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Abstract

Context: An outbreak of the new coronavirus disease 2019 (COVID-19) was reported in Wuhan, China, in December 2019, subse-
quently affecting countries worldwide and causing a pandemic. Although several vaccines, such as mRNA vaccines, inactivated
vaccines, and adenovirus vaccines, have been licensed in several countries, the danger of severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) variants persists. To date, Alpha (B.1.1.7), Beta (B.1.351, B.1.351.2, B.1.351.3), Delta (B.1.617.2, AY.1, AY.2, AY. 3), Gamma
(P.1, P.1.1, P.1.2), and Iota (B.1 .526) circulating in the United States, Kappa (B.1.617.1) in India, Lambda (C.37) in Peru and Mu (B.1.621) in
Colombia are considered the variants of concern and interest.
Evidence Acquisition: Data were collected through the end of August 2021 by searching PubMed, Scopus, and Google Scholar
databases. There were findings from in silico, in vitro cell-based, and non-cell-based investigations.
Results: The potential and safety profile of herbal medicines need clarification to scientifically support future recommendations
regarding the benefits and risks of their use.
Conclusions: Current research results on natural products against SARS-CoV-2 and variants are discussed, and their specific molec-
ular targets and possible mechanisms of action are summarized.
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1. Context

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which causes coronavirus disease 2019
(COVID-19), can infect people from mild to severe. It has
blowout quickly over the globe in the months following
the pandemic’s detection in December 2019 in China.
Minor cases are characterized by fever, drowsiness, and
a hacking cough, while severe cases show pneumonia,
respiratory failure, and kidney failure (1). In addition, due
to lymphopenia and punctate lung inflammation with
high concentrations of proliferative inflammatory medi-
ators, the infection can lead to acute respiratory distress
syndrome (ARDS) due to the release of cytokines, multior-
gan dysfunction, and development of senile septicemia,

eventually leading to death (2).

Significant facts related to hereditary pathobiology,
having a reactive viral stage, and a retrograde host reac-
tion phase are associated with overall obesity and death in
victims of COVID-19 (3). Elevated plasma concentrations of
proinflammatory cytokines (IL-6, IL-10, TNF-a, G-CSF, MCP1,
and MIP1α), lymphocytopenia, decreased IFN-g protection
of CD4+ T cells, and decreased numbers of CD4+ and
CD8+ T cells in the marginal blood of previously SARS-CoV-
2-contaminated people constitute the riskier and poten-
tially life-threatening events associated with severe COVID-
19. Although SARS-CoV-2 is gradually increasing in infec-
tion rate, researchers have not yet proposed a particular
drug, vaccination program for cancer-causing viruses, or
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other approved therapeutics to fight SARS-CoV-2, resulting
in considerable morbidity and mortality (4, 5).

1.1. New Variants of Severe Acute Respiratory Syndrome Coron-
avirus 2

Severe acute respiratory syndrome coronavirus 2 vari-
ants have emerged in different regions of the world dur-
ing the ongoing COVID-19 pandemic, including the United
Kingdom (UK), South Africa (SA), Brazil, India, and the
United States. The spike (S) protein, which is a crucial glyco-
protein for infection, immune response, and antiviral ther-
apy against SARS-CoV-2, has been found to have multiple
mutations in this new variant (6). Hence, a pressing need
remains for safe, potent, and affordable means of prevent-
ing and treating SARS-CoV-2 infection (7).

Viruses evolve by mutation, and a new form emerges
that does not pose a severe problem. Specific mutations
or mixtures of mutations, however, can have selective ben-
efits for the virus, for example, increased transmissibility
leading to increased receptor binding and the ability of the
host’s immune response to change the surface structures
recognized by antibodies (8). Earlier studies by Liu et al. re-
garding the D614G variant have shown that while the 614G
variant provides selective gain, the increased cellular in-
fectivity means no detectable effect on the severity or out-
come of infection (9).

The world followed with interest a growing concern in
mid-December 2020 as scientists in the UK described the
newly discovered coronavirus variant as more transmis-
sible than the viruses already circulating (10). Although
many vaccines, such as mRNA vaccines, inactivated vac-
cines, and adenovirus vaccines, have been licensed in sev-
eral countries, the danger of SARS-CoV-2 variants persists.
To date, Alpha (B.1.1.7), Beta (B.1.351, B.1.351.2, B.1.351.3), Delta
(B.1.617.2, AY.1, AY.2, AY. 3), Gamma (P.1, P.1.1, P.1.2), and Iota
(B.1.526) circulating in the USA, Kappa (B.1.617.1) in India,
Lambda (C.37) in Peru, and Mu (B.1.621) in Colombia are
considered the variants of concern and interest (11).

1.2. Host Proteins

A basic approach to treating previral infections is dis-
rupting interactions between hosts and viruses. The func-
tional roles of some host proteins are crucial; for example,
when the virus attaches to the host cell membrane and ac-
tivates the spike protein, the virus can enter the host cell
(12).

Angiotensin-converting enzyme 2 (ACE2) in humans
can detect the same receptors as SARS-CoV-2 and SARS-
CoV, according to ongoing investigations. In addition to
proprotein convertase furin, which promotes cell fusion,
the serine protease transmembrane serine protease 2 (TM-
PRSS2) is also a key target enzyme in SARS-CoV-2. This is

because TMPRSS2 cleaves away ACE2, increasing viral entry
(13). Cathepsin L, like TMPRSS2, also slashes the S-protein,
although in the postreceptor binding just before the virus
enters the cell. Eventually, another membrane-bound host
protease, furin, will also split the coronaviruses-2 S-protein
at the furin cleavage site, which is unique to SARS-CoV-
2 and not found in any other corona viruses. Dietary
cysteine-like protease (3CLpro) protein is a well-known
major protease in coronaviruses and is one of the most
promising antiviral drug targets against coronaviruses
(14).

Recently, researchers’ attention has been drawn to
miRNA-based therapies, with some beginning precise in
silico studies to link the SARS-CoV-2 genome to the human
miRNome to better understand infectious miRNAs’ contri-
bution to SARS-CoV-2 infections (15). One study, drawing on
computational studies, suggests that miR-27b plays a criti-
cal regulatory role in SARS-CoV-2 infection, showing an im-
portant correlation with ACE2. Finding new compounds
that block both viral and host proteins linked to SARS-CoV-2
suggests that miR-27b could be part of a drug combination
to treat SARS-CoV-2 (16).

1.3. Preventative and Therapeutic Approaches

Even though licensed regular drugs are already used
routinely in clinical settings, there is still a pressing need
for both specific countermeasures and vaccines. Bioengi-
neered and vectored antibodies, small molecule drugs,
and cytokine- and nucleic acid-based therapies that tar-
get viral gene expression are all promising treatments for
coronavirus infections (17).

Plasma therapy for the treatment of COVID-19 has re-
cently shown unpromising results because of unwanted
direct or indirect side effects, all these artificial substances
are generally ineffective when used. However, investigat-
ing the effects of drug product recombination experimen-
tally can be costly and time-consuming, whereas evaluat-
ing them mathematically can provide testable hypotheses
for systematic drug product decompression (18).

Complementary medicines involving herbal
medicines have been used extensively worldwide since
the COVID-19 breakout. The use of herbal medicines with
specific active ingredients possessing antimicrobial, an-
tiviral, anti-inflammatory, and immunostimulant effects,
like Echinacea, quinine, and curcumin, has become a new
trend in the community. Such plant agents are believed
to be capable of modulating the immunologic response
and are therefore thought to be advantageous in curing or
preventing COVID-19 (19).

The WHO states that approximately 80% of the world’s
population relies upon healing plants for their medicinal
needs. A considerable number of antiviral agents extracted
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from many herbal species have been used in many studies.
In addition, several complex herbal medicines are in clini-
cal research to treat coronavirus-related symptoms (20).

Against this background, clarifying the true potency
and safety profile of herbal pharmaceuticals is needed to
scientifically support future decisions on the benefits and
hazards of their application. Therefore, all current scien-
tific literature on the biological activities of herbal agents
has been brought together in a unified framework to sup-
port collaborative research for the design of innovative
pharmaceuticals/molecular therapeutics to combat cur-
rent pandemics and beyond (21).

1.4. Natural Products Inhibiting Severe Acute Respiratory Syn-
drome Coronavirus 2

There is increasing attention to natural products due
to their broad therapeutic spectrum and potent antivi-
ral, immune-modulatory, inhibiting inflammatory, and
antioxidant properties (22). The present study, hence,
aimed to investigate natural products having the poten-
tial to both modulate the host immune system and block
viral entry into host cells by disrupting engagement with
a cellular receptor for the development of a comprehen-
sive and efficient-based roadmap for the treatment of coro-
naviruses and other virus infections in the coming years.
Potential binding inhibitors developed using natural com-
pounds represent a safe and powerful treatment option for
coronavirus. Consequently, these natural medicines may
be used to treat various signs and symptoms of SARS-CoV-
2 infection and other coronaviruses as alternative ther-
apy when no specific antiviral medicine is currently avail-
able. Furthermore, natural products are essential in infec-
tion prevention, particularly in high-risk patients suffer-
ing from coronavirus transmission. In the following, the
current research results on compounds against SARS-CoV-2
are discussed, and their specific molecular targets and pos-
sible mechanisms of action are summarized (Table 1).

1.5. Plants’ Secondary Metabolites Against Severe Acute Respi-
ratory Syndrome Coronavirus 2

Secondary and primary metabolites from plants are
considered potential drugs for inhibiting different types
of coronaviruses. Their IC50 (the concentration at which
there is a 50% loss of enzyme activity), molecular dock-
ing, and binding energy are parameters that provide in-
formation about the ability of the metabolites to inhibit
infectious viruses specifically. Investigators worldwide are
trying to find therapeutic agents consisting of plant sec-
ondary metabolites (PSMs) against SARS-CoV-2 and new
medicinal plant compounds to avert this global strategy
crisis (23).

Plant secondary metabolites represent a source of nat-
ural antiviral agents that might provide important ques-
tion since most are safer or cheaper than conventional
drugs, although several PSMs are also toxic. Plant pathway
metabolites can disrupt enzymatic activity. They partici-
pate in the CoV propagation cycle, which includes papain-
like proteinase and 3CL protease, stopping the merger of
coronavirus S nutrient and host ACE2. They can also inhibit
intracellular transduction pathways (24).

2. Experimental Procedure

References for this narrative review were established
with four search engines (PubMed, Scopus, Web of Science,
and Google Scholar) with listed keywords: Coronavirus dis-
ease 2019 pandemic, COVID-19 epidemiology, natural prod-
ucts, herbal remedies, and SARS-CoV-2 variant. The litera-
ture was gathered until late August 2021. Results from in
silico and in vitro tissue-based and non-surface-based in-
vestigations were included. This review includes articles
published only in English.

3. Results

3.1. Role of Polyphenols Against Severe Acute Respiratory Syn-
drome Coronavirus 2

Various antiviral compounds have been discovered in
medicinal plants belonging to different plant families.
They include phenols, flavonoids, lignans, hydroxycin-
namic acid, stilbenes, and hydroxy acids, all containing
several phenolic rings. The benefits of polyphenols in-
clude the potential suppression of SARS-CoV-2 spike pro-
tein binding to the host cell ACE2 receptors, prevention
of viral entry into the host cell, and suppression of vi-
ral RNA replication and protein synthesis (23). Molecular
model loading studies revealed enhanced binding affin-
ity of polyphenols from Turmeric sp. (curcumin and its
derivatives) and Lemon sp. (hesperetin, hesperidin, and
tangeretin) for the S-protein compared to the benchmark
drug nafamostat. Recently, it has been suggested that in-
gesting resveratrol, a phenolic compound found at high
levels in red grape skin, may influence the severity of SARS-
CoV-2 pathogenesis by affecting ACE2 regulation and ac-
tivity (25). However, the poor solubility and breakdown
of most polyphenols in neutral and basic conditions limit
their activity (26).

3.1.1. Naringenin

There has been much research on the antiviral and
anti-inflammatory properties of naringenin, a flavonoid
found in citrus fruits, among many other compounds (27,

Jundishapur J Nat Pharm Prod. 2022; 17(4):e129618. 3



Mohammadi M et al.

Table 1. Mechanism of Action, Chemical Classes, and Sources of Some Natural Products

Name of
Plants

Mechanism of Action Chemical Class Type of Compounds Type of Study Source

Polyphenols Inhibiting SARS-COV-2 Mpro and
RNA replicase

Phenolics, flavonoids,
lignans,
hydroxycinnamic
acid, stilbenes, and
hydroxy acids

Flavonoids, phenolic
acid, polyphenolic
amides, and other
polyphenols

Silico analyses Fruits, vegetables, herbs, spices,
tea, dark chocolate, and wine

Naringenin Cytokine production, reducing
viral replication

Antiviral and
anti-inflammatory
properties

Flavonoids found in
citrus fruits

Silico analyses Citrus fruits like grapefruits, sour
orange, tart cherries, tomatoes,
Greek oregano

Hesperidin Binding ability to the SARS-CoV-2
3CLpro

Flavonoid Citrus flavonoids Silico analyses Citrus fruit

Silymarin Anti-inflammatory, antioxidant,
antiplatelet and antiviral, ability
to bind to transmembrane
protease serine 2

Flavonoid called
taxifolin

Polyphenolic
flavonolignans

Silico analyses Silybummarianum (milk thistle)
plant

Resveratrol Proinflammatory cytokines Flavonoids Natural polyphenolic Silico analyses Grapes, wine, grape juice,
peanuts, cocoa, and berries of
Vaccinium species, including
blueberries, bilberries, and
cranberries

Fenoterol SARS-CoV-2 RNA replicase
inhibitors

Polyphenolic Secondary amino
compound, a
secondary alcohol
and a member of
resorcinols

Silico analyses Synthesis

Quercetin Interaction between the
SARS-CoV spike protein and ACE2
and inhibiting viral protease and
helicase activity

Flavonoids Flavonoids Silico analyses Fruits and vegetables

Eriodictyol Inhibiting ACE2 Flavonoid Flavonoid Silico analyses Citrus fruits such as lemons,
orange, and grapes

Taxifolin Inhibiting the major protease of
SARS-CoV-2

Flavonoid Flavonoid Silico analyses Onion, milk thistle, French
maritime pine bark and Douglas
fir bark

Alkaloids Inhibiting protease enzyme, RNA
and proteins synthesis

PSM Nitrogenous
compounds of low
molecular weight

Silico analyses Bacteria, fungi, plants, and
animals

Terpenoids Antiviral activity against the
Mpro and PLpro enzymes of
SARS-CoV-2

Isoprenoids Isoprene unit Silico analyses Marine organisms

Glycyrrhizin Inhibiting viral replication Glucuronic acid Triterpene glycoside Silico analyses Roots of the liquorice plant

Lycorine Inhibiting viral RdRp activity Indolizidine alkaloid Amaryllidaceae
alkaloids

Silico analyses Flowers and bulbs of daffodil,
snowdrop (Galanthus) or spider
lily (Lycoris)

Abbreviations: SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; Mpro, main protease; 3CLpro, 3-chymotrypsin-like protease; ACE2, angiotensin-converting
enzyme 2; PSM, Plant Secondary Metabolite; PLpro, Papain-like protease 2; RdRp, RNA-dependent RNA polymerase.

28). A study by Alberca et al. provided new experimental ev-
idence that flavanone naringenin, which targets endolyso-
somal two-pore channels (TPCs), is often added to the list
of potential weapons against SARS-CoV-2 inspiration and
COVID-19 disease (29). Naringenin’s benefits include reduc-
ing or avoiding coronavirus infection (28). In addition, a
study conducted by Clementi et al. has shown that it is
possible to inhibit the activity of human TPCs by the nat-
ural flavonoid compound naringenin, one of the essential
flavonoid compounds in people’s nutrition (27). Although

the data suggest a novel pharmacological strategy against
CoV, naringenin is promising for efficient and safe prophy-
laxis and therapy (29).

3.1.2. Hesperidin

Citrus flavonoids have been proposed as potential an-
tiviral drugs against coronaviruses and therapeutics to
combat inflammatory diseases that may result in symp-
toms of more severe viral illness. Recent research us-
ing molecular model quantification has identified the
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flavonoid hesperidin, the glycosylated version of hes-
peridin, and the main form in which this flavonoid is
found throughout citrus (30). Nevertheless, at high con-
centrations of hesperidin, our results showed that in
vitro citrus zest has little inhibitory effect against SARS-
CoV-2 3CLpro. Furthermore, molecular docking revealed
that curcumin, hesperidin, diosmin, apiin, and rutin are
potent inhibitors of COVID-19 (31). Hesperidin’s anti-
inflammatory properties and ability to bind to the coron-
avirus spike are its benefits (30). Based on docking, molec-
ular dynamics (MD) simulation behaviors, and known an-
tiviral activities, Kumar et al. showed that hesperidin and
conivaptan were recognized as potential SARS-CoV-2 exon
inhibitors (32). In conclusion, as a potential COVID-19 treat-
ment, we recommend further exploration of this combina-
tion therapy with RNA-dependent RNA polymerase (RdRp)
inhibitors and a newly developed exon inhibitor (32).

3.1.3. Silymarin

As an extract fraction, silymarin is derived from the
seeds of the traditional thistle plant, a member of theAster-
aceae family. Mediterranean regions like Crete, Greece,
Iran, and Afghanistan are native to this plant (33). Phar-
macologically, silymarin is a complex of seven closely re-
lated polyphenolic flavonolignans with a flavonoid called
taxifolin. Appreciated for its various pharmacologi-
cal activities such as anti-inflammatory, antioxidant, an-
tiplatelet, and antiviral with versatile functions regulating
immune cytokines, silymarin can bind to TMPRSS2 and the
interferon-stimulated gene of the antiviral cytokine for the
treatment of coronavirus (34).

Because silymarin has antiplatelet activity and may
prevent coagulation, it may be utilized to treat and recover
from strokes linked to SARS-CoV-2-induced thrombotic pul-
monary embolism (33). A computational study by Speciale
et al. showed that silibinin forms a stable complex with
the SARS-CoV-2 spike protein RBD, exhibits good negative
bonding affinity towards main protease (Mpro), and inter-
acts with many residues at the site of Mpro, supporting its
potential to inhibit virus entry and replication (35). Ad-
ditionally, in silico data suggested that silibinin prevents
SARS-CoV-2 from entering and replicating into host cells
(35).

The action mechanisms of IL-6-targeting monoclonal
antibodies and pan-JAK1/2 inhibitors are predicted to
be phenotypically integrated by silibinin, which directly
modulates downstream STAT3 activity within the unsuc-
cessful cycle of SARS-CoV-2-injured lung tissue (36). There-
fore, silibinin could act as an immunotherapeutic agent to
relieve the cytokine storm and T-cell lymphopenia within
the clinical scenario of a subset of intense COVID-19 suffer-
ers who completely meet ARDS criteria (35).

Considering silibinin’s anti-inflammatory and antico-
agulant traits at the endothelium and its proven cap po-
tential right here to interact with key goal proteins of SARS-
CoV-2, silibinin can be a sturdy candidate for the remedy of
coronavirus from a multitargeted perspective (37).

3.2. Role of Flavonoids in Combating Coronavirus Disease 2019
Pandemic

Citrus fruits are abundant in flavonoids, which have
been shown to have antiviral effects. In some studies, the
significance of flavonoids as antiviral agents against other
respiratory diseases, including SARS-CoV-2, has even been
discussed. The binding of flavonoid compounds to these
residues could reduce the catalytic activities of Mpro, ul-
timately leading to a decrease in viral replication (38). In
addition, flavonoids showed evidence of a significant ca-
pacity to reduce COVID-19 exacerbation in obesity by pro-
moting fat metabolism. In addition, flavonoids have an
excessive protection profile, suitable bioavailability, and
no enormous side effects. For instance, flavonoid-wealthy
plants are extensively allotted worldwide and may offer
suitable safety against coronavirus (39).

Flavonoid-like compounds like apigenin and quercetin
exhibited activity directed toward SARS-CoV. Also, SARS-
CoV-2 Mpro activity can be blocked by flavonoid substances
in vitro and in silico (20). According to Alzaabi et al., the
effects strongly advocate the promising multi-goal activ-
ity of flavonoids, mainly quercetin and luteolin, against
SARS-CoV-2, promoting their use in the present and pos-
sibly future epidemics (19). Gentile et al. tested a marine
natural product (MNP) library in search of the latest SARS-
CoV-2 Mpro inhibitors (21). Phlorotannins, flavonoids, and
pseudopeptides are only a few of the chemical families that
have been shown to inhibit SARS-CoV-2 Mpro, as was the
case with SARS-CoV-1 Mpro. Future tests of the ligands iden-
tified in this study’s in vitro activity assays will provide cru-
cial information on novel scaffolds for optimization (21).

Flavonoid glycosides such as rutin and nicotiorin from
the plant Dysphania ambrosioides, in addition to their glu-
curonide and sulfate derivatives, have emerged as potent
inhibitors of SARS-CoV-2 Mpro and RdRp through a molec-
ular docking approach (40). The demonstration of the best
docking score, the site of the ligands on the inhibitory
site, the interplay profile with the catalytic residues, and
the suited ADMET parameters of the QSAR version ad-
vise that chrysin-7-O-glucuronide can be powerful against
SARS-CoV-2 Mpro. In addition, in vitro and in vivo research
themselves to the conventional preventive use of Oroxylum
indicumand could offer precious statistics on new scaffolds
for optimization (41).
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3.2.1. Resveratrol

Resveratrol is a natural polyphenolic compound for-
mulated with the aid of numerous plants in reaction to
physiological pressure or bacterial and fungal infections
(42). The expression of ACE2, regulation of the renin-
angiotensin system (RAS), activation of the immune sys-
tem, and suppression of the release of proinflammatory cy-
tokines are just a few of the significant pathways shown to
be attenuated by resveratrol in the pathogenesis of SARS-
CoV-2 (43). A study by Ramdani and Bachari highlighted
the importance of resveratrol as a potential therapeutic
agent in SARS-CoV-2 infections (43). The RAS and the pro-
duction of ACE2 are two of the critical pathways connected
to the pathogenesis of SARS-CoV-2 that have been demon-
strated to be attenuated by resveratrol; the stimulation of
the immune system and the downregulation of the release
of proinflammatory cytokines are the others (43).

According to those reports, it has been recommended
that resveratrol is a capable healing agent for the treat-
ment of SARS-CoV-2 (44). Moreover, Pasquereau et al.
demonstrated the antiviral impact of resveratrol on hu-
man coronavirus (HCoV)-229E and SARS-CoV-2 replication
in vitro (45). The SARS-CoV-2 inhibition experiments ad-
ditionally displayed the antiviral impact of resveratrol in
vitro. Finally, they recommended using resveratrol in a sci-
entific setting, with the aid of using itself or as part of a rou-
tine against coronavirus (45).

3.2.2. Fenoterol

Using computational approaches, the polyphenolic 2-
adrenergic receptor agonist fenoterol, the naturally occur-
ring flavone baicalin from Scutellaria baicalensis, and sev-
eral xanthones from Swerti apseudochinensis were identi-
fied as potent SARS-CoV-2 RNA replicase inhibitors (46). In
other in silico studies, epigalloca gallate, myricetin, querc-
etagetin, and numerous polyphenols have been suggested
to have excessive binding affinity for the RdRp of SARS-CoV
and SARS-CoV-2 (47).

3.2.3. Quercetin

Quercetin is one of the most important natural
flavonoids found in most fruits and vegetables and a few
plant leaves. On the viral side, this flavonoid is proposed
as a leading candidate because it inhibits the interac-
tion between the SARS-CoV spike protein and ACE2 and
inhibits viral protease and helicase activity. At the same
time as in the host cell direction, it inhibits ACE activity
and increases intracellular zinc (48). In the early stages
of SARS-CoV-2 viral infection, quercetin may prevent the
onset and progression of the disease (49). Alzaabi et al.
showed that quercetin and luteolin might have potential

multitarget actions against SARS-CoV-2, which supports
their use in current outbreaks and future outbreaks (19).

Moreover, modern molecular docking assays and in
silico screening of plant-derived drugs have proven that
quercetin is certainly considered one among numerous ca-
pable inhibitors of 3CLpro of SARS-CoV-2 (50). Quercetin is
currently undergoing research and clinical trials to deter-
mine whether it is potentially effective as a drug against
SARS-CoV-2. These clinical trials investigate quercetin’s an-
tioxidant and antiviral properties and the possibility of de-
veloping drugs without side effects (38).

In addition, a proof of concept was provided by a
study by Kushwaha et al., showing the docking of key
SARS-CoV-2 proteins to quercetin (51). Their findings re-
vealed that quercetin is a capable drug molecule. More
studies are urgently needed in vitro and in vivo to per-
mit using quercetin, primarily based on total drugs, as
early as possible (51). Directing quercetin to the active
site of RdRp ASP761 might be a possible healing choice to
inhibit SARS-CoV-2 replication. Similarly, Aftabet utilized
this computational technique and anticipated that ASP761
strongly binds the antiviral drug galidesivir, indicating
that quercetin has an ability much like galidesivir (52).

3.2.4. Eriodictyol

A flavonoid belonging to a subclass of flavanones, eri-
odictyol, is widely distributed among citrus fruits, veg-
etables, and plants of medicinal importance, resulting in
no reported toxicity or adverse reactions. Eriodictyol, an
avanone occurring in Eriodictyon californicum, exhibited
one of the highest affinities for ACE2 out of all other con-
tenders (53). Quite recently, a docking study by Desh-
pande et al. reported that eriodictyol exhibits good bind-
ing energies and antiviral effects through its cellular multi-
targeting capabilities directed against several proteins of
SARS-CoV-2, in particular ACE2 (54). In addition, eriodic-
tyol binds strongly to virus-replicating proteins such as
the SARS-CoV-2 helicase compared to many already known
drugs, which may be helpful in RNA recognition. DNA du-
plex is a unique characteristic of viruses and the active sites
of the SARS-CoV-2 spiked glycoprotein C chain of 10 amino
acids. For this reason, eriodictyol has emerged as a novel
multitarget molecule against SARS-CoV-2. This indicates
that eriodictyol could influence the virus’s life cycle by in-
teracting with several proteins (54).

3.2.5. Taxifolin

Molecular docking was used to evaluate a group of 44
citrus flavonoids against the SARS- CoV-2 highly conserved
Mpro. Of the 44 citrus flavonoids, five of them showed
a lower affinity for Mpro than the co-crystalline ligand.
The lowest reported IC50 value for taxifolin was among
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these. In order to battle the current pandemic, the current
work reveals that taxifolin may also be a possible inhibitor
against the primary protease of SARS-CoV-2. This possibil-
ity may be further explored through in vitro and in vivo in-
vestigations (55).

3.3. Role of Alkaloids Against Severe Acute Respiratory Syn-
drome Coronavirus 2

Alkaloids fall within the PSM group and may be pri-
mary, with at least one nitrogen atom in their struc-
ture. Based only on the heterocyclic ring, they are catego-
rized into several classes, including tropanes, pyrrolidines,
isoquinoline purines, imidazoles, quinolizidines, indoles,
piperidines, and pyrrolizidines. They are made by animals,
fungi, and terrestrial plants. Emetine, ipecac, macetaxime,
tylophorine, and 7-methoxy-cryptopleurine are only a few
of the alkaloids whose anti-SARS action has been demon-
strated by suppressing the creation of proteins, RNA, and
the protease enzyme (56).

Through blocking pathogenesis-associated targets of
the Coronaviridae family, which are necessary for the virus
life cycle, alkaloids have demonstrated potential anti-SARS-
CoV activity (57). 10-hydroxy usambarensines, an alka-
loid discovered in the roots of Strychnos usambarensis, and
cryptoquindoline and cryptospirolepine, both found in
Cryptolepis sanguinolenta, were found to have an abnormal
amount of binding affinity for the SARS-CoV-2 Mpro (58).

Chloroquine, an alkaloid derivative, has been proven
powerful against anti-SARS-CoV-2. Consequently, a few
PSMs in the shape of alkaloids may offer opportunity drug
goals for COVID-19 (59). This examination confirmed that
10-hydroxyusambarensine had the most powerful interac-
tions with 3CLpro of SARS-CoV-2, while cryptospirolepine
confirmed the best binding affinity and selectivity for 3CL-
pro of SARS-CoV and middle east respiratory syndrome-
coronavirus (MERS-CoV). Furthermore, some other in sil-
ico studies discovered that the alkaloids of Cryptolepis san-
guinolenta, particularly cryptomisrine, cryptospirolepine,
cryptoquindoline, and biscryptolepine, exhibited sturdy
binding to RdRp, indicating that they are potent RdRp in-
hibitors (57).

In a molecular dynamics study, anisotine, adhatodine,
vasicoline, and vasicine alkaloids from the leaves of J. ad-
hatoda showed potent inhibition of SARS-CoV-2-Mpro, mak-
ing these drugs suitable candidates for protease inhibition
for further in vitro and in vivo validation (44). More re-
cently, an assessment of the antiviral efficacy of herbal al-
kaloids known as homoharringtonine (HTT) and emetine
has yielded promising results against coronaviruses, in-
cluding SARS-CoV. These alkaloids can be used as antivi-
ral agents against SARS-CoV-2 since they have already been
reported to inhibit the replication of SARS-CoV and other

viruses across cell lines (60). Ismail et al. demonstrated
that of the 71 compounds tested, as many as 23 were cho-
sen for molecular docking owing to their pharmacoki-
netic and toxic profiles (61). The findings revealed that
the three targets of SARS-CoV-2 Mpro, S-protein, and ACE2
had significant binding to norquinadoline A, deoxytrypto-
quivaline, and deoxynortryptoquivaline (61). Norquinado-
line A, deoxytryptoquivaline, and deoxynortryptoquiva-
line have good pharmacokinetic and safety profiles, indi-
cating that they are potential natural multitarget drugs
against COVID-19. Therefore, as their efficacy and mecha-
nisms of action are confirmed, these three alkaloids could
be starting points for future drug development (62).

3.4. Role of Terpenoids Against Severe Acute Respiratory Syn-
drome Coronavirus 2

Terpenoids or isoprenoids are described as various
and, therefore, the largest group of natural products orig-
inating from isoprene moieties, which can function as a
source for brand spanking new medicines or prototypes
for developing potent pharmacotherapeutic compounds
(63). Terpenoids have numerous medicinal qualities, such
as antiviral, antibacterial, and antioxidant activity. These
natural products have antiviral activity against the Mpro
and papain-like protease 2 (PLpro) enzymes of SARS-CoV-
2. Computational programs concerning a complete of
molecular dynamics simulations resulted withinside the
identity from the version of promising Terpenes for in-
hibition of the proteases of the SARS-CoV-2 virus (64).
The methyl tanshinonate, sugiol, and α-cadinol are all ex-
pected to be exceptional applicants to inhibit Mpro. At the
same time, 8-β-hydroxyabieta-9,13-dien-12-one, dehydroa-
bietate 7-one, and tanshinone I are better positioned for
PLpro inhibition of SARS-CoV-2 (65). In addition, evidence
confirmed that the terpene ginkgolide A strongly inhib-
ited the SARS-CoV-2 protease enzyme (66).

3.5. Role of Glycyrrhizin Against Severe Acute Respiratory Syn-
drome Coronavirus 2

A vital constituent of liquorice root, glycyrrhizin (or
glycyrrhizic acid), comes from Glycyrrhiza glabra L. and
Glycyrrhiza uralensis Fish. ex DC (67). Additionally, gly-
cyrrhizin was shown to possess antiviral activity against
HIV-1, SARS-CoV, and respiratory syncytial virus in vitro.
Subsequent studies performed on clinical isolates of coro-
navirus demonstrated glycyrrhizin’s efficacy in inhibiting
viral replication and, therefore, the penetration and ad-
sorption of the virus into the host cell at non-cytotoxic lev-
els (68).

Emerging research based on an incorporated com-
putational primarily based method and pharmacological
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issues offers similar proof to support an adjuvant posi-
tion for glycyrrhizin in coronavirus treatment (69). Bailly
and Vergoten thoughtfully examined in a timely review
the prospective improvement of glycyrrhizin analogs, not
only as antiviral drugs, but also as an adjuvant remedy
for their protector impact on susceptible organs in pa-
tients with SARS-CoV-2 infection (67). Given this history, it
is time to find a way to get this proven secondary phyto-
chemical that protects against SARS-CoV-2-3CL approved as
a medicine so that it can be used in the future.

According to the authors, there may be an ability for
glycyrrhizin to bind to ACE2. This result shows that for
the remedy of COVID-19, glycyrrhizin can be a promis-
ing drug. Meanwhile, previous study determined that
glycyrrhizin is an effective and non-toxic broad-spectrum
anti-coronavirus molecule in vitro, especially against SARS-
CoV-2 (70). Based on Sinha et al., glyasperine A and gly-
cyrrhizic acid can be considered the greatest molecules
from liquorice that can be beneficial against COVID-19 (71).

3.6. Role of LycorineAgainst SevereAcuteRespiratory Syndrome
Coronavirus 2

The binding position of lycorine overlaps with the nu-
cleoside rings of remdesivir at an equivalent pocket region
of the catalytic site of the SARS-CoV-2 RdRp protein (72). Ly-
corine’s anti-SARS-CoV-2 activity was attributed to the mod-
ulation of host factors during a recent study by Zhang et al.
(73). Even so, it could be intriguing to consider this chem-
ical as a potential future contender for preventative inter-
vention against 3CL.

As a bioactive constituent of the plant family Amaryl-
lidaceae, lycorine is determined in Hymenocallis littoralis
(Jacq.) Salisb., Lycoris radiate (L’Hér.) Herb. and Narcis-
sus pseudonarcissus.cv. Dutch Master, which are tradition-
ally used for wound recuperation in many nations and
the remedy for most cancers and some infectious diseases
(74). Lycorin was reported by Jin et al. to be a potent,
non-nucleoside, direct-performing antiviral agent against
newly rising variants of coronavirus, performing via in-
hibiting viral RdRp activity; consequently, lycorin can also
additionally be a candidate drug against COVID-19 (72).

4. Conclusions and Future Perspective

Infection with COVID-19 is a significant life-threatening
disease. As known, no antiviral medicines on the market
play an important role in curing COVID-19 patients. Nat-
ural products and PSMs have been used for many years
to treat viral infections and boost the host’s immune re-
sponse. Since the pandemic outbreak, there has been in-
creasing scientific evidence that natural products can help

alleviate the symptoms of COVID-19. Hence, researchers
are trying hard to find highly potent antiviral compounds
targeting COVID-19. Our study has discovered several sec-
ondary plant metabolites that interfere with critical com-
ponents of coronavirus pathogenesis and reproduction to
have antiviral efficacy against coronaviruses. According to
the present review, some PSMs are promising anti-COVID-
19 agents, which can block essential proteins, e.g., PLpro,
Mpro, ACE2, and RdRp. Among them, green tea bever-
age (GTB) or its principal ingredient, epigallocatechin gal-
late (EGCG), bis-benzylisoquinoline alkaloids, and neferine
as coronavirus entry inhibitors are highly effective in in-
hibiting infection of the new variants. More studies are
still needed to prevent or evaluate COVID-19 virus infection
with appropriate herbal metabolites or natural medicines.
However, medicinal plants only work best in combination
with modern medical treatment, assistive devices (such as
ventilators), and intensive care. Research must continue
quickly to find effective PSM compounds to treat the infec-
tion.

4.1. Limitations

One of the limitations of our research was the uncer-
tainty of the effect of herbal medicines, the long duration
of the drug’s effect on the treatment of the coronavirus,
and the lack of sufficient information about it.

Acknowledgments

We would like to thank Babol University of Medical Sci-
ences for funding this study.

Footnotes

Authors’ Contribution: M. H., Y. Y., and A. P. conceived
and designed the experiments. S. N., M. M., M. H. T. A., M.
J., M. R. F., S. N. M. K., P. H. B., R. S., and R. R. collected data,
contributed to the writing of the manuscript, and revised
the final version of the manuscript. All authors read and
approved the final manuscript.

Conflict of Interests: The authors declare no conflict of
interests.

Ethical Approval: This study was approved
by the Research Ethics Committee of Babol
University of Medical Sciences, Babol, Iran
with code IR.MUBABOL.REC.1399.520 (link:
ethics.research.ac.ir/EthicsProposalView.php?id=186163).

Funding/Support: This study was supported in part by
grant 724133441 from the Babol University of Medical Sci-
ences.

8 Jundishapur J Nat Pharm Prod. 2022; 17(4):e129618.



Mohammadi M et al.

References

1. Sharma A, Tiwari S, Deb MK, Marty JL. Severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2): a global pandemic and
treatment strategies. Int J Antimicrob Agents. 2020;56(2):106054.
[PubMed ID: 32534188]. [PubMed Central ID: PMC7286265].
https://doi.org/10.1016/j.ijantimicag.2020.106054.

2. Ye Q, Wang B, Mao J. The pathogenesis and treatment of
the ‘Cytokine Storm’ in COVID-19. J Infect. 2020;80(6):607–
13. [PubMed ID: 32283152]. [PubMed Central ID: PMC7194613].
https://doi.org/10.1016/j.jinf.2020.03.037.

3. Xiao K, Hou F, Huang X, Li B, Qian ZR, Xie L. Mesenchymal stem
cells: current clinical progress in ARDS and COVID-19. Stem Cell
Res Ther. 2020;11(1):305. [PubMed ID: 32698898]. [PubMed Central ID:
PMC7373844]. https://doi.org/10.1186/s13287-020-01804-6.

4. Aleem A, Akbar Samad AB, Slenker AK. Emerging Variants of SARS-CoV-
2 And Novel Therapeutics Against Coronavirus (COVID-19). In: Aleem
A, Akbar Samad AB, Slenker AK, editors. StatPearls. Florida, USA: Stat-
Pearls Publishing; 2022.

5. Arribas M, Lazaro E. Intra-Population Competition during Adap-
tation to Increased Temperature in an RNA Bacteriophage. Int J
Mol Sci. 2021;22(13). [PubMed ID: 34202838]. [PubMed Central ID:
PMC8268601]. https://doi.org/10.3390/ijms22136815.

6. Zhang L, Jackson CB, Mou H, Ojha A, Rangarajan ES, Izard T,
et al. The D614G mutation in the SARS-CoV-2 spike protein
reduces S1 shedding and increases infectivity. bioRxiv. 2020.
[PubMed ID: 32587973]. [PubMed Central ID: PMC7310631].
https://doi.org/10.1101/2020.06.12.148726.

7. Gomez CE, Perdiguero B, Esteban M. Emerging SARS-CoV-
2 Variants and Impact in Global Vaccination Programs
against SARS-CoV-2/COVID-19. Vaccines (Basel). 2021;9(3).
[PubMed ID: 33799505]. [PubMed Central ID: PMC7999234].
https://doi.org/10.3390/vaccines9030243.

8. Maginnis MS. Virus-Receptor Interactions: The Key
to Cellular Invasion. J Mol Biol. 2018;430(17):2590–611.
[PubMed ID: 29924965]. [PubMed Central ID: PMC6083867].
https://doi.org/10.1016/j.jmb.2018.06.024.

9. Liu C, Zhou Q, Li Y, Garner LV, Watkins SP, Carter LJ, et al. Research and
Development on Therapeutic Agents and Vaccines for COVID-19 and
Related Human Coronavirus Diseases. ACS Cent Sci. 2020;6(3):315–
31. [PubMed ID: 32226821]. [PubMed Central ID: PMC7094090].
https://doi.org/10.1021/acscentsci.0c00272.

10. Wu J, Deng W, Li S, Yang X. Advances in research on ACE2
as a receptor for 2019-nCoV. Cell Mol Life Sci. 2021;78(2):531–
44. [PubMed ID: 32780149]. [PubMed Central ID: PMC7417784].
https://doi.org/10.1007/s00018-020-03611-x.

11. Widiasta A, Sribudiani Y, Nugrahapraja H, Hilmanto D, Sekar-
wana N, Rachmadi D. Potential role of ACE2-related microRNAs in
COVID-19-associated nephropathy. Noncoding RNA Res. 2020;5(4):153–
66. [PubMed ID: 32923747]. [PubMed Central ID: PMC7480227].
https://doi.org/10.1016/j.ncrna.2020.09.001.

12. Liu J, Bodnar BH, Meng F, Khan AI, Wang X, Saribas S, et al. Epigallo-
catechin gallate from green tea effectively blocks infection of SARS-
CoV-2 and new variants by inhibiting spike binding to ACE2 receptor.
Cell Biosci. 2021;11(1):168. [PubMed ID: 34461999]. [PubMed Central ID:
PMC8404181]. https://doi.org/10.1186/s13578-021-00680-8.

13. Mahapatra S, Rattan R, Mohanty CBK. Convalescent Plasma Therapy in
the management of COVID-19 patients-The newer dimensions. Trans-
fus Clin Biol. 2021;28(3):246–53. [PubMed ID: 33965621]. [PubMed Cen-
tral ID: PMC8132190]. https://doi.org/10.1016/j.tracli.2021.04.009.

14. Oladele JO, Ajayi EI, Oyeleke OM, Oladele OT, Olowookere BD, Adeniyi
BM, et al. A systematic review on COVID-19 pandemic with special em-
phasis on curative potentials of Nigeria based medicinal plants. He-
liyon. 2020;6(9). e04897. [PubMed ID: 32929412]. [PubMed Central ID:
PMC7480258]. https://doi.org/10.1016/j.heliyon.2020.e04897.

15. Hetrick B, Yu D, Olanrewaju AA, Chilin LD, He S, Dabbagh D, et al. A
traditional medicine, respiratory detox shot (RDS), inhibits the in-
fection of SARS-CoV, SARS-CoV-2, and the influenza A virus in vitro.
Cell Biosci. 2021;11(1):100. [PubMed ID: 34051873]. [PubMed Central ID:
PMC8164078]. https://doi.org/10.1186/s13578-021-00609-1.

16. Fuzimoto AD. An overview of the anti-SARS-CoV-2 properties of
Artemisia annua, its antiviral action, protein-associated mech-
anisms, and repurposing for COVID-19 treatment. J Integr Med.
2021;19(5):375–88. [PubMed ID: 34479848]. [PubMed Central ID:
PMC8378675]. https://doi.org/10.1016/j.joim.2021.07.003.

17. Bhuiyan FR, Howlader S, Raihan T, Hasan M. Plants Metabolites: Pos-
sibility of Natural Therapeutics Against the COVID-19 Pandemic. Front
Med (Lausanne). 2020;7:444. [PubMed ID: 32850918]. [PubMed Central
ID: PMC7427128]. https://doi.org/10.3389/fmed.2020.00444.

18. Russo M, Moccia S, Spagnuolo C, Tedesco I, Russo GL. Roles of
flavonoids against coronavirus infection. Chem Biol Interact.
2020;328:109211. [PubMed ID: 32735799]. [PubMed Central ID:
PMC7385538]. https://doi.org/10.1016/j.cbi.2020.109211.

19. Alzaabi MM, Hamdy R, Ashmawy NS, Hamoda AM, Alkhayat F,
Khademi NN, et al. Flavonoids are promising safe therapy against
COVID-19. Phytochem Rev. 2022;21(1):291–312. [PubMed ID: 34054380].
[PubMed Central ID: PMC8139868]. https://doi.org/10.1007/s11101-021-
09759-z.

20. Kaul R, Paul P, Kumar S, Busselberg D, Dwivedi VD, Chaari A.
Promising Antiviral Activities of Natural Flavonoids against
SARS-CoV-2 Targets: Systematic Review. Int J Mol Sci. 2021;22(20).
[PubMed ID: 34681727]. [PubMed Central ID: PMC8539743].
https://doi.org/10.3390/ijms222011069.

21. Gentile D, Patamia V, Scala A, Sciortino MT, Piperno A, Rescifina A. Pu-
tative Inhibitors of SARS-CoV-2 Main Protease from A Library of Ma-
rine Natural Products: A Virtual Screening and Molecular Modeling
Study.MarDrugs. 2020;18(4). [PubMed ID: 32340389]. [PubMed Central
ID: PMC7231030]. https://doi.org/10.3390/md18040225.

22. Spanou C, Veskoukis AS, Kerasioti T, Kontou M, Angelis A, Aligian-
nis N, et al. Flavonoid glycosides isolated from unique legume plant
extracts as novel inhibitors of xanthine oxidase. PLoS One. 2012;7(3).
e32214. [PubMed ID: 22396752]. [PubMed Central ID: PMC3292553].
https://doi.org/10.1371/journal.pone.0032214.

23. Paraiso IL, Revel JS, Stevens JF. Potential use of polyphenols in
the battle against COVID-19. Curr Opin Food Sci. 2020;32:149–
55. [PubMed ID: 32923374]. [PubMed Central ID: PMC7480644].
https://doi.org/10.1016/j.cofs.2020.08.004.

24. Mehany T, Khalifa I, Barakat H, Althwab SA, Alharbi YM, El-
Sohaimy S. Polyphenols as promising biologically active sub-
stances for preventing SARS-CoV-2: A review with research evi-
dence and underlying mechanisms. Food Biosci. 2021;40:100891.
[PubMed ID: 33495727]. [PubMed Central ID: PMC7817466].
https://doi.org/10.1016/j.fbio.2021.100891.

25. Singh S, Sk MF, Sonawane A, Kar P, Sadhukhan S. Plant-derived
natural polyphenols as potential antiviral drugs against SARS-
CoV-2 via RNA-dependent RNA polymerase (RdRp) inhibition:
an in-silico analysis. J Biomol Struct Dyn. 2021;39(16):6249–
64. [PubMed ID: 32720577]. [PubMed Central ID: PMC7441777].
https://doi.org/10.1080/07391102.2020.1796810.

26. Mahmoud DB, Ismail WM, Moatasim Y, Kutkat O, ElMeshad AN,
Ezzat SM, et al. Delineating a potent antiviral activity of Cuphea
ignea extract loaded nano-formulation against SARS-CoV-2: In sil-
ico and in vitro studies. J Drug Deliv Sci Technol. 2021;66:102845.
[PubMed ID: 34539819]. [PubMed Central ID: PMC8440321].
https://doi.org/10.1016/j.jddst.2021.102845.

27. Clementi N, Scagnolari C, D’Amore A, Palombi F, Criscuolo E, Frasca
F, et al. Naringenin is a powerful inhibitor of SARS-CoV-2 infection in
vitro.PharmacolRes. 2021;163:105255. [PubMed ID: 33096221]. [PubMed
Central ID: PMC7574776]. https://doi.org/10.1016/j.phrs.2020.105255.

28. Agrawal PK, Agrawal C, Blunden G. Naringenin as a Pos-
sible Candidate Against SARS-CoV-2 Infection and in the

Jundishapur J Nat Pharm Prod. 2022; 17(4):e129618. 9

http://www.ncbi.nlm.nih.gov/pubmed/32534188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7286265
https://doi.org/10.1016/j.ijantimicag.2020.106054
http://www.ncbi.nlm.nih.gov/pubmed/32283152
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194613
https://doi.org/10.1016/j.jinf.2020.03.037
http://www.ncbi.nlm.nih.gov/pubmed/32698898
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7373844
https://doi.org/10.1186/s13287-020-01804-6
http://www.ncbi.nlm.nih.gov/pubmed/34202838
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8268601
https://doi.org/10.3390/ijms22136815
http://www.ncbi.nlm.nih.gov/pubmed/32587973
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7310631
https://doi.org/10.1101/2020.06.12.148726
http://www.ncbi.nlm.nih.gov/pubmed/33799505
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7999234
https://doi.org/10.3390/vaccines9030243
http://www.ncbi.nlm.nih.gov/pubmed/29924965
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6083867
https://doi.org/10.1016/j.jmb.2018.06.024
http://www.ncbi.nlm.nih.gov/pubmed/32226821
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7094090
https://doi.org/10.1021/acscentsci.0c00272
http://www.ncbi.nlm.nih.gov/pubmed/32780149
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7417784
https://doi.org/10.1007/s00018-020-03611-x
http://www.ncbi.nlm.nih.gov/pubmed/32923747
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7480227
https://doi.org/10.1016/j.ncrna.2020.09.001
http://www.ncbi.nlm.nih.gov/pubmed/34461999
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8404181
https://doi.org/10.1186/s13578-021-00680-8
http://www.ncbi.nlm.nih.gov/pubmed/33965621
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8132190
https://doi.org/10.1016/j.tracli.2021.04.009
http://www.ncbi.nlm.nih.gov/pubmed/32929412
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7480258
https://doi.org/10.1016/j.heliyon.2020.e04897
http://www.ncbi.nlm.nih.gov/pubmed/34051873
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8164078
https://doi.org/10.1186/s13578-021-00609-1
http://www.ncbi.nlm.nih.gov/pubmed/34479848
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8378675
https://doi.org/10.1016/j.joim.2021.07.003
http://www.ncbi.nlm.nih.gov/pubmed/32850918
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7427128
https://doi.org/10.3389/fmed.2020.00444
http://www.ncbi.nlm.nih.gov/pubmed/32735799
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7385538
https://doi.org/10.1016/j.cbi.2020.109211
http://www.ncbi.nlm.nih.gov/pubmed/34054380
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8139868
https://doi.org/10.1007/s11101-021-09759-z
https://doi.org/10.1007/s11101-021-09759-z
http://www.ncbi.nlm.nih.gov/pubmed/34681727
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8539743
https://doi.org/10.3390/ijms222011069
http://www.ncbi.nlm.nih.gov/pubmed/32340389
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7231030
https://doi.org/10.3390/md18040225
http://www.ncbi.nlm.nih.gov/pubmed/22396752
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3292553
https://doi.org/10.1371/journal.pone.0032214
http://www.ncbi.nlm.nih.gov/pubmed/32923374
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7480644
https://doi.org/10.1016/j.cofs.2020.08.004
http://www.ncbi.nlm.nih.gov/pubmed/33495727
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7817466
https://doi.org/10.1016/j.fbio.2021.100891
http://www.ncbi.nlm.nih.gov/pubmed/32720577
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7441777
https://doi.org/10.1080/07391102.2020.1796810
http://www.ncbi.nlm.nih.gov/pubmed/34539819
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8440321
https://doi.org/10.1016/j.jddst.2021.102845
http://www.ncbi.nlm.nih.gov/pubmed/33096221
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7574776
https://doi.org/10.1016/j.phrs.2020.105255


Mohammadi M et al.

Pathogenesis of COVID-19. Nat Prod Commun. 2021;16(12).
https://doi.org/10.1177/1934578x211066723.

29. Alberca RW, Teixeira FME, Beserra DR, de Oliveira EA, Andrade
MMS, Pietrobon AJ, et al. Perspective: The Potential Effects
of Naringenin in COVID-19. Front Immunol. 2020;11:570919.
[PubMed ID: 33101291]. [PubMed Central ID: PMC7546806].
https://doi.org/10.3389/fimmu.2020.570919.

30. Bellavite P, Donzelli A. Hesperidin and SARS-CoV-2: New Light
on the Healthy Function of Citrus Fruits. Antioxidants (Basel).
2020;9(8). [PubMed ID: 32823497]. [PubMed Central ID: PMC7465267].
https://doi.org/10.3390/antiox9080742.

31. Cheng FJ, Huynh TK, Yang CS, Hu DW, Shen YC, Tu CY, et al. Hes-
peridin Is a Potential Inhibitor against SARS-CoV-2 Infection. Nu-
trients. 2021;13(8). [PubMed ID: 34444960]. [PubMed Central ID:
PMC8401008]. https://doi.org/10.3390/nu13082800.

32. Kumar S, Paul P, Yadav P, Kaul R, Maitra SS, Jha SK, et al. A multi-
targeted approach to identify potential flavonoids against three
targets in the SARS-CoV-2 life cycle. Comput Biol Med. 2022;142:105231.
[PubMed ID: 35032740]. [PubMed Central ID: PMC8750703].
https://doi.org/10.1016/j.compbiomed.2022.105231.

33. Palit P, Mukhopadhyay A, Chattopadhyay D. Phyto-pharmacological
perspective of Silymarin: A potential prophylactic or therapeutic
agent for COVID-19, based on its promising immunomodulatory,
anti-coagulant and anti-viral property. Phytother Res. 2021;35(8):4246–
57. [PubMed ID: 33817867]. [PubMed Central ID: PMC8250558].
https://doi.org/10.1002/ptr.7084.

34. Adeyemo O, Doi H, Rajender Reddy K, Kaplan DE. Impact of
oral silymarin on virus- and non-virus-specific T-cell responses
in chronic hepatitis C infection. J Viral Hepat. 2013;20(7):453–
62. [PubMed ID: 23730838]. [PubMed Central ID: PMC3675799].
https://doi.org/10.1111/jvh.12050.

35. Speciale A, Muscara C, Molonia MS, Cimino F, Saija A, Giofre SV.
Silibinin as potential tool against SARS-Cov-2: In silico spike receptor-
binding domain and main protease molecular docking analysis, and
in vitro endothelial protective effects. Phytother Res. 2021;35(8):4616–
25. [PubMed ID: 33822421]. [PubMed Central ID: PMC8251480].
https://doi.org/10.1002/ptr.7107.

36. Ahmed RF, Moussa RA, Eldemerdash RS, Zakaria MM, Abdel-Gaber
SA. Ameliorative effects of silymarin on HCl-induced acute lung
injury in rats; role of the Nrf-2/HO-1 pathway. Iran J Basic Med
Sci. 2019;22(12):1483–92. [PubMed ID: 32133068]. [PubMed Central ID:
PMC7043873]. https://doi.org/10.22038/IJBMS.2019.14069.

37. Bouyahya A, El Hachlafi N, Aanniz T, Bourais I, Mechchate H, Be-
nali T, et al. Natural Bioactive Compounds Targeting Histone
Deacetylases in Human Cancers: Recent Updates. Molecules.
2022;27(8). [PubMed ID: 35458763]. [PubMed Central ID: PMC9027183].
https://doi.org/10.3390/molecules27082568.

38. Saakre M, Mathew D, Ravisankar V. Perspectives on plant flavonoid
quercetin-based drugs for novel SARS-CoV-2. Beni Suef Univ J Basic
Appl Sci. 2021;10(1):21. [PubMed ID: 33782651]. [PubMed Central ID:
PMC7989718]. https://doi.org/10.1186/s43088-021-00107-w.

39. Ghidoli M, Colombo F, Sangiorgio S, Landoni M, Giupponi L, Nielsen
E, et al. Food Containing Bioactive Flavonoids and Other Phenolic
or Sulfur Phytochemicals With Antiviral Effect: Can We Design
a Promising Diet Against COVID-19? Front Nutr. 2021;8:661331.
[PubMed ID: 34222300]. [PubMed Central ID: PMC8247467].
https://doi.org/10.3389/fnut.2021.661331.

40. da Silva FMA, da Silva KPA, de Oliveira LPM, Costa EV, 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). Mem Inst Os-
waldo Cruz. 2020;115. e200207. [PubMed ID: 33027419]. [PubMed Cen-
tral ID: PMC7534957]. https://doi.org/10.1590/0074-02760200207.

41. Toropov AA, Toropova AP, Veselinovic AM, Leszczynska D, Leszczyn-
ski J. SARS-CoV M(pro) inhibitory activity of aromatic disulfide
compounds: QSAR model. J Biomol Struct Dyn. 2022;40(2):780–

6. [PubMed ID: 32907512]. [PubMed Central ID: PMC7544941].
https://doi.org/10.1080/07391102.2020.1818627.

42. Koushki M, Amiri-Dashatan N, Ahmadi N, Abbaszadeh HA, Rezaei-
Tavirani M. Resveratrol: A miraculous natural compound for diseases
treatment. Food Sci Nutr. 2018;6(8):2473–90. [PubMed ID: 30510749].
[PubMed Central ID: PMC6261232]. https://doi.org/10.1002/fsn3.855.

43. Ramdani LH, Bachari K. Potential therapeutic effects of Resvera-
trol against SARS-CoV-2. Acta Virol. 2020;64(3):276–80. [PubMed ID:
32985211]. https://doi.org/10.4149/av_2020_309.

44. Quimque MTJ, Notarte KIR, Fernandez RAT, Mendoza MAO, Li-
man RAD, Lim JAK, et al. Virtual screening-driven drug discov-
ery of SARS-CoV2 enzyme inhibitors targeting viral attachment,
replication, post-translational modification and host immunity
evasion infection mechanisms. J Biomol Struct Dyn. 2021;39(12):4316–
33. [PubMed ID: 32476574]. [PubMed Central ID: PMC7309309].
https://doi.org/10.1080/07391102.2020.1776639.

45. Pasquereau S, Nehme Z, Haidar Ahmad S, Daouad F, Van Assche J,
Wallet C, et al. Resveratrol Inhibits HCoV-229E and SARS-CoV-2 Coron-
avirus Replication In Vitro. Viruses. 2021;13(2). [PubMed ID: 33672333].
[PubMed Central ID: PMC7926471]. https://doi.org/10.3390/v13020354.

46. Liu H, Ye F, Sun Q, Liang H, Li C, Li S, et al. Scutellaria baicalen-
sis extract and baicalein inhibit replication of SARS-CoV-2 and its
3C-like protease in vitro. J Enzyme Inhib Med Chem. 2021;36(1):497–
503. [PubMed ID: 33491508]. [PubMed Central ID: PMC7850424].
https://doi.org/10.1080/14756366.2021.1873977.

47. Pitsillou E, Liang J, Yu Meng Huang H, Hung A, Karagiannis TC.
In silico investigation to identify potential small molecule in-
hibitors of the RNA-dependent RNA polymerase (RdRp) nidovirus
RdRp-associated nucleotidyltransferase domain. Chem Phys Lett.
2021;779:138889. [PubMed ID: 34305155]. [PubMed Central ID:
PMC8273049]. https://doi.org/10.1016/j.cplett.2021.138889.

48. Cherrak SA, Merzouk H, Mokhtari-Soulimane N. Potential bioactive
glycosylated flavonoids as SARS-CoV-2 main protease inhibitors: A
molecular docking and simulation studies. PLoS One. 2020;15(10).
e0240653. [PubMed ID: 33057452]. [PubMed Central ID: PMC7561147].
https://doi.org/10.1371/journal.pone.0240653.

49. Di Pierro F, Iqtadar S, Khan A, Ullah Mumtaz S, Masud Chaudhry M,
Bertuccioli A, et al. Potential Clinical Benefits of Quercetin in the
Early Stage of COVID-19: Results of a Second, Pilot, Randomized,
Controlled and Open-Label Clinical Trial. Int J Gen Med. 2021;14:2807–
16. [PubMed ID: 34194240]. [PubMed Central ID: PMC8238537].
https://doi.org/10.2147/IJGM.S318949.

50. Bhattacharya K, Bordoloi R, Chanu NR, Kalita R, Sahariah BJ, Bhat-
tacharjee A. In silico discovery of 3 novel quercetin derivatives against
papain-like protease, spike protein, and 3C-like protease of SARS-
CoV-2. J Genet Eng Biotechnol. 2022;20(1):43. [PubMed ID: 35262828].
[PubMed Central ID: PMC8905286]. https://doi.org/10.1186/s43141-022-
00314-7.

51. Kushwaha PP, Singh AK, Bansal T, Yadav A, Prajapati KS, Shuaib
M, et al. Identification of Natural Inhibitors Against SARS-CoV-
2 Drugable Targets Using Molecular Docking, Molecular Dynam-
ics Simulation, and MM-PBSA Approach. Front Cell Infect Micro-
biol. 2021;11:730288. [PubMed ID: 34458164]. [PubMed Central ID:
PMC8387699]. https://doi.org/10.3389/fcimb.2021.730288.

52. Kreiser T, Zaguri D, Sachdeva S, Zamostiano R, Mograbi J, Segal
D, et al. Inhibition of Respiratory RNA Viruses by a Composition
of Ionophoric Polyphenols with Metal Ions. Pharmaceuticals (Basel).
2022;15(3). [PubMed ID: 35337174]. [PubMed Central ID: PMC8955458].
https://doi.org/10.3390/ph15030377.

53. Islam A, Islam MS, Rahman MK, Uddin MN, Akanda MR.
The pharmacological and biological roles of eriodictyol.
Arch Pharm Res. 2020;43(6):582–92. [PubMed ID: 32594426].
https://doi.org/10.1007/s12272-020-01243-0.

54. Deshpande RR, Tiwari AP, Nyayanit N, Modak M. In silico molecular
docking analysis for repurposing therapeutics against multi-

10 Jundishapur J Nat Pharm Prod. 2022; 17(4):e129618.

https://doi.org/10.1177/1934578x211066723
http://www.ncbi.nlm.nih.gov/pubmed/33101291
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7546806
https://doi.org/10.3389/fimmu.2020.570919
http://www.ncbi.nlm.nih.gov/pubmed/32823497
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7465267
https://doi.org/10.3390/antiox9080742
http://www.ncbi.nlm.nih.gov/pubmed/34444960
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8401008
https://doi.org/10.3390/nu13082800
http://www.ncbi.nlm.nih.gov/pubmed/35032740
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8750703
https://doi.org/10.1016/j.compbiomed.2022.105231
http://www.ncbi.nlm.nih.gov/pubmed/33817867
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8250558
https://doi.org/10.1002/ptr.7084
http://www.ncbi.nlm.nih.gov/pubmed/23730838
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3675799
https://doi.org/10.1111/jvh.12050
http://www.ncbi.nlm.nih.gov/pubmed/33822421
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8251480
https://doi.org/10.1002/ptr.7107
http://www.ncbi.nlm.nih.gov/pubmed/32133068
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7043873
https://doi.org/10.22038/IJBMS.2019.14069
http://www.ncbi.nlm.nih.gov/pubmed/35458763
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9027183
https://doi.org/10.3390/molecules27082568
http://www.ncbi.nlm.nih.gov/pubmed/33782651
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7989718
https://doi.org/10.1186/s43088-021-00107-w
http://www.ncbi.nlm.nih.gov/pubmed/34222300
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8247467
https://doi.org/10.3389/fnut.2021.661331
http://www.ncbi.nlm.nih.gov/pubmed/33027419
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7534957
https://doi.org/10.1590/0074-02760200207
http://www.ncbi.nlm.nih.gov/pubmed/32907512
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7544941
https://doi.org/10.1080/07391102.2020.1818627
http://www.ncbi.nlm.nih.gov/pubmed/30510749
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6261232
https://doi.org/10.1002/fsn3.855
http://www.ncbi.nlm.nih.gov/pubmed/32985211
https://doi.org/10.4149/av_2020_309
http://www.ncbi.nlm.nih.gov/pubmed/32476574
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309309
https://doi.org/10.1080/07391102.2020.1776639
http://www.ncbi.nlm.nih.gov/pubmed/33672333
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7926471
https://doi.org/10.3390/v13020354
http://www.ncbi.nlm.nih.gov/pubmed/33491508
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7850424
https://doi.org/10.1080/14756366.2021.1873977
http://www.ncbi.nlm.nih.gov/pubmed/34305155
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8273049
https://doi.org/10.1016/j.cplett.2021.138889
http://www.ncbi.nlm.nih.gov/pubmed/33057452
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7561147
https://doi.org/10.1371/journal.pone.0240653
http://www.ncbi.nlm.nih.gov/pubmed/34194240
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8238537
https://doi.org/10.2147/IJGM.S318949
http://www.ncbi.nlm.nih.gov/pubmed/35262828
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8905286
https://doi.org/10.1186/s43141-022-00314-7
https://doi.org/10.1186/s43141-022-00314-7
http://www.ncbi.nlm.nih.gov/pubmed/34458164
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8387699
https://doi.org/10.3389/fcimb.2021.730288
http://www.ncbi.nlm.nih.gov/pubmed/35337174
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8955458
https://doi.org/10.3390/ph15030377
http://www.ncbi.nlm.nih.gov/pubmed/32594426
https://doi.org/10.1007/s12272-020-01243-0


Mohammadi M et al.

ple proteins from SARS-CoV-2. Eur J Pharmacol. 2020;886:173430.
[PubMed ID: 32758569]. [PubMed Central ID: PMC7398085].
https://doi.org/10.1016/j.ejphar.2020.173430.

55. Bernatova I, Liskova S. Mechanisms Modified by (-)-Epicatechin
and Taxifolin Relevant for the Treatment of Hypertension and
Viral Infection: Knowledge from Preclinical Studies. Antioxidants
(Basel). 2021;10(3). [PubMed ID: 33809620]. [PubMed Central ID:
PMC8002320]. https://doi.org/10.3390/antiox10030467.

56. Borquaye LS, Gasu EN, Ampomah GB, Kyei LK, Amarh MA, Mensah
CN, et al. Alkaloids from Cryptolepis sanguinolenta as Potential In-
hibitors of SARS-CoV-2 Viral Proteins: An In Silico Study. Biomed Res
Int. 2020;2020:5324560. [PubMed ID: 33029513]. [PubMed Central ID:
PMC7512045]. https://doi.org/10.1155/2020/5324560.

57. Majnooni MB, Fakhri S, Bahrami G, Naseri M, Farzaei MH,
Echeverria J. Alkaloids as Potential Phytochemicals against
SARS-CoV-2: Approaches to the Associated Pivotal Mecha-
nisms. Evid Based Complement Alternat Med. 2021;2021:6632623.
[PubMed ID: 34104202]. [PubMed Central ID: PMC8159655].
https://doi.org/10.1155/2021/6632623.

58. Breiterova K, Koutova D, Marikova J, Havelek R, Kunes J, Majorosova
M, et al. Amaryllidaceae Alkaloids of Different Structural Types
from Narcissus L. cv. Professor Einstein and Their Cytotoxic Activity.
Plants (Basel). 2020;9(2). [PubMed ID: 31978967]. [PubMed Central ID:
PMC7076679]. https://doi.org/10.3390/plants9020137.

59. He CL, Huang LY, Wang K, Gu CJ, Hu J, Zhang GJ, et al. Identifi-
cation of bis-benzylisoquinoline alkaloids as SARS-CoV-2 entry in-
hibitors from a library of natural products. Signal Transduct Tar-
get Ther. 2021;6(1):131. [PubMed ID: 33758167]. [PubMed Central ID:
PMC7985570]. https://doi.org/10.1038/s41392-021-00531-5.

60. Sohrab SS, Suhail M, Kamal MA, Azhar EI. Natural Products Homo-
harringtonine and Emetine Alkaloids as SARS-CoV-2 Treatment Op-
tions. Curr Pharm Des. 2021;27(32):3444–53. [PubMed ID: 33302852].
https://doi.org/10.2174/1381612826666201210121858.

61. Ismail EM, Shantier SW, Mohammed MS, Musa HH, Osman W,
Mothana RA, et al. Quinoline and Quinazoline Alkaloids against
COVID-19: An In Silico Multitarget Approach. J Chem. 2021;2021:1–11.
https://doi.org/10.1155/2021/3613268.

62. Abookleesh FL, Al-Anzi BS, Ullah A. Potential Antiviral Action of Alka-
loids. Molecules. 2022;27(3). [PubMed ID: 35164173]. [PubMed Central
ID: PMC8839337]. https://doi.org/10.3390/molecules27030903.

63. Giofre SV, Napoli E, Iraci N, Speciale A, Cimino F, Muscara C, et al.
Interaction of selected terpenoids with two SARS-CoV-2 key ther-
apeutic targets: An in silico study through molecular docking
and dynamics simulations. Comput Biol Med. 2021;134:104538.
[PubMed ID: 34116362]. [PubMed Central ID: PMC8186839].
https://doi.org/10.1016/j.compbiomed.2021.104538.

64. Al-Harrasi A, Behl T, Upadhyay T, Chigurupati S, Bhatt S, Sehgal A, et
al. Targeting natural products against SARS-CoV-2. Environ Sci Pollut
Res Int. 2022;29(28):42404–32. [PubMed ID: 35362883]. [PubMed Cen-
tral ID: PMC8972763]. https://doi.org/10.1007/s11356-022-19770-2.

65. Stan D, Enciu AM, Mateescu AL, Ion AC, Brezeanu AC, Stan D,
et al. Natural Compounds With Antimicrobial and Antiviral Ef-
fect and Nanocarriers Used for Their Transportation. Front Phar-
macol. 2021;12:723233. [PubMed ID: 34552489]. [PubMed Central ID:
PMC8450524]. https://doi.org/10.3389/fphar.2021.723233.

66. Llivisaca-Contreras SA, Naranjo-Moran J, Pino-Acosta A, Pieters L, Van-
den Berghe W, Manzano P, et al. Plants and Natural Products with Ac-
tivity against Various Types of Coronaviruses: A Review with Focus on
SARS-CoV-2. Molecules. 2021;26(13). [PubMed ID: 34279439]. [PubMed
Central ID: PMC8271932]. https://doi.org/10.3390/molecules26134099.

67. Bailly C, Vergoten G. Glycyrrhizin: An alternative drug for
the treatment of COVID-19 infection and the associated
respiratory syndrome? Pharmacol Ther. 2020;214:107618.
[PubMed ID: 32592716]. [PubMed Central ID: PMC7311916].
https://doi.org/10.1016/j.pharmthera.2020.107618.

68. Gomaa AA, Abdel-Wadood YA. The potential of glycyrrhizin and
licorice extract in combating COVID-19 and associated conditions.
PhytomedPlus. 2021;1(3):100043. [PubMed ID: 35399823]. [PubMed Cen-
tral ID: PMC7886629]. https://doi.org/10.1016/j.phyplu.2021.100043.

69. Luo P, Liu D, Li J. Pharmacological perspective: glycyrrhizin may
be an efficacious therapeutic agent for COVID-19. Int J Antimicrob
Agents. 2020;55(6):105995. [PubMed ID: 32335281]. [PubMed Central
ID: PMC7180159]. https://doi.org/10.1016/j.ijantimicag.2020.105995.

70. Zheng W, Huang X, Lai Y, Liu X, Jiang Y, Zhan S. Glycyrrhizic Acid
for COVID-19: Findings of Targeting Pivotal Inflammatory Path-
ways Triggered by SARS-CoV-2. Front Pharmacol. 2021;12:631206.
[PubMed ID: 34177566]. [PubMed Central ID: PMC8223069].
https://doi.org/10.3389/fphar.2021.631206.

71. Sinha SK, Prasad SK, Islam MA, Gurav SS, Patil RB, AlFaris NA, et
al. Identification of bioactive compounds from Glycyrrhiza glabra
as possible inhibitor of SARS-CoV-2 spike glycoprotein and non-
structural protein-15: a pharmacoinformatics study. J Biomol Struct
Dyn. 2021;39(13):4686–700. [PubMed ID: 32552462]. [PubMed Central
ID: PMC7309308]. https://doi.org/10.1080/07391102.2020.1779132.

72. Jin YH, Min JS, Jeon S, Lee J, Kim S, Park T, et al. Lycorine, a non-
nucleoside RNA dependent RNA polymerase inhibitor, as potential
treatment for emerging coronavirus infections. Phytomedicine.
2021;86:153440. [PubMed ID: 33376043]. [PubMed Central ID:
PMC7738280]. https://doi.org/10.1016/j.phymed.2020.153440.

73. Zhang YN, Zhang QY, Li XD, Xiong J, Xiao SQ, Wang Z, et al. Gem-
citabine, lycorine and oxysophoridine inhibit novel coronavirus
(SARS-CoV-2) in cell culture. Emerg Microbes Infect. 2020;9(1):1170–
3. [PubMed ID: 32432977]. [PubMed Central ID: PMC7448857].
https://doi.org/10.1080/22221751.2020.1772676.

74. Mani JS, Johnson JB, Steel JC, Broszczak DA, Neilsen PM, Walsh
KB, et al. Natural product-derived phytochemicals as potential
agents against coronaviruses: A review. Virus Res. 2020;284:197989.
[PubMed ID: 32360300]. [PubMed Central ID: PMC7190535].
https://doi.org/10.1016/j.virusres.2020.197989.

Jundishapur J Nat Pharm Prod. 2022; 17(4):e129618. 11

http://www.ncbi.nlm.nih.gov/pubmed/32758569
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7398085
https://doi.org/10.1016/j.ejphar.2020.173430
http://www.ncbi.nlm.nih.gov/pubmed/33809620
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8002320
https://doi.org/10.3390/antiox10030467
http://www.ncbi.nlm.nih.gov/pubmed/33029513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7512045
https://doi.org/10.1155/2020/5324560
http://www.ncbi.nlm.nih.gov/pubmed/34104202
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8159655
https://doi.org/10.1155/2021/6632623
http://www.ncbi.nlm.nih.gov/pubmed/31978967
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7076679
https://doi.org/10.3390/plants9020137
http://www.ncbi.nlm.nih.gov/pubmed/33758167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7985570
https://doi.org/10.1038/s41392-021-00531-5
http://www.ncbi.nlm.nih.gov/pubmed/33302852
https://doi.org/10.2174/1381612826666201210121858
https://doi.org/10.1155/2021/3613268
http://www.ncbi.nlm.nih.gov/pubmed/35164173
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8839337
https://doi.org/10.3390/molecules27030903
http://www.ncbi.nlm.nih.gov/pubmed/34116362
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8186839
https://doi.org/10.1016/j.compbiomed.2021.104538
http://www.ncbi.nlm.nih.gov/pubmed/35362883
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8972763
https://doi.org/10.1007/s11356-022-19770-2
http://www.ncbi.nlm.nih.gov/pubmed/34552489
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8450524
https://doi.org/10.3389/fphar.2021.723233
http://www.ncbi.nlm.nih.gov/pubmed/34279439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8271932
https://doi.org/10.3390/molecules26134099
http://www.ncbi.nlm.nih.gov/pubmed/32592716
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7311916
https://doi.org/10.1016/j.pharmthera.2020.107618
http://www.ncbi.nlm.nih.gov/pubmed/35399823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7886629
https://doi.org/10.1016/j.phyplu.2021.100043
http://www.ncbi.nlm.nih.gov/pubmed/32335281
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7180159
https://doi.org/10.1016/j.ijantimicag.2020.105995
http://www.ncbi.nlm.nih.gov/pubmed/34177566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8223069
https://doi.org/10.3389/fphar.2021.631206
http://www.ncbi.nlm.nih.gov/pubmed/32552462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309308
https://doi.org/10.1080/07391102.2020.1779132
http://www.ncbi.nlm.nih.gov/pubmed/33376043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7738280
https://doi.org/10.1016/j.phymed.2020.153440
http://www.ncbi.nlm.nih.gov/pubmed/32432977
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7448857
https://doi.org/10.1080/22221751.2020.1772676
http://www.ncbi.nlm.nih.gov/pubmed/32360300
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7190535
https://doi.org/10.1016/j.virusres.2020.197989

	Abstract
	1. Context
	1.1. New Variants of Severe Acute Respiratory Syndrome Coronavirus 2
	1.2. Host Proteins
	1.3. Preventative and Therapeutic Approaches
	1.4. Natural Products Inhibiting Severe Acute Respiratory Syndrome Coronavirus 2
	Table 1

	1.5. Plants[Please insert \PrerenderUnicode{â��} into preamble] Secondary Metabolites Against Severe Acute Respiratory Syndrome Coronavirus 2

	2. Experimental Procedure
	3. Results
	3.1. Role of Polyphenols Against Severe Acute Respiratory Syndrome Coronavirus 2
	3.1.1. Naringenin
	3.1.2. Hesperidin
	3.1.3. Silymarin

	3.2. Role of Flavonoids in Combating Coronavirus Disease 2019 Pandemic
	3.2.1. Resveratrol
	3.2.2. Fenoterol
	3.2.3. Quercetin
	3.2.4. Eriodictyol
	3.2.5. Taxifolin

	3.3. Role of Alkaloids Against Severe Acute Respiratory Syndrome Coronavirus 2
	3.4. Role of Terpenoids Against Severe Acute Respiratory Syndrome Coronavirus 2
	3.5. Role of Glycyrrhizin Against Severe Acute Respiratory Syndrome Coronavirus 2
	3.6. Role of Lycorine Against Severe Acute Respiratory Syndrome Coronavirus 2

	4. Conclusions and Future Perspective
	4.1. Limitations

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

