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PE3IOME. DriuaeMus, CBsI3aHHas ¢ HOBBIM KopoHasupycoM Sars-CoV-2, mopa3uia NpakTHUeCKH BCe CTPaHBI 38 MHOTO
[1apa, ¥ HaaeXKHLIX TeueOHbIX CPeICTB OT 3TOH HHMEKLHHN MOKa He cyllecTByeT. MHorue nabopaTtopiu B MUpPE B HACTO-
slllee BpeMs BeIyT HHTEHCHBHBIE 3KCMepHMEeHTANTBHbIE H TEOPeTHIECKHE UCCIeN0BaHUs C LeIBI0 MOUCKa 3(NMeKTHBHEIX
MPenapaTos, cnelundUIHLIX 115 3T0ro 3abonesanua (COVID-19), Ho, K coxaneHH1o, MOkKeT MoTpeboBaThesl MHOTO
BpeMeHH, MPeXke UeM HOBBIE TEKAPCTBA MOABATCS B KJIHHUYeCKo# mpakTiKe. OOMH W3 CaMBIX TTOMYISPHBIX TOIX0A0BE
OCHOBAH Ha BO3MOXKHOCTH HCTIONB30BAHMSA I8 JTeUeH!s CYIIECTBYIOUIHX MPenapaTos, 0100peHHLIX TTPABUTETLCTBEH-
HBIMH MeIHLHHCKMMM opraHu3aumsamu. Mx BeiDop oCHOBaH Ha CKPMHUHIE, B OCHOBE KOTOPOTO JIEKHT MCMO/IbL30Ba-
HHE KOMMBIOTEPHBIX MOAENIel, OUeHHBAKLINX crielnngHuecKoe CBI3bIBAHNE (MHUHMMH3ALNS SHEPIHH CBA3LIBAHMS)
TAKHX MPenapaToB ¢ MOJIEKYTaMH-MHIIEHSIMH, BAXKHBIX LISl JKU3HEHHOTO LMKIA. Tak, psi W3BeCTHBIX AHTHBHPYCHBIX
npenapatos npotus BUY, renatura C, BeiOpaHHBIX TOD00OHEIM 00pa30M, OKA3LIBATM NPOTHBOBUPYCHBIN 3thdekT in
vitro, HO X KIHHHYecKas 3(heKTHBHOCTEL OblTa HeBbicoKoi. ClienyeT moauepKHYTh, YTO TsoKenas hopMa KIMHHYe-
CKOTO NposBIeHUs 3a00/1eBaHKs MPeacTaBIseT COD0il OCTPEIN PecnMpPaTOPHELI AHCTPECC-CHHIPOM, 0NOCPEe10BAHHBII
OKHCITHTENILHBIM CTPECCOM H ArpecCHBHOM MMMYHHON aTakoil Ha coOCTBeHHBIe KaeTKH. B 3Toil CBA3M npuMeHeHHe
COeIUHEeHHI C BLICOKOH aHTHOKCHIAHTHOM AKTMBHOCTEIO MOKET MMETh IIPeHMYILECTBA KAK B TPOMIaKTHIECKOM, TaK
1 B neuebHOM miaHe. CyllecTBYeT OrpOMHBI CMIEKTP NPUPOIHBIX COeTMHEHUIT, BKJIIOMAS NTpenaparsl OHIIHATLHONH 1
TPAIHIIHOHHOI METUIIMHBL, KOTOPBIE MPeICTABISTIOT HeOTpaH MU HHEBIIH MOTEeHLIHAN, B TOM YHCIE IS TEPATTHKH BUPYC-
HBIX 3a001eBaHii. OCHOBHBIM MPEMMYIIECTBOM MOTOOHEIX COeTHHEHH I ABMASTCH MX HH3KAs TOKCHYHOCTE. B manHoM
0030pe MBI TIOCTAPANTHCE CAEIATh AKLEHT HAa KITHHHYeCKHe U (hapMaKoIoTHUeCKHe CBOHCTBA MPUPOIHBIX BE1LECTB, npe-
MMYILECTBEHHO (DIaBOHOMIOB, KOTOPEIE MOTYT CTATh MEPCIEKTUBHLIMU MpenapaTaMu 11l TeueHHsT H TpodHIakTHKH
COVID-19. B 0630p Brove HA MHGOPMALIHS O BO3MOXKHBIX MUILIEHSIX BUPYCA M TPOTHBOBUPYCHBIX penapatax. bonwiioe
BHUMaHHKE yIeaeHo BOMpOocY HHTMOMPOBAHHUS BUPYCHOI akTHBHOCTH. Ha ocHOBe TMTepaTypHBIX IAHHBIX, B TOM YHCTIE
0 CTPYKTYPHBIX 0CODEHHOCTSX Pa3THYHBIX COeIMHEHHI, CIe/IaH MPOTHO3 O MepPCTeKTHBHOCTH HCTIONB30BAHMS JaHHEIX
COeIMHEHMI B KaueCcTBe MHTMDOMTOPOB BUPYCHOH aKTHBHOCTH, a TAKXKe B KauecTBe MPOTHBOBOCTIATMTEILHEIX CPEACTR
st Tepanuy COVID-19. BaxHbIM 3Tanom npu aHanu3e coelMHeHHH OLUI0 H3yueHHe BO3MOXKHOCTH MX B3aUMOJIEH-
CTBHS C KJIETOUHBIMH MUILIEHSIMH BHpYCa, a TAKXKe CMOoCOOHOCTH CBA3LIBAHUS ¢ BelKaMu camoro Bupyca Sars-CoV-2,
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Beeenne

Beuay snuaemMui, oXBaTHBLIEH NpakTHUeCKH BCe
CcTpaHbl, MHOTHe J1aDopaTOpUH B MHpe B HacToslllee
BpeMsl MPOBOIASAT HHTEHCHBHEIE IKCIIePUMEHTAbHEIE
M TeopeTHUeCKHe UCCel0BaHMsl, LIe/IbI0 KOTOPBIX SIB-
nsietcst nouck 3tdeKTHBHBIX TeKapCTBEHHBIX CPEICTB
npotuB COVID-19. INockonkKy yke MHOToe M3BecT-

18 KOppecnoHAeHUNK

HO O XM3HEeHHOM LIMKJIe BUpYca, CTPYKType BHPHOHA
Sars-CoV-2, KeTouHEIX pelienTopax i MeXaHH3Me ero
BXOXIeHUsl B KJIeTKY, TIPeaAnpUHUMAIOTCS MOMBITKH
TeopeTHueckH (in silico) ocyliecTBUTE OTOOP Nepcrek-
THBHEIX MPenapaToB M3 yXKe CYLLIeCTBYIOLUIMX JeKap-
CTBEHHBIX CPEJACTB, O100PEHHBIX TOCYIapCTBEHHBIMH
MeIMLMHCKUMH OpraHU3alusaMH.

Crarsa noctynuna 02.06.2020

Arpipee Ceprai MUXainoauy, KaHWIAT XIMUIECKIX HayK, 3aBEIIOLLIA 1A00PATOPHER NSNTUIHLX MMMYHOTEHOB  Mpoyygra k nevati 02.06.2020 1

@IBY «MHL MHCTUTYT MMMYHONOTMW> OMBA PocCcuK.
E-mail: sm.andreev@nrcii.ru
ORCID ID: 0000-0001-8297-579X

PexomeHOoBaHa K myonukaunm
E.C. ®epeHko

18

Poccuiickuit Annepronormueckuit Kypuan 2020:;17(2)



REVIEWS + Promising compounds from natural sources against COVID-19

Bo3Moxuble MuIIeHH 1714 BUpYca SARS-CoV-2
H NPOTHBOBHPYCHBIE MpenapaTbl

BupuoHtl obonoueunoro Bupyca Sars-CoV-2 (60—
160 HM) conepxaronHouenodedHyo PHK 4 ctpykryp-
HLIX Desika: S (MoBepXxHOCTHLIE HNLL), E (obonouka),
M (memOpaHa) u N (Hykneokancua). benok S oTeeuaeT
3a CBSI3bIBAHME BUPYCA C KIETKOH-X03IMHOM W CITUSTHHE
c Heit [1]. Cybreauuuua S1 cogepuT peLienTop-cBsi-
seiBatolmii nomeH (RBD), koTopelit umeet Tonbko 40%
WIEHTHYHOCTE AMHWHOKMCOT ¢ ApyruMHu SARS-CoV,
B TO BpeMsl Kak cyObelnHHLA S2 OTBeuaeT 3a CAMsIHHE
BHPYCHOH 1 KlieTouHoi MeMmOpaH. RBD SARS-CoV-2
obnanaet npumepHo B 10—20 paz donee BeICOKOiT ad-
(hMHHOCTRIO CBSI3BIBAHKS C PELIETITOPOM, ueM y Deska
SARS-CoV (Bo3dynurenss aTHMMYHOW NMHEBMOHHH,
2002 r., Kutaii) [2]. DTO MOXKeT OTpaxaTbes HA CHO-
COOHOCTH BHPYCa CBA3BIBATHCS C KJIETKO-X039MHOM,
BO3MOXHO, 00YC/IOBIMBAsT BLICOKYI0 KOHTATMO3HOCTh
SARS-CoV-2. Bupycnas PHK (renom okono 30 T.i.H.)
KOIHPYeT HECTPYKTYPHEIE DelIKK, HauDOoee BaXKHbIM M3
KOTOPRIX SIB/ISIETCH OCHOBHAS XMMOTPUNCHH-TIOT00HAS
npoteasza (Mpro; 3CLpro, nsp3), nananH-nompooHas
npotea3a (PLpro, nsp3), renukasza u PHK-3aBucumasn
PHK-nonumepaza (RdRp). Ipoteassr Mpro u PLpro
JMIOMKHBI TiepepadbaThiBaTh BUPYCHBIH TIOHUMPOTENH B
hyHKUMOHATBHEBIE @ IMHULIBL, HEODXOIUMBIE 1151 PeTUTU-
KallMM M YIAKOBKM BHpyca |3, 4]. B HacTosiee Bpemst
3HAYMTENBHBII WHTepeC BhI3BIBAKOT NMpoTeassl Mpro,
CTPYKTYPa KOTOPLIX SIBISIETCS] OTHOCHTEIBHO KOHCEepBa-
THBHOI [3], 1 ACE-2 B KauecTBe OCHOBHOTO pelLienTopa.

B HacTosi111ee BpeMsi McclleN0BaTe M COCPe10TOUYEHbI
Ha MoMcKe U oTOOpe MPOTHBOBUPYCHLIX MPenapaTos,
B TOM YMc/ie MHTHDUTOPOB BUPYCHOM aKTHBHOCTH,
KOTOpBIe MOTYT D10KWPOBATh MPOHHKHOBEHUE BHpYCa
B KJIETKY, U (pepMeHTOB, KOTOpPEIe BaKHBI LIS JKHM3-
HEHHOTO LIMKJa BUpyca. Beibop nenaercsl B Monb3y
onodpendslx FDA nekapcTBeHHBIX cpencts. Ouu
BKJIIOYAKT MHOTOUHC/IEHHEIE NTPOTHBOBUPYCHEIE
npenapaTtel, aHTUOMOTHKHW M APYyTHEe COeJUHEeHMs.
[MoreHuManbHas aKTHBHOCTE, CPOACTBO K KJIETOUHBIM
MHILIEHSIM, OLIEHHBAETCH MPH MOMOLIHM KOMITBIOTEPHOTO
MOIETUPOBAHUS (MONEKYIAPHAS IMHAMMWKA U CTEKHHT)
BBUY OTCYTCTBMSI MOCTYMHBIX 3KCTMEPHMEHTAIbHBIX
Moneneii 3aboneBanusi. Cpeau 3THUX OTOOpaHHBIX
NMpenapaToB — aHAIOTM MHTepdepoHa, JOMUHABHUD,
pPUTOHABUP, CUMENPEBUP, MapuTanpesup, (haBunupa-
BUP, PEMIECUBUD, TMAPOKCUXJIOPOXHH, A3UTPOMMLIMH
W Apyrue, NpHYeM MHOTHE M3 HUX MCIO/IB3YIOTCS LIS
neuenust CTTU]I v renatuta C, a Takske Mansipuu [6—9].
Knunuueckas 3peXTHBHOCTD JAHHBIX cOeTWHeHMit
npu tepanuu COVID-19 B HacTosiliee Bpems HAaxo-
nuTcs B ctanuy uayueHus [10]. B onHoil W3 HenagHMX
padoT OBLIO MPOBeIeHO CpaBHHTENLHOE in silico uccne-
nosanue 2500 HeDONBIIMX MOJIEKY T, TepeYrCIeHHBIX B
onobdpenHoit FDA Hasze nekapcTs, ¢ MCNOJb30BaAHHEM
OBICTPOro AHATUTHYECKOTO MPOTOKOA A5 MOUCKa Mo~

TeHUHWATBHEIX HHTHOUTOpOoB Mpro. B peaynksrarte ObLiH
MIeHTHMOUUMPOBAHEI 15 MepcrneKTUBHBIX coeIHHEeHHI
CO 3HAYMUTENLHOH MOTEHUMHANILHOH AKTHBHOCTBIO, H
Cpeny HUX TUTTUPHIAMOT MMEJT CAMbIii BRICOKHIT MHIEKC
scpexTuBHOCTH [11].

bonee TOro, aKCnepuMeHTSI 0 er0 CBA3LIBAHUIO C
pexoMbuHaHTHBRIM Mpro (Ha Biacore) nokasanu oueHb
BEICOKHIT adhdUHUTET. DKCrepUMeHTHI MOKA3aH, YTO
JIEKapcTBO YMEHbIIANO BOocnialleH e, Bel3BaHHOe SARS-
CoV-2, a ero MexaHM3M OB CBSI3aH C CUTHAIMHIOM
Ha NF-kB. Kaunuueckue vcnuitanus (1-if atamn,
31 maument ¢ COVID-19) nponeMoHCTpHpOBaIu
3HAUMTe/IbHbEIE KIMHWYecKHe pesynsrarsl [11]. Kaxk
M3BeCTHO, JIeKApCTBEHHOE CPEICTBO HA OCHOBE IUMHU-
pPHIAMOIA SIBTSIETCH KOPOHAPHBIM Ba30IMIaTATOPOM,
OIHAKO OBLIIO TIOKA3aHO, YTO OHO TAKXKE MOBLIILIAET
HecrnenHUUHY pPe3UCTeHTHOCTE TPOTHB LMPOKOIo
criekTpa Bupycos [12, 13].

B paboTe upaHCKHX MCC/ea0BaTeNeil METOIOM MO-
JIEKYJISIPHOTO JOKMHTA ObLT MPOoBeleH CKPUMHUHT 6654
CcOeTHMHEHMIT Ha NpeaMeT MX CBA3bIBAHWS C OCHOBHOIH
BUPYCHOIT MpoTeas3oii ¢ yueToM Mopora cBi3bIBAHHS
< —7,7 kkan/mone. JJononHUTeNLHBEIMH KPUTEPHIMH
st oTOopa ObITM OTCYTCTBHE SIBHBIX MOOOUYHBIX 3h-
(heKTOB M JOCTYMHOCTL Ha peiHKe. B pesynkrate ObLI
oTODpaH MpenapaT Ha OCHOBE LIMHAHCEPHHA — Bellle-
CTBa C ApOMAaTHYeCKOH pe3oHaHCHOI cTpyKTypoid [ 14].

INpenapatsl 6apULIMTHHHO, (heIPaTHHUO M PYKCOJTH-
THKO (Baricitinib, Fedratinib, Ruxolitinib) sisnsoTcs
MOLLHEIMH M CeJIeKTHBHEIMH HHTHOUTOpaMu SIHyc-KH-
Ha3 (MoCpeIHHUKU CeKpellMH LUMTOKMHOB), MpUMeHse-
MBIMH MMPH PeBMAaTOMIHOM apTpUTe U MHenohudpo3e.
Bce Tpu coenvHeHHs ABASIOTCS CHJIBHBIMH TIPOTHBO-
BOCTIAIMTEILHEIMH CPEACTBAMM M KaK MHTHOMTOPHI
nepenaun curHanos JAK moryT okasarecs 3(pexTHB-
HBEIMH CpeACTBaAMM, CMOCODHBIMU TIOOABIATE «LIHTO-
KMHOBBI IITOPM», YacTO HabMIaeMblil y 6OIBHBIX C
COVID-19. M3 3T0ii rpynnsl coelIMHEHUI DapuLIHTH-
HUO siBfIsieTcst Hauboiee NepeneKTHBHBIM, TTOCKOIBKY
Y Hero yao0OHbIi cnocod npuMeHeHUs (MepopaibHo,
OIIVH Pa3 B CYTKH) ¥ OTCYTCTBYIOT Cephe3Hble MoOouHbIe
athdekTsl. OCHOBHBIM MODOYHBIM 3(hPEeKTOM, KOTOPBI
MpoSIBISIETCS TOALKO TIPH IJIMTE/IbHOM NMPUMEHEHHUH
(B TeueHHE HECKONLKHX JIET), ABISIETCS pa3BUTHE MH-
(heKLMK BepXHHUX IBIXaTelbHBIX MyTei. [1pumeHeHue
oapuumTnHuba s repanuu COVID-19 He npennona-
raeT JJIMTeILHOTO NpyeMa npenapara [ 13, 16].

Creayer OTMETHTE, UTO MHOTHE M3 [Iepeunc/IeHHbIX
BbIlIE TTPOTHBOBHPYCHBIX JIEKAPCTBEHHBIX CPEICTB
IOJIKHBI TIPUMEHSITECH ¢ OCTOPOXKHOCTBIO M MOJ Ha-
OnoneHueM Bpada, NMocKoabKy 3hheKTUBHOCTL UX
npotuB COVID-19 noka He mokazaHa. Tak, HarpumMep,
MPOTHBOMAISAPHIHEIN MpenapaT riIpPOKCHXIOPOXHH,
CTaBLIMi LLIMPOKO W3BECTHLIM O1aroaaps ppaHLIy3cKHM
MCCIeIOBaHMAM, He TIPOSIBII AOCTATOUHOH aKTHBHO-
ctu npu neveHud COVID-19, no gaHHBIM KHTalCKHX
uccaenosareneii [17], 1 oH MoOXeT OBITL Hehe30MacHLBIM
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IUTSL JIIOIgl ¢ HapyLLIEHWEM CepaeuHOro pUTMa, a TakKe
¢ npodieMaM B (QYHKLIMKM MoYeK U nedyeHH. Tem He
MeHee FDA u Munsapas Poccuu HegaBHO o100pHIH
MCMOMbL30OBAHUE THAPOKCHXJIOPOXHMHA B KayecTBe Je-
KapcTBEHHOTO CpeICcTRa [UIs psiaa MalueHTOR, TOCu-
Tanu3HposaHHeIX ¢ COVID-19.

PaspaboTKa HOBBIX MpenapaTtos npoTUe SARS-
CoV-2 npencTtasnsieTcsi 10BOILHO CITOXKHOIM 3amaveit,
Tpedytolieit GoNbLIIMX pecypcoB U BpeMeHH, BhIMOJTHE-
HMS1 ITATIOB JOKTHHHYECKHX U KIIMHHYECKHMX MCITBITa-
Huii. OnHako, 3Has 0CODeHHOCTH MAaTOTeHETUUECKOTO
MeXaHH3Ma Pa3BUTHS KOPOHABUPYCHON MHbeKLUH,
MOZKHO NPOBECTH aHATM3 UMEIOILMXCH TeKapCTBEHHEBIX
Cpe/lCcTB, KOTOPble, BO3MOXHO, DYAYT DIOKUpOBATh
MpoLecchl pa3BUTHS MH(EKIIMH He TOBKO Ha YPOBHE
B3aMMOIEHCTBHA C BUPYCHOH YaCTHLE, HO M HA YPOBHE
MoAepXaHUs 3alIMTHBIX MeXaHU3MOB OpraHM3Ma-Xo-
3auHa. OCTphlii pecnUpaTopHBIit IMCTpecc-CHHIPOM H
MOBpekIeHHe IerKux, Bel3BaHHble SARS-CoV-2, 3aBu-
CSIT OT aKTHBALIMM OKWCIMTEIBHOTO CTpecca, KOTOPhIi
3arnyckaeT BbIpabDOTKY MPOBOCMATMTEIbHBIX IMTOKH-
HOB, TAKMX KakK WHTepneiikuH [interleukin (IL)]-1p,
IL-8, IL-18, IL-6, untepchepon (MPH) u dakTop
Hekpo3a onyxoun (PHO)-a [18]. HeliTpodunsl u
MakKpodaru reHepyupyloT crelMaibHble OKHUCIISIONNE
Mosiekysl uepes cucteMy NADPH mis 6opw0bI ¢ uyxe-
POOHBIMHM AHTUTEHAMU, HO UX M30BITOYHOCTE MPHBOINAT
K MOBpeXIeHW MHOTMX HOPMATbHBIX KieTok [19].
[L-1p u IL-18 BmecTe ¢ kacnazoii- | sanyckaioT opmy
rubenu KJIeToK, Ha3biBagMY10 IMHPOTITO30M, KOTODI B
OTIMYME OT anonTo3a ABMSAETCH NMPOBOCTIATUTELHOM
tdopmoii [20, 21]. Hanpumep, npH rpunmno3Hoi WH-
theK1IMK MUPONTO3, TAKXKE CTHMYTHPYeMbli HHTepde-
POHOM, HADTIOMAETCH HA MO3IHEH cTanuH 3ad0neBaHUs
M BbI3bIBAET rudeb aNUTeTHaANBHEIX KieTok [22]. [e-
penaua curHanos Toll-nonobHoro petenTtopa (Toll-like
receptor) TLR-4 asnsieTcs Ki1oueBbIM 3TAmnoM 3abo-
JIeBaHHS, KOTOPBIi KOHTPOTUPYET CTEMeHb TSKeCTH
MHAYLUHPOBAHHOTO OCTPOTO MOBPEXIEHUS TeTrKHX
M TIpOAYLIMpOBAHHE OKHCIeHHBIX dochonunuios,
MOTEHUMAILHO CMOCOOHBIX BhI3LIBATE MTOBPEXIeHHE
JIeTKMX W BeIpabOTKY LIMTOKWHOB Makpodaramu ner-
KHX, YTO Hab/M01an0Cch ¥ BCeX MPOTECTHPOBAHHBIX
MalMeHToB Ha paHHeil ctanuu SARS-uHbexunn [23].
K coxanenuio, natoreHes passutus COVID-19 u mo-
JIeKYJIsipHbIE ME@XaHM3Mbl BUPYC-MHAYLIHPOBAHHOTO
OCTPOTO BOCMAIEHHS JIETKUX OCTAKTCS ellle He BIOIHE
sIcCHBIMH. OTHaKo, TPOBOAS aHAJIOTHIO C pa3BUTHEM 3a-
00JieBaHKI, BBI3BIBAEMBIX IPYTUMH KOPOHABUPYCAMH,
0UEBMIHO, YTO OCTPOE BOCMaJeHHWe Bceraa CorpoBo-
X1aeTcsl BEIpabOTKO# DONBIIOTO KOJTHYECTRA MPOBOC-
NaTUTeNbHbIX IMTOKMHOB, MOBPE#IeHHEM W THDeNbio
KJIETOK JIErOYHOTO SMUTENIHA, YTO HEPeIKO TIPHBOIUT
K NeTallbkHOMY HCXOIy. YUMThIBas OTCyTCTBHE 3thdek-
THBHOI MpoTHBOBUPYCcHOI Tepanuu npu COVID-19,
MOMCK COeNHHEeHMil, KOTOpble MOTYT MHTMOMPOBAaTh
BbIPA0OTKY MPOBOCTANMTENBHBIX LIMTOKHHOB, SIBIISIETCS

aKTyansHo# 3anadeii. Takum obpazom, NMpu ocyllecT-
BJIEHWUH TIOMCKA MEepCleKTHBHEIX TepaneBTHUYECKHMX
npernapaTos BaxHO o0palllaTh BHHMaHWEe Ha JleKap-
CTBEHHBIE CPECTBA U TIPHPOAHLIE COETMHEHMSI, A TAKIKE
MX MOOM(UKAUIMK, B TOM YUCIE HAa BelllecTBa pacTH-
TeJILHOTO MTPOUCXOKIEHUA: MOMUGEHOMBL, TePIIEHOUIEI
M KApPOTHHOMILI, KOTOPEIE 001a1at0T aHTHOKCHIAHT-
HbIMK cBoiicTBamH [24]. CremyeT OTMeTHTB, UTO CYILe-
CTBYET psifl U3BECTHLIX MPOTHBOBUPYCHEIX MPEnapaTos,
KOTOpBIE UMEeIT apoMaTHUecKyo,/monudeHONbHYIO
CTPYKTYPY ¥ MOTYT TaK:ke 001anaTh aHTHOKCHIAHTHOI
akTMBHOCTBIO [25]. C npeBHUX BpeMeH pacTeHusi ObIIH
OeclieHHBIM MCTOYHHKOM TPaIHIIMOHHBIX JIEKAPCTE,
MHOTHE W3 KOTOPBIX MPOBEPeHkbl Ha 3(heKTHBHOCTh
He OJHUM TIOKOJIEHHEM JTII0aeii.

IIporno3upoBanne BO3MOXKHBIX HHTHOHTOPORB CpeIH
AHTHOKCHIAHTOB PACTHTE/IRHOIO MPOHCX 0K ITCHHSA

[MoMck MoOTeHUMATLHBIX HHTHOMTOPOB TPOTEa3kbl
Mpro (cpenu TeprneHOMAHBLIX COeTMHEHMH ), MCTOYHM-
KOM KOTOPEIX SBJISIFOTCS PACTEHHS, C MCTIO/Ib30BAHHEM
MEeTOI0B MOJICKY/ISIPHONH IMHAMMKH W JOKHHIa ObLI
MIPeNNPUHAT HPpaHCKUM rccienopaTeneM. ODHapyXeHO
9 mepcrneKTUBHLIX BEILIECTE, CPeld KOTOPRIX Haubomnee
BBLICOKOH KOHCTaHTOH CBSI3bIBAHHA 00agan FHHKIO-
aun A u3 [uurko bunoba. PacueTsl mokKasaiu, UTo oH
criocodeH cnelHdUIecKH CBSI3EIBATLCA C AMUHOKHUCIO-
TaMH B AKTUBHOM LIeHTpe BUpycHoili Mpro u obnagaer
MHTHOHpPYIOLIKM AeiicTBHeM [26].

B cepennne mapra 2020 r. kuTalcKHe MCC/IeaI0Ba-
TenH onydbiHKoBaau npenpuHT [27], coobluaBuinii,
yTo, KpoMme KJeTouHoro peuentopa ACE-2 nns
Sars-CoV-2, cyuiectsyer eitie oauH petientop — CD147.
Jloka3aTe/IbcTBOM SIBJISITIOCH TO, YTO F'YMaHH3HPOBaHHOE
antuTeno npotus CD 147 3HauMTeIbHO HHTMOKpOBaIo
NPOHUKHOBEHWE BUPYCa B KJIETKH XO35IMHA, B3aMMO-
neiicteue CD147 ¢ Denkowm LIKMNa BUPHOHA MMOKA3al0
BBICOKYIO CTeTeHb CBsi3biBaHus (1,85 x 10-7M). laHHeie
OBIJIH MOATBEPXKASHEI TAKIKE METOLOM KOMMMYHOIIpe-
LMMUTALHK, HMMYHO(epMEHTHEIM AHATH30M W pe3yJib-
TaTaMK{ MMMYHO3/IeKTPOHHOH MHKpOCKONTHH, OTKPEI-
THE HOBOIl MHIIIEHH BCETIA OTKPBIBAET BO3MOXKHOCTH
s pa3pabOTKH HOBBIX CcrielMUUYeCKHX JIeKapCcTB.
[MpeanpuHsATas HAMH NPOBEPKA BEPOSITHBIX HM3KO-
MOJeKYIAPHEIX TUTaHA0B-UHIMOuTOpoB g CD147
(MCKJIrOUast MaJIOIOCTYIIHEIE) YCTAHOBKIA, YTO TAKHM
JIUraHaoM MoxeT ObITh baiikanun unn baitkaneuH (ero
armMKoH — 0e3 TMHMKO3UIHOW YacTH), SIBJASIIOLIUICS
(NaBOHOMIHBIM KOMITOHEHTOM TAKOTO MHOTOJIETHETO
TPaBsSIHUCTOTO pacTeHns, KaK balikanbckuii LteMHHUK
( Scutellaria baicalensis), KOTOpPBII K TOMY Xe obnanaet
BBIPAXKeHHOI aHTMOKCHIAHTHONH aKTHBHOCTHIO [28].
Panee nokaszano, uto balikanuH oka3sbiBaeT MpOTH-
BOBOCTIATMTEILHOE TeHCTBHE, OB/ SKCIPECCHIO
TEHOB MPOBOCIANIUTEIBHEIX HUTOKKMHOB (IL-6, IL-1,
MHO-«), oTBeTCTBeHHEIX 32 BEIPADOTKY OKCH/1a a30Ta,
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LMKIOOKCHTEHA3BL, IMMOKCUTEHA3kI, a TAKKE XeMOTaK-
CHC, HTPAOLIHIA KJTIOUeBYIO POJTb B PA3BUTHH BOCTIATH-
TeJIbHBIX peakluii (peKpyTHHT NeiikouuTos) [29], B ToM
yucne npu COVID-19.

DKCTpakKT KOPHS LUIEMHHKA C IPEBHUX BPeMeH
HCMOMB3YETCH B TPAIULMOHHON KMTACKOH MeIULIHHE
KaK OMOJIaKUBaloLlee CPeICTBO, KPOME TOTO, OH CTUMY-
UpyeT paboTy MO3ra, OKa3biBaeT NPOTHBOOIYX0IeBoe
neiicTBHe W yayullaeT paboTy cepleuHOo-coCyIUCTOMH
cHucTeMsl. BaxHo oTMeTHTE, uTo heHONBHAS CTPYKTYpa
arnukoHa baiikanuHa nMeeT HEKOTOpOe CXOICTBO C
MOJIEKYJI0# pecBepaTpo/ia, MOLIHOTO AaHTHOKCHIAHTA,
KOTOPEII B CBOIKO OYepenb MpOsBIfAeT BHIPAXKEHHYIO
AKTHBHOCTE NpoTHB MHpexkunn Mers-CoV [30, 31].
Kpowme baiikannHa, LWIeMHHUK COLePXHUT MHOTO Apy-
rMX MOJE3HEIX AHTHOKCUIAHTOB. MBI He MCKIIOUaeM,
YTO TaKHe coeauHeHMs, Kak BoroHuH, OpokcunuH,
HeobaiikanenH u Xpu3HH, MOTYT OKA3bIBaTh MPOTH-
BOBUPYCHBII 3(hdexT npu MH(pEeKIWH, BEIZBAHHOI
Sars-CoV-2. TakuMm obpasoM, 3KcTpakT Scutellaria
baicalensis MOXeT CITy KU Th HEOLIEHUMBIM UCTOUHMKOM
MOTeHUMATBEHO MOJIE3HBIX COeMHEeHH I TS NpoduIak-
THKH W euenuss COVID-19.

WHTepecHO, UTO BCKOpPE MOC/e BEIIBUHYTOTO HAMHU
NAHHOTO TIPEINOIOKeH!s (B cepelMHe MapTa TeKyllle-
ro rofa) MosSIBUIOCE COOOIIeHHe KHTANCKUX KOJJIET,
natupoBaHHoe 10.04.2020 ., yka3zbiBalolllee Ha TO, UTO
OCHOBHOII KoMnoHeHT Scutellaria baicalensis, baiika-
NedH, nogasasieT akTuBHocTh SARS-CoV-2 npoteasnl
Mpro in vitro npu 10BOILHO HM3KOIl KOHLEHTpalHH
(IC.,;=0,39 mxM). [1pn 3TOM aKTHBHOCTL IPYTHX COE-
NUHEHUWH, BeIIENeHHBIX M3 MHBIX PACTUTETbHEIX HCTOY-
HHMKOB, OKa3ajnack 3ameTHO Huxe [32]. MHTepecHo,
yTo eite 8 neT Ha3an onyd/iMKoBaHa paboTa, B KOTOpO#
CXOIHBIE coenMHeHus1, Scutellarein 1 Myricetin, neMoH-
CTPHPOBAIK AKTUBHOCTE NpoTUB SARS-kKopoHaeupyc-
HOI1 renukassl [33, 34].

Euie 0nHO 10Ka3aTeIbCcTBO TOTO, YTO (hIaBOHOMIEL
MOTYT MHTHOMPOBaTh KOPOHABUPYCHYH WHDEKLIMIO,
Clie/lyeT U3 CTAThH, ONMyOIMKOBAHHOI elle 10 3Mule-
MHH KopoHaBupyca. PaboTa onuceiBaeT 3-usoteada-
BHH-3-rajiaT, MOIIHEIH TPUPOIHLIH AHTHOKCHUIAHT
YepHOTO Yast, KOTOPLI crnocobeH invitro MHrHGMpoBaThL
npoteasy kopoHaBupyca SARS-CoV (ICSU =7 MkM).
DKCTpPaKThLl UepPHOTO Yas TaKke o0Iaganu cXOmHOi
aKTUMBHOCTLIO | 35]. [TocKONEKY ecTh psif 10Ka3aTelLCTB
TOro, UyTO HHek1ua Sars- CoV-2 MoxkeT nepeaaBaTbes
yepes KMILIeYHEII TpakT [36], 1eMoHCTpaLus TAKOI BH-
pyCHeiTpaIH3yoLLei aKTUBHOCTH ¥ UePHOTO Uas MOXeT
OBITEL OUeHb BaxkHa. Ho HYy>KHO OTMETHTE, UTO CTeleHb
MPOHHUKHOBeHUS TeadhiaBuHa Yepe3 KHILEYHHUK B KDOBb
SIBJIIETCS TOBOJIBHO HU3KOI,

M3pecTHO, YTO pacTUTeNbHBEIH KOMIIOHEHT, Pe-
cBepaTpo/i, obecrneuynBaOLIMH 3aLIMTY pacTeHHil oT
DakTepHil M rpHOKOBLIX MHEKLMIi, SIBISIeTCS CHIBHBIM
AHTHOKCHIAHTOM, TIPOTHBOBOCIIAJIMTE/IBHEIM M TIPO-
THBOOMYX0IeBbIM areHToM. OKa3zanock, UTO OH CMO-

coDeH 3HAYMTENLHO TOPMO3UThL Pa3BUTHE MHpeKIHH
MERS-CoV B cucteme in vitro [37]. ABTopsl 1aHHOIA
paboThl MOKa3aau, uTO MeXaHH3M MHTHOMpOBaHU S
MpeanookUTeTLHO CBSI3aH C yIyullleHHeM CUTHATHHTA
uepea Sirtuin 1 (TMCTOHOBAasi AealleTHIa3a), penapaimeit
OHK, cHUxeHHeM ypPOBHS anonTo3a U BOCHalnuTelb-
HOTO CTpecca, BRI3BAHHBIX MPOBOCMATHTENBHBIMHA
LM TOKHHAMH.

B npyroii paGote, nocesiileHHOH aHATHU3Y BO3-
MoxHBEIX penipeccopoB reHoB ACE-2 u FURIN Ha
TPAHCTEHHBIX MOJENSIX, TTPOTECTHPOBAHO MHOXECTBO
pa3nuYHBIX coeguHeHMit. [TokazaHo, yTo Takoe Bellle-
CTBO, KaK KBepUETHH, KOTOPLIi SBIsAeTCH NoaHdeHo-
JioM 13 pIaBOHOMAHOH TpYINEl, NPeanoloXUTeILHO
criocobeH OIOKHpOBaTE cBA3klBaHHe BUpyca CoV-2 ¢
peuentopoM ACE2, MHrHOMPYSl TeM caMEBIM ero Ipo-
HHUKHOBeHHE B KIeTKYy |38, 39]. PaHee ObLu npoBeneHE!
3KCMepPHMEHTHI, IeMOHCTPHPYOIIHE TAKKe pernapupy-
tollHe crocooHOoCTH KBeplieTHHA MPH BEICOKOM YPOBHE
OKHMCIMTeNILHOTO noBpexaeHus [40].

JIpyrHe nepcneKTHBHbIE HHTHOHTOPBI

OIHMM M3 NepPCNeKTUBHBIX HHTHOUTOPOB pa3BUTHS
COVID-19 sipnsieTcsi TAKOE BEIIECTRO, KaK Me/TaTOHMUH,
KOTODBIH M3BECTEH B KAUECTBE PEry/siTopa LM PKATHOrO
pPHTMA Y pa3TUYHbIX OPraHU3MOB, BKIIOUasi DaKTepHH,
MpocTelInuX, pacTeHUs], rPHOLI, OECMO3BOHOUHRIX,
KpomMe Toro, oH obnagaeT Tak:kKe aHTHOKCHIAHTHOM
AKTHMBHOCTBIO, HEHTpaiu3ys cBODOMIHBIE pamuKabl,
MOTYTUPYSI KaK Mpo-, TAK W MPOTHBOBOCTATUTETBHEIH
oTBeT [41]. beulo Takke oOHapyXKeHO, UTO MeTaTOHHH
MOZKET ObITh 3(M(PEeKTHBEH NMPH BUPYCHBIX MH(EKINAX
B MCC/IeoBaHMSIX in vitro u in vivo [42]. Ero npotuso-
BHPYCHAasl aKTHBHOCTh ObIJIa MOKA3aHA OTHOCHTE/BHO
BUpYyCa TPUMMAa: MeIaTOHWH 3HAYMTENbHO CHUXKAl
BeipaboTky MHO-«, IL-6 1 H®H-y 1 onHOBpeMeHHO
nosbian ypoBau 1L-10 u TpaHchopmupytomiero dax-
Topa pocTa |[transforming growth factor (TGF)]-p [43].
[1pu ocTpOM NMOBpeXIeHHUH JIETKMX H PecrMpaTopHOM
JHCTpecc-CHHAPOME MeTaTOHHMH YTy LI KIIMHHUYECKY IO
KapTHHY, ITOIaBIsis BOCTIalIeHHE 3a CUeT BO3MEHCTBHSA Ha
BocnanuTenbHy0 cicteMy NLRP3 (uHdbnammacoma).
[NokazaHo, UTO MeJIaTOHHH HApYLUAeT MaTOIOrMYeCKHi
LIMKJT, 0Opa3oBaHHBIN LIMTOKMHOM IL-1P B couetaHuu ¢
BOCMA/TMTENLHOI naToorkeil, HHrudMpy 1o111eii aKTHBa-
Mo nepesaun curuanos yepes NF-xB u npogykumio
muToxoHapHanbHEIX ADK [44, 45]. do cux nop HeT
co0DILEeHHI O MPUMEHeHH W MeNaTOHWHA ¥ TIallMeHTOB
¢ COVID-19. Ero npumMeHeHHe 181 IeUeHHsl IpPYThx
3abo/IeBaHMii MOKA3a/10 MHOTO001LAIOLIHE Pe3Y/IETaThI,
TaK KaK OHO 3aMeTHO CHHIKAJIO YPOBHH LIMPKYJTHPYIOLINX
LMTOKMHOB [46]. [1oka3aHo, YTO MENaTOHWH YCMelTHO
MHIHOMpYeT TTHeBMOHMIO M 3alllMiiaeT MaKpodaru ot
MUPOINTO3a, HMeeT BLICOKMIT nmpoctuik 0e30MacHOCTH,
YTO CBHIETRBCTBYET O TOM, UTO OH MOXeT ObITh 3th-
(heKTMBHEIM areHTOM, CIIOCODHEIM OOPOTLCS C OKHCITH-
TeJILHBIM CTPeccoM, BeI3BaHHLIM Sars-CoV-2 [45, 46].
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Eule oqHHUM NepcrneKTUBHBIM areHTOM SIBIISIETCS
AexcnaHTeHon (nposutaMu B,), nockoneky oH 06-
JamaeT BhIpaXKeHHOH CrocoDHOCTEI MHTMOMPOBATh
BEIOpOC HelTpoduIaMK B OpOHX0ATLBEOISIPHBII CMBIB
uuToKHHOB @WHO-a 1 [L-6 non aeiicTBMEM THITOMOIH-
caxapunos Takum o6pazoM, IeKCIaHTEHO MOXKET Mpe-
NOTBPAILATEL PA3BHTHE OCTPOTO MOBPEXISHNST IETKKX 3a
cueT cBOei aHTMOKCHIAHTHOI akTHBHOCTH [47]. Cneny-
€T OTMETHUTE, YTO B HelaBHeH My0IuKauuH KUTaiiCKHX
vccieaoBaTe el onucaHo, YTO CKOPOCTh PeTTHKALIMH
SARS-CoV-2 B 3—4 paza poiwte, yem y SARS-CoV, u
AHTATOHUCTEI MPOTHB OCHOBHEIX MEIHNATOPOB BOCTIATe-
HUs, TaKuX Kak [L-6, MoryT 6bITh BeckMa 3hheK THBHbI
MpH YCIOBMU HM3DeraHusi 4pe3MepHOro noJaBleHHs
BPOXIEHHOTO MMMYHHOTO oTBeTa [48].

B psay nepcrneKTUBHBIX TepaneBTHUECKUX ATEHTOR
MOXKHO TaKXe OTMETHTb a/NIOTPOMHYK MoauduKa-
uuio yraepona, ¢gynneper Co60, kotopriit obnanaer
CHJIbHBIMH 3/1eKTPOH-AKLIENTOPHBIMU CBOICTBAMM M
crocobeH 3¢gpeKTHBHO MOrolAaTe/HelTpaa3oBaTe
cBoDOaHEIE panMKankl. BonopacTBoOpuMEIe MPOM3BO-
nHele ¢ynnepeHa C60 Takcke NMOKa3wIBalOT MOIIHBII
AHTHOKCHIAHTHEIN 3thdekT, BKIOUYaa Takke SpPKO
BhIpaKeHHble MPOTUBOBUPYCHBIE cBoiicTBa. Pan co-
eauHeHHit C60 criocoOHBI HHIUOKMPOBATE MpOoTeasy
BWY, npenotepaiwan pazsutue uHpexkuunn [49, 50].
Konstorat dyiiepeHa ¢ yrieBoaaMH CHUXaJ NarTo-
reHHOCTE BMpyca B0ona, cesa3eieas 1ekTHH DC-SIGN
Ha Makpodarax yenoseka [51, 52]. BonopacTBopuMBlii
KoMmreke dynnepeHa ¢ N-MeTHATTHPPOIUIOHOM
(BP®) nemMoHCTpHpOBal BEIPAXKEHHEIH TTPOTUBOBHUPYC-
HblIi1 3thheKT OTHOCUTENIBHO BUPYCOB MPOCTOr0 repreca
(HSV) 1-ro 1 2-ro THna, a TaKkKe LATOMeraloBHpyca
uenosexa (HCMV) [53]. HecmoTps Ha To UTO MexaHU3M
neiicteus dyanepeHa Co60 octaeTcsl MoKa He COBCEM
SICHEIM, €CTh TpeianonoxkeHue, uyto ekt dyne-
peHa MOTryT OBbITh CBSIZaHB! ¢ €ro aHTHOKCHAAHTHOMH
AKTHBHOCTBIO M YaCTUYHO C €0 CIIOCOOHOCTRIO HEMo-
CpeJCTBEHHO B3aWMOeicTBOBaTh ¢ DeKaMM BHpyca,
0DYyCIOBIUBAs BUPYJIHLUMAHLIA 3(hdekT. YeTaHoBNEHO,
yTo CO60-KapboKcHIaTHRIE MPOM3BOIHbIE TAKKE HMETH
anTH- HSV-addexT in vitro [54]. @ynnepen B dopme
HEeKOBAIEHTHOTO KOMTIIIEKCA C MOTHBMHUITHPPOIHAO-
HOM M3BECTeH KaK CH/ILHBIH MMOTIOTHTE/L CBOOOIHBIX
panukanoB. OH 3HAUHUTEIEHO MHTHOMPOBAT MPOLYKLINI0
MPOBOCTANNTEBHBIX IMTOKWHOB, MHIYWPOBAHHBIX
B CMHOBHAJIbHEIX (hbpobnacTax, HHOUIETPHPYIOLLIMX
nuMbounTax 1 MaKkpodarax npH MOIeTHPOBaHHHK ap-
TpuTay Kpsic [55]. CHuxkenne @HO-c, 1L-6, 1L-1 non
neiicTBUeM IMApPOKCHANpoBaHHoOro dhynnepeHa obino
TakKXe MoKa3aHO Ha MOIeNH OKMCIIMTELHOTO cTpecca
in vitro B KJI€TKax co CBepX3KCMpeccHeil pellenTopos
TLR2 B kynAbType mepuTOHealbLHEIX Makpodaros
MbILLH [56]. MBI TaKCKe nokasainu, 4To Ha MOJe/TH paHe-
BOTO BOCTIATIeHWs] BOAHEII pacTBop dynnepena C60 mo-
JKeT MOIYJIMPOBATh IKCMPECCHI0 MPOBOCTIATMTEThHBIX
uMToKUHOB PHO-0 1 1L-6 [537]. CnenyeT OTMETUTE, UTO
HU hy/niepeH, HU ero NpoM3BOIHbIE MOKa He DbUTH 0/10-

OpeHbl 1711 METULIMHCKOTO MPUMEHEHMSI, HO SIBJISIIOTCS
BECbMa MepCrneKTHBEHBIMK MPOTHBOBOCTIATTHTETEHBIMH
Y IPOTHBOBUPYCHBIMH areHTaMu. McnbiTanus yxe 3a-
PerucTpHpPOBAHHBIX MTPOTHBOBUPYCHEIX MPeNapaTos As
Ttepanuu COVID-19 akTHBHO NpoI0OKAKOTCS, UTO, Be-
POSITHO, YCKOPUT MOMCK HOBBIX 3(hheKTUBHBIX CPE/ICTB
IUTs1 TedeHus U npodUIaKTHKY JaHHOTO 3a00/IeBaHMs.

3aKtrouenne

B Hacrtosiee pems nangemuss COVID-19 ewe
MPOI0IKAETCS, €10 OXBaueHbl MPAKTHUECKH BCe CTPaHBI
3eMHOrO Lapa, HHHLUWPOBaHkI yike Donee 6 MULTHO-
HOB YeJ0BeK, TIPH 3TOM 3(hdeKTHBHAS CXeMa Teparnuu
3aboJieBaHHsl He moaoDpaHa, a ero NaTtoreHe3 Haxo-
MHTCA B cTanuu uayueHHsa. OKUCIUTeNBHBIH cTpecc,
WHIYLMPOBAHHBII KOPOHABUPYCOM, MPUBOAMT K 3Ha-
UMTEeIEHOMY M3MeHeH WD MeTabOIMUeCKHX MPOLIeCCOB,
ocobeHHO B OTHOLLIEHMHM UMMYHHOIi cucTeMsl. PacTu-
TeJIbHBIE MOMTH(eHONEHEBIE COEIMHEHHS, ECTECTBEHHBIE
SHIOOTeHHLIE areHThl (Me/TaTOHWH ), A TAKXKE HEKOTOpEIE
CHHTeTHUYeCKHe BelllecTsa ((yjuiepeH) odiagaoT HU3-
KOif TOKCMUHOCTBLIO B COUETAHMH C BLICOKOM aHTHOKCH-
NAHTHOI aKTUBHOCTEIO. KpoMe Toro, mpakTH4YeCcKHu Bee
ornKUcaHHbIe B pafoTe BEIIECTRA 3aUacTy O SIBSIOTCS CO-
eMUHEHHSIMHU LM POKOTO CTIEKTPAa NeiCTBHS, U BAXHBIM
haKTOM SIBJISIETCS TO, YTO HEKOTOPLIE M3 HUX CMOCOOHEI
MPOSBIATE HE TOJILKO AaHTHOKCHIAHTHEIH 3(hdeKT, HO
00/1a1a10T CMOCOOHOCTLIO CieH(MUUSCKH CBS3bIBATHLCS
C KJTIHOUeBLIMH 151 XW3HEHHOTO LIMKJIa KOPOHaBUpYca
Genkamu. OUeBMIHO, UTO CHCTEMA TEPanmHuM JOJKHA
BKJIIQUATL MpenapaThl KaK MHTHOUpYIOLIHe penjiu-
KallMio BUpyca, TAK W HarpaB/ieHHbIe Ha MOJaBlieHUe
MPOAYKLIMH MPOBOCTATUTETbHBIX IMTOKHHOB. Ho ecin
CTOXHO MOAABUTE PEIUIMKALIMIO BUpYCa, TO Heobxoau-
MO KAK MOXHO OLICTpee YCTPaHUTh Pa3pyllIuTeIbHEIE
MOC/IeACTBUS eT0 XKU3HEAeSI TeJIbkHOCTH.
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Promising compounds from natural sources against COVID-19

S.M. Andreev, N.N. Shershakova, K.V. Kozhikhova, A.A. Shatilov, A.V. Timofeeva, E.A. Turetskiy,
D.A. Kudlay, M.R. Khaitov

NRC Institute of Immunology FMBA of Russia, Department of Molecular immunology; 24, Kashirskoye
shosse, Moscow, 115522, Russian Federation

ABSTRACT. The epidemic associated with the new Sars-CoV-2 coronavirus has affected almost all countries of the world
and no reliable treatment for this infection exists yet. Many laboratories in the world are currently conducting intensive
experimental and theoretical/in silico studies to find effective drugs specific for this disease (COVID-19), but unfortunately,
1t may take a long time before new drugs appear in the clinical practice. One of the currently widely accepted approaches for
finding active compounds is based on the possibility of using existing drugs approved by government medical organizations
(as the FDA). Their choice is based on screening, based on the use of computer models that evaluate the specific binding
(energy minimization) of such drugs to target molecules that are important for the life cycle. Thus, a few well-known
antiviral drugs against HIV, hepatitis C and others selected on this basis exerted an antiviral effect in vitro, but their real
effectiveness was far from expected. It should be emphasized that the severe clinical manifestation of the disease is an acute
respiratory distress syndrome, mediated by oxidative stress and an aggressive immune attack on its own cells. In this regard,
the use of compounds with high antioxidant activity could have advantages both prophylactically and medically. There isa
huge range of natural compounds, including official and traditional medicine, which represent valuable unlimited potential
for COVID-19 therapy, the advantage of such compounds in their low toxicity. In this review, we tried to focus on the
clinical and pharmacological properties of natural substances, mainly flavonoids, which can become promising drugs for
the treatment and prevention of COVID-19. The review includes information on possible virus targets and antiviral drugs.
Much attention is paid to the question of inhibition of viral activity. Based on published data, including structural features
of various compounds, a prediction is made about the prospects of using these compounds as inhibitors of viral activity,
as well as anti-inflammatory drugs for the treatment of COVID-19. An important step in the analysis of compounds was
the study of the possibility of their interaction with cellular targets of the virus, as well as the ability to bind to the proteins
of the Sars-CoV-2 virus itself.
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Introduction Suitable targets and possible known drugs for

Due to the epidemic that has covered almost the en- blocking SARS-CoV-2 infection

tire globe, many laboratories in the world are currently
conducting intensive experimental and theoretical stud-
ies to try to find effective drugs specific to COVID-19.
Since much is already known about the life cycle of the
virus, the structure of the virion (Sars-CoV-2), cellular
receptors and the mechanism of its entry into the cell,
attempts are made experimental and theoretical (in sili-
co) to calculate possible active drugs from existing ones
approved by state medical organizations (such as FDA).

For comespondence
Andreev Sergey M.,

The enveloped SARS-CoV-2 virions (60—160 nm)
contain single positive-stranded RNA and 4 structural
proteins: S (spike), E (envelope), M (membrane) and
N (nucleocapsid) where the S glycoprotein responsible
for the virus/host cell binding and fusion [1]. This virus
enters the cell using in the main the angiotensin con-
verting enzyme 2 (ACE2) localized to the cell surface.
The ACE-2 is expressed on the cells of various organs,
heart, kidneys, blood vessels, and most importantly, on
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lung epithelial cells. The host proteases furin activates S
protein by priming it for two subunits S1 and 52 since
without this process the binding affinity would be low.
This feature distinguishes the Sars-CoV-2 from other
similar coronaviruses, Sars-CoV and Sers-CoV [1].
The S1 subunit comprises a receptor-binding domain
(RBD) that has only a 40% amino acid identity with
other SARS-CoVs, while S2 subunit is responsible for
the fusion between the viral and cellular membranes.
RBD of SARS-CoV-2 possesses about 10-20 times high-
er receptor binding affinity than that of SARS-CoV §
protein [2]. It is likely that this may play a role in the re-
ported higher permeability and contagiousness of SARS-
CoV-2. The viral RNA (genome about 30 kb) encodes
non-structural proteins the most important of which is
main chymotrypsin-like protease (M"™@; 3CLpro, nsp5),
papain-like protease (PLP™, nsp3), helicase and RNA-de-
pendent RNA polymerase (RdRp). The proteases MP™ and
PLP™ are to process the viral polyprotein into functional
units necessary for virus replication and packaging [3, 4].
Considerable interest is now attracted to the MP™ protease
whose structure is relatively conservative [5] and to the
ACE-2 as a main receptor.

Currently, researchers focus on the search and se-
lection of inhibitors that can block the entry of the virus
into the cell and enzymes that are important for the life
cycle of the virus. First, the choice for patient treatment
is made in favor of the FDA-approved drugs. They in-
clude numerous antiviral drugs, antibiotics and other
compounds, the potential affinity of which is evaluated by
computer simulations (docking and molecular dynamics)
due to the lack of available experimental models. Among
these selected drugs are IFN analogues, Lopinavir,
Ritonavir, Simeprevir, Paritaprevir, Favipiravir, Rem-
desivir, Hydroxychloroquine, Azitromycin and others,
with many of them being used to treat AIDS [6-9].
However, their actual activity against COVID-19 is being
evaluated in clinical trials now [10]. In a recent work,
comparative computational study of 2500 small mole-
cules in the FDA-approved drug database using a rapid
analytical protocol to find potential inhibitors of MP™ was
carried out. As a result, 15 perspective compounds were
identified with considerable activity, and among them
Dipyridamole had the highest score [11]. Furthermore,
the experiments on its binding to recombinant MP™® (tech-
nique based on Biacore sensorics) showed a high binding
affinity. In addition, as proven experimentally, the drug
reduced the inflammation caused by the SARS-CoV-19
mediated through a NF-kB signaling mechanism. Clini-
cal trials (1% round, 31 patients with COVID-19) demon-
strated significant clinical results [11]. Dipyridamole
is a coronary vasodilatator, but it was found to inhibit
virus-induced cytopathic effect against a broad-spectrum
of virus families [12, 13].

Iranian researchersscreened 6654 compounds by mo-
lecular docking in a test for their binding to viral protease
(binding threshold < —7.7 kcal/mol). The selection was

further narrowed down by excluding the compounds that
had strong side effects and were not easily available in the
market. As a result, the drug with aromatic resonance
structure, Cinanserin, was selected as a substance with
the best affinity [14]. Baricitinib, Fedratinib, and Rux-
olitinib are potent and selective JAK inhibitors approved
for treatment of rheumatoid arthritis and myelofibrosis.
All three are powerful anti-inflammation drugs that, as
JAK—STAT signaling inhibitors, are likely to be effec-
tive against the negative effects of the elevated levels of
cytokines (including interferon- ) typically observed
in the patients with Covid-19. Although these three
drugs have similar JAK inhibitor potencies, Baricitinib
seems to be the best choice, especially considering the
possibility of oral administration (only once a day) and
an acceptable side-effects profile. The most significant
side-effect of Baricitinib observed during long-term
clinical trial programs was only small infections of the
upper respiratory tract, but the incidence of serious
infections were rare, and in the case of using baricitinib
for patients with Covid-19 there would be no serious
complications [15, 16].

However, many of the drugs mentioned here have
undesirable side effects and must be used with caution
only for hospital care in case of clinical trials, while their
activity against this virus remains uncertain. For example,
drug Hydroxychloroquine used to treat systemic lupus
erythematosus and certain types of malaria became wide-
ly known several weeks ago thanks to a study by French
scientists as an anti-Covid- 19 drug, did not show strong
activity according to Chinese clinicians [17], and the
drug can be unsafe for people with cardiac arrhythmias
and kidney or liver problems. Although the FDA and the
Ministry of Health of Russia recently improved the use
of hydroxychloroquine as a drug for certain people who
are hospitalized with COVID-19 (Hydroxychloroquine.
Wikipedia).

Development of SARS-CoV-2-specific drug seems
to be quite a complicated task requiring a lot of effort
and time for all stages of the preclinical and clinical tri-
als. On the other hand, knowing the specific features of
the pathological mechanism of the coronavirus, we can
try to use drugs for treatment that can block processes
not at the virus level, but rather at the level of the host
organism. Acute respiratory distress syndrome and lung
damage caused by SARS-CoV-19 apparently depend on
the activation of oxidative stress which triggers the pro-
duction of pro-inflammatory cytokines, such as IL-1p,
IL-8, IL-18, IL-6, IFN and TNF-a [18]. Neutrophils
and macrophages generate special oxidizing molecules
through the NADPH system to destroy foreign elements,
but their redundancy results in damage of many normal
cells [19]. The IL-1p and IL-18 together with caspase-1
trigger a form of cell death called pyroptosis which in
contrast to apoptosis is proinflammatory [20, 21]. With
influenza infection, pyroptosis also promoted by IFN
is observed in the late stage of disease-causing death of
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epithelial cells [22]. A TLR4 signaling is a key disease
pathway that controls the severity of induced acute lung
injury, and production of oxidized phospholipids that
may potentially induce lung injury and cytokine pro-
duction by lung macrophages were observed in all tested
SARS-infected human patients [23]. Unfortunately, the
pathogenesis mechanism of COVID-19 and molecular
processes of virus-induced acute lung injury remain
unclear. But it is obvious, based on the analogy with
older coronaviruses, that acute inflammation is always
accompanied by mass production of pro-inflammatory
cytokines, damage and death of pulmonary epithelial
cells, which in severe cases leads to lethal outcome. Given
the lack of real antiviral drugs against Sars-CoV-2, the
identification of compounds that can inhibit the produc-
tion of pro-inflammatory cytokines is highly desirable.
In this regard, it makes sense to pay attention to known
relatively non-toxic drugs and natural substances and
their modifications, to substances of plant origin: poly-
phenols, terpenoids and carotenoids [24]. 1t should also
be noted that some known antiviral drugs have aromatic/
polyphenol structure and could also possess antioxidant
activity [25]. Since ancient times, plants have been an
invaluable source of traditional medicines and many of
them have been tested for effectiveness by many gener-
ations of people.

Promising compounds from natural sources

The search for potential protease (MP™) inhibitors
from plants among terpenoid compounds using a docking
model and molecular dynamics was undertaken by the
Iranian researcher. As a result, 9 perspective substances
from different plant sources were revealed and among
them the Ginkgolide A from the tree Gingko biloba had
a high score since calculations suggest that it can form
specific bonds with the amino acids in the active center
of M™™ [26].

In mid-March 2020, Chinese researchers published
a preprint [27] about the discovery of another specific
receptor, CD147, inaddition to ACE-2. The anti-CD147
humanized antibody significantly inhibited the penetra-
tion of the virus into host cells, and verification of the
interaction between CD147 and the virion spike protein
showed high binding affinity (1.85x10-" M). Data on
co-immunoprecipitation, ELISA and immune-electron-
ic microscopy also confirmed this fact. The discovery of
new targets provides opportunities for the development
of new specific drugs. The literature search for possible
low molecular weight inhibitor ligands for CD147 un-
dertaken by us (excluding exotic and unavailable ones)
revealed natural compound with antioxidant activity:
baicalin, flavonoid component of the plant Scutellaria
baicalensis [28]. Interestingly, it was shown earlier that
Baicalin has an anti-inflammatory effect due to the
suppression of the pro-inflammatory genes responsible
for the production of nitric oxide, cyclooxygenase, lip-
oxygenase, cytokines production including 1L-6, 1L-1,

TNF-a and also the monocyte chemotactic protein
playing a critical role in inflammatory reactions (regu-
lating leukocyte recruitment) [29]. The root extract is
used in the traditional Chinese medicine asan anti-aging
agent; moreover, baicalin stimulates brain performance,
exhibits antitumor effects and improves cardiac activity.
This property can be attributed to the phenolic moiety
ofbaicalin, aglycon, bearing some similarities to the res-
veratrol molecule (see below), potent antioxidant which
in turn showed pronounced activity against MERS-CoV
infection [30, 31]. In addition to baicalin, S. baicalensis
contains many other useful antioxidants. We do not
exclude that such compounds as Vogonin, Oroxilin,
Neobaikalein and Chrysin may have a protective effect
in case of SARS-CoV-2 infection. Thus, Scurellaria bai-
calensis extract, in our opinion, can be a valuable source
of potentially useful compounds for the prevention and
treatment of COVID-19.

Surprisingly, after these lines were written, a preprint
was published (April 10) by Chinese authors indicating
that the main component of Scutellaria baicalensis, baica-
lein, strongly inhibits the activity of SARS-CoV-2 Mpro
in vitro, with IC50=0.39 uM. In addition, four others ac-
tive compounds from various herbs were also described but
their activity wasslightly lower. The extract of S. baicalensis
was also effective against SARS-CoV-2 infection [32]. It
should be noted that 8 years ago the papers were published
where similar compounds, Scutellarin and Myricetin,
demonstrated activity against SARS-CoV-1 coronavirus
helicase [33, 34]. It is possible that various other flavonoid
compounds of S. baicalensis may have protective properties
against SARS-CoV-2 infection.

Further evidence that flavonoids can inhibit corona-
virus infection follows from an article published before
the onset of Covid-19 epidemic. 3-isotheaflavin-3-gal-
late (TF), a potent natural antioxidant of black tea, was
found to inhibit in vitro the SARS-CoV-1 protease 3CL"™
(IC,,=7 uM); black tea extracts also had similar activi-
ty [35]. Since there is some evidence that SARS-CoV-2
infection can be initiated and transmitted through the
intestinal tract, demonstration of the virus-neutralizing
activity of black tea TF can be very important [36]. But it
should also be noted that the degree of penetration of TF
through the intestines into the bloodstream is quite low.

Resveratrol is a well-known antioxidant, and also
anti-inflammatory and antitumor agent that protects
plants from bacterial and fungal infections. Resveratrol
testing for antiviral activity against MERS-CoV infection
(in vitro) demonstrated significant effectiveness. The
authors indicated that inhibition could be attributed
to enhancing the signaling through Sirtuin 1 (histone
deacetylase), DNA repair, and a decrease in apoptosis
and inflammatory reactions caused by pro-inflammatory
cytokines [37]. In other work, when analyzing possible
repressors of ACE2 and FURIN geneswhose translation
products help the virus enter the cell, promising com-
pounds from a set of existing drugs were identified and

28

Poccuiickuii Annepronoruyueckuii Kypuan 2020;17(2)



REVIEWS - Natural compounds for the treatment of COVID-19

tested on transgenic models. The leading compound was
Quercetin, a polyphenol from the flavonoid group found
mainly in red-colored plants, especially in red onion.
Quercetin appears to directly interfere with the binding of
the SARS-CoV-2 virus to human ACE2 thereby inhibit-
ing the penetration of the virusinto cells [ 38, 39]. Earlier
experiments demonstrated anti-inflammatory properties
of Quercetin at a high level of oxidative damage [40].

Other promising compounds

Melatonin was discovered as a regulator of the cir-
cadian rhythm in various organisms including bacteria,
protozoa, plants, fungi, invertebrates, and at the same
time its most important function is antioxidant and free
radical scavenging activities associated with modulation
of both pro- and anti-inflammatory cytokines [41]. Due
to these features” melatonin has also been found to be ef-
fective against viral infections in a variety of experimental
animal and in vitro studies [42]. Its protective role was
shown against influenza: melatonin significantly reduces
production of TNF-a, IL-6, and IFN-v and at the same
time increases the levels of IL-10 and TGF-p [43].

In acute lung injury and respiratory distress syndrome,
Melatonin alleviates symptoms by suppressing inflamma-
tion through the effect on the NLRP3 inflammasome.
Melatonin disrupts the pathological cycle formed by the
cytokine IL-1p coupled with the inflammasome inhibit-
ing the activation of signaling via N F-xB and mitochon-
drial ROS production [44, 45]. Although obviously there
are still no reports on the use of Melatonin in patients
with COVID-19, its use for the treatment of other diseas-
es has shown promising results, as it markedly reduced the
levels of circulating cytokines [46]. Melatonin has been
shown to successfully inhibit pneumonia and protect
macrophages from pyroptosis, has a high safety profile
which suggests that it can be an effective suppressor of
COVID-19 mediated oxidative damage [45, 46].

Another promising agent is Dexpanthenol (provita-
min of B,) taking into consideration its marked inhibition
ability of the LPS-induced neutrophiles influx, protein
leakage, and release of TNF-a and IL-6 in bronchoalve-
olar lavage fluid and thus it can protect from acute lung
injury due to its antioxidative activity [47]. In the recent
publication, Chinese researchers reported that the rate of
SARS-CoV-2 replication is 3—4 times higher than that
of SARS-CoV, and recommended the use of antagonists
against major inflammatory mediators, such as 1L-6,
along with effective antiviral agents, but avoid excessive
suppression of the innate immune response [48].

Out of newly developed structures, fullerene carbon
allotropes with strong electron withdrawing ability de-
spite synthetic origin have been also detected in nature.
Fullerene Co60 derivatives have shown prominent antiviral
properties in different studies. Water-soluble fullerene
derivatives are known to inhibit HIV protease, preventing
virus from reproducing [49, 50]. Fullerene carbohydrate
derivatives can affect Ebola virus pathogenicity by bind-

ing DC-SIGN lectin of human macrophages |51, 52].
Previously, we found that the aqueous solution of
C60/N-methypyrrolidone complex (ASF) has antiviral
activity in vitro and in vivo against herpes simplex virus
(HSV-1) and human cytomegalovirus (HCMV) [53]. Al-
though the mechanism is not well understood, the effects
of fullerene may be associated with its antioxidant activity
and partially with its direct virucidal effect. Furthermore,
both native and amino-acid modified fullerenes have
demonstrated antiviral effect for HSV 1 and 2, most
likely by inhibiting cell lipid chain oxidation, required
for viral penetration through cell membrane [54]. The
water-soluble fullerene C60 in form of non-covalent
complex with polyvinylpyrrolidone is known as a free
radical scavenger. It significantly inhibited the produc-
tion of proinflammatory cytokines induced by TNF-a in
synovial fibroblasts, infiltrating lymphocytes, and mac-
rophages in the rat model of arthritis [55]. The decrease
in TNF-a, IL-6, IL-1 under the action of hydroxylated
fullerene was also shown in an in vitro model of oxidative
stress in cells with overexpression of TLR2 receptors in
mouse peritoneal macrophage culture [56]. Moreover,
ASF could modulate the expression of proinflammatory
cytokines TNF-a and IL-6 that was shown in a wound
model of inflammation [57]. While neither fullerene, nor
its derivatives have been approved for medical use, the
trials for currently registered antiviral drugs in COVID-19
therapy are still underway, this is likely to boost the search
for new antiviral therapeutics.

Conclusion

Summing up, we want to note that natural antioxi-
dants, and not only natural ones, can be considered as
promising antiviral agents. The Sars-CoV-2-induced
oxidative stress leads to significant interference with met-
abolic processes, especially with respect to the immune
system. And probably, we do not yet know the full picture
of these changes. Plant polyphenolic compounds, natural
endogenous compounds (melatonin), and some synthetic
substances (fullerene) have low toxicity combined with
high antioxidant activity. Moreover, they are all substanc-
eswith a wide spectrum of action, and the most important
fact is that some of them are able to exhibit not only an
antioxidant effect, but also specifically bind to important
proteins involved in the life cycle of a cow virus. Thus, it
is obvious that a therapy system including both inhibition
of virus replication and suppression of proinflammatory
cytokine production is highly desirable. If it is impossible
to destroy the virus, then it is necessary to eliminate its
destructive consequences.
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