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HeiipocereBoe mojiemposanue 3apucnvoctn RAGE-nnrnéonpyiomeii akrusnocrn
XHMHYECKHX CO€/IHHEHUIT OT CIIEKTPa SHePruii MHOKECTBCHHOTO JOKIHIa
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Annomayus. TIpoBeaeH npocToil 1 MHOXKeCTBeHHbIH H0KHHT B RAGE-perientop ero n3BecTHbIX HHIHOUTOPOB. [Jist 3THX CO-
eIMHEHUI PACCUNTAHBI IHEPIUH IIPOCTOrO JOKHHTA B CHEHU(UUSCKHUH CBSI3BIBAIOIINI CAIIT U CHIEKTPBI SHEPIHi MHOXKECTBEHHOTO 10-
KkuHra 1o scemy oobeMy RAGE-peuenropa. [Toctpoena mozenb 3aBucuMocti ypoBHsi RAGE-uHrubupyromieit akTHBHOCTH XUMHUYe-
CKHUX COCAMHEHHI OT YHEPrHU UX MIPOCTOro AOKHHIa B crienu(puueckuii cs3biBatonuii caidt. ChopmupoBaHa HelipoceTeBast MOJCIb
3aBUCUMOCTH ypoBHS RAGE-nHrubupyoueil akTHBHOCTH OT CIIEKTPa IHEPT Ui MHO)KECTBEHHOT'O JJOKHHI'a XUMUYECKUX COCIMHEHUH.
IToka3aHo, 4TO TOYHOCTH HEHPOCETEBOIM MOJETH HAa OCHOBE MHOKECTBEHHOTO JJOKHHIA 3HAYUTEILHO MPEBBIIIAET TOYHOCTh MOAENHU Ha
OCHOBE MPOCTOro JokKHra. HaiieHHas Moiesb UCIIOJIb3yeTCs B HAITPABICHHOM ITOUCKE HOBBIX coennHeHni ¢ RAGE-unrubupyromeit
AKTUBHOCTBIO, KOTOPbIE CTAHYT OCHOBOM CO3/1aHHsl MHHOBALMOHHBIX IPENAPATOB U JICYEHUS OCIIOKHEHMIT P caXxapHOM auabdere.

Knrouesnle cnosa: vickycctBenHbie HeliponHblie cetd, RAGE-uHrnoupyormas akTHBHOCTb, MHOJKECTBEHHBIH JOKHHT, in silico,
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Neural network modeling of the dependence of RAGE inhibitory activity
of chemical compounds on the energy spectrum of multiple docing

Pavel M. Vasiliev, Maxim A. Perfiliev ", Andrey N. Kochetkov
Volgograd State Medical University, Volgograd, Russia

Abstract. Simple and multiple docking into the RAGE receptor of its known inhibitors have been carried out. For these com-
pounds, the energies of simple docking into the specific binding site and the energy spectra of multiple docking throughout the entire
volume of the RAGE receptor were calculated. A model of the dependence of the level of RAGE inhibitory activity of chemical
compounds on the energy of their simple docking into the specific binding site has been constructed. A neural network model of the
dependence of the level of RAGE inhibitory activity on the energy spectrum of multiple docking of chemical compounds has been
formed. It is shown that the accuracy of the neural network model based on multiple docking significantly exceeds the accuracy of the
model based on simple docking. The found model is used in the directed search for new compounds with RAGE inhibitory activity,

which will become the basis for the creation of innovative drugs for the treatment of complications in diabetes mellitus.
Keywords: artificial neural networks, RAGE inhibitory activity, multiple docking, in silico, diabetes mellitus

Caxapusrii muabdet (CIl) xapakrepusyercs XpoHUYE-
CKOM TMIEPITIMKEMHUEN, YTO CONPOBOXKIAETCS 3HAUUTENb-
HBIM YCHJICHHEM HEe()epPMEHTAaTUBHOTO ININKUPOBAHHS Oel-
KOB. B pesynbrare 00pa3ytoTcst KOHEUHbIE TPOTYKTHI TIIH-
kupoBauust (AGE), koTopbie B3aMOIEHCTBYIOT CO CBOUM
cnermpuyecknm pernentopoMm (RAGE) [1]. AxruBarus
RAGE sBusercs omHHUM W3 3HAYUMBIX (PAKTOPOB paz-
Butus ocnoxuaenuit npu CJ [1, 2]. Tlo mamasim BO3,
Ha 05.04.2023 r. B Mupe B 2014 r. gyncno 6ompubIX C/] co-
cTaBisuIo 422 MutH 9enoBek, a B 2019 . CII 6611 mpuanHOi
CMEpTH MTPUMEPHO 2 MITH 4esioBex [3].

B namreii pabote [4] ObUIO MOKa3aHO, YTO CIIEKTP
SHEPTUil JOKMHI'a XUMHYECKUX COEAMHEHUH B MHOKECTBO
MPOCTPAHCTB PENICBAHTHOTO OEKa SIBISIETCS HAMHOIO
Oomee MOCTOBEPHON METPHKON apPUHHOCTH JHTaHIOB
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© Vasiliev PM., Perfiliev M.A. , Kochetkov A.N., 2023

K OMOMMUIIICHSIM, B CPAaBHEHHUH C SAMHUYHON YHEPTHEH HX
JOKWHTA B crienuduyeckuii caift. [Ipu 3TOM Bcmonb30Ba-
HHE MHOKECTBEHHOTO JIOKWHTA Ui pacdera apuHHO-
CTH COCAWHEHHU He TpeOyeT ompeaeneHus B Oeyke-Mu-
IIICHW MECTOIIOJIOKCEHUS CIIEU(PHIECKOTO CalfTa CBA3BI-
BaHuA. B coorBercTBUM ¢ Teopemoii Kommoroposa [5],
C INOMOILBIO JBYXCIOWHONH MCKYCCTBEHHON HEHPOHHOMH
CETH MOXET OBbITh aNNPOKCUMHPOBAHA 3aBUCUMOCTbD JIFO-
0011 CIOXKHOCTH.

Takum ob6pa3oMm, pa3paboTka Ha OCHOBE yKa3aH-
HOI TEXHOJIOTMM HCKYCCTBEHHOTO HWHTEJIEKTa HOBOM
METOJIOJIOTHH TTOCTPOCHHUS in silico BRICOKOTOYHBIX MO-
Jeneil 3aBUCHUMOCTH (PapMaKoIOTHIeCKOW aKTHBHOCTH
XUMHUYECKHX COEJAMHEHUH OT CIEKTPa UX MHOKECTBEH-
HON apPUHHOCTH K pPENIEBAHTHBIM OCIKaM-MUIICHSM,
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BKJIIOHaromass y4der B38.PIMOI[CI7[CTBI/I$[ Jurasaa co BCcen
MOBEPXHOCTBIO O€JiKa, SIBISETCS HAyYHO BOCTpPEOOBaH-
HOW M BecbMa aKTyalIbHOMU 3a/1auei.

HEJIb PABOTbBI

ITocTpoeHre MeTOIOM HUCKYCCTBEHHBIX HEHpPOHHBIX
ceTeit Mojienu 3aBucuMocTd ypoBHst RAGE-unrudupyroreit
AKTHBHOCTH OT CIIEKTPa SHEPIHii MHOKECTBEHHOTO JIOKMHTA
XMUMHYECKUX COCAUHEHUH M OIICHKA €€ MPOTHOCTHYECKOM
CTMOCOOHOCTH, B CPaBHEHMH C TOYHOCTBHIO NPOTHO3a C HC-
TMOJIb30BAHUEM DHEPTHUH MPOCTOTO IOKHUHTA.

METOIAUKA UCCIEJOBAHUA

JInst TOCTYDKEHUS! SN UCCIIeJOBAaHUSI HEOOXOJMMO
OBLIIO PEIINTH CIACTYIOUINE 3aJauH.

1. CdopmupoBars BepUPHUIMPOBAHHYIO BBIOOP-
Ky IO CTPYKType U YPOBHIO aKTHMBHOCTH H3BECTHBIX CO-
CIMHCHMM, UCHBITAHHBIX Ha RAGE-uHrHOupyoymo
AKTUBHOCTb.

2. IocTtpouts U oNTUMU3UPOBATh 3D-Momenn ATUX
COCIUHEHU.

3. BEINONMHUTB A7 YKa3aHHBIX COSAMHEHHUH TPOCTON
JOKMHT B crienuuveckuil cBs3piBaronmii cait RAGE-
pelenTopa U MHOXXECTBEHHBIH JOKHHT BO Bce copmmu-
POBaHHBIC JUIsI 3TOTO MPOCTPAHCTBA JAHHOTO PELENnTopa,
paccuuTaTh 3HEPTHH MPOCTOTO JOKUHTA U CIIEKTPHI HEP-
Ui MHOKECTBEHHOTO JIOKMHTA.

4. CdopmupoBaTh MOJIC/Ib 3aBHCHMOCTH YPOBHS
RAGE-uHrubupyoiieif akTHBHOCTH XUMHUYCCKUX COC/IU-
HEHUIl OT YHEPTUH MX MPOCTOTO JOKMHTra B crieruduye-
CKHU CBSI3BIBAIOIIUI CAUT, OIIEHUTH €€ TOUHOCTb.

5. IlocTpouTh HEMPOCETEBYIO MOAECIb 3aBUCUMOCTH
ypoBHSI RAGE-nnru6upyomneif akTHBHOCTH OT CIEKTpa
SHEpPruil MHOKECTBEHHOTO JTOKHMHIa XUMHUYECKHUX COEIU-
HEHUH, OIEHUTH €€ TOUHOCTb.

Bbi6opka mo crpykrype u akTuBHocTH RAGE-
HHrn6uTOpoB. OOyuaromias BbIOOpKA IO CTPYKType U
aKTUBHOCTU 183 W3BECTHBIX BEIIECTB, UCIBITAHHBIX HA
RAGE-uHrnoupyomnyo akTuBHOCTb, Obuia chopmupo-
BaHa C MCIOJIb30BaHHEM OPUTMHAIIBHOM BepU(pUIINPOBaH-
HOW 0a3bl TaHHBIX [6], KOTOpas BKIrOYaia 99 coequHeHU
C BBICOKOH aKTUBHOCTHIO U 84 HU3KOAKTUBHBIX WJIM HEaK-
THUBHBIX COEIMHEHUSI.

OnrumusupoBanHble  3D-monesum  coelMHEHMIA.
OntumusupoBanueie 3D-mozmenu Bcex 183 coemunHeHwmid
OBUIM MOCTPOEHBI B COOTBETCTBHU C METoAUKOH [7]. MeTo-
JTAMH MOJICKYJIAPHONH MEXaHUKU C TIOMOIIBIO MPOrpaMMBbI
MarvinSketch 17.1.23 [8], oTmenbHO 15l KKIOTO COSAUHE-
HUs1, ObUTH TIOCTpOEHSI 110 10 KOH(OPMEPOB ¢ HAMMEHBIIICH
sueprueil. [locrpoennbie kKoH(GOPMEPBI OBUTH ONTHMH3UPO-
BaHbI ¢ nomMorkio nporpaMmsl MOPAC2012 [9] ¢ ncnoms-
30BaHHUEM TOTY3MINPUUECKOTO KBAHTOBO-XHUMHUYECKOTO Me-
Tona PM7. Cpenyt onTUMU3MpOBaHHbBIX KOH(OPMEPOB ObLITH
0TOOpaHbI ISl KaXKJI0r0 COSIMHEHHMS 110 OJJTHOMY KOH(pOpMe-
Py C HAaMMCHBIIICH OOIIICH SHEPTUCH.
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IIpocToii ¥ MHOXKECTBEHHBIl JOKHMHI BBIIOJIHS-
JIU C HCIOJB30BaHUEM 3KCHEepUMeHTaabHON 3D-monenu
RAGE-penenTopa4LP4[10]—naudomnee Tounoii u3 10 mo-
JieTieid, MpoaHaIM3upPOBaHHbIX B pabote [7]. Koopnunars
creu(UIecKoro CBS3bIBAIOIIETO caidTa ObUIM ONpeselie-
HBI ¢ oMolkio nporpamMmsel LigPlot+ 2.2.5 [11]. Kpome
TOTO, Ha yKa3zaHHOW Mojienu 4LP4 ¢ momoiisio nporpam-
Mbl MSite v21.04.22, B COOTBETCTBUU C aJITOPUTMOM, IO/~
pOOHO onUCaHHBIM B Hallei padore [4], ObLIM TOCTPOCHBI
27 IpOCTPAHCTB JJI1 MHOJKECTBEHHOTO JOKHHTA.

AHcaMO0JIeBbIi IOKUHT IPOBOJIMIIN C TIOMOIIBIO TTPO-
rpammbl AutoDock Vina 1.1.1 [12], kaknoe coeanHeHue
B 10 xoHpopmepax 1o 5 pa3 B Kaxk10€ MPOCTPAHCTBO JI0-
KHMHTa, C BbIUMCIEHHEM O 50 MOMyYeHHBIM 3HAUYEHUSIM
MHUHHMMAaJbHBIX SHEPTUi CBA3BIBAaHUA AE, KaK 3TO OIHCAHO
B pabote [7]. JIOKUHT BBIMOJHSIN OTACIBHO B crienuu-
yeckuii cBsi3piBaromuii cait RAGE-penientopa u otnesns-
HO B KaXkJi0e 13 27 NpOCTpaHCTB, C(HOPMUPOBAHHBIX IS
MHOKECTBEHHOTO JJOKMHTA.

[TonmyueHHas B pe3ysbTaTe pacuyeToB CBOJIHAsS TaOIMIla
JUTs1 TIOCIIE/TYFOLIETO MOJIeTIMpOBaHusl BKitodasa B cedst 30 ko-
JIOHOK: mH(PBI coequHEHHUi; MeTka ypoBHs RAGE-unru-
Oupyromeil akTMBHOCTU [nd; SHEPrus JIOKMHTA B Crielu(u-
YECKHU CBA3BIBAIONINI CaliT AE) 1 SHEPIUU MHOKECTBEHHOTO
nokuHra B 27 npoctpancts AE;...AE>; RAGE-penienitopa.

Mopaenb 3aBHCHMOCTH AKTHMBHOCTH OT 3HepPruu
NMPOCTOro JOKHUHTra. [l MOCTpOCHHS MOAEIM 3aBU-
cumoctd ypoBHA RAGE-unrubupyromeii akTHBHOCTH
XUMHYECKUX COEAMHEHHH OT 3HEPrHuH UX MPOCTOro J0-
KWHra B CHenU(HUYeCKUil CBs3bIBAIOIMI caiit AE) Bce
3Ha4eHus 3Toro mokasarens ;s 183 u3BectHpix RAGE-
HHTUOUTOPOB C MOMOIIBI0 TIporpaMMel Statistica 7 [13]
ObUTM TOJIBEPrHYTHl KJIACTEPHOMY aHaJIM3y METOA0M
K-CpelHHX, C ONpe/ie/ieHHeM TPAaHHYHOTO 3HaueHus AL,
pa3nesAoniero COeIMHEHUs C BBIPAKEHHON SHEpPTHEl 10-
KuHra 4E) 1 coOeAMHEHMs ¢ HU3KOH BeanuuHoit 4E).

CoracHO OCHOBHOMY TIOCTYNATy TPaUIIMOHHOTO
JIOKHMHTa, YeM BBIIIE pacueTHAs YHEPIUs B3aUMOJCHCTBUS
co creunu(pUICCKUM caiiToM OMOMUILICHH AFE(j, TeM BBIIIC
3HaueHue (apMakonoruueckoil aktuBHoctu [14]. Takum
00pa3oM, OCHOBaHHOE Ha TPOCTOM JOKHHI€ pellaroliee
MPaBUJIO OMPEACTSACTCS CIECAYIOMUMU HEPAaBEeHCTBAMMU:

1) ectu 4Ey < AEjp, TO MPOrHO3UPYEMOE COCMHE-
HUE NPUHAMJIEKUT K KJIACCY COCIUHEHUH C BBIPAKCHHOU
RAGE-unru6upyromnieif akTHBHOCTBIO;

2) ecmu xe AEy > AEj, TO TMpOrHo3mpyemoe co-
€AMHEHUE IPUHAUICKUT K KJIACCY COCAUHEHUM ¢ HU3KOU
RAGE-unru6upyrormieil akTHBHOCTBIO.

C ucrnonb3oBaHueM CHOPMHUPOBAHHON MOJIETH Pac-
CUMTaHbl 00IIasi TOYHOCThH MPOTHO3a Acc, YyBCTBUTEIb-
HOCTh Sens (TOYHOCTH NMPOTHO3a BBICOKO AKTHBHBIX CO-
eIMHEHNH) 1 crieln(pUIHOCTh Spec (TOYHOCTh MPOTHO3a
HC BBICOKO aKTHBHBIX coenuHeHuil). C MOMOIIB0 OHHO-
MHAJIBHOTO KpuTepus z [15] orieHeHa cratucTudeckas 10-
CTOBEPHOCTbH p MOKa3aTesiell TOUHOCTH MPOTrHO3a.
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HeiipocereBasi mMoieJb 3aBHCMMOCTH aKTHUB-
HOCTH OT HEPrHU MHOKECTBEHHOIO JOKHMHra. /s
MOCTPOCHHUS Monaenu 3aBucuMoctH ypoBHA RAGE-
WHTUOHMpPYIOMIeHl aKTHBHOCTH OT CIEKTpa DSHEpPruit
MHOXECTBEHHOTO [OKHHTa XHMUYECKHUX COCIUHEHHUH
AE;...AE>; Obula WCIONB30BaHA TEXHOJIOTHS HCKYC-
CTBEHHBIX HEWpPOHHBIX ceTell [16]. B cooTBercTBUUM
¢ teopemoir Konmmoroposa [5], B HacTosmeM UCCIenO0-
BaHUH HCIT0JIb30BAJach apXUTEKTypa CETH B BUAC JBYX-
cioitHOTO TepuentpoHa MLP k-m-2 ¢ y3xum ropmom.
3nech k — 9UCIO BXOAHBIX HEHPOHOB, B TaHHOM CITy-
yae 27 (4E;...AE>7); m — 4HCIO CKPBITHIX HEHPOHOB,
YCTaHaBIMBACTCS MPOTPaMMOn OT 3 10 26, MOCKOIBKY
2 <m < k. B mogyne Statistica Neural Networks [16]
nporpamMmsel Statistica [13] mpu moctpoeHnn mepren-
TPOHHBIX CETEH AN CKPBITOTO M BBIXOJHOTO CIIOEB
UCIONB3YIOTCS MATH Hamboliee pPacIpOCTPAHEHHBIX
aktuBanmoHHbIX QyHKIuH (Identity, Logictic, Tanh,
Exponential, Softmax) [16], momapHsIif mepebop KoTO-
PBIX TaKXKe OCYIIECTBIAETCS IPOrPAMMOii.

Obyuenne Heilpocereii B mporpamme Statistica
MPOBOJUTCS C HCIIOIB30BAaHMEM aJITOPHUTMa OOpPAaTHOTO
pactipoctpaneHus omuoOoK. C IeNbi0 JOCTIDKCHUS Hau-
Jy4IIero pesyiasrata oOydeHus, Yicio ceTel st o0yde-
HUs Opw1o yBenmmueHo ¢ 20 mo 400, a YUCII0 HAWITYYIIHX
aBTOMAaTHUYECKU oTOMpaeMbIx cereil — ¢ 5 mo 100. ITocme
OKOHYaHUsI 00y4eHHs JJIs 3aJaHHOTO YPOBHSI aKTHBHOCTH
n3 100 mydmmx oTOOpaHHBIX MPOrpaMMOi Helpocereit
M0 COBOKYITHOCTH XapaKTEPUCTUK TOUYHOCTU OOyUCHHUS U
TECTUPOBAHUS BPYUHYIO OTOMPAIHN JIyHIIYIO.

C ncrnonp30BaHUEM MOCTPOCHHON MOAENH pacCyu-
TaHbI 00IIast TOYHOCTH MIPOTHO3a AcC, 9yBCTBUTEIBHOCTh
Sens n cnenuuaHOCTH Spec. C MOMOIBI0 ONHOMHAIIEHO-
ro kputepus z [15] oneHeHa craTucTHYecKas JOCTOBEp-
HOCTb p TTOKa3aTeneil TOYHOCTH MTPOTHO3A.

PE3YJIBTATBI HCCJIEJJOBAHUS

N X OBCYKJIEHUE

Hdns  momenmu  3aBucUMocTH  ypoBHA RAGE-
MHTHOMPYIOMIEH aKTUBHOCTH XMMHUYECKHX COEAMHEHHUH
OT JHEPrUM MX TMPOCTOr0 JOKHWHIa B CIEIM(UUECKUH
CBSA3BIBAIOLLUI CalT AE) I0Jy4eHO I'PaHUYHOE 3HAYECHUE
AEy=—7.0 Kxan/moib, paszensronee BEICOKO aKTUBHBIE U
HE BBICOKO aKTHBHBIE COCAMHECHNS.

B cnyuae HeipoceTeBoil MOIEIM 3aBUCUMOCTH
ypoBHsI RAGE-nHTHONpYIONmed aKTHBHOCTH OT CIIEKTpa
SHEPTUil MHO)KECTBEHHOTO JJOKMHTa XUMHUYECKHUX COEIH-
HeHnii AE;...4E>; nonydeHa HeHpOHHAS CETh CIEAYIOMINX
xapaktepuctuk: MLP 27-12-2 (Exponential, Logistic),
TOYHOCTH 00y4enus 93,8 %, rectupoBanus 81,5 %, Taxke
KIaccH(UIMPYyIOImasi BBICOKO AKTUBHBIE M HE BBICOKO aK-
THUBHBIE COEANHEHUSL.

B Tabnmiie mpuBeneHs! pe3yabTaThl CPABHUTEIBHOM
OLIEHKHM Ha OOBEIMHEHHOM BBIOOPKE TOYHOCTH JBYX YKa-
3aHHBIX MOJEJIEH.
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TounocTh mporuo3a ypoBHsi RAGE-unru6upyomei
AKTUBHOCTH Ha OCHOBE DHEPIHii MPOCTOro
U MHOK€CTBEHHOTO JOKHHIA

IToka3arejnb 3HaYeHHUsT AJIs1 MOJJ€JIH IMPOrHO3a
TOYHOCTH C HCITOJIB30BAHUEM
fporHosa AEy AE;...AE;;

Ace, % 17.5 85.2
Sens, % 20.2 93.9
Spec, % 14.3 75.0

2o 3.32 6.72

Za 5.67 8.38

Zn 6.81 4.76

Po 1.000 9.24 x 10-12

Pa 1.000 <1 x10-15

Pa 1.000 9.84 x 10-7

Ipumeuanue: Acc, Sens, Spec — TOYHOCTb, TyBCTBUTEIBHOCTD,
CHELU(PUIHOCTD NPOTHO33; Z0, Z 4, Z n — OMHOMHUAIBHBIA KPUTEPHIl ISt
Acc, Sens, Spec; po, p a, P » — 3HAUUMOCTB Acc, Sens, Spec.

Tounocts nporunoza RAGE-unrnbupyromeii akTus-
HOCTHU C UCIOJNB30BAaHHEM MOZEIHN HA OCHOBE SHEPTUH J0-
KHHTa B crienupuieckuii cait 4FE) o BceM MOKa3aTelsaM
SIBIISICTCSI CTaTUCTUYECKM HE3HAYMMOW M MEHBIIE TO4Y-
HOCTU CIy4alHOTrO yraablBaHusdA, cocTasistomeid 50 %.
Takum 0OpaszoM, TaHHAsI MOZEIb SBIISIETCS] HEA/IeKBAaTHOM.

B To ke BpeMs npu UCHOIB30BaHUM HEHPOCETEBOU
MOJIE/IN Ha OCHOBE JHEPIruil MHOXKECTBEHHOIO JOKUHIra
AE;...4E>7 Bce OLIEHKH TOUHOCTH [IPOTHO3a SBJISIOTCS CTa-
TUCTHUYECKU BBICOKO JOCTOBEPHBIMU. [Ipu 3TOM 3HaueHUs
Bcex mokasareneil Acc, Sens, Spec 3HAUUTENBHO MPEBBI-
LIat0T TOYHOCTB CIIy4ailHOTO yrajbIBaHMUs.

Taknm o6paszom, Hanpumepe RAGE-unrn6upyromeit
aKTHUBHOCTH MOKA3aHO, YTO HeWpoceTeBasl MOJEIb Ha OC-
HOBE CIIEKTPa SHEPruil JOKUHIa XUMUYECKUX COSTUHEHUN
BO MHOXkecTBO mpocTpancTB RAGE-penentopa sBnsercs
HaMHOTO OoJiee TOYHOMH, YeM MOJIeNIb, ITOJy4YeHHasl Ha Oc-
HOBE €IMHUYHON YHEPrUH UX JOKUHTra B crienuduiecknii
CBSI3BIBAIOLLUI CAMT ATOrO K€ peLenTopa.

3AK/IIOYEHUE

C HCnonb30BaHUEM KJIACTEPHOTO aHAIN3a MOCTPOe-
Ha MOyieNb 3aBUCUMOCTH ypoBHsI RAGE-unrudupyromeit
AKTUBHOCTH XMMHUYECKHX COEIMHEHUH OT JHEPruu HX
IIPOCTOr0 JOKMHTa B crenuuueckuii caiit. C ucnosb-
30BaHMEM TEXHOJIOTUM HCKYCCTBEHHBIX HEHpPOHHBIX Ce-
Tell MOCTpPOEHa MOAeNb 3aBUCUMOCTH ypoBHS RAGE-
MHTUOMpYIONIel aKTUBHOCTH OT CIIEKTpa SHEPIHi MHOXKe-
CTBEHHOIO JOKHMHIAa XUMHUYECKUX COEIUHEHUI MO BCEMY
npoctpancTBy RAGE-penenropa.

CrarucTrueckas JOCTOBEPHOCTb U TOUHOCTb IIPOTHO-
3a ypoBHs RAGE-uHruOupyomeii akTMuBHOCTH XHMHYe-
CKHMX COEJIMHEHUI C UCIOJIb30BAaHUEM HEMPOCETEBON Moje-
JIM Ha OCHOBE CIIEKTPa 3HAUYEHUH SHEPrUuil MHO)KECTBEHHOIO
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JIOKMHTa CYIIECTBEHHO IIPEBBIIIACT aHAJOTHYHbIE MOKa-
3aTenu, MONy4YeHHbIE ¢ MPUMEHEHHEM MOJENH Ha OCHOBE
€IMHUYHOTO 3HAYCHHSI SHEPIUH JIOKHHTA B CIEIU(PUISCKU
caiitr RAGE-penientopa.

PaGora BbINONIHEHA B paMKax TOCYIApPCTBEHHOIO
3a7aHusl MuHUCTEpCTBa 3/ApaBooxpaHeHuss Poccuiickoit
Deneparn Ne 121060700050 «Pa3paboTka METOAOIOTHH
KOMITBIOTEPHOTO TMOUCKa (hapMaKoJOrn4eckd aKTHBHBIX
COCJIMHEHUI Ha OCHOBE MHO)KECTBEHHOTO JOKMHTA U TEX-
HOJIOTUU UCKYCCTBEHHBIX HEPOHHBIX CETEH».

CIIHCOK HCTOYHHUKOB

1. Ansari N.A., Rasheed Z. Non-enzymatic glycation
of proteins: from diabetes to cancer. Biochemistry (Moscow)
Supplement  Series B: Biomedical Chemistry (Int. Ed.).
2009;3(4):335-345.

2. Yan S.F., Ramasamy R., Schmidt A.M. Mechanisms
of disease: advanced glycation end-products and their receptor
in inflammation and diabetes complications. Nature Clinical
Practice Endocrinology & Metabolism. 2008;4(5):285-293.

3. World Health Organization: Diabetes, 2019. URL:
https://www.who.int/news-room/fact-sheets/detail/diabetes.

4. BacwibeB IIL.M., KouetkoB A.H., CmacoB A.A.,
[MeppunseB M.A. Cnektp 3HEpruii MHOXXECTBEHHOTO JOKHH-
ra Kak MHOTOMEpHas MeTpuka a(GUHHOCTH XMMHYECKHX CO-
eNMHeHNH K (hapMaKOJOTHUECKH PEJICBAHTHBIM OHOMMIIICHSIM.
Boneozpaockuii nayyno-meduyunckuii sxcypran. 2021;3:57-61.

5. Komnmoropos A.H. O mpencraBieHHH HENpPephIBHBIX
(byHKLll/II‘/'I HECKOJIBKUX TEPEMEHHBIX B BUAE CYNEPHNO3ULIUU HE-
NpepbIBHBIX  (QYHKIMHA onHOro mnepemenHoro. /Jloknaoer AH
CCCP. 1957;114(5):953-956.

6. BacunbeB I1.M., Slnamuesa JL.P., CnacoB A.A. u mp.
CBHICTENIECTBO O TOCYIAPCTBEHHOH perucrpaiy 0asbl JaH-
HeIx Ne 2019620160. MHrHOUTOpHI PELenTOpOB KOHEYHBIX IMPO-
nyktoB mmmkupoBaHus. Ne 2019620045; 3assn. 11.01.2019;
zaper. 24.01.2019; omy6n. 24.01.2019. Odunmanbubiii Oron-
nerenb «lIporpammer i OBM. BJI. TUMC». 2019;2. URL:
http://www]1.fips.ru/ofpstorage/Doc/PrEVM/RUNWDB/000/
002/019/620/160/2019620160-00001/DOCUMENT.PDF.

7. Vassiliev PM., Spasov A.A., Yanaliyeva L.R. et al.
Neural network modeling of multitarget RAGE inhibitory
activity. Biochemistry (Moscow) Supplement Series B: Biomedical
Chemistry. 2019;13(3):256-263.

8. MarvinSketch, ChemAxon Kft. URL: https://chemaxon.
com/products/marvin.

9. MOPAC, Stewart Computational Chemistry. URL: http://
openmopac.net/.

10. Yatime L., Andersen G.R. Structural insights into
the oligomerization mode of the human receptor for advanced
glycation end-products. The FEBS Journal. 2013;280(24):6556—
6568. doi: 10.1111/febs.12556.

11. Laskowski R.A., Swindells M.B. LigPlot+: multiple
ligand-protein interaction diagrams for drug discovery.
Journal of Chemical Information and Modeling. 2011;
51(10):2778-2786.

160 T. 20, Ne 4. 2023

JOURNAL
OF VOLGOGRAD STATE
MEDICAL UNIVERSITY

12. Trott O., Olson A.J. AutoDock Vina: improving
the speed and accuracy of docking with a new scoring
function, efficient optimization and multithreading. Journal of
Computational Chemistry. 2010;31(2):455-461.

13. Hilbe J.M. Statistica 7: an overview. The American
Statistician. 2007;61(1);91-94.

14. Gupta M., Sharma R., Kumar A. Docking techniques
in pharmacology: How much promising? Computational Biology
and Chemistry. 2018;76:210-217.

15. T'moroB H.B., JKuorosckmit JI.A., XoBanoB H.B.,
Xpomos-bopucos H.H. buomerpus. JI.: U3a-Bo Jlenunrp. yH-ta,
1982. 264 c.

16. Heiiponnsle cern. Statistica Neural Networks:
MeTO)lOHOFI/ISI U TEXHOJIOTHA COBPEMCHHOI'O aHalin3a JIaHHBIX.

M.: Topsiuast muaus — Tenexom, 2008. 392 c.

REFERENCES

1. Ansari N.A., Rasheed Z. Non-enzymatic glycation
of proteins: from diabetes to cancer. Biochemistry (Moscow)
Supplement Series B: Biomedical Chemistry (Int. Ed.).
2009;3(4):335-345.

2. Yan S.F., Ramasamy R., Schmidt A.M. Mechanisms
of disease: advanced glycation end-products and their receptor
in inflammation and diabetes complications. Nature Clinical
Practice Endocrinology & Metabolism. 2008;4(5):285-293.

3. World Health Organization: Diabetes, 2019. URL:
https://www.who.int/news-room/fact-sheets/detail/diabetes.

4. Vassiliev PM., Kochetkov A.N., Spasov A.A,
Perfilev M.A. The energy spectrum of multiple docking as a
multidimensional metric of the affinity of chemical compounds to
pharmacologically relevant biotargets. Volgogradskii nauchno-
meditsinskii zhurnal = Volgograd scientific and medical journal.
2021;3:57-61 (In Russ.).

5. Kolmogorov A.N. On the representation of conti-
nuous functions of several variables as a superposition of
continuous functions of one variable. Doklady AN SSSR =
Reports of the Academy of Sciences of the USSR. 1957,
114(5):953-956. (In Russ.).

6. Vassiliev PM., Yanalieva L.R., Spasov A.A., et al.
Certificate of state registration of the database No. 2019620160.
Inhibitors of receptors for advanced glycation end products.
No0.2019620045; application 11.01.2019; registered 24.01.2019;
publ.24.01.2019, Ofitsial 'nyy byulleten’"Programmy dlya EVM.
BD. TIMS" = Official bulletin "Computer programs. DB. TIMS".
2019;2. (In Russ.) URL: http://www1.fips.ru/ofpstorage/Doc/
PrEVM/RUNWDB/000/002/019/620/160/2019620160-00001/
DOCUMENT.PDF.

7. Vassiliev PM., Spasov A.A., Yanaliyeva L.R. et al.
Neural network modeling of multitarget RAGE inhibitory
activity. Biochemistry (Moscow) Supplement Series B: Biomedical
Chemistry. 2019;13(3):256-263.

8. MarvinSketch, ChemAxon Kft. URL: https://chemaxon.
com/products/marvin.

9. MOPAC, Stewart Computational Chemistry. URL: http://
openmopac.net/.




BECTHHUK
BOJII'OI'PAJICKOI'O I'OCYAAPCTBEHHOI'O
MEJUIMHCKOI'O YHUBEPCUTETA

10. Yatime L., Andersen G.R. Structural insights into
the oligomerization mode of the human receptor for advanced
glycation end-products. The FEBS Journal. 2013;280(24):6556—
6568. doi: 10.1111/febs.12556.

11. Laskowski R.A., Swindells M.B. LigPlot+: multiple
ligand-protein interaction diagrams for drug discovery. Journal
of Chemical Information and Modeling. 2011;51(10):2778-2786.

12. Trott O., Olson A.J. AutoDock Vina: improving
the speed and accuracy of docking with a new scoring
function, efficient optimization and multithreading. Journal of
Computational Chemistry. 2010;31(2):455-461.

JOURNAL
OF VOLGOGRAD STATE
MEDICAL UNIVERSITY

13. Hilbe J.M. Statistica 7: an overview. The American
Statistician. 2007;61(1);91-94.

14. Gupta M., Sharma R., Kumar A. Docking techniques
in pharmacology: How much promising? Computational Biology
and Chemistry. 2018;76:210-217.

15. Glotov N.V., Zhivotovskiy L.A., Khovanov N.V,
Khromov-Borisov. N.N. Biometrics. Leningrad, Leningrad
University Publishing House, 1982, 264 p. (In Russ.).

16. Neural
Methodology and technology for modern data analysis. Moscow,
Hot line — Telecom, 2008, 392 p. (In Russ.).

networks.  Statistica Neural Networks:

KondaukT nHTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(M)INKTOB MHTEPECOB, CBSI3aHHBIX

¢ myOnuKanuel HacTosIIeH CTaThH.
HNudpopmanus 06 aBTopax

II.M. Bacunveg — TOKTOp OMOIOTHYECKHUX HayK, CTapIINI HAy9YHBIH COTPYAHUK BrIcIei arTecTallmOHHOM KOMUACCHH, 3aBEIyTO-
1uii tlaboparopueit ”HGOPMALMOHHBIX TEXHOIOTHH B (hapMaKOJIOTHH M KOMITBIOTEPHOTO MOJICIUPOBAHUSI JIeKapcTB, HayuHblil HeHTp
MHHOBAIIMOHHBIX JIEKAPCTBEHHBIX CPEJICTB C OMBITHO-TIPOMBIIIIIEHHBIM IIPOH3BOJICTBOM, TIpodeccop Kadenpsr hapmMakoaoruu u 6uo-
nHpopmatuky, Bonrorpaackuii rocynrapcTBeHHBII MEIUIIMHCKUH yHUBEpcUTET, Bonrorpaa, Poccus; pvassiliev@mail.ru

M.A. Ileppunves — Mnaammii HayqHbIH COTPYAHHUK JTabopatopuy HHGOPMAIMOHHBIX TEXHOJIOTUH B ()apMaKOJIOTHH ¥ KOMITbIO-
TEPHOTO MOJICIIMPOBAHUS JIeKapcTB, Hay4HBIIT IEHTp HHHOBAIIMOHHBIX JIEKAPCTBEHHBIX CPEJICTB C OMBITHO-TIPOMBIIIIEHHEIM MPOU3-
BOZICTBOM, aCIIMPaHT Kadeapsl papmakonornn u 6nonH(popMaTuky, Bonrorpaackuii rocynapCcTBeHHBIH METUIIMHCKIN YHUBEPCHUTET,

Bourorpa, Poccust; * maxim.firn@yandex.com

A.H. Kouemkoe — CHCTEMHBII aJIMUHHICTPATOP, HHKEHEP-MPOTrPaMMHUCT JTa00paTopuil MHOOPMAIMOHHBIX TEXHOJIOTUH B dap-
MAaKOJIOTHH ¥ KOMITBIOTEPHOTO MOJICIMPOBAHHMs JIeKapCTB, Hay4IHBIH HEHTP HHHOBAIIMOHHBIX JIEKAPCTBEHHBIX CPE/ICTB C OMBITHO-TIPO-
MBILIICHHBIM TIPOM3BOJCTBOM, Bosrorpajickuii rocyiapcTBeHHbIH MeIMIMHCKUI yHIBepcHuTeT, Bonrorpan, Poccust; akocha@mail.ru

Crarbs noctynuia B peaakuuio 12.07.2023; onobpena nocne peuensuposanus 30.10.2023; npunsTa k myonmukanmm 28.11.2023.

Competing interests. The authors declare that they have no competing interests.

Information about the authors

P.M. Vasiliev — Doctor of Biological Sciences, Senior Researcher at the Higher Attestation Commission, Head of the Laboratory
of Information Technologies in Pharmacology and Computer Modeling of Medicines, Scientific Center for Innovative Medicines with
Pilot Production, Professor of the Department of Pharmacology and Bioinformatics, Volgograd State Medical University, Volgograd,

Russia; pvassiliev@mail.ru

M.A. Perfiliev— a junior researcher at the Laboratory of Information Technologies in Pharmacology and Computer Modeling of
Medicines, Scientific Center for Innovative Medicines with Pilot Production, postgraduate student of the Department of Pharmacology
and Bioinformatics, Volgograd State Medical University, Volgograd, Russia; ™ maxim.firu@yandex.com

A.N. Kochetkov — System administrator, software engineer at the Laboratory of Information Technologies in Pharmacology
and Computer Modeling of Medicines, Scientific Center for Innovative Medicines with Pilot Production, Volgograd State Medical

University, Volgograd, Russia; akocha@mail.ru

The article was submitted 12.07.2023; approved after reviewing 30.10.2023; accepted for publication 28.11.2023.

Vol. 20, Ne 4. 2023

161




