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PE3IOME

AKTyanbHOCTh. [aCTPO3HTEPOOrNYECKNe NO60YHbIE 3hIeKTbI (3PO3NK MULLEBOLA, XKEeNyAKa U KULWEYHNUKA) NPKU UCMONb30BaHNK JieKap-
CTBEHHbIX CPESCTB W3 rpynmbl HECTEPOUIHbIX NMPOTUBOBOCNANNTENbHBIX NpenapaTtos (HMBIM) LuKTYOT HEO6XOLUMOCTb N3Y4EHUS HOBbIX
MOJIeKYN-KaHANAATOB CO. CHUKEHHBIM YIbLIEPOreHHbIM LeiCTBMEM. LIMHKocoAepKaLlas Monekyna-kaHauaar nuium-1 noTeHunanbHo mMo-
XKET NPOSABNIATbL NPOTUBOBOCNANUTENbHbIA 9GOAEKT U YNy4LIATh PEereHepaTuBHbIE CBONCTBA CIN3UCTON XeJyaKa.

Lenb: n3y4nTb NPOTMBOBOCNANIUTENIbHBIE, YIbLEPOreHHbIE, aHaNbreTUYECKNE 1 aHTUBUTAMUHHbIE ADMEKTbI MOMEKYbl NUIUM-1 MeToAamm
XEMOPEaKTOMUKN.

Marepunan u meTogel. lpoBeieHa XeMOPEaKTOMHas OLeHKa (hapMaKoiormyecknx CBONCTB NUIMMA-1 1 LIMHKOBbLIX NPOM3BOAHbIX M3BECTHbIX
HIBI (keToponak, AMKNogeHaK U HUMeCynuza) NocpeacTBOM MeTOLO0B XeMOUH(DOPMALMOHHOIO aHann3a MoJeKyr, Pa3BUBaeMbIX B HAy4HO
wkone akagemuka H.1. Xypasnésa.

Pesynpratbl. Nunum-1 06nagaeT 0THETNUBLIM NPOTUBOBOCNANUTENbHBIM AEACTBUEM, PEanN3YIOLLMMCS Hepe3 MOAYNALMIO aKTUBHOCTU LiK-
TOKNHOB, MeTabonn3Ma npocTarnaHanHoB 1 NEAKOTPUEHOB. BaXKHEALLUM OTANYUEM MOMEKYblI MUANM-1 SBASETCS HEMTPANbHOCTL MO OTHO-
LLUEHNIO K 06MEHY BUTAMUHOB NMPW COMOCTaBUMOCTI NO CUle MPOTUBOBOCNANUTENBHOMO AEACTBUS C LMHKOCOAEPXKALLMMI NPON3BOAHBIMM
HIMBI. AHanbretnyeckoe feicTBue NUIMMa-1 OCHOBbLIBAETCSA HA MHTMOMPOBAHWI KUHWUHOBBIX W MACTAMUHOBBIX PELenTOpoB. PeLentop Ho-
unuentuHa ORL1 moxeT nHrubuposatbcs nuanmom-1 6onee adppektusHo (IC50 198-214 HM), yem umHk-HMBIM (1C50 361-1093 HM).
B (beHnnxuHoHOBOM NpPOTMBO60SIEBOM TECTE Y KPbIC NuAUM-1 NPOAEMOHCTPUPOBAST HEMHOIO 60NbLINA NPOUEHT aHanbre3un (44%;
UMHK-HIMBIT: 21-43%). YacToTa BOSHMKHOBEHNSA A3B Xenyaka npu npueme B fose 100 Mr/Kr nepopanbHO oueHeHa B 35% (0cTabHble MO-
nekynbl — 75%). 10 CpaBHEHUIO ¢ APYrMMU LIMHKOBbLIMU NPOou3BOAHbIMK HITBM nunum-1 MUHUMANbHO BMeLLUBAETCS B 06MEH BUTAMUHOB
11 MUHEPanoB.

3akntoyeHne. XemopeakTOMHbIA aHann3 nunmma-1 ykasbiBaeT Ha NepCrnekTUBbI ero MPUMEHEHIs Kak MpOTUBOBOCMANUTENBHOTO Npenapara.

KNH4EBBIE CJI0BA
XeMopeakToMuKa, Nuanm-1, UMHK, racTponpoTekums, no6o4HbIe 3DMEKTbI, UHTENNEKTYaNbHbIA aHAN3 AAHHbIX
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ABSTRACT

Background. Gastroenterological side effects (esophageal, gastric, and intestinal erosions) associated with the use of drugs from the group
of nonsteroidal anti-inflammatory drugs (NSAIDs) highlight the need to explore new molecule candidates with reduced ulcerogenic effects.
The zinc-containing molecule candidate pilim-1 has the potential to exhibit anti-inflammatory effects and improve the regenerative properties
of the gastric mucosa.

Objective: To explore the anti-inflammatory, ulcerogenic, analgesic, and antivitamin effects of the pilim-1 molecule using chemoreactomic
methods.

Material and methods. The chemoreactomic assessment of the pharmacological properties of pilim-1 and zinc derivatives of well-known
NSAIDs (ketorolac, diclofenac, and nimesulide) was carried out using the methods of chemoinformatic analysis of molecules developed
within the scientific school of Academician Yu.l. Zhuravlev.

Results. Pilim-1 exhibits a distinct anti-inflammatory effect realized through modulation of cytokine activity as well as prostaglandin and
leukotriene metabolism. A key distinguishing feature of the pilim-1 molecule is its neutrality with respect to vitamin metabolism while
demonstrating a comparable anti-inflammatory potency tozinc-containing NSAID derivatives. The analgesic effect of pilim-1 is based on the
inhibition of kinin and histamine receptors. The nociceptin receptor ORL1 can be inhibited by pilim-1 more effectively (IC50 198-214 nM)
than zinc-NSAIDs (1C50 361-1093 nM). In the.phenylquinone-induced writhing test in rats, pilim-1 demonstrated a slightly higher percentage
of analgesia (44%; zinc-NSAIDs: 21-43%). The incidence of gastric ulcers at an oral dose of 100 mg/kg was estimated at 35% (compared to
75% with other molecules). Compared-to other zinc-derived NSAID derivatives, pilim-1 exhibits minimal impact on vitamin and mineral
metabolism.

Conclusion. Chemoreactomic analysis of pilim-1 indicates promising prospects for its application as an anti-inflammatory drug.
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BBEJEHUE / INTRODUCTION npumereHun HIMBIM moryT cnpoBouupoBaTh DOPMUPOBaHUE 3PO-
31UBHOrO MOBPEXAEHUS CAN3UCTON XKeNnyaKka, KpoBOTOYNBOCTb U T.4.
HecTeponaHble npoTuBoBoCnanuTenbHble npenapatbl (HMBM) oTHo-  TMo3Tomy yny4lweHnue napameTpos 6e3onacHocTu HIMBI — kpaiHe
CATCA K CaMbIM 4aCTO UCMONb3YeMbIM CPEACTBAM ANS NeYeHus 601N akTyanbHas 3afaqa hapmakonoruu [2].
pasnuyHoro redesa. HIBI nofasnsoT NPOLYKLMIO NPOCTArNaHANHOB [epcnekTUBHO U3y4eHe MeTan10KOMIIIEKCHbIX COEAMHEHNI LIMHKA
C BOCNANMTENIbHOM aKTUBHOCTbIO MyTEM UHIMOUPOBAHMS LNKNOOKCU- ¢ Mofiekynamu HIBIT, Takux kak «auknogeHak + Zn» [3], «Cu-Zn-uH-
reHasbl-2 (LIOT-2) n yepes LeHTPaNbHbIE MEXaHM3MbI, HANPAMYIO He  [OMeTauuH» [4], cMecell «nbynpodoeH + ruapoacnaptar Zn» [5, 6],
3a/e/iCTBYIOLLME CUHTE3 NpocTarnananHoB [1]. Npyn ONrOBPEMEHHOM  KOTOPbIE He TOJIbKO NPOSABNSIOT 60/1€€ BbIPAXKEHHOE aHTUHOLMLENTUB-
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OCHOBHbIE MOMEHTbI

Y7o yxe n3secTHo 06 3Toii Teme?

» [Ins achpeKTUBHOM (hapmakoTepanuu BocnaneHus u 601 NCnonb3yTcs
HecTepouAHble MPOTMBOBOCMANNTENbHbIe npenapatbl (HIBM). OpHako
anutensHas Tepanus HIBI n/unu ux HeanekBaTtHOE MPUMEHEHUe MoryT
MPMBECTY K MOBPEXAEHNAM XKeNyA04YHO-KMLLEYHOr0 TpaKTa

» Komnnekc auknodeHaka ¢ LMHKOM OKa3bIBaeT Te Xe NpoTMBOBOCMANN-
TeNbHbIE M AHTWHOLMLENTUBHbIE 3((EKTbI, HO BbI3bIBAET MEHbLUYH
4acTOTY NOPAXEHNI XenyaKa no CPaBHEHWIO C AKNO(EHAKOM

» KombuHaums «umHk + HIBM» fBnseTca AOHOPOM 3CCEHUNANbHOM0 MU-
KpOasieMeHTa LHKa, KOTOPbIA NPOSABASET NPOTUBOBOCNANMUTENbHbIE, pa-
HO3XMBJIAOLLME 1 UMMYHOMOZYNNPYIOLLE CBOCTBA

Y10 HOBOrO faer cTaTba?

> XeMOpeakTOMHbI aHanu3 nokasar, Y10 LMHKOCOAEpXKaLlee CoeanHeHme
nuaum-1 (6uc-(1-BMHUANMNAA30N)UNHKANALETAT) — NEPCMEKTUBHAA MO-
neKyna ¢ NpoTUBOBOCMANUTENIbHON AKTUBHOCTbIO, JULLEHHAs YIbLepo-
reHHOro achhekTa

» [lpoTuBOBOCNANNTENBHOE fENCTBUE NUANMA-1 peannsyercs Yepes MoLy-
NAUNK0 aKTUBHOCTW LIMTOKMHOB, MeTab0a13Ma NpocTarnaHauHoB 1 neii-
KOTPMEHOB, aHaNbreTM4ecknin adeKT 0CHOBAH HAa MHTMOUPOBAHNN KUHM-
HOBbIX 1 FMCTAMUHOBBIX PELENTOPOB

» [unum-1 0TNNYaeTCA HeNTPANBHOCTLIO N0 OTHOLLEHWIO K 06MEHY BUTaMU-
HOB MpY NPOTUBOBOCMANUTENILHOM [AE/CTBMM, COMOCTaBUMOM MO CuUne
C LMHKocofepxaLwmumm nponasoaHsivm HIBIM

Kak a0 MOXET NoBNUATL Ha KNMHUYECKYHO NPaKTUKY B 0603pumom Gyayuiem?

P [lepCneKkTMBHO CO3AaHNe Ha OCHOBE NuMMa-1 NekapcTBEHHOro npena-
pata C BbIp2XXEeHHbIMI NPOTUBOBOCNANNTENBHBIMUA W aHANbre3nPYoLLIM-
MU CBOIICTBaMU, He 06/1aJal0LLEro YNbLepOoreHHbIM SeNCTBUEM

» [lpu cyT04HON NOTPEBHOCTM B LMHKe nopsiaka 15-20 mr nunum-1 u muc-
cniefjoBaHHble UMHK-HIBI ABASK0TCA CYLLECTBEHHBIMW UCTOYHUKAMM Me-
MEHTHOrO LiMHKa

HOE 1 NPOTMBOBOCNANUTENbHOE AENCTBUE, HO 1 XapaKTEpU3yTCs
CHVKEHHbIM KONMYeCTBOM NO60YHbIX 3C)(IEKTOB, B T.4. HAPYLLEHUI
CNW3NCTON XeNyA04HO-KILLEYHOr0 TpaKTa. Ul komnnekcsl Tuna «Zn +
HMBI>», n cmecn HIBIM ¢ condmu LUMHKA SBASKOTCA AOHOpaMU -
CEHLMaNbHOro MIKPO3NEMEHTA LIMHKA, KOTOPbIA NPOSBASET NpoTu-
BOBOCMANMTENbHbIE, PAHO3KMBNIAOLINE 1 UMMYHOMOAYNNPYIOLLNE
KayecTBsa.

MepcneKTUBHbLI NCCNELOBaHNA LMHKOCOAEPXKALLEro COeMHeHNs
nuaum-1 (6uc-(1-BUHUNNMNAA30N)UIMHKANALETAT), CUHTE3UPOBAHHOMO
B OIBYH ®eaepanbHblil UCCNEA0BaATENbCKNA LEHTP «V/IpKYTCKUIA WH-
cTutyT xumnn um. A.E. ®asopckoro Cubupckoro otaenexus Poceuit-
CKOW akafemumn Hayk» (MpkyTck, Poccuiickas ®eaepauus).

Lenb — n3y4nTb NPOTUBOBOCNANNTENbHBIE, YNbLIEPOreHHbIE, aHamb-
reTM4ecKne N aHTUBUTaMUHHbIE 3CDEKTbI MONEKYbI MUIUM-1 MeTo-
JamMu XeMOopeaKTOMUKM.

MATEPWAN U METObl / MATERIAL AND METHODS
Wecneposandbie monekynbl / The studied molecules

B KOHTEKCTE TaK Ha3blBaeMOI NOCTrEHOMHOW (hapMaKosiormn mose-
Kyna BeLLecTBa OLEHMBAETCS N0 B3aMMOLENCTBUAM C OMpPeLesieHHbIMU
6enKamu npoTeoma, BO3LECTBUIO HA TPAHCKPUNTOM, MUKPOBUOM,
peakToMm U Apyrue «OMU4ecKUe» MHOXECTBA MONEKYNAPHbIX U CY-
npamoneKynspHbIX KOMMOHEHTOB XXMBbIX KIETOK, BKIH04as 0C06bIe
6enku-peLentopsl (TapreTHble 6enku) [7]. OueHka Takoro dhapmako-
NOTMYECKOro «0KHa BO3MOXHocTen» ansa HIMBI nposBeaeHa Hamn Ha
OCHOBE XeMOMH(OPMALMOHHOI0 NOAXO0AA U MALLIMHHOIO 06y4eHns
[8-10, 11]. ViccnegoBaHHble MONEKYMbI NPeSCTaBNeHbl HA PUCYHKE 1.

What is already known about the subject?

» Nonsteroidal anti-inflammatory drugs (NSAIDs) are used for effective
pharmacotherapy of inflammation and pain, but long-term NSAID therapy
and/or their inappropriate use can lead to damage to the gastrointestinal
tract

» Diclofenac with zinc complex exhibits the same anti-inflammatory and
antinociceptive effects, but cause a lower incidence of gastric lesions
compared to diclofenac

» The combination of zinc and NSAIDs is a donor of the essential. trace
element zinc, which exhibits anti-inflammatory, wound healing and
immunomodulatory qualities

What are the new findings?

» Chemoreactomic analysis showed that zinc-containing compound
pilim-1 (bis-(1-vinylimidazole) zinc diacetate) is a promising molecule
with anti-inflammatory activity, devoid of ulcerogenic effect

P The anti-inflammatory effect of pilim-1.is realized through the modulation
of cytokine activity, prostaglandin. and leukotriene metabolism; the
analgesic effect is based onthe inhibition of kinin and histamine receptors

» Pilim-1 is neutral in" relation to vitamin metabolism, while being
comparable in strength of anti-inflammatory action with zinc-containing
derivatives of NSAIDs

How might it impactthe clinical practice in the foreseeable future?

» Basedon pilim-1, the creation of a drug with pronounced anti-inflammatory
and analgesic properties that does not have ulcerogenic effect is promising

> With a daily requirement for zinc of about 15-20 mg, pilim-1 and the
studied zinc-NSAIDs are significant sources of elemental zinc

XemopeakTomHbIi aHanu3 / Chemoreactome analysis

XeMOpeakTOMHbI METOZ aHanu3a CBOWCTB MOMNEKY — HOBeilllee
HanpaeneHue NPUIOXKEHNS CUCTEM MALIMHHOMO 06Y4eHMs B 06NacTy
NOCTreHOMHOI (hapmakonoruu. B paboTe npeacTaBneHbl pesynsratsl
XEMOPEAKTOMHOI0 MOJENMPOBAHNA LIMHKOBbLIX NPon3BoaHbIX HIBI
1 nunnva-1 nocpeacTBOM METOL0B XeMOMH(OPMALIMOHHOTO aHanu3a
MOJIeKy/1, Pa3BMBaeMbIX B Hay4yHOW wkone akagemuka H.1. Xypas-
néea [8-10].

OueHKy (hapmMakonornieckmx BO3MOXHOCTEN MONEKYS NPOBOSUIM
NOCPEACTBOM CPABHEHUS UX XMMINYECKOM CTPYKTYPbI CO CTPYKTYpamu
MOJIEKYN, N1 KOTOPbIX MONEKYNAPHO-(hapMaKkonorm4eckie CBoNCTBa
3y4eHbl C UCMOMb30BAHIEM anropyuTMOB 06YHeHUs UCKYCCTBEHHOMO
VHTENNeKTa Ha 0CHOBE MHAopmaumn Tuna big data, npeacrasieHHoON
B 6a3ax gaHHbix PubChem, HMDB, STRING, PharmGKB.

XemMOopeakTOMHOe UCCNef0BaHNe MexaHuama AeicTeus nunmuma-1
BbIMOMHANN NOLIAr0BO, B TPU 3Tana:

1) ocywecTBAANN BbIGOPKY MCXOAHbBIX AAHHbIX ANF MALUUHHOIO
06y4eHuMst anropuTmoB;

2) NPOBOAMIIN OLEHKY CMNCKA MOMEKYST C M3BECTHbIMU CBOCTBAMM
NoCPeACTBOM BbIYNCIEHNS METPUHECKOrO XUMINYECKOr0 PaccTosHMs
dy MeXay Monekynamm (npoLeaypbl BbI4UCAEHNS METPUKN dy OCHO-
BaHbl HA KOMOWMHATOPHOW TEOPUM PA3PELUMMOCTU B MPUMEHEHUN K Xe-
morpadpam (y-rpadpam) — maTemaTu4yeckum 06beKTaMm, UCMoNb3yeMblM
ANS ONUCaHus CTPYKTYp mMonekyn [9]);

3) NS KOKAO0M MOMEeKynbl 13 6a3 AAHHbLIX U3BNEKAN BCIO UMEHOLLY-
t0Cs MHG OpMaLMio 06 3KCNEPUMEHTANBbHOM U3MEPEHNN ee PANNYHbIX
610N10rMYeCKNX CBONCTB 1 MPOBOANIIN OLLEHKN 6MOSTIOrMYECKNX aKTUB-
HOCTEl C BbIYNC/IEHNEM COOTBETCTBYHOLLMX KOHCTAHT UHIMOMUpPOBa-
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Munum-1 / Pilim-1 Zn-puknocheHak / Zn-diclofenac
PucyHoK 1. Xumuyeckune opmybl U3y4eHHbIX MONEKYN

Figure 1. Chemical formulas of the studied molecules

Hua (Ki), nonymakcumanbHoro nHruéuposanus (adri. half-maximal
inhibitory concentration, 1C50) (HacTpoiiky BeCOB METPUK dy 1 MPOrHo-
31POBaHWe LieHTPanbHbIX CBONCTB uccnenyemblx HIMBIT ocyllectensm
C NPUMEHEHEM COBPEMEHHbIX METOZO0B NPOrHO31POBaHNSA LieneBbIX
4ICIIOBbIX NepeMeHHbIx [11]).

[nsd nony4yeHns OUEHOK 3HAYEHWA KOHCTAHT, NPeACTaB/EHHbIX
B Nocnefytowmx Tabnuuyax, aHannamposanu pesynsratbl 0T 5 1o 216
HE3aBMCUMbIX XEMOMPOTEOMHbIX 9KCNEPUMEHTOB (B cpefHem 14 3kc-
NepUMEHTOB Ha OAMH TN peuenTopa) [11].

MpotuBoBOCNANNTENIbHbIE 30)CDEKTI OLIEHMBAMN NO pPesynbTaTam
MOZEeNMPOBAHUSA BIUAHUIA UCCIIE0BAHHbBIX MOJIEKYIT HA NOKasaTesun
06MeHa npocTarnaHAnHoB, KUHHOB U LMTOKUHOB ((hakTopa Hekposa
onyxonu anb@a, saepHoro aktopa kanna B u ap.). Mpotnso6onesoe
JelicTBNe ONPefensnn ¢ NOMOLLbK XeMOPEaKTOMHbIX OLLEHOK B3au-
MOZENCTBMSA C PeLenTopamm HOLNLENTUHOB 1 MOAENMPOBAHNS aHalb-
reTU4ECKOM aKTUBHOCTM Y XKMUBOTHbIX. Y/bLIEPOreHHble 1, HA060POT,
NPOTUBOA3BEHHbIE (raCTPONPOTEKTOPHbIE) 3ChEKThbI aHaNN3NpoBaNK
Mo NoKasaTensam 4acToTbl BO3HUKHOBEHUSA A3B XKEJyKa Npu YCoBUm
npuema nepopanbHo PasnnyHbIX J03 N3Y4EeHHbIX MOSTEKYT.

PE3YJIbTATbI / RESULTS

XeMopeakTOMHOe MOZENMpOBaHue 6170 NPOBEAEHO HA conocTa-
BUMbIX MOJIEKYNax — LMHKOBbIX NpoudBofHbIX HI1BI. MToatomy nano-

Auetunnposaxue ructoHos / Histone acetylation
MeTunuposanue ructoHos / Histone methylation
Cesi3biBaHne noHa meau / Copper ion binding
PasBuTie CTPYKTYp MHOTOK/IETOYHOrO OpraHusama /
Development of multicellular organism structures

BHekneTo4Has matpuua coeaMHNTENbHON TKaHN /
Extracellular matrix of connective tissue

MartpukcHas meTannonpoTenHasa /
Matrix metalloproteinase

[poTeonun3 (YOUKBUTUH-3aBUCUMBIIA) /
(Ubiquitin-dependent) proteolysis

—0

Zn-wumecynug / Zn-nimesulide Zn-ketoponak / Zn-ketorolac

XKEHWe pPe3yNibTaTtoB XeMOUH(OPMALMOHHOIO aHann3a npegsapeHo
JaHHbIMW 0 MPOTEOMHbIX CBOWCTB.MOHA Zn?* 1 (hapMakonorum co-
eJVHEHNN LMHKA.

Ananus npoteomHbIx a(hhekToB unHKa / Analysis of zinc
proteomic effects

Muanum-1 1 unHkKoBble Npon3soaHble HIMBI npefcTaBnsoT cobon
3HAYUTENbHbIE MONEKYbI — UCTOYHUKM LIMHKA (0T 8 J0 25 Mr/cyT npu
peKoMeHyeMOM CyTO4HOM noTpebneHnn 20 mr/cyT). JedmunT LnHKa
CBA3aH HE TONIbKO C )OPMMPOBAHNEM UHCYIMHOPE3UCTEHTHOCTM, HO
11 C IMMYHOAEUUNTOM, HAapPYLIEHNSIMI 3KUBNIEHUS PaH, MOBPEX/E-
Huem cTpykTypbl [JHK, onyxonesbim puckom u T1.4. [12].

[Toytn 5% npoteoma 4enoseka (6onee 1200 6eNiKOB) He MOryT
(yHKUMOHNPOBaTL 663 NOHOB ZNn%* B UX cocTase [13], KoTopble He-
06X0ANMbI 419 NOLAEPKAHUA aKTUBHOCTI (DEPMEHTOB aHTUOKCU-
JAaHTHON 3awnTbl [14], dhakTOPOB TPAHCKPUMLWAK, FOPMOHOB U MNX
6€e/1KOB-peLenTopoB, )epMEHTOB MeTaboim3ma u ctabunusauyun
[OHK, 6enkos — perynatopos Bocnanenus (puc. 2) [15], 6enkos npo-
TUBOBWPYCHOr0 MMMYHUTETA (KaK BPOXXAEHHOro [16], Tak 1 npnob-
petenHoro [17]), romeocTtasa HempoTpaHcMuTTepoB [15]. KnuHuye-
CKME NCCNeloBaHMS 11 UX MeTaaHann3bl MHOroKpaTHO NMOATBEPAUIN
9P eKTUBHOCTb 1 6€30MaCHOCTb COMel LUMHKA C OPraHnYecKumm
aHNoHamMu NS Tepanun 1 NPoUNAKTUKIA OCTPbIX PECTUPATOPHbIX
3abonesaHun [18].

CBs3biBaHNe noHa kagmus / Cadmium ion binding
Metunuposanue OHK / DNA methylation
CuHTes uHTepdpepona-1 / Interferon-1 synthesis

['eHHas TpaHckpunums /
Gene transcription

dakTop TpaHcKpunumum /
Transcription factor

AKTUBHOCTb (CTEpPOMAHAA) TOPMOHOB /
(Steroid) hormone activity

PUCYHOK 2. AHanu3 npoTeoma i posib MoHa Zn?, CeKTOpbI AMarpamMmbl COOTBETCTBYIOT KOMIMYECTBY Zn%-3aBUCUMBbIX 6&MIKOB N0 (DYHKLMOHANY.

[IHK — ne3okcupnboHyknenHoBas Kucnota

Figure 2. Proteome analysis and the role of Zn? ion. The sectors of the diagram correspond to the number of Zn*-dependent proteins by function.

DNA — deoxyribonucleic acid
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B LlesloM NpoTeoMHble 1 JoKa3aHHble (DapmMakosiornieckue CBoi-
CTBA LIMHKA CNOCOGCTBYIOT CHUKEHWIO TSXKECTU NONMOPraHHOoN na-
TONOrMK 1 CMepTHOCTKM npu cencuce [19]. Ha mogenu 6onn nyTem
BBEAEHUS MHBEKLMN KapparuHaHa B 3afiHIOK Nany KpbiC CpaBHEHUe
3hheKTOB keTONpOgeHa UK KOMBUHALNMK «Zn?* + rupoacnapTar +
KeTonpoeH» Nokasano JOCTOBEPHO 3HAYMMOE YMEHbLLUEHME 0Teka
nansl 1 6071 TONLKO NpU MCMONb30BaHUM kom6uHauuu HIBIT ¢ conbto
umuka [20]. MpogemoHCTPUpPOBaHa 3PEKTUBHOCTb TOMUYECKOTO
Zn-rniokoHara (90 mr/cyT) B Tepanuu rHoiHoOro rugpagenura [21].

[acTponpoTeKTOPHbIE CBOMCTBA OPraHNYeCKUX COEANHEHVI LIMHKA
0COOEHHO BaXKHbl [J17 PeLUeHUs Npo6siemMbl racTPOTOKCUYECKOro Mo-
6oyHoro aencteus HIMBM u, 6onee Toro, AN YCUNEHUS PaHO3aXNB-
NEHNs NOBPEXAEHNIA CIN3NCTON XKEeNyLoYHO-KULLEYHOT0 TpakTa [22,
23]. MoKa3aHbl racTponNpOTEKTOPHbIE CBOWCTBA KOMMNIEKCOB ZN2*-Kyp-
KyMUH [24, 25], rnioKoHaTa UnHKa [26], Zn?-2-auetunnupuania [27]
(CTPYKTYpHO CXOXero ¢ nuaumom-1), ZnZ-taypuHa [28], Zn?-MoHo-
rnuuepara [29], Zn*-auekcamara [30].

XemopeakTomHble oueHku / Chemoreactomic assessment
MNpoTuBOBOCNANMTENBHOE M YNbLIEPOreHHOoe fecTBUE

PaccmoTpum pe3ynbTaTbl XeMOPEaKTOMHOMO aHanm3a nuauma-1.
B Tabnuue 1 cymmupoBaHbl AaHHble 0 BO3[AEACTBUNS KOHTPONbHbIX
MOJIEKYN Ha CUHTE3 nNpocTarnaHauHoB. O4eBUAHO WHTMEMPOBaHME
nunumom-1 chepmentos LIOT-1/2 (20%; Znz-HMBM: 34-54%), npu-
yem I1C50 LOr-1 n LIOT-2 otnnyatotes Ha 1-2 nopsaka. B cnyyae
nenkoTpueHa B4 peictene nunuma-1 conoctaBumo ¢ Zn-HMBIM
(62,6%; 1C50 175 HM).

Munanm-1 MOXeT NPOABAATL MHTNBMPYIOLLME 9(h(eKTbI Ha peLen-
TOpPbl KNHWMHOB, CONOCTaBKUMble C AeicTBueM Zn?-HIMBI unu npe-
BOCXOAALLME ero (Tabn. 2). bpaMKUHWUH — BXXHeNLas CUrHanbHas
monekyna, o6ecneyuaioLas Houuuenuuio. Bewectso P nosbiwaet
9KCMPECCHI0 LIMTOKNHOB, Y4aCTBYET B HEAPOreHHOM BOCMANEHUM 1 fiB-
NAETCA BOXHBIM 31EMEHTOM BOCTpUATUA 6onn [31].

OUEHKM NOTeHUNanbHOTro0 BO3AENCTBUSA BELLECTB, MOMY4eHHbIe
B in Vvitro w in vivo TecTax XeMOPEaKTOMHbIX aKTUBHOCTEN, yKasanu

Tabnuua 1. XeMopeakTOMHbI aHann3 papmMakonoruyeckinx aghekTos fencTans nuanma-1 n Zn>*-npous3BofHbIX HECTEPOUAHLIX MPOTMBOBOCNANNTENbHBIX TPENapaTos

Ha ypOBEHb NPOCTArNaHAMHOB

Table 1. Chemoreactomic analysis of pharmacological effects of pilim-1 and Zn?-derivatives of nonsteroidal anti-inflammatory.drugs on prostaglandin levels

Zn2+_ Zn2+_ Zn2+_
. KoHctauta / | Munum-1/ | AuknodieHak / | ketoponak/ | Humecynup /
IS T LTI Constant Pilim-1 Zn?- Zn?- Zn?-
diclofenac ketorolac nimesulide

MHrnéuposanue LIOM-1 8 go3e 0,1 MKr/mn, % akTUBHOCTH
oT koHTpons™ // COX-1 inhibition at a dose of 0.1 pg/ml, - 111 23,6 8,2 57
% of activity from control*
MHruéuposanue LIOr-1 B nna3me KpoBu, 060ratLeHHOIA
Tpom6oumutammn, HM / COX-1 inhibition in platelet-rich IG50 828,4 3402,6 2671,7 2224,0
blood plasma, nM
Hrnéuposanme LLOM-2 B LenbHOI KPOBW B KOHLEHTPALK
1 MKM, % akTuBHOCTU OT KoHTpons™ / COX-2 inhibition‘in
whole blood at a concentration of 1 pm, % of activity from - 216 531 54,3 344
control*
WNHurnéuposaxne LIOr-2 B knetkax CHO, HM/
COX-2 inhibition in CHO cells, nM 1650 4941 3084 3188 286,1
MHrnéuposanne o6pazoBaHns LTB4 B HeliTpodomnax
4enoBeka npu CTUMyNNPOBaHMK KNeToK Ga-noHoopom
A23187, 390 HM BeLLeCTBa, % aKTUBHOCTM OT KOHTPONSA™ /
Inhibition of LTB4 formation‘in human neutrophils when - 62,6 823 61.4 4
stimulating cells with Ca-ionophore A23187, 390 nM
of substance, % of activity from control*
HrnéuposaHme BbicBO60XaeHNs LTB4 8 [TMJT npu
cTumynuposanun Ca-noHodpopom A23187, HM / Inhibition
of LTB4 release.in PMNs when stimulated by Ca-ionophore IC50 1754 187.,0 4332 2201
A23187, nM
!/lHrVI.G.I/IDOBaHI/Ie LTA4-rngponassl, HM / LTA4 hydrolase Ki 9727 516.1 616.9 613.6
inhibition, nM
AHTaroHuam peuenrtopa LTB4, 100 mkM BeLuecTBa,
% aKTUBHOCTU OT KOHTpOns™ / LTB4 receptor antagonism, - 20,5 36,5 39,8 20,5
100 pM of substance, % of activity from control*
VHrnéumposaxue peuenTtopa npocrarnanguHa D2, KM /
Prostaglandin D2 receptor inhibition, nM IC50 9,1 236 139 83,2

Npnmeyanne. LJOr-1 — yuknookcnrenasa-1; knetkn CHO (anrn. Chinese hamster ovary cells) — iuHus anuTennanbHbiX KNETOK, NOy4eHHas n3 ANYHUKA KUTANCKOro XoMaYka, Kotopas
4acTo UCronb3yeTcs B GMONOTrNYECKUX U MEANUMHCKUX nccrenoBannsx, LTB4 (aHrn. leukotriene B4) — neiikotpuer B4, [IMJT — nonmmopghHosAEPHbIE NIEAKOUNTBI,

LTA4 (anrn. leukotriene A4) — neiikotpuen A4, IC50 (aHrn. half-maximal inhibitory concentration) — KOHCTaHTa M0yMaKCUMAbHOIO UHINOMPOBaHNSA; Ki — KOHCTAHTa UHINONPOBAHNS.
* B KayecTse KOHTPO/IS UCMOTIb30BANICA (YU3N0NOrn4eckmii pacteop (41o cootsetcTayeT 100% akTMBHOCTH).

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, 1650 - half-maximal inhibitory concentration; Ki - inhibition constant. * Saline solution

was used as a control (which corresponds to 100% activity).
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Tabnuua 2. XeMopeakTOMHbIe OLEHKN KOHCTAHT NoMyMakcuManbHoro MHrnéuposanus (aHrn. half-maximal inhibitory concentration, IC50) peLenTopoB KUHUHOB U3YYEHHbLIMI

monekynamu, HM

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

. Munum-1/ | Zn*-puknotheHak / Zn?*-keToponak / Zn*-Humecynup /

SRR A Pilim-1 Zn*-diclofenac Zn*-ketorolac Zn*-nimesulide
AntaroHnam BDKRB1 B knetkax IMR90 /
BDKRB1 antagonism in IMR90 cells 100,0 456 1000 0
AHtaroHnam BDKRB1 B knetkax GHO-D-/akBepuH //
BDKRB1 antagonism in CHO-D-/aquerine cells 38,5 755 47,5 38,5
AntaroHnam BDKRB1 B knetkax GHO /
BDKRB1 antagonism in CHO cells 49,0 27,0 436 270
AntaroHnam BDKRB2 B knetkax HF15 /
BDKRB1 antagonism in HF15 cells 217 716 701 PR
Cpoacteo k BDKRB2 / BDKRB2 affinity 73,4 1251 37,2 73,4
Cpopcteo k NK1R / NK1R affinity 22,5 32,3 11,8 30,5
Cpopncteo k NK2R / NK2R affinity 76,7 50,5 44,3 76,7
Cpopncteo k NK3R / NK3R affinity 12214 921,8 1190,4 1856,8

Npnumeyanmne. BDKRB1 (anrn. bradykinin receptor B1) — peuentop 6pagnkntmna B1; IMRI0 — kneTo4yHas nnHus, Mosy4eHHas U3 Nerkux H4enoBeYeckoro ninoja, knetkn CHO

(aHrn. Chinese hamster ovary cells) — nuHUS 3MUTENNANbHBIX KNETOK, NOMY4EHHAS U3 SUYHUKA KUTANCKOro XOMSIYKa, KOTOPAs 4acTo UCIOMb3YeTCs B GUONIOrNHYECKNX U MEAULIMHCKNX
ucenenosannsax;, BDKRB2 (anrn. bradykinin receptor B2) — peyentop 6paavkunnna B2, HF15 — nepnyrbie gonbpobnactsl yenoseka, NK1R (aHrn. neurokinin 1 receptor) — peyentop
HevipokunnHa 1; NK2R (aHrn. neurokinin 2 receptor) — peuentop Hedpokunnta 2; NK3R (aHrn. neurokinin 3 receptor) — peLentop HelpoKkuHnHa 3.

Note. BDKRB1 — bradykinin receptor B1; IMR90 — a cell line derived from the lungs of a human fetus;, CHO (Chinese hamsterovary 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.

Ha NPOTUBOBOCNANUTENbHbIA IPMEKT NunnumMa-1 ¢ TO4KN 3peHns
BO3JENCTBIUSA HA YPOBHM LNTOKMHOB (DAKTOpPaA HEKPO3a OMyxonu
anba, uHTepnenknHa-1p, MHTepnenkuHa-6, BEPOATHO, CBA3AHHbIN
C MHrMOGUPOBAaHNEM NPOBOCNANNTENLHOTO (PaKTOPa TPAHCKPUMLIUN
kanna B. B cpegHem no mccnegoBaHHOMY Hab0py akTUBHOCTEN NiA-
num-1 He yctynan Zn-keToponaky (Taén. 3). OH xapakTepusoBancs
HaWMEHbLUUM YNbLEPOreHHbIM 3dhdekTom (3,6-45%) 1 npossnsn
aHTUyNbLeporeHHoe aencteue (71%) (taén. 4).

LleHTpanbHoe u npoTuBo6oNEBOE fEACTBUE

Mony4eHHbIe OLEHKN LiEHTPanbHbIX 3PEKTOB BbIN CONOCTABMMbI
Ang nunuma-1 v Apyrux UCCcrnefoBaHHbIX MOMEKYI (puc. 3), BKN0Yas
B3aUMOZelicTBUSA C peuentopamu agpeHanuua (1650 250-568 HM),
aHrnoteHanHa (IC50 582-733 HM), podhammna (IC50 285-765 HM),
ramma-amuHomacnaHon kuenotel (FAMK) (1C50 79-640 M),
FTAMK-TpaHcnopTtepa GAT1 (IC50 70-200 HM), peuentopamu 1a n 2a
cepotoHuHa (1650 29-126 HM), rucTammHOBbLIM peLenTopom 1-ro Tuna
(1G50 12, 27 HM; ppyrue umHk-HIBI: 1C50 68, 172 HM).

XeMOpeakTOMHbIE OLEHKM B X0[le 3KCMEPUMEHTAIbHOTO U3y4eHNs
thapmakonorumn paccmaTpuBaembix Mofiekyn (Tabn. 5) nokasanu, 4To
peuentop HoumuuentHa ORL1 MoXeT MHrn6upoBaTbCs NUAUMOM-1
6onee agphektnBHO (IC50 198-214 HM), 4em umuk-HMBMN (1C50
3611093 HM). B theHUNXMHOHOBOM MPOTMBO6ONEBOM TECTE Y KPbIC
nunnuM-1 NpoAEMOHCTPMPOBAN HEMHOMO 60JbLUMIA NPOLEHT aHanbre-
311 (44%; uHK-HMNBM: 21-43%).

AHTUBUTAMUHHAS U AHTUMUHEPANbHAA aKTUBHOCTb /
Antivitamin and antimineral activity

HIMBIT, paBHO Kak 1 Apyrue npenapatbl, MOTYT MPOSBAATb HEXe-
natenbHble 3 MeKTbl BCIELCTBUE HEATUBHOTO BAWAHWNA Ha 06MeH
BUTAMWUHOB U MUKPO3JIEMEHTOB (B T.4. CTUMYNIMPOBAHUS UX UHTEH-
CUBHbIX NOTEPb). B TO )Xe BpeMs NpakTU4ecKi BCe MUKPOHYTPUEHTbI
XapaKTePU3YKTCS BbIPAXKEHHbIMI NPOTUBOBOCMANMUTENbHBIMUA W aH-
TUOKCUAAHTHbIMU 3pheKTamm, a BuTaMmuH B12 — ewe n npotuBo6o-

NeBbIM JeNCcTBMEM. AHANN3 (PapMakOMHMOPMALMOHHBIX Npodusei
AHTUMUKPOHYTPUEHTHOr0 BO3AEICTBUA UCCNEAYEMbIX COEANHEHNI
yKa3an Ha CyLLeCTBEHHbIE pasninyus Mexay 3TUMU MOneKynamu.

Han6onee BbIpaXEHHbIM aHTUMUKPOHYTPUEHTHbIM [ECTBUEM Xa-
pakTepu3oBannch Zn-guKnodeHak 1 Zn-HuMecynup, KoTopble MoryT
CTUMYNNPOBATL BbIBEAEHUE NIUTUS, KanbLms, MarHus (B MeHbLLUei cTe-
MEHN LNHKA, ECTECTBEHHO) (PUC. 4a), BUTAMUHOB rpynnbl B (6notuHa,
B1, B2, B6, donatos), sutamuHos G u D (puec. 4b). Munum-1 otnu-
4ancs HanMeHbLLIMM aHTUBUTAMUHHbLIM (CyMMapHbIA 6ann 0,52+0,08)
1 aHTUMUHEPaNTbHBIM (CymMMapHbIi 6ann 0,41+0,10) peicTenem. Cym-
MapHbIid 6ann nuanMa-1 no BCemM BUTAMUHAM 1 MIUHEpanam COCTaBu
0,93 (pumc. 4c), 4TO COOTBETCTBYET B CPEAHEM YBEIIMYEHNIO PUCKA
BbIBEIEHUS TOO WS MHOrO MUKPOHYTPUEHTA BCEro Ha 5%. Takum
06pa3oM, NUANM-1 He TONbKO ABNSETCH UCTOYHUKOM «OPraHn4eckoro»
LIHKa, HO 1 (B OTNIM4Me OT U3y4eHHbIX HIBIT) cnoco6CTByeT coxpaHe-
HUIO APYTUX MUKPOHYTPUEHTOB.

OBCYXAEHME / DISCUSSION

CpaBHeHUe C paHee NOMyYeHHbIMK pesynbTatamu [32-35] noka-
3bIBAET, YTO XEMONPOTEOMHOE MOAENNPOBaHNE (HapMaKONOTNYECKINX
9(h(heKTOB NepcneKTUBHON MONEKYbI NUNUMa-1 AaeT ConocTaBuMble
pesynbTatbl B NPOTUBOOONEBLIX TECTAX, KAK W [ipYrie NepCrnekTUBHbIe
monekynbsl SV-1010 [32], RRS-1 [33]. B otan4ue ot nocnegHei, nu-
numM-1 0CTaTO4HO CNabo MOXKET UHTMOUPOBATL NPOBOCNANUTENbHbIE
TapreTHble 6enku (CCR1, CCR3, CCR8, peuentopbl LTB4, KonoHuecTu-
MYAUpPYOLWMA dhakTop Makpodaros) [33].

OUEHKM aHTUYNbLEPOreHHON 1 racTPONPOTEKTOPHOM aKTUBHOCTM
nunuma-1 HecKONbKO Nyylue, YeM y APYruX LMHKOCOAEPXKaLMX Npo-
TUBOBOCNANUTENbHLIX cpeacTs (N-annunumngason-Zn [34] u aumson
[35]). Mpu atom, B oTnmyme o1 SV-1010, RRS-1, N-anaunumupa-
30/1-ZN 1 auM30na, Monekyna nuamm-1 xapakTepuayeTcst HaMMeHbLIUM
HEraTMBHbLIM BNIUSHNEM H2 06MEH MUKPOHYTPUEHTOB, T.6. HAUMEHbLLM-
MU aHTUBUTAMUHHBIMI U aHTUMWUHEPANbHBIMM 3chheKTamu.
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Tabnuua 3. MpoTnBoBOCNANNUTENbHbIE 3GHEKTHI NUANMA-T U LMHKOCOLEPXALLMX HECTEPONHBIX TPOTUBOBOCNANMTENbHbIX CPEACTB: BO3AEACTBIE HA LUTOKWUHbI (no peaynbraram

XEMOPEaKTOMHOr0 aHanm3a)

Table 3. Anti-inflammatory effects of pilim-1 and and zinc-containing nonsteroidal anti-inflammatory drugs: effects on cytokines (based on chemoreactomic analysis)

AxTuBHOCTb / Activity

Munum-1 /
Pilim-1

Zn2+_
auknotheHak /
Zn2+_
diclofenac

Zn2+_
KeToponak /
Zn2+_
ketorolac

Zn2+_
Humecynug /
Zn2+_
nimesulide

lMpoTuBoBocnanuTenbHas akTuBHOCTb (IC50) B LieNbHON KPOBM YenoBeka
Kak uHrnéuposanue JINGC-MHAYLUMPOBAHHOTO BbIcBO60XAeHU DHO-a npu
1HKy6upoBaHuu (1 4) ¢ nocneaytomm gobasnernem JINGC (yepes 3,5 1),
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

MHruéuposanne TLR7 B kneTkax HEK293 npu aktnsaumm NF-xB npu
06pa6boTke 40 MKM BeLLecTBa, % akTMBHOCTW OT KOHTpons™ / Inhibition
of TLR7 in HEK293 cells upon activation of NF-«B during treatment with
40 yuM of substance, % of activity from control*

1087,7 7281 706,4 752,2

22,7 24,3 54,7 23,7

NHrnéuposanue skcnpeccum 6enka ICAM1 B knetkax HUVEC,
UHayumnpoBaHHon ®HO-o, npefgapuTenbHas 06paboTka 1 MM BeLLecTBa
3224 10 ®HO-a, % akTuBHOCTK OT KOHTpona™ / Inhibition of TNF-o-
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

VHrnéuposanue JIMNC-nHayLmMpoBaHHoi TpaHcakTuBauun NF-«xB B knetkax
SW480 npwn BeeaeHun 10 mkM Belectsa 4yepes 14 nocne CTUMynALUm
JING, % aktBHOCTM OT KOHTpONs™ / Inhibition of LPS-induced NF-«B
transactivation in SW480 cells upon administration of 10 pM of substance
1 hour after LPS stimulation, % of activity from control*

36,8 41,1 16,8 14,1

MHruéuposanne MIF-uHgyumposaHHoi npogykuuu WJ1-1B3 B kneTkax
PBMC, 100 mkM BelLecTBa, % aKTUBHOCTW OT KOHTpOAsa™ / Inhibition
of MIF-induced IL-1pB production in PBMC cells, 100 pM of substance,
% of activity from control*

31,1 51,8 17,7 12,9

WNHrnéuposanne JINC-nnayumnposanHoi cekpeuun 1-16 B knetkax THP1
npu npeasaputensHoit 06padotke 100 MkM BellecTBa B Te4eHne 40 MuH,
% aKTMBHOCTM OT KoHTpona™ / Inhibition of LPS-induced IL-1f secretion
in THP1 cells during pretreatment of 100 pM of substance for 40 min,

% of activity from control*

50,9 32,6 50,8 15,7

[TpoTBoOBOCNANUTENbHAA aKTUBHOCTL B Makpodaronofo6HbIX KieTkax
HL-60 kak nHrnéuposaxue JINMC-nHayumpoBaHHon npoaykuun J1-6 B
KoHueHTpauuu 50 mkM npu 06paéoTke 3a 30 MuH fo cTumynauyuu JIMC,
% aKTWBHOCTU OT KOHTpONs™ / Anti-inflammatory activity in macrophage-
like HL-60 cells as inhibition of IPS-induced IL-6 production at the
concentration of 50 pM during treatment for 30 min before LPS
stimulation, % of activity from.control*

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

MHrnéuposanue o6pasosaHus /1-6 B knetkax THP1 npu o6pa6oTke
10 mkM 32 30 muH g0 BBefeHus JTTC, % 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*

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

WNHrnéuposanne JINC-nuayumnposanHoi cekpeuun AJ1-6

B Makpoaronofo6Hbix knetkax U937 npu npensaputensHoil MHKy6aumm
B'KOHLEHTpauum 125 MkM B Te4eHue 2 4, % aKTUBHOCTM OT KOHTpONs™ /
Inhibition of LPS-induced IL-6 secretion in macrophage-like U937 cells
during pre-incubation at the concentration of 125 yM for 2 hours,

% of activity from control*

Npumeyanne. IC50 (anrn. half-maximal inhibitory concentration) — KoHcTaHTa nonymakcumanbHoro uHrnbnposanus; JINC — nunonomucaxapuael; ®HO-a — chakTop Hekposa omyxonn
ansgha; TLR7 (aHrn. toll-like receptor 7) — Tonn-nofo6Hwii peuentop 7; HEK293 (aHrn. human embryonic kidney 293) — KneTo4Has MK, M0Yy4EHHasA U3 3MOPUOHASTbHBIX MOYEK
yenoseka, NF-xB (anrn. nuclear factor kappa B) — saepHbiii aktop kanna B; ICAM1 (aurn. intercellular adhesion molecule 1) — monekyna mexknetoyrHoii agresun 1, HUVEC

(aHrn. human umbilical vein endothelial cells) — 3HA0TeMAaNbHbIE KNETKN MYN0YHON BEHbI YenoBeka, SW480 — knetku paka Tonctou kuwwku; MIF (aHrn. macrophage migration
inhibitory factor) — cbakTop, uHrubnpytoLLni murpaunio makpogharos; UJ1 - nHtepnevikun, PBMC (aHrn. peripheral blood mononuclear cells) — MOHOHyKneapHbie KneTku nepughepude-
cKovi kposu,; THPT — MOHOLMTapHAs KNETOYHAS JIMHNA YE/I0BEKA, M0JTy4eHHas OT NauMeHTa ¢ 0CTPbIM MOHOUMTAPHLIM N1eiKo30M; HL-60 — nHUsA KNETOK NeiiKkemuy 4es10Bea,

U937 — npoMoHoUNTapHas MOAETbHASA KETOYHAs JINHNA. * B Ka4ecTBe KOHTPOJIA MCONb30BATICA (OU3N0NOrnyeckuii pactsop (41o cootserctayer 100% akTuBHOCTH).

27,7 19,6 28,4 40,4

Note. IC50 — half-maximal inhibitory concentration; LPS — lipopolysaccharide; TNF-o.— tumor necrosis factor alpha; TLR7 — toll-like receptor 7; HEK293 — human embryonic kidney 293;
NF-xB - 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).
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Ta6nuua 4. YnbLeporeHHble 1 racTponpoTekTopHble 3eKThl nUAMMA-1 1 LMHKOCOAEPXKALLMX HECTEPOMNAHBIX NPOTUBOBOCNANNTENbHBIX CPEACTB (PE3YNbTATbl XeMOPEAKTOMHOT 0
aHanu3a), % akTUBHOCTW OT KOHTPONA™®

Table 4. Ulcerogenic and gastroprotective effects of pilim-1 and zinc-containing nonsteroidal anti-inflammatory drugs (results of chemoreactomic analysis), % of activity from control*

Zn2+_ Zn2+_ Zn2+_
Axtvocts / Activty Mumu1 /| pKIOGERak / | KETOPORaK / | WAMECYTHR /
diclofenac ketorolac nimesulide

lpoTNBOS3BEHHAS AKTUBHOCTb Y KPbIC NMPY BHYTPUOPIOLIMHHOM BBEAEHUN
B o3e 20 mr/kr // Anti-ulcer activity in rats with intraperitoneal 71,2 66,2 53,8 49,9
administration at a dose of 20 mg/kg

YnbLeporeHHbIn acpekT npu npueme B 036 30 MKMONbL/KI NEPoOpanbHO

B TeyeHne 3 aHeii / Ulcerogenic effect when taken orally at a dose 3,6 100,0 100,0 100,0
of 30 umol/kg for 3 days

YacToTa BO3HUKHOBEHMA A13B Xenyaka npu npueme B fose 100 mr/kr

nepopanbHo // The incidence of gastric ulcers when taken at a dose 349 75,0 75,0 75,0

of 100 mg/kg orally

YacTtoTa BO3HUKHOBEHUS A3B Xenyaka npu gose 200 Mr/kr nepopansHo //
The incidence of gastric ulcers at a dose of 200 mg/kg orally

lpumeyanme. * B Ka4ecTBe KOHTPOJIS MCI0/Ib30BANICS (YU3NOTIOrNYECKnil pacTBop (470 cooTeeTcTByeT 100% akTBHOCTH).

65,8 90,0 90,0 90,0

Note. * Saline solution was used as a control (which corresponds to 100% activity).
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PucyHok 3. XeMOpeakTOMHbIe OLEHKI LeHTPanbHbIX 3 PEeKTOB NUAMMa-1 1 LMHKOCOAEPXALLNX HECTEPOUAHBIX MPOTUBOBOCNANMNTENbHbIX NPENapaTos:

a— KOHCTaHTbI N0NYMakcMManbHOre MHrnbuposanns (aHrn. half-maximal inhibitory concentration, IC50); b — nHrn6uposanne 6enKoB-peLenTopos nNpn MUKCUPOBAHHOI
KOHLEHTpaLMK BeLLecTBa.

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

AGTR (aHrn. angiotensin Il type receptor) — peuentop anrnotenauna ll; CHRNA10 (aurn. cholinergic receptor nicotinic alpha 10 subunit) - cy6beanHnua 6enka ansca-10
HelipoHanbHoro peuentopa auetunxonuia; CHRNA4B2 (aHrn. cholinergic receptor nicotinic alpha4/beta2 subunit) — cy6beanHuua 6enka anbha4/6eta2 HelipoHanbHOro
peuentopa aueTunxonuta; CHRNAG (anrn. cholinergic receptor nicotinic alpha 6 subunit) — cy6beanHuua anba-6 HelpoHanbHoro peuentopa auetunxonuHa; CHRNA7

(aHrn. cholinergic receptor nicotinic alpha 7 subunit) — cy6beanHnua 6enka anba-7 HeilpoHanbHOro peuentopa auetunxonuna; DRD1 (aurn. dopamine receptor D1) — peuentop
nocamuHa D1; DRD2 (aHrn. dopamine receptor D2) — peuentop gocamuna D2; DRD3 (aHrn. dopamine receptor D3) — peuentop gocamuta D3; GABRA (aHrn. gamma-aminobutyric
acid (GABA).type A receptor subunit) — cy6beanHnua anba-pelentopa ramma-amuHomacnsHoi kucnotel (FAMK); GABRAT (anrn. gamma-aminobutyric acid (GABA) type A1
receptor subunit) — cy6beanHnua anoa-1 peuentopa ramma-amuHomacnaHoi kucnotol (FAMK); GABRA2 (anrn. GABA type A1 receptor subunit) — cy6befnHnua ansa-2
peuentopa FAMK; GABRB (anrn. GABA type B receptor) — peuentop FAMK-B; GAT1 (aurn. GABA transporter type 1) — tpancnoptep FTAMK-1; GRIN1 (anrn. glutamate receptor
NMDA) - rnytamatHbiit NMDA-peuenTop, Grin1/Grin2b; GRMA2 (anrn. glutamate metabotropic receptor 2) — MeTaboTpOonHbIii rnyTamaTHbIi peuentop 2; GRMAS (aurn. glutamate
metabotropic receptor 5) — meTa6oTponHbIi rnyTamaTtHblii peuentop 5; HRH1 (aHrn. histamine receptor H1) — ructammunosbii peuentop H1; HRH2 (aurn. histamine receptor H2) —
ructamuHosblit H2-peuentop; HTR1A (aurn. hydroxytryptamine receptor 1A) — peuentop cepotoHuHa 1a (5-HT1a); HTR2A (aHrn. hydroxytryptamine receptor 2A) — peuentop
cepoToHMHa 2a (5-HT2a); OPRD (aHrn. opioid receptor delta) — nensta-onnouansii peuentop; OPRM (aurn. mu-opioid receptor) — mio-onuongHblii peuentop; TRPVI (aurn.
transient receptor potential vanilloid 1) — BaHunnongHbii peuentop; AMPA (anrn. glutamatergic a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor) — NOHOTPONHbIN
rnyTamarHblil peuentop; GIURS (aHrn. glutamate receptor 5) — rnyTamatHblil peLenTop MOHOTPONHbIA, KauHat; SERT (aHrn. serotonin transporter) — TpaHcnopTep CEPOTOHMHA

Figure 3. Chemoreactomic assessments of the central effects of pilim-1 and zinc-containing nonsteroidal anti-inflammatory drugs:

a - constants of half-maximal inhibitory concentration (IC50); b — inhibition of receptor proteins 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 alphad/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; GABRAT — 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 5. PeaynbTaThl XeMOPeakTOMHOr0 MOJIEIMPOBAHIA NPOTUBOGONEBLIX in Vitro v in vivo 3 dekToB nunuma-1 n UMHKOCOAePXKALLMX HECTEPONAHbBIX
NPOTUBOBOCNANUTENbHbIX NPenapaTos™

Table 5. Results of chemoreactomic modeling of in vitro and in vivo anti-inflammatory effects of pilim-1 and zinc-containing nonsteroidal anti-inflammatory drugs*

KoHctauta / | Munum-1/ | Zn*-guknodhenak / | Zn*-ketoponak/ | Zn*-Humecynup /

BLAL DB (Y Constant Pilim-1 Zn*-diclofenac Zn*-ketorolac Zn?*-nimesulide

CpoacTso K peuentopy HouuuenTtuHa ORL1
yenoseka B knetkax HEK293, HM / Affinity to IC50 197,95 1093,40 2948,90 360,79
human nociceptin ORL1 in HEK293 cells, nM

NHruéuposaxue peuentopa ORL1 YenoBeka
Ha MeM6paHax PeKOMOUHAHTHbIX KNETOK Npu
MHKy6auuu BeLLecTsa B TeveHne 1 4 npu
KOMHATHOW TemnepaType 1 3aTem
NPOBEAEHNN N3MEPEHMNIA HA
CLUMHTUANALMOHHOM CHeT4mKe, HM /
Inhibition of the human ORL1 on recombinant
cell membranes during substance incubation
for 1 h at room temperature and then
measurements on a scintillation meter, nM

IC50 213,75 560,20 991,30 711,98

AHanbreTuyeckas akTUBHOCTb Y MbILLIER Kak
MHrM6MPOBaHIE KOPYeil, BbI3BAHHbIX
YKCYCHOIA KUCITOTOR, NPy BBEAEHWUM B 1036
50 Mr/Kr per 0s 3a 14 0 BBELEHNS YKCYCHON
KNCNOTbI, % aKTUBHOCT OT KOHTpONa™ //
Analgesic activity in mice as inhibition of
acetic acid-induced convulsions when
administered at a dose of 50 mg/kg per 0s

1 h before acetic acid administration,

% of activity from control*

- 57,640 30,416 14,347 30,416

AHanbreTn4yeckas akTUBHOCTb Y MblLLEN KaK
MHrM6MPOBaHNE KOPYeil, BbI3BAHHbIX
YKCYCHOII KNCNOTOIA, NpW BBELEHUMN B 036
100 mr/kr per 0s 3a 1 4 [0 BBELEHUA
YKCYCHOIA KUCNOTbI, % aKTUBHOCTM OT
KoHTponsa™* // Analgesic activity in mice as
inhibition of acetic acid-induced convulsions
when administered at a dose of 100 mg/kg
per 0s 1 h before acetic acid administration,
% of activity from control*

- 46,439 58,177 49,630 56,646

NHrnéupoBaHne Kopyei, BbI3BAHHbIX
(PEHNNOEH30XMHOHOM Y MbILLIERA, MI/KT //
Inhibition of convulsions caused by
phenylbenzoquinone in mice, mg/kg

IC50 4,6415 26,670 6,567 27,237

AHanbreTnyeckas akTuBHOCTb B TECTE Ha
CY>eHue BPIOLLHON NOMOCTH, BbI3BAHHOE
(DEHUNXMHOHOM Y KpbIC, % aKTUBHOCT OT
KoHTponsa™* / Analgesic.activity in the test
for abdominal‘constriction caused by
phenylquinone in rats, % of control activity*

- 44,010 29,556 43,200 21,149

OueHka 3(hPEKTUBHOCTM 1 CENEKTUBHOCTY
6/10KaTOPOB HATPMEBbIX KaHANOB B HEMPOHAX
[0pCabHbIX KOPELLKOB raHrus KpbIc
invitro. Pexxum chnkcauuy HanpsxKeHus

Ha ~60 MB ncnonb3oBancs AN OLeHKK

1C50, HM / Evaluation of the effectiveness
and selectivity of sodium channel blockers in
dorsal ganglion root neurons of rats in vitro.
The voltage fixation mode at ~60 mV was
used to estimate 1650, nM

Tpnumeyanme. ORL1 (aHrn. opioid receptor-like 1) — peuyentop, nogo6Hbii onnongHoMy peuyentopy 1; HEK293 (anrn. human embryonic kidney 293) — kneToyHas inHus, mosyY4eHHas

U3 IMOPUOHANBHBIX 1104eK YenoBeka, IC50 (aHrn. half-maximal inhibitory concentration) — KOHCTaHTa M0JIYMaKCUMalbHOrO MHIMOUPOBaHNA. * Matepunan 4 MOAEIPOBaHNA Obi
T10/Ty4€H Ha OCHOBAHUY 00Y4eHNs anropuTMOB Mo JaHHbIM n3 6assl PubChem (https.//pubchem.ncbi.nim.nih.gov/).

IC50 3386,0 1057,8 1439,4 491,0

Note. ORL1 (opioid receptor-like 1) — receptor similar to opioid receptor 1; HEK293 (human embryonic kidney 293) — cell line obtained from human embryonic kidneys;
1C50 (half-maximal inhibitory concentration) — half-maximal inhibition constant. * The modeling material was obtained based on training algorithms using data from PubChem
(https://pubchem.ncbi.nlm.nih.gov/).
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= NMunum-1 / Pilim-1 = Zn-puknothenak / Zn-diclofenac = Zn-wumecynup / Zn-nimesulide Zn-ketoponak / Zn-ketorolac
61 ® MMoteps Butamunos / Vitamin loss - ™ Moteps muxepanos / Mineral loss [H

PucyHok 4. ®apmMakoMH(OpMaLNOHHbIE OLEHKM
AHTUBUTAMUHHBIX 1 RHTUMUHEPANbHBIX CBONCTB
NCCNEA0BAHHBIX MOMEKYN:

31 a-— aHTUMUHepanbHoe AeicTBNe; b — aHTMBUTAMUHHOE
NIe/iCTBINE; € — CYMMApHbIe 6an/bl aHTUMUKPOHYTPUEHTHOrO
21 neiicTBus
Figure 4. Pharmacoinformational assessments of antivitamin
1 and antimineral properties of the studied molecules:
- - a - antimineral action; b — antivitamin action; ¢ - total scores
0- of antimicronutrient action

Munum-1 / Zn-puknodpenak / Zn-Humecynup, / Zn-keToponak /
Pilim-1 Zn-diclofenac Zn-nimesulide Zn-ketorolac

CymmapHbiit 6ann / Total score

Orpanuyenns uccneposanus / Limitations of the study [leTanbHbIe 3KCNepUMEHTbI Ha KUBOTHbIX, KOTOPbIE NOATBEPAAT UK

[laHHOe uccnefoBaHue ABNAETCA XeMOPEAKTOMHbLIM MOZENNPOBA-  ONPOBEPrHYT NOYYeHHbIE B HACTOALLEN paboTe PesynbTathl, a TaKKe
HEM, OCHOBAHHbIM Ha BbICOKOTOYHbIX anropuTMax MalMHHOIO 06y-  pa3paboTKy ApYrux LMHKOCOLEePXKaLLUX MOSIeKyI.
YEHUS, OLLINOOYHO HA3bIBAEMOTO «UCKYCCTBEHHBIM MHTENNEKTOM». T.€.
3KCMEPUMEHTaNbHbIX UCCNef0BaHUA nuauma-1 ¢ Mcnonb3oBaHeM 3AKNHOYEHYE / CONCLUSION
nabopaTopHbIX XWBOTHBIX /N ViVO He NPOBOAUIOCh, & NPUBELEHHbIE
BbILLE pe3ynbTathl 66111 MOJy4eHbl METOAOM KOMMbIOTEPHOTO MOAe- KomnbloTepHble NMoAxXoAbl K OLeHKe (hapMakonornyeckux adhdex-
nnposaHus. lMepcrnekTUBbl JanbHeRLnxX NCCNef0BaHUA BKIKOYAOT — TOB MOJIEKY/-KaHANAATOB — OCHOBA MOJIEKYNAPHON hapmMakonorum
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B NOCTreHOMHY0 3py. G NOMOLLbI0 CPAaBHUTENBHOIO XeMOPEAKTOMHOr0
MOJEeNNPOBaHNS HOBOM LIMHKOCOAEPXaLlleit MosieKybl-kaHanaaTa
6uc-(1-BuHMAMMMAA30N)UMHKANALETATA) C YCAOBHbIM Ha3BaHUEM
«MUUM-1» 1 HecKoNbkux UuHK-HIIBI ycTaHoBNeHO oTCyTCTBUE
y nunuma-1 CyLeCTBEHHOrO YbLEPOreHHoOro no6o4YHoro AencTens
1 CTUMYNMPOBAHMA NMOTEPb MUKPOHYTPUEHTOB. Pe3ynbTaTbl npume-

HEHWs1 METOAO0B XeMOPEAKTOMUKIN MOKa3bIBAOT, HTO NUAMM-1 Takxe
NOTEHLUMANbHO XapaKTepM3yeTcs racTponpOTEKTOPHbLIM, NPOTUBO-
BOCNANUTENbHbIM, MPOTUBO6ONEBLIM AENCTBNEM, 00YCIIOBNEHHbIM
CBOIICTBAMM He TOMbKO MOHOB ZN%, HO W 1-BUHNIMMUAA30MbHOIO
NUraHaa NoHoB Zn%, ABNAIOLLErocs Hanbonee xapakTepHoi 0CO6eH-
HOCTbH KOMMnekca nuanm-1.
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