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AxrtyanbHocTs. [Ins noBbIWeHN 3 eKTUBHOCTM 1 6e30NacHOCTY (papmakoTepanui BocnaneHns u 6051 akTUBHO U3YHaK0TCs LH-
KocoJepxaLine CoeanHeHUs, KOTopble-MOryT ObITb OCHOBOW ANs pa3paboTKn HOBbIX HECTEPOMAHbIX MPOTMBOBOCNANNUTENbHbIX Npe-
naparos (HMBI).

Lenb: n3y4ntb NPOTUBOBOCMNANUTEMbLHBIE, YNbLIEPOreHHbIE 1 Apyrue 3PMEKTbl MONEKYN LUHK-UMIAA30bHbIX KOMMEKCOB anniui-2
(6uc(N-annun-2-metTunumungason)unHkanaderar), anaum-2 (6uc(N-anneHun-2-MmeTIMMNLa3on)unHKANaLeTar) 1 nponaprii-2
(6mc(N-nponaprun-2-MeTUIMMNULA30)T) UNHKANALETAT) B CPaBHEHWN C LIMHKOBLIMI KOMMJiekcamn n3secTHbix HIMBM (auknodeHak,
HUMECYNng, KeToporak).

Marepunan n metogel. [IpoBefieHO MOLENIMPOBaHNE in Silico MONeKyn-KaHAUAaToB aniun-2, anium-2, nponaprui-2, LMHK-anknode-
HaK, LIMHK-HAMECYNNA, LIMHK-KETOPONaK C UCMOfb30BaHMEM METOI0B XeMOUH(OPMALIMOHHOMO aHanm3a Hay4Hoii wkonbl .. XKy-
pasnésa n K.B. Pymakosa nocpefCcTBOM TOMOSIOrMYECKOro aHann3a XxeMorpagooB 1 YUCNEHHOTO NPOrHO3MPOBAHNA B CNOXHbIX CUCTE-
Max npuaHakoB. [aHHble METOAbl BKMHOYAOT TEOPUID aHann3a XemorpadoB, MeTOAbl MPOrHO3WPOBAHWA YMCNIOBbLIX TapreTHbIX
nepeMeHHbIX, KOMOMHATOPHYIO TEOPUIO Pa3PeLLMOCTI/PerynspHOCTI, TONOOTMYECKNIA METOA aHanm3a AaHHbIX. OLueHKa hapMako-
NOFNHECKNX BO3MOXHOCTEI MOMEKYN B paMkax XeMOpPeaKTOMHOM MeTOA0NOMN NPOBOAMAACH NPU CPABHEHUN XUMUYECKOI CTPYKTY-
Pbl MOJIEKYNbI-3aMP0OCa CO CTPYKTYpamMu MOAEKY, AN KOTOPbIX MONEKYNSAPHO-(hapmMakonornieckme CBOMCTBA M3Y4eHbl U COBPaHbI
B-6a3ax gaHHbIx PubChem, HMDB, STRING, PharmGKB.

PesynbTarsl. [101y4eHHbIE XeMOPEAKTOMHbIE OLEHKU MOKa3aiu, Y4TO LUHK-MMWUEA30/IbHble KOMMIIEKCHI MOrYT B 60JIbLUE CTeneHn
BbI3bIBATb UHIMOMPOBAHME CBA3bIBAHNA NpocTarnangnHa D2 ¢ pelentopom npoctarnandgnia D2 Ha TpomboumTax (1650 448-627 HM;
UMHK-HMBIM: 588-997 HM) npu conocTaBuMbIX 3DMEKTAX LIMHK-UMUAA30/bHbIX KOMNEKCOB W LUMHK-HIBI Ha MHrmbuposaxue uu-
KnookcureHasbl-2 (LIOr-2) B uenbHoit kposu (IC50 295-428 HM). LIMHK-MMNAa301bHbIE KOMMNEKCHI OTAMYanMch 605ee BbIpaXeH-
HbIM MHMMOMPOBAHMEM NPOBOCMANNTENLHOO CUrHANIBHOMO Kackaga TpaHcKpunumoHHoro dpaktopa NF-kB (IC50 173-419 HM;
UMHK-HMBIM: 498-508 HM), agperepruyeckoro peuentopa anba-1 (28 HM; unHk-HIMBIM: 235-411 HM) 1 aHrMoTeH3NHOBOIO peLen-
Topa 1 (1650 16-22 HM; LnHK-HIBM: 20-74 HM), yka3blBas Ha aHTUrMNEPTEH3NBHBbIA 3XDGEKT. AHTUHOLNLENTUBHAS aKTUBHOCTb NPU
NOLKOXXHOM BBELEHUN MbILLAM C KOpPYaMmU, BbI3BAHHbIMI YKCYCHOW KUCMOTOM, 6bifia 60/€ee BbIpXeHA AN UNHK-UMUAA30MbHbIX
komnnekcos (IC50 0,16 mr/kr), 4yem ans umHk-HIBIT (0,9-1,0 mr/kr), 3a nckntoveHnem unHk-ketoponaka (0,16 mr/kr). B otnnyne ot
13y4eHHbIX LMHK-HIBI, BCe nccnefoBaHHbIE B HACTOSALLEN pAb0Te LMHK-UMIAA30MbHbIE KOMIIIEKChI XapaKTepu30Banuch 61IM3Kumm
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11 BECbMa MarbIMN 3Ha4eHNAMMN 6ansioB aHTUMUKPOHYTPUEHTHOrO JeNCTBUS (QHTMBMTaMUHHBINA 6ann 0,38-0,61, aHTUMUKPOINIEMEHT-
Hblid 6ann 0,37-0,88; 6annbl Ans UMHK-HIBI B 2-3 pasa Bbllue), YTO CBUAETENLCTBYET 06 OTCYTCTBMM HE6NArONpUATHOrO BO3LeN-
CTBUS LMHK-UMINAA30MbHbIX KOMMIEKCOB HA 06MEH MUKPOHYTPUEHTOB.

3aknoyenne. 13y4eHHble MONEKYNbl-KaHANAATHI (LNHK-MMUAA30MbHbIE KOMMAEKChI) NOMUMO UHIM6uposaHus LIOT moryT nposiBnsiTs
JONOHNUTESbHbIE (PapMaKONIOrnyecKne CBOMCTBA B 6OJbLLEA CTEMNEHM, YeM UCCIe0BaHHbIE KOMMNEKCHI LIMHKA ¢ M3BeCTHbIMM HITBIT.
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LIMHK-UMNA30/1bHbIe KOMMIEKChI, annun-2, annuM-2, nponaprui-2, NpoTMBOBOCNANNUTESbHbIA Npenapar, no6o4Hble 3hdeKThl,
(hapmakonHAOPMaTHKa, NHTENNEKTYaNbHbIA aHANN3 AaHHbIX
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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 framewaork 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

Y7o yxe n3BecTHo 06 3Toii Teme?

» HectepougHble npoTuBOBOCNanuTeNbHble npenapatbl (HIBIT), ucnons-
3yemble Kak aHanbreTuku u npoTMBOBOCMANATENbHbIE CPELCTBA, 0Ka3bl-
BaOT OCHOBHbIE 3(D(EKTHI NOCPESCTBOM PE3KOrO CHIDKEHNS aKTUBHOCTH
thepmeHTOB-LMKNooKeureHas L|Or-2 n LIOr-1

» MWKPO3NEMEHT LIMHK TaKk)Xe UMeeT NMpOTUBOBOCMANUTENbHbIE CBONCTBA,
06YCNOBMEHHbIE B3AUMOLENCTBUAMM C Thics4yamu 6ENKOB NpoTeoMa Ye-
noBeka

P Komnnekebl «LMHK-ANKNOGEHAK», «LIMHK-MHAOMETALMH» 1 CMECH C Opra-
HUYECKMMMU CONMAMU  LIMHKA XapaKTepu3yKTCs CHIDKEHHOW 4acToTON
BCTPEYAEMOCTM yNbLiepaLn Xenyaka

Y70 HOBOrO faeT cTaTha?

P> XeMopeakTOMHble OLEHKM BO3AENCTBUS HA NPOCTArnaHAWHOBbLIA 06MeEH
MoKasanu, Y4To LNHK-UMINLA30/bHbIE KOMIAEKChI MOTYT B 60MbLLUEl CTene-
HU BbI3bIBaTh MHMMOUPOBAHNE CBA3bIBAHNSA NpocTarnaHanHa D2 ¢ peuen-
TOPOM npocTarnanianHa D2 Ha Tpom6bouunTax, 4em LnHK-HIBI

P> XeMopeakTOMHbI aHann3 nokasan conocTaBiMble AdEKTbI LUHK-UMU-
[11a30/1bHbIX KOMNNEKCOB U UHK-HIBI Ha nHrnéuposaxme LIOr-2 B knet-
Kax 1 LieIlbHON KpOoBW

» AHanua AencTBuA MOEKYS Ha BOCManeH e Yepes LUNTOKNHOBbIE MeXaH!3=
Mbl MPOLEMOHCTPUPOBAS COMOCTABUMbIE 3PMEKThI LIUHK-MMUAA305IbHBIX
KOMMIEKCOB 1 LMHK-HMBI Ha MHrM6upoBaHue peLenTopoB GpagnKnHn-
Ha B1 1 HeipoknHMHa-1

Kak 310 MOXET NoBAMATb Ha KNMHUYECKYHO NPAKTUKY B 0603pUMOM GyayLuem?

» LIMHK-MMnAa30nbHbIe KOMMEKCh MOrYT B 60MbLUEHA CTEMEHN NHrM6UPO-
Batb LIOM-1, 4T0 BXHO 4115 CHUXKEHNS N0604HbIX 3¢)¢peKToB HIBI, a Tak-
Xe 6011ee 3P MEKTUBHO OCYLLECTBNAOT aHaATbIETUYECKOE AeiCTBIE NYTEM
BbITECHEHWS HOLMLENTUHA N3 0MNaTONOA06HBIX PeLenTopos 1

» LInHK-coaepallme CoeanHeHUs MOLYT CIy KUTb OCHOBOW Ans pa3paboT-
Kn HoBbIX HIBI B Lensx noBbileHUs 3PEKTUBHOCTM 1 6e30MacHOCT!
thapmakoTepanuu BocnaneHus v 60nu

BBEJJEHUE / INTRODUCTION

HecTtepongHbie NpoTMBOBOCNANUTENbHbIE Npenapatbl (HMBIM),
NOBCEMECTHO MCMNONb3yeMble B COBPEMEHHOW MeAULNHE Kak
aHanbreTUKU 1 NPOTUBOBOCNANUTENbHbIE CPEACTBA, 0Ka3bIBAIOT
OCHOBHbIe TepanesTuyeckne 3deKTbl NOCPeLCTBOM PE3KOr0 CHY-
)KEHNA aKTUBHOCTW (DEPMEHTOB-LMKNOOKcureHas (LOr) — LiOr-2
u, ot4actu, LOr-1. Baaumopeiicteus monekyn HIMBI ¢ gpyrumu
TapreTHbiMu 6enkamu nomumo LIOT npuBoAAT K HexxenatenbHbIiM
no604YHbIM 3pdheKTam, HO TaKkXKe MOTYT UHAYLMPOBATb LIEHTPaNb-
Hble MeXaHW3Mbl aHanbretuyeckoro gencrema HIBI, peanusyo-
LLMecs NoCpPeACcTBOM HepoMeLnaTopHeix cuctem [1].

[epCnekTUBHLIM HANPaB/IEHMEM CHUXEHUS NOO6OYHbIX AP-
thextoB HIBI aBnseTcA KOMNIEKCHOE M3Y4eHUEe CBOWCTB LMH-
KOBbIX MPOW3BOAHbIX (KOMMIIEKCOB) Kak U3BecTHbIX HIBI, Tak
1 HOBbIX MOMNEKYSI, NMPOABAALMX NPOTUBOBOCNANUTESIbHBIE
CBOVICTBA. BaXXHO! 0COOEHHOCTLI0 3CCEHLMANBHOIO (XKU3HEHHO
HEo6X04MMOro) MUKpPO3ANeMeHTa LIMHKA ABNIAOTCA ero Npupog-

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 NPOTUBOBOCNANIUTENbHbIE U aHTWY/bLEPOTreHHbIE CBONCTBA,
06YCNOBNEHHbIE B3AUMOLENCTBUAMU C HECKOMbKUMU ThiCAYaMU
6eNikoB NpoTeoma 4enoseka [2]. KOMNeKchbl «LMHK-AMKNOMe-
Hak» [3], «UNHK-MHAOMETaLNH>» [4], @ TaKKe CMeCu C OpraHuye-
CKUMU CONAMU LiHKA [5] XapaKTepm3ytoTcs CHUXKEHHON 4acTOTOoM
BCTPEYAEMOCTH YNbLiepauum *enyaka no CpaBHEHU ¢ COOTBET-
cTeytowmun HIMBI.

B Hawwmx npefpblayLinx paéotax 6bin NpeacTaBneHbl pesynsra-
Tbl XeMOPEaKTOMHOr0 /n Silico mofienmpoBaHus hapmakosornye-
CKUX agpdrekToB aumsona, N-annunumnaason-UmHka n LMHKOBbIX
NPOM3BOAHBIX psaa n3sectHbIx HIBI [2, 6].

Lenp — n3y4ntb NPOTNBOBOCNANMUTENbHbIE, YbLEPOreHHbIE
n apyrue 3eKTbl MOEKYS LUUHK-UMUAA30SIbHBIX KOMMJIEK-
coB annun-2 (6uc(N-annun-2-meTnIMMULA3oN)uMHKaNaLEeTaT),
annum-2 (6uc(N-anneHun-2-meTunMMnNA3oN)UMHKaaLeTar)
u nponaprun-2 (6uc(N-nponaprun-2-mMmeTuINnMnLas3on)unHKana-
LieTar) B CPaBHEHUM C LLMHKOBbIMMW KOMIieKcamu n3BecTHbIX HIBI
(BuknoeHak, HUMeCYNuA, KeToponak).

- https://pharmacoeconomics.ru
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QApNRO3ROTONIRY

MATEPWAN U METO[lbI / MATERIAL AND METHODS

Metogb! ananu3a / Analysis methods

MoCTreHOMHbIN NOAXOA K aHanu3y LerCTBYHLWNX Ha4an ne-
KapcTB Mojpa3ymeBaeT B3aUMOAeCTBNS MOJSIEKYNT HA YPOBHE
npoTeoma (npexze BCero) 1 (BO3MOXXHO) BO3J4ENCTBUS HA TPaHC-
KpunTom 1 Metabosiom [7], KOTopble 06YCNOB/IMBAIOT TepanesTu-
Yeckme 1 N0604HbIE 3 EKTbI TEKAPCTB.

Mpouenypa XeMOpPeakTOMHOr0 aHanu3a, 0CHOBAHHAA Ha TOMO-
NOrN4ecKoM MOAX0Ae K pacno3HaBaHMio XemorpadooB MeTodamu,
pa3BNBaeMbIMM B Hay4HOI LiKone akagemukos PAH HO.U. XKy-
pasnéesa u K.B. Pynakosa [8—10], 6biia HEOAHOKPATHO OnMcaHa
Ha CTPaHNLAX XypHana, B T.4. B paboTax [2, 6]. AHann3 papmako-
noruyecknx BoamoxkHoctelt HIBI npoBefeH Ha OCHOBE XEMOWH-
(hopMaLMOHHOr0 NOAX0AA, T.6. CPABHEHMS XUMUYECKUX CTPYKTYP
1CCneayemblX MONEKYN CO CTPYKTYpamu MUSITIMOHOB BPYrUX MO-
NeKyn, AN KOTOPbIX MONEKYNAPHO-(hapMakoIornyeckne CBoICTea
13BeCTHbI. [TpoLelypa aHanm3a 0CHOBaHA HA HOBEILUNX TEXHOJIO-
rUAX MaWMWHHOTO 06y4eHns, pa3pabaTbiBaeMbIX B TEOPUI TOMO-
NIOrN4eCcKOro M MEeTPUYECKOro aHann3a npU3HaKoBbIX OMUCAHNIA.

XemMopeakTOMHbIA aHanu3 mexaHusmos genctsnsa HIBI npo-
BOAMAW B TpW 3Tana. Ha nepsom 3tane oopMupoBanu BblI6OPKY
WCXOAHBIX AaHHbIX. C 3TOIi LEnblo NO KKYeBbIM C0BaM, ONMUChI-
BAKOLLMM TO UMK NHOE [eiicTBME, 13 6a3bl AaHHbIX PubChem n3-
BNEKanu COOTBETCTBYIOLLME OUOSTOrMYECKIMEe aKTUBHOCTU MOJEKYI.
Bcero HainpgeHo 3797 aktusHocTen Ansa 33 223 mosekyn.

Ha BTOpOM 3Tane aHanu3a ycTaHaBnuBanu CNUCOK MOMEKy”N
C W3BECTHbIMW CBOMNCTBAMU, HANOOMEE BIIM3KUMU K KaXKLON U3
nceneayeMbiX Monekyn. 3T0 OCyLeCTBAANN NOCPEACTBOM Bbl-
YUCNEHUS METPUHECKOr0 XMMUYECKOro paccTosHns dy Mexay
monekynamu. Npoueaypbl BbIMUCNEHUS METPUKM Oy OCHOBAHbI HA
KOMOWHATOPHOI TEOPUM PA3PELLMOCTY B MPUMEHEHNN K XEMOrpa-
tham (x-rpacpam) — matemaTu4eckum 06bEKTaM, UCMOMb3YEeMbIM
ANS 0NnucaHus cTpykTyp monekyn [7, 8].

Ha TpeTbem 3Tane Ans Kaxzoi Monekysbl U3 6a3 JaHHbIX U3-
BNEKanu BCHO MMEKOLLYHOCS MHG)OpPMALMIO 06 3KCHEPUMEHTANTbHOM
U3MEePEHNI PasNYHbIX 6UONOTNYECKNX CBOICTB 3TON MOSEKYIIbI

N- - 3 =@ (CH,C00)
/ 3 2
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I\/ I%c
2 N

Annun-2 / Allyl-2
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0

0
H\N ©/

Cl Cl

Zn-puknotpenak / Zn-diclofenac

PucyHok 1. XuMuyeckune hopmysibl UCCIIEA0BAHHbBIX MOEKYII
Figure 1. Chemical formulas of the studied molecules

Annum-2 / Allim-2

Zn-Humecynup / Zn-nimesulide

1 NPOBOAWUN OLEHKY B6MOJTIOTNYECKMX aKTUBHOCTEN C BblYUCIIE-
HWEM COOTBETCTBYHOLLMX KOHCTAHT. HacTpomKy BeCoB MeTpuK dy
1 NPOrHO3MPOBAHWE LiEHTPaNbHbIX CBOWCTB Uccneayembix HIBI
BbINOJIHANN C NOMOLLbH COBPEMEHHBIX METOL0B NPOrHO3MPOBaAHUSA
LLeJIeBbIX YMCIIOBbIX NepemMeHHbIX [10].

®apmakosornyeckine CBOMCTBA MOMEKYN NPeACcTaBreHbl C UC-
NOSIb30BAHMEM KOHCTAHT KOHLEHTpaLUM NoyMakKCUMabHOIO WH-
rnéuposanus (aHrn. half-maximal inhibitory concentration, 1G50),
nonyadpdekTusHoi fo3bl (aurn. median effective dose, ED50).
Ona nony4yeHns OLEHOK 3HAYEHUN KOHCTAHT, NPEACTaBNEHHbIX
B Mocfefyrowmx 1abnuuax, aHannamposanu pesynsratel 0T 5 [0
216 HE3aBMCUMbIX XEMOMPOTEOMHbBIX 9KCNEPUMEHTOB (B CPeSHEM
14 3KCNepUMEHTOB Ha OAWH TUN PeLienTopa).

N3yyaembie monekyno! / Studied molecules

B nccneposanum n3yvannch LMHK-MMIUAA30STbHbIE KOMMIEKCHI
annun-2, annnm-2 u Nponaprusi-2, a TakKKe LMHKOBbIE KOM/IEKChI
n3BecTHbIx HMBI — guknodeHaka, HUMeCYNUaa U KeTopoaka.
CTpyKTYypbl paccmaTpuBaemMbix MONEKYN NPpUBEEHbI Ha PUCYHKE 1.

PE3YJIbTATbI U OBCYXXAEHUE/ RESULTS AND DISCUSSION

Mony4yeHbl XeMOPEaKTOMHbIE OLEHKW NMPOTUBOBOCNANNTENBHONO,
LeHTPaNIbHOr0, NPOTUBOOONEBOrO JENCTBINA U3Y4aeMblX BELLECTB
Hapsay ¢ OueHKamu No60YHbIX 3)(EKTOB B OTHOLLEHWNMN aHTUBU-
TAMWHHOTQ U @HTUMUWHEPANbHOro AericTeug [11].

XemopeakTomHble oueHkn / Chemoreactomic evaluation
MpoTuBoOBOCNANUTENbHOE AEACTBUE

XeMOpeaKTOMHbII aHanu3 BO3AECTBIA Ha NpocTarnaHanHOBbIN
06MeH (Tabn. 1) nokasasn, 4To LUMHK-UMUAA30MbHbIE KOMMIEKChI
MOrYT B 60MbLLEN CTENEHN BbI3bIBATb MHIMOUPOBAHKE CBA3bIBAHUS
npoctarnaHanHa D2 ¢ peuentopom npoctarnadinHa D2 Ha Tpom-
ooumtax (IC50 448-627 HM; umHk-HIMBIM: 588-997 HM).

XeMOopeakTOMHbI aHaNn3 nokasan conocTtaBuMbie agdek-
Tbl BCEX U3YYEHHbIX MOMEKYI (M LUHK-UMUAA30bHbIX KOMIEK-
C0B, U UMHK-HMBM) Ha uHrnémposanne LIOM-2 B knetkax (IC50

S

Mponaprun-2 / Propargyl-2

@D
0

(CH,C00), (CH,C00),

0\\@

o

Zn-ketoponak / Zn-ketorolac
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Ta6nmua 1. XeMopeakTOMHbIe OLieHKN NPOTUBOBOCMANNTENbHbIX 3PAEKTOB LMHK-MMIAA30MbHbBIX KOMMIEKCOB U LIMHKOBbIX KOMMIEKCOB HECTEPOMAHbIX
NpOTUBOBOCNANMTENbHbIX NPENAapaToB: BO3AEACTBME HA MPOCTATIaHAMHOBbIA META60U3M

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

AxTuBHOCTb / Activity

KoHcTaHTa /
Constant

Annun-2 /
Allyl-2

Annum-2 /
Allim-2

Mponap-
mn-2 /
Propargyl-2

Zn-puKno-
theHak /
Zn-
diclofenac

Zn-Humecy-
nn /
Zn-
nimesulide

Zn-KeTo-
ponak /
Zn-
ketorolac

/IHrmbupoBaHue CBA3bIBAHNS PagnosmraHia
[3H]-PGD2 ¢ peuentopom PGD2 Ha
Tpom6oumTax, HM / Inhibition of [3H]-PGD2
radioligand binding to the PGD2 receptor on
platelets, nM

IC50

627

448

627

997

909

588

NHrnéuposarne PGE-CHTa3bl ¢ NTOMOLLbHO
aHanusa TR-FRET, HM / Inhibition of PGE
synthase by TR-FRET assay, nM

IC50

272

379

272

1599

4007

277

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

IC50

117

117

117

1848

117

456

HrnéuposaHme BbicBO60XAeHNS LTB4

8 [IMJT npu cTumynuposaxun
Ca-noHoopom A23187, HM / Inhibition
of LTB4 release in PMNL upon stimulation
with Ca-ionophore A23187, nM

IC50

228

143

228

187

220

433

Hrnéuposanue 6uocuHTesa LTB4

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

(390 nM), nM

IC50

114

61

114

1076

83

30

MHrnéuposanne PGD-cunTasbl (1 mkn PGD
AN8 Havana peakumu, Yepe3 1 MUH —
ON3TUNOBBI 3oUp / MeTaHON ans
0CTaHOBKM peakuuu), 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

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

IC50

64

121

64

70

65

149

WHruéuposanue LIOT-2 (1 mxr/mn), %
nHrnéuposanns npogykumn PGE2 COX-2 /
Inhibition (1 pg/ml), % inhibition of PGE2
production

39

30

39

36

23

31

MHruéuposanue LIOT-2 B LenbHoOM
kpoBu, HM / COX-2 inhibition‘in‘'whole
blood, nM

IC50

296

412

296

401

308

428

MHruéuposaxue LIOT-2 B LenbHON KpoBu
(10 mkM), % oT uexogHon akTBHOCTH /
COX-2 inhibitionin whole blood (10 pM), %
of initial activity

49

70

49

95

64

56

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

IC50

461

334

461

231

559

345

MHruéuposanue LIOT-2 B LienbHON KpoBu
(1-MkM), % OT UcxofHON aKTUBHOCTH /
COX-2 inhibition in whole blood (1 uM), %
of initial activity

25

30

20

53

34

54

NHruéuposaxue LIOT-1 B LenbHON Kposu
(10 MkM), % OT ncxofHOM akTUBHOCTH /
COX-1 inhibition in whole blood (10 uM), %
of initial activity

35

37

35

14

14

35

Tpumeyanne. PGD2 (anrn. prostaglandin D2) — npoctarnanany D2; PGE (anrn. prostaglandin E) — npoctarnangun E; TR-FRET (aHrn. time-resolved fluorescence energy transfer) —
chriyopomeTpus ¢ BpEMEHHLIM Pa3peLLeHnem v PE30HAHCHas nepejaqa aHeprim ®épctepa; LTA4 (aHrn. leukotriene A4) — nevikotpueH A4, [TMJT - nonnmopghHOS4epHbIE NEHKOLUNTbI;
LTB4 (anrn. leukotriene B4) — nevikotpuen B4, LJOI — ynknookcurenasa; IC50 (awrn. half-maximal inhibitory concentration) — KOHCTaHTa KOHLEHTPAUMY MOTYMAaKCUMATbHOIO

UHIN6UPOBAHUA.

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; IC50 — half-maximal inhibitory concentration.
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64-121 HM; unHk-HMBM: 65-149 HM) 1 yenbHoit kposwn (1C50
295-411 HM; umHk-HMNBIT: 308-428 HM), BKNO4Yas OLEHKN aK-
TeHoCTM LIOM-2 no npoueHTy MHrM6MpoBaHUA NPOAYKLMK Npo-
crarnanamHa E2 (30-38%; umHk-HIBIT: 22-36%). B 10 e Bpems
LMHK-UMUJA30/1bHbIE KOMMIEKChl MOTYT B HECKOJIbKO 60JIbLUEN

cteneHn nHrnouposatb LOM-1 (35-27%; unHk-HMNBM: 14-35%),
4TO BXHO [N1A CHUXKEHNS no604HbIX 3dpdpextos HIBI.
CpaBHUTESIbHbIN XeMOPEAKTOMHbIA aHanu3 AeNcTBUS U3Y4eH-
HbIX MOJIEKY/ HA BOCMANeHNe 4epes LMTOKUHOBbLIE MEXaHU3MbI
(Tabn. 2) nokasan conocTaBMMble 3PMEKTbI LMHK-UMUAA30NbHbIX

Tabnuua 2. XeMopeakTOMHbIE OLeHKN NPOTUBOBOCMANNTENbHbIX 3 (PEKTOB LUHK-UMNLA30MbHBIX KOMMNEKCOB W LUHKOBbIX KOMMIEKCOB HECTEPOUHbIX

NPOTMBOBOCNANNTESNbHbIX NMPEnapaTos: BO3AENCTBUE HA LUTOKNHbI

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

drugs: effects on cytokines

KoHcTanTa /

AkTuBHOCTb / Activity Constant

Annun-2 /
Allyl-2

Zn-KeTo-
ponak./
Zn-
ketorolac

Zn-nuKno-
thenak /
In-
diclofenac

Zn-Humecy-
np /
In-
nimesulide

Mponap-
rmn-2 /
Propargyl-2

Annum-2 /
Allim-2

WNurnéuposaxne npoaykuun ®HO-q,
MHAyuupoBaHHon JMNC, B LenbHOI

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

- 133

239 133 1732 165 285

Antaronnsm BDKRB1 B knetkax IMR90, HM /

BDKRB1 antagonism in IMR90 cells, nM IC50 71

63 71 46 7 100

AnTtaroHnam BDKRB1 B knetkax CHO, HM /

BDKRB1 antagonism in CHO cells, nM IC30 4

60 41 27 27 44

AntaroHnam BDKRB2 B knetkax HF15, HM /

BDKRB2 antagonism in HF15 cells, nM IC50

105

22 21 72 216 70

MHruéuposanne IKK-B, nHayunpoBaHHoOM
®HO-a, HM / Inhibition of IKK-B induced by
TNF-a, nM

IC50 164

164 164 1451 1576 2051

Nuruéuposanne NK1R, HM /

NK1R inhibition, nM IC50

294

294 294 82 237 529

Nuruéuposanne NF-kB, HM /

NF-kB inhibition, nM 1650

232

214 234 582 798 213

CHmxenue aktusaumu NF-kB

C NpeaBapuTenbHON NHKy6aLmen

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

IC50 173

419 419 500 509 498

VHrnéuposanue npoaykuun ®HO-q,
uHAyumposaHHoii JNC, B aHaoTeNMounTax,
HM / Inhibition of LPS-induced TNF-a
production in endothelial cells, nM

IC50 152

236 152 217 731 292

Hrmbuposanue BbicBobOXaAeHMS PHO-q,
BbI3BaHHOr 0 JIMC, B 9HAOTEANOLMTAX,
N®A, HM / Inhibition of LPS-induced TNF-a
release in endothelial ¢ells, ELISA, nM

IC50 389

389 389 545 584 484

Hrméuposanue cekpeuun U1-6,
VHAYLMpOBaHHO JING (62,5 MkM),
B Makpodparax nuHuu U937, % / Inhibition - 43
of IL-6 secretion induced by LPS (62.5 uM)
in U937:macrophages, %

43 43 12 0 0

Hrnéuposatme cekpeuun J1-6,
uHgyumposatHoii JING (10 mkM), B kneTkax
nunHum U937, % / Inhibition of IL-6 secretion
induced by LPS (10 pM) in U937 cells, %

- 63

87 87 53 53 53

Mpnmeyanmne. PHO-a — hakTop Hekposa onyxonu anbha, JINC — nunononncaxapnisl; BDKRBT (aurn. bradykinin receptor B1) — peyentop 6paaukunnnHa B1; CHO (aHrn. Chinese
hamster ovary cells) — nnHus 3NNTENNanbHbIX KNETOK, N0YYEHHAs U3 AUYHUKA KNTANCKOro XOMSiYKa, KOTOPas 4acTo NCMosb3yeTcs B ONONOrNYECKUX U MEANUMHCKUX NCCIIEA0BAHNAX,
BDKRB2 (aHrm. bradykinin receptor B2) — peuentop 6paauknHuHa B2; HF15 — nepsuyHbie ¢hpubpobnactel vyenoseka, IKK-B (aHrn. | kappa B kinase) — | kanna B kuxasa, NK1R (aHrn.
neurokinin 1 receptor) — peuentop HeipokuruHa-1; NF-kB (aHrn. nuclear factor kappa B) — saepHbii chakTop kanna B; UDA — ummyHohepMeHTHbIi anann3; WJT-6 — uHTepneikuy-6,
U937 - npomoHoumTapHas MogenbHas Knetoqnas muumns; 1050 (aurn. half-maximal inhibitory concentration) — KOHCTaHTa KOHLEHTPALUM MOTYMaKCUMATbHOTO NHINOUPOBAHNS.

Note. TNF-a — alpha tumor necrosis factor; LPS - lipopolysaccharide; BDKRBT — 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 - | 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; IC50 — half-maximal inhibitory

concentration.
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KOMMNNeKcoB n LUnHK-HIMBIM Ha uHrnéuposaHue peuentopos 6pa-
AnknHuHa B1 (IC50 63-71 HM; umuHK-HIMBIT: 45-100 HM), Heilpo-
KuHnHa-1 (IC50 294 HM; unHk-HIMBM: 82-528 HM), 6pagunKuHHa
B2 (1C50 21-105 HM; umHk-HMBIM: 70-216 HM).
LIMHK-MMNAA30MbHbIE KOMMIEKChI OTANYANNCh, N0 BCEN BUAN-
MOCTH, 60J1ee BbIPAXEHHbIM MHTMOUPOBAHMEM NPOBOCMANNTENBHO-
o CUrHanbHOro Kackaja TPaHCKpPUMLMOHHOO AIepHOro (hakTopa
kanna B (NF-kB), 4TO BK/104an0 KaK CHUXEHWE ero akTmsaunu
(1C50 173-419 HM; umHk-HIBM: 498-508 HM), TaK 1 MHrMOUPO-
BaHME KIHa3bl | kanna B, MHOyLMPOBAHHOK (DAaKTOPOM HEKpo3a
onyxonu anba (IC50 164 HM; umHk-HMNBIM: 1450-2051 HM).
Cnenyet noa4YepkHyTb, Y4TO UCCNENOBATENIbCKMIA UHTEPEC K Me-
Tannokomnnekcam HMBI (npexae BCero, ¢ LMHKOM) CBA3aH,
B MepBY0 04epeflb, C HEOOXOAUMOCTbIO CHUXKEHUS MOBPEXAE-
HUIM XenyLo4HO-KNLIEYHOT0 TPaKTa, acCOLMNPOBAHHBIX C NpUMe-
HeHuem HIBI. Hanpumep, komnnekcoobpa3oBaHue AMknoeHaka
C LMHKOM MPUBOANT K 06Pa30BaHMIO KOMMIIEKCa, KOTOPbIA NMeeT
Te XKe NPOTUBOBOCNANNTESbHbIE 1 AHTUHOLMLENTUBHbIE 3(PMEK-
Tbl, YTO N OJMH ANKNOGIEHAK, HO BbI3bIBAET MEHbLLYID 4aCcTOTY
MOPAXEHNIA XeNyaKa no cpaBHeHUI0 ¢ anknodeHakom [3]. Mc-
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nofib30BaHNE KOMNNEKCOB LMHK-HIBIT CyLeCTBEHHO CHUXAET
MOBPEXAEHUE CNUINUCTLIX Xenyaka u KuwedHuka [4]. Mpu atom
NS YMeHbLUeHMsa ynbleporeHHbix 3ddektos HIBIM He 0643a-
TEeNbHO NPUroToBNAThL Komnnekcsl HIBIT ¢ UMHKOM, @ OCTATO4HO
n06asutb K HIMBI conu unHka ¢ opraHnyeckummn aHmoHamu (ru-
JpoacnapTar unuka [12] v gp.).

PeaynbTaThl HaCTOALLErO UCCNEA0BAHNA NOKA3anK, Y4TO LIMHK-
MMUAA30MbHbIE KOMMIEKChI MOTYT XapakTepu3oBaTbCca CTene-
Hbl0 MHrMO6UpoBaHua LIOM-2, conoctaBumoii ¢ KoMneKcamm
UMHK-HIBI. B TO €& BpeMS LMHK-MUAA30/bHbIE KOMMIEKChI
0TNnYannuch 60nee BbIpAXXEHHbIM UHTMOUpoBaHnem NF-kB, yem
UMHK-HIBIT, 4T0 BXXHO AJ19 @HTUYNbLIEPOreHHOr0 AENCTBMS.

LlenTpanbHoe peiicteue

LIMHK-NMnLa30bHbIe KOMMIEKCHI NPOSABUAN LEHTPabHbIE -
(hekTbl, conocTasumeble ¢ adhdpektamu LuHK-HIBIM (puc. 2).

LINHK-MMNOa30MbHbIE KOMMNEKCbl MHTMGUpoBanu B 60Jb-
e CTeneHn agpeHepruyeckne peuentopbl ansa-1 (28 HM;
UMHK-HMBI: 235-411 HM), peuenTopbl aHrnoTeHsnHa Il 1-ro
tina (IC50 16-22 HM; uuHk-HMBM: 20-74 HM), ructammHOBbLIE

a
i 0 1 sl
o . el s S8R THDOEE DL ol

CHRNA4B2
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HTR2A

e 0 B II I| - CTSRNSTSTS_—.
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Mponaprun-2 / Propargyl-2
W Zn-keToponak / Zn-ketorolac

PUCYHOK 2. XeMOPEaKTOMHbIE OLLEHKW LIEHTPaNbHbIX 3DMEKTOB LIMHK-UMIAA301bHbIX KOMNIIEKCOB 11 LLMHKOBbLIX KOMM/IEKCOB HECTEPONIHbIX

NPOTUBOBOCNANMUTENbHbIX NPenapaTos (a, b).

IC50 (anrn. half-maximal inhibitory concentration) — koHCTaHTa KOHLEHTpaLUK NONYMaKCcUManbHoro mHruéuposanus; ADRAT (aurn. alpha-1 adrenergic
receptor) — agpenepruyeckuii peuentop anba-1; ADRA2 (aurn. alpha-2 adrenergic receptor) — agpeHeprudeckuii peuentop ansa-2; AGTR1 (aHrn.
angiotensin Il type 1 receptor) — peuentop aurnotensnna Il 1-ro Tuna; AGTR2 (aHrn. angiotensin Il type 2 receptor) — peuenTop aHruoTeHsuHa Il 2-ro una;
CHRNAA4B2 (aHrn. cholinergic receptor nicotinic alpha4/beta2 subunit) — cy6beauHuLa 6enka anbad/6eTa2 HelipOHaNbHOTO PELLENTOPa aLETUXO0NNHA;
DRD1 (anrn. dopamine receptor D1) — peuentop gochamusa D1; DRD2 (aurn. dopamine receptor D2) — peuentop gochamuda D2; GABRA (awrn. gamma-
aminobutyric acid (GABA) type A receptor subunit) — cy6beguHula anba pelentopa ramma-ammHomacnsHon kucnotsl (FTAMK); GABRB (aHrn. GABA type B
receptor) — cy6beamHmua 6eta-peuentopa FAMK; GRINT (aurn. glutamate receptor NMDA) — rnytamatHbiit NMDA-peuentop; GRMA2 (anrn. glutamate
metabotropic receptor 2) — meTaboTponHbIi ryTamatHbli peuentop 2; GRMAS (anrn. glutamate metabotropic receptor 5) — MeTa60TpOnHbIA FAyTaMaTHbIN
peuenTtop 5; HRH1 (aurn. histamine receptor H1) — ructamurosbiin peuentop H1; HRH2 (anrn. histamine receptor H2) — ructamunosbiit H2-peuentop; HTR1A
(anrn. hydroxytryptamine receptor 1A) — peuentop cepoTtoHuHa 1a (5-HT1a); HTR2A (aurn. hydroxytryptamine receptor 2A) — pewentop CepoOTOHWHA 22
(5-HT2a); NAT (anrn. norepinephrine transporter) — nepeHoc4uk HopaapeHanuna; NOS1 (aurn. nitric oxide synthase 1) — cuHTasa okcupa asota 1-ro Tuna;
OPRD (aHrn. opioid receptor delta) — aensta-onuonaHslit peuentop; SCN10A (aurn. sodium voltage-gated channel alpha subunit 10) — ansdha-cy6veanHuua 10

HAaTPNEBOT0 NOTEHLMAN3aBUCUMOTO KaHana

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

IC50 - 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; GRIN1 — glutamate
receptor NMDA; GRMA2 — glutamate metabotropic receptor 2; GRMAS — 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-peuenTtopbl (IC50 359-396 HM; umHK-HIBIM: 380-3696 HM)
1 LeMOHCTPUPOBaNN O4UHAKOBOE CPOACTBO K afPEHEpruyeckum
peuentopam anba-2 (250-398 HM), peuenTopam aHrmoTeH-
3uHa Il 2-ro Tuna (1650 215-433 HM), peuenTopam aLeTuaXo-
nuHa anbad/6era2 (1650 195-332 uM), godpamuna D1 (IC50
285-481 HM), nopamuna D2 (IC50 352-450 HM), peuenTo-
pam raMmma-amuHomacnsHoi kucnotsl anbga (1650 198-475 HM)
n 6eta (IC50 276-612 HM), rnytamarHbim NMDA-peuento-
pam (IC50 274-287 HM, 3a NCKNIOYEHMEM LIMHK-KETOpOfaka —
2762 HM), meTab0oTPOMNHLIM ryTamaTHbIM peuentopam 2 (IC50
138-464 HM) n 5 (IC50 76-128 HM), ructamnHOBbLIM peLenTo-
pam H1 (IC50 97-198 HM), peuentopam cepoToHnHa 1a (IC50
67-403 HM), nensta-onnongHeim peuentopam (IC50 75-189 HM),
nepeHocynKy HopagpeHanuHa (1650 130-230 HM), cuHTa3e okcu-
Aa asota 1-ro tuna (IC50 723-2209 HM), anbdha-cy6beanHule 10
HaTPWUEBOro noTeHuman3asucumoro kaHana (1650 86—103 HM, 3a
UCKITOYEHNEM LUUHK-HUMecynuga — 302 HM).

PeuenTtop cepoToHMHa 2a LUWHK-UMWAA30MNbHbIE KOMMJIEK-
Cbl MHrMO6UPOBANM B MeHbLein cTenedun (IC50 77-84 HM), yem
umnHK-HIMBI (IC50 20-48 HM). 370 yKa3biBaeT Ha CX0XWii NPodUnb
No60YHbIX 3DEKTOB, 06YCIOBNEHHBIX HEXENATENbHbIMU B3aUMO-
JeiCTBMAMU C 3TUMU PELIeNTOpamu, B Cry4ae W LMHK-UMUAA30Sb-
HbIX KOMM/IEKCOB, W LMHK-HIBI.

MpoTuBobGonesoe aeiicTene

XeMOpeakTOMHbIE OLEHKW 3KCMepUMeHTanbHbiX 3ddek-
TOB (Tabn. 3) nokasanu, 4T0 BbITECHEHWE pajuoNuraHpja
[1251]-Tyr14-HouuuentHa U3 onuaTonofobHbIX pelenTopos-1
B Knetkax HEK293 LMHK-MMNAa30bHblE KOMMEKCh! OCYLLECTBSA-
nu 6onee addektnsHo (1650 197 M), 4em uuHk-HIMBM (IC50
360-2949 HM). AHTUHOLMLENTUBHAA aKTUBHOCTb NPMW NOAKOXHOM
BBEAEHMI MbILIAM C KOP4YaMK, BbI3BAHHbIMMW YKCYCHOW KUCOTOIA,
Obif10 60Nee BbIPAXKEHO AN LMHK-MMUAA30NbHbIX KOMMIEKCOB
(1C50 0,16 mr/kr), 4em ans uuHk-HMBM (1C50 0,9-1,0 mr/kr),
TaK Xe Kak 1 B TecTe Ha Kopyn ¢ oeHunxuHoHom (IC50 7 mr/kr;
UMHK-HIBIM: 7-15 mr/Kr).

B 10 Xe Bpema AN UMHK-UMWUAA30JIbHBIX KOMMIEKCOB
1 UMHK-HIMBIT 6b11 nofly4eHbl conocTaBuMble 3dEKTbI B YacTu
WHrMOWUPOBAHUSA CBA3bIBAHWUSA pagnonuraHia 3H-HouuuenTuHa
¢ peuentopom ORL1 (LUMHK-uMnAa30nbHble komnaekesl: 1650
600-736 HM; unHk-HMBM: 560-991 HM), aHanbreTn4eckoi
AKTUBHOCTM Y MbILeR B TeCTax per 0S ¢ CyLoporamu, Bbl3BaH-
HbIMI (DEHUAXNHOHOM, MO OTHOLUEHMKO K aueTUncanuuniIoBoii
kucnote (IC50 7 mr/kr), B TecTax a6A0MUHANILHOTO COKpALLEHus,
BbI3BAHHOIO (DEHUAXUHOHOM: (LMHK-UMULA30/IbHbIE KOMMNEK-
cbl: 43%; umHK-HMBIM: 30=53%), Kop4eli, BbI3BAHHbIX (DEHW-
XUHOHOM (2,6-3,4 MF/KT), KOpYeil, BbI3BAHHbIX YKCYCHON KUC-

Ta6nuya 3 (Havyano). XeMopeakTOMHbIE OLEHKN NPOTUBOGONEBbIX 3 (EKTOB LINHK-UMUA30/bHBIX KOMINEKCOB 1 LIMHKOBbIX KOMMNEKCOB HECTEPOUAHBIX
NpOTUBOBOCNANUTENbHbIX TPENapaToB: pe3ynbTaTbl MOAENUPOBAHNS in Vitro W in vivo y MblLeR NpU-pa3NnyHbIX 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

KoucTauTa /

AkTuBHOCTb / Activity Constant

Annum-2 /
Allim-2

Zn-puknodpe-
Hak /
Zn-diclofenac

Mponap-
rmn-2 /
Propargyl-2

Zn-Humecy-
nip /
Zn-nimesulide

Zn-ketopo-
nak /
Zn-ketorolac

BbiTecHenue [1251]-Tyr14-
HOLMLIeNTUHA U3 0NMaTONOA06HbIX
peuenTopoB 1 B Knetkax

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

/IHrnbupoBaHue cBA3bIBAHNA
pagnonurasaa 3H-HouuuentuHa
(10 HM) ¢ 10-20 mMKr Mmem6paHHOTO
6enka B KOHe4HOM 06beme 500 MK
6ydepa ceazbiBaHua (10 MM MgCl,,
1 mM 3LTA, 5% OMCO, 50 mM
HEPES, pH 7,4), HM/ Inhibition of
3H-nociceptin radioligand binding
(10 nM) to 10-20 pg membrane
protein in a finalvolume of 500 pl
binding buffer (10 mM MgCl,, 1 mM
EDTA;5% DMSO0, 50 mM HEPES,
pH7.4), nM

IC50 109,9

289,8

109,9 218,7

146,2

86,2

HrnéuposaHmne cBA3bIBaHUS
paguonuranga 3H-HounuenTuHa
¢ peuentopom ORL1 (0,5 HM
3H-HouuuenTuHa, 50 MM HEPES,
pH 7,4, 10 MM MgCl, n 1 mM
MTA, 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

GAPMAKOIKOHOMUKA. CospemeHHas thapmakoakoHoMuKa 1 hapmakoanuaemuonorus. 2025; Tom 18, No 4

https://pharmacoeconomics.ru -




Original articles

frmakoekononika

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

AHTUHOLMUENTUBHAS aKTUBHOCTb
Mpy NOAKOXXHOM BBEAEHUM MblLLAM
C KOp4Yamu, BbI3BAHHbIMMN YKCYCHON
KuncnoTon, 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

AHanbretnyeckas akTMBHOCTb

y Mbiweit CF1S B TecTe Ha Kopym
C OeHUNXMHOHOM,

MOAKOXHO, 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

AHanbretuyeckas akTBHOCTb

Y MbILLEN B TECTE C Cyaoporamu,
BbI3BAHHbIMU (DEHUNXUHOHOM,

no oTHoweHuo 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

AHTUHOLMLENTNBHAR AKTUBHOCTD,
TECT Ha KOHBY/NIbCUM XIBOTA,
BbI3BaHHbIE ALETUNXONNHOM

Y MbILLEA, NOJKOXHO, 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
601eB0Oro nopora npu

25 MKMOTb/KT per 0S OBHOKPaTHO
B TECTe OTAepruBaHus xeocta, % //
Analgesic activity in ICR mice.as

a change in pain thresheld at

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

8,2

8,1

8,2

2,6

44

54

VHrnémposaxue Kop4eit,
BbI3BAHHbIX YKCYCHOM KUCIOTOM,
npw go3se 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

AHTUHOLMLENTUBHAA aKTUBHOCTb
y Mbilwein CD1 kak yBenuyeHue
NaTEHTHOCTN OTAEPruBaHns nansl
B TECTE C ropsA4en niacTuHom,

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

- https://pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2025; Vol. 18 (4)




OpuruHanbHble MyOJIMKALIIU

QApNRO3ROTONIRY

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

AHTUHOLMLENTUBHAS aKTUBHOCTb

Y LUIBELAPCKNX MbILLEi-
aNbO6WMHOCOB KaK MHrMOUpPOBaHe
KOp4en, BbI3BaHHbIX YKCYCHOM
Kucnotoi, 40 mr/kr, BBOAUMOW per
0s 3a 30 MUH 10 TecTUpoBaHus, % //
Antinociceptive activity in Swiss
albino mice as inhibition of writhing
induced by acetic acid, 40 mg/kg,
administered per 0s 30 min prior to
testing, %

40,8

40,4

40,8

32,1

38,9

23,1

AnanbreTuyeckas akTUBHOCTb

B aHanm3e abJoOMNHANbHOM0
COKpALLEHWS, BbI3BAHHOTO
theHunxuHoHom (PAC), % /
Analgesic activity in the
phenylquinone-induced abdominal
contraction (PAC) assay, %

43,2

444

43,2

29,6

21,1

53,2

AHanbreTuyeckas akTUBHOGTb

B TECTE KOpPYell, BbI3BAHHbIX
yKcycHoit kucnotoii (1/10 LD50
NOAKOXHO, 3a 30 MUH [0
TecTupoBanus), % // 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

58

9,5

9,0

AHanbretuyeckas akTUBHOCTb

Y LWBEMLAPCKNX MblLLei-
anbO6UHOCOB Kak 3aLumra

OT KOpY4eMn, BbI3BAHHbIX
(hEHUNXMHOHOM,
BHYTPUOPHOLLINHHO, MI/Kr //
Analgesic activity in Swiss albino
mice against writhing induced by
phenylquinone, intraperitoneally,
mg/kg

ED50

2,6

2,9

2,6

2,9

2,8

3.4

AHTUHOUMLENTUBHAS aKTUBHOCTb
y Mbiweit CD1 kak uHrnénposaxne
KOpYeMn, BbI3BAHHbIX YKCYCHOI
Kucnoton, 10 mMr/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 akTMBHOCTb

Y LUBENLAPCKNX MblLLEi-
anbO6UHOCOB Kak Bpems
06/113bIBaHNSA 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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Ta6nuua 3 (0koHYaHME). XeMOpeaKTOMHbIE OLEHKM NPOTUBO6ONEBbIX A (HEKTOB LINHK-UMIAA30MbHbIX KOMMIEKCOB W LMHKOBbIX KOMMIEKCOB HECTEPONHbIX
NPOTUBOBOCNANUTENbHbIX MPEnapaToB: Pe3ynbTaTbl MOAENUPOBAHNA in Vitro v in vivo y MblLei Npu pa3inyHblX 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-
rmn-2 /
Propargyl-2

Zn-pguknocpe-
HaK /
Zn-diclofenac

Zn-Humecy-
g/
Zn-nimesulide

Zn-keTopo-
nak /
Zn-ketorolac

Annun-2 /
Allyl-2

Annum-2 /
Allim-2

KoHcTaHTa /

AkTnBHOCTb / Activity Constant

AHanbretnyeckas akTMBHOCTb
B TECTE YLLMMbIBAHNS XBOCTA
y Mblwen, mr/kr // Analgesic
activity in the tail pinch test

in mice, mg/kg

ED50 6,0 6,0 6,0 7.9 5,1 7,7

AnanbreTnyeckas akTMBHOCTb

B TECTE OTAEPrMBaHMs XBOCTa

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

ED50 7,9 7,9 7,9 7,8 7.7 10,7

AHanbreTnyeckas akTMBHOCTb
B TECTE CYA0POr Y MbiLLei,
MOAKOXHO, Mr/Kr // Analgesic
activity in the convulsions test
in mice, subcutaneously, mg/kg

Tpnumeyanne. 3TA — aTnneHanamnHTeTpaykcycHas kucnota; HEPES (aHrn. 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) —4=(2-ruapokcuatun)-1-nunepasmHaTaHcysbPoHoBas
kucnota; ORLT (anrn. opioid receptor like receptor 1) — peuentop, nogo6HbIi onvongHomy peuentopy 1; CF1S — nnHus HenHOPUAMHIoBbIX Mbilueli ¢ hepmbl Carworth Farms (Bbicokas
4acToTa BO3HUKHOBEHNS PACLLENNHBI HEGA 10CE NPUMEHEHNS KOPTU3OHA 1 BbICOKAs YacToTa passutus auadeta); ACK = auyeruncannymnnosas kucnota; ICR — nabopatopHas numHus
Oer1bix 66CopOoaHbIX MbILLE, BbIBEEHHAA B LLIBeriLapuy u nonyynBLLas Ha3BaHue OT VIHCTUTYTa uccnefoBaHns paka (aHm. Institute of Cancer Research) 8 CLLIA (ux ncronb3yot

B Ka46CTBE yHNBEPCAIbHO MOJENN AN1S1 Pa3IINYHbIX NCCIIEA0BAHNI, BKIKOYas TOKCUKOOrIO, hapMakonorui, UMMYHOIO0 U U3y4eHne 3GhhekTuBHOCTH nekapeTs); CDT — yHusep-
CanbHbIV, HEAOPOroW U LUMPOKO UCMOTb3YEMbIil aYTOPEAHbIA BUL MbILLE [/ 6UOMEANLMHCKIX UCCIIE[0BAHIA (OHN MOMYNSAPHLI 611aro[aps BbICOKOV PenpoRyKTUBHOCTH, BbICTPOMY
POCTY 1 FeHETUYECKOI OBHOPOAHOCTY, YTO JeNaeT ux NoAXoAaLMmMA s NCCNEA0BaHNI B 0071aCTU TOKCUKONOIUN, OHKOIOTUN U TPaHCTreHHbIX 3kcnepumenToB); PAC (aHrn. phenylacet
ylcarbinol) - penmnavyetnnkapburon; LD50 (aHrn. median lethal dose) — cpeaHas netansHas fosa; 1650 (aurn. half-maximal inhibitory concentration) — KOHCTaHTa KOHLEHTPAUUY MONTy-
MaKcumanbHoro uHrnbnposanus, ED50 (anrn. median effective dose) — koHcTaHTa nonysgeKkTUBHOI [08bI.

ED50 1,9 1,9 1,9 1,7 1,9 2,4

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 awersatile 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, 150 — half-maximal

inhibitory concentration; ED50 — median effective dose.

noToit, npn gode 10 Mr/kr (LUHK-UMNAA30NbHbIE KOMMIIEKCHI:
26%; unHK-HMBIM: 6-30%) n 40 mr/kr (23-40%), B TecTe OTAEp-
rmBaHusa xgocta (22-35%), B TecTe ywunbiBanus xsocta (1650
5,1-7,7 mr/kr). Takxxe nokasaHbl CONOCTABNMbIE Pe3yrbTaTbl NpU
MOAKOXHOM BBE/IEHNI B TECTE HA KOHBYNbCUM XXMBOTA, BbI3BAHHbIE
auetunxonuHom y moiwweir (1650 0,25-0,57 mr/kr) u B TecTe Kop-
Yell, BbI3BAHHbIX YKCYCHOW KUCNOTON B CPeAHeli neTanbHoi Jo3e
1/10 (5-10%) v B fo3e 10-mr/kr(12-32%).

3amMeTiM, 4TO CONMM LiHKA MOTYT YCUAKUBATb NPOTMBOBOCMANN-
TenbHbIA 3adpdpekT HIMBI, HO, KaK NpaBuio, He XapakTepusytoTcs
BbIPAXXEHHbIM NPOTUBOOONEBLIM AEACTBUEM. Hanpumep, ruapoac-
napTar uuHka cam.no ceée (30 mr/kr/cyT per 0s, 14 aHei) MOXeT
MHAYLMPOBATh MPOTUBOBOCNANNUTESIbHYIO U MPOTUBOY/bLEPOreH-
HYI0 aKTUBHOCTb Y KPbIC, HO HE MPOSBASAET aHanbreTu4eckoro
nencTsus [5]. Mo3ToMy LMHK-UMNLA301bHbIE KOMMIEKChI BECbMa
VHTEPECHbI ANS AaNnbHeRLnX nccnejoBaHui eLle n BCneacTane
BO3MOXXHOI0 aHanbreTn4eckoro aghheKTa, Ha KOTOPbIA YKa3blBaoT
pe3ynbTarhl HACTOSALLEr0 UCCeLOBaHNA.

Kpome TOro, Henb3s He OTMETUTb, YTO MIUKPO3NIEMEHT LIMHK B CO-
CTaBe LUWHK-UMUAA30MbHbIX KOMIEKCOB W LHK-HIBI npu noctyn-
NEHUN 3TUX KOMMEKCOB B OPraHW3m 1 MOCTEMNEHHOM BbIAENEeHNN
IOHOB LMHKA B KPOBb XapaKTepm3yeTcs CaMmoCTOATeSIbHbIMI NPo-
TUBOBOCMANNTENbHLIMI U UMMYHOMOAYANPYHOLLMI CBOACTBAMM.
oHbI UMHKA MHTEHCMBHO HAKannBaoTes B nMAoLUTax, NposBns-
10T BbIP@XXEHHOE NPOTUBOBOCNANNTENLHOE AEICTBIE U HEOOXOAUMbI
Ons NoAAEPXKKI CUCTEM BPOXKAEHHOIO M NPUOBPETEHHOrO MMMYHN-
TeTa. [eduumnt umnHKa yBenm4nBaeT BbIpaboTKy WHTepnenknHa-14

B MOHOHYK/IEApHbIX KNETKax 4Yen0BeKa nocine CTuMynauum 6akrepu-
anbHeIMKU nunononucaxapugamu [13]. Knuuuyeckue nccnenosasms
NOATBEPXAAIOT LeNecoo6bpa3HoCTb UCMONb30BAHNSA OPraHNYecKux
COnell LMHKA Ansg npodunakTnkm 1 afbloBaHTHOI Tepanum 0CTPbIX
PECMMPATOPHbIX 326051eBaHNIA [14] U CHUXEHWUS CMEPTHOCTW Y na-
unentos ¢ COVID-19 w/mnm ccencucom [15].

Komnekchl LiMHKA C OpPraHM4ecKUMI aHMOHAMU NPOABASIOT aH-
TW6AKTEpUANbHbIE U NPOTUBOBOCNANIUTENbHbIE CBOWMCTBA, a TAKXKe
Cnoco6CTBYIOT 3aXMBNEHNO pad [16]. PaHozaxusnsaioLee fei-
CTBME COJeil LMHKA NPOABIAETCA U B CNyvae A3B XEeNyaka 1 Ku-
LweyHuka [17]. B yacTHoCTH, NPOTUBOA3BEHHAA aKTUBHOCTb MOHO-
rnuuepara LMHKa NoKasaHa Ha pasfinyHbIX 3KCNepuMeHTanbHbIX
MOZENAX A3B Xenyaka (nepopanbHele v napentepanbHble HIBIM,
BOCMasneHue, BbI3BaHHOE ONEUNOBbLIM CMIMPTOM, BO3LENCTBUE XO-
noja, nepopanbHblil aTaHON ¢ fo6aBneHnem u 6e3 f06aBneHUs
XN0pUAa HaTpns, BHYTPUOPIOLIMHHOE BBEAEHUE pe3epninHa y ap-
TPUTHBIX U HOPMAJbHbIX KPbIC 1 Y HOPMarbHbIX MbILLENA, Nepopab-
Hble HIBIT nntoc BbIpaboTka nencuHa, CTUMynmpyemas BHyTpuépto-
LUMHHLIM BBEJEHWeM xnopupa 6etanexona u T1.4.) [18]. Moatomy
OMUCaHHbIe Bbllle 3 deKTbl LNHK-UMUAA30MbHbLIX KOMMIEKCOB
MOTYT YCUANBATLCS W HE3ABUCUMbIM JENCTBUEM MOHOB LINHKA,
KOTOPbIE NOCTYNAT B KPOBb N0 MePe MeTabomnm3aLnm KOMMIeKCoB.

AHTUBUTAMMHHOE U aHTUMUHEpanbHoe aencTeue / Antivitamin
and antimineral action

HIMBI moryT cTuMynupoBath pasBuTiie NO60YHLIX IPPEKTOB
13-32 OTPULATENBHOIO BIIUAHUS HA MUKPOHYTPUEHTHBI FOMEoCTas3
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(4TO NpOABNAETCS, B YACTHOCTH, Yepe3 ycuneHue noteps Butamu-  [podunmn aHTUMUKPOHYTPUEHTHOTO BO3LENCTBUSA MUCCHELyeMbIX
HOB 1 MUKPO3/IEMEHTOB). XOPOLLO U3BECTHO, YTO 3CCEHLMANbHbIE  MOMEKYs NPuUBeSeHbl Ha PUCYHKE 3.

(*KM3HEHHO HeobX0AMMble) BUTAMUHbLI 1 MUKPO3NIEMEHTbI NPOSiB- Han6onee BbIpOXXEHHLIM aHTUMUKPOHYTPUEHTHBIM EeACTBIUEM
NS0T aHTUOKCULAHTHbIE, NPOTUBOBOCNANNTENbHbIE, NPOTUBO6O-  06najaeT UMHK-HIIBI. Bce paccmatpuBaemble LMHK-MMUAA300b-
feBble, HENPONPOTEKTOPHbIE U Apyrue cBOKCTBA [11], TaK 4TO UX  Hble KOMMEKCHI XapaKTepnu3oBanich 6IU3KUMU U BECbMA MasbiMU
noTeps — KpaHe HexenatenbHbIA N060YHbIA 3OAEKT NEKApPCTB.  3HAYEHUAMU 6NN0B AHTUMUKPOHYTPUEHTHOTO [ENCTBUS (AHTUBU-
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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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TaMuHHbIN 6ann 0,38-0,61, aHTUMUKPOANEMeHTHbIA 6ann 0,37—
0,88). CymmapHble aHTUMUKPOHYTPUEHTHbIE 6aNbl ANS BCEX TPEX
LIMHK-MNA30MbHbIX KOMNMEKCOB nexanu B ananasoHe 0,96-1,26,
4TO COOTBETCTBYET, B CPEJHEM, YBEMYEHNID PUCKA BbiBELEHUS
TOTO WN UHOTO MUKPOHYTPUEHTA BCEro Ha 5%, T.e. He HapyLluaeT
06MEH BUTAMWUHOB M MUKDPOINIEMEHTOB.

3AKINHOYEHUE / CONCLUSION

[ns nosbIWeHns aPdeKTMBHOCTY 1 6€30MaCHOCTI (hapmakoTe-
panun BocnaneHus u 601 akTUBHO N3Y4atoTCA LMHKOCOAepXaLLne
COEANHEHUA, KOTOPbIE MOTYT ObiTb OCHOBOW AN Pa3paboTKu Ho-
BbIX HIBI. MpoBeaeHHoe in Silico MOAeNNPOBaHNe LMHK-UMUaa-
30JIbHbIX KOMMJIEKCOB anni-2, annum-2, nponaprun-2 nokasano,
Y4TO OHW MOTYT B 60NbLLEN CTENEHU BbI3bIBATb MHTMOUPOBAHME CBS-
3blBaHNA npocTarnaHamHa D2 ¢ peuenTopom npocrtarnangnHa D2

Ha TpomboLMTax U 605166 BbIPAXXEHHO MHIMOUPOBATL NPOCTArfaH-
AnH-D-cnHTady. LMHK-MMNAa30bHbIe KOMMNIEKChI B HECKOMbKO
6onbLuen cTeneHn HrnéupytoT LLOT-1, 4T0 BOXXHO ANs CHUXKEHUA
no604HbIX acpdekTos HIBI.

LIMHK-MMINA30MbHbIE KOMNIEKChI OTMYanuch 60nee Bbipa-
XKEHHbIM UHTMOMPOBAHMEM NPOBOCNANIUTENBHOIO CUrHANBHOIO
Kackaja TpaHckpunumonHoro gaktopa NF-kB, B T.4. CHUXeHUem
ero aKTmeauun. AHTUHOLMLENTNBHASA aKTUBHOCTb NPY NOLKOXKHOM
BBEJEHUI MblLLAM C KOPYaMu, BbI3BAHHbIMI YKCYCHOIA KNCMOTOIA,
6bIn10 607ee BbIPAKEHO A1 LWMHK-UMIUAA30SIbHBIX KOMMEKCOB,
Yyem 4ns unHK-HIBI, 32 UCKNOYeHNEM LUHK-KETOpoaKa.

B oTninyme o1 n3ydeHHbIx LMHK-HIBI, BCe nccnefoBaHHble B Ha-
CTOALLEN paboTe LMHK-UMNLA30/IbHbIE KOMMEKChI XapakTepu3o-
BANNCb 04€Hb ManbIMI 3HA4YEHUAMM 6ANNIOB AHTUMUKDOHYTPUEHT-
HOr0 [1eACTBMUSA, YTO COOTBETCTBYET MUHIMAJIbHOMY HapYLLEHUIO
06MeHa BUTaMUHOB 1 MUKPO3/IEMEHTOB.
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