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PE3IOME

AxtyanbrocTs. [1n7 noBbIweHns 3 deKTMBHOCTM 1 6e30MacHOCTY (apMakoTepanun BocnaneHns u 6011 aKTUBHO U3yHatoTCs LIMH-
KOCOZepXXaLline COeMHEHNs, KOTOPbIE MOTYT ObiTb OCHOBOM /151 Pa3paboTKN HOBbIX HECTEPOUAHBIX MPOTUBOBOCNANUTENbHBIX Mpe-
naparos (HIBIT).

Lenb: n3y4uTb NPOTUBOBOCMANUTENbHBIE, YNbLEPOreHHbIe U Apyrue dMMEKTbl MONEKYN LMHK-UMUAA30MbHbIX KOMMNEKCOB anmns-2
(6uc(N-annun-2-meTunumnason)unHkanaderar), annum-2 (6uc(N-anneHun-2-MmeTAMMNLA300)UNHKANALETAT) U nponapri-2
(6uc(N-nponaprun-2-MeTUAUMNLA30IT)UNHKANALETAT) B CPABHEHUN C LMHKOBBIMI KOMMekcamn n3secTHbix HIMBI (anknodenak,
HUMECYNNZ, KETOposaK).

Marepnan n metogel. [poBefjeHO MOLeNUPOBaHKE in Silico MONeKyNn-kaHANLATOB annun-2, anaum-2, Nnponaprun-2, UMHK-auknodge-
HaK, LMHK-HUMECYNIA, LIMHK-KETOPONaK C MCNONb30BaHMEM METO[I0B XeMOWH(OPMALIMOHHOMO aHanu3a Hay4Hoi Lwkonbl .1, XKy-
paenéea u K.B. Pyaakosa nocpecTBOM TOMONOMAYECKOr0 aHanm3a XeMorpadgooB 1 YNCNEHHOMO NMPOrHO3WPOBAHUS B CIOXHbIX CUCTe-
Max NpW3HaKoB. [laHHble METOAbl BKKYAOT TEOPWUIO aHanm3a xemorpadoB, METOAbl MPOrHO3WPOBAHMS YUCNOBbLIX TAPreTHbIX
nepeMeHHbIX, KOMBUHATOPHYHO TEOPUID Pa3peLLINMOCTI/PErynapHOCTI, TOMONOTMYECKNA METO aHann3a AaHHbIX. OueHKa hapmako-
NOTNYECKNX BO3MOXXHOCTE MOMEKYN B PAMKaxX XeMOPeakTOMHON MeTOA0I0MAM MPOBOAMNACH NPU CPABHEHUN XUMUYECKON CTPYKTY-
pbl MONIEKYAbI-3aMpoca CO CTPYKTypamm MOJEKyA, AN KOTOPbIX MONIEKYNSPHO-(hapMaKkoIornieckme CBOMCTBA U3Y4eHbl U COBpaHbI
B 6a3ax faHHbIX PubChem, HMDB, STRING, PharmGKB.

Pesynpratsl. [10/1y4eHHbIE XeMOPEAKTOMHbIE OLIEHKW MOKa3anu, Y4TO LUHK-MMNULA30bHble KOMMIEKChI MOTYT B 60JIbLUE CTeneHu
BbI3bIBATb MHTMOMPOBAHIE CBA3bIBAHNA NpocTarnanauHa D2 ¢ peuentopom npoctarnaniguna D2 Ha TpombouuTax (1650 448-627 1M,
UMHK-HIBIM: 588-997 HM) npu conocTaBuMbIX 3(DdeKTax LUHK-UMIUAA30NbHbIX KOMNIEKCOB U UMHK-HIBI Ha nHrmbuposaxue Lun-
KnookcureHasbl-2 (LIOT-2) B uenbHoi Kposm (IC50 295-428 HM). LIMHK-MMNAA30/bHbIE KOMANEKChI OTAMYanMCh 60Mee BbipaXeH-
HbIM WHTMOUPOBAHMEM MPOBOCMANNTENLHOTO CMrHANBHOMO Kackaja TpaHckpunuuoHHoro daktopa NF-kB (IC50 173-419 HM;
umnHK-HIBIM: 498-508 HM), anpeHepruyeckoro peuentopa anba-1 (28 HM; unHk-HIMBIM: 235-411 HM) 1 aHrnoTeH3MHOBOrO peLen-
Topa 1 (1650 16-22 HM; uuHK-HIIBM: 2074 HM), yka3biBas Ha aHTUrMNePTEH3NBHBIA 3(D(EKT. AHTUHOLMLENTUBHASA aKTUBHOCTb NPK
NOLKOXXHOM BBELEHUM MbILUaM C KOpPYaMu, BbI3BAHHbIMI YKCYCHOW KUCMOTOM, 6bin1a 60/ee BbIpKEHA AN LUHK-MMUAA30MbHbIX
komnnekcos (IC50 0,16 mr/kr), 4em ans unHk-HIMBIM (0,9-1,0 mr/kr), 3a Uckno4eHnem LnHK-keToponaka (0,16 mr/kr). B otnnyme ot
n3y4eHHbIX LHK-HIBI, BCe nccnefoBaHHbIe B HACTOALLEN PabOTe LMHK-UMUAA30MbHbIE KOMIIIEKCHI XapaKTepu3oBanuch 6riMskumm
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11 BECbMa ManbIMi 3Ha4eHUsMN 6a1I0B aHTUMUKPOHYTPUEHTHOrO AeNCTBUSA (aHTUBUTaMUHHbINA 6ann 0,38-0,61, aHTUMUKPO3NIEMEHT-
Hbli 6ann 0,37-0,88; 6annbl Ans uMHK-HIBI B 2-3 pasa BblLle), YTO CBUAETENLCTBYET 06 OTCYTCTBUM HEOMArONpUATHOrO BO3LeN-
CTBMS LMHK-UMIUAA30SbHbIX KOMMIEKCOB HA 0OMEH MUKPOHYTPUEHTOB.

3aknoyenne. 113y4eHHble MONEKYNbl-KaHAAATbI (LNHK-UMIUAA30SbHbIE KOMMIEKChI) NOMUMO MHrM6upoBaHus LIOT moryT nposBnsTs
[IONONHUTESIbHbIE (PapMaKOJSIOrnyecKue CBOMCTBA B 6OJbLLEHA CTENEeHU, YeM UCCIIeA0BaHHbIE KOMMIEKChI LIMHKA C M3BeCTHbIMM HITBI.
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ABSTRACT

Background. Zinc-containing compounds are a promising basis for the development of new non-steroidal anti-inflammatory drugs
(NSAIDs), which can raise the effectiveness and safety of pharmaceutical management of inflammation and pain.

Objective: To study the anti-inflammatory, ulcerogenic, etc., effects of zinc-imidazole complexes, such as allyl-2 (bis (N-allyl-2-
methylimidazole) zinc diacetate), allim-2 (bis (N-allenyl-2-methylimidazole) zinc diacetate), and propargyl-2 (bis (N-propargyl-2-
methylimidazole) zinc diacetate) in comparison with zinc complexes with known NSAIDs such as diclofenac, nimesulide, and
ketorolac.

Material and methods. In silico modeling of candidate molecules allyl-2, allim-2, propargyl-2, zinc-diclofenac, zinc-nimesulide, and
zinc-ketorolac was performed using a toolkit of chemoinformatic analysis methods developed by scientific school of Yu.l. Zhuravlev
and K.V. Rudakov through topological analysis of chemographs and numerical forecasting of distinguishing features of complex
systems. These methods include the theory of chemograph analysis, methods for predicting numerical target variables, the
combinatorial theory of solvability/regularity, and topological methods for data analysis. The pharmacological capabilities of molecules
within the framework of chemoreactome methodology were evaluated by comparing the chemical structure of the query molecule with
the structures of molecules whose molecular-pharmacological properties have been established and available in the PubChem, HMDB,
STRING, and PharmGKB databases.

Results. The obtained chemoreactomic evaluations revealed the capacity of zinc-imidazole complexes to inhibit prostaglandin D2
binding to prostaglandin D2 receptor on platelets (IC50 448-627 nM; zinc-NSAIDs: 588-997 nM) with comparable effects of zinc-
imidazole complexes and zinc-NSAIDs: on cyclooxygenase-2 (COX-2) inhibition in whole blood (IC50 295-428 nM). Zinc-imidazole
complexes were characterized by a more pronounced inhibition of the proinflammatory signaling cascade of the NF-kB transcription
factor (IC50 173-419 nM; zinc-NSAIDs: 498-508 nM), alpha-1 adrenergic receptor (28 nM; zinc-NSAIDs: 235-411 nM), and
angiotensin receptor-1 (IC50 16-22 nM; zinc-NSAIDs: 20-74 nM), indicating an antihypertensive effect. The antinociceptive activity
of zinc-imidazole complexes (IC50 0.16 mg/kg) upon subcutaneous administration to mice in acetic acid-induced writhing was more
pronounced than that of zinc-NSAIDs (0.9-1.0 mg/kg) with the exception of zinc-ketorolac (0.16 mg/kg). Compared to zinc-NSAIDs,
all zinc-imidazole complexes under study were characterized by similar and extremely low values of antimicronutrient action scores
(antivitamin score 0.38-0.61, antimicroelement score 0.37-0.88; compared to two- or three-fold higher scores for zinc-NSAIDs),
which indicates the absence of adverse effects of zinc-imidazole complexes on micronutrient metabolism.

Conclusion. The studied candidate molecules (zinc-imidazole complexes), in addition to COX inhibition, may exhibit additional
pharmacological properties to a greater extent than the studied zinc complexes with known NSAIDs.
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OCHOBHbIE MOMEHTbI

Y10 yxe u3BecTHo 06 aToil TeEMe?

» HectepougHble npoTuBOBOCMNanuTeNbHble npenapatsl (HIBI), ucnonb-
3yeMble KaK aHanbreTuku n NpoTUBOBOCMANNTENbHbIE CPEACTBA, 0Ka3bl-
BAKOT OCHOBHbIE 3(D(DeKTbl MOCPEACTBOM PE3KOr0 CHUXXEHUS aKTUBHOCTY
thepmeHTOB-LMKnookeureHas L|Or-2 u LIOr-1

» MuKpOanemeHT LIMHK TakxXe MMEET NpoTUBOBOCNANNTENbHbIE CBOMNCTBA,
06YCNOB/EHHbIE B3AUMOJENCTBUAMM C Thics4yamu 6ENKOB NpoTeoma Ye-
noBeka

» Komnnekebl «UMHK-AUKNO0GEHAK», «LINMHK-UHAOMETALMH» 1 CMECH C Opra-
HUYECKUMN CONAMU LIMHKA XapaKTepuaytoTcsi CHWKEHHOW 4acToToi
BCTPEYAEMOCTH YMbLiepaLy xenyaka

Y10 HOBOrO faeT cTaThA?

P> XeMopeakTOMHble OLEHKW BO3AENCTBUSA HA NPOCTarnaHAMHOBbIA 06MeH
n0Ka3anu, 4To LNHK-NMIAA30/1bHbIE KOMMEKChI MOTYT B 60NbLLEN CTene-
HU BbI3bIBATb MHIMOMPOBAHNE CBA3bIBAHNA NpocTarnananHia D2 ¢ peuen-
TOpoOM npocTarnaHanHa D2 Ha Tpom6boumTax, 4em LnHK-HIBI

P> XeMopeakTOMHbI aHanu3 nokasan conoctaBUMble 3P MEKTbI LUHK-UMU-
[1a30/bHbIX KOMNNEKCOB U UNHK-HIBI Ha nHruéuposatxue LIOr-2 B knet-
Kax 1 LieSIbHON KPOBU

P AHanu3 AencTBUA MOMEKYN Ha BOCManeHne Yepes LIMTOKIHOBbIE MEXaHN3-
Mbl TPOAEMOHCTPUPOBANT CONOCTaBUMbIE 3P MEKThI LMHK-UMULA30MbHbBIX
KOMMIEeKCOB M UMHK-HIBI Ha MHrnbupoBaHne peuentopoB GpagukuHu-
Ha B1 v HeipoknHuHa-1

Kak 310 MOXET noBNUATb HA KNMHUYECKYHO NPAKTUKY B 0603puMOM byayLuem?

» LIMHK-uMnAa3onbHble KOMMEKChl MOYT B 6ObLUENA CTENeHN UHrMoMpo-
BaTb LIOT-1, 4T0 BOXHO Ans CHKEHUS N0604HbIX 3cpcpekTos HIBI, a Tak-
Xe 60nee 9 (PEKTUBHO OCYLLECTBNAKOT aHANbreTUYECKOe AeiCTBME NyTeM
BbITECHEHUA HOLMLIENTINHA U3 ONMATONOA06HbIX peLentopos 1

» LIMHK-cofepXaLLme COeNHeHNs MOryT CAYXMUTb OCHOBOW NS pa3paboT-
Kn HoBbIX HIMBIT B Lensx nosbilleHns 3HeKTUBHOCTM 11 6e30MacHOCTH
thapmakoTepanuy Bocnanexus u 6onu

BBEJJEHUE / INTRODUCTION

HecTtepomaHble NpoTUBOBOCNANNUTENbHbIE Npenapatsbl (HMBIM),
MOBCEMECTHO MCMNONb3yeMble B COBPEMEHHON MeANLNHe Kak
AHanbreTUKN M NPOTUBOBOCNANMUTENbHbIE CPEACTBA, OKa3blBAIOT
OCHOBHbI€ TepaneBTMYecKne 36hdeKTbl NOCPELCTBOM PE3KOr0 CHU-
XKEHNS aKTUBHOCTW (DepMEeHTOB-LMKI0OKeureHas (LOr) — Lor-2
u, otyactu, LOr-1. Baaumopgeicteus monekyn HIBI ¢ apyrumu
TapreTHeiMm 6enkamm nomumo LIOT npuBoOAAT K HeXxenaTenbHbIM
no604HbIM a(preKTam, HO TaKXKe MOTYT HAYLNPOBATb LIEHTPab-
Hble MeXaHW3Mbl aHanbretuyeckoro genctsms HIBI, peanusyto-
LLMeCs NOCPeACTBOM HelipoMeauaTopHbix cuctem [1].

[MepcneKTUBHbLIM HANPABNEHUEM CHUXEHMS NOOOYHBIX 3-
thbekToB HIBI sABNsAeTCA KOMNIIEKCHOE U3Y4€HWE CBOMCTB LIMH-
KOBbIX NMPONU3BOAHbIX (KOMMIEKCOB) Kak U3BecTHbIx HIBI, Tak
1 HOBbIX MOJIEKYSI, NPOABMAOLLMX NPOTUBOBOCNANIUTENbHBIE
CBOICTBA. BaXXHOI 0COOEHHOCTLI0 CCEHLMANBHOIO (XKU3HEHHO
Heo6x04MMOro) MUKPO3SIEMEHTA LIMHKA ABNIAKOTCA ero Npupoa-

What is already known about the subject?

» Nonsteroidal anti-inflammatory drugs (NSAIDs), used as analgesics and
anti-inflammatory agents, exert their primary effects by dramatically re-
ducing the activity of the COX-2 and COX-1 cyclooxygenase enzymes

» Zinc, an important microelement, exhibits anti-inflammatory properties
due to interactions with thousands of proteins in the human proteome

» Zinc-diclofenac and zinc-indomethacin complexes, as well as mixtures
with organic zinc salts are characterized by a reduced incidence of gastric
ulceration

What are the new findings?

» The chemoreactomic evaluation of the effect of zinc-imidazole complexes
on prostaglandin metabolism showed them to be capable of inhibiting
prostaglandin D2 binding to prostaglandin D2 receptor on platelets to
a greater extent than zinc-NSAIDs

» The chemoreactomic analysis showed comparable effects of zinc-imida-
zole complexes and zinc-NSAIDs on COX-2 inhibition in cells and in whole
blood

» The analysis of the effects of molecules on inflammation through cytokine
mechanisms showed comparable effects of zinc-imidazole complexes and
zinc-NSAIDs on the inhibition of bradykinin B1 and neurokinin-1 receptors

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

» Zinc-imidazole complexes can inhibit COX-1 to a greater extent, which is
important for reducing the side effects of NSAIDs, as well as having a more
effective analgesic effect by displacing nociceptin from opiate-like recep-
tors 1

» Zinc-containing compounds can serve as a basis for the development of
new NSAIDs to improve the effectiveness and safety of pharmacotherapy
for inflammation and pain

Hble NPOTMBOBOCNANUTENbHbIE U aHTWY/IbLLEPOreHHbIE CBONCTBA,
06YCNOBMEHHbIE B3aUMOJECTBUSMU C HECKOMbKUMM ThiCAYaMM
6efiKoB NpoTeoma YeroBeka [2]. Komnnekcbl «UUHK-AUKNoMe-
HaK» [3], «UNHK-NHBOMeTaUNH» [4], @ TaKKe CMeCu C opraHuye-
CKMMU COMAMM LIMHKA [S] XapakTepusyTCs CHUKEHHON 4acTOTOM
BCTPEYAEMOCTH yrbLiepauym Xenyaka no CpaBHEHW0 ¢ COOTBET-
cTeytoLmmu HIMBIM.

B Hawmx npefblgywmnx pa6otax 6111 NpeacTaBfieHbl pesysnbra-
Tbl XeMOPEaKTOMHOr0 in Silico mofenupoBaHus hapmakosormnye-
CKUX a¢pdrekToB auusona, N-annmnmmnaason-unHka n LMHKOBbIX
NPOU3BOLHLIX pAaa n3secTHbIx HIBI [2, 6].

Lenp — n3y4ntb NPOTUBOBOCNANNTENbHbIE, YNbLIEPOTEHHbIE
N apyrue 3addeKTbl MOJTEKYN LMHK-UMUAA30JIbHBIX KOMMJIEK-
coB annun-2 (6uc(N-annun-2-MeTMNUMNLA30n)UNHKANALETAT),
annum-2 (6uc(N-anneHnn-2-meTuNMMnMAA30)UMHKAKALETaT)
n nponaprun-2 (6uc(N-nponaprun-2-meTUINMnLa3on)unHKama-
LLeTaT) B CPaBHEHWU C LMHKOBLIMYU KOMMIeKcamm U3BecTHbIx HIBI
(BMKnoeHak, HUMeCyNnua, Ketoposak).
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MATEPWAN U METO[lbI / MATERIAL AND METHODS

Metopb! aHanu3a / Analysis methods

[MOCTreHOMHbIA NOAXOA K aHanu3y OeNCTBYIOLMX HAYan ne-
KapcTB nojpasymeBaeT B3auMOLeCTBUS MOJIEKY HA YPOBHE
npoTeoma (npexge Bcero) 1 (BO3MOXHO) BO3ENCTBUSA HA TPAHC-
KpunTom 1 MeTabosiom [7], KOTopble 06YCNOBNBAOT TepanesTu-
4eckune 1 nob6oYHbIe 3 EKTbI NIEKAPCTB.

Mpouenypa XxeMOPeakTOMHOr0 aHanu3a, 0CHOBaHHAA Ha TOMO-
NOrM4eCcKOM NMOAX0[e K pacno3HaBaHUi0 XemorpacoB MeToAamu,
pa3BKUBaEMbIMU B Hay4HON Likone akagemuko PAH H0.U. XKy-
pasnésa u K.B. Pynakosa [8-10], 6bina HEOAHOKPATHO onucaxa
Ha CTPaHWLAX XypHana, B T.4. B paboTax [2, 6]. AHanu3 hapmako-
noruyecknx so3moxxHocten HIMBI1 npoBefeH Ha 0CHOBE XeMOWH-
(DOPMALMOHHOTO NOJX0AA, T.6. CPABHEHUS XUMUYECKNX CTPYKTYP
CCNeSyemMblX MOSIEKYN CO CTPYKTYpamu MUSSINOHOB APYrUX MO-
neKyn, Ans KOTopbIX MONEKYNspHO-ghapMakoiornieckne CBOACTBA
113BECTHbI. [1poLeypa aHanm3a 0CHOBaHa Ha HOBEILLKX TEXHOJIO0-
TUAX MALUMHHOTO 06Y4eHNs, paspabaTbiBaeMbIX B TEOPUN TOMO-
NOTNYeCKOro N MeTPUYECKOro aHann3a NPpU3HaKoBbIX OMMCAHUIA.

XeMOopeakTOMHbIA aHann3 mexanusmos genctaua HMBI npo-
BOAMAW B TpK 3Tana. Ha nepsom 3tane hopMupoBanm BbI6OPKY
MCXOAHbIX AAHHbIX. C 3TOIA Lenblo MO K4eBbIM CNOBaM, OMUChI-
BAKOLLMM TO UNU MHOE AecTBMe, 13 6a3bl AaHHbIX PubChem u3-
BJIEKANIN COOTBETCTBYIOLLME BUOIOrMYECKNE aKTUBHOCTI MOJIEKYI.
Bcero HangeHo 3797 aktnHocTen ana 33 223 Monekyn.

Ha BTOpOM 3Tane aHann3a ycTaHaBfiMBann CNUCOK MONEKyn
C U3BECTHbIMU CBOMNCTBAMU, HaMbOMee 6N3KUMU K KaXLON 13
uccnesyemblx MoJsieKyn. 310 0CYLLeCTBASNN NOCPELCTBOM Bbi-
YUCNEHUS METPUYECKOTO XMMUYECKOr0 paccTosHns dy Mexay
monekynamu. MpoLenypbl BbIYUCIEHNS METPUKN dy OCHOBAHbI HA
KOMOWHATOPHOI TEOPUM PA3PELLUMMOCTM B MPUMEHEHII K XeMOrpa-
ham (yx-rpacpam) — maTemaTu4eckum 06beKTam, UCMONb3yemMbIM
ONs OnucaHus CTPYKTyp monekyn [7, 8].

Ha TpeTbem aTane Ans Kaxgol Monekynbl 13 6a3 LaHHbIX U3-
BNEKaNM BCHO UMEHLLLYHOCS MHKDOPMALIMIO 06 3KCTIEPUMEHTANBHOM
13MEPEeHNM Pa3NNYHbIX 6UONOTNYECKIUX CBOCTB 3TON MOMEKYIIbI

N- - 3 =@ (CH,C00)
/ 3 2
{3~
I\/ I%o
2 AN

Annun-2 / Allyl-2

Han— \
0

0
H\N ©/

Cl Cl

Zn-puknodpenak / Zn-diclofenac

PucyHok 1. Xumndeckune oopmysibl MCCIIEA0BAHHbBIX MOJTEKYS
Figure 1. Chemical formulas of the studied molecules

Annum-2 / Allim-2

Zn-numecynup / Zn-nimesulide

1 NPOBOAMIN OLEHKY 6MONOTMYECKUX aKTUBHOCTEN C BblYUCIE-
HWEM COOTBETCTBYIOLIMX KOHCTAHT. HacTpoiKy BeCOB MeTpuk dy
1 NPOTrHO3NUPOBAHNE LEHTPasbHbIX CBOICTB uccneayemblx HIMBI
BbINOJHANM C NOMOLLbIO COBPEMEHHbIX METOL0B NPOrHO3MpOBaHNA
LLeNIeBbIX YMCIOBbIX nepeMeHHbIx [10].

dapmakosiorn4yeckune CBONCTBA MOJIEKYN NPEACTaBEHbl C UC-
NOJSIb30BAHMEM KOHCTAHT KOHLEHTPALMM NOTYMAKCUMATbHOIO WUH-
rnéuposanus (aurn. half-maximal inhibitory concentration, 1G50),
nonyadpdekTmsHon o3kl (aHrn. median effective dose, ED50).
[ns nony4yeHus OLEHOK 3HAYEHUN KOHCTAHT, NPEACTABIIEHHbIX
B MOCMeAytoWwmx Tabnuuax, aHann3mposany peaynstarbl 0T 5 [0
216 HE3aBUCUMbIX XEMOMPOTEOMHBIX 3KCTEPUMEHTOB (B CpeLHeM
14 3KCNEepMMEHTOB Ha OAMH TUN PELenTopa).

W3y4aembie monekyno! / Studied molecules

B nccremoBanumu n3yqanncb LMHK-UMULA30/bHbIE KOMMIEKCHI
annnn-2, ananm-2 u Nponaprii-2, a TakKe LIMHKOBbIE KOMMIEKCh
13BeCTHbIX HIMBI — auknodeHaka, HUMeCynnaa n KeToponaka.
CTpyKTYpbl paccmaTprBaemMblx MOMEKYN NPUBEAEHbI HA PUCYHKE 1.

PE3YJIbTATbI  ObCYXXAEHNE/ RESULTS AND DISCUSSION

Mony4eHbl XeMOPEAKTOMHbIE OLEHKN NPOTUBOBOCNANNTENILHOTO,
LLeHTPANTbHOr0, NPOTUBO6GONEBOr0 LENCTBUS U3Y4aeMbIX BELLECTB
Hapsay ¢ oueHKaMu no604HbIX 3(EKTOB B OTHOLLEHWUM aHTUBM-
TAMWUHHOIO 1 aHTUMUHEPanbHoro aercTeus [11].

XemopeakTomHble oueHku / Chemoreactomic evaluation
MpoTuBOBOCNANUTENIbHOE AEACTBUE

XeMOpeaKTOMHbI aHanm3 BO3AEACTBIS Ha NpoCTarnaHanHOBbIN
06MeH (Tabn. 1) nokasarn, 4To LMHK-MMUAA30bHbIE KOMMIIEKCHI
MOTYT B 60/bLLEA CTEMNEHN BbI3bIBATb UHIMONPOBAHE CBA3bIBAHMS
npocrarnaHanHa D2 ¢ peuentopom npoctarnaHamHa D2 Ha Tpom-
6ouuTax (1C50 448-627 HM; umHk-HIBI: 588-997 HM).

XeMOpeaKTOMHbI aHann3 nokasan conocTtaBuMble agdek-
Tbl BCEX M3YYEHHbIX MOMEKYN (M LMHK-UMUAA30JIbHbIX KOMMNEK-
COB, U UMHK-HIBM) Ha uHrnéuposaxue LIOM-2 8 knetkax (IC50

S

Nponaprun-2 / Propargyl-2

@D
0
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e

Zn-ketoponak / Zn-ketorolac
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OpuruHanbHble NyOJIMKALIIU

Doy

ROHOMIEa

Ta6nuuya 1. XeMopeakTOMHbIe OLEHKI NPOTUBOBOCTANNTENbHbIX 3 (EKTOB LIMHK-UMIUAA30MbHbIX KOMMIEKCOB U LIMHKOBbIX KOMMEKCOB HECTEPOUIHbIX
NpOTUBOBOCMANUTENbHbBIX MPENAPaToB: BO3AEACTBIE HA MPOCTArTAHAUHOBbIA METab0IU3M

Table 1. Chemoreactomic evaluations of the anti-inflammatory effects of zinc-imidazole complexes and zinc complexes with nonsteroidal anti-inflammatory

drugs: effects on prostaglandin metabolism

AxTuHOCTb / Activity

KoHcTanTa /
Constant

Annun-2 /
Allyl-2

Annum-2 /
Allim-2

Mponap-
rmn-2 /
Propargyl-2

Zn-pukno-
thenak /
Zn-
diclofenac

Zn-Humecy-
nup /
In-
nimesulide

Zn-KeTo-
ponak /
In-
ketorolac

IHrnéuposaHme cBA3bIBaHUSA paguonuraHia
[3H]-PGD2 ¢ peuentopom PGD2 Ha
TpomboumTax, HM / Inhibition of [3H]-PGD2
radioligand binding to the PGD2 receptor on
platelets, nM

IC50

627

448

627

997

909

588

MHrnéuposanne PGE-cuHTasbl ¢ NOMOLLbIO
aHanuaa TR-FRET, HM / Inhibition of PGE
synthase by TR-FRET assay, nM

IC50

272

379

272

1599

4007

277

Hrnéuposanue rugponassl LTA4, HM /
Inhibition of LTA4 hydrolase, nM

IC50

117

117

117

1848

117

456

/IHrm6uposaxue BbIcBO6OXAEHMS LTB4

8 [TMJ1 npu cTumynuposaHmu
Ca-unoHodopom A23187, HM / Inhibition
of LTB4 release in PMNL upon stimulation
with Ca-ionophore A23187, nM

IC50

228

143

228

187

220

433

VIHrméuposanue 6rnocuHTesa LTB4

B HeiTpodpunax (390 HM), HM / Inhibition
of LTB4 biosynthesis in neutrophils

(390 nM), nM

IC50

114

61

114

1076

83

30

WHruéuposanne PGD-cuHTasbl (1 mkn PGD
QNS HaYana peakuuu, 4epes 1 MuH —
AN3TUNOBbIA 3pup / MeTaHON Ans
0CTaHOBKM peakuum), HM // Inhibition

of PGD synthase (1 pl PGD to onset the
reaction, after 1 min — diethyl ether/
methanol to complete the reaction), nM

IC50

361

860

361

924

924

853

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

IC50

64

121

64

70

65

149

NHruéuposanue LIOT-2 (1 mxr/mn), %
nHrnémposanus npogykuuu PGE2 COX-2 /
Inhibition (1 pg/ml), % inhibition of PGE2
production

39

30

39

36

23

31

NHruéuposaxue LIOT-2 B LenbHom
KpoBu, HM / COX-2 inhibition in whole
blood, nM

IC50

296

412

296

401

308

428

NHruéuposaxue LIOT-2 B LenbHOM Kposu
(10 MkM), % OT 1CXOLHOI aKTUBHOCTU /
COX-2 inhibition in whole blood (10 pM), %
of initial activity

49

70

49

95

64

56

WHruéuposanue LIOT-2 in vitro, HM / In vitro
COX-2 inhibition, nM

IC50

461

334

461

231

559

345

MHrnéuposanue LIOT-2 B LieNbHON KPOBH
(1 MKM), % OT UCXOLHOI aKTUBHOCTU /
COX-2 inhibition in whole blood (1 pM), %
of initial activity

25

30

20

53

34

54

MHruéuposanue LIOM-1 B LieNbHOR KpoBH
(10 MkM), % 0T 1CXOLHON aKTUBHOCTU /
COX-1 inhibition in whole blood (10 pM), %
of initial activity

35

37

35

14

14

35

Npnmeyanne. PGD2 (awrn. prostaglandin D2) — npoctarnanany D2; PGE (aHrn. prostaglandin E) — npoctarnanaun E; TR-FRET (anrn. time-resolved fluorescence energy transfer) —
Gh11yopOMETPUS C BPEMEHHBIM PA3PELLEHNEM W PE30HAHCHAs nepeaaqa aHeprum ®épctepa, LTA4 (aHr. leukotriene A4) — nevikotpueH A4; TIMJT - nonumopghHOSLEPpHbIE NIEHKOLNTSI;
LTB4 (aHrn. leukotriene B4) — neiikotpnen B4, LJOI — yunknookcurenasa; IC50 (anrn. half-maximal inhibitory concentration) — KOHCTaHTa KOHLEHTPALMY MOTYMAKCUMATbHOIO

UHrN6UPOBAHNS.

Note. PGD2 - prostaglandin D2; PGE — prostaglandin E; TR-FRET — time-resolved fluorescence energy transfer; LTA4 — leukotriene A4, PMNL — polymorphonuclear leukocytes;
LTB4 — leukotriene B4; COX — cyclooxygenase, 1050 — half-maximal inhibitory concentration.
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64-121 HM; unHk-HMBM: 65-149 HM) u uenbHoit kposu (IC50
295-411 uM; uuHk-HIBI: 308-428 HM), BK/04as OLEHKU aK-
TnBHOCTM LIOM-2 no npoueHTy MHrMBMpOBaHUS NPOAYKLUKM NPO-
crarnangunHa E2 (30-38%; umHk-HIBIT: 22-36%). B T0 e Bpems
LMHK-UMUJA30/bHbIE KOMMNEKChl MOTYT B HECKOMIbKO 60JbLUEN

cteneHn nHrnéuposarb LOM-1 (35-27%; umHk-HIBI: 14-35%),
4TO BXHO AN CHWKEHNA No604HbIX 3dpdpextos HIBI.
CpaBHNTENbHbIA XeMOPEAKTOMHbIA aHaNU3 AeiCTBUAS N3YYeH-
HbIX MOJIEKYN Ha BOCMANEHNe 4epe3 LUMTOKNHOBbIE MEXaHU3Mbl
(Tabn. 2) nokasan conocTaBumble 3QMEKTbI LMHK-UMNAA30SbHbIX

Tabnuua 2. XeMOpeakTOMHbIE OLeHKN NPOTUBOBOCNANNTENbHbIX 3D (EKTOB LUHK-UMINLA30/bHBIX KOMMEKCOB 1 LLUHKOBbIX KOMMJIEKCOB HECTEPOUAHbIX

NPOTNBOBOCNANNTESIbHbIX NPENapaTos: BO3AENCTBINE HA LNTOKNHbI

Table 2. Chemoreactomic evaluations of the anti-inflammatory effects of zinc-imidazole complexes and zinc complexes with nonsteroidal anti-inflammatory

drugs: effects on cytokines

KoHcTaHTa /

AkTnBHOCTb / Activity Constant

Annun-2 /
Allyl-2

Zn-KeTo-
ponak /
Zn-
ketorolac

Zn-puKno-
theHak /
In-
diclofenac

Zn-Humecy-
g/
Zn-
nimesulide

Mponap-
rmn-2 /
Propargyl-2

Annum-2 /
Allim-2

Nuruéuposanue npoaykuun ®HO-a,
MHAyuupoBaHHoi J1MC, B LeNbHOI

Kposu, HM / Inhibition of LPS-induced TNF-a
production in whole blood, nM

- 133

239 133 1732 165 285

AHntaronn3m BDKRB1 B knetkax IMR90, HM /

BDKRB1 antagonism in IMR90 cells, nM IC50 "

63 7 46 71 100

Antaronnam BDKRB1 B knetkax GHO, HM /

BDKRB1 antagonism in CHO cells, nM IC50 41

60 41 27 27 44

AnTaroHnam BDKRB2 B knetkax HF15, HM /

BDKRB2 antagonism in HF15 cells, nM IC50

105

22 21 72 216 70

MHrnéuposanue IKK-B, nHayLMpoBaHHON
®HO-a, HM / Inhibition of IKK-$ induced by
TNF-a, nM

IC50 164

164 164 1451 1576 2051

MHruéuposanne NK1R, M /

NK1R inhibition, nM 1650

294

294 294 82 237 529

WHruéuposanne NF-kB, HM /

NF-kB inhibition, nM IC50

232

214 234 582 798 213

CHuxeHue aktusaummn NF-kB

C NpefBapuTeSbHO NHKY6aLnen

15 muH, HM / Reduction of NF-kB activation
with 15 min pre-incubation, nM

IC50 173

419 419 500 509 498

Hrnéuposanue npoaykuun ®HO-a,
1HAyumpoBaHHoii JTMGC, B aHgoTenmouuTax,
HM / Inhibition of LPS-induced TNF-a
production in endothelial cells, nl

IC50 152

236 152 217 731 292

Hrnéuposanue BbicBo60xaeHNs OPHO-a,
BbI3BaHHOrO JIMC, B 9HAOTENMOLMTAX,
N®A, HM / Inhibition of LPS-induced TNF-a
release in endothelial cells, ELISA, nM

IC50 389

389 389 545 584 484

Hrnébuposanue cekpeuun WN-6,
nHayumpoBanHoii JMNC (62,5 mkM),
B Makpodarax nuauu U937, % / Inhibition - 43
of IL-6 secretion induced by LPS (62.5 uM)
in U937 macrophages, %

43 43 12 0 0

VHrnéuposanue cekpeuuu UJ1-6,
nHayumposanHoil JNGC (10 mkM), B kneTkax
nuHum U937, % / Inhibition of IL-6 secretion
induced by LPS (10 pM) in U937 cells, %

- 63

87 87 53 53 53

Tpumeyanne. PHO-a — hakTop Hekposa onyxomu anbepa; JINC — nunononncaxapugsl, BDKRBT (aHrn. bradykinin receptor B1) — peyentop 6pagukuum#a B1; CHO (aHrn. Chinese
hamster ovary cells) — nuHus anuTennanbHbIX KNETOK, NOYYEHHAsA N3 ANYHUKA KNTANCKOrO XOMSAYKa, KOTOPAas YacTo MCnonb3yeTcs B GMONOrnYeckux n MEANLMHCKNX UCCIIEL0BAHNAX,
BDKRB2 (aHrn. bradykinin receptor B2) — peuentop 6paankuinna B2; HF15 — nepsuyHbie ¢oubpobnactsi yenoseka, IKK-B (aHrn. | kappa B kinase) — | kanna B kuxasa, NK1R (aHrn.
neurokinin 1 receptor) — peuentop Heiipoknruxa-1; NF-kB (aHrn. nuclear factor kappa B) — saepHbii ¢paktop kanna B; IOA — nmmyHogepmeHTHbI aHanun3; UJT-6 — nHTepneiku-6;
U937 — npomoHouuTapHas MofenbHas knetoyHas munns, 1650 (aHrn. half-maximal inhibitory concentration) — KOHCTaHTa KOHLEHTPALMN [10STYMaKCUMAabHOr0 MHTNGUPOBAHNS.

Note. TNF-a — alpha tumor necrosis factor; LPS - lipopolysaccharide; BDKRB1 — bradykinin B1 receptor; CHO — Chinese hamster ovary cells (a line of epithelial cells obtained from the
ovary of Chinese hamster widely used in biomedical research); BDKRB2 — bradykinin B2 receptor; HF15 — primary human fibroblasts, IKK-B - I kappa B kinase; NK1R — neurokinin-1
receptor; NF-kB — nuclear factor kappa B; ELISA — enzyme-linked immunosorbent assay; IL-6 — interleukin-6; ; U937 — a promonocyte model cell line; 1C50 — half-maximal inhibitory

concentration.
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OpurvHaibHbIC ITYOJIUKALIAA

QApNRO3ROTONIRY

KomniekcoB n UnMHK-HIBI Ha uHrnéupoBaHue peLentopos 6pa-
AnknHuHa B1 (150 63—71 HM; umHK-HIMBI: 45-100 HM), Heiipo-
kuHuHa-1 (1IC50 294 HM; umHk-HIMBM: 82-528 HM), 6pafuknHuHa
B2 (IC50 21-105 HM; umnHk-HMBI: 70-216 HM).
LIMHK-MMNEA30NbHbIE KOMMIEKChI OTANYANNChb, N0 BCEN BUAM-
MOCTH, 60J1e€ BbIPXXEHHbIM MHMOMPOBAHIEM NPOBOCMANNTENBbHO-
ro CUrHaNbHOMO Kackasa TPAHCKPUMLMOHHOIO AePHOM0 dhakTopa
kanna B (NF-kB), 4To BK/IH04an0 Kak CHKEHWE ero akTueaLluu
(IC50 173-419 HM; umHk-HMNBIM: 498-508 HM), TaK 1 MHrMO6UPO-
BaHME KnHa3bl | kanna B, nHAyLMpoBaHHOI (DAaKTOPOM HEKpo3a
onyxonu anbga (IC50 164 HM; unHk-HIMBM: 1450-2051 HM).
CnenyeT Noa4yepKHyTb, Y4TO MCCNEA0BATENIbCKUIA UHTEPEC K Me-
Tannokomnnekcam HMBIT (npexae BCero, ¢ LWHKOM) CBfi3aH,
B NepByto 04epefb, C HEOOXOANMOCTbIO CHKEHUS MOBPEXAe-
HUM XeNy[04HO-KMLIEYHOTO TPAKTa, aCCOLMMPOBAHHBIX C NpUMe-
HeHuem HIBI. Hanpumep, komnnekcoobpasoBaHue fuKnogeHaka
C UMHKOM MPMBOANT K 06PA30BAHNIO KOMMIIEKCA, KOTOPbIA MeeT
Te XKe NPOTUBOBOCNANNTESbHbIE U AHTUHOLMLENTUBHbIE 3DMEK-
Tbl, 4TO W OJMH ANKNOGEHAK, HO BbI3bIBAET MEHbLLYIO YaCTOTY
NOPXEHNIA XeNyaKa no cpaBHeHuto ¢ auknodeHakom [3]. Uc-
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NoNb30BaHNE KOMNNEKCOB LMHK-HIMBIT CyLeCTBEHHO CHUXAET
NOBPEXLEHNE CNU3NUCTLIX Xenynka n KuweyHuka [4]. Mpu atom
NS YMeHbLUEeHMS ynbleporeHHblx adydektos HIBI He 0653a-
TeSbHO NpUroToBAATE KOMNekesbl HIMBI ¢ uuHKoM, a [OCTaTo4HO
[o6asutb K HIBI conu unHKa ¢ opraHnyeckumn aHmoHamu (ru-
ApoacnapTar uuHka [12] u ap.).

Pe3ynbTaThl HACTOSALLErO UCCNEA0BAHNS NOKA3aNnM, YTO LIMHK-
MMINJA30JIbHbIE KOMMIEKChl MOTYT XapakTepn3oBaTbCs CTene-
Hbl0 MHTMOUpoBaHua LIO-2, conocTaBumoil ¢ Komniekcamu
UMHK-HIMBI. B TO e BpemMsa LUHK-UMUAA30MbHbIE KOMMEKChI
oTnnYanuch 6oree BbipaXXeHHbIM UHrM6UpoBaHuem NF-kB, yem
UMHK-HIBI, 4T0 BaXXHO ANS aHTUYNbLEPOreHHOro AeCTBUS.

LlenTpanbHoe geiicTBue

LIMHK-MMNLa30/bHbIE KOMMIEKChI NPOSABUAN LEHTPanbHbIe -
(hekTbl, conocTasumble ¢ addexramn unHk-HMNBIM (puc. 2).

LInHK-UMNAa30nbHbIe KOMMIEKCHI WHTMOKUPOBanu B 60Mb-
LWen CTeneHn afpeHepruyeckue peuentopsl anba-1 (28 HM;
UMHK-HMBI: 235-411 M), peuentopbl aHrnoteHsuua Il 1-ro
tnna (IC50 16-22 HM; uuHk-HIMBIM: 2074 HM), ructammHoBble

a
e ||

DRD1 DRD2 GABRA GABRB GRIN1

b

HTR2A

e 0 I II I| T T T TSr——
NAT

NOS1 OPRD SCN10A

lMponaprun-2 / Propargyl-2
W Zn-keToponak / Zn-ketorolac

PUcyHOK 2. XeMOpeaKTOMHbIe OLEHKU LLEHTPabHbIX 3 MEKTOB LMHK-UMUAA30JIbHbIX KOMIIEKCOB U LIMHKOBbIX KOMMEKCOB HECTEPONHBIX

NPOTMBOBOCNANNTENbHbIX NpenapaTos (a, b).

IC50 (anrn. half-maximal inhibitory concentration) — KOHCTaHTa KOHLEHTPALLMY OTYMAKCMManbHOr0 HrM6upoBanus; ADRAT (aHrn. alpha-1 adrenergic
receptor) — agpeHepruyeckuii peyentop anbga-1; ADRA2 (anrn. alpha-2 adrenergic receptor) — agperepruyecknii peuentop ansa-2; AGTR1 (aHrn.
angiotensin Il type 1 receptor) — peuentop aurnoteHsuna Il 1-ro Tuna; AGTR2 (aHrn. angiotensin Il type 2 receptor) — peuentop aurunotexsusa Il 2-ro Tuna;
CHRNAA4B2 (anrn. cholinergic receptor nicotinic alpha4/beta2 subunit) — cy6benuHuua 6enka anbad/6eta2 HelipoOHanbHOro PeLenTopa aueTUX0NHE;
DRD1 (anrn. dopamine receptor D1) — peuentop gocamuxa D1; DRD2 (aHrn. dopamine receptor D2) — peuentop gocamuya D2; GABRA (aurn. gamma-
aminobutyric acid (GABA) type A receptor subunit) — cy6beanHuuLa anba pelentopa ramma-amuHomacnsHoi kucnotsl (FAMK); GABRB (aHrn. GABA type B
receptor) — cy6beanHuua 6eta-peyentopa FAMK; GRIN (anrn. glutamate receptor NMDA) — rnyTamathbiit NMDA-peuentop; GRMA2 (aHrn. glutamate
metabotropic receptor 2) — meTa60TpONHbIA rNyTamarHbiii peuentop 2; GRMAS (aHrn. glutamate metabotropic receptor 5) — MeTa60TpONHbIA FIyTaMaTHbIi
peuentop 5; HRH1 (aurn. histamine receptor H1) — ructamunoBbii peyentop H1; HRH2 (anrn. histamine receptor H2) — ructamunosbiit H2-peuentop; HTR1A
(aHrn. hydroxytryptamine receptor 1A) — peuentop cepoToHuHa 1a (5-HT1a); HTR2A (anrn. hydroxytryptamine receptor 2A) — peLenTop cepoTOHNUHA 22
(5-HT2a); NAT (anrn. norepinephrine transporter) — nepeHoc4uk Hopagpesanuna; NOS1 (aHrn. nitric oxide synthase 1) — cuHTasa okcupaa asota 1-ro Tuna;
OPRD (aHrn. opioid receptor delta) — aensta-onuouaHblit peuentop; SCN10A (aurn. sodium voltage-gated channel alpha subunit 10) — ansga-cy6beannuua 10

HaTpUeBOoro NoTeHUMan3aBUuCcMMOoro KaHana

Figure 2. Chemoreactomic evaluations of the central effects of zinc-imidazole complexes and zinc complexes of nonsteroidal anti-inflammatory drugs (a, b).

1C50 — half-maximal inhibitory concentration; ADRA1 — alpha-1 adrenergic receptor; ADRA2 — alpha-2 adrenergic receptor; AGTR1 — angiotensin Il type 1
receptor; AGTR2 — angiotensin Il type 2 receptor; CHRNA4B2 — cholinergic receptor nicotinic alpha4/beta2 subunit; DRD1 — dopamine receptor D1;

DRD2 — dopamine receptor D2; GABRA — gamma-aminobutyric acid (GABA) type A receptor subunit; GABRB — GABA type B receptor; GRINT — glutamate
receptor NMDA; GRMA2 — 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; NAT — norepinephrine transporter; NOS1 — nitric oxide
synthase 1; OPRD - opioid receptor delta; SCN10A — sodium voltage-gated channel alpha subunit 10
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H2-peuenTopbl (IC50 359-396 HM; umHK-HIBIM: 380-3696 HM)
1 1eMOHCTPUPOBaNi OLMHAKOBOE CPOACTBO K aipeHEePruyeckum
peuenTopam anb@a-2 (250-398 HM), peuenTopam aHrnoTeH-
3nHa Il 2-ro tuna (IC50 215-433 HM), peuenTopam aLeTUIXo-
nuHa anbad/6eta2 (IC50 195-332 HM), nodpamuHa D1 (IC50
285-481 HM), nothamuHa D2 (IC50 352-450 HM), peuenTo-
pam raMma-amuHomMacnsHoi kucnotsl anba (IC50 198-475 HM)
n 6era (IC50 276-612 HM), rnytramatHbim NMDA-peuento-
pam (IC50 274-287 HM, 3a UCKIOYEHMEM LIMHK-KETOponaka —
2762 HM), meTab0TPONHLIM ryTamartHbiM peuentopam 2 (IG50
138-464 HM) n 5 (IC50 76-128 HM), ructamMnHOBbLIM peLenTo-
pam H1 (IC50 97-198 HM), peuenTtopam cepoToHuHa 1a (IC50
67-403 HM), nensta-onmongHeim peuentopam (IC50 75-189 HM),
nepeHoc4nky HopaapeHanuHa (1650 130-230 HM), cuMHTa3e oKCcu-
na asota 1-ro tuna (IC50 723-2209 HM), anbga-cy6beanHnue 10
HaTPWUEBOro noTeHunansasucumoro kaHana (IC50 86—103 HM, 3a
UCK/OYeHNEM UMHK-HUMecynuaa — 302 HM).

Peuentop cepoToHWHA 2@ LWHK-UMWUAA30MbHbBIE KOMMJIEK-
Cbl MHrMOMpPOBaNKU B MeHbLlei cTenenu (IG50 77-84 HM), yem
UMHK-HIMBIT (IC50 2048 HM). 370 yKa3blBaeT Ha CX0XWiA Npodunib
no60YHbIX 3PEKTOB, 06YCNOBNEHHBIX HEXENaTeNbHbIMI B3aUMO-
LEeiCTBUAMM C 3TUMI PELLenTopamu, B Cry4ae u LIMHK-MMNLA30/b-
HbIX KOMI1EKCOB, W LMHK-HIBI.

MpoTtuBo6onesoe peicTeue

XeMOpeakTOMHbIE OLEHKU 3KCMEePUMEHTanbHbIX adek-
ToB (TAabn. 3) nokasanu, 4YTO BbITECHEHME pagnonuraHpa
[1251]-Tyr14-HounuentHa n3 onnatTonogobHbIX peLentTopos-1
B Knetkax HEK293 UuMHK-nMnaa3onbHble KOMNNEKChbl OCYLLECTBNSA-
nn 6onee adpdekTnueHo (IC50 197 HM), 4em umHk-HIMBM (IC50
360-2949 HM). AHTUHOLMLENTUBHAA aKTUBHOCTb NPW NOAKOXHOM
BBEJEHUI MbILUAM C KOpYamu, BbI3BAHHLIMU YKCYCHOI KMCNOTON,
6bin0 60Nee BbIPAXKEHO ANS LMHK-UMUAA30/bHbIX KOMMIEKCOB
(IC50 0,16 mr/kr), 4em ans uuHk-HMBM (1C50 0,9-1,0 mr/kr),
TaK e Kak 1 B TecTe Ha Kopyu ¢ coeHunxuHoHom (IC50 7 mr/kr;
UMHK-HIBIM: 7-15 mr/kr).

B 10 Xe Bpema ANns LUHK-WMWAA30NbHbIX KOMMJIEKCOB
1 UMHK-HIBIT 6b1n nosiy4eHbl conocTaBumble 3GMEKTbI B 4aCTK
WHIrMO6NpOoBaHUsA CBA3bIBAHUA pagnonuranga 3H-HoumuenTtuHa
¢ peuentopom ORL1 (UMHK-uMnpasonbHble komnaekesl: 1650
600-736 HM; unHk-HMNBM: 560-991 HM), aHanbretTu4eckon
AKTUBHOCTM Y Mbllleil B TeCTax per 0S ¢ CyLoporamu, Bbi3BaH-
HbIMI (DEHUAXNHOHOM, MO OTHOLLEHMIO K aLeTUACanNLNIOBOI
kucnote (IC50 7 mr/kr), B TecTax ab40MUHANIbHOr0 COKPALLEHMS,
BbIZBAHHOTO (DEHUAXUHOHOM (LMHK-UMWNAA30MIbHbIE KOMMeK-
cbl: 43%; unMHK-HMBIM: 30-53%), Kopy4en, BbI3BaHHbIX DEHWUN-
XUHOHOM (2,6-3,4 MI/KT), KOpYeil, BbI3BAHHbLIX YKCYCHON KUC-

Ta6nuua 3 (Hayano). XeMOPeakTOMHbIE OLEHKM NPOTUBOBONEBbLIX 3P MEKTOB LIMHK-UMUAA30MbHbIX KOMMNEKCOB 1 LIMHKOBbIX KOMMEKCOB HECTEPOUHbIX
NpOTUBOBOCNANMTENbHbIX NPENapaToB: pe3ynbTaTbl MOAENUPOBAHNS N Vitro W in vivo y MblLLIeil NpU Pa3finyHbIX cnoco6ax BBeAeHUS

Table 3 (beginning). Chemoreactomic evaluations of the analgesic effects of zinc-imidazole complexes and zinc complexes with nonsteroidal anti-inflammatory
drugs: results of in vitro and in vivo modeling in mice upon different administration routes

Annun-2 /
Allyl-2

KoucTaHTa /

AkTuBHocTb / Activity Constant

Annum-2 /
Allim-2

Zn-pguknocpe-
HaK /
Zn-diclofenac

Mponap-
mn-2 /
Propargyl-2

Zn-Humecy-
g /
Zn-nimesulide

Zn-keTopo-
nak /
Zn-ketorolac

BbiTecHeHne [1251]-Tyr14-
HOLMLIENTUHA U3 0NMATONOA06HbIX
peuenTopoB 1 B KieTkax

HEK293, HM / Displacement

of [1251]-Tyr14-nociceptin from
opiate-like receptors 1 in HEK293
cells, nM

IC50 198,0

198,0

198,0 1093,4

360,8

2948,9

HrnéupoBaHme cBA3bIBaHNS
pagnonurasga 3H-HouuuenTuHa
(10 HM) ¢ 10-20 mMKr mem6paHHOro
0erKa B KOHe4YHOM 06beme 500 MKn
6ydepa ceasbiBanus (10 mM MgCl,,
1 mM 3ATA, 5% OMCO, 50 MM
HEPES, pH 7,4), HM / Inhibition of
3H-nociceptin radioligand binding
(10 nM) to 10-20 pug membrane
protein in a final volume of 500 i
binding buffer (10 mM MgCl,, 1 mM
EDTA, 5% DMSO, 50 mM HEPES,
pH 7.4), nM

IC50 109,9

289,8

109,9 218,7

146,2

86,2

/IHrm6bupoBaHue CBA3bIBAHNSA
paguonurania 3H-HouuuenTuHa
¢ peuentopom ORL1 (0,5 UM
3H-HouuuenTuHa, 50 MM HEPES,
pH 7,4, 10 mM MgCl, n 1 MM
9[TA, 25 °C), HM / Inhibition of
3H-nociceptin radioligand binding
to the ORL1 receptor (0.5 nM
3H-nociceptin, 50 mM HEPES, pH
7.4,10 mM MgCl, and 1 mM EDTA,
25 °C), nM

IC50 600,1

736,0

600,1 560,2

712,0

991,3
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Ta6nuua 3 (NPofoNKeEHNe). XeMOpPeakTOMHbIE OLEHKI MPOTUBO6ONEBbIX 3DMEKTOB LMHK-MMINAA30MbHbBIX KOMMIEKCOB U LINHKOBbIX KOMMEKCOB
HecTepoNAHbIX MPOTUBOBOCMANNTENbHbIX NPENapaToB: Pe3ybTaTbl MOAENNPOBAHWS in Vitro W in vivo y MblLUei PN pasnnyHbIX Cnoco6ax BBEAEHNS

Table 3 (continuation). Chemoreactomic evaluations of the analgesic effects of zinc-imidazole complexes and zinc complexes with nonsteroidal

anti-inflammatory drugs: results of in vitro and in vivo modeling in mice upon different administration routes

AxtuBHocTb / Activity

KoHcTanTa /
Constant

Annun-2 /
Allyl-2

Annum-2 /
Allim-2

Mponap-
mn-2 /
Propargyl-2

Zn-pguknodpe-
Hak /
Zn-diclofenac

Zn-Humecy-
g /
Zn-nimesulide

Zn-keTopo-
nak /
Zn-ketorolac

AHTMHOLMLENTUBHAA aKTUBHOCTb
npy NOAKOXXHOM BBEAEHUM MblLLAM
C KOpYamu, BbI3BaHHbLIMI YKCYCHOIA
Kucnoton, mr/kr // Antinociceptive
activity upon subcutaneous
administration to mice with
writhing induced by acetic acid,
mg/kg

ED50

0,2

0,2

0,2

1,0

0,9

0,2

AHanbreTuyeckas akTMBHOCTb

y Mbiweit CF1S B TecTe Ha Kopuu
C (DEHUNXNHOHOM,

NOAKOXHO, Mr/kr // Analgesic
activity in CF1S mice in the
writhing test with phenylquinone,
subcutaneously, mg/kg

ED50

7,0

7,0

7,0

15,7

7,0

15,0

AHanbreTnyeckas akTUBHOCTb

Y MbILLUEN B TECTE C Cyaoporamm,
BbI3BAHHbIMU (DEHUNXUHOHOM,

no oTHoweHuto K ACK, mr/kr //
Analgesic activity in mice in a test
with convulsions induced by
phenylquinone, in relation to ASA,
mag/kg

ED50

7,0

7,2

7,0

71

7,0

14,2

AHTMHOLMLENTUBHAA aKTUBHOCTb,
TECT Ha KOHBYNbCUM XNBOTA,
BbI3BaHHbIE ALETUIXONNHOM

Y MbILLENA, NOAKOXHO, MI/Kr //
Antinociceptive activity,
acetylcholine-induced abdominal
convulsion test in mice,
subcutaneously, mg/kg

ED50

0,3

0,3

0,3

0,3

0,3

0,6

AHanbreTuyeckas akTUBHOCTb

y Mbiweil ICR kak n3meHeHne
60neBOro nopora npu

25 MKMOIL/KT per 0S 0HOKPATHO
B TeCTe OTAepPruBaHus xsocta, % //
Analgesic activity in ICR mice as

a change in pain threshold at

a single dose of 25 pmol/kg per 0s
in the tail flick test, %

8,2

8,1

8,2

2,6

4,4

54

VHrnéupoBaxne Kopyei,
BbI3BAHHbIX YKCYCHOI KMCIIOTOM,
npu gose 10 mr/kr, % // Inhibition
of writhing induced by acetic acid
at a dose of 10 mg/kg, %

26,0

29,0

26,0

30,8

7,4

7,0

AHTUHOLMLUENTUBHAA aKTUBHOCTb
y Mbilweint CD1 Kak yBenuyeHune
NaTEHTHOCTYU OTAEPruMBaHMs nansl
B TECTE C ropsAYen nnacTuHom,

60 Mr/Kr noAKOXHO, % //
Antinociceptive activity in CD1
mice as an increase in paw
withdrawal latency in the hot plate
test, 60 mg/kg subcutaneously, %

34,4

33,0

34,4

24,8

24,9

22,9
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Ta6nuuya 3 (NpopoMXeHue). XeMOpeaKTOMHbIE OLIEHKI NPOTUBOGONEBbIX 3D(EKTOB LIMHK-MMINAA30S1bHbIX KOMMIEKCOB U LINHKOBBIX KOMM/EKCOB
HECTepPOMAHBIX MPOTUBOBOCMANMTENbHbIX MPENapPaToB: Py bTaTbl MOAENNPOBAHMS in Vitro W in vivo y MblLUei NPN PasinyHbIX CNoco6ax BBEAEHNS

Table 3 (continuation). Chemoreactomic evaluations of the analgesic effects of zinc-imidazole complexes and zinc complexes with nonsteroidal

anti-inflammatory drugs: results of in vitro and in vivo modeling in mice upon different administration routes

AxTnBHOCTb / Activity

KoHcTaHTa /
Constant

Annun-2 /
Allyl-2

Annum-2 /
Allim-2

Mponap-
rmn-2 /
Propargyl-2

Zn-pguknocpe-
HaK /
Zn-diclofenac

Zn-Humecy-
g/
Zn-nimesulide

Zn-keTopo-
nak /
Zn-ketorolac

AHTUHOLMLENTMBHAA aKTUBHOCTb

Y LUBEMLAPCKMX MblLLEN-
aNbOUHOCOB Kak WHrMGuUpoBaHue
Kopyei, BbI3BAHHbIX YKCYCHON
Kucnotoit, 40 mr/kr, BBOGMMOW per
0s 3a 30 MuH [0 TecTupoBaHus, % //
Antinociceptive activity in Swiss
albino mice as inhibition of writhing
induced by acetic acid, 40 mg/kg,
administered per os 30 min prior to
testing, %

40,8

40,4

40,8

32,1

38,9

23,1

AnanbreTnyeckas akTMBHOCTb

B aHann3e abJoMWUHaNbHOMO
COKpALLEHIS, BbI3ZBAHHOMO
theHunxmHoHom (PAC), % /
Analgesic activity in the
phenylquinone-induced abdominal
contraction (PAC) assay, %

43,2

44,4

43,2

29,6

21,1

53,2

AHanbreTnyeckas akTMBHOCTb

B TECTE KOPY4eMn, BbI3BAHHbIX
yKcycHoii kucnoton (1/10 LD50
NOAKOXHO, 3a 30 MUH 10
TecTupoBaHus), % // Analgesic
activity in the writhing test induced
by acetic acid (1/10 LD50
subcutaneously, 30 min prior

to testing), %

9,6

8,6

9,6

5,8

9,5

9,0

AHanbreTnyeckas akTBHOCTb

Y LWBEALAPCKNX MbILLIEI-
anbOUHOCOB Kak 3aluTta

OT KOpY4eMn, BbI3BaHHbIX
(heHUNXMHOHOM,
BHYTPUOPIOLLNHHO, M/Kr //
Analgesic activity in Swiss albino
mice against writhing induced by
phenylquinone, intraperitoneally,
mg/kg

ED50

2,6

29

2,6

2,9

2,8

3.4

AHTUHOUNUENTUBHAS aKTUBHOCTb
y Mbiwweit CD1 kak uHrnénposaxne
KOpYemn, BbI3BAHHbIX YKCYCHOIA
kucnoton, 10 mr/kr

noAKOXHO, % // Antinociceptive
activity in CD1 mice as inhibition
of writhing induced by acetic acid,
10 mg/kg subcutaneously, %

27,4

27,4

27,4

27,4

31,9

12,5

AHanbreTnyeckas akTBHOCTb

Y LWBEALAPCKNX MbILLIEi-
anbOUHOCOB Kak Bpems
06113bIBaHNA Nan B TecTe
oTAeprusanus xsocta, 100 mr/kr
per 0s, % // Analgesic activity in
Swiss albino mice as paw licking
time in the tail flick test, 100 mg/kg
per oS, %

35,5

35,5

35,5

35,2

35,7

22,5
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OpurvHaibHbIC ITYOJIUKALIAA

Tabnuua 3 (okoH4aHME). XeMOPeaKTOMHbIE OLEHKN NPOTUBOGOEBbIX 3Ch(DEKTOB LNHK-UMIUAA30bHBIX KOMMEKCOB 1 LIHKOBbIX KOMMEKCOB HECTEPONAHBIX
NPOTMBOBOCNANNTENbHbIX MPenapaToB: pe3ynbTaTbl MOLENUPOBAHNA in Vitro W in vivo y MblLein Npu pa3nnyHbix cnocobax BBeAEHUs

Table 3 (end). Chemoreactomic evaluations of the analgesic effects of zinc-imidazole complexes and zinc complexes with nonsteroidal anti-inflammatory
drugs: results of in vitro and in vivo modeling in mice upon different administration routes

Mponap-
mn-2 /
Propargyl-2

Zn-pguknodpe-
Hak /
Zn-diclofenac

Zn-Humecy-
g /
Zn-nimesulide

Zn-keTopo-
nak /
Zn-ketorolac

Annum-2 /
Allim-2

Annun-2 /
Allyl-2

KoHcTanTa /

AkTuBHOCTb / Activity Constant

AHanbreTyeckas akTUBHOCTb
B TECTE YLLUMMbIBAHNSA XBOCTA
y MbiLen, mr/kr // Analgesic
activity in the tail pinch test

in mice, mg/kg

ED50 6,0 6,0 6,0 79 5,1 7,7

AHanbreTuyeckas akTMBHOCTb

B TECTE OTAEPruBaHUs XBOCTA

y MbiLen, mr/kr // Analgesic
activity in the tail flick test in mice,
mg/kg

ED50 7,9 7,9 7,9 7,8 77 10,7

AHanbreTuyeckas akTMBHOCTb
B TECTE CYAOPOr Y MbILLEN,
NOAKOXHO, Mr/kr // Analgesic
activity in the convulsions test
in mice, subcutaneously, mg/kg

Npnmeyanme. STA — aTunexsgnammHTeTpaykcycHas kucnota; HEPES (aHrn. 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) — 4-(2-rugpokcuatn)-1-nunepasuH3aTaHcyiboHoBas
kucnota; ORL1 (aHrn. opioid receptor like receptor 1) — pewentop, nogo6Hbii onnongHomy peventopy 1; CF1S — uHus HeMHOPUAMHIOBbIX MbiLLesi ¢ oepmbl Carworth Farms (Bbicokasi
YacToTa BO3HUKHOBEHNS PACLUENNHbI HEGA 110C/e MPUMEHEHNS KOPTU30HA U BbICOKAA YacToTa pasutus auabeta); ACK — auetuncannyunosas kucnota; ICR — nabopatopHas imHns
0e/bix 66CrOPOAHbIX MbILLIEN, BbIBEAEHHAA B LLIBesiLapum n nonyquBLIAsA Ha3BaHNe OT VIHCTUTYTa UccneaoBaHus paka (aHm. Institute of Cancer Research) B CLUA (nx ncronb3yiot

B KaYecTBe YHNBEPCAIbHON MOZEM AN151 Pa3iNYHbIX NCCIEL0BAHNI, BKIKOYAs TOKCUKOOTNIO, (hapmMakomorn, UMMYHONOMI0 U n3y4eHne 3GheeKTuBHOCT nekapcTs), CD1 — yHusep-
canbHbIii, HEAOPOroN U LLINPOKO MCIONb3YEMBbI aYTOPEAHbIN BUL MbILLEI 47151 GUOMEAULMHCKIX UCCIIEL0BaHNIA (OHN NOMYNAPHLI 611aro4aps BbICOKOA PernpoAyKTUBHOCTH, BbICTPOMY
POCTY U FeHETUYECKOI 0JHOPOAHOCTH, YTO AeNaeT uX MOAXOAALLMMY [1S UCCNEL0BaHUIT B 0671aCT TOKCUKOOMN, OHKOIOMN U TPAHCTeHHbIX 3KkcnepumenToB); PAC (aHrn. phenylacet
Yylcarbinol) — penunavetnnkap6uron; LD50 (aHrn. median lethal dose) — cpeanss netansHas fosa; IC50 (aHrn. half-maximal inhibitory concentration) — KOHCTaHTa KOHLEHTPALMM MOTTY-
MaKcumanbHoro nHrnbuposarus,; ED50 (aHrn. median effective dose) — KoHcTaHTa nonyagheheKTUBHOM JO3bI.

ED50 1,9 1,9 1,9 1,7 1,9 24

Note. EDTA — ethylenediaminetetraacetic acid; HEPES - 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; ORL1 — opioid receptor like receptor; CF1S — a line of non-inbred mice from
the Carworth Farms (high incidence of cleft palate after cortisone administration and high incidence of diabetes); ASA — acetylsalicylic acid; ICR — a laboratory line of white outbred mice
bred in Switzerland and named after the Institute of Cancer Research in the USA (used as a versatile model for various studies, including toxicology, pharmacology, immunology, and
drug efficacy); CD1 - a versatile, affordable, and widely used outbred mouse strain for biomedical research (popular due to their high reproductive rate, rapid growth, and genetic
homogeneity, which makes them suitable for studies in toxicology, oncology, and transgenic experiments); PAC — phenylacetylcarbinol; LD50 — median lethal dose; IC50 — half-maximal

inhibitory concentration; ED50 — median effective dose.

notoit, npn fo3e 10 Mr/kr (LMHK-UMNAA30NbHbIE KOMMIEKCHI:
26%; unHk-HIBIM: 6-30%) v 40 mr/kr (23-40%), B TecTe OTAEp-
rMBaHusa xsocta (22-35%), B TecTe ywunbiBaHus xsocta (1C50
5,1-7,7 mr/kr). Takxxe noka3aHbl CONOCTABUMbIE Pe3ynbTaTbl Npu
NOLKOXXHOM BBE[IeHUN B TECTE HA KOHBY/bCUW XXMBOTA, BbI3BAHHbIE
auetunxonuHom y moliwweir (1650 0,25-0,57 Mr/kr) u B TecTe Kop-
Yeil, BbI3BAHHbIX YKCYCHOI KMCMOTON B CPeAHeil NieTanbHO f03e
1/10 (5-10%) v B po3e 10 mr/kr (12-32%).

3aMeTiM, 4TO COMKM LMHKA MOTYT YCWUNMBaTh NMPOTMBOBOCNANU-
TenbHbIli 3dhdekT HIBI, HO, Kak NpaBMno, He XapakTepuayrTcs
BbIP@XXEHHbIM NPOTNBOBONEBLIM AeACTBUEM. Hanpumep, ruapoac-
naprar LuHka cam no ce6e (30 mr/kr/cyT per 0s, 14 fHeii) MoXeT
VHAYLMPOBATh NPOTUBOBOCNANNTESIbHYIO U NPOTUBOY/bLEPOTreH-
HYI0 aKTUBHOCTb Y KPbIC, HO He MPOSBNSET aHaNbreTU4eckoro
nencteus [5]. Mo3aToMy LMHK-UMINLA30/1bHbIE KOMMEKChI BeCbMa
VHTEPECHbI AN JanbHeiLlnX NCccnefoBaHniA elle u BCneacTume
BO3MOXXHOI0 aHasnbreTU4eckoro agydheKTa, Ha KOTOPbIN YKa3blBaOT
pe3ynbTaThl HACTOALLEr0 UCCNEef0BAHNA.

Kpome TOro, Heflb3st He OTMETUTb, 4TO MUKPO3NIEMEHT LIMHK B CO-
CTaBe LNHK-UMMAA30/bHbIX KOMMEKCOB W LMHK-HIBIT npu noctyn-
NIEHUN 3TUX KOMMIIEKCOB B OPraHW3m W MOCTENeHHOM BbIAENEHNN
MOHOB LIMHKA B KPOBb XapaKTepU3yeTCcs camOCTOATENbHbIMI NPo-
TWBOBOCMANUTENbHBIMU U UMMYHOMOAYNNPYHOLMMI CBOWCTBAMM.
VIoHbI UMHKA MHTEHCMBHO HakannueawTcs B AiMMAouuTax, Nposss-
t0T BbIP@XXEHHOE NPOTUBOBOCNANNTESNIbHOE AENCTBIE N HEOOX0AUMbI
ANs NOAAEPXKKI CUCTEM BPOXAEHHOTO 1 NPUOBPETEHHOrO UMMYHN-
TeTa. [edmumnT LMHKa yBENNYMBAET BbIPAOOTKY MHTEpNenKuHa-1[

B MOHOHYKJIEapHbIX K/IeTKax Yesl0BeKa nocne cTumynauumu 6akrepu-
anbHeIMK nunononucaxapugamu [13]. Knuuuyeckue nccnefosasus
NOLTBEPKAAIOT Lies1Iec006pa3HOCTb UCMOMb30BAHNA OPraHnyecKmx
CcoMeil LMHKA Ans NnpodunakTuku U abloBaHTHOI Tepanuu 0CTPbIX
pecnupaTopHbIx 3a60s1eBaHui [14] U CHKEHNS CMEPTHOCTK Y na-
umenTos ¢ COVID-19 w/munm ccencucom [15].

Komnnekcbl LIMHKA C OpraHM4ecKUMI aHMOHaMK NPOSBNAIOT aH-
Tn6akTepuanbHble 1 NPOTUBOBOCNANIUTESIbHbIE CBONCTBA, a TAKXe
Cnoco6CTBYIOT 3aXMBEHW0 paH [16]. PaHosaxusnsiowlee aei-
CTBWE COJIeil LnNHKA NPOSBNAETCA U B Clyvae A3B XKeNyaka n Kin-
LweyHnka [17]. B yacTHOCTW, NPOTUBOA3BEHHAA AKTUBHOCTb MOHO-
rnmuepara LuHKa nokaszaHa Ha pasfnyHbIX 3KCNePUMEHTabHbIX
MOZENAX A3B XeNyaKka (nepopanbHble unu napexntepanbHole HIBIT,
BOCManeHue, BbI3BAHHOE 0NEUNOBbLIM CMPTOM, BO3LENCTBUE XO-
nopa, nepopanbHbIii aTaHON ¢ Ao6aBeHnem 1 6e3 fo6aBIeHNs
Xo0puaa Hatpus, BHYTPUOPIOLIMHHOE BBEAEHME pe3epnuHa y ap-
TPUTHBIX U HOPMATIbHbIX KPbIC 1 Y HOPMalIbHbIX MbILLEN, Nepopaib-
Hble HITBIT nntoc BbipaboTka nencuHa, CTUMynmpyemas BHyTpruopto-
LNHHbIM BBeLeHMeM xnopuaa 6etaHexona u 1.4.) [18]. Moatomy
OMUCaHHbIE Bbile 3PdEKTbl LMHK-UMNLA30/bHbIX KOMMEKCOB
MOTYT YCUANBATLCA M HE3aBUCUMbIM JENCTBMEM MOHOB LIMHKA,
KOTOPbIe MOCTYNAOT B KPOBb N0 Mepe MeTab0M3aLmnm KOMNIeKCcoB..

AHTUBUTAMUHHOE M aHTUMUHEPanbHoe aeiicTeue / Antivitamin
and antimineral action

HMBIM moryT cTumMynupoBath pa3BuTie NO60YHLIX 3P EKTOB
13-32 OTPULATENLHOTO BIIUAHWUA HA MUKPOHYTPUEHTHbIA rOMeocTas
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(470 NpoABNAETCH, B YACTHOCTU, Yepe3 ycuneHue noteps Butamu-  Mpodpunu aHTUMUKPOHYTPUEHTHOTO BO3LENCTBUSA UCCMELYEMbIX
HOB 1 MUKDO3MIEMEHTOB). XOPOLLIO N3BECTHO, 4TO 3CCEHLMANbHbIE  MOJIEKYN NPUBELEHBI HA PUCYHKE 3.

(*KM3HEHHO Heo6X0A4MUMble) BUTAMUHbBI 1 MUKPO3NIEMEHTbI NPOSB- Hanbonee BbIPOXXEHHLIM aHTUMUKPOHYTPUEHTHBIM JENCTBUEM
NS0T aHTUOKCWUAHTHbIE, NPOTMBOBOCNANNTENbHbIE, NPOTUBO6O-  06nagaet UnHK-HIBI. Bce paccmatpuBaemble LMHK-MMUAA30Mb-
NeBble, HEPONpPOTEKTOPHbIE U Apyrie CBOMCTBA [11], Tak 4TO MX  Hble KOMMNEKChI XapaKTepru3oBanuch 6iIM3KUMU U BECbMA MasbiMu
noTeps — KpailHe HexenatenbHbIA N060YHbIN 3D(EKT NEKAPCTB.  3HAYEHUAMU 6ANN0B AHTUMUKPOHYTPUEHTHOTO [ENCTBUSA (AHTUBN-
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PucyHok 3. ®apmakonHhopMaLnoHHble OLEHKN aHTUBUTAMUHHbIX U aHTUMUHEPASIbHbLIX CBOMCTB UCCNESYeMbIX MOMEKY:
a— aHTUBMTAMUHHOE Je/icTBUE; b — aHTUMUHEPaNbHOE AeCTBUE; € — CyMMapHble 62 bl

Figure 3. Pharmacoinformative evaluations of the antivitamin and antimineral properties of the studied molecules:

a - antivitamin action; b — antimineral action; ¢ — total scores
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OpurvHaibHbIC ITYOJIUKALIAA

QApNRO3ROTONIRY

TamuHHbIN 6ann 0,38-0,61, aHTUMUKPO3NeMeHTHbIA 6ann 0,37-
0,88). CymmapHble aHTUMUKPOHYTPUEHTHbIE 6aNibl AN BCEX TPeX
LIMHK-UMNA30MbHbIX KOMMIEKCOB nexanu B auanasoHe 0,96-1,26,
YTO COOTBETCTBYET, B CPEAHEM, YBENUYEHUNID PUCKA BbiBELEHUS
TOTO UMK UHOTO MUKPOHYTPWUEHTA BCEro Ha 5%, T.e. He HapyLuaeT
06MeH BUTAMWUHOB U MUKPO3SIEMEHTOB.

3AKJIHOYEHME / CONCLUSION

[ns nobiweHns 3QeKTMBHOCTM 11 6€30MaCHOCTI (hapMakoTe-
panum BocnaneHns u 6011 aKTUBHO U3Y4arTCa LMHKOCOLEepXKaLLme
COeJVHEeHNs, KOTOpble MOTYT ObITb OCHOBOW L)1 pa3paboTKu HO-
BbIx HIBI. MpoBeaeHHOe in Silico MOAennpoBaHue LUHK-UMmuaa-
30J1bHbIX KOMMEKCOB annuii-2, annum-2, nponaprun-2 nokasano,
YTO OHW MOTYT B 60MbLLEN CTENEHN Bbi3blBATb MHIMOUPOBAHME CBS-
3blBaHUA npocTtarnaHanHa D2 ¢ peuenTopom npoctarnaHamHa D2

Ha TpomboLnTax 1 60/1ee BbIPAXXEHHO NHIMOKUPOBATL NPOCTArnaH-
AnH-D-cnHTady. LnHK-nMnaa3onbHblie KOMNIEKChbl B HECKOMbKO
6onbLuen cTeneHn HrnoéupytoT LLOT-1, 4T0 BOXXHO ANs CHUXEHMS
no604HbIX acpcpextos HIBI.

LIMHK-MMna30MbHbIe KOMNEKCHI OTAUYannch 60nee Bbipa-
XKEHHbIM UHITMOUPOBAHNEM MPOBOCNANIUTENBHOMO CUIHANBHOIO
Kackaga tpaHckpunumonHoro gpakropa NF-kB, B T.4. CHUXeHnem
ero akTMBauuu. AHTUHOLNLENTUBHASA aKTUBHOCTb NPW NOAKOXHOM
BBEAEHUI MbILLAM C KOpYamu, BbI3BAHHbIMN YKCYCHOW KUCNOTOIA,
ObIf10 60nee BbIPAXKEHO ANA LUHK-UMNAA30NbHbIX KOMMIEKCOB,
4em 4ne uuHK-HITBIT, 33 MCKIOYEHNEM LHK-KETOpOnaKa.

B oTnnyme o1 nayyeHHsix unHk-HIBI, BCe nccnenoBaHHble B Ha-
CTOALLE paboTe LMHK-UMNLA30SIbHbIE KOMMJIEKChI XapakTepu3o-
BanMCb 04€Hb ManbIMi 3HA4YEHNAMM BANNOB AHTUMUKPOHYTPUEHT-
HOr0 JeNCTBMS, YTO COOTBETCTBYET MUHUMASIbHOMY HapYLUEHNO
06MeHa BUTAMUHOB 1 MUKPO3JIEMEHTOB.
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