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AHHOTANUA

I'purmm 1 COVID-19 BXomsT B 4KCIIO HanOOoJIee pacIpOCTPAHCHHBIX HHPEKIMOHHBIX 3a00JIeBaHU],
HaHOCAIMX OOJBIIONW BpeA 340POBBI0 YEIOBEKA M 3HAYMTEIbHBIN yIIepO 3KOHOMHUKE. ACCOPTUMEHT
JIeKapCTBEHHBIX IpenaparoB st 60pb0s! ¢ rpunmnoM 1 COVID-19 B HacTosimee BpeMsi BeCbMa OrpaHHYCH,
a ux 3(PeKTUBHOCTH 3a4aCTyI0 HEAOCTATOYHA, YTO 3HAYUTEIEHO CHUKAET BO3MOKHOCTU aHTHBHUPYCHOM
tepanuu. HenocraTok cnenmduyueckux NpoTHBOBUPYCHBIX IIPENapaToOB, CIIOCOOHBIX MOAABISTh Pa3BUTUE
BUPYCHOM WH(EKIHH, HE TOJIBKO OCIIOXKHSIET JIeYeHHE 3a00JIEeBLIMX, HO W YMCHBIIACT IIAHCHI Ha
BBDKUBAHKE Y MAIIMEHTOB C TSDKEJIOW (OopMOit 3a00MeBaHus U B LIETIOM CHIDKAET d3PPEKTHBHOCTH OOPHOBI C
9THUMH MAacCOBBIMH PECIHPATOPHBIMU BHPYCHBIMH unHpekuusmMu. [lostomy pa3paboTka HOBBIX
MIPOTHUBOBHUPYCHBIX TpemnaparoB, dddextuBHbIX B oTHOmEHnH rpunma u COVID-19, sBuserca BecbMma
aKTyalbHOW MpoOJeMoil, nmeromeii OoNbpIIoe HAaydHOE, MEAMLUHCKOE M COLHMaIbHO-d)KOHOMHUYECKOE
3HaueHne. B 00630pe MpuBOAATCSA HAy4HbIE JaHHBIE IO pa3pabOTKe MPOTHBOBHPYCHBIX MpENapaTroB Ha
OCHOBE OHOJIOTMYECKH aKTHBHBIX COCJAMHEHHH PACTHUTEIBHOTO IPOUCXOXKACHUS JUIS  CO3IaHUs
3¢ (EKTUBHBIX JEKAPCTBEHHBIX CpelcTB Tepanuu U npoduiaktuku rpunma u COVID-19. Onwucans
OCHOBHBIE CTaJUW BHPYCHOTO LHKJIA, KaK MHIIEHHW IS NMPOTHUBOBHpYCHOW Tepamuu. [lokazaHo, 4to
NpephIBaHNE BUPYCHOW MH(MEKIIUH ¢ HCIOJIh30BAHUEM PACTUTEIBHBIX COCMHEHHMI BO3MOXKHO Ha Pa3HBIX
CTaIusIX PENPOAYKIMH BUpYca. PaccMoTpeHb! pa3nuyHblie KiIacchl OMOJOTHYECKH aKTUBHBIX COCIMHEHUI
pacTeHuil B KaueCTBE NOTCHIMAILHOI'O HICTOYHHKA AJISl CO3AaHuUs aHTUBUPYCHBIX IPENapaToB.

Kuto4eBble cioBa: BUPYChI TPUIIA, KOPOHABUPYCHI, PACTUTEIBHBIE IKCTPAKTHI.

B nacrosmiee Bpemst u3BeCTHO 60iee IBYXCOT BUPYCOB, MPUHAATEKAIUX K 25 pa3sIudHbIM
cemeiicTBaM, KOTOpbIE BBI3BIBAIOT CEpbe3Hble HH(MEKIMH Yy YeJOBeKa W MOTYT CIYKUTh
HCTOYHHKOM BO3HMKHOBEHHS KPYIMHOMACIITAaOHBIX SnuAeMuil 1 manaemuii [ 1, 2]. Haubomnburyio
OMACHOCTh M3 HUX MPECTABISAIOT PECIUPATOPHBIE BUPYCHI, EPEIAIOLINECS YePe3 BOZIYIIHYIO
Cpelny, BCIEACTBHE MACCOBOCTH HMHQUIMPOBAHUS M  CIOKHOCTBIO KOHTPOJNs 3a MX
pacnpoctpanenueM. K mociemHuM OTHOCSTCS BHPYCHl TpHUNNa W HEAABHO MOSIBUBIIMMCS
KopoHaBupyc Sars-Cov2, Bei3Basiumii nanaemuto COVID-19 [3-7].

D¢ bheKTUBHOCTE OOpHOBI € BUPYCHBIMH HH(PEKIHUSIMH OMPEIEIIeTCS KOMIUIEKCOM
($akTOpoB, BAXKHEUITUMHU H3 KOTOPBIX SBISIOTCS PaHHSIS JUATHOCTHUKA BO30YTUTEINs, HAIUYUE
HaJISKHBIX CPEJICTB BAKIIMHOMPOPHITAKTUKH, 00€CTICUeHHOCTh 3 (PEKTHUBHBIMU JICKAPCTBEHHBIMHU
MPOTUBOBUPYCHBIMU TIpermapaTamMy, BO3MOXXHOCTh OBICTPOl OpraHu3anuyd KapaHTHHHBIX
MEPONPUATHIA B CiIy4yae IMOSBICHHUSI OMACHBIX U OBICTPO PaCHpPOCTPAHSIOIIMXCS BHPYCOB.
Hackonbko BaXXHO WCIOIB30BAHUE KOMIUIEKCA MEPEYUCIICHHBIX TMOJXOMOB ISl IMOJaBICHUS
BUPYCHBIX WH(EKITNI TTOKa3BIBACT OMBIT O0PHOBI ¢ anuAemMusimMu rpunmna 1 COVID-19.

Ha mepBom, mpeg-smuaeMudeckoM dSTare, HauOoJblliee 3HAUYCHUE UMEIOT KapaHTUHHBIC
MEPONPUITHS B COUETAaHUU C IPUMEHEHHEM COBPEMEHHBIX METOJOB JUArHOCTUKH BO30YIUTENS,
OCHOBaHHBIX Ha MOJIEKYJIApHOM aHamnu3e 8, 9]. Takue metons! ([ILP, PT-ITLP, cexkBennpoBanue)
MO3BOJIAIOT OBICTPO WM HAASKHO HUACHTU(DHUIMPOBATH BHUPYC, YTO B CBOIO OdYepedb JaeT
BO3MOXXHOCTh OTIEpaTUBHO MOA00PaTh COOTBETCTBYIONIMI BaKIIMHHBIN Mpenapar, a B ciydae ero
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OTCYTCTBUS, HPUCTYIUTh K pa3paboTke HOBOro. BakuuHoOmpoQuiakTHKa SBISETCS MEPBBIM
SIIEIIOHOM OOpPBOBI C pacCIIPOCTPAHEHUEM BUPYCHBIX WH(DEKITNH, 0COOCHHO UMEIOIIUX MACCOBBIM
xapaktep. BpipaboTka HMHIMBHAYaJbHOTO HMMYHHOTO Oaphepa M CO3JaHHE JOCTaTOYHOM
MMMYHHOM MIPOCIONKH Y HaceleHus (MOMyJIALUOHHBI UMMYHHUTET) O3BOJIIET OCTAHOBUTD, WIIN
10 KpaifHel Mepe OrpaHHYHTh PacIpOCTpaHeHne BUpycHor uHpekuu [10-13].

Bmecre ¢ Tem, BO Bpems 3MHIEMHUYECKOTO IMOAbEeMa 3a00JIeBa€MOCTH BEAYIIYIO POJb
HAYMHAIOT  UrpaTb  JTUOTPOIIHBIE  NPOTMBOBUPYCHBIE  Mpernaparthl, oOnajaromue
HEINOCPEICTBEHHBIM OJIOKMPYIOIIMM BO3ACMCTBHEM Ha BUpYCHL. B pe3ynbTaTe HapylleHUsS TeX
WIM UHBIX MEXaHW3MOB Pa3BUTHUSI BUPYCHOM MH(EKIINU TaKue Mpenaparhbl CIOCOOHBI MOJIHOCTHIO
MOJABUThH BUPYC, KaK MPUYNHY BOSHUKHOBEHHS 3a00JIEBaHMS, UM OCIIA0UTh €ro aeicTeue [14-
16]. IlpoTBOBUpYCHBIE NTpENAPAThl CTAHOBATCS OCHOBHBIM CPEACTBOM 3aIUTHl OpraHU3Ma, B TOM
ciydae, ecid MHQUUIMpOBaHUE Bce ke mpousonuio. K uuciy TpeboBaHMid, MpeIbsSBISEMBIX K
JAHHBIM JIGKAPCTBEHHBIM CpEACTBaM, SBISAIOTCS: A(G(EKTUBHOE TMOAABICHUE BHPYCHOU
MH(GEKINH, TIUPOKUN CHEKTP MPOTHUBOBUPYCHON aKTUBHOCTH, HU3Kash TOKCHYHOCTH, XOpOILas
CHOCOOHOCTh K MPOHUKHOBEHHUIO B 3apayKCHHbIE TKAHU U KJETKH, OTCYTCTBUE OTPHULATEILHOTO
BO3/ICIICTBUS HA UMMYHHTET, JOCTYITHOCTD Mpernapara.

Hanmnuve  >eKTUBHBIX  JUArHOCTHYECKHUX,  BaKIMHHBIX U  JICKAPCTBEHHBIX
MPOTUBOBUPYCHBIX MpEmnapaToB s OOpHOBI ¢ OMAacCHBIMU U OBICTPO PACHPOCTPAHSIOMIUMUCS
BUPYCHBIMH HMH(EKIHMSIMU SIBISCTCS JKU3HEHHO BaKHOW HEOOXOJUMOCTBIO. OTOT BOMPOC
HampsIMyIO0 CBsi3aH ¢ TpoOjeMoil oOecrieueHrss OMOOE30MacHOCTH CTpaHbl. Beap B ciydae
BO3HUKHOBEHHUSI KPYIMHOMACIITAOHBIX OSIUACMUH W MaHAEMUH BO3MOXHOCTh CHaOXEHHUs
CaHUTAPHO-3MUIEMHOJIOTHYECKON CITy>KOBbl M HacelleHusT HEOOXOAMMBIMU TUArHOCTHYECKUMH,
BAKIMHHBIMU U JICKAPCTBEHHBIMHU IIpenaparaMl MOXKET OKa3aTbCsi moja BompocoM. Kak
MOKA3bIBAET OINBIT, NMPU BO3HMKHOBEHUM NaHAEMUU TPUINA, WIH, KaKk B TOCJIEIHEM cllydae,
nagemun COVID-19, npaxe MHOrMe MpOMBIIUICHHO pa3BUThIE CTpaHbl, 00Ja1aronme
COOCTBEHHBIM (papMalleBTUYECKUM TPOU3BOJACTBOM, OBUIM HE B COCTOSHUU TOJHOCTBIO
YJIOBJIETBOPUTH MOTPEOHOCTH CBOEH CTpaHbl B BAKIIMHHBIX U JICUEOHBIX Mperaparax, MOCKOIbKY
MacCOBOCTh 3apakeHuUs TpeOyeT UCTIOIB30BaHUS IKCTPAOPINHAPHBIX KOJIMUECTB JIEKapCTBEHHBIX
cpeactB. Te ke cTpaHbl, KOTOpble HE pacrojiaraloT COoOCTBEHHOH (apMalieBTUYECKON
MPOMBIIIIEHHOCTHIO, 00peUeHbl Ha MOJTHYIO 3aBUCUMOCTh OT JAPYTUX MPOMBIILIEHHO-Pa3BUTHIX
CTpaH U HE MOTYT OIEPATUBHO OKa3aTh HEOOXOJUMYIO MEIUIIMHCKYIO TOMOIIb HACEICHUIO.

['purm u COVID-19 siBasitoTcst omHUME U3 HauboJiee paclpOCTPAHEHHBIX HH(PEKIIMOHHBIX
3a00JIeBaHUN COBPEMEHHOCTH, HAHOCSIINX HE TOJBKO 3HAUUTENbHBIA Bpe 3J0POBBIO YEIIOBEKa,
HO ¥ BBI3BIBAIOIIMX YPE3BBIYANHO OOJBIION IKOHOMHYECKUH yiiepO. Takke O4YeHb BEITUKO
COLMAJIbHOE 3HaYeHUeE 3TUX nH(ekuil. Jlaske 0ObIYHBIN CE30HHBIM BUPYC TPUIIIA U CBSI3aHHBIE C
HUM OCJIOKHEHHUS CITy>KaT mpuanHOoN cMepTu Oosiee 200 Thicsid uenoBek B rof [17]. B cinyuae xe
BO3HMKHOBEHUS BEICOKOIIATOTEHHBIX MaHAEMUYECKUX IIITAMMOB I'PUIIIIA, YUCIIO TOTHOIIMX MOXKET
UCUYHCTISTHCS MUUIMOHAMU U JECATKaMU MUJUTMOHOB. Tak, me4aabHO U3BECTHBIN «HMCIIaHCKHI»
rpunn HIN1, cBupencroBaBmuii B Hayasne 20 Beka, yHec *)u3HU Oosee 50 MUIIJTMOHOB YeNOBEK,
a «roHkoHrckui» rpunn H3N2, nmangemus koroporo HaOmroaanachk B KoHie 70-TOA0B, SIBUJICS
npuuruHOM Trbenu 6osee 5 MIILTHOHOB 4enoBek [18,19]. B coBpemeHHBIN nepro 1 HanOOIBIIYIO
yrpo3y IMpPeACTaBisSIOT HOBBIE MaHAEMHUYECKHE BapHaHThl BUpYCa TPUIINA, KOTOPHIE MOTYT
BO3HUKHYTH B Pe3yJIbTaTe PEKOMOMHAIINY T€HOB BUPYCOB TPUIITIA YEIOBEKA, )KUBOTHBIX U IITHI, a
TaK)K€ BO3BpPAT CTAPBIX BBHICOKOMATOTEHHBIX BAapUAHTOB TPUIINA, K KOTOPHIM Y HACEJICHHs yKe
orcyrcTByeT ummyHuret [20, 21]. Uro xacaeTcss KOpOHABUPYCOB, TO MOSIBUBIIUKCA B KOHIIE B
2019 r. Bupyc SARS-CoV-2 u BezBaBmmit nanaemuto COVID-19, 3a n1Ba roga mopasmin 0Koyio
700 MJIH. YeloBEeK M CTajl MPUYMHOM rubenu modtu 7 MiuH yenoBek [22-26]. IIpu 3Tom Hayke
W3BECTHBI M Oojiee arpeccuBHBbIC (OPMBI KOPOHABUPYCOB, oOOJamaromue eme OoJbiei
MaTOreHHOCThIO [27].

AccopTUMEHT crienn(pUuecKux JeKapCTBEHHBIX CPEICTB AJi1 OOpHObI C BUpyCcaMu TpUINa 1
KOPOHAaBHpYCaMH B HACTOSILEE BpEMsl BECbMa HEMHOTOUYHCIIEH, a UX 3((EKTUBHOCTh 3a4acTylo
HEJOCTaTOYHAa, YTO 3HAUMUTEIbHO CHUXAET BO3MOXHOCTHM aHTHUBUPYCHOW Tepamuu. Tak,
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ACCOPTUMEHT  TMPOTHUBOTPHIIO3HBIX  MIPENapaToB, B OCHOBHOM OTpPaHUYEH  TaKUMHU
JIEKapCTBEHHBIMU CPEJCTBAMH, KaK pEMaHTa/JUH, OCEIbTAMUBUD U HEIaBHO MOSIBUBLIMMHCS HA
pBIHKE TpemapaTamMu OanokcaBup u (aBUMUpaBUp. BMecTe ¢ TeM BBICOKAas W3MEHUYHUBOCTH
BUPYCOB TpuImna OBICTPO NPUBOAMT K TMOSBICHUIO JIEKAPCTBEHHO-YCTOWYUBBIX BHPYCHBIX
IITAMMOB, YTO OTPHULATENILHO BIMAET Ha 3(PPEKTUBHOCTD MPOTUBOBUPYCHOM TEpamuH.
BonbIIMHCTBO COBPEMEHHBIX 3MUAEMHUYECKHUX ILITAMMOB BUpYyca rpUMna A cTajal yCTOHYMBBIMU
K peMaHTaauHy U ocenbTamuBupy [28,29]. IlosBuiauch COOOIIEHHS O BO3HMKHOBEHUU
YCTOMYMBBIX HITAMMOB BUpPYCa I'pUIIa U K 0aJT0KCaBUPY, KOTOPBIN UCIIOJIBb3YETCS B MEAUIIMHCKON
npakTuke Bcero Tpu roga [30,31].

D¢} dexTuBHBIE TPOTUBOBUPYCHBIE MTPemapaThl sl STUOTPOITHOM Tepanuu KOPOHABUPYCHOM
uH(pEeKIMU ToKa He pa3paboraHbl. [IpeAnpUHUMATUCH TOMBITKH HCIONB30BATh ISl JICUCHUS
COVID-19 coznmanHple paHee TMPOTUBOTPHIIO3HBIC TMpenaparsl ((paBunupaBup, O0aTIaKCOBHD),
IPOTUBOMAJIIPUMHBIN IIpenapar 'MAPOKCUXJIOpOXHH, aHTU-BUY mnpenapar JonuHaBUp, aHTH-
D0oa mpenapart peMIeCHBUP, HO BCE OHM OKazanuch ManodddexkruBabiME [32-39]. [TosTomMy niist
nekapctBeHHoOM Tepanuu COVID-19 B Hacrosiiiee BpeMs NPEUMYIIECTBEHHO NPUMEHSIOTCS
CUMITOMATUYECKHE  IKAPOMOHIIKAIOIUE, MPOTUBOBOCIATUTENbHbIE W  AHTUTPOMOO3HBIE
CpeZCTBa, HANIPABJICHHbIC HA 00JETYeHNnEe COCTOSIHUS OOJIBHOTO, HO HE OJIOKHPYIOIIUE Pa3BUTHE
BUPYCHOU MH(EKIIUH.

Henocrarok mim orcyrcTBue 3(pPEeKTUBHBIX STHOTPONHBIX TPOTUBOBUPYCHBIX MPENAPATOB
1151 60pwObI ¢ rpunmom u COVID-19 ymenbmaeT mrancsl Ha BBDKABAHUE Y TIAITUEHTOB C TSHKEIIOM
dopmoii 3a0oneBaHust M B IeIOM CHUXaeT 3()(eKTUBHOCTH OOpHOBI C 3TUMH MacCOBBIMHU
pecnupaToOpHbIMU BUPYCHBIMH HHGpekuusMu. [loaTomy, pazpaboTka HOBBIX MPOTHUBOBUPYCHBIX
IpenapaToB NIMPOKOTO CIIEKTPa JEHCTBHUS, CIIOCOOHBIX OJIOKMPOBATH PEMPOAYKIMIO KaK BUPYCOB
rpHImna, TaK 1 KOPOHABUPYCOB, SIBIISECTCS BEChbMa aKTyaJlbHOW MPOOJEeMOH, HMEIoIIel OOoJbIIoe
Hay4YHOE, MEULINHCKOE U COLIMAIbHOE-3KOHOMUYECKOE 3HAUCHHE.

Pa3paboTka HOBBIX TNPOTHBOBHUPYCHBIX MpENapaToB OCHOBBIBACTCS Ha JABYX O0a30BBIX
npuHIUNax: 1) moucke OMOJOTHMYECKH AaKTUBHBIX COCAWHEHHH MPHPOIHOTO MPOUCXOXKICHHS,
00J1aJatoMuUX CIHOCOOHOCTBIO TOJABJATH BHPYCHYIO HWH(DEKIHI0, 2) MOACIUPOBAHUU U
XUMHUYECKOM CHHTE3€ MOJIEKYII, CIOCOOHBIX OJIOKMPOBATh pa3HbIe CTAJAUU BUPYCHON MHQEKIUH.
3ayacTyro 00a HanpaBIeHHs TECHO CBS3aHbI, IOCKOJIbKY XUMHUYECKHUI CUHTE3 MPOTUBOBUPYCHBIX
COCIMHEHUN BO MHOTOM OCHOBaH HAa T[OHUMAaHWHM CTPOSHUS U (YHKIHUH MPHPOIHBIX
OMOJOTUYECKH aKTUBHBIX COEIMHEHUN U MO3BOJIIET UMUTUPOBATH MPUPOAHBIE CTPYKTYPHI, TUO0
CO3/1aBaTh UX MOIU(PHUITUPOBAHHBIC AHAIOTH.

Coznlanue TNpPOTUBOBUPYCHBIX IIPENapaToB Ha OCHOBE OHOJOTUYECKH AaKTHUBHBIX
COCAMHEHUH MPUPOTHOTO MPOUCXOKICHUS TPHOOPETAET Bce OOJBIIYIO MOMYISPHOCTD KaK Cpein
YUEHBIX-BUPYCOJIOTOB, TaK M cpeau (apManeBTUYECKHMX KOMIIAHUN - MPOU3BOJIUTENEH
AHTUBUPYCHBIX JIEKAPCTBEHHBIX CPEACTB. B pacTeHHsX, TKaHSX »KHUBOTHBIX W B KJIETKax
MUKPOOPTaHU3MOB COAEPKATCS THICAYU Pa3HOOOPa3HBIX OMOJIOTHYECKH aKTUBHBIX COEIUHEHMIA,
YTO JaeT BO3MOXKHOCTb I0I00paTh BeIIecTBA C HEOOXOAUMMBIMH cBoiicTBamu. Kpome Toro,
mpenapaTbl Ha OCHOBE MPUPOIHBIX COCOUHEHMM, Kak MpaBWio, o0nanaloT OoJjiee HIMPOKUM
CHEKTPOM JICHCTBUS IO CPABHEHUIO C CHHTETHUECKUMH.

OpnuMm u3 Hambosee MEePCHeKTUBHBIX HCTOYHUKOB JUISI CO3JIaHUS MPOTHUBOBUPYCHBIX
IpenapaToB SBISIOTCS OMOJIOTUYECKH AKTUBHBIE COCTUHEHHS PACTUTEIBHOTO MPOUCXOXKICHHS,
CIOCOOHBIE OJIOKMPOBATh pa3HbIE CTAAUU BUPYCHOM HMH(pEKIHH H SPPEKTHBHO TMOIABIATH
pa3MHOXKeHHE BUpPYCOB. PacteHus comepxar OoraTelii HaOOp pPa3sHOOOpA3HBIX COCTUHEHUA,
CIIOCOOHBIX HEMOCPEACTBEHHO WJIM OINOCPEJOBAHHO BO3JCHCTBOBATH HAa DPA3JIMYHBIE CTaIUU
UHQEKIIMOHHOTO Mpolecca. ITO — aJKaJIOWAbl, TJIMKO3UJBI, TEPIHEHbl, (hIaBOHOMIBL,
dbenunmpomnanouapl, kKymapuubel u T.O. [40-41]. bnaromaps pa3HOOOpa3HBIM W 4YacTo
KOMIUIEKCHBIM MEXaHH3MaM BO3/JCHCTBUS Ha pa3jMyYHble CTagUM PENPONYKIIMH BHUPYCOB,
NOJOOHBIE COEAMHEHMs] BecbMa IPUBJICKATENbHBI JAJIi CO3JaHMSI HOBBIX IMPOTHBOBHUPYCHBIX
npenapatoB. Kpome TOro, mo OTHOWIEHMIO K OHOJOTHMYECKHM AKTUBHBIM COCIUHEHHSIM
PaCTUTENBLHOTO MPOUCXOXKICHUS 3a4acTyl0 B MEHBIIEH CTETEeHHW HAOII0AAaeTCs BOSHHUKHOBEHHE
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JICKapCTBEHHON yCTOMYMBOCTH. A BeIb UMEHHO 00pa3oBaHUE JIEKApPCTBEHHO-YCTOWYMBBIX
BUPYCHBIX IITAMMOB SIBJIIETCS OJHON M3 OCHOBHBIX MPHUYMH CHUXEHUS 3()PeKTUBHOCTU
JIEKapCTBEHHOH Tepanuu, 0COOEHHO B OTHOLICHUU OBICTPO MYTHPYIOIIMX BUPYCOB. IlosToMmy,
U3Y4YEHHE MPUPOJTHBIX COEIMHEHUN PACTUTEIBLHOTO MPOUCXOXKACHUS B KaUeCTBE UCTOUYHUKA JJIs
pa3pabOTKK AaHTUBUPYCHBIX CPEACTB, M CO3/JaHWE HAa HMX OCHOBE HOBBIX JIEKaPCTBEHHBIX
npenaparoB Jijisi 00pbOBI C TPUIITIOM M KOPOHABUPYCHBIMHU UH(DEKIsAMH, B yacTHOCTH ¢ COVID-
19, siBnseTca BechbMa MEPCIEKTUBHBIM HAMpPaBICHUEM, TPEACTABISIONIMM OONBIION HAYYHBIH U
npakTuyeckuii uaTepec [42-52].

OCHOBHBIE KPUTHUYECKH Ba)KHBIE dTalbl PENPOAYKIMU BUPYCOB rpumma u Bupyca SARS-
Cov-2, Bo3eiicTBHE HA KOTOPBIE MOXKET OJIOKHPOBATH BUPYCHYIO HH(DEKITHIO, XOPOIIIO H3BECTHBHI.
370 - cTaAus MPUKPEIUICHUS BUPYyCca K PEeLENTOpaM KIETKH-X03I1Ha U TPOHUKHOBEHUS BHpYca B
KJIETKY, CTaJU{ pEIUTMKAlMU BUPYCHOW HYKJIEMHOBOM KHCJIOTBHI, CHHTE€3a M IPOLECCHHTa
CTPYKTYPHBIX M HECTPYKTYPHBIX BHPYCHBIX O€JIKOB, CTaAuM COOpPKH, CO3pEBaHMSA M BHIXO]a
BUPYCHBIX 4YacTUIl W3 KIETKH [53-56]. CoOTBETCTBEHHO, NMpHU pa3pabOTKe MPOTHBOBHPYCHBIX
IpenapaToB OCYIIECTBISAETCS MTOUCK COETUHEHUN, CIOCOOHBIX OJIOKUPOBATH OJHY MJIM HECKOJIBKO
cTaauit nH(EKIHOHHOTO Mporecca [57-58].

B3anmopencTBue BuUpyca C KIETKOM HAYMHAETCA C IIpoLecca NMPUKPEIUIEHHUsS BUPYCHBIX
YacTUIl K TMOBEPXHOCTH KJIETKU-X03drHA. CBs3bIBaHUE BUpYCa C KJIETKOW MPOMCXOAUT 3a CYET
JIByX OCHOBHBIX MEXaHM3MOB: HECTICIIU(PUUECKON a1COPOIIMH BUPYCHBIX YACTHI] HA TIOBEPXHOCTH
KJIeTKW WU Onarojmaps cHenu(pu4YecKoMy B3aHMMOJCHCTBHIO BHPYCHBIX pELENTOPOB C
KJIETOYHBIMU peuentopamMd. B mepBoMm cioydae ajncopOIusi OCYIIECTBISIETCS —IyTeM
AJIEKTPOCTATHYECKOTO  B3aUMOJICHCTBHUSI WJIM HA OCHOBE THAPOGHOOHO-TUAPODUIEHBIX
B3aumoseiictBuii.  Ilpu  cneunduyeckom  B3aMMOACHUCTBHUM  MPOHCXOIUT  CBSI3BIBAHHE
MOBEPXHOCTHOTO PELeNTOpa BUpyca rpua (reMarriIloTHHIHA) UIIM TOBEPXHOCTHOTO PELenTopa
KopoHaBupyca (S-Oenka) ¢ KiIeTouHbIMH penentopamu [53,56]. IloaTomy JekapCTBEHHYIO
TEepanui0 Ha JTOW cTaguu HWHOGEKUUH TakKe MOXHO pa3[eluTh Ha cheurpuyueckyro u
HECTICTIU(PUIECKYIO.

[Tockonbky HecnienupuIecKuit dTan OJIOKMPOBAHMS aJCOPOIIMU BUpYyca B MIEPBYIO OUYepe/ib
CBSI3aH C 3JIEKTPOCTATHUECKUMH B3aUMOAECHCTBUAMH MEXY BUPYCOM U KJIETKOM, TO IPUMEHEHNE
MOJIMAHUOHHBIX COETMHEHUH, TAKUX KaK MOJUCYIb(aThl, MOIUCYIb(POHATHI, MOJIUKAPOOKCUIIATHL,
HOJUTUAPOKCUMETANIATHl, MOJUHYKICOTUABI M OTPUIATEIbHO 3apsHKCHHbIE albOyMUHBI WIIH
nentuabl, S()QPEKTUBHO HWHTUOUpPYET aacopOImio BHpycoB [59-61]. Baxknoit rpymnmoi
HecTlenUu(UUeCKUX HHTUOUTOPOB TAaKXKE SABISAIOTCS HMHTEPPEPOHBI M UX HMHIYKTOPHL
HuTepdeponsl 3amyckai0T MHOKECTBEHHBIE BTOPUYHbBIE MPOLECCHl, KOTOPhIE MOT'YT MOJIABISATh
NPaKTUYECKH BCE CTAIUM PEIUIMKAIMK BHPYCA MYTEM CBSI3bIBAHUS C KJIETOYHBIMHU PELENTOpaMu
[62].

K cnemuduueckum  Qaxktopam  OIOKHMpOBaHMA  AACOPOIMM  BHpYcCa, ITOMHMO
BUPYCCIIEIUYECKUX aHTUTEN, MOXXHO OTHECTH MHOTOYHCJICHHbIE Bapuallid aHAJIOTOB
pEeLEenTopoB, TO3BOJSIOIIME «OTBOAUTHY) BHUPYCHYIO YacTHUIy C TIOBEPXHOCTH KIIETOK.
VYcTaHOBIIEHO, YTO MHOTHE PACTUTENbHbIE arTIIOTHHUPYIOIINE JIEKTUHBI CIIOCOOHBI C BBHICOKON
3 PEKTUBHOCTHIO B3aUMOCHCTBOBATh C TEMArrJIIOTHHUHOM BHUpyca Tpulmna U OJOKHpPOBAThH
CTaIMI0 TPUKPEIUICHUsI BUpyca K KJIETOUHBIM peuenrtopaMm. [Ipu 3Tom Hamboree akTUBHBIMU
SIBJIIFOTCSI MAHHO30-CBSI3bIBAIOIIME JIEKTUHBI, XOTS U JPYIHe JEKTUHBI, UMEIOIINE CPOACTBO K
MHBIM CaxapHbIM OCTaTKaM, TaK)Xe MPOSBIAIOT aHTHUBUPYCHYIO akTUBHOCTH [63]. He Menee
WHTEPECHOU IpyNIoi XUMHUYECKHX COCTUHEHUH, CIIOCOOHBIX OJIOKUPOBATH aICOPOIIUIO BUPYCOB,
SBIIIOTCS TEPIIEHOMIbI, KOTOPhIE B CHUIy CBOMX CTPYKTYpPHBIX OCOOEHHOCTEW, CBS3BIBAsCh C
XOJIECTEPUHOM MeMOpaHbl, CHOCOOHBI H3MEHATHh IMPOCTPAHCTBEHHYIO CTPYKTYPY MeMOpaHBI
KJIeTKU U BUpyca. [lokazaHo, yTo Hanuuue y nol0OHBIX COETMHEHUH TpeX caXxapHbIX OCTATKOB 3-
O-B-xakoTpro3uIia yBEIMYMBACT UX IIPOTUBOBUPYCHYIO aKTHBHOCTH [44, 64—66].

Hpyroii rpymnmoi npenapaToB, CIIOCOOHBIX OJIOKMPOBATH PEIUTMKAIUIO BUPYCOB T'PHUIIIA U
KOPOHABHUPYCOB, SBJISIFOTCS AJIKAJIOW bl M TOJMU(EHONbHbBIE COSAMHEHUS, HE TOJBKO U3MEHSIOMIHE
3apsi[i MOBEPXHOCTHU KJIETKH, HO W TMPEMATCTBYIOIIME crHenu@uueckoid copOuuu BUpyca Ha
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PELEnTOpPHI, a TAKKE pa3pylIariire 000JI0UYKy BUPYca, 9YTO BEAET K HECIIOCOOHOCTH CBSI3BIBAHUS
C perenTopamu KJIETKH U MOBBIIIA€T YYBCTBUTEILHOCTh BUPYCHOTO HYKJICOKArcHIa K mpoTea3zam
U DJHAOHYKJIea3aMm [47,67-68]. Hampumep, Xopomio H3BECTHBIH (JIABOHOMA KBEPLETHH,
BCTPEUAIOUINXCS BO MHOTHX PaCTEHHUSX, CIOCOOEH OJIOKMPOBATh MPOHMKHOBEHUE BUpYyCa IPHUIIIA
B KJIIETKY [69]. BiiokupoBka B3auMoaeicTBus S-0elika - HapyKHOTO pelienTopa KopoHaBupyca - ¢
anruoteH3uHIpespamaronmM Gepmerrom ACE2 sBisieTcs oqHUM U3 BO3MOKHBIX MEXaHHU3MOB,
CHOCOOHBIX MPEAOTBPATUTH MPOHUKHOBEHHE KOPOHABUPYCOB, B TOM uuciie Bupyca SARS-CoV2
B KIeTKy-MuiieHb [56,70]. Takas OJIOKMpOBKa MOXET OBITh OCYIIECTBICHA Pa3TMYHBIMU
OMOJIOTUYECKH aKTUBHBIMH COCAMHCHHUSIMH PACTHUTEIHLHOTO MPOUCXOXKICHUS - TEPICHOUIAMU,
¢1aBoHOMAAMH, AaHTPOXMHOHAMH, TaJUIOBOM KHCIOTOM, KBEPLUUTHHOM, TNIMLUPPUIHHOBOMN
KUCIIOTOH ¥ pSAIOM JAPYTUX COCAMHECHH, CONEpKAlIMXCS B OKCTPAKTaX HEKOTOPBIX
JIEKapCTBEHHBIX pacTeHui. Tak, aHTpaXHMHOH 3MOJAMH, COJEPKaIIUIiCs BO MHOTHX, B TOM YHCIIE
JICKapCTBEHHBIX PACTEHHSIX, 00JIaAaeT CIOCOOHOCThIO OIOKMPOBATH B3aMMOJICHCTBHE CIIAliK-
nporenHa ¢ ACE-2 ¢hbepMeHTOM, 4TO TaK)Ke MPEMATCTBYET MPOHMKHOBEHHIO KOpoHaBupyca SARS
B KieTKy [71]. CecKBUTEpPIIEHOBBIM JIAKTOH apTEMU3MHHH, BBIJEIECHHBIN W3 JIEKAPCTBEHHOI'O
pactenust Artemisia annua, aesaktuBupoBan Bupyc SARS-CoV-2, unrubupys S-6emok [72].
AHaJOTUYHBIM NIEHCTBHUEM O0Nafaiu KYpKyMHH, THMOXWHOH, TaJlJIOBasi KHCIOTA, TAHHHHOBAs
KHCJIOTa, adaaBuH-3,3'-aUrajiylaT W HEKOTOphIe (IABOHOW[IBI, COJEpKAIIUecss BO MHOTHX
ChEeIOOHBIX M JICKAPCTBEHHBIX pacTeHUsX [73-75]. DTu COeAMHEHMS WM MX COYETAHUS MOTYT
OBITh HCTIOMB30BaHbI TTpH JiedueHun COVID.

TpaHCKpUTIIIUS BHPYCHOTO T€HOMa M COOpPKa BHPHUOHOB SIBIISIFOTCS CAMBIMH CIIOKHBIMHU
JTanamMu pPenpoAyKLIHHU BHpyca. ODTOT ITal YCMNEUHO OJIOKUPYeTCs HWHIHMOUTOpaMHu IOCT-
TPAHCISAIUOHHBIX ~ MOAW(UKAIMHA  BUPYCHBIX  OCNKOB, CBS3aHHBIX C  TMPOTEa3HBIMU
MpPEBpAIICHUSIMU MOIUNENTUAHbIX 1ene [34, 48]. K uucny OWOMOTMYECKH aKTHBHBIX
COCIMHEHUH, CIMOCOOHBIX WHTHOMPOBATH MPOTEA3HYI0 AKTUBHOCTH OTHOCSTCS TMONTH(EHOJIBI.
[TonmudenonpHBIe cCOeTUHEHUS 00J1aaI0T CIIOCOOHOCTHIO HHTHOUPOBATh MPOTEA3HYIO AKTUBHOCTH
psiga BUPYCHBIX (PEPMEHTOB, KPUTHUECKU HEOOXOIUMBIX JJIsS CO3PEBAHMS BUPYCHBIX OEIKOB, UTO
MPUBOAUT K HAPYIICHHWIO IPOILECCOB COOPKM BHUPYCHBIX dYacTHIl [52,76]. Ananuzupys
pacTUTENbHBIE Tpenaparbl, CIOCOOHBIE MOAABIATh MPOTEA3HYI0 AKTUBHOCTH OEIKOB BHPYCOB
TpUIIIa ¥ KOPOHABUPYCOB, MOKHO CJli€laTh BBIBOJ O IIMPOKOM pPa3HOOOpa3uu COETUHEHUIA,
MEXaHHU3M JEHCTBHUS KOTOPHIX OCHOBAH Ha OJIOKUPOBAHUH 001aCcTe!, KPUTUIHBIX JISI aKTUBHOCTH
acnaparuHoBoi mpoTea3bl. K uduciay pacTUTENbHBIX COEAMHEHUH, CIOCOOHBIX OJIIOKHPOBATH
MPOTEa3HYI0 aKTHUBHOCTh KIIOYEBBIX BUPYCHBIX (DEPMEHTOB, OTHOCSTCS TEPIICHBI, KCAHTOHBI,
dbenunmpomnanounsl U (pmaBoHouasr [50-52, 58]. Hampumep, W3BECTHBIM pacTUTEIbHBIN
(G1aBOHOMI KBEPILIETUH TPOSBISET MPOTHBOBUPYCHBIE CBOWCTBA, BIHSIS HA HECKOJBKO JTAIlOB
nukiIa penponykinuu kopoHaBupycoB SARS-CoV m SARS-CoV-2, B Tom umcie Ha draim
CO3PEBaHMSI BUPYCHBIX TOJUMPOTEHHOB, HWHTUOUPYS TMPOTEONUTUYECKYI0 AaKTHBHOCTH 3-
XUMOTPHUIICUHOMIOIOOHON MpOTea3bl, OTBETCTBEHHOW 3a MPOTEOJUTHUECKOE pacIIeIUIeHHE
BUPYCHBIX TONUNPOTEHHOB [77,78]. CXOmHBIM JeHCTBHEM OOJIAar0T 3JUIaroBas KHCIIOTA,
yPCOJIOBast KUCIIOTa, SMHUraUIOKaTeXHa rajuiar, Kypkymus [77,79-82].

Eme omHON MUIIEHBIO ISl MOAABICHUS PEMPOMYKIIUU BUPYCOB SIBISETCS ITAll BBIXOJA
BUpyca U3 KJIETKHU. Tak, B OTHOIICHHM BHUpYyCa TpUIINIa KPUTHUECKU BAXKHOE 3HAUEHUE IS
YCIEIHOW  PEMpOAyKIIMM UMEET AaKTUBHOCTh HAPYKHOTO BHPYCHOTO TIIMKOMPOTEUAA
HelipamMuHugasbl. brmaromapss (pepMeHTaTMBHOW aKTHMBHOCTH HEHpaMHHHUAA3bl ITPOUCXOIUT
OTIIEIUICHHE OCTATKOB CHUAJIOBOM KHUCIIOTHI OT KJIETOYHBIX PEIENTOPOB, YTO JAET BO3MOXHOCTh
BHOBb C(OPMHUPOBABIIMMCSI BUPYCHBIM YacTHUILIaM OTIEIUTHCA OT KIJIETOYHOM MeMOpaHbl U
WH(OUIIUPOBATh HOBBIE KIETKU. YTHETCHHE (PEpMEHTATHBHOW AaKTUBHOCTH HEHpaMUHUAA3BI
MPUBOJUT K NMPEPHIBAHUIO BUPYCHON MH(peKkunu. IMEeHHO Ha 3TOM MPUHLIKIIE OCHOBAHO JICHCTBHE
psia MPOTUBOBUPYCHBIX MpenaparoB, 3PGEKTUBHBIX B OTHOIICHUH BUPYyCa TPUIINA, B TOM YHCIE
M3BECTHOTO MPOTUBOTpHIIIO3HOTO Tpemnapara OcenbramuBup (Tamudiro) [83-85]. B HekoTophIxX
pacTeHusIX OOHApyXeH psl COCIMHEHMH, CIOCOOHBIX A(P(PEKTUBHO OJOKHPOBATH JCHUCTBHUE
HelpaMHUHUJA3bl M TOAABIATH pPa3MHOKEHHWE BHUpYyca Tpummna. bblIo yCTaHOBIEHO, 4YTO
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o0oranieHHbIH IpoIeNbGUHUAMHOM SKCTPAKT KopHel pactenus Pelargonium sidoides u 6oratbrii
TaHMHAMHU SKCTPaKT KOpbI pactenus Hamamelis virginiana crocoOHbI 6JI0KHPOBATh aKTHBHOCTH
HelpaMHHMIa3bl BUpPYyCa IPUIINA U OJAaBIATE BUPYCHYIO HH(pekuuto [86-87]. M3BecTHBI 1 Apyrue
pacTUTENbHbIE COEANHEHHU, 00IaiaoIIre CXOAHbIM JeiicTBreM. Tak, MmojaBlieHue akTUBHOCTH
BUPYCHOH HeHpaMuHHa3bl HAOIIOAAIOCh NMPH NMPUMEHEHUH OOOTalEHHON TaHMHOM (paKiuu
9KCTpaKTa KOpHs M KopHeBuIna pactenus Rhodiola rosea [88].

B mammx uccrnemoBaHMsIX Takke ObUIO MOKAa3aHO BBIPAKEHHOE aHTHBHPYCHOE JCHCTBHE
MHOTUX OHOJIOTUYECKH AaKTHUBHBIX COEAMHEHUU pPACTUTENBHOIO MPOUCXOXKIEHUs. BrisBieHa
BBICOKAs AHTHBHPYCHAs AaKTUBHOCTh psifa d3¢upHbIX Macen [89], camoHMHCOIEpKalux
pPacTUTEIBHBIX PKCTPAKTOB M OUUIIEHHBIX TepreHoB [90], kymapuHoB [91], heHONBHBIX KUCIOT
[92]. IlpoBeneHO HCCIEIOBAaHHE B3aWMOCBS3M CTPYKTYPHI (DIIABOHOMIOB, MOJU(PEHONBHBIX H
TEpPIICHOBBIX COCIUHEHUNW C WX AHTHUBUPYCHBIMU cBoOMCTBaMH [93-96]. BrisiBiieHa BbICOKAs
AQHTUBHUPYCHAsi AaKTUBHOCTh psAda MOJU(EHOIbHBIX COCAMHEHHH, BBIICIEHHBIX W3 PACTCHUN
¢dnopsl Kazaxcrana. [loka3zana BbICOKasi aHTUBHpYCHAas aKTUBHOCTH psifia KCAHTOHOB, a TaK»Ke
KBEpLETUHA M HEKOTOPHIX €ro MNnpou3BOAHBIX [97-102]. VYcraHOBIEHO, YTO ONpeAciIeHHbIE
TPUTEPIIEHbl U CECKBUTEPIIEHBI, COJAEp)Kalluecss BO MHOrux pacteHusx ¢uopsl Kaszaxcrana,
crocoOHBI PPEKTUBHO IMOAABIATh BUPYCHI TPHIINA YEIOBEKA, XKMBOTHBIX M NTHI, a TaKXke
001a1af0T BBIPaXKEHHBIMH HMMYHOMOIYIUPYIOIIMMHU cBoticTBamu [90, 103—105].

Takum 00pa3zom, umeercs OOJbIIOe pa3HOOOpa3nue COSAMHEHUI PAaCTUTENbHON MPUPOIBI,
CIIOCOOHBIX BO3/IEHCTBOBaTh Ha PEIUIMKAIMIO BUPYCOB TpHUIIIa U KOpoHaBUpycoB. Pacrenus
SIBIISIIOTCS.  YHUKAIBHBIM HMCTOYHHKOM JUIS TOJNYYEHHS BBICOKOAKTHBHBIX IPOTHBOBUPYCHBIX
npernapaToB U pa3pabOTKM Ha MX OCHOBE CPEACTB Ul STUOTPOMHOM TEparuu BUPYCHBIX
uHekuii. PacTeHUss W pacTUTENbHBIE OJKCTPaKThl B TEUYEHUE THICAYETCTUNH YCHEUIHO
HCIIOJIb30BAJINCh YEJIOBEUECTBOM JIJIsl JIEUSHHsI CaMbIX pa3HBIX 3a0oseBanuii. B HacTosmee Bpems
OMOJIOTUYECKH AaKTHBHBIC COCIMHEHUS PACTUTEIBHOTO MPOMCXOXKACHUS TPUMEHSIOTCS IS
O00ppObl ¢ MHOTUMH BHUPYCHBIMM HWH(MEKIHSIMH, B TOM 4YHCIE s Tepanuu Tpunna u
KopoHaBupycHbIX uHekumii [50-52, 82, 106-108]. Ha coBpemeHHOM 3Tame W3 3KCTPAKTOB
pacTeHuii, 00JaarOMMX MPOTUBOBUPYCHOW aKTHBHOCTHIO, HW3BJIEKAIOTCS  OYHIIEHHBIE
COCIMHEHUS], CIOCOOHBIE OJIOKMPOBATh PETIPOAYKIINIO BUPYCOB, X CTPYKTYpa aHATU3HPYETCS C
NPUMEHEHHEM METOJIOB (DM3UKO-XMMHYECKOIO aHalK3a, BBIABIAETCS 3aBUCUMOCTH MEXIY
CTPYKTYpPOIl COEIMHEHUS U WX aHTUBHUPYCHBIMH CBOWCTBaMH. BriociencTBum Takue coelmHeHUs
MOTYT OBITh MOJIYYEHBI U3 MPUPOTHBIX HCTOUHUKOB WJIM CUHTE3UPOBAHBI XUMUYECKUM ITyTEM IS
MacmTabHOro  (hapManeBTHYECKOTO  NMPOM3BOACTBA.  llpuMepoM  MOXKET  CIY)XUTh
MPOTUBOTPUNITIO3HBIN Mpenapar ocenbramuBup (Tamudiio), mepBoHavyanbHO OOHAPY)KCHHBIA B
pactenun anuc 3BE3muathid (lllicium verum), 3artem BbIgeNEHHBIH W3 3TOrO pPACTCHHUS B
OUMIIEHHOM BHJE€ U BIOCIEACTBUM CHHTE3MPOBAHHBIM XHUMHUYECKUM IyTeM I Iesel
¢papmaneBTHyeckoro nmpoussozctaa [109,110].

[Ipy w3y4YeHHH TPUPOJIHBIX COEAMHEHHUN PACTUTENBHOTO MPOUCXOXKICHUS B KauyecTBE
NOTEHIMAJIBHBIX UCTOYHUKOB Ul CO3JaHHMsS HOBBIX AaHTUBUPYCHBIX MPENapaToB HCIOIB3YETCS
HECKOJIbKO OCHOBHBIX 10/1X0/10B. Ha mepBoii craguu ananusa Bce 6ojiee NomyIsipHbIM CTAHOBUTCS
METOJ MOJIEKYJIIPHOTO JOKHHTA, MO3BOJISIOMUI C MOMOIIbIO KOMITBIOTEPHOTO MOJAEIHPOBAHUS
OLICHUTH BO3MOKHOCTh CTEPUUYECKUX B3aUMOACHCTBUI TOT'O HJIM MHOTO OMOJIOTUYECKH aKTUBHOTO
COCIMHEHUS C MUIIEHBIO — KJIETOUYHBIM UJIM BUPYCHBIM PELENITOPOM, KIIIOUEBBIMU (hepMEHTaMH,
Yy4acTBYIOUIMMHU B PENPOAYKLIUU BUpyca U T.1. Mcronb3oBaHue MeTo/1a MOJIEKYJIIPHOTO TOKUHTA
JaeT BO3MOXHOCTH IPOAHAIM3UPOBATh OOJBIIOE YHCIO Pa3sHOOOPAa3HBIX OHOIOTHYECKH
AKTHUBHBIX MOJIEKYJ B KaU€CTBE BO3MOXKHOT'O aHTUBUPYCHOTO KOMIIOHEHTa ¥ 0TOOpaTh Hanbosee
NepcreKTUBHBIE M3 HUX. Ha nanHOW craamm aHanmm3a Takke MOTYT OBITh CMOJICIHMPOBAHBI
BO3MOXXHBIE MEXaHU3Mbl JEHCTBHUS, YTO BaXXHO [UIsI IOCJIEAYIONIIEr0 MOHMMAHUA MyTel
B3aMMOJIEMCTBUS M3y4a€MOI0 COEOUHEHMS C BUPYCOM WMJIM KieTKOH. KoMmbroTepHbI aHamu3
MO3BOJISIET CYIIECTBEHHO YIPOCTUTH U YIEUIEBUThH CTAJAMIO IEPBUYHOTO CKPUHHUHTA MIPETapaToB,
OJTHAKO HE MOXXET 3aMEHUTh HX SKCIEPUMEHTAIbHOE HCCIEOBaHUE. B CcOOTBETCTBHH C
MPOBEJCHHBIM KOMIBIOTEPHBIM aHAJIM30M BIIOCIEACTBHUHM IMPOBOIUTCS OTOOp MEPCHEKTUBHBIX
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pacTUTENBHBIX ~ UCTOYHUKOB, COACPXKAIMX  COCAMHEHHUS, IOTCHLIMAIbHO OO0Jafaonue
AHTHBHPYCHBIM JEHCTBHEM, JJIS MX dKCIIEPUMEHTaIbsHOro u3yuenus [75, 108, 111-115].

Ha BTOpOoM 3Tarne npoBoAsITCS CKpUHHUHTOBBIE HCCIIEIOBAHUS PACTEHHU, HIMEIOILINX BHICOKOE
CoJlep’)KaHUE COEOUHEHUWH, TMOTEHIHATbHO O0JaJalolMX AHTUBUPYCHOW  aKTUBHOCTHIO
(pmaBoHOMIBI, TEpIIEHOMIBI, KyMAapUHBI, ()EHONbHBIE KUCIOTHI, d3(UpHbIe Macia u np.) [anee
OCYIIECTBIISIETCS JETAbHBIM aHalu3 OTOOpPaHHBIX PACTUTENIBHBIX MAaTEpPHAIOB C LENbI0
BBIJICJICHUS] OYHMILEHHBIX OMOJOTMYECKH aKTHBHBIX COCIMHEHUH, 00JIaaromux HeoOX0AUMbIMU
AQHTUBUPYCHBIMU CBOMCTBaMHU. /[l TMOJIy4YyeHUS OUYMIICHHBIX OHOJIOTUYECKH aKTHUBHBIX
COCMHEHUH U3 PACTUTENbHBIX TKaHEH MPUMEHSIOTCS METObl TU(PepeHIINaTbHON SKCTPAKIINU
C UCIOJB30BaHMEM pa3IMYHBIX PACTBOPHUTENEH, a Takke METOAbl XpoMaTorpaduueckoro
pa3geneHus, Cpead  KOTOPbIX  HAauOoJbIIed  MOMYNSAPHOCTHIO — MOJB3YETCS  METOA
BBICOKOX((hEeKTUBHOM KUIKOCTHON xpomarorpaduu (BOXKX), mosBossrommii oCyIiecTBIsATh
(pakLHOHUPOBAHUE CIOKHBIX CMECEH ¢ BBICOKMM pazpelieHueM. /lanee mpoBoaAUTCS U3ydeHUE
CIEKTpa AHTUBUPYCHOM aKTUBHOCTH IIOJTYYEHHBIX COEIMHEHUHN, aHaldhu3 MEXaHU3MOB MX
NeHCTBUS, M3YYEHHUE CTPYKTYphl OTOOpDAHHBIX COEAMHEHUH. 3HAHUE NETaTbHOW CTPYKTYPHI
BBIJIEJICHHOT'O OMOJIOTMYeCKH aKTUBHOTO COEIMHEHU S, 00J1aJat0IIero aHTUBUPYCHBIM JIEHCTBUEM,
BIIOCJICJICTBUHM MOKET OBITh MCIOJB30BAHO Il HANPABIEHHOIO XUMHUECKOTO CHHTE3a JIaHHOTO
coenquHeHus. l3yueHume coctaBa M CTPYKTYphl IMOJIYYEHHBIX OHOJIOTUYECKH aKTHUBHBIX
COCIMHEHUHN OCYLIECTBISAETCS C NPUMEHEHHEM COBPEMEHHBIX (M3UKO-XUMHUYECKHUX METOJIOB
HCCJIEIOBAHMSI: MaCC-CIIEKTPOMETPHUH, SIIEPHO-MAarHUTHOTO PE30HAHCA, ATOMHO-aJCOPOLIMOHHON
CrieKTpockonuu u T.1. [116-121].

3akiloueHue

Hanuuue 3¢ (deKkTUBHBIX U TOCTYIHBIX TPOTUBOBUPYCHBIX IIPENAPATOB ABISIETCS OAHUM U3
OCHOBHBIX YCJIOBUU ISl yCTICUTHOW OOPBOBI C AMUASMHUSIMH ¥ TTAaHASMUSMHA BUPYCHOU MPUPOJIBL.
Hapsiny ¢ BakunHaMu, NMpu3BaHHBIMU OOECIIEUUTH MEPBbIM Oapbep HAa MyTH PacHpPOCTPAHEHUS
BUpYCa, JIEKaPCTBEHHBIE IPOTUBOBUPYCHBIE MperapaThl HEOOXOAUMBI KaK I TePANuu, TaK U JJIs
npoUIAKTUKA BUPYCHBIX MHPEKIUH, 0COOEHHO B TeX CIydasiX, KOTJa BaKIUHAIUSI B CHUIIY TeX
WJIM WHBIX TPUYUH OKA3bIBACTCS HEAOCTYITHON WM HEAOCTATOYHO () (DEKTHBHOM.

K uncny Hanbonee omacHbIX U pacpOCTPAHEHHBIX BUPYCOB OTHOCSITCSI BUPYCHI TPUIIA U
KOPOHAaBUPYCHI, KOTOphle 3a mocieaHue 100 yeT craiu HMCTOYHUKOM KAaK MUHUMYM CEMU
MaHIEeMUN, TTOPA3UBIINX HECKOJIbKO MHUJUIMAPIOB YEJIOBEK M YHECHIMX Xu3HH Oosiee 130 muH
4yelloBeK. PecnupaTopHbli MEXaHM3M Iepefayd 3THX BHUPYCOB YPE3BBIYANHO OCIOXKHSET HX
KOHTPOJIb, 0COOEHHO B COBPEMEHHOM OOIIIECTBE, T/I€ BHICOKASI INIOTHOCTh HACEJIEHUS U pa3BUTas
TPaHCHOPTHAsA MH(PACTPYKTypa CIIOCOOCTBYIOT OBICTPOMY paclpOCTpaHEHHIO MHGEKIH. J{is
MEIUKAMEHTO3HOM  Tepanmuu  OOJBHBIX  HeoOXoaumo  TmpuMeHeHHe 3P (EeKTHUBHBIX
MPOTUBOBUPYCHBIX MPEMapaToB, CMOCOOHBIX OJOKMpPOBATH pa3BUTHE BHpPYCHOW uH(pexiuu. B
HACTOSAIIEEe BPEMs aCCOPTUMEHT CHEIU(PUUECKUX IpenapaToB st 00pbObl ¢ BUpyCaMU IPUIINA U
KOpPOHABUPYCaMU OYEeHb Maj, a uX 3PPEKTUBHOCTH 3a4aCTyI0 HEJOCTATOYHA, YTO CYHIECTBEHHO
OTpaHUYMBAET BO3MOKHOCTH IMPOTUBOBUPYCHOM Tepanuu.

Buonorndeckn akTUBHBIC COCMHEHUS PACTUTEIHHOTO MPOUCXOKICHUS SBISIFOTCS OJHUM
U3 HauOoJee MepCreKTUBHBIX UICTOYHUKOB JIJISl CO3/JaHUSI HOBBIX MPOTHBOBUPYCHBIX IIPENapaToB,
3¢ (HEeKTUBHBIX B OTHOIIECHUH PA3IUYHBIX BHPYCOB, BKIFOUAsi BUPYCHI TPUIIIA U KOPOHABUPYCHI.
Pacrenust congeprkat 6oraTsiii HAOOp pa3HOOOPA3HBIX COCTUHEHHM, CTOCOOHBIX HEMOCPEICTBEHHO
WIH OMOCPEIOBAHHO BO3/ICHCTBOBATH HAa Pa3NMYHBIE CTaIUU WH(EKIIMOHHOTO IMpoiecca. ITo —
AJKaJIOUbl, TTTMKO3UbI, TEPIEHBI, (PIaBOHOUIBI, (DEHUIIPONAHOUIbI, KyMapUHbI, OpraHUYECKHE
KHUCTIOTHI, 3QUPHI U T. 1. braromapst cmocoOHOCTH BO3/AEHCTBOBATh HA Pa3HbIE CTAIUU BUPYCHOU
WH(]EKIMK, TaKhue COSJWHEHUS MOTYT 00JIalaTh KOMIUIEKCHBIM JecTBHEM U 3((PEKTHBHO
MOJIAaBIISITh HE TOJNBKO PAa3MHOKCHHE BUpYCa BHYTPH KIETKH, HO M €ro paclpoCTpaHECHUE B
OpraHu3Me, YTO T03BOJISIET B KOPOTKHE CPOKH OJOKMpoBaTh MHGpeKuio. [loaromy momoOHbIe
COCIMHEHUS BEChMa TMPUBJICKATEIILHBI B KAueCTBE WCTOYHHMKA JUIS CO3JaHUS HOBBIX
JIEKapCTBEHHBIX MPOTUBOBUPYCHBIX MpenaparoB. Kpome Toro, mo oTHOLIEHUIO K OMOIOTHYECKU
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AKTUBHBIM COCIUHCHUAM PACTUTCIIBHOTIO IIPOUCXOXKACHUA 3a4aCTyr0 B MEHBIIIEH CTEIICHU
HaOJIIOaeTCsl BO3HHUKHOBEHHE JICKAPCTBEHHOW YCTOMUYMBOCTH. A BeIb MMEHHO OOpa3oBaHUE
HeKapCTBeHHO-YCTOﬁqHBBIX BUPYCHBIX IITAMMOB SBJISICTCA O,Z[HOI>'I U3 OCHOBHBIX HPHUYHUH
cHIKEHUS A((PEKTUBHOCTH JICKAPCTBEHHOW Tepannuu, OCOOEHHO B OTHOIICHUH OBICTPO
MYTHUPYIOIINX BUPYCOB, TAKUX KaK BUPYCHI IPUIIIIA U KOPOHABUPYCEL.

Takum o0Opa3zom, H3ydyeHUE MPUPOJHBIX COCTUHEHUN PACTUTENHHOIO MPOUCXOKACHUS B
KadyecTBe OOraroro MCTOYHHUKA JJIsi Pa3pabOTKU aHTUBHPYCHBIX NPEMapaToB M CO3JaHHE Ha UX
OCHOBE HOBBIX JIEKAPCTBEHHBIX CPeACTB it 60prObI ¢ rpunmom u COVID-19 sBnsieTcs BechMa
NEPCIEKTUBHBIM HAINPaBJICHUEM, MPEACTABISAIONIMM OOJNBIION HAyYHBId M MPAKTUYECKUN
UHTEpec. DTO HampaBieHUE MPUOOpETaeT Bce OOJBUIYI0 MOMYJISPHOCTh KaK CpeAu YYEHbIX-
BUPYCOJIOTOB, TaK U Cpeau (apMalleBTUYECKHX KOMIIaHUI - MPOU3BOIUTENCH aHTUBUPYCHBIX
JIEKapCTBEHHBIX MPEnapaToB.
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OCIMAIK TEKTI BUOJIOT'UAJIBIK BEJICEHAI KOCBIUIBICTAP TYMAYMEH
KOHE COVID-19-BEH KYPECYT'E APHAJIFAH BUPYCKA KAPCBI
ITPEITAPATTAPABIH 9JIEYETTI KO31 PETIH/IE

Tyidin

Tymay sxone COVID-19 amam neHcaynbIFblHA YIKEH 3WSH THUTI3ETIH JKOHE HDKOHOMHKAFa
alTapiapIKTall 3aKbIM KENTIPETiH KEH TapajifaH >KYKHalel aypynapisiH Oipi Gombin TadOwsimansl. Kasipri
yakpITTa TyMayMeH sxkone COVID-19-6eH kypecyre apHaF BUpyCKa Kapchl ITpernapaTTap bl dJIeyeTTi K3l
peTiHe BUPYCKa KapChl IMpenapaTTap IbiH 9JICYETT1 Ko31 pETiHe BUPYCKa KapChl IperapaTTap IblH dJICYEeTTi
Ke31 peTiHAe aH Jopi-IopMEKTEepAiH TypJepi eTe IMIEKTeydi >KoHE ONapAblH THIMILIr KebiHece
JKETKIUTIKCI3, Oyl aHTHUBHPYCTHIK TEPaNUsHbIH MYMKIHIIKTEpiH adTapiblkTail TemeHaeredi. BupycToik
WHQEKIHUSIHBIH JJAMYBIH TeKEHTIH apHabl BUPYCKa Kapchl IPenapaTTap by KeTiCIeYIIiTiri HayKacTapbl
eMeyIi KUBIHAATHII KaHa KOWMaiibl, COHBIMEH KaTap aypyAblH ayblp TYPiMEH aybIpaThlH HayKacTapIblH
eMip CYpPY MYMKIHIITiH a3alTalbl )K9HE >KaJIIbl OCHI JKalllail pecIpaTOPIIbIK BUPYCTHIK HH(EKLIMIIApMEH
Kypecy TaiMautiria temenaetei. ConapikTan, TymMayra skone COVID-19-ra kapchl THIM/II J)KaHa BUPYCKa
Kapchl MpenapaTTapibl 93ipiey YIKEeH FhUIBIMH, METUIIMHABIK XKOHE dJICYMETTiK-3KOHOMUKAIIBIK MaHbI3bI
Oap ete e3ekTi Macene Oonbin TabbuIanel. llomyna tymay men COVID-19-1p1H Tepamuschl MEH albIH
aNyAblH THIMAI JSPUTIK 3aTTapblH jKacay VIINIH ©CIMIIK TEKTI OWOJOTHSUIBIK OCJCEHIl KOCBUIBICTAP
HETi3iHJe BHPYCKa Kapchl MpenapaTrapasl d3ipyey OOWbIHINA FHUIBIMH JEpPeKTep KenTipiireH. Bupycka
Kapchl TEpanusHBIH MaKcaThl PETiHIE BHUPYCTHIK NWKIIH HETi3ri Ke3eHAepi cumarrainFraH. OciMuiik
KOCBUIBICTAPBIH KOJIJAHY apKbUIbl BUPYCTHIK HH(M)EKIUSHBI TOKTATy BHPYCTBHIH KOOCIOIHIH opTypIi
Ke3eHJEpiHJIe MYMKiH €KCHJIr KOPCETUIreH. AHTHBUPYCTHIK IpernapaTTapibl jKacayAblH oleyeTTi Ke3i
peTiHIe 6CiMIIKTEP IiH OMOIOTUSIIBIK OSJICEH/II KOChLUIBICTAPBIHBIH PTYPIIl KJIACTaphl KAPACTHIPHLUIAIbI.

KinTTi ce3nep: Tymay BUpycTapbl, KOpOHABUPYCTAP, OCIMJIIK ChIFBIH/IBLIAPHI.
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SOURCE OF ANTIVIRAL DRUGS TO FIGHT AGAINST
INFLUENZA AND COVID-19

doi: 10.53729/MV-AS.2023.03.02

Abstract

Influenza and COVID-19 are among the most common infectious diseases, causing great harm to
human health and significant economic damage. The range of drugs to fight influenza and COVID-19 is
currently very limited, and their efficacy is often insufficient, which significantly reduces the possibilities
of antiviral therapy. The insufficiency of specific antiviral drugs capable efficiently suppress viral infection
not only complicates the treatment of the sick, but also reduces chances of survival in patients with a severe
form of disease and, in general, reduces the effectiveness of the fight with these widespread viral infections.
Therefore, development of new antiviral drugs efficient against influenza and COVID-19 is a very actual
problem of great scientific, medical and socio-economic importance. The review provides scientific data
on the development of antiviral drugs based on biologically active compounds of plant origin to create
effective antiviral drugs for the treatment and prevention of influenza and COVID-19. The main stages of
viral cycle are described as targets for antiviral therapy. It has been shown that termination of viral infection
using plant compounds is possible at various stages of virus reproduction. Different classes of biologically
active compounds of plant origin are considered as a potential source for creation of antiviral drugs.

Keywords: influenza viruses, coronaviruses, plant extracts.

Currently, more than two hundred viruses belonging to 25 different families are known to
cause serious infections in humans and can be a source of large-scale epidemics and pandemics
[1, 2]. The most dangerous of them are respiratory viruses transmitted through the air, due to the
mass infection rate and the difficulty of controlling their spread. Among respiratory viruses one of
the most important groups are influenza viruses and the recently emerged Sars-Cov2 coronavirus
that caused COVID-19 pandemic [3-7].

The efficacy of the fight against viral infections is determined by a complex of factors, the
most important of which are possibility of early diagnostics of pathogen, availability of reliable
means of vaccination, availability of efficient antiviral drugs and possibility for organization of
strong quarantine measures when dangerous and rapidly spreading viruses are appeared. How
important to use a combination of these approaches was clearly shown the experience of combating
against influenza and COVID-19 epidemics and pandemics.

At the first, pre-epidemic stage, quarantine measures in combination with the use of modern
methods of pathogen diagnostics based on molecular analysis are of the greatest importance [8, 9].
Such methods (PCR, RT-PCR, sequencing analysis) make it possible to quickly and reliably
identify the virus, which makes it possible to quickly select the appropriate vaccine preparation,
and in case of its absence, start to develop a new one. Vaccination is the first barrier in the fight
against the spread of viral infections, especially those of a massive nature. Creation of an individual
immune barrier and the sufficient immune layer in the population (population immunity) makes it
possible to stop, or at least limit the spread of a viral infection [10-13].

At the same time, with an increase in the incidence of viral infection, etiotropic antiviral
drugs, which have a direct blocking effect on viruses, begin to play a leading role. Due to the
violation of certain mechanisms of virus development, such drugs are able to completely suppress

40



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne3 (42) 2023  www. imv-journal.kz

of virus infection or at least weaken the disease [14-16]. Antiviral drugs become the main means
of protecting the body, in the event that infection does occur. Among the requirements for these
drugs are: effective suppression of viral infection, a wide range of antiviral activity, low toxicity,
good ability to penetrate into infected tissues and cells, no negative effects on the immune system,
availability of the drug.

Availability of an efficient diagnostic preparations, vaccines and antiviral drugs to combat
dangerous and rapidly spreading viral infections is a vital necessity. This issue is directly related
to the problem of ensuring the biosecurity of the country. In the event of large-scale epidemics and
pandemics, the possibility of supplying the sanitary and epidemiological service and the
population with the necessary diagnostic, vaccine and medicinal preparations may be problematic.
Experience shows that in the event of influenza pandemic, or in the latter case, of COVID-19
pandemic, even many industrialized countries with their own pharmaceutical production were not
able to fully meet their country's needs for vaccines and therapeutic drugs, since the mass infection
requires the use of extraordinary quantities of medical drugs. Those countries that do not have
their own pharmaceutical industry become completely dependent on other industrialized countries
and cannot promptly provide the necessary medical care to the population.

Influenza and COVID-19 are among the most common infectious diseases of our time,
causing not only significant harm to human health, but also causing extremely large economic
damage. The social significance of these infections is also very high. Even a common seasonal
influenza virus and its associated complications cause more than 200,000 deaths per year [17]. In
the case of the emergence of highly pathogenic pandemic strains of influenza, the death toll can
be in the millions and tens of millions. Thus, the infamous "Spanish” flu HLN1, which raged at the
beginning of the 20th century, claimed the lives of more than 50 million people, and the "Hong
Kong" flu H3N2, whose pandemic was observed in the late 70s, caused the death of more than 5
million people [18,19]. In the modern period, the greatest threat is posed by new pandemic variants
of the influenza virus, which can arise as a result of recombination of genes of human, animal, and
avian influenza viruses, as well as the return of old highly pathogenic influenza variants to which
the population no longer has immunity [20, 21]. As for coronaviruses, the SARS-CoV-2 virus,
which appeared at the end of 2019 and caused the COVID-19 pandemic, in two years affected
about 700 million people and caused the death of almost 7 million people [22-26]. At the same
time, more aggressive forms of coronaviruses, which are even more pathogenic, are also known
to science [27].

The range of specific medicines for combating influenza viruses and coronaviruses is
currently very small, and their efficacy is often insufficient, which significantly reduces the
possibilities of antiviral therapy. Thus, the range of anti-influenza drugs is mainly limited to drugs
such as rimantadine, oseltamivir and the recently introduced drugs baloxavir and favipiravir.
However, the high variability of influenza viruses quickly leads to the emergence of drug-resistant
viral strains, which negatively affects the effectiveness of antiviral therapy. Most of the current
epidemic strains of influenza A virus have become resistant to rimantadine and oseltamivir
[28,29]. There have been reports of the emergence of resistant influenza virus strains to baloxavir,
which has been used in medical practice for only three years [30,31].

Effective antiviral drugs for the etiotropic therapy of coronavirus infection have not yet been
developed. Previously created anti-influenza drugs (favipiravir, balaxovir), antimalarial drug
hydroxychloroquine, anti-HIV drug lopinavir, and anti-Ebola drug remdesivir were tried to treat
COVID-19, but they all turned out to be ineffective [32-39]. Therefore, for the drug therapy of
COVID-19, symptomatic antipyretic, anti-inflammatory and antithrombotic agents are currently
mainly used, aimed at alleviating the patient's condition, but not blocking the development of viral
infection.

An insufficient range or lack of effective etiotropic antiviral drugs to fight influenza and
COVID-19 reduces the chances of survival in patients with severe form of disease and generally
reduces the effectiveness of the fight against these massive respiratory viral infections. Therefore,
development of new broad-spectrum antiviral drugs capable of blocking the reproduction of both
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influenza viruses and coronaviruses is a very urgent problem of great scientific, medical, social
and economic importance.

Creation of new antiviral drugs is based on two basic principles: 1) finding of biologically
active compounds of natural origin that have the ability to suppress viral infection, 2) modeling
and chemical synthesis of molecules that can block different stages of viral infection. Often, both
directions are closely related, since the chemical synthesis of antiviral compounds is largely based
on an understanding of the structure and functions of natural biologically active compounds and
makes it possible to imitate natural structures or create their modified analogues.

Elaboration of antiviral drugs on the base of biologically active compounds of natural origin
is becoming increasingly popular among both virologists and pharmaceutical companies
producing antiviral drugs. Plants, animal tissues, and microorganism cells contain thousands of
various biologically active compounds, which makes it possible to select substances with
necessary properties. In addition, preparations based on natural compounds usually have a wider
spectrum of action compared to synthetic ones.

One of the most promising sources for creation of antiviral drugs are biologically active
compounds of plant origin, capable of blocking different stages of viral infection and efficiently
suppressing the reproduction of viruses. Plants contain a rich set of diverse compounds that can
directly or indirectly affect various stages of the infectious process. These are alkaloids,
glycosides, terpenes, flavonoids, phenylpropanoids, coumarins, etc. [40-41]. Due to the diverse
and often complex mechanisms of action on various stages of viral reproduction, such compounds
are very attractive for creation of new antiviral drugs. In addition, with respect to biologically
active compounds of plant origin, the emergence of drug resistance is less observed. As is well
known, formation of drug-resistant viral strains is one of the main reasons leading to decrease in
the effectiveness of drug therapy, especially in relation to rapidly mutating viruses. Therefore,
study of natural compounds of plant origin as a source for development of antiviral agents, and
creation on their base novel antiviral drugs to combat influenza and COVID-19, is a very
promising area of great scientific and practical interest [ 42-52].

The main critical steps in the reproduction of influenza viruses and SARS-Cov-2 virus,
which can block viral infection, are well known. This is the stage of attachment of viral particles
to the cell receptors and penetration of virus into the host cell, the stage of viral nucleic acid
replication, synthesis and processing of structural and nonstructural viral proteins, the stage of
assembly, maturation, and release of viral particles from the cell [53-56]. Therefore, search and
identification of compounds that can block one or more stages of virus reproduction is carried out
as the first step in the development of antiviral drugs [57-58].

Interaction between virus and cell begins with the process of attachment of viral particles to
the surface of host cell. Binding of viruses to the cell membrane occurs due to two main
mechanisms: nonspecific adsorption of viral particles on the cell surface or due to the specific
interaction of viral receptors with cell receptors. In the first case, adsorption is carried out by
electrostatic interaction or on the basis of hydrophobic-hydrophilic interactions. In a specific
interaction, the surface receptor of influenza virus (hemagglutinin) or the surface receptor of
coronavirus (S-protein) binds to cell receptors [53,56]. Therefore, drug therapy at this stage of
infection can also be divided into specific and non-specific.

Since nonspecific step of blocking of virus adsorption is primarily associated with
electrostatic interactions between virus and cell, use of polyanionic compounds, such as
polysulfates, polysulfonates, polycarboxylates, polyhydroxymetalates, polynucleotides and
negatively charged albumins or peptides, effectively inhibits the adsorption of viruses [59-61].
Interferons and their inducers are also an important group of nonspecific inhibitors. Interferons
trigger multiple secondary processes that can inhibit almost all stages of viral replication by
binding to cell receptors [62].

Specific factors for blocking of virus adsorption, in addition to virus-specific antibodies,
include numerous variations of receptor analogs that can " put aside" viral particle from the cell
surface. It has been established that many plant agglutinating lectins are able to interact with
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influenza virus hemagglutinin with high efficiency and block the stage of virus attachment to cell
receptors. At the same time, mannose-binding lectins are the most active, although other lectins
that have an affinity for other sugar residues also exhibit antiviral activity [63]. An equally
interesting group of chemical compounds capable of blocking the adsorption of viruses are
terpenoids, which, due to their structural features, by binding to membrane cholesterol, are able to
change the spatial structure of the cell and virus membranes. It has been shown that presence of
three sugar residues of 3-O-B-chacotriosyl in such compounds increases their antiviral activity [44,
64-66].

Another group of preparations that can block replication of influenza viruses and
coronaviruses are alkaloids and polyphenolic compounds, which not only change the charge of the
cell surface, but also prevent specific attachment of viral particles to receptors, and also destroy
virus envelope, which leads to inability of binding to cell receptors and increases sensitivity of
viral nucleocapsid to proteases and endonucleases [47,67-68]. For example, well-known flavonoid
quercetin, found in many plants, is able to block penetration of influenza virus into the cell [69].
Suppression the interaction of S-protein, the external receptor of coronaviruses, with angiotensin-
converting enzyme ACE2 is one of the possible mechanisms that can prevent penetration of
coronaviruses, including the SARS-CoV2 virus, into the target cell [56,70]. Such blocking can be
carried out by various biologically active compounds of plant origin - terpenoids, flavonoids,
anthraquinones, gallic acid, quercetin, glycyrrhizin acid and a number of other compounds
contained in extracts of some medicinal plants. Thus, anthraquinone emodin contained in many
plants, including medicinal plants, has the ability to block interaction of spike protein of
coronaviruses with ACE-2 enzyme, which also prevents penetration of SARS coronavirus into the
cell [71]. Sesquiterpene lactone artemisinin, isolated from medicinal plant Artemisia annua,
deactivated SARS-CoV-2 virus by inhibiting its S-protein [72]. Curcumin, thymoquinone, gallic
acid, tannic acid, aflavin-3,3'-digallate, and some flavonoids contained in many edible and
medicinal plants had a similar effect [73-75]. These compounds, or their combinations, can also
be used in medical treatment of COVID.

Transcription of viral genome and assembly of virions are the most complex steps in virus
reproduction. This stage is successfully blocked by inhibitors of post-translational modifications
of viral proteins associated with protease transformations of polypeptide chains [34, 48]. Among
the biologically active compounds capable of inhibiting protease activity are polyphenols.
Polyphenolic compounds have the ability to inhibit the protease activity of a number of viral
enzymes that are critical for the maturation of viral proteins, which leads to disruption in the
assembly of viral particles [52, 76]. Analyzing herbal preparations capable of inhibiting the
protease activity of proteins of influenza viruses and coronaviruses, it can be concluded that there
is a wide variety of compounds whose mechanism of action is based on blocking areas that are
critical for the activity of aspartic protease. Plant substances capable of blocking the protease
activity of key viral enzymes include different compounds: terpenes, xanthones,
phenylpropanoids, and flavonoids [50-52, 58]. For example, well-known plant flavonoid quercetin
exhibits antiviral properties by affecting several stages of the reproduction cycle of SARS-CoV
and SARS-CoV-2 coronaviruses, including the stage of maturation of viral polyproteins, by
inhibiting the proteolytic activity of 3-chymotrypsin-like protease, which is responsible for the
proteolytic cleavage of viral polyproteins. [77,78]. Ellagic acid, ursolic acid, epigallocatechin
gallate, curcumin have a similar effect [77,79-82].

Another target for suppressing the reproduction of viruses is the stage of virus release from
the cell. Thus, for influenza virus, the activity of external viral glycoprotein neuraminidase is
critical for successful virus reproduction. Due to the enzymatic activity of neuraminidase, sialic
acid residues are cleaved from cell receptors, which allows newly formed viral particles to separate
from the cell membrane and infect new cells. Inhibition of the enzymatic activity of neuraminidase
leads to the interruption of the viral infection. A number of antiviral drugs effective against
influenza virus, including well-known anti-influenza drug Oseltamivir (Tamiflu) were elaborated
based on this principle [83-85]. In some plants, a number of compounds have been found that can
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effectively block the action of neuraminidase and suppress reproduction of influenza viruses. It
was found that prodelphinidin-enriched extract obtained from the root of Pelargonium sidoides
plant and tannin-enriched extract obtained from the bark of Hamamelis virginiana plant were able
to block of influenza virus neuraminidase activity and suppress viral infection [86-87]. Other plant
compounds are known to have a similar effect. Thus, suppression of influenza virus neuraminidase
activity was observed after treatment of tannin-enriched fraction of the root and rhizome extracts
of the plant Rhodiola rosea [88].

Our studies also showed a pronounced antiviral effect of many biologically active
compounds of plant origin. High antiviral activity of a number of essential oils [89], saponin-
containing plant extracts and purified terpenes [90], coumarins [91], and phenolic acids [92] was
revealed. It was shown close relationships between the structure of flavonoids, polyphenols and
terpene compounds and their antiviral properties [93-96]. A pronounced antiviral activity of a
number of polyphenolic compounds isolated from plants of the flora of Kazakhstan was revealed.
Also, high antiviral activity of xanthones, as well as quercetin and some of its derivatives, has been
shown [97-102]. It has been established that certain triterpene and sesquiterpenes contained in
many plants of the flora of Kazakhstan are able to effectively suppress human, animal and avian
influenza viruses, and also have pronounced immunomodulatory properties [90, 103-105].

Thus, there is a wide variety of plant compounds that can affect the replication of influenza
viruses and coronaviruses. Plants are a unique source for obtaining highly active antivirals and for
elaboration on their base medical drugs for etiotropic therapy of viral infections. Plants and herbal
extracts have been successfully used by mankind for thousands of years to treat a wide variety of
diseases. Currently, biologically active compounds of plant origin are used to combat many viral
infections, including for the treatment of influenza and coronavirus infections [50-52,82,106-108].
At the present stage, purified compounds capable of blocking the reproduction of viruses are
isolated from plant extracts possessed antiviral activity, their structure analyzed using methods of
physicochemical analysis, and the relationships between the structure of compound and their
antiviral properties is revealed. Subsequently, such compounds can be obtained from natural
sources or chemically synthesized for large-scale pharmaceutical production. An example of
creation of such efficient antivirals is anti-influenza drug oseltamivir (Tamiflu), originally found
in the plant star anise (Illicium verum), then isolated from this plant in a purified form and
subsequently synthesized chemically for the purposes of pharmaceutical production [109-110].

In the process of study of natural compounds of plant origin as potential sources for creation
of new antiviral drugs, several main approaches are used. At the first stage of analysis the
molecular docking method is becoming increasingly popular. This method uses computer
simulation which makes it possible to evaluate the possibility of steric interactions of biologically
active compound with a target - cellular or viral receptor, key enzymes involved in virus
reproduction, etc. Application of molecular docking method makes it possible to analyze a large
number of various biologically active molecules as potential antiviral agents and select the most
promising of them. At this stage of analysis, possible mechanisms of action can also be modeled,
which is important for subsequent understanding of mechanisms of interaction of investigated
compound with virus or cell. Computer analysis makes it possible significantly simplify and
reduce the cost of primary screening of compounds, but cannot replace their experimental study.
Subsequently, in accordance with the performed computer analysis, selection of promising plant
sources containing substances with potential antiviral activity is carried out for their further
experimental study [75, 108, 111-115].

At the second stage, screening studies of plants with a high content of compounds that
potentially have antiviral activity (flavonoids, terpenoids, coumarins, phenolic acids, essential oils,
etc.) are carried out. Further, a detailed analysis of selected plant materials is carried out in order
to isolate purified biologically active compounds that have necessary antiviral properties. To
obtain purified biologically active compounds from plant tissues, differential extraction methods
by various solvents are used, as well as chromatographic separation methods, among which the
most popular method is high-performance liquid chromatography (HPLC), which allows
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fractionation of complex mixtures with high resolution. Further, spectrum of antiviral activity of
obtained compounds, the mechanisms of their action and the structure of selected compounds are
studied. Knowledge of detailed structure of isolated biologically active compound with antiviral
activity can subsequently be used for targeted chemical synthesis of this compound. Study the
composition and the structure of obtained biologically active compounds is carried out using
modern physical and chemical research methods: mass spectrometry, nuclear magnetic resonance,
atomic absorption spectroscopy, etc. [116-121].

Conclusion

Availability of efficient and affordable antiviral drugs is one of the main conditions for
successful fight against epidemics and pandemics of viral nature. Along with vaccines, designed
to provide the first barrier to prevent the spread of dangerous viruses, antiviral drugs are needed
both for treatment and prevention of viral infections, especially in cases where vaccination due to
various reasons is not available or is not effective enough.

Among the most dangerous and widespread viruses are influenza viruses and coronaviruses,
which have been the source of at least seven pandemics over the past 100 years, affecting several
billion people and claiming the lives of more than 130 million people. The respiratory mechanism
of transmission of these viruses makes their control extremely difficult, especially in today's
society, where high population density and developed transport infrastructure contribute to the
rapid spread of infection. For drug therapy of patients, application of efficient antivirals that can
block development of viral infection is required. Currently, the range of specific drugs for
combating influenza viruses and coronaviruses is very small, and their efficacy is often
insufficient, which significantly limits the possibilities of antiviral therapy.

Biologically active compounds of plant origin are one of the most promising sources for
creation of new antiviral drugs effective against various viruses, including influenza viruses and
coronaviruses. Plants contain a rich set of diverse compounds that can directly or indirectly affect
various stages of the infectious process. These are alkaloids, glycosides, terpenes, flavonoids,
phenylpropanoids, coumarins, organic acids, esters, etc. Due to the ability to influence on different
stages of viral infection, such compounds can have a complex effect and effectively suppress not
only the reproduction of virus inside the cell, but also its spread in the body, which makes it
possible to block the infection in a short time. Therefore, such compounds are very attractive as a
source for creation of new antiviral drugs. In addition, relatively to biologically active compounds
of plant origin, the emergence of drug resistance less observed. It is very important point, because
quick formation of drug-resistant viral strains is one of the main reasons for decrease in the
effectiveness of drug therapy, especially with respect to rapidly mutating viruses, such as influenza
viruses and coronaviruses.

Thus, investigation of natural compounds of plant origin as a reach source for development
of new antivirals against various viral infections, including medical drugs to combat influenza and
COVID-19, is a very promising area of great scientific and practical interest. Currently, this
direction is becoming increasingly popular among both virologists and pharmaceutical companies
producing antiviral drugs.

Funding

The work was carried out in the frame and with financial support of the Scientific-technical
program of the Ministry of Science and Higher Education of the Republic of Kazakhstan
NeBR 10965178 "Development of original domestic drugs with antiviral activity efficient against
COVID-19 and influenza™.

References:
1 Evans A.S., Kaslow R.A. eds. Viral Infections of Humans. Epidemiology and Control. 4th edn.
Plenum Medical Book Company; New York: 1997.

45



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No3 (42) 2023  www. imv-journal.kz

2 Murphy F.A. Epidemiology of viral diseases. Encyclopedia of Virology, 1999, 482-487 (doi:
10.1006/rwvi.1999.0085)

3 Boncristiani H.F. Respiratory Viruses. PMC NCBI, Encyclopedia of Microbiology, 2009, 500-518,
PMCID: PMC7149556 (doi: 10.1016/B978-012373944-5.00314-X)

4 Webster RG. Influenza: An Emerging Disease. Emerg Infect Dis., 1998, 4: 436-441.

5 Shereen M.A., Khan S., Kazmi A., Bashir N. Siddique R. COVID-19 infection: Origin,
transmission, and characteristics of human coronaviruses. Journal of Advanced Research, 2020, 24: 91-98
(doi: 10.1016/j.jare.2020.03.005)

6 Bonilla-Aldana D.K., Holguin-Rivera Y., Cortes-Bonilla I., Cardona-Trujillo M.C., Rodriguez-
Morales A.J. Coronavirus infections reported by ProMED, February 2000-January 2020. Travel Medicine
and Infectious Disease, 2020, 35: 101575 (doi: 10.1016/j.tmaid.2020.101575)

7 Yang Y., Peng F., Wang R., Guan K., Chang C. The deadly coronaviruses: The 2003 SARS
pandemic and the 2020 novel coronavirus epidemic in China. Journal of Autoimmunity, 2020, 109: 102434
(doi: 10.1016/j.jaut.2020.102434)

8 Vos L.M., Bruning A.H.L., Reitsma J.B., et al. Rapid molecular tests for influenza, respiratory
syncytial virus, and other respiratory viruses: a systematic review of diagnostic accuracy and clinical impact
studies. Clin Infect Dis., 2019, 69(7): 1243-1253 (doi: 10.1093/cid/ciz056)

9 Zimmerman P.A., King C.L, Ghannoum M., Bonomo R.A., Procop G.W. Molecular Diagnosis of
SARS-CoV-2: Assessing and Interpreting Nucleic Acid and Antigen Tests. Pathog Immun., 2021, 6(1):
135-156 (doi: 10.20411/pai.v6i1.422)

10. Chan L., Alizadeh K., Fazel F., Kakish J.E., Karimi N. et al. Review of Influenza Virus VVaccines:
The Qualitative Nature of Immune Responses to Infection and Vaccination Is a Critical Consideration.
Vaccines, 2021, 9(9): 979-997 (doi: 10.3390/vaccines9090979)

11 Nypaver C., Dehlinger C., Carter C. Influenza and Influenza Vaccine: A Review.
J.MidwiferyWomensHealth, 2021, 66(1): 45-53 (doi: 10.1111/jmwh.13203)

12 Zhang Z., Shen Q., Chang H. Vaccines for COVID-19: A Systematic Review of Immunogenicity,
Current Development, and Future Prospects. Front. Immunol., 2022, 13 (doi: 10.3389/fimmu.2022.843928)

13 Khandker S.S., Godman B., Jawad M.I., Meghla B.A., Tisha T.A. et. al. A Systematic Review on
COVID-19 Vaccine Strategies, Their Effectiveness, and Issues. Vaccines, 2021, 9(12): 1387 (doi:
10.3390/vaccines9121387)

14 Bogoyavlenskiy A.P., Turmagambetova A.S., Berezin V.E. Levels of Antiviral Therapy. J.
Human Virology & Retrovirology, 2016, 3(3):1-6 (doi: 10.15406/jhvrv.2016.03.00093)

15 Kausar S., Khan F.S., Mujeeb M.I., Rehman U., Akram M. et.al. A review: Mechanism of action
of antiviral drugs. Int. J. Immunopathol. Pharmacol.,, 2021, 35: 20587384211002621 (doi:
10.1177/20587384211002621)

16 Jen H.H., Chang, W.J. Lin T.Y., Hsu C.Y., Amy Ming-Fang Yen A.M.-F., Lai C.C.,Chen T. H.-
H. Evaluating Clinical Efficacy of Antiviral Therapy for COVID-19: A Surrogate Endpoint Approach.
Infectious Diseases and Therapy, 2021, 10: 815-825 (doi: 10.1007/s40121-021-00431-9)

17 Chowell G., Echevarria-Zuno S., Viboud C., Simonsen L., Tamerius J., Miller V.A., Borja-Aburto
V.H. Characterizing the epidemiology of the 2009 influenza A/H1IN1 pandemic in Mexico. PLoS Med.,
2011, 8(5): €1000436. (doi: 10.1371/journal.pmed.1000436)

18 Khanna M., Saxena L.,Gupta A., Roopali K. “Influenza Pandemics of 1918 and 2009” . Future
Virology. 2013, 8 (4): 335-342.

19 Taubenberger J.K., Reid A.H., Janczewski T.A., Fanning T.G. Integrating historical, clinical and
molecular genetic data in order to explain the origin and virulence of the 1918 Spanish influenza virus.
Philos. Trans. R. Soc. Lond. Biol.Sci., 2001, 356: 829-1839.

20 Smith G. J. D., Vijaykrishna D., Bahl J.et al. Origins and evolutionary genomics of the 2009
swine-origin HIN1 influenza A epidemic. Nature, 2009, 459(7250): 1122-1125.

21 Nelson M., Gramer M., Vincent A. and Holmes E.C. Global transmission of influenza viruses
from humans to swine. Journal of General Virology, 2012, 93(10): 2195-2203.

22 Wang L.S., Wang Y.R., Ye D.W.,, Liu Q.Q. A review of the 2019 Novel Coronavirus (COVID-
19) based on current evidence. Inter. J. of Antimicrobial Agents. 2020, (doi:
10.1016/j.ijantimicag.2020.105948)

23 Wu Y.C., Chen C.C., Chan Y .J. The outbreak of COVID-19: An overview. J Chin Med Assoc.
2020, 83(3): 217-220 (doi: 10.1097/JCMA.0000000000000270)

46



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne3 (42) 2023  www. imv-journal.kz

24 Majumdar A., Malviya N., Alok S. An overview on COVID-19 outbreak: Epidemic to
pandemic. International Journal of Pharmaceutical Sciences and Research. 2020, 11(5):1958-1968 (doi:
10.13040/1JPSR.0975-8232.11(5).1958-68)

25 Hu B., Guo H., Zhou P., Shi Z.L. Characteristics of SARS-CoV-2 and COVID-19. Nature
Reviews Microbiology, 2021, 19: 141-154 (doi: 10.1038/s41579-020-00459-7)

26 Covid-19 coronavirus pandemic. Worldometer. https://www.worldometers.info/coronavirus/.

27 Li H., Hu C.Y., Wu N.P., Yao H.P., Li L.J. Molecular characteristics, functions, and related
pathogenicity of MERS-CoV proteins. Engineering, 2019, 5(5): 940-947 (doi: 10.1016/j.eng.2018.11.035)

28 Hussain M., Galvin H.D., Haw T.Y., Nutsford A.N., Husain M. Drug resistance in influenza A
virus: the epidemiology and management. Infect Drug Resist., 2017, 10:121-134 (doi:
10.2147/IDR.S105473)

29 Lampejo T. Influenza and antiviral resistance: an overview. Eur. J. Clin. Microbiol. Infect. Dis.,
2020, 39(7): 1201-1208 (doi: 10.1007/s10096-020-03840-9)

30 Noshi T., Kitano M., Taniguchi K., Yamamoto A., Omoto Sh., Baba K., Hashimoto T., Ishida K.,
Kushima Y., Hattori K., Kawai M., Yoshida R., Kobayashi M., Yoshinaga T., Sato A., Okamatsu M.,
Sakoda Y., Kida H., Shishido T., Naito A. In vitro characterization of baloxavir acid, a first-in-class cap-
dependent endonuclease inhibitor of the influenza virus polymerase PA subunit. Antiviral Res., 2018, 160:
109-117 (doi: 10.1016/j.antiviral.2018.10.008)

31 Gubareva L.V., Fry A.M. Baloxavir and Treatment-Emergent Resistance: Public Health Insights
and Next Steps. The Journal of Infectious Diseases. 2020, 221(3): 337-339 (doi: 10.1093/infdis/jiz245)

32 Eastman R.T., Roth J.S., Brimacombe K.R., Simeonov A., Shen M., Patnaik S., Hall M.D.
Remdesivir: A Review of Its Discovery and Development Leading to Emergency Use Authorization for
Treatment of COVID-19. ACS Cent. Sci., 2020, 6(5): 672-683 (doi: 10.1021/acscentsci.0c00489)

33 Wang Y., Zhang D., Du G., et.al. Remdesivir in adults with severe COVID-19: a randomized,
double-blind, placebo-controlled, multicenter trial. Lancet, 2020, 395: 1569-1578 (doi: 10.1016/S0140-
6736(20)31022-9)

34 Furuta Y., Komeno T., Nakamura T. Favipiravir (T-705), a broad-spectrum inhibitor of viral RNA
polymerase. Proc. Jpn. Acad. Ser. B Phys. Biol. Sci., 2017, 93(7): 449-463 (doi:10.2183/pjab.93.027).

35 Delang L., Abdelnabi R., Neyts J. Favipiravir as a potential countermeasure against neglected and
emerging RNA viruses. Antiviral. Res., 2018, 153: 85-94. (doi: 10.1016/j.antiviral.2018.03.003)

36 Chandwani A., Shuter J. Lopinavir/ritonavir in the treatment of HIV-1 infection: a review. Ther.
Clin. Risk Manag., 2008, 4(5): 1023-1033 (doi: 10.2147/tcrm.s3285)

37 Cortegiani A., Ingoglia G., Ippolito M., Giarratano A., Einav S. A systematic review on the
efficacy and safety of chloroquine for the treatment of COVID-19. Journal of Critical Care., 2020, 57:
279-283 (doi: 10.1016/j.jcrc.2020.03.005)

38 Costedoat-Chalumeau N., Dunogué B., Leroux G. et al. A Critical Review of the Effects of
Hydroxychloroquine and Chloroquine on the Eye. Clinic Rev. Allerg. Immunol., 2015, 49: 317-326
(doi.org/10.1007/s12016-015-8469-8)

39 Tang D, Li J., Zhang R., Kang R., Klionsky D.J. Chloroquine in fighting COVID-19: good,
bad, or both? Autophagy. 2020; 16(12): 2273-2275 (doi: 10.1080/15548627.2020.1796014)

40 Berdimuratova G.D., Muzychkina R.A., Korulkin D.Yu., Abilov Zh.A., Tulegenova A.U.
Biologically active substances of plants. Isolation, division, analysis, 2006, Almaty: Atamura, 438 p.

41 Zhao Y., Wu Y., Wang M. Bioactive Substances of Plant Origin. Handbook of Food Chemistry,
Cheung, P., Mehta, B. (eds), 2015, Springer: 967-1008 (doi: 10.1007/978-3-642-36605-5_13)

42 Worthley D. L., Bardy P. G., Mullighan C. G. Mannose-binding lectin: biology and clinical
implications. Internal. Medicine Journal, 2005, 35 (9): 548-555 (doi: 10.1111/j.1445-5994.2005.00908.x)

43 Ludwig S., Ehrhardt C., Hrincius E.R., Korte V., Mazur 1., Droebner K., Poetter A., Dreschers S.,
Schmolke M., Planz O. A polyphenol rich plant extract, CYSTUSO052, exerts anti influenza virus activity
in cell culture without toxic side effects or the tendency to induce viral resistance. Antiviral Res., 2007, 76:
38-47.

44 LiY.,Jiang R., Ooi L. S. M., But P. P. H. Ooi V.E.C. Antiviral triterpenoids from the medicinal
plant Schefflera heptaphylla. Phytotherapy Research, 2007, 5: 466-470 (doi: 10.1002/ptr.1962)

45 Sawai R., Kuroda K., Shibata T., Gomyou R., Osawa K., Shimizu K. Anti- influenza virus activity
of Chaenomeles sinensis. J. Ethnopharmacol., 2008, 118: 108-112 (doi: 10.1016/j.jep.2008.03.013)

46 Hudson J.B. The use of herbal extracts in the control of influenza. J. Med. Plants. Res., 2009, 3:
1189-1194.

47



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No3 (42) 2023  www. imv-journal.kz

47 Musarra-Pizzo M., Ginestra G., Smeriglio A. et al. The Antimicrobial and Antiviral activity of
polyphenols from almond (Prunus dulcis L.) skin. Nutrients. 2019, 11(10): 2355 (doi:
10.3390/nu11102355)

48 Chang K.O., Kim Y., Lovell S., Rathnayake A.D., Groutas W.C. Antiviral Drug Discovery:
Norovirus Proteases and Development of Inhibitors. Viruses, 2019, 11(2): 197 (doi: 10.3390/v11020197).

49 Subedi L., Tchen S., Prasad Gaire B., Hu B. and Hu K. Adjunctive nutraceutical therapies for
COVID-19. Int. J. Mol. Sci., 2021, 22: 1963 (doi: 10.3390/ijms22041963)

50 Berezin V., Bogoyavlenskiy A., Alexyuk M., Alexyuk P. Plant metabolites as antiviral
preparations against coronaviruses. J. Medicinal Food, 2021, 24(10): 1028-1038 (doi:
10.1089/jmf.2020.0190)

51 Ali S., Alam V., Khatoon F., Fatima U., Elashali A.E., Mohd Adnan M., Islam A., Hassan I.,
Snoussi M., De Feo V. Natural products can be used in therapeutic management of COVID-19: Probable
mechanistic  insights.  Biomedicine &  Pharmacotherapy, 2022, 147: 112658 (doi:
10.1016/j.biopha.2022.112658)

52 Dushenkov V., Dushenkov A. Botanicals as prospective agents against SARS-COV-2 virus.
Paemi Sino., 2022, 24(1): 113-122 (doi: 10.25005/2074-0581-2022-24-1-113-122)

53 Dou D., Revol R., Ostbye H.,Wang H., Daniels R. Influenza A virus cell entry, replication, virion
assembly and movement. Front. Immunol. Sec. Microbial Immunology, 2018, 9: 1581 (doi:
10.3389/fimmu.2018.01581)

54 Loregian A., Mercorelli B., Nannetti G., Compagnin C., Palu G. Antiviral strategies against
influenza virus: towards new therapeutic approaches. Cellular and Molecular Life Sciences., 2014, 71:
3659-3683.

55. Tao K., Tzou P.L., Nouhin J., Bonilla H., Jagannathan P., Shafer R.W. SARS-CoV-2 antiviral
therapy. Clinical Microbiology Reviews, 2021, 34(4): 109-121 (doi: 10.1128/CMR.00109-21)

56 Jackson C.B., Farzan M., Chen B., Choe H. Mechanisms of SARS-CoV-2 entry into cells. Nature
Reviews Molecular Cell Biology, 2022, 23(1): 3-20 (doi: 10.1038/s41580-021-00418-x)

57 Kausar S., Said Khan F.S., Malik A. A review: Mechanism of action of antiviral drugs.
International Journal of Immunopathology and Pharmacology, 2021, 35: 20587384211002621 (doi:
10.1177/20587384211002621)

58 Kumari R., Sharma S.D., Kumar A., Ende Z., Mishina M., Wang Y., Falls Z., Samudrala R., Pohl
J., Knight P.R. Antiviral Approaches against Influenza Virus. Clinical Microbiology Reviews, 2023, 36(1):
€0004022 (doi: 10.1128/cmr.00040-22)

59 Bergstrom D.E., Lin X., Wood T.D., OWitvrouw M., lkeda S., et al. Polysulfonates derived from
metal thiolate complexes as inhibitors of HIV—1 and various other enveloped viruses in vitro. Antivir Chem
Chemother., 2002, 13(3): 185-195 (doi: 10.1177/095632020201300305)

60 Sepulveda—Crespo D., Gomez R., De La Mata F.J., Jiménez J.L., Mufioz-Fernandez M.A.
Polyanionic carbosilane dendrimer—conjugated antiviral drugs as efficient microbicides: Recent trends and
developments in HIV treatment/therapy. Nanomedicine, 2015, 11(6): 1481-1498 (doi:
10.1016/j.nan0.2015.03.008)

61 Tan S., Lu L., Li L., Liu J., Oksovet Y. et al. Polyanionic candidate microbicides accelerate the
formation of semen—derived amyloid fibrils to enhance HIV—1 infection. PL0S One, 2013, 8(3): €59777
(doi: 10.1371/journal.pone.0059777)

62 Loginova S.Y/, Kovalchuk A.V., Borisevich S.V., Syromiatnikova S.1., Boriseviche G.V. et al.
Antiviral activity of an interferon inducer amixin in experimental West Nile Fever. Vopr Virusol., 2004,
49(2): 8-11.

63 Worthley D. L., Bardy P. G., Mullighan C. G. Mannose-binding lectin: biology and clinical
implications. Internal Medicine Journal, 2005, 35 (9): 548-555 (doi: 10.1111/].1445-5994.2005.00908.x)

64 Xiao S., Si L., Tian Z., Fan Z., Meng K. et al. Pentacyclic triterpenes grafted on CD cores to
interfere with influenza virus entry: A dramatic multivalent effect. Biomaterials, 2016, 78:74-85 (doi:
10.1016/j.biomaterials.2015.11.034)

65 Darshani P., Sarma S.S., Srivastava A.K., Baishya R., Kumar D. Anti-viral triterpenes: a review.
Phytochemistry Reviews. 2022, 21: 1761-1842 (doi: 10.1007/s11101-022-09808-1)

66 Li H., Cheng C., Shi S.,, Wu Y., Gao Y. et al. Identification, optimization, and biological
evaluation of 3-O-B-chacotriosyl ursolic acid derivatives as novel SARS-CoV-2 entry inhibitors by
targeting the prefusion state of spike protein. Eur J Med Chem. 2022, 238: 114426 (doi:
10.1016/j.ejmech.2022.114426)

48



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne3 (42) 2023  www. imv-journal.kz

67 Majnooni M.B., Fakhri S., Bahrami G., Naseri M., Farzaei M.H., Echeverria J. Alkaloids as
Potential Phytochemicals against SARS-CoV-2: Approaches to the Associated Pivotal Mechanisms. Evid.
Based Complement Alternat. Med. 2021, 2021: 6632623 (doi: 10.1155/2021/6632623)

68 KimD.E., MinJ.S.,Jang M.S., Lee J.Y., Shin Y..S. et al. Natural bis-benzylisoquinoline alkaloids
tetrandrine, fangchinoline and cepharanthine inhibit human coronavirus OC43 infection of MRC5 human
lung cells. Biomolecules. 2019, 9(11): 696 (doi: 10.3390/biom9110696)

69 Li W.R,, Li X., He J., Jiang S., Liu S., Yang J. Quercetin as an antiviral agent inhibits influenza
A virus (IAV) entry. Viruses, 2016, 8(1): 6 (doi: org/10.3390/v8010006)

70 Shang J., Wan Y., Luo C., Li F. Cell entry mechanisms of SARS-CoV-2. PNAS. 2020, 117
(21): 11727-11734 (doi: 10.1073/pnas.2003138117)

71 Ho T.Y., Wu S.L., Chen J.C. et al. Emodin blocks the SARS coronavirus spike protein and
angiotensin-converting enzyme 2 interaction. Antiviral Res., 2007, 74(2): 92-101 (doi:
10.1016/j.antiviral.2006.04.014.)

72 Rolta R., Salaria D., Sharma P., Sharma B., Kumar V., Rathi B., et al. Phytocompounds of Rheum
emodi, Thymus serpyllum, and Artemisia annua inhibit spike protein of SARS-CoV-2 binding to ACE2
receptor: In silico approach. Current Pharmacology Reports, 2021, 7(4): 135-149 (doi: 10.1007/s40495-
021-00259-4)

73 Goc A., Sumera W., Rath M., Niedzwiecki A. Phenolic compounds disrupt spike-mediated
receptor-binding and entry of SARS-CoV-2 pseudo-virions. PLoS One, 2021, 16(6): 0253489
(doi:10.1371/journal.pone.0253489)

74 Xu H., Liu B., Xiao Z., Zhou M., Ge L., Jia F. et al. Computational and experimental studies
reveal that thymoquinone blocks the entry of coronaviruses into in vitro cells. Infectious Diseases and
Therapy, 2021, 10(1): 483-94 (doi: 10.1007/s40121-021-00400-2)

75 Bogoyavlenskiy A., Alexyuk M., Alexyuk P., Berezin V., Almalki F.A. et al. Computer analysis
of the inhibition of ACE2 by flavonoids and identification of their potential antiviral pharmacophore Site.
Molecules, 2023, 28(9): 3766 (doi: 10.3390/molecules28093766)

76 Ryu Y.B., Jeong H.J., Kim J.H., Kim M.Y ., Park J.Y. et al. Biflavonoids from Torreya nucifera
displaying SARS-CoV 3CL(pro) inhibition. Bioorg. Med. Chem., 2010, 18: 7040-7047 (doi:
10.1016/j.bmc.2010.09.035)

77 Colunga Biancatelli R.M.L., Berrill M., Catravas J.D., Marik P.E. Quercetin and vitamin C: An
experimental, synergistic therapy for the prevention and treatment of SARS-CoV-2 related disease
(COVID-19). Frontiers in Immunology, 2020, 11: 1451(doi: 10.3389/fimmu.2020.01451)

78 Chen L., Li J., Luo C., Liu H., Xu W. et al. Binding interaction of quercetin-3-beta-galactoside
and its synthetic derivatives with SARS-CoV 3CL(pro): Structure-activity relationship studies reveal
salient pharmacophore features. Bioorg. Med. Chem., 2006, 14(24): 8295-8306 (doi:
10.1016/j.bmc.2006.09.014)

79 Goc A., Niedzwiecki A., lvanov V., Ivanova S., Rath M. Inhibitory effects of specific combination
of natural compounds against SARS-CoV-2 and its Alpha, Beta, Gamma, Delta, Kappa, and Mu variants.
European Journal of Microbiology and Immunology, 2022, 11(4): 87-94 (doi: 10.1556/1886.2021.00022)

80 Zhang D.H., Wu K.L., Zhang X., Deng S.Q., Peng B. In silico screening of Chinese herbal
medicines with the potential to directly inhibit 2019 novel coronavirus. Journal of Integrative Medicine,
2020, 18(2): 152-158 (doi: 10.1016/j.joim.2020.02.005)

81 Mishra P., Sohrab S., Mishra S.K. A review on the phytochemical and pharmacological properties
of Hyptis suaveolens (L.) Poit. Future Journal of Pharmaceutical Sciences, 2021, 7(1): 1-11 (doi:
10.1186/s43094-021-00219-1)

82 Garcia S. Pandemics and traditional plant-based remedies. A historicalbotanical review in the era
of COVID19. Front Plant Sci., 2020, 11: 571042 (doi: 10.3389/fpls.2020.571042)

83 Gubareva L., Mohan T. Antivirals targeting the neuraminidase. In: Additional Perspectives on
Influenza: The Cutting Edge Neumann G. and Yoshihiro Kawaoka Y. (ed.), 2020, Cold Spring Harbor
Laboratory Press (doi: 10.1101/cshperspect.a038455)

84 Bantia S., Parker C.D., Ananth S.L., Horn L.L., Andries K. et al. Comparison of the anti-
influenza virus activity of RWJ-270201 with those of oseltamivir and zanamivir. Antimicrob. Agents
Chemother., 2001, 45(4): 1162-1167 (doi: 10.1128/AAC.45.4.1162-1167.2001)

85 Lloren K.K., Kwon J.J., Choi W.S., Jeong J.H., Ahn S.J. et al. In vitro and in vivo characterization
of novel neuraminidase substitutions in influenza A(H1N1)pdmO09 virus identified using laninamivir-
mediated in vitro selection. J. Virol., 2019, 93(6): e01825-18 (doi: 10.1128/JV1.01825-18)

49



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No3 (42) 2023  www. imv-journal.kz

86 Theisen L.L., Muller C.P. EPs®7630 (Umckaloabo®), an extract from Pelargonium sidoides
roots, exerts anti-influenza virus activity in vitro and in vivo. Antiviral Research, 2012, 94(2): 147-56 (doi:
10.1016/j.antiviral.2012.03.006)

87 Theisen L.L., Erdelmeier C.A., Spoden G.A., Boukhallouk F., Sausy A., Florin L. Tannins from
Hamamelis virginiana bark extract: Characterization and improvement of the antiviral efficacy against
influenza A virus and human papillomavirus. PloS One, 2014, 9(1): 88062 (doi:
10.1371/journal.pone.0088062)

88 Ddoring K., Langeder J., Duwe S., Tahir A., Grienke U., Rollinger J.M. et al. Insights into the
direct anti-influenza virus mode of action of Rhodiola rosea. Phytomedicine, 2022, 96: 153895 (doi:
10.1016/j.phymed.2021.153895)

89 Turmagambetova A., Sokolova N., Zaitceva I., Alexyuk M., Bogoyavlenskiy A., Berezin V.
Essential oils as antiviral preparations. Journal of Biotechnology, 2015, 208: S93 (doi:
10.1016/j.jbiotec.2015.06.291)

90 Aleksyuk P.G., Moldakhanov E.S., Akanova K.S., Anarkulova E.l., Bogoyavlensky A.P., Berezin
V.E. Standardization of saponin-containing preparations with antiviral activity. International Journal of
Applied and Basic Research (Russia), 2014, 6: 80-81.

91 Bogoyavlenskiy A.P., Adekenov S.M., Berezin V.E. Sravnitel'noe izuchenie
virusingibiruyushchej aktivnosti nekotoryh kumarinov na modeli virusa grippa. Doklady NAN RK, 2014,
2: 57-62.

92 Turmagambetova A.S., Bogoyavlenskiy A.P., Aleksyuk P.G., Aleksyuk M.S., Sokolova N.S.,
Omirtaeva E.S., Zaitseva I.A., Berezin V.E. Phenolic acids of plant origin as a promising source for the
development of antiviral agents. Medicine, 2019, 7-8(205-206): 65-76 (doi: 10.31082/1728-452X-2019-
205-206-7-8-65-76)

93 Turmagambetova A.S., Sokolova N.S., Aleksyuk M.S., Anarkulova E.l., Bogoyavlensky A.P.,
Berezin V.E. Influence of polyphenolic drugs on different subtypes of influenza A virus neuraminidase.
Basic Research (Russia), 2015, 2(20): 4430-4434.

94 Zhanymkhanova P.Zh., Toigambekova N.N., Esmaganbetova A.M., Turmagambetova A.S.,
Turysbaeva A.Sh., Aleksyuk M.S., Babenko A.S., Baisarov G., Mukusheva G.K., Bogoyavlenskii A.P.,
Berezin V.E., Adekenov S.M. lzuchenie protivovirusnoi aktivnosti nekotorykh flavonoidov i ikh
proizvodnykh. Doklady NAN RK, 2015, 3:179-184.

95 Turmagambetova A.S., Akanova K.S., Aleksyuk P.G., Bogoyavlenskii A.P., Sokolova N.S.,
Aleksyuk M.S., Omirtaeva E.S., Zaitseva I.A., Moldakhanov E.S., Anarkulova E.l., Zhumanov Zh.zZh.,
Berezin V.E. Protivovirusnye svoistva rastitelnogo preparata VF-3. Mikrobiologiya zhane virusologiya,
2018, 3(22): 67-74.

96 Sokolova N.S., Turmagambetova A.S., Aleksyuk M.S., Zaitseva I.A., Aleksyuk P.G.,
Bogoyavlenskii A.P., Berezin V.E. Sravnitelnoe izuchenie antivirusnoi aktivnosti izoflavonov soi ginestina
i daidzeina. Izvestiya NAN RK, ser. biol., med., 2014, 2: 113-117.

97 Turmagambetova A.S., Omirtaeva E.S., Aleksyuk M.S., Bogoyavlenskii A.P., Berezin V.E.
Otsenka terapevticheskoi i profilakticheskoi aktivnosti novogo antivirusnogo preparata rastitelnogo
proiskhozhdeniya "Flavovir™ in vitro i in vivo. Izvestiya NAN RK, ser. biol., med., 2016, 3: 118-126.

98 Turmagambetova A.S., Bogoyavlenskii A.P., Sokolova N.S., Omirtaeva E.S., Berezin V.E.
Protivovirusnye svoistva mangustina i gartanina. Novosti nauki Kazakhstana, 2020, 4(147): 41-51.

99 Bogoyavlenskiy A., Turmagambetova A., Berezin V., Alexyuk P., Alexyuk M. et al. The
therapeutic activity of some xanthones in experimental influenza infection. Biotechnology &
Biotechnological Equipment, 2021, 35(1): S65 (doi: 10.1080/13102818.2020.1871545)

100.Bogoyavlensky A.P., Turmagambetova A.S., Berezin V.E. Antiviral drugs of plant origin. Basic
research (Russsia), 2013, 6(5): 1141-1145

101 Uzunzhasova A.B., Turmagambetova A.S., Zaitseva I.A., Alexyuk M.S., Sokolova N.S.,
Korulkin D.Yu., Bogoyavlenskiy A.P., Berezin V.E. Comparative study antiviral activity of quercetin and
its derivatives. European Science Review. 2014, 2:3-7.

102 Aleksyuk M.S., Aleksyuk P.G., Zaitseva I.A., Sokolova N.S., Turmagambetova A.S., Korulkin
D.Yu., Bogoyavlensky A.P., Berezin V.E. Study of virus-inhibiting activity of kaempferol glycosides.
News of NAS RK, ser. biol., med., 2014, 5: 41-43.

103 Alexyuk P.G., Bogoyavlenskiy A.P., Alexyuk M.S., Tutmagambetova A.S., Zaitseva |.A.,
Omirtaeva E.S., Berezin V.E. Adjuvant activity of multi-molecular complexes based on Glycyrrhiza glabra

50



MMKPOBHOJIOI'Us ’KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne3 (42) 2023  www. imv-journal.kz

saponins, lipids and influenza virus glycoproteins. Archives of Virology, 2019, 164(7): 1793-1803 (doi:
10.1007/s00705-019-04273-2)

104 Turmagambetova A.S., Zaitseva I.A., Omirtaeva E.S., Sokolova N.S., Bogoyavlenskii A.P.,
Atazhanova G.A., Mukusheva G.K., Adekenov S.M., Berezin V.E. Rastitelnye terpenoidy, kak osnova
sozdaniya novykh protivovirusnykh preparatov. Novosti nauki Kazakhstana, 2018, 137: 57-65.

105 Turmagambetova A.S., Aleksyuk M.S., Bogoyavlenskii A.P., Omirtaeva E.S., Sokolova N.S.,
Berezin V.E. Stimulyatsiya obshchego protivovirusnogo immuniteta metoksiflavonoidami rastitelnogo
proiskhozhdeniya. Mikrobiologiya zhone virusologiya, 2018, Ne 3 (22), s.57-67.

106 Jassim SA, Naji MA. Novel antiviral agents: A medicinal plant perspective. J.Applied
Microbiology, 2003, 95(3): 412-27 (doi: 10.1046/j.1365-2672.2003.02026.X)

107 Musarra-Pizzo M, Pennisi R, Ben-Amor |, Mandalari G, Sciortino MT. Antiviral activity exerted
by natural products against human viruses. Viruses, 2021, 13(5): 828 (doi: 10.3390/v13050828)

108 Giordano D., Facchiano A., Carbone V. Food plant secondary metabolites antiviral activity and
their possible roles in SARS-CoV-2 treatment: An overview. Molecules, 2023, 28(6): 2470 (doi:
10.3390/molecules28062470)

109 Chouksey, D., Sharma, P., & Pawar, R. Biological activities and chemical constituents of
Ilicium verum hook fruits (Chinese star anise). Der Pharmacia Sinica, 2010, 1(3), 1-10.

110 Patra J.K., Das G., Bose S., Banerjee S., Vishnuprasad C.N. Rodriguez-Torres M.P., Shin H.-S.
Star anise (lllicium verum): Chemical compounds, antiviral properties, and clinical relevance. Phytother.
Res. 2020, 34(6): 1248-1267 (doi: 10.1002/ptr.6614)

111 Freddy A. Bernal F.A., Coy-Barrera E. Molecular docking and multivariate analysis of
xanthones as antimicrobial and antiviral agents. Molecules, 2015, 20: 13165-13204 (doi:
10.3390/molecules200713165)

112 Wu C,, Liu Y., Yang Y., Zhang P., Zhong W., Wang Y., et al. Analysis of therapeutic targets
for SARS-CoV-2 and discovery of potential drugs by computational methods. Acta Pharmaceutica Sinica,
2020, 10(5): 766-88 (doi: 10.1016/j.apsb.2020.02.008)

113 Napolitano F., Xu X., Gao X. Impact of computational approaches in the fight against COVID-
19: An Al guided review of 17 000 studies. Briefings in Bioinformatics, 2022, 23(1): bbab456 (doi:
10.1093/bib/bbab456)

114 Pandey P., Rane J.S., Chatterjee A., Kumar A., Khan R., Prakash A., Ray S. Targeting SARS-
CoV-2 spike protein of COVID-19 with naturally occurring phytochemicals: An in silico study for drug
development. J. Biomol. Struct. Dyn., 2020, 22: 1-11 (doi: 10.1080/07391102.2020.1796811)

115 Muhammad S., Hira S., Al-Sehemi A.G., Abdullah H., Khan M., Irfan M., Igbal J. Exploring
the new potential antiviral constituents of Moringa oliefera for SARS-CoV-2 pathogenesis: An in silico
molecular docking and dynamic studies. Chem. Phys. Lett, 2021, 767: 138379 (doi:
10.1016/j.cplett.2021.138379)

116 Mukhtar M., Arshad M., Ahmad M., Pomerantz R., Wigdahl B., Parveen Z. Antiviral potentials
of medicinal plants. Virus Res., 2008, 131(2): 111-120 (doi: 10.1016/j.virusres.2007.09.008)

117 Ben-Shabat S., Yarmolinsky L., Porat D., Dahan A. Antiviral effect of phytochemicals from
medicinal plants: Applications and drug delivery strategies. Drug Deliv Transl Res., 2020, 10(2): 354-367
(doi: 10.1007/s13346-019-00691-6)

118 Thomas E., Stewart L.E., Darley B.A., Pham A.M., Esteban I., Panda S.S. Plant-based natural
products and extracts: potential source to develop new antiviral drug candidates. Molecules, 2021, 26(20):
6197 (doi: 10.3390/molecules26206197)

119 Khakimov B., Tseng L. H., Godejohann M., Bak S., Engelsen S.B. Screening for triterpenoid
saponins in plants using hyphenated analytical platforms. Molecules, 2016, 21(12): 1614 (doi:
10.3390/molecules21121614)

120 Bucar F., Wubea A., Schmid M. Natural product isolation — how to get from biological material
to pure compounds. Nat. Prod. Rep., 2013, 30: 525-545. |

121 Jorge T.F., Mata A.T., Antonio C. Mass spectrometry as a quantitative tool in plant
metabolomics. Philos Trans A Math Phys Eng Sci., 2016, 28, 374(2079): 20150370 (doi:
10.1098/rsta.2015.0370)

51



