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Pe3iome

Beeoenue. llangemusst COVID-19 mocaay»kuJjia CTHMYJIOM K IIOHUCKY JIEKAPCTBEHHBIX CPEACTB €O crienu¢uiecKoi IpoTH-
BOBHPYCHOH aKTHBHOCTBIO K HOBOMY ITATOreHHOMY IITaMMy KopoHaBHpyca SARS-CoV-2. B nepByIo ouepenb HayYHbIH
TOHCK OBLJI HAaIpaBJIeH Ha H3y4YeHHe NPerapaTos C ke J0Ka3aHHOH 3(h(heKTHBHOCTHIO B OTHOIIeHHH rpunmna u OPBHU.
Ileav pabomvr — u3ydeHue in vitro NPOTHBOBHPYCHOH aKTHBHOCTH NpenapaTa [IuTopup®-3 B OTHOLIEHHH IIUTOIIATO-
reHHOro JelicTBuA BUpyca SARS-CoV-2. Mamepuan u memo0out. [IpoTHBOBUPYCHAA aKTHBHOCTH Npemnapara [furosup®-3
B oTHOomIeHHHU BUpyca SARS-CoV-2 n3yuyeHa B 9KCIIepUMEHTAJIbHBIX MOJeJIAX in vifro Ha KyJbType KiaeTok Vero CCL81
(ATCC). i1 pacuéra paGoyero Juana3oHa KOHIEHTPALHI HCCJIeJyeMOoro Ipernapara ¢c HCIoJIb30BaHHeM KOJIHYeCTBeH-
HOT0 MHKPOTEeTPa30JIHeBOro TecTa onpeeaach MAKCHMAaJIbHasA IIepeHOCHMasa KOHIleHTpauusAa 1 50% IUTOTOKCHYe-
cKas go3a. Peaynbmamut u o6cysncoenue. B pesyaprare uccie0BaHus ObLJIO MOKA3aHO, YTO HAUOOJIBIIAsA AKTUBHOCTD
npernapara NposBJAIachk IPH A00ABJIEHUH €ro K KJIeTKaM 3a 24 9 10 1 Yepe3 1 4 U 24 4 1ocJjie BHPYCHOTO 3apaskeHus,
YPOBEeHb HHTHOHPOBAHUSA IIPH 3TOM gocTurali 53% (>UKj5,) npu KoHIeHTpanuax npemnapara 105, 55 1 85 MKr/mJI, COOT-
BeTCTBeHHO. IInToBUP®-3 MoJaB/IAJ BUPYCHYIO akKTUBHOCTH SARS-CoV-2 B fuana3oHe 103 oT 10 MKr/mJ 10 105 MKr/MJI
B YKa3aHHBIX YCJIOBUAX HH(GHIMPOBaHUA. BBLJIO yCTaHOBJIEHO, UYTO B AHANIa30He IPOTHBOBHUPYCHBIX 103 Ipenapar He
MPOABJIAJT IHTOTOKCHYECKOT0 JeHCTBHA Ha KYJIBTYpY KJIeTok Vero. 3akatouenue. IpoTHBOBHPYCHAsI aKTHBHOCTE IIpe-
napara Ilutosup®-3 B orHomIeHnH Bupyca SARS-CoV-2 nokasaHa 3a cuér gqocrrmkeHna UKs ), Haxoas1mencs: Huxxe MakK-
CHMAJIbHO NIePeHOCUMOH KOHIIeHTPAIHH, COCTaBUBIIei 149 MKr/MJI.

Kanroueevie crosa: SARS-CoV-2; koponasupyc; COVID-19; Llumoeup®-3; Vero; eupycrnas uumonamozeHHoCmy; in vitro;
npomueosupycHoe deiicmeue.
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Abstract

Introduction.The COVID-19 pandemic has stimulated the search for drugs with specific antiviral activity against the new
pathogenic strain of the SARS-CoV-2 coronavirus. First of all, scientific search was aimed at studying drugs with already
proven efficacy against influenza and ARVI. The aim of this work was to study the antiviral activity of Cytovir®-3 in vitro in
relation to the cytopathogenic effect of the SARS-CoV-2 virus. Material and methods. The antiviral activity of the drug Cy-
tovir®-3 against the SARS-CoV-2 virus was studied in experimental models in vitro on Vero CCL81 cell culture (ATCC).The
maximum tolerated concentration and the 50% cytotoxic dose were determined using a quantitative microculture tetra-
zolium test assay to calculate the working range of the concentrations of the test drug. Results and discussion. As a result
of the study, it was shown that the greatest activity of the drug was manifested when it was added to the cells 24 hours before
and 1 hour and 24 hours after viral infection, the inhibition level reached 53% (>ICs) at the drug concentrations of 105, 55,
and 85 pg/ml, respectively. Cytovir®-3 suppressed the viral activity of SARS-CoV-2 in the dose range from 10 pg/ml to 105
pg/ml under the indicated infection conditions. It was found that the drug did not exhibit cytotoxic effects on the Vero cell
culture in the range of antiviral doses. Conclusion. The antiviral activity of Cytovir®-3 against the SARS-CoV-2 virus has
been proven due to the achievement of IC;,, which is below the maximum tolerated dose of 149 ng/ml.

Keywords: SARS-CoV-2; coronavirus; COVID-19; Cytovir®-3; Vero; viral cytopathogenicity; in vitro; antiviral effect.
For citation: Smirnov V. S., Leneva I. A., Kudryavtseva T. A., Faizuloev E. B., Zaplutanov V. A., Petlenko S. V., Kartashova N. P,

Gracheva A. V., Korchevaya E. R. Possibilities of suppressing the cytopathogenic effect of SARS-CoV-2 coronavirus according
to the results of the antiviral activity of Cytovir®-3 in vitro study. Antibiot i Khimioter = Antibiotics and Chemotherapy. 2021;
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BBenenue

ITargemuss COVID-19, Bbi3BaHHasI HOBBIM I1aTO-
FeHHBIM IITaMMOM KopoHasupyca SARS-CoV-2, aBu-
Jlach IPUYMHON BBe/IeHNUS SKECTKUX OTPaHUUNTE Th-
HBIX KapaHTHUHHBIX Mep IPaKTUYeCKU BO BCeX
CTpaHax MUpa U CIpPOBOLMpOBaJa CTarHalluio BO
BCEX OTPACJISIX MUPOBON 9KOHOMUKH [1]. IROHOMU-
yecKue II0TepH, BbI3BaHHBIe anuieMuei B 2020 T. co-
II0CTaBMMBbI CO BCEMU 3aTpaTaMH Ha 3/[paBOOXpaHe-
uue B mupe [2]. 3aboneBanne COVID-19, Hapsay c
anuaeMuen ucrmanckoro rpumnma 1918-1920 rr., y:ke
BOIILJIO B UCTOPHIO KaK Ype3BbIUaiiHasi CUTyalys MU-
poBoro macmiraba, KoTopasi BbIsIBUJIA BCe HEJO-
CTaTKU COBpPEeMEeHHOro obecriedeHuns 010/ I0TMuecKon
6e3omnacHOCTU HaceseHus (3, 4].

CoBpeMeHHBIe IPOIeCCHI ITT00aIu3aluu 1 yp-
OaHm3amuu, CKopee BCero He OyAyT CIIOCOOCTBOBATh
3(p(HEeKTUBHOMY UCIOJIF30BAHUIO TOJIHLKO aIMUHU-
CTPATHUBHBIX MeP, BBOJUMBIX I IPe0TBPaIeHNs
ol00HbIX cuTyanuii B OyaymieM [1]. ITo aroit npu-
YrHE BO BCeX CTpaHax C pa3BUTOH (hapMmaleBTHUUe-
CKOH IPOMBIIIJIEHHOCTHIO BeETCS HelpepbIBHbBIN
IIOMCK JIeKapCTBEHHBIX IIperaparoB co cruenuduye-
CKOU aKTUBHOCTHIO IIPOTUB BO30yAUTE el KOHKPET-
HBIX WH(EKIIUOHHBIX 3a00/IeBaHUMN, C MEJbI0 UX
JlasibHeHIero Jeue6Ho-IpopuIakTHIeckoro npu-
MeHeHwus [5, 6]. B aToli CBsI3U B IepBYIO OUepehb He-
06x0IMMO 00paTUTL BHUMAaHME Ha ITPenaparsl C yIKe
JIOKa3aHHOH! a((PeKTUBHOCTHIO IPOTUB IINPOKOTO
CIIeKTpa IITaMMOB Pa3/IMYHBIX BUPYCOB, BHI3BIBAIO-
mmx OPBU [7-9].

OJHUM U3 TaKWX JeKapCTBEHHBIX IIpernaparoB
apjsercsa llutoBup®-3. Ha ¢apmaneBTuueckom
PBIHKE OH IIpeJICTaBJIeH B BUjIe TPEX JIeKapCTBEHHBIX
(popM — OPOIIIOK 151 TPUTOTOBJIEHNA pacTBOPA I
Ipuéma BHYTPb, CUPOII U KallCyJIbl, [IJIs1 Pa3/INYHbIX
BO3PACTHBIX I[eJIeBbIX KaTeropuii nmarnueHTos. LluTo-
BUP®-3 UMeeT JoKa3aresbHyI0 0a3y, OCHOBaHHYIO Ha
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paHee TPOBEIEHHBIX TOKIUHUYECKUX U 6 ouUIU-
AJIbHO 3apEruCTpUpOBaHHBIX 3aKOHYEHHBIX KJIMHN-
YeCKUX UCCJ/IeJOBAHUAX Ha MalieHTax B3pOCjoro u
JIeTcKoro Bogpacra [10-12]. B mocrperucrpanioHHbIX
1 Ha0JTI0/1aTe/ IbHBIX UCCJIeJJOBaHUSX B paMKax Hellpe-
PBIBHOM cucTeMbl (hapMaKoOHa30pa Ipernapar rnoka-
3aJ1 BBICOKUU MPOo(pUIb 0€30ITaCHOCTH TPUMEHEHUST
B PYTUHHOH KJINHUYeCKOH mpakTuke. Ha ocHOBaHUM
MIOATBEPKAEHHBIX TaHHBIX, COLJIACHO UHCTPYKIIUHU I10
MEIUIUHCKOMY IpUMeHeHu!o, llutoBup®-3 npume-
HSIETCSI C I1eJIBI0 PO UIAKTUKY U KOMIIJIEKCHOM Te-
panuy rpumnia 1 OCTPBIX peCIupaTOPHBIX BUPYCHBIX
3aboJieBaHU y B3POCIBIX U IeTel ¢ 1 roma.
Kopounasupycs (Coronaviridae) — aTo 60JIbIII0E
cemeiictBo PHK-conmepsxammx BUPyCcOB, CIOCOOHBIX
MH(UIMPOBATH JIIoAel ¥ HEKOTOPBIX SKUBOTHBIX. Y
yeJIoBeKa KOPOHABUPYChI MOT'YT BbI3BAaTh OCTPHIE pec-
nuparopHble BUpycHble nHdekuu (OPBU) pasmny-
HOU CTENEHU TSYKECTH — OT JIETKUX (DOPM 0 TIKE-
JIOTO OCTPOTO peCcIUpaTopHOro CUHApoOMa (aiee —
TOPC, anr. SARS (Severe Acute Respiratory Syndrome)
U OCTPOr0 PecHUpaTopHOTO IUCTpecc-CHHIpoMa
(OPIIC). Panee kopoHaBUPYCHI pacCMaTpUBAINCh B
KavyeCcTBe areHTOB, BBI3IBAIOIINX Y UeJIOBeKa NH(EK-
UK BEPXHUX AbIXATEJbHBIX HYTeIL/‘I C ImpeumyiIie-
CTBEHHO JIETKUM TeueHHeM — T. H. CIIopafudecKue
WJIM ce30HHbIe 3a0oJsieBanusA. OgHako B KoHiie 2002 1.
B KuTae BepBble ObLIN BBISIBJIEHBI CITyYan 3apaske-
HUS JIIOJIeH HOBBIM TUTIOM KOopoHaBupyca SARS-CoV,
BO30yaUTes b, KOTOPBI MHAYIIUPOBAJT MacCOBBIH
MOIBEM 3a00JIEBAEMOCTH, BBI3bIBAsI ¥ UacTH 3a00J1eB-
IINX TOpa)keHre He TOJIbKO BEPXHUX OTAeJI0B PeCIu-
paropHOro TpakTta, Ho U JErkux — TOPC (TsREbIi
OCTpPBIM pecnupaTopHbIM CUHAPOM — «aTUIIHUYHAA
IIHEBMOHUs1»). BTOPBIM KPYIIHBIM 04aroM KOPOHAaBU-
pPYCHOM MH(EKINU C OCTPBIM PECIUPATOPHBIM CHH-
IpomoM cran biskauii Boctok. B 2012 1. KopoHaBu-
pyc 6JIMKHEBOCTOYHOT'O PECIMPATOPHOTO CHHIpOMa
(Middle East respiratory syndrome, MERS-CoV) 6511
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BbljlesieH B CayJoBCKOM ApaBuH, a MO3/Hee CIydau
MHUIMPOBaHUsA ObIN 3aduKCcHpOBaHbI emié B 20
crpaHax. [Ipu arom 36% ciryuaeB 3aboJieBaHUs OKa-
3aJIMCh JIeTaIbHbIMU [13-15].

TakuM 00pa3oM, YUUTHIBAsA, UTO B CTPYKType
OPBU BCcTpedarTcss KOPOHABUPYCHI, ABJAETCA Iie-
JlecooOpa3HbIM NIpOBefieHre 9KCIepHMeHTaIbHOTO
UCCJIefOBAaHUSA in Vitro IJisi OeHKU BJIUSITHUSA Jie-
KapCTBeHHOro npenapara [{lutosup®-3 Ha naroreH-
HOCTBb SARS-CoV-2.

Llenp uccienoBaHus — U3y4eHUeE in Vilro Ipo-
THUBOBUPYCHON aKTUBHOCTH ITpenapata [{lutoBup®-3
B OTHOIIEHHNU IIUTOIIATOI'€HHOI'O )ICIZCTBHH BUpycCa
SARS-CoV-2.

MarepuaJ u MeToabI

006pa3nbI HCCJIEAYEMOro Npenapara i MX IPHTOTOBJIEHHE.
Jlyisi akcnepuMeHTa ObLIa UCII0JIb30BAHA CMECh TPEX aKTHBHBIX
JIEHCTBYIOIIUX BEIIECTB (a/1b(a-LIyTaMuI-TpUNnTodaH, aCKopou-
HOBasl KUCJIOTA, OeH1a30J1) IPOIOPIMOHAIBHO COflepsKaHuI0 Ha
OJIHy TepareBTUYEeCKYIO 103y JIeKapCTBEHHOTO Ipenapara Liuro-
Bup®-3. IIpegocraBeHHbIN CyX0H IOPOIIOK PACTBOPSJIU B CTe-
PUIBHOH BOfie 10 KOHIleHTpanuu 10 Mr/mJ1 (CTOK-pacTBop), a U3
CTOK-pPacTBOpPA rOTOBUJIA HEOOXOIUMbIE KOHIIEHTPAIMH C UCIOJIb-
30BaHMeM nurareabHou cpeabl JMEM ¢ 1% aMOpHOHAIBHOH ChI-
BOPOTKOM KOPOB, L-riryraMuaoM (300 MKI/MJI) ¥ TeHTAaMULIMHOM
(40 MKT/MJT).

Bupyc 1 KyJabsTypa KJIeToK. B padore ncrosb30Bascs jaado-
paTopHbIii mTaMM KopoHaBupyca SARS-CoV-2 «/lyOpoBka» (MIEHT.
Ne GenBank: MW161041.1). [IItamm Bupyca SARS-CoV-2, KOTOpBIH
OBII BBIJIEJIEH HA KYJIBTYPe KJIETOK Vero n3 HadohapuHIeaJ bHOro
Maska 6ospHOro COVID-19. KynsruBupoBaHue BUpyca IPOBO-
JIAJIA HA KJIETKAX 9IIUTEHS MOYKU a)pUKAHCKON 3€JIEHON Map-
ToImKku Vero CCL81 (ATCC) ua kosuiekiinu HUMBC um. . 1. Meu-
HUKOBa (majlee — KyJbTypa KJeTok Vero). Kuerkn
KyJIsTuBHpoBasy npu 37°C B nurarebHOM cpene JIMEM c miyTa-
MMHOM U IVIIOK0301 4,5 1/J1, 5% 9MOPHOHAIBHOM CBIBOPOTKOH KO-
pos (3CKR), L-rnyramuuom (300 MKr/mJi), reHTaMUOUHOM (40
MKr/mi1) B armocdepe 5% CO,.

Omnpenenenye HUTOTOKCHMYHOCTH Npenapara. Berauciesue
50% rroTokcudeckoit 103l (LT]15,) TpoBOAMIIN KOJTMYECTBEHHBIM
METO/IOM C UCII0JIb30BAHUEM MHKPOTETPA30/IMEeBOT0 KPACUTEIsA
(MTT), nuamepss ontudeckyro miaoTHocThb (OIT) onbiTa U KJaeToY-
HOT0 KOHTpOJIsA B iporpamMme Microsoft Office Excel 365. Konnent-
pauus cyocTanumii, ymenbmamoiias 3uadenre OIl Ha 50% 10
CpaBHEHUIO C KOHTPOJIEM KJIETOK, IPUHUMAaJIAch 3a 50% IIUTOTOK-
cuyeckyio 103y (I1T/l5,), BeIYMC/IeHre KOTOPOi IPOBOAUIN IIpU
TIOCTPOEHUH KPUBOU 3aBUCUMOCTH (BBLKUBAHUSA) C HCIIOIb30Ba-
HH1eM nakera «drc» B mporpamme Rstudio (Version 1.0.143) [C.Ritz,
2016]. /1151 KoTMYecTBEeHHbBIX IIOKa3aresiel peayJsIsTar IIpe/CTaB/IeH
B BUJIe CPeIHEero 3HaYeHUs + CTaHAapTHOe OTKJIOHeHue (SD).

HWcxons ua 3nauenus 1T/, paccuuTbiBasu pabodyne KOH-
LIeHTpaIY UCCIelyeMoro Ipernapara /s JaJbHeHIIIX 9KCIIepH-
MEHTOB [16].

OmnpepeneHye NPOTHBOBUPYCHONH aKTUBHOCTH IIpenapara
IuroBup®-3 B oTHOIIEeHUH BHpyca SARS-CoV-2. [13y4yeHre akTHUB-
HocTH Ipemnapara [{lutoBup®-3 B KyJIEType KJIeTOK Vero 651710 Ipo-

BeJIeHO C HCIIOJIb30BaHUEM MeToja HHIHOUPOBAHUSA IIUTONIATHYe-
ckoro nefictBusi SARS-CoV-2. K MOHOCJIOI0 KJIETOK B 96-7TyHOUHBIX
nJIaHmerax npenapar I{utoBup®-3 66T J06aBIEeH B JUaa3oHe
KoOHIeHTpami — 5, 10, 50, 75, 100, 150, 200 u 300 Mkr/mu1. B kave-
CTBe Iperapara CpaBHEeHUs ObLJ UCIO/Ib30BaH 9TAJOHHBIN IIpe-
Trapar cpaBHeHHs YMI(EeHOBUP B KOHIIEHTpanuy 20 MKT/ M, 6JIi3-
KOH K ero 3HaueHuIo 50% uHrubupyomei konnerTrpamuu (UKsg),
paHee onpee/EHHON B oTHOIIeHUY Bupyca SARS-CoV-2 B Ky/sType
KJIETOK Vero, II0Ka3aBIINi IPOTUBOBUPYCHYIO AKTUBHOCTb i1 VilTo
B OTHOIIEHUU Pa3JIMYHBIX IATOTEHHBIX TUIIOB KOPOHABHUpYCa
(MERS-CoV, SARS-CoV, SARS-CoV-2) [17-19]. B onbITax 1o onpe-
JleJIEHHIO aKTUBHOCTH LInTOBUP®-3 OBLIN HCIOTb30BAHBI CIIEMIYIO-
mue cxeMbl J00aBJIeHUs: «Ie4eOHO-TIPO(PUTAKTUIECKHE» —
anpobupoBaHHas 1 Haubosee adekTUBHASA [IJIs1 PsIjia IIperapa-
TOB, — 3a 2 4 [19] nsu 3a 24 ¥ — BHeceHHe IIpernapara 3a 24 4 10
BHUPYCHOr0 MH(UIUPOBAHUA U «IedyeOHbIe» — BHECEHUE uepes
+1, +24, +48, +72 4 11ocJie BUpycHoro nHpumposanus. B kauecrse
BUPYCHOI'O KOHTPOJISI MCII0J/Ib30BaJIM COOTBETCTBYIOIME pa3Be-
IeHudA BuUpyca 6e3 mpenapara. B kauecTBe KJI€TOYHOIO KOHTPOJIA
HCIO0JIb30BAJIN KYJIBTYPY KJIETOK Vero ¢ fo6aB/ieHrueM IUTaTelb-
HO¥ cpenbl. Kaskmas Touka sKcrepuMeHTa OblIa OCTaBJIeHa B 4
IIOBTOpaX, OBLIO NMPOBENEHO 3 HEe3aBUCHUMBIX 3KCIIEpUMEHTA.
TocJte MHKYOAIMH B KAXKIYIO JIYHKY g00aBsisiiv 100 MKJI BUpyca
B HeoOxoguMoii fose (ot 100, 50,20 u 10 MOI). Ilynanmiers! HHKY-
6upoasu B armocdepe 5% CO, npu 37°C B TedeHue 5 CyT 10 M0-
sasJsienns LI1/] B k1eTKax BUPYCHOIO KOHTPOJIA. YUET pesyssrara
nposisjaenus LI1/] B KieTkax IpoBOJUJIA C UCII0JIb30BaHUEM KO-
sundectBeHHOro Tecta MTT. [TponieHT MHrHOMPOBAHUS BUPYCHOM
penpoayKIuy IPoBoAu/IN B nporpamme Excel mo hopmyiie:
Wuruéuposanne % = (100 - (OIL; wourpoms ~ OMonurm) /

(OHKJI.KOHTPOJIL - Onsnp.xoquwm) *

KoHIeHTpaIus npemnapara, BbI3bIBaoII[asi THIHOUPOBaHIe
BHUPYCHOU penponykiuu Ha 50%, IpUHUMaIach 3a HHIUOUPYIO-
myto KoHuenTpanuio 50 (MKs).

Crarucruyeckas oneHka. CTaTucTiiecKyo 00paboTKy 1mo-
JIy4eHHBIX KOJINYECTBEHHBIX JaHHBIX IIPOBOJUIN C IOMOIIHIO
nporpammbl Microsoft Office Excel 365. J]isi cpaBHEHUs JBYX He-
3aBUCUMBIX T'PYIII UCIOJIb30BAJICS HEapaMeTPUYECKIil KpUTe-
puit UMaHHa-YuTHH.

Pe3ysbTaThl H 00CY>K/I€HHE

I/ISY‘{eHI/Ie OHUTOTOKCUYHOCTHU CMECH aKTUBHBIX
BellecTs npenapara LlutoBup®-3 B OTHOLIEHUH KJle-
TOK Vero OBLJIO ITPOBEEHO B CEPUU U3 TPEX OIBITOB
(taba. 1). C aToii nesbio ObLIN M3YUYeHbI CJIEIYIOITe
KOHeYHbIe KOHIIeHTPAIUU ITPeOoCTaB/IeHHOTO ITpera-
para: 5, 10, 50, 75, 100, 150, 200, 300, 400, 500 MKT/MJI.

ITocsie mHKyOanuyM B TeueHue 72 4 BU3yasibHas
OIl€HKa IIpu MOMOIITY MHBEPTUPOBAHHOTO MUKPO-
CKOIIa IT0OKa3aJsa, 4YTO B KJIETOYHBIX KOHTPOJISAX HE
OBLJIO OTMEYEHO IUTOTOKCUYECKUX 1 MOP(OJIOTHYE-
CKUX U3MEHEHNH, a TakKe HapylIeHUH KJIeTOYHOTOo
MOHOC/JIOSI. AHAJIOTUYHO He Ha0JIi0/ja/I0Ch U3MeHe-
HUI KJIETOK JJIs1 MCCJIelyeMOoTo Ipernapara B KOH-
neHrpanuax 5, 10, 50, 75 u 100 Mkr/mi1. B akcniepu-
MeHTe B KOHIeHTpauuax 150 m 200 MKr/mi

Tabruuya 1. INTOTOKCUIHOCTH NTpenapara [luToBup®-3 B KyIbType KireTok Vero CCL81
Table 1. Cytotoxicity of Cytovir®-3 in the Vero CCL81 cell culture

IIpenapar lfutoBup®-3

3nauenusa MIIK u IT/I;,, MKr/ma

omnbIT 1 OIBIT 2 OIIBIT 3 cpegHee 3Ha4YeHHe
HT/15,+SD 387+43 274+40 260168 307153
MIIK (Bu3yaJsbHO) 100 100 100 100
MIIK (MTT TecT) 100 150 200 150+50
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Tabauua 2. UarHONpoBaHue perpoayKItuu SARS-CoV-2 ucciexyeMbIMH IIpenapaTaMH B KYJIBType KiieTok Vero CCL81
Table 2. Inhibition of SARS-CoV-2 reproduction by the studied drugs in the Vero CCL81 cell culture

HNHruompoBaHue BUPYCHOH aKTUBHOCTH, %

IIpenaparsl Jo3a Bupyca, MOI InToBHp®-3 YMmudeHoBUp
KOHIIEHTPAIlMH1, MKI'/MJI

5 10 50 75 100 150* 200* 300* 20
1-# onbIT 100 — 3 17 16 24 19 32 28 —
20 5 2 21 18 29 23 14 21 —
2-1 OTIBIT 100 5 4 15 23 21 19 21 17 33
20 4 — 16 32% 317 25 26 17 71
3-1 OTIBIT 100 0 0 12 22 20 18 21 4 32
50 5 2 18 18 23 16 22 6 —
20 1 — 18 20 28 20 21 8 47
10 0 0 15 15 30* 24 27 3 —

IIpumeuanue. * — KoHIIEHTpaluy, KOTOPHIE 110 MOJy4eHHBIM JaHHBIM 2-T0 aramna ucciaegosanusa > MIIK; # — no-
CTH)KEHUE CIenr(UIECKOTOo MOIaBJIeHNsI BUPYCHON PEePOIyKINN B paboyeM nuamna3doHe KoHIeHTpanui < MIIK.
Note: * — concentrations, which are 2MTC, according to the data of the 2nd stage of the study; * — achieving specific
suppression of viral reproduction in the working concentration range < MTC

Tabnuya 3. UHruOoMpoBaHue BUPycHOi1 akTHBHOCTH SARS-CoV-2 npennaparom I{utoBup®-3 B KyJIBType KJIETOK Vero

CCL81

Table 3. Inhibition of SARS-CoV-2 viral activity by Cytovir®-3 in the Vero CCL81 cell culture

HNHruompoBaHue BHPYCHOH aKTHBHOCTH, %

Cxema BBeJieHHU s, BpeMs 10 (-)

KOHIIEHTPAaIHs pernapara, MKr/MJI

K5, MKr/MiI

¥ nocJie (+) HHPUIUPOBaAHUSA 5 10 50 75 100 125* 150** 200**

-24y4 16 19 21 24 49 26 24 16* 105
+14 17 42 49 52 53 8 0 0 55
+244 16 38 39 41 53 22 11 5 85
+484 0 1 4 29 37 0 0 0 >100
+724 0 0 3 9 16 0 0 0 >100

I[IpumeuaHue. * — CHUIKEHUE BEPXHEN IPAHUIIBI pab0vero nuana3oHa KOHIIEHTPAIUi IIpernapara B COOTBETCTBUH C
pacyéTHOI NoIpaBKOU Ha HUTONIaTU4YecKoe felicTBue Bupyca SARS-CoV-2; ** — KoHIIeHTpaluu, KOTOphIe 0 I10JY-
4YeHHBIM JIJAaHHBIM 2 3Talla uccjieoBaHus uMmesiu 3Hadenue > MIIK.

Note. * —lowering the upper limit of the working range of drug concentrations in accordance with the calculated cor-
rection for the cytopathic effect of the SARS-CoV-2 virus; ** — concentrations, which, according to the data obtained

at the 2nd stage of the study, had a value of > MTC

OTMEYa/INCh KJIETKU OKPYIIION (pOpMBI 1 MOPGOJIO-
TUYEeCKU 3HAYUTEJbHO OTIUYAIONINECS OT KJIeTOU-
HOT'0 KOHTpOJIA. B siyHKax ¢ 60j1ee BBICOKUMU KOH-
nenTpanusamu (300, 400 u 500 MKT/MIT) HaOJIIOATOCH
YaCTUYHOE UJIU TOJHOE Pas3pylieHne KJIETOYHOTO
MOHOCJI0s. [1o 060011IEHHBIM pPE3yJIBTaTaM BCEX OTBI-
TOB, IIUTOTOKCUYHOCTD IIPOSIBJISLIIACEH B 03aX BBIIIIE
300 Mxr/mJy. MakcuMaJsIbHO IepeHoCuMasi KOHIIEHT-
patus (MIIK), mpu KoTopoil He ObLIO M3MEHEHUS
KJIETOK TI0 CPAaBHEHUIO C KJIETOYHBIM KOHTPOJIEM,
IM03BOJINJIA OTIPEeeJINTh Oe30TacHbIN pabounii qua-
ma3oH KOHIeHTparuil npemapara [{utoBup®-3 mjs
KYyJIBTypbI KileTok Vero CCL81 (ATCC), koTophlii co-
craBu1 0-149 MKr/MJI.

HccnenoBanue mogaBJieHUsI BUPYCHOM peTpo-
IyKnuu npenaparom liuroBup®-3 nmokasaso, 4To
ero 3¢ (peKTUBHOCTHL BO3pacTaia C yBeJUIeHUEM
KOHIIEHTpAIuu 06pasia (JIMHEHHOCTh BO3AENCTBUS
no3a—adderT) (Taba. 2). [lo mogaydeHHBIM JaHHBIM
B Tpéx onbITax L{luToBUpP®-3 B HU3KUX KOHIEHTpA-
nuax (5 u 10 MKr/Mi1) He BJWAJ HA pa3MHOYKEHNE
BHpYyCa, IpU yBeJWYeHUN KOoHIleHTparuil ¢ 20 1o
100 MKr/MJ1 HaOJIOIAIOCH MHTUOUPOBAHNE, KOTO-
pOe€ YBeTMUNBAJIOCH C TOBBIIIIEHUEM KOHIIEHTPAITUN
(ot 15 10 31%). [Ipu qanbHENIIIEM YBETUUEHUN KOH-
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nenTpanui (150, 200 u 300 MKT/MJI) HHTUOUPOBA-
HHUe 3HAYUTeJbHO He YBeJUYNBAJIOCh, U KpUBas
no3a—-ad¢erT BBIXOAMJA HA IJaTo. B TpeTbem
OTBITE NTPU UCIOJb30BAHNU 4 MHOKECTBEHHOCTEN
3apakenus — 100, 50, 20 u 10 MOI — 6517111 11OJTY-
YeHbI CXO/IHbIE Pe3yJIETaThI.

ITutoBUP®-3 cnenuduyeckl UHIMOUPOBAJ ITHU-
tTonatTudeckuil ad et Bupyca SARS-CoV-2, npu
9TOM HMHTUOMpPOBaHME BO3pacTajio IPOMOPIHO-
HaJIBHO C yBeJIMYeHNeM KOHIIeHTPalluy U IMeJIO TeH-
JIEHITNIO K YMEHBIIIeHUIO NTPY YBeJIMYeHUHU 1035l 3a-
pakeHUsA BUPYCOM. AKTHUBHOCTb YMHUGEHOBUDPA,
B3AAITOT'O B KauecTBe IIpelapara CpaBHEHUs, TaKKe
yBeJIMYMBAsIach C YMeHbIIIEHNEM J103bl 3apaskeHus
BHPYCOM, COOTBETCTBYsI €r0 aKTUBHOCTH B paHee
IIPOBEJEHHBIX UCCJIeN0BaHuAX [18].

Crnenndrueckum (ceJleKTUBHBIM) CUUTAJIH 10~
JlaBJIeHle BUPYCHOM PeNnpoayKIINU COCTaBJIA0IIee
0K0JI0 30%. IlosryueHHBIE pe3yJIbTaThl II03BOJININA
yO0eauThCs B HATUYUY MTOTEHIINAIbHON MIPOTUBO-
BHUPYCHOHM aKTUBHOCTH U MPUCTYIUTH K CJeAyI0-
II[eMy 3Tally aKCIIepUMeHTaIbHBIX ONBITOB. [Tpemna-
par cpaBHeHuUA YMupeHOBUp yOeqUTeJIbHO
MOATBEPANJI 3asIBJIEHHYIO 3(P(PEKTUBHOCTH, YTO
CBHUIETEJILCTBYET O BaJIMJAHOCTUA ¥ BOCIIPOU3BOAU-
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MOCTHU METOJVIKHU, UCIIO/Ib3yeMOH ITPU BBITTOJTHEHUHN
JaHHOI'O uccjegoBaHus [19].

B crienyrottieti ceprn 9KCIIEPUMEHTOB ObLIa U3y4deHa
IIPOTUBOBUPYCHAsA aKTUBHOCTL IIperapara B OTHO-
meHuu Bupyca SARS-CoV-2 npu pasJ/imuHbIX CPOKaX
ero mo0aBJIeHUsI K KYJIBType KJIETOK: 3a 24 4 10 BU-
pycHOro nuHGUUUPOBAHUA U depe3 +1, +24, +48,
+72 4 mocJsie BUPyCHOro MHpuuuposanus. [Ipu
9TOM U CII0JIb30BAJIY OOUHAKOBYIO MHOKECTBEHHOCTD
3apaskenus 20 MOI (tadJr. 3).

ITpoBeéHHbIE ONBITHI TOKAa3aJsIy, 4YTo HauboJjee
3¢ heKTUBHBIMU CXeMaMU OKa3a/IUCh CXeMBbl, IIPU
KOTOpbIX 1luToBUpP®-3 mobaBsiacs 3a 24 4, uepes 1
1 yepes 24 4 11ocjie BUPyCHOT0 NH(MUIIUPOBAHUA.

ITpu aTux cxemax MHTMOMpPOBaHNE BO3pACTaJIO
C yBeJIMYEHNEM KOHIIeHTpalUu IIpernapara B aua-
na3oHe (5-100 MKr/mi), HauboJjiee BHICOKUHN ypo-
BeHb MHTHOMPOBAHUS, JOCTUTAIOIIUN IPUMEPHO
50%, HabII0AJICS TPU HAUBBICIIEN U3 KOHI[EHTpPA-
nwmit 100 Mxr/mi. Tak, BBICOKUI YPOBEHb MHTUOUPO-
BaHUs OT 42 110 53% HabJII0aJ/ICSI TPY BHECEHUH TIpe-
napara depes 1 4 rnocjie “H(UIPOBAHUS B IITUPOKOM
guanadoHe 103 (0T 10 Mir/mut 10 100 Mxr/mu). biim3s-
Kue pe3yJbTaThl THruouposaHus (38-53%) Hab/1I0-
JaJINCh IIPU BHECEHUHU IIpelapara 4yepes 24 4
nocje NHGUIMPOBAHUA B TOM 3Ke THala3oHe 103
(ot 10 MKr/mu go 100 MKr/mJ).

Ha ocHOBaHMU NIOJIy4EeHHBIX JAHHBIX, B TPEX CXe-
Max BHeceHUs IIpenapara Obuia gocturayra MK,
KoTOpas cocrasuiia 105, 55 u 85 MKr/mi ajst Luro-
BUp®-3 mpu ero f1o0aBJIeHUHN K KJIETKAM COOTBET-
CTBEHHO 3a 24 4, yepes 1 1 yepes 24 4 110CJ1e BUPYC-
HOTo MH(UITMPOBAHUS.

3arJoueHue

1. B skcnepUMeHTaJIbHBIX OIBITAX N Vilro 1O0-
Ka3aHa IPOTMBOBUPYCHASA aKTMBHOCTbH IIpenapara
HutoBup®-3 B oTHOmeHuu Bupyca SARS-CoV-2 3a
cuér noctmkenusa NK;, B koHeHTpanusax 105, 55 u
85 MKr/MJI B cXeMax BBeJleHU 3a 24 4, yepes 1 u ye-
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