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PE3HOME

AxtyanbHocTb. [ToNCK NEPCNEKTUBHBIX HECTEPOUIHbIX NPOTUBOBOCNANNTENbHBIX Npenapatos (HIBIM) HanpasneH, B 4aCTHOCTW, Ha BbIfAB-
NeHne MONEKYN C MyNbTUTAPreTHbIM NPOTUBOBOCNANUTENbHLIM U IPOTUBOGONEBLIM AEACTBMEM (B T.4. YEPE3 LEHTPaNbHbIE MEXAHW3MbI).

Uenp: n3y4ntb B3aumoencTaus monekynbl-kavauaara HMBI (SV-1010) ¢ onnouaHbiMKU peLentopaMu 1 CPaBHUTb C adhdheKTamu
3BECTHbIX MOJIEKYN-aroHMcToB (6yTopdhanona n U-50488) meTogamu xemopeakTOMHOr0 aHanusa 1 JOKUHra.

Marepnan n MeTogbl. XeMOPEAKTOMHbIN aHanu3 MexaHu3mos gencteus HITBIM nposoauncs B Tpu atana: opMupoBaHme BbIGOPOK
QIaHHbIX, YCTAHOBMEHME CMICKOB MOMEKYN C W3BECTHbIMI CBONCTBAMM, PACYET KOHCTAHT CBA3bIBaHNA Kd 1 KOHCTAHT akTmBauum EC50.
JIOKMHT Kanna-onuonaHbIX peLenTopoB BbINOHEH ¢ Mcnonb3oBaHuem nporpamm MarvinSketch, MOPAG2012, AutoDock Vina. lMpose-
JEHO COMOCTaBEHNE Pe3yNbTaTOB XeMOPEaKTOMHOIr0 MOLENMPOBAHUA U [OKMHTa.

Pe3ynbratbl. XeMOPeaKTOMHbIA aHaN13 B3AUMOAENCTBMNIA NCCNE0BAHHbIX MOMEKYT C ONUOMAHBIMMW PELENTOpPamMi Nokasan, 4To
MeAMaHHbIE 1 CPeHME 3HAYEHNS KOHCTAHT cBA3biBaHNA Kd coeanHerns SV-1010 conoctaBuMbl ¢ OLEHKAMU 3HA4YEHUIA KOHCTAHT,
nony4eHHbIX ang oytopdasona n U-50488 (75-98 HM gns gensta-peuentopos, 62-81 HM ans kanna-peuentopos, 198-244 uM ans

MI0-peLenTopos). Cpeamn 13y4eHHbIX NOATMNOB ONMOMAHbIX peLenTopoB y BewlecTBa SV-1010 ycTaHOBNEHbI HAMMEHbLUME 3Ha4YeHNs Kd

Ans kanna-peuentopoB (64,8+46,3 HM; genbta- n Mio-peuentopbl; 79,9+77,6 n 243,8+246,9 HM co0TBETCTBEHHO). He 06HAPYXEHO Cy-
LLIECTBEHHOI pas3HuLbl B CBA3bIBAHWN Monekyn coefnHeHus SV-1010 onnonaHbiMm pelentopamu Tunos kanna-1 u kanna-2 (Kd B gnana-
30He 3Ha4YeHnii 23,7-54,5 HM). [JoKUHT U3y4eHHbIX MOJEKYN B CTPYKTYPY Kanna-peLentopa YesioBeka no3sosmni noayqnts 3Haqequs Kd

1 cChOpMYNNPOBATh MexaHn3m CBA3bIBaHuA coefuHeHns SV-1010 ¢ caiiTom kanna-onuougHOro peLenTopa (MoTeHLMabHO, KNo4eBbIMiA
CBA3bIBAIOLLMMN AMUHOKMCIIOTaMU CaiTa Kanna-onnouaHoro peuentopa asnstotcs ILE730, VAL667, MET579, ILE726, TRP723, ILE460

1 TYR464). ConocTaBneHne peaynsTaTtoB XeMOPEeakTOMHOMO MOJEIMPOBAHNS W JOKMHIA MO3BOMIANO HANTU KOPPENALMIO, BbIPXEHHYHO
ypaBHeHnem «35,8x — 4790» ¢ KOIDMDULMEHTOM KOpPPenauum, 6U3KUM K eanHuLe. PedynbtaTbl XeMOPEaKTOMHOIO MOJENNpPOBaHNs

KoHcTaHT EG50 noaTBEpAUnmM [aHHble aHanu3a KOHCTAHT CBA3bIBaHKA Kd, B T.4. 1 T0, 4T0 coeamHeHne SV-1010 xapaktepuayetcs
60bLLIM CPOACTBOM K Kanmna-peLentopam, 4em K Mio-peLentopam.

3aknoyerne. XeMopeakTOMHOE 11 JOKWHIOBOE MOJennpoBaHne acpdekTos monekynbl SV-1010 noaTBepXxaatoT runotedy o ToM, Y10
JaHHOE COeflMHEHNE MOXET ABAATLCS arOHNCTOM Kanna-onuouaHbIX PELenTOpOoB, YKa3biBas HA NepPCneKTUBHOCTb 3KCNEPUMEHTaNbHbIX
u gpyrux uccnegosanunii SV-1010 ¢ akLEHTOM UMEHHO Ha Kanna-o0nMouaHbIe PeLenTopbl.
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ABSTRACT

Background. The search for promising nonsteroidal anti-inflammatory drugs (NSAIDs) is aimed, in particular, at identifying molecules
with multitargeted anti-inflammatory and analgesic effects (including those mediated by central mechanisms).

Objective: To study the interactions of a candidate NSAID molecule (SV-1010) with opioid receptors in comparison with the effects of
known agonist molecules (butorphanol and U-50488) using chemoreactomic and docking analyses.

Material and methods. The chemoreactomic analysis of NSAID mechanisms of action was conducted in three stages: data sampling;
establishment of lists of molecules with known properties; calculation of dissociation constants (Kd)and half maximal effective
concentrations (EC50). The docking of kappa-opioid receptors was performed using MarvinSketch, MOPAC2012, and AutoDock Vina.
The results of chemoreactomic modeling and docking were compared.

Results. The chemoreactomic analysis of interactions between the studied molecules and opioid receptors showed that the median and
average Kd of the SV-1010 compound are comparable with the estimates obtained for butorphanol and U-50488 (75-98 nM for delta
receptors; 62-81 nM for kappa receptors; 198-244 nM for mu receptors). Among the opioid receptor subtypes studied for SV-1010,
the lowest Kd values were established for kappa receptors (64.8+46.3 nM; delta and-mu receptors: 79.9+77.6 and 243.8+246.9 nlM,
respectively). No significant difference in the binding affinity of SV-1010 molecules for kappa-1 and kappa-2 opioid receptors was
detected (Kd 23.7-54.5 nM). The docking of the studied molecules into the structure of the human kappa receptor provided a means
to obtain Kd values and formulate the mechanism behind the binding of SV-1010 to the kappa-opioid receptor site (potentially, the
key binding amino acids of the kappa-opioid receptor site are ILE730, VAL667, MET579, ILE726, TRP723, ILE460, and TYR464). The
comparison of the results of chemoreactomic modeling and docking revealed a correlation expressed by the equation “35.8x — 4790”
with a correlation coefficient close to unity. The chemoreactomic modeling of EC50 values confirmed the results of Kd analysis, including
the fact that SV-1010 exhibits greater affinity for kappa receptors than for mu receptors.

Conclusion. The chemoreactomic and docking modeling performed for the effects of SV-1010 support the hypothesis that this compound
may be a kappa-opioid receptor agonist, indicating potential for experimental and other studies of SV-1010 with a focus on kappa-opioid
receptors.

KEYWORDS
nonsteroidal anti-inflammatory drugs, receptor interactions, data mining, biophysics, candidate molecule SV-1010

For citation

Galenko-Yaroshevsky P.A., Torshin I.Yu., Suzdalev K.F., Vassiliev P.M., Ishkhanyan N.N., Gromov A.N., Reyer l.A., Gromova 0.A. In silico
modeling of the effects of SV-1010 candidate molecule interaction with opioid receptors. FARMAKOEKONOMIKA. Sovremennaya
farmakoekonomika i farmakoepidemiologiya / FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2026;
19 (2): xx=xx (in Russ.)-https://doi.org/10.17749/2070-4909/farmakoekonomika.2025.344.

BBEJEHUE / INTRODUCTION

HecTepouaHble npoTuBoBoCcnanuTeNibHble npenapartbl (HIBIM)
VHINOUPYIOT LIMKNOOKCUIeHasy-2, 4TO CHIKAET CMHTE3 NPOBOC-
NanuTeNbHbIX NpocTarnaHanHoB. Mpumenenune HMNBIT gna neve-
HUA COCTOSAHUN, CONPOBOXAIOLLMXCA BOCNANIEHNEM U 60NbI0, —
BA)XHAs anbTepHATBA ONMOWAHLIM aHaNbreTkam, NPUMeHeHne
KOTOPbIX CYLLECTBEHHO OrpaHWYeHO pPa3BUTUEM 3aBUCUMOCTHU.
Pasnuuus mexzy nssectHoimn HMBIM BknoyaroT [1]:

— LiEHTPanbHble MEXaH3Mbl aHaNbreTUYecKoro AenCTBma (Ha-
NpsMYyt0 He CBA3aHHbIE C MOAYNSALMEN YPOBHEI 1 aKTUBHOCTU
NpOCTarnaHAnHOB), B YaCTHOCTU Yepe3 PeLenTopbl HeMpOTPaHC-
MUTTEPOB);

— MyNbTUTAPreTHOe (Papmakosiornieckoe AencTeume (Moaynaums
AaKTUBHOCTU HE TOMbKO (DEPMEHTOB NpPOCTarnaHANHOBOrO MeTa-

60n13Ma N HENPOPELLENTOPOB, HO U LPYruX TapreTHbiX 6enKoB
npoTeoma 4YenoBeka).

[lpoBefleHHOE paHee XeMONpoTeOMHOE MOAeNNpPOBaHue
nepcneKTMBHON MoneKynbl-kaHauaata SV-1010 B cpaBHeHMN
¢ n3sectHbiMu HIBI (LuknodeHak, HUMecynua, KeToponak) Ha
NMpOTEOME KpbIC NOKa3ano, 4Tto coeAuHeHne SV-1010 B MeHb-
LUEN CTEMEHM, 4eM OCTanbHbIe MONEKYbI, MOXET MHTMONPOBATL
JnothamuHoBble peuentopbl TnoB D1 n D2 u B 6onbLUeii cTene-
HU — TPAHCMNOPTEP raMMa-amMuHOMacNAHON KUCNoTel (65 HM)
u peuentopbl 1/2b N-meTtun-D-acnaptara (175 HM). Kpome Toro,
XeMONPOTEOMHOEe MOAENMPOBaHNE NPOAEMOHCTPUPOBANO, YTO
SV-1010 moXxeT aKkTMBMPOBATh KaHHabuounaHble peuentopbl CB2,
OMNMONIHbIE PeLenTopbl, MHTMO6MPOBATL PEPMEHTbI BUOCKHTE3A
neiikotTpueHos n CC-peLenTopbl NPOBOCNANUTENbHbIX XEMOKU-
HOB [2].
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OCHOBHbIE MOMEHTbI

Yr1o yXxe n3BecTHo 06 3Toii Teme?

» HectepongHble npoTMBoBOCNanuTenbHble npenapatsl (HMBIM) ocyLe-
CTBAIAIIOT CBOE (DapMAKONIOrM4ECKOe AENCTBUE HE TOMbKO Yepes UHINOM-
pOBaHNE LIMKNOOKCUIeHa3bl-2, HO 1 MOCPEACTBOM LAPYriX MONEKYNAPHbIX
MEXaHN3MOoB

» lcnonb3osanue HIBI 455 neyeHns BocnaneHns n 6051 — BXKHAs anbTep-
HAaTMBA OMWUONAHLIM aHaNbreTMkam, NPUMEHEHNe KOTOPbIX CYLLECTBEHHO
OrpaHNYeHo pasBUTUEM 3aBUCUMOCTU

Y70 HOBOrO faeT cTaThsi?

» [poBefeH aHanu3 B3aumogencTauin monekynsl SV-1010 ¢ onnongHbiMm
peuenTopamu in Silico NocpeacTBOM XeMOPeaKTOMHOI0 MOAenMpoBaHus
11 NpoLieaypbl Tak Ha3bIBAEMOr0 AOKMHTa

» OueHku achhekToB B3anmogencTanin monekynbl SV-1010 ¢ onnongHbIMun
peLenTopamu pasnnyHbIX TUMNOB BbIMOAHSANUCH B CPABHEHUM C BYTOPGIaHO-
IOM (CUHTETUYECKNI arOHNCT ONUOMIHbIX PELENTOPOB MOPUHOBOIO TMNA
1 Kanna-pewentopos) n coegnHeHnem U-50488 (aroHncT kanna-onuo-
WAHBIX PELeNTOPOB, He MPOABASIOLNA AHTArOHU3Ma K MIO-0NUONAHbIM
peLentopam)

» [Moka3aHo, 4To cTeneHb cpoactea SV-1010 k onnouaHbIM peLientopam
conocTasnma co cpofcTeom 6yTopchanona n U-50488

Kak 310 MOXET NoBNMATb Ha KNMHUYECKYH NPAKTUKY B 0603puMoM Byayluem?

> XemMOpeakTOMHbIii aHanu3 Monekynbl-kanauaata SV-1010 npogemMoHcTpu-
poBan [BOIiHOE AeCTBNE — HA LNKIOOKCUTeHady-2 1 Ha Kanna-peLenTopbl

» Bcneacteue noTeHUManbHO 3HAYUTENBHOO B3aWMOAENCTBNA C Kanna-
OnnouaHbIMK pelentopamu monekyna-kaHamaar SV-1010 moxer sB-
naTbest HIBI ¢ BbIpaXEHHbIMU NPOTUBO6GONEBLIM U HOPMOTUMUYECKIM
achhekTamn

MoTeHumanbHbIn apdekT monekynbl-kanguaara SV-1010 Ha
OMWOUAHbIE PELEenTopbl, B YaCTHOCTK Kanna-onuougHsle (KOP),
npencTaBnsAeT co60i BaXKHbIA acnekT LeHTpalbHOro AeiicTBus
aToro nepcnektusHoro HIBI. CBA3biBas onnouaHbld NeNTUa
ANHOP(UH B Ka4yecTBe OCHOBHOrO 3HAOreHHOro nuraHaa, KOP
Y4aCTBYIOT B MOAYNALMM HOLMLENLMN, ABUTATENIbHOFQ KOHTPONS
1 HacTpoeHus [3].

Kpome auHopduHa KOP cBA3bIBAKOT pasnnyHble NPUPOaHbIE
aNikanonabl, TepreHbl U CUHTETUYECKNE Nnuranabl. Mpumepamu
aroHuctoB KOP, ncnonb3yembix B MeANLNHE B Ka4€CTBE aHamb-
reTnKoB, ABNAOTCA ByTopdanosn, HanbyduH, nesopdaHon u ap.
B akcnepumeHTanbHoM hapmMakonorum B.ka4ectse arHnctos KOP
ncnonb3yotes coeanHenms U-50488, FE-202845, CR665. 13y-
YaeTcs TepaneBTUYECKMil noTeHynan aroHnctos KOP B neveHnu
HapkKo3aBucumocTu [4, 5]. AuTaroHucTsl KOP HaxoaaTcs Ha cTaguu
KSIMHNYECKON pa3paboTku Ans feveHns 60bLIOr0 AenpecCuBHO-
r0 paccTponCTBa, a TakXe Hapko3aBmcumocTtu [6]. I aroHuCTbI,
1 aHtaroHucTel KOP BbI3bIBAIOT N0604HbIE 3G)(eKTbI (Aucdopum,
ranfoumHaLmm, guccoumalmn, 3aBMCUMOCTb), YTO OrpaHu4nBaeT
X KIIMHUYECKOE NpUMEHeHue [7].

Ha ocHOBe uccnefoBaHuii CBA3bIBAHUSA PELENTOPOB in Vitro
Gbl11 0XapaKTeP30BaHbI TPY BapuaHTa Kanna-peLentopa, 06bI4HO
0003Ha4aemble kak k1, k2 1 k3 [8]. OgHaKo B peanbHOCTH UAEH-
TUUUMPOBAH eNHCTBEHHDbINA TeH Kanna-peuentopa — OPRKT,
pacnosioXKeHHbI Ha 8-i1 XxpomMocomMe (LMTOreHeTYeckas nosoca
8011.23) [9]. MoaTomy yKas3aHHble BbILie NMOATUMbI Kanna-peLen-
TOPOB, Hanbonee BEPOSITHO, BOSHNKAKOT B pe3ynbTate MoAynaunm
cpoacTtea monekyn-nuraHaos K KOP nocpeactsom A0NONHUTENb-
HbIX B3aumoaencTBuin ¢ apyrumu 6enkamm [10]. FeH OPRKT 3kc-
MPeccupyeTcs B rosl0BHOM MO3re, CMMHHOM MO3re W nepudepu-
YECKNX TKAHAX, BKITKOYas UMMYHHbIE KIETKW 1 angotenwni [11, 12].

Lenb — n3y4ntb B3aUMOAENCTBUA MONeKybl-kaHauaata HIBI
(SV-1010) ¢ onmonaHbIMKM peLenTopaMun U CPaBHNUTL C 3deK-

What is already known about the subject?

» Nonsteroidal anti-inflammatory drugs (NSAIDs) exert their pharmacological
action not only through cyclooxygenase-2 inhibition but also through other
molecular mechanisms

» The use of NSAIDs to treat inflammation and pain is an important alternative
to opioid analgesics, whose use is significantly limited by their addictive
potential

What are the new findings?

» Interactions between SV-1010 and opioid receptors were analyzed in Silico
using chemoreactomic modeling and the so-called docking procedure

» The effects of interactions between SV-1010 molecule and various opioid
receptors were assessed in comparison with butorphanol (a synthetic
agonist of morphine-type opioid receptors and kappa-opioid receptors)
and with the compound U-50488 (an agonist of kappa-opioid receptors
that does not exhibit antagonism to mu-opioid receptors)

» |t was shown that the SV-1010 affinityfor opioid receptors was comparable
to that of butorphanol and U-50488

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

» The chemoreactomic analysis.of candidate molecule SV-1010 indicates dual
action — on cyclooxygenase-2 and on kappa receptors

» Due to its potentially significant interaction with kappa-opioid receptors,
the candidate molecule SV-1010 may be an NSAID with a pronounced
analgesic and mood-stabilizing effects

TaMU N3BECTHBIX MOJIEKY-aroHucToB (6yTopdanona n U-50488)
METO[jaMI XeMOPEaKTOMHOI0 aHann3a 1 JOKuHra.

MATEPWAN U METO[lbI / MATERIAL AND METHODS

MpoBeaeH aHanu3 B3aumopeiicTeuin monekynsl SV-1010 ¢ onuo-
WAHbIMY peuenTopamun. AHanKu3 BbINOHANN in Silico nocpeacTBOM
XeMOPeakTOMHOr0 MOZeNIMPOBAHNA 1 NPOLIEAYPbI TaK Ha3bIBAEMO-
ro BOKWHra — MOLESIMpoBaHNs B3auMOLeNCTBUIA MOJIEKYST C KOH-
KPETHOMN CTPYKTYPOW TapreTHOro 6esika.

Monekynbi cpaBHenns / Comparison molecules

OueHky adphekToB B3aumopeiicteuin SV-1010 ¢ onnonaHsbl-
MW pPeLenTopamiy pPassinyHbIX TUMOB OCYLLECTBASN B CPABHEHNN
¢ 6yTOpdhaHoNOM (CUHTETUYECKMIA arOHUCT OMUOUAHBIX PELenTo-
poB MOpdMHOBOrO Tuna, aroHnct KOP) u coeannernem U-50488
(aroHuct KOP, ncnonb3ylowmincs B 9KCnepuMeHTanbHoi gap-
MaKoJIOru 1 He NPOSIBNIAIOLLMA aHTArOHN3Ma K MIO-0NUOUAHBIM
peuenTopam).

XemopeakTomHblii aHanu3 / Chemoreactomic analysis

XeMOpPeakTOMHbIA aHanKU3 OCYLLLECTBNIEH NOCPEACTBOM KOHITO-
meparta MeT040B XeMOWH(OPMALMOHHOI0 aHann3a MosiekyJs, pas-
BNBAEMbIX B Hay4HOW Likone akagemukoB PAH H0.W. XKypaBnésa
1 K.B. Pynakosa [3-5].

B pamkax nocTreHOMHOI napagurmbl Mosekyna n6oro
NEeKapCTBEHHOM0 CPeCTBA «MUMWUKPUPYET» NOJ ONpeaeneH-
Hble METaboNNTbI 1, CBA3bIBAACL C TEMW MAK UHBbIMK GeNikamu
npoTeoma, MpoON3BOANT COOTBETCTBYHOLLME JAHHOMY NEKapCTBY
adppekTsbl [13]. Mpouenypa aHann3a 0CHOBaHa Ha HOBEWLLIMX
TEXHONOTUAX MAWMHHOrO 06y4eHns, paspabaTbiBaemMbiX B T€O-
pUN TOMOMOTMYECKOro 1 METPUYECKOr0 aHanm3a npu3HakoBbIX
onucanumn [14-16].
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XemopeakTOMHbIi aHanu3 mexaHuamoB aeicteus HIBIM npo-
BOAWUNM B Tpu 3Tana. Ha nepsom 3Tane hopMupoBann BbI6OPKY
MCXOAHBIX AAHHbIX (MOKUCK NO KIK0YeBbIM crioBam “opioid”, “opiate”
B 6a3e faHHbIX PubChem, 3aTem n3BneyeHme BbI6OPOK AAHHbIX
0 (hapmMakoiorn4ecknx akTUBHOCTAX). Beero Obino HanpeHo 38
0MnmnaT-CBA3AHHbIX aKTUBHOCTEN Ans 227 Monekys. Ha BTopom aTa-
ne yCTaHaBNMWBaNM CNUCOK MOSIEKYN C U3BECTHbIMU CBOMCTBAMMY,
Hanbonee GIIM3KUMU K KOKLOMY U3 UCCheLyeMblX COeLUHEHNI
NOCPELACTBOM BbIYNC/IEHNS METPUYECKOTO XUMIUYECKOr0 paccTos-
Hus d, Mexay monekynamu. [poweaypbl BbI4UCIeHIs d, OCHOBAHbI
Ha KOMOMHATOPHOI Teopuu paspelummocTu [14]. Ha TpeTbem atane
ANs KOXAO0M MONeKyIbl U3 623 faHHbIX U3BMEKAN BCHO UMEHLLLYH0-
€S MHGOpPMaLM0 06 KCMEPUMEHTANIbHOM U3MEPEHUI e pasniy-
HbIX 6UONOrMYECKINX CBOICTB U BbIMOMHANN OLEHKY B10N0rMYeCKINX
AKTUBHOCTEI C BbIYUCIIEHNEM COOTBETCTBYIOLLMX KOHCTAHT (KOH-
CTaHT CBA3bIBAHNA, KOHCTAHT MHIMOMUpoBaHua 1 ap.) [17].

Kak n B pabotax [1, 2], 19 KONIMYECTBEHHON OLEHKU 3dpdek-
108 HIBI npoBOAWIN BbIYNCEHNE KOHCTAHTLI CBA3bIBAHUA (Kd)
1 KOHCTaHTbI MOSIyMaKCUMaibHON 3h(DEKTUBHON KOHLEHTpaLum
(anrn. half-maximal effective concentration, EC50) cooTseTcTBY!t0-
LLMX PeLenTopos.

Iokudr kanna-onuougHbix peuentopos / Docking of kappa opioid
receptors

MocTpoeHune 10 KOHGOPMALMIE KOKAOTO U3 U3YYEHHbIX CO-
e[MHEHNI BbINONHEHO B nporpamme MarvinSketch 17.1.23
(Chemaxo, CLUA). 3T KOH(OpMaLMN ONTUMU3UPOBAHbLI B NPO-
rpamme MOPAC2012% (MOPAC, CLLIA), v inst Kaz0ro CoenHeHns
0TOOpaHa KOHOpMALMs C MUHUMANbHON 3HEPTUen MOMEKybI.

[lOKWHI B PEHTTeHOCTPYKTYPHYIO Moaens aumepa KOP yeno-
Beka (PDB-kog 4DJH) [18] nposoannu ¢ NOMOLLbIO NPOrpaMmbl
AutoDock Vina 1.1.1 (Dr. Oleg Trott, Molecular Graphics Lab of
Scripps Institute, CLUA) [19]. B npoLuecce AOKWHTa KaxAoe Co-
e[IMHEHNe No 5 pa3 «J0KMPOBANOCh» B KXAbIA U3 [BYX CaNTOB
Anmepa C BbIYMCIIEHNEM MUHUMANbHOW 3Heprun fokuHra AE. [e-
TaJIbHOE OMiCaH1e NPOoLeAyPbl aHCaMOIEBOr0 JOKUHIA NPeLCcTaB-
neHo B pa6ore [20].

Pacyet no aHeprum gokuHra AE KOHCTaHT CBA3bIBaHNA Kd npo-
BOLAMAN NO dhopmyne:

Kd = e—AE/RT

rae R —rasosas nocrosnHas, pasHas 8,314 x/(mone-K); T - 1em-
neparypa (CTaH4apTHOe 3HadeHue B JokuHre pasHo 300 °K).

AHann3 mexaHn3ma cBsi3biBaHus coeanHenus SV-1010 ¢ cai-
Tom KOP BbINONHEH C NOMOLLbIO nporpamMmbl LigandScout 4.2.1°
(Inte:Ligand GmbH, lrepmanus).

PE3YJIbTATbI N ObCYXXEHMWE / RESULTS AND DISCUSSION

Pe3ynbtathl npoBeAEHHOrO in Silico MOAENNPOBAHNS BKIKYUINA:
— XeMOPeaKTOMHbI aHaN3/MoennpoBaHmne 3Ha4eHNn KOHCTaHT
Kd ans B3anmofencTemii C ONMOMAHBIMM PELENTOpamMm YenoBeka
Mpn PasfnyHbIX YCNOBUAX IKCNEPUMEHTA;
— JOKWHT N3Y4eHHbIX MOMEKYN B CTPYKTYpPY Kanna-peLentopa
YeNI0BEKA C MONYYEHUEM 3HAYEHUN 3HEPrU CBA3bIBAHUSA U KOH-
CTaHT Kd;

— COMOCTAB/EHNE Pe3yNbTaToB XeMOPEAKTOMHOIO U JOKUHIOBOT0
MoZenupoBaHna Kd;

— XEMOPEaKTOMHOE MoJiennpoBaHme 3HaveHnit EC50 onnounaHbIx
peLenTopos.

XemopeakTOMHbIA aHanu3 3HavyeHnit Kd gna B3anmMogencTeui
C onuouAaHbIMK peLentopamu Yenoseka / Chemoreactomic
analysis of Kd values for interactions with human opioid
receptors

Pe3ynbraTbl XeMOPEaKTOMHOI0 aHannu3a B3auMoAeNnCcTBUN UC-
C/Ie0BAHHbIX MOJIEKYST C ONUOUAHBIMU peLenTopamu, CyMmu-
poBaHble B Tabnuuax 1-3 n Ha pucyHke 1, N03BONAIT CAeNATb
HECKOJIbKO BaXKHbIX BbIBOZOB.

Bo-nepBbIX, MefjMaHHbIe U CPeAHNE 3HA4eHMSA KOHCTAHT Kd
coeanHeHns SV-1010 conocTaBuMbl C OLIEHKAMU 3HA4eHUIA KOH-
CTaHT, NONY4EHHbIX L1171 N3BECTHbIX arOHUCTOB ONUOUAHBIX peLien-
TOpOB. B 4acTHOCTU, cpedHne 3HaveHus Kd nexanu B amanasoHe
75-98 HM nns penvta-peuentopos, 62—-81 HM ans kanna-pe-
uentopos, 198-244 uM ans mio-pelentopos (Tabn. 4). Takum
06pa3oM, XeMOpeakTOMHOE. MOAENNPOBAHNE YKa3blBAET Ha CTe-
neHb CpoAcTBa coefuHeHns SV-1010 K onunonaHbIM peLentopam,
COMOCTaBMMYIO CO cpoacTBOM byTopdhaHa n U-50488.

Bo-BTOpbIX, Ans BewiectBa SV-1010 cpeay n3y4eHHbIX NOATAMNOB
OMMONIHbIX PELEenTOPOB HanMeHbLUNe CpeaHmne 3HaveHns Kd ycra-
HOBJIEHbI UMEHHO 17 Kanna-peLenTopos (64,8+46,3 HM; pgenbra-
1 Mio-peuenTopsl: 79,9+77,6 1 243,8+246,9 HVI COOTBETCTBEHHO)
(cm. Ta6s. 4). ITOT pesynbTar yKa3biBAeT HA MEPCNeKTUBHOCTb
JaNTbHENWUX 3KCNEePUMEHTANbHBIX 1 APYTIX UCCIELOBAHNI COeaN-
HeHns SV-1010 ¢ akLeHTOM uMeHHO Ha KOP.

B-TpeTbux, 605ee AeTanbHbli aHNN3 PesyNbTaToB UHANBMAY AN b-
HbIX XeMOPEAKTOMHbIX 3KCMEPUMEHTOB MO Kanna-peLentopam (CM.
Tabs. 2) ykasan Ha OTCYTCTBWE CYLLECTBEHHON Pa3HULbl B CBA3bI-
BaHUM Monekyn coeamHeHus SV-1010 onnouaHbiMK peLentopamu
TMnoB kanna-1 u kanna-2. B camom pene, ans 6 u3 16 ncnonb3o-
BaHHbIX BbIOOPOK AaHHbIX (1 COOTBETCTBYIOLLMX XEMOPEAKTOMHbIX
9KCNEPUMEHTOB) ObINN U3BECTHbI KOHKPETHbIE NOATUNbLI KOP. B pe-
3yNbTate XeMOpeakTOMHOr0 MOLENNPOBAHUSA NMOMYYeHbl 3HAYEHUS
24,9 HM, 48,9 HM, 51,9 HM ans cBA3bIBaHWA ¢ Kanna-1-0nMouaHbLIM
peLenTopom 1 3HadeHnsa 23,7 HM, 33,5 HM, 54,5 HM ans cBs3biBaHNS
C Kanna-2-0nnonaHsIM peuentopom. 04eBMAHO NPAKTUYECKN NOMHOE
COBNAfieHe C NHTEPBaNoOM MOyYeHHbIX OLeHOK Kd ang kanna-1-
1 kanna-2-petentopos (24,9-51,9 n 23,7-54,5 HM COOTBETCTBEHHO).

JIoKMHT MONEKyn B CTPYKTYPY Kanna-peuentopa yenoseka /
Docking of molecules into human kappa receptor structure

BbinonHeH foknHr monekynbl-kangnaara SV-1010, a Takxe aro-
HUCTOB ByTOpdhaHona u U-50488 B cneundnyeckuini cant cBA3bI-
BaHus KOP. Mony4eHbl OLIEHKM 3HEPruil CBA3bIBAHNSA, U HA OCHOBE
nocnegHnx paccyuTanbl 3HaqeHns Kd (tabn. 5). B cootseTcTBUM
C pacyeTHbIMM 3Ha4YeHnsaMu Kd apmHHOCTb B OTHOLWeEHUM KOP
y coeanHenus SV-1010 B 78,6 pasa Bbille, 4eM Yy NapunanbHOro
Kanna-aroHucrta 6ytopcaHona, n B 6,3 pasa BbllLe, YeM Y Cenek-
TBHOrO Kanna-arosucra U-50488.

CornacHo nomny4YeHHbIM pesynbTatam 4OKUHIa K4eBbIMI aMi-
HokucnoTamu caiita KOP, ceasbiBatowmmu coeanHenue SV-1010,
asnatorcs ILE730, VAL667, MET579, ILE726, TRP723, ILE460
1 TYR464 (puc. 2a). Takum 06pa3om, CBA3bIBAHINE MOTEKYMbI-KaH-

! https://chemaxon.com/marvin.
2 http://openmopac.net.
® http://www.inteligand.com.
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Tabnuua 1. XeMOpeakTOMHbIE OLEHKN CBA3bIBAHWS N3Y4EHHbIX MOMIEKY C Ae/bTa-0NMONHbIMI PeLenTopamn YenoBeka — 3Ha4eHU KOHCTaHTbI

cBsA3bIiBaHNa Kd, HM*

Table 1. Chemoreactomic estimates of binding of the studied molecules to human delta-opioid receptors — the binding constant Kd values, nM*

Monekynb! cpaBHenust / Comparison molecules
AxTnBHoCTb / Activit
/ sv-1o10 | BYTOPAKON/ |y foggg
Butorphanol
BoitecHenne [3H]DPDPE u3 pensta-onuoungHoro peuentopa / Displacement of [3H]
. 63,5 6,4 48
DPDPE from delta opioid receptor
CpoacTso in vitro ¢ onuonaHbIM peuentopom aensta-1/ /n vitro affinity to opioid
20,1 17,0 15,4
receptor delta-1
BbiTecHeHne [3H]HanTpuHgoNa U3 AenbTa-0nMonaHoro peuentopa B knetkax CHO / 914 1523 149 4
Displacement of [3H]naltrindole from delta-opioid receptor in CHO cells ’ ’ '
AKTUBHOCTbL ONMOMAHOTO peLenTopa fensta-1 B MembpaHax knetok CHO, pagnonuraHg
[3H]HanTpuHgon / Opioid receptor delta-1 activity in CHO cell membranes, radioligand 31,6 23,7 30,9
[3H]naltrindole
BbiTecHeHne pagnonuranga [3H]HanTpuHAona u3 fensra-onnongHoro pelentopa
B knetkax CHO yepe3 3 4/ Displacement of radioligand [3H]naltrindole from delta-opioid 27,9 68,9 65,3
receptor in CHO cells after 3 hours
BoitecHenne [3H]DPN 13 fenbta-onMougHoro peuentopa B membpanax knetok CHO / 95.4 431 162.0
Displacement of [3H]DPN from delta-opioid receptor in CHO cell membranes ’ ’ ’
B3aumopeicTBune ¢ AenbTa-0nnonaHbIM PeLenTopom Mo CBA3biBaHMI0 [35S] 850 434 832
GTPgammas / Interaction with delta-opioid receptor via [35S]GTPgammas binding ' ' '
BbiTecHeHne [3H]HanTpuHoNa U3 AeNbTa-0nMoMaHOro peuenTtopa B knetkax CHO
yepe3 3 4/ Displacement of [3H]naltrindole from delta-opioid receptor in CHO cells 50,5 65,8 51,0
after 3 hours
BbiTecHeHne [3H]HanTpuHoNa U3 Aenbra-onuonaHoro peuentopa / Displacement
) L 73,8 105,1 55,5
of [3H]naltrindole from delta-opioid receptor
BbitecHeHne [3H]DADLE u3 gensta-onvMonaHoro peuentopa B MemopaHax knetok CHO
yepes 2 4/ Displacement of [3H]DADLE from delta-opioid receptor in CHOcell 1194 63,7 1445
membranes after 2 hours
BoiTecHeHne [3H]aunpeHopduHa 13 AensTa-onuonaHoro peLentopa 4yenosexa /
) . ) L 63,9 99,6 88,8
Displacement of [3H]diprenorphine from human delta-opioid receptor
BbiTecHeHne [3H]6pemasoumHa U3 aensTa-o0nvMonMaHoro peLentopa npu BbICOKOM
cogepxanuu Hatpus / Displacement of [3H]bremazocine from delta-opioid receptor 67,6 119,7 112,9
under high sodium conditions
B3aumogpeicTsune ¢ aenbra-1-onnongHbIM-PELIENTOPOM C UCMONb30BaAHNEM 318.3 1638 3128
[3H]amnpeHopcouna / Interaction with the delta-1 opioid receptor using [3H]diprenorphine ’ ’ ’

Tpumeyanne. CHO (aHrn. Chinese hamster ovary cells) — nuuns anuTennansHbIX KIETOK, M0y4eHHas U3 ANYHNKA KUTAICKOro XoMsAYKka, KOTOpas 4acto UCMOsb3yeTcs B 6UOAOrNYECKNX
W MEANUMHCKNX NCCNIELAO0BAHNAX. * BHAYEHUS KOHCTAHTbI CBA3bIBAHUS KO 10Ty4eHbI Py 00y4eHUN anropuTMoB XeMOPEAKTOMHOI0 aHanu3a Ha 13 He3aBUCUMbIX BbIGOPKAX AaHHbIX MO

CBA3LIBAHNIO [1/TBTA-PELENTOPAMM PASITNIHBIX MOJIEKYJT.

Note. CHO (Chinese hamster ovary cells) — a'line of epithelial cells derived from the ovary of Chinese hamster, which is often used in biological and medical research. * The constant Kd
values were obtained by training the.chemoreactomic analysis algorithms on 13 independent data sets on the binding of various molecules to delta receptors.

[uaata kanna-pelentopom 06yCnoBAeHO Tpems rMapodOo6HbIMY
B3aUMO/ENCTBUAMUN 6EH30MbHbIX parmMeHTOB CTPYKTYpbl SV-1010
C BblLUENEePeYnCneHHbIMN amnHokucnoTamu caiita KOP (puc. 2b).

ConocraBnexue pe3ynbTaToB XeMOPEAKTOMHOI0 MOAENMPOBAHMUS
wnokudra / Comparing results of chemoreactomic modeling
and-docking

OTAenbHbIM BOMPOCOM IBNSAETCA COMOCTaBNEHNE Pe3ynbraToB
[OKMHra ¢ pe3ynbratamMii XeMOPeakTOMHOr0 MOAENPOBaHNS B3an-
MOJENCTBIIA Kanna-peLenTopoB C U3y4eHHbIMIU Moniekynamu. Mpu
COBMAfeHNN NopsaaKa MOAYYeHHbIX BEIMYMH CPEAHNX 3HAYEeHUI
Kd ana SV-1010 n U-50488 (SV-1010: Kd 64,8+46,3 HM, BOKMHT
31,0 uM; U-50488: Kd 80,8+82,9 HM, nokuHr 197 HM) o4eBUAHO
CYLLECTBEHHOE OTNIMYME 3HA4YeHUI ana 6yTopdaHona — Ha ABa
nopsgka (Kd 62,4+59,9 HM, fokuHr 2437,0 HM).

Takne 0TAMYMA BNOSTHE 0XMAAEMbl, NPUHUMAS BO BHUMAHUE
cnefytouue akTopsbl:

— BOKUHT-MOZENNpoBaHue NPpoBOANTCA ANa OTAENbHON MOMeKy-
Nbl 6€/1Ka BHE KaKOr0-N160 KIIETOYHOr0 KOHTEKCTa;

— XeMOPEaKTOMHOe MOZeSIMpoBaHne NPOBOLUTCA B BECbMA LUN-
POKOM JuanasoHe YC/oBuid.

B camom Jene, peaynsratbl XeMOPEAKTOMHOI0 MOZEIMPOBaAHUS
B3aWMOAECTBNI MONEKYN C Kanna-peLentopamu Noay4veHbl no-
CPeACTBOM BbITECHEHUS Pa3nnyHbIX paguonuraHaos ([3H]U69593,
[3H]omnpeHopduH), pasnnyHbiX TUNOB peLenTopos (kanna-1,
Kanna-2), B pasfin4HbIX KNeTkax (rOMOreHar KneTo4YHbIX MEMpaH,
knetkn nuHmii CHO, HEK293), B pasnnyHbIx 6ydepHbIX pacTBo-
pax (aumetuncynbdokeng, Trizma-0CHOBaHME), NPU PA3NINYHbIX
KOMN4ecTBax 13y4aembix BELLECTB 1 T.4. [103TOMY BbIGOP YCNOBMA,
ONTUMANbHBIX AN8 Hanbonee afieKBaTHOrO COMOCTABNEHMS Pe3yb-
TaTOB XEMOPEAKTOMHOI0 aHan13a 1 JOKIUHTa, NPeACcTaBseT co6om
HETPUBUANTbHYIO UCCNELOBATENbCKYI0 3a4a4y.

B nacrtoqLen pab6ote Mbl MPOCTO NPOBENU KOPPENALMOHHDBIN
aHann3 Mexnay sHadeHnamm Kd, nonyvyeHHbIMM METOLOM LOKMNH-

- https://pharmacoeconomics.ru
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Tabnuua 2. XeMopeakTOMHbIe OLIEHKM CBSI3bIBAHUS U3YHEHHbIX MONIEKYN C Kanna-0n1MouAHbIMIA PELLENTOPaMM YeNI0BEKA — 3HAYEHNS KOHCTAHTbI
cBA3bIBaHNA Kd, HM*

Table 2. Chemoreactomic estimates of binding of the studied molecules to human kappa-opioid receptors —the binding constant Kd values, nM*

Monekynb! cpaBHenust / Comparison molecules

AxTuBHOCTb / Activit
! sv-010 | BYTOPRARON /|y foagg
Butorphanol
BbitecHenne [3H]U-69593 n3 kanna-1-onmomgHoro peuentopa B knetkax CHO / 249 91 47
Displacement of [3H]U-69593 from kappa-1 opioid receptor in CHO cells ’ ’ ’
AroHu3m kanna-2-onvmongHoro peuentopa / Kappa-2 opioid receptor agonism 23,7 2,4 3,6
BbiTecHeHue [3H]aunperopduHa U3 kanna-onuouaHoro petentopa B Knetkax CHO / 1147 52 55,3

Displacement of [3H]diprenorphine from kappa opioid receptor in CHO cells

BbiTecHeHue [3H]aunpeHopuHa 13 Kanna-onuouaHoro peLentopa B MeM6paHe KneTok
CHO yepes 14/ Displacement of [3H]diprenorphine from kappa-opioid receptor in CHO 311 19,9 20,4
cell membrane after 1 hours

BbiTecHeHue [3H]U-69593 13 kanna-onmonaHOro peLenTopa, 3KCnpeccupoBaHHOro
B knetkax CHO / Displacement of [3H]U-69593 from kappa opioid receptor expressed 29,9 41,9 29,4
in CHO cells

Kanna-1-onnouaHslii pelentop B romoreHusare knetok HEK293, B aHanuaax

C 3aMelLeHneM o3kl pagnonuraHga ucnonb3osani 0,4 HM [3H]U-69593 B KoHe4HOM
o6beme cBa3biBatoLlero 6ydepa 200 mkn (5% OMCO, 50 MM Trizma-ocHoBaHme, pH
7.,4) / Kappa-1 opioid receptor in HEK293 cell homogenate, radioligand dose-exchange
assays used 0.4 nM of [3H]U-69593 in a final volume of 200 pl binding buffer (5%
DMSOQ, 50 mM Trizma base, pH 7.4)

BbiTecHeHue [3H]amnpeHopduHa U3 Kanna-onmomaHoro peuentopa B knetkax CHO npm

BbICOKOM cofiepxxaHuu Hatpus / Displacement of [3H]diprenorphine from kappa opioid 43,2 33,2 38,7
receptor in CHO cells under high sodium conditions

48,9 32,4 47,6

Kanna-2-onnougaHblii peLenTop, SKCNpeccupoBaHHbIi B knetkax HEK293, aHanus
cBA3bIBaHMA paguonuranga [3H]U-69593 (0,4-0,8 HM ) ¢ 10-20 mkr mem6panHoro

6enka** / Kappa-2 opioid receptor expressed in HEK293 cells, radioligand.binding assay 33,5 41,5 48,5
[3H]U-69593 (0.4-0.8 nM) with 10-20 yg membrane protein**

CpojcTBO K Kanna-onuMouaHOMY peLenTopy in vitro ¢ Ucnonb3oBaHuem 390 489 354
[3H]annpeHopdouna / In vitro affinity to kappa opioid receptor using [3H]diprenorphine ’ ’ ’
MHruéuposaxune ceasbiBaHus [3H]annpeHopdmHa ¢ kanna-1-0nnongHbLIM peLentopom / 519 760 887
Inhibition of [3H]diprenorphine binding to kappa-1 opioid receptor ’ ’ ’
BbiTecHeHue [3H]annpeHopduHa 13 Kanna-2-onuonaHoro peuentopa / Displacement 545 91,1 714

of [3H]diprenorphine from kappa-2 opioid receptor

BbiTecHeHue [1251]aunpeHopdrHa n3 kanna-on1ouAHOro peLenTopa, XnaKocTHas
CunHTUNNALMOHHaA peructpauus / Displacement of [125[]diprenorphine from kappa 97,9 91,4 156,9
opioid receptor, liquid scintillation'counting

BeitecHenue [3H]U-69593 u3 kanna-onnouaHoro peuentopa Yepes 2 4/ Displacement

of [3H]U-69593 from kappa opioid receptor after 2 hours 1374 1404 9.3

AHanm3 cBA3bIBaHUS Kanna-onmongHoro peuenTopa in vitro, paguonuranga
[3H]U-69593 (0,4-0,8 HM) ¢ 10-20 MKr MmembpaHHOro 6enka, CBA3bIBAKOLLNIA Bydep
200 mkn (5% OMCO, 50 mM Trizma-ocHoBanwe, pH 7,4)*** / In vitro kappa opioid 129,0 200,6 146,8
receptor binding assay, radioligand [3H]U-69593 (0.4-0.8 nM) with 10-20 pg

of membrane protein, 200 pl binding buffer (5% DMSO, 50 mM Trizma base, pH 7.4)***

Kanna-onuonaHbli peuenTop, akcnpeccupyemblit B knetkax HEK293, ¢ pagnonuraigom
[3H]U-69593 (40 Ku/mmonb) ¢ 10-20 mkr mem6panHoro 6esika B npucytctaun 10 mkM
Heme4eHoro HanokcoHa unu U69593 / Kappa opioid receptor expressed in HEK293 cells 158,6 158,1 340,0
with radioligand [3H]U-69593 (40 Ci/mmol) with 10-20 pg of membrane protein in the
presence of 10 pM of unlabeled naloxone or U69593

TMpumeyanne. CHO (aHrn. Chinese hamster ovary cells) — nuHns anuTennanbHbIX KNEToK, MOy4eHHas U3 ANYHNKA KUTAiCKOro XoMsYKa, KOTopas YacTo UCob3yeTcs B 6UON0rnYecknx
u MeanumHeKknx ncenegosannsx; HEK293 (awrn. human embryonic kidney 293) — kneToyHas nHus, MosyY4eHHas U3 IMOPUOHabHbIX noyek yemnoseka;, JMCO — gumetuncynbghokens.
* 3HayeHns KOHCTaHTbI CBA3bIBaHUA Kd nomy4eHbl npy 06yY4eHUN anroputmoB XeMopeakTOMHOr0 aHanu3a Ha 16 He3aBucumMblx BbI60PKaX aHHbIX M0 CBA3bIBAHNIO J6/bTa-PeLenTopos.
** Peakuynto npoBognnn B 96-1yHO4HbIX NOSNNPONNICHOBbIX MIaHLIETaxX B TeYeHne 1 4. *** Peakynto npoBoguan B npucytctun 10 mkM HemeveHoro HanokcoHa nim U-69593

B 96-7IYHOYHbIX MOMUNPONNIEHOBbIX N1aHLETax B Teyexne 14,25 °C.

Note. CHO (Chinese hamster ovary cells) - a line of epithelial cells derived from the ovary of Chinese hamster, which is often used in biological and medical research; HEK293 — human
embryonic kidney 293, DMSO — dimethyl sulfoxide. * The constant Kd values were obtained by training the chemoreactomic analysis algorithms on 16 independent delta-receptor
binding data sets. ** Reaction was carried out in 96-well polypropylene plates for 1 hour. *** Reaction was carried out in the presence of 10 uM of unlabeled naloxone or U-69593

in 96-well polypropylene plates for 1 hour, 25 °C.
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Tabnuua 3. XeMOpeakTOMHbIE OLeHKN CBA3bIBAHNA N3Y4EHHbIX MOJIEKYN C MIO-ONUOUAHBIMW PELLENTOPaMM YerI0BeKa — 3HA4YeHNS KOHCTaHTbI

cBsA3bIiBaHNa Kd, HM*

Table 3. Chemoreactomic estimates of binding of the studied molecules to human mu-opioid receptors — the binding constant Kd values, nM*

Monekynb! cpaBHenust / Comparison molecules
AkTuBHOCTb / Activit
! sv-1010 | PYTOPAHOR /T goqgg
Butorphanol
AHanus cBasblBaHus pagnonuradga [3H]amnpeHopduHa M-0NMOUaHbIMY
peuentopamu B 500 mkn 6ycpepa (10 mM MgCl,, 1 MM 3TA, 5% OMCO, 50 mM
HEPES, pH 7,4)** / [3H]diprenorphine radioligand binding assay for mu-opioid 49,9 8,0 19,6
receptors in 500 pl of buffer (10 mM MgCl,, 1 mM EDTA, 5% DMSO, 50 mM HEPES,
pH 7.4)**
Cppgcmo CBA3bIBAHMSA C MI0-0NMONAHbIM peentopom / Mu-opioid receptor binding 218 707 83
affinity
BoitecHenne [3H]DAMGO n3 mto-onnongroro peuentopa / Displacement of [3H]DAMGO
.. 21,3 16,8 20,5

from mu-opioid receptor
CpoacTteo k mio-1-onmomaHbiM peuentopam / Affinity to mu-1 opioid receptors 18,3 253 25,3
NHrnéuposaxue cesasbiaHns [3H]DAMGO ¢ M0-0NnoUAHLIM peLenTopom / 607 185 186
Inhibition of [3H]DAMGO binding to mu-opioid receptor ’ ’ ’
BoitecHenne [3H]aunpenopduna u3 mio-onuongHoro peventopa / Displacement

. . o 23,9 18,8 19,4
of [3H]diprenorphine from mu-opioid receptor
CBSi3bIBaHME C MKO-ONNONIHBIM PELIENTOPOM C MCMOMTb30BAHNEM paanonmMraHaa 540 50 4 190
[3H]DAMGO / Mu-opioid receptor binding using [3H]DAMGO radioligand ' ' '
BbiTecHeHne [3H]DAMGO 13 mio-1-onuongHoro peuentopa / Displacement 406 363 23 1
of [3H]DAMGO from mu-1 opioid receptor ' ’ ’
BoiTecHeHne [3H]aunpeHopduHa 13 Mio-0nMouAHOro peuentopa 4yepes 120 MuH / 353 46.9 412
Displacement of [3H]diprenorphine from mu-opioid receptor after 120 minutes ’ ’ ’
CpoAacTBO K MIO-OMMOMAHOMY PELeNTOPY C UCMOMb30BaHMEM PaANONNTaHaa 543.3 773 1847
[3H]annpeHodomHa / Affinity to mu-opioid receptor using [3H]diprenaphine radioligand ' ' ’
CBFIsbIBa'HI./Ie Mro—1-onvl'om.J,Horo'peuenTop.a C 1CNOMb30BaHMEM [3H]aunpeHopduHa / 449.9 323.9 125.4
Mu-1 opioid receptor binding using [3H]diprenorphine
BbiTecHeHne [3H]DAMGO 13 MK0-0nMOMAHOr0 peLenTopa, 9KCNPeCCMPOBaHHOM0
B knetkax CHO-K1, yepes 45 muH / Displacement of [3H]DAMGO from mu-opioid 265,1 182,2 307,0
receptor expressed in GHO-K1 cells after 45 minutes
BbiTecHeHne [1251]FK33824 u3 mio-onuounaHoro peuentopa / Displacement
of [1251]FK33824 from mu-opioid receptor 4718 1927 19438
BbiTecHeHne [3H]aunpeHopduHa n3 MIO-0MMOWAHOM0 PeLenTopa, MUKPOMIAHLLETHbIA
CUNHTUNNALMOHHBIN cyeTyuk / Displacement of [3H]diprenorphine from mu-opioid 326,7 5844 566,6
receptor, microplate scintillation counter
BblTecHe_Hme [125]0XY n3 mto-onuongHoro peuentopa / Displacement of [125]0XY from 6831 9128 7445
mu-opioid receptor

Tpnmeyanne. 34TA — aTuneHanamnHTeTpaykcycHas kuenota; JMCO — anmetuncynsgokens; HEPES (aHrn. 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) — 4-(2-rugpokenatun)-
1-nunepasunHataHcynboHoBas knenota, CHO-K1 — KneToqHbIii LWTaMM, MOy YEeHHbI N3 ANYHUKA KNTANCKOrO XOMSIYKa, N3BECTHBbIN CBOEI HEMPUXOTIBOCTbIO, ObICTDbIM POCTOM

U CNOCOBHOCTLIO K 3QhGHEKTNBHON dKenpeccun 6eNKoB. * 3Ha4eHUs KOHCTaHTbI CBA3bIBaHNA Kd 1071yYeHb! pu 00y4eHnm anropuTMoB XeMOPEeaKTOMHOI0 aHann3a Ha 22 He3aBuCuMbIX
BbIGOPOK AaHHBIX 110 CBA3BIBAHNIO AE/bTA-PELENTOPOB. ** Peakuymio npoBognmu B 96-1yHOYHbIX MIAHLLETAX B TeYEHME 2 4 PN KOMHATHOU TeMneparype.

Note. EDTA - ethylenediaminetetraacetic acid; DMSO — dimethyl sulfoxide; HEPES — 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; CHO-K1 — a cell strain derived from the Chinese
hamster ovary; knewn for its unpretentiousness, rapid growth, and ability to efficiently express proteins. * The constant Kd values were obtained by training the chemoreactomic analysis
algorithms on for 22 independent delta receptor binding data sets are presented. ** Reaction was carried out in 96-well plates for 2 hours at room temperature.

ra, €o 3HayeHuamun Kd, nony4eHHbIMN B XOA€ XeMOPEAKTOMHOI0
aHann3a npu pasnnyHbiX YCI0BUAX, NEPEUNCIEHHbIX B TabnuLe 2.
B pesynbTate 6biiM 0TO6PaHbI HA60PbI YCIIOBWIA, COOTBETCTBYIO-
LMe MakcUManbHbIM 3Ha4eHNAM KO3dh(uLUmMeHTa Koppensuum,
KOTOpbIe CyMMNUPOBaHbI B Tabnuue 6.

Takum 06pa3om, KOPPENALNOHHBIN aHa3 NPOAEMOHCTPUPOBATT,
4TO HaMNy4LINM COOTBETCTBMEM Pe3yNbTaTam JOKWUHTa 0Tinyancs
XEMOPEAKTOMHbIii 3KCMEPUMEHT, NPOBEAEHHbIA HA OCHOBAHUN AAH-
HbIX M0 CBA3bIBaHNIO KOP in vitro ¢ 3aMeLLleHnem paguonuraHaa
[3H]UB9593, B kneTkax HEK293 B cooTBeTcTBYtOLLEM BY(hEpe (5%
aumetuncynbgokeunt, 50 MM Trizma-ocHoBaHus, pH 7,4) ¢ uc-
nonb30BaHNeM 96-JYHOUHbIX NNaHWeToB. OLeHKa «X» 3HAYeHUs

Kd, nonyyeHHas B pesynbrate NpoBeAeHNs 3TOr0 3KCNEepPUMEHTa,
MOXeT ObITb NepecynTaHa B AOKUHIOBYIO OLEHKY No dhopmyre
«35,8x — 4790» (C Koa(ppULMEHTOM KOppenaLmum, 6113KUM K ean-
Huue) (puc. 3).

XemopeakToMHOe MOeNMpOBaHNe 3Ha4eHuin KoHcTaHT EC50
onuoupHbix peuentopos / Chemoreactomic modeling of EC50
constant values for opioid receptors

Bbilie NpeacTaBneHbl OLEHKI 3HaYeHWUI A KOHCTAHT CPOACTBA
Kd k onuouaHbiM peuentopam. OnHako camo no ceGe cpoAcTBo
K peLienTopam He 03Ha4aeT aKTMBALLMKU PeLenTopoB. [ing aHanusa
BO3/E/CTBIUA Ha aKTMBHOCTb PELIENTOpa HEOOXOAMMO NOMY4UTh

- https://pharmacoeconomics.ru
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PucyHok 1. AHanu3 pacnpefeneHuii 3Ha4eH il NoNy4eHHbIX OLEHOK KOHCTAHT cBA3bIBaHNA Kd A1 pasnnyHbIX TUNOB ONUONAHbIX PELLENTOPOB YeNoBeKa.
YKa3aHbl pacnpefeneHne oLeHOK No KBapTUAM (MPAMOYrONbHUKK), MeLUaHHble 3Ha4eHNS OLEHOK (FOPU3OHTaNbHAR NONI0CA BHYTPU NPAMOYrONbHUKA),
1 MIHTEPBASTbl OLUMOOK («YCbl» UarpaMmmbi):

a - [ienbTa-peLenTopsl; b — kanna-peLenTopbl; ¢ — MIO-peLenTopbl.
* MakcumanbHble BbIGPOCH! (MUHUMAITbHbIX BbIOPOCOB HE YCTaHOBIIEHO)

Figure 1. Analysis of the distribution of the obtained estimates of the binding constants Kd for different types of human apioid receptors. The distribution
of estimates by quartiles (rectangles), median values of the estimates (horizontal bar inside the rectangle), and error bars'(“whiskers”) are shown:

a—delta receptors; b — kappa receptors; ¢ — mu receptors.
* Maximum emissions (no minimum emissions were found)

Tabnuua 4. YcpeaHeHHble 3Ha4eHNS KOHCTAHT cBA3bIBaHMsA (Kd) Ans U3y4eHHbIX NOATUNOB ONNONAHbIX PeLenTopos, HM
Table 4. Average values of binding constants (Kd) for the studied opioid receptor subtypes, nM

Monekynbi cpaBHenus / Comparison molecules
Peuentops! / Receptors S Bg;?::ﬁ:::; / .
[ensta-peuentopsl / Delta receptors 79,9+77,6 74,8+£50,3 97,7+81,6
Kanna-peuentopsl / Kappa receptors 64,8+46,3 62,4+59,9 80,8+82,9
Mto-peuentopsl / Mu receptors 243,8+246,9 218,7+266,5 198,6+245,0

Tabnuua 5. Peaynbtathl JokuHra coegunHenus SV-1010, 6yTopdaHona u Bewwectsa U-50488 B cneumduyeckuii cainT cBA3bIBaHUS Kanna-onuougHoro

peuenTopa
Table 5. Results of docking of the compound SV-1010, butorphanol and substance U-50488 into the specific binding site of the kappa-opioid receptor
Coepumenve / Compound auepruu_noxuura AE, kkan/monb // KanT_aHT_a cBaA3biBaHuA Kd, nM /
Docking energy AE, kcal/mol Binding constant Kd, nM
SV-1010 -10,30 31,0
bytophaHon / Butorphanol -7,70 2437,3
U-50488 -9,20 196,5

OLIEHKN arOHNCTUHECKMX CBOMCTB N3Y4aeMblX MOJIEKY N0 OTHOLLE-
HUIO K peuenTopam. [103aToMy NpoBeSeH XeMOPeaKTOMHbIN aHann3
KoHcTaHT EC50 0nmongHbIX peuentopos, pe3ynbsTaTbl KOTOPOro
npeacTasneHbl B Tabnuuax 7, 8.

Pe3ynbTaThl XeMOPEaKTOMHOr0 MOJIENNPOBaHNs KOHCTaHT EC50
NOATBEPXAAT [aHHbIE aHaNM3a KOHCTAHT CBA3bIBaHUS Kd. Xemo-
pEeaKTOMHble OLEHKN 3HaveHnit Kd ans B3aumopaenctanii SV-1010
C Kanna-peLenTopaMu nexar B Auanas3oHe AecATKOB HAHOMOJIb Ha
nmTp (64,8+46,3 HM) (cm. Tabn. 4). AHanoru4Ho, 3Havenns EC50 co-
CTaBNAOT IECATKN HAHOMONb HA TP (94,6+84,8 HM) (cm. Tabn. 8).

CoepuHenne SV-1010 xapakTtepuayeTtcs 60/bLMM CPOACTBOM
K Kanna-peuentopam, 4em K mio-peuentopam (Kd 243,8+246,9
HM), 1 3Ha4eHUs NOMYHeHHbIX OLEHOK KOHCTaHTbl EC50 ans
MI0-PeLenTopoB Takxe Bbiwe (162,0+97,2 HM). 3ameTum, 41O
xemopeakTomHas oueHka EC50 ans 6ytopcaHona no oTHOLLe-
Huto K KOP (43,1+59,4 HM) conocTaBnma ¢ 3KCrnepuMeHTabHOA

OLIEHKOIA YaCTUYHOM arOHUCTMYECKON akTUBHOCTK 6yTOphaHona
B oTHoWeHun KOP (EC50 57 HM) [21]. Takum 06pa3om, Xemopeak-
TOMHOe MoaenuposaHue EC50 noaTBepXxAaeT runoTesy o TOM, 4T0
coeanHerne SV-1010 moxeT sBnatbes aronnctom KOP.

3AKNHOYEHME / CONCLUSION

HIMBI ocyulecTsnsdT cBOE (PapMaKoIOrM4ecKoe LeiCTeue He
TONbKO Yepe3 UHrNBMPOBaHKe LMKNOOKCUTeHa3bl-2, HO 1 NOCPea-
CTBOM [IpYruX MOMEKYNSpHbIX MEXaH3MOB. B HacTosLel paboTe
3y4eHbl B3aMMOeNncTBMs Mmonekynbl-kavaungara SV-1010 ¢ onwno-
WAHLIMI PELENnTOPaMit B CPaBHEHWUM C U3BECTHbIMM arOHUCTaMU
onuonaHbix peuentopos (6ytopdaHon, U-50488). OueHka npose-
[leHa C NOMOLLbIO BYX B3aMMOJOMNOHAOWMNX METOA0B MOJEKY-
NAPHON dhapmakonoruu in Silico: nocpecTBOM XeMOPeaKTOMHOI0
aHanm3a u JoKuHra.

DGAPMAKOIKOHOMUKA. CospemeHHas thapmakoakoHoMuka 1 hapmakoanupemuonorus. 2026; Tom 19, No 2
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PucyHok 2. AHanna mexaHnama ceasbisaHns coegunenns SV-1010 ¢ caitom kanna-onunongHoro peuentopa (KOP):

a - pacnonoxeHue 3D-moaenun coeantenmns SV-1010 B caitTe cBsazbiBaHus KOP; b — knto4eBble aMUHOKUCAOThI, 06ecneyvnBatoLLme caasbiBaHne SV-1010

c caintom KOP.

lle (aHrn. isoleucine) — nsonenumy; Val (aurn. valine) — sanuu; Met (aurn. methionine) — meTuonun; Trp (aHrn. tryptophan) — tpuntocan; Tyr (aHrn. tyrosine) —
TUPO3MH

Figure 2. Analysis of the binding mechanism of SV-1010 to the kappa-opioid receptor (KOR) binding site:

a—location of the 3D model of SV-1010 at the KOR binding site; b — key amino acids that ensure SV-1010 binding to the KOR binding site.

lle —isoleucine; Val — valine; Met — methionine; Trp — tryptophan; Tyr — tyrosine

Tabnuua 6. Pe3ynbTaThl XeMOPEaKTOMHOI0 MOZETIMPOBAHNSA, HANBOee COOTBETCTBYHOLLME PE3YNbTaTaM AOKMHI-aHaN3a Kanna-onnonaHbIX peLenTopos, —
3Ha4YeHns KoHcTaHT Kd, HM

Table 6. The results of chemoreactomic modeling, best matching the results of kappa-opioid receptor docking analysis — Kd constant values, nM

Monekynb! cpaBHenus / Comparison molecules

Opratiuam / AkTHBHOCTb / Activity b r
Organism SV-1010 (I TR U-50488
Butorphanol

AHanua in vitro cBA3bIBAHNA Kanna-onuonHbIX
peLenTopoB, 3KCNpeccupoBaHHbIx B KreTkax HEK293

B 200 mkn 6ycbepa (5% AMCO, 50 mM Trizma-ocHoBaHuMS,
pH 7,4), ¢ 3ameLLeHnem paguonuranaa [3H]U-69593** /
In vitro binding assay of kappa-opioid receptors expressed
in HEK293 cells in 200 pl buffer (5% DMSO, 50 mM Trizma
base, pH 7.4) with [3H]U-69593 radioligand
displacement™*

Homo sapiens 129,0 200,6 146,8 1,0

BbitecHenue [3H]U-69593 n3 kanna-on1onaHoro
peLenTopa, 3KCNPeccMpOBaHHOTO B MeMOpaHax KieTok
CHO, MeTOA0M XXWAKOCTHOI CUMHTUANALMOHHOIA
peructpaunu / Displacement of [3H]U-69593 from the
kappa-opioid receptor expressed in CHO cell membranes
by liquid scintillation counting

Homo sapiens 1374 1404 99,3 0,5

A DUHHOCTb CBA3bIBAHKS C Kanna-onmouaHbim
peLenTopoM npu BbITeCHeHUn [3H]aunpeHopduHa /
Binding affinity for the kappa-opioid receptor upon
displacement of [3H]diprenorphine

Cavia porcellus 1590,8 2012,3 1359,8 0,9

BbiTeCHeHNe paanoakTuBHO MeyeHHoro NalBzOH

113 Kanna-3-0nMouaHoro peLenTopa B Mo3re MOpCKOii
cBuHkK / Displacement of radiolabeled NalBzOH from the
kappa-3-opioid receptor in guinea pig brain

Npnumeyanmne. HEK293 (aHrn. human embryonic kidney 293) — KneTo4Has InHUA, NOTy4EHHas U3 IMOPUOHATTbHBIX N04eK Yenoseka, JMCO — aumetuncynsgokens, CHO (aHrn. Chinese
hamster ovary cells) — IMHNS NUTENNANTbHBIX KIETOK, MOJTY4eHHas U3 ANYHUKA KNTalICKOro XoMsiYKa, KOTOPas 4acTo UCMOJb3YeTCs B GUONIOTNYECKUX U MEAULIMHCKUX UCCTIEA0BAHNSX.
* KoachchmumeHT Koppensaumm Mexzay peynbtatam JOKMHIa 1 XeMopeakToMHOro aHanmnaa. ** Peakumio npoBoanmy B 96-11yHOYHbIX MOSUNPONUIEHOBBIX MAAHLLETAX B TEYEHUE

14 npu Temneparype okono 25 °C, 50 MK cUMHTUANALNOHHOIO KokTenns (MicroScint20, Packard) Ha JiyHKy ¥ OACYUTbIBAN KOJIMHECTBO KNETOK HA cyeTynke Packard Top-Count

B TeYeHue 1 MUH Ha JYHKY.

Cavia porcellus 95,3 314,5 413,5 0,3

Note. HEK293 — human embryonic kidney 293; DMSO — dimethyl sulfoxide; CHO (Chinese hamster ovary cells) — a line of epithelial cells derived from the ovary of Chinese hamster,
which is often used in biological and medical research. * Correlation coefficient between docking and chemoreactome analysis results. ** Reaction was carried out in 96-well
polypropylene plates for 1 hour at approximately 25 °C, with 50 pl of scintillation cocktail (MicroScint20, Packard) per well, and cells were counted in a Packard Top-Count counter for
1 min per well.

- https://pharmacoeconomics.ru FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2026; Vol. 19 (2)
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PucyHok 3. Koppensauus mexay 3HaueHnsaMu Kd, nony4eHHbIMI B pe3ynbTate JOKWHTA, CO 3HAYEHMAMIN XeMOPeaKTOMHOr0 aHanuaa (TecT in vitro
c 3amelleHnem paguonuranpa [3H]U69593). MpuseaeHbl peaynbTarsl MIMHENHONR ANMPOKCUMMALMN NOJTYYEHHON 3aBUCUMOCTH (MYHKTUPHAR IUHUS)

Figure 3. Correlation between the Kd values obtained as a result of docking and thewalues of chemoreactome analysis (in vitro test with displacement
of the radioligand [3H]U69593). The results of the linear approximation of the.obtained dependence are shown (dotted line)

Tabnuua 7 (Ha4ano). 3Ha4YeHNs KOHCTAHT NONyMaKCUManbHOM 3D(EKTUBHOI KOHLeHTpaumu (aurn. half-maximal effective concentration, EC50)
ANS Pa3NNYHbIX NOATUNOB OMUONHBIX PELIENTOPOB YeN0BeKa (N0 pesynbTaTamM XeMOPeakTOMHOr0 aHanuaa), HM

Table 7 (beginning). Half-maximal effective concentration (EC50) constants for different human opioid receptor subtypes (based on chemoreactomic
analysis), nM

Monekynbl cpaBHenus / Comparison molecules

AxtusHocTs / Activit
! Sv-1010 | DYTOPWAKON /Ty gogeg
Butorphanol
Ctumynsauns ceasbisaHus [35S]GTPyS 8-knetkax CHO ¢ genbra-1-onnonaHsim
peuentopom / Stimulation of [35S]GTPyS binding in CHO cells with delta-1-opioid 21,7 31,2 26,1

receptor

AroHucT4Yeckast akTUBHOCTb K [1eNbTa-0nMOMAHOMY PELenTopy, CTUMYASLMS
ceazbiBaHns [35S]GTPyS / Agonistic activity to delta-opioid receptor, stimulation of 100,5 2,8 248,4
[35S]GTPYS binding

AroHu3m JenbTa-onmongHOro peLenTopa Kak cTumynsaums ceasbisanus [35S]GTPYS /
Delta-opioid receptor agonism as stimulation of [35S]GTPyS binding

17,2 57,4 19,6

AroHu3M [enbTa-0nmouaHOro peLenTopa Kak MHrMbuposadue npogykumn ubAMO,
CTUMYnMpOBaHHoO hopckonuHom / Delta-opioid receptor agonism as inhibition of 18,2 68,0 26,8
forskelin-stimulated cAMP production

AroHuam genbta-onunongHoro peuentopa B knetkax HN9.10 kak cBs3biBaHue [355]

GTPyS / Delta-opioid receptor agonism in HN9.10 cells as [35S]GTPyS binding 176 23,7 25,0
AroHn3m fensTa-onnonaHoro peuentopa, ceasbisanue [35S]GTPyS / Delta-opioid 198 207 95 0
receptor agonism, [35S]GTPyS binding ’ ’ ’
AroHncTYeckast akTUBHOGTb K Kanna-onunongHoMy peLenTopy no CTUMynsuun

ceazbiBaHns [33S]GTPyS / Agonistic activity to kappa-opioid receptor by stimulating 15,2 5,1 14,7
[33S]GTPyS binding

AroHu3M Kanna-onnouaHoro peuentopa, ceasbiBaHune [35S]GTPYS ¢ nomoLybto

CLUMHTUNNALMOHHOrO cyeT4mnka / Kappa-opioid receptor agonism, [35S]GTPYS binding 39,8 26,8 421

by scintillation counter

DGAPMAKOIKOHOMUKA. CospemeHHas thapmakoakoHoMuka 1 hapmakoanupemuonorus. 2026; Tom 19, No 2 https://pharmacoeconomics.ru -
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Tabnuua 7 (0KoHYaHUE). 3HA4EHNS KOHCTAHT NoNyMakcuManbHoi 3 heKTUBHONM KOHLEHTpaunn (aHrn. half-maximal effective concentration, EC50)
IS Pa3NMYHbIX NOATUNOB ONMOMAHBIX PELLENTOPOB Ye0BeKa (M0 pe3ynbTaTaM XeMOpeakTOMHOr0 aHann3aa), HM

Table 7 (end). Half-maximal effective concentration (EC50) constants for different human opioid receptor subtypes (based on chemoreactomic
analysis), nM

Monekynb! cpaBHenusi / Comparison molecules

AxTtnBHOCTb / Activity bytopchanon /

SRR Butorphanol

U-50488

AroHu3m kanna-onnouAHOro peLenTopa Yenoseka B knetkax COS7 vepes 60 MuH,
npoaykums nHosutondocdara / Human kappa-opioid receptor agonism in COS7 cells
after 60 min, inositol phosphate production

1214 9,3 6,8

Ananu3s ceszbiBaHus [35S]GTPYS kanna-onvMomaHOro peuentopa B MemopaHe

(10 mkr/mn canonnna, 3 MkM T 1 0,20 HM [35S]GTPYS) B 6ychep Ans cBA3bIBaHUS
(100 mM NaCl, 10 mM MgCl,, 20 mM HEPES, pH 7,4) / [35S]GTPYS kappa-opioid
receptor membrane binding assay (10 pg/ml saponin, 3 uM GDP and 0.20 nM [35S]
GTPyS) in binding buffer (100 mM NaCl, 10 mM MgCl,, 20 mM HEPES, pH 7.4)

202,1 131,0 202,5

AroHnsm mto-1-onnoungroro peuentopa / Mu-1-opioid receptor agonism 57,7 21,1 24,3

AroHn3m Mm-onnonaHoro peuentopa B knetkax HEK293, aktnsHocTh 6eTa-appectiHa /

Mu-opioid receptor agonism in HEK293 cells, beta-arrestin activity 2188

29,3 257,9

AroHn3m Mio-0nnonaHoro peuentopa B knetkax HEK293 no nHrnémposaxuo
CTUMYNIMPOBAHHOMO (hOPCKONMHOM HakonneHns LAM® / Mu-opioid receptor agonism
in HEK293 cells by inhibition of forskolin-stimulated cAMP accumulation

2484 9,1 262,4

AroHn3m MI-0nnonaHbIX peLentopos B knetkax GHO-K1 no uHayKumum
BHYTPUKIETOYHOrO BbICBOBOXAEHUS Kanbuus / Mu-opioid receptor agonism in CHO-K1
cells by inducing intracellular calcium release

233,9 398,8 176,3

OYHKUMOHANbHBIN aHaN3 MK-peLenTopoB no cBa3biBaHno [35S]GTPYS B bydepe
50 MM Tpuc-HCI, pH 7,4, 3 mM MgCl,, 0,2 MM 3T TA, 3 MmkM FTA® 1 100 MM NaCl

1 ¢ po6asneHnem memopax / Functional assay of mu receptors by [35S]GTPyS binding
in 50 mM Tris-HCI, pH 7.4, 3 mM MgCl,, 0.2 mM EGTA, 3 uM GDP and.100‘mM NaCl
buffer and with the addition of membranes

21,8 13,6 3,8

AroHNU3m M-0N1ONAHOro peuentopa B memopaHax knetok CHO no ctumynsauum
cBsizbiBaHus [35S]GTPYS 4epes 1 4/ Mu-opioid receptor agonism.in.CHO cell
membranes by stimulation of [35S]GTPyS binding after 1 hour

191,5 129,6 190,2

Tpumeyanne. CHO (aHrn. Chinese hamster ovary cells) — nuuns anuTennanbHbX KAETOK, M0y4eHHasn U3 ANYHNKA KUTACKOro XoMsaYka, KOTopas 4acto UCrosb3yeTcs B 6UON0rNYECcKnX
W MeANUNHCKNX nccnegoBannsax;, UAM® — yuknuyecknii ageHodnHmoHogbocear; HN9.10 — ambpuonanbHbie knetku runnokamna, COS7 — kneto4Has numHns ¢oubpo6nactonofobHbIxX
KNETOK, NI0/1y4eHHas n3 1oYeK agpukaHckoi 3eneHoin mapteiwkn, [ - ryanuannangocgat; HEPES (anrn. 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) —
4-(2-rugpokcnatnn)-1-nunepasnHatancybhoHosas kucnota, HEK293 (aHrn. human embryonic kidney 293) — kneTo4Has iuHuA, N0Ay4EHHAas N3 IMOPUOHATIbHBIX MOYEK YEI0BEKa;
CHO-K1 — KneToYHbIvt LuTamm, Noy4EHHbIN U3 ANYHNKA KUTAICKOr0 XOMSYKa, U3BECTHbIN CBOEU HEMPUXOTINBOCTbIO, ObICTPLIM POCTOM U CIIOCOBHOCTBIO K 3GhCheKTUBHOI IKCPECCn
6esnkoB;, 3 TA — aTUNEHIINKONIbTETPAYKCYCHAsA KUCIoTa

Note. CHO (Chinese hamster ovary cells) — a line of epithelial cells derived from the ovary of Chinese hamster, which is often used in biological and medical research; cAMP — cyclic
adenosine monophosphate; HN9.10 — embryonic hippocampal cells; COS7 — a fibroblast-like cell line derived from the kidneys of the African green monkey, GDP — guanidine
diphosphate; HEPES — 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid); HEK293 — human embryonic kidney 293; CHO-K1 — a cell strain derived from the Chinese hamster ovary,
known for its unpretentiousness, rapid growth, and-ability to efficiently express proteins, EGTA — ethylene glycol tetraacetic acid

Ta6bnuua 8. YcpeiHeHHble 3Ha4eHNA KOHCTAHT NOyMaKcMManbHoN 3G heKTUBHOI KOHLeHTpauun (aHrn. half-maximal effective concentration, EC50)
OMUONIHbIX PELLenTOPOB Yenoseka, HM

Table 8. Average values of half-maximal effective concentration (EC50) for human opioid receptors, nM

Monekynbl cpaBHenus / Comparison molecules
Peuentopsbl / Receptors SV-1010 Bg:,?g:::::,:;/ U-50488
[enbra-peuentopsbl / Delta receptors 32,5£33,3 34+24.4 61,8£91,5
Kanna-peuentopsl / Kappa receptors 94,6+84,8 43,1£59,4 66,5£91,9
Mto-peuentopsl / Mu receptors 162+97,2 100,3+153,1 152,5£112,9

Cpean nM3y4eHHbIX NOATUNOB ONUOMAHLIX PeLenTopoB Ans
BellectBa SV-1010 ycTaHOBNEHbI HauMeHblUMe 3Ha4eHns Kd
ans KOP (64,8+46,3 HM; penbta- n mio-peuentopsl: 79,9+77,6
n 243,8£246,9 HM c00TBETCTBEHHO). He 06HapyXeHo cyLle-
CTBEHHOW Pa3HNLbl B CBA3bIBAHUM MONeKyn coeauHeHns SV-1010
ONUOMAHbLIMU pelenTopamy TUNOB Kanna-1 n kanna-2. [JOKWUHr
MO3BONUI NONYYUTL 3HA4eHMs Kd 1 cchopmynmnpoBatb MexaHun3m
cBasbiBaHua coeauHenuns SV-1010 ¢ caiitom KOP. Pe3ynbTarthl

XeMOPeakTOMHOro MofenimpoBanus KoHcTant EC50 otyactu nog-
TBEPAWNN [aHHbIE aHaNM3a KOHCTaHT cBA3biBaHWUA Kd (npexnae
Bcero 70, 410 SV-1010 MoXeT xapakTepn3oBarbCcs 60SbLUNM CPOA-
cTBoM K KOP, 4em K mio-peLientopam).

Takum 06pas3om, BCIEACTBME MOTEHLNANIbHO 3HAYNUTENIBHOTO
Baaumogeictana ¢ KOP monekyna-kanguaar SV-1010 moxeT s1B-
nateca HIMBI ¢ BbIpaXeHHbIMU NPOTUBOGOMEBLIM U HOPMOTUMU-
YeCKUM ahhekTamm.
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