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CPEACTBA AA51 AEYEHUS SARS-COV-2 MHOEKLIVN
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BblcoKas 3a60n1eBaemMocTb M cMepTHOCTb 0T COVID-19 npusenu K YpessblvaiHOM CUTyaLMK B 061aCTV 34paBOOXPAHEHNSA BO BCEM MUPE, BbI3BAB aKTU-
BM3ALMIO M KOHCONMAALMIO YCUAWI B COOTBETCTBYHOLLMX 0BNACTAX HAYYHBIX UCCNEA0BAHUI U NPAKTUKE 3paBOOXPAHEHUA.

Llenb: oLeHUTb NOTEHUMANBbHYIO PO/Ib PACTEHUI B KQYeCTBE MCTOYHUKA IEKAPCTBEHHBIX CPeAcTB NpoTus BMpyca SARS-CoV-2.

Mertopap!: B 3TOM 0630pe NpoaHanvM3MpoBaHa NOTeHLMaNbHAA PO/b PACTUTE/IbHBIX MPENapaToB B KaYeCTBE SIEKAPCTBEHHbIX CPEACTB NPOTUB BUpYCa
SARS-CoV-2 Ha 0CHOBE CCbINOK, 0ny6MKOBaHHbIX A0 deBpansa 2022 rofa UCKNHOYUTENBHO Ha aHIIMIACKOM A3bIKE U NONYYEHHbIX C MOMOLLbIO TPAANLM-
OHHbIX aKaJeMUYECKMX MOUCKOBbIX CUCTEM C UCTMO/Ib30BAHUEM HECKOJIbKUX KNKOUEBbIX C/I0B U UX KOMBUHALMI. HayyHble Ha3BaHWA BMAOB pacTeHUi
6b121M NoATBEPXAEHbI ¢ Nomolubio pecypca World Flora Online (https://wfoplantlist.org/).

Pe3ynbrathl: 6blna OLEHEHa PO/b PACTUTE/NbHbIX MPENapaToB B BO3AEMCTBUM Ha YYBCTBUTE/IbHbIE K JIEKAPCTBEHHBIM NpenapaTam 3BeHbA B LyKIe
penauKkaumm sBupyca. [poaHann3npoBaHa NOTEHLMANbHAA POb GUTOXMMUYECKMUX BELLECTB M OTBAPOB JIEKAPCTBEHHbIX PACTEHMIA B NPeoTBPaLLEHNUM
NPOHUKHOBEHMA BMPYCa B KNeTKy. Kpome Toro, 6bis0 MOKa3aHo, Y4To areHTbl MPEnATCTBYIOT MPUCOEAVMHEHMIO CNAKoBOro beska K peLenTopam aHrv-
OTeH3MHNpeBpaLatowero depmenta 2, 6nokupytot PHK-3asucumyto PHK-nonnmepasy, MHIMGMPYIOT 3-XMMOTPUNCUH-NOAO0OHYIO NpoTeasy, OCHOB-
Hyto NpoTeasy, HelipaMMHUAA3y 1 apyrue GepMeHTbI, yHacTByloLMe B penankauum Bupyca. Ocoboe BHUMaHWe 6bI10 YAENEHO PO PACTUTENbHBIX
CpeacTs Kak UMMYHOMOZYNATOPOB U aaNTOreHOB.

3aKnoyeHne: pacTuTe/IbHble NpenapaTtbl 067134at0T BbICOKMM NOTEHLIMANOM B Ka4eCTBE BO3MOMXKHbIX CPEACTB AN IeYeHNA BUPYCHbIX 3ab0neBaHuit.
Cnocob peincTeusa pacTMTeNbHbIX NPenapaTos MOXeT bbiTb OCHOBAH Ha MX NPAMOM BAUAHWUM Ha CNOCOBHOCTb BUPYCa NPOHUKATb B KNETKU YENOBEKa
¥ BO3AEWCTBOBATb Ha PENMKALMIO BUPYCA WM aKTUBALMU UMM MMMYHOMOZY/IMPYIOLWMX M MPOTUBOBOCMAIMTENbHBIX peakuuid. Kpome Toro, agbio-
BaHTHOE fieYeHMe PacTUTENbHbIMU NpenapaTaMi MOMKET Bbi3biBaTb 0CNabieHne nanM UcHe3HoOBEHWE CUMNTOMOB 3ab0neBaHusA, YyMeHbLWUTL bpema
3a60/1€BaHNA, COKPATUTb MPOLOMNKUTENBHOCTD HONE3HM.

Kntouesble cnoBa: COVID-19, pacmumenbHbie npenapamsl, npenapamel Ha ocHose mpas, Atopeeda, HympuyesmuKu, humoxumuKkamel, nuujesele
dobasku
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The COVID-19 high morbidity and mortality resulted in a worldwide healthcare emergency that triggered accelerated and amplified efforts in the
relevant areas of health sciences research and practice.

Purpose: To assess the potential role of botanicals as therapeutic agents against the SARS-CoV-2 virus.

Methods: This narrative review examined the potential role of botanicals as therapeutic agents against the SARS-CoV-2 virus based on the references
limited to the English language and published up to February 2022 and retrieved from common academic search engines using multiple keywords and
their combinations. The scientific names of plant species were confirmed using World Flora Online (https://wfoplantlist.org/).

Results: The role of botanicals in targeting druggable points in the virus replication cycle has been evaluated. This includes the potential role of
phytochemicals and medicinal plant concoctions in preventing the virus from entering the cell. Furthermore, the agents have been shown to hinder
the attachment of S protein to angiotensin-converting enzyme 2, block RNA-dependent RNA Polymerase, inhibit 3-chymotrypsin like protease, main
protease, neuraminidase, and other enzymes involved in virus replication. Special attention was played to the role of botanicals as immunomodulators
and adaptogens.

Conclusion: Botanicals have a high potential as prospective agents in managing viral diseases. Botanicals' mode of action(s) may be based on their
direct interference with the virus's ability to enter human cells, virus replication, or their activation of the immune-modulatory and anti-inflammatory
responses. In addition, the adjuvant treatments with botanicals have the potential to result in advances in symptom resolution, decrease disease
burden and shorten disease duration.
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BBEAEHMUE

3aboneBaHue, Bbi3aBaHHOe BUpycom SARS-CoV-2 v Ha3BaHHOe B
€ro YeCTb, OKa3as10Cb MOUCTUHE KaTacTpodudeckmm; COVID-19 notpsc
mup B Havane 2020 ropa. Bbicokan 3a601€BaemMoCTb M CMEPTHOCTb
NPUBENN K BO3HMKHOBEHWIO YpPE3BbIYAKHOW CUTyauuu B obnactu
30,paBOOXPaHEHUA € BecnpeLefeHTHBIMM NOCAEACTBUAMM s obLue-
CTBEHHOIO 3,0POBbA U IKOHOMMUKM BO BCEM MMpe. 3TO, B CBOIO OYe-
peab, BbI3BaN0 aKTUBU3ALLMIO U PACLUMPEHWNE YCUANIA, NPEeNPUHATLIX
B COOTBETCTBYIOLLMX 0D1ACTAX HayYHbIX UCCNELOBAHWI M NpaKTUKe
3[1paBOOXPaHEHNS.

Becb reHom SARS-CoV-2 6bln ceKBeHMPOBaH M OMyb6ANKOBAH B
GISAID B KoHUe 2019 ropa (naeHTudmKaTop goctyna: EPI_ISL_402119;
EPI_ISL_402120; EPI_ISL_402121). Pe3ynsTaTbl MCCAEAOBAaHUA TaK-
e 6blin onybankoBaHbl 24 aHeapa 2020 roga Ha caite NEJM.org
[1]. No cpaBHeHMtO ¢ reHOMamK Apyrux Bupycos reHom SARS-CoV-2
nmeet 79,5% cxopacTso Hykneotnaos ¢ Bupycom SARS-CoV, noasue-
WMMCA B KUTaCKoW nposuHUmMM TyaHayH 8 2002 rogy, n okono 50%
cxoacTso ¢ Bupycom MERS-CoV, noasuslummca Ha bavxkHem BocToke
8 2012 roay, a Takxke 96% CX0ACTBO C KOPOHABMPYCOM NIETYUYUX Mbl-
wew CoV RaTG13 [1]. TouHoe npoucxoxaeHne SARS-CoV-2 o cux nop
HeusBecTHO. Hannuume y S-6enka yHUKanbHOro caita paclienneHuns
byprHOM [2] 1 OTCYTCTBME NPOMEKYTOUHbBIX NEPEHOCYMKOB, HaMune
KOTOpbIX NpesnonaraeTca y 300HO3HbIX BUPYCOB, OCTaBAAET BONPOC O
npouncxoxaeHnn SARS-CoV-2 BCé elué He pelwéHHbIM [3].

B opraHu3me yenoseka obutaet HecumcieHHOE MHOXECTBO BU-
PYCOB, COBOKYMHOCTb KOTOPbIX OMMCBIBAETCA Kak BUPOM. Y Yenoseka
OH oueHMBaeTca npumepHo B 1013 yacTuL, Npu 3HAYMTENBHOW €ero
HeoaHopogHoCTH [4]. BupycHas meTareHoMMKa GOKyCMpyeTcs Ha us-
YYEHUW B3aUMOAEWCTBUA MEXKAY U3MEHEHUAMM BUPOMA YeI0BEKa U
naTtoreHe3om ero 3aboneBaHnii, 0COBEHHO B CBA3M C HEAABHUMM OT-
KpbITUAMM, accoummpoBaHHbimm ¢ COVID-19 [5]. Kpome Toro, Hepas-
HWA 3BOJIIOLMOHHBIV aHA/IM3 FEHOMHbIX A3HHbIX Ye/I0BEKA MOKa3as
Ha/ZIMYMe CyLLEeCTBEHHOW reHeTUYEeCKoi aganTtaumm, Havyano Gopmu-
POBaHMA KOTOPOW OTHOCUTCA KO BpemeHn 25000-neTHelt AaBHOCTH,
06HapyKMBaeMoi B Nonynaumax aopei BoctouHol Asuu, Bcnep-
CTBME KOTOPOM HECKO/IbKO WX FeHOB B3aUMOZENCTBYIOT C KOPOHABUPY-
camu, BKtouas SARS-CoV-2 [6].

[ocTvKeHne KONNEKTUBHOTO MMMYHWTETA NyTEM BbIXOAa Ha
YPOBeHb BaKuMHauun 80-90% cTano OCHOBHOM cTpaTermeit 60pbbbi ¢
naHaemuen. NpubansuTensHo 3a rog A0 TOro, Kak BUPYC Obli UaeH-
TonumposaH, 11 aekabps 2020 roaa, BakuuHa Pfizer-BioNTech npo-
B COVID-19 nonyunna ot YnpasneHMA NO CAaHUTApPHOMY HaA30py 3a
KauecTBOM NULLEBbIX NPOAYKTOB U MeauKkameHTos CLUA (FDA) pa3pe-
WEeHWe Ha UCMONb30BaHME B Ype3BbIYalHbIX cuTyaumax (EUA). C Tex
nop BO BCEM MMpPe MNOABMNOCb MHOXKECTBO BakuMH npotns COVID-19,
paspabotaHHbix Oxford — AstraZeneca (Vaxzevria, Covishield), Pfizer —
BioNTech (Comirnaty), Moderna (Spikevax), HUW sanugemuonorum u
MUKpobuonorum um. H.®. famanen (CnyTHuK V).

Hay4yHoe coobLLecTBO, NPaBUTENLCTBA CTPAH M 0BLLECTBEHHOCTL
BHUMATENbHO CNeaAT 3a 3QPEeKTMBHOCTbIO BaKLMH. HeaaBHMI meTaa-
HaNM3 OTMETUA BbICOKYIO CTeNeHb HEOAHOPOAHOCTU YPOBHA IddekK-
TMBHOCTM BaKuuH npotns COVID-19 cpean nMOMHOCTbIO BaKLMHUPO-
BaHHbIX 1L, [7]. B uenom, onobpeHHble B HacToALLee BPeMA BaKLMHbI
npotns COVID-19 CHMMKAOT PUCK TAXKENOr0 TeyeHMA 3ab0seBaHMA
M CYMTAIOTCA HAAEKHBIMU U 3PDEKTUBHBIMU ANA OTPaHUYEHUA LUP-
KynAauum Bupyca cpefn Hacenenua. OfHaKO BaKUMHALMA He MOXeET
YCTPaHUTb PUCK 3apaxkeHna M MmeeT nobouyHble addeKkTbl [8], uTo
CoxpaHaeT HeobXo0AMMOCTb NOMCKA MHOTOCTOPOHHMX NOAXOA0B K Ne-
YyeHuto 3abonesaHus, BbidaBaHHoro COVID-19. B cBA3u ¢ 3TMM, UMeeT
MECTO CTPEMUTE/IbHOE Pa3BUTUE HAYUHbIX UCCAEeN0BaHUI U TPaHCNA-
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INTRODUCTION

It was a devastating disease caused by the SARS-CoV-2 virus
and named after it; COVID-19 shocked the world at the beginning
of 2020. The disease's high morbidity and mortality resulted in
a worldwide healthcare emergency with unprecedented public
health and economic impact. This, in turn, triggered accelerated
and amplified efforts in the relevant areas of health sciences re-
search and practice.

The entire genome of SARS-CoV-2 was sequenced and made
public on GISAID in late 2019 (accession ID: EPI_ISL_402119;
EPI_ISL_402120; EPI_ISL_402121). The research results were also
published on January 24, 2020, on NEJM.org. [1]. When com-
pared to the genomes of other viruses, the SARS-CoV-2 genome
shares 79.5% nucleotide similarity with SARS-CoV, which ap-
peared in the Guangdong Province of China in 2002, about 50%
similarity with MERS-CoV, which emerged in the Middle East in
2012, and 96% similarity with the bat coronavirus CoV RaTG13
[1]. The exact origin of SARS-CoV-2 is still unknown. The presence
of a unique Spike Furin Cleavage Site [2] and the absence of the
intermediates, expected to be seen in zoonotic viruses, keep the
question of SARS-CoV-2 origination not yet resolved [3].

The human body hosts an innumerable variety of viruses,
described as the virome. It is estimated at approximately 1013
particles per individual, with significant heterogeneity [4]. Viral
metagenomics focuses on the interactions between the changes
in the human virome and the pathogenesis of human diseases,
especially with recent findings related to COVID-19 [5]. In addi-
tion, a recent evolutionary analysis of human genomic datasets
unveiled that a robust genetic adaptation going 25,000 years back
exists in the East Asian human populations, where multiple genes
interact with coronaviruses, including SARS-CoV-2 [6].

Reaching herd immunity by achieving an 80-90% vaccina-
tion rate has become a primary strategy to tackle the pandem-
ic. Approximately one year before the virus was identified, on
December 11, 2020, the Pfizer — BioNTech COVID-19 Vaccine
became available in the USA under the Food and Drug Adminis-
tration (FDA) Emergency Use Authorizations (EUAs). Since then,
multiple COVID-19 vaccines have mushroomed worldwide, e.g.,
Oxford — AstraZeneca (Vaxzevria, Covishield), Pfizer — BioNTech
(Comirnaty), Moderna (Spikevax), Gamaleya Research Institute of
Epidemiology and Microbiology (Sputnik V).

The scientific community, governments and the public
closely monitor the vaccine's effectiveness. A recent meta-analy-
sis noted high heterogeneity in COVID-19 vaccines' effectiveness
among fully vaccinated individuals [7]. Overall, the currently ap-
proved COVID-19 vaccines reduce the risk of developing severe
iliness and are considered reliable and effective to limit virus cir-
culation within the general population. However, vaccination can-
not eliminate the risk of infection and has side effects [8], keeping
the treatment of COVID-19 disease multifaceted. Thus, there is
rapidly developing research and translational science in COVID-19
prevention, treatment and mitigation of long-term effects.

Medicinal plants have been used to treat viral diseases long
before 1796, when Edward Jenner demonstrated that the "vac-
cinia" virus could protect against smallpox, and even before more
than two millennia ago when variolation was used in China and
India. The antiviral potential of medicinal plants has a long histo-
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LIMOHHOM MeauLMHbI B 061aCTV NPOPUNAKTUKM, NEYEHMA U 3IMMUHA-
LMK JOArocpoyHbIx nocneactamit COVID-19 nHbekumm.

JNlekapcTBeHHbIE pacTeHMs WCMOMb30BAIUCh OIS IeYeHUs BU-
pycHbix 3aboneBaHwii 3380110 ao 1796 ropa, Koraa 3aBapa, JxkeHHep
NPOAEMOHCTPUPOBAN, YTO BBEAEHUE B OPraHW3M BUPYCa KOPOBbEW
OCMbl MOMET 3aLLMLLATb OT 3a60/1eBaHNA HaTypanbHOM OCNOiA; U AaKe
elwé paHblue, CBbILe ABYX TbiCAYENETUI Ha3a4, Koraa B Kutae v UH-
auv Bblna npumeHeHa Bapuonauma. NMpPoTMBOBMPYCHbIN NOTeHUMan
NIeKapCTBEHHbIX PACTEHUI UMEET AONTYI0 UCTOPUIO NPpU3HaHKsA [9-11].
Hanpumep, B TeUeHUe COTEH NIET KOPEHHbIE aMEPUKAHLbI, CUIbHO NO-
CTpaZiaBliMe OT OCMbl, UCMONb30BaAM NPUNAPKM U HACTOM, NOSyYEH-
Hble U3 cappaLeHuu NypnypHoii (Sarracenia purpurea), ona neveHuns
3Toro 3abonesaHus. [MPOTMBOBMPYCHbIE CBOWCTBA 3TOrO PacTeHMA
NoATBEPKAEHbI B COBPEMEHHbIX 3KCnepumeHTax [12].

B rposHble BpemeHa NaHAEMMW UCMAHCKOro rpunna, 4na obner-
yeHMA TeyeHua 3aboneBaHus, H0AM UCNOAb30BaANN PACTUTE/bHbIE Nie-
KapCTBEHHbIE CPEACTBa, NONyYeHHbIE U3 penyaToro nyKa (Allium cepa),
refib3emus BeyHosenéHoro (Gelsemium sempervirens), NMOCKOHHWKA
(Eupatorium perfoliatum), kKnonoroHa KuctesuaHoro (Actaea racemosa)
W nactoBHA KnybHwucToro (Asclepias tuberosa) [13]. Ocenstammsupa
docdat (Tamndnio®), npenapat, NOAYYEHHbIA U3 aHMCA 3BE3AYATOrO
(Mlicium verum), opo6peH FDA «ans neyeHna oCcTPOro HEOCIOMKHEHHO-
ro rpu1nna y NauMeHToB B BO3PacTe 2 HeAe/b 1 CTapLUe, Y KOTOPbIX CUM-
NTOMbI HabNoAatOTCA He 6onee 2 aHeln». OH TaKKe PEKOMEHA0BaH 415
NPOPUNAKTMKM rpunna y naLmeHToB B Bo3pacTte 1 roga 1 ctapue [14].

METOAbI

B 3TOM onucaTesbHOM 0630pe paccMaTpUBAETCA NOTEHLMAb-
Has PO/ib PacTEHWUM B KauyecTBe TepaneBTUYECKMX CPeaCTB NpPOTWB
Bupyca SARS-CoV-2. Ccblik1, onyb/IMKOBaHHbIE HA aHIIMIICKOM A3bl-
Ke oo despana 2022 roaa, 6biAM NOMyYeHbl U3 PAAa MOUCKOBbIX CU-
cTem, Takux Kak Google Scholar, PubMed, Science Direct, Scopus u
Web of Science, ¢ UCnNonb30BaHNEM HECKOIbKMX K/HOYEBbLIX C/I0B U
MX KOMBMHALMI, BKAKoYas, nomumo npodero, COVID-19, SARS-CoV-2,
pacTUTe/bHble NpenapaTbl, AlopBeaa, HYTPULEBTUKM, TPAANLLMOHHAA
KUTalCKan MeguLUMHA, NuLLeBble fo6aBkK. Kpome Toro, HayyHble Ha-
3BaHMA BUAOB pacTeHUi Bblan noaTBep:KAeHbl ¢ nomolbio World
Flora Online (https://wfoplantlist.org/).

PE3YNbTATbI

PacTutenbHble npenapatbl, AeWCTBYlOUME HA LUKA

pennuKkauum Bupyca

KpuTuueckue stanbl UyKAa penavkaLmm BUpyca XopoLuo usy4e-
Hbl [15, 16]. 3Ta MHPOpMaLMs NOATONKHYA K NOUCKY HOBbIX COeAM-
HEHWUI U YTOUYHEHWIO BO3AEWCTBUA M3BECTHbIX PACTUTE/IbHbIX Mpena-
paToB. JTanbl, HA KOTOPbIE HANPAB/IEHO AEeICTBME PACCMATPUBAEMbIX
npenapaTtos, BKAKOYALOT Pa3NyHble CTOPOHbI U Gpasbl NPOHMKHOBEHUA
Bupyca SARS-CoV-2 B KNneTky-xo3auHa [16], penaunkaumio PHK, cuH-
Te3 NosMmepas, NpoTeas, HeCTPYKTYPHbIX U CTPYKTYPHbIX 6enkos u
afanTUBHbIE MMMYHHble OTBETbI Ha UHdeKUMto [17]. MoTeHuuanbHoe
BAUAHME PUTOXMMUYECKUX BELLLECTB, TAKUX KaK asikanounabl, bnasoHo-
Wbl TEpMeHbl U TePNeHOMAbI, Ha IEKAPCTBEHHbIE MULLEHMU B LMK/
penaukauum SARS-CoV-2 6biio 0606LieHo B HefaBHem 063ope [18].
XopoLlo M3BEeCTHbIN (IaBOHON KBEPLETUH NPOABAAET Pas/nyHble
NPOTUBOBMPYCHbIE CBOWCTBA, KOTOPblE MOTYT HapyllaTb HECKONbKO
3TanoB BUPYCHOro LmMKna [19].

PacTeHua cogepaT MUANMOHBI NPUPOAHbIX COEAUHEHUN; Of-
HaKO TPALMLMOHHBINA CKPUHUHT coeanHeHUM, 3GdeKTUBHbIX NPOTHUB
SARS-CoV-2, oKkasanca ovyeHb AAUTENbHbIM U TPyAoEMKUM. Kpome

ry of recognition [9-11]. For example, for hundreds of years, the
Native Americans who were severely affected by smallpox used
poultices and infusions derived from Sarracenia purpurea to treat
the condition. The antiviral properties of this plant were con-
firmed in modern experiments [12].

During the desperate times of the Spanish Flu, people used
herbal remedies derived from Allium cepa, Gelsemium semper-
virens, Eupatorium perfoliatum, Actaea racemosa and Asclepias
tuberosa to alleviate the burden of the disease [13]. Oseltamivir
phosphate (TAMIFLU®), a drug derived from /lllicium verum, is FDA
approved "to treat acute, uncomplicated influenza in patients 2
weeks of age and older who have been symptomatic for no more
than 2 days". It is also available to prevent influenza in patients 1
year and older [14].

METHODS

This narrative review examines the potential role of bo-
tanicals as therapeutic agents against the SARS-CoV-2 virus. The
references limited to the English language and published up to
February 2022 were retrieved from the search engines such as
Google Scholar, PubMed, ScienceDirect, Scopus, and Web of
Science using multiple keywords and their combinations, includ-
ing but not limited to COVID-19, SARS-CoV-2, botanicals, herbal
drugs, Ayurveda, nutraceutical drugs, traditional Chinese med-
icine, dietary supplements. In addition, the scientific names of
plant species were confirmed using World Flora Online (https://
wfoplantlist.org/).

RESULTS

Botanicals targeting the virus replication cycle

The critical steps of the virus replication cycle are well re-
searched [15, 16]. These findings have prompted a search for
novel compounds and fine-tuning existing botanical entities. The
targeted steps include the different aspects and phases of SARS-
CoV-2 entry into the host cell [16], RNA replication, synthesis of
polymerases, proteases, nonstructural and structural proteins,
and adaptive immune responses to the infection [17]. A poten-
tial effect of the phytochemicals such as alkaloids, flavonoids,
terpenes and terpenoids on the druggable targets in the SARS-
CoV-2 replication cycle has been summarized in a recent review
[18]. Well-known flavonol quercetin has displayed various antivi-
ral properties, which can interfere with multiple steps of the virus
cycle [19].

Plants contain millions of natural compounds; however,
traditional screening for the compounds effective against SARS-
CoV-2 is very lengthy and labor-intensive. In addition, the effica-
cy of botanicals often depends on the intricate combination of
natural compounds that makes the discovery and development
of herbal treatments even more challenging [20]. Zhang DH et al
(2020) demonstrated that traditional Chinese herbal therapies
against viral respiratory infections are likely to have direct anti-
SARS-CoV-2 compounds. Using protein-molecular docking, they
identified 13 compounds with potential anti- SARS-CoV-2 activi-
ties and determined that 130 Chinese herbs contain 2 or more
compounds [21].

A recently developed computational prediction process can
be utilized as a rapid and efficient technique [22] that engages
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TOro, 3pPEeKTMBHOCTb PACTUTE/bHLIX MPEnapaToB YacTo 3aBUCUT OT
CNOXKHOM KOMOWHALMKM NPUPOLHBIX COEAMHEHMI, YTO elwé bonblie
3aTPYAHAET OTKPbITUE M Pa3paboTKy MeTOA0B siedeHna Tpasamu [20].
Zhang DH et al (2020) npoAeMOHCTPMPOBaAU, YTO TPAAMULMOHHAA
KWTalCKan Tepanus BUPYCHbIX PECNMPATOPHbIX MHOEKLWI, BEPOAT-
HO, COAEPUT COeAMHEHUA NpAMOro AeicTaus npotmus SARS-CoV-2.
Mcnonb3ys 6e1K0BO-MONEKYNAPHYIO CTBIKOBKY, OHU MAEHTUULMPO-
Basn 13 coefMHEHUI C NOTEHLUMANbHOM aKTUBHOCTbIO NpoTuB SARS-
CoV-2 n onpegennnu, 4to 130 KUTANCKUX TPAB COAEPKaT 2 uaun bonee
nofo6HbIX coeanHeHuit [21].

HepasHo pa3paboTaHHbIVi NPOLECC KOMMbIOTEPHOTO MPOrHO-
31POBAHNA MOMHO MCMONb30BaTb B KayecTse ObicTporo u addek-
TUBHOTO MeToga [22], MOLEeNMPYIOLLEro B3aMMOALENCTBUE MeXay
paccMaTpMBaeMbIM PacTEHWEM M CNAKOBbIM (S) M HYKAeKancuaHbIM
(N) 6enkamm SARS-CoV-2. [leicTBUTENBHO, BO BPEMA 3TOW NaHAEMUU
UMPpPOBbIE MOAXOAbI HALLW LIMPOKOE NPUMEHEHWE, HAUYMHAA OT CTa-
TUCTMYECKOTO aHan3a 60/1bwnX HABOPOB AaHHbLIX U 3aKaHuYMBasA No-
CTPOEHMEM C/IOKHbIX KOMMBIOTEPHbBIX MOAENEN ANA peLleHns bruome-
AVMUMHCKKX 3adad [23].

PacTtutenbHblie npenapartbl, NpenATCTBYLOWME

NPOHUKHOBEHUIO BMPYCA B KNETKY

HayanbHbIM 3Tanom NpoTUBOBMPYCHOM 3aLLWTLI ABAAETCA Npe-
[l0TBpalleHne NPOHWKHOBEHWS BUpPYCa B KNeTKy. bnokasa npukpe-
nneHus S-6enka K peLenTopam aHrMOTEH3WHNpeBpallatowero dep-
MeHTa 2 (AND2) aBnseTca NpUBAEKATENBHBIM U MHOMOO06€LLaoLLIMM
MeXaHM3MOM, KOTOPbI MOXKET NCNONb30BaTbCA B ieyeHun COVID-19.
Takas 6710Kaa MOXKeT ObITb OCYLLECTBIEHA PA3IUYHBIMU COEANHEHM-
AMK, NMOJSYYEHHbIMU M3 PACTEHUI, Hanpumep, TMKOGNABOHONIOM U3
CONOAKM ypanbckoit (Glycyrrhiza uralensis), 6aiikanMHOM U3 LUNEMHU-
Ka baiikanbckoro (Scutellaria baicalensis), ckyTennapuHom 13 KuTaii-
CKOM TpaBAHoOW 6nowHwuubl (Erigeron breviscapus), NOTEONMHOM U3
BEPOHWKU NbHAHKOAUCTHOW (Veronica linariifolia). CecksuTepneHo-
Bbli1 IAKTOH apTEMU3WNHWH, BbIAENEHHbIV U3 IEKAPCTBEHHOTO KWUTaW-
CKOTO pacTeHUs MoJbiHb OAHONETHAA (Artemisia annua) U U3BECTHbIN
CBOEeV NPOTMBOMANAPUINHOMN aKTUBHOCTBIO, TaKXKe Ae3aKTUBUPOBaAN
BUpYyc SARS-CoV-2, MHrMbupys S-6es10k [24]. KypKyMUH, SKCTPaKT Yas,
CTaHAAPTM3NPOBaHHbLIN A0 85% TeodnasuHoB, TeadnasuH-3,3'-au-
rannaTt, rannoBas KWCNOTa, TAHHWMHOBAA KMC/OTA, SKCTPAKT aHApO-
rpaduca metensyatoro (Andrographis paniculata), aHaporpadonua,
9KCTPAKT COMOAKM, MMULMPPU3NHOBAA KUCIOTA, SKCTPAKT BPOKKOAW,
L-cynbdopadaH, ycHMHOBas Kncnota, A6104Has Kncnota, D-TMmoHeH,
pasnMyHble NOAMGEHONBI U XN0PUA aMMOHUA OLEEHMBaNW Ha onocpe-
ZloBaHHoe S-6enKom CBA3bIBaHWE C PELLENTOPOM M NPOHUKHOBEHME
ncespoBuproHoB SARS-CoV-2 [25]. Bbiio 06Hapy:KeHo, YTO Kak Te-
adnasuH-3,3'-aUrannat B KOHLEHTPaLMM 25 MKF/MA, Tak U KYPKYMUH
B KOHL,EHTPaLum Bbilwe 10 MKr/MA AEMOHCTPUPOBANM CBA3bIBAHME C
peuentopom AMND2 u, B TO e BPeMs, CHUNKAAM €ro aKTUBHOCTb Kak
B GECKNETOUHbIX, TaK U B KNETOYHbIX aHanu3ax. bblno nokasaHo, 4To
CMecb, cogepalan ButamuH C, N-aLeTUALMCTENH, pecBepaTpon, Te-
adnaBuH, KYPKYMWUH, KBEPLETUH, HAPUHTEHWH, BaliKaAuH U SKCTPaKT
6poKkkonu, obnagaet 90% 3PEKTUBHOCTIO B OTHOLIEHUU WHTUOW-
poBaHuA peLenTop-casbiBatowero gomeHa SARS-CoV-2 B anutenu-
aNbHbIX KNeTKax NErknx [20]. DKCTpaKT YepHywKK nocesHoit (Nigella
sativa) v ero OCHOBHOM aKTUBHbIW UHIPEAWEHT — TUMOXMHOH — NpPo-
[EMOHCTPUPOBA/IN MPOTUBOBUPYCHYIO aKTUBHOCTb, 610KMpYA Npuco-
epnHeHue S-6enka SARS-CoV-2 K peuentopam AMND2 [26].

Bnoknposka PHK-3aBucumoit PHK-noanmepasbl

pacTuTeNbHbIMU Npenapatamu

KopoHaBMpycHble HECTPYKTypHble 6enku, Takne Kak PHK-3a-
Bucumaa PHK-nonumepasa (P-3-P-M), ABnswTCA  KPUTUUYECKMMU
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the interaction between the plant in question and the spike (S)
and the nucleocapsid (N) proteins of SARS-CoV-2. Indeed, during
this pandemic, computational approaches have been used for
various applications ranging from the statistical analysis of large
datasets to the construction of sophisticated machine learning
models for biomedical tasks [23].

Botanicals prevent the virus from entering the cell

The initial antiviral defence step is to prevent the virus
from entering the cell. Hindering attachment of S protein to an-
giotensin-converting enzyme 2 (ACE2) receptors is an attractive
and promising therapeutic modality in managing COVID-19. Such
blockade can be realized with various compounds derived from
the plants, e.g., licoflavonol from Glycyrrhiza uralensis, baicalin
from Scutellaria baicalensis, scutellarin from Erigeron brevisca-
pus, luteolin from Veronica linariifolia. The sesquiterpene lactone
artemisinin, isolated from the medicinal Chinese plant Artemisia
annua and known for its antimalarial activities, also deactivated
the SARS-CoV-2 virus by inhibiting S-protein [24]. Curcumin, tea
extract standardized to 85% of theaflavins, theaflavin-3,3'-digal-
late, gallic acid, tannic acid, Andrographis paniculata extract, an-
drographolide, licorice extract, glycyrrhizic acid, broccoli extract,
L-sulforaphane, usnic acid, malic acid, D-limonene, various poly-
phenols and ammonia chloride were evaluated for spike-medi-
ated receptor-binding and entry of SARS-CoV-2 pseudo-virions
[25]. It was found that both theaflavin-3,3'-digallate at 25 pg/ml
and curcumin above 10 pg/ml showed binding to ACE2 receptor
and, at the same time, reducing its activity in both cell-free and
cell-based assays. The concoction comprised vitamin C, N-acetyl-
cysteine, resveratrol, theaflavin, curcumin, quercetin, naringen-
in, baicalin, and broccoli extract was shown to have 90% efficacy
in inhibiting the receptor-binding domain of SARS-CoV-2 in the
lung epithelial cells [20]. Nigella sativa extract and its main ac-
tive ingredient, thymoquinone, demonstrated antiviral activity by
blocking the attachment of SARS-CoV-2 S-protein to ACE2 recep-
tors [26].

Botanical blocking RNA-dependent RNA Polymerase

Coronaviral nonstructural proteins, such as RNA-depen-
dent RNA Polymerase (RdRP), are critical enzymes involved in
the virus's RNA replication, transcription and protein transla-
tion. They also play an essential role in the modification and
processing of proteins. RARP is the most conserved among
the viruses; hence it is a desirable target for anti-SARS-CoV-2
drug development. Some medicinal plants have demonstrated
pharmacological activity by binding to RdRP. The top four phy-
tochemicals obtained through molecular docking were swerti-
apuniside, cordifolide A, sitoindoside IX, and amarogentin be-
longing to Swertia chirayita, Tinosporacor difolia and Withania
somnifera [27]. These phytochemicals may act as RdRP inhibi-
tors due to their capability for stable binding to the druggable
site. Indeed, virtual in silico processing protocols could meet the
current challenge of antiviral drug discovery considering com-
parative testing of plant-derived bioactive molecules. Chemical
modification of naturally bioactive compounds may be required
to increase the potency of their antiviral activity to levels suit-
able for therapeutic application [28].
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bepmeHTamMK, yyacTBYOWMMMK B PennKaLmm BupycHoit PHK, TpaHc-
KPUNUMK 1 TpaHCAaummn 6enko. OHM TaKKe UrpatoT BaXkHY posib B
moamduKaLumm 1 npoueccuHre 6enkos. P-3-P-I1 aBnsetca Hanbonee
COXpaHHbIM 6enKoM cpeau BUPYCOB; CNeA0BaTe/NbHO, €€ BecbMa
YKenaTeNbHO MCNob30BaTb A/1A Pa3paboTku nekapcTs NpotuB SARS-
CoV-2. HeKoTopble NeKapCcTBEHHbIE PACTeHWA MPOAEMOHCTPUPOBa-
M GapMaKoNOTUYECKYHO aKTUBHOCTb, CBA3bIBasACL ¢ P-3-P-M. YeTbipe
NYYWnX GUTOXMMMUYECKUX BELLLECTBA, MOJYYEHHblE MYTEM MONEKY-
NAPHOTO AOKMHIa, BKAKOYAAWM CBEPUMANYHU3MA, Kopandonug A, cu-
TOMHAO3MA, IX M amaporeHTVH, BblgeNeHHblE U3 CBEPLMKU YMpaTaThl
(Swertia chirayita), TuHocnopbl cepauenuctHoii (Tinospora cordifolia)
1 awearaHgxol (Withania somnifera) [27]. 3Tn puTOoXMMMUYECKME Be-
LL,EeCTBa MOryT AeiCTBOBaTb KaK MHIMBUTOpbI P-3-P-M 13-3a 1x cnocob-
HOCTU CTabWU/IbHO CBA3LIBATLCA C YYACTKOM AEMCTBUA IEKAPCTBEHHOTO
cpeacTBa. leicTBUTENIbHO, METOAbI KOMMbBIOTEPHOMO MOAEIMPOBAHMA
(in silico), ucnonb3ytowme BUPTyanbHbIE MPOTOKO/bI U3YYEHWUS PACTy-
TeNbHbIX IEKAPCTBEHHBIX NPENapaToB, MOMYT PELUUTb CETOAHALIHION
npobnemy OTKPbITUA NPOTUBOBMPYCHBIX NPEnapaToB C YY4ETOM CpaB-
HWUTENIbHOTO TECTUPOBAHUA OMOAKTUBHBIX MONEKYS PACTUTEbHOTO
npoucxoxaeHua. na nosbiweHna 3GHeKTUBHOCTM MX NPOTUBOBM-
PYCHOW aKTUBHOCTW A0 TepaneBTUYECKUX YPOBHEN, MOXKET noTpebo-
BaTbCA XMMMYECKas MoAMOUKaLLMA NPUPOAHBIX BUOAKTUBHbIX COeau-
HeHui [28].

PacTuTenbHble BewWwecTBa, BANAIOLLME HA NpOTeasbl

Opyrumu depmeHTamu, OTBETCTBEHHbIMM 3a pensnkaumio PHK
1 cO3peBaHUE BUPYCHBIX MOSMMPOTEUHOB, ABAKOTCA 3-XMMOTPUNCU-
HonogobHas npoteasa (3XIM) n ocHoBHas npoteasa (OMN). dnaBoHoN
KBEPLMTWH, LUMPOKO NPesCcTaBAEHHbIN B Yae U NIYKe, UHTMbMpyeT npo-
TEOIMTUYECKYIO akTMBHOCTb 3XIM SARS-CoV-2 [19].

MpubpexHoe KpacHoe monouyHoe gepeso (Mimusops caffra),
XMNTUC naxyuuii (Hyptis suaveolens), napy6 naparsaiickuii (llex
paraguariensis) n 6yapa nnouwesnaHan (Glechoma hederacea) ss-
NAOTCA 3HAYUTENIbHBIMU UCTOYHMKAMU YPCOMIOBOW KUCIOTbI, GUTO-
XUMMWYECKOrO BeLLeCTBa C NPOTUBOBUPYCHBIM MOTEHLMANIOM NPOTUB
SARS-CoV-2. BblfIo NOKA3aHo, YTO yPCOoBas KUC/I0Ta AeNCTBYET KaK
nHrnéutop ONM u 3XM SARS-CoV2, HebaaronpuATHO BAMAA Ha ero pe-
NAMKaLWIo U cOOPKY YaCcTUL, BHYTPU KneTok-xo3ses [29]. Kpome Toro,
13 15 6MOAKTUBHbIX COEAMHEHUIA, NPOTECTMPOBaHHbIX nNpoTue Ofl
SARS-CoV-2, ypconoBas KMCA0Ta NOKa3ana CaMbli BbICOKUI YPOBEHb
[OKMHIA, YTO CBUAETE/IbCTBYET O MOTEHLMANLHOM MHIMBMpYOLEM
MeXaHu3Me LeiCcTBUA ypconoBol kucnotsl [30].

KBepLeTUH, 3nnaroBas KWUCNOTA, KYPKYMWH, rannaTt anuran-
JIOKaTEXMHA WM pecBepaTpon MoryT MHrnbmuposatb 3XIM SARS-CoV-2;
3NNaroBan KUCNOTa ABAAETCA MUKPOMONAPHBbIM MHIM6uTopom 3XI
SARS-CoV-2, KaKk 6bl10 MPOAEMOHCTPMPOBAHO KOMMbBIOTEPHBIM MO-
[enmpoBaHMeM MONEKYNAPHOTO AOKMHIA U CNEKTPOCKONMUEN NOBepX-
HOCTHOrO M/JIA3MOHHOIO PE30HAHCA, A TAKXKe MOJIEKYNAPHO-AWHa-
MWYECKUMU CUMYNALMAMM, MOALEPHKAHHBIMU [AaHHBIMU aHaNn308
in vitro [31]. Xpu3uH-7-O-B-rioKypoHUa, BblAENEHHbIA U3 LUNEMHM-
Ka baiikanbckoro (Scutellaria baicalensis), 6eTynoHan — u3 KaccuHa
(Cassine xylocarpa), 2B-ruapokcu-3,4-ceko-bpnaenonakToH-27-osas
KMCNOTa, U304EKOPTUHON U LepeBucTepon —u3 duanku (Viola diffusa),
recnepuamnH U HeorecnepuauH — u3 nomeparua (Citrus aurantium),
MOKa3a/in BbICOKYHO cTeneHb cpoacTea K 3XIM [22]. Kpome Toro, Bbico-
Kyto adpduHHOCTL K 3XMM 1 P-3-PM npoaemoHcTpuposanu betynoHan,
BblE/NIEHHbIV U3 KaccuHa (Cassine xylocarpa), THUOVLUMH W THUAU-
TPUH — U3 THUAUK CBETNOLBETKOBOM (Gnidia lamprantha), 2,30B-au-
rMapoKcK-3,4-ceko-GpuaenonakToH-27-naktoH — u3 duanku (Viola
diffusa), 14-pe3okcn-11,12-pupernapoaraporpadonuna (44A) — u3
aHaporpaduca metensyatoro (Andrographis paniculata), 1,7-guru-
[POKCU-3-METOKCUKCAHTOH — U3 CBEPLIMM NCEBAOKUTANCKON (Swertia

Botanicals affecting proteases

Other enzymes responsible for RNA replication and matu-
ration of the viral polyproteins are 3-chymotrypsin like protease
(3CLpro) and the main protease (M(pro)). Quercetin, a flavonol
widely presented in tea and onion, inhibits the proteolytic activity
of the SARS-CoV-2 3CLPro [19].

Mimusops caffra, Hyptis suaveolens, llex paraguariensis,
and Glechoma hederacea are significant sources of ursolic acid,
a phytochemical with an antiviral potential against SARS-CoV-2. It
was shown that ursolic acid acts as a protease inhibitor of Mpro
and 3CLpro of SARS-CoV2, adversely affecting its replication and
particle assembly inside the host cells [29]. Furthermore, of the
15 bioactive compounds tested against SARS-CoV-2 Mpro, ursolic
acid showed the highest docking score, suggesting a potential in-
hibitory mechanism of ursolic acid effects [30].

Quercetin, ellagic acid, curcumin, epigallocatechin gallate,
and resveratrol can inhibit SARS-CoV-2 3CLpro, with ellagic acid,
a micromolar SARS-CoV-2 3CLpro inhibitor as demonstrated
in-silico molecular docking, surface plasmon resonance spec-
troscopy and molecular dynamics supported by in vitro assays
[31]. Chrysin-7-O-B-glucuronide from Scutellaria baicalensis,
betulonal from Cassine xylocarpa, 2B-hydroxy-3,4-seco-friedelo-
lactone-27-oic acid, isodecortinol and cerevisterol from Viola dif-
fusa, hesperidin and neohesperidin from Citrus aurantium have
high binding affinity to 3CLpro [22]. In addition, high binding af-
finity to 3CLpro and RdRP was demonstrated by betulonal from
Cassine xylocarpa, gnidicin and gniditrin from Gnidia lamprantha,
23,30B-dihydroxy-3,4-seco-friedelolactone-27-lactone from Viola
diffusa, 14-deoxy-11,12 didehydroandrographolide (DDA) from
Andrographis paniculata, 1,7-dihydroxy-3- methoxyxanthone
from Swertia pseudochinensis and theaflavin 3,3'-di-O-gallate
from Camellia sinensis [22]. In another molecular docking studly,
six candidate- inhibitors against SARS-CoV-2 Mpro were isolated
from the ayurvedic medicinal plants Withania somnifera, Tino-
spora cordifolia and Ocimum sanctum [32].

Botanicals blocking viral replication

Neuraminidase is an essential enzyme required for viral
spread across the host cells. As a neuraminidase inhibitor, osel-
tamivir phosphate blocks the release of viruses from the infected
cells, thus shortening the disease duration. Theisen LL, Muller CP
(2012) found that prodelphinidin-rich extract from Pelargonium
sidoides roots inhibited neuraminidase activity and impaired viral
hemagglutination [33]. They also demonstrated that tannin-rich
extract derived from the bark of Hamamelis virginiana inhibited
neuraminidase activity [34]. In addition, viral neuraminidase inhi-
bition has been observed by applying a tannin-enriched fraction
of standardized hydro-ethanolic Rhodiola rosea root and rhizome
extract (SHR-5®) [35].

Nguyen LC et al (2022) reported that cannabidiol (CBD) and
its metabolite 7-OH-CBD potently blocked SARS-CoV-2 replication
in lung epithelial cells. However, CBD does not block viral entry;
instead, it inhibits viral gene expression and reverses the effects
of SARS-CoV-2 on the host gene transcription. CBD inhibits SARS-
CoV-2 replication in part by up-regulating the inositol-requiring
enzyme 1 alpha (IREla) endoplasmic reticulum (ER) stress re-
sponse and interferon signaling pathways [36].
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pseudochinensis) n Teabnasun-3,3'-au-O-rannat — us vaa (Camellia
sinensis) [22]. B ppyrom McciegoBaHUM MONEKYNAPHOM CTbIKOBKM
WecTb KaHAMAaToB-MHrMbmutopos O SARS-CoV-2 6bian BblaeneHbl
U3 alopBEAMYECKMX IEKAPCTBEHHDBIX pacTeHuid awsaraHaxv (Withania
somnifera), TMHocnopbl cepauenuctHol (Tinospora cordifolia) n 6a3u-
NWKa cealeHHoro (Ocimum sanctum) [32].

PactutenbHble cpeacTBa, 6i0KkupyoWwme penamKkayuio

BUpYyCa

HelipamuHuzasa sABAsieTcAd BaXKHbIM depmeHTOM, Heobxo-
OMMBbIM N PacnpoCcTPaHeHUs BUpyca MO KAeTKam-xo3seBam. Kak
MHMMOUTOP HEeMpaMuHWAA3bl, ocenbTamusupa ¢ocdat 6nokupyet
BbICBODOXKAEHME BUPYCOB U3 MHOULMPOBAHHDBIX KNETOK, TEM CaMbIM
COKpaLLan NPOAOMKUTENBHOCTL 3ab6oneBaHuA. Theisen LL, Muller CP
(2012) obHapy*kunum, uto boraTblii NpPoAebGUHUAMHOM IKCTPAKT U3
KOpHel nenaproHnn o4mtroBow (Pelargonium sidoides) nHrnéumpyet
aKTUBHOCTb HeipaMUHUAA3bI M NPeOTBPALLAET BbI3BaHHYHO BUPYCOM
remarrnoTrHaumio [33]. OHM TaKKe NPOAEMOHCTPUPOBaNH, YTo bora-
TbI/ TAHWUHAMM SKCTPAKT, MONYYEHHbIV U3 KOPbI FraMaMennca BUPTUHA-
ckoro (Hamamelis virginiana), WHTMGUPYeT aKTMBHOCTb HEMPaMUHK-
Zasbl [34]. Kpome TOro, MHrMbMpoBaHWE BUPYCHOWM HeMpammuHMAaasbI
HabtoAanoch Npu NpUMeHeHUM 060raléHHOKM TaHUHOM GpaKLMK
CTaHZAPTM3MPOBAHHOMO MMAPO3TAHONBHOIO KCTPAKTA KOPHA U KOp-
HeBMLLA poamronbl po3osoit (SHR-5°) [35].

Nguyen LC et al (2022) onpeaenunnu, uto KaHHabuamon (KBA)
n ero metabonut 7-OH-KB/, pesko 610KkMpytoT penaukaumio SARS-
CoV-2 B anuTennanbHbIxX KneTkax nérkux. OgHako KB/, He 6aokupyet
NPOHWKHOBEHWE BMPYCA; BMECTO 3TOTO OH MHTMBUPYET SKCMpPEeccuio
BMPYCHOrO reHa M OKa3sblBaeT 06paTHOe BAUAHME Ha TPAHCKPUMLMIO
reHa-xo3amnHa, npoussogumoe SARS-CoV-2. KBJ, wHrMbupyet pe-
navkaumio SARS-CoV-2 YacTMYHO 3a CYET MOBbIWAKOLLEN Perynauum
depmeHTa, Hyxaaowweroca B MHo3uTone, lanbda TMNa B peakumm Ha
CTpecc 3HAONNA3MaTUUYECKOrO PETUKYYMA, @ TaKXKE CUTHANbHbIX My-
Tel HTepdepoHa [36).

PactutenbHbie cpeacTsa, mMoayampyouime

BOCNANUTENbHYIO peaKLuto

NHdekuma SARS-CoV-2 3anyckaeT OTBET X03AMHA Yepes BPOXK-
[EHHble MMMYHHbIE PeaKLuu, KOTopble MHAYLMPYHOT NPOTMBOMM-
KPOOHYl0 aKTMBHOCTb WM BocnaneHue [37]. 3Ta WMHOEKUMA MOXKeT
BbI3bIBAaTb YPE3MEPHbIE BOCMA/ZIUTE/IbHbIE PEAKLMM, BK/KOYAA YCU-
JIEHHYI0 NPOAYKLMIO NPOBOCMANUTENbHBIX LUTOKMHOB M MOBpeXae-
HUe TKaHel. Kak KAMHUYecKMe nUccnefoBaHua, Tak U UCCeA0BaHUA
Ha YKMBOTHbIX NOKa3au, YTO «LIUTOKMHOBBIM LUTOPM» UFPAET BaXKHYIO
ponb B natoreHese COVID-19, 0co6eHHO Y NALMEHTOB B KPUTUYECKOM
cocToAHMM. [MoBbIWeHHbIE YPOBHM MHTepneikuHos W/-1B, U1-6 un
M/1-10 yalle Bcero 0TMeYatoT B TAXKENbIX C/y4anx, NapannenbHo ¢ no-
BblLLEHMEM YPOBHel daKTopa HeKpo3a onyxonu anbda (PHO-a), U/-
8, N-2, UN-7, rpaHynoLMTapHOrO KONIOHUECTUMYMpPYIOLLEro ¢GakTo-
pa (M-KCP), IP-10, a TaKKe MOHOLMTAPHOrO XeMOaTTPAKTHOro 6enka-1
(MXB-1), C-peaktusHoro 6eska (CPB) n makpodaranbHoro 6eska Boc-
naneHvn lanbda (MBB-1a) [37]. Bopbba ¢ «UUTOKMHOBLIM LUTOPMOMY
CTana OfHOWM U3 camMblX BaKHbIX 3aga4 B bopbbe ¢ COVID-19. Npotu-
BOBOCMa/IUTENbHbIE WM MMMYHOMOAYAUPYIOLLME  GUTOXMMUYECKKE
BELLEeCTBa AEMCTBYIOT MYTEM MHIMOMPOBAHWMSA NATONOMMYECKOM BOC-
nanuTenbHoW peakuuu [38]. duToxMMUUECKME BeLLECTBa AENCTBYIOT
Ha NPOBOCMaANUTENbHbIE MEAMATOPbI, TaKME KaK LIMKNOOKCUreHasa-2
(LLOr-2), untepnentkuunbl (UN-1, UN-6, UN-1B, UN-8,MN-12) n dHO«
[39]. CnepoBatenbHo, 6NOKMPOBAHUE CUFHANBHOMO MYTU MHTEpNEN-
KMHA MOKET NMOMOYb KOHTPONMPOBATb BbICBOOOKAEHWE LIUTOKMHOB,
Bbl3BaHHOe MHOeKumein SARS-CoV-2. feHUcTenH — M30dNaBoH, Bbl-
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Botanicals modulating the inflammatory response

The SARS-CoV-2 infection triggers the host response through
innate immune pathways that induce antimicrobial activity and
inflammation [37]. This infection may cause excessive inflamma-
tory responses, including amplified pro-inflammatory cytokine
production and tissue damage. Both clinical and animal studies
have shown that the "cytokine storm" plays an essential role in
COVID-19 pathogenesis, especially in critically ill patients. The
elevated levels of IL-1B, IL-6 and IL-10, are most often noted in
severe cases, with raised levels of TNF-a, IL-8, IL-2, IL-7, G-CSF, IP-
10, MCP-1, CRP, and MIP-1a also detected [37]. Confronting the
"cytokine storm" has become one of the most critical targets of
COVID-19 management. Anti-inflammatory and immunomodula-
tory phytochemicals work by inhibiting the pathological inflam-
matory response [38]. Phytochemicals act on the pro-inflamma-
tory mediators such as cyclooxygenase-2 (COX-2), interleukins
(IL-1, IL6, IL1B IL-8, IL-12), and tumor necrosis factor (TNFa) [39].
Therefore, blocking the interleukin signaling pathway might help
control the release of cytokines caused by SARS-CoV-2 infection.
Genistein, an isoflavone from Glycine max (soy), can inhibit the
activity of NF-kB by blocking the NF-kB signal path. It was also
shown to reduce the production of nitric oxide (NO) and to de-
crease the levels of interferon regulatory factor-1 (IRF-1), IL-6
mMRNA, IL-1B, and TNF-a [40]. Liquiritin, a flavonoid extracted
from the roots of Glycyrrhiza uralensis, acts similarly to interfer-
ons [41]. Many other flavonoids inhibit inflammatory cytokines,
thus exerting immunomodulatory and anti-inflammatory effects
[42].

Botanicals as immunomodulators and adaptogens

During epidemics, the consumption of immunostimulating
nutraceuticals and dietary supplements is increased [43]. The
public is aware of botanicals that elicit immune responses [44]
and consume these agents regularly. Parbat et al. published an
ethnopharmacological review of traditional medicinal plants fo-
cusing on their role as immunostimulators and adaptogens [45].
Several phytochemicals have been isolated with a potential im-
munomodulatory activity that can explain and justify their use in
traditional medicine in the past and can form the basis for fur-
ther research in the future. Many medicinal plants exert an im-
munomodulatory effect in experimental models at a specific dose
through various pathways. Some medicinal plants may stimulate
the immune system, such as Echinacea purpurea, Ocimum sanc-
tum and Tinospora cordifolia, while Alternanthera tenella may
suppress the immune response [46].

Plants with adaptogenic activities include Rhaponticum car-
thamoides, Eleutherococcus senticosus, Lepidium meyenii and
Panax ginseng. The main phytochemicals isolated from these
plants are phytosteroids,phytosterols, alkaloids and saponins
[47]. These biologically active compounds exert their therapeu-
tic effects as adaptogens and immunomodulators, antioxidants,
hepatoprotectors, hormone regulators, etc. However, it is still un-
clear whether their adaptogenic properties are due to the specif-
ic compounds or the entire plant extracts.

Recently, botanicals' pharmacological base and relevant
clinical applications have been extensively reviewed [48, 49].
However, many of their potential applications in the prevention,
mitigation and treatment of viral diseases have yet to be fully re-
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[OENeHHbIN U3 cou KynbTypHoW (Glycine max), MoXKeT MHIMBUPOBaTbL
aKTMBHOCTb sgepHoro daktopa-kB (NF-kB), 610KMpyA cUrHanbHbIM
nyTb NOCNEAHEr0. BbiNo TaKKe NOKa3aHo, YTO OH YMEHbLUAET Bblpa-
60TKy oKcuzaa asota (NO) v CHUKaeT ypoBHU peryiaTopHoro GakTopa
nHTepdepoHa-1 (IRF-1), m-PHK, NN-6, UN1-1B n ®HO-a [40]. /inkew-
PUTUH — GNaBOHOMA, U3BNEYEHHDIN U3 KOPHEW COMOAKM YPanbCKOM
(Glycyrrhiza uralensis), neictByetT nofobHo uHTepdepoHam [41].
MHorue gpyrvie dnaBoHOUAbI MHIMBUPYIOT BOCMAMTE/bHbIE LUTOKM-
Hbl, OKa3blBas, Takum 06pa3om, UMMYHOMOZY/IMPYHOLLEE U NPOTUBO-
BOCManuTenbHoe aeictene [42].

PacTutesnbHble npenapaTbl KAK UMMYHOMOAYNATOPBI U

apganToreHol

Bo Bpems anuaemuii ysenmumsaetca notpebaeHne MMmyHOCTU-
MYNUPYIOLMX HYTPULLEBTUKOB M NULLEBbIX A06aBOK [43]. ObwecTBeH-
HOCTb MHGOPMMPOBAHA O PACTUTE/IbHBIX NPenapaTax, Bbi3blBAIOLLWX
MMMYHHbIN oTBeT [44], n perynsapHO MX npuHMMaeT. Parbat AY et al
(2021) onybnmkoBanu aTHOdAPMaKONOrMYECKMIA 0630p TPAAMLMOH-
HbIX IEKAPCTBEHHbIX PACTEHWI C aKLLEHTOM Ha WX PO/ib B KayecTse
UMMYHOCTUMYNATOPOB M agantoreHos [45]. Bbino BblaeneHo He-
CKONMbKO (DUTOXMMMYECKMX BELLECTB C MOTEHLMAAbHOU UMMYHOMO-
Zy/VPYIOLLEN aKTUBHOCTbBIO, YTO MOXKET 0OBACHUTL M ONPaBaaTh MX
MCMONb30BaHUE B TPAAMLMOHHOW MeauLyHE B NPOLIOM U MOMKET
CTaTb OCHOBOM A/1f MOCNenylWMX UccaefoBaHuiA. MHorve nekap-
CTBEHHbIE PACTEHWA OKa3blBaT MMMYHOMOAYAMPYIOLLEE AeiCTBUE
B 3KCMEPUMEHTa/IbHbIX MOZENAX B ONpesenéHHON f03e, BBEAEHHOW
Pa3NNYHBIMK NYTAMU. HEKoTopble NIeKapPCTBEHHbIE PACTEHWUA MOTYT
CTUMYZIMPOBaTb UMMYHHYIO CMCTEMY, HAaMPUMEP, SXMHaLLea nypnyp-
Has (Echinacea purpurea), 6a3unuk ceaweHHbI (Ocimum sanctum)
¥ TMHOCNopa cepauenuctHan (Tinospora cordifolia), B To Bpems, Kak
anbTepHaHTepa TeHenna (Alternanthera tenella) moxeT nogasnsaTb
MMMYHHbIN OTBeT [46].

K pacTeHusiM ¢ afanToreHHOM akTUBHOCTbIO OTHOCATCA /ieB3es
cadnoposuaHas (Rhaponticum carthamoides), 3neyTepoOKOKK Ko-
nounin (Eleutherococcus senticosus), maka nepyaHckas (Lepidium
meyenii) v eHblleHb 0bbIKHOBEHHbIN (Panax ginseng). OCHOBHbIMM
GUTOXMMUYECKUMM BELLLECTBAMM, BbISENEHHBIMU U3 3TUX PACTEHMN,
asnAoTca duTocTeponapl, GUTOCTEPONbI, asKanouabl M CanoOHUHbI
[47]. 3TM 6GMONOTMYECKM aKTUBHbIE COEAMHEHWS NPOABAAIOT CBOE
TepaneBTUYECKOe AEWCTBME, KaK aJanToreHbl M MMMYHOMOZYNATO-
pbl, aHTUOKCUAAHTLI, rENaTONPOTEKTOPbI, PETYAATOPbI FOPMOHOB U
4p. OfHaKo [0 cux Nop HeACHO, 0ByCNOBAEHbI M UX aAaNTOreHHble
CBOMCTBA KOHKPETHbIMM COEAMHEHNAMM UMW IKCTPAKTaMM PacTeHHUi
B LIE/IOM.

B nocnepHee Bpems dapmakonormyeckas 6asa pacTUTENbHbIX
NpenapaToB W COOTBETCTBYIOLME KAMHUYECKUE MPUMEHEHUA Bblan
noapobHo m3yueHbl [48, 49]. OgHaKO MHOTME M3 UX NOTEHLMANbHbIX
NPUMEHEHWI Anf NPOGUNAKTUKM, CMATYEHUA NOCAEACTBUN U Nevye-
HUs BUPYCHbIX 3a60/1€BaHNI elwé NpPeACTOMT NOAHOCTBIO Peannso-
BaTb. Hanpumep, cnocob AencTBusA pacTUTeNbHbIX MPENapaToB MOKET
6bITb OCHOBAH Ha UX MPSMOM BMELLATENLCTBE B CNOCOBHOCTL BUpYCa
NPOHWKATb B KNETKWU Ye/0BEKa, PEMINKALMMU BUPYCa WA aKTUBALMUM
VMU UMMYHOMOZY/IMPYHOLLMX U MPOTMBOBOCNAIUTENbHbIX PEAKLMIA.

3AKNIOYEHUE

NekapcTBeHHble NpenapaTtbl 06/134a0T YHUKaAbHBIM NOTEHLW-
aZIoM B KayecTBe MepCreKTUBHbIX CPeACTB ANA IeYeHUs BUPYCHbIX
3abonesaHuit. OHM MCNONB30BANUCh ANA 3TON LieW B TeYeHUe TbicA-
YeneTUin ¢ HenpeKpaLLALLMMCA NOMCKOM HOBbIX MPUMEHEHUI. Afb-
I0OBAHTHOE leYeHne pacTUTeNbHbIMK NpenapaTaMmn MOXKET NPUBECTH

alized. For example, botanicals' mode of action(s) may be based
on their direct interference with the virus's ability to enter human
cells, virus replication, or their activation of the immune-modula-
tory and anti-inflammatory responses.

CONCLUSION

Botanicals have unique potential as prospective agents in
the management of viral diseases. They have been used for this
purpose for thousands of years with a constant search for new
applications. The adjuvant treatments with botanicals have the
potential to result in symptom resolution, disease burden reduc-
tion and the shortening of the duration of viral diseases. Specifi-
cally, botanicals allow treatments against the SARS-CoV-2 virus to
be based upon them. Thus botanicals could become instrumental
in curbing the effects of the COVID-19 pandemic.
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K YCTPaHEHUIO CUMNTOMOB, CHUMKEHWIO bpemeHM 601e3HU 1 CoKpalLie-
HUIO NPOAOIKUTENBHOCTU BUPYCHbIX 3ab60neBaHUiA. B yacTHOCTH, pac-
TUTENbHbIE NpenapaTtbl MOryT CTAHOBUTLCA OCHOBOW A1 Pa3/IUHbIX
METOA0B NeyeHns BUpYcHoi SARS-CoV-2 nHdekumn. Taknum obpaszom,
PacTEHMA MOTYT CbIrPaTb BaXKHYH PO/b B CAEPKMBAHUU NOCNEACTBUIA
naHaemumn COVID-19.
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