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ABSTRACT

Coronavirus-related disease 2019 (COVID-19) became a pandemic in February 2020 and caused unprecedented health challenges. All
around the globes researchers try to tackle the disease with existing treatments and known antiviral drugs of all kinds, or to develop novel
compounds inhibiting viral spreading. Nature has provided us with immense supply of natural products with therapeutic characteristics.
Flavonoids, already investigated as antivirals in general, are considered to have activities specific for the viral agent causing COVID-19,
SARS-CoV-2. Anti covid-19 activity of Flavonoids can be categorized based on which part of viral cycle they affect.

Here in this mini-review we discussed the five major antiviral pathway which flavonoids have demonstrated the most effectiveness and
can actually pave the way of managing this highly contagious novel disease and the major international concerns by developing new
pharmacological agents by worldwide researchers.

INTRODUCTION

Flavonoids are widely used as phytomedicines. flavonoid phytomedicines with potential for development into prophylactics or thera-
peutics against coronavirus disease 2019 (COVID-19) have been reported. These flavonoid-based phytomedicines include: caflanone,
Equivir, hesperetin, myricetin, and Linebacker [1]. And so many others.

A newly diagnosed coronavirus in 2019 (COVID-19) has affected all human activities since its discovery. Flavonoids commonly found
in the human diet have attracted a lot of attention due to their remarkable biological activities. Flavonoids act via direct antiviral prop-
erties. and have shown antiviral activity via inhibition of viral protease, RNA polymerase, and mRNA, virus replication, and infectivity.
Baicalin, quercetin and its derivatives, hesperidin, and catechins are the most studied flavonoids in this regard [2].

Following the COVID-19 pandemic, the interest of the potential therapeutic use of flavonoids against coronavirus infection focused
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on SARS-CoV-2 virus. Among natural compounds, the flavonoids
class constitutes a possible target for antiviral drugs due to its large
spectrum of biological properties (antioxidant, anti-inflammatory,
and antiviral activities. This class of secondary metabolites occurs
abundantly in a variety of medicinal plants, fruits and vegetables.
Indeed, onions, kale, lettuce, tomatoes, apples, grapes and berries
are considered as rich sources of flavonoids. kaempferol, querce-
tin, myricetin, fisetin and their derivatives were the most docu-
mented molecules with antiviral activities against SARS-CoV-2
[3]. Flavonoids can exhibit potential inhibitory activity against
SARS-CoV-2 by binding to essential viral targets required in virus
entry and/ or replication. Flavonoids also showed excellent im-
munomodulatory and anti-inflammatory activities including the
inhibition of various inflammatory cytokines [4].

For the management of COVID-19 infection, various molecular
targets playing important role including host cell Receptor-An-
giotensin-converting enzyme ACE2 and viral proteins such as S
protein various cysteine proteases such as papain-like cysteine
protease (PLpro) or Chymotrypsin like nprotease (3CLpro), and
RNA-dependent RNA polymerase (RdRp)) could be evaluated [5].

Here The five important targets chosen to review the main protease
(Mpro), Spike receptor binding domain (Spike-RBD), RNA - de-
pendent RNA polymerase (RdRp or Nsp12), non-structural protein
15 (Nsp15) of SARS-CoV-2 and the host angiotensin converting
enzyme-2 (ACE-2) spike-RBD binding domain [6].
SARS-Cov-2-Enzyme Inhibitory Effects

Coronaviruses generate three types of viral proteases, including
3-chymotrypsin-like cysteine (3CLpro), papain-like protease
(PLpro), and main protease (M pro). 3CLpro is important for the
SARS-CoV life cycle, PLpro plays a role in SARS-CoV-2 repli-
cation, and Mpro is responsible for the maturation of functional
proteins in SARS-CoV-2. Quercetin and quercetin-p-galactoside
downregulated PLpro, 3CLpro, deubiquitination, and DelSGyla-
tion activity in SARS-CoV kaempferol to 3CLpro and PLpro of
SARS-CoV expressed in E. coli caused antiviral effects via inhibi-
tion of these enzymes [2].

SARS-CoV-2 main protease (MP™) is the enzyme responsible for
umpiring the replication and transcription of the virus), making it
a target for inhibitors towards the design and development of new
COVID-19 drugs (Anand et al. 2002) [7]. Both quercetin and kae-
mpferol sulfates and glucuronides, described as promising SARS-
CoV-2 3CLpro and RdRp inhibitors, could have a key role against
these proteins, since the virus is also dominant in plasma. rutin,
nicotiflorin, and their putative human metabolites, can play a key
role as inhibitors of the SARS-CoV-2 3CLpro and RdRp. Such de-
rivatives, which are expected in plasma, are in fact the most like-
ly compounds for targeting these viral proteins, via oral intake of
these flavonoid glycosides [8].
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flavonoids such as herbacetin (10) (Docking Score —9.263), rhoi-
folin (11) (Docking Score —9.565), and pectolinarin (12) demon-
strated anti-SARS-CoV 3CLP® activity. Another flavonoid amen-
toflavone (13) (Docking Score —11.42) is the most effective flavo-
noid inhibiting SARS-CoV 3CLr™[5].

Baicalin, a glucuronated flavone showed an effective inhibition
(IC50 of ~ 35 uM). Two rutinosylated flavonoids, the flavone pec-
tolinarin and the flavonol herbacetin also proved to prominently
inhibit 3CLpro (IC, of ~ 54 and 51.5 uM respectively) [9].

The promising compounds include five flavones orientin, baicalin,
pectolinarin, homoplantaginin and rhoifolin and two flavonols;
herbacetin, rutin. Among them, baicalin, herbacetin and pectoli-
narin revealed the prominent inhibitory activity against SARS-
CoV-2 3CLpro [10].

flavonoid based phytochemicals of calendula (rutin, isorhamne-
tin-3-O-B-D, calendoflaside) may be highly effective for inhibit-
ing MP® which is the main protease for SARS-CoV-2 causing the
deadly disease COVID-19 [11]. Herbacetin, rhoifolin and pecto-
linarin were the best inhibitory compounds against SARS-CoV
3CLpro in the flavonoid library [12].

Targeting the main protease (MP™) of the causative agent, SARS-
CoV-2 has great potential for drug discovery and drug repurposing
efforts [13].

Anti-Spike Protein (S) of The SARS-Cov-2 Effects

Spike protein (S) of the SARS-CoV-2 plays a crucial role in en-
tering viruses into the host cell by binding to Angiotensin-Con-
verting Enzyme 2 (ACE-2), and this specific interaction represents
a promising drug target for the identification of potential drugs.
flavonoids (hesperidin, naringin, ECGC, and quercetin) showed
excellent pharmacokinetics with proper absorption, solubility, per-
meability, distribution, metabolism, minimal toxicity, and excel-
lent bioavailability. With Also strong binding affinity to RBD of
nCoV-SP and ACE-2. These identified lead flavonoids may act as
potential compounds for developing effective drugs against SARS-
CoV-2 by potentially inhibiting virus entry into the host cell [14].

several extracts/derivatives from the herbs belonging to family po-
lygonaceae have been reported to inhibit the SARS-CoV S protein
interaction with Angiotensin-converting enzyme ACE2 receptor.
Anthraquinone compound namely emodin (1), a plant extract iso-
lated from genus Polygonum, and Rheum has efficiently impeded
the interaction of S protein and Angiotensin-converting enzyme
ACE2 receptor [5]. The flavone luteolin inhibited the attachment
and entry of SARS-CoV virions into human Vero E6 cells, proba-
bly after binding to the S2 domain of the spike [9].

Both flavonols myricetin and linebacker indicated potential bind-

ing efficacy to the S protein, helicase and to many protease sites
and had the ability to interact with the ACE2 receptor causing con-
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formational changes and viral entry inhibition [15].
RNA - Dependent RNA Polymerase Inhibitory Effects

Another interesting field of investigation is represented by inhibi-
tion of RNA viral replication, proposing RdRp as a candidate for
targeted drug development. To this purpose, a molecular screening
evidenced that theaflavin can interfere with the catalytic pocket
of SARS[1CoV (12 RdRp. By means of molecular docking, it has
been demonstrated that hydrophobic interactions are involved in
binding of theaflavin to RdRp. In addition, hydrogen bonds were
established between functional moieties of theaflavin and residues
of RdRp [16].

Two network analyses on SARS-CoV-2 drug finding were per-
formed. One is based on COVID-19 disease-related genes and
drugs targeting these genes, where also two flavonoids, myrice-
tin and quercetin, were revealed to be promising drugs. The other
study used unsupervised learning, a machine-learning method, on
gene expression profiles of SARS-CoV-2-infected vs non-infected
cells), by which also quercetin was detected as a potential flavo-
noid drug against COVID-19 [9].

A recent investigation by Zandi et al. revealed the in vitro antiviral
effect of baicalin and baicalein against SARS-CoV-2 infection in
Vero CCL-81 cell line through inhibition of RdRp, with a higher
potency by baicalein [4].

Effects on Non-Structural Protein 15 (Nsp15) of SARS-
Cov-2

Virus replication takes place at the level of the cytoplasmic mem-
brane and is mediated by a multi-subunit Replication/Transcription
Complex (RTC) formed by different viral NSPs. RNA helicases
(NSP13) represent the second most conserved subunit of the RNA
synthesis machinery in (+) RNA coronaviruses and are involved in
diverse steps of their life cycle.

natural compounds that inhibited the ATP hydrolysis activity of
nsP13 flavonoids have been measured. Scutellarein have shown
inhibition of ATPase activity of nsP13 by more than 90% while a
few compounds such as myricitrin, amentoflavone, diosmetin-7-
O-Glc-Xyl and taraxerol exhibited some degree of inhibition [17].

Effects on the Host Angiotensin Converting Enzyme-2
(ACE-2) Spike-RBD Binding Domain

Angiotensin-converting enzyme ACE2 receptor is a human recep-
tor to the SARS and SARS-CoV-2. These receptors facilitate entry
of three CoV strains (e.g. NL63, SARS-CoV, and SARS-CoV-2),
which are present most abundantly in the lungs (predominantly in
type 2 pneumocytes and macrophages), testis, brain, heart, blood
vessels, and the kidney. Various natural compounds such as ba-
icalin, scutellarin, nicotianamine and glycyrrhizin have been re-
ported to have potential anti-2019-CoV effects by preventing the
attachment and entry of virus. Particularly baicalin, extracted from
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tiviral and anti-SARS activity [5].

it is proven that the S protein of SARS-CoV-2 binds with 10—20-
fold higher affinity to ACE2 than that of SARS-CoV Thus, inhibi-
tion of ACE2 via a competing substance, seems to be a reasonable
approach for preventing SARS-CoV-2 infections. Quercetin had
potent inhibitory effects on ACE in vitro, and in vivo when tested
in rat models [18].

Two flavonoids were observed to have very good binding values
to either the spike protein or ACE[12 in several studies, namely
hesperidin and Epigallocatechin Gallate (EGCG) [9].

Bioactive compounds from flavonoid derivatives are valuable for
the development of drugs. Other flavonoids including flavones and
flavonoids were investigated for having antiviral potential, and
many of them showed significant antiviral responses in both in vi-
tro and in vivo studies. Naringenin and hesperetin (flavanon), hes-
peridin (flavanonone glycoside), baicalin and neohesperidin (fla-
vone glycoside), nobiletin (O-methylation), scutellarin (flavone),
nicotinamin (nonproteinogenic amino acids), and glycyrinodin are
amongst natural ACE2 inhibitors [19- 21].

The application of flavonoid-based scaffolds in the design of new
ACE2 inhibitors could be a good approach [22].

CONCLUSION

Based on the information put forth in this review, it can be conclud-
ed that Flavonoids could be a key feature to combat COVID-19 in-
fection. In summary, we have discussed the target-specific antiviral
potential of several Flavonoids family. The use of the flavonoids
quercetin, herbacetin, and isobavachalcone in adjuvant therapy
with other proposed antiviral drugs may present another interest-
ing approach to impedes this Covid-19 pandemic. Further studies
are needed to determine the best approach in using flavonoids as
anti-COVID-19 drugs and overcoming its limitations such as the
poor bioavailability of flavonoids.

REFERENCE

1. NgwaW, Kumar R, Thompson D, Lyerly W, Moore R, Reid T-E, et al.
Potential of Flavonoid-Inspired Phytomedicines against COVID-19.
Molecules (Basel, Switzerland). 2020; 25: 2707.

2. Khazeei Tabari MA, Iranpanah A, Bahramsoltani R, Rahimi R. Fla-
vonoids as Promising Antiviral Agents against SARS-CoV-2 Infec-
tion: A Mechanistic Review. Molecules. (Basel, Switzerland). 2021;
26: 3900.

3. Mouffouk C, Mouffouk S, Mouffouk S, Hambaba L, Haba H. Fla-
vonols as potential antiviral drugs targeting SARS-CoV-2 proteas-
es (3CL(pro) and PL(pro)), spike protein, RNA-dependent RNA
polymerase (RdRp) and angiotensin-converting enzyme II receptor

(ACE2). European Journal of Pharmacology. 2021; 891: 173759.
4. Alzaabi MM, Hamdy R, Ashmawy NS, Hamoda AM, Alkhayat F,

Journal of Corona Virus

3/4

Volume: 1.3


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7321405/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7321405/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7321405/
https://pubmed.ncbi.nlm.nih.gov/34202374/
https://pubmed.ncbi.nlm.nih.gov/34202374/
https://pubmed.ncbi.nlm.nih.gov/34202374/
https://pubmed.ncbi.nlm.nih.gov/34202374/
https://pubmed.ncbi.nlm.nih.gov/33249077/
https://pubmed.ncbi.nlm.nih.gov/33249077/
https://pubmed.ncbi.nlm.nih.gov/33249077/
https://pubmed.ncbi.nlm.nih.gov/33249077/
https://pubmed.ncbi.nlm.nih.gov/33249077/
https://pubmed.ncbi.nlm.nih.gov/34054380/

Journal Home: https://www.scienceworldpublishing.org/journals/journal-of-corona-virus-/COVID 19

10.

11.

12.

13.

14.

15.

16.

Khademi NN, et al. Flavonoids are promising safe therapy against
COVID-19. Phytochemistry Reviews : Proceedings of the Phyto-
chemical Society of Europe. 2021: 1-22.

Khare P, Sahu U, Pandey SC, Samant M. Current approaches for tar-
get-specific drug discovery using natural compounds against SARS-
CoV-2 infection. Virus Research. 2020; 290: 198169.

Mishra GP, Bhadane RN, Panigrahi D, Amawi HA, Asbhy CRJ, Ti-
wari AK. The interaction of the bioflavonoids with five SARS-CoV-2
proteins targets: An in silico study. Computers in Biology and Med-
icine. 2021; 134: 104464.

Abdul-Hammed M, Adedotun 10O, Olajide M, Irabor CO, Afolabi TI,
Gbadebo IO, et al. Virtual screening, ADMET profiling, PASS pre-
diction, and bioactivity studies of potential inhibitory roles of alka-
loids, phytosterols, and flavonoids against COVID-19 main protease
(M(pro)). Natural Product Research. 2021: 1-7.

da Silva FMA, da Silva KPA, de Oliveira LPM, Costa E v, Koolen
HH, Pinheiro MLB, et al. Flavonoid glycosides and their putative
human metabolites as potential inhibitors of the SARS-CoV-2 main
protease (Mpro) and RNA-dependent RNA polymerase (RdRp). Me-
morias Do Instituto Oswaldo Cruz. 2020; 115: €200207.

Goris T, Pérez-Valero A, Martinez I, Yi D, Fernandez-Calleja L,
San Ledn D, et al. Repositioning microbial biotechnology against
COVID-19: the case of microbial production of flavonoids. Microbi-
al Biotechnology. 2021; 14: 94-110.

Jo S, Kim S, Kim DY, Kim M-S, Shin DH. Flavonoids with inhibito-
ry activity against SARS-CoV-2 3CLpro. Journal of Enzyme Inhibi-
tion and Medicinal Chemistry. 2020; 35: 1539-44.

Das P, Majumder R, Mandal M, Basak P. In-Silico approach for
identification of effective and stable inhibitors for COVID-19 main
protease (M(pro)) from flavonoid based phytochemical constituents
of Calendula officinalis. Journal of Biomolecular Structure & Dy-
namics. 2020: 1-16.

Jo S, Kim S, Shin DH, Kim M-S. Inhibition of SARS-CoV 3CL
protease by flavonoids. Journal of Enzyme Inhibition and Medicinal
Chemistry. 2020; 35: 145-51.

Batool F, Mughal EU, Zia K, Sadiq A, Nacem N, Javid A, et al. Syn-
thetic flavonoids as potential antiviral agents against SARS-CoV-2
main protease. Journal of Biomolecular Structure & Dynamics.
2020: 1-12.

Bhowmik D, Nandi R, Prakash A, Kumar D. Evaluation of flavo-
noids as 2019-nCoV cell entry inhibitor through molecular docking
and pharmacological analysis. Heliyon. 2021; 7: e06515.

Mishra CB, Pandey P, Sharma RD, Malik MZ, Mongre RK, Lynn
AM, et al. Identifying the natural polyphenol catechin as a multi-tar-
geted agent against SARS-CoV-2 for the plausible therapy of
COVID-19: an integrated computational approach. Briefings in Bio-
informatics. 2021; 22: 1346-60.

Russo M, Moccia S, Spagnuolo C, Tedesco I, Russo GL. Roles of
flavonoids against coronavirus infection. Chemico-Biological Inter-
actions. 2020; 328: 109211.

17.

18.

19.

20.

21.

22.

. Science
=%~ World Publiishing

Yu M-S, Lee J, Lee JM, Kim Y, Chin Y-W, Jee J-G, et al. Identi-
fication of myricetin and scutellarein as novel chemical inhibitors
of the SARS coronavirus helicase, nsP13. Bioorganic & Medicinal
Chemistry Letters. 2012; 22: 4049-54.

Solnier J, Fladerer J-P. Flavonoids. A complementary approach to
conventional therapy of COVID-19? Phytochemistry Reviews : Pro-
ceedings of the Phytochemical Society of Europe. 2020: 1-23.

Zheng J. SARS-CoV-2: An Emerging Coronavirus that Causes a
Global Threat. International Journal of Biological Sciences. 2020;
16: 1678-85.

Malik YS, Sircar S, Bhat S, Sharun K, Dhama K, Dadar M, et al.
Emerging novel coronavirus (2019-nCoV)-current scenario, evolu-
tionary perspective based on genome analysis and recent develop-
ments. The Veterinary Quarterly. 2020; 40: 68-76.

Kaul TN, Middleton EJ, Ogra PL. Antiviral effect of flavonoids on
human viruses. Journal of Medical Virology. 1985; 15: 71-9.
Muchtaridi M, Fauzi M, Khairul Ikram NK, Mohd Gazzali A, Wa-
hab HA. Natural Flavonoids as Potential Angiotensin-Converting
Enzyme 2 Inhibitors for Anti-SARS-CoV-2. Molecules (Basel,
Switzerland). 2020; 25: 3980.

Journal of Corona Virus

4/4

Volume: 1.3


https://pubmed.ncbi.nlm.nih.gov/34054380/
https://pubmed.ncbi.nlm.nih.gov/34054380/
https://pubmed.ncbi.nlm.nih.gov/34054380/
https://www.sciencedirect.com/science/article/abs/pii/S0168170220310765
https://www.sciencedirect.com/science/article/abs/pii/S0168170220310765
https://www.sciencedirect.com/science/article/abs/pii/S0168170220310765
https://www.sciencedirect.com/science/article/abs/pii/S0010482521002584
https://www.sciencedirect.com/science/article/abs/pii/S0010482521002584
https://www.sciencedirect.com/science/article/abs/pii/S0010482521002584
https://www.sciencedirect.com/science/article/abs/pii/S0010482521002584
https://pubmed.ncbi.nlm.nih.gov/34107799/
https://pubmed.ncbi.nlm.nih.gov/34107799/
https://pubmed.ncbi.nlm.nih.gov/34107799/
https://pubmed.ncbi.nlm.nih.gov/34107799/
https://pubmed.ncbi.nlm.nih.gov/34107799/
https://pubmed.ncbi.nlm.nih.gov/33027419/
https://pubmed.ncbi.nlm.nih.gov/33027419/
https://pubmed.ncbi.nlm.nih.gov/33027419/
https://pubmed.ncbi.nlm.nih.gov/33027419/
https://pubmed.ncbi.nlm.nih.gov/33027419/
https://pubmed.ncbi.nlm.nih.gov/33047877/
https://pubmed.ncbi.nlm.nih.gov/33047877/
https://pubmed.ncbi.nlm.nih.gov/33047877/
https://pubmed.ncbi.nlm.nih.gov/33047877/
https://pubmed.ncbi.nlm.nih.gov/32746637/#:~:text=Some flavonoids are known to,SARS%2DCoV%2D2 3CLpro.
https://pubmed.ncbi.nlm.nih.gov/32746637/#:~:text=Some flavonoids are known to,SARS%2DCoV%2D2 3CLpro.
https://pubmed.ncbi.nlm.nih.gov/32746637/#:~:text=Some flavonoids are known to,SARS%2DCoV%2D2 3CLpro.
https://pubmed.ncbi.nlm.nih.gov/32705952/
https://pubmed.ncbi.nlm.nih.gov/32705952/
https://pubmed.ncbi.nlm.nih.gov/32705952/
https://pubmed.ncbi.nlm.nih.gov/32705952/
https://pubmed.ncbi.nlm.nih.gov/32705952/
https://pubmed.ncbi.nlm.nih.gov/31724441/
https://pubmed.ncbi.nlm.nih.gov/31724441/
https://pubmed.ncbi.nlm.nih.gov/31724441/
https://pubmed.ncbi.nlm.nih.gov/33251983/
https://pubmed.ncbi.nlm.nih.gov/33251983/
https://pubmed.ncbi.nlm.nih.gov/33251983/
https://pubmed.ncbi.nlm.nih.gov/33251983/
https://pubmed.ncbi.nlm.nih.gov/33748510/
https://pubmed.ncbi.nlm.nih.gov/33748510/
https://pubmed.ncbi.nlm.nih.gov/33748510/
https://pubmed.ncbi.nlm.nih.gov/33386025/
https://pubmed.ncbi.nlm.nih.gov/33386025/
https://pubmed.ncbi.nlm.nih.gov/33386025/
https://pubmed.ncbi.nlm.nih.gov/33386025/
https://pubmed.ncbi.nlm.nih.gov/33386025/
https://www.sciencedirect.com/science/article/abs/pii/S0009279720307948
https://www.sciencedirect.com/science/article/abs/pii/S0009279720307948
https://www.sciencedirect.com/science/article/abs/pii/S0009279720307948
https://pubmed.ncbi.nlm.nih.gov/22578462/
https://pubmed.ncbi.nlm.nih.gov/22578462/
https://pubmed.ncbi.nlm.nih.gov/22578462/
https://pubmed.ncbi.nlm.nih.gov/22578462/
https://pubmed.ncbi.nlm.nih.gov/32982616/
https://pubmed.ncbi.nlm.nih.gov/32982616/
https://pubmed.ncbi.nlm.nih.gov/32982616/
https://pubmed.ncbi.nlm.nih.gov/32226285/
https://pubmed.ncbi.nlm.nih.gov/32226285/
https://pubmed.ncbi.nlm.nih.gov/32226285/
https://pubmed.ncbi.nlm.nih.gov/32036774/
https://pubmed.ncbi.nlm.nih.gov/32036774/
https://pubmed.ncbi.nlm.nih.gov/32036774/
https://pubmed.ncbi.nlm.nih.gov/32036774/
https://pubmed.ncbi.nlm.nih.gov/2981979/
https://pubmed.ncbi.nlm.nih.gov/2981979/
https://www.mdpi.com/1420-3049/25/17/3980
https://www.mdpi.com/1420-3049/25/17/3980
https://www.mdpi.com/1420-3049/25/17/3980
https://www.mdpi.com/1420-3049/25/17/3980

	_GoBack

