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KoMiuteKkcHbIii moaxoa K Au3aiiHy aHTarOHICTOB
TPOMOOKCaAHOBBIX A2 perenTopoB
(IIpedcmasaeno axademurom HAH Yrpaunwv, C. A. Andponamu,)

as 0usating Ho8wvlT NepenekmueHvir anmazorucmos mpombokcar, A2 peuenmopos npumen.s-
AU 080 N00T00a, bA3UPYIOULUECH HA UCTLOADI0BAHUL PAPMAKOPOPHLIT Modenreti u Mmodeseth no-
dobus moaexyaapnoir nosed. Us 228 ckonempyuposannvix coedunerutl, 0CHOBbBAACH HA PAHEE
noaywennnr QSAR u dapmaroPoprolr Modessx, ObLA0 BIOPAHO NAMD NEPCNEKMUBHBLT AHMA-
20HUCMO8 Mmpomborcar A2 peuenmopos, NPeOdLOHCEHHVT ONA QAALHETUWUT UCCAEI08AHUT.

Tpombokcan Ay (TXAg) siBisiercs Ba2KHBIM MeJIMATOPOM arperarnuu TpoMmoonuTos. Hekoropbie
CePIAEIHOCOCYINCThIE 3a00/IeBaHUsI, B 9aCTHOCTH OCTPBLIN MHMAPKT MHOKAP/Ia U CEPCIHYIO He-
JIOCTATOYHOCTh, CBS3BIBAIOT ¢ yBesmdeHueM cuHTe3da TXAg [1]. Bzammopneiicrue TXAg ¢ ux
peneniropamu (TP), pacrosiokeHHbIME HA [IOBEPXHOCTH TPOMOOIMTOB, PUBOJUT K AKTUBAIUH
TPOMOOIUTOB U BLICBOOOXKIEHUIO APYIUX aroHUCToB, Takux Kak ADP u dakrop doun Buiie-
6panja [2]. B kadecrBe npenapara, camxkaoriero ounocunares TXAg nyreM nHruOUpoBaHUS IUK-
JIOOKCUT€HA3bI-1, IHPOKO HCIOJIL3YEeTCA ACIUPHUH, OJHAKO OJHUM M3 ero HOOOYHBIX 3(PPEKTOB
SIBJISIETCsI YKeJIyJI0UHO-KuIeunble kposoredenust [3]. Ilpennonaraercs, uro anraronucter TP Gy-
ayT 6osee 3 peKTUBHBI, YeM acCIOUpUH, TaK KaK CMOI'YT HHIHOMpPOBaTh CBsidbiBanue ¢ TP me
TOJILKO TpPOoMOOKcaHa Ao, HO U APYTUX SHIOIeHHBIX JUrafngos TP: sHIomepoKCcuaos, IpoCTaHou-
JIOB U M30IIPOCTAHOB, CUHTE3 KOTOPBIX He 3arparuBaercst acuuputoM [4]. Panee Gresele et al. [4]
ObLIO IIOKA3aHO, YTO JaHHLIE SHJIOI€HHbIE JUraHIbl Takxke, Kak 1 TXAy, BOBI€YeHBI B IIPOLIECC
reMocTasa.

3a nocseanne roabl ObLT pa3zpaboTaH psj, aHTaroHncToB 1P, XapaKTepu3yomumxcst XOPOII-
Mu HapMAKOKHHETHIECKUME CBOMCTBaMu. B HacTosiiee BpeMst HU OJWH W3 HUX HE IIPOIEST BCEX
CcTauil KJIMHAIECKUX HCIBITAHAN 10 IPUYNHE HE3HAYNUTE/JHLHOI'O IPEUMYIIECTBa Iepel] aclupu-
HoM [5]. 3a Bpemst moncka anTaroHucToB TP ObLIO HAKOIIEHO 3HAMHTEIHHOE KOJIMYECTBO IKC-
nepuMeHTaJbHBIX JaHHbIX [6]. COop n ananu3 jgaHHON MHGOpPMAIMU € UCHOJIB30BAHUEM COBDE-
MEHHBIX METOJIOB KOMITLIOTEPHOTO MOJIEIUPOBAHUS MOYKET IOCIYKUTh XOPOIIEil IMTPeIIOChLIKOM
K ¢ dekTuBHOil paszpaborke HOBLIX aHTaroHucToB TP. C 910l 1e/bio B paMKax HaIlero nccie-
noBaHus ObLT mpoBeieH cObop mudopMannu 00 M3BeCTHBIX anTaronucrax TP, mHa ocHoBe KOTO-
poit moyaensr QSAR mozenn, papmakodOpHbIe MOJETN U MOJE, OCHOBAHHbBIE HA CPABHEHHUH
MOJIEKYJIAPHBIX 1oJ1eil. [locTpoentble Moge u ObLIN UCIOIB30BAHbI KaK JJisi JU3aiiHa HOBBIX aH-
TarOHUCTOB TPOMOOKCAHOBBIX PEIENITOPOB, TaK W JJId X BUPTYAJIBHOIO CKPUHUHTA U BBIOODA
HanboJIee IMepPCIeKTUBHBIX COEINHEHMI C IeJIbI0 UX JaJIbHEHIero CHHTe3a U IPOBEPKU OMOJIOrHd-
YEeCKON aKTHUBHOCTHU.

dopmupoBanue oby4darinuxX BbIOOPOK. B kKadecTBe ncTodHMKa MHPOPMAIUA O CTPYK-
Type U aKTUBHOCTHU M3BECTHBIX aHTaronuctos TP 6buia ucnosib3oBana obInenocTyHas 6a3a Xu-
muuecknx coequnennii CHEMBL [6]. Ha ocroBe cobpannoit uadopmaryn chopMupoBaHbl JBe
BBIOOpPKH coenmHennii. [lepBass — BKodaeT B cebst 174 coeanHeHNMsI, IS KOTOPBIX U3BECTEeH ad-
dbunnrer k TP Tpomboruros yenoseka (BbiOOpKa 1), BbIpazkKeHHbII BeJIMUUHAME OTPUIIATETBHBIX
sorapudmoB kKoncranT unrubuposanus (pK;). st uccienosanust addunurera B Kadecrse Me-
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Puc. 1. O6ume dopmysisl coenuenuii Beioopok 1 u 11

A: n = 12; R® = H, NOy, OCHs, CH3, Cl u ap. B: X = —SCHs—, —SOCHy—, —CHs—, —NH—,
—NHCH;—, —CH=CH—, —(CHz)a—. C: n = 0-1, R* = apun, R’ = ramoren, SOoMe, SO2NMes, H u ap.
D:n =02 m =13 E u F: R = denun, dropdennn, mudropdenun, nurpodenns, xaopdenus, Ha-
(i)TI/IJI; X = 7CH27CH:CH7(CH2)37, 7(CH2)27CH:CH7(CH2)277 *(CH2)3OCH27; G: Rl = apuJj MO-
uo/musamemennniii F, Cl;, NO2, CHs

YEHOI'0 TperapaTa UCIOJ/Ib30BaJICs TpenMytnecTBeHno Jjmran U-46619. Suadenue addunurera
B cobpanuoii BeiOOpKe Bapbupyercs oT pK; = 5 mo pK; = 9. Bropas Beibopka comepxkutr 93 co-
eJINHEHMsI ¢ U3BECTHOI aHTHArperaluoHHON aKTUBHOCTBIO (BbIOOpKa 1I), KoTOopasi mpejcraBiena
BEJIMUMHAME OTPHUIATEJILHOTO Jiorapudma KoHienTpanun nosxyunrubuposanust (plCso). Suaue-
HUE AaHTUAIPETAIIMOHHONW AaKTHMBHOCTH BBIOpAHHBIX coenuHeHuit Bapbupyercs or plCsg = 4 1o
pIC50 = 8.

[TouTn Bce oTOOpaHHBIE COETUHEHHST COAEPIKAT B CBOEM COCTaBe KapboKcmibHyo rpyiimy. Co-
enunenusi, obnasaromue adpdunurerom Kk TP (Boibopka 1), MOKHO IpeIcTaBUTEL B BUJIE YeThIPEX
o6mmux dhopmysn A-D (puc. 1). Auraronucrsr TP ¢ usBecTHOl aHTHAIPEraIMOHHON AKTHBHOCTHIO
B BbIOOpKe [ SBJISIOTCH IPEUMYIIECTBEHHO IIPOU3BOIHBIMU ITPOCTAHOBOM KUCJOTHI U MOTYT OBITH
npescrasiensbl Tpemst obmmmu dopmyinamu E-G (cm. puc. 1).

QSAR mogenupoBanue. [ljist mocrpoeruss QSAR mozeneit 6uu1 ncnoszoBan Meron Ran-
dom Forest |7, 8] B coueranuu ¢ pa3imIHbIMU HOJXOJAMHE [IPE/ICTABICHUST MOJIEKYIISIPHO CTPYK-
typbl (SIRMS [9], dparmentasie neckpunropst ISIDA [10], dapmakodopubie Tpuruiers: [11]).

Ha ocuose Boibopku [ Obia mocTpoena perpeccuonnast Kouceuncycuast 2D momess. s omen-
KU ee MPOrHO3UPYIOIIell CrocoOHOCTH Oblja MPUMEHEHA IMPOIe/Iypa ISTUKPATHOW KPOCC-BaJIH-
naruu [12], mosBossormas onennts Koacbdunuent gerepymuHamun (R?) U cpeiHeKBaIpATHIHYIO
omubky (RMSE) s mporHo3upyeMbIix XapaKTepUCTUK. Pe3ysibraTsl BaIuIau II0Ka3aIM, ITO
IOCTPOEHHAST MOJE/Ib OO/IAJAET yIOBIETBOPHTEILHON IPOrHOHpYyIomeii crocoGHocThI0 (R? =
= 0,66, RMSE = 0,61).

Bribopka 11 comepkuT MHOTO COeJIMHEHUH, JIJIsi KOTOPBIX M3BECTEH JIUIIb OPSI0K BEJTHIHHbI
AHTUAIDEraI[MOHHON aKTUBHOCTH, UTO JieJIaeT HEIeIecO0Opa3HbIM IIOCTPOEHHe OOBITHOM perpec-
cuonnoit mojesu. Ilosromy Bee coequuenust B Bbibopke 11 pasmeneHbl Ha JiBa Kjacca B COOTBET-
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CTBUU C UX 3HAYEHHEM aHTHAIDEraruoHHoil akTuBHOCTH Ha akTuBHble (pICs0 > 7) 1 HeaKTUBHBIE
(pICs0 < 7), HA OCHOBE KOTOPBIX ObLIa MOCTPOEHA KJIACCU(DUKAIMOHHAST MOJEJIb. Pe3yibrars
BHYTpPeHHell 1poreaypbl Baaugaiun Meroga Random Forest [7] mokaseiBator, uro nocrpoeHHast
MOJIeJIb 00JIaJIAeT YIIOBJIETBOPUTEIBHON MPOrHO3UPYIONIE CIOCOOHOCTBIO (TOYHOCTH MPOTHO3a
cocrapuna 81%).

ITocrpoenue 3D dapmakodopubix mogesieit. DapmakodoOpHbIE MOJETU IPEICTABIISIOT
coboit HabOP FJEKTPOHHBIX M CTEPUUYECKUX ITPU3HAKOB C OINPEIEJICHHON T'€OMETPUEN U T0JI0XKe-
HUEM B IPOCTPAHCTBE, KOTOPBIE OTBEYAIOT 328 B3AaNMOJICHCTBHE JIUTAHIa C MUAIIEHBIO U IIPOsIBJICHIE
rocJie/IHeil OUOJIOrTIECKOr0 OTKIIMKA.

Hist moctpoenus ¢dapMakoDOPHBIX MOIeJell € HCIOoJb30BaHueM mporpaMmmbl  Ligand-
Scout 3.03 [13] uz nabopa coemunenuii ¢ usBecrubiM adduaurerom Kk TP 6ot BbOpanbr 77
aaTaronuctoB TP co 3smadenumem pK; > 7. IlockonbKy pasindHble JUTAHIbBI MOTYT II0-PA3HO-
My OPHEHTHUPOBATHCS B IOJIOCTH PEIENTOpa, BbI3bIBas OJIMH U TOT K€ OUOJIOTMYeCKUN OTKJIUK,
oTOOpaHHbIE COEMUHEHUsI ObLIN CTPYIMUPOBAHBI C TOUKK 3PEHHs Mom00us ux dhapMakoDOPHBIX
Mogiesieil. B pesysibrare 9Toi MpOIeLyphl BCe COEJIMHEHUST Pa3/eJIeHbl HA YeThIPe IPYIIIIbl, U JIJIs
KaXKI0W T'PYIIbLI ObLIa IOCTPOEHA CBOsi (hapMaKO(pOpHAS MOIEb.

st OTleHKM TTPOTHO3UPYIONIEH CIIOCOOHOCTU MMOCTPOEHHBIX MOjeell ¢c(hopMUPOBAHBI TECTO-
Bble BBIOOPKH, BKJIIOYAIOIINE COEJUHEHUs BHIOOPKHU | 38 MCKJIIOUEHHEM TeX JIUTaHI0B, KOTOPBIE
HEITOCPEICTBEHHO UCIIOIB30BAJINCE JJIsl IIOCTPOeHNs Kaxk10il Mozesnu. IIporuosupyroras crocob-
HOCTB OIMCAHA TAKUMHU XapAKTEPUCTUKAMHU, KAK TOYHOCTb M OTKJIMK MOJIEJIH.

TP TP

OTrKnukK =

T S -
OUHOCTL = T TP TP + FN’

rje TP — kosimaecTBO BEepHO NpeiCcKa3aHHBIX AKTUBHBIX coefquHennit; FP — kosmiaecTBo HEBepHO
[IPE/ICKA3aHHBIX HEAKTUBHBIX coeunuennii; FIN — KOJIm4ecTBO HEBEPHO MPEICKA3AHHBIX AKTUBHBIX
coesiuneHnil. TOUHOCTD MOJIE/IN XapaKTepU3yeT JIOJIF0 AKTUBHBIX COEJIMHEHUN CPEJIN COeTMHEeHMIA,
0TObOpaHHBIX MOJETB0. OTKJINK MOKAa3bIBaeT KaKasl YaCTh U3 UMEIOIINXCsl B BBIOOPKE aKTUBHBIX
COEJINHEHUNl COOTBETCTBYIOT MOJIEJIH.

[TocTpoennbie dapmakodOpHbIE MOJIEIN UMETU YIOBJIETBOPUTEIbHYIO TOUHOCTH — OoT (0,41
1o 1 u oyenp Hu3kue 3uadeHus: oTkymKa — ot 0,01 mo 0,05. Jlydmnas 3 mocTpoeHHbIX Moeseit
COCTOSIJIA U3 OJHOTO IEHTPa OTPUIATEIHLHOrO0 3apsaa (S1), AByX akienTopoB BOIOPOJIHOI CBS3M
(S3, S5) u aByx rugpodobHBIX aeMenToB (S2, S4) (puc. 2). s noBbIIEHUs IPEICKA3ATE b
HOI1 criocobHOCTH (hbapMaKOMOPHBIX MOJIeeit ObLIO PEIIEHO UCIIOIH30BATH COBMECTHO BCE YEThIPEe
[TOCTPOEHHBIE MOJE/H, T.€. €CJU COeUHEHNEe COOTBETCTBOBAJIO XOTd Obl OIHOW M3 MOJIeJIel, OHO
CUYUTAJIOCh aKTUBHBIM. [[puMeHeHre TAKOro KOHCEHCYCHOTO TOJIX0/Ia TTO3BOJIUIIO MOJIYUUTh BBICO-
Koe 3uadenune orkymka 0,73 u ynosierBopureabnoe 3uadenue Tounoctu 0,60 Ha TectoBoM Habope
COeJINHEHMIA.

Husatin supmyaasvroli bubauomexu anmazonucmos TP. s ocyiiecTBieHus u-
3aifHa HOBBIX MOTEHIMAJIbHBIX AHTArOHUCTOB TP OBbLIO MpUMEHEHO JIBa MOJIXOJIA.

[lepBoIit — OCHOBBIBAETCS Ha UCIOJIb30BaHWE (hapMmakodopHoit Mopesm. Mcexomaast Mojesb
JIeJIUTCST HA JIBE YACTH TAKUM 00pa3oM, ITo0bI OuH n3 (hapMakopOPHBIX 3JIEMEHTOB ObLT OOIIIM
Jtsi obenx vacreii. [locse dero mpoBoaUTCS CKPUHUHT BUPTYAJBHON 0a3bl (hparMEeHTOB HA KaK-
noit m3 gacreit papmakodopHoit Mogeu. B pesyibrare aBa mosiydeHHBIX HabOpa (hparMeHToB
KOMOMHATOPHO OObEUHSIIOTCS B CTPYKTYPBbI HOBBIX COEIUHEHMIA.

B kawectBe dpapmarkodopHoit Mogesn Oblia BoiOpana Jyumras 3D dapmakodopHast Momae b
(cm. puc. 2). Mogesb 6blia nojiesieHa Ha JBe 9acTu TaKuM 00pa3oM, 4To0bl TuipodOOHBIi dJ1e-
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Bubauomexa Ppaemenmos Prestwick
(2785 dparmenTos)

Bupryasnbublit cCKpuHIHT
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Puc. 2. Tuzaiin Bupryanbnoit 6ubauoreku anraronucroB TP, ocHoBanubiii Ha dapmakodopHoit mogemn: S1 —
aHWOHHBIN 1eHTP; S2, S4 — rugpodobubie obactu; S3, S5 — aKIEnTOphbl BOJOPOIHON CBSI3MU.

1 — npumep dpparmenTa, OTOOPAHHBIN ITEPBOl YacThIO (hapMaKOoMOOPHOI MOeu, cojepKalei papMakodOpHbIe
snmemenTsl S1, S2, S5;

2 — upumep dparmesTa, OTOOpaHHBIA BTOPO# YacTbio hapMakodOPHO MOjesn, KoTopas cogepxkur S2, S3, S4
dapmakodOpHbIE JIEMEHTBI

MEHT MOJIEIH OKa3aJjcs obmuM jyisi obenx dacreil (cM. puc. 2), KOTOPbIE UCHOJIb30BAJIUCH JIJIst
CKPUHWHTIA, BUPTya abHOU ba3nr pparmenTtoB Prestwick, comepzkaeit 2800 dbparMeHTOB, MOy I€H-
HBIX TIPU (pparMeHTaIuu U3BeCTHBIX JiekapcTB. [lo anasoruu ¢ mpasuioMm JlunuHckoro st Jie-
KApPCTBEHHBIX IIPEIAPATOB, JJaHHbIe (DPArMEHTHI JOIOJIHUTEBHO OTOMPAJIUCH B COOTBETCTBUAU CO
CJIEYFOIIUME YCJIOBUSIMU: MOJIeKystpHasi Macca < 300; sunopuiasaocts ClopP < 3; xommdecTsBo
JIOHOPOB U aKIIEIITOPOB BOJIOPOJIHON CBsA3M < 3; KOJUIECTBO Bpallalomxcs cBa3eit < 3. biarona-
PsI 9THM MIPABUJIAM, COEIUHEHUsI, KOTOPbIE Oy/IyT CKOHCTPYUPOBAHBI U3 YKA3aHHLIX (DPArMEHTOB,
JOJIZKHBI UMETDh XapaKTEePUCTUKY, He MpOoTHBOpeydalnne npasmwry Jlunumnckoro. @parMenTsl, Hali-
JIeHHbIE B pe3yJibTare Takoro cKpuHuHra (cM. I u 2 Ha puc. 2), 6buin KOMOUHATOPHO 00'be/[MHEHBI
apyr ¢ apyrom B 171 HOoBoe coemumenue.

Bropoit moaxoa, KOTOphIit IPUMEHSIIICS AJIsT AN3aiiHa HOBBIX COeINHEHUM, 3aK/II0TAeTCs B 3a-
MEHE MOJIEKYJISPHBIX (DPArMEHTOB B COCIMHEHUSX-JUEPax Ha OCHOBE OIEHKH IOJ00US WX MO-
JIEKYJISIPHBIX 10JI€fi (371eKTpocTarnyeckoe, rugpodobHoe, mose cui Ban-aep-Baanbcea), peanuszo-
BaHHbIX B nporpamme FieldAlign [14].

B kauecTBe coenmbeHus-miepa s fajabHeieil crpyKTypHoit Moaudukanyu ObL1 BEIOpaH
smrang, ¢ BeicokuM addunurerom Kk TP (pK; = 8,92; puc. 3) B koHdopmanum, coorBeTcTBYy-
forieit Jiyuarieit 3D dapmakodoproit Mojeu. B pesysbrare 3aMeHbl pa3JIMIHBIX TPYIIT ATOMOB
u GpparMeHToB OBLIO MOJYyYIEeHO H2 HOBBIX COEIUHEHUs, [JI KOTOPBIX IOI00MEe MOJIEKYJITPHBIX
[oJIell ¢ COEIMHEHUEM-JTUIEPOM ObLIO HAMBBICIIIAM.

BupryanbHbIii CKPUHUHT CKOHCTPYUPOBAHHBIX coejiuHeHuil. Bece 223 ckoncTpyupo-
BaHHBIX COEJINHEHUST OO'bEeIMHEHBI B OJ[HY BUPTYaJIbHYI0 OUOJIMOTEKY, K KOTOPOIi MTOCJIEI0BATEIEHO
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Puc. 4. CkoHCTpyHupOBaHHBbIE AHTATOHUCTBI TPOMOOKCAaH A2 perentopon

ObLIN TPUMEHEHBI paHee nocrpoenubie dhapmakodopubie u QSAR momenmn. B pesynbrare BupTy-

AJIbHOIO CKPUHMHTA ObLIO BBIOPAHO IATH HamboJiee MepcieKTUBHBbIX anTaronucros TP (puc. 4),

OpeJyIOZKEHHBIX JIJIsd MTOCJICAYIOIIEro CUHTE3a U UCCJICJOBaHUA UX OUOJIOTMYECKON aKTUBHOCTHU.

Taxwum 06pa30M, UCIOIB3YS KOMITBIOTEPHBIE TTOIXObI K OCYIIECTB/ICHHUIO TN3aiiHa aHTarOHIC-

TOB TpOM6OKC&HOBbIX PerenTopoB, HaM CKOHCTPYHUPOBAHO IISATh HOBBIX IMEPCIEKTHUBHBIX COCIN-

HEHMII ¢ MUHUMAaJbHbIMI 3aTpaTaMi PECYypPCOB.
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KomiutekcHmit miaxia go gu3aiiHy aHTAroHICTiB TPOMOOKCAHOBBIX A2
pelenTopis

s dusating HOBUX NEPCNEKMUSHUL armazonicmie mpombokcar A2 peuenmopis 3acmocosyeant
dea nidxodu, wWo 2pYHMYOMBHEA HG BUKOPUCTAHHT PapmaroPoprux modeset ma modeneti nodibrHoc-
Mi MONEKYAAPHUT NOALE. 3 228 3KOHCMPYTOBAHUT CNOAYK, SUKOPUCTNOSYOUU PAHIULE OMPUMAHI
QSAR i gapmaropopri modeai, 6YyA0 6UOPAHO T AMb NEPCHEKMUBHUT AHMA2OHICTNIG MPOMOOKCAH
A2 peuenmopis, 3anponoro8aHUL OAA NOJAALUUT JOCATOHCEHD.

T. M. Khristova, P. G. Polishchuk, A. A. Varnek, V. E. Kuz’min

An integrated approach to the design of thromboxane A2 receptor
antagonists

Two approaches were used for the design of novel promising antagonists of thromboxane A2 recep-
tors. They are based on the usage of pharmacophore models and molecular field similarity models.
228 new compounds were designed overall. Five promising antagonists of thromboxane A2 receptors
were selected by earlier obtained QSAR and pharmacophore models for the further synthesis and
experimental testing.
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