analgesic” u ap., Bcero 35 TepMMHOB) U3
6a3bl AaHHbIX PubChem n3Bnekanucb COOTBETCTBYHLLME 6UONOrNYe-
CKWe aKTUBHOCTU MOJeKys. Bcero 66110 HaingeHo 1627 akTMBHOCTEN
ans 25 129 monekyn. B ka4ecTBe KOHTPONS Npu POPMUPOBaHIM 06Y-
YatoLLien BbIGOPKM UCMONb30BaANINCh AaHHbIE C NPUMEHeHNeM duapac-

0
@
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0
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H

Zn-wumecynup / Zn-nimesulide

Zn-keToponak / Zn-ketorolac
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TBOPA, U3BNEYEHHbIE 113 TOM Xe 6a3bl AaHHbIX PubChem ans kaxnoi
13 1627 aKTUBHOCTEN.

Ha BTOpOM 3Tane aHanusa yCTaHaBAWUBANICA CIMCOK MOMEKYN C 13-
BECTHbIMM CBOWCTBAMU, HAN60Mee 6NIMSKUMI K KOXI0N N3 UCCNeLyeMbIX
MOJieKy/1. 3TO OCYLLECTBAANOCH NOCPEACTBOM BbIYUCIEHNS «METpUYe-
CKOrO XMMUYECKOro paccTosHus» dy mexay monekynamu. Mpoueaypbl
BbIYMCNIEHNS METPUKI 0y OCHOBaHbI HA KOMOGVHATOPHOM TEOPUN paspe-
LUMMOCTM B MPUMEHEHNN K Xemorpagam (y-rpadam) — matematnyeckum
06beKTam, UCMONb3YeMbIM AN OMUCAHUA CTPYKTYP Monekyn [8].

Ha TpeTbem aTane Ans Kaxnon mMonekynbl U3 6a3 faHHbIX 13-
BNeKanacb BCA UMeKLLascs Hopmaunsa 06 SKCnepuMeHTansHOM
N3MEPEHUN Pa3NNYHbIX 6UONOrMYECKUX CBOICTB 3TOW MONEKYbI
11 NPOBOAMINCH OLIEHKN B1ONOTNYECKNX aKTUBHOCTEN C BbIYUCTIEHNEM
COOTBETCTBYILLMX KOHCTAHT (KOHCTAHT CBSA3bIBAHNSA, KOHCTAHT UHIU-
6uposaHus 1 ap.). Hactporika BeCoB METPUK dy U NPOrHO3MpOBaHMe
LLeHTPanbHbIX CBOICTB Uccneayembix HIMBC npoBoannack ¢ NOMOLLbO
COBPEMEHHbIX METOAO0B NPOrHO3MPOBAHUS LIENIeBbIX YNCI0BbIX Nepe-
MeHHbIX [10]. Ing nony4eHuns OLeHOK 3HA4EHUIN KOHCTAHT, NPeacTas-
NEHHbIX B NOCNEAYIOLLNX Tabnmuax, aHanu3npoBannch pesynsrarbl 0T
5 [0 216 HE3aBUCUMbIX XEMOMPOTEOMHbIX 3KCMEPUMEHTOB (B CPEAHEM
14 3KCNepUMEHTOB Ha OAWH TUN PeLenTopa).

PE3YJIbTATbI N ObCYXAEHUE / RESULTS AND DISCUSSION

dapmakonoruyeckoe feicTBUe U3Y4EHHbIX MONeKyn /
Pharmacological effect of the studied molecules

MWKPO3NEMEHT LHK NPOSBNSET CaMOCTOATENbHbIE NPOTUBOBOCNA-
NnTENbHbIE U NPOTUBOGOIEBbIE 3PAEKTLI. Mockonbky N-annunumu-
[a300-UNHK 1 13yveHHble uHK-HMBC cogepxat Ao 10-25 Mr umHka
(npw husnonoruyeckoit NOTpe6HOCTM B LIMHKE OKOJI0 25 Mr/CyT), ero
BbICOKOE COJEpKaHue ABNAETCA HEOTbEMNEMOIA HacTbo hapmMakosio-
rMYeCcKOro JencTBMa 3TUX COEANHEHUNA.

B npoTeome ¢ noHamu Zn? B3ammopeiictaytoT 6onee 1100 6enkos,
peann3ytoLLx NpOTUBOBOCNANMUTENbHbIE, aHTUOKCUAAHTHBIE, PEreHe-
paTUBHbIE, TPAHCKPUNTOMHbIE, aHTUHOLMLENTUBHbIE 3dhdhekTsl [14],
Heob6XxoAuMble ANA NOLAEPXKKN BUOXUMUYECKON CTPYKTYpbl AHK:
MOCTTPAHCNALMOHHBIX Moaudmkaumin JHK n ee ctabunmsatopos 6en-
KOB-TUCTOHOB (METUNNPOBAHWE/aLeTUIMPOBAHIE TUCTOHOB, METUSIN-
poaHue JHK) [15]. BsanmogencTeys ¢ npoTEOMOM, MOHbI Zn?* Takxe
HE0OX0ANUMbI AN NMOAJAEPXKKU XONMHEPrN4ecKon, KaTexonamM1MHOBOM,
CePOTOHMHOBOIA HenmpoTpaHemmucceuu [16]. dedmunT unHka, Ha060poT,
YBENNYNBAET BbIPABOTKY NPOBOCNANNTENbHbIX LUATOKUHOB [17], 4TO
[eNnaeT OpraHu4eckne CoNN LHKA BXKHBIM WHCTPYMEHTOM Tepanuu
OCTpbIX pecnuparopHbix 3a6onesaquii [18] n COVID-19 [19].

[ns uenei HacToswen paboTbl BAXXHO NOAYEPKHYTh, YTO COMU
LMHKA C OPraHYecKUMI NNraHAaMm He TONbKO NPOSABASIOT aHTUOaK-
TepuanbHble U NPOTUBOBOCNANIUTENbHbIE CBOICTBA, CNOCOOCTBYOT
pereHepauun paHesoi nosepxHoctu [20, 21], HO 1 OKa3bIBAKT Bbl-
PaXXEHHOE aHTMYNbLEpPOreHHoe [eNCTBME HA MOLENIAX 3P03UBHOO
NoBPeXAeHUs 1 (POPMUPOBAHUS A3BbI XKENYAKa, BbIZBAHHON OCTPbIM
CTpeccoMm [22], nepeBA3Koil NpuBPATHUKA Xenyaka [23], aTUnosbIM
cnuptom w/wnu HMNBC [24] n apyrumu haktopamu, cnoco6CTByS
NOAJEPXKaHUI0 LIeSIOCTHOCTI CIIN3NCTOM 060N04KN Xenyaka [25].

XemopeakTOMHbIE OLEHKU Ae/ACTBUSA MOJIEKYN HA NPOLecChbl
Bocnanenus / Chemoreactome assessments of molecules’ effects
on inflammation processes

lpocTarnaHanHbl

XemopeakToMHoe in Silico mofenmpoBanne 3DeKTOB N3Yy4eHHbIX
MOJIeKyl Ha npocTarnaHanHel (Taén. 1) no3BonseT yTBepxaarb, 4T0

N-annunumuaason-unHk B KoHueHTpauuu 1 MKM MOoXeT nHrnéupo-
Batb L|OM-2 conoctasumo ¢ unHk-HMBC (nHruéuposanue Ha 24,9%
0T KOHTPONA; UMHK-HMBC: 34,4-54,3% 0T KOHTPOSIA), HO C MeHbLLEN
cneundnyHocTbo. IhdekTbl N-annmammnaason-UmHka 0TamyatTes
oT peiicTBus UMHK-HIMBC 4Yepe3 noTeHUUanbHOe BANSHME HA CUHTE3
1 cekpeunto neinkotpuena B4 (1C50 237,7 HM).

Kunuu-peuenTopbl

N-annunmMnaason-umHK NOTEHUNANbHO NHTMOUPYET KNHUH-pe-
LenTopbl, MPU4YeM BENUYMHA JAHHOT0 3(hdekTa conocTaBuma
¢ UMHK-HIBC (Ta6n. 2). [JaHHbI MeXxaHU3M BaXHee N1 peanusaumm
NPOTMBOBOCMANNTENbHbIX U MPOTUBO60NEBbIX 3()(EKTOB — HaMpu-
mep, 6nokaga 6pafnMkuHMHOBBIX (1/2) peLenTopos cnoco6CTBYeT
YCTPaHEHWNI0 BOCNANEHNA/HOUMLENUNIA B LEHTPaNbHON HEPBHOM
cucteme [26].

lpoBocnanuTenbHbIe CUrHaNbHbIE MONEKYIbI

dhdekTbl N-annnnummnaason-LunHka Ha ypoBHN NMPOBOCTANNTESb-
HbIX CUTHANIbHBIX MOJEKYN (DAKTOP HEKPO3a onyxonu anba, uH-
TepnenkuH-1-6eTa u HTEpneiknH-6 (Tabn. 3) noTeHyManbLHoO (No
pe3ynsTataMm XeMOpPeakTOMHOro aHanuaa) cs3aHbl C MHrMbupoBsa-
HIEM AKTUBHOCTM TPAHCKPUNLMOHHOIO BHYTPUSAEPHOr0 (hakTopa
Kanna B, KOTopbIil y4acTBYeT B peanu3auuu 61010rm4eckux agdex-
TOB PELIENTOPOB NPOBOCMANMUTENLHBIX CUTHANOB YEPes perynauuo
TPaHCKpUNLMK reHoMa B maclutabe Bcero reHoma. N-annunumupaa-
3071-LMHK NPOSBAAN HE MEHbLLWE NMPOTUBOBOCNANNUTENbHbIE CBOMCTBA
M0 AHHOMY MONEKYNSPHOMY MEXaHU3MY, YeM LIMHK-KETOPONak, 1, 4To
BXHO, XapaKTepn3oBanca HauMeHbLUMM YrblLiepOreHe3oM Ha (DoHe
Hauny4LLero (Cpeay uccnesoBaHHbIX MOMEKYN) racTponpoTEKTOPHOrO
apchexTa (71%) (Tabn. 4).

XemopeaKkTOMHbIE OLEHKH LIEHTPanbHOro U NpoTMB060NEBOro
neiicteua monekyn / Chemoreactome assessments of molecules’
central and analgesic effects

B cooTBETCTBMM C pe3ynbTaTaMi XeMOPeakTOMHOro in Silico mope-
NNPOBAHUS LIGHTPaNbHOro AeicTans (puc. 2) N-annunumngason-LnHk
MOXET MOTeHLNaNIbHO NOKa3blBaTb CNEKTP aD(EKTOB, CONOCTaBMN-
MbIA ¢ UMHK-HIMBC, 6€3 4OCTOBEPHbIX OTAINMYNIA 3HAYEHWNIA KOHCTAHT
IC50 ansa peuenTopoB aapeHannHa/HopafpeHanuHa, aHrnoTeH3mHa,
noamunHa, raMma-aMMHOMACNSHOW KUCAOTbI, FiyTamMarta, Onuouaos.
Mpun atom 3HaveHusa IC50 ana HounuenTuHoBoro peuentopa ORL1
(aHrn. opiate receptor like-1) 66111 cyLLecTBeHHO Huxe ans N-annu-
numungason-umHka (1650 198-214 M), 4em ans unHk-HMNBC (1C50
361-1093 HM), 4T0 yKa3biBaeT Ha BO3MOXXHOCTb 6051ee 9 heKTUBHO-
ro nHruéuposanns ORL1 monekynon-kananaaTom. XeMopeakTOMHbIii
aHanK3 TaKkXe ykasan, YTo TeCTUPOBAHME aHanbre3ny Ha Momensx
6071 Y MblILLER (KOPYK, BbI3BAHHbIE YKCYCHO KUCIIOTON) MOXET npu-
BOAUTb K CXOXXMM peaynbtatam ans N-annnnumngason-uuHka n mo-
NeKyn cpaBHeHU: (23-56% MHrMOUpPOBaHNA HoLMLEenLun).

AHTUBUTAMUHHAA M @aHTUMUHEPANbHaA akTMBHOCTL / Antivitamin
and antimineral activity

HIMBC mMoryT HeraTMBHO BAWATb Ha 06MEH Pa3NNYHbIX BUTAMUHOB
1 MUKpoanemeHToB. Oco6eHHO onacHo Bo3aencTane psaa HIBC Ha
o6meH BuTamuHa K. HecMoTps Ha AOCTUXKEHWUS B NIEYEHUU WLLEMU-
Yyeckoi 6onesHu cepaua, npu ncnonb3osaHuu HMBC coxpaHseTtcs
PUCK CEPbEe3HbIX HE6NAronNpPUATHbLIX CePAEYHO-COCYANCTLIX COObLITUIA.
AHTaroHUCTbI BUTaMMHa K 1 npsiMble nepopanbHble aHTUKOArynsHTbl
B coyeTaHum ¢ HIMBC yBenm4mBaloT pUCK KPOBOTEYEHNIA, MHGhapKTa
MnoKapaa, WHCynbTa, NPoy3HbIX KPOBOTEYEHUIA U CMEPTHOCTb OT
BCEX MPUYMH.

GAPMAKOIKOHOMMUKA. CospemeHHas thapMakoakoHoMuKa 1 hapmakoanuaemuonorus. 2024; Tom 17, No 4
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Tabnuya 1. XeMopeakToMHble OLeHKN BO3AeACTBIUA N-annunumMmaason-LuHKa 1 LMHKOCOAEPXKaLLNX HECTEPOUAHbIX NPOTUBOBOCNANNTENbHBIX CPEICTB HA NPOCTarnaHAMHOBIRA

meTabonnsm

Table 1. Chemoreactome assessments of the effects of N-allylimidazole-zinc and zinc-containing nonsteroidal anti-inflammatory drugs on prostaglandin metabolism

KoucTauTa /

AxTnBHOCTb / Activity Constant

N-annunumupason-Zn /
N-allylimidazole-Zn

Zn-puknotheHax /
Zn-diclofenac

Zn-keToponak /
Zn-ketorolac

Zn-Humecynup /
Zn-nimesulide

NHruéuposaxue LIOT-1 B go3e

0,1 MKr/MA, % aKTUBHOCTW OT KOHTPO-
na* // COX-1 inhibition at a dose

of 0.1 pug/ml, % of activity from control*

99,0

23,6 8,2 5,7

NHruéuposaxue LIOM-1 B nnasme kposw,
o6oralleHHoI TpomboumTamu, HM /
COX-1 inhibition in platelet-rich blood
plasma, nM

IC50

1069,4

3402,6 26717 2224,0

NHruéuposanne LIOT-2 B LenbHoOM
KpOBU B KOHLeHTpauum 1 MkM,

% aKTUBHOCTM OT KOHTpOna™ /

COX-2 inhibition in whole blood

at a concentration of 1 ym, % of activity
from control*

24,9

53,1 54,3 34,4

NHruéuposaxue LIOM-2 B kneTkax
CHO, HM / COX-2 inhibition in CHO
cells, nM

IC50

373,8

308,4 318,8 286,1

NurnéuposaHue obpasosaqus LTB4

B HEMTPOMIAX YeSI0BEKa NPU CTUMYSIN-
poBaHuun Knetok Ga-noHohopom
A-23187, 390 HM BeLecTBa, % aKTUB-
HOCTM OT KOHTpons™ / Inhibition of LTB4 -
formation in human neutrophils when
stimulating cells with

Ca-ionophore A23187, 390 nM

of substance, % of activity from control*

65,1

82,3 61,4 71,4

IHrm6npoBaxue BbicBO6OXAeHUS LTB4
8 [MMJ1 npu ctumynuposanuu Ga-moHo-
thopom A23187, HM / Inhibition of LTB4
release in PMNs when stimulated by
Ca-ionophore A23187, nM

IC50

237,7

187,0 433,2 220,1

Hrmnébuposanue LTA4-rugponasbl, HM /
LTA4 hydrolase inhibition, nM

Ki 972,7

516,1 616,9 613,6

AHTaroHuam peuentopa LTB4, 100 mkM
BELLECTBA, % aKTUBHOCTM OT KOHTPO-
na* / LTB4 receptor antagonism, 100 uM
of substance, % of activity from control*

- 20,5

36,5 39,8 20,5

/IHrmbupoBaxue peLenTtopa npocrarnaH-
anva D2, HM / Prostaglandin D2 receptor
inhibition, nM

IC50

94,0

23,6 13,9 83,2

Tpnmeyanne. LJOr-1 — yuknookcnrenasa-1; knetkn CHO (anrn. Chinese hamster ovary cells) — iuHus 3nuTennanbHbiX KNEToK, Noy4eHHas n3 ANYHUKa KUTANCKOro XoMsyka, kotopas
4acTo 1Crosb3yeTcs B GMONOTNYECKUX U MEANUNHCKUX nccnepoBannsax, LTB4 (aHrn. leukotriene B4) — neiikotpuer B4, [IMJT - nonnmopchHosaepHbie neikounTsl; LTA4 (aHrn.
leukotriene A4) — neiikotpuer A4; IC50 (anrn. half-maximal inhibitory concentration) — KOHCTaHTa 0IyMaKCMManbHOro MHrM6MPoBaHns, Ki — KOHCTaHTa MHrMbUpoBaxms. * B Ka4ecTse
KOHTPOJIS1 UCTO/Ib30BAIICA (hU3N0I0rN4ecKmii pacTBop (4To cootseTcTByeT 100% akTMBHOCTY).

Note. COX-1 - cyclooxygenase-1, CHO (Chinese hamster ovary cells) — a line of epithelial cells derived from the ovary of Chinese hamster, which is often used in biological and medical
research, LTB4 — leukotriene B4; PMNs — polymorphonuclear leukocytes, LTA4 — leukotriene A4, 1050 — half-maximal inhibitory concentration; Ki — inhibition constant. * Saline solution

was used as a control (which corresponds to 100% activity).

[TpoBefeHHbIN aHann3 apmMakouHMOPMaLNOHHbIX Npoduen
«aHTUMUKPOHYTPUEHTHOr0» BO3JENCTBUA UCCNeSyeMblX COeAUHEHNI
yKa3a Ha CYLLeCTBEHHbIE pasfnyns Mexay aTumn monekynamu. Ham-
60r1ee BbIPaXXEHHbIM «aHTUMUKPOHYTPUEHTHbIM» [IeiICTBUEM XapaKTe-
PU30BANUCH LIMHK-AUKIOQEHAK U LUMHK-HUMECYNIUA, KOTOPbIe MOTYT
CTUMYNUPOBaThb BbIBEAEHWE NUTUSA, KaNbLNs, MarHus (B MeHbLUEN
CTeNeHN LMHKA, eCTECTBEHHO), BUTAMUHOB rpynnbl B (6noTuHa, BT,

B2, B6, dhonatos), ButamuHoB G u D. N-annunmmuaason-umHK oTim-
4ancs HaunyywuM aHTUBUTAMUHHBIM (CymMMapHbii 6ann 0,86+0,11)
1 aHTUMUHepanbHbIM (CymMMmapHbiid 6ann 0,75+0,10) pelictBuem.
CymmapHblii 6ann N-annmnuMugason-LuHKa no BCeM BUTAMUHAM
1 MUHepanam coctaeun 1,5, YT0 COOTBETCTBYET, B CPeHEM, YBESU-
YEHWO PUCKA BbIBEAEHMS TOFO UM MHOFO MUKPOHYTPWUEHTA BCETO Ha
7%. Takum o6pa3om, N-annmnumuaason-LunHK He TOMbKO ABNSETCA
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Tabnuua 2. XeMopeakTOMHbIe OLEHKN KOHCTAHT NoNyMakcumManbHoro MHrnéuposanus (aHrn. half-maximal inhibitory concentration, IC50) peLenTopoB KUHUHOB U3Y4EHHbLIMU

monekynamu, HM

Table 2. Chemoreactome assessments of half-maximal inhibitory concentrations (IC50) of kinin receptors by studied molecules, nM

. N-annunumupason-Zn / | Zn-guknodienak / | Zn-ketoponak / | Zn-Humecynup /

SEIHEHUTEM ALY N-allylimidazole-Zn Zn-diclofenac Zn-ketorolac Zn-nimesulide
AnTtaronnsm BDKRB1 B knetkax IMR90 /
BDKRB1 antagonism in IMR90 cells 0 45,6 100,0 0
Antaronnsm BDKRB1 B knetkax CHO-D-/akBeput //
BDKRB1 antagonism in CHO-D-/aquerine cells 385 755 41,5 38,5
Antaronnsm BDKRB1 B knetkax CHO /
BDKRB1 antagonism in CHO cells 40.6 27,0 436 27,0
AnTtaronnsm BDKRB2 B knetkax HF15/
BDKRB1 antagonism in HF15 cells 1056 718 701 2156
Cpoactso k BDKRB2 / BDKRB2 affinity 84,5 125,1 37,2 73,4
Cpoacteo k NK1R / NK1R affinity 34,4 32,3 11,8 30,5
Cpoacteo k NK2R / NK2R affinity 76,7 50,5 443 76,7
Cpoacteo kK NK3R / NK3R affinity 1092,6 921,8 11904 1856,8

Npnmeqanne. BDKRBT (anrn. bradykinin receptor B1) — peuyentop 6pagnknamna B1; IMRI0 — kneTo4Has nnHus, nosy4eHHas U3 Nerkux 4e0Be46CKoro nnoja, knetkn CHO

(aHrn. Chinese hamster ovary cells) — IuHUS IMUTENNANbHBIX KNETOK, NOMY4EHHAS U3 SUYHUKA KUTANCKOr0 XOMSIYKa, KOTOPAs 4acTo UCMOMb3YeTCs B GUOIOrNHYECKNX U MEAULIMHCKAX
ucenegosannsax;, BOKRB2 (anrn. bradykinin receptor B2) — peyentop 6paavkurnna B2, HF15 — nepuyrbie goubpobnactsi yenoseka, NK1R (aHrn. neurokinin 1 receptor) — peyentop
Hevipokunnna 1; NK2R (aHrn. neurokinin 2 receptor) — peuentop Hedpokunnta 2; NK3R (aHrn. neurokinin 3 receptor) — peLentop HelpoKkuHmHa 3.

Note. BDKRB1 — bradykinin receptor B1; IMR90 — a cell line derived from the lungs of a human fetus, CHO (Chinese hamster ovary cells) - a line of epithelial cells derived from the ovary
of Chinese hamster, which is often used in biological and medical research; BDKRB2 — bradykinin receptor B2; HF15 — primary human fibroblasts; NK1R — neurokinin 1 receptor;

NK2R — neurokinin 2 receptor; NK3R — neurokinin 3 receptor.

Tabnuua 3 (Hayano). MpoTrBoBOCNaNUTENbHbIE 3 eKTbl N-anananMnaason-LnHKa u LMHKOCOAepXaLLnx HeCTepOMAHbIX NPOTMBOBOCNANNTENbHbIX CPEACTB: BO3AENACTBIE

Ha LNTOKMHBI (N0 pe3ynbTatamM XeMOpPeakTOMHOr0 aHanuaa)

Table 3 (beginning). Anti-inflammatory effects of N-allylimidazole-zinc and zinc-containing nonsteroidal anti-inflammatory drugs: effects on cytokines (based on chemoreactome

analysis)

AxTuBHOCTb / Activity

N-annunumupason-Zn /
N-allylimidazole-Zn

Zn-puknocheHax /
Zn-diclofenac

Zn-keToponak /
Zn-ketorolac

Zn-Humecynup /
Zn-nimesulide

lMpoTuBOBOCNANUTENbHAS aKTUBHOCTL (IC50)

B LIENIbHOI KPOBM Ye/I0BEKA KaK MHIMOUPOBaHNE
JINC-uHayumrpoBaHHOro BbicBo60XaeHNs HO-a
npu NHKY6UPOBaHUNK (1 4) ¢ nocneayoLWwmm
no6asnexnem JIMC (yepes 3,5 4), HM /
Anti-inflammatory activity (IC50) in human whole
blood as inhibition of LPS-induced TNF-a release
during incubation (1 h) followed by adding LPS
(after 3.5 h), nM

639,5

7281

706,4

752,2

Hrnéuposanue TLR7 B knetkax HEK293 npu
aktueauuu NF-kB npu o6pa6otke 40 MkM
BELLECTBA, % aKTUBHOCTM OT KOHTPONs™ / Inhibition
of TLR7 in HEK293 cells upon activation of NF-kB
during treatment with 40 M of substance,

% of activity from control*

31,1

24,3

54,7

23,7

MHruéuposaxune akcnpeccun 6enka ICAM1

B knetkax HUVEG, nnayumpoBaHHoit ®HO-q,
npeagaputensHas o6padoTka 1 MM BeLyecTsa

3a 2 4 10 ®HO-a, % aKTUBHOCTW OT KOHTpONs™ /
Inhibition of TNF-a-induced ICAM1 protein
expression in HUVEC cells, pretreatment with 1 pM
of substance 2 hours before TNF-a, % of activity
from control™

95,0

46,7

80,2

46,8

NHrubnposanme JMC-1HAYLMPOBAHHOI TPAHCAKTN-
Bauun NF-«kB B knetkax SW480 npu BBeeHUM

10 mKM BeLecTBa Yyepe3 14 nocne CTuMynauun
JINGC, % akTuBHOCTK OT KOHTpONA™ / Inhibition

of LPS-induced NF-«B transactivation in SW480 cells
upon administration of 10 M of substance 1 hour
after LPS stimulation, % of activity from control*

36,8

411

16,8

14,1
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Ta6nuua 3 (okoH4anme). MpoTMBOBOCNANUTENbHBIE 3P deKTbl N-annnanMnaason-LUnHka u LMHKOCOAepXaLnx HeCTepOMAHbIX NPOTMBOBOCNANNTENbHbIX CPEACTB: BO3AEACTBIE

Ha UMTOKMHbI (N0 pe3ynbTaTam XeMOopeakTOMHOT0 aHann3a)

Table 3 (end). Anti-inflammatory effects of N-allylimidazole-zinc and zinc-containing nonsteroidal anti-inflammatory drugs: effects on cytokines (based on chemoreactome

analysis)

AkTuBHOCTb / Activity

N-annunumupason-Zn /
N-allylimidazole-Zn

Zn-guknochenak /
Zn-diclofenac

Zn-keToponak /
Zn-ketorolac

Zn-Humecynup /
Zn-nimesulide

NHruéuposarne MIF-uHayLUMpOBaHHOR NPOAYyKLMK
N-1B B knetkax PBMC, 100 mkM BeLuecTsa,

% aKkTUBHOCTW OT KOHTpons™ / Inhibition of
MIF-induced IL-1B production in PBMC cells,

100 pM of substance, % of activity from control*

16,2

51,8 17,7 12,9

Hrméuposanue JIMC-nHAYUMPOBAHHON CEKpeLni
/1-1B B knetkax THP1 npu npeBapuTenbHOA
o6pa6otke 100 MkM BeLlecTBa B Te4eHue 40 MuH,
% aKTUBHOCTW OT KOHTpona™ / Inhibition

of LPS-induced IL-1B secretion in THP1 cells
during pretreatment of 100 pM of substance

for 40 min, % of activity from control*

25,0

32,6 50,8 15,7

MpoTnBOBOCNANMTENbHAA AKTUBHOCTb

B Makpodharonofo6Hbix Knetkax HL-60 kak
nHrnéuposaxue JMNC-nHAYLMPOBAHHO NPOLYKLIMM
11-6 B KoHUeHTpaumn 50 MkM npu 06paboTKe

3a 30 muH go ctumynsauum JMG, % akTMBHOCTM

0T KoHTpOnsa™ / Anti-inflammatory activity

in macrophage-like HL-60 cells as inhibition

of LPS-induced IL-6 production at the
concentration of 50 uM during treatment for 30 min
before LPS stimulation, % of activity from control*

54,3

95,2 84,6 54,3

NHruéuposaxne obpasosanus J1-6 B knetkax
THP1 npu o6paboTke 10 mkM 32 30 MUH L0
BBeAeHNs JIMNC, % akTMBHOCTK OT KOHTpONa ™ /
Inhibition of IL-6 formation in THP 1 cells when
treated with 10 pM for 30 min before LPS
administration, % of activity from control*

29,9

18,5 18,9 29,9

NHruéuposaxme JMNC-MHAYLMPOBAHHON CeKpeLun
1111-6 B makpodparonofo6bHbix knetkax U937 npm
NpeaBapuTeNbHONM NHKY6ALMN B KOHLEHTPaLUK
125 MKM B Te4eHMe 2 4, % aKTUBHOCTU OT
KoHTpona™* / Inhibition of LPS-induced IL-6
secretion in macrophage-like U937 cells during
pre-incubation at the concentration of 125 uyM

for 2 hours, % of activity from control*

27,7

19,6 28,4 40,4

Tpumeyanne. IC50 (anrn. half-maximal inhibitory concentration) — KoHcTaHTa nomymMakcuManbHoro uHrnbuposanus; JiC — nunononucaxapugsl; ®HO-a — ghakTop Hekpo3a onyxomm
anvea; TLR7 (aHrn. toll-like receptor 7) — Tonn-nogobHbii peyentop 7; HEK293 (anrn. human embryonic kidney 293) — kneTo4Has inHuA, Mosy4eHHas 3 IMOPUOHATbHBIX M0YeK
yenoseka, NF-kB (aurn. nuclear factor kappa B) — apepHbiii ¢paktop kanna B; ICAM1 (anrn. intercellular adhesion molecule 1) — monekyna mexknetoqnoii agreamm 1; HUVEC (aHrn.
human umbilical vein endothelial cells) — aHgoTeMAanbHbIe KNETKN Myno4HOM BeHbI YenoBeka; SW480 — knetku paka tonctoi kuiwku; MIF (anrn. macrophage migration inhibitory

factor) — ¢bakTop, uHrMbMpyroLLni murpaunio makpogharos; UJ1 - nHtepnesikux; PBMC (aHrn. peripheral blood mononuclear cells) — MOHOHyKneapHbIe KNETKN NepugepuecKoi Kposu,
THP1 — MOHOUMTapHAA KNIETOYHAS JINHNSA HE/I0BEKA, N10TY4EHHAs OT NAUNEHTA C OCTPLIM MOHOUUTAPHBIM N1eiiKo30M; HL-60 — nnHns kneTok nevikemun qenoseka; U937 — npomoHoum-
TapHas MOAE/bHAS KNETOYHAS IMHNA. * B Ka4ecTBe KOHTPOJIA NCIO0Mb30BAJICA (hu3nonornyeckuii pactop (41o cootserctsyet 100% akTuBHOCTH).

Note. IC50 - half-maximal inhibitory concentration; LPS - lipopolysaccharide; TNF-a — tumor necrosis factor alpha; TLR7 — toll-like receptor 7; HEK293 — human embryonic kidney 293;
NF-kB — nuclear factor kappa B, ICAM1 — intercellular adhesion molecule 1; HUVEC — human umbilical vein endothelial cells; SW480 - colon cancer cells; MIF — macrophage migration

inhibitory factor; IL — interleukin; PBMC — peripheral blood mononuclear cells; THP1 — a human monocytic cell line obtained from a patient with acute monocytic leukemia;
HL-60 — human leukemia cell line; U937 — promonocytic model cell line. * Saline solution was used as a control (which corresponds to 100% activity).

MCTOYHWUKOM «OPraHNYeCcKOro» LIMHKA, HO 1 (B OTIMYME OT N3YHEHHbIX
HMNBC) cnoco6CTBYeT COXPaHEHNO APYrMX MUKPOHYTPUeHTOB. N-an-
NNAUMNLA301-LMHK B MEHbLUEI CTENeHu, 4emM MOMEKYJbl CPaBHEHMS,
BMeLLnBaeTcs B 06MeH BUTaminHoB G 1 K, 06MeH Marius u KanbLus.

3AKIHOYEHWE / CONCLUSION

BaxHoit 3aja4eit NOCTreHOMHOW hapMaKosoruu ABASETC MOAENNPO-
BaHMe MOTeHLNana no6oro HOBOro CMHTETUYECKOrO TEPaneBTUYecKOro
areHTa B KOHTEKCTe NpoTeoMa U MeTa60o/1omMa, YTO NO3BONAET BbIGUPATH

MONEKYNbl-KaHAWAATbI HE TOMbKO ANS NyYLWero ynpasneHns 601b10,
HO N C MUHUMANbHbIMW MPOTUBOBUTAMUHHBLIMU U YNbLIEPOTEHHbIMY
appektamu. OTceB HEAPMEKTUBHBIX U NOTEHLMANBHO ONACHbIX MO-
NeKyN-KaHAMAATOB [OMKEH NPeABapATb NCCNEA0BAHNS HA XXUBOTHbIX
U MIOAAX — NPEeX[e BCEro no aTMYeCcKUM NpuUYnMHaM, a Takxke no aKOHO-
MUYECKNM COOBpaXKeHUsM. XeMOpeakTOMHOe ncenegosanue N-anam-
NMMNA30M-LUMHKA 1 PSfa LMHKOBbIX Npon3BoaHbIX HIBC ykasano Ha
otcytcTBMe Y N-annnnumngason-LUiHka ractpoynbLeporeHHoro aen-
CTBUS MPU HANNYMM racTPONPOTEKTOPHOrO, NPOTUBOBOCMANMUTENBHOTO,
npoTneo605eBoro 3heKToB, CONOCTABUMbIX C MOMEKYNaMM CPABHEHWS.
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PHCYHOK 2. XeMOpPeaKTOMHbIii NOACHET LeHTPanbHbIX 3 hekToB N-anannummaason-LUnHka n LMHKOCOAepXKaLLNX HeCTEPOUAHBIX NPOTUBOBOCNANUTESNbHbIX CPEACTB:

a— OLIEHKM KOHCTaHT N0NyMakcMManbHoro nHrnéuposanus (aHrn. half-maximal inhibitory concentration, IC50); b — oueHkn MHrM6MpOBaHUA 6eNKOB-peLEenTopoB Npu
(PUKCMPOBAHHON KOHLIEHTPALIMN BELLECTBA.

ADRA1 (anrn. alpha-1 adrenergic receptor) — aapeHepruyeckuii peuentop anbda-1; ADRA2 (aHrn. alpha-2 adrenergic receptor) — agpeHepruyeckuii peuentop anba-2;

AGTR (anrn. angiotensin Il type receptor) — peuentop aurnotenauna ll; CHRNA10 (aurn. cholinergic receptor nicotinic alpha 10 subunit) — cy6beannnua 6enka ansda-10
HelipoHanbHoro peuentopa auetunxonuta; CHRNA4B2 (aHrn. cholinergic receptor nicotinic alphad/beta2 subunit) - cy6beanHuua 6enka anbga4/6eta2 HelipoHanbHOro
peuentopa auetunxonuna; CHRNAG (aHrn. cholinergic receptor nicotinic alpha 6 subunit) — cy6beanHuua anba-6 HelipoHanbHOro peuentopa auetunxonuHa; CHRNA7 (anrn.
cholinergic receptor nicotinic alpha 7 subunit) — cy6beauHuLa 6enka ansda-7 HelpoHanbHoro pewentopa avuetunxonuxa; DRD1 (aHrn. dopamine receptor D1) — peuentop
nodamuna D1; DRD2 (anrn. dopamine receptor D2) — peuentop sodbamuna D2; DRD3 (anrn. dopamine receptor D3) — peuentop aodamuna D3; GABRA (aHrn. gamma-aminobutyric
acid (GABA) type A receptor subunit) - cy6beanHnua ansa-pelentopa ramma-ammuHomacnsHoi kucnotel (FAMK); GABRAT (anrn. gamma-aminobutyric acid (GABA) type A1
receptor subunit) — cy6beanHnua ansa-1 peuentopa ramma-amuHomacnsaHoi kucnotbl (FAMK); GABRA2 (anrn. GABA type A1 receptor subunit) — cy6befnHnua anoa-2
peuentopa FAMK; GABRB (anrn. GABA type B receptor) — peuentop FAMK-B; GAT1 (aHrn. GABA transporter type 1) — Tpancnoptep FTAMK-1; GRIN (anrn. glutamate receptor
NMDA) — rnytamatHbiit NMDA-peuenTop, Grin1/Grin2b; GRMA2 (anrn. glutamate metabotropic receptor 2) — MeTa6oTponHbIii rnyTamatHbii petentop 2; GRMAS (aurn. glutamate
metabotropic receptor 5) — MmeTaboTpONHbIA rnyTamartHbli peuentop 5; HRH1 (aurn. histamine receptor H1) — ructamunoBbivi peuentop H1; HRH2 (aHrn. histamine receptor H2) —
ructamuHosbii H2-peuentop; HTR1A (aurn. hydroxytryptamine receptor 1A) — peuentop cepotoHnHa 1a (5-HT1a); HTR2A (anrn. hydroxytryptamine receptor 2A) — peuentop
cepoToHuHa 2a (5-HT2a); OPRD (aHrn. opioid receptor delta) — aensta-onmounatbii peuentop; OPRM (aHrn. mu-opioid receptor) — Mio-onuougHblii pedentop; TRPV1 (anrn.
transient receptor potential vanilloid 1) — Barunnounausiii peuentop; AMPA (aHrn. glutamatergic a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor) — NOHOTPONHbIA
rnyTamaTHbii peuentop; GIURS (aHrn. glutamate receptor 5) — rnyTamatHbIid peLenTop NOHOTPONHbIiA, kanHaT; SERT (aHrn. serotonin transporter) — TpaHcnopTep CepOTOHMHA

Figure 2. Chemoreactome evaluations of the central effects of N-allylimidazole zinc and zinc-containing nonsteroidal anti-inflammatory drugs:
a - estimates of half-maximal inhibitory concentration (IC50); b — estimates of receptor proteins inhibition at a fixed substance concentration.

ADRA1 - alpha-1 adrenergic receptor; ADRA2 — alpha-2 adrenergic receptor; AGTR — angiotensin Il type receptor; CHRNA10 — cholinergic receptor nicotinic alpha 10 subunit
CHRNA4B2 - cholinergic receptor nicotinic alpha4/beta2 subunit; CHRNAG — cholinergic receptor nicotinic alpha 6 subunit; CHRNA7 — cholinergic receptor nicotinic alpha 7 subunit;
DRD1 - dopamine receptor D1; DRD2 — dopamine receptor D2; DRD3 — dopamine receptor D3; GABRA — GABA type A receptor; GABRA1 — gamma-aminobutyric acid (GABA) type A1
receptor subunit; GABRA2 — GABA type A1 receptor subunit; GABRB — GABA type B receptor; GAT1 — GABA transporter type 1; GRIN1 — glutamate receptor NMDA, Grin1/Grin2b;
GRMA2 - glutamate metabotropic receptor 2; GRMAS5 — glutamate metabotropic receptor 5; HRH1 - histamine receptor H1; HRH2 — histamine receptor H2;

HTR1A — hydroxytryptamine receptor 1A; HTR2A — hydroxytryptamine receptor 2A; OPRD — opioid receptor delta; OPRM — mu-opioid receptor; TRPV1 —transient receptor potential
vanilloid 1; AMPA - glutamatergic a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor; GIuR5 — glutamate receptor 5; SERT - serotonin transporter
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Tabnuua 4. YnbLeporeHHble 1 racTponpoTeKTOpHbIe 3 pekTbl N-annunumMinaa3on-LmnHKa u LUMHKOCOLEPXALLMX HECTEPOUIHBIX TPOTUBOBOCNANMUTENbHbIX CPEACTB (pesynbrarsl

XEMOPEaKTOMHOr0 aHanu3a), % akTUBHOCTI OT KOHTpONA™

Table 4. Ulcerogenic and gastroprotective effects of N-allylimidazole-zinc and nonsteroidal anti-inflammatory drugs (results of chemoreactome analysis), % of activity from control*

AxtuBHocTb / Activity

N-annunumupason-Zn /
N-allylimidazole-Zn

Zn-puknocheHak /
Zn-diclofenac

Zn-keToponak /
Zn-ketorolac

Zn-Humecynup /
Zn-nimesulide

MpoTNBOA3BEHHAS aKTUBHOCTb Y KPbIC NpH
BHYTPMOPIOLWMHHOM BBeAeHUM B 103e 20 Mr/Kr //
Anti-ulcer activity in rats with intraperitoneal
administration at a dose of 20 mg/kg

71,2

66,2 53,8 49,9

YnbLeporeHHblid 3pEKT Npu npueme B J03e

30 MKMOJIb/KI NepopanbHO B Te4eHue 3 aHen /
Ulcerogenic effect when taken orally at a dose
of 30 pmol/kg for 3 days

12,1

100,0 100,0 100,0

YacToTa BO3HMKHOBEHMS A3B XKeNyaka npu npueme
B fo3e 100 mr/kr nepopansHo // The incidence

of gastric ulcers when taken at a dose

of 100 mg/kg orally

34,9

75,0 75,0 75,0

YacToTa BO3HUKHOBEHNS S13B XeNyaka npu 403e
200 mr/kr nepopansHo // The incidence of gastric
ulcers at a dose of 200 mg/kg orally

65,8

90,0 90,0 90,0

Tpumeyanne. * B KayecTse KOHTPOJIA UCMOTIb30BAJICA (YU3N0I0rnyeckmii pactop (4to cootserctayet 100% akTMBHOCTH).

Note. * Saline solution was used as a control (which corresponds to 100% activity).
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