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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
caused a substantial number of deaths around the world, making it a serious
and pressing public health hazard. Phytochemicals could thus provide a rich
source of potent and safer anti-SARS-CoV-2 drugs. The absence of approved
treatments or vaccinations continues to be an issue, forcing the creation of
new medicines. Computer-aided drug design has helped to speed up the drug
research and development process by decreasing costs and time. Natural
compounds like terpenoids, alkaloids, polyphenols, and flavonoid derivatives
have a perfect impact against viral replication and facilitate future studies in
novel drug discovery. This would be more effective if collaboration took place
between governments, researchers, clinicians, and traditional medicine
practitioners’ safe and effective therapeutic research. Through a
computational approach, this study aims to contribute to the development
of effective treatment methods by examining the mechanisms relating to the
binding and subsequent inhibition of SARS-CoV-2 ribonucleic acid (RNA)-
dependent RNA polymerase (RdRp). The in silico method has also been
employed to determine the most effective drug among the mentioned
compound and their aquatic, nonaquatic, and pharmacokinetics’ data have
been analyzed. The highest binding energy has been reported -11.4 kcal/mol
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against SARS-CoV-2 main protease (7/MBG) in LO5. Besides, all the ligands are non-
carcinogenic, excluding LO4, and have good water solubility and no AMES toxicity.
The discovery of preclinical drug candidate molecules and the structural elucidation
of pharmacological therapeutic targets have expedited both structure-based and
ligand-based drug design. This review article will assist physicians and researchers in
realizing the enormous potential of computer-aided drug design in the design and
discovery of therapeutic molecules, and hence in the treatment of deadly diseases.
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1 Introduction

The novel coronavirus pandemic originated in December
2019 in Wuhan, Hubei Province, China (Omrani et al., 2020),
which is the biggest current threat worldwide, and the number of
cases is still growing (Shang et al., 2020), spread by cells within
the bodies of those infected (Sigrist et al., 2020). It is recognized
as a pandemic that has severe morbidity and mortality levels by
the World Health Organization (WHO) on March 11, 2020 (Luo
et al,, 2020a). The COVID-19 disease mainly occurrs through a
coronavirus that belongs to the single-strand RNA (Hadi et al.,
2020) B-coronavirus family (Control and Prevention, 2020).
SARS-CoV-2 primarily exists in a state for up to 72 hours in
which it can be transmitted easily (Ardalan et al., 2014).
Respiratory droplets can facilitate a significant transmission
route to the person in any indoor environment initiated by
sneezing, coughing, or speaking. It is one of the most contagious
diseases in that it can spread before identifying signs and
symptoms. Complications from COVID-19 may include
shortness of breath, pneumonia, fever, dry cough, diarrhea,
fatigue, sore throat, nose congestion, and acute respiratory
distress syndrome that leads to septic shock and finally death
(Bridwell et al., 2020; Monteleone et al., 2020).

Abbreviations: RNA, Ribo nucleic acid; RdRp, rna dependent rna
polymerase; AMES; ACE2, angiotensine converting enzyme; TMPRSS,
receptors and transmembrane protease serine 2; CADD, computer aided
drug discovery; MERS, middle east respiratory syndrome coronavirus; Nsps,
encodes sixteen nonstructural proteins; RAAS, Renin Angiotensin
Aldosterone System; ATIR, angiotensin receptor type 1; RTC; CPE,
cytopathic impact examine; FFM1 & FFM2; SAR, structure activity
relationship; MAPK, mitogen-activated protein kinase; NF-kB; Nrf2;
PTGS?2, prostaglandin-endoperoxide synthase 2; Bcl-2, B-cell lymphoma 2;
ORF3a, open reading frame 3a; PIK3CG, phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit gamma; JAK/STAT; TCM,
Traditional Chinese medicines; QPD, Qingfey Pay Decoction; CPM,
Chainese patent medicine; TCMS; AdmetSAR.
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Recent research suggests that lung inflammation and airway
damage contribute to morbidity and mortality due to SARS -
CoV-2 (Amaral-Machado et al, 2020). The mortality in
COVID-19 occurs due to the extreme release of cytokines,
leading to the inflammation of lung tissue (Long et al., 2020;
Terpos et al., 2020). Covid infection initiates from interaction
with Angiotensin-converting enzyme (ACE2) receptors and
transmembrane protease serine 2 (TMPRSS) on the host cell
membrane. However, preventive approaches, including
maintaining distance, washing hands, and wearing masks, can
reduce the morbidity and mortality rate of COVID-19 (Gomez
et al, 2021). Several vaccine candidates are being developed, but
it is challenging as they contain nucleotide and protein-based
components that require sensitive manufacturing and storage
conditions. Faced with this enormous worldwide burden, we are
working to develop a COVID-19 treatment that can be mass-
produced and supplied swiftly. Natural compounds, which often
have low toxicity and are used in the pharmaceutical sector for
their bioactivity, including antiviral activity, could give a
solution to this conundrum. Because SARS-CoV-1 and
COVID-19 are so similar, it could lead to the development of
new treatments or perhaps a vaccine. The anti-SARS-CoV-2
activity of flavanols, flavanones, and flavanols, as well as the fact
that these metabolites are abundant in angiosperm plants, have
given rise to a lot of hope. Because the majority of current
research is theoretical or lacks analytical confirmation, there is
still a long way to go in terms of biological analysis and efficient
extraction and manufacturing (da Silva Antonio et al., 2020b).
Medicine discovery is a lengthy process that can take up to 10-15
years (Hassan Baig et al., 2016) and can cost up to 2.558 billion
dollars to bring a drug to market (Dimasi et al., 2016). It is a
multistep process that begins with the identification of a viable
therapeutic target, followed by drug target validation, hit to lead
discovery, lead molecule optimization, and preclinical and
clinical research (Gurung et al., 2021).

Despite the significant financial and time commitments
required for medication development, clinical trial success is
just 13 percent, with a high drug attrition rate (Zhong et al,,
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2018). Drug failure has been observed in the majority of
instances (40-60%) due to a lack of optimal pharmacokinetic
features on absorption, distribution, metabolism, excretion, and
toxicity (ADME/Tox) (Hou and Xu, 2004). Leading
pharmaceutical corporations and research organizations have
used computer-aided drug discovery (CADD) tools in
preliminary investigations to help speed up the drug discovery
and development process, reducing costs and failures in the final
stage (Yu and MacKerell, 2017). The use of rational drug design
as part of CADD can help researchers better understand the
binding affinity and molecular interaction between the target
protein and the ligand. Furthermore, the availability of
supercomputing facilities, parallel processing, and improved
programs, algorithms, and tools has aided leading discoveries
in pharmaceutical research (Macalino et al,, 2015). The genome
of SARS-CoV-2, like that of SARS and Middle East respiratory
syndrome coronavirus (MERS), encodes sixteen nonstructural
proteins (nsps) such as main protease (Mpro), papain-like
protease, RNA-dependent RNA polymerase (RdRp), helicase,
and other accessory proteins, as well as four structural proteins
(envelope, membrane, spike, and nucleocapsid). While the spike
glycoprotein is required for virus contact with the host cell
receptor, the nsps play an important role in the virus life cycle by
producing subgenomic RNAs (Dai et al., 2020; Goyal and Goyal,
2020). As a result, nonstructural and structural proteins are
interesting targets for the design and development of COVID-19
antiviral medicines (Goyal and Goyal, 2020). The lack of
effective COVID-19 vaccines or medications, as well as the
high death rate, necessitates the quick finding of innovative
therapies (Tu et al.,, 2020), and computer-aided drug design is
thought to be a significant technique for identifying novel
therapeutics. Using natural lead compounds derived from
virtual screening and pharmacokinetic prediction (Gopal and
Skariyachan, 2020), it is possible to produce effective lead
molecules against COVID-19. Due to the availability of
pharmacokinetic and pharmacodynamic data for broad-
spectrum antiviral medicines, repurposing is a promising
technique for speeding up the development of a potential
treatment for SARS-CoV-2 infection in humans (Pillaiyar
et al., 2020).

As natural products and herbal medicines have a promising
contribution to drug discovery, these are used to prevent
COVID-19 infection (Bogan-Brown et al., 2021). Plants,
fungus, and marine sources of natural products are already
used to develop drug discovery for several diseases. These
show antiviral effects against human CoV-2 that will aid the
development of a noble drug for the treatment of COVID-19
(Huang et al., 2020b). These natural products worked by
inhibiting the interaction between the S protein and the ACE2
receptors of host cells. Many of these boost the immune system
to protect against the respective virus, fibrosis, oxidative stress,
and inflammation associated with COVID-19. Natural products
can be used in combination with the clinical standard care for
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practical outputs. In elderly patients and patients at an advanced
stage, natural products can suppress the disease progression and
reduce complications and mortality (Huang et al., 2020a).

In this review, we aimed to deliver new aspects with natural
products for the treatment and prevention of COVID-19
(Huang et al, 2020). Natural products also contribute to
developing novel drug discovery, so taking a preventive
approach by natural products must be practical and have
potential (Janeway Jr, 2001; Ho et al,, 2007). Ultimately this
integrated analysis will present promising evidence regarding the
treatment and prevention of COVID-19 by natural products
(Nassiri-Asl and Hosseinzadeh, 2009; Choi et al., 2017; Laurent
etal., 2017; Omrani et al., 2020). The complete genome sequence
of the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and the elucidation of viral protein structures using X-
ray crystallography, nuclear magnetic resonance (NMR),
electron microscopy, and a homology modeling approach have
enabled the identification of inhibitor drugs against COVID-19’s
essential therapeutic drug targets.

2 Epidemiology

Infectious disease transmission is driven by three key factors:
transmission pathways, infection sources, and vulnerable hosts.
According to the National Health Commission of China’s most
recent reports, SARS-CoV-2 is passed on to people via respiratory
droplets, close contact, and surface contamination, with aerosol
transmission potentially being an option (Wu et al., 2020a).

Previous epidemics of SARS (2003) and MERS (2012) have
shown that family members can trigger significant outbreaks in
the hospital. Research with SARS has found that managing
patients both inside and outside the hospital is one of the
critical phases in disease control. For example, in Vancouver
(Canada), many import cases were managed and diagnosed
quickly, and secondary transmission was avoided in town. The
inefficient control of diseases in Toronto, Canada, and Taipei,
Taiwan has led to the transmission and hospitalization of serious
diseases [25]. SARS-CoV-2 was labeled the sixth international
public health concern and pandemic by the World Health
Organization (WHO) on 11 March 2020 (Colson et al,, 2020;
Wu et al,, 2020a). As of November 2020, 46 million confirmed
cases and one million deaths had been registered worldwide,
according to current laboratory tests. According to a WHO
report issued on November 2, the most prevalent cases were
identified in America (20,807,415), Asia (13,626,009), Europe
(10,324,515), Africa (1,796,748), and Oceania (which included
Australia, French Polynesia, Guam, New Zealand, and Papua New
Guinea) (41,916). (World Health Organization, Coronavirus
Disease, 2020). Several studies have revealed SARS-CoV-2 death
rates. It is expected to be 6.9 percent of confirmed cases. However,
this can vary considerably (Wu et al, 2020a). Singapore, for
example, has a rate of 0.1 percent, while Belgium has a rate of
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15.4 percent (Johns Hopkins University). SARS-CoV-2 has a
lower mortality rate than SARS-CoV or MERS-CoV, with rates
of 10% and 37.1 percent, respectively, but it is ten times more
contagious than the other viral illnesses (Lescure et al., 2020).
According to statistical methods, the infectious rate of SARS-
CoV-2, denoted as RO, is approximately between 1.3 and 6.5, with
an average of 3.3 (Sen-Crowe et al,, 2020). Recent reviews involve
212 studies from 11 countries with 281,461 individuals at an
average age of about 45 having been analyzed. Studies showed a
severe disease rate of 23% and a mortality rate of 6%. Among
these, the highest severe disease rate is 38% in Wuhan, China, and
the highest mortality rate is 14% in Italy. Moreover, hypertension,
diabetes, malignancy are more likely to exist in severe COVID-19
patients (Li et al., 2021).

Many conclusions suggest that SARS-CoV-2 has a long time
of incubation (2 to 14 days) and a significant potential for
asymptomatic communication that might lead to the fast
transmission of the virus (Ahn et al, 2020). The outbreak’s
pattern suggests that people of all ethnicities and ages are
susceptible to the sickness. The elderly and persons with
underlying conditions such as cardiovascular disease, diabetes,
and high blood pressure, on the other hand, have a higher rate of
severe illness and fatality (Wu et al, 2020c). COVID-19
Epidemiology highlights the infection load, transmission
dynamics, and other epidemiological aspects. While infection
rates are notably high in China, Italy, and the United States, the
disease is progressively spreading in India as well, endangering the
country’s health and economy. The rapid spread of infection has
been attributed to asymptomatic transmission, the early
symptomatic phase, and restricted access to testing in various
contexts. According to a large case series from China, 81% of the
cases had mild symptoms, 14 percent had severe disease, and 5%
had critical illness. While China’s death rate was estimated to be
2.3 percent, Italy, which has a large senior population, reported a
case fatality rate of 7.2 percent due to greater infection and
mortality rates among the elderly. COVID-19 is a highly
contagious disease that affects a considerable number of
healthcare workers, as indicated by the fact that healthcare
workers accounted for a significant share of reported infections
in the United States. Providing health care for COVID-19 patients
as well as those with other acute and chronic conditions who have
limited access to healthcare facilities and services is a challenge for
low- and middle-income countries’ health systems, which
necessitates immediate health system strengthening across
sectors (Aovi et al. 2021; Rafig, 2021).

3 Potential therapeutic approach
against COVID-19

Several vaccines and pharmacologic treatment approaches
are being developed, but natural sources like plants and fungi
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may have some potential effect against COVID-19 infection (Lin
et al,, 2014). Viral internalization in host cells is strongly related
to the cellular ACE2 enzyme surface spike protein virus. The
mechanism of viral entry to host cells is connected to two routes
like endocytic uptake and viral membrane in fusion (Wang et al.,
2008). Viral S protein, activated by host cell protease serine 2
(TMPRSS2), facilitated viral infection into host cells and allowed
the release and replication of viral genomic RNA. Fusing to host
cells, receptor-mediated endocytosis permits the uptake of viral
particles into cells followed by the cleavage of the S-protein due
to cathepsin L inside the endosome to express viral RNA genome
into host cells.

Furthermore, offspring of the virus inside host cells may be
initiated by translation of viral genome into two precursor
polyproteins ppla and pplab that will further cleavage to
nonstructural proteins by encoded protease enzyme that
ultimately is used for application of transcription complex for
producing genomic RNA and subgenomic mRNA. The m-RNA
translated into structural proteins with viral genome initiated
new virions and released through viroporin-mediated viral
budding (Lu et al., 2006). Blood pressure inflammation fibrosis
regulated by RAAS (Renin Angiotensin Aldosterone System)
where ACE2 works by converting angiotensin I to angiotensin II,
which is further converted to lung-protective angiotensin
(Mehta et al; Xu et al; Voeltz et al, 2006; Bai et al., 2020;
Morawska and Cao, 2020; South et al., 2020; Van Doremalen
et al., 2020; Walls et al., 2020). SARS-CoV-2 binds to ACE2 to
enter into cells, so that ACE2 cannot work properly. Angiotensin
I binds to Angiotensin II type 1 receptor (ATIR) instead of
converting angiotensin (1-7), which causes inflammation and
disturbance in the renal and cardiovascular system (Figure 1)
(Shete, 2020). So therapeutic approaches should be concerned
about the mechanism innovation of viral programming and
regulating the immune system with RAAS (Prasansuklab
et al., 2020).

4 Prevention of COVID-19 and
immune enhancer

The immune system plays a vital role against infectious
pathogens to protect our body (Voeltz et al., 2006). An older
person is more likely to have an suppressed immune system, so
they are at a higher risk of being affected by COVID-19
(McIntosh et al., 2020). Ensuring the intake of a sufficient
amount of nutrients is the first choice of methods to boost
immune system function and prevent COVD-19 disease.
Scientific evidence shows that proper diet modification and a
healthy lifestyle can aid in a preventive approach for the
COVID-19 pandemic (Zildzic et al., 2020). Various fresh
animals contain micronutrients like vitamin A, D, E, C, B6,
B12 and trace elements like zinc, selenium, and iron that can
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Potential therapeutic strategies are concerned with four aspects: inhibition of virus entry, virus replication, the release of virus offspring, and
modifying RAAS. Viral S-protein bonding to ACE2 1. Activity of TMPRSS; 2. Endocytic pathway-Cleavage of S-protein by cathepsin L; 3.
Internalization of virus prevented; 4. The replicative activity of RTC inhibited; 5. Increase intracellular Zn?* concentration; 6.Inhibition of
viroporin mediated viral budding; 7. Blockage of ACE2 resulting in excessive inflammation; 8. ATIR; 9. 3CL"°,3 -chymotrypsin like protease;
, pepsin like protease; PP, polyprotein; RAAS; RTC, replication-
transcription complex; TMPRSS2, transmembrane protease serine 2 (Prasansuklab et al,, 2020).

ACE2; AT1R; S, spike; N, nucleocapsid; E, envelop; M, membrane; P

improve immune function and fight against infectious diseases
(Chaplin, 2010; Elmadfa and Meyer, 2019). As COVID-19
mainly weakens the immune response, the survival rate
depends on the strength of immunity. Balanced nutritional
supplements provide a strong immunity, ensuring the body’s
defense mechanism against infection (Miles et al., 2020).
Research evidence shows that micronutrients and iron, zinc,
and selenium provide a synergistic effect on the body’s immunity
function (Diwakar et al., 2016) (Weiss, 2002; McClung and
Peterson, 2010; Haryanto et al., 2015; Saeed et al., 2016) and
inhibit viral replication inside host cells (Chaturvedi et al., 2004).
Folate, copper, and selenium can increase antibody production
(Haryanto et al., 2015) and cell and antibody-mediated immune
response (Saced et al., 2016) by activating cytokines and
chemokines (Maggini et al,, 2007). Several micronutrients,
especially omega-3 fatty acids, eicosatetraenoic acid, and
docosahexaenoic acid, develop the immune system’s ability to
fight against viral infection (Calder et al., 2020).

A variety of nutraceuticals have been shown to have immune-
boosting, antiviral, antioxidant, and anti-inflammatory properties.
Zn, vitamin D, vitamin C, curcumin, cinnamaldehyde, probiotics,
selenium, lactoferrin, quercetin, and other nutrients are among
them. Combining some of these phytonutrients in the right
combination as a food supplement may help to boost the
immune system, prevent virus spread, prevent disease
progression to a severe stage, and suppress hyper inflammation
even further, providing both prophylactic and therapeutic support
against COVID-19 (Mrityunjaya et al, 2020; Ahmed et al., 2021).
Micronutrients stimulate the immune system and can be used as a
treatment for those who do not want to use drugs. Micronutrient
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insufficiency leads to immune system dysfunction. It suggests that
eating foods high in vitamins C, D, and E, as well as minerals like
zing, can help boost immunity and help fight diseases caused by
bacteria, viruses, and parasites. Flavonoids have been identified as
potential COVID-19 transmission inhibitors in several
investigations. Vitamins C, D, and E, as well as zinc and
flavonoids, have been proven to have strong correlations to
boosting the immune system. Individuals and populations may
be protected from acquiring a severe disease as a result of this,
which has an impact on the COVID-19 disease process. With
these established links, it would be useful to implement dietary
advice during the pandemic to lower the incidence of these
chemical deficiencies. This will lower the risk of serious disease
and, more importantly, increase the chances of survival.

5 Natural products for inhibiting
COVID-19

5.1 Natural products inhibiting
MERS-CoV

Several tests examined the possibility of ordinary things
being rectified by MERS-CoV. A more efficient MERS-CoV
reproduction inhibitor was Silvestro, an Aglaia sp.
Phytochemicals (EC50 of 1.3 nM). Silvestro is an RNA
helicase eIF4A inhibitor that hinders viral replication while
diminishing CoV protein creation and obstructing replication/
record buildings (Miiller et al., 2018). Quite possibly, the most
encouraging inhibitor of MERS-CoV is Griffithsin, a 12.7 kDa
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lectin found in the Griffithsia species (red-green growth). It has
three sugar restricting areas that permit it to tie accurately to
glycans on CoV protein spikes and forestall viral connection to
have cells, with extraordinary strength exhibited in vitro
concentrates against MERS-CoV (EC50 of 0.125 M) and
various CoV strains (EC50 of 0.00320.33 M) (Millet et al.,
2016). Griffithsin additionally seems to have a low
foundational poisonousness, with an explicitness list of 30-
3100 against HcoV cells (contrasted with human colorectal
adenocarcinoma or fibroblast cell lines) (O'Keefe et al., 2010),
demonstrating that it very well may be one of the leading
contenders for the animal and clinical preliminaries against
SARS-CoV-2 (Mani et al., 2020).

5.2 Natural products inhibiting SARS-CoV

5.2.1 Polyphenols

Polyphenols have been displayed to have antiviral movement
in various examinations. Quercetin, for instance, has an IC50 of 8.6
3.2 M against SARS-CoV papain like protease (PLpro) (Park et al.,
2017). There was no antiviral action test done on cells. Quercetin is
a flavonoid found in various food varieties. However, it is
particularly bountiful in specific berries and spices (Kaack and
Austed, 1998; Justesen and Knuthsen, 2001). As recently
referenced, the related polyphenolics myricetin and scutellarein
have moderate inhibitory impacts against SARS-CoV helicase [64].
Poly phenolics were distinguished as the bioactive segments
responsible for the adequacy of this plant species against SARS-
CoV. Bavachinin, neobavaisoflavone, isobavachalcone, 4'-O-
methylbavachalcone, psoralidin, and corylifol A were likewise
recuperated from the ethanolic separates, with antiviral
movement going from 4.2 to 38.4 M. There were no cell-based
antiviral tests done this time. Isobavachalcone and psoralidin had
the best antiviral action, and both were found to be blended,
reversible inhibitors of PLpro by means of a sort I component
(restricting to the free catalyst instead of the protein substrate
complex) (Kim et al., 2014).

5.2.2 Lectins

Plant lectins, which are proteins that tightly bind to starch
bunches specifically and reversibly (Mitchell et al.,, 2017), are
another regularly ccurring synthetic option that may stifle
SARS-CoV. Lectins’ antiviral properties have been shown
against infections, such as flu and herpes simplex disease
(Hwang et al., 2020), as well as Ebola (Michelow et al., 2011;
Coves-Datson et al., 2019). Shockingly, animals that had their
plasma levels of recombinant human mannose-restricting lectin
raised had the option to endure, in any case, deadly Ebola
contaminations (Michelow et al., 2011). Utilizing an
examination of the cytopathic impact effect (CPE), Keyaerts
et al. (2007) tried the action of a broad scope of plant lectins
(33 taking all things together) against SARS-CoV, getting EC50
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esteems as low as 0.45 0.08 g/mL for Lycoris radiata agglutinin.
Although the specific mechanism of action still can not seem to
be found, the most viable targets were believed to be enacted at
the phase of viral connection or towards the finish of the
irresistible viral cycle. Different lectins have shown moderate
to excellent resistance in human preliminaries (Petersen et al.,
2006), so they could be one of the additional promising classes of
typically inferred compounds to treat SARS-CoV-2 and other
Covid diseases with more exploration.

5.2.3 Terpenoid derivatives

Glycyrrhiza glabra (Leguminosae) or its bioactive
constituents, glycyrrhizin, have antiviral efficacy against a
variety of pathogens, like viruses such as Hepatitis A, Hepatitis
B, and Hepatitis C, dangerous varicella-zoster virus, Human
immunodeficiency virus (HIV), HS (herpes simplex) type-1, and
Cytomegalovirus (Asl and Hosseinzadeh, 2007). A medical
experiment in 2003 found that glycyrrhizin has antimicrobial
properties, specifically antiviral, against two clinical isolates of
coronavirus (FFM-1 and FFM-2) from sufferers. Glycyrrhizin
suppressed the replication of SARS-related virus and could be
considered for SARS therapy (Cinatl et al., 2003). Additionally,
an in vitro investigation revealed that glycyrrhizin had antiviral
properties against a virus named SARS (Chen et al, 2004).
Quinone-methide triterpenoids are a type of terpenoid found
only in the Celastraceae family, like Tripterygium regalia. With
an IC50 of 2.6-10.3 M, those drugs displayed a modest
suppressing effect towards 3-chymotrypsin like protease
(3CLpro). As per structure activity relationship (SAR) studies,
the quinone-methide molecule plays an essential part in 3Clpro
suppression (Ryu et al., 2010b). S. miltiorrhiza produces
tanshinones having an abietane diterpene backbone.
Tanshinones have such a diversity of physiological actions,
including anti-inflammatory, cardiac, and anticancer properties.

5.2.4 Alkaloid derivatives

Lycoris radiata (Amaryllidaceae) extracts possess significant
antimicrobial activities against SARS-CoV, according to a 2005
study employing the MTS test for virus-induced cytopathogenic
impact. The main ingredient within that sample is lycorine, an
alkaloid backbone with an EC50 score of 15.7+1.2 nM,
indicating strong antimicrobial properties. These findings
show that lycorine is a promising compound for developing
novel antiviral drugs (Li et al., 2005). The additional survey
suggests that lycorine can suppress the reproduction of COVID-
19 virus-like HcoV-OC43 (EC50: 0.15 M), MERS-CoV (EC50:
1.63 M), and HcoV-NL63 (EC50: 0.47 M) in vitro. Lycorine can
also lower infection rates in the CNS of BALB/c mice or save
them from HcoV OC43-induced death (Shen et al, 2019).
Carapichea ipecacuanha root (Rubiaceae) contains Emmeline,
an alkaloid that has anti-protozoal and repellent properties.
Emetine inhibited HcoV-OC43 (EC50: 0.30 M), MERS-CoV
(EC50: 0.34 M), and HcoV-NL63 (EC50: 1.43 M) COVID-19
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replication in a laboratory. Apart from this, Emmeline can also
prevent MERS-CoV from infecting viral DNA (Weber and
Opatz, 2019). Stephania tetrandra (Menispermaceae) roots
contain bisbenzyl isoquinoline alkaloids with antitumor, anti-
inflammatory, and antioxidative properties (KKim et al., 2019a).
Tetrandrine (IC50: 14.51 M), fangchinoline (IC50: 12.40 M), and
cepharanthine (IC50: 10.54 M) are the major ingredients of S.
tetrandra alkaloids that demonstrate potent antimicrobial
efficiency against HcoV-OC43 contamination and copy of
viral DNA suppression (Nassiri-Asl and Hosseinzadeh, 2009).

5.3 Natural products inhibiting
SARS-CoV-2

Given the brief time frame since its rise, not many
examinations have been distributed on SARS-CoV-2. Be that
as it may, some exploration (Toney et al., 2004; Liu and Zhou,
2005; Wang et al., 2007; Lung et al., 2020; Zhang et al., 2020a)
has investigated the utilization of computer modeling for
screening purposes. Commonly, these models ascertain the
free restricting energy between a ligand and a receptor (Forli
etal., 2016), with a lower free restricting power inferring a more
grounded ligand-receptor association. Even though it may be
hard to obtain comparative outcomes utilizing distinctive
displaying procedures (Aldeghi et al., 2016), computer
modeling empowers researchers to assess the overall restricting
partiality of a gathering of mixtures to the receptor. The speed
and adaptability of this innovation might be beneficial for
rapidly tracking down an incredible inhibitor of SARS-CoV-2,
as well as bringing down the significant expenses and period
associated with actually screening enormous banks of synthetic
compounds or plant separates for bioactivity (Chen et al., 2017).
Mixtures that utilize this strategy would then be tried in cell-
based examinations to perceive how compelling and safe they
are in vitro before continuing to the animal and clinical testing
tried 83 substances present in customary Chinese prescriptions
for activity against SARS-RNA-subordinate CoV-2’s RNA
polymerase, distinguishing theaflavin, a cancer prevention
agent polyphenol, as a potential inhibitor. Additionally, a
report carefully assessed 115 substances revealed in Chinese
traditional medicines and chose 13 for additional exploration
(Zhang et al, 2020a). A few of these were polyphenolic
compounds found in nature, for example quercetin and
kaempferol, which have effectively started considering the
treatment of different infections (Table 1) (Tome-Carneiro and
Visioli, 2016; Khan et al., 2019; Cassidy et al., 2020).

5.3.1 Camel milk

Camel milk contains various antimicrobial and immunological
proteins and enzymes that defend against bacterial and
viral infections. Immunoglobulins, lactoferrin, lysozyme,
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lactoperoxidase, peptidoglycan recognition protein, vitamins C,
and oligosaccharides are some examples of antimicrobials (Mehta
and Agrawal, 2020). However, lactoferrin and immunoglobulins are
responsible for most camel milk’s antimicrobial and antiviral
properties. Lactoferrin from camel milk behaves differently and
uniquely than lactoferrin from other mammals’ milk, although the
inhibitory mechanism is similar to lactoferrin from bovine milk
(Badr et al, 2017). Lactoferrin boosts the immune system by
defending host cells from bacterial, viral, and inflammatory
infections (Mohammadabadi and Hussain, 2021).

SARS-spike CoV-2’s protein allows the virus to enter host cells.
Hence increasing the immune system will be beneficial in
combating this virus. Various protective proteins and enzymes,
such as lactoferrin, are found in cattle milk, particularly camel milk,
and have immunological capabilities against bacterial and viral
illnesses. Lactoferrin from milk contains immunomodulatory
qualities that help the host’s immune system respond better and
prevent infections. Nutritional supplements are effective against
COVID-19, but there have been few clinical trials (Bruni et al.,
2016). Lactoferrin is an antiviral factor that protects against viruses
like SARS-CoV (Chen et al., 2020b). Lactoferrin may block SARS-
CoV-2 invasion the same way that SARS-CoV does [109] because
79 percent of the sequences of SARS-CoV and SARS-CoV-2, as
well as the receptor-binding domain, are similar. Without
breathing assistance, the frequency of COVID-19 in babies was
low, and lower respiratory tract infections were uncommon
(Peroni and Fanos, 2020). Lactoferrin blocked virus entrance in
human coronaviruses hCOV-NL63 and pseudotyped SARS-CoV
by attaching to heparan sulfate glycosaminoglycan on the cell
surface (Lang et al., 2011). Although there are no published studies
on the effects of lactoferrin on SARS-CoV-2 entry into host cells,
the interaction of lactoferrin with heparan cell receptors, which
allows virus attachment on the cell surface in the primary phase of
infection, particularly in coronaviruses (Mehta and Agrawal, 2020),
has been studied.

Lactoferrin suppresses virus buildup on cell surfaces, inhibits
virus-host cell interaction, and prevents viral infection, as seen in
the SARS-CoV epidemic and maybe also in SARS-CoV-2. A
viral infection causes mortality in some severe COVID-19 cases
and elevations in cytokines and acute phase reactants such as
interleukin IL-6, tumor necrosis factor-a (TNFa), and ferritin
(Rosa et al., 2017). Lactoferrin inhibited the human coronavirus
of pseudotyped SARS-CoV, most closely related to SARS-CoV-
2, which produces COVID-19, by 50%. Lactoferrin from milk is
beneficial in the innate response to diseases like SARS-CoV-2. 75
SARS-CoV-2 positive individuals recovered completely in 4-5
days after receiving 32 mg lactoferrin (liposomal bovine
lactoferrin) daily for ten days with zinc (Chang et al., 2020).

5.3.2 Honey

In honey, water, sugars, enzymes, amino acids, flavonoids,
organic acids, phenolic acids, minerals, vitamins, and volatile
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TABLE 1 List of compounds derived from natural sources that are potential anti-COVID-19 drug candidates (Prasansuklab et al., 2020).

Plant/Family

Alnus japonica (Thunb.)
Steud.

(Betulaceae)

Angelica keiskei (Miq.)
Koidz

(Umbelliferae)

Aglaia perviridis Hiern
(Meliaceae)

Cibotium barometz (L.)
J.Sm.
(Dicksoniaceae)

Cullen corylifolium (L.)
Medik.
(Leguminosae)

Ecklonia cava
(Laminariaceae)

Paulownia tomentosa
(Thunb.) Steud.
(Scrophulariaceae)

Quercus infectoria G.
Olivier

(Fagaceae)

Rheum sp.
Polygonum sp.
(Polygonaceae)

Salvia miltiorrhiza Bunge
(Lamiaceae)

Sambucus javanica subsp.

Chinensis (Lindl.)
Fukuoka
(Adoxaceae)

Scutellaria baicalensis
Georgi
(Labiatae)

Torreya nucifera (L.)
Siebold & Zucc.
(Taxaceae)

Tribulus terrestris L.
(Zygophyllaceae)

Product

Hirsutenone
(Ethanol extract)

Xanthoangelol E
(Ethanol extract)

Myricetin

Ethanol and methanol extract

Psoralidin
(Ethanol extract)

Dieckol
(Ethanol extract)

Tomentin E
(Methanol extract)

Ethanol-water
extract

Emodin

Cryptotanshinone
(n-Hexane extract)

Dihydrotanshinone 1
(n-Hexane extract)

95% ethanol extract

Caffeic acid

Chlorogenic acid

Gallic acid

Scutellarein

Amentoflavone
(Ethanol extract)

Terrestrimine
(Methanol extract)

Lianhuagingwen (Herbal mixture)
dissolved in DMSO and then in serum-
free DMEM

Herbacetin
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Dosage/
Duration

0-200 uM/
60min

0, 12.5, 25, 50
uM

0.01-10 uM

0, 25, 50, 100,
and 200 p/mL

0-100 uM

0-200 M

0, 6.25, 12.5, 25
uM

330 w/mL

0, 10, 50, 100,
200 and 400 y/
mL

0-200 uM/
30min

0-200 uM/
60min

0, 1, 10, 50 pg/
mL/36h

0, 10, 50,100
uM/36h

0.01-10 uM

0-300 uM

1,10,100,1000
uM

0-600 pg/mL/
72h

08

Model/Strains

In vitro
SARS-CoV-Plpro

In vitro
SARS-CoV-PLpro
SARS-CoV-3CLpro

In vitro angiotensin
converting enzyme from
rabbit lung

In vitro

SARS-CoV Virus
propagated in Vero E6
cells

In vitro
SARS-CoV-PLpro

In vitro
SARS-CoV-3CLpro

In vitro
SARS-CoV-PLpro

In vitro

In vitro
Vero cells

In vitro
SARS-CoV-Plpro

In vitro
SARS-CoV-3CLpro

In vitro

HcoV-NL63 inLLC-MK2
cells

In vitro

In vitro
SARS-CoV-3CLpro

In vitro
SARS-CoV-PLpro

In vitro

SARS-CoV-2 Virus
propagated in Vero E6
cells

10.3389/fcimb.2022.929430

Efficacy

IC50 = 4.1 + 0.3 M

Activity inhibition of SARS-CoV-
PLpro activity (IC50 4 = 1.2 + 0.4
pM)

Inhibition of SARS-CoV-3CLpro
activity (IC50 = 11.4 + 1.4 uM)

IC50 = 2.71 £ 0.19 uM

EC50 = 8.42 and > 10 pg/mL

IC50 = 4.2 + 1.0 uM

IC50 = 2.7 + 0.6 M

IC50 = 5.0 + 0.06 uM

Inhibition of ACE activity by 93.3
+2.5%

1C50 = 200 uM

1C50 = 0.8 + 0.2 uM
1C50 = 14.4 + 0.7 uM

Inhibition of viral cytopathicity -
(IC50 = 1.17 + 0.75 pg/mL)
Inhibition of viral attachment
(IC50 = 15.75 + 6.65 pg/mL)

Inhibition of viral cytopathicity —
(IC50 = 3.54 + 0.77 M)

Inhibition of viral cytopathicity —
(IC50 = 43.45 + 6.01 uM)

Inhibition of viral cytopathic -
(IC50 = 71.48 + 18.40 uM)

IC50 = 0.86 + 0.48 uM

IC50 = 8.3 + 0.6 uM

IC50 = 15.8 + 1.2 uM

1C50 = 412.2 pg/mL

IC50 = 33.17 uyM

Reference

(Park et al.,
2012a)

(Park et al.,
2016)

(Yu et al.,
2012)

(Wen et al.,
2011)

(Kim et al.,
2014)

(Park et al.,
2013)

(Cho et al.,
2013)

(Sharifi
et al,, 2013)

(Ho et al.,
2007)

(Park et al.,
2012b)

(Weng et al,,
2019)

(Yu et al,,
2012)

(Ryu et al.,
2010a)

(Song et al,,
2014)

(Runfeng
et al., 2020)

(Continued)
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TABLE 1 Continued

Plant/Family Product

Dosage/

Duration

1, 2.5, 20 pM/

16h

Pectolinarin
16h

Rhoifolin
16h

compounds are all present (da Silva et al., 2016). Honey is mostly
sugar (90-95%), with 75 percent monosaccharides (fructose and
glucose) and 10 to 15% disaccharides (sucrose, turanose,
maltose, maltulose, isomaltose, nigerose, kojibiose, trehalose),
and trisaccharides (melezitose and maltotriose) and very minute
amounts of other sugars (Belitz et al., 2004). Furthermore, except
for glutamine and asparagine, honey contains proteins,
comprising essentially free amino acids and enzymes. Proline
makes up the majority of the amino acid in honey (Lloyd, 2015).

Honey and its major components are proved effective in
treating a variety of viral infections in numerous investigations.
Herpes zoster (Hashemipour et al, 2014), rubella (Zeina et al.,
1996) influenza (Watanabe et al., 2014), herpes disease (Semprini
et al,, 2017), respiratory syncytial virus (Zareie, 2011), AIDS
(Behbahani, 2014), immunodeficiency virus (Al-Waili et al.,
2006), viral hepatitis (Abdulrhman et al., 2016),
gingivostomatitis (Awad and Hamad, 2018), rabies
rhinoconjunctivitis (Igado et al, 2010), and COVID-19 are
among the diseases that honey and its main components can
combat (Filipe, 2020). Honey’s antiviral activities and their
primary components have a large and unknown method of
action. Honey’s antiviral activity is frequently linked to anti-
oxidant, anti-inflammatory, anti-resistance, and anti-apoptotic
activities through altering cellular signaling pathways such as
MAPK, NF-kB, Nrf2, and others (Docherty et al., 2004;
Shakibaei et al, 2011a; Shakibaei et al., 2011b; Vickers, 2017;
Buhrmann et al., 2019; Buhrmann et al., 2020). Furthermore,
these agents have a direct effect on the structure of the virus, such
as when honey and its primary components interact with
structural and non-structural proteins in the virus, or when they
connect to virus target receptors (Yaghoobi and Kazerouni, 2013).

More knowledge of viral replication in the host cell could aid
in the development of innovative antiviral medicines that target
viral replication while limiting drug resistance. The first stage of
viral replication is virus attachment, penetration, and decorating;
the second stage is viral genome replication, transcription, and
translation; and the final stage is viral assembly. Interruption of
the proteins required for viral attachment and entrance into host
cells is one mechanism underlying honey’s antiviral effect
(Miinstedt, 2019). Honey disrupts disulfide bonds in the HA
receptors, preventing the influenza virus from attaching to the
host cell surface (Watanabe et al., 2014).
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Model/Strains Efficacy Reference
In vitro (Jo et al.,
SARS-CoV-3CLpro 2020)
In vitro 1C50 = 37.78 uM (Jo et al.,
SARS-CoV-3CLpro 2020)
In vitro SARS-CoV- 1C50 = 27.45 uM (Jo et al.,
3CLpro 2020)

Two significant class I fusion protein family members are
influenza hemagglutinin protein HA and coronavirus spike
protein (Belouzard et al,, 2012). The spike protein of SARS-
CoV is required for viral interaction to the ACE2 receptor on
host cells. Interestingly, chrysin (400 mM) was found to have a
weak inhibitory effect on the interaction of S protein with ACE2
(Ho et al., 2007), and both ACE2 and 3CLpro have been
identified as antiviral therapeutic targets. Kaempferol and
quercetin also had a strong affinity for the SARS-CoV-2 3CL
hydrolase (Chen et al,, 2012). Kaempferol and quercetin were
able to bind to ACE2 and modulate signal pathways such as
prostaglandin-endoperoxide synthase 2 (PTGS2), caspase 3, B-
cell lymphoma 2 (Bcl-2), and Kaposi’s sarcoma, all of which are
linked to herpes virus infection, measles, hepatitis C, human
cytomegalovirus, and Epstein-Bar.

Viruses are encoded for the ion-selective channels in the
infected cell’s membrane (Fischer et al., 2012; Sauter et al., 2014),
and once these channels are activated, the virus is released into
the cell and replicates (Schwarz et al., 2012). Ton channel
inhibitors can prevent virus generation while allowing the
infected cell’s immune system to function more effectively
(Schwarz et al., 2014). SARS-CoV encodes for an ion-
permeable channel in its open reading frame 3a (ORF3a).
Flavonoids have been demonstrated to suppress viral release
by activating ion channels. Kaempferol has been proposed as a
potential inhibitor of coronavirus 3a-channel proteins (Wang
et al., 2014).

Furthermore, chrysin has been shown to suppress viral
replication by preventing viral RNA replication and
synthesizing viral capsid proteins without causing cytotoxicity.
One of the key goals for anti-viral drugs is the regulation of
molecular signaling pathways. Kaempferol suppresses the
influenza virus replication by activating the opposite cell-
autonomous immune responses by altering mitogen-activated
protein kinase (MAPK) signaling pathways (Dong et al., 2014).
Furthermore, kaempferol and quercetin have decreased SARS-
CoV-2 replication by targeting phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit gamma (PIK3CG) and
E2F1 (E2F Transcription Factor 1) via the PI3K/Akt signaling
pathway. In addition, quercetin and kaempferol reduced SARS-
CoV-2 replication via altering the JAK/STAT signaling pathway
(Huang et al., 2020).
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6 Anti-coronavirus metabolites from
natural sources

The virus takes precedence over the host’s physiology. In
other words, developing an effective medication with fewer side
effects is problematic in creating every antiviral medicine,
including synthetic medication. In this sense, the
pharmaceutical sector frequently moves to natural antivirals
(Denaro et al., 2020).

Since the outbreak of SARS in 2003, numerous natural
sources of flora and animals have been examined for the
efficacy of anti-SARS-CoV-1 or utilized in medication
formulation as a scaffold. Some natural constituents include
flavones, flavonols, fatty acids, tannins, terpenes, and alkaloids.
The diverse mechanisms used by each phytoconstituent category
to inactivate coronaviruses account for various such chemical
classifications. However, the molecular structures of all these
natural molecules share general characteristics that support Jo
et al. (2020), who found that SARS-CoV-1 suppression
necessitates a molecular structure with a lipophilic aromatic
ring, OH groups, and polysaccharide moieties based on in silico
research. Even though not all anti-SARS-CoV-1 molecules have
a benzene ring, their chemical structures have hydrophobic and
lipophilic areas and potentially create numerous H-bonds via
OH groups.

Most natural anti-SARS-CoV-1 compounds also have
pharmacological effects on all other forms of virus or disease.
The Marine sponge mycalamide A is biological against the
herpes virus and its homolog, mycalamide B (Donia and
Hamann, 2003). Furthermore, myricetin, a flavonol, has
antiviral properties against leukemia, HIV, and influenza
(Zakaryan et al., 2017). Lycorine is also renowned for its wide
range of pharmacological purposes, including antioxidant,
antibacterial, antitumoral, anti-inflammatory, and anticancer
properties (da Silva Antonio et al., 2020).

The IC50 values ranging from 0.63 (butanaic acid) to 1.57 mM
(3 b,12-diacetoxyabiet-7, 8,11,13-tetraene) have potential effects on
SARS-CoV-2. Natural metabolites ferruginol (A), 8b-hydroxyabiet-
9(11)13-died-11-on(B), 7bhydroxydioxycryptojaponol(C), 3B,12-
diacetoxyabiet-6,8,11,13-tetraene and saving(F) have potential
effects to SARS-CoV-2 (Figure 2) (Prasansuklab et al, 2020).
Another toxic alkaloid veratrum treats as ACE2 inhibitors in
SARS-CoV-2 (Figure 3) (Prasansuklab et al., 2020).

6.1 Inhibitors of ACE2

When ACE-2 was found as the principal receptor for
COVID-19 in humans, researchers focused their efforts on
figuring out how to modulate it so that the virus could be
controlled. The ACE inhibitory effect is found in many natural
compounds widely employed in ethnobotanics and, in some
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instances, are firmly rooted in human diets (Barbosa-Filho et al,,
2006; Daskaya-Dikmen et al., 2017). Bioproducts, including
ACE inhibitors, are widely used because synthetic compounds,
like enalapril, were created utilizing a scaffold library of natural
metabolites. This illustrates their viability as new drug resources;
they have fewer adverse effects than synthetic pharmaceuticals,
and natural compounds can have lower IC50 values in some
circumstances (Daskaya-Dikmen et al., 2017). Flavonoids,
xanthones, alkaloids, peptides, terpenes, and tannins are
among the phytoconstituents families that riches of ACE
inhibitors found in natural goods. Ancient Chinese plants,
such as Citrus species, were first scanned in silico for natural
anti-COVID-19 chemicals (Meneguzzo et al., 2020). Eleven non-
synthetic compounds with antiviral activity were discovered
after artificial docking studies found that plants native to
China intermediate with ACE-2 against COVID-19
(Meneguzzo et al., 2020). The natural substances suggested in
traditional Chinese medicine are botanical line (baicalein-7-O-
glucuronide), scutellarine (scutellarein-7-glucuronide),
hesperetin, nicotianamine, naryingine, hesperidin, and
nobiletin (Figure 4) (Meneguzzo et al., 2020), (Cheng et al,
2020; da Silva Antonio et al., 2020).

The chromatographic fingerprints which follow the
molecular docking process of a Chinese natural herb used to
treat COVID-19 have also identified Veratrum nigrum L.
preparations and alkaloids as SARS-CoV-2 ACE2 inhibitors
(Cheng et al.,, 2020). The majority of the proposed alkaloids,
such as hupehemonside, pseudojervine, and imperial, are
Liliaceae-specific. Thus, Veratrum species are widely
recognized as dangerous when ingested after boiling because
of the presence of a certain set of alkaloids that are either
important or contain minor chemicals in their chemical
composition (da Silva Antonio et al., 2020a). A counterpart of
jervine (Figure 5), a poisonous alkaloid, is among the anti-SARS-
CoV-2 alkaloids discovered using molecular docking.
Consequently, although the presence of various anti-COVID-
19 alkaloids, Veratrum species must be used with caution.

6.2 3CLpro Inhibitors

Scientists are paying more and more attention to the
suppression of 3CLpro, the major protein of COVID-19,
because it could impede virus implantation on the organism
(Cui et al, 2020; Gentile et al., 2020; Gurung et al., 2020).
Although the enzyme 3CLpro is viral-specific, it has several
structural similarities with those discovered in SARS-CoV-2,
similar to the one found in SARS-CoV-1 (96.08 percent)
(Gurung et al,, 2020). In silico study by Gurung et al. (2020) )
revealed that the terpenoids bonducellpin D and causal in B, as
well as the flavonoid 5,7-dimethoxy flavanone-4'-O—d-
glucopyranoside, have affinities for 3CLpro of SARS-CoV-1,
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Natural derivatives with antiviral activity against SARS-CoV- 1. Ferruginol (A), 8f8-hydroxyabiet-9(11),13-dien-12-one (B), 78-
hydroxydeoxycryptojaponol (C), 3B,12-diacetoxyabiet-6,8,11,13-tetraene (D), betunolic acid (E), and savinin (F) (Prasansuklab et al., 2020).

SARS-CoV-2, & MERS-CoV varying from a range of -8 to -11
kilocalorie mol-1. Even though the terpenoids and flavonoids
discovered by great scientist Gurung and colleagues are found in
natural medicinal plants (Caesalpinia minax) and European
mistletoe (Viscum album), the concurrent suppression of
many SARS-CoV-2 strains offers hope for developing a
COVID-19 treatment.

Khaerunnisa et al. evaluated (Khaerunnisa et al., 2020)
Kaempferol, quercetin, luteolin- 7-glucoside, dimethoxy
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curcumin, naringenin, apigenin-7-glucoside, oleuropein,
catechin, curcumin, and epigallocatechin which are the most
needed derivatives in the molecular docking industry
employed to search for the 3Cpro of SARS-CoV-2 (da Silva
Antonio et al., 2020a; Joshi et al., 2020; Rane et al., 2020).
Those flavonoids’ anti-SARS-CoV-2 effect is favorable because
they are widely dispersed in angiosperm botanical groups such
as Lauraceae, Lamiaceae, Apiaceae, and Leguminosae
(Gentile et al., 2020).
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Toxic alkaloids of Veratrum with antiviral activity (Prasansuklab et al., 2020).
7 PrOSpeCtS of usi ng com putationa[ as 3CLpro) necessary for viral replication (Monteil et al., 2020).

The crystal structure enables the screening of potential lead

teChnlqueS to screen possI ble anti- molecules active against COVID-19 by using computer analysis

COVID-19 agents from plants of SARS-CoV proteases and other similar components. A
molecular docking study includes kaempferol (73), quercetin

Zhang et al. have recently reported the crystal structure of (22), luteolin-7-O-glucoside (74), desethoxy curcumin (75),
the main protease SARS-CoV-2 (Mopar, sometimes referred to desmethhoxy calcumin (76) and curcumin (72) [105]. SARS-

CoV-2 host receptor, ACE2, is the same as SARS-CoV host
receptor, according to prior study; hence SARS-CoV-ACE2
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Hesperidin Glycyrrhizic acid Luteolin -7-glucoside Apigenin -7-glucoside
FIGURE 4 FIGURE 5
Metabolites virtually screened as ACE2 inhibitors of SARS-CoV-2 Natural metabolites are suggested as inhibitors of the 3CLP™ of
(da Silva Antonio et al,, 2020a). the SARS-CoV-2 (da Silva Antonio et al., 2020a).
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inhibitors may also be able to obstruct the SARS-CoV-2
receptor. The possible inhibitors were discovered as baicalin
(81), scutelarin (82), hesperetin (38), nicotinamide (83), and
glycyrrhizin (26), and could be used as anti-2019-nCoV drugs
based upon Chen and Du molecular docking (Zhang et al,
2020c). Molecular docking is a quick way to find potential active
compounds during the creation of medications. It can be used to
characterize molecular interactions and binding affinities. In
vitro or in vivo antiviral investigations must instead support
molecular docking data depicting a medicine that is tangible in
its activity. Research has shown that the positive link between
docking scores and pharmacological activity is weak, and
inactive docking drugs are ineffective (Costanzi and Vilar,
2012). This emphasizes the need for wet laboratory tests to
verify biological activity, particularly in a global pandemic.

8 Potential leads from southern
African plants

In a considerable part of the population of southern Africa,
traditional medicine represents the principal source of health
treatment. Traditional knowledge systems record the use of a
plant to cure a specific symptom instead of a particular illness or
infectious organism. Southern African plants historically used to
treat cough, fevers, colds, and flu are listed in this section as
potential candidates for SARS-CoV-2 testing and
associated targets.

The ability of Artemisia afra to control coronaviruses has not
been evaluated. A. annua, on the other hand, reduced viral
replication of SARS-CoV BJ-001 with an EC50 of 34.5 2.6 g/mL
in Vero cells. Although these two separate species exist, many
chemical substances are retained in Artemisia. Nonetheless, the
little chemical nuances and profile have a considerable impact on
biological activity (Zibaei and Firoozeh, 2013). Closely related
medicinal plant species may also produce comparable or
chemically similar chemicals responsible for their physical
action (Sharma et al.,, 2019). This is the fundamental definition
of chemotaxonomy: “closely related plants have the same or
comparable chemical profiles” (Hao et al., 2020). Many
characteristics of the Cissampelos genus, for example, were
explored in a review study, including ethnobotanical elements,
extracted phytochemicals, and biological activity of the various
species. The presence of alkaloids is thought to be responsible for
most of the physical activity observed in Cissampelos species.
Furthermore, the paper discusses the presence of comparable
chemicals in different Cissampelos species. Many biological
functions, including clinical study outcomes, are linked to the
waistline, and this molecule was isolated from Cissampelos
ovalifolia and Cissampelos sympodial (da Silva Mendes et al.,
2020). Another example is the Ziziphus mucronata plant in
Southern Africa, which is not researched in antiviral activity.
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However, cyclopeptide alkaloids produced from Z. jujuba have
suppressed the PEDV of Vero cells with SI values ranging
between 7,98 and 47,11. (Liu et al., 2015)

MERS-CoV 3CLpro was suppressed by helichrysetin, a
chemical present in many Helichrysum species (Kim et al,
2019b). EPs® 7630, a commercial product of Pelargonium
salides, was shown to offer a weak selectivity index of 2.3
when assessed in caco-2 against the human coronavirus strain
229E. Two main compounds found for their anti-coronavirus
potential were investigated in traditionally used plants.
Sitosternol EC50 was 1210 M against human coronavirus and
detected in Dodonaea viscosa and Prunus africana (HCoV-
NL63) (Lin et al., 2005). More testing of the mentioned plant
species could lead to identifying a lead candidate for the
treatment of COVID-1 SARS-CoV viral Replication was
decreased by EC50 by 3.4 M, CC50 by 2.5 M, and SI by 7,3 by
Reserpine, the primary component for Rauvolfia caffra [118].
More tests of the species could lead to a lead candidate for the
COVID-19 treatment being identified.

In vitro, in vivo, and clinical trials of herbal medicine on
African medicinal plants were all considered. Studies on
medicinal plants in Africa were eligible for inclusion if they
were undertaken to determine antiviral activity using available
scientific methods. African medicinal herbs that have shown
antiviral activity and could be possibilities for COVID-19
treatment (Beressa et al., 2021; Gyebi et al., 2021). An in silico
screening of 62 alkaloids and 100 terpenoids from African
medicinal plants was carried out against coronavirus 3-
chymotrypsin-like protease (3CLpro), a well-defined hit-list of
seven compounds. In addition, four nontoxic, druggable plant-
derived alkaloids and terpenoids that bind to the SARS-CoV-2
3CLpro receptor-binding site and catalytic dyad were
discovered. More than half of the top 20 alkaloids and
terpenoids demonstrated a binding affinity for the SARS-
coronavirus 3CLpro that was higher than that of reference
inhibitors. Bisnorterpenes’ 6-oxoisoiguesterin showed the
maximum binding affinity to the 3CLpro of SARS-CoV-2,
whereas Bisnorterpenes’ 20-epi-isoiguesterinol, Bisnorterpenes’
isoiguesterin, and Cogniauxia podolaena’s 20-epibryonolic acid
were the top docked molecules to the 3CLpro of SARS-Co
Natural agents from the alkaloids and terpenoids classes are
capable of inhibiting the 3CLpro with a strong inhibitory pattern
to both SARS-CoV-2 and SARS-CoV, according to the study
(Gyebi et al., 2021).

9 Anti-corona viral natural products
with unidentified modes of action

NormalEven though their activity instruments have not yet
been set up, some normally active substances have been
displayed to have a beneficial outcome in repressing SARS-
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CoV. Subsequently, the synthetics found in earlier examinations
may likewise forestall COVID-19 contamination. Three
Cinnamomi anthocyanins, cinnamtannine B1, procyanidin A2,
procyanidin B1, and both HIV/SARS-CoV S and SARS-CoV
wildlife have been shown to exhibit inhibitive actions. However,
clathrin-operated endocytosis does not occur. The impacts of
sure rough plant separates were likewise contemplated, and it
was found that a fluid concentrate of Caryophylli Flos showed
impressive concealment of pseudovirus (IC50 14 58.8 mM) and
wild-type infection (IC50 14 50.1 mM) (Zhuang et al., 2009).
Besides, lycorine, a characteristic alkaloid from Lycoris emanate,
has been proposed as an enemy of SARS-CoV particles with an
IC50 of 15.7 nM (Li et al., 2005; Prasansuklab et al., 2020).

10 Traditional Chinese herbal
medicine against COVID-19

Traditional Chinese medicines (TCM) have a long history,
preventing and treating several epidemic diseases. TCM’s
assistance during the SARS outbreak in 2003 also had a
significant therapeutic effect. Over 3100 TCM medical
personnel were dispatched to Hubei province during the
COVID-19 treatment phase. The TCM scheme was
incorporated into the COVID-19 diagnosis and treatment
protocol, and TCM professionals were fully involved in the
entire rescue process (Lu et al., 2020; Ren et al, 2020). TCM
decoctions, Chinese patent medicine, acupuncture, and other
TCM-specific therapies were widely used, and the majority of
cases were treated based on syndrome distinction. TCM wards
were developed, alongside a specialized hospital; additionally,
the TCM staff participatein treatment as a group. The overall
number of confirmed TCM cases presently stands at 60,107. In
102 cases of mild TCM-treated symptoms, the period for
symptom disappearance was shortened by two days. The
body’s recovery temperature was shortened by one day,
hospital stay was shortened by 2.2 days, CT’s improvement
rate was increased by 22%, and clinical cure rate was increased
by 33%. The rate of infection decreased by 27.4%.

Furthermore, the average duration of hospital stays and the
time it took for nucleic acid to turn negative was decreased by
over two days when severe patients were treated with TCM.
Based on current therapy discoveries, TCM offered to make
effective prescriptions, such as Qingfey Pay Decoction (QPD),
sheganmahuang decoction, and qingfei touxie fuzheng recet, etc.
Based on current therapeutic findings. This kind of QPD is
Ephedra Herba, Glycyrrhizae Radix, Rhizoma Praepropata cum
Melle, Gipsum Fibrosum, Alismatis Rhizoma, Polyporus,
Atractylodis, Macrocephalae, Poriya, Bupleuri, Scutellum,
Gypsum Fibrosum, and Cinnamomi Ramulus. Of the 701
QPD cases validated, 130 were cured and discharged, with 51
instances losing clinical signs, 268 improving, and 212 remain
stable (Ren et al., 2020). QPD has a successful cure rate of more
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than 90% against COVID-19. According to TCM theory,
COVID-19’s target organ is the lung, and the etiology is
“damp and toxic plague.” QPD has a multi-component and
multi-target regulatory impact, according to a network
pharmacology study.

As 16 plants correspond to the lung meridian, the decoction
is generally used to treat lung disorders. Furthermore, rising and
falling with the spleen and stomach can dehumidify the body,
and it has been demonstrated to protect the heart, kidneys, and
other organs. The bulk of the prospective targets were found to
be co-expressed with ACE-2, COVID-19’s receptor, implying
that COVID-19 could be improved. By interacting with several
ribosomal proteins, it can prevent COVID-19 from reproducing.
COVID-19 can generate an inflammatory storm as well as a
strong immunological response (Xu et al.). A functional
enrichment study showed that QPD might manage and ease
excessive immune reactions by modulating immunological and
cytokine pathways and eliminating inflammation (Zhao et al,
2020). Furthermore, utilizing molecular docking predictions, it
was observed that the formula’s patchouli alcohol, ergosterol,
and shionone had a better anti-COVID-19 activity, resulting in
new molecule structures for therapeutic development (Ren et al.,
2020; Wu et al., 2020b).

There are more than 18 recommended TCM:s to prevent and
treat COVID-19, according to the officially issued 7th and 8th
trial versions of Diagnosis and Treatment Protocol for COVID-
19 in China and other references (Lee et al., 2020; Li et al., 2020b;
Luo et al., 2020b), there are more than 18 recommended TCMs
to prevent and treat COVID-19, covering the medical
observation period (suspected cases) to the clinical treatment
period (confirmed cases), including distinct disease stages of
mild, moderate, severe, and critical. Jinhua Qinggan granules,
Lianhua Qingwen capsule (granules), and Xuebijing injection
are three highly recommended Chinese patent medicines
(CPMs), and Qingfei Paidu decoction, Huashi Baidu formula,
and Xuanfei Baidu formula are three Chinese medicine formulas
with proven efficacies in treating COVID-19 (Li et al., 2020a;
Wang and Qi., 2020b). The granules of Jinhua Qinggan clear
heat, cleanse, and diffuse the lungs. It consists of 12 herbal
medications derived from the Maxingshigan Yinqiaosan
formula, which may have reduced the time it took for patients
to recover from the HIN1 influenza virus infection in 2009
(Wang et al,, 2011). In 2003 (Xiao et al., 2020; Hu et al., 2021), a
unique CPM for the treatment of SARS was Lianhua Qingwen
capsule (granules), which contained 13 herbal medicines and
had a clinical indication for eliminating heat, diffusing the lung,
and detoxifying. Xuebijing injection, a five-herbal injection
medicine with a therapeutic indication for dissolving stasis and
detoxifying, was produced and commercialized during SARS
and was derived from a modified Xuefu Zhuyu decoction.
Qingfei Paidu decoction is a Chinese medicine formula that
combines 21 herbal remedies from five classic formulas from the
Treatise on Febrile Diseases. It is the first suggested universal
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therapy solution for all stages of COVID-19 (Li et al,, 2020a;
Wang et al., 2021), clearing the lungs and calming panting. The
Huashi Baidu recipe is made up of 14 different medicinal plants.
It is used to eliminate heat, detoxify, and remove dampness, and
is mostly used to treat mild, moderate, and severe COVID-19
patients (Xiong et al., 2020; Shi et al.,, 2021). The 13 therapeutic
plants in the Xuanfei Baidu recipe are drawn from ancient
formulations such as Maxing Shigan decoction and Maxing
Yigan decoction. It detoxifies and removes blood stasis,
diffuses the lungs, eliminates moisture, and clears heat, and is
primarily used to treat mild to moderate COVID-19 patients
(Chen etal., 2020a). In comparison to orally administered TCMs
(Song et al., 2020; Zhang et al., 2020b; Lyu et al., 2021), Chinese
herbal injections, such as Xiyanping injection, Reduning
injection, Tanreqing injection, Shenfu injection, Shengmai
injection, were more suitable as supplemental treatments for
severe or critical COVID-19 cases because of their advantages of
fast absorption, high bioavailability, and clearer ingredients
(Lyu et al., 2021).

11 Impact of marine natural
products in COVID-19

Bioactive substances found in marine algae include vitamin
E, B12, phycocyanin, lutein, and polysaccharides (Herrera-
Calderon et al,, 2020). Lambda carrageenan is a polysaccharide
derived from marine red algae that contains antiviral,
antibacterial, anti-cancer, and anti-coagulant effects. It has
been shown to efficiently inhibit both the influenza virus and
SARS-CoV-2. A study discovered that the marine
polysaccharide repressed viral replication and lowered viral
protein expression in a dose-dependent way (Akter et al,
2021). As the lambda-carrageenan dose was increased from 0
to 300 g/mL, the presence of spike viral proteins on SARS-CoV-2
and influenza A viral proteins dropped drastically (Zahran et al.,
2020). Inhibition of influenza virus and SARS-CoV-2 had EC50
values of 0.3-1.4 g/mL and 0.9-1.1 g/mL, respectively. There was
no evidence of host cell toxicity at dosages up to 300 g/mL. Mice
given lambda-carrageenan after being infected with the SARS-
CoV-2 virus had a 60% survival rate, indicating that the
polysaccharide inhibited viral entry and reproduction. These
results show that lambda-antiviral carrageenan has antiviral
properties, giving it a viable COVID-19 therapeutic option.
While these findings are encouraging, it is important to keep
in mind that lambda-carrageenan may have undesirable side
effects. Previous study has indicated that oligosaccharides
coming from the carrageenan family (kappa and lambda-
carrageenan) can inhibit the formation of new blood vessels,
causing blood vessel development to be impaired. At 200 g/mL,
they were also found to inhibit human umbilical vein endothelial
cell migration, proliferation, and tube formation. These data
show that there could be harmful effects in humans, but
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additional in vitro and in vivo toxicology study is needed.
These findings must be considered when developing lambda-
carrageenan as a SARS-CoV-2 inhibitor.

Scleractinia-associated organisms like bacteria and fungus
have therapeutic promise as well (Abdelmohsen et al., 2017; El-
Hossary et al., 2017; Shady et al., 2017; El-Hossary et al., 2020;
Zahran et al, 2020). Because they produce a variety of
metabolites, these organisms have been related to
inflammation and viral infection (El-Hossary et al., 2020;
Zahran et al., 2020). Scleractinia-related metabolites were
investigated, and molecular docking was utilized to uncover
SARS-possible CoV-2’s antiviral effects. Terphenyllin and
Tirandamycin A, two particular microbial metabolites, have
been identified to form hydrogen bonds with the main
protease (Mpro) and dock with high affinity (Zahran et al,
2020). These marine metabolites are thought to be promising
candidates for blocking the virus’s main protease, which is
essential to the virus’s survival. Seventeen potential Mpro
inhibitors were found in the class phlorotannins isolated from
Sargassum spinuligerum brown algae in a similar study. The
compounds have significant hydrogen bonding and
hydrophobic interactions with Mpro, with docking energies
ranging from 14.6 to 10.7 kcal/mol. The SARS-CoV-2 RNA
polymerase and nsp7/8 are also required for RNA replication
and viral protein production. Remdesivir is a well-known RNA
polymerase inhibitor, and three Scleractinia metabolites have
been found to bind the polymerase in the same place as
remdesivir. This data suggests that by reducing viral
replication, these marine metabolites could be effective in the
treatment of COVID-19. In addition, a study on Mpro utilizing
molecular docking found that a number of marine compounds
have possible binding interactions (Khan et al.).

12 Genome Replication Inhibition

Two viral protease enzymes are necessary for SARS-CoV
replication. 3CLpro and 3PLpro are two viral protease enzymes
(PLpro). Helicase and RdRp are two additional enzymes needed
to replicate SARS-CoV. As a result, these inhibitors can be
examined as a therapeutic possibility in COVID-19 treatments
(Boozari and Hosseinzadeh, 2021).

12.1 Papain-like Protease Inhibitors

Another CoV protease enzyme, papain-like protease
(PLpro), is implicated in proteolysis, innate immunity
antagonism, deubiquitination, and viral multiplication
(Clementz et al., 2010), making it a valuable target for antiviral
medicines. Tanshinones isolated from Salvia miltiorrhiza with
an abietane diterpene structure is among the most promising
PLpro inhibiting substances. Tanshinone inhibits both 3CLpro
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and PLpro. Their activity against PLpro, on the other hand, was
noticeably higher than that against 3CLpro. The IC50 values for
cryptotanshinone, tanshinone ITA, and dihydrotanshinone I was
0.8, 1.6, and 4.9 M, respectively. Diarylheptanoids, such as
Hirsutenone from Alnus japonica (IC50: 4.1 M) and curcumin
from Curcuma longa, have been demonstrated to inhibit PLpro
(IC550: 4.1 M) (IC50: 5.7 M) (Park et al, 2012a). Prenylated
chalcones isolated from Angelica keiskei, such as xanthoangelol
E and xanthoangelol F, inhibit PLpro noncompetitively with
IC50 values of 1.2 and 5.6 M, respectively (Park et al., 2016).

12.2 RNA-dependent RNA
Polymerase Inhibitors

RdRp is required for positive-strand Ribonucleic acid (RNA)
virus replication and transcription (Chan et al., 2015). Antiviral
medicines that block RNA polymerase are a suitable choice for
coronavirus therapy. The literature says that the biflavonoid
skeleton is a potential inhibitor of RdRp, with the most
promising of all amentoflavone and robustaflavone.
Dacrydium araucarioides produced a bioflavonoid structure of
the sotetsuflavone. In vitro tests showed that sotetsuflavone, an
IC50 of 0.16 M, is a potent inhibitor of the RdRp Dengue virus.
According to SAR investigations, the C30-C600 link is critical
for inhibitory activity. The amount and location of methylation
groups also influenced movements (Coulerie et al., 2013).

13 Clinical studies

Phytochemical based formulation has provided promising
and adequate results in treating COVID-19 and in recruiting or
other stages. These formulations will be potential in developing
the novel drug for COVID-19 because they have some promising
anti-viral activities. Several numbers of formulations and agents
are as follows: (Table 2) (Wang et al., 2020a; Alam et al,, 2021).

14 Computational studies

Currently, computational tools have been considered the
most popular tools for designing and discovering new
therapeutic compounds (Ou-Yang et al., 2012; Sliwoski et al.,
2014). Since these mentioned compounds have been reported to
have strong antiviral activity by renowned scientists in the
literature. We have decided to complete an in silico
investigation to verify the antiviral effect, and to discover
whether these compounds have any harmful effects in the
body or are safe, and whether the compounds are safe for
aquatic and non-aquatic environments or have adverse effects
on the environment.

Frontiers in Cellular and Infection Microbiology

16

10.3389/fcimb.2022.929430

14.1 Molecular Docking Against SARS-
CoV-2 Main Protease

A molecular docking study has been employed with the help
of Pyrx virtual tools (Dallakyan and Olson, 2015). Before
completing the docking procedure, the crystal structure of
SARS-CoV-2 Main protease was downloaded from the Protein
Data Bank (https://www.rcsb.org/) and the excess ligand and
water molecules were cleaned up using Pymol (version 1.3)
(DeLano, 2002).

The initial reason for the docking result is hydrogen bonding
and hydrophobic bonding, and the standard binding affinity for
an effective medication is -6.00 (Cosconati et al.,, 2010; Nath
et al.,, 2020; Nath et al., 2021a; Sarkar et al., 2021). The reported
compounds have been displayed on Table 3. It has been seen that
all the compounds are highly active against the SARS-CoV-2
main protease and exceed the standard Molnupiravir’s binding
energy. At a same time, it has been observed that L.05 (-11.4
kcal/mol), L14 (-10.8 kcal/mol), and L.17 (-10.1 kcal/mol) and
L18 (-10.0 kcal/mol) provided the highest activity while using
the standard Molnupiravir.

The docking methodology was mainly performed to identify
the binding energy of drugs with targeted pathogens (Kumer
et al., 2021a; Kumer et al., 2021b; Rahman et al., 2022). So, the
PyRx application in the function of AutoDock vina was utilized
to perform the molecular docking as it was the most authentic
application to calculate the binding energy (Kumer et al., 2021b;
Pawar and Rohane, 2021; Kumer et al., 2022).

Normally, -6.00 kcal/mol has been regarded as the potential
binding energy for active drugs (Kumer et al., 2022; Sarkar et al.,
2022). In the main body of this manuscript, the reported binding
energy has been shownt to be better than -6.00 kcal/mol and
clearly explained.

The second question which you have mentioned is about the
software use in ADMET prediction. The ADMET prediction is
calculated by online free access webtool http://lmmd.ecust.edu.
cn/admetsar2 known as ADMETSAR (Cheng et al., 2012; Moon
et al., 2017), and it is considered to be the most authentic server
for the prediction of ADMET data for any bioactive molecules
(Cheng et al., 2020).

To carry out the docking investigation, firstly, a targeted
protein wasselected and collected from the protein databank
(Berman et al., 2007).
Then, the protein was purified and excess water and heteroatom

https://www.rcsb.org/structure/7MBG

was removed by Pymol software 2021 (Molodenskiy et al., 2021).
Secondly, all the ligands L01-L19 were downloaded from
PubChem database https://pubchem.ncbinlm.nih.gov/ (Xie,
2010) and geometry optimization was performed by the
application to obtain a stable configuration with optimum
energy (Rayan and Rayan, 2017). Finally, they were saved as
pdb format for further investigation such as molecular docking
and ADMET.
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TABLE 2 Ongoing clinical trials of several plants, functional foods, and plant-based products against SARS-CoV-2 infection.

No

10

11

12

Frontiers in Cellular and Infection Microbiology

Products Phase

Fuzheng Huayu Phase II
Tablet

Natural honey ~ Phase III

Anluohuaxian Not
applicable

Escin Phase II,
Phase III

Caesalpinia Phase II,

spinosa Phase IIT

(Molina)

Kuntze

(Fabaceae)

Nigella sativa L. Phase II

(Ranunculaceae)

Essential oil Not
applicable

Plant Phase 11

polyphenol

Silymarin Phase IIT

ArtemiC Phase 11

(curcumin,

artemisinin,

vitamin C, and

Boswellia

serrata)

Medicinal Phase II

cannabis

(Cannabis

sativa L.,

Cannabaceae)

Jing-Guan- Not

Fang (JGF) applicable

Licorice extract  Not
applicable

Participant
Numbers

160
participants

1,000
participants

750
participants

120
participants

100
participants

200
participants

65

participants

200
participants

50

participants

50
participants

200,000
participants

300
participants

70
participants

Intervention

0.4 g/tablet, 1.6 g/time,
3 times/day

1 gm/kg/day for 14 days, divided
into 2-3 doses

6 gms twice
a day

12 days of oral administration of
conventional treatment and Escin
tablet (40 mg thrice a day)

Every 12 hours for 14 days, take a
P2Et active extract capsule
equivalent to 250 mg of P2Et +
Standard care

Nigella sativa
Black seed oil in 500 mg capsules

Essential oil Blend
5 drops on a tester strip

Plant polyphenols and placebo are
introduced separately, as well as
vitamin D3 (10,000 IU)

420 mg/day, divided into three doses

For the first two days of treatment,
ArtemiC will be sprayed orally twice
a day

Cannabis, medical

Jing-Guan-Fang (JGF)

For ten days, take 250 mg of
standardized licorice extract (25%
glycyrrhizin, 62.5 mg)

17

Results

The fraction of people with pulmonary
fibrosis who are improving, and blood
oxygen levels

Clinical, Saturation

The rate of recovery from positive to
negative swaps and the time it takes for a
fever to return to normal are all factors to
consider

Changes in lung high-resolution computer
tomography,

Change in walking distance over 6
minutes, Changes in the lung’s essential
capacity

The differences in oxygen intake methods,
the length of hospitalization (days), the
length of stay in critical care units, and
pulmonary function tests were all used to
determine the death rate

The effectiveness of P2Et in reducing the
length of a patient’s stay in the hospital.
based on clinical suspicion

a confirmed instance of COVID-19

Determination of the proportion of
patients who have recovered clinically,
normalization of the chest radiograph, and
the rate of problems

At 15 minutes, the State-Trait Anxiety
Scale (STAI-S) was determined

At 21 days after enrolment, the rate of
hospitalization has decreased

Time to clinical improvement, clinical
outcome, mechanical ventilation duration,
hospitalization, and virologic response are
all factors to consider

Time to positive clinical improvement,
Time to negative clinical improvement
PCR for COVID-19

COVID-19 treatment and symptom
management

The number of COVID-
19 patients after this
preventive treatment

The number of persons recovering from
COVID-19 has increased

Clinical
Trails.
Gov Iden-
tifier

NCT04279197

NCT04323345

NCT04334265

NCT04322344

NCT04410510

NCT04401202

NCT04495842

NCT04400890

NCT04394208

NCT04382040

NCT03944447

NCT04388644

NCT04487964
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TABLE 2 Continued

No

14

16

17

18

19

20

21

22

23

Products

Iota-
Carrageenan

Acai palm berry
extract (Euterpe
oleracea Mart.
from

Arecaceae
family)

QuadraMune™
(Composed of
four

natural
ingredients)

Phenolic
monoterpenes +
colchicine

Cannabidol

Resistant
Starch

Colchicine

Hesperidin

Resveratrol +
Zinc

Melatonin

Phase

Phase IV

Phase II

Not
applicable

Phase II

Phase I,
Phase II

Phase II,

Phase 11T

Phase 11T

Phase II

Phase II

Phase 11

Phase II

Not
applicable

Phase II

Participant
Numbers

400
participants

480
participants

500
participants

200
participants

400
participants

1,500
participants

102
participants

70
participants

216
participants

60
participants

30
participants

55
participants
18
participants

Intervention

Four times a day, an Iota-
Carrageenan nasal spray or a
placebo

Take one Agai Palm Berry capsule
(520 mg) every 8 hours for a total of
three capsules every day for 30 days

For 12 weeks, take two QuadraMune
(TM) capsules every day

In patients with COVID-19
infection, colchicine and phenolic
monoterpenes were given to usual
treatment

Cannabidiol (150 mg twice daily)
was given orally for 14 days

Nonresistant starch was used in the
same amount as the placebo for 14
days in a twice-daily regimen

A preliminary dose of 1.5 mg was
given, followed by 0.5 mg twice daily
for the next 7 days, and then 0.5 mg
once daily until the 14-day
treatment was completed

On day 1, a 1.2 mg first dose was
given, followed by a 0.6 mg dose
after 2 hours.

Following that, 0.6 mg in two doses
until the 14th day

In the evening and before bedtime,
take 0.5 gm hesperidin capsules with
water

2 grams resveratrol twice a day + 50
mg zinc picolinate three times a day
for five days

For 14 days, take ten milligrams
three times a day

Melatonin intake of nine milligrams
for seven to ten nights

The maximum daily dose is 500 mg

Results

Progression to a more advanced level

a severe illness condition,

defined as a requirement for

Long-term oxygen therapy

of disease, the frequency of

COVID-19 is a virus that causes sickness.
beginning within the first week

following therapy

Need for mechanical ventilation,
hospitalization, and a 7-point ordinal
symptom scale

Prevention of COVID-19

In comparison to the control group,
improvements in clinical, radiological, and
laboratory symptoms will be assessed in
the treated group

Cannabidol’s effect on the cytokine profile
in severe and seriously COVID-19-infected
patients, as well as its safety and efficacy
profile

Calculating the hospitalization rate for
COVID-19-related complications

The 7-point ordinal scale is used to assess
changes in the clinical state of patients
The expert panel for the WHO R&D
Blueprint, as well as IL-6 concentrations

Evaluation of the risk of developing ARDS,
which necessitates upraised oxygen
demands, mechanical ventilation, and
mortality

Counting the number of people that have
COVID-19 symptoms

Evaluation of COVID-19 viral load
decrease and severity

The cumulative incidence of treatment-
emergent adverse events must be
determined

Identification of immune system
modulation

The effect of melatonin on mortality and
length of stay in the hospital is being
investigated

Clinical
Trails.
Gov Iden-
tifier

NCT04521322

NCT04404218

NCT04421391

NCT04392141

NCT04731116

NCT04342689

NCT04667780

NCT04363437

NCT04715932

NCT04542993

NCT04474483

NCT04409522

NCT04568863

10.3389/fcimb.2022.929430
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TABLE 2 Continued

10.3389/fcimb.2022.929430

No Products Phase Participant Intervention Results Clinical ~References
Numbers Trails.
Gov Iden-
tifier

Not 150 10 mg before bedtime for 12 weeks, ~ The severity of symptoms can be tracked =~ NCT04530539 (Wang et al.,
applicable participants take 2 mg of melatonin with a electronically NCT04353128 2020a; Alam
Phase I, 450 lengthy half-life before night Melatonin’s usefulness as a prophylactic et al., 2021)
Phase Il participants agent is being investigated

Secondly, the reported Ligand (L05) Dieckol (Yoon et al.,
2020), (L14) Amentoflavone (Kim et al.,, 1998), (L17)
Pectolinarin (Cheriet et al., 2020), (L18) Rhoifolin
(Xiong et al., 2021) all belong to classes of flavonoid. As
they are the same classes of compounds, this could
be probable reason for their similar or nearly similar
energy binding.

14.2 ADMET properties and aquatic and
non-aquatic toxicity

The ADME investigations of substances LO1-L19 were
completed with the help of in-silico techniques (AdmetSAR),
and predicted the substances’ absorptions, distributions,
metabolisms, and excretions. The findings of the ADME
studies are displayed in Table 4. The molecules (L01-L19)
have a positive Human intestinal absorption, indicating
that they can be absorbed gastrointestinally. All of the

TABLE 3 Binding energy SARS-CoV-2 main protease.

synthesized molecules were found at a subcellular location
in Mitochondria.

The reported molecules have excellent water solubility
elimination, indicating that the chemical has a greater affinity
for the aqueous phase. Compounds L06 and L08 have the best
affinity for water (-4.4823 and -4.1363) while the standard -
Molnupiravir has (-2.7387).

Secondy, The active pharmaceutical ingredients (APIs) have a
promising possibility for interfering with the environment. They
(APIs) may be mixed through patient excretions into the aquatic
and non-aquatic environments and during the manufacturing
processes and testing in research laboratories (Fent et al., 2006). It
is much more important to determine these compounds’ aquatic
and non-aquatic effect on the enviroment to protect our
ecosystem from adverse effects. It has been reported that all the
natural compounds are free from carcinogens which means they
have no chance of producing cancer and they are also free from
AMES toxicity, excluding L04. Besides, all the medications have a
high GI Absorption rate with oral biaavilability 0.55 for all

S/N PubChem ID Compounds Name Binding energy SARS-CoV-2 Main proteas(PDB ID: 7MBG) kcal/mol
Lo1 637394 Hirsutenone -6.7
L02 10022050 Xanthoangelol E -7.3
L03 5281672 Myricetin -8.8
L04 5281806 Psoralidin -10.2
L05 3008868 Dieckol -11.4
Lo6 71659767 Tomentin E -9.2
L07 3220 Emodin -83
L08 160254 Cryptotanshinone -8.3
L09 5316743 Dihydrotanshinone 1, -8.1
L10 689043 Caffeic acid -7.1
L11 1794427 Chlorogenic acid -9.4
L12 370 Gallic acid -6.2
L13 5281697 Scutellarein -8.00
L14 5281600 Amentoflavone -10.8
L15 102335850 Terrestrimine -7.3
Ll6 5280544 Herbacetin -7.7
L17 168849 Pectolinarin -10.1
L18 5282150 Rhoifolin -10.0
L19 145996610 Molnupiravir (Standard) -7.2
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compounds. Subcellular localization for all compounds are
Mitochondria while the acute oral toxicity ranges are 0.3617 kg/
mol - 0.7662 kg/mol. The ADME table has been clearly displayed
in Table 4.

14.3 Protein-ligand interaction

With the help of Discovery Studio, We have determined how
many bioactive peptides are present in a protein and how they are
connected to a drug or agonist (Figure 6). In first step, we performed
auto docking on the Protein to determine the binding interactions
and inhibit the active site. Our findings have reported three types of
bonds present (Hydrogen, Hydrophobic, and electrostatic).

15 Conclusion and
future perspective

COVID-19 is a severe health disease. Bioactive compounds
have been used numerous times to check infections against viral
disease and boost the immunological feedback of the host. Valuable
natural goods are shown in prior COVID-19 illnesses, including
SARS and MERS; therefore, natural ingredients may be suitable and
hopeful in this recent outbreak. The immune system of Allium
sativum, Camellia sinensis, Zingiber officinale, Nigella sativa,

TABLE 4 ADMET properties and aquatic and non-aquatic toxicity data.

10.3389/fcimb.2022.929430

Echinacea spp., and Glycyrrhiza glabra can also increase the
immune system and prevent COVID-19. Depending on prior
herbal eftective therapies for SARS and MERS, sustainable natural
medicaments for SARS-CoV-2 are advocated through this
fundamental research. Natural substances can reduce COVID-19
at different stages. Several natural substances, such as emodin,
reduced S protein, and ACE2 have protected against virus
adhesion in a prescribed manner. Several natural chemicals stop
copying DNA enzymes from working. The alkaloids homo
harringtonine, lycorine, and emetine have an anti-SARS solid
CoV-2 effect. SARS-CoV 3CLpro was similarly modestly
inhibited by isatin analog. Glycosylated compounds, notably
glycosylated terpenoids and terpenoid alkaloids seem to be
feasible ways to treat COVID-19, based on the effectiveness of
numerous natural medication families. Discovering natural
medicines with antiviral action against different types of CoVs
like SARS-CoV and MERS-CoV has become an important research
target for identifying trearment for the novel COVID-19 virus. The
problem could be valuable in increasing and encouraging research
projects on helpful natural substances for COVID-19 control and
remedy: cleansed natural constituents are researched for their
pharmacokinetic and pharmacodynamics characteristics
(absorption, distribution, metabolism, and excretion) and also
their anti-SARS-CoV-2 properties; suitable quality assurance
evaluations for plant extracting constituents which are used as
immunological stimulants; discover numerous targets for

S/ PubChem Molecular Human intesti- Human oral Water sol- Subcellular AMES Carcinogenicity  Acute
N ID weight nal absorption Dbioavailability ubility logS localization Toxicity oral
toxicity
(kg/mol)

L0l 637394 328.36 High 0.55 -2.945 Mitochondria ~ No No 0.7662
L02 10022050 370.40 High 0.55 -3.9182 Mitochondria ~ No No 0.6048
L03 5281672 318.24 High 0.55 -2.9994 Mitochondria ~ No No 0.7348
L04 5281806 336.34 High 0.55 -3.8829 Mitochondria ~ Yes No 0.4195
L05 3008868 742.55 High 0.55 -3.4532 Mitochondria ~ No No 0.5444
L06 71659767 472.50 High 0.55 -4.4823 Mitochondria ~ No No 0.3617
L07 3220 270.24 High 0.55 -3.0170 Mitochondria No No 0.6654
L08 160254 296.4 High 0.55 -4.1363 Mitochondria ~ No No 0.6176
L09 5316743 278.3 High 0.55 -3,3344 Mitochondria No No 0.4254
LI0 689043 180.16 High 0.55 -1.6939 Mitochondria ~ No No 0.8012
L11 1794427 354.3 High 0.55 -2.4572 Mitochondria No No 0.6128
L12 370 170.12 High 0.55 -1.0973 Mitochondria ~ No No 0.7405
L13 5281697 286.24 High 0.55 -2.9994 Mitochondria ~ No No 0.7348
L14 5281600 5385 High 0.55 -3.3648 Mitochondria ~ No No 0.6395
L15 102335850 3433 High 0.55 -2.9796 Mitochondria ~ No No 0.6355
L16 5280544 302.23 High 0.55 -2.9994 Mitochondria ~ No No 0.7348
L17 168849 622.6 High 0.55 -2.9062 Mitochondria No No 0.6850
L18 5282150 578.5 High 0.55 -2.4406 Mitochondria ~ No No 0.6229
L19 145996610 329.31 High 0.55 -2.7387 Mitochondria ~ No No 0.6288
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FIGURE 6

Ligand 05 with SARS-CoV-2 Main proteas

Hydrogen Bond Bond Hydrophobic Bond Bond Distance

Distance
PHE-3 3.10152 ARG-4 3.71067
PHE-3 2.1901 ARG4 3.98157
LYS-5 2.21463 ARG4 3.95635
LYS-137 2.7396 LYS-5 3.90593
GLU-288 3.09005 LYS-5 3.47667
GLU-288 2.62548 LYS-137 293256
GLY-138 2.13 LYS-137 3.48258
ASP-289 2.81368 LYS137 4.51277
GLU-288 246049 GLY-138 5.19108
PHE-3 221574 LYS-137 3.9121
GLY-283 2.31896
GLY-283 4.00827
GLU-290 4.0133

A% AN

Ligand 04 with SARS-CoV-2 Main proteas

Hydrogen Bond Bond Distance Electrostatic Bond Bond
Distance

CYS-145 2.46082 HIS-164 3.18015
SER-147 3.34904 HIS-164 267182
HIS-172 3.17404
ALA-173 4.05668
ALA-173 4.14525
THR-175 4.02715
Ligand 14 with SARS-CoV-2 Main proteas
Hydorgen Bond Bond Distance | Electrostatic + Hydrogen Bond Bond Distance
PHE-3 3.33892 ARG-4 4.0876
GLY-283 3.25305 LYS137 3.9975
GLY-283 3.32382 GLU288 3.78037
ALA-285 2.00346 GLU288 4.14203
GLU-290 2.88019 LEU286 3.97708
GLU288 3.59892

-
Ligand 19 standard Molnupiravir with SARS-CoV-2 Main proteas

Hydrogen Bond Bond Distance Electrostatic | Bond Distance
+ Hydrogen
Bond

GLN-110 2.07472 Absence Absence

ASP-295 2.69756

ARG-298 2.96144

ARG-298 2.74833

ARG-298 2.20918

ARG-298 2.52501

ASN-151 1.99821

ASP-153 2.33803

THR-111 3.77151

Protein-ligand interaction and their active sides based on High binding energy.
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coronavirus elimination; (chronic and acute toxicological studies).
After overall review, we wanted to find the most potent drug among
the reported natural compound. So, the computational
investigations have been performed against SARS-CoV-2 main
Protease. So, molecular docking, properties and aquatic and non-
aquatic Toxicity have been studied using an in-silico method.
Overall studies show that the most Potent Natural Bioactive
compound is Dieckol (docking score -11.4 kcal/mol). The
Pharmacokinetics, aquatic, nonaquatic study has reported that all
the ligands are free from carcinogenicity excluding L04, and have
Acute Oral Toxicity and Good water solubility. COVID-19 has been
labeled a public health emergency of worldwide concern by the
WHO. SARS-CoV-2 is the eighth member of the family of CoVs
that infect humans, belonging to the Orthocoronavirinae subfamily
of the Coronaviridae family and Nidovirales order. As a result,
gaining a better knowledge of SARS-CoV-2 is critical for developing
effective vaccines and treatments (Ding et al., 2019). This in silico
investigation was carried out in order to find an effective medication
against SARS-CoV-2. For the prediction of novel drug-target
relationships, in silico methods such as docking are well-
established and experimentally verified. Docking is also well-
suited for drug repurposing, whether drug-based or target-based
(Martinez-Campos et al., 2019). The different discoveries achieved
by computational methods are significant in terms of deducing a
prospective medicine, as evidenced by the success of the derived
compounds, and evidenced by the drugs now in use and future ones
on the horizon (Blundell et al,, 2006). The proposed study suggests
that repurposing and using naturally existing compounds could be
useful therapies for the treatment of COVID-19. Six molecules were
chosen from the entire pool to be explored using different
computational algorithms in this computational investigation for
the prediction of possible drug-like naturally occurring chemicals
against SARS-CoV-2. The six compounds discovered were found to
have the ability to bind to the SARS-CoV-2 RdRp protein. As a
result, these adaptable natural compounds have the potential to
have an inhibitory effect and serve as a novel COVID-19 inhibitor
and treatment (Bharti and Shukla., 2021).

As a result of our discoveries using a structural bioinformatics
approach, we believe that all of these drugs have the potential to be
employed against SARS-CoV-2 and should be investigated further
as COVID-19 preventative therapies.

References

Abdelmohsen, U. R., Balasubramanian, S., Oelschlaeger, T. A., Grkovic, T.,
Pham, N. B, Quinn, R. J,, et al. (2017). Potential of marine natural products against
drug-resistant fungal, viral, and parasitic infections. Lancet Infect. Dis 17, e30—e41.
doi: 10.1016/S1473-3099(16)30323-1

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2022.929430

Authors contributions

MMR, M1, SA, TE, E-SS, and PW conceptualized and designed
the manuscript, participating in drafting the article and/or
acquisition of data, and/or analysis and interpretation of data;
EA, SM, MSR, RS, FA, SHS, MH, and TR prepared the figures and
tables. TE, EA, SS, MA, E-SS, and PW wrote, edited and revised the
manuscript critically. TE and PW revised the final written. All
authors critically revised the manuscript concerning intellectual
content and approved the final manuscript.

Funding

This publication was supported by the Deanship of Scientific
Research at Prince Sattam Bin Abdelaziz University, Al- Kharj,
Saudi Arabia as well as the authors are sincerely grateful to
Egyptian Russian University, Badr, Egypt.

Acknowledgments

E-SS thanks, Proyecto Interno I+D UCEN (CIP2020036) for
the financial support to this contribution.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Abdulrhman, M., Shatla, R., and Mohamed, S. (2016). The effects of honey
supplementation on Egyptian children with hepatitis a: a randomized double
blinded placebo-controlled pilot study. J. Apither 1, 23. doi: 10.5455/
ja.20160702011113

frontiersin.org


https://doi.org/10.1016/S1473-3099(16)30323-1
https://doi.org/10.5455/ja.20160702011113
https://doi.org/10.5455/ja.20160702011113
https://doi.org/10.3389/fcimb.2022.929430
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Rahman et al.

Ahmed, M. H., Hassan, A., and Molnar, J. (2021). The role of micronutrients to
support immunity for COVID-19 prevention. Rev. Bras. Farmacogn 31, 361-374.
doi: 10.1007/s43450-021-00179-w

Ahn, J. Y., Sohn, Y., Lee, S. H,, Cho, Y., Hyun, J. H,, Baek, Y., et al. (2020). Use
of convalescent plasma therapy in two COVID-19 patients with acute respiratory
distress syndrome in Korea. J. Korean Med. Sci. 35. doi: 10.3346/jkms.2020.35.e149

Akter, R., Najda, A., Rahman, M., Shah, M., Wesolowska, S., Mubin, S., et al.
(2021). Potential role of natural products to combat radiotherapy and their future
perspectives. Molecules 26, 5997. doi: 10.3390/molecules26195997

Alam, S., Sarker, M., Rahman, M., Afrin, S., Richi, F. T., Zhao, C,, et al. (2021).
Traditional herbal medicines, bioactive metabolites, and plant products against
COVID-19: Update on clinical trials and mechanism of actions. Front. Pharmacol.
12 1248. doi: 10.3389/fphar.2021.671498

Aldeghi, M., Heifetz, A., Bodkin, M. J., Knapp, S., and Biggin, P. C. (2016).
Accurate calculation of the absolute free energy of binding for drug molecules.
Chem. Sci. 7, 207-218. doi: 10.1039/C55C02678D

Al-Waili, N. S., Al-Waili, T. N., Al-Waili, A. N, and Saloom, K. (2006). Influence
of natural honey on biochemical and hematological variables in AIDS: a case study.
TheScientificWorldJOURNAL 6, 1985-1989. doi: 10.1100/tsw.2006.331

Amaral-Machado, L., Oliveira, W. N., Rodrigues, V. M., Albuquerque, N. A,,
Alencar, ENN., and Egito, E. S. (2020). Could natural products modulate early
inflammatory responses, preventing acute respiratory distress syndrome in
COVID-19-confirmed patients? Biomed Pharmacother 111143, 111143.

Aovi, F. I, Akash, S., Islam, S., and Mitra, A.Lockdown: Prevalence of mental
illness during covid-19 (Dhaka, BANGLADESH) (2021).

Ardalan, T., Ardalan, P., and Monajjemi, M. (2014). Nano theoretical study of a
C16 cluster as a novel material for vitamin c carrier. Fullerenes Nanotubes Carbon
Nanostructures 22, 687-708. doi: 10.1080/1536383X.2012.717561

Asl, N. N,, and Hosseinzadeh, H. (2007). Review of antiviral effects of glycyrrhiza
glabra 1. and its active component, glycyrrhizin. J. Medicinal Plants 6, 1-2.

Awad, O.G.A.-N,, and Hamad, A.-M. H. (2018). Honey can help in herpes
simplex gingivostomatitis in children: Prospective randomized double blind
placebo controlled clinical trial. Am. J. Otolaryngol. 39, 759-763. doi: 10.1016/
j.amjoto.2018.09.007

Badr, G, Ramadan, N. K,, Sayed, L. H., Badr, B. M., Omar, H. M., and
Selamoglu, Z. (2017). Why whey? camel whey protein as a new dietary approach
to the management of free radicals and for the treatment of different health
disorders. Iranian J. basic Med. Sci. 20, 338. doi: 10.22038%2FIJBMS.2017.8573

Bai, Y., Yao, L., Wei, T., Tian, F., Jin, D.-Y., Chen, L., et al. (2020). Presumed
asymptomatic carrier transmission of COVID-19. Jama 323, 1406-1407. doi:
10.1001/jama.2020.2565

Barbosa-Filho, J. M., Martins, V. K., Rabelo, L. A., Moura, M. D, Silva, M. S.,
Cunha, E. V., et al. (2006). Natural products inhibitors of the angiotensin
converting enzyme (ACE): A review between 1980-2000. Rev. Bras.
Farmacognosia 16, 421-446. doi: 10.1590/50102-695X2006000300021

Behbahani, M. (2014). Anti-HIV-1 activity of eight monofloral Iranian honey
types. PLoS One 9, €108195. doi: 10.1371/journal.pone.0108195

Belitz, H.-D., Grosch, W., and Schieberle, P. (2004). “"Sugars, sugar alcohols and
honey,",” in Food chemistry (Springer Berlin, Heidelberg: Springer), 862-891.

Belouzard, S., Millet, J. K., Licitra, B. N., and Whittaker, G. R. (2012).
Mechanisms of coronavirus cell entry mediated by the viral spike protein.
Viruses 4, 1011-1033. doi: 10.3390/v4061011

Beressa, T. B., Deyno, S., Mtewa, A. G., Aidah, N., Tuyiringire, N., Lukubye, B.,
et al. (2021). Potential benefits of antiviral African medicinal plants in the
management of viral infections: Systematic review. Front. Pharmacol 9, 3812.
doi: 10.3389/fphar.2021.682794

Berman, H., Henrick, K., Nakamura, H., and Markley, J. L. (2007). The
worldwide protein data bank (wwPDB): ensuring a single, uniform archive of
PDB data. Nucleic Acids Res 35, D301-D303. doi: 10.1093/nar/gkl971

Bharti, R., and Shukla, S. K. (2021). Molecules against covid-19: An in silico
approach for drug development. J. Electronic Sci. Technol 19, 100095. doi: 10.1016/
jjnlest.2021.100095

Blundell, T. L., Sibanda, B. L., Montalvdo, R. W., Brewerton, S., Chelliah, V.,
Worth, C. L., et al. (2006). Structural biology and bioinformatics in drug design:
opportunities and challenges for target identification and lead discovery.
Philos. Trans. R. Soc. Lond., B, Biol. Sci. 361, 413-423. doi: 10.1098/
rstb.2005.1800

Bogan-Brown, K., Nkrumah-Elie, Y., Ishtiaq, Y., Redpath, P., and Shao, A.
(2021). Potential efficacy of nutrient supplements for treatment or prevention
of COVID-19. J. Dietary Suppl. 1-29, 336-65. doi: 10.1080/19390211.
2021.1881686

Boozari, M., and Hosseinzadeh, H. (2021). Natural products for COVID-19
prevention and treatment regarding to previous coronavirus infections and novel
studies. Phytother Res. 35, 864-876. doi: 10.1002/ptr.6873

Frontiers in Cellular and Infection Microbiology

23

10.3389/fcimb.2022.929430

Bridwell, R., Long, B., and Gottlieb, M. (2020). Neurologic complications of
COVID-19. Am. J. Emergency Med. 38, 1549.e1543-1549.e1547. doi: 10.1016/
j.ajem.2020.05.024

Bruni, N, Capucchio, M. T., Biasibetti, E., Pessione, E., Cirrincione, S., Giraudo,
L., et al. (2016). Antimicrobial activity of lactoferrin-related peptides and
applications in human and veterinary medicine. Molecules 21, 752. doi: 10.3390/
molecules21060752

Buhrmann, C., Popper, B., Kunnumakkara, A. B., Aggarwal, B. B., and Shakibaei,
M. (2019). Evidence that calebin a, a component of curcuma longa suppresses NF-
KB mediated proliferation, invasion and metastasis of human colorectal cancer
induced by TNF-B (Lymphotoxin). Nutrients 11, 2904. doi: 10.3390/nu11122904

Buhrmann, C., Shayan, P., Banik, K., Kunnumakkara, A. B., Kubatka, P.,
Koklesova, L., et al. (2020). Targeting NF-kB signaling by calebin a, a compound
of turmeric, in multicellular tumor microenvironment: potential role of apoptosis
induction in CRC cells. Biomedicines 8, 236. doi: 10.3390/biomedicines8080236

Calder, P. C,, Carr, A. C,, Gombart, A. F., and Eggersdorfer, M. (2020). Optimal
nutritional status for a well-functioning immune system is an important factor to
protect against viral infections. Nutrients 12, 1181. doi: 10.3390/nu12041181

Cassidy, L., Fernandez, F., Johnson, J. B., Naiker, M., Owoola, A. G., and
Broszczak, D. A. (2020). Oxidative stress in alzheimer’s disease: A review on
emergent natural polyphenolic therapeutics. Complementary therapies Med. 49,
102294. doi: 10.1016/j.ctim.2019.102294

Chang, R., Ng, T. B., and Sun, W.-Z. (2020). Lactoferrin as potential preventative
and adjunct treatment for COVID-19. Int. J. Antimicrob Agents 56, 106118. doi:
10.1016/j.ijantimicag.2020.106118

Chan, J. F, Lau, S. K, To, K. K,, Cheng, V. C,, Woo, P. C, and Yuen, K.-Y.
(2015). Middle East respiratory syndrome coronavirus: another zoonotic
betacoronavirus causing SARS-like disease. Clin. Microbiol. Rev. 28, 465-522.
doi: 10.1128/CMR.00102-14

Chaplin, D. D. (2010). Overview of the immune response. J. Allergy Clin.
Immunol. 125, $3-S23. doi: 10.1016/j.jaci.2009.12.980

Chaturvedi, U., Shrivastava, R., and Upreti, R. (2004). Viral infections and trace
elements: a complex interaction. Curr. Sci., 1536-1554.

Chen, F.,, Chan, K,, Jiang, Y., Kao, R, Lu, H.,, Fan, K., et al. (2004). In vitro
susceptibility of 10 clinical isolates of SARS coronavirus to selected antiviral
compounds. J. Clin. Virol. 31, 69-75. doi: 10.1016/j.jcv.2004.03.003

Chen, Y., De Bruyn Kops, C., and Kirchmair, J. (2017). Data resources for the
computer-guided discovery of bioactive natural products. J. Chem. Inf. modeling
57, 2099-2111. doi: 10.1021/acs.jcim.7b00341

Cheng, F., Li, W., Zhou, Y., Shen, J., Wu, Z,, Liu, G., et al (2020). Supplementary
information for the article: admetSAR: A comprehensive source and free tool for
assessment of chemical ADMET properties. Int. J. Antimicrob. Agents 56 (3),
106118. doi: 10.1007/s11655-019-3078-7

Cheng, F., Li, W., Zhou, Y., Shen, J., Wu, Z,, Liu, G,, et al. (2012). "admetSAR: a
comprehensive source and free tool for assessment of chemical ADMET properties”
(Washington, D.C.: ACS Publications).

Cheng, J., Tang, Y., Bao, B.,, and Zhang, P. (2020). Exploring the active
compounds of traditional mongolian medicine agsirga in intervention of novel
coronavirus 2019-nCoV) based on HPLC-Q-Exactive-MS/MS and molecular
docking method. Chinese J. Integr. Med. 56 (3), 106118. doi: 10.1002/jmv.25681

Chen, C,, Jiang, Z.-Y., Yu, B., Wu, X.-L,, Dai, C.-Q,, Zhao, C.-L,, et al. (2012).
Study on the anti-HINI virus effects of quercetin and oseltamivir and their
mechanism related to TLR7 pathway. J. Asian Natural products Res. 14, 877-
885. doi: 10.1080/10286020.2012.702108

Chen, Y., Liu, Q, and Guo, D. (2020b). Emerging coronaviruses: genome
structure, replication, and pathogenesis. J. Med. Virol. 92, 418-423.

Chen, Y.-B,, Liu, Q., Xie, H., Yin, S.-M., Wu, L., Yu, X.-H.,, et al. (2020a). Is
Chinese medicine injection applicable for treating acute lung injury and acute
respiratory distress syndrome? a systematic review and meta-analysis of
randomized controlled trials 26, 857-866.

Cheriet, T., Ben-Bachir, B., Thamri, O., Seghiri, R., and Mancini, L. J. A. (2020).
Isolation and biological properties of the natural flavonoids pectolinarin and
pectolinarigenin-a review. Antibiotics (Basel) 9, 417. doi: 10.3390/
antibiotics9070417

Cho, J. K., Curtis-Long, M. ], Lee, K. H., Kim, D. W,, Ryu, H. W., Yuk, H. ], et al.
(2013). Geranylated flavonoids displaying SARS-CoV papain-like protease
inhibition from the fruits of paulownia tomentosa. Bioorganic medicinal Chem.
21, 3051-3057. doi: 10.1016/j.bmc.2013.03.027

Choi, J.-G., Jin, Y.-H., Lee, H., Oh, T. W., Yim, N.-H., Cho, W.-K,, et al. (2017)
Protective effect of panax notoginseng root water extract against influenza a virus
infection by enhancing antiviral interferon-mediated immune responses and
natural killer cell activity (Accessed 2017).

Cinatl, J., Morgenstern, B., Bauer, G., Chandra, P., Rabenau, H., and Doerr, H.
(2003). Glycyrrhizin, an active component of liquorice roots, and replication of

frontiersin.org


https://doi.org/10.1007/s43450-021-00179-w
https://doi.org/10.3346/jkms.2020.35.e149
https://doi.org/10.3390/molecules26195997
https://doi.org/10.3389/fphar.2021.671498
https://doi.org/10.1039/C5SC02678D
https://doi.org/10.1100/tsw.2006.331
https://doi.org/10.1080/1536383X.2012.717561
https://doi.org/10.1016/j.amjoto.2018.09.007
https://doi.org/10.1016/j.amjoto.2018.09.007
https://doi.org/10.22038%2FIJBMS.2017.8573
https://doi.org/10.1001/jama.2020.2565
https://doi.org/10.1590/S0102-695X2006000300021
https://doi.org/10.1371/journal.pone.0108195
https://doi.org/10.3390/v4061011
https://doi.org/10.3389/fphar.2021.682794
https://doi.org/10.1093/nar/gkl971
https://doi.org/10.1016/j.jnlest.2021.100095
https://doi.org/10.1016/j.jnlest.2021.100095
https://doi.org/10.1098/rstb.2005.1800
https://doi.org/10.1098/rstb.2005.1800
https://doi.org/10.1080/19390211.2021.1881686
https://doi.org/10.1080/19390211.2021.1881686
https://doi.org/10.1002/ptr.6873
https://doi.org/10.1016/j.ajem.2020.05.024
https://doi.org/10.1016/j.ajem.2020.05.024
https://doi.org/10.3390/molecules21060752
https://doi.org/10.3390/molecules21060752
https://doi.org/10.3390/nu11122904
https://doi.org/10.3390/biomedicines8080236
https://doi.org/10.3390/nu12041181
https://doi.org/10.1016/j.ctim.2019.102294
https://doi.org/10.1016/j.ijantimicag.2020.106118
https://doi.org/10.1128/CMR.00102-14
https://doi.org/10.1016/j.jaci.2009.12.980
https://doi.org/10.1016/j.jcv.2004.03.003
https://doi.org/10.1021/acs.jcim.7b00341
https://doi.org/10.1007/s11655-019-3078-7
https://doi.org/10.1002/jmv.25681
https://doi.org/10.1080/10286020.2012.702108
https://doi.org/10.3390/antibiotics9070417
https://doi.org/10.3390/antibiotics9070417
https://doi.org/10.1016/j.bmc.2013.03.027
https://doi.org/10.3389/fcimb.2022.929430
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Rahman et al.

SARS-associated coronavirus. Lancet 361, 2045-2046. doi: 10.1016/S0140-6736
(03)13615-X

Clementz, M. A., Chen, Z., Banach, B. S, Wang, Y., Sun, L., Ratia, K., et al.
(2010). Deubiquitinating and interferon antagonism activities of coronavirus
papain-like proteases. J. Virol. 84, 4619-4629. doi: 10.1128/JV1.02406-09

Colson, P., Rolain, J.-M., Lagier, J.-C., Brouqui, P., and Raoult, D. (2020).
Chloroquine and hydroxychloroquine as available weapons to fight COVID-19.
Int. J. Antimicrob. Agents 105932, 105932. doi: 10.1016/j.ijantimicag.2020.105932

Control, C.F.D., and Prevention (2020)Coronavirus disease (COVID-19). In:
Cases in the US. Available at: www.cdc.gov/coronavirus/2019-ncov/cases-updates/
cases-in-us (Accessed May 3).

Cosconati, S., Forli, S., Perryman, A. L., Harris, R., Goodsell, D. S., and Olson, A.
J. (2010). Virtual screening with AutoDock: theory and practice. Expert Opin. Drug
Discovery 5, 597-607. doi: 10.1517/17460441.2010.484460

Costanzi, S., and Vilar, S. (2012). In silico screening for agonists and blockers of
the B2 adrenergic receptor: Implications of inactive and activated state structures. J.
Comput. Chem. 33, 561-572. doi: 10.1002/jcc.22893

Coulerie, P., Nour, M., Maciuk, A., Eydoux, C., Guillemot, J.-C., Lebouvier, N.,
et al. (2013). Structure-activity relationship study of biflavonoids on the dengue
virus polymerase DENV-NS5 RdRp. Planta Med. 79, 1313-1318. doi: 10.1055/s-
0033-1350672

Coves-Datson, E. M., Dyall, J., Dewald, L. E., King, S. R., Dube, D., Legendre, M.,
et al. (2019). Inhibition of Ebola virus by a molecularly engineered banana lectin.
PLoS Negl. Trop. Dis. 13, €0007595. doi: 10.1371/journal.pntd.0007595

Dai, W., Zhang, B,, Jiang, X.-M., Su, H,, Li, J., Zhao, Y., et al. (2020). Structure-
based design of antiviral drug candidates targeting the SARS-CoV-2 main protease.
Electrochem. Energy Rev 368, 1331-1335. doi: 10.1126/science.abb4489

Dallakyan, S., and Olson, A. J. (2015). “"Small-molecule library screening by
docking with PyRx,",” in Chemical biology (Springer Berlin, Heidelberg, Germany:
Springer), 243-250.

Da Silva Antonio, A., Wiedemann, L. S. M., and Veiga-Junior, V. F. (2020).
Natural products' role against COVID-19. RSC Adv. 10, 23379-23393. doi:
10.1039/DORA03774E

Da Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A. C. O., and Fett, R. (2016).
Honey: Chemical composition, stability and authenticity. Food Chem. 196, 309-
323. doi: 10.1016/j.foodchem.2015.09.051

Da Silva Mendes, J. W., Cunha, W. E. M., Rodrigues, F. F. G,, Silveira, E. R., De
Lima, R. D. P, and Da Costa, J. G. M. (2020). Cissampelos genus: biological
activities, ethnobotanical and phytochemical aspects. Phytochem. Rev. 19, 955-982.
doi: 10.1007/s11101-020-09695-4

Daskaya-Dikmen, C., Yucetepe, A., Karbancioglu-Guler, F., Daskaya, H., and
Ozcelik, B. (2017). Angiotensin-i-converting enzyme (ACE)-inhibitory peptides
from plants. Nutrients 9, 316. doi: 10.3390/nu9040316

Delano, W. L. (2002). The PyMOL molecular graphics system. Protein Crystallog
40 (1), 82-92.

Denaro, M., Smeriglio, A., Barreca, D., De Francesco, C., Occhiuto, C., Milano,
G., et al. (2020). Antiviral activity of plants and their isolated bioactive compounds:
An update. Phytother Res. 34, 742-768. doi: 10.1002/ptr.6575

Dimasi, J. A., Grabowski, H. G., and Hansen, R. W. (2016). Innovation in the
pharmaceutical industry: new estimates of R&D costs. J. Health Econ 47, 20-33.
doi: 10.1016/j.jhealeco.2016.01.012

Ding, Y., Cano, Z. P,, Yu, A, Lu, J,, and Chen, Z. (2019). Automotive Li-ion
batteries: current status and future perspectives. Electrochem. Energy Rev. 2, 1-28.
doi: 10.1007/s41918-018-0022-z

Diwakar, B. T., Finch, E. R,, Liao, C., Shay, A. E., and Prabhu, K. S. (2016). “"The
role of selenoproteins in resolution of inflammation,",” in Selenium (Springer),

499-510.

Docherty, J. J., Smith, J. S., Fu, M. M., Stoner, T., and Booth, T. (2004). Effect of
topically applied resveratrol on cutaneous herpes simplex virus infections in
hairless mice. Antiviral Res. 61, 19-26. doi: 10.1016/j.antiviral.2003.07.001

Dong, W., Wei, X,, Zhang, F., Hao, J., Huang, F., Zhang, C,, et al. (2014). A dual
character of flavonoids in influenza a virus replication and spread through
modulating cell-autonomous immunity by MAPK signaling pathways. Sci. Rep.
4, 1-12. doi: 10.1038/srep07237

Donia, M., and Hamann, M. T. (2003). Marine natural products and their
potential applications as anti-infective agents. Lancet Infect. Dis. 3, 338-348. doi:
10.1016/51473-3099(03)00655-8

El-Hossary, E. M., Abdel-Halim, M., Ibrahim, E. S., Pimentel-Elardo, S. M.,
Nodwell, J. R., Handoussa, H., et al. (2020). Natural products repertoire of the red
sea. Mar. Drugs 18, 457. doi: 10.3390/md18090457

El-Hossary, E. M., Cheng, C., Hamed, M. M., Hamed, A.N.E.-S., Ohlsen, K., Hentschel,
U, etal. (2017). Antifungal potential of marine natural products. Molecules 126, 631-651.

Frontiers in Cellular and Infection Microbiology

24

10.3389/fcimb.2022.929430

Elmadfa, I, and Meyer, A. L. (2019). The role of the status of selected
micronutrients in shaping the immune function. Endocrine Metab. Immune
Disorders-Drug Targets (Formerly Curr. Drug Targets-Immune Endocrine Metab.
Disorders) 19, 1100-1115.

Fent, K., Weston, A. A., and Caminada, D. (2006). Ecotoxicology of human
pharmaceuticals https://doi.org/10.1016/j.aquatox.2005.09.009. Aquat. Toxicol. 76,
122-159. doi: 10.1016/j.aquatox.2005.09.009

Filipe, J. (2020). Epidemics and pandemics: Covid-19 and the “Drop of honey
effect”. Epidemics Pandemics: Covid-19 “Drop Honey Effect”, 240-249.

Fischer, W. B., Wang, Y.-T., Schindler, C., and Chen, C.-P. (2012).
Mechanism of function of viral channel proteins and implications for drug
development. Int. Rev. Cell Mol. Biol. 294, 259-321. doi: 10.1016/B978-0-12-
394305-7.00006-9

Forli, S., Huey, R., Pique, M. E., Sanner, M. F., Goodsell, D. S., and Olson, A. J.
(2016). Computational protein-ligand docking and virtual drug screening with the
AutoDock suite. Nat. Protoc. 11, 905-919. doi: 10.1038/nprot.2016.051

Gentile, D., Patamia, V., Scala, A., Sciortino, M. T., Piperno, A., and Rescifina, A.
(2020). Putative inhibitors of SARS-CoV-2 main protease from a library of marine
natural products: a virtual screening and molecular modeling study. Mar. Drugs 18,
225. doi: 10.3390/md18040225

Gomez, C. R, Espinoza, I, Faruke, F. S., Hasan, M., Rahman, K. M., Walker, L.
A., et al. (2021). Therapeutic intervention of COVID-19 by natural products: a
population-specific survey directed approach. Molecules 26, 1191. doi: 10.3390/
molecules26041191

Gopal, D., and Skariyachan, S. (2020). “"Recent perspectives on COVID-19 and
computer-aided virtual screening of natural compounds for the development of

therapeutic agents towards SARS-CoV-2,",” in In silico modeling of drugs against
coronaviruses (Humana, New York, NY: Springer), 433-471.

Goyal, B., and Goyal, D. (2020). Targeting the dimerization of the main protease
of coronaviruses: a potential broad-spectrum therapeutic strategy. ACS Comb Sci.
22, 297-305. doi: 10.1021/acscombsci.0c00058

Gurung, A. B, Ali, M. A, Lee, J., Farah, M. A,, and Al-Anazi, K. M. (2020).
Unravelling lead antiviral phytochemicals for the inhibition of SARS-CoV-2 mpro
enzyme through in silico approach. Life Sci. 255, 117831. doi: 10.1016/
j1fs.2020.117831

Gurung, A. B, Ali, M. A, Lee, ], Farah, M. A,, and Al-Anazi, K. (2021). An
updated review of computer-aided drug design and its application to COVID-19.
BioMed. Res. Int 2021.

Gyebi, G. A., Ogunro, O. B., Adegunloye, A. P., Ogunyemi, O. M., and Afolabi, S.
O. (2021). Potential inhibitors of coronavirus 3-chymotrypsin-like protease
(3CLpro): an in silico screening of alkaloids and terpenoids from African
medicinal plants. J. Biomol Struct. Dyn 39, 3396-3408.

Hadi, A. G., Kadhom, M., Hairunisa, N., Yousif, E., and Mohammed, S. A. (2020). A
review on COVID-19: origin, spread, symptoms, treatment, and prevention.
Biointerface Res. Appl. Chem. 10, 7234-7242. doi: 10.33263/BRIAC106.72347242

Hao, F., Xiao, Q., and Chon, K. (2020). COVID-19 and china’s hotel industry:
Impacts, a disaster management framework, and post-pandemic agenda. Int. J.
hospitality Manage. 90, 102636. doi: 10.1016/§.ijhm.2020.102636

Haryanto, B., Suksmasari, T., Wintergerst, E., and Maggini, S. (2015).
Multivitamin supplementation supports immune function and ameliorates
conditions triggered by reduced air quality. Vitam. Miner 4, 1-15.

Hashemipour, M. A., Tavakolineghad, Z., Arabzadeh, S., Iranmanesh, Z., and
Nassab, S. (2014). Antiviral activities of honey, royal jelly, and acyclovir against
HSV-1. Wounds: compendium Clin. Res. Pract. 26, 47-54.

Hassan Baig, M., Ahmad, K., Roy, S., Mohammad Ashraf, J., Adil, M., Haris
Siddiqui, M., et al. (2016). Computer aided drug design: success and limitations.
Curr. Pharm. Des. 22, 572-581. doi: 10.2174/1381612822666151125000550

Herrera-Calderon, O., Rahman, M. H., Pena-Rojas, G., and Andia-Ayme, V.
(2020). Dodonaea viscosa jacq: A medicinal plant with cytotoxic effect on colon
cancer cell line (HT-29). J. Pure Appl. Microbiol 14, 1927-1934.

Hou, T., and Xu, X. (2004). Recent development and application of virtual
screening in drug discovery: an overview. Curr. Pharm. Des. 10, 1011-1033. doi:
10.2174/1381612043452721

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

Huang, J., Tao, G, Liu, J., Cai, J., Huang, Z., and Chen, J.-X. (2020b). Current
prevention of COVID-19: Natural products and herbal medicine. Front.
Pharmacol. 11, 588508-588508.

Hu, K., Guan, W.-],, Bi, Y., Zhang, W,, Li, L., Zhang, B., et al. (2021). Efficacy and
safety of lianhuagingwen capsules, a repurposed Chinese herb, in patients with
coronavirus disease 2019: a multicenter, prospective, randomized controlled trial.
Phytomed 85, 153242.

frontiersin.org


https://doi.org/10.1016/S0140-6736(03)13615-X
https://doi.org/10.1016/S0140-6736(03)13615-X
https://doi.org/10.1128/JVI.02406-09
https://doi.org/10.1016/j.ijantimicag.2020.105932
http://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us
http://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us
https://doi.org/10.1517/17460441.2010.484460
https://doi.org/10.1002/jcc.22893
https://doi.org/10.1055/s-0033-1350672
https://doi.org/10.1055/s-0033-1350672
https://doi.org/10.1371/journal.pntd.0007595
https://doi.org/10.1126/science.abb4489
https://doi.org/10.1039/D0RA03774E
https://doi.org/10.1016/j.foodchem.2015.09.051
https://doi.org/10.1007/s11101-020-09695-4
https://doi.org/10.3390/nu9040316
https://doi.org/10.1002/ptr.6575
https://doi.org/10.1016/j.jhealeco.2016.01.012
https://doi.org/10.1007/s41918-018-0022-z
https://doi.org/10.1016/j.antiviral.2003.07.001
https://doi.org/10.1038/srep07237
https://doi.org/10.1016/S1473-3099(03)00655-8
https://doi.org/10.3390/md18090457
https://doi.org/10.1016/j.aquatox.2005.09.009
https://doi.org/10.1016/B978-0-12-394305-7.00006-9
https://doi.org/10.1016/B978-0-12-394305-7.00006-9
https://doi.org/10.1038/nprot.2016.051
https://doi.org/10.3390/md18040225
https://doi.org/10.3390/molecules26041191
https://doi.org/10.3390/molecules26041191
https://doi.org/10.1021/acscombsci.0c00058
https://doi.org/10.1016/j.lfs.2020.117831
https://doi.org/10.1016/j.lfs.2020.117831
https://doi.org/10.33263/BRIAC106.72347242
https://doi.org/10.1016/j.ijhm.2020.102636
https://doi.org/10.2174/1381612822666151125000550
https://doi.org/10.2174/1381612043452721
https://doi.org/10.1016/j.antiviral.2006.04.014
https://doi.org/10.3389/fcimb.2022.929430
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Rahman et al.

Hwang, H.-J., Han, J.-W., Jeon, H., Cho, K., Kim, J.-H., Lee, D.-S, et al. (2020).
Characterization of a novel mannose-binding lectin with antiviral activities from
red alga, grateloupia chiangii. Biomolecules 10, 333. doi: 10.3390/biom10020333

Igado, O., Omobowale, T., and Nottidge, H. (2010). The effect of honey and vitamin ¢
on the response of dogs to anti-rabies vaccination. Sahel J. Veterinary Sci. 9.

Janeway, J. C. A. (2001). How the immune system protects the host from
infection. Microbes infection 3, 1167-1171. doi: 10.1016/S1286-4579(01)01477-0

Jo, S., Kim, S., Shin, D. H., and Kim, M.-S. (2020). Inhibition of SARS-CoV 3CL
protease by flavonoids. J. Enzyme inhibition medicinal Chem. 35, 145-151. doi:
10.1080/14756366.2019.1690480

Joshi, T., Joshi, T., Sharma, P., Mathpal, S., Pundir, H., Bhatt, V., et al. (2020). In
silico screening of natural compounds against COVID-19 by targeting mpro and
ACE2 using molecular docking. Eur. Rev. Med. Pharmacol. Sci. 24, 4529-4536.

Justesen, U., and Knuthsen, P. (2001). Composition of flavonoids in fresh herbs
and calculation of flavonoid intake by use of herbs in traditional Danish dishes.
Food Chem. 73, 245-250. doi: 10.1016/S0308-8146(01)00114-5

Kaack, K., and Austed, T. (1998). Interaction of vitamin ¢ and flavonoids in
elderberry (Sambucus nigra 1.) during juice processing. Plant foods Hum. Nutr. 52,
187-198. doi: 10.1023/A:1008069422202

Kawsar, S. M.A., K, A., Munia, N. S., Hosen, M. A., Chakma, U., and Akash, S.
(2022). Chemical descriptors, PASS, molecular docking, molecular dynamics and
ADMET predictions of glucopyranoside derivatives as inhibitors to bacteria and
fungi growth. Org. Commun 15 (2), 184-203. doi: 10.25135/acg.0c.122.2203.2397

Keyaerts, E., Vijgen, L., Pannecouque, C., Van Damme, E., Peumans, W.,
Egberink, H., et al. (2007). Plant lectins are potent inhibitors of coronaviruses by
interfering with two targets in the viral replication cycle. Antiviral Res. 75, 179-187.
doi: 10.1016/j.antiviral.2007.03.003

Khaerunnisa, S., Kurniawan, H., Awaluddin, R., Suhartati, S., and Soetjipto, S.
(2020). Potential inhibitor of COVID-19 main protease (Mpro) from several
medicinal plant compounds by molecular docking study. Preprints 2020,
2020030226. doi: 10.20944/preprints202003.0226.v1

Khan, H., Sureda, A., Belwal, T., Cetinkaya, S., Siintar, i, Tejada, S., et al. (2019).
Polyphenols in the treatment of autoimmune diseases. Autoimmun. Rev. 18, 647-
657. doi: 10.1016/j.autrev.2019.05.001

Khan, M, Wang, A,, Irfan, Q, Khan, M, Zeb, A., and Zhang, M. (2020a), 1-11. Chinnasamy,
YJMN.CaPIaTMP.OS.-C--aMDSJOBS, and Dynamics S, & Wei DQ.

Kim, M., Kim, G.-H,, Lee, T. K., Choi, I. W., Choi, H. W,, Jo, Y., et al. (2019b).
Methylammonium chloride induces intermediate phase stabilization for efficient
perovskite solar cells. Joule 3, 2179-2192. doi: 10.1016/j.joule.2019.06.014

Kim, D. E,, Min, J. S,, Jang, M. S., Lee, J. Y., Shin, Y. S., Park, C. M., et al. (2019a).
Natural bis-benzylisoquinoline alkaloids-tetrandrine, fangchinoline, and
cepharanthine, inhibit human coronavirus OC43 infection of MRC-5 human
lung cells. Biomolecules 9, 696. doi: 10.3390/biom9110696

Kim, D. W, Seo, K. H., Curtis-Long, M. J., Oh, K. Y., Oh, J.-W., Cho, J. K,, et al.
(2014). Phenolic phytochemical displaying SARS-CoV papain-like protease
inhibition from the seeds of psoralea corylifolia. J. Enzyme inhibition medicinal
Chem. 29, 59-63. doi: 10.3109/14756366.2012.753591

Kim, H. K, Son, K. H,, Chang, H. W,, Kang, S. S., and Kim, H. P. (1998).
Amentoflavone, a plant biflavone: a new potential anti-inflammatory agent. Arch.
Pharm. Res. 21, 406-410. doi: 10.1007/BF02974634

Kumer, A., Chakma, U, Islam, M., Howlader, D., and Hossain, T. (2021a). The
computational investigation of sixteen antiviral drugs against main protease
(mpro) and spike protease (spro) of sars-cov-2. Org. Commun 66, 5339-5351.
doi: 10.4067/50717-97072021000405339

Kumer, A., Chakma, U., Matin, M. M., Akash, S., Chando, A., and Howlader, D.
(2021b). The computational screening of inhibitor for black fungus and white
fungus by d-glucofuranose derivatives using in silico and SAR study 14 (4), 56-63.
doi: 10.25135/acg.0c.116.2108.2188

Lang, J., Yang, N., Deng, J., Liu, K, Yang, P., Zhang, G., et al. (2011). Inhibition
of SARS pseudovirus cell entry by lactoferrin binding to heparan sulfate
proteoglycans. PloS One 6, €23710. doi: 10.1371/journal.pone.0023710

Laurent, P., Jolivel, V., Manicki, P., Chiu, L., Contin-Bordes, C., Truchetet, M.-
E., et al. (2017). Immune-mediated repair: A matter of plasticity. Front. Immunol.
8. doi: 10.3389/fimmu.2017.00454

Lee, B.-],, Lee, J. A, Kim, K.-I, Choi, J.-Y., and Jung, H.-J. (2020). A consensus
guideline of herbal medicine for coronavirus disease 2019. Integr. Med. Res 9,
100470. doi: 10.1016/j.imr.2020.100470

Lescure, F.-X., Bouadma, L., Nguyen, D., Parisey, M., Wicky, P.-H., Behillil, S.,
et al. (2020). Clinical and virological data of the first cases of COVID-19 in Europe:
a case series. Lancet Infect. Dis. 20, 697-706. doi: 10.1016/S1473-3099(20)30200-0

Li, S.-Y., Chen, C., Zhang, H.-Q., Guo, H.-Y., Wang, H., Wang, L, et al. (2005).
Identification of natural compounds with antiviral activities against SARS-associated
coronavirus. Antiviral Res. 67, 18-23. doi: 10.1016/j.antiviral.2005.02.007

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2022.929430

Li, J., Huang, D. Q., Zou, B., Yang, H., Hui, W. Z, Rui, F, et al. (2021).
Epidemiology of COVID-19: A systematic review and meta-analysis of clinical
characteristics, risk factors, and outcomes. J. Med. Virol. 93, 1449-1458. doi:
10.1002/jmv.26424

Li, Y.-X,, Li, J., Zhang, Y., Tian, Y.-P., Zhang, Y.-G,, Jin, R.-],, et al. (2020b).
Clinical practice guidelines and experts’ consensuses for treatment of coronavirus
disease 2019 (COVID-19) patients with Chinese herbal medicine: a systematic
review 26, 786-793. doi: 10.1007/s11684-020-0801-x

Lin, J., Handschin, C., and Spiegelman, B. M. (2005). Metabolic control through
the PGC-1 family of transcription coactivators. Cell Metab. 1, 361-370. doi:
10.1016/j.cmet.2005.05.004

Lin, L.-T., Hsu, W.-C,, and Lin, C.-C. (2014). Antiviral natural products and
herbal medicines. J. traditional complementary Med. 4, 24-35. doi: 10.4103/2225-
4110.124335

Liu, J,, Liu, Y., Liu, N, Han, Y., Zhang, X., Huang, H., et al. (2015). Metal-free
efficient photocatalyst for stable visible water splitting via a two-electron pathway.
Science 347, 970-974. doi: 10.1126/science.aaa3145

Liu, B., and Zhou, J. (2005). SARS-CoV protease inhibitors design using virtual
screening method from natural products libraries. J. Comput. Chem. 26, 484-490.
doi: 10.1002/jcc.20186

Li, Q, Wang, H,, Li, X, Zheng, Y., Wei, Y., Zhang, P., et al. (2020a). The role
played by traditional Chinese medicine in preventing and treating COVID-19 in
China. Front. Med. 14, 681-688.

Lloyd, A. M. (2015). Analysis of amino acids in manuka honey (New Zealand:
University of Waikato).

Long, B, Brady, W. J., Koyfman, A., and Gottlieb, M. (2020). Cardiovascular
complications in COVID-19. Am. J. Emergency Med. 38, 1504-1507. doi: 10.1016/
j.2jem.2020.04.048

Lung, ., Lin, Y. S,, Yang, Y. H,, Chou, Y. L., Shu, L. H,, Cheng, Y. C,, et al. (2020).
The potential chemical structure of anti-SARS-CoV-2 RNA-dependent RNA
polymerase. J. Med. Virol. 92, 693-697. doi: 10.1002/jmv.25761

Luo, H,, Gao, Y., Zou, J., Zhang, S., Chen, H., Liu, Q,, et al. (2020b). Reflections
on treatment of COVID-19 with traditional Chinese medicine. Chin. Med 15, 1-14.
doi: 10.1186/s13020-020-00317-x

Luo, E,, Zhang, D., Luo, H,, Liu, B., Zhao, K., Zhao, Y, et al. (2020a). Treatment efficacy
analysis of traditional Chinese medicine for novel coronavirus pneumonia (COVID-19):
an empirical study from wuhan, hubei province, China. Chin. Med. 15, 1-13.

Lu, R, Zhao, X, Li, J., Niu, P., Yang, B., Wu, H,, et al. (2020). Genomic
characterisation and epidemiology of 2019 novel coronavirus: implications for
virus origins and receptor binding. Lancet 395, 565-574. doi: 10.1016/S0140-6736
(20)30251-8

Lu, W., Zheng, B.-].,, Xu, K., Schwarz, W., Du, L., Wong, C. K., et al. (2006).
Severe acute respiratory syndrome-associated coronavirus 3a protein forms an ion
channel and modulates virus release. Proc. Natl. Acad. Sci. 103, 12540-12545. doi:
10.1073/pnas.0605402103

Lyu, M,, Fan, G,, Xiao, G., Wang, T., Xu, D., Gao, J., et al. (2021). Traditional
Chinese medicine in COVID-19. Acta Pharm. Sin. B 11, 3337-3363.

Macalino, S. J. Y., Gosu, V., Hong, S., and Choi, S. (2015). Role of computer-
aided drug design in modern drug discovery. Arch. Pharm. Res. 38, 1686-1701. doi:
10.1007/s12272-015-0640-5

Maggini, S., Wintergerst, E. S., Beveridge, S., and Hornig, D. H. (2007). Selected
vitamins and trace elements support immune function by strengthening epithelial
barriers and cellular and humoral immune responses. Br. J. Nutr. 98, $29-S35. doi:
10.1017/50007114507832971

Mani, J. S., Johnson, J. B., Steel, J. C., Broszczak, D. A., Neilsen, P. M., Walsh, K.
B., et al. (2020). Natural product-derived phytochemicals as potential agents
against coronaviruses: A review. Virus Res. 284, 197989. doi: 10.1016/
j.virusres.2020.197989

Martinez-Campos, Z., Pastor, N., Pineda-Urbina, K., Gémez-Sandoval, Z.,
Fernandez-Zertuche, M., and Razo-Hernandez, R. S. (2019). In silico structure-
based design of GABAB receptor agonists using a combination of docking and
QSAR. Chem. Biol. Drug Des. 94, 1782-1798. doi: 10.1111/cbdd.13580

Mcclung, J. P, and Peterson, D. G. (2010). Trace elements and immune
function. Dietary Components Immune Funct., 253-262. doi: 10.1007/978-1-
60761-061-8_14

Mcintosh, K., Hirsch, M. S., and Bloom, A. (2020). Coronavirus disease 2019
(COVID-19). UpToDate Hirsch MS Bloom 5, 23-27.

Mehta, R. D., and Agrawal, R. (2020). “"Camel milk disguised cosmeceutical,",”
in Handbook of research on health and environmental benefits of camel products
(USA: IGI Global), 348-362.

Mehta, P., Mcauley, D., Brown, M., Sanchez, E., Tattersall, R., Manson, J., et al
(2020). Across speciality 2020). COVID-19: Consider cytokine storm syndromes and
immunosuppression. Lancet (London England) 395, 1033.

frontiersin.org


https://doi.org/10.3390/biom10020333
https://doi.org/10.1016/S1286-4579(01)01477-0
https://doi.org/10.1080/14756366.2019.1690480
https://doi.org/10.1016/S0308-8146(01)00114-5
https://doi.org/10.1023/A:1008069422202
https://doi.org/10.25135/acg.oc.122.2203.2397
https://doi.org/10.1016/j.antiviral.2007.03.003
https://doi.org/10.20944/preprints202003.0226.v1
https://doi.org/10.1016/j.autrev.2019.05.001
https://doi.org/10.1016/j.joule.2019.06.014
https://doi.org/10.3390/biom9110696
https://doi.org/10.3109/14756366.2012.753591
https://doi.org/10.1007/BF02974634
https://doi.org/10.4067/s0717-97072021000405339
https://doi.org/10.25135/acg.oc.116.2108.2188
https://doi.org/10.1371/journal.pone.0023710
https://doi.org/10.3389/fimmu.2017.00454
https://doi.org/10.1016/j.imr.2020.100470
https://doi.org/10.1016/S1473-3099(20)30200-0
https://doi.org/10.1016/j.antiviral.2005.02.007
https://doi.org/10.1002/jmv.26424
https://doi.org/10.1007/s11684-020-0801-x
https://doi.org/10.1016/j.cmet.2005.05.004
https://doi.org/10.4103/2225-4110.124335
https://doi.org/10.4103/2225-4110.124335
https://doi.org/10.1126/science.aaa3145
https://doi.org/10.1002/jcc.20186
https://doi.org/10.1016/j.ajem.2020.04.048
https://doi.org/10.1016/j.ajem.2020.04.048
https://doi.org/10.1002/jmv.25761
https://doi.org/10.1186/s13020-020-00317-x
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1073/pnas.0605402103
https://doi.org/10.1007/s12272-015-0640-5
https://doi.org/10.1017/S0007114507832971
https://doi.org/10.1016/j.virusres.2020.197989
https://doi.org/10.1016/j.virusres.2020.197989
https://doi.org/10.1111/cbdd.13580
https://doi.org/10.1007/978-1-60761-061-8_14
https://doi.org/10.1007/978-1-60761-061-8_14
https://doi.org/10.3389/fcimb.2022.929430
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Rahman et al.

Meneguzzo, F., Ciriminna, R., Zabini, F.,, and Pagliaro, M. (2020). Review of
evidence available on hesperidin-rich products as potential tools against COVID-
19 and hydrodynamic cavitation-based extraction as a method of increasing their
production. Processes 8, 549. doi: 10.3390/pr8050549

Michelow, I. C,, Lear, C., Scully, C., Prugar, L. L, Longley, C. B., Yantosca, L. M.,
etal. (2011). High-dose mannose-binding lectin therapy for Ebola virus infection. J.
Infect. Dis. 203, 175-179. doi: 10.1093/infdis/jiq025

Miles, E. A., Calder, P., and Childs, C. E. (2020). Diet and immune function
(Switzerland: MDPI).

Millet, J. K., Séron, K., Labitt, R. N., Danneels, A., Palmer, K. E., Whittaker, G. R.,
et al. (2016). Middle East respiratory syndrome coronavirus infection is inhibited
by griffithsin. Antiviral Res. 133, 1-8. doi: 10.1016/j.antiviral.2016.07.011

Mitchell, C. A., Ramessar, K., and O'keefe, B. R. (2017). Antiviral lectins:
Selective inhibitors of viral entry. Antiviral Res. 142, 37-54. doi: 10.1016/
j.antiviral.2017.03.007

Mohammadabadi, T., and Hussain, T. (2021). Is camel milk lactoferrin effective
against COVID-19? World J. Pharm. Sci., 91-97.

Molodenskiy, D., Svergun, D., and Mertens, H. D. T. (2021). MPBuilder: a
PyMOL plugin for building and refinement of solubilized membrane proteins
against small angle X-ray scattering data. J. Mol. Biol. 433, 166888. doi: 10.1016/
jjmb.2021.166888

Monteil, V., Kwon, H., Prado, P., Hagelkriiys, A., Wimmer, R. A,, Stahl, M., et al.
(2020). Inhibition of SARS-CoV-2 infections in engineered human tissues using
clinical-grade soluble human ACE2. Cell 181, 905-913. €907. doi: 10.1016/
j.cell.2020.04.004

Monteleone, G., Sarzi-Puttini, P. C., and Ardizzone, S. (2020). Preventing
COVID-19-induced pneumonia with anticytokine therapy. Lancet Rheumatol. 2,
€255-e256. doi: 10.1016/S2665-9913(20)30092-8

Moon, A, Khan, D., Gajbhiye, P., and Jariya, M. (2017). Insilico prediction of
toxicity of ligands utilizing admetsar. Int. J. Pharma. Bio. Sci 8, 674-677.
doi: 10.22376/ijpbs.2017.8.3.b674-677

Morawska, L., and Cao, J. (2020). Airborne transmission of SARS-CoV-2: The world
should face the reality. Environ. Int. 139, 105730. doi: 10.1016/j.envint.2020.105730

Mrityunjaya, M., Pavithra, V., Neelam, R,, Janhavi, P., Halami, P., and Ravindra,
P. (2020). Immune-boosting, antioxidant and anti-inflammatory food supplements
targeting pathogenesis of COVID-19. Front. Immunol 2337, 2337. doi: 10.3389/
fimmu.2020.570122

Miiller, C., Schulte, F. W., Lange-Griinweller, K., Obermann, W., Madhugiri, R.,
Pleschka, S., et al. (2018). Broad-spectrum antiviral activity of the eIF4A inhibitor
silvestrol against corona-and picornaviruses. Antiviral Res. 150, 123-129. doi:
10.1016/j.antiviral.2017.12.010

Miinstedt, K. (2019). Bee products and the treatment of blister-like lesions
around the mouth, skin and genitalia caused by herpes viruses—a systematic review.
Complementary therapies Med. 43, 81-84. doi: 10.1016/j.ctim.2019.01.014

Nassiri-Asl, M., and Hosseinzadeh, H. (2009). Review of the pharmacological
effects of vitis vinifera (Grape) and its bioactive compounds. Phytother Research:
Int. J. Devoted to Pharmacol. Toxicol Eval. Natural Product Derivatives 23, 1197—
1204. doi: 10.1002/ptr.2761

Nath, A., Ajoy, K., and Khan, M. W. (2020). Synthesis, computational and
molecular docking study of some 2, 3-dihydrobenzofuran and its derivatives. J.
Mol. Structure 1224, 129-225. doi: 10.1016/j.molstruc.2020.129225

Nath, A, Kumer, A, Zaben, F., and Khan, M. W. (2021). Investigating the binding
affinity, molecular dynamics, and ADMET properties of 2, 3-dihydrobenzofuran
derivatives as an inhibitor of fungi, bacteria, and virus protein. Beni-Suef Univ. ].
Basic Appl. Sci. 10, 1-13. doi: 10.1186/s43088-021-00117-8

O'keefe, B. R., Giomarelli, B., Barnard, D. L., Shenoy, S. R, Chan, P. K,
Mcmahon, J. B., et al. (2010). Broad-spectrum in vitro activity and in vivo
efficacy of the antiviral protein griffithsin against emerging viruses of the family
coronaviridae. J. Virol. 84, 2511-2521. doi: 10.1128/JV1.02322-09

Omrani, M., Keshavarz, M., Nejad Ebrahimi, S., Mehrabi, M., Mcgaw, L. J., Ali
Abdalla, M, et al. (2020). Potential natural products against respiratory viruses: a
perspective to develop anti-COVID-19 medicines. Front. Pharmacol. 11 2115.
doi: 10.3389/fphar.2020.586993

Ou-Yang, S.-S,, Ly, J.-Y., Kong, X.-Q,, Liang, Z.-],, Luo, C., and Jiang, H. (2012).
Computational drug discovery. Acta Pharm. Sin 33, 1131-1140. doi: 10.1038/
aps.2012.109

Park, J.-Y., Jeong, H. J., Kim, J. H,, Kim, Y. M, Park, S.-J., Kim, D, et al. (2012a).
Diarylheptanoids from alnus japonica inhibit papain-like protease of severe acute
respiratory syndrome coronavirus. Biol. Pharm. Bull., b12-00623. doi: 0.1248/
bpb.b12-00623

Park, J.-Y,, Kim, J. H,, Kim, Y. M., Jeong, H. J., Kim, D. W., Park, K. H,, et al.
(2012b). Tanshinones as selective and slow-binding inhibitors for SARS-CoV
cysteine proteases. Bioorganic medicinal Chem. 20, 5928-5935. doi: 10.1016/
j.bmc.2012.07.038

Frontiers in Cellular and Infection Microbiology

26

10.3389/fcimb.2022.929430

Park, J.-Y., Kim, J. H,, Kwon, J. M., Kwon, H.-J., Jeong, H. J., Kim, Y. M., et al.
(2013). Dieckol, a SARS-CoV 3CLpro inhibitor, isolated from the edible brown
algae ecklonia cava. Bioorganic medicinal Chem. 21, 3730. doi: 10.1016/
j.bmc.2013.04.026

Park, J.-Y., Ko, J.-A,, Kim, D. W,, Kim, Y. M., Kwon, H.-],, Jeong, H. J., et al.
(2016). Chalcones isolated from angelica keiskei inhibit cysteine proteases of SARS-
CoV. J. Enzyme inhibition medicinal Chem. 31, 23-30. doi: 10.3109/
14756366.2014.1003215

Park, J.-Y., Yuk, H.J., Ryu, H. W,, Lim, S. H,, Kim, K. S, Park, K. H,, et al. (2017).
Evaluation of polyphenols from broussonetia papyrifera as coronavirus protease
inhibitors. J. Enzyme inhibition medicinal Chem. 32, 504-512. doi: 10.1080/
14756366.2016.1265519

Pawar, R. P., and Rohane, S. H. (2021). Role of autodock vina in PyRx molecular
docking. Asian J. Res. Chem 14, 132-134. doi: 10.5958/0974-4150.2021.00024.9

Peroni, D. G., and Fanos, V. (2020). Lactoferrin is an important factor when
breastfeeding and COVID-19 are considered. Acta Paediatrica (Oslo Norway:
1992).

Petersen, K. A., Matthiesen, F., Agger, T., Kongerslev, L., Thiel, S., Cornelissen,
K., et al. (2006). Phase I safety, tolerability, and pharmacokinetic study of
recombinant human mannan-binding lectin. J. Clin. Immunol. 26, 465-475. doi:
10.1007/s10875-006-9037-z

Pillaiyar, T., Meenakshisundaram, S., and Manickam, M. (2020). Recent
discovery and development of inhibitors targeting coronaviruses. Drug Discov.
Today 25, 668-688. doi: 10.1016/j.drudis.2020.01.015

Prasansuklab, A., Theerasri, A., Rangsinth, P., Sillapachaiyaporn, C.,
Chuchawankul, S., and Tencomnao, T. (2020). Anti-COVID-19 drug candidates:
a review on potential biological activities of natural products in the management of
new coronavirus infection. J. Traditional Complementary Med. 11 (2), 144-157.
doi: 10.1016/j.jtcme.2020.12.001

Rafig, M. (2021). Physical activity for active cases of COVID-19: Can patients do
physical exercise? Pak. J. Public Health 11, 51-52. doi: 10.32413/pjph.v11i2.806

Rahman, M. A., Matin, M. M., Kumer, A., Chakma, U., and Rahman, M. R.
(2022). Modified d-glucofuranoses as new black fungus protease inhibitors:
Computational screening, docking, dynamics, and QSAR study 10, 195-209.
doi: 10.22036/pcr.2021.294078.1934

Rane, J. S., Pandey, P., Chatterjee, A., Khan, R., Kumar, A., Prakash, A, et al.
(2020). Targeting virus-host interaction by novel pyrimidine derivative: an in silico
approach towards discovery of potential drug against COVID-19. J. Biomolecular
Structure Dynamics 39 (15), 1-11. doi: 10.1080/07391102.2020.1794969

Rayan, B., and Rayan, A. (2017). Avogadro program for chemistry education: To
what extent can molecular visualization and three-dimensional simulations
enhance meaningful chemistry learning. World J. Chem. Educ 5, 136-141.
doi: 10.12691/wjce-5-4-4

Ren, J.-L., Zhang, A.-H., and Wang, X.-J. (2020). Traditional Chinese medicine

for COVID-19 treatment. Pharmacol. Res. 155, 104743. doi: 10.1016/
j.phrs.2020.104743

Rosa, L., Cutone, A., Lepanto, M. S., Paesano, R., and Valenti, P. (2017).
Lactoferrin: a natural glycoprotein involved in iron and inflammatory
homeostasis. Int. J. Mol. Sci. 18, 1985. doi: 10.3390/ijms18091985

Runfeng, L., Yunlong, H., Jicheng, H., Weiqi, P., Qinhai, M., Yongxia, S., et al.
(2020). Lianhuagingwen exerts anti-viral and anti-inflammatory activity against
novel coronavirus (SARS-CoV-2). Pharmacol. Res. 156, 104761. doi: 10.1016/
j.phrs.2020.104761

Ryu, Y. B., Jeong, H. ], Kim, J. H., Kim, Y. M., Park, J.-Y., Kim, D,, et al. (2010a).
Biflavonoids from torreya nucifera displaying SARS-CoV 3CLpro inhibition.
Bioorganic medicinal Chem. 18, 7940-7947. doi: 10.1016/j.bmc.2010.09.035

Ryu, Y. B, Park, S.-J., Kim, Y. M,, Lee, J.-Y., Seo, W. D,, Chang, J. S., et al.
(2010b). SARS-CoV 3CLpro inhibitory effects of quinone-methide triterpenes from
tripterygium regelii. Bioorganic medicinal Chem. Lett. 20, 1873-1876. doi: 10.1016/
j.bmcl.2010.01.152

Saeed, F., Nadeem, M., Ahmed, R. S., Tahir Nadeem, M., Arshad, M. S., and
Ullah, A. (2016). Studying the impact of nutritional immunology underlying the
modulation of immune responses by nutritional compounds-a review. Food Agric.
Immunol. 27, 205-229. doi: 10.1080/09540105.2015.1079600

Sarkar, M., Nath, A., Kumer, A., Mallik, C., Akter, F., Moniruzzaman, Md, et al.
(2021). Synthesis, molecular docking screening, ADMET and dynamics studies of
synthesized 4-(4-methoxyphenyl)-8-methyl-3, 4, 5, 6, 7, 8-hexahydroquinazolin-2
(1H)-one and quinazolinone derivatives. J. Mol. Structure 1244, 130953.
doi: 10.131016/j.molstruc.132021.130953

Sauter, D., Schwarz, S., Wang, K., Zhang, R,, Sun, B., and Schwarz, W. (2014).
Genistein as antiviral drug against HIV ion channel. Planta Med. 80, 682-687.
doi: 10.1055/s-0034-1368583

Schwarz, S., Sauter, D., Lu, W., Wang, K, Sun, B, Efferth, T., et al. (2012).
Coronaviral ion channels as target for Chinese herbal medicine. Onco Ther. 3.
doi: 10.1615/ForumImmunDisTher.2012004378

frontiersin.org


https://doi.org/10.3390/pr8050549
https://doi.org/10.1093/infdis/jiq025
https://doi.org/10.1016/j.antiviral.2016.07.011
https://doi.org/10.1016/j.antiviral.2017.03.007
https://doi.org/10.1016/j.antiviral.2017.03.007
https://doi.org/10.1016/j.jmb.2021.166888
https://doi.org/10.1016/j.jmb.2021.166888
https://doi.org/10.1016/j.cell.2020.04.004
https://doi.org/10.1016/j.cell.2020.04.004
https://doi.org/10.1016/S2665-9913(20)30092-8
https://doi.org/10.22376/ijpbs.2017.8.3.b674-677
https://doi.org/10.1016/j.envint.2020.105730
https://doi.org/10.3389/fimmu.2020.570122
https://doi.org/10.3389/fimmu.2020.570122
https://doi.org/10.1016/j.antiviral.2017.12.010
https://doi.org/10.1016/j.ctim.2019.01.014
https://doi.org/10.1002/ptr.2761
https://doi.org/10.1016/j.molstruc.2020.129225
https://doi.org/10.1186/s43088-021-00117-8
https://doi.org/10.1128/JVI.02322-09
https://doi.org/10.3389/fphar.2020.586993
https://doi.org/10.1038/aps.2012.109
https://doi.org/10.1038/aps.2012.109
https://doi.org/0.1248/bpb.b12-00623
https://doi.org/0.1248/bpb.b12-00623
https://doi.org/10.1016/j.bmc.2012.07.038
https://doi.org/10.1016/j.bmc.2012.07.038
https://doi.org/10.1016/j.bmc.2013.04.026
https://doi.org/10.1016/j.bmc.2013.04.026
https://doi.org/10.3109/14756366.2014.1003215
https://doi.org/10.3109/14756366.2014.1003215
https://doi.org/10.1080/14756366.2016.1265519
https://doi.org/10.1080/14756366.2016.1265519
https://doi.org/10.5958/0974-4150.2021.00024.9
https://doi.org/10.1007/s10875-006-9037-z
https://doi.org/10.1016/j.drudis.2020.01.015
https://doi.org/10.1016/j.jtcme.2020.12.001
https://doi.org/10.32413/pjph.v11i2.806
https://doi.org/10.22036/pcr.2021.294078.1934
https://doi.org/10.1080/07391102.2020.1794969
https://doi.org/10.12691/wjce-5-4-4
https://doi.org/10.1016/j.phrs.2020.104743
https://doi.org/10.1016/j.phrs.2020.104743
https://doi.org/10.3390/ijms18091985
https://doi.org/10.1016/j.phrs.2020.104761
https://doi.org/10.1016/j.phrs.2020.104761
https://doi.org/10.1016/j.bmc.2010.09.035
https://doi.org/10.1016/j.bmcl.2010.01.152
https://doi.org/10.1016/j.bmcl.2010.01.152
https://doi.org/10.1080/09540105.2015.1079600
https://doi.org/10.131016/j.molstruc.132021.130953
https://doi.org/10.1055/s-0034-1368583
https://doi.org/10.1615/ForumImmunDisTher.2012004378
https://doi.org/10.3389/fcimb.2022.929430
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Rahman et al.

Schwarz, S., Sauter, D., Wang, K., Zhang, R., Sun, B., Karioti, A., et al. (2014).
Kaempferol derivatives as antiviral drugs against the 3a channel protein of
coronavirus. Planta Med. 80, 177-182. doi: 10.1055/s-0033-1360277

Semprini, A., Singer, J., Shortt, N., Braithwaite, I., and Beasley, R. (2017).
Protocol for a randomised controlled trial of 90% kanuka honey versus 5%
aciclovir for the treatment of herpes simplex labialis in the community setting.
BM]J Open 7, €017766. doi: 10.1136/bmjopen-2017-017766

Sen-Crowe, B., Mckenney, M., and Elkbuli, A. (2020). Social distancing during
the COVID-19 pandemic: Staying home save lives. Am. J. Emergency Med. 38,
1519-1520. doi: 10.1016/j.ajem.2020.03.063

Shady, N. H., El-Hossary, E. M., Fouad, M. A., Gulder, T. A., Kamel, M. S., and
Abdelmohsen, U. R. (2017). Bioactive natural products of marine sponges from the
genus hyrtios. Molecules 22, 781. doi: 10.3390/molecules22050781

Shakibaei, M., Buhrmann, C., and Mobasheri, A. (2011a). Resveratrol-mediated
SIRT-1 interactions with p300 modulate receptor activator of NF-xB ligand
(RANKL) activation of NF-kB signaling and inhibit osteoclastogenesis in bone-
derived cells. J. Biol. Chem. 286, 11492-11505. doi: 10.1074/jbc.M110.198713

Shakibaei, M., Mobasheri, A., and Buhrmann, C. (2011b). Curcumin synergizes
with resveratrol to stimulate the MAPK signaling pathway in human articular
chondrocytes in vitro. Genes Nutr. 6, 171-179. doi: 10.1007/s12263-010-0179-5

Shang, J., Wan, Y., Luo, C,, Ye, G., Geng, Q., Auerbach, A,, et al. (2020). Cell
entry mechanisms of SARS-CoV-2. Proc. Natl. Acad. Sci. 117, 11727-11734. doi:
10.1073/pnas.2003138117

Sharifi, N., Souri, E., Ziai, S. A., Amin, G., and Amanlou, M. (2013). Discovery of
new angiotensin converting enzyme (ACE) inhibitors from medicinal plants to
treat hypertension using an in vitro assay. DARU J. Pharm. Sci. 21, 1-8. doi:
10.1186/2008-2231-21-74

Sharma, M., Joshi, M., Nigam, S., Shree, S., Avasthi, D. K., Adelung, R., et al.
(2019). ZnO tetrapods and activated carbon based hybrid composite: Adsorbents
for enhanced decontamination of hexavalent chromium from aqueous solution.
Chem. Eng. ]. 358, 540-551. doi: 10.1016/j.cej.2018.10.031

Shen, L., Niu, J., Wang, C., Huang, B., Wang, W., Zhu, N, et al. (2019). High-
throughput screening and identification of potent broad-spectrum inhibitors of
coronaviruses. J. Virol. 93, €00023-¢00019. doi: 10.1128/JV1.00023-19

Shete, A. (2020). Urgent need for evaluating agonists of angiotensin-(1-7)/Mas
receptor axis for treating patients with COVID-19. Int. J. Infect. Dis. 96, 348-351.
doi: 10.1016/.1jid.2020.05.002

Shi, N., Guo, L, Liu, B, Bian, Y., Chen, R., Chen, S, et al. (2021). Efficacy and
safety of Chinese herbal medicine versus lopinavir-ritonavir in adult patients with
coronavirus disease 2019: A non-randomized controlled trial. Phytomed 81,
153367. doi: 10.1016/j.phymed.2020.153367

Sigrist, C. J., Bridge, A., and Le Mercier, P. (2020). A potential role for integrins
in host cell entry by SARS-CoV-2. Antiviral Res. 177, 104759. doi: 10.1016/
j-antiviral.2020.104759

Sliwoski, G., Kothiwale, S., Meiler, J., and Lowe, E. W. J. R. (2014).
Computational methods in drug discovery. Pharmacol. Rev 66, 334-395.
doi: 10.1124/pr.112.007336

Song, Y. H., Kim, D. W, Curtis-Long, M. ]., Yuk, H.]., Wang, Y., Zhuang, N, et al.
(2014). Papain-like protease (PLpro) inhibitory effects of cinnamic amides from
tribulus terrestris fruits. Biol. Pharm. Bull. 37, 1021-1028. doi: 10.1248/bpb.b14-
00026

Song, P., Zhao, L., Li, X,, Su, J., Jiang, Z., Song, B., et al. (2020). Interpretation of
the traditional Chinese medicine portion of the diagnosis and treatment protocol
for corona virus disease 2019 (Trial version 7). J. Traditional Chin. Med. . 40, 497—
508. doi: 10.19852/j.cnki.jtcm.2020.03.019

South, A. M., Brady, T. M., and Flynn, J. T. (2020). ACE2 (Angiotensin-
converting enzyme 2), COVID-19, and ACE inhibitor and ang II (Angiotensin
II) receptor blocker use during the pandemic: The pediatric perspective.
Hypertension 76, 16-22. doi: 10.1161/HYPERTENSIONAHA.120.15291

Terpos, E., Ntanasis-Stathopoulos, 1., Elalamy, I, Kastritis, E., Sergentanis, T. N.,
Politou, M., et al. (2020). Hematological findings and complications of COVID-19.
Am. J. Hematol. 95, 834-847. doi: 10.1002/ajh.25829

Tome-Carneiro, J., and Visioli, F. (2016). Polyphenol-based nutraceuticals for
the prevention and treatment of cardiovascular disease: Review of human evidence.
Phytomedicine 23, 1145-1174. doi: 10.1016/j.phymed.2015.10.018

Toney, J. H., Navas-Martin, S., Weiss, S. R., and Koeller, A. (2004). Sabadinine: a
potential non-peptide anti-severe acute-respiratory-syndrome agent identified
using structure-aided design. J. medicinal Chem. 47, 1079-1080. doi: 10.1021/
m034137m

Tu, Y.-F,, Chien, C.-S., Yarmishyn, A. A,, Lin, Y.-Y,, Luo, Y.-H,, Lin, Y.-T., et al.
(2020). A review of SARS-CoV-2 and the ongoing clinical trials. Int. J. Mol. Sci. 21,
2657. doi: 10.3390/ijms21072657

Van Doremalen, N., Bushmaker, T., Morris, D. H., Holbrook, M. G., Gamble, A.,
Williamson, B. N, et al. (2020). Aerosol and surface stability of SARS-CoV-2 as

Frontiers in Cellular and Infection Microbiology

27

10.3389/fcimb.2022.929430

compared with SARS-CoV-1. New Engl. J. Med. 382, 1564-1567. doi: 10.1056/
NEJMc2004973

Vickers, N. J. (2017). Animal communication: when i'm calling you, will you
answer too? Curr. Biol. 27, R713-R715. doi: 10.1016/j.cub.2017.05.064

Voeltz, G. K., Prinz, W. A,, Shibata, Y., Rist, J. M., and Rapoport, T. A. (2006). A
class of membrane proteins shaping the tubular endoplasmic reticulum. Cell 124,
573-586. doi: 10.1016/j.cell.2005.11.047

Walls, A. C,, Park, Y.-],, Tortorici, M. A., Wall, A., Mcguire, A. T., and Veesler,
D. (2020). Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell 181, 281-292. €286. doi: 10.1016/j.cell.2020.02.058

Wang, C., Cao, B, Liu, Q-Q., Zou, Z.-Q,, Liang, Z.-A., Gu, L, et al. (2011).
Oseltamivir compared with the Chinese traditional therapy maxingshigan-
yingiaosan in the treatment of HIN1 influenza: a randomized trial. Ann. Intern.
Med. 155, 217-225. doi: 10.7326/0003-4819-155-4-201108160-00005

Wang, S.-Q., Du, Q.-S., Zhao, K., Li, A.-X., Wei, D.-Q., and Chou, K.-C. (2007).
Virtual screening for finding natural inhibitor against cathepsin-1 for SARS
therapy. Amino Acids 33, 129-135. doi: 10.1007/s00726-006-0403-1

Wang, D., Huang, J., Yeung, A. W. K, Tzvetkov, N. T., Horbanczuk, J. O.,
Willschke, H., et al. (2020a). The significance of natural product derivatives and
traditional medicine for COVID-19. Processes 8, 937. doi: 10.3390/pr8080937

Wang, Y., Lu, C, Li, H,, Qi, W,, Ruan, L, Bian, Y., et al. (2021). Efficacy and
safety assessment of severe COVID-19 patients with Chinese medicine: A
retrospective case series study at early stage of the COVID-19 epidemic in
wuhan, China. J. Ethnopharmacol 277, 113888. doi: 10.1016/j.jep.2021.113888

Wang, J., and Qi, F. (2020b). Traditional Chinese medicine to treat COVID-19:
the importance of evidence-based research. Drug Discovery Ther. 14, 149-150.
doi: 10.5582/ddt.2020.03054

Wang, H., Yang, P., Liu, K,, Guo, F,, Zhang, Y., Zhang, G., et al. (2008). SARS
coronavirus entry into host cells through a novel clathrin-and caveolae-
independent endocytic pathway. Cell Res. 18, 290-301. doi: 10.1038/cr.2008.15

Wang, J., Zhang, T., Du, J., Cui, S., Yang, F., and Jin, Q. (2014). Anti-enterovirus
71 effects of chrysin and its phosphate ester. PloS One 9, e89668. doi: 10.1371/
journal.pone.0089668

Watanabe, K., Rahmasari, R., Matsunaga, A., Haruyama, T., and Kobayashi, N.
(2014). Anti-influenza viral effects of honey in vitro: potent high activity of manuka
honey. Arch. Med. Res. 45, 359-365. doi: 10.1016/j.arcmed.2014.05.006

Weber, C., and Opatz, T. (2019). Bisbenzylisoquinoline alkaloids. Alkaloids:
Chem. Biol. 81, 1-114. doi: 10.1016/bs.alkal.2018.07.001

Weiss, G. (2002). Iron and immunity: a double-edged sword. Eur. J. Clin. Invest.
32, 70-78. doi: 10.1046/j.1365-2362.2002.0320s1070.x

Weng, J.-R,, Lin, C.-S,, Lai, H.-C,, Lin, Y.-P., Wang, C.-Y., Tsai, Y.-C,, et al.
(2019). Antiviral activity of sambucus FormosanaNakai ethanol extract and related
phenolic acid constituents against human coronavirus NL63. Virus Res. 273,
197767. doi: 10.1016/j.virusres.2019.197767

Wen, C.-C,, Shyur, L.-F,, Jan, J.-T., Liang, P.-H., Kuo, C.-J., Arulselvan, P., et al.
(2011). Traditional Chinese medicine herbal extracts of cibotium barometz,
gentiana scabra, dioscorea batatas, cassia tora, and taxillus chinensis inhibit
SARS-CoV replication. J. traditional complementary Med. 1, 41-50. doi: 10.1016/
§2225-4110(16)30055-4

Wu, A, Peng, Y., Huang, B, Ding, X., Wang, X,, Niu, P., et al. (2020a). Genome
composition and divergence of the novel coronavirus, (2019-nCoV) originating in
China. Cell Host Microbe 27, 325-328. doi: 10.1016/j.chom.2020.02.001

Wu, H,, Wang, J., Yang, Y., Li, T., Cao, Y., Qu, Y., et al. (2020b). Preliminary
exploration of the mechanism of gingfei paidu decoction against novel coronavirus
pneumonia based on network pharmacology and molecular docking technology.
Acta Pharm. Sin. 55, 374-383. doi: 10.16438/j.0513-4870.2020-0136

Wu, Y., Xu, X,, Chen, Z., Duan, J., Hashimoto, K., Yang, L., et al. (2020c).
Nervous system involvement after infection with COVID-19 and other
coronaviruses. Brain behavior Immun. 87, 18-22. doi: 10.1016/j.bbi.2020.03.031

Xiao, M., Tian, J., Zhou, Y., Xu, X,, Min, X, Lv, Y., et al. (2020). Efficacy of
huoxiang zhengqi dropping pills and lianhua qingwen granules in treatment of
COVID-19: a randomized controlled trial. Pharmacol. Res. 161, 105126. doi:
10.1016/j.phrs.2020.105126

Xie, X.-Q. (2010). Exploiting PubChem for virtual screening. Expert Opin. Drug
Discov 5, 1205-1220. doi: 10.1517/17460441.2010.524924

Xiong, L., Lu, H., Hu, Y., Wang, W., Liu, R,, Wan, X,, et al. (2021). In vitro anti-
motile effects of rhoifolin, a flavonoid extracted from callicarpa nudiflora on breast
cancer cells via downregulating podocalyxin-ezrin interaction during epithelial
mesenchymal transition. Phytomedicine 93, 153486. doi: 10.1016/
j.phymed.2021.153486

Xiong, W.-Z., Wang, G., Du, J., and Ai, W. (2020). Efficacy of herbal medicine
(Xuanfei baidu decoction) combined with conventional drug in treating COVID-
19: A pilot randomized clinical trial. Integr. Med. Res. 9, 100489. doi: 10.1016/
j.imr.2020.100489

frontiersin.org


https://doi.org/10.1055/s-0033-1360277
https://doi.org/10.1136/bmjopen-2017-017766
https://doi.org/10.1016/j.ajem.2020.03.063
https://doi.org/10.3390/molecules22050781
https://doi.org/10.1074/jbc.M110.198713
https://doi.org/10.1007/s12263-010-0179-5
https://doi.org/10.1073/pnas.2003138117
https://doi.org/10.1186/2008-2231-21-74
https://doi.org/10.1016/j.cej.2018.10.031
https://doi.org/10.1128/JVI.00023-19
https://doi.org/10.1016/j.ijid.2020.05.002
https://doi.org/10.1016/j.phymed.2020.153367
https://doi.org/10.1016/j.antiviral.2020.104759
https://doi.org/10.1016/j.antiviral.2020.104759
https://doi.org/10.1124/pr.112.007336
https://doi.org/10.1248/bpb.b14-00026
https://doi.org/10.1248/bpb.b14-00026
https://doi.org/10.19852/j.cnki.jtcm.2020.03.019
https://doi.org/10.1161/HYPERTENSIONAHA.120.15291
https://doi.org/10.1002/ajh.25829
https://doi.org/10.1016/j.phymed.2015.10.018
https://doi.org/10.1021/jm034137m
https://doi.org/10.1021/jm034137m
https://doi.org/10.3390/ijms21072657
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1016/j.cub.2017.05.064
https://doi.org/10.1016/j.cell.2005.11.047
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.7326/0003-4819-155-4-201108160-00005
https://doi.org/10.1007/s00726-006-0403-1
https://doi.org/10.3390/pr8080937
https://doi.org/10.1016/j.jep.2021.113888
https://doi.org/10.5582/ddt.2020.03054
https://doi.org/10.1038/cr.2008.15
https://doi.org/10.1371/journal.pone.0089668
https://doi.org/10.1371/journal.pone.0089668
https://doi.org/10.1016/j.arcmed.2014.05.006
https://doi.org/10.1016/bs.alkal.2018.07.001
https://doi.org/10.1046/j.1365-2362.2002.0320s1070.x
https://doi.org/10.1016/j.virusres.2019.197767
https://doi.org/10.1016/S2225-4110(16)30055-4
https://doi.org/10.1016/S2225-4110(16)30055-4
https://doi.org/10.1016/j.chom.2020.02.001
https://doi.org/10.16438/j.0513-4870.2020-0136
https://doi.org/10.1016/j.bbi.2020.03.031
https://doi.org/10.1016/j.phrs.2020.105126
https://doi.org/10.1517/17460441.2010.524924
https://doi.org/10.1016/j.phymed.2021.153486
https://doi.org/10.1016/j.phymed.2021.153486
https://doi.org/10.1016/j.imr.2020.100489
https://doi.org/10.1016/j.imr.2020.100489
https://doi.org/10.3389/fcimb.2022.929430
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Rahman et al.

Xu, Z., Shi, L, and Wang, Y. (2020). Pathological findings of COVID-19
associated with acute respiratory distress syndrome. Lancet Respir. Med. 8 (4),
420-422. doi: 10.1016/S2213-2600(20)30076-X

Yaghoobi, R., and Kazerouni, A. (2013). Evidence for clinical use of honey in
wound healing as an anti-bacterial, anti-inflammatory anti-oxidant and anti-viral
agent: A review. Jundishapur J. Natural Pharm. products 8,100. doi: 10.17795/jjnpp-
9487

Yoon, M., Kim, J.-S., Seo, S., Lee, K., Um, M. Y., Lee, ., et al. (2020). Dieckol, a
major marine polyphenol, enhances non-rapid eye movement sleep in mice via the
GABAA-benzodiazepine receptor. Front. Pharmacol. 11, 494. doi: 10.3389/
fphar.2020.00494

Yu, M.-S,, Lee, J., Lee, J. M., Kim, Y., Chin, Y.-W,, Jee, J.-G., et al. (2012).
Identification of myricetin and scutellarein as novel chemical inhibitors of the
SARS coronavirus helicase, nsP13. Bioorganic medicinal Chem. Lett. 22, 4049—
4054. doi: 10.1016/j.bmcl.2012.04.081

Yu, W., and Mackerell, A. D. (2017). “"Computer-aided drug design methods,",”
in Antibiotics (New York, NY: Springer), 85-106.

Zahran, E. M., Albohy, A, Khalil, A, Ibrahim, A. H., Ahmed, H. A., El-Hossary,
E. M, et al. (2020). Bioactivity potential of marine natural products from
scleractinia-associated microbes and in silico anti-SARS-COV-2 evaluation. Mar.
Drugs 18, 645. doi: 10.3390/md18120645

Zakaryan, H., Arabyan, E., Oo, A., and Zandi, K. (2017). Flavonoids: promising
natural compounds against viral infections. Arch. Virol. 162, 2539-2551. doi:
10.1007/500705-017-3417-y

Zareie, P. P. (2011). Honey as an antiviral agent against respiratory syncytial
virus (New Zealand: University of Waikato).

Zeina, B., Othman, O., and Al-Assad, S. (1996). Effect of honey versus thyme on
rubella virus survival in vitro. J. Altern. Complementary Med. 2, 345-348. doi:
10.1089/acm.1996.2.345

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

Frontiers in Cellular and Infection Microbiology

28

10.3389/fcimb.2022.929430

Zhang, Y., Xiao, M., Zhang, S., Xia, P., Cao, W, Jiang, W., et al. (2020c).
Coagulopathy and antiphospholipid antibodies in patients with covid-19. New
Engl. J. Med. 382, €38. doi: 10.1016/j.phrs.2020.104882

Zhang, D., Zhang, B., Lv, J.-T., Sa, R.-N., Zhang, X.-M., and Lin, Z.-]. (2020b).
The clinical benefits of Chinese patent medicines against COVID-19 based on
current evidence. Science 157, 104882. doi: 10.1056/NEJMc2007575

Zhao, J., Tian, S. S., Yang, ], Liu, J. F,, and Zhang, W. D. (2020). Investigating
mechanism of Qing-Fei-Pai-Du-Tang for treatment of COVID-19 by network
pharmacology. Chin. Traditional Herbal Drugs 51, 829-835.

Zhong, F., Xing, J., Li, X,, Liu, X,, Fu, Z,, Xiong, Z., et al. (2018). Artificial
intelligence in drug design. Sci. China Life Sci. 61, 1191-1204. doi: 10.1007/s11427-
018-9342-2

Zhuang, M., Jiang, H., Suzuki, Y., Li, X., Xiao, P., Tanaka, T., et al. (2009).
Procyanidins and butanol extract of cinnamomi cortex inhibit SARS-CoV
infection. Antiviral Res. 82, 73-81. doi: 10.1016/j.antiviral.2009.02.001

Zibaei, M., and Firoozeh, F. (2013). Detection of qnrA gene among quinolone-
resistant escherichia coli isolated from urinary tract infections in khorram abad
during 2011-2012. KAUMS J. (FEYZ) 17, 488-494.

Zildzic, M., Masic, L, Salihefendic, N., Jasic, M., and Hajdarevic, B. (2020). The
importance of nutrition in boosting immunity for prevention and treatment
COVID-19. Int. ]. BioMed. Healthc 8, 73-79. doi: 10.5455/ijbh.2020.8.73-79

COPYRIGHT

© 2022 Rahman, Islam, Akash, Mim, Rahaman, Emran, Akkol, Sharma,
Alhumaydhi, Sweilam, Hossain, Ray, Sultana, Ahmed, Sobarzo-Sanchez and
Wilairatana. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

frontiersin.org


https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.17795/jjnpp-9487
https://doi.org/10.17795/jjnpp-9487
https://doi.org/10.3389/fphar.2020.00494
https://doi.org/10.3389/fphar.2020.00494
https://doi.org/10.1016/j.bmcl.2012.04.081
https://doi.org/10.3390/md18120645
https://doi.org/10.1007/s00705-017-3417-y
https://doi.org/10.1089/acm.1996.2.345
https://doi.org/10.1016/j.joim.2020.02.005
https://doi.org/10.1016/j.phrs.2020.104882
https://doi.org/10.1056/NEJMc2007575
https://doi.org/10.1007/s11427-018-9342-2
https://doi.org/10.1007/s11427-018-9342-2
https://doi.org/10.1016/j.antiviral.2009.02.001
https://doi.org/10.5455/ijbh.2020.8.73-79
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fcimb.2022.929430
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	In silico investigation and potential therapeutic approaches of natural products for COVID-19: Computer-aided drug design perspective
	1 Introduction
	2 Epidemiology
	3 Potential therapeutic approach against COVID-19
	4 Prevention of COVID-19 and immune enhancer
	5 Natural products for inhibiting COVID-19
	5.1 Natural products inhibiting MERS-CoV
	5.2 Natural products inhibiting SARS-CoV
	5.2.1 Polyphenols
	5.2.2 Lectins
	5.2.3 Terpenoid derivatives
	5.2.4 Alkaloid derivatives

	5.3 Natural products inhibiting SARS-CoV-2
	5.3.1 Camel milk
	5.3.2 Honey


	6 Anti-coronavirus metabolites from natural sources
	6.1 Inhibitors of ACE2
	6.2 3CLpro Inhibitors

	7 Prospects of using computational techniques to screen possible anti-COVID-19 agents from plants
	8 Potential leads from southern African plants
	9 Anti-corona viral natural products with unidentified modes of action
	10 Traditional Chinese herbal medicine against COVID-19
	11 Impact of marine natural products in COVID-19
	12 Genome Replication Inhibition
	12.1 Papain-like Protease Inhibitors
	12.2 RNA-dependent RNA Polymerase Inhibitors

	13 Clinical studies
	14 Computational studies
	14.1 Molecular Docking Against SARS-CoV-2 Main Protease
	14.2 ADMET properties and aquatic and non-aquatic toxicity
	14.3 Protein-ligand interaction

	15 Conclusion and future perspective
	Authors contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


