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[MonyyeHa HoBas rpynna 1-deHwinupposnoll,2-aJnupa3nH-3-kapOboKcaMua0B, B KOTOPBIX 3aMECTUTEISI -
MU [IPY aMUTHOM aTOME a30Ta BBICTYTAIOT ATKWUJIbHbIE, OEH3WIbHBIE NN ATKOKCU(DEHUTATKUIIbHBIE TPYII-
ITbl, OCTATKU aMUHOKUCJIOT WU UX MPOon3BoaHble. CUHTE3UPOBAHHBIE COENMHEHUSI UMEIOT BBICOKHE T€O-
peTndeckue 3HaYeHUI ap(UHHOCTH 110 OTHOILIEHUIO K TpaHcJIoKaTopHoMy Oenky 18 xla (TSPO) u 61a-
ronpusaTHbIii Tipoprie ADMET-xapakTepucTUK, 4YTO OOYCJIOBAMBAEeT WX IEPCHEKTUBHOCTb JJIsI
pa3paboTKM B KAYECTBE JIEKAPCTBEHHBIX CPEACTB. Y BOCBMHM coeqnHeHMit B 1o3ax 0.1—5.0 Mr/KT 1mpu BHYT-
PUOPIOLIMHHOM BBEICHUHU B YCIIOBUSIX SMOLIMOHAILHO-CTPECCOBOIO BO3ACMCTBYS B TECTE “OTKPHITOE Tos1e” Y
Mbieii muaur Balb/c 1 B TecTe “npunomHsThIA KpecTooOpa3Hblii JabupuHT” y Mblreit ICR BeisiBiieHa aHK-
CHOJIUTUYECKASI aKTUBHOCTB. [1J1s1 najibHeiieit pa3paboTKu B KaueCTBe MOTEHIIMATbHOTO aHKCUOJIMTUYECKOTO
cpeacTBa OBUIO OTOOpaHO coemwHeHHe-numep N-OeH3rmapwi-1-denunmuppono|l,2-almupa3un-3-
KapOoKcaMuI, MOKa3aBIIWI HAJIMYKME IPOTUBOTPEBOXHON aKTUBHOCTH B IIIMPOKOM MHTEPBaJIEe 103 B 000UX
UCIIOJIb3yEeMBbIX TECTaX.

Karoueswie croea: aueanovr TSPO, nupponof 1,2-alnupaszunsl, mosekyisapHoe mooeauposanue, aHKcuotumue-

CKasA dKkmueHoCnb, HCUBOMHbLE Modeau
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BBEOJEHUWE

CoBpeMeHHass cTparerust (papMaKoIOrn4ecKoit
peryiasanuu TpaHciiokaropHoro oenka 18 xk/1a (TSPO)
paccMaTpMBaeTCs KaK Hay4dHasi OCHOBa IS CO3ma-
HUSI aHKCUOJMTHUKOB, 00JIaTAIOIINX CYIIECTBEHHBIM
MIPEeBOCXOACTBOM Haj OeH30MMa3eInHaMu, IeiiCTBIE
KOTOPBIX COIPOBOXIAETCS CETATUBHBIM BIIMSIHUEM,
MHopelakcanneit 1 moOOYHBIMA 3 deKTaMI B BUIE
aTakCuM, HapylIeHW ITaMsATH, CHHAPOMa OTMEHBI 1
3aBucuMocTH [1, 2].

TSPO — 6enoxk-nepeHocuuk maccoi 18 x1a ¢ rsi-
TbIO TpaHCMEeMOpaHHBIMU JOMEHAMMU, JIOKAIU3YIO-
LIUiCsS Ha BHEIIHEH MUTOXOHIPHUAJIbHOU MeMOpaHe

Coxkpatenusi: ADMET — pacueTHble XapaKTepUCTUKU BCAChI-
BaHUsI, pacnpeaesieHus, MeTaboa1M3Ma, BbIBEACHUS U TOKCUY-
Hoctu coenvHeHuit; DS — Docking score (CKopuHT-(yHK-
nusi); hERG-kaHan — KajaueBblil KaHall, KOOUPYEMBIA T€HOM
human Ether-a-go-go Related Gene; LogBB — ypoBenb mnpo-
HUKHOBEHUSI BEIIIECTB Yepe3 reMaTodHIehaTndyecKuii 6apbep;
LogP — nokasarens junoguiabHOCcTH Ha pasnesie ¢a3 okra-
Hois/Bona; TSPO — tpaHcnokatopHslit 6emok 18 x/la; TAMK,-
pelenTop — peuenTop raMMa-aMUHOMACIISIHOM KUCJIOTHI O~
Tuna A; OIl — Tect “orkpniToe noae”; [TKJI — tect “npunon-
HSITBII KpeCTOOOPa3HbIN TaOUPUHT”.

# ABrop mist cesazu: (ten: +7 (926) 185-68-46; si1. moura:
g.mokrov@gmail.com).
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CTePOUI-TIPONYLIMPYIOIINX KIIETOK HEPBHOM CHCTE-
Mbl. OcHoBHas ¢yHK1UMS TSPO — TpaHcmopT xoJe-
CTepuHa Ha BHYTPEHHIOI MeMOpaHy MUTOXOHIIPUIA,
YTO obecriedynBaeT OMOCHMHTE3 HelpocTepounos [3].
WN3BecTHO, 4TO HEMPOCTEPOUIBI UMEIOT CIienuduye-
ckuii cat cBa3piBaHusg Ha TAMK,-penenitope [4],
B3aIMOACUCTBUE C KOTOPBIM YBEIMUMBAET YaCTOTY
OTKPBITHSI XJIOPHOTO KaHalla, YTO YCUIUBAET TOPMO-
XeHMe Tepenady HepBHOTO Bo30y:KaeHus [5]. Ycra-
HOBJIEHO, YTO aHKCUOJUTUYECKUUN 3(PPEeKT Helpo-
CTEpOUIOB CBOOOAEH OT HeXeJIaTeIbHBIX 2(h(HEKTOB
OeH3oaMa3ennMHoB [6]. Mexanusm dapmaxkoaormye-
ckoii perynsguuu TSP O BkIoyaeT aJliocTEpUYECKYIO
MOIYJISILUIO O€Ka, MPUBOJISIIILYIO K aKTUBAILIMU Te-
peHoca XoJieCTeprHa U YCUJICHUIO OMOCHHTE3a Heli-
poctepounos [7]. CnengoBaTebHO, TUTAHIHAS aKTH-
pauusa TSPO BkirouaeT sHIOTeHHBIE (PU3UOJIOTYE-
CKMe MEXaHU3MBbI KOHTPOJISI aHKCHOTeHe3a.

HemaBHue 0630pbI IEeMOHCTPUPYIOT HeocIabeBa-
IOIIMI MHTEepPeC K IMTOMCKY HOBBIX JuranmoB TSPO B
KauyecTBe ITOTEHLWAbHBIX HEHPOICUXOTPOMHBIX
arenroB [1, 8]. B ®I'BHY “HHMU dapmakosoruu
nM. B.B. 3akycosa” ¢ 2014 r. mpoBoaMiICS CHHTE3 HO-
BEIX JTMTaHAOB TSPO ¢ 1mensio co3maHms IpernapaToB
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C HEHPONCUXOTPOMHON aKTUBHOCTBIO B TpyMIiax re-
Tepouukandeckux [9, 10] v menTUAHBIX COEAUHEHU
[11, 12]. Ha ocHoBe simpa muppoJo|l,2-a]JnupazuHa
CKOHCTpYyMpOBaHa TpyIIia HOBbIX IeTepOLUKINYe-
ckux TSPO-1uraHaoB, cpenyd KOTOPBIX TOJTyYeHbI BbI-
cokoadpuHabie 1 TSPO-ceneKTrBHBIE COSTMHEHUVS.
B marerre RU 2572076 C2 omucaH Kjiacc JUTAHIOB
TSPO, KoTOpbIil OTHOCUTCS K TPYIIIE 1-apuinmuppo-
J710[ 1,2-a|mmpasuH-3-kapookcamunoB [13]. CoenyHeHMs
I'MJI-1 (N-6en3un- N-metin- 1 -penmmmmppodo[ 1,2-a]-
nupa3uH-3-kKapookcamun) u 'MJI-3 (N-Oytun-N-me-
TiA- 1-penunmumppoio| 1,2-a]mupa3uH-3-KapOoKc-
aMuI) U3 3TOM TPYIINbI TIPOSIBUIIN BbIPAXKEHHYIO aHK-
CUOJIUTUYECKYIO aKTUBHOCTh B CTAHIAPTHBIX TECTaX,
MPU 3TOM OBLIO JOKAa3aHO, YTO MX 3(pdeKThl 00yCI0B-
JIEHbI B3aMOJIEMCTBUMEM C CATOM CBSI3bIBAaHMS Oeika
TSPO. MeTtonmoM paguoIUraHIHBIX WCCIACOOBAHUMA
ycTtaHoBJIeHO, uTo 'MJI-1 1 I'MJI-3 o61agaroT BEICO-
kuM cpoactBoM K TSPO (K; = 52 u 530 HM cooTBeT-
CTBEeHHO) [9]. B mponomkeHun hapMakoJIornueckKux
HUCCJIeJOBaHWI BBISIBAEHO, YTO coeamHeHuss IMJI-1
u I'MJI-3 obnagaoT aHTUAEIIPECCUBHOI 1 HOOTPOII-
HOM aKTMBHOCTHIO [14], 4TO mo3BOIsIET paccMaTpU-
BaTh MX KaK HOBYIO TPYIINY BEIIECTB C OPUTMHAJb-
HbIM (hapMaKOJOTUUYECKUM CIIEKTPOM.

B marenTe RU 2734240 C2 nipencrasiieHa rpyIiia
N,1-mudenunmupponol|1,2-a]jnmupa3uH-3-KapOoKc-
aMUJIOB, B KOTOPOI Takke ObUIM BBISIBJIEHBI COSOU-
HeHUsl, oOJiamaionme aHKCUOJUTUYECKUMU CBOI-
ctBamu [15]. Hawmbojiee aKTUBHBIE COETUHEHMUS
I'MJI-11 (N-6ens3un-N,l-gudenwanuppono|l,2-al-
nupa3uH-3-kapookcamua) u I'MJI-21 (N-meTui-
N,1-mudpenunmnupponoll,2-alnupasmH-3-kKapOoKc-
amMua) obyiagaau aHKCUOJIUTUYECKUM JEHCTBUEM B
oueHb HU3KUX g03ax (0.001—0.1 1 0.05—1.0 Mr/Kr co-
OTBETCTBEHHO).

Ilenb HacTosIIIero uccienoBaHUsT — AadbHEUIUI
MOUCK COCANHEHUI C aHKCUOJUTUUECKON aKTUBHO-
CTBIO B psiay HOBBIX JImrangoB TSPO ¢ nuppono|1,2-
a|nupasMHOBBIM SAPOM, OOJadAIOIIUX BBICOKUM
TEOpPEeTUUECKUM CpOoaCcTBOM K 6e1Ky TSPO, BEICOKOI
3(HEeKTUBHOCTBIO 1 0€30MacCHOCTBIO U UMEIOIINX
GiaronpusITHBINA npoduab pacyeTHbIXx ADMET-na-
paMeTpoB.

PE3VJIBTATHI 1 OBCYXIEHUE

JIn3zaiin HoBbIX JmranmoB TSPO ¢ mumppoo[1,2-
a]nupa3uHoBLIM siApoM. [T nu3aifHa HOBBIX IMTOTEH-
muanbHBIX IMraHAoB TSP O OBLI0 OCyIIeCTBIEHO He-
CKOJIBKO 3TaIlOB MOJIEKYISIPHOTO MOACIUPOBAHUSI.
Ha nepBom aTarre 6611a coopaHa 610IMMoTeKa Hanbo -
Jiee TIEPCIIEKTUBHBIX M3BECTHBIX JmraHmoB TSPO,
00J1aJa0IINX KaK HAMIYYIIMMU XapaKTepUCTUKAMU
CBSI3BIBAHMSI C PELICIITOPOM, TaK M HanboJIee IIpuBJIe-
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KaTeJIbHBIM CIIEKTPOM OMOJIOTUYECKOM aKTUBHOCTH
(puc. 1). Cpenn HUX IIPOU3BOMHBIE UMUIA30ITUPU-
muHa YL-IPAO8 u CB-34, 6eH30KcasnH DTUDOK-
cuH, mpugonHaoi ONO-2952, Ipon3BOIHOE MHIO-
nma FGIN-1-27, apunokcuanunun DAA-1106, mpous-
BomHbie mnwmppoJjionupasmHa GML-1 u GML-3,
oensonuazenut Ro5-4864, nzoxunoaud PK-11195 u
npousBomHbie IypruHa XBD-173 u ZBD-2.

C ucrioib3oBaHWEM OMOJIMOTEKN U TIPOrpaMMHO-
ro obecrieueHus1 Phase (Schrodinger) Gblia creHepu-
poBaHa yToyHeHHas (apmakodopHass MOIEIb JIM-
rangoB TSPO (puc. 2). AJIropuT™M mNporpaMmbl CO-
3MaeT CyIepro3nlnio Habopa MPOCTPAHCTBEHHBIX U
BJIEKTPOHHBIX TIPU3HAKOB MOJIEKYJI, BKJIIOUasl TUAPO-
¢doOHBIEC 001aCTH 1 apoMaTUYeCKHe siapa, JOHOPHI U
aK1EeNnTOPhl BOJOPOAHON CBSI3W, aHUOHHBIE U KaTh-
OHHBIE LIEHTPHI U UX BEKTOpHOE pacnojaoxeHnue. Co-
[JJACHO BU3yaJIM3alliM pacyeToB, IOJydeHHas MO-
JIeTb UMEeT CIIeAYIoIIe KOMIIOHEHTRI: 1) 1Be apoma-
TUYECKHE TPYMITbI, OMHA U3 KOTOPbIX, KaK IPaBUo,
rereporkinueckas (R7 u R8); 2) anudaruyeckyio
WM apoMaTudecKyro ruapodoOHyio rpynmny (HS);
3) rpymmy akiernTopa 3J1eKTpoHOB (Al), B 00JIbIIH-
CTBE MOJIEKYJ HaXoauTcs Mexmy rpynmamMu HS m
R7/R8.

st ckprHUWHTA in silico UCIONb30BaI pa3yiny-
Hble MNpou3BoAHbIE |-deHwnnuppono|l,2-alnupa-
3UH-3-KapOOKCaMUOIOB, ColiepKalllie MpYU aMUTHOM
aToMe a30Ta JJMHEUHbIE U TUKINYECKUE aTKUIbHBIE,
apujibHbIE, TeTapubHbIe, OCH3WJIBHBIE WU apuiiali-
KWIbHBIE TPYIIIbI ¢ Pa3IMYHBIMU 3aMECTUTEISIMU B
apoMaTUYECKUX KOJIbIIaX, OCTaTKA aMWHOKMCIIOT
VI UX TPOU3BOMHbBIE TT0 KAPOOKCUIBHOI TpyIIIIE.

MoneKyasapHBIi JOKWHT IIPOBOIMIIN C MCIIOJIB30-
BaHMeM CTpyKTypbl TSPO MpII B KOMILUIEKCE C Ce-
JiektuBHbIM JiurannoMm PK-11195 (PDB ID: 2MGY) B
nporpamMme Glide v8.1 [16]. ITapamerpst ADMET pac-
cuuthiBa B Tiporpamme QikProp v6.8 (Schrodinger)
[17]. Cpenn KiTto4eBbIX OLIEHUBAIN CASIYIOIINE XapaK-
TEPUCTUKH: MOJIEKYJIIPHBIN BEC, TUIIOJIBHBI MOMEHT,
MOJIEKYJISIPHBII 00beM, KOTMYIECTBO TOHOPOB U aKIIeTI-
TOPOB BONOPOMHBIX CBSI3€i, MIOHU3AIMOHHBINA ITOTEH-
yaJj, ITapaMeTphl JUITO(PILHOCTY B pa3IUIHBIX CH-
cTeMax, CTeTIeHb CBSI3BIBAEMOCTH C O€IKaMU IJIa3MBbI
KpOBH, ITapaMeTp IMIPOHMKHOBEHUS Yepe3 TeMaTOIH-
nedamraecknii oapeep, adpdmHHOCTF K hERG-mH-
HOMY KaHaly, ypOBE€Hb IIPOHMKHOBEHUS YePE3 MEM-
OpaHBbI, COOTBETCTBHE “TIpaBuiry 5” JIMIIMHCKOTO 1
“mpasuiy 3” MopreHceHa, OpajJbHYIO GHOIOCTYII-
HOCTB U psia apyrux. TOKCUKOJOTUYECKUE IMapaMeT-
pbl OLEHUBAIU C MCIIOJIb30BAaHUEM IIPOrPaMMBbI
ADMETIab 2.0 [18]. PaccunuThIBasm TOKCUKOJIOTH-
YeCKM PUCK COeOIUHEHUII B TecTe DIMca, OCTPYIO
TOKCUYHOCTD y KPBIC, KaHILIEPOTeHHBII MOTCHIINAT,



190 MOKPOB u ap.

el s

YL-IPAOS
1C5=10.23 + 0.04 uM

DT oKCuH
I1C50=18.3 £ 1.2 MxM

ONO-2952 FGIN-1-27 DAA-1106
K;=0.33 HM K;=17.75 £ 1.55uM 1C5y=0.28 HM

GML-1 GML-3 R05-4864
K,=52uM K, =530 uM K,=23+3uM

PK-11195 XBD-173 ZBD-2
K;=93+0.5uM K;=0.297 £ 0.009 1M K;=0.463 1M

Puc. 1. Knaccuueckue cuntetnyeckue auranabl TSPO ¢ skcneprMeHTaIbHBIMU KOHCTAHTAMU MHTMOMpPOBaHUsl. ApoMaTHhye-
CKUe sipa 0OBeACHBI 3eJIEHBIMU OKPYKHOCTSIMU, apUJIbHBIE 3aMECTUTEIM — CUHUMM OKPYKHOCTSIMU, TUIPO(MOOHBIE TPYITITHI —
YEPHBIMU MMYHKTUPHBIMU OKPY>KHOCTSIMU, DJIEKTPOHOAKIIENITOPHBIE IPYIIIbI TOKa3aHbl KPACHBIMU CTPEJKAMU.
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Jluranasr TSPO

Puc. 2. ®dapmakodopHas wmomens guraHgoB TSPO,

dapmakodopHast MOIEb

CreHepupoBaHHasd C MCIIOJIb3OBAHUEM IIpOrpaMmbl

OTUhOKCUH

Phase

(https://www.schrodinger.com/products/phase). OpaHxkeBbie Kosblia R7 1 R8 cooTBeTCTBYIOT apoMaTHYeCKMM,/TeTepoapoma-
TUYECKUM TpYIIIaM, po3oBas cchepa Al IIpencTaBiisieT 2J1eKTpOHOAKIIEIITOPHYIO TPYIITY, 3eeHast cepa HS — anmmdatuaeckyio
W1 apoMaThueckyio rupodoOHylo rpymnimy. B KauecTBe nmpumepa rpenctabiieHO COOTBETCTBUE (hapMakodOPHOI MO MO~

JIEKYJIbI 9TU(OKCHHA.

BOCIAJIMTENbHBIE CBOMCTBA MO OTHOLIEHUIO K pas-
JIMYHBIM TKaHAM U pAn APpyTrux mapaMeTpoB.

OTo0paHHBIE IO pe3yJbTaTaM MOJIEKYJISIPHOTO
MOMCINPOBAHMS 1 pe3yIbTaTaM OLIEHKU pacuyeTHBIX
nmapaMeTpoB HanOoJiee MePCIeKTUBHBIE COSIMHEHUST
npencrabieHbl B Tada. 1 u 2. Bce 3TU MoJeKyJbl
MPOAEMOHCTPUPOBAIN BBICOKYIO TE€OPETUYECKYIO
a(pPUHHOCTD MO OTHOIIEHUIO K aKTUBHOMY LICHTPY
TSPO. Cxopunr-¢pyukuus DS (Docking score),
omnpenesgionias 3HEPTUI0 B3aUMOACUCTBUS M-
raHg—penenTop”, IS BCEX BEMIECTB ObIIa HITKE
3HauyeHUs —8 (Tabiu. 1). Cpeau KiiroueBbIX HaOJII01a~
JIX CJIeOyIoIne B3aMMONEMCTBUS “IUTaHI—peler-
Top” (Tadm. 1, puc. 3 u 4): nogasJsolIee OOJBIINH-
CTBO COEAMHEHUI UMEIU T—TT-CTIKMHIOBOE B3aIMO-
JIeMICTBYE ITMPPOJILHOIO WIN (PEHWIBHOTO KOJIbIA C
Trpl43 (ucxmouenue — 'MJI-101) u rmapodobOHOE
B3aMMOJICIICTBUE C MoOcaenoBaTeIbHOCThIO Leud49—
Trp53 (uckmoueHue — I'MJI-12). OKOJIO TOJTOBUHBI
OTOOpaHHBIX COEMMTHEHN MMeITN TUAPO(DOOHEIE B3a-
MUMOJEHCTBUS ¢ TocaenoBateabHoCcTIMU Trpl07—
Leull4 u Serd41—Arg46. Y TMJI-12 u I'MJI-110 Ha-
Onogany T—N-CTOKMHIOBOE B3aMMOACMCTBUE C
Trpl107. ¥ T'MJI-101 ¢dukcupoBaim T-KaTUOHHOE
B3amMoneilictBue (eHmnabHoO rpynmbl ¢ His43, a 'y
I'MJI-103 — [OIOJIHUTEIILHOE T—T-CTOKUHTOBOE
B3aumozeiicteue ¢ Phel46. Y nMMETOKCUIIPOU3BOI-
Horo 'MJI-104 Hab6romaioch T-KaTUOHHOE B3aWMO-
nevicTBue apmiabHoro nukia ¢ His43, m—m-cTaKuHT
deHunbHOI Tpynmbl ¢ Trp95 M BomopomHasi CBSI3b
aToMa Kucjopoga MeToKcurpymiibl ¢ Lys39. Cpenu
NOMOJHUTENbHBIX B3aMMOAEHCTBUII COeAMHEHUI
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I'MJI-106 u I'MJI-110 (puUKCUPOBAIOCH MOJISIPHOE
B3aMMOJCMUCTBHUE C IIOCJIEHOBATEILHOCThIO Lys39—
Argd6. HakoHell, y TUPO3WH-COOEPKAIIETO COCIU-
HeHus1 ITMJI-112 6bL1a BhIsSIBJeHA BOJOPOAHAS CBSI3b
TUIPOKCUTPYIIEI ¢ Serdl.

Pesynbratel onieHku ocHoBHbIX ADMET-napa-
METPOB OTOOpPaHHBIX COCIMHEHMWI IpeaCcTaBICHBI B
Tab6:1. 2. 3HaYeHMSI MOJICKYJISIPHOTO BeCa HaXOAWINCh
JUUTsl BceX coenvHeHuit B nmpenenax 319—452 r/modb,
4yTO nomnagaeT B uHtepBai 130—725 r/Monb, COOTBET-
CcTByIOIIMI 95% WM3BECTHBIX JIEKAPCTBEHHBIX Mpena-
patoB. JIumnojabHbIe MOMEHTHI COSIMHEHUM COCTaB-
s 4.1—8.4, 9TO BOUCHIBAETCSI B pEKOMEHIyeMbIe
nmapaMeTphl I ITOTEHLMAILHBIX JIeKapCTBEHHBIX
cpenctB (1.0—12.5). JIunopuabHOCTh COSAUHEHUI
OLICHMBAJIM ITyTEM pacueTa IIpexkae BCero rmapamMerpa
LogP (JilunogunpHOCTh Ha pa3neiie (pa3 OKTaHOJ/BO-
na). M3eBectHo, uto nuraHasl TSPO, kak mpaBuio,
00JIafaloT JOCTATOYHO BBHICOKUMM 3HAYECHUSIMU JIU-
nodunbHoCcTH (Log P He meHee 3.5). PacueTHble 3Ha-
yeHus ruapodooHoctu (LogP) HOBBIX coenMHEHUI
HaxXOOWINCh B amamna3oHe 3.7—6.5. Cinenyer oTMme-
TUTH, YTO BBICOKWI KO3(DPUIIMEHT JTUTTOPIMITBHOCTH
HeoOoxoauM 111 00pa30BaHUS YCTOMYNBOM T—TT-CBSI-
31 ¢ OCTaTKaMu TpuIllTopaHa OGejaka. YpoBeHb IpO-
HUKHOBEHMSI COCIVMHEHMI Yepe3 reMaTrosHIedhann-
yeckuii 6apbep (LogBB) Takke Haxomuiicsi B peKo-
MeHAyeMbIX mpeneiax or —3.0 mo —1.2. Bce HOBEIE
COEMVMHEHMsI COOTBETCTBOBAIM IIpaBwiIaM JIMmuH-
ckoro u MopreHceHa, onpenessiomnM HeoOXOmu-
MEIe TpeOOBaHMS K CTPOCHUIO MEepOpabHO aKTHUB-
HBIX JIEKAPCTBEHHBIX CPEACTB (pacuyeTHhIE 3HAYCHUST
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/

' s 7 IMJI-103

Puc. 3. Pe3ynbraTtbl MOJIEKYJISIPHOTO JAOKMHIA HOBBIX IPOM3BOOHBIX 1-(heHmwmuppoo|l,2-a]nupa3nH-3-KapbokcaMuaoB
(F'MJI-12, TMJI-101—-I'MJI-105) B aktuBHBI caiiT pertenitopa TSPO (PDB ID: 2MGY) B 2D-nipoekiiuu.

IUIT COSOMHEHWN He MOJIKHBI MpeBbIIaTh 4 1 3
0aoB COOTBEeTCTBeHHO). OpajibHasi OMOAOCTYI-
HOCTh HOBBIX COEOMHEHUN Obllla MaKCUMAaJIbHO

BeIcOKO# (100% nyist Bcex coeqnHeHMiT), 32 UCKITIO-
yenuem coenuHenus 'MJI-113 (84%). PacueTHbie
mapaMeTpbl TOKCUYHOCTH OTOOPAHHBIX MOJIEKYI

BUOOPTAHUYECKAA XUMUA T1oM 49 Ne2 2023
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Ve o
/"../ N——* w\ IMJI-112

Puc. 4. Pe3ynbraTbl MOJIEKYJISIPHOTO JAOKMHIA HOBBIX IPOM3BOOHBIX 1-(heHmwmuppoo|l,2-a]nupa3nH-3-KapbokcaMuaoB
(I'MJI-106—I'MJI-112) B akTUBHBI caiiT perienitopa TSPO (PDB I1D: 2MGY) B 2D-nipoekiuu.

CBUIOCTCIBCTBYIOT 00 ux IICPCIICKTUBHOCTU IJIA 1 110 pacyeTramM 00Tp0171 TOKCUYHOCTH Yy KPbIC IIPU
pa3pa60TKI/I B Ka4Y€CTBC IMTOTCHIIMAJIbHBIX JICKap- IICpOpaJbHOM BBCIACHMMU ITOKA3aJIM ITOJIHOEC OTCYT-

CTBEHHBIX coenuHeHuii. Bce oHM mo jaHHBIM TecTa CTBUEC 5TUX BHUIOB TOKCUMYHOCTU (BHH‘ICHI/IH “—— —

[13

13

Ditmca (3a uckinwodyeHneMm coeguHeHus I'MJI-104) u “— —”).

BUOOPTAHUYECKAA XUMUA T1oM 49 Ne2 2023
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Cunre3 1-dennymuppo:o[1,2-a]mpasun-3-Kapookc-
amuaoB. CKOHCTpYMpPOBaHHBIE COEIMHEHUSI OOIIeiH

N R!
LT e
R2
(@) OH
(I (I1T)

I'MJI-12: R' = R? = (CH,),CH3
I'MJI-101: R! = C,Hs; R?= CH,Ph
I'MJI-102: R! = H; R? = CHPh,
I'MJI-103: R! = R2 = CH,Ph

I'MJI-104: R' = H; R? = (CH,),Ph(OCHj3),-3,4
I'MJI-105: R' = H; R?> = CH,Ph(OCH3)3-3,4,5

I'MJI-106: R! = H; R? = L-Phe-OCHj

MOKPOB u ap.

¢dopmyinsl (I) ObUIM TIOJIyYEeHEI B COOTBETCTBUM CO CXE-
Moii 1.

DCC, HOBt N |
CH,Cl, N
Rl
o) 1?/
R? (D
I'MJI-107: R! = R? = (CH,);
I'MJI-108: R' = H; R?= L-Glu-OC,Hj5
I'MJI-109: R' = H; R? = L-Asp-OC,Hj;
I'MJI-110: R' = H; R? = L-Ala-OCHj;
I'MJI-111: R = H; R? = L-Trp-OC,Hj5
I'MJI-112: R! = H; R? = D-Tyr-OC,H;
I'MJI-113: R' = H; R?>= L-Phe-OH

Cxema 1. Cunre3 1 -dpenmmmmpporo| 1,2-a]mpasnH-3-KapOoOKCaMUIOB.

Ucxomuyo 1-denunmmuppoino|1,2-a|nupazmH-3-
KapOoHoByo kucnoty (II) moaydanu B cOOTBETCTBUU
CO cxeMoil, TpeacTtaBiieHHoO# B nateHTe RU 2572076
C2 [13]. Bty kucnoty (II) BBoauim Bo B3auMoAeiCTBIE
¢ amuHamu (III) B xJIOpUCTOM METWJIEHE B TPUCYT-
CTBUM KOHISHCHUPYIOIINX aT€HTOB — 1 -THAPOKCHUOESH30-
Tpuazona u 1,3-IUIIMKIOTEKCUIKApOOTUNMUAA, B
pe3yabTaTe 4ero ObLIM MOJIydeHBbl LiejaeBbie 1-ge-
Huanuppoao|1,2-a|nupasun-3-kapookcamunsr (I).
CTpyKTypbl CHMHTE3MPOBAHHBIX COCAWHEHUM OOIIeit
dopmynsl (I) mpenacrasaeHsl Ha puc. 3 u 4, a 3ame-
CTUTENU IIPY aMUIHOI IpyIIne YyKa3aHbl B Ta0. 1 1 2.

CrpoeHue coenmmHeHn oo11eit popmysl (I) mom-
TBEPXKIEHO NaHHBbIMU criekTpoB 'H-AMP, a ux uu-
CTOTa — JAaHHBIMU 3JIEMEHTHOTO aHaJIn3a.

Bansiane HOBBIX coeqyiHEHHUIi HA TOBEIEHNE MbIIIEi
Jsuaun Balb/c B yclI0BHAX SMOIMOHAJILHO-CTPECCOBOTO
BO3/JeiicTBHA B TecTe “OTKpbITOoe mojge”. B paGorte
MNpUMEHEHAa METOOUKA OCBEIICHHOTO “OTKPBITOTO
noss” (OIT), mpu KOTOpoM MepeHOC XKUBOTHOTO U3
TEMHOTHI Ha SIPKO TIOACBEYEHHYIO apeHy, MOMHMO
peakuy Ha HOBYIO OOCTAaHOBKY, BKJIIOYAET JOMOJI-
HUTEJILHBINA CTPECCUPYIOIINI (PaKTOpP, OCHOBAHHBIMN
Ha eCTEeCTBEHHOM CTpEeMJICHUU TPHI3YHOB U30eraThb
SIpKO ocBelleHHbIX MecT [19]. B kauecTtBe TecT-cu-
CTEMBbI OBLIN MCITOJIb30BAHbI MBI MHOPETHOM -
Huu Balb/c, xapakTepusylolieiicsi peakineil 3aMu-
panus B Tecte OI1 ucnonb3oBaHHO MOAM(pUKAIINNI
[20]. O HaTUMYMKM aHKCUOJUTUIECKOTO ACUCTBUS CYy-
VI TI0 BBISBJICHUIO aKTUBHUPYIOIIETO BAMSHUS Ha
JIIBUTATEJIbHYIO aKTUBHOCTbD Y JKMBOTHBIX C peaKIIUei
3aMUpaHUsL.

BUOOPTAHUYECKAA XUMUA

B tecte OIT ananu3upoBaay aKTUBHOCTH CJIETYIO-
mux coeguHeHuit: 'MJI-12, TMJI-101-T'MJI-106
(Tabmn. 3).

B ycnoBusX 3MOIIMOHAIBHO-CTPECCOBOTO BO3-
nevictBud B Tecte OIl mpu BHYTpHMOPIOIIMHHOM BBE-
nenun coenmHenuii TMJI-12 (0.1, 0.5 u 1.0 Mr/kr),
I'MJI-101 (1.0 mr/xT), TMJI-102 (0.1, 0.5 1 1.0 MT/KT)
u I'MJI-106 (1.0 u 5.0 Mr/Kr) OGHapPYKEHO CTATUCTH-
YeCKM 3HAaYMMOE MOBHIIIICHNE OOIIIeil IBUTaTeTbHOM
aKTUBHOCTY MblIel JuHun Balb/c 1o cpaBHEeHMIO €
KOHTPOJIEM, 0OYCIIOBIIEHHOE, TIPESKIIE BCETO, TTOBBIIIIE-
HUEM TIeprudeprIecKoil aKTUBHOCTU U, B HEKOTOPBIX
cIydasix, HeHTPATbHONM aKTHMBHOCTH. Y COCHMHEHWS
I'MJI-103 B mo3ax 0.1—5.0 Mr/KT cTaTUCTUYECKY 3HAY Y -
MBIX U3MEHEHMI1 TBUTATEIbHON aKTUBHOCTHU He BBISIB-
neHo. B to ke Bpems y coenmnHennii T MJI-101 B mo3ax
0.1-0.5 u 5.0 mr/kr, TMJI-102 B nose 5.0 Mmr/xr,
I'MJI-104 (0.1—5.0 mr/kT) u I'MJI-105 (0.1—1.0 Mr/kT)
HabMomanach TCHISHINS K YBETMICHUIO aKTUBHOCTH.

Takum o6pazoM, B psALy U3yYeHHBIX ITOTEHIINAIb-
HbIX TSPO-nmuranmos coenuaenns T MJI-12 nu I'MJI-
102 B mmpoxoM auara3zoHe 103 (0.1—1.0 Mr/kr) mpu
BHYTPUOPIOIIMHHOM BBEICHNU 00J1aJai0T BhIPAKEeH-
HBIM aKTUBUPYIOLINM JeiicTBUEeM y Mbilleii Balb/c 3a
CUET yBEIUYCHUS NeprdepruIecKoil U LIeHTPaIbHOM
JIBUTATEIbHOI aKTUBHOCTHU, YTO XapaKTEPHO IS CO-
eIMHEeHMWI, 00amaloX aHKCUOJIUTUIECKIM NIei-
crBueM. CoenuHeHue ['MJI-101 Takke IIpOSIBIISLIIO
3HAYMMYIO aKTUBHOCTH B no3¢ 1.0 Mr/Kr, a coenuHe-
Hue 'MJI-106 — B mo3ax 1.0—5.0 mMr/KT.

Ha ocHoBaHMM MOJIyYeHHBIX JAHHBIX B KA4ECTBE
COCIVHEHUSI-IMaepa ObUIO OTOOpPAaHO COCHUHEHUE
I'MJI-102, xoTOpO€ IOIIOJIHUTEIBHO OBLIO UCCIEO0-
Ne 2
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BaHO B TeCTe “TIPUITOMHSTHINA KpecTooOpa3HBIi J1a-
oupunt” (ITKJI).

BiMsiHue HOBBIX COeMHEHMIA HA TOBeIeHHE MbIIIIei
ICR B TecTe “npUmomHATHIA KPecTOOOpPA3HBIA J1a0u-
punt”. B Tecte IKJI ObLIM MccliemoOBaHbI ClIeaylO-
e coequaeHus: [MJI-107—T'MJI-113 u TMJI-102
(Tabin. 4). Ouenky noeaeHus mbliieit B tecte ITKJI
npoBoawau cormacHo metoguke Pellow et al. [21].
YcranosneHo, uro B Tecte I1KJI coennnenue I'MJI-
107 B mo3e 0.1 MI/KT mpu BHYTPUOPIOITMHHOM BBEIe-
HUM CTAaTUCTUYECKU 3HAYMMO yBEJIMYMBAJa BpeMsl
npeobBaHus Mblmeii ICR B OTKPBITHIX pyKaBax Jia-
6upuHTa, BpeMs (%) npeObIBaHUS B OTKPBITBIX pyKa-
Bax MO OTHOIICHUIO K CyMMapHOMY BpeMEeHU B OT-
KPBITBIX ¥ 3aKPBIThIX pyKaBaxX (T g,/ Tosy) ¥ 9KCIO
(%) 3ax0moOB B OTKPBITEIE pyKaBa ITO0 OTHOIICHUIO K
CyMMapHOMY YHUCJy 3aX00B B OTKPBITBHIE U 3aKPbI-
Tole pykaBa saGUpUHTa (Nyp,/Nogy) MO CpaBHE-
HUIO C KOHTPOJIbHOI rpyImmnoii, 4To paccMaTpuBa-
€TCSl KaK OCHOBHOM KPUTEPUI aHKCUOJUTHUYECKOI
aKTUBHOCTHU. TeHASHIIMS K YBEJIUYSHUIO IMapaMerT-
pOB Top/Tosw ¥ Noryp/Nogy HabIOOAIACH AT CO-
enuHeHust TMJI-107 B mo3ax 0.5—5.0 mr/kr. Coenu-
HeHue 'MJI-113 Takke o6anano a¢pdeKToM B 103ax
0.5—5.0 Mr/KT, IOCTOBEpHO YBEJIMYMBAasl 3HAYCHUSI
ob6oux mapameTpoB Too/Tosw M Nonp/Nogu-
bensruapuinbHoe mpousBogHoe ' MJI-102, Haubosnee
akTuBHOEe B TecTe OIl, 0bL10 3 (PEKTUBHEIM U B TE-
cre ITKJI o mapamerpam T,/ Togy ¥ Noryp/Nog BO
Bcex ucciaenyembix go3ax (0.1—5.0 Mr/Kr).

Coenunenusa 'MJI-108 u 'MJI-110 B B oxHOIt
U3 U3YYEHHBIX 103 HE BIMSJIM Ha MOBEICHUE ayT-
opennbix Meiiieii ICR B Tecte ITKJI, 32 ucKiItoueHU-
eM Toro, 4To B 03¢ 5.0 mr/kr 'MJI-108 yBemmuuBaio
BpeMsi MpeObIBaHUSI MBIIIEH B 3aKPBITHIX pyKaBax Jia-
OupuHTa.

Coenunenusi I'MJI-109 u T'MJI-112 B no3se
1.0 mr/kr u coenunenue 'MJI-111 B nmoze 0.5 Mr/kr
CTaTUCTUYECKU 3HAUYMMO T10 CPaBHEHUIO C KOH-
TPOJILHOM TPYIIION YMEHBIIAIN BpeMs ITpeObIBaHUS
Mmbliieid ICR B OTKPBITHIX pyKaBax JaOMpPUHTA, YUCITO
3aX0I0B B OTKPEITHIC pyKaBa, BpeMs (%) mpeObiBa-
HUS B OTKPBITBIX PyKaBax Mo OTHOIIEHUIO K CyMMap-
HOMY BpPE€MEHU B OTKPBITBIX U 3aKPBIThIX pyKaBax
(Torip/ Tosw) ¥ uncio (%) 3aXom0B B OTKPBITHIE pyKa-
Ba IO OTHONIEHUIO K CYMMapHOMY YHMCJy 3aXO/J0B B
OTKPBIThIE U  3aKpbIThle pyKaBa JabUpUHTA
(Norkp/Nogy)- CHUXKEHME IBUTaTeIbHONR U UCCIIENO-
BaTeIbCKOM akTUBHOCTU Mbliieid B Tecte TTKJI Ha
¢doHe MpUMEHEHUs] YKa3aHHbIX COENUHEHUIT MOXET
CBUJIETEJILCTBOBATH O HAJIMYUU B CIIEKTpe UX (papma-
KOJIOTMYECKON aKTUBHOCTM CEAATUBHOTO WJIM aHK-
CUOT€HHOTO KOMITOHEHTa, YTO HEOOXOAMMO MCClie-
JIOBaTh C UCTIOJIb30BAaHUEM COOTBETCTBYIOIIMX METO-
JIOB aHajiu3a mnoBeAeHUs. Pe3ynbTaTbl HacTosIIei
paboThl OMpenesnsioT MEPCNEeKTUBY NATbHENIIIETO
pa3BepHyTOTO (hapMaKoJIOTrMIEeCKOro U3y4eHus To-
JIy4YEHHBIX HOBBIX OPUTUHAJIBHBIX COETMHEHUA.

BUOOPTAHUYECKAA XUMUA

AHaJIM3 CBA3H “CTPYKTypa—aKTHBHOCTB”. B Ta01. 5
MPUBEJEHO COOTHECEHNE PE3YJIbTATOB OLIEHKU aHK-
CUOJUTUYECKON aKTUBHOCTU HOBBIX COEIWHEHUIt
in vivo ¢ OCHOBHBIMU pacUYeTHLIMU MapamMeTpaMM:
Docking score (xapakTepMCTHUKa 3HEPTUMM CBS3bIBa-
HUST “JIMTaHA—pPELENTOp” B MOJEKYISIPHOM TOKWH-
re), munoduiabHOCThIO (LogP), o0mieil oleHKoi
ADMET-npoduinsa u mokasarejieM IIPOHUKHOBECHMS
yepe3 reMaTosHIedannueckuii 6apbep (Log BB).

XOTs MOJHOI KOpPpEIslMA MeXIy MepedyucieH-
HBIMU MMapaMeTpaMHM I0 pe3yabTaTaM MCCAeI0BaHUS
He HabJIIoAaI0Ch, OTMEUAIOTCS OIpeiesIeHHbIE 3aK0-
HOMEPHOCTU MO B3aUMOCBSI3U OMOJOTMYECKOU aK-
TUBHOCTM in Vivo C paCUeTHBIMU MOKa3aTeJIsiIMU. Tak,
B YaCTHOCTM, COENWHEHMS, TOKa3aBllMe Haaudue
AHKCUOJUTUYECKOI aKTUBHOCTU, 00JIalajiu B LIEJIOM
OoJiee BICOKMMU 3HaueHUssMU Docking score (DS).
Cpentee 3HauyeHue DS cocrasisger —9.62 111 aKTUB-
HeIX coeguHeHui (I'MJI-12, I'MJI-101, I'MJI-102,
I'MJI-104—TMJI-107, TMJI-113) u —9.15 nnas Heak-
tuBHBIX coenuHeHnit (I'MJI-103 u ITMJI-108—I'MJI-
112). CxomHast 3aBUCMMOCTb HAOII01aeTCs 1T TTOKa-
3arens aunoduinbHocTH (LogP). CpenHee 3HaueHue
LogP B psiny akTUBHBIX COEIMHEHMIA COCTaBJISIIO
5.16, B TO BpeMs1 Kak JJisd COSAMHEHUI, He TToKa3aB-
KX ToJoxXuTenabHoro agdekra, LogP cocrasisiio
4.77. Cpenn ADMET-noka3areieii ocoOylo 3Ha4YM-
MOCTb B OTHOILLIEHUU HAJIUYUS MOJIOKUTENBHOIO (-
dexkra in vivo nokasai napametp Log BB, xapakTepusy-
IOIIMIA CTOCOOHOCTD COETMHEHUSI TPOHUKATD YEPE3 re-
MaTo3HIedaTnIecKnii 0apbep. YCTaHOBJIEHO, YTO Yy
COCIIMHEHUI, TPOSBUBIINX AHKCUOJUTUYECKOE NEii-
cTBUe, cpenHee 3HadeHue LogBB cocraBuimo —0.33. Y
HEaKTHMBHBIX MoyieKyn cpegHee LogBB cocrasiser
—0.90, T.e. uX cCNOCOOHOCTh TIPOHUKATh YEPE3 reMaTo-
sHIedammuecKuii 0apbep cyluecTBeHHO Hinke. [Ipm
WCKITIOYeHUM 13 pacueToB coenuHenuit TMJI-103 n
I'MJI-113, BeIOMBaIOIIMXCS U3 OOILE 3aKOHOMEPHO-
CTH, pa3andure B cpenHux 3HauyeHussx LogBB mist ak-
TUBHBIX U HEAKTUBHBIX COENMHEHNI ellle OoJiee Bbi-
paxenHoe (—0.23 nmporuB —1.06). DTu pe3yabTaThl
XOPOIIO COIJIacyloTcs ¢ TeM (haKTOM, UTO AJIs1 JOCTU-
KEHUS TIOJIOXUTEIbHOTO aHKCUOJIUTUYECKOTO Jei-
CTBUSI COEIMHEHUE MOJDKHO MMETh CIIOCOOHOCTH B
JIOCTATOYHOU CTeNeHU MPOHUKATh Yyepe3 reMaToOdH-
nedamraeckuii dbapnep.

Jlyuime pe3ynabTaThl II0 OMOJOTrMYECKOil aKTUB-
HOCTH ITPOJIEMOHCTPUPOBAJIO OCH3TNAPUIBHOE MTPO-
n3pogHoe 'MJI-102, moka3aBillee HaIN4Ie aHKCHUO-
JIMTUYECKOIO IeiiICTBUS B IIMPOKOM MHTEPBaJe 103 B
0o6oux ucnoab3zyeMbix Tectax (OIT u ITKJI). DTo co-
eAUHEHYE UMEET OOHU U3 JIyJIIINX pacYeTHHIX ITapa-
MeTpoB: 3HaueHue DS = —9.551; BbICOKYIO JUIIO-
dmnbHOCTh (LogP = 6.506); moaxonsiiee 3HaUeHUE
LogBB = —0.209. AKTUBHBIM TaKxXe ObUIM AUAJIKWIIb-
HOe M UMKIOAIKWIbHOEe mpom3BogHbeie I'MJI-12 u
I'MJI-107 ¢ Beicokumu 3HadyeHusiMu LogBB (—0.223 u
0.096 cooTBeTCcTBEeHHO). 11 alKOKCHAPMIIATIKUIIb-
HbIX coequHeHni MJI-104 u 'MJI-105 orMeyaeTca
Ne 2
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JIUINDb TEHOEHIMNS K HaJIUYUI0O aKTUBHOCTU. Boib-
IMMHCTBO aMWHOKHUCJIOTHIX TTPOM3BOIHBIX MTOKA3aJIHN
OTCYTCTBME aKTUBHOCTU WJIM JaXXe aHKCHUOIEHHOE
neiictBue. B psany aTux coemmHeHU ObUIM HAMMEHb-
mue 3HayeHus LogBB (ot —1.325 no —0.676). Uc-
KJIIOYEHUEM CTald IIPOU3BOJAHBIC (eHUJIaJlaHUHA
I'MJI-106 u I'MJI-113. O6a 3TuX coenmHeHUs 006J1a-
JTaJ aHKCUOJIUTUISCKUM 3(P(PEKTOM B HECKOJIBKUX
no3ax. Bo3aMoXHO, 3TO 0OYCIOBJICHO BKJIIOYEHUEM
KaKON-T1100 MOIMOJTHUTENBHON OMOJIOTUYECKON MU-
IIeHU B MEXaHU3M UX NeICTBUS.

BSKCITEPUMEHTAJIBHAA YACTDb

O6opynosanue. 151 omnpeneaeHUs: GU3NKO-XU-
MUWYECKUX XapaKTePUCTUK MOYICHHBIX COSTMHEHUMN
WCIIONIL30BaJIM ClIeAyIollee 000pyaoBaHEe: TeMIIepa-
Typy IUIaBJIEHUS ompenessuii Ha npubope Optimelt
MPA100 (Stanford Research Systems, CIIIA) B oT-
KPBITBIX Kalmuisipax 6e3 KOPPEeKTUPOBKH; CTPOCHE
LIeJIEBBIX 1 TIPOMEKYTOUHBIX COSTMHEHUN YCTaHABIIM-
BaJI MeTogaMu ogHomepHoii 'H- ,BC- u nBymepHoit
(COSY — romosinepHast koppessiust, HSQC — rerepo-
siiepHas OmHOKBaHTOBasi Koppensamus) SIMP-crek-
tpockormu. Criektpsl 'H- u BC-IMP perucrpuposa-
i B wkaiae O, m.a. Ha crnekrpomerpe FOURIER
300 HD (Bruker Corporation, I'epmanus; 300 u
75 MTu ns spep 'H- 1 ¥C cooTBeTCTBEHHO) B pac-
tBopax DMSO-dg; u CDCl;, BHyTpeHHUI CTaHOapT
terpameTicwiad (0 m.a.). KoHcraHTa cliMH-COMHO-
Boro B3aumoneiicteus J, . nst o6o3HayeHus pe-
30HAHCHBIX CHUTHAJIOB WCIIONb30BAIN CJICIYIOIINE
COKpAIIIeHUS: ¢ — CUHIJIET, I — IyOJIeT, T — TPUILIET,
M — MYJbTUIUIET. TOHKOCJIOIHYIO XpoMaTorpaduio
(TCX) BBITOJNHSIIIM Ha CTEKISHHBIX CHJIMKATeIeBhIX
wractmHax DC Kieselgel 60 G/F,s, (Merck, I'epma-
HUST) ¢ oOGHapyxXeHneM B YD-cBeTe.

MoaeKyJaapHblii TOKMHT. MOJEeKYISIpHBIA 10-
KWHT TIPOBOAMJIM C MCIOJIb30BAaHUEM CTPYKTYPHI
TSPO B KOMIUIEKCE C CEJICKTUBHBIM JIUTAaHIOM
PK-11195 (PDB ID: 2MGY) B nporpamme Glide
v8.1 (https://www.schrodinger.com/products/glide).

[IpoctpancTBeHHYI0 CTpyKTYpy peuenTopa TSPO
MONTOTAaBIMBAIM ¢ moMolbio Schrodinger Protein
Preparation Wizard (https://www.schrodinger.com/sci-
ence-articles/protein-preparation-wizard) ¢ UCITOIB30-
BaHUEM cTaHAapTHoro npotokoda [ 17]. Kondopmaim
JIMTAaHIOB pacCUMThIBAJIM B mporpamme LigPrep
(https://www.schrodinger.com/products/ligprep). Ko-
OpIOMHATBI CeTKH (x 5.65; y 4.66; 7 5.91; 20 A) oTueHTpO-
BeIBaJIA 110 JIMTaHAy. CTBIKOBKY BBIIOJHSUIML B IIPO-
rpamMe Glide v8.1 ¢ MCITOIB30BaHMEM CTaHIAPTHOTO
npotokona [16]. ITo3sl BusyanmsupoBaim B Maestro
11.8 (https://www.schrodinger.com/products/maestro),
LogP paccuuteiBanu B MarvinSketch 20.1 (ChemAxon
Ltd., Benrpus). iusg mpoBepKHM NPOTOKOJA JTOKWHTA
PaCCUUTHIBAIM CPEOIHEKBAAPATUIHOE OTKIIOHEHHE IT0-
noxeHuit atoMoB (RSMD) mexmy MCcXomHBIM JIMTaH-

BUOOPTAHUYECKAA XUMUA

MOKPOB u ap.

noM PK-11195 B 6enke TSPO 11 OBTOPHO COCTBIKOBaH-
HbIM mroaroToBiieHHbIM PK-11195 B cetke. 3HaueHue
RSMD cocraswio 1.97 A, 4To MO3BOIIIO MCIIONB30-
BaTh 3TOT MPOTOKOJ ISl TPOTHO3UPOBAHUS CBSI3bIBA-
HUs HOBBIX TuraHaoB TSPO.

O0mass Meroauka mnoJjydyenusi 1-deHmr-nuppo-
n0[1,2-a]mapa3un-3-kapookcamunos (I). PacTtBop
2.2 mmonsb (0.2 T) aMMHOCOaepXKaIIero COeaMHEeHMS,
2.0 mmonpb (0.48 1) 1-denuwnnuppono|l,2-almupa-
3UH-3-KapOooHoBOU KucaoThl 1 2.2 mmoJb (0.30 1)
1-tuapoxkcubeH3oTpurasona B 20 MJI XJIOPUCTOTO Me-
tuiieHa oxJjiaxaanu go 0°C. K Hemy no6asisiiia pac-
TBOp 2.4 Mmonb (0.50 1) 1,3-muuuKiIoreKcuiKapoo-
muuMuna B 10 MIT XJIOpUCTOTO MeTUJIeHa, CMeCh TIie-
pemeiuBaau npu 0°C B redeHure 30 MuH. Boimasiinmii
ocanoK OT(MUIbTPOBBIBAIM, (DUJIBTPAT NPOMBIBAIU
2 pa3a no 20 MJI BOABI, CYLIMJIN CYJIb(aToM HaTpus 1
ynapuBaian gocyxa. OcraTtok xpomarorpadupoBaimn
Ha CUJIMKarejie, MCHOJb3ysd B KayecTBE OJIIOCHTa
cMmech atuiainerara u rekcana (1 : 1). HyxxHbie ppak-
I COOMPATN 1 YITapuBaJIM JOCYXa, OCTaTOK Tepe-
KPUCTaJU30BbIBAIA U3 3TaHOJA.

1-®ennn- N, N-gunponuianuppoo| 1,2-a]nupa3un-
3-kapookcamuga (I'MJI-12). [Tonyyanu u3 1-peHn-
nuppono|1,2-alnupa3nH-3-KapOOHOBOM KUCIIOTHI U
nurpornuiaaMuHa. Beixon 70%, cBETI0-XeAThIe KpH-
cramael. T. . 104—106°C. Haiineno (%): C, 74.88;
H, 7.22; N, 12.90. C,,H,;N;0. Bruucneno (%): C,
74.74; H, 7.21; N, 13.07. Cnekrp 'H-SIMP (CDCl,):
0.82, 1.00 (mBa T, mo 3H, 2CH;, J 6.9); 1.76 (M, 4H,
2CH,CH;); 3.49, 3.68 (uBa T, no 2H, CH,NCH,,
J7.3); 6.97 (M, 1H, H(8)); 7.00 (M, 1H, H(7)); 7.49—
7.59 (M, 4H, 3PhH, H(6)); 7.96—8.03 (M, 2H, 2PhH);
8.45 (c, 1H, H(4)).

N-Ben3un- N-3mui- 1-gennanuppodio] 1,2-a]nupa-
3uH-3-kapookcamua (I'MJI-101). [Tonyganu n3 1-de-
HuJmuppoao[1,2-alnupa3nH-3-KapOOHOBOI KHC-
JI0THI U N-0eH3ui- N-atwiamuHa. Beixon 80%, Oien-
Ho-cepblii mopomok. T. mi. 116—118°C. HaiineHo
(%): C, 76.83; H, 6.12; N, 11.98. C,3H,;N;O. Bpruuc-
neHo (%): C, 77.72; H, 5.96; N, 11.82. Cnexrp
'H-AMP (CDCI,): 1.27 (uBa 1, mo 3H, 2CHj;, 3/ 7.1);
3.73 (m, 2H, CH,—CH3;); 4.95 (nBa c, 2H, CH,—Ph);
6.98 (M, 1H, H(8)); 7.01 (m, 1H, H(7)); 7.27—8.01 (M,
11H, 2Ph, H(6)); 8.54 (¢, 1H, H(4)).

N-Bensruapui- 1-dpeanamappono|1,2-a]nupa3un-
3-kapookcamun ('MJI-102). [Tonyuanu u3 1-dpeHu-
nuppono|1,2-alnupasmH-3-KapOOHOBOI KHUCITOTH 1
OeHsruApmiIaMuHa. Beixonm 85%, keaTo-cepble
urojbyatble Kpuctaybl. T. . 150—152°C. Haiine-
Ho (%): C, 80.67; H, 5.63; N, 10.26. C,;H,;N;0. Bri-
yncieHo (%): C, 80.37; H, 5.25; N, 10.41. Crextp
'H-AAMP (CDCI,): 6.53 (M, 1H, CH); 7.00 (M, 1H,
H(8)); 7.04 (m, 1H, H(7)); 7.27—7.55 (M, 16H, 3Ph,
H(6)); 7.97 (m, 1H, NH); 8.78 (m, 1H, H(4)).

N, N-JIn6ensui- 1-cdennanuppoo[1,2-a|nupa3un-
3-kapookcamun ('MJI-103). [Tomyganu u3 1-peHn-
Ne 2
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nuppoo|1,2-a]nupas3uH-3-KapOOHOBOIT KMCIIOTHI U
nnbensmaamMuHa. Boixon 70%, XeaTblil MOPOIIOK.
T. . 115—116°C. Haiineno (%): C, 80.52; H, 5.23;
N, 10.12. C,4H,;N;0. Boruucieno (%): C, 80.55; H,
5.55; N, 10.06. Criektp 'H-IMP (CDCl,): 4.74 (Mm,
2H, CH,); 5.17 (m, 2H, CH,); 6.99 (M, 1H, H(8)); 7.02
(M, 1H, H(7)); 7.36—7.93 (M, 16H, 3Ph, H(6)); 8.64
(c, 1H, H(4)).

1-®enun-N-(3,4-aumMeToKCU (e HUIITHI)TUPPO-
n0[1,2-a]mapasun-3-kapookcamun (I'MJI-104). Ilo-
aydanu u3 1-¢penmnnuppono|1,2-alnupa3uH-3-kap-
OOHOBOI1 KHUCIOTH M 3,4-TMMETOKCU(ESHUIITUII-
amuHa. Bwixom 90%, cBeTJIO-XENTHI ITOPOIIOK.
T. 1. 160—163°C. Haiineno (%): C, 71.85; H, 5.68;
N, 10.52. C5,H,;N;0;. Beruncneno (%): C, 71.80; H,
5.77; N, 10.47. Cnekrp 'H-AMP (CDCI;): 2.91 (m,
2H, CH,); 3.74 (M, 2H, CH,) 3.88 (M, 6H, 2CH;);
6.83 (M, 3H, Ph,); 6.99 (M, 1H, H(8)); 7.04 (M, 1H,
H(7)); 7.27-8.15 (m, 11H, 2Ph, H(6)); 8.74 (c, 1H,
H(4)).

1-®enna-N-(3,4,5-TpuMeTOKCHOEH3UIT)TUPPO-

n0[1,2-a]mapa3un-3-kapookcamua (F'MJI-105). T1o-
Jaydanu u3 1-denwanuppono[1,2-alnupasuH-3-Kap-
OOHOBOIT KMCJIOTH 1 3,4,5-TpUMETOKCUOCH3MIaMM~
Ha. Beixon 80%, cBeT/IO-KeNThIN TMopoiok. T. 1.
180—183°C. Haiigeno (%): C, 69.27; H, 5.72; N,
10.19. CyH»;N;0,. Boraucneno (%): C, 69.05; H,
5.55; N, 10.07. Criekrp 'H-SAIMP (CDCI,): 3.87 (M,
9H, 3CHs); 4.65 (m, 2H, CH,); 6.62 (M, 2H, Ar); 7.02
(M, 1H, H(8)); 7.04 (m, 1H, H(7)); 7.27—8.03 (M, 6H,
Ph, H(6)); 8.81 (c, 1H, H(4)).

MeTtunosblii 3¢pup L-3-denna-2-(1-denmmuppo-
J10[1,2-a]mipa3un-3-KapooKCAMUI)IPONAHOBOI KHCJIO-
1 (I'MJI-106). [Tonyyanu u3 1-beHuwtmmuppodo|1,2-
a|mmpa3uH-3-KapOoHOBOM K1cIOTH 1 L-dennnana-
HUHAa. Beixon 85%, kapamenbHBIe KpUcTaUIbL. T. TI1.
120—121°C. Haiineno (%): C, 72.12; H, 5.42; N,
10.56. C,4,H,N;05. Boiuucieno (%): C, 72.17; H,
5.30; N, 10.52. Cniektp 'H-AAMP (CDCl;): 3.27 (M,
2H, CH,); 3.75 (tpu ¢, 3H, CH3); 5.10 (M, 1H, CH);
6.99 (M, 1H, H(8)); 7.06 (M, 1H, H(7)); 7.55—7.95 (M,
11H, 2Ph, H(6)); 8.44 (M, 1H, NH); 8.71 (¢, 1H,
H(4)).

Azenan-1-ui(1-demmmupposo|1,2-a]mpa3un-3-
ummeranon (I'MJI-107). Tlonyyanu u3 1-deHnn-
nuppoio|1,2-alnupasuH-3-KapOOHOBOI KUCIOTHI U
azemaHa. Bexom 85%, KapaMenbHBIE KPUCTAJLIEL.
T. 1. 92—93°C. Haiineno (%): C, 75.35; H, 6.72; N,
13.12. CyH,N;O. Beruuciieno (%): C, 75.21; H, 6.63;
N, 13.16. Cnekrp 'H-IMP (CDCl;): 1.65 (c, 2H,
CH,CH,); 1.86 (M, 2H, CH,—CH,); 3.71 (M, 2H,
CH,—N); 3.86 (M, 2H, CH,—N); 6.97 (M, 1H, H(8));
6.99 (M, 1H, H(7)); 7.52—7.97 (M, 6H, Ph, H(6)); 8.4
(c, 1H, H(4)).

Jdumatunosbiii  a¢pup L-2-(1-denuamupposo[1,2-
a]nupa3uH-3-KapooKCaMHUI0)IEHTAHIHOHOBOI KHCJI0-
BUOOPTAHUYECKAA XUMUA
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b1 ('MJI-108). [Tonyyanu u3 1-denunnupposno[1,2-
alnupa3uH-3-KapOOHOBOM KUCITOTHI M TU3TUJIOBOTO
adupa L-tnyraMuHOBOI KucioThl. Beixon 65%, ka-
pamenbHble KpucTaibel. T. mi. 59—60°C. HaiineHo
(%): C, 65.30; H, 5.98; N, 9.83. C,;H,5N;05. Boruuc-
neHo (%): C, 65.24; H, 5.95; N, 9.92. Cnekrp 'H-
AMP (CDCl5): 1.20—1.30 (M, 6H, 2CH,;); 2.00—2.40
(M, 4H, 2CH,-CHj;); 4.09—4.11 (M, 2H, CH,—C(0));
4.25—4.27 (m, 2H, CH,—CH,); 7.00-7.06 (m, 2H,
H(8), H(7), J 3.46); 7.55—8.00 (m, 6H, Ph, H(6));
8.74 (c, 1H, H(4)).

Jumatunoseiii  3¢pup L-2-(1-dennmuppoio[1,2-
a]nupa3nH-3-KapooKcaMuI0)0yTAHIHOHOBO KHCJI0-
1 ('MJI-109). [Tonyuyanu u3 1-denunnuppono[1,2-
a|mpasuH-3-KapOOHOBOM KUCITOTH U TU3THIIOBOTO
spupa L-acmaparuHoBoii KucIoTel. Beixonm 78%,
x)entele kpuctauisl. T. . 42—43°C. Haiigeno (%):
C, 64.30; H, 5.74; N, 10.13. C5,H»;N;05. Beruucneno
(%): C, 64.54; H, 5.66; N, 10.26. Criektp 'H-IMP
(CDCly): 1.24—1.30 (M, 6H, 3CH;); 3.01-3.11 (am,
4H, CH,—C(0), J, 6.25, J, 7.20); 5.09—5.12 (M, 1H,
CH-NH), 7.99-7.06 (m, 2H, H(8), H(7), J 3.46);
7.53—8.04 (m, 6H, Ph, H(6)); 8.74—8.75 (c, 1H,
H(4)).

MetunoBbiii  3¢up L-2-(1-denmmuppono[1,2-
a]mipa3uH-3-KapOoOKCAMMIO)IPONAHOBOH  KHCJIOTBI
(I'MJI-110). Tlonywyanu w3 1-cdenwamnuppono|l,2-
a|mupasuH-3-KapOOHOBOM KUCIOTHI M METHIIOBOTO
a¢upa L-amannHa. Berxon 90%, XenThle KpUCTAILTHL.
T. 1. 128—130°C. Haiineno (%): C, 66.79; H, 5.74;
N, 13.14. C,sH;N;0;. Beruucneno (%): C, 66.86; H,
5.30; N, 13.00. Criekrp 'H-SAIMP (CDCly): 1.57 (u,
3H, CH;, J 6.00); 3.80 (c, 3H, OCH,;); 4.82—4.91 (M,
1H, CH—-NH), 7.04—7.00 (m, 2H, H(8), H(7)); 7.55—
8.43 (M, 6H, Ph, H(6)); 8.75 (¢, 1H, H(4)).

Orunosblii 3¢up L-3-(1H-unnon-3-um)-2-(1-de-
HIWIHpPPoJio[ 1,2-a]mupa3un-3-KapooKcaMuIo)npona-
HoBoii Kucjaotbl ('MJI-111). IToayvyanu u3 1-dennn-
nuppono|1,2-alnupaszuH-3-KapOOHOBOI KUCIOTHI U
sT1oBoro a¢gupa L-tpuntodana. Beixon 80%, xe-
teie Kpuctayuibl. T. tr. 71-72°C. Haiineno (%): C,
71.65; H, 5.74; N, 12.40. C»H,4,N,O;. Beruucieno
(%): C, 71.67; H, 5.35; N, 12.38. Cnekrp 'H-IMP
(CDCIy): 1.24 (M, 3H, CH;); 3.45 (M, 2H, CH,—CH));
3.69 (m, 2H, CH,—CHy3), 5.16 (M, 2H, CH—N); 7.01—
7.84 (m, 13H, H(8), H(7), Indole, Ph.); 8.54 (m,
H(6)); 8.71 (¢, 1H, H(4)).

Oruaoseiii 3¢up D-3-(4-ruapokcudennn)-2-(1-
tenunnuppono[1,2-a]nupaszun-3-KapooKcaMumo)-
nponanoBoii kuciaorsl (I'MJI-112). [lonydanu wus3
1-dbermnnupponol1,2-alJnupas3mH-3-KapOOHOBOIA
KHMCJIOTHI M 3TUinoBoro 3¢upa D-tuposmHa. Berxon
45%, xentoie kpucTtauisl. T. . 174—176°C. Haiine-
Ho (%): C, 69.95; H, 5.36; N, 9.75. C,5sH,;N;0,. Boi-
yucieHo (%): C, 69.92; H, 5.40; N, 9.78. Cnekrp
'H-AMP (CDCl,): 1.26 (M, 3H, CH); 3.15-3.17 (M,
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2H, CH,Ph); 3.72—3.75 (M, 1H, CH—N), 4.19—4.22
(M, 2H, CH,—CHj;), 6.70—7.90 (M, 12H, H(8), H(7),
2Ph); 8.52—8.55 (m, H(6)); 8.67—8.68 (c, 1 H, H(4)).

L-3-®enun-2-(1-dennmmuppo.o|1,2-a|nupa3un-
3-kapookcamum)nponanoBas kKuciaora (I'MJI-113).
PactBopsinu 8.03 mmoib (3.21 r) meTunoBoro adupa
L-3-¢penmin-2-(1-penunnuppono|1,2-a]nupasuH-3-
KapOokcamum)nponaHoBoii kucjaotel (I'MJI-106) B
CMeCU BTUJIOBOTO U M3OMPOIUJIOBOIO CIUpTa, J0-
OaBJISIIN TUAPOKCUA Kanyst B 20 MJI BOJIBI M KUTISITUINA
¢ 00paTHBIM XOJIOMWJIBHUKOM 2 4. HeltTpannzoBanmu
PEaKLMOHHYI0 CMECh JMMOHHOW KHCJIOTOH U 3KC-
TParupoBajIv XJJOPUCTHLIM METUJICHOM, 3aTEM yIIapH-
BaJIM 1OCyXa Ha POTOPHOM HCIIapUTesie U TepeKpu-
CTaJUIN30BBIBAIA U3 3TaHona. Beixon 1.71 1, 53.3%.
XKentele kpucramiel. Haiimeno (%): C, 71.45; H,
5.16; N, 10.99. C,;HyN;0;. Bwiuucneno (%): C,

71.68; H, 4.97; N, 10.90. Criektp 'H-IMP (DMSO-
dg): 3.21 (M, 2H, CH,); 4.52 (M, 1H, CH); 7.06 (M,
2H, H(7), H(8)); 7.20—8.05 (M, 11H, 2Ph, H(6)); 8.53
(M, 1H, NH); 8.97 (¢, 1H, H(4)).

Kusotnbie. ZKrBoTHbIE (240 MbIIIEN-CAMIIOB JIU-
Huu Balb/c maccoit 19—25 r; 272 ayTOpeaHbIX MbI-
meii-camoB ICR maccoii 23—30 1) rmojry4eHBI 13 IT1-
TOMHMKA J1JabOpaTOPHBIX JKMBOTHBIX “ITylIuHO” mpu
dunuane MHCTUTYyTa OMOOPraHUYECKO XUMMUU UM.
M.M. [llemsakuna u FO.A. OBUMHHUKOBA.

ZKVIBOTHBIX coliepKajiu B YCIOBUSIX JIJAOOPATOPHO-
ro BUBApUsI B KOHTPOIUPYEMBIX YCIOBHUSIX OKPYKaIO-
mei cpeabl (20—24°C 1 oTHOCUTEIbHAS BIaXXKHOCTh
45—65%, 12-yacoBoii UMK ocBeleHus, 10-KpaTHast
CcMeHa 00beMa BO3ayXa KOMHATHI B Yac) B IJIACTMAac-
COBBIX KJIETKAaX C BEpPXHEM KPBIIIKOMU 13 HEepKaBelo-
1Iei cTaju ¢ 00ecnbUICHHON TONCTUJIKONM U3 Aepe-
BSTHHOM CTPYXKH, 1m0 20 MBIIIEH B KaxKIOM KIIETKE,
MpU TIOCTOSIHHOM JOCTYIIE K 3KCTPYAUPOBAHHOMY
OpUKETUPOBAaHHOMY KOpPMY UM IUTbeBoM Boae. Ku-
BOTHBIX pacHpenesuii 110 TPyHIiaM paHIOMU3HPO-
BaHHO, IT0 KPUTEPHUIO MaCChl TeJla, C OTKIOHEHUEM OT
cpenHero 3HadeHust He Gosee 10%. Ilepen ombiTom
XKMBOTHBIX BBIICPXUBAIM B SKCIEPUMEHTAILHOMN
KOMHaTe B “IoMalllHuX”’ KJIeTKax B TeueHue 24 4.

Tect “oTKpbITOE NOJE”. B 1iccneqoBaHUU UCIIOJb-
30BaJIM MHbIIeK-camioB auHuM Balb/c. [1ns BBene-
HUSI MUCCJIEAYEMBIX COEOUHEHMWII TOTOBUJIM HX CYC-
neH3uio ¢ Tween-80 M IUCTUIUIMPOBAHHOII BOIOI
(1% Tween-80) B KoHIEeHTpamusx ot 10 1o
500 MKT/MJ B 3aBUCUMOCTHU OT MUCMOJIb3YEMOIi TO3HbI.
O0beM BBeneHus cocrasiisul 0.1 mir Ha 10 r Beca oot
MBIIIEH 1 PACCUUTHIBAJICS B COOTBETCTBUM C MacCOM
TeJja, perucTpUpyeMOii mepell BBeAeHUEM TIpernapara.
IMonyyeHHYIO CMeCh BBOAWJIM MBIIIIAM OJHOKPATHOM
BHYTPUOPIOIIMHHON MHBbeKIME. B Kaxnoii uccie-
JI0OBaTeJIbCKOI TpyIilie OBLJIO IO 8 XXMBOTHBIX. Ku-
BOTHBIM KOHTPOJILHBIX IPYHIT BBOAWIN 1%-Hy10 cyc-
neH3uio Tween-80 B IMCTUIUIMPOBAHHOI BOJIE.

Yepes 30 MUH nociie BHYTPUOPIOITMHHOTO BBEIC-
HUS COCOMHEHMs XXMBOTHOE CHaJyajia IIoMeIand Ha

BUOOPTAHUYECKAA XUMUA

MOKPOB u ap.

1 MMH B TeMHYIO KaMepy, a 3aTeM — Ha OJWH U3 IIepU-
depuyeckrux KBaapaTtoB “oTKpbiToro moisi” (Open
Science, Poccust), kotopoe IpencTabiisieT U3 ceOs
Oellyto Kpyrmiiylo apeHy auameTtpoM | M ¢ OeabiMu
oopramu BeicoToi 50 cM. OcBenieHne OCYIISCTBIISIITN
OecTeHEeBBIMU JlaMIIaMM, PAaCIOJOXEHHBIMM Ha
ypoBHe 1 M HaJl ITOBEPXHOCTHIO MOJIs. YPOBEHb OCBE-
meHHoctu coctasisut 3000 aroxkc. Bee mpocTpaHCcTBO
apeHbl paBHOMEPHO pa3le/ieHO YeThIpbMsI KOHIIEH-
TPUUYECKUMU OKPYKHOCTSIMM, KOTOPbIE B CBOIO O4E-
penb pa3douThl paanycaMu Ha CEKTOopa Tak, YTO Iepu-
(deprueckast OKPY>KHOCTb COCTOMUT M3 16 ommHaKo-
BBIX KPUBOJIMHEHHBIX KBaapatoB. HabOmomeHnue 3a
KMBOTHBIM NPOBOAWIN B TE€YCHHUE 3 MUH, Pa3aeIbHO
¢bUKCUpOBaIU YUCIO MepeceYeHHBIX KBaApaTOB Ha
nepucdepun (ITA), B ueHTpasibHbIX obaacTsx (LIA),
yuciio 3axonoB B 1ieHTp (1), a Takke 4rciao BepTU-
KanbHBIX cToeK (BA) u KonuuecTBo gedexauuit (1).
CyMMapHOe 4HCJIO IepeCceYeHHBIX KBaJIpaToB BMe-
CTE C YMCJIOM BEPTUKAJIBHBIX CTOEK 0003HaYaIM KakK
o61yto aktuBHOCTh (OA).

Tect “npunoaHATHIA KpecToOOpa3HbIii JAOUPHHT” .
YcTaHoBKa “TIpUNIOMHSITBHIA KPECTOOOPa3HBIN 1adu-
punt” (ITKJI) (Open Science, Poccust) miist Mblieit
BBITIOJIHEHA M3 MOJIMBUHWIXJIOPUIA CEPOTO 1IBETa U
MpencTaBisieT cobOil ABe B3auMMOIEpeceKarluecs
IO IPSIMBIM YTJIOM TOPM30HTATBHBIE TOPOXKKH 65 X
X 5 cM. /IBa MpOTHBOIIOJIOXHBIX OTCEKAa MMEIOT He-
Mpo3pavyHble BEPTUKaAJIbHbIE CTEHKU BBICOTOI 15 cM.
JlabupuHT npumnogHsT ot 1moya Ha 40 cM. B mecTe ne-
PEKPECThsl TIJIOCKOCTEM HAXOMUTCS OTKpbITas 1I€H-
TpanbHas mardopma 5 X 5 cMm.

DKCIIEpUMEHT NPOBOIMUIIN B YCIOBUSIX JTHEBHOTO
ocBellleHUs. B Haualle TecTUpOBaHUS XKUBOTHOE T10-
Mellayd B LIEHTPp JaOMpPUHTA, 9TO JABAJIO BO3MOXK-
HOCTb IIEPEMECTUTHCSI B TEMHBIE JINOO CBETJIbIE pyKa-
Ba JJaOMpPUHTA — B 3aBUCUMOCTH OT IIpeobiagaHus
TpeBoru (0OSI3Hb BBICOTHI, OTKPBHITOIO IIPOCTpPaH-
CTBa) WIN MCCJIEA0BATEIbCKON aKTUBHOCTH (UTO IO~
OyKIajao KMBOTHOE BBIXOAUTH U3 “3allMINEHHBIX
PYKaBOB).

Hccnenmyemble coenmHEeHMsT BBOIWIM BHYTPHU-
OpIoLIMHHO ayTOpenHbIM MbIlIaM-caMiiaMm ICR B Bu-
ne cycrieH3uu ¢ Tween-80 1 JMCTUIIMPOBAHHOIT BO-
moit (1% Tween-80) B KoHueHTpanusix ot 10 mo
500 MKT/MJ B 3aBUCUMOCTH OT UCTOJIb3YEMOIT TO3HI.
O0neM BBeneHud cocrasiisut 0.1 mir Ha 10 © Beca o1
MBIIIEN 1 PAaCCYUTHIBAJICS B COOTBETCTBUM C MaCcCOM
TeJa, peruCcTpUpyeMoii epea BBeASHUEM TIpernapara.
KUBOTHBIM KOHTPOJILHBIX TPyt BBOAWIU 1%-Hyl0
cycneHsuio Tween-80 B mucTyummpoBaHHO Bome. B
KaXKIo#t rcciaenoBaTeIbCKOM IpyMIie ObLUIO MO § XK1~
BOTHBIX.

OueHky noBeneHust Mbiteit B recte ITKJI mpoBo-
munn cornacHo meromuke Pellow et al. [21] gepe3s
30 MUH Mocjie BBeaeHus coequHeHnii. @ukcupoBa-
JIU ceAylolye ToKa3aTeu MoBeIeHUs XKUBOTHBIX B
I1KJI B TeueHue 300 c: BpeMsi HAaXOXIEHUSI B OTKPHBI-
Ne 2
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TBIX pyKaBax, BpeMsl HaXOXJIeHMS B 3aKPBIThIX pyKa-
Bax, YMCJIO 3aX0J0B B OTKPBIThIE PyKaBa, YNCJIO 3aX0-
JIOB B 3aKPBIThIE pyKaBa, nMpedbiBaHue (B %) KUBOT-
HBbIX B OTKpPBITBIX pyKaBaX IIO OTHOIIEHUIO K
CyMMapHOMY BPEMEHU B OTKPBITBIX U 3aKPBITHIX PYy-
KaBax JJAOUPHWHTA 1 YMCITO 3aX0H0B (B %) B OTKPBITHIE
pyKaBa Mo OTHOIIEHUIO K CYMMapHOMY YMCITy 3aX0-
JIOB B OTKPBITBIE U 3aKPbIThIE pyKaBa JIJAOMPUHTA.

CraTtucTuyeckas o0padorka maHHbIX. CTaTUCTU-
yecKylo 00pabotKy nonydeHHbIX B OIT u ITKJI pe-
3YJIBTATOB IIPOBOIWIIN C MCTIOIB30BaHEM OTHOMaK-
TOPHOTO JWCTIEPCUOHHOTO aHanu3a (KpUTepuit
Kpackena—Yomnnca) u HelmrapaMeTpHIeCKOro aHa-
JIM3a I He3aBUCUMBIX TlepeMeHHBIX (U-KpuTepuii
ManHa—YUTHHM, pa3nudusi CUUTAIU 3HAYUMBIMU
ipu p < 0.05).

SAKJIIOYEHHME

CuHTe3npoBaHa HoBas Ipymiia 1-peHuImmppo-
Jo[1,2-a|nupa3nH-3-KapOoOKCaMHUIOB, B KOTOPBIX
3aMECTUTEISIMA TIPA aMUIHOM aTOMe a30Ta BBICTY-
TAIOT ATKWJIbHBIE, OCH3WIBHBIE VTN aJTKOKCU(hEeHIIT-
aJIKWJIbHBIE TPYTIbI, OCTaTKA aMUHOKMCIIOT MU UX
npou3BomHbie (Bcero 14 coemmuenwuit). IlokaszaHo,
YTO CUHTE3WPOBAHHBIC COCTMHEHMS NMEIOT BHICOKIE
TeopeTuueckue 3HauyeHUs1 ah(UHHOCTHU MO OTHOIIIE-
Huio K 0enky TSPO u OmaronpusTHEI TIpoduUib
ADMET-xapakTepucTuK, 4Tro OOYCJIOBIMBAET WX
MepPCIeKTUBHOCTh MJisI pa3paboOTKU B KayecTBe Jie-
KapCTBEHHBIX CPENICTB.

YV HeKoTophIX coequHeHunit B no3ax 0.1—5.0 Mr/kr
MpU BHYTPUOPIOIIMHHOM BBEIECHUM B YCIOBUSIX 3MO-
LIMOHAJILHO-CTPECCOBOr0 BO3JIEUCTBUSI B TECTE “OT-
KpbITOe TIoyie” y Mbiueit tuaun Balb/c u B Tecte
“TIPUTIOMHSTHIN KPeCcTOOOpa3HBIN Ja0OUPUHT” Y MBI-
meii ICR BbIsIBIEHA aHKCUOJUTUYECKAasl aKTUB-
HOCTb. OrpenejeHbl HEKOTOPbIE 3aKOHOMEPHOCTU
110 B3aIMOCBSI3M OMOJIOTMYECKOM aKTUBHOCTH N Vivo
C PSIIOM pacYeTHBIX IToKa3aTesieii: 0oiee aKTUBHBIMU
OBLIM COeMMHEHMsI, 00agaolIre OOIbIINMM 3HAYe-
ausgsmu Docking score, LogP 1 LogBB, uTo xopoio
comlacyercsl ¢ 0a30BbBIMUA NPUHLMIAMU MEIUIIMH-
CKOl XMMUM B OTHOIIEHUM HEWPOICUXOTPOITHBIX
CPENCTB.

Jlas panpHeiei pa3padoOTKU B Ka4eCTBE MOTSH-
LUAJbHOTO AHKCUOJUTUYECKOIO CpEACcTBa ObLIO
oToOpaHO coeguHeHUe-maep N-OeH3rumpuia-1-
denunnupposoll,2-alnupazuH-3-kapoboKkcaMu
(I'MJI-102), noka3aBilIunii HATM4YKE MPOTUBOTPEBOXK-
HOM aKTMBHOCTU y MBIIIEH B IIMPOKOM WHTEpBAaje
J103 B 000MX UCHOIb3yeMbIX TOBEACHUYECKUX TECTaX.

OOHIOBAA IMMTOAAEPXKKA

Pa6ora BeinosiHeHa B pamkax ['ocynapcTBeHHOTO 3a/1a-
Husg ®TBHY “HUMU dapmakonorun umenu B.B. 3akyco-
Ba” Ha 2022—2024 roast Ne FGFG-2022-0005 “Co3naHnue
HOBBIX XMMUYECKUX CTPYKTYP — MOTCHIUAIbHBIX JIMTAH-
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0B d)apMaKonorw{ecm/Ix MUILIEHEN 1151 JISYeHUS HCPBHO-
TIICUXNYECKUX U CEPACYHO-COCYANCTBIX 3a001eBaHMIt”.

COBJIIOJEHUE 5TUYECKHNX CTAHOAPTOB

OpranHuzauuio U TIpoBeNeHue paboT C XKUBOTHBIMU
ocymecTBisuii B coorBeTcTBuM ¢ TOCT 33216-2014 “Py-
KOBOJICTBO T10 COJIEP>KAHUIO U YXOAY 3a JabopaTOpHBIMU
xuBoTHbIMU. [IpaBuna comepkaHusi U yxoaa 3a jabopa-
TOpPHBIMU TI'pbidyHamu U kKpoaukamu”, TOCT 33215-2014
“PykoBOACTBO IO COACPXKAHUIO U YXOY 3a JIJAaOOpaTOPHbI-
MU XUBOTHbIMU. [IpaBuna o6opynoBaHusI TIOMELIEHU 1
opranuzanuu npoueayp”, dupekrupoii 2010/63/EU EB-
poneiickoro napjameHTa u CoBera EBponeiickoro Coro3za
ot 22 cents16ps 2010 r. mo oxpaHe XKMBOTHBIX, UCIIOIb3ye-
MBIX B Hay4YHBIX LEJsIX, U MpaBUJIaMU, YTBEPXKIEHHBIMU
koMuccueit no onoatuke ®TBHY “HUMU dapmakosioruun
nM. B.B. 3akycoBa”.

KOH®JIMKT MHTEPECOB

ABTOpBI 3asIBIISTIOT 00 OTCYTCTBUM KOH(MPIMKTA NHTE-
pecoB.

CIIMCOK JIMTEPATYPbI

1. Mokrov G.V., Deeva O.A., Gudasheva T.A. // Curr.
Pharm. Des. 2020. V. 27. P. 217-237.
https://doi.org/10.2174/1381612826666200903122025

2. Sanabria E., Cuenca R.E., Esteso M.A., Maldonado M. //
Toxics. 2021. V. 9. P. 25.
https://doi.org/10.3390/toxics9020025

3. Rupprecht R., Papadopoulos V., Rammes G., Baghai T.C.,
Fan J., Akula N., Groyer G., Adams D., Schumacher M. //
Nat. Rev. Drug Discov. 2010. V. 9. P. 971—-988.
https://doi.org/10.1038 /nrd3295

4. Sugasawa Y., Cheng W.W.L., Bracamontes J.R.,
Chen ZW., Wang L., Germann A.L., Pierce S.R., Sen-
neff T.C., Krishnan K., Reichert D.E., Covey D.F,
Akk G., Evers A.S. // Elife. 2020. V. 9. P. 1-32.
https://doi.org/10.7554/ELIFE.55331

5. Guennoun R., Labombarda F., Gonzalez Deniselle M.C.,
Liere P., De Nicola A.F, Schumacher M. // J. Steroid
Biochem. Mol. Biol. 2015. V. 146. P. 48—61.
https://doi.org/10.1016/j.jsbmb.2014.09.001

6. Rupprecht R., Ranimes G., Eser D., Baghai T.C., Schule C.,
Nothdurfter C., Troxler T., Gentsch C., Kalkman H.O.,
Chaperon F., Uzunov V., McAllister K. H., Bertaina-An-
glade V., La Rochelle C.D., Tuerck D., Floesser A., Kiese B.,
Schumacher M., Landgraf R., Holsboer F, Kucher K. //
Science. 2009. V. 325. P. 490—493.
https://doi.org/10.1126 /science.1175055

7. Da Pozzo E., Costa B., Martini C. // Curr. Mol. Med.
2012. V. 12. P. 426—442.
https://doi.org/10.2174/156652412800163451

8. Barresi E., Robello M., Costa B., Da Pozzo E., Baglini E.,
Salerno S., Da Settimo F., Martini C., Taliani S. // Eur.
J. Med. Chem. 2021. V. 209. P. 112924.
https://doi.org/10.1016/j.ejmech.2020.112924



206

9.

10.

11.

12.

13.

14.

MOKPOB u ap.

Mokrov G. V., Deeva O.A., Gudasheva T.A., Yarkov S.A.,
Yarkova M .A., Seredenin S.B. // Bioorg. Med. Chem.
2015. V. 23. P. 3368—3378.
https://doi.org/10.1016/j.bmc.2015.04.049

Mokrov G.V., Pantileev A.S., Yarkova M.A., Gudasheva T A.,
Seredenin S.B. // Med. Chem. 2022. V. 18. P. 497—508.
https://doi.org/10.2174/1573406417666210806095051

Gudasheva T.A., Deeva O.A., Mokrov G.V., Dyabina A.S.,
Yarkova M.A., Seredenin S.B. // Med. Chem. 2018.
V. 15. P. 383—-399.
https://doi.org/10.2174/1573406415666181119164846

Gudasheva T.A., Deeva O.A., Pantileev A.S., Mokrov G.V.,
Rybina 1I.V., Yarkova M.A., Seredenin S.B. // Molecules.
2020. V. 25. P. 5132.
https://doi.org/10.3390/molecules25215132

Cepedenun C.B., Mokpose [I'B., [yoawesa TA.,
Jleesa O.A., Apkoe C.A., Apkosa M.A., 2Kepdee B.II.,
Anexceee K.B., /lypnes A.Jl., Hesnamoe I'I. // TlaTteHT
RU 2572076 C2, 2015.

Cepedenun C.b., Apxosa M.A., I[losapnuna I1.10.,
Moxkpos I'B., Iyoawesa T.A. // Tlatent RU 2699568
C2, 2019.

15.

16.

17.

18.

19.

20.

21.

Cepedenun C.b., Mokpoe I’ B., fIpkosa M.A., [lanmune-
e A.C., Iyoawmesa TA., Hypnee A.Jl. // Ilatent RU
2734240 C2, 2020.

Schrodinger Release 2015-4: Maestro, Version 10.4,
Schrodinger, LLC, New York, NY, 2015.
https://www.schrodinger.com/products/maestro

Schrodinger Release 2015-2: LigPrep, Schrodinger,
LLC, New York, NY, 2015.
https://www.schrodinger.com/products/ligprep

ADMETIab 2.0: an Integrated Online Platform for Ac-
curate and Comprehensive Predictions of ADMET
Properties, 2021.

https://admetmesh.scbdd.com/

PykoBOICTBO MO MPOBEACHUIO TOKIMHUYECKUX HC-
cJIeoBaHMIA JIeKapCTBEHHBIX cpencTB. YacThb nepsas /
IMon pen. MuponoBa A.H. Mocksa: I'pud u K, 2012.
944 c.

Cepedenun C.b., Bedepnuxoe A.A. // Bronn. skcr.
omon. uMen. 1979. T. 88. Ne 7. C. 38—40.

Pellow S., Chopin P, File S.E., Briley M. // Neurosci.
Meth. J. 1985. V. 14. P. 149—167.

Design, Synthesis, and Study of the Anxiolytic Activity of New Pyrrolo[1,2-a]pyrazine-
Containing TSPO Ligands

G. V. Mokrov* #, A. S. Pantileev*, M. A. Yarkova*, I. V. Rybina*, T. A. Gudasheva*,
Yu. V. Vakhitova*, and S. B. Seredenin*
#Phone: +7-926-185-68-46; e-mail: g.mokrov@gmail.com
*Research Zakusov Institute of Pharmacology, ul. Baltiyskaya 8, Moscow, 125315 Russia

A new group of 1-phenylpyrrolo[ 1,2-a]pyrazine-3-carboxamides, in which substituents at the amide nitrogen
atom are alkyl, benzyl or alkoxyphenylalkyl groups, amino acid residues or their derivatives, has been obtained
in this work. The synthesized compounds have high theoretical affinities for the 18 kDa translocator protein
(TSPO) and a favorable profile of ADMET characteristics, which makes them promising for drug develop-
ment. Anxiolytic activity was detected for eight compounds at doses of 0.1—5.0 mg/kg when administered in-
traperitoneally under conditions of emotional stress in the open field test in Balb/c mice and in the elevated
plus maze test in ICR mice. N-Benzhydryl-1-phenylpyrrolo[1,2-a]pyrazine-3-carboxamide was selected as
a lead compound for further development as a potential anxiolytic agent, which showed the presence of anti-

anxiety activity in a wide range of doses in both tests

used.

Keywords: TSPO ligands, pyrrolo[ 1,2-a[pyrazines, molecular modeling, anxiolytic activity, animal models
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