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PE3HOME

AxtyanbHocTb. 105 9 PeKTUBHOM 1 6e30MacHOl hapmakoTepanui BocnaneHns 1 6011 UCNoMb3yHTCH HECTEPOMAHbIE NPOTMBOBOCNANMN-
TenbHble cpegceTsa (HIMBC). Kak npaBuio, OHNU CHUXAKT YPOBEHb racTPONPOTEKTOPHOro npocTarnananHa E2 Bcneactsne MHrM6UpoBaHus
umknookcurexasol-1. LinHkocomepxaluaa monekyna-kaHaumgar N-annunumngason-unHk (6uc(N-anamnumupason)umHkamnaderar) — nep-
CMEKTUBHbIN MPOTUBOBOCNANNTESbHbIV NPenapar, NOTeHUNANbHO NINLLIEHHbIA FraCTPOTOKCUYHOCTM.

Llenb: xemopeakTOMHOE MOAENNPOBaHe hapmakonornyeckux apdekToB N-annunummaason-LmHKa u UMHKOBbIX NPOM3BOAHBIX M3BECTHbIX
HMBC (amknodeHak, HAMECYNIA, KETOpPONak) MeToAaMI TOMOMOrMYECKOro aHan3a XemMorpadoB Y1CIEHHOr0 NPOrHO3MPOBAHUS B CIIOX-
HbIX CUCTEMaX NPU3HAKOB.

Marepuan n metogel. [poBedeHo in Silico mofennposaHne monekynbl-kangnaara N-annunmMuaason-LunHka, cuHTe3nposanHoro 8 ®bYH
OUL «MpkyTcKuiA MHCTUTYT Xxumiumn um. A.E. ®asopckoro Cubupcekoro otaenexns PAH» ¢ ncnonb3oBaHnem KOHriioMepara MeTo40B XeMo-
MHCOPMALIMOHHOMO aHanm3a Monekyn Hay4Hoi wkonbl K.U. XKypaBnésa. [JaHHble METO/b!I BKNIOYAKOT TEOPUIO aHanm3a xemorpados, MeTo-
[bl NPOTHO3MPOBAHNSA YACOBLIX TAPreTHbIX NePeMEHHbIX, KOMOUHATOPHYIO TEOPUIO PA3PELLNMOCTI/PEryNSPHOCTI, TONOMOrMYECKNA METOS,
aHanun3a AaHHbIX. OueHka hapmMakonornyecknx BOSMOXHOCTE MONIEKYT B PaMKax XeMOPEAKTOMHO MeTOA00r (HOBEIALLEro Hanpasne-
HUA NTPUIOXKEHUS CUCTEM MALLUVHHOIO 06y4eHWs B 06/1aCTI MOCTIEHOMHOM (hapmMakooruu) NpoBoAMNaCcs NOCPEACTBOM CPABHEHNS XMMUYe-
CKOIA CTPYKTYpbI MOMEKYN PaLeTamoB CO CTPYKTYpamu MOMEKY, Ans KOTOPbIX MOMEKYNspHO-hapMakonornieckine CBoCTBa U3y4eHsl ¢ 1C-
NONb30BAHWEM aNrOPUTMOB 06YYEHWS UCKYCCTBEHHOrO WHTENNEKTa Ha OCHOBe WHopmauuw Tuna big data, npefcrasneHHon B 6asax
naHHbIx PubChem, HMDB, STRING, PharmGKB. Ha ocHOBaHUM BCEro KOMMEKCA pasnuyunii Mexay Monekynami Bo B3auMoaencTausx ¢ 6en-
Kammu-peLentopamu Ans KOxA0M BbIYMCIANK 6ann «NpoTUBOLENCTBISA 0XXMPEHUID» KaK NOPALKOBbIA HOMEP 3TOM MONeEKYIbl NpK ynopsao-
YeHUN N0 Y6bIBAHWIO 3HAYEHNI COOTBETCTBYIOLLMX XEMOPEAKTOMHbIX KOHCTaHT.
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Pe3ynbtarsl. Noka3aHo, 410 N-annunummaason-UmHK MoXeT 0651agatb NpoTUBOBOCNANUTENbHbIM AEACTBUEM, 06YCNOBNEHHbIM BAUSHUEM
Ha aKTMBHOCTb LIMTOKWHOB W, OTYACTK, HA MeTabonnu3M NpPocTarnaHAMHOB W NERKOTPUEHOB. Ero LeHTpanbHble 9d)(eKTbl BECbMA CX0XM
¢ acbdpekTamm umHkocomepxawmx HIMBC. AHanbretndeckuiti noteHuuan N-annunumnaason-unHKa 0CHOBAH Ha MHIMOUPOBAHUM KNHUHOBbIX
MOATMNOB PeLenToOpoB, a TaKXe Ha crnabom 6OKMPOBAHMN aKTUBHOCTM TACTAMWUHOBBLIX PELENTOPOB W aHTUHOLMLENTMHOBLIX CBOMCTBAX.
Morsekyna MoXeT 0Ka3blBaTb 3aLLUTHOE BO3LEACTBUE HA ANUTESTMA CIUSUCTON XKEeNyaKa U He YXyALLaeT CBOMCTBA MYKO3a/IbHOr0 3aLLUTHOr0
cnos xenyaka. MokasaHo, 410 N-annnnummaason-LmHK N0 CPaBHEHWIO C APYTMU COeANHEHNSMI, BOLLEALLUMM B aHANU3, B HaUMeHbLLeN
CTeneHN 0Ka3bIBAET HEraTUBHOE BMSHNE HA METab0MIM3M Pa3fNYHbIX BUTAMUHOB U MUKPOANEMEHTOB.

3akntoyenne. XeMopeakToMHOe NpodunmpoBaHne N-annunumuaason-LnHKa yKasbiaeT Ha NepCneKTUBbI ero NPUMEeHeHUs Kak MpOTUBOBOC-
ManuTenbHOro npenapara.
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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.

GAPMAKOIKOHOMMUKA. CospemeHHas thapMakoakoHoMuKa 1 hapmakoanuaemuonorus. 2024; Tom 17, No 4 https://pharmacoeconomics.ru -



Original articles

frmakoekononika

KEYWORDS

mining.

For citation

2024.279.

N-allylimidazole-zinc, zinc-containing compounds, anti-inflammatory drug, adverse effects, chemoinformatics, pharmacoinformatics, data

Galenko-Yaroshevsky P.A., Sergeeva A.V., Torshin L.Yu., Gromov A.N., Reyer |.A., Gromova 0.A., Trofimov B.A., Parshina L.N., Murashko R.A.,
Zadorozhniy A.V., Zelenskaya A.V., Sergeev S.N., Tovkach Yu.V., Gulevskaya O.N., Sholl I.V. Chemoreactome prediction of anti-inflammatory,
analgesic, ulcerogenic effects of the candidate molecule N-allylimidazole zinc in comparison with zinc derivatives of non-steroidal anti-
inflammatory drugs. FARMAKOEKONOMIKA. Sovremennaya farmakoekonomika i farmakoepidemiologiya / FARMAKOEKONOMIKA. Modern
Pharmacoeconomics and Pharmacoepidemiology. 2024; 17 (4): xxx—xxx (in Russ.). https://doi.org/10.17749/2070-4909/farmakoekonomika.

OcHoBHblE MOWEHTb! ighights

Y7o yXxe n3BecTHo 06 3Toii Teme?

» HecTepougHble npotusoBocnanutenbHble cpepctsa (HMBC) cHumxatoT
YPOBEHb raCTPONPOTEKTOPHOr0 NpoCTariaHAnHa E2, nHrnbupys LnKnook-
cureHasy-1, 1 NoaaBnsIOT CUHTE3 NPOBOCNANNTENbHbBIX MPOCTArNaHANHOB
NOCPeSCTBOM NHIMOMPOBAHUS LIMKITOOKCUTEHa3bI-2

» llcnonb3oBaHne KOMNIeKcoB «LUHK-HIMBC» He BbI3blBAET 3HA4YUTENbHbIX
NOBPEXAEHUIA CAN3UCTBIX XKEeNyaKa N KULLEYHNKA, HABN0AAI0TCS TONbKO
CNaboBbIPAXEHHbIE MUKPOMOBPEXAEHUS CIIMSNCTON Xenyaka

» [lo6asneHune umHka Kk HMBC genaet 3t KOMMNO3ULWW CYLLECTBEHHBLIMIA
MCTOYHUKAMI MUKPO3NIEMEHTA LIMHKA, XapaKTepU3YHLLErocs camocTos-
TeNbHbIMM NPOTUBOBOCNANNTENLHBIMU U UMMYHOMOZYNVPYIOLIMMI CBOIA-
CTBaMU

Y10 HOBOrO faeT cTaTha?

» [okaszaHo, 4T0 UMHKOcOAepXallee coeauHeHne N-anamnmmnaason-LumHK
(6uc(N-annunuMnaa3on)umHKamaleTar) — nepecnekTMBHOE MPOTMBOBOCTA-
NINTeNbHOE CPEACTBO, MOTEHLMaNbHO NnLeHHoe HegocTatkos HIMBC

» VYCTaHOBMEHO, YTO MPOTMBOBOCNANUTENbHOE AeiicTBue N-anamnumnga-
30/1-L1HKA 06YCNIOBNEHO BANSHUEM HA aKTWBHOCTb LUTOKMHOB U, OTHA-
CTW, Ha META60M113M NPOCTarNaHANHOB 1 NeNKOTPUEHOB

» [poTnBo60neBoi ekt N-anannmmnaason-LnHka MoXeT ObITb CBA3aH
C MHIM6MPOBAHMEM PELIENTOPOB KUHWUHOB, CNabbIMM @aHTUFNCTaMIUHOBbI-
MU 11 QHTMHOLMLENTUHOBLIMU 3chdhekTamu. N-anaunummnaason-LmHK Mo-
)KET NPOABNATb raCTPONPOTEKTOPHbIE CBOMCTBA

Kak 310 MOXeT NoBNUATb HA KNIMHUYECKYH NPaKTUKY B 0603puMom byayluem?

» [lpu cyT04HOI NOTPEBHOCTM B LMHKE nopsagka 15-20 mr N-anaunumnga-
301-UMHK W WUcCneaoBaHHble LUMHK-HABC fBNSIOTCA CyLLECTBEHHbIMU
MCTOYHNKAMY 3MIEMEHTHOIO LHKA

P XeMopeaKTOMHbIii aHanu3 N-anaunummaason-LUnHKa yKasbliBaeT Ha nep-
CMEKTUBbI CO3JAaHUA HA €FQ OCHOBE SIeKapCTBEHHOrO npenapara ¢ Bbipa-
)KEHHBIMW MPOTUBOBOCMANUTENbHBLIMI U aHaNbre3unpyoLyMi CBOACTBA-
MU, He 0671aJakLLErO YNbLIEPOTEHHbIM AeiCTBUEM

BBEAEHWE / INTRODUCTION

[1o pesynsratam cuctemartmsaumm 60MbLINX AAHHbIX B PAMKaX MeX-
[YHapPOJHOro NepecnekTUBHOrO peecTpa NPOTOKOIOB CUCTEMATUYECKIX
0630p0B B 3[1paBOOXpaHeHN 1 counanbHoi nomowm PROSPERO [1],
1,5 MAIpA 4enoBek BO BCEM MUpe CTPALatOT OT XPOHMYeCKoil 6onu,
npu4em ee pacnpoCTPaHEHHOCTb YBENNYMBABTCS C BO3pacToM. bonb
aCcCOLMMPYETCS C YCTANOCTbi0, CHIDKEHWEM Ka4eCTBa XNU3HW 1 6onee
TSKEeSbIM NPOrHO30M MHOXXECTBA 3a60NeBaHNIA.

CpaBHeHne xapakTepucTik 6051 Npu LWNPOKOM CrekTpe 3abone-
BaHWUN, CUCTEMATM3NPOBAHHbIX B 6a3ax AaHHbIx PubMed/MEDLINE
n Cochrane Library ¢ momeHTa ux co3ganus go 31 mapra 2021 r.,
NO3BOMN0 CTPATU(IMLNPOBATL 3HAYUMOCTb 60N1EBOr0 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 arg-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?

p [t 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 3a60neBaHnii, MOy U CTENEHN THXKECTU (YMEPEH-
Has unu Tsxenas 601b), CBA3b C NCUXUYECKUMU/MOBELEHYECKUMN
paccTpoMCTBaMM, NATONOrMAMMU CUCTEMbI KPOBOOBPALLEHNS 11 HApy-
LLIEHNEM MO3rOBOr0 KpOBOTOKA. Cpe/in XKEHLLMH M0 CPABHEHUIO C MYX-
YMHAMMW OTMEYEHO HebOosbLIoe NpeobriagaHne naymeHToB ¢ 60J1bL0
(49,8% npoTus 43,5%) n 3ameTHoe (B 1,8 pasa) — ¢ 60Jbi0 B Nosc-
Huue. OCHOBHbIe rpynMbl COMYTCTBYHOLMX 3a60/1€BaAHNIA C YMEPEHHOMN
1 TSXKENIOM cTeneHsmMu 6001 BKo4anu ractponapes (92,3%), neroy-
Hyto runepTeH3mnto (90,0%), XPOHUYECKYHO 06CTPYKTUBHYIO 60/1€3Hb
nerkux (83,2%) u paccesHHblit cknepos (80,0%) [1].

XpoHn4eckas 60sb — Npo6nema 06LLeCTBEHHOr0 3APaBOOXPAHEHUS,
KoTopas TpebyeT ropasgfo 6onee aPPeKTUBHLIX hapMaLeBTUYECKUX
BMELLIATENbCTB C MUHUMANbHBIMI MPOUASAMI NOBOYHBIX AEACTBUIA.

- https://pharmacoeconomics.ru
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OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

HecTepongHble npoTuBoBOCNanuTenbHble cpeactea (HMBC), npume-
HAAEMblI€ [ NleYeHns 6011 U BOCNaneHus, OCYLLECTBASIOT OCHOBHOE
(hapmakonornyeckoe fencTBUe NOCPEACTBOM 6510KaAbl aKTUBHOCTH
unknookcureHasbl-2 (LOM-2) u 4epes psa LEHTPanbHbIX MEXaHM3-
MOB [2]. Mpu OLieHKe NepCneKTMBHOCTU Moniekyn-Kanauaatos HIMBC
06bI4HO ONpeAensTcs (HapmMakonornyeckme u TOKCUKONOrYecKue
npounn He TONLKO /n Vitro v in vivo, HO v in Silico. ns 3T0ro aHa-
NIM3NPYETCH KaK UX NPOTUBOBOCNANMUTENIbHASA aKTUBHOCTb (Hanpumep,
Ha pasnn4HbIX MOAENAX — OTEK Nlanbl y KPbIC, MOAESb C UCMONb30-
BaHWeM rops4en NNacTukm), Tak 1 aHanbresupyioLlee LeicTeme (Ha
Pa3NNYHbIX MOAENAX KOPYEN Y KPbIC — UHBEKLMS YKCYCHOI KUCNOTBI,
yLIeM/IeHMe XBOCTA W LeNbIA pAL IKCNepuMeHTabHbIX MOLenen no-
BPeXeHUs nepnepuyecknx HepBoB Y XNBOTHBIX), 8 TAKXKE PUCKN
YNbLEPOreHHOro BO3AEMCTBUA NOCNe NepopanbHOro npuema.

Mouckn HoBbIx HMBC ocyLiecTBAAOTCS, B YACTHOCTM, B Hanpase-
HUW NOBbILLEHNSA UX 6€30MACHOCTM (B T.4. CHUKEHUS YNbLEPOreHesa).
OpHako 6e3 npeBapuTeNibHOr0 MOAENMPOBAHNA in Silico MOXET BbiTb
nosly4eH NpsMO NPOTUBOMOMOXHBIA pe3ynbTat. Hanpumep, CuHTe3
1 UccresoBaHnMe HOBOM NPOWU3BOAHON MOYEBUHbI (1-(2-x10p6eH-
301n)-3-(2,3-AnXNopdeHnIT)-TMOMO4EBNHbI) NPOAEMOHCTPUPOBANN
CPaBHUMbI C aCMUPUHOM W UHAOMETaUMHOM NPOTUBOBOCNANUTEb-
HbIi 9ppeKT. Ho mpu 3TOM COBEPLUEHHO He yAanoch m3bexarb ra-
CTPOTOKCMYHOCTH, XapakTepHoii ans HMBC [3].

YeuneHve npoTUBOBOCNANMTENILHOMO W YCTPAHEHWE FaCTPOTOKCUY-
Horo achpexTa HMBC nocpecTBOM KOMMNEKCO06Pa30BaHUA C MOHAMN
LMHKA — BeCbMa 3amMaH41Bas nepcrekTuea hapmMakosiorum MUKpoane-
meHTOoB 1 HIMBC, N03B0NAOLWLANA COXPaHATL MPOTMBOBOCNANNTENbHbIE
1 npoTuBo6onesble apekTbl HMBC 1 CHMXATb raCTPOTOKCUYHOCTD.
Takue pesynbTatbl 661N NONYYEHbI AN KOMNIEKCOB NOHA LiNHKA
C anknoeHakom [4], nHgoMeTaunHoM [5] v faxe AN cmeceit opra-
HUYeCKNX coneit LnHKa ¢ pasnuyHbimmn HIBC (rapoacnapTarta unHka
¢ néynpocherom) [6, 7]. MpumeHeHne Komnnekcos LmuHKa ¢ HMBC unn
cmeceli HMBC ¢ consMu LMHKa JOCTOBEPHO CHUXA0 MUKDPOMOBPEX-
JEHUS CN3NCTON Xenyaoka.

Lenp — xeMopeakTOMHOE MOAENMPOBaHe (hapMaKoaor4eckux
ahdekToB N-annunumnaason-LnHka u LUHKOBbIX NPOU3BOAHBIX W3-
BecTHbIX HIMBC (anknodeHak, HUMeCynua, KeToposiak) MeTogamu
TONOJSIOMMYECKOr0 aHann3a xemorpados 1 YMCAEHHOTO NPOrHO3MpPO-
BaHWA B CNOXHbIX CUCTEMAX NPU3HAKOB.

Lo
T

N-annunumupason-Zn / Zn-puknodpenak / Zn-diclofenac

N-allylimidazole-Zn

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

MATEPWANT W METO[1bl / MATERIAL AND METHODS

WUccneposandbie monekynbl / The studied molecules

[lpoBeneHo in Silico mofenupoBaHne LUHKOCOLepPXKaLlero
NPOTMBOBOCNANUTENLHOIO cpeacTsa N-anaunumnaason-unmHka
(6uc(N-annunumungason)UnHKLNALeTaT), CUHTE3UPOBAHHOIO
B ®IBYH OUL, «NpKyTCKniz MUHCTUTYT Xumuu um. A.E. ®aBopckoro
Cubupckoro otaenenus PAH» 1 noTeHUManbHO He NPOSIBASIOLLErO
racTpoTokcnyeckux HegoctatkoB HIMBC. ViccnenoBaHHble MOMEKy-
bl NPeACTaBIEHbI HA PUCYHKE 1.

XemopeakTomHoe moaenuposadue / Chemoreactome modeling

XemopeakToMHoe in Silico mofienupoBanue hapmMakosiorudeckux
CBOMCTB pafa LMHKOCOAepXaLLmx KomnekcoB u N-anamnumnaa-
30/1-LIMHKa OCYLLEeCTBAANOCH NOCPELCTBOM KOHFIOMepaTa MeTOL0B
XeMOUH(OPMALMOHHOI0 aHanN3a Monekyn Hay4Hom wkonbl K., XKy-
pasnéea [8-10]. Mpouefypa 0CHOBaHa Ha TeOPUI TOMONOTUYECKOrO
aHanusa aavHbix [11, 12].

MogenupoBaHue NpoBOANIOCH B KOHTEKCTE CUCTEMHO-6MONOrK-
4eCKOro nofAxoAa NOCTreHOMHO (hapMakonorun, B KOTOPOM MPUHU-
MaeTcs, YTO [LeliCTBYIOLLee Ha4yano noboro nekapcrea MoAynupyer
YPOBHM 1 aKTUBHOCTb MPHK-TpaHCKpMNTOMA, TapreTHbIX 6€MK0B npo-
TeoMa 1 MUMUKPUPYET MOL Masble MONeKynbl B COCTaBe MeTabosioma
opraHuama [13].

JTio6ble 3peKTbl, Kak NPOTUBOBOCNANNUTESbHbIE, TAK M BCE OCTallb-
Hble, MOAENNPOBANNCH B TPW 3Tana:

1) hopmMupoBaHune penieBaHTHON BbIGOPKM LAHHbLIX ANs 00y4eHUs
(Hanpumep, MoJIeKy/bl C NPOTUBOBOCNANIUTESIbHOM aKTUBHOCTbHIO);

2) pacyeT XMMUYECKOro paccTosHnsa dy mexay monekynamu [8];

3) BbI4UCIIEHNE KOHCTAHT MHrMonposaxusa (Ki), nonymakcumansHoro
uHrnéuposanms (aHrn. half-maximal inhibitory concentration, IC50).

Ha nepsom 3artane dhopmupoBanach BbI6OPKA UCXOAHBIX AAHHbIX.
C 3T0i LieNibio MO KIK0YeBbIM ClI0BaM (Hanpumep, ONUChIBAKOLLAM LigH-
TpanbHoe aeicTene — “dopamine”, “adrenergic”, “opioid”, “histamine”,
“serotonin”, “glutamate”, “analgesic” n gp., Bcero 35 TepMUHOB) 13
6a3bl AaHHbIX PubChem u3Bnekanucb COOTBETCTBYIOLLNE BUONOMNYe-
CKNe aKTMBHOCTU Mosiekyn. Becero 6b110 HainfeHo 1627 akTUBHOCTEN
ansa 25 129 monekyn. B ka4ecTBe KOHTPONA Npu hOPMUPOBaHNK 06Y-
YatoLLen BbIGOPKM UCMONb30BANNCh AaHHbIE C NPUMEHeHNeM uapac-

» o«

\\ﬂb
\N/ \\

07~ N+\(|)
H

Zn-wnmecynup / Zn-nimesulide

Zn-ketoponak / Zn-ketorolac
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TBOPA, M3BNEYEHHbIE 13 TOM e 6a3bl faHHbIX PubChem ans kaxpgon
13 1627 aKTUBHOCTEIA.

Ha BTOpOM 3Tane aHanu3a yCTaHaBAWBANCA CUCOK MOMEKYN ¢ U3-
BECTHbIMU CBOICTBAMU, HaNbosee 6NIU3KMMM K KOKO0M U3 UCCNefyeMblX
MOJeKyn. 9TO OCYLLECTBAANOCH NOCPEACTBOM BbIYUCIEHUS «METpUYe-
CKOr0 XMMIUYECKOro paccTosiHus» dy mexay monekynamu. Mpouesypsl
BbIYUCIIEHNS METPUKK y OCHOBaHbI HA KOMOMHATOPHON Teopun paspe-
LUMMOCTM B IPUMEHEHMM K Xemorpaam (y-rpacpam) — Matematn4eckum
00bEKTaM, UCNOSb3YEMbIM AN ONUCAHUA CTPYKTYP Mosekyn [8].

Ha Tpetbem aTane Aans KaKpoi MONeKyfbl U3 6a3 [aHHbIX U3-
BfleKanach BCA UMEKLLascs UHQopmMaunsa 06 IKCNepuMeHTanbHOM
M3MEPEHUN Pa3NYHbIX 6ONOrNYECKUX CBONCTB 3TOM MOSEKYbI
11 NPOBOANANCHL OLIEHKN BMOMOrMYECKINX aKTUBHOCTEI C BbIYUCTIEHNEM
COOTBETCTBYHLLMX KOHCTAHT (KOHCTAHT CBS3bIBAHWS, KOHCTAHT UHIU-
6upoBsanus 1 p.). Hactpoiika BecoB MeTpUK dy 1 MPOrHO3MpOBaHue
LIeHTPanbHbIX CBOWCTB nccneayemblx HINBC npoBoaunack ¢ NOMOLLbIO
COBPEMEHHbIX METOAOB MPOrHO3MPOBAHUS LIeNIeBbIX YACIOBbIX Nepe-
MeHHbIX [10]. Ans nony4eHuns oLEHOK 3Ha4eHMIn KOHCTAHT, NpeacTas-
NEHHbIX B MOCAEAYOLNX TabnnLax, aHanu3npoBannch pesynsrarbl 0T
5 10 216 HE3aBUCUMbIX XEMOMPOTEOMHbIX 3KCNEPUMEHTOB (B CPEAHEM
14 3KCNepuMEHTOB Ha OAMH TUN peLenTopa).

PE3YJIbTATbI N ObCYXXAEHWE / RESULTS AND DISCUSSION

dapmakonoruyeckoe AeMCTBUE U3YHEHHbIX MONEKy” /
Pharmacological effect of the studied molecules

MWKpO3anemeHT LMHK NPOSBASET CaMOCTOATEeNbHbIE MPOTMBOBOCNA-
NnUTenbHble U NpoTUBo6ONeBble 3PdekTbl. Mockonbky N-annuammu-
[a307-LMHK 1 13y4yeHHble unHK-HMNBC copepxat go 10-25 Mr umHka
(npm chu3nonornyeckoil NOTPe6GHOCTY B LIMHKE OKONO 25 Mr/cyT), ero
BbICOKOE COJiepPXKaHu1e SABNAETCA HEOTbEMIEMOI HaCTbio hapmMakomo-
TMYECKOro JeNcTBMA 3TUX COEJNHEHNNA.

B npoTeome ¢ noHamu Zn* B3aumopeiictaytoT 6onee 1100 6enkos,
peanuayoLinx NpoTMBOBOCNANMUTENbHbIE, AHTUOKCUAAHTHBIE, PereHe-
paTuBHbIE, TPAHCKPUNTOMHbIE, AHTUHOLMLENTUBHBIE 3(DeKTbI [14],
Heo06X04MMble AN NOLAEPXKKN BUOXUMUYECKON CTPYKTYpbl [HK:
MOCTTPAHCNALMOHHBIX Mogndukaumin JHK n.ee ctabunnaatopos 6en-
KOB-T1CTOHOB (METUNMPOBaHNE/aLeTUINPOBAHIE TUCTOHOB, METUMMN-
posaxune JHK) [15]. B3aumopaencTsys ¢ npoTeOMOM, NOHbI Zn?* TaKkxe
HE0O6X0ANMbI ANs NOAJAEPXKKM XOTUHEPFUYECKON, KaTEX0NIaMUHOBOW,
CepPOTOHMHOBOW HempoTpaHcMuccun [16]. Leduumnt LnuHKa, Hao60poT,
YBENU4YNBAET BbIPAOOTKY NPOBOCMANUTENbHBIX LUTOKUHOB [17], 4TO
[eNaeT OpraHnyeckme Conm LNHKA BXXHLIM MHCTPYMEHTOM Tepanuu
OCTPbIX pecnupaTtopHbix 3a6onesaxuii [18] u COVID-19 [19].

[ng uenen HacTosAlen paboTbl BAXXHO MOAYEPKHYThb, YTO CONU
LMHKA C OPraHNYecKNMI IUraHaamu He TONbKO NPOSABASIOT aHTM6aK-
TepuasbHble M NPOTUBOBOCNANNTENbHbIE CBOICTBA, CNOCOGCTBYIOT
perexHepaumnu panesoit nosepxHoctu [20, 21], HO U 0Ka3bIBAKT Bbl-
PaXEHHOE aHTWYNbLEPOreHHOe AENCTBME HA MOLENAX 3PO3UBHOIO
NOBPEXIEHNs 1 (POPMUPOBAHUS A3BbI XKENY/Ka, BbI3BAHHON OCTPbIM
CTpeccoMm [22], nepeBa3Koil NPMBPATHUKA XXenyaka [23], 3TUNoBbIM
cnuptom w/unu HMBC [24] u apyrumun haktopamu, cnoco6CcTByA
NOALEPXKAHUIO LIeSIOCTHOCTY CNU3NCTO 060/104KN Xenyaka [25].

XemopeaKkTOMHbIE OLEHKN AeiCTBUA MOJIEKYN Ha NPOLEcChbl
socnanenus / Chemoreactome assessments of molecules’ effects
on inflammation processes

MpocTarnaiantbl

XemopeakToMHOe in silico mogenupoBanne 3EKTOB U3YHEHHbIX
MOJEKy/l Ha NpocTarnaHauHel (Tabn. 1) no3sonser yTBepxaarb, YT0

N-annmunumMmnaason-uUmHK B KOHUeHTpaumm 1 MkM MOXeT UHrnbupo-
Batb LIOM-2 conocrasumo ¢ unHK-HMNBC (nHruéuposaxue Ha 24,9%
0T KOHTpOnNS; UMHK-HIMBC: 34,4-54,3% 0T KOHTPONS), HO C MeHbLLE
cneunguyHocTbio. AhdekTbl N-anamnuMmnaason-LmHKa 0TInYaTCes
0T AeiicTBus UMHK-HIMNBC Yepe3 noTeHUManbHoe BNUSHME HA CUHTE3
1 cekpeumto nenkotpuena B4 (IC50 237,7 uM).

KunuH-peuenTopbl

N-annunnmMmaason-UnHK NOTEHUUANTbHO NHIMONPYET KUHUH-PE-
LenTopbl, MPUYeM BeNNYMHA JAHHOTO 3(peKkTa conocTaBuma
¢ UMHK-HIBC (Ta6n. 2). [JaHHbIA MEXaHU3M BaXKHee ANf peanusaumm
NPOTUBOBOCMANIUTENbHBIX 1 NPOTUBOBOMEBLIX IPNEKTOB — HANpPK-
mep, 6rokaga 6pafuKMHUHOBLIX (1/2) peuenTopoB.cnoco6CTBYeT
YCTPaHEHWIO BOCMANEHNA/HOUMLENUMN B LIEHTPANIbHON HEPBHOM
cucrteme [26].

[lpoBocnanuTenbHbIe CUrHaNbHbIE MONEKY bl

A dekTbl N-annunummaason-uuHKa Ha ypoBHI MPOBOCNANNTENb-
HbIX CUTHANbHBIX MONEKYN (DAKTOP HEKPO3a OnyXxonu anba, nH-
TepnenknH-1-6eTa n MHTEPAENKMH-6 (Tabn. 3) noTeHUManbHO (NO
pesynsTataMm XeMOpPeakTOMHOFO aHann3a) cBA3aHbl ¢ UHTMOMpoBa-
HUEM aKTUBHOCTM TPAHCKPMALMOHHOMO BHYTPUSAEPHOrO (hakTopa
Kanna B, KoTopblil y4acTBYeT B peann3auum 61onoruyeckux aghde-
TOB PeLenTopoB MPOBOCNANUTENbHbLIX CUTHANOB YEPe3 Perynauuio
TPAHCKPUALMM FeHOMA B Maclutabe Bcero revoma. N-annunummaa-
3001-L{MHK NPOSIBNAN HE MEHbLUME NPOTUBOBOCNANUTENbHbIE CBONCTBA
no JAHHOMY MOMEKYNAPHOMY MEXaHU3My, YeM LNHK-KETOPOnak, 1, 4To
BXHO, XapaKTepu3oBancsa HauMeHbLUUM YNbLEeporeHe3oM Ha (hoHe
HaWMy4LLero (Cpeay uccnesoBaHHbIX MOMEKYn) racTponpoTeKTOPHOMO
adpexta (71%) (Tabn. 4).

XemopeaKTOMHbIE OLEHKN LIEHTPaNIbHOro U NPOTHBO60NEBOr0
neiictBus monekyn / Chemoreactome assessments of molecules’
central and analgesic effects

B co0TBETCTBMI C pe3ynbTaTtaMii XeMOPeakTOMHOrO /n Silico mofe-
NINPOBAHUSA LIEHTPANbHOrO AeicTBuMs (puc. 2) N-anannummnaason-LmHK
MOXET MOTEeHLNaNbHO NOKa3blBaTb CNEKTP 3((DEKTOB, CONOCTABN-
MbIl ¢ UMHK-HIBC, 63 A0CTOBEPHbIX OTAUYMIA 3HAYEHNIA KOHCTAHT
IC50 ons peuenTopoB aapeHanuHa/HopaapeHanHa, aHrMoTeH31Ha,
noamunHa, raMma-aMmMHOMACNSHOR KNCNOTbI, FyTamaTa, Onnouaos.
IMpn atom 3HaveHmusa IC50 ana HouuuenTuHoBoro peuentopa ORL1
(anrn. opiate receptor like-1) 66111 CyLLECTBEHHO HUKe Ans N-annun-
nummnpason-umHka (IC50 198-214 uM), yem ans unHk-HMNBC (1C50
361-1093 HM), 4T0 yKa3bIBaeT Ha BO3MOXHOCTb 60/ee 3DEKTUBHO-
ro uHrnémposanns ORL1 Monekynoi-kaHanaaTom. XeMopeakTOMHbIi
aHanu3 TakXe ykasan, YTo TeCTUPOBaHWE aHanbre3nn Ha Mofensax
6011 Y MblLLEN (KOP4M, BbI3BAHHbIE YKCYCHOI KMUCIIOTON) MOXET Npu-
BOAUTbL K CXOXMM pe3ynbtatam ans N-anannumngason-uuHka u mo-
neKyn cpaBHeHNs (23-56% UHrM6UPoOBaHMs HoLMLeNLmMN).

AHTUBUTAMMHHASA U AHTUMMHEpPanbHas akTUBHOCTL / Antivitamin
and antimineral activity

HMBC moryT HeraTMBHO BNMATb Ha 06MEH Pa3nyHbIX BUTAMUHOB
1 MUKpo3nemeHToB. Oco6eHHO onacHo Bo3aenctane psaa HINBC Ha
o6meH BuTamuHa K. HecMoTps Ha AOCTUXEHWUS B NIEYEHUN ULIEMU-
yeckoi 60nesHun cepaua, npu ucnonb3oBaHun HMNBC coxpaHseTcs
PUCK CePbEe3HbIX HE6NAronpUATHBIX CEPAEYHO-COCYAUCTBIX COOLITUIA.
AnTaroHucTbl BUTamMuHa K 1 npsimble nepopanbHble aHTUKOArynsHTbI
B coyeTaHumn ¢ HIMBC yBenn4mMBaOT PUCK KPOBOTEHEHWIA, MHGapKTa
MUOKapa, MHCYNbTa, NPOGY3HbIX KPOBOTEYEHNIA U CMEPTHOCTb OT
BCEX NMPUYUH.

- https://pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2024; Vol. 17 (4)



OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

Tabnuua 1. XeMopeakTOMHble OLeHKI BO3AeiicTBUA N-annnnummaason-unHka u LMHKOCOAepXKaLynx HeCTEPOUAHbIX NPOTUBOBOCNANNTENbHbIX CPEACTB HA NPOCTArNaHANHOBIA

MeTabonmsm

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

KoncTauTa /

AxtuBHocTb / Activity Constant

N-annunumupason-Zn /
N-allylimidazole-Zn

Zn-puknocheHak /
Zn-diclofenac

Zn-KkeToponak /
Zn-ketorolac

Zn-Humecynup /
Zn-nimesulide

MHruéuposanue LIOM-1 B go3e

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

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

- 99,0

23,6 8,2 5,7

MHruéuposanue LIOT-1 B nnasme kposu,
o6oraLeHHO TpomboLmTamu, HM /
COX-1 inhibition in platelet-rich blood
plasma, nM

IC50

1069,4

3402,6 2671,7 22240

MHrnéuposanue LIOT-2 B LienbHOI
KpOBW B KOHLEeHTpauum 1 MkM,

% aKTUBHOCTMW OT KOHTpOns™ /

COX-2 inhibition in whole blood

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

- 24,9

53,1 54,3 34,4

MHruéuposanue LIOT-2 B knetkax
CHO, HM / COX-2 inhibition in CHO
cells, nM

IC50

373,8

308,4 318,8 286,1

Hruéuposanne o6pasosaHus LTB4

B HEMTPOUIAX Yesl0BeKa Npu CTUMYNN-
poBaHum Knetok Ga-noHohopom
A-23187, 390 HM BeLecTBa, % aKTUB-
HOCTW OT KOHTponsa™ / 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

IHrnéuposanme BbICBOOOXAEHMS LTB4
8 [TMJ1 npu ctumynupoannu Ca-moHo-
chopom A23187, HM / Inhibition of LTB4
release in PMNs when stimulated by
Ca-ionophore A23187, nM

IC50

237,7

187,0 433,2 220,1

Hrnéuposanue LTA4-rugponassl, HM /
LTA4 hydrolase inhibition, nM

Ki 972,7

516,1 616,9 613,6

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

- 20,5

36,5 39,8 20,5

IHrnéuposaxme pelentopa npocTarnaH-
anHa D2, M / Prostaglandin D2 receptor
inhibition, nM

IC50

94,0

23,6 13,9 83,.2

Npumeyanne. L|OI-1 = yuknookeurenasa-1,; knetkn CHO (anrn. Chinese hamster ovary cells) — IMHns 3nUTennanbHbIX KNETOK, M0y4eHHAs U3 ANYHUKA KUTAICKOr0 XOMAYKa, KOTopas
YacTo MCrOb3yeTes B GNOMOrNYECKUX N MEGNUMHCKUX nccneRoBannsx; LTB4 (aHrn. leukotriene B4) — nevikotpuen B4; [IMJ1 - nonnmopghHosgepHbie nevikoynTsi; LTA4 (aHm.
leukotriene A4) — neiikotpuer A4, IC50 (aHrn. half-maximal inhibitory concentration) — KOHCTaHTa MOJIYMaKCUMasbHOTO MHIMOUPOBAHNSA; Ki — KOHCTAHTA MHINOMPOBaHuA. * B kayecTse
KOHTPOJIS UCTOSb30BANICS HU3N0TI0rNHECKNI pacTBop (4To cooTseTcTByer 100% akTUBHOCTY).

Nate. GOX~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; IC50 — half-maximal inhibitory concentration; Ki — inhibition constant. * Saline solution

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

[poBefeHHbIN aHann3 apmMakonHMOPMaLNOHHbIX Npodunen
«aHTUMUKPOHYTPUEHTHOr0» BO3JEMCTBINA UCCNEYEMbIX COEANHEHNI
yKa3aJl Ha CYLLIeCTBEHHbIE Pa3Nnyns MeXAY 3TUMN Monekynamu. Haum-
6071€ee BbIPQKEHHbIM «QHTUMUKPOHYTPUEHTHbIM» JEeNCTBUEM XapaKTe-
PU30BANIUCH LIMHK-AUKNOMEHAK U LMHK-HUMECYNNG, KOTOPbIE MOTYT
CTUMYNMPOBATb BbIBEAEHWE NUTUSA, KanbLns, MarHus (B MeHbLUER
CTeNeHN LWHKA, eCTECTBEHHO), BUTAMUHOB rpynnbl B (6uoTuHa, BT,

B2, B6, dhonatos), ButamuHoB G u D. N-anaunummnaason-umHK oTim-
4ancs HauyyWuM aHTUBUTAMUHHBLIM (CyMMapHbI 6ann 0,860,11)
1 aHTUMUHepanbHbIM (CymmapHblii 6ann 0,75+0,10) geiicteuem.
CymmapHbiii 6ann N-anannumnaas3on-UmMHKa no BCeEM BUTaMiHaM
1 MUHepanam coctaeun 1,5, 4TO COOTBETCTBYET, B CPELHEM, YBEM-
YEHW0 PUCKA BbIBEAEHUS TOO UM MHOFO MUKPOHYTPUEHTA BCErO Ha
7%. Takum o6pa3om, N-anaunumuaason-uynHK He TONbKO SBNSAETCA
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Tabnuua 2. XeMopeakTOMHbIE OLEHKM KOHCTaHT NONyMaKkCUManbHoro WHrnéuposanus (aHrn. half-maximal inhibitory concentration, IC50) peLenTopoB KUHUHOB U3Y4EHHbIMI

monekynamu, HM

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

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

SRR G0 N-allylimidazole-Zn Zn-diclofenac Zn-ketorolac Zn-nimesulide
AnTaronnam BDKRB1 B knetkax IMR90 /
BDKRB1 antagonism in IMR90 cells 0 456 100,0 10
Antaronnam BDKRB1 B knetkax CHO-D-/akBepuH //
BDKRB1 antagonism in CHO-D-/aquerine cells 38,5 755 475 385
AnTaronnam BDKRB1 B knetkax CHO /
BDKRB1 antagonism in CHO cells 406 27,0 43,6 2
AnTaronnam BDKRB2 B knetkax HF15/
BDKRB1 antagonism in HF15 cells 1056 716 701 RS
Cpoacteo 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 k NK3R / NK3R affinity 1092,6 921,8 1190,4 1856,8

Npnumeyanne. BDKRB1 (anrn. bradykinin receptor B1) — pevyentop 6pagnknauna B1; IMRI0 — kneToyHas inHus, mosy4eHHas U3 Nerkux 4e108e4eckoro nioaa; knetkn CHO

(aHrn. Chinese hamster ovary cells) — nuHus INNTENUANbHBIX KIETOK, NOYYeHHAs U3 AUYHUKA KUTACKOr0 XOMSYKa, KOTOPas YacTo UCMONb3YETCS B GUOTIOTNYECKUX N MEANLMHCKMX
ncenegosannsx; BDKRB2 (anrn. bradykinin receptor B2) — pevyentop 6paanknnuna B2; HF15 — nepsuynbie ¢oubpobnactsi yenoseka; NK1R (aHrn. neurokinin 1 receptor) — peyentop
HevipokntnHa 1; NK2R (aurn. neurokinin 2 receptor) — peuentop HevdipokutnHa 2; NK3R (aHrn. neurokinin 3 receptor) — peuentop HedipokuHuHa 3.

Note. BDKRB1 — bradykinin receptor B1; IMRI0 — a cell line derived from the lungs of a human fetus, CHO (Chinese hamster avary cells) — a line of epithelial cells derived from the ovary
of Chinese hamster, which is often used in biological and medical research; BOKRB2 — bradykinin receptor B2; HF15 — primary human fibroblasts, NK1R — neurokinin 1 receptor;

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

Tabnuua 3 (Hayano). lpoTnsoBocnanuTenbHble 3 dekTbl N-anannMmMmaason-unHKa u LMHKOCOAePXKaL X HeCTEPOMAHbBIX MPOTUBOBOCNANNTENbHBIX CPEACTB: BO3AENCTBUE

Ha UNTOKNHBI (MO pe3ynbTatam XeMopeakTOMHOM0 aHanu3a)

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

analysis)

AxtnBHocTb / Activity

N-annunumupason-Zn /
N-allylimidazole-Zn

Zn-puknotheHak /
Zn-diclofenac

Zn-keToponak /
Zn-ketorolac

Zn-Humecynup /
Zn-nimesulide

MpoTuBoBOCNANNUTENbHAS aKTUBHOCTD (IC50)

B LIENbHOI KPOBM YeN0BEKA KaK UHIMOUpoBaHue
JINC-nHAYyUMpoBaHHOro BbicBO6OXAeHM PHO-a
npu nHKy61poBaHuu (1 4) ¢ nocneaytoLLmm
no6asnennem JIMC (vyepes 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 o6pa6oTtke 40 MkM
BELLECTBA, % aKTUBHOCTM OT KOHTpONsa™ / Inhibition
of TLR7 in HEK293 cells upon activation of NF-kB
during treatment.with 40 uM of substance,

% of activity from control*

31,1

24,3

54,7

23,7

NHruémposaxme akcnpeccun 6enka ICAM1

B KyieTkax HUVEG, nnayumpoBarHoit ®HO-q,
fpeasapuTenbHas o6pabotka 1 MM BelecTBa
3a.2 4 8o ®HO-q, % aKTUBHOCTM OT KOHTpONs™ /
Inhibition of TNF-a-induced ICAM1 protein
expression in HUVEC cells, pretreatment with 1 yM
of substance 2 hours before TNF-a, % of activity
from control*

95,0

46,7

80,2

46,8

Wurnéuposanue JINC-nHAYLMPOBAHHO TPaHCAKTH-
Bauun NF-kB B knetkax SW480 npu BBefeHUM

10 MKM BeLecTBa vyepe3 14 nocne CTUMynALMN
JING, % akTuBHOCTK OT KOHTpONA™ / Inhibition

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

36,8

41,1

16,8

14,1
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Tabnuua 3 (okoHuaHue). NpoTuBoBOCNANNUTENbHBIE 3 DEKTbI N-annunuMmnaason-LMHKa u LMHKOCOePXalunx HeCTePOMAHbIX NPOTUBOBOCNANUTENbHbIX CPEACTB: BO3AEACTBIE
Ha LLMTOKMHBI (MO pe3ynbTatam XeMOPeakTOMHOr0 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)

N-annunumupason-Zn /
N-allylimidazole-Zn

Zn-puknocheHak /
Zn-diclofenac

Zn-keToponak /
Zn-ketorolac

Zn-Humecynug /

AkTuBHOCTb / Activity Zn-nimesulide

MHruéuposanne MIF-uHayLMpOBaHHON NpoayKLnN
11-1B B kneTkax PBMC, 100 mkM BeLuecTBa,

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

100 pM of substance, % of activity from control*

MHruéuposanue JIMNC-nHAYLMPOBAHHON CEKPeLMm
N-1B B knetkax THP1 npu npefBapuTenbHON
06pa6oTke 100 MKM BeLecTBa B TeyeHue 40 MuH,
% aKkTUBHOCTW OT KOHTpona™ / Inhibition

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

for 40 min, % of activity from control*

lpoTneBoBOCNANUTENbHAS AKTUBHOCTh

B Makpodharonofo6bHblx knetkax HL-60 kak
nHrnéuposaxue JIMC-MHAYLMPOBAHHOI NPOLAYKLMM
1AN-6 B koHUEHTpauuu 50 MKM npn 06paboTke

3a 30 muH o ctumynsauuu JMGC, % 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*

/Hrnéuposanne o6pasoBaHus /1-6 B kneTkax
THP1 npu o6paboTke 10 mkM 3a 30 MUH g0
BBefeHns JMNC, % akTMBHOCTW OT KOHTpons™ /
Inhibition of IL-6 formation in THP 1 cells when
treated with 10 pM for 30 min before LPS
administration, % of activity from control*

NHrnéuposanue JINMC-nHAYLMPOBAHHON CeKpeLnn
1111-6 B makpodparonofo6HbIx knetkax U937 npu
NpeaBapuTENbHOI MHKY6aLNN B KOHLEHTpALIMY
125 MkM B Te4eHue 2 4, % aKTUBHOCTU OT
KoHTponsa™* / Inhibition of LPS-induced IL-6
secretion in macrophage-like U937 cells.during
pre-incubation at the concentration of125 uM

for 2 hours, % of activity from control*

Npnmeyanne. IC50 (aHrn. half-maximal inhibitory concentration) — KoHcTaHTa nonymakcumanbHoro uHrbnposanus; JINC — nunonomucaxapuasl; ®HO-a — hakTop HEkpo3a onyxomm
anepa; TLR7 (anrmn. toll-like receptor 7) — tonn-nogo6Heii peyentop 7; HEK293 (anrn. human embryonic kidney 293) — kneTo4Has inHus, Mosy4eHHas U3 3IMOPUOHATbHBIX 104eK
yenoseka, NF-kB (aurn. nuclear factor kappa B) — spepHbiii cpakTop kanna B, ICAM1 (anrn. intercellular adhesion molecule 1) — monekyna mexknetoyroii agreamy 1; HUVEC (aHrn.
human umbilical vein endothelial cells) = sxgoTennansHbie KNeTku MynoYHoV BeHbl Yenoseka; SWA80 — knetku paka tonctoit kuwku; MIF (anrn. macrophage migration inhibitory
factor) — chakTop, uHrnbupyroLLmii murpaumio Mmakpogharos; WJ1— nutepneiikui; PBMC (aHrn. peripheral blood mononuclear cells) — MOHOHYKneapHbie KNeTku nepughepuyeckoi kposm;
THP1 — MOHOUMTApHAA KRETOYHAs INHUSA HE0BEKa, NOy4eHHas OT NayneHTa ¢ OCTPbIM MOHOLUTAPHBIM 1e/K030M,; HL-60 — ninkns kneTok nevikemun qenoseka; U937 — npomoHoum-
TapHas MOLEsbHas KNETo4Has MHNA. * B Ka4ecTBe KOHTPOSIS UCMO/Ib30BasCS (hn3n0nornieckmii pactBop (4to cootsetctayet 100% akTuBHOCTY).

16,2 51,8 17,7 12,9

25,0 32,6 50,8 15,7

54,3 95,2 84,6 54,3

29,9 18,5 18,9 29,9

21,7 19,6 28,4 40,4

Note. IC50 — halfsmaximal inhibitory concentration; LPS — lipopolysaccharide; TNF-a — tumor necrosis factor alpha; TLR7 - toll-like receptor 7, HEK293 — human embryonic kidney 293;
NF-B — 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).

MCTOYHUKOM «OPraHn4ecKoro» LNHKa, HO U (B OTAIMYME OT U3YHEHHbIX
HMBC) cnoco6CTBYeT COXPaHEHUIO APYrUX MUKPOHYTPUEHTOB. N-an-
NMANMIUAA30N-LMHK B MEHbLLE CTENeHM, YeM MOMEKYIbl CPaBHEHWS,
BMeLIMBaeTcs B 06MeH BuTamnHoB G 1 K, 06MeH Marius u KanbLus.

3AKNHYEHMUE / CONCLUSION

BaxHoit 3aa4ei NocTreHOMHOM (hapMakonoruu ABASETCA MOAENNPO-
BaHMe MOTeHLMana fio6oro HOBOrO CUHTETUYECKOrO TEPaneBTUYecKOro
areHTa B KOHTEKCTEe NpOTeoMa 1 MeTa6osoma, YTo No3BONAET BbiGUpaTh

MONEKYNbl-KaHAUAATbI He TONbKO AN NyYLIero ynpasneHns 601bHo,
HO N C MUHUMANbHbLIMW MPOTUBOBUTAMUHHBIMI U YbLEPOreHHbIMM
appexktamu. OTceB HEAEEKTUBHBIX U NOTEHLNANBHO ONACHBIX MO-
NeKyn-KaHAWAATOB A0MKEH NPeABAPSATb UCCNEeA0BAHNA HA KMBOTHbIX
1 NIOAAX — NPEX/e BCEro no aTNYECKMM NPUYNHAM, A TaKXKe M0 9KOHO-
MUYECKUM CO0BpaXXeHMaM. XeMopeakToMHoe uccnefosaque N-annu-
NNMUEA30N-LMHKA U PAAa LNHKOBbIX Npon3eoaHbiX HIBC ykasano Ha
oTcyTcTBUE Y N-annunumngason-umuHka ractpoynbLeporeHHoro aei-
CTBUS MPW HANMYMM racTPONPOTEKTOPHOr0, MPOTMBOBOCMANMTENBHOTO,
npoTBo601eBoro achdeKToB, CONOCTABUMBIX C MONEKYNAMN CPABHEHNS.
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= N-annunumupason-Zn / = Zn-puknocpeHak / Zn-diclofenac Zn-ketoponak / Zn-ketorolac Zn-Humecynug / Zn-nimesulide
N-allylimidazole-Zn

PucyHok 2. XeMOpeakTOMHbIA NOACYET LEHTPabHbIX 3 hekToB N-annnnnmmnaason-umHka n LNHKOCOLEPXKALLMX HECTEPONAHBIX TPOTUBOBOCNANNTENbHbIX CPEACTB:

@ — OLIEHKM KOHCTaHT N0NyMakcUManbHOro MHrm6nposanus (aHrn. half-maximal inhibitory concentration, IC50); b — oueHKM MHrM6MPOBaHMA 6ENKOB-PELLENTOPOB NPy
(PMKCMPOBAHHON KOHLIEHTPALNN BELLECTBA.

ADRA1 (anrn. alpha-1 adrenergic receptor) — aapeHepruyeckuii peuentop ansga-1; ADRA2 (aHrn. alpha-2 adrenergic receptor) — anpeHepriyeckunit peuentop anbga-2;

AGTR (aHrn. angiotensin Il type-receptor) — peuentop aHrnotensnHa ll; CHRNA10 (aurn. cholinergic receptor nicotinic alpha 10 subunit) — cy6beannnua 6enka ansda-10
HelpoHanbHoro peuentopa auetunxonuHa; CHRNA4B2 (aHrn. cholinergic receptor nicotinic alphad/beta2 subunit) — cy6beanHuua 6enka anbgad/6eta2 HelipoHanbHOro
peuenTopa auetunxonuHa; CHRNAB (aHrn. cholinergic receptor nicotinic alpha 6 subunit) — cy6beanHnua anba-6 HeilpoHanbHoOro peuentopa auetunxonuna; CHRNA7 (aHrn.
cholinergic receptornicotinic alpha 7 subunit) — cy6bennnnua 6enka anba-7 HelipoHanbHOro peuentopa auetunxonuta; DRD1 (anrn. dopamine receptor D1) — peuentop
nodamuna D1; DRD2 (anrn. dopamine receptor D2) — peuentop aodamuua D2; DRD3 (aHrn. dopamine receptor D3) — peuentop goamuna D3; GABRA (aHrn. gamma-aminobutyric
acid (GABA) type A receptor subunit) - cy6beanHuua anba-peLentopa ramma-ammuHomacnsHoil kucnotel (FAMK); GABRAT (aHrn. gamma-aminobutyric acid (GABA) type A1
receptor subunit) = cy6beanHnua ansda-1 peuentopa ramma-amunHomacnsHoin kucnotel (FAMK); GABRA2 (aurn. GABA type A1 receptor subunit) — cy6beamnHnua ansa-2
peuentopa FAMK; GABRB (anrn. GABA type B receptor) — peuentop FTAMK-B; GAT1 (aHrn. GABA transporter type 1) — Tpatcnoptep TAMK-1; GRINT (anrn. glutamate receptor
NMDA) — rnytamatHblit NMDA-peuentop, Grin1/Grin2b; GRMA2 (aurn. glutamate metabotropic receptor 2) — meTaboTponHbIi rnyTamatHbii peuentop 2; GRMAS (aurn. glutamate
metabotropic receptor 5) — MmeTa60TpONHbIA rNyTamaTHbIi peuentop 5; HRH1 (aHrn. histamine receptor H1) — ructamunoseiit peuentop H1; HRH2 (aHrn. histamine receptor H2) —
rncramunosbii H2-pedentop; HTR1A (anrn. hydroxytryptamine receptor 1A) — peuentop cepotonmna 1a (5-HT1a); HTR2A (aurn. hydroxytryptamine receptor 2A) — peuentop
cepoToHnHa 2a (5-HT2a); OPRD (aHrn. opioid receptor delta) — aensTa-onuonaHbli peuentop; OPRM (aHrn. mu-opioid receptor) — mio-onmouaHbii peuentop; TRPV1 (anrn.
transient receptor potential vanilloid 1) — sanunnounaHbiit peuentop; AMPA (anrn. glutamatergic a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor) — NOHOTPONHbIi
rnyTamatHbli peuentop; GIURS (aHrn. glutamate receptor 5) — rnyTamarHblil peLenTop NOHOTPONHbIiA, KauHat; SERT (aHrn. serotonin transporter) — TpaHcnopTep CepOTOHNHA

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.

ADRAT —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;
GRMA?2 - glutamate metabotropic receptor 2; GRMA5 — 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 3D deKTbl N-annmnumMuaason-LmHka 1 LMHKOCOAEePXKaLlnX HECTEPOUHbIX NPOTUBOBOCNANMTENbHbIX CPEACTB (pesynbrarbl

XeMOPEaKTOMHOr0 aHanu3a), % akTMBHOCTU OT KOHTPONS™

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

AxTnBHOCTb / Activity

N-annunumupason-Zn /
N-allylimidazole-Zn

Zn-puknotheHak /
Zn-diclofenac

Zn-keToponak /
Zn-ketorolac

Zn-Humecynup /
Zn-nimesulide

MpoTNBOA3BEHHAA AKTUBHOCTb Y KPbIC NPK
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

YrbLieporeHHbIi 3 eKT Npu npueme B 036
30 MKMOIb/KT nepopanbHO B TeYeHne 3 aHeln /
Ulcerogenic effect when taken orally at a dose
of 30 pmol/kg for 3 days

12,1

100,0 100,0 100,0

YacTtoTa BO3HUKHOBEHMS A3B XKeNyaka npu npueme
B #o3e 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 BO3HUKHOBEHUS 3B XenyaKka npu 403e
200 mr/kr nepopaneHo // The incidence of gastric
ulcers at a dose of 200 mg/kg orally

65,8

90,0 90,0 90,0

lpumeyanme. * B ka4ecTBe KOHTPOJIA NCOTb30BASICA (U3NO0Nornyeckuii pacteop (410 cootsetctayer 100% aKTnBHOCTH).

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

NHOOPMALMA 0 CTATBE

ARTICLE INFORMATION

Moctynuna: 09.10.2024
B popa6oranHom Buge: 09.12.2024
MpunsTa k neyatu: 17.12.2024
Ony6nukoBaHa oHnaii: 18.12.2024

Received: 09.10.2024
Revision received: 09.12.2024
Accepted: 17.12.2024
Published online: 18.12.2024

Bknap aBTOpOB

Authors' contribution

Bce aBTOpbI MpUHUMany paBHOE y4acTue B c60pe, aHann3e u MHTEpnpeTa-
UMM flaHHbIX. Bce aBTOPbI MPOYMTANM 1 YTBEPANIM OKOHYATENbHbINA BAPUAHT
pyKonmucu

All authors participated equally in the collection, analysis and interpretation
of the data. All authors have read and approved the final version of the
manuscript

KoHchnukT nHTEpecos

Conflict of interests

ABTOPbI 3a9BNAOT 06 OTCYTCTBUM KOH(IKTA MHTEPECOB

The authors declare no conflict of interests

®uHaHcupoBaHue

Funding

ABTOpbI 3aABNSOT 06 OTCYTCTBUM (PUHAHCOBON NOJAEPXKKIN

The authors declare no funding

JTHYecKue acnekTbl

Ethics declarations

Henpumenumo

Not applicable

PackpbITue AauHbIX

Data sharing

MepBUHbIE [aHHbIE MOTYT GbiTb NPELOCTABNEHbI MO 06OCHOBAHHOMY
3anpocy aBTopy, OTBEYAIOLLEMY 32 KOPPECTIOHAGHLIAID

Raw data could be provided upon reasonable request to the corresponding
author

KommeHTapuit usparens

Publisher’s note

CogepxkalLyecs B 3T0 My6nunkaLmm yTBEPXAEHNS, MHEHNS 1 laHHbIe Gbinn
c03JaHbl ee aBTopamu, a He n3patenbctBom WPBUC (000 «MPBUC»).
N3patenbctBo VIPBIC cHumaeT ¢ cebs 0TBETCTBEHHOCTb 3a Nto60N yiuepo,
HaHECEHHbIil JTIOAAM UN UMYLLECTBY B PE3y/bTaTe UCMOMb30BaHMS H0ObIX
naei, MeTOf0B, UHCTPYKLWA WK Npenapatos, yNoMsHYTbIX B Ny6nunkawmum

The statements, opinions, and data contained in this publication were
generated by the authors and not by IRBIS Publishing (IRBIS LLC). IRBIS
Publishing disclaims any responsibility for any injury to people or property
resulting from any ideas, methods, instructions, or products referred in the
content

paBa n nonHomouus

Rights and permissions

000 «MPBNC>» obnamaeT MCKNKYUTENBHBIMI NPaBaMi HA 3Ty CTaTbio MO
[lorosopy ¢ aBTopoM (aBTopamu) Ui Apyrum npasoobnagarenem (npaso-
o6nagarenamu). llicnonb3oBaHne CTaTbil PErynupyetca UCKMHOYUTENTbHO
ycnosusami [Joroopa v AeCTBYIOLLMM 3aKOHOAATENIbCTBOM

IRBIS LLC holds exclusive rights to this paper under a publishing agreement
with the author(s) or other rightsholder(s). Usage of this paper is solely
governed by the terms of the publishing agreement and applicable law

JINTEPATYPA

1. Shetty A., Delanerolle G., Cavalini H., et al. A systematic review and
network meta-analysis of pharmaceutical interventions used to manage
chronic pain. Sci Rep. 2024; 14 (1): 1621. http://doi.org/10.1038/
$41598-023-49761-3.

2. T'pomosa 0.A., Topwumn W.10., MyTunuHa M.B. n gp. XeMopeakToMHbIi
aHanM3 LEHTPaNibHbIX MEXaHU3MOB HECTEPOUAHbLIX NPOTMBOBOC-

nanuTenbHbIX NPenapatoB. XXypHan HEBPOIOruu U MCUXNATPUn
um. C.C. Kopcakosa. 2020; 120 (1): 70-7. https://doi.org/10.17116/
jnevro202012001170.

3. Ali G., Deeba F., Rashid U., et al. In vivo effects of a selected thiourea
derivative 1-(2-chlorobenzoyl)-3-(2,3-dichlorophenyl) against
nociception, inflammation and gastric ulcerogenicity: biochemical,

GAPMAKOIKOHOMMUKA. CospemeHHas thapMakoakoHoMuKa 1 hapmakoanuaemuonorus. 2024; Tom 17, No 4

https://pharmacoeconomics.ru -


http://doi.org/10.1038/s41598-023-49761-3
http://doi.org/10.1038/s41598-023-49761-3
https://doi.org/10.17116/jnevro202012001170
https://doi.org/10.17116/jnevro202012001170

Original articles

frmakoekononika

histopathological and in silico approaches. Biomed Pharmacother.
2024; 174: 116544. http://doi.org/10.1016/j.biopha.2024.116544.

4. Santos L.H., Feres C.A., Melo F.H., et al. Anti-inflammatory,
antinociceptive and ulcerogenic activity of a zinc-diclofenac complex in
rats. Braz J Med Biol Res. 2004; 37 (8): 1205-13. http://doi.
org/10.1590/s0100-879x2004000800011.

5. Sukul A., Poddar S.K., Haque S., et al. Synthesis, characterization
and comparison of local analgesic, anti-inflammatory, anti-ulcerogenic
activity of copper and zinc complexes of indomethacin. Antiinflamm
Antiallergy Agents Med Chem. 2017; 15 (3): 221-33. http://doi.org/10.
2174/1871523016666170217103402.

6. Jarosz M., Szkaradek N., Marona H., et al. Evaluation of anti-
inflammatory and ulcerogenic potential of zinc-ibuprofen and zinc-
naproxen complexes in rats. Inflammopharmacology. 2017; 25 (6):
653-63. http://doi.org/10.1007/s10787-017-0361-0.

7. Gawet M., Lipkowska A., Herman M., et al. Chronic treatment with
zinc hydroaspartate induces anti-inflammatory and anti-ulcerogenic
activity in rats. Pharmacol Rep. 2014; 66 (5): 862—6. http://doi.
org/10.1016/j.pharep.2014.05.007.

8. TopwwuH N.10., Tpomosa 0.A., ®egoTosa J1.3., 'pomos A.H. Cpas-
HUTENbHbIA XeMOPeaKTOMHbIN aHanM3 [eKCKeTonpodeHa, KeTonpo-
dheHa n guknodeHaka. Hesposorns, HesponcuxuaTpus, ncuxocoma-
Tuka. 2018; 10 (1): 47-54. http://doi.org/10.14412/2074-2711-2018-
1-47-54.

9. Topwnx W.10., Fpomosa 0.A., CtaxoBckas J1.B., CeménoB B.A. Xemo-
PEAKTOMHbI aHaIM3 MOJIeKy TONINePM30Ha, TU3aHUAnHA 1 6akode-
Ha: XONUHONNTUYECKME, CNa3MONITUYECKNE U aHATbreTUYeCKNe Mexa-
HWU3Mbl AeiiCTBUSA. HEBPOOrns, HeponcuxnaTpus, NCMxXocomMaTmka.
2018; 10 (4): 72-80. http://doi.org/10.14412/2074-2711-2018-4-72-80.
10. TopwwuH .H). O 3apayax onTuMu3auim, BO3HNKAIOLLMX MPY NpuMe-
HEHUW TOMOMOrMYECKOr0 aHaNN3a faHHbIX K MOMCKY anropuTMOB Npo-
FHO3MPOBaHUS C PUKCMPOBAHHLIMU KOpPPeKTopamu. VHgopmartnka
n ee npumexenns. 2023; 17 (2): 2-10. http://doi.org/10.14357/
19922264230201.

11. Torshin I.Yu., Rudakov K.V. On the procedures of generation of
numerical features over partitions of sets of objects in the problem of
predicting numerical target variables. Pattern Recognit Image Anal.
2019; 29 (4): 654-67. https://doi.org/10.1134/S1054661819040175.
12. TopwwmH W.10., Tpomosa 0.A., YyyanuH A.T., Xypasnes H0./. Xemo-
PEAKTOMHbIA CKPUHUHT BO3AEACTBUS (DapMaKonorn4ecK1x npenaparos
Ha SARS-CoV-2 1 BUpom 4enoBeka kak MHCHOPMaLMOHHAs OCHOBA AN
NPUHATUA peLleHnid no dapmakoTtepanun GOVID-19. ®PAPMAKOSKO-
HOMUWKA. CoBpemeHHas (hapMako3IKOHOMUKA 1 (hapMaKo3Mu[emmo-
norug. 2021; 14 (2): 191-211. https://doi.org/10.17749/2070-4909/
farmakoekonomika.2021.078.

13. Topwwmn W.10., Tpomosa 0.A. 3KCNEPTHbIA aHann3 AaHHbIX B MOne-
KynsipHoi dpapmakonoruu. M.: MUHMO; 2012: 747 c.

14. Baumgardner K.R., Sulfaro M.A. The anti-inflammatory effects of
human recombinant copper-zinc superoxide dismutase on pulp

REFERENCES

1. Shetty A, Delanerolle G., Cavalini H., et al. A systematic review and
network meta-analysis of pharmaceutical interventions used to manage
chronic pain. Sci Rep. 2024; 14 (1): 1621. http://doi.org/10.1038/
$41598-023-49761-3.

2..Gromova 0.A., Torshin l.lu., Putilina M.V, et al. The chemoreactomic
analysis of the central mechanisms of action of non-steroidal anti-
inflammatory drugs. S.S. Korsakov Journal of Neurology and Psychiatry.
2020; 120 (1): 70-7 (in Russ.). https://doi.org/10.17116/
jnevro202012001170.

3. Ali G., Deeba F., Rashid U., et al. In vivo effects of a selected thiourea
derivative 1-(2-chlorobenzoyl)-3-(2,3-dichlorophenyl) against
nociception, inflammation and gastric ulcerogenicity: biochemical,
histopathological and in silico approaches. Biomed Pharmacother.
2024; 174: 116544. http://doi.org/10.1016/j.biopha.2024.116544.

4. Santos L.H., Feres C.A., Melo F.H., et al. Anti-inflammatory,
antinociceptive and ulcerogenic activity of a zinc-diclofenac complex in

inflammation. J Endod. 2001; 27 (3): 190-5. http://doi.org/10.1097/
00004770-200103000-00014.

15. Tpomosa 0.A. TopwunH W.H). BaXXHOCTb UMHKA ANs NOAAep»aHus
aKTMBHOCT GENKOB BPOX/EHHOr0 NPOTUBOBUPYCHOTO UMMYHUTETA:
aHanua nybnukauwnii, nocsaweHHbx GOVID-19. lpogunaktnyeckas
meguuynHa. 2020; 23 (3): 131-9. https://doi.org/10.17116/
profmed202023031131.

16. TpomoBa 0.A., TopwuH W.10., MpoHuH A.B., Kunbyesckuit M.A. Cn-
HEpruHOe NPUMeHeHNe LMHKa 1 BuTamuHa G ans noanepxku namsru,
BHUMAHWS 1 CHUXEHMS pUCKA PasBuTUs 3a60/1eBaHNI HEPBHOI CUCTe=
Mbl. XypHan HeBpoaormm v ncuxuarpim um. C.C. Kopcakosa. 2017; 117
(7): 112-9. https://doi.org/10.17116/jnevro201711771112-119.

17. Prasad A.S. Zinc is an antioxidant and anti-inflammatory agent: its
role in human health. Front Nutr. 2014; 1: 14. http://doi.org/10.3389/
fnut.2014.00014.

18. Hunter J., Arentz S., Goldenberg J., et al. Zinc for the prevention or
treatment of acute viral respiratory tract infections in adults: a rapid
systematic review and meta-analysis of randomised controlled trials.
BMJ Open. 2021; 11 (11): e047474. http://doi.org/10.1136/
bmjopen-2020-047474.

19. Briassoulis G., Briassoulis P., llia S., et al. The anti-oxidative, anti-
inflammatory, anti-apoptotic, and anti-necroptotic role of zinc in
COVID-19 and sepsis. Antioxidants. 2023; 12 (11): 1942. http://doi.
org/10.3390/antiox12111942.

20. Chen Y., Cai J., Liu D., et al. Zinc-based metal organic framework
with antibacterial and anti-inflammatory properties for promoting
wound healing. Regen Biomater. 2022; 9: rbac019. http://doi.
org/10.1093/rb/rbac019.

21.Guo J., He L., Li T., et al. Antioxidant and anti-inflammatory effects
of different zinc sources on diquat-induced oxidant stress in a piglet
model. Biomed Res Int. 2020; 2020: 3464068. http://doi.
org/10.1155/2020/3464068.

22. Mei X., Xu D., Xu S., et al. Gastroprotective and antidepressant
effects of a new zinc(ll)-curcumin complex in rodent models of gastric
ulcer and depression induced by stresses. Pharmacol Biochem Behav.
2011; 99 (1): 66-74. http://doi.org/10.1016/j.pbb.2011.04.002.

23. Mei X., Luo X., Xu S., et al. Gastroprotective effects of a new
zinc(ll)-curcumin complex against pylorus-ligature-induced gastric
ulcer in rats. Chem Biol Interact. 2009; 181 (3): 316-21. http://doi.
org/10.1016/j.chi.2009.06.022.

24. Bandyopadhyay B., Bandyopadhyay S.K. Protective effect of zinc
gluconate on chemically induced gastric ulcer. Indian J Med Res. 1997,
106: 27-32.

25. Chao H.C. Zinc deficiency and therapeutic value of zinc supple-
mentation in pediatric gastrointestinal diseases. Nutrients. 2023;
15 (19): 4093. http://doi.org/10.3390/nu15194093.

26. Donkin J.J., Turner R.J., Hassan I., Vink R. Substance P in traumatic
brain injury. Prog Brain Res. 2007; 161: 97-109. http://doi.org/10.1016/
S0079-6123(06)61007-8.

rats. Braz J Med Biol Res. 2004; 37 (8): 1205-13. http://doi.org/10.
1590/s0100-879x2004000800011.

5. Sukul A., Poddar S.K., Haque S., et al. Synthesis, characterization
and comparison of local analgesic, anti-inflammatory, anti-ulcerogenic
activity of copper and zinc complexes of indomethacin. Antiinflamm
Antiallergy Agents Med Chem. 2017; 15 (3): 221-33. http://doi.org/10.
2174/1871523016666170217103402.

6. Jarosz M., Szkaradek N., Marona H., et al. Evaluation of anti-
inflammatory and ulcerogenic potential of zinc-ibuprofen and zinc-
naproxen complexes in rats. Inflammopharmacology. 2017; 25 (6):
653-63. http://doi.org/10.1007/s10787-017-0361-0.

7. Gawet M., Lipkowska A., Herman M., et al. Chronic treatment with
zinc hydroaspartate induces anti-inflammatory and anti-ulcerogenic
activity in rats. Pharmacol Rep. 2014; 66 (5): 862-6. http://doi.
org/10.1016/j.pharep.2014.05.007.

8. Torshin LY., Gromova 0.A., Fedotova L.E., Gromov A.N. Comparative

- https://pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2024; Vol. 17 (4)


http://doi.org/10.1590/s0100-879x2004000800011
http://doi.org/10.1590/s0100-879x2004000800011
http://doi.org/10.2174/1871523016666170217103402
http://doi.org/10.2174/1871523016666170217103402
http://doi.org/10.1016/j.pharep.2014.05.007
http://doi.org/10.1016/j.pharep.2014.05.007
http://doi.org/10.14412/2074-2711-2018-1-47-54
http://doi.org/10.14412/2074-2711-2018-1-47-54
http://doi.org/10.14357/19922264230201
http://doi.org/10.14357/19922264230201
https://doi.org/10.17749/2070-4909/farmakoekonomika.2021.078
https://doi.org/10.17749/2070-4909/farmakoekonomika.2021.078
http://doi.org/10.1097/00004770-200103000-00014
http://doi.org/10.1097/00004770-200103000-00014
https://doi.org/10.17116/profmed202023031131
https://doi.org/10.17116/profmed202023031131
http://doi.org/10.3389/fnut.2014.00014
http://doi.org/10.3389/fnut.2014.00014
http://doi.org/10.1136/bmjopen-2020-047474
http://doi.org/10.1136/bmjopen-2020-047474
http://doi.org/10.3390/antiox12111942
http://doi.org/10.3390/antiox12111942
http://doi.org/10.1093/rb/rbac019
http://doi.org/10.1093/rb/rbac019
http://doi.org/10.1155/2020/3464068
http://doi.org/10.1155/2020/3464068
http://doi.org/10.1016/j.cbi.2009.06.022
http://doi.org/10.1016/j.cbi.2009.06.022
http://doi.org/10.1016/S0079-6123(06)61007-8
http://doi.org/10.1016/S0079-6123(06)61007-8
http://doi.org/10.1038/s41598-023-49761-3
http://doi.org/10.1038/s41598-023-49761-3
https://doi.org/10.17116/jnevro202012001170
https://doi.org/10.17116/jnevro202012001170
http://doi.org/10.1590/s0100-879x2004000800011
http://doi.org/10.1590/s0100-879x2004000800011
http://doi.org/10.2174/1871523016666170217103402
http://doi.org/10.2174/1871523016666170217103402
http://doi.org/10.1016/j.pharep.2014.05.007
http://doi.org/10.1016/j.pharep.2014.05.007

OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

chemoreactome analysis of dexketoprofen, ketoprofen, and diclofenac.
Nevrologiya, neiropsikhiatriya, psikhosomatika / Neurology,
Neuropsychiatry, Psychosomatics. 2018; 10 (1): 47-54 (in Russ.).
http://doi.org/10.14412/2074-2711-2018-1-47-54.

9. Torshin 1.Y., Gromova 0.A., Stakhovskaya L.V., Semenov V.A.
Chemoreactome analysis of tolperisone, tizanidine, and baclofen
molecules: anticholinergic, antispasmodic, and analgesic mechanisms
of action. Nevrologiya, neiropsikhiatriya, psikhosomatika / Neurology,
Neuropsychiatry, Psychosomatics. 2018; 10 (4): 72-80 (in Russ.).
http://doi.org/10.14412/2074-2711-2018-4-72-80.

10. Torshin I.Yu. On optimization problems arising from the application
of topological data analysis to the search for forecasting algorithms with
fixed correctors. Informatics and Applications. 2023; 17 (2): 2-10
(in Russ.). http://doi.org/10.14357/19922264230201.

11. Torshin I.Yu., Rudakov K.V. On the procedures of generation of
numerical features over partitions of sets of objects in the problem of
predicting numerical target variables. Pattern Recognit Image Anal.
2019; 29 (4): 654-67. https://doi.org/10.1134/S1054661819040175.
12. Torshin 1.Yu., Gromova 0.A., Chuchalin A.G., Zhuravlev Yu.l.
Chemoreactome screening of pharmaceutical effects on SARS-CoV-2
and human virome to help decide on drug-based COVID-19 therapy.
FARMAKOEKONOMIKA. Sovremennaya farmakoekonomika i far-
makoepidemiologiya / FARMAKOEKONOMIKA. Modern Pharma-
coeconomics and Pharmacoepidemiology. 2021; 14 (2): 191-211 (in
Russ.). https://doi.org/10.17749/2070-4909/farmakoekonomika.2021.078.
13. Torshin 1.Yu., Gromova 0.A. Expert data analysis in molecular
pharmacology. Moscow: Moscow Center for Continuous Mathematical
Education; 2012: 747 pp. (in Russ.).

14. Baumgardner K.R., Sulfaro M.A. The anti-inflammatory effects of
human recombinant copper-zinc superoxide dismutase on pulp
inflammation. J Endod. 2001; 27 (3): 190-5. http://doi.org/10.1097/
00004770-200103000-00014.

15. Gromova 0.A., Torshin L.lu. The importance of zinc in maintaining
the activity of antiviral innate immunity proteins: analysis of publications
on COVID-19. Russian Journal of Preventive Medicine. 2020; 23 (3):
131-9 (in Russ.). https://doi.org/10.17116/profmed202023031131.
16. Gromova 0.A., Torshin I.Yu., Pronin A.V., Kilchevsky M.A.
Synergistic application of zinc and vitamin C to support memory,
attention and the reduction of the risk of the neurological diseases.

Csepienus 06 aBTopax / About the authors

S.S. Korsakov Journal of Neurology and Psychiatry. 2017; 117 (7):
112-9 (in Russ.). https://doi.org/10.17116/jnevro201711771112-119.
17. Prasad A.S. Zinc is an antioxidant and anti-inflammatory agent: its
role in human health. Front Nutr. 2014; 1: 14. http://doi.org/10.3389/
fnut.2014.00014.

18. Hunter J., Arentz S., Goldenberg J., et al. Zinc for the prevention or
treatment of acute viral respiratory tract infections in adults: a rapid
systematic review and meta-analysis of randomised controlled trials.
BMJ Open. 2021; 11 (11): e047474. http://doi.org/10.1136/
bmjopen-2020-047474.

19. Briassoulis G., Briassoulis P., Ilia S., et al. The anti-oxidative, anti-
inflammatory, anti-apoptotic, and anti-necroptotic role of zinc in
COVID-19 and sepsis. Antioxidants. 2023; 12 (11): 1942. http://doi.
0rg/10.3390/antiox12111942.

20. Chen Y., Cai J., Liu D., et al. Zinc-based metal organic framework
with antibacterial and anti-inflammatory properties for promoting
wound healing. Regen Biomater. 2022; 9: rbac019. http://doi.
0rg/10.1093/rb/rbac019.

21.Guo J., He L., Li T., et al. Antioxidant and anti-inflammatory effects
of different zinc sources on diquat-induced oxidant stress in a piglet
model. Biomed Res Int. 2020;°2020: 3464068. http://doi.
0rg/10.1155/2020/3464068.

22. Mei X, Xu D., Xu S., et al. Gastroprotective and antidepressant
effects of a new zinc(ll)-curcumin complex in rodent models of gastric
ulcer and depression induced by stresses. Pharmacol Biochem Behav.
2011; 99 (1): 66-74. http://doi.org/10.1016/j.pbb.2011.04.002.

23. Mei X., Luo X., Xu'S., et al. Gastroprotective effects of a new
zinc(ll)-curcumin complex against pylorus-ligature-induced gastric
ulcer in rats. Chem Biol Interact. 2009; 181 (3): 316-21. http://doi.
0rg/10.1016/j.¢hi.2009.06.022.

24. Bandyopadhyay B., Bandyopadhyay S.K. Protective effect of zinc
gluconate on chemically induced gastric ulcer. Indian J Med Res. 1997;
106: 27-32.

25./Chao H.C. Zinc deficiency and therapeutic value of zinc supple-
mentation in pediatric gastrointestinal diseases. Nutrients. 2023;
15 (19): 4093. http://doi.org/10.3390/nu15194093.

26. Donkin J.J., Turner R.J., Hassan I., Vink R. Substance P in traumatic
brain injury. Prog Brain Res. 2007; 161: 97-109. http://doi.org/10.1016/
S0079-6123(06)61007-8.

Tanenko-Spoiesckuii lNaBen AnekcaHgposud, B.M.H., npod., un.-kop. PAH / Pavel A. Galenko-Yaroshevsky, Dr. Sci. Med., Prof., Corr. Member of RAS — ORCID:
https://orcid.org/0000-0003-3190-1437. eLibrary SPIN-code: 1575-6129.

Cepreesa Annna Buktoposna / Alina V. Sergeeva — ORCID: https://orcid.org/0000-0003-4335-2156. WoS ResearcherlD: AAB-6952-2022. eLibrary SPIN-code: 1917-7035.
TopwwnH ViBaH OpbeBunY, K.O-M.H., K.X.H. / Ivan Yu. Torshin, PhD — ORCID: https://orcid.org/0000-0002-2659-7998. WoS ResearcherlD: C-7683-2018. Scopus
Author ID: 7003300274. eLibrary SPIN-code: 1375-1114.

IpomoB AHppeii Hukonaesny./ Andrey N. Gromov — ORCID: https://orcid.org/0000-0001-7507-191X. WoS ResearcherID: C-7476-2018. Scopus Author ID:
7102053964. eLibrary SPIN-code: 8034-7910 910.

Peiiep ViBan Anekcanaposuy, K.7.H. / Ivan A. Reyer, PhD — ORCID: https://orcid.org/0000-0002-7663-710X. Scopus Author ID: 14042533700.

Tpomosa Onbra AnekceesHa, i.M.H., npod. / Olga A. Gromova, Dr. Sci. Med., Prof. — ORCID: https://orcid.org/0000-0002-7663-710X. WoS ResearcherID: J-4946-
2017. Scopus Author ID: 7003589812. eLibrary SPIN-code: 6317-9833. E-mail: unesco.gromova@gmail.com.

Tpoghumos bopuc Anexcangposny, B.x.H., npod., akagemuk PAH / Boris A. Trofimov, Dr. Sci. Chem., Prof., Member of RAS — ORCID: https://orcid.org/0000-0002-
0430-3215. WoS ResearcherlD: K-5087-2018. Scopus Author ID: 57191529729. eLibrary SPIN-code: 5179-9902.

Mapuuna flugns HukughoposHa, f.x.H. / Lidiya N. Parshina, Dr. Sci. Chem. — ORCID: https://orcid.org/0000-0002-5516-6214. Scopus Author ID: 7003695652.
eLibrary SPIN-code: 8333-2047.

Mypatuko PomaH Anekceesuy, B.M.H., BoueHT / Roman A. Murashko, Dr. Sci. Med., Assoc. Prof. — ORCID: https://orcid.org/0000-0001-8873-8461. eLibrary SPIN-
code: 8484-2695.

BanopoxHuii AHapeii Bnagnmmposny, K.M.H., noueHT / Andrey V. Zadorozhniy, PhD, Assoc. Prof. — ORCID: https://orcid.org/0000-0001-9552-8542. eLibrary SPIN-
code: 8547-1287.

3eneHckas AHant BnagumupoBHa, K.M.H., [oueHT / Anait V. Zelenskaya, PhD, Assoc. Prof. — ORCID: https://orcid.org/0000-0001-9512-2526. eLibrary SPIN-code:
7646-3620.

Ceprees Hukonaii Cepreesny, K.papm.H. / Nikolay S. Sergeev, PhD — ORCID: https://orcid.org/0000-0001-8303-2523. WoS ResearcherlD: AAA-7986-2022.
eLibrary SPIN-code: 1157-9943.

Toska4 fOpwii Bacunbesud | Yury V. Tovkach — ORCID: http://orcid.org/0000-0002-9830-4672. eLibrary SPIN-code: 4775-2416.

[ynesckas Onbra HukonaesHa, K.M.H., poueHT / Olga N. Gulevskaya, PhD, Assoc. Prof. — ORCID: https://orcid.org/0000-0001-7205-2473. Scopus Author ID:
57217226076. eLibrary SPIN-code: 4908-9812.

Lllonb WiHHa Bnagumuposxa / Inna V. Sholl — ORCID: https://orcid.org/0009-0002-7729-373X.

GAPMAKOIKOHOMMUKA. CospemeHHas thapMakoakoHoMuKa 1 hapmakoanuaemuonorus. 2024; Tom 17, No 4

https://pharmacoeconomics.ru -


http://doi.org/10.14412/2074-2711-2018-1-47-54
http://doi.org/10.1097/00004770-200103000-00014
http://doi.org/10.1097/00004770-200103000-00014
http://doi.org/10.3389/fnut.2014.00014
http://doi.org/10.3389/fnut.2014.00014
http://doi.org/10.1136/bmjopen-2020-047474
http://doi.org/10.1136/bmjopen-2020-047474
http://doi.org/10.3390/antiox12111942
http://doi.org/10.3390/antiox12111942
http://doi.org/10.1093/rb/rbac019
http://doi.org/10.1093/rb/rbac019
http://doi.org/10.1155/2020/3464068
http://doi.org/10.1155/2020/3464068
http://doi.org/10.1016/j.cbi.2009.06.022
http://doi.org/10.1016/j.cbi.2009.06.022
http://doi.org/10.1016/S0079-6123(06)61007-8
http://doi.org/10.1016/S0079-6123(06)61007-8



