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The flare-up in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that

emerged in December 2019 in Wuhan, China, and spread expeditiously worldwide

has become a health challenge globally. The rapid transmission, absence of anti-

SARS-CoV-2 drugs, and inexistence of vaccine are further exacerbating the situation.

Several drugs, including chloroquine, remdesivir, and favipiravir, are presently under-

going clinical investigation to further scrutinize their effectiveness and validity in the

management of COVID-19. Natural products (NPs) in general, and plants constitu-

ents specifically, are unique sources for various effective and novel drugs.

Immunostimulants, including vitamins, iron, zinc, chrysin, caffeic acid, and gallic acid,

act as potent weapons against COVID-19 by reinvigorating the defensive mecha-

nisms of the immune system. Immunity boosters prevent COVID-19 by stimulating

the proliferation of T-cells, B-cells, and neutrophils, neutralizing the free radicals,

inhibiting the immunosuppressive agents, and promoting cytokine production. Pres-

ently, antiviral therapy includes several lead compounds, such as baicalin, glycyrrhizin,

theaflavin, and herbacetin, all of which seem to act against SARS-CoV-2 via particular

targets, such as blocking virus entry, attachment to host cell receptor, inhibiting viral

replication, and assembly and release.
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1 | INTRODUCTION

Even with the invested enormous scientific efforts, the emergence of a

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) remains

a paramount concern for human health (Wu, Zhao, et al., 2020). The con-

tinuing flare-up of the novel pandemic COVID-19 caused by SARS-

CoV-2 has become the leading health issue worldwide (Li et al., 2020).

Several research institutes are making efforts to develop vaccines to quell

and manage the COVID-19, but there is no vaccine available so far. Now,

the vaccine is under trial in different countries, and there is not any par-

ticular efficacious antiviral therapy for COVID-19 (Kwok et al., 2021;

Nusbaum, 2020; Zhou et al., 2020).

Natural components may also afford protection against COVID-

19. They are generally readily available and safer than synthetic
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agents (Islam et al., 2020). To date, 30 such compounds have been

identified (Dong, Hu, et al., 2020).

The therapeutic effects of plants have been long recognized

(Sarfraz et al., 2020; Thomford et al., 2018). Many diseases have been

treated with medicinal plants due to their phytochemical diversity

(Thomford et al., 2018), and natural products (NPs) are commonly

used to promote health care and prevent diseases (Chen et al., 2018).

Since the discovery of the first antibiotic, more than 23,000 NPs have

been identified (Nawaz et al., 2020). According to WHO, 80% of the

human population rely on medicinal plants for maintaining a healthy

lifestyle (Sarfraz et al., 2020). NPs serve as an incomparable source of

unparalleled and distinctive compounds that can prevent inflammation

and fight against cancer (Chahyadi et al., 2014; Wei, Rasul,

et al., 2019). In addition to these activities, NPs have the ability to

boost the immune system, protecting against infectious diseases

(Amor et al., 2007; Sarfraz et al., 2020).

The most important strategy to prevent and control SARS-CoV-2

is to boost the immune system. During the incubation stage, it is nec-

essary to eradicate the virus and prevent its replication, by mounting

an efficient immune response.

Nutraceuticals have the ability to boost and restore both innate

and adaptive immune responses (Ibrahim & El-Sayed, 2016). The com-

petence of the immune system depends upon the nutritional status,

and the deficiency of micronutrients can lead to the impairment of

the immune system (Alpert, 2017). It has been shown that the

immune system functions optimally when micronutrients such as vita-

mins and minerals for their synergistic roles in supporting the immune

system are at adequate levels (Gombart et al., 2020). Micronutrients

strengthen the immune system as they enhance the skin epithelium

barrier, boost antibody synthesis, stimulate cell-mediated immune

response, regulate inflammation, and maintain antioxidant/oxidant

balance in the body (Alpert, 2017; Farhan Aslam et al., 2017; Gombart

et al., 2020).

In spite of the progression in the field of immunomodulation and

vaccination, there is still a lack of preventive measures and antiviral

medicaments for several infections (Lin et al., 2014). Thus,

antiviral agents obtained from natural origin may play an essential role

in preventing infection or killing the virus (Lateef Mousa, 2015; Wang

et al., 2012). An ideal antiviral should inhibit the replication of the

virus (Lalani & Poh, 2020) and targeting membranes by which virus

enters into the host cell (Lalani & Poh, 2020; Vázquez-Calvo

et al., 2017). It is obviously known that the western drugs have lofty

importance than natural antivirals that possess both immune-boosting

and antiviral properties having a significant role in the cure and elimi-

nation of disease (Moghbelli et al., 2020). NPs acquiring antiviral prop-

erties remain a leading source that could provide dominant and safest

therapies for the future progress in the treatment of fatal diseases

(El Sayed, 2000).

The aim of this review is to discuss NPs as antivirals and potent

invigorators of the immune system because of their phenomenal bio-

logical and pharmacological activities. The outcomes of different NPs

discussed herein should pave the way for further research on them

regarding the prevention and treatment of COVID-19.

2 | THERAPEUTIC STRATEGIES AGAINST
COVID-19

Vitamins, minerals, and trace elements are required for the optimal

functioning of the immune system (Alpert, 2017). Nutraceuticals

boost immunity and promote the proliferation of T-cells and B-cells.

T-cells protect the body from pathogens, and B-cells produce

antibody-producing plasma cells. Nutraceuticals stimulate macro-

phages and neutrophils, which are involved in the phagocytosis of

microbes (Gombart et al., 2020). One of the major steps against any

viral disease is to prevent the immunosuppressive activities within the

body. One of the immunosuppressive agents is PGE2, which is blocked

by vitamin E (Lee & Han, 2018). Reactive oxygen species (ROS) and

reactive nitrogen species (RNS) at high concentrations can inactivate

cellular molecules (Farhan Aslam et al., 2017). Along with

nutraceuticals, phytochemicals are also used for their immuno-

stimulant activity (Boothapandi & Ramanibai, 2019). Different phyto-

chemicals also regulate the assembly and release of various cytokines,

including IL-12p70, TNF, INF-γ, MCP-1, and IL-6, which are very req-

uisite for the activation of different immune cells (Reyes et al., 2018).

The cytokines not only boost immunity but also act as potent

weapons against viruses, such as interferon (INF), and various phyto-

chemicals utilize this strategy to combat COVID-19 (Laguno

et al., 2008).

The first and the most important strategy against viral infections

is to block the host receptor, inhibiting the fusion mechanism of

viruses with host cell membranes (Du et al., 2009; Sieczkarski &

Whittaker, 2002). The main strategy of antivirals is the inhibition of

viral enzymes such as PLpro, 3CLpro, and RdRp, leading to the inhibi-

tion of viral replication (Wu, Liu, et al., 2020). Another strategy is the

inhibition of viral gene expression, which includes translation and

transcription of viral RNA (Chen, Liu, & et al., 2020). Strategies

targeting host factors, such as the inhibition of virus–host interac-

tions, and altering the pH of endosomes also play a central role in

combating COVID-19 (Abramo et al., 2012).

3 | IMMUNOSTIMULATION BY NATURAL
PRODUCTS

The immune system is a complex web of cells, tissues, and organs that

provides resistance to infection and toxins. It has been recognized

that vitamins, minerals, and other phytonutrients are key players in

stimulating the immune system (Alpert, 2017; Ibrahim & El-

Sayed, 2016). COVID-19 has a higher degree of occurrence in older

men who are immunocompromised (Author & Society, n.d.).

NPs having immunostimulatory activity are exclusively used for a

wide range of afflictions (Mohamed et al., 2017). Compounds derived

from plants, such as glycosides, alkaloids, β-glucan, vitamins, sterols,

essential oils, and flavonoids, and part of our diets such as fruit, vege-

tables, and grains are NPs (Chakraborty & Hancz, 2011). Figure 2 sum-

marizes natural immunostimulators that may help to combat

COVID-19.
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immunostimulant nutraceuticals.

The fat-soluble vitamin, retinol, plays a remarkable role in invigo-

rating the immune system including both innate and adaptive immune

responses (Alpert, 2017). It has been found that vitamin A also has

antiviral effects (Elenius et al., 2017). One of the most notable func-

tions of vitamin A is that it assists in regulating IL-2 and TNF-α pro-

duction, which then further promotes microbe killing and respiratory

burst stimulation by macrophage activation (Gombart et al., 2020)

(Table 1). Vitamin A also increases the concentration of antibodies

(Alpert, 2017) and is associated with the increased level of IFN-γ,

which ultimately provides protection against viral afflictions by

increasing the number of natural killer (NK) cells (Elenius et al., 2017;

Maggini et al., 2007). Its natural sources include Spinacia oleracea

(spinach), Brassica oleracea (broccoli), Prunus armeniaca (apricot),

Daucus carota (carrot), Ipomoea batatas (sweet potato), and Pistacia

vera (pistachio) (Farhan Aslam et al., 2017).

Pyridoxine or vitamin B6 is a water-soluble vitamin that plays a

significant role in maintaining the optimal levels of homocysteine in

blood (Farhan Aslam et al., 2017). Vitamin B6 is utilized for the synthe-

sis of serotonin and is also crucial for the absorption of vitamin B12. In

addition, it has a vital role in stimulating the immune system (Farhan

Aslam et al., 2017), by regulating inflammation, lymphocyte multiplica-

tion, and differentiation (Gombart et al., 2020). Vitamin B6 also

increases the antibody titer (Farhan Aslam et al., 2017), modulates NK

cell function, and Th1-mediated immune response (Wintergerst

et al., 2007) (Table 1). It is present in Thunnini (tuna), Salmo salar

(salmon), Allium cepa (onions), Oryza sativa (rice), Cicer arietinum (chick-

pea), beef liver, and cereals (Farhan Aslam et al., 2017).

Folic acid or vitamin B9 plays an influential role in the human

body in the form of tetrahydrofolate for the synthesis of proteins and

nucleic acids (Alpert, 2017). Deficiency in folic acid disrupts metabolic

reactions and consequentially affects both innate and adaptive

TABLE 1 Nutraceutical immunity revitalizers, their sources, and their polypharmacological mechanisms

Copper Theobroma cacao

Sesamum indicum

C. arietinum

Enhances the level of IL-12p40. Promotes

phagocytosis and killing by activating the immune

cells.

(Richter et al., 2019)

Iron P. lunatus

S. tuberosum

P. sativum

Causes the production of toxic radicals by

macrophages. Stimulates the activation of

lymphocytes, NK cells, and monocytes.

(Theurl et al., 2005; Weiss, 2002)

Magnesium Scomber scombrus

A. esculentus

Ocimum basilicum

Protection against oxidative damage.Role in

antibody synthesis.Adhesion of immune cells.

Leukocyte activation.

(Gombart et al., 2020; Malavolta, 2018)

Selenium Mytilus edulis

A. sativum

Bertholletia excelsa

Maintains antibody levels.Protection against

oxidative stress via GPx.Promotes T-cell

proliferation.Production of IFN-γ.

(Gombart et al., 2020; Ibrahim & El-Sayed, 2016)

Vitamin-A Gadus morhua

D. carota

B. oleracea

Promotes the respiratory burst of macrophages.

Improves the number and function of NK cells.

Improves antibody concentration

(Alpert, 2017; Gombart et al., 2020)

Vitamin-C Foeniculum vulgare

C. sinensis

Citrus limon

Chemotactic factor for neutrophils.Promotes

antibody production.Potent antioxidant.T-cell

escalation.

(Vitamin C and the immune system j
SpringerLink, n.d.)

Vitamin-D Oncorhynchus

gorbuscha

Scomber scombrus

Activates macrophages and dendritic cells.Regulates

antimicrobial protein expression.Enhances

respiratory burst of macrophages.

(Farhan Aslam et al., 2017; Gombart et al., 2020)

Vitamin-E P. dulcis

H. annus

A. hypogaea

Promotes T-cell multiplication.Boosts antibody

response.Inhibits PGE2.

(Ibrahim & El-Sayed, 2016; Lee & Han, 2018)

Vitamin-B6 Thunnini

Sus

S. salar

Intensifies NK cell activity.Promotes the formation

of cytokines.Sustains TH1 response.Causes

antibody production.

(Farhan Aslam et al., 2017; Gombart et al., 2020)

Vitamin-B9 L. sativa

Beta vulgaris

Persea americana

Acts as antioxidant.Regulates neutrophil function.

Causes T-cell growth.

(Ibrahim & El-Sayed, 2016; Rosenthal et al., 2019)

Vitamin-

B12

Oncorhynchus mykiss

Lentinula edodes

Brachyura

Facilitates methylation reaction.Expedites T-cell

proliferation.Increases NK cell activity.Promotes

antibody production

(Morris et al., 2007; Rosenthal et al., 2019)

Zinc P. granatum

M. acuminata

Citrullus lanatus

Reduces ROS and RNS.Promotes the production of

IL-1, IL-6, IL-12, and TNF-α.Increases NK cells.

Hampers the apoptosis of B-cells.

(Gombart et al., 2020; Maares & Haase, 2016)

Note: IL-12: Interleukin-12, NK cells: natural killer cells, TNF: tumor necrosis factor, CTL: cytotoxic T-lymphocytes, ROS: reactive oxygen species, DTH:

delayed-type hypersensitivity, INF: interferon, MCP: monocyte chemoattractant protein, TH: T-helper cell, PGE2: prostaglandin.
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immune responses (Rosenthal et al., 2019). It is a potent antioxidant

(Zehra & Khan, 2020), and it intensifies NK cell activity, crucial for

Treg cell survival, and is important for the synthesis of antibodies

(Gombart et al., 2020). It expedites T-cell escalation, and its deficiency

is associated with reduced CD8+ T-cell generation (Rosenthal

et al., 2019). The activity of neutrophils is also impaired due to the

lack of vitamin B9 (Ibrahim & El-Sayed, 2016). The dietary sources of

vitamin B9 are S. oleracea (spinach), Persea americana (avocado),

S. salar (salmon), O. sativa (rice), Arachis hypogaea (peanuts), Lactuca

sativa (lettuce), Phaseolus vulgaris (kidney beans), eggs, and shellfish

(Farhan Aslam et al., 2017).

Vitamin B12, also named as cobalamin, plays a major role in pro-

tection against bacterial and viral afflictions by reinforcing the immune

response (Farhan Aslam et al., 2017). It promotes proliferation and

multiplication of white blood cells (Alpert, 2017). It has significant

immunomodulatory effects on the activity of cytotoxic T-lymphocytes

and NK cells, and promotes the growth of T-cells (Gombart

et al., 2020). Deficiency of vitamin B12 is associated with neutropenia

and leukopenia (Ibrahim & El-Sayed, 2016) and alters the CD4+/

CD8+ ratio and represses the activity of NK cells (Wintergerst

et al., 2007). Microbes in the intestine utilize vitamin B12 for several

metabolic reactions; thus, the gut barrier is also supported by vitamin

B12 (Gombart et al., 2020). Natural sources of vitamin B12 include

milk, eggs, cheese, trout, and cereals (Farhan Aslam et al., 2017).

Vitamin C, also known as ascorbic acid having astonishing ant-

iviral and anticancer activity, also plays an astounding role in strength-

ening the immune system (Alpert, 2017). It affects iron transport,

plays a crucial role in cellular proliferation and maturation, and assists

the formation of carnitine and neurotransmitters such as serotonin

and norepinephrine (Farhan Aslam et al., 2017). It not only provides

protection against reactive oxygen species but also promotes the rec-

lamation of other antioxidants such as vitamin E (Wintergerst

et al., 2007). It protects against viral infections by promoting the con-

version of CD4+ T cells into helper T cells, which produce high levels

of IFN-γ, and also stimulates migration of neutrophils to the infection

site (Vitamin C and the Immune System j SpringerLink, n.d.). It alters
PG production, provides protection against histamine- and leukocyte-

mediated immunosuppressive activities, stimulates chemokine pro-

duction, and neutralizes treacherous free radicals (Ibrahim & El-

Sayed, 2016). Recently, in China, treatment of patients with coronavi-

rus disease with large doses of vitamin C has been posited to decrease

the mortality rate (Adams et al., 2020; Carr, 2020). Lycopersicon

esculentum (tomato), Citrus sinensis (orange) (Figure 2), B. oleracea (cab-

bage), S. oleracea (spinach), Pisum sativum (green pea), and Cucumis

melo (cantaloupe) include NPs having vitamin C (Farhan Aslam

et al., 2017).

Ergocalciferol and cholecalciferol, also named vitamin D2 and vita-

min D3, respectively, are found chiefly in teeth and bony structures,

help to maintain them (Farhan Aslam et al., 2017), and may play an

important role in boosting the immune system against COVID-19. Cal-

citriol boosts innate immunity by enhancing the maturation of mono-

cytes and causing the expansion of oxidative burst activity (Gombart

et al., 2020) (Table 1). Calcitriol functions to stimulate the synthesis of

proteins that have defensive action against certain microbes (Farhan

Aslam et al., 2017) and therefore has a protective effect against pul-

monary infections (Ibrahim & El-Sayed, 2016). Calcitriol also influ-

ences antibody and cytokine generation (Ibrahim & El-Sayed, 2016).

Vitamin D3 is naturally produced by the human body in the presence

of ultraviolet radiations, whereas vitamin D2 is synthesized by plants

(Farhan Aslam et al., 2017). Deficiency of vitamin D is associated with

respiratory tract infections and to ARDS. As COVID-19 has a link to

SARS, vitamin D may play a role in providing resistance to coronavirus

(Adams et al., 2020). Natural sources of vitamin D include Thunnini

(tuna), C. sinensis (orange), S. salar (salmon), milk, yogurt, egg, cheese,

and cod liver oil (Farhan Aslam et al., 2017).

Vitamin E, a cumulative term for four tocotrienols and four

tocopherols, is well known for its exceptional antioxidant activity and

signal transduction modulation role (Lee & Han, 2018). Supplementa-

tion with antioxidants such as vitamin E has been shown to restore

the action on both cell-mediated and innate immune responses

(Ibrahim & El-Sayed, 2016). Vitamin E causes lymphocytes multiplica-

tion, enhances NK cell functions and IL-2 synthesis, stimulates phago-

cytosis and averse infections by activating the Th1 immune response

(Wintergerst et al., 2007), decreases the formation of immunosup-

pressant agents like PGE2 (Figure 1), prevents the oxidation of PUFAs,

and facilitates the antibody response (Lee & Han, 2018). Vitamin E

deficiency causes retinopathy and ataxia. Vitamin E is present in

Helianthus annus (sunflower), Carthamus tinctorius (safflower),

A. hypogaea (peanut), S. oleracea (spinach), L. esculentum (tomato), and

B. oleracea (broccoli) (Farhan Aslam et al., 2017).

Iron is an indispensable mineral because it plays a central role in

the electron transport chain, citric acid cycle, nucleic acid synthesis

(DNA), and oxygen transport by hemoglobin (Weiss, 2002) and can

mitigate SARS-CoV-2 infections. Older red blood cells are recycled by

macrophages, leading to the recycling of iron (Alpert, 2017). Iron also

plays a vital role in gene regulation, cellular proliferation, and matura-

tion (Wintergerst et al., 2007). In addition to these functions, iron also

has a dominant role in modulating the immune response, as it acti-

vates neutrophils for bacterial destruction by hydroxyl radical, facili-

tates cytokines actions, causes T-cell escalation, and acts as a crucial

element of enzymes required for the proper functioning of the

immune system (Gombart et al., 2020; Weiss, 2002). Iron also stimu-

lates microbe-killing pathways of macrophages and promotes the mul-

tiplication of monocytes and NK cells (Theurl et al., 2005). Iron-rich

foods include Musa acuminata (banana), Solanum tuberosum (potato)

(Figure 2), bread, grains, pasta, pork, eggs, fruits, vegetables, biscuits,

beef, kumara, and milk (Menzies, 2019; Sandstead, 2000).

Zinc is a vital trace element for catalyzing and restoring the

humoral and cell-mediated immune responses (Maares &

Haase, 2016). The plasma level of zinc is 12–16 μm

(Maares & Haase, 2016). Zinc has a major role in the structural regula-

tion of proteins and transcription factors (Ibrahim & El-Sayed, 2016),

and it is essential for SOD activity, interferes with cytokine production

growth, and activates the Th1-mediated immune response

SHAH ET AL. 6533



(Wintergerst et al., 2007). It activates macrophages for phagocytosis,

stimulates NK cells, causes the production of IL-6, IL-12, TNF-α, main-

tains the integrity of skin and mucosa, and has a defensive action

against reactive oxygen species (Gombart et al., 2020). Zinc improves

the antibody response (Figure 3), promotes CD8+ cells multiplication,

causes NK cell production, and reduces NADPH oxidase actions, and

ZIP10 inhibits the apoptosis of B cells (Alpert, 2017; Maares &

Haase, 2016). Zinc inhibits viral replication and RNA polymerase activ-

ity of SARS-CoV (Stipp, 2020). Natural dietary sources of zinc include

Anacardium occidentale (cashew), Brachyura (crab), C. arietinum (chick-

pea), P. amygdalus (almond), P. sativum (pea), cereals, oatmeal, pork

chop, baked beans, yogurt, and kidney beans (Gu & Zhang, 2017).

Selenium plays a phenomenal role in the development of body and

has significant importance for immunosurveillance (Avery &

Hoffmann, 2018). The immune system depends upon an appropriate

amount of selenium intake as it supports the proliferation of T-

lymphocytes and enhances IFN-γ production (Avery & Hoffmann, 2018;

Ibrahim & El-Sayed, 2016). It modulates the activities of NK cells and leu-

kocytes, increases Th cells, maintains antibody levels, and counteracts

ROS (Gombart et al., 2020). The main mechanism by which

selenoproteins protect against oxidative harm is via glutathione peroxi-

dase (GPx), a selenium-dependent enzyme (Table 1). The immune system

requires selenium for efficient functioning of T-cells (Figure 3),

macrophages, and neutrophils (Nkengfack et al., 2019). Food sources of

selenium include cereals, grains, fish, meat, milk,Morchella vulgaris (fungi),

and Boletus edulis (mushroom) (Falandysz, 2008; Olza et al., 2017).

Copper is required for several physiological processes including

the proper functioning of the immune system (Alpert, 2017). It has

potent antioxidant activity and is required for the conversion of

superoxide free radical to O2 and hydrogen peroxide (Maggini

et al., 2007). Copper interacts with macrophages to encounter the

infections, promotes NK cell functions, modulates the actions of neu-

trophils and monocytes, enhances IL-2 production, and increases the

concentration of neutrophils (Alpert, 2017). It also promotes T-cell

growth and differentiation (Gombart et al., 2020) (Figure 3), increases

the number of circulating B cells, stimulates B-cell responses, and

maintains the activity of SOD (Ibrahim & El-Sayed, 2016; Wintergerst

et al., 2007). Copper-rich foods include S. melongena (eggplant),

A. hypogaea (groundnut), Bos taurus indicus (beef), Clarias gariepinus

(catfish), Juglans regia (walnut), and Abelmoschus esculentus (okra)

(Shokunbi et al., 2019).

Magnesium is an alkaline-earth element and the second most

abundant mineral after potassium having a remarkable role in several

physiological processes such as glycolysis, oxidative phosphorylation,

and synthesis of nucleic acids and proteins (Malavolta, 2018). It has a

regulatory effect on the activation of leukocytes, acts as a cofactor for

F IGURE 1 A diagrammatic presentation and brief strategic plan of therapeutic targets in combating COVID-19
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antibody synthesis, promotes antibody-dependent dissolution of cells,

facilitates IgM binding to lymphocytes, provides structural stability to

DNA, shields DNA against oxidative harm, and lessens superoxide

production (Gombart et al., 2020). It activates macrophages towards

lymphokines and facilitates the adherence of helper T cells and B cells

(Malavolta, 2018). The deficiency of magnesium is associated with the

enhanced production of free radicals, DNA damages, and lipid peroxi-

dation (Malavolta, 2018). Natural sources of magnesium include fruits,

vegetables, fish, whole grain bread, dried fruit, walnuts, and legumes

(Kokubo et al., 2018).

3.1 | Immunostimulant phytochemicals

Diterpene andrographolide pharmacological actions include immune-

stimulating, antiviral, anticancer, hepatoprotective, antioxidant,

antibacterial, and neuroprotective activities (Ajaya Kumar et al., 2004;

Banerjee et al., 2017; Gupta et al., 2017; Liao et al., 2019; Luo

et al., 2020; Nagalekshmi et al., 2011; Xu et al., 2019).

Andrographolide is isolated from medicinal herbaceous plant

Andrographis paniculata (Ajaya Kumar et al., 2004). Mechanistically,

andrographolide boosts humoral immunity by increasing peripheral

blood lymphocyte levels (Table 2), improves T-lymphocyte activities,

and antibody-dependent cell-mediated cytotoxicity. In addition,

andrographolide stimulates the function of NK cells by promoting

cytokine (IFN-γ, IFN-α, and TNF-α) release from peripheral blood

mononuclear cells, as well as enhances the phagocytosis (Ajaya Kumar

et al., 2004; Gupta et al., 2017).

β-Glucan commonly known as β-D-glucan is a favorable immune-

boosting agent, which is chemically a glucose polymer linked with

each other through glycosidic linkage (Hussain et al., 2018; Meena

et al., 2013). Most commonly, β-glucans are procured from Avena sat-

iva, cereals, mushrooms, and barely (Hussain et al., 2018; Mohamed

et al., 2017). β-Glucans are recognized for their extensive

F IGURE 2 A diagrammatic illustration of natural immunostimulators along with their sources. Immunostimulators enriched diet can help to
combat the severity of COVID-19
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pharmacological activities including immune-boosting, anticancer, and

antidiabetic activities (Choromanska et al., 2015; Liu et al., 2016;

Mohamed et al., 2017). β-D-Glucan is capable of activating functional

cells of the immune system particularly macrophages, dendritic cells,

monocytes, NK cells, and neutrophils by binding to specific glucan

receptors (dectin-1, Toll-like receptor, complement receptor 3) located

on these immune cells. β-D-Glucan also assists the release of cytokines

(IL-12, TNFα, INF-γ, IL-2, and IL-1α/β) and liberation of NO and H2O2

from activated macrophages. Phagocytic activity is additionally pro-

moted by β-D-glucan (Mohamed et al., 2017) (Figure 3).

The most significant phytochemical, caffeic acid, belonging to the

class phenolic acid, confers varied pharmacological properties. Caffeic

acid is present in numerous products, which are available naturally like

in coffee and olive oil (Lima et al., 2016). Caffeic acid holds several

biological activities including immune-boosting, antimicrobial, anti-

thrombotic, antihypertensive, antifibrinolytic, and antioxidant effects

(Bhullar et al., 2014; Kilani-Jaziri et al., 2017; Lima et al., 2016; Lu

et al., 2015; Mia & Bank, 2016). The potent immune-boosting ability

of caffeic acid is due to the hydroxyl group at places 3 and

4. Phagocytic action is accomplished by the liberation of an appropri-

ate amount of lysosomal enzymes, and fortunately, caffeic acid pro-

motes the assembly and liberation of enzymes from cellular lysosomes

and successfully stimulates phagocytosis. Caffeic acid amplifies the

humoral (by stimulating the assassinating action of NK cells and cyto-

toxic T-cells) as well as acquired immunity (by stimulating the produc-

tion of B and T cells) (Figure 3) and thus proved to be an

immunostimulant phytochemical (Kilani-Jaziri et al., 2017).

A phytoconstituents, chrysin, (5,7-di-OH-flavone) is a renowned

flavonoid and also the most important component of Oroxylum indi-

cum and Passiflora caerulea (Pushpavalli et al., 2010) (Table 2). Along

with this, the presence of chrysin is present in honey and propolis

(Mani & Natesan, 2018). Chrysin possesses multiple biological func-

tions including immune-boosting, hepatoprotective, antioxidant, anti-

cancer, antihypertensive, antidiabetic, and antidyslipidemic activities

(Boothapandi & Ramanibai, 2019; Mani & Natesan, 2018; Pushpavalli

et al., 2010; Ramírez-Espinosa et al., 2018; Veerappan &

Malarvili, 2019). Chrysin possesses the potential for enhancing the

innate immune response by promoting the proliferation and activation

F IGURE 3 A general schematic representation of the mechanistic pathways of natural immunity strengtheners. Different agents target
different cells of the immune system. The microbe activates macrophages, which in turn alert the dendritic cells leading to the activation of T-
cells. Here, selenium, copper, and caffeic acid act on T-cells to potentiate their killing action by promoting the activation of cytotoxic and helper
T-cells. B-cells are also activated, and different natural agents including zinc and resveratrol promote this activation and enhance the release of
antibodies. Phytochemicals such as gallic acid, iron, and plumieride stimulate macrophages, which in turn play a role in stimulating innate
immunity by enhancing phagocytosis along with the different agents like beta-D-glucan, which promotes the release of INF
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of macrophages and stimulates phagocytosis (Boothapandi &

Ramanibai, 2019). It also plays a role in boosting the performance of

NK cells and cytotoxic T-lymphocytes (Sassi et al., 2017).

The fungal metabolite, cytochalasin D, isolated from a fungal

strain of Xylaris sp. (Table 1) possesses several biological actions,

including immune stimulation, and anticancer activities (da Silva

et al., 2019; Richter et al., 2019; Takanezawa et al., 2017). The

immune-stimulating mechanism of cytochalasin D is unique as it acts

in two ways. One way is by promoting the level of IL-12p40, which

activates the immune response by activating dendritic cells and

TABLE 2 Phytochemicals as immunity revitalizers, their sources, and their polypharmacological mechanisms

Constituents Biological source Mechanism of action References

Andrographolide A. paniculata Promotes human peripheral blood lymphocytes.

Stimulates the production of IL-2.

(Ajaya Kumar et al., 2004)

β-Glucan Hordeum vulgare

Avena sativa

Ganoderma lucidum

Activates macrophages, monocytes, neutrophils, NK

cells, and dendritic cells.

Stimulates the synthesis of cytokines (IL-1α/ββ, TNF-

α, IL-2, IFN-γ, and IL-12) and promotes

phagocytosis.

(Mohamed et al., 2017)

Bromelain Ananas comosus

Asparagus officinalis

Actinidia deliciosa

Triggers NK cell activity.

Intensifies TNF-α, IFN-γ, IL-1, IL-2, and IL-6

production.

(Amini et al., 2016)

Caffeic acid Theobroma cacao

Mentha spicata

Coffea arabica

Increases the level of B- and T- lymphocytes, and

promotes the activity of NK cells and CTL cells.

Promotes phagocytosis.

(Kilani-Jaziri et al., 2017)

Chrysin Passiflora ligularis

Oroxylum indicum

Promotes phagocytosis without having any adverse

effect on macrophages.

(Boothapandi &

Ramanibai, 2019)

Cytochalasin D Xylaris sp. Enhances the level of IL-12p40.

Promotes phagocytosis and killing by activating the

immune cells.

(Richter et al., 2019)

Daidzein P. tuberosa

Glycine max

Stimulates the proliferation of monocytes and

lymphocytes. Potentiates the phagocytosis.

Reduces the DTH response.

(Maji et al., 2014)

Epigallocatechin gallate Actinidia deliciosa

P. persica

M. domestica

Stimulates the level of cytotoxic CD8 T-

lymphocytes.

Promotes the release of IL-12

Promotes Th-1 response.

(Mohamed et al., 2017)

Gallic acid Cynomorium

coccineum

P. granatum

V. vinifera

Enhances the synthesis of IL-12p70. TNF, INF-γ,
MCP-1, and IL-16. Promotes macrophage ability of

phagocytosis.

(Reyes et al., 2018)

Kaempferol Aloe vera

B. oleracea

M. domestica

It invigorates the granulocyte macrophage colony-

stimulating factor.

(Bandyopadhyay et al., 2008)

Plumieride P. acutifolia Stimulates T- and B-lymphocytes functioning.

Promotes the functioning of macrophages.

Raises the level phagocytes.

Enhances the level of TNF-γ, IL-2, and TNF-α in CD4

T-lymphocytes.

(Singh et al., 2017)

Puerarin P. lobata

Tuberosa phaseoloides

Pueraria mirifica

Enhances the proliferation of monocytes and

lymphocytes. Promotes phagocytosis.

Reduces DTH response.

(Maji et al., 2014)

Resveratrol V. vinifera

P. vera

A. hypogaea

Promotes CD4/CD8 ratio

Stimulates T-cell growth and division.

Enhances B-cell–mediated immune response.

Restorative effect on NK cells.

(Mohamed et al., 2017)

(Z)-Propenyl-sec-butyl-

disulphide

A. sativum Promotes the calcium influx in neutrophils.

Promotes ROS production.

Stimulates synthesis of phagocytes.

(Özek et al., 2017)

Note: IL-12: Interleukin-12, NK cells: natural killer cells, TNF: tumor necrosis factor, CTL: cytotoxic T-lymphocytes, ROS: reactive oxygen species, DTH:

delayed-type hypersensitivity, INF: interferon.
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macrophages. Activated macrophages accelerate the phagocytosis, in

turn, activating the innate immune response. In the case of adaptive

immune response, IL-12 enhances the release of INF-γ by immune

cells and promotes the multiplication of T-cells and NK cells, and via

the second way, it directly activates the T-cells and boosts immunity

(Richter et al., 2019).

A vital isoflavone, daidzein (7,4-di-OH-flavone) is isolated from

various plant species including Pueraria tuberosa and Glycine max (Maji

et al., 2014; Montalesi et al., 2020; Prahastuti et al., 2019) (Figure 2).

Daidzein has a wide spectrum of pharmacological actions, including

immune-boosting, anticancer, neuroprotective, and antioxidant func-

tions (Maji et al., 2014; Montalesi et al., 2020; Prahastuti et al., 2019;

Wei, Yang, et al., 2019). Daidzein modulate the cellular immune

response of the body by stimulating the assembly of macrophages,

dendritic cells, and lymphocytes. Because the levels of monocytes and

lymphocytes increase, it promotes phagocytosis. As far as the humoral

immune response is concerned, IgG and IgM play a key role in activat-

ing the complement system and neutralizing toxins. Daidzein

increases the serum level of IgG and IgM and has a proven immune-

boosting activity (Maji et al., 2014).

A phytochemical, epigallocatechin gallate, isolated from herbal green

tea after extraction, is a polyphenol (Mohamed et al., 2017).

Epigallocatechin gallate has antiplatelet, antioxidant, and anticancer func-

tions (Chen, Hsieh, et al., 2020; Joo et al., 2018; Liu et al., 2019). The

proliferation of cytotoxic CD8 cells is enhanced by epigallocatechin gal-

late, and, in turn, it stimulates the killing activity of T-lymphocytes and

acts as a potent anticancer agent and also as an immunostimulant

(Mohamed et al., 2017). Epigallocatechin gallate (EGCG) promotes the

release of IL-12 (Mohamed et al., 2017), which, in turn, stimulates the

production of IFN-γ from NK cells and boosts up immunity indirectly

(Mohamed et al., 2017; Roquilly et al., 2017) (Table 2).

The polyphenolic compound, gallic acid, with diverse pharmacologi-

cal activities is the eminent constituent of Mangifera indica, Vitis vinifera,

J. regia, Camellia sinensis, and Punica granatum (Latief et al., 2016; Reyes

et al., 2018) (Table 1). The multiple functions of gallic acid include immu-

nostimulant, anticancer, antioxidant, antimicrobial, and hepatoprotective

activities (Latief et al., 2016; Reckziegel et al., 2016; Reyes et al., 2018;

Sarjit et al., 2015; Zhang, Ma, et al., 2019). Gallic acid activates both

humoral and cell-mediated immunity by boosting the activity of IL-

12p70, TNF, INF-γ, MCP-1, and IL-6. The discharge of IL-12 stimulates

the liberation of INF-γ, which, in turn, promotes the phagocytosis by acti-

vating macrophages (Figure 3). MCP-1 enhances the migration of mono-

cytes including neutrophils and dendritic cells (Reyes et al., 2018). IL-6

promotes the activation of helper T-lymphocytes to stimulate humoral

immunity (Zhang, Wu, Li, et al., 2020).

Another flavonoid, kaempferol, is significantly isolated from

B. oleracea, Malus domestica, and C. sinensis (Chen & Chen, 2013)

(Table 2). It has gained a great importance due to its biological implica-

tions including immunostimulant, antidiabetic, anticancer, and antioxi-

dant activities (Alkhalidy et al., 2018; Bandyopadhyay et al., 2008;

Kashyap et al., 2017; Liao et al., 2016). Kaempferol displays immuno-

stimulant activity by promoting the release of granulocyte-

macrophage colony-stimulating factor (GM-CSF), which, in turn, has

gained a great attention by promoting the activation and chemotaxis

of dendritic cells, enhancing the accumulation of neutrophils, and

most significantly activating macrophages (Bandyopadhyay

et al., 2008; Castellani et al., 2019).

A potent phytochemical, plumieride belongs to a multiplex class,

iridoid glycoside, and is obtained after extraction from Plumeria

acutifolia, Plumeria alba, and Allamanda cathartica (Boeing et al., 2018;

Gupta, 2016; Singh et al., 2017). It possesses significant pharmacolog-

ical activities including immune-boosting, antidepressant, and antioxi-

dant functions (Boeing et al., 2018; Bonomini et al., 2017; Singh

et al., 2017). Plumieride boosts the humoral immunity as well as cell-

mediated immunity, and promotes the assembly and liberation of vari-

ous cytokines including IL-2, IFN-γ, and IFN-α (Figure 1). Mechanisti-

cally, it activates CD4 cells, which, in turn, enhance phagocytosis by

promoting the proliferation of macrophages and also activates T and

B-lymphocytes (Singh et al., 2017) (Figure 3).

An isoflavone glycoside, puerarin, a constituent of P. tuberosa and

Pueraria lobata, functions as immunostimulant, reno protective,

antioxidant, antidiabetic, anticancer, and hepatoprotective (Maji

et al., 2014; Fu-Liang et al., 2006; Wang et al., 2013; Wu et al., 2013;

Xia et al., 2013). Puerarin plays a key role in boosting the immune

response by promoting the level of monocytes and lymphocytes via

enhancing their proliferation (Table 1). In addition, puerarin elevates

the level of phagocytes and increases immunity by stimulating phago-

cytosis (Maji et al., 2014).

A phytochemical, resveratrol (3,4,5-trihydroxystilbene) has drawn a

lot of research attention because of its exciting biological potential, and it

is isolated from several plants including V. vinifera and A. hypogea

(Berman et al., 2017). The key effects of resveratrol include immune-

boosting, anticancer, antidiabetic, antimicrobial, hepatoprotective, and

neuroprotective functions (Ahmed et al., 2017; Lai et al., 2016; Mattio

et al., 2019; Mrkus et al., 2019; Wang et al., 2015; Zhang et al., 2017).

Resveratrol potentiates the immune response by upregulating the phago-

cytic index K, enhances the action of NF-kβ (Lai et al., 2016), and ele-

vates the CD4/CD8 ratio by accelerating the multiplication of T-cells. In

addition, it has a restorative effect on NK cells and along with this boosts

the level of antibodies by enhancing the B-cell–mediated immune

response (Mohamed et al., 2017) (Figure 3).

An important volatile oil, (Z)-propenyl sec-butyl disulphide, isolated

from Ferula gummosa, Ferula iliensis, and Ferula (Özek et al., 2017; Pavela

et al., 2020; Zomorodian et al., 2018) (Table 2) is approved for varied

pharmacological actions including immunostimulant, insecticidal, and

antimicrobial functions (Özek et al., 2017; Pavela et al., 2020;

Zomorodian et al., 2018). The immune system may be significantly

enhanced by immune-boosting action of (Z)-propenyl-sec-butyl dis-

ulphide. This volatile oil enhances the killing action of neutrophils by pro-

moting the Ca++ influx in neutrophils, which leads to the effective

generation of ROS from neutrophils, and, together with this, potentiates

the phagocytosis by raising the level of phagocytes (Özek et al., 2017).

A phytochemical, bromelain, known for its fibrinolytic, anti-

thrombotic, and anticoagulant activities, is found in the enzymes of

Ananas comosus (pineapple) (Setiasih et al., 2019). Bromelain is an

enzyme complex containing peroxidase, acid phosphatase,
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glycosidase, cellulose, and others (Setiasih et al., 2019; Whitworth

et al., 2006). Bromelain also enhances immune defense against infec-

tions as it promotes T-lymphocytes binding to antigens and also mod-

ulates the number of circulating CD4+ and CD8+ lymphocytes

(Whitworth et al., 2006). The major immunomodulatory effects

involve the activation of T-lymphocytes and stimulation of (TNF-α,

INF-γ, IL-1, IL-2, IL-6, and GM-SCF) production (Amini et al., 2016).

4 | NATURAL PRODUCTS AS ANTIVIRALS

A virus is a chunk of bad scoop swaddled in a protein coat (Sohail

et al., 2011). Viral infections are considered as one of the prime

threats for human life (Arakawa et al., 2009). It has been recognized

that NPs from different natural origins are the most important source

of antivirals for the management of COVID-19 (Liu & Du, 2012;

Yonesi & Rezazadeh, 2020) (Figure 4).

4.1 | Inhibition of S-protein and ACE2

SARS-CoV-2 entry into the host cell depends upon angiotensin-

converting enzyme-2 (ACE2), which is also known as the SARS-CoV

receptor (Inhibitor et al., 2020). The receptor-binding domain present

in the SARS-CoV spike (S) protein has a major role in binding to ACE2

of the host cell (Ge et al., 2013). The SARS-CoV S-protein causes viral

attachment and pathogenesis (Du et al., 2009). However, for the entry

of SARS-CoV, the association between SARS-CoV-2 S-protein and

ACE-2 is the most crucial step (Du et al., 2009) (Figure 1). Emodin,

obtained from Rheum and Polygonum, baicalin obtained from

Scutellaria baicalensis, and luteolin obtained from Veronica thymoides

act by inhibiting the S1 domain of S-protein attachment to the host

cell receptor ACE2 (Alves et al., 2004; Deng et al., 2012; Ho

et al., 2007; Li-Weber, 2009; Lopez-Lazaro, 2008; Rane et al., 2020;

Yeung et al., 2006) (Table 3). The S1 domain consists of two

subdomains—N-terminal domain (NTD) and C-terminal domain (CTD)

both of which act as receptor-binding domains (RBDs) (Belouzard

et al., 2012). Thus, inhibiting the attachment of S-protein to ACE2 is

essential for treating the SARS-CoV-2 infection (Zhang & Liu, 2020).

Emodin also functions as hepato-protective and as an anticancer

agent (Dong, Zeng, et al., 2020; Hsu & Chung, 2012). S. baicalensis

have multiple biological effects, such as treating respiratory infections,

diarrhea, insomnia, and hypertension (Ding et al., 2019; Zhao

et al., 2019). Luteolin has other benefits, including antioxidant or pro-

oxidant and anti-allergy activity (Kawai et al., 2007; Lin et al., 2008).

4.2 | Inhibition of entry of the virus into host cell

The entry of CoV-2 into the host cell depends upon the attachment

of viral particles to cell-surface receptors and the endocytosis of virus

receptor complexes (Figure 1). Enveloped virus entrance into cells

F IGURE 4 Nature as a source of splendid antivirals holding anti-SARS-CoV-2 interest with their viral life cycle restricting activity
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TABLE 3 Natural compounds, their origins, and sites of action showing the antiviral natural compounds, their origin and mechanism of action

Constituents

Class of

constituents Biological source/origin Mechanism of action References

Apigenin Flavone Matricaria chamomilla Blocks the proteolytic activity of SARS-

CoV-2 3CLpro.

(Baumann, 2008; Jo et al., 2020)

Baicalin Flavonoid S. baicalensis Prevents viral attachment to the host

cell.

(Li-Weber, 2009)

β-Sitosterol Phytosterol Isatis indigotica Blocks the SARS-3CLpro enzyme

cleavage activity.

(Lin et al., 2005)

Dihydrotanshinone Biterpenoids Salvia miltiorrhiza Inhibits virus entry into the cell. (Kim et al., 2018; Zhang, Wu,

Zhang, et al., 2020)

Emodin Anthraquinone Rheum and polygonum Inhibits attachment of surface spike

protein of SARS-CoV-2 with the host

cell.

(Alves et al., 2004; Ho

et al., 2007)

Epigallocatechin

gallate

Flavan C. sinensis Anti-SARS 3CLpro enzyme activity. (Jo et al., 2020; Westbrook

et al., 2018)

Gallocatechin

gallate

Flavan Litchi chinensis sonn. Anti-SARS 3CLpro enzyme activity. (Jo et al., 2020)

Gnidicin Diterpene

esters

Gnidia lamprantha Inhibit SARS-CoV-2 RdRp. (Bhandurge et al., 2013)

Gniditrin Diterpene

esters

Gnidia lamprantha Inhibit SARS-CoV-2 RdRp. (Bhandurge et al., 2013)

Glycyrrhizin Saponin G. radix. Active against viral adsorption and

penetration.

(Cinatl et al., 2003; Ong, 2002)

Herbacetin Flavonol M. paniculata Anti-proteolytic activity of SARS-CoV

3CLpro.

(Harborne, 1969; Jo et al., 2020)

Hesperidin Flavonoid Citrus spp. Inhibits helicase of SARS-CoV-2. (Man et al., 2019; Wu, Liu,

et al., 2020)

Hesperetin Flavonoid Isatis indigotica Blocks cell-based division of SARS-M

pro (3CLpro).

(De Clercq, 2006)

Indigo Glycoside Isatis indigotica Blocks the SARS-3CLpro enzyme

cleavage activity.

(Lin et al., 2005)

Isobavachalcone Flavonoid Psoralea corylifolia Inhibits the enzymatic functioning of

MERS-CoV 3CLpro.

(Jo et al., 2019)

Kaempferol Flavonol B. oleraceaS. oleracea Blocks the 3a channel of coronavirus. (Zakaryan et al., 2017)

Luteolin Flavone V. linariifolia Inhibits attachment of spike proteins of

SARS-CoV-2 with the host cell in an

avid manner.

(Yi et al., 2004)

Maco-flavanone E Flavonoid M. tanarius Blocks viral assembly and release. (Gupta et al., 2020)

Pectolinarin Flavone Cirsium spp. Anti-SARS 3CLpro enzyme activity. (Cho et al., 2016; Jo et al., 2020)

Puerarin Iso-flavone Pueraria lobata Anti-SARS CoV 3CLpro proteolytic

activity.

(Jo et al., 2020; Zhou

et al., 2014)

Phaithanthrin Alkaloid Isatis indigotica Inhibition of PLpro activity. (Wu, Liu, et al., 2020)

Phyllaemblicin Terpenoids P. emblica Inhibits helicase activity of SARS-CoV-

2.

(Wu, Liu, et al., 2020; Zhang,

Kaunda, et al., 2019)

Phyllaemblinol Terpenoids P. emblica Anti-SARS-CoV-2 helicase activity. (Wu, Liu, et al., 2020; Zhang,

Kaunda, et al., 2019)

Platycodin D Triterpenoidal

saponin

P. grandiflorum Inhibit PLpro activity of SARS-CoV-2. (Khan et al., 2016; Wu, Liu,

et al., 2020)

Quercetin Flavonol C. sinensis Inhibition of SARS-CoV-2 3CLpro. (Wu et al., 2015)

Rhoifolin Flavone Citrus paradisi, Citrus

aurantium, Citrus limon

Inhibits the enzymatic action of SARS-

CoV-2 3CLpro.

(Jo et al., 2020)

Rutin Glycoside R. graveolens Inhibits the helicase of SARS-CoV-2. (Ganeshpurkar & Saluja, 2017;

Wu, Liu, et al., 2020)
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takes place by two main processes: Some of the viruses transfer their

genomes into the cytosol where the envelope merges with the plasma

membrane of the host cell, and some act on the endocytic mechanism

of the cell (Figure 5). In the latter process, endosomal acidic pH-

mediated endocytosed virus causes the activation shift in the endo-

some, resulting in the viral fusion with endosomal membrane and

TABLE 3 (Continued)

Constituents

Class of

constituents Biological source/origin Mechanism of action References

Saikosaponin Terpenoids R. bupleuri Impedes early stage of HCOV-22E9

infection including the attachment

and penetration of virus.

(Cheng et al., 2006; Li, Li,

et al., 2018)

Sinigrin Glucoside Isatis indigotica Blocks the SARS-3CLpro enzyme

cleavage activity.

(Lin et al., 2005)

Sugetriol-

3,9-diacetate

Sesqui-

terpenoids

Cyperus rotundus L. Anti-SARS-CoV-2 PLpro activity. (Kim et al., 2013)

Tetrandrine Alkaloid Stephania tetrandra S. Blockage of spike and nucleocapsid

protein expression in HCOV-OC43.

(Kim et al., 2019)

Tetra-O-galloyl-

β-D-glucose

Gallate Ester Galla chinensis Attaches with the surface spike protein

of SARS-CoV-2 in an avid manner.

(Yi et al., 2004)

Theaflavin Flavonoid C. sinensis Inhibition of SARS-CoV-2 RdRp. (Leung et al., 2001)

Vibsanol A Lignan V. odoratissimum Blocks viral assembly and release. (Gupta et al., 2020)

Note: SARS-CoV: Severe acute respiratory syndrome coronavirus, 3CLpro: 3 chymotrypsin-like protease, M pro: main protease, RdRp: RNA-dependent

RNA polymerase, MERS-CoV: Middle East respiratory syndrome coronavirus, PLpro: papain-like protease.

F IGURE 5 Diagrammatic representation of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral life cycle and potential drug
targets. Proposed targets of selected repurposed and investigational products are noted as shown in the figure. These host-based pathways are
targetable to control viral infection
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secrete genome of the virus in the cytosol of the host cell. Thus, the

endocytic mechanism is pH-dependent, but direct fusion with

the membrane is independent of pH (Pelkmans & Helenius, 2003;

Sieczkarski & Whittaker, 2002). Glycyrrhizin obtained from

Glycyrrhizae radix, saikosaponins extracted from Radix bupleuri, and

dihydrotanshinone obtained from Salvia miltiorrhiza block the entry of

SARS-CoV-2 into the host cell by inhibiting the endocytosis of the

virus into the host cell (Cheng et al., 2006; Cinatl et al., 2003; Kim

et al., 2018; Li, Song, et al., 2018; Ong, 2002; Zhang, Wu, Zhang,

et al., 2020) (Table 3). Along with virustatic activity, glycyrrhizin acts

as a hepatoprotective agent and cough suppressor (Kamei

et al., 2003; van Rossum et al., 1998). Saikosaponin is used as a neuro-

regulatory agent given its anticonvulsant activity (Li, Li, et al., 2018;

Yuan et al., 2017). Dihydrotanshinone is used to treat Alzheimer's dis-

ease and as a cardioprotective agent (Chen et al., 2019; Jiang

et al., 2019).

4.3 | Inhibition of RNA synthesis and replication

Many antivirals target viral enzymes and disrupt viral

replication (Louten, 2016) (Figure 1). As the most important functional

proteins of CoV, nonstructural protein (NSp) has a key role in the tran-

scription and translation of RNA, synthesis of proteins, replication of

virus, and its proliferation in the host. In this process, 3CLpro, RdRp,

PLpro, and helicase are the most interesting choices for the antivirals

(Wu, Liu, et al., 2020).

4.3.1 | Inhibition of papain-like protease (PLpro)

Two viral proteases have a role in encoding the replicase polyproteins

for SARS-CoV-2. One of the proteases, papain-like protease (PLpro),

has a role in releasing the NSp1, NSp2, and NSp3 (necessary for the

correction of viral replication) by the N-terminus cleavage of replicase

poly-protein (Harcourt et al., 2004). PLpro also has a crucial role in

antagonizing the innate immunity of the host cell by blocking the

interferon regulatory factor 3 (IRF3) pathway and IFN production

(Chen et al., 2014; Li, Wang, et al., 2016; Yuan et al., 2015). Platycodin

D obtained from Platycodon grandiflorum, sugetriol-3,9-diacetate

obtained from Cyperus rotundus L, and phaithanthrin D obtained from

Isatis indigotica may play a role as anti-COVID-19 agents by inhibiting

the cleavage of N-terminus of polyproteins (Khan et al., 2016; Kim

et al., 2013; Wu, Liu, et al., 2020) (Table 3).

4.3.2 | Inhibition of 3-chymotrypsin-like protease
(3CLpro)

3CLpro, another viral protease called NSp5, undergoes the cleavage

process to synthesize mature enzymes (Yang et al., 2005). It is an

interesting target (Figure 1) because it plays a key function in the

translation of the viral genome by processing the polyproteins.

Accordingly, it is called as the main protease (M pro) (Zhang, Lin,

Sun, et al., 2020). CoV genome is comprised of six ORFs (open read-

ing frames). Shifting between ORF1a and ORF1b causes the forma-

tion of polypeptides: pp1a and pp1ab that play a part in the

formation of the replication transcription complex (RTC) (Chen, Liu,

et al., 2020). The natural antivirals, apigenin obtained from Matricaria

chamomilla, epigallocatechin gallate obtained from C. sinensis,

herbacetin obtained from Meconopsis paniculata, pectolinarin

obtained from Cirsium spp., puerarin obtained from P. lobata,

rhoifolin obtained from Citrus spp., and quercetin obtained from

C. sinensis, may protect against the virus by inhibiting the 3CLpro

enzyme activity of SARS-CoV-2 (Article, 2012; Baumann, 2008; Cho

et al., 2016; Finger et al., 1991; Harborne, 1969; Jo et al., 2020;

Nguyen et al., 2012; Westbrook et al., 2018; Zhou et al., 2014)

(Table 3). Apigenin has many potential benefits including antiplatelet

and anticancer activity (Jang et al., 2008; Yan et al., 2017). EGCG is

widely used for treating obesity and inflammation (Li, Gao,

et al., 2018; Riegsecker et al., 2013). Herbacetin is a promising mole-

cule for cancer prevention and bone loss (Kim et al., 2016; Li,

Sapkota, et al., 2016). Pectolinarin reduces inflammation and also

has analgesic property (Lim et al., 2008; Martínez-Vázquez

et al., 1998). Puerarin is used to treat endometriosis and chronic liver

diseases (Yu et al., 2015; Zhao et al., 2016). Rhoifolin functions as

antidiabetic agent (Tzeng et al., 2011). Quercetin has a broad range

of pharmacological activities along with antiviral activity including

anticarcinogenic and antiinflammatory activity (Li, Yao, et al., 2016).

Accordingly, all these natural antivirals are maybe therapeutically of

value in preventing and treating COVID-19.

4.3.3 | Inhibition of RNA-dependent RNA
polymerase (RdRp)

RNA-dependent RNA polymerase or RNA replicase of SARS-CoV-2

is the most dominant focus for the anti-SARS activity

(Xu et al., 2003). Among the ORFs, the biggest ORF called replicase

has a role in the encoding of enzymes, which then further cause

translation and form structural proteins (Sawicki et al., 2007).

NSp12 in coronavirus is an RNA-dependent RNA polymerase,

which is a conserved protein. Thus, it is considered to be an essen-

tial enzyme transcription complex of coronavirus. The RdRp domain

has a conserved Ser-Asp-Asp motif and location on the C-terminus

(Subissi et al., 2014). NSp8 is capable of catalyzing the synthesis of

template-dependent oligoribonucleotides, which is primarily used

as a primer for RNA synthesis and catalyzes the NSp12 activity

(Imbert et al., 2006). Theaflavin obtained from C. sinensis and

the plant Gnidia lamprantha from the Gnidia species include

phytochemicals, gnidicin, and gniditrin (Table 3), which have anti-

SARS-CoV-2 activity, inhibiting the translation process of RNA-

dependent RNA polymerase enzyme present in COVID-19

(Bhandurge et al., 2013; Leung et al., 2001; Wu, Liu, et al., 2020)

(Figure 5). Thus, all these natural compounds may possess efficient

antiviral activity against SARS-CoV-2.
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4.3.4 | Inhibition of helicase

SARS-associated helicase is regarded as one of the most important

targeted proteins for anti-SARS agent evolution (Tanner et al., 2003).

Virus requires helicase for the conversion of double-stranded RNA to

single-stranded RNA for the manipulation of polynucleotides

(Briguglio et al., 2011). Helicase (NSp13) is a multifunctional protein

that consists of the helicase domain (HEL) and the N-terminal metal-

binding domain (MBD). NsP13 unwinds the double-stranded RNA in

an NTP-dependent manner along the direction of 50-30 (Ivanov &

Ziebuhr, 2004). Because helicase has a central role in the uncoiling of

duplex RNA and RNA capping (Shum & Tanner, 2008) and is essential

for replication and proliferation of the virus, it is believed to be a tar-

get for antiviral agents (Ivanov et al., 2004; Shum & Tanner, 2008)

(Figure 1). Hesperidin obtained from Citrus spp., rutin obtained from

Ruta graveolens, and the plant Phyllanthus emblica containing

phyllaemblicin B and phyllaemblinol are known to show activity

against SARS-CoV-2 by inhibiting the helicase NSp13 activity of

SARS-COV-2 (Ganeshpurkar & Saluja, 2017; Man et al., 2019; Wu,

Liu, et al., 2020; Zhang, Kaunda, et al., 2019) (Table 3).

4.4 | Virion assembly and release blockers

Virion particle assembly is the last and essential step for viral infection

(Thomas & Gorelick, 2008). The generation of progenitors in coronavi-

rus involves two major mechanisms: viral envelope assembly and heli-

cal nucleocapsid assembly (de Haan et al., 2000). Four structural

proteins: S-protein, E-protein, M-protein, and N-protein play a key

role in CoV assembly and viral infection (DeDiego et al., 2007). Among

all the structural proteins, M-protein (membrane protein) is the pro-

tein, which is considered the main promoter for the assembly of

COVID-19 and elucidates the envelope of the virus by the M-M pro-

tein interaction (Masters & Rottier, 2005; Neuman et al., 2011). N-

protein acts by binding to the RNA genome of CoV, thus producing

nucleocapsid (de Haan & Rottier, 2005). Binding to the RNA of the

virus is the major interest of N-protein (Masters, 2006). Most SARS

N-protein and RNA make a complex, called ribonucleoprotein com-

plex, which is inserted into the endoplasmic reticulum-Golgi interme-

diate compartment (ERGIC) with S-protein, M-protein, and E-protein.

Final virion assembly occurs in the intermediate compartment, and

mature virions are released via smooth-walled vesicles by exocytosis

(Nal et al., 2005) (Figure 5). The natural compound vibsanol A

extracted from the flowers and leaves of Viburnum odoratissimum and

macoflavanone E extracted from the leaves of Macaranga tanarius act

by modifying the E-protein's normal ion channel activity, which fac-

tors in the pathogenesis of SARS-CoV-2 (Gupta et al., 2020;

Kawakami et al., 2008; Shen et al., 2002) (Table 3). Natural antiviral

compounds that inhibit the activity of N-protein have yet to be identi-

fied. (Table 4 summarizes the factors that serve as promising targets

for SARS-CoV-2 particle assembly and release.

5 | CONCLUSION

This review establishes the role of phytonutrients as immunity

boosters, and different phytochemicals are also used against COVID-

19 because of their antiviral activity. It is crystal clear with this study

that an acceptable amount of nutraceuticals and phytochemicals can

improve the resistance against several infections. So, the deficiency of

immunity intensifiers can be disastrous for the immune system.

Unquestionably, the simplest way to reinvigorate the immune system

is to intake nutrients that act as immunity-boosting tonics, and after

nutrients, phytochemicals are the best, and both can be used as a

powerful weapon against SARS-CoV-2. But if the immune system fails

to cope with the virus, then antivirals serve as the marvelous therapy

against the viral infections. The use of the antivirals is to solicit both

direct antiviral impressions against viruses and specific immune cell

activation. The present review posits that natural antivirals may act on

different targets of SARS-CoV-2 to impede infection and afford effi-

cient treatment. Compounds from natural origin may therefore play a

significant role in the management of anti-SARS-CoV-2 therapy, but

additional research is required to better understand their mechanisms

in-depth.
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TABLE 4 Factors involved in HCoV, virion assembly, and release

Host factor(s) HCoV (other CoV) Function References

Tubulin HCoV-229E, HCoV-NL63, (TGEV) Binds to the cytosolic domain of S protein; facilitates

the assembly and release of the virus.

(Rüdiger et al., 2016)

Β-Actin (IBV) Binds to M protein; promotes particle assembly and

release.

(Wang et al., 2009)

Vimentin (TGEV) Binds to N protein; ease the process of viral assembly

and release.

(Zhang et al., 2015)

Note: HCoV-229E, human coronavirus-229E; HCoV-NL63, human coronavirus-NL63; TGEV, transmissible gastroenteritis virus; IBV, infectious bronchitis

virus.

SHAH ET AL. 6543



ORCID

Azhar Rasul https://orcid.org/0000-0001-9669-7364

Haroon Khan https://orcid.org/0000-0002-1736-4404

REFERENCES

Abramo, J. M., Reynolds, A., Crisp, G. T., Weurlander, M., Söderberg, M.,

Scheja, M., … Rugg, G. (2012). Individuality in music performance.

Assessment & Evaluation in Higher Education, 37(October), 435. https://

doi.org/10.1007/82

Adams, K. K., Baker, W. L., & Sobieraj, D. M. (2020). Myth busters: Dietary

supplements and COVID-19. Annals of Pharmacotherapy, 54(8), 820–
826. https://doi.org/10.1177/1060028020928052

Ahmed, T., Javed, S., Javed, S., Tariq, A., Šamec, D., Tejada, S., Nabavi, S. F.,

Braidy, N., & Nabavi, S. M. (2017). Resveratrol and Alzheimer's disease:

Mechanistic insights. In Molecular Neurobiology (Vol. 54, Issue 4,

pp. 2622–2635). https://doi.org/10.1007/s12035-016-9839-9
Ajaya Kumar, R., Sridevi, K., Vijaya Kumar, N., Nanduri, S., & Rajagopal, S.

(2004). Anticancer and immunostimulatory compounds from

Andrographis paniculata. Journal of Ethnopharmacology, 92(2–3), 291–
295. https://doi.org/10.1016/j.jep.2004.03.004

Alkhalidy, H., Moore, W., Wang, A., Luo, J., McMillan, R. P., Wang, Y., …
Liu, D. (2018). Kaempferol ameliorates hyperglycemia through

suppressing hepatic gluconeogenesis and enhancing hepatic insulin

sensitivity in diet-induced obese mice. Journal of Nutritional Biochemis-

try, 58, 90–101. https://doi.org/10.1016/j.jnutbio.2018.04.014
Alpert, P. T. (2017). The role of vitamins and minerals on the immune sys-

tem. Home Health Care Management & Practice, 29(3), 199–202.
https://doi.org/10.1177/1084822317713300

Alves, D. S., Pérez-Fons, L., Estepa, A., & Micol, V. (2004). Membrane-

related effects underlying the biological activity of the anthraquinones

emodin and barbaloin. Biochemical Pharmacology, 68(3), 549–561.
https://doi.org/10.1016/j.bcp.2004.04.012

Amini, A., Masoumi-Moghaddam, S., & Morris, D. L. (2016). Utility of bromelain

and N-acetylcysteine in treatment of peritoneal dissemination of gastrointes-

tinal mucin-producing malignancies (pp. 1–229). Switzerland: Springer

International Publishing. https://doi.org/10.1007/978-3-319-28570-2

Amor, E. C., Villaseñor, I. M., Antemano, R., Perveen, Z., Concepcion, G. P., &

Choudhary, M. I. (2007). Cytotoxic C-methylated chalcones from

Syzygium samarangense. Pharmaceutical Biology, 45(10), 777–783.
https://doi.org/10.1080/13880200701585956

Arakawa, T., Yamasaki, H., Ikeda, K., Ejima, D., Naito, T., & Koyama, A.

(2009). Antiviral and virucidal activities of natural products. Current

Medicinal Chemistry, 16(20), 2485–2497. https://doi.org/10.2174/

092986709788682065

Article, R. (2012). Refaat et al., 3(07), 1883–1890. https://doi.org/10.

13040/IJPSR.0975-8232.IJP.2(3).102-109

Author, T., & Society, I. D. (n.d.). No title.

Avery, J., & Hoffmann, P. (2018). Selenium, Selenoproteins, and immunity.

Nutrients, 10(9), 1203. https://doi.org/10.3390/nu10091203

Bandyopadhyay, S., Romero, J. R., & Chattopadhyay, N. (2008).

Kaempferol and quercetin stimulate granulocyte-macrophage colony-

stimulating factor secretion in human prostate cancer cells. Molecular

and Cellular Endocrinology, 287(1–2), 57–64. https://doi.org/10.1016/
j.mce.2008.01.015

Banerjee, M., Parai, D., Chattopadhyay, S., & Mukherjee, S. K. (2017).

Andrographolide: Antibacterial activity against common bacteria of

human health concern and possible mechanism of action. Folia

Microbiologica, 62(3), 237–244. https://doi.org/10.1007/s12223-017-
0496-9

Baumann, L. S. (2008). Apigenin. Skin & Allergy News, 39(3), 32. https://doi.

org/10.1016/s0037-6337(08)70149-9

Belouzard, S., Millet, J. K., Licitra, B. N., & Whittaker, G. R. (2012). Mecha-

nisms of coronavirus cell entry mediated by the viral spike protein.

Viruses, 4(6), 1011–1033. https://doi.org/10.3390/v4061011

Berman, A. Y., Motechin, R. A., Wiesenfeld, M. Y., & Holz, M. K. (2017). The

therapeutic potential of resveratrol: A review of clinical trials. NPJ Preci-

sion Oncology, 1(1), 1–9. https://doi.org/10.1038/s41698-017-0038-6
Bhandurge, P., Ganapaty, S., & Pattanshetti, S. (2013). The Gnidia genus: A

review. Asian Journal of Biomedical and Pharmaceutical Sciences, 3(19),

1–31.
Bhullar, K. S., Lassalle-Claux, G., Touaibia, M., & Vasantha

Rupasinghe, H. P. (2014). Antihypertensive effect of caffeic acid and

its analogs through dual renin-angiotensin-aldosterone system inhibi-

tion. European Journal of Pharmacology, 730(1), 125–132. https://doi.
org/10.1016/j.ejphar.2014.02.038

Boeing, T., de Souza, P., Bonomini, T. J., Mariano, L. N. B., Somensi, L. B.,

Lucinda, R. M., … de Andrade, S. F. (2018). Antioxidant and anti-

inflammatory effect of plumieride in dextran sulfate sodium-induced

colitis in mice. Biomedicine and Pharmacotherapy, 99, 697–703.
https://doi.org/10.1016/j.biopha.2018.01.142

Bonomini, T. J., Holzmann, I., Thiesen, L. C., Fratoni, E., Muller, A. F. F.,

Lucinda-Silva, R. M., … Santin, J. R. (2017). Neuropharmacological and

acute toxicological evaluation of ethanolic extract of Allamanda

cathartica L. flowers and plumieride. Regulatory Toxicology and Pharma-

cology, 91, 9–19. https://doi.org/10.1016/j.yrtph.2017.10.005
Boothapandi, M., & Ramanibai, R. (2019). Immunomodulatory effect of

natural flavonoid chrysin (5, 7-dihydroxyflavone) on LPS stimulated

RAW 264.7 macrophages via inhibition of NF-κB activation. Process

Biochemistry, 84, 186–195. https://doi.org/10.1016/j.procbio.2019.

05.018

Briguglio, I., Piras, S., Corona, P., & Carta, A. (2011). Inhibition of RNA heli-

cases of ssRNA + virus belonging to Flaviviridae, Coronaviridae and

Picornaviridae families. International Journal of Medicinal Chemistry,

2011, 1–22. https://doi.org/10.1155/2011/213135
Carr, A. C. (2020). A new clinical trial to test high-dose vitamin C in

patients with COVID-19. Critical Care, 24(1), 1–2. https://doi.org/10.
1186/s13054-020-02851-4

Castellani, S., D'Oria, S., Diana, A., Polizzi, A. M., Di Gioia, S.,

Mariggiò, M. A., … Conese, M. (2019). G-CSF and GM-CSF modify

neutrophil functions at concentrations found in cystic fibrosis. Scien-

tific Reports, 9(1), 12937. https://doi.org/10.1038/s41598-019-

49419-z

Chahyadi, A., Hartati, R., Wirasutisna, K. R., & Elfahmi. (2014). Boesenbergia

pandurata Roxb., an Indonesian medicinal plant: Phytochemistry, bio-

logical activity, plant biotechnology. Procedia Chemistry, 13, 13–37.
https://doi.org/10.1016/j.proche.2014.12.003

Chakraborty, S. B., & Hancz, C. (2011). Application of phytochemicals as

immunostimulant, antipathogenic and antistress agents in finfish cul-

ture. Reviews in Aquaculture, 3(3), 103–119. https://doi.org/10.1111/j.
1753-5131.2011.01048.x

Chen, A. Y., & Chen, Y. C. (2013). A review of the dietary flavonoid,

kaempferol on human health and cancer chemoprevention. In Food

chemistry (Vol. 138, Issue 4, pp. 2099–2107). https://doi.org/10.

1016/j.foodchem.2012.11.139

Chen, B. H., Hsieh, C. H., Tsai, S. Y., Wang, C. Y., & Wang, C. C. (2020).

Anticancer effects of epigallocatechin-3-gallate nanoemulsion on lung

cancer cells through the activation of AMP-activated protein kinase

signaling pathway. Scientific Reports, 10(1), 1–11. https://doi.org/10.
1038/s41598-020-62136-2

Chen, D. Q., Hu, H. H., Wang, Y. N., Feng, Y. L., Cao, G., & Zhao, Y. Y.

(2018). Natural products for the prevention and treatment of kidney

disease. Phytomedicine, 50, 50–60. https://doi.org/10.1016/j.phymed.

2018.09.182

Chen, X., Yu, J., Zhong, B., Lu, J., Lu, J. J., Li, S., & Lu, Y. (2019). Pharmaco-

logical activities of dihydrotanshinone I, a natural product from Salvia

miltiorrhiza Bunge. Pharmacological Research, 145(May), 104254.

https://doi.org/10.1016/j.phrs.2019.104254

Chen, X., Yang, X., Zheng, Y., Yang, Y., Xing, Y., & Chen, Z. (2014). SARS

coronavirus papain-like protease inhibits the type I interferon signaling

6544 SHAH ET AL.

https://orcid.org/0000-0001-9669-7364
https://orcid.org/0000-0001-9669-7364
https://orcid.org/0000-0002-1736-4404
https://orcid.org/0000-0002-1736-4404
https://doi.org/10.1007/82
https://doi.org/10.1007/82
https://doi.org/10.1177/1060028020928052
https://doi.org/10.1007/s12035-016-9839-9
https://doi.org/10.1016/j.jep.2004.03.004
https://doi.org/10.1016/j.jnutbio.2018.04.014
https://doi.org/10.1177/1084822317713300
https://doi.org/10.1016/j.bcp.2004.04.012
https://doi.org/10.1007/978-3-319-28570-2
https://doi.org/10.1080/13880200701585956
https://doi.org/10.2174/092986709788682065
https://doi.org/10.2174/092986709788682065
https://doi.org/10.13040/IJPSR.0975-8232.IJP.2(3).102-109
https://doi.org/10.13040/IJPSR.0975-8232.IJP.2(3).102-109
https://doi.org/10.3390/nu10091203
https://doi.org/10.1016/j.mce.2008.01.015
https://doi.org/10.1016/j.mce.2008.01.015
https://doi.org/10.1007/s12223-017-0496-9
https://doi.org/10.1007/s12223-017-0496-9
https://doi.org/10.1016/s0037-6337(08)70149-9
https://doi.org/10.1016/s0037-6337(08)70149-9
https://doi.org/10.3390/v4061011
https://doi.org/10.1038/s41698-017-0038-6
https://doi.org/10.1016/j.ejphar.2014.02.038
https://doi.org/10.1016/j.ejphar.2014.02.038
https://doi.org/10.1016/j.biopha.2018.01.142
https://doi.org/10.1016/j.yrtph.2017.10.005
https://doi.org/10.1016/j.procbio.2019.05.018
https://doi.org/10.1016/j.procbio.2019.05.018
https://doi.org/10.1155/2011/213135
https://doi.org/10.1186/s13054-020-02851-4
https://doi.org/10.1186/s13054-020-02851-4
https://doi.org/10.1038/s41598-019-49419-z
https://doi.org/10.1038/s41598-019-49419-z
https://doi.org/10.1016/j.proche.2014.12.003
https://doi.org/10.1111/j.1753-5131.2011.01048.x
https://doi.org/10.1111/j.1753-5131.2011.01048.x
https://doi.org/10.1016/j.foodchem.2012.11.139
https://doi.org/10.1016/j.foodchem.2012.11.139
https://doi.org/10.1038/s41598-020-62136-2
https://doi.org/10.1038/s41598-020-62136-2
https://doi.org/10.1016/j.phymed.2018.09.182
https://doi.org/10.1016/j.phymed.2018.09.182
https://doi.org/10.1016/j.phrs.2019.104254


pathway through interaction with the STING-TRAF3-TBK1 complex.

Protein and Cell, 5(5), 369–381. https://doi.org/10.1007/s13238-014-
0026-3

Chen, Y., Liu, Q., & Guo, D. (2020). Emerging coronaviruses: Genome

structure, replication, and pathogenesis. Journal of Medical Virology, 92

(4), 418–423. https://doi.org/10.1002/jmv.25681

Cheng, P. W., Ng, L. T., Chiang, L. C., & Lin, C. C. (2006). Antiviral effects

of saikosaponins on human coronavirus 229E in vitro. Clinical and

Experimental Pharmacology and Physiology, 33(7), 612–616. https://

doi.org/10.1111/j.1440-1681.2006.04415.x

Cho, S., Lee, J., Lee, Y. K., Chung, M. J., Kwon, K. H., & Lee, S. (2016).

Determination of pectolinarin in Cirsium spp. using HPLC/UV analysis.

Journal of Applied Biological Chemistry, 59(2), 107–112. https://doi.

org/10.3839/jabc.2016.020

Choromanska, A., Kulbacka, J., Rembialkowska, N., Pilat, J., Oledzki, R.,

Harasym, J., & Saczko, J. (2015). Anticancer properties of low molecu-

lar weight oat beta-glucan - an in vitro study. International Journal of

Biological Macromolecules, 80, 23–28. https://doi.org/10.1016/j.

ijbiomac.2015.05.035

Cinatl, J., Morgenstern, B., Bauer, G., Chandra, P., Rabenau, H., &

Doerr, H. W. (2003). Glycyrrhizin, an active component of liquorice

roots, and replication of SARS-associated coronavirus. Lancet, 361

(9374), 2045–2046. https://doi.org/10.1016/S0140-6736(03)13615-X
da Silva, P. H. F., da Silva, F. M. A., & Koolen, H. H. F. (2019). Cytochalasins

from Xylaria sp., an endophytic fungus from Turnera ulmifolia. Chemis-

try of Natural Compounds, 55(3), 592–593. https://doi.org/10.1007/
s10600-019-02754-z

De Clercq, E. (2006). Potential antivirals and antiviral strategies against

SARS coronavirus infections. Expert Review of Anti-Infective Therapy, 4

(2), 291–302. https://doi.org/10.1586/14787210.4.2.291
de Haan, C. A. M., & Rottier, P. J. M. (2005). Molecular interactions in the

assembly of coronaviruses. Advances in Virus Research, 64(05), 165–
230. https://doi.org/10.1016/S0065-3527(05)64006-7

de Haan, C. A. M., Vennema, H., & Rottier, P. J. M. (2000). Assembly of the

coronavirus envelope: Homotypic interactions between the M pro-

teins. Journal of Virology, 74(11), 4967–4978. https://doi.org/10.

1128/jvi.74.11.4967-4978.2000

DeDiego, M. L., Alvarez, E., Almazan, F., Rejas, M. T., Lamirande, E.,

Roberts, A., … Enjuanes, L. (2007). A severe acute respiratory syn-

drome coronavirus that lacks the E gene is attenuated in vitro and

in vivo. Journal of Virology, 81(4), 1701–1713. https://doi.org/10.

1128/jvi.01467-06

Deng, Y. F., Aluko, R. E., Jin, Q., Zhang, Y., & Yuan, L. J. (2012). Inhibitory

activities of baicalin against renin and angiotensin-converting enzyme.

Pharmaceutical Biology, 50(4), 401–406. https://doi.org/10.3109/

13880209.2011.608076

Ding, L., Jia, C., Zhang, Y., Wang, W., Zhu, W., & Chen, Y. (2019). Biomedi-

cine & Pharmacotherapy Baicalin relaxes vascular smooth muscle and

lowers blood pressure in spontaneously hypertensive rats. Biomedi-

cine & Pharmacotherapy, 111(November), 325–330. https://doi.org/
10.1016/j.biopha.2018.12.086

Dong, L., Hu, S., & Gao, J. (2020). Discovering drugs to treat coronavirus

disease 2019 (COVID-19), 14(1), 58–60. https://doi.org/10.5582/ddt.
2020.01012

Dong, X., Zeng, Y., Liu, Y., You, L., Yin, X., Fu, J., & Ni, J. (2020). Aloe-emo-

din: A review of its pharmacology, toxicity, and pharmacokinetics.

Phytotherapy Research, 34(2), 270–281. https://doi.org/10.1002/ptr.
6532

Du, L., He, Y., Zhou, Y., Liu, S., & Zheng, B. J. (2009). The spike protein of

SARS-CoV – A target for vaccine and therapeutic development, 7,

226–236. https://doi.org/10.1038/nrmicro2090

El Sayed, K. A. (2000). Natural products as antiviral agents. Studies in Natu-

ral Products Chemistry, 24(E), 473–572. https://doi.org/10.1016/

S1572-5995(00)80051-4

Elenius, V., Palomares, O., Waris, M., Turunen, R., Puhakka, T., Rückert, B.,

… Jartti, T. (2017). The relationship of serum vitamins A, D, E and LL-

37 levels with allergic status, tonsillar virus detection and immune

response. PLoS One, 12(2), 1–13. https://doi.org/10.1371/journal.

pone.0172350

Falandysz, J. (2008). Selenium in edible mushrooms. Journal of Environmen-

tal Science and Health – Part C Environmental Carcinogenesis and Eco-

toxicology Reviews, 26(3), 256–299. https://doi.org/10.1080/

10590500802350086

Farhan Aslam, M., Majeed, S., Aslam, S., & Irfan, J. A. (2017). Vitamins: Key

role players in boosting up immune response-a mini-review. Vitamins &

Minerals, 06(1), 1–8. https://doi.org/10.4172/2376-1318.1000153
Finger, A., Engelhardt, U. H., & Wray, V. (1991). Flavonol glycosides in

tea—kaempferol and quercetin rhamnodiglucosides. Journal of the Sci-

ence of Food and Agriculture, 55(2), 313–321. https://doi.org/10.1002/
jsfa.2740550216

Fu-Liang, X., Xiao-Hui, S., Lu, G., Xiang-Liang, Y., & Hui-Bi, X. (2006).

Puerarin protects rat pancreatic islets from damage by hydrogen per-

oxide. European Journal of Pharmacology, 529(1–3), 1–7. https://doi.
org/10.1016/j.ejphar.2005.10.024

Ganeshpurkar, A., & Saluja, A. K. (2017). The pharmacological potential of

Rutin. Saudi Pharmaceutical Journal, 25(2), 149–164. https://doi.org/
10.1016/j.jsps.2016.04.025

Ge, X., Li, J., Yang, X., Chmura, A. A., Zhu, G., Epstein, J. H., … Rs, B. S.

(2013). Coronavirus that uses the ACE2 receptor. Nature, 503(7477),

535–538. https://doi.org/10.1038/nature12711
Gombart, A. F., Pierre, A., & Maggini, S. (2020). A review of micronutrients

and the immune system–working in harmony to reduce the risk of

infection. Nutrients, 12(1), 236. https://doi.org/10.3390/nu12010236

Gu, H. F., & Zhang, X. (2017). Handbook of famine, starvation, and nutrient

deprivation (pp. 1–18). eBook ISBN 978-3-319-40007-5: Springer,

Cham. https://doi.org/10.1007/978-3-319-40007-5

Gupta, M. (2016). Phytochemical screening of leaves of Plumeria alba and

Plumeria acuminata. Journal of Chemical and Pharmaceutical Research, 8

(5), 354–358. www.jocpr.com

Gupta, M. K., Vemula, S., Donde, R., Gouda, G., Behera, L., & Vadde, R.

(2020). In-silico approaches to detect inhibitors of the human severe

acute respiratory syndrome coronavirus envelope protein ion channel.

Journal of Biomolecular Structure and Dynamics, 39, 1–11. https://doi.
org/10.1080/07391102.2020.1751300

Gupta, S., Mishra, K. P., & Ganju, L. (2017). Broad-spectrum antiviral prop-

erties of andrographolide. In Archives of virology (162, 3, pp. 611–623).
Wien: Springer-Verlag. https://doi.org/10.1007/s00705-016-3166-3

Harborne, J. B. (1969). Gossypetin and herbacetin as taxonomic markers in

higher plants. Phytochemistry, 8(1), 177–183. https://doi.org/10.1016/
S0031-9422(00)85810-0

Harcourt, B. H., Jukneliene, D., Kanjanahaluethai, A., Bechill, J.,

Severson, K. M., Smith, C. M., … Baker, S. C. (2004). Identification of

severe acute respiratory syndrome coronavirus Replicase products

and characterization of papain-Like protease activity. Journal of Virol-

ogy, 78(24), 13600–13612. https://doi.org/10.1128/jvi.78.24.13600-
13612.2004

Ho, T. Y., Wu, S. L., Chen, J. C., Li, C. C., & Hsiang, C. Y. (2007). Emodin

blocks the SARS coronavirus spike protein and angiotensin-converting

enzyme 2 interaction. Antiviral Research, 74(2), 92–101. https://doi.
org/10.1016/j.antiviral.2006.04.014

Hsu, S., & Chung, J. (2012). Review article anticancer potential of emodin.

Biomedicine, 2(3), 108–116. https://doi.org/10.1016/j.biomed.2012.

03.003

Hussain, P. R., Rather, S. A., & Suradkar, P. P. (2018). Structural characteri-

zation and evaluation of antioxidant, anticancer and hypoglycemic

activity of radiation degraded oat (Avena sativa) β-glucan. Radiation
Physics and Chemistry, 144, 218–230. https://doi.org/10.1016/j.

radphyschem.2017.08.018

SHAH ET AL. 6545

https://doi.org/10.1007/s13238-014-0026-3
https://doi.org/10.1007/s13238-014-0026-3
https://doi.org/10.1002/jmv.25681
https://doi.org/10.1111/j.1440-1681.2006.04415.x
https://doi.org/10.1111/j.1440-1681.2006.04415.x
https://doi.org/10.3839/jabc.2016.020
https://doi.org/10.3839/jabc.2016.020
https://doi.org/10.1016/j.ijbiomac.2015.05.035
https://doi.org/10.1016/j.ijbiomac.2015.05.035
https://doi.org/10.1016/S0140-6736(03)13615-X
https://doi.org/10.1007/s10600-019-02754-z
https://doi.org/10.1007/s10600-019-02754-z
https://doi.org/10.1586/14787210.4.2.291
https://doi.org/10.1016/S0065-3527(05)64006-7
https://doi.org/10.1128/jvi.74.11.4967-4978.2000
https://doi.org/10.1128/jvi.74.11.4967-4978.2000
https://doi.org/10.1128/jvi.01467-06
https://doi.org/10.1128/jvi.01467-06
https://doi.org/10.3109/13880209.2011.608076
https://doi.org/10.3109/13880209.2011.608076
https://doi.org/10.1016/j.biopha.2018.12.086
https://doi.org/10.1016/j.biopha.2018.12.086
https://doi.org/10.5582/ddt.2020.01012
https://doi.org/10.5582/ddt.2020.01012
https://doi.org/10.1002/ptr.6532
https://doi.org/10.1002/ptr.6532
https://doi.org/10.1038/nrmicro2090
https://doi.org/10.1016/S1572-5995(00)80051-4
https://doi.org/10.1016/S1572-5995(00)80051-4
https://doi.org/10.1371/journal.pone.0172350
https://doi.org/10.1371/journal.pone.0172350
https://doi.org/10.1080/10590500802350086
https://doi.org/10.1080/10590500802350086
https://doi.org/10.4172/2376-1318.1000153
https://doi.org/10.1002/jsfa.2740550216
https://doi.org/10.1002/jsfa.2740550216
https://doi.org/10.1016/j.ejphar.2005.10.024
https://doi.org/10.1016/j.ejphar.2005.10.024
https://doi.org/10.1016/j.jsps.2016.04.025
https://doi.org/10.1016/j.jsps.2016.04.025
https://doi.org/10.1038/nature12711
https://doi.org/10.3390/nu12010236
https://doi.org/10.1007/978-3-319-40007-5
http://www.jocpr.com
https://doi.org/10.1080/07391102.2020.1751300
https://doi.org/10.1080/07391102.2020.1751300
https://doi.org/10.1007/s00705-016-3166-3
https://doi.org/10.1016/S0031-9422(00)85810-0
https://doi.org/10.1016/S0031-9422(00)85810-0
https://doi.org/10.1128/jvi.78.24.13600-13612.2004
https://doi.org/10.1128/jvi.78.24.13600-13612.2004
https://doi.org/10.1016/j.antiviral.2006.04.014
https://doi.org/10.1016/j.antiviral.2006.04.014
https://doi.org/10.1016/j.biomed.2012.03.003
https://doi.org/10.1016/j.biomed.2012.03.003
https://doi.org/10.1016/j.radphyschem.2017.08.018
https://doi.org/10.1016/j.radphyschem.2017.08.018


Ibrahim, K. S., & El-Sayed, E. M. (2016). Potential role of nutrients on

immunity. International Food Research Journal, 23(2), 464–474.
Imbert, I., Guillemot, J. C., Bourhis, J. M., Bussetta, C., Coutard, B.,

Egloff, M. P., … Canard, B. (2006). A second, non-canonical RNA-

dependent RNA polymerase in SARS coronavirus. EMBO Journal, 25

(20), 4933–4942. https://doi.org/10.1038/sj.emboj.7601368

Inhibitor, P., Hoffmann, M., Kleine-weber, H., Schroeder, S., Mu, M. A.,

Drosten, C., Po, S., Hoffmann, M., Kleine-weber, H., Schroeder, S., &

Kru, N. (2020). SARS-CoV-2 Cell Entry depends on ACE2 and

TMPRSS2 and is blocked by a clinically proven article SARS-CoV-2 cell

entry depends on ACE2 and TMPRSS2 and is blocked by a clinically

proven protease inhibitor. 271–280. https://doi.org/10.1016/j.cell.

2020.02.052, 181

Islam, M. T., Sarkar, C., El-Kersh, D. M., Jamaddar, S., Uddin, S. J.,

Shilpi, J. A., & Mubarak, M. S. (2020). Natural products and their deriv-

atives against coronavirus: A review of the non-clinical and pre-clinical

data. Phytotherapy Research: PTR, 34, 2471–2492. https://doi.org/10.
1002/ptr.6700

Ivanov, K. A., Thiel, V., Dobbe, J. C., van der Meer, Y., Snijder, E. J., &

Ziebuhr, J. (2004). Multiple enzymatic activities associated with severe

acute respiratory syndrome coronavirus helicase. Journal of Virology,

78(11), 5619–5632. https://doi.org/10.1128/jvi.78.11.5619-5632.

2004

Ivanov, K. A., & Ziebuhr, J. (2004). Human coronavirus 229E nonstructural

protein 13: Characterization of duplex-unwinding, nucleoside

Triphosphatase, and RNA 50-Triphosphatase activities. Journal of Virol-

ogy, 78(14), 7833–7838. https://doi.org/10.1128/jvi.78.14.7833-

7838.2004

Jang, M. H., Piao, X. L., Kim, J. M., Kwon, S. W., & Park, J. H. (2008). Inhibi-

tion of cholinesterase and amyloid-&bgr; aggregation by resveratrol

oligomers from Vitis amurensis. Phytotherapy Research, 22(4), 544–549.
https://doi.org/10.1002/ptr

Jiang, L., Zeng, H., Ni, L., Qi, L., Xu, Y., Xia, L., … Li, P. (2019). HIF-1α
preconditioning potentiates antioxidant activity in ischemic injury: The

role of sequential administration of dihydrotanshinone I and

protocatechuic aldehyde in cardioprotection. Antioxidants and Redox

Signaling, 31(3), 227–242. https://doi.org/10.1089/ars.2018.7624
Jo, S., Kim, H., Kim, S., Shin, D. H., & Kim, M. S. (2019). Characteristics of

flavonoids as potent MERS-CoV 3C-like protease inhibitors. Chemical

Biology and Drug Design, 94(6), 2023–2030. https://doi.org/10.1111/
cbdd.13604

Jo, S., Kim, S., Shin, D. H., & Kim, M. S. (2020). Inhibition of SARS-CoV 3CL

protease by flavonoids. Journal of Enzyme Inhibition and Medicinal

Chemistry, 35(1), 145–151. https://doi.org/10.1080/14756366.2019.
1690480

Joo, H. J., Park, J. Y., Hong, S. J., Kim, K. A., Lee, S. H., Cho, J. Y., …
Lim, D. S. (2018). Anti-platelet effects of epigallocatechin-3-gallate in

addition to the concomitant aspirin, clopidogrel or ticagrelor treat-

ment. Korean Journal of Internal Medicine, 33(3), 522–531. https://doi.
org/10.3904/kjim.2016.228

Kamei, J., Nakamura, R., Ichiki, H., & Kubo, M. (2003). Antitussive princi-

ples of Glycyrrhizae radix, a main component of the Kampo prepara-

tions Bakumondo-to (Mai-men-dong-tang). European Journal of

Pharmacology, 469(1–3), 159–163, 163. https://doi.org/10.1016/

S0014-2999(03)01728-X

Kashyap, D., Sharma, A., Tuli, H. S., Sak, K., Punia, S., & Mukherjee, T. K.

(2017). Kaempferol – A dietary anticancer molecule with multiple

mechanisms of action: Recent trends and advancements. In Journal of

Functional Foods (Vol. 30, pp. 203–219). https://doi.org/10.1016/j.jff.
2017.01.022

Kawai, M., Hirano, T., Higa, S., Arimitsu, J., Maruta, M., Kuwahara, Y., …
Ogata, A. (2007). Flavonoids and related compounds as anti-allergic

substances. Allergology International, 56(2), 113–123. https://doi.org/
10.2332/allergolint.R-06-135

Kawakami, S., Harinantenaina, L., Matsunami, K., Otsuka, H.,

Shinzato, T., & Takeda, Y. (2008). Macaflavanones A-G, prenylated fla-

vanones from the leaves of Macaranga tanarius. Journal of Natural

Products, 71(11), 1872–1876. https://doi.org/10.1021/np800380d
Khan, M., Maryam, A., Zhang, H., Mehmood, T., & Ma, T. (2016). Killing

cancer with platycodin D through multiple mechanisms. Journal of Cel-

lular and Molecular Medicine, 20(3), 389–402. https://doi.org/10.

1111/jcmm.12749

Kilani-Jaziri, S., Mokdad-Bzeouich, I., Krifa, M., Nasr, N., Ghedira, K., &

Chekir-Ghedira, L. (2017). Immunomodulatory and cellular anti-oxidant

activities of caffeic, ferulic, and p-coumaric phenolic acids: A

structure–activity relationship study. Drug and Chemical Toxicology, 40

(4), 416–424. https://doi.org/10.1080/01480545.2016.1252919
Kim, D. E., Min, J. S., Jang, M. S., Lee, J. Y., Shin, Y. S., Park, C. M., …

Kwon, S. (2019). Natural bis-benzylisoquinoline alkaloids-tetrandrine,

fangchinoline, and cepharanthine, inhibit human coronavirus oc43

infection of mrc-5 human lung cells. Biomolecules, 9(11), 696–711.
https://doi.org/10.3390/biom9110696

Kim, D. J., Roh, E., Lee, M. H., Oi, N., Lim, D. Y., Cho, Y. Y., … Dong, Z.

(2016). Herbacetin is a novel allosteric inhibitor of ornithine decarbox-

ylase with antitumor activity. Cancer Research, 76(5), 1146–1157.
https://doi.org/10.1158/0008-5472.CAN-15-0442

Kim, J. Y., Kim, Y. I., Park, S. J., Kim, I. K., Choi, Y. K., & Kim, S. H. (2018).

Safe, high-throughput screening of natural compounds of MERS-CoV

entry inhibitors using a pseudovirus expressing MERS-CoV spike pro-

tein. International Journal of Antimicrobial Agents, 52(5), 730–732.
https://doi.org/10.1016/j.ijantimicag.2018.05.003

Kim, S. J., Ryu, B., Kim, H. Y., Yang, Y. I., Ham, J., Choi, J. H., & Jang, D. S.

(2013). Sesquiterpenes from the rhizomes of Cyperus rotundus and

their potential to inhibit LPS-induced nitric oxide production. Bulletin

of the Korean Chemical Society, 34(7), 2207–2210. https://doi.org/10.
5012/bkcs.2013.34.7.2207

Kokubo, Y., Saito, I., Iso, H., Yamagishi, K., Yatsuya, H., Ishihara, J., …
Isobe, T. (2018). Dietary magnesium intake and risk of incident coro-

nary heart disease in men: A prospective cohort study. Clinical Nutri-

tion, 37(5), 1602–1608. https://doi.org/10.1016/j.clnu.2017.08.006
Kwok, K. O., Li, K. K., WEI, W. I., Tang, A., Wong, S. Y. S., & Lee, S. S.

(2021). Influenza vaccine uptake, COVID-19 vaccination intention and

vaccine hesitancy among nurses: A survey. International Journal of

Nursing Studies, 114, 103854. https://doi.org/10.1016/j.ijnurstu.2020.

103854

Laguno, M., Larrousse, M., Luis Blanco, J., Leon, A., Milinkovic, A.,

Martínez-Rebozler, M., … Mallolas, J. (2008). Prevalence and clinical

relevance of occult hepatitis B in the fibrosis progression and antiviral

response to INF therapy in HIV–HCV-Coinfected patients. AIDS

Research and Human Retroviruses, 24(4), 547–553. https://doi.org/10.
1089/aid.2007.9994

Lai, X., Pei, Q., Song, X., Zhou, X., Yin, Z., Jia, R., … Jing, B. (2016). The

enhancement of immune function and activation of NF-κB by

resveratrol-treatment in immunosuppressive mice. International Immu-

nopharmacology, 33, 42–47. https://doi.org/10.1016/j.intimp.2016.

01.028

Lalani, S., & Poh, C. L. (2020). Flavonoids as antiviral agents for enterovirus

A71 (EV-A71). Viruses, 12(2), 184–199. https://doi.org/10.3390/

v12020184

Lateef Mousa, H. A. (2015). Prevention and treatment of viral infections

by natural therapies. Journal of Prevention and Infection Control, 1(1),

2–4. https://doi.org/10.21767/2471-9668.10004
Latief, U., Husain, H., Mukherjee, D., & Ahmad, R. (2016).

Hepatoprotective efficacy of gallic acid during nitrosodiethylamine-

induced liver inflammation in Wistar rats. The Journal of Basic & Applied

Zoology, 76, 31–41. https://doi.org/10.1016/j.jobaz.2016.07.002
Lee, G., & Han, S. (2018). The role of Vitamin E in immunity. Nutrients, 10

(11), 1614. https://doi.org/10.3390/nu10111614

6546 SHAH ET AL.

https://doi.org/10.1038/sj.emboj.7601368
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1002/ptr.6700
https://doi.org/10.1002/ptr.6700
https://doi.org/10.1128/jvi.78.11.5619-5632.2004
https://doi.org/10.1128/jvi.78.11.5619-5632.2004
https://doi.org/10.1128/jvi.78.14.7833-7838.2004
https://doi.org/10.1128/jvi.78.14.7833-7838.2004
https://doi.org/10.1002/ptr
https://doi.org/10.1089/ars.2018.7624
https://doi.org/10.1111/cbdd.13604
https://doi.org/10.1111/cbdd.13604
https://doi.org/10.1080/14756366.2019.1690480
https://doi.org/10.1080/14756366.2019.1690480
https://doi.org/10.3904/kjim.2016.228
https://doi.org/10.3904/kjim.2016.228
https://doi.org/10.1016/S0014-2999(03)01728-X
https://doi.org/10.1016/S0014-2999(03)01728-X
https://doi.org/10.1016/j.jff.2017.01.022
https://doi.org/10.1016/j.jff.2017.01.022
https://doi.org/10.2332/allergolint.R-06-135
https://doi.org/10.2332/allergolint.R-06-135
https://doi.org/10.1021/np800380d
https://doi.org/10.1111/jcmm.12749
https://doi.org/10.1111/jcmm.12749
https://doi.org/10.1080/01480545.2016.1252919
https://doi.org/10.3390/biom9110696
https://doi.org/10.1158/0008-5472.CAN-15-0442
https://doi.org/10.1016/j.ijantimicag.2018.05.003
https://doi.org/10.5012/bkcs.2013.34.7.2207
https://doi.org/10.5012/bkcs.2013.34.7.2207
https://doi.org/10.1016/j.clnu.2017.08.006
https://doi.org/10.1016/j.ijnurstu.2020.103854
https://doi.org/10.1016/j.ijnurstu.2020.103854
https://doi.org/10.1089/aid.2007.9994
https://doi.org/10.1089/aid.2007.9994
https://doi.org/10.1016/j.intimp.2016.01.028
https://doi.org/10.1016/j.intimp.2016.01.028
https://doi.org/10.3390/v12020184
https://doi.org/10.3390/v12020184
https://doi.org/10.21767/2471-9668.10004
https://doi.org/10.1016/j.jobaz.2016.07.002
https://doi.org/10.3390/nu10111614


Leung, L. K., Su, Y., Chen, R., Zhang, Z., Huang, Y., & Chen, Z.-Y. (2001).

Theaflavins in black tea and Catechins in green tea are equally effec-

tive antioxidants. The Journal of Nutrition, 131(9), 2248–2251. https://
doi.org/10.1093/jn/131.9.2248

Li, F., Gao, C., Yan, P., Zhang, M., Wang, Y., Hu, Y., … Sheng, J. (2018).

EGCG reduces obesity and white adipose tissue gain partly through

AMPK activation in mice. Frontiers in Pharmacology, 9(Nov), 1–9.
https://doi.org/10.3389/fphar.2018.01366

Li, L., Sapkota, M., Kim, S. W., & Soh, Y. (2016). Herbacetin inhibits

RANKL-mediated osteoclastogenesis in vitro and prevents inflamma-

tory bone loss in vivo. European Journal of Pharmacology, 777, 17–25.
https://doi.org/10.1016/j.ejphar.2016.02.057

Li, S. W., Wang, C. Y., Jou, Y. J., Huang, S. H., Hsiao, L. H., Wan, L., …
Lin, C. W. (2016). SARS coronavirus papain-like protease inhibits the

TLR7 signaling pathway through removing Lys63-linked poly-

ubiquitination of TRAF3 and TRAF6. International Journal of Molecular

Sciences, 17(5), 1–10. https://doi.org/10.3390/ijms17050678

Li, X. Q., Song, Y. N., Wang, S. J., Rahman, K., Zhu, J. Y., & Zhang, H.

(2018). Saikosaponins: A review of pharmacological effects. Journal of

Asian Natural Products Research, 20(5), 399–411. https://doi.org/10.
1080/10286020.2018.1465937

Li, X., Li, X., Huang, N., Liu, R., & Sun, R. (2018). A comprehensive review

and perspectives on pharmacology and toxicology of saikosaponins.

Phytomedicine, 50(August), 73–87. https://doi.org/10.1016/j.phymed.

2018.09.174

Li, X., Geng, M., Peng, Y., Meng, L., & Lu, S. (2020). Molecular immune

pathogenesis and diagnosis of COVID-19. Journal of Pharmaceutical

Analysis, 10, 102–108. https://doi.org/10.1016/j.jpha.2020.03.001
Li, Y., Yao, J., Han, C., Yang, J., Chaudhry, M. T., Wang, S., … Yin, Y. (2016).

Quercetin, inflammation and immunity. Nutrients, 8(3), 1–14. https://
doi.org/10.3390/nu8030167

Liao, H. C., Chou, Y. J., Lin, C. C., Liu, S. H., Oswita, A., Huang, Y. L., …
Fu, S. L. (2019). Andrographolide and its potent derivative exhibit anti-

cancer effects against imatinib-resistant chronic myeloid leukemia cells

by downregulating the Bcr-Abl oncoprotein. Biochemical Pharmacology,

163, 308–320. https://doi.org/10.1016/j.bcp.2019.02.028
Liao, W., Chen, L., Ma, X., Jiao, R., Li, X., & Wang, Y. (2016). Protective

effects of kaempferol against reactive oxygen species-induced hemo-

lysis and its antiproliferative activity on human cancer cells. European

Journal of Medicinal Chemistry, 114, 24–32. https://doi.org/10.1016/j.
ejmech.2016.02.045

Lim, H., Son, K. H., Chang, H. W., Bae, K. H., Kang, S. S., & Kim, H. P.

(2008). Anti-inflammatory activity of pectolinarigenin and pectolinarin

isolated from Cirsium chanroenicum. Biological and Pharmaceutical Bul-

letin, 31(11), 2063–2067. https://doi.org/10.1248/bpb.31.2063
Lima, V. N., Oliveira-Tintino, C. D. M., Santos, E. S., Morais, L. P.,

Tintino, S. R., Freitas, T. S., … Coutinho, H. D. M. (2016). Antimicrobial

and enhancement of the antibiotic activity by phenolic compounds:

Gallic acid, caffeic acid and pyrogallol. Microbial Pathogenesis, 99, 56–
61. https://doi.org/10.1016/j.micpath.2016.08.004

Lin, C. W., Tsai, F. J., Tsai, C. H., Lai, C. C., Wan, L., Ho, T. Y., …
Chao, P. D. L. (2005). Anti-SARS coronavirus 3C-like protease effects

of Isatis indigotica root and plant-derived phenolic compounds. Ant-

iviral Research, 68(1), 36–42. https://doi.org/10.1016/j.antiviral.2005.
07.002

Lin, L. T., Hsu, W. C., & Lin, C. C. (2014). Antiviral natural products and

herbal medicines. Journal of Traditional and Complementary Medicine, 4

(1), 24–35. https://doi.org/10.4103/2225-4110.124335
Lin, Y., Shi, R., Wang, X., & Shen, H.-M. (2008). Luteolin, a flavonoid with

potential for cancer prevention and therapy. Current Cancer Drug Tar-

gets, 8(7), 634–646. https://doi.org/10.2174/156800908786241050
Liu, A., & Du, G. (2012). Antiviral properties of phytochemicals. Switzerland

AG: Springer, Dordrecht. https://doi.org/10.1007/978-94-007-3926-0

Liu, M., Zhang, Y., Zhang, H., Hu, B., Wang, L., Qian, H., & Qi, X. (2016).

The anti-diabetic activity of oat β-D-glucan in streptozotocin–

nicotinamide induced diabetic mice. International Journal of Biological

Macromolecules, 91, 1170–1176. https://doi.org/10.1016/j.ijbiomac.

2016.06.083

Liu, R., Zhang, T., Wang, T., Chang, M., Jin, Q., & Wang, X. (2019). Micro-

wave-assisted synthesis and antioxidant activity of palmitoyl-

epigallocatechin gallate. LWT, 101, 663–669. https://doi.org/10.

1016/j.lwt.2018.11.075

Li-Weber, M. (2009). New therapeutic aspects of flavones: The anticancer

properties of Scutellaria and its main active constituents Wogonin,

Baicalein and Baicalin. Cancer Treatment Reviews, 35(1), 57–68.
https://doi.org/10.1016/j.ctrv.2008.09.005

Lopez-Lazaro, M. (2008). Distribution and biological activities of the flavo-

noid Luteolin. Mini-Reviews in Medicinal Chemistry, 9(1), 31–59.
https://doi.org/10.2174/138955709787001712

Louten, J. (2016). Vaccines, antivirals, and the beneficial uses of viruses.

Essential Human Virology, 133–154. Amsterdam: Elsevier Inc. https://

doi.org/10.1016/b978-0-12-800947-5.00008-9

Lu, Y., Li, Q., Liu, Y. Y., Sun, K., Fan, J. Y., Wang, C. S., & Han, J. Y. (2015).

Inhibitory effect of caffeic acid on ADP-induced thrombus formation

and platelet activation involves mitogen-activated protein kinases. Sci-

entific Reports, 5(1), 1–13. https://doi.org/10.1038/srep13824
Luo, S., Li, H., Liu, J., Xie, X., Wan, Z., Wang, Y., … Li, X. (2020).

Andrographolide ameliorates oxidative stress, inflammation and histo-

logical outcome in complete Freund's adjuvant-induced arthritis.

Chemico-Biological Interactions, 319, 108984. https://doi.org/10.1016/

j.cbi.2020.108984

Maares, M., & Haase, H. (2016). Zinc and immunity: An essential interrela-

tion. Archives of Biochemistry and Biophysics, 611, 58–65. https://doi.
org/10.1016/j.abb.2016.03.022

Maggini, S., Wintergerst, E. S., Beveridge, S., & Hornig, D. H. (2007).

Selected vitamins and trace elements support immune function by

strengthening epithelial barriers and cellular and humoral immune

responses. British Journal of Nutrition, 98(Suppl 1), 29–35. https://doi.
org/10.1017/S0007114507832971

Maji, A. K., Mahapatra, S., & Banerjee, D. (2014). In-vivo immunomodula-

tory potential of standardized Pueraria tuberosa extract and its iso-

flavonoids. International Journal of Pharmacy and Pharmaceutical

Sciences, 6, 861–867.
Malavolta, M. (2018). Trace elements and minerals in health and longevity

(Vol. 8). Switzerland AG: Springer International Publishing. https://doi.

org/10.1007/978-3-030-03742-0

Man, M. Q., Yang, B., & Elias, P. M. (2019). Benefits of hesperidin for cuta-

neous functions. Evidence-Based Complementary and Alternative Medi-

cine, 2019, 19. https://doi.org/10.1155/2019/2676307

Mani, R., & Natesan, V. (2018). Chrysin: Sources, beneficial pharmacologi-

cal activities, and molecular mechanism of action. In Phytochemistry

(Vol. 145, pp. 187–196). https://doi.org/10.1016/j.phytochem.2017.

09.016

Martínez-Vázquez, M., Ramírez Apan, T. O., Lastra, A. L., & Bye, R. (1998).

A comparative study of the analgesic and anti-inflammatory activities

of pectolinarin isolated from Cirsium subcoriaceum and linarin isolated

from Buddleia cordata. Planta Medica, 64(2), 134–137. https://doi.org/
10.1055/s-2006-957390

Masters, P. S., & Rottier, P. J. M. (2005). Coronavirus reverse genetics by

targeted RNA recombination. Current Topics in Microbiology and Immu-

nology, 287, 133–159. https://doi.org/10.1007/3-540-26765-4_5
Masters, P. S. (2006). The molecular biology of coronaviruses. Advances in

Virus Research, 65(06), 193–292. https://doi.org/10.1016/S0065-

3527(06)66005-3

Mattio, L. M., Dallavalle, S., Musso, L., Filardi, R., Franzetti, L., Pellegrino, L.,

… Arioli, S. (2019). Antimicrobial activity of resveratrol-derived mono-

mers and dimers against foodborne pathogens. Scientific Reports, 9(1),

1–13. https://doi.org/10.1038/s41598-019-55975-1
Meena, D. K., Das, P., Kumar, S., Mandal, S. C., Prusty, A. K., Singh, S. K., …

Mukherjee, S. C. (2013). Beta-glucan: An ideal immunostimulant in

SHAH ET AL. 6547

https://doi.org/10.1093/jn/131.9.2248
https://doi.org/10.1093/jn/131.9.2248
https://doi.org/10.3389/fphar.2018.01366
https://doi.org/10.1016/j.ejphar.2016.02.057
https://doi.org/10.3390/ijms17050678
https://doi.org/10.1080/10286020.2018.1465937
https://doi.org/10.1080/10286020.2018.1465937
https://doi.org/10.1016/j.phymed.2018.09.174
https://doi.org/10.1016/j.phymed.2018.09.174
https://doi.org/10.1016/j.jpha.2020.03.001
https://doi.org/10.3390/nu8030167
https://doi.org/10.3390/nu8030167
https://doi.org/10.1016/j.bcp.2019.02.028
https://doi.org/10.1016/j.ejmech.2016.02.045
https://doi.org/10.1016/j.ejmech.2016.02.045
https://doi.org/10.1248/bpb.31.2063
https://doi.org/10.1016/j.micpath.2016.08.004
https://doi.org/10.1016/j.antiviral.2005.07.002
https://doi.org/10.1016/j.antiviral.2005.07.002
https://doi.org/10.4103/2225-4110.124335
https://doi.org/10.2174/156800908786241050
https://doi.org/10.1007/978-94-007-3926-0
https://doi.org/10.1016/j.ijbiomac.2016.06.083
https://doi.org/10.1016/j.ijbiomac.2016.06.083
https://doi.org/10.1016/j.lwt.2018.11.075
https://doi.org/10.1016/j.lwt.2018.11.075
https://doi.org/10.1016/j.ctrv.2008.09.005
https://doi.org/10.2174/138955709787001712
https://doi.org/10.1016/b978-0-12-800947-5.00008-9
https://doi.org/10.1016/b978-0-12-800947-5.00008-9
https://doi.org/10.1038/srep13824
https://doi.org/10.1016/j.cbi.2020.108984
https://doi.org/10.1016/j.cbi.2020.108984
https://doi.org/10.1016/j.abb.2016.03.022
https://doi.org/10.1016/j.abb.2016.03.022
https://doi.org/10.1017/S0007114507832971
https://doi.org/10.1017/S0007114507832971
https://doi.org/10.1007/978-3-030-03742-0
https://doi.org/10.1007/978-3-030-03742-0
https://doi.org/10.1155/2019/2676307
https://doi.org/10.1016/j.phytochem.2017.09.016
https://doi.org/10.1016/j.phytochem.2017.09.016
https://doi.org/10.1055/s-2006-957390
https://doi.org/10.1055/s-2006-957390
https://doi.org/10.1007/3-540-26765-4_5
https://doi.org/10.1016/S0065-3527(06)66005-3
https://doi.org/10.1016/S0065-3527(06)66005-3
https://doi.org/10.1038/s41598-019-55975-1


aquaculture (a review). Fish Physiology and Biochemistry, 39(3), 431–
457. https://doi.org/10.1007/s10695-012-9710-5

Menzies, B. C. (2019). Iron intakes and food sources of iron in

New Zealand adolescent females.

Mia, M. M., & Bank, R. A. (2016). The pro-fibrotic properties of trans-

forming growth factor on human fibroblasts are counteracted by

caffeic acid by inhibiting myofibroblast formation and collagen synthe-

sis. Cell and Tissue Research, 363(3), 775–789. https://doi.org/10.

1007/s00441-015-2285-6

Moghbelli, H., Ellithy, K., Eslami, Z., Vartanian, R., Wannous, D., El

Ghamrawy, A., … Nathan, G. J. (2020). No 主観的健康感を中心とした

在宅高齢者における 健康関連指標に関する共分散;造分析Title. Block

Caving – A Viable Alternative? 21(1), 1–9. https://doi.org/10.1016/j.
solener.2019.02.027

Mohamed, S. I. A., Jantan, I., & Haque, M. A. (2017). Naturally occurring

immunomodulators with antitumor activity: An insight on their mecha-

nisms of action. In International Immunopharmacology (Vol. 50,

pp. 291–304). https://doi.org/10.1016/j.intimp.2017.07.010

Montalesi, E., Cipolletti, M., Cracco, P., Fiocchetti, M., & Marino, M.

(2020). Divergent effects of Daidzein and its metabolites on estrogen-

induced survival of breast Cancer cells. Cancers, 12(1), 167. https://

doi.org/10.3390/cancers12010167

Morris, H. J., Carrillo, O., Almarales, A., Bermúdez, R. C., Lebeque, Y.,

Fontaine, R., … Beltrán, Y. (2007). Immunostimulant activity of an

enzymatic protein hydrolysate from green microalga Chlorella vulgaris

on undernourished mice. Enzyme and Microbial Technology, 40(3), 456–
460. https://doi.org/10.1016/j.enzmictec.2006.07.021

Mrkus, L., Batini�c, J., Bjeliš, N., & Jakas, A. (2019). Synthesis and biological

evaluation of quercetin and resveratrol peptidyl derivatives as poten-

tial anticancer and antioxidant agents. Amino Acids, 51(2), 319–329.
https://doi.org/10.1007/s00726-018-2668-6

Nagalekshmi, R., Menon, A., Chandrasekharan, D. K., & Nair, C. K. K.

(2011). Hepatoprotective activity of Andrographis paniculata and

Swertia chiriiayita. Food and Chemical Toxicology, 49(12), 3367–3373.
https://doi.org/10.1016/j.fct.2011.09.026

Nal, B., Chan, C., Kien, F., Siu, L., Tse, J., Chu, K., … Altmeyer, R. (2005). Differ-

ential maturation and subcellular localization of severe acute respiratory

syndrome coronavirus surface proteins S, M and E. Journal of General

Virology, 86(5), 1423–1434. https://doi.org/10.1099/vir.0.80671-0
Nawaz, J., Rasul, A., Shah, M. A., Hussain, G., Riaz, A., Sarfraz, I., …

Selamoglu, Z. (2020). Cardamonin: A new player to fight cancer via

multiple cancer signaling pathways. Life Sciences, 250(March), 117591.

https://doi.org/10.1016/j.lfs.2020.117591

Neuman, B. W., Kiss, G., Kunding, A. H., Bhella, D., Baksh, M. F.,

Connelly, S., … Buchmeier, M. J. (2011). A structural analysis of M pro-

tein in coronavirus assembly and morphology. Journal of Structural Biol-

ogy, 174(1), 11–22. https://doi.org/10.1016/j.jsb.2010.11.021
Nguyen, T. T. H., Woo, H. J., Kang, H. K., Nguyen, V. D., Kim, Y. M.,

Kim, D. W., … Kim, D. (2012). Flavonoid-mediated inhibition of SARS

coronavirus 3C-like protease expressed in Pichia pastoris. Biotechnol-

ogy Letters, 34(5), 831–838. https://doi.org/10.1007/s10529-011-

0845-8

Nkengfack, G., Englert, H., & Haddadi, M. (2019). Selenium and immunity.

In Nutrition and immunity (pp. 159–165). Springer International Pub-

lishing. https://doi.org/10.1007/978-3-030-16073-9_9

Nusbaum, N. (2020). Pharmacologic therapy for COVID-19 infection. Jour-

nal of Community Health, 45(3), 435–436. https://doi.org/10.1007/
s10900-020-00821-z

Olza, J., Aranceta-Bartrina, J., González-Gross, M., Ortega, R. M., Serra-

Majem, L., Varela-Moreiras, G., & Gil, �A. (2017). Reported dietary

intake and food sources of zinc, selenium, and vitamins a, e and c in

the Spanish population: Findings from the anibes study. Nutrients, 9(7),

697–714. https://doi.org/10.3390/nu9070697
Ong, E. S. (2002). Chemical assay of glycyrrhizin in medicinal plants by

pressurized liquid extraction (PLE) with capillary zone electrophoresis

(CZE). Journal of Separation Science, 25(13), 825–831. https://doi.org/
10.1002/1615-9314(20020901)25:13<825::AID-JSSC825>3.0.CO;2-I

Özek, G., Schepetkin, I. A., Utegenova, G. A., Kirpotina, L. N., Andrei, S. R.,

Özek, T., … Quinn, M. T. (2017). Chemical composition and phagocyte

immunomodulatory activity of Ferula iliensis essential oils. Journal of

Leukocyte Biology, 101(6), 1361–1371. https://doi.org/10.1189/jlb.

3a1216-518rr

Pavela, R., Morshedloo, M. R., Lupidi, G., Carolla, G., Barboni, L.,

Quassinti, L., … Benelli, G. (2020). The volatile oils from the oleo-gum-

resins of Ferula Asafoetida and Ferula gummosa: A comprehensive

investigation of their insecticidal activity and eco-toxicological effects.

Food and Chemical Toxicology, 140, 111312. https://doi.org/10.1016/j.

fct.2020.111312

Pelkmans, L., & Helenius, A. (2003). Insider information: What viruses tell

us about endocytosis. Current Opinion in Cell Biology, 15(4), 414–422.
https://doi.org/10.1016/S0955-0674(03)00081-4

Prahastuti, S., Hidayat, M., Hasianna, S. T., Widowati, W., Amalia, A.,

Yusepany, D. T., … Kusuma, H. S. W. (2019). Antioxidant potential

ethanolic extract of Glycine max (l.) Merr. Var. Detam and daidzein.

Natural Resources Journal of Physics: Conference Series, 1374, 12020.

https://doi.org/10.1088/1742-6596/1374/1/012020

Pushpavalli, G., Kalaiarasi, P., Veeramani, C., & Pugalendi, K. V. (2010).

Effect of chrysin on hepatoprotective and antioxidant status in d-

galactosamine-induced hepatitis in rats. European Journal of Pharmacol-

ogy, 631(1–3), 36–41. https://doi.org/10.1016/j.ejphar.2009.12.031
Ramírez-Espinosa, J. J., Salda A-Ríos, J., García-Jiménez, S., Villalobos-

Molina, R., �Avila-Villarreal, G., Rodríguez-Ocampo, A. N., … Estrada-

Soto, S. (2018). Chrysin induces antidiabetic, antidyslipidemic and anti-

inflammatory effects in athymic nude diabetic mice. Molecules, 23(1),

67. https://doi.org/10.3390/molecules23010067

Rane, J. S., Chatterjee, A., Kumar, A., & Ray, S. (2020). Targeting SARS-

CoV-2 spike protein of COVID-19 with naturally occurring phyto-

chemicals: An in silco study for drug development. Journal of Biomolec-

ular Structure and Dynamics, 1–11. https://doi.org/10.26434/

chemrxiv.12094203.v1

Reckziegel, P., Dias, V. T., Benvegnú, D. M., Boufleur, N., Barcelos, R. C. S.,

Segat, H. J., … Bürger, M. E. (2016). Antioxidant protection of gallic acid

against toxicity induced by Pb in blood, liver and kidney of rats. Toxicol-

ogy Reports, 3, 351–356. https://doi.org/10.1016/j.toxrep.2016.02.005
Reyes, A. W. B., Arayan, L. T., Hop, H. T., Ngoc Huy, T. X., Vu, S. H.,

Min, W. G., … Kim, S. (2018). Effects of gallic acid on signaling kinases

in murine macrophages and immune modulation against Brucella

abortus 544 infection in mice. Microbial Pathogenesis, 119, 255–259.
https://doi.org/10.1016/j.micpath.2018.04.032

Richter, L., Kropp, S., Proksch, P., & Scheu, S. (2019). A mouse model-

based screening platform for the identification of immune activating

compounds such as natural products for novel cancer immunother-

apies. Bioorganic & Medicinal Chemistry, 27(23), 115145. https://doi.

org/10.1016/j.bmc.2019.115145

Riegsecker, S., Wiczynski, D., Kaplan, M. J., & Ahmed, S. (2013). Potential

benefits of green tea polyphenol EGCG in the prevention and treat-

ment of vascular inflammation in rheumatoid arthritis. Life Sciences, 93

(8), 307–312. https://doi.org/10.1016/j.lfs.2013.07.006
Roquilly, A., David, G., Cinotti, R., Vourc'h, M., Morin, H., Rozec, B., …

Asehnoune, K. (2017). Role of IL-12 in overcoming the low responsive-

ness of NK cells to missing self after traumatic brain injury. Clinical

Immunology, 177, 87–94. https://doi.org/10.1016/j.clim.2015.08.006

Rosenthal, M. D., Kamel, A. Y., Brown, M. P., Young, A. C., Patel, J. J., &

Moore, F. A. (2019). 20, 407–413. https://doi.org/10.1007/978-3-

030-16073-9

Rüdiger, A. T., Mayrhofer, P., Ma-Lauer, Y., Pohlentz, G., Müthing, J., von

Brunn, A., & Schwegmann-Weßels, C. (2016). Tubulins interact with

porcine and human S proteins of the genus Alphacoronavirus and sup-

port successful assembly and release of infectious viral particles. Virol-

ogy, 497, 185–197. https://doi.org/10.1016/j.virol.2016.07.022

6548 SHAH ET AL.

https://doi.org/10.1007/s10695-012-9710-5
https://doi.org/10.1007/s00441-015-2285-6
https://doi.org/10.1007/s00441-015-2285-6
https://doi.org/10.1016/j.solener.2019.02.027
https://doi.org/10.1016/j.solener.2019.02.027
https://doi.org/10.1016/j.intimp.2017.07.010
https://doi.org/10.3390/cancers12010167
https://doi.org/10.3390/cancers12010167
https://doi.org/10.1016/j.enzmictec.2006.07.021
https://doi.org/10.1007/s00726-018-2668-6
https://doi.org/10.1016/j.fct.2011.09.026
https://doi.org/10.1099/vir.0.80671-0
https://doi.org/10.1016/j.lfs.2020.117591
https://doi.org/10.1016/j.jsb.2010.11.021
https://doi.org/10.1007/s10529-011-0845-8
https://doi.org/10.1007/s10529-011-0845-8
https://doi.org/10.1007/978-3-030-16073-9_9
https://doi.org/10.1007/s10900-020-00821-z
https://doi.org/10.1007/s10900-020-00821-z
https://doi.org/10.3390/nu9070697
https://doi.org/10.1002/1615-9314(20020901)25:13%3C825::AID-JSSC825%3E3.0.CO;2-I
https://doi.org/10.1002/1615-9314(20020901)25:13%3C825::AID-JSSC825%3E3.0.CO;2-I
https://doi.org/10.1189/jlb.3a1216-518rr
https://doi.org/10.1189/jlb.3a1216-518rr
https://doi.org/10.1016/j.fct.2020.111312
https://doi.org/10.1016/j.fct.2020.111312
https://doi.org/10.1016/S0955-0674(03)00081-4
https://doi.org/10.1088/1742-6596/1374/1/012020
https://doi.org/10.1016/j.ejphar.2009.12.031
https://doi.org/10.3390/molecules23010067
https://doi.org/10.26434/chemrxiv.12094203.v1
https://doi.org/10.26434/chemrxiv.12094203.v1
https://doi.org/10.1016/j.toxrep.2016.02.005
https://doi.org/10.1016/j.micpath.2018.04.032
https://doi.org/10.1016/j.bmc.2019.115145
https://doi.org/10.1016/j.bmc.2019.115145
https://doi.org/10.1016/j.lfs.2013.07.006
https://doi.org/10.1016/j.clim.2015.08.006
https://doi.org/10.1007/978-3-030-16073-9
https://doi.org/10.1007/978-3-030-16073-9
https://doi.org/10.1016/j.virol.2016.07.022


Sandstead, H. H. (2000). Symposium: Dietary zinc and Iron — Recent per-

spectives regarding growth and cognitive development dietary zinc

and Iron sources, Physical growth and cognitive development. The

Journal of Nutrition, 130, 358–360.
Sarfraz, A., Javeed, M., Shah, M. A., Hussain, G., Shafiq, N., Sarfraz, I., …

Rasul, A. (2020). Biochanin A: A novel bioactive multifunctional com-

pound from nature. Science of the Total Environment, 722, 137907.

https://doi.org/10.1016/j.scitotenv.2020.137907

Sarjit, A., Wang, Y., & Dykes, G. A. (2015). Antimicrobial activity of gallic

acid against thermophilic campylobacter is strain specific and associ-

ated with a loss of calcium ions. Food Microbiology, 46, 227–233.
https://doi.org/10.1016/j.fm.2014.08.002

Sassi, A., Mokdad Bzéouich, I., Mustapha, N., Maatouk, M., Ghedira, K., &

Chekir-Ghedira, L. (2017). Immunomodulatory potential of hesperetin

and chrysin through the cellular and humoral response. European Jour-

nal of Pharmacology, 812, 91–96. https://doi.org/10.1016/j.ejphar.

2017.07.017

Sawicki, S. G., Sawicki, D. L., & Siddell, S. G. (2007). Minireview: A contem-

porary view of coronavirus transcription. Journal of Virology, 81(1), 20–
29. https://doi.org/10.1128/JVI.01358-06

Setiasih, S., Reyhan, A., Hudiyono, S., & Saepudin, E. (2019). Dissolution

study of purified bromelain from pineapple cores (Ananas comosus [L.]

Merr) encapsulated in alginate-chitosan microcapsule. Journal of Phys-

ics: Conference Series, 1245(1), 012037. https://doi.org/10.1088/

1742-6596/1245/1/012037

Shen, Y. C., Prakash, C. V. S., Wang, L. T., Te Chien, C., & Hung, M. C.

(2002). New vibsane diterpenes and Lupane triterpenes from Vibur-

num odoratissimum. Journal of Natural Products, 65(7), 1052–1055.
https://doi.org/10.1021/np020007p

Shokunbi, O. S., Adepoju, O. T., Mojapelo, P. E. L., Ramaite, I. D. I., &

Akinyele, I. O. (2019). Copper, manganese, iron and zinc contents of

Nigerian foods and estimates of adult dietary intakes. Journal of Food

Composition and Analysis, 82(May), 103245. https://doi.org/10.1016/j.

jfca.2019.103245

Shum, K. T., & Tanner, J. A. (2008). Differential inhibitory activities and

stabilisation of DNA aptamers against the SARS coronavirus helicase.

Chembiochem: A European Journal of Chemical Biology, 9(18), 3037–
3045. https://doi.org/10.1002/cbic.200800491

Sieczkarski, S. B., & Whittaker, G. R. (2002). Dissecting virus entry via

endocytosis. Journal of General Virology, 83(7), 1535–1545. https://
doi.org/10.1099/0022-1317-83-7-1535

Singh, J., Qayum, A., Singh, R. D., Koul, M., Kaul, A., Satti, N. K., … Singh, S.

(2017). Immunostimulatory activity of plumieride an iridoid in

augmenting immune system by targeting Th-1 pathway in balb/c mice.

International Immunopharmacology, 48, 203–210. https://doi.org/10.
1016/j.intimp.2017.05.009

Sohail, M. N., Rasul, F., Karim, A., Kanwal, U., & Attitalla, I. H. (2011). Plant

as a source of natural antiviral agents. In Asian Journal of Animal and

Veterinary Advances (6, 12, pp. 1125–1152). https://doi.org/10.3923/
ajava.2011.1125.1152

Stipp, M. (2020). SARS-CoV-2: Micronutrient optimization in supporting

host immunocompetence. International Journal of Clinical Case

Reports and Reviews, 2(2), 1–10. https://doi.org/10.31579/2690-

4861/024

Subissi, L., Imbert, I., Ferron, F., Collet, A., Coutard, B., Decroly, E., &

Canard, B. (2014). SARS-CoV ORF1b-encoded nonstructural pro-

teins 12-16: Replicative enzymes as antiviral targets. Antiviral

Research, 101(1), 122–130. https://doi.org/10.1016/j.antiviral.

2013.11.006

Takanezawa, Y., Nakamura, R., Sone, Y., Uraguchi, S., Kobayashi, K.,

Tomoda, H., & Kiyono, M. (2017). Variation in the activity of distinct

cytochalasins as autophagy inhibitors in human lung A549 cells. Bio-

chemical and Biophysical Research Communications, 494(3–4), 641–
647. https://doi.org/10.1016/j.bbrc.2017.10.135

Tanner, J. A., Watt, R. M., Chai, Y. B., Lu, L. Y., Lin, M. C., Peiris, J. S. M., …
Huang, J. D. (2003). The severe acute respiratory syndrome (SARS)

coronavirus NTPase fhelicase belongs to a distinct class of 50 to 30 viral
helicases. Journal of Biological Chemistry, 278(41), 39578–39582.
https://doi.org/10.1074/jbc.C300328200

Theurl, I., Fritsche, G., Ludwiczek, S., Garimorth, K., Bellmann-Weiler, R., &

Weiss, G. (2005). The macrophage: A cellular factory at the interphase

between iron and immunity for the control of infections. Biometals, 18

(4), 359–367. https://doi.org/10.1007/s10534-005-3710-1
Thomas, J. A., & Gorelick, R. J. (2008). Nucleocapsid protein function in

early infection processes. Virus Research, 134(1–2), 39–63. https://doi.
org/10.1016/j.virusres.2007.12.006

Thomford, N. E., Senthebane, D. A., Rowe, A., Munro, D., Seele, P.,

Maroyi, A., & Dzobo, K. (2018). Natural products for drug discovery in

the 21st century: Innovations for novel drug discovery. International

Journal of Molecular Sciences, 19(6), 1578–1595. https://doi.org/10.
3390/ijms19061578

Tzeng, Y. M., Rao, Y. K., Lee, M. J., Chen, K., Lee, Y. C., & Wu, W. S. (2011).

Insulin-mimetic action of rhoifolin and cosmosiin isolated from Citrus

grandis (L.) osbeck leaves: Enhanced adiponectin secretion and insulin

receptor phosphorylation in 3T3-L1 cells. Evidence-Based Complemen-

tary and Alternative Medicine, 2011, 1–9. https://doi.org/10.1093/

ecam/nep204

van Rossum, T. G., Vulto, A. G., de Man, R. A., Brouwer, J. T., &

Schalm, S. W. (1998). Review article: Glycyrrhizin as a potential treat-

ment for chronic hepatitis C. [review] [43 refs]. Alimentary Pharmacol-

ogy & Therapeutics, 12(3), 199–205.
Vázquez-Calvo, �A., de Oya, N. J., Martín-Acebes, M. A., Garcia-

Moruno, E., & Saiz, J. C. (2017). Antiviral properties of the natural

polyphenols delphinidin and epigallocatechin gallate against the

flaviviruses West Nile virus, Zika virus, and dengue virus. Frontiers in

Microbiology, 8(Jul), 1–8. https://doi.org/10.3389/fmicb.2017.01314

Veerappan, R., & Malarvili, T. (2019). Chrysin pretreatment improves

angiotensin system, cGMP concentration in L-NAME induced hyper-

tensive rats. Indian Journal of Clinical Biochemistry, 34(3), 288–295.
https://doi.org/10.1007/s12291-018-0761-y

Vitamin C and the Immune System j SpringerLink. (n.d.).
Wang, J., Fang, S., Xiao, H., Chen, B., Tam, J. P., & Liu, D. X. (2009). Interac-

tion of the coronavirus infectious bronchitis virus membrane protein

with β-Actin and its implication in Virion assembly and budding. PLoS

One, 4(3), e4908. https://doi.org/10.1371/journal.pone.0004908

Wang, L. J., Geng, C. A., Ma, Y. B., Huang, X. Y., Luo, J., Chen, H., …
Chen, J. J. (2012). Synthesis, biological evaluation and structure-

activity relationships of glycyrrhetinic acid derivatives as novel anti-

hepatitis B virus agents. Bioorganic and Medicinal Chemistry Letters, 22

(10), 3473–3479. https://doi.org/10.1016/j.bmcl.2012.03.081

Wang, Y., Ma, Y., Zheng, Y., Song, J., Yang, X., Bi, C., … Zhang, Q. (2013). In

vitro and in vivo anticancer activity of a novel puerarin

nanosuspension against colon cancer, with high efficacy and low toxic-

ity. International Journal of Pharmaceutics, 441(1–2), 728–735. https://
doi.org/10.1016/j.ijpharm.2012.10.021

Wang, Y., Jiang, Y., Fan, X., Tan, H., Zeng, H., Wang, Y., … Bi, H. (2015).

Hepato-protective effect of resveratrol against acetaminophen-induced

liver injury is associated with inhibition of CYP-mediated bioactivation

and regulation of SIRT1-p53 signaling pathways. Toxicology Letters, 236

(2), 82–89. https://doi.org/10.1016/j.toxlet.2015.05.001
Wei, J., Yang, F., Gong, C., Shi, X., & Wang, G. (2019). Protective effect of

daidzein against streptozotocin-induced Alzheimer's disease via

improving cognitive dysfunction and oxidative stress in rat model.

Journal of Biochemical and Molecular Toxicology, 33, e22319. https://

doi.org/10.1002/jbt.22319

Wei, W., Rasul, A., Sadiqa, A., Sarfraz, I., Hussain, G., Nageen, B., … Li, J.

(2019). Curcumol: From plant roots to cancer roots. International Journal of

Biological Sciences, 15(8), 1600–1609. https://doi.org/10.7150/ijbs.34716

SHAH ET AL. 6549

https://doi.org/10.1016/j.scitotenv.2020.137907
https://doi.org/10.1016/j.fm.2014.08.002
https://doi.org/10.1016/j.ejphar.2017.07.017
https://doi.org/10.1016/j.ejphar.2017.07.017
https://doi.org/10.1128/JVI.01358-06
https://doi.org/10.1088/1742-6596/1245/1/012037
https://doi.org/10.1088/1742-6596/1245/1/012037
https://doi.org/10.1021/np020007p
https://doi.org/10.1016/j.jfca.2019.103245
https://doi.org/10.1016/j.jfca.2019.103245
https://doi.org/10.1002/cbic.200800491
https://doi.org/10.1099/0022-1317-83-7-1535
https://doi.org/10.1099/0022-1317-83-7-1535
https://doi.org/10.1016/j.intimp.2017.05.009
https://doi.org/10.1016/j.intimp.2017.05.009
https://doi.org/10.3923/ajava.2011.1125.1152
https://doi.org/10.3923/ajava.2011.1125.1152
https://doi.org/10.31579/2690-4861/024
https://doi.org/10.31579/2690-4861/024
https://doi.org/10.1016/j.antiviral.2013.11.006
https://doi.org/10.1016/j.antiviral.2013.11.006
https://doi.org/10.1016/j.bbrc.2017.10.135
https://doi.org/10.1074/jbc.C300328200
https://doi.org/10.1007/s10534-005-3710-1
https://doi.org/10.1016/j.virusres.2007.12.006
https://doi.org/10.1016/j.virusres.2007.12.006
https://doi.org/10.3390/ijms19061578
https://doi.org/10.3390/ijms19061578
https://doi.org/10.1093/ecam/nep204
https://doi.org/10.1093/ecam/nep204
https://doi.org/10.3389/fmicb.2017.01314
https://doi.org/10.1007/s12291-018-0761-y
https://doi.org/10.1371/journal.pone.0004908
https://doi.org/10.1016/j.bmcl.2012.03.081
https://doi.org/10.1016/j.ijpharm.2012.10.021
https://doi.org/10.1016/j.ijpharm.2012.10.021
https://doi.org/10.1016/j.toxlet.2015.05.001
https://doi.org/10.1002/jbt.22319
https://doi.org/10.1002/jbt.22319
https://doi.org/10.7150/ijbs.34716


Weiss, G. (2002). Iron and immunity: A double-edged sword. European

Journal of Clinical Investigation, 32(SUPPL. 1), 70–78. https://doi.org/
10.1046/j.1365-2362.2002.0320s1070.x

Westbrook, P. S., Kremp, T., Feder, K. S., Ko, W., Monberg, E. M., Wu, H.,

… Ortiz, R. M. (2018). Improving distributed sensing with continuous

gratings in single and multi-core fibers. Optical Fiber Communications

Conference and Exposition, OFC 2018 – Proceedings, 61(1), 1–3.
Whitworth, A. L., Mann, N. H., & Larkum, A. W. D. (2006). This article is

protected by copyright. All rights 1 reserved. Ultrasound in Obstetrics &

Gynecology, 50(6), 776–780. https://doi.org/10.1111/1462-2920.

12735

Wintergerst, E. S., Maggini, S., & Hornig, D. H. (2007). Contribution of

selected vitamins and trace elements to immune function. Annals

of Nutrition and Metabolism, 51(4), 301–323. https://doi.org/10.1159/
000107673

Wu, C., Liu, Y., Yang, Y., Zhang, P., Zhong, W., Wang, Y., … Li, H. (2020).

Analysis of therapeutic targets for SARS-CoV-2 and discovery of

potential drugs by computational methods. Acta Pharmaceutica Sinica

B, 10, 766–788. https://doi.org/10.1016/j.apsb.2020.02.008
Wu, F., Zhao, S., Yu, B., Chen, Y. M., Wang, W., Song, Z. G., … Zhang, Y. Z.

(2020). A new coronavirus associated with human respiratory disease

in China. Nature, 579(7798), 265–269. https://doi.org/10.1038/

s41586-020-2008-3

Wu, K., Liang, T., Duan, X., Xu, L., Zhang, K., & Li, R. (2013). Anti-diabetic

effects of puerarin, isolated from Pueraria lobata (Willd.), on

streptozotocin-diabetogenic mice through promoting insulin expres-

sion and ameliorating metabolic function. Food and Chemical Toxicol-

ogy, 60, 341–347. https://doi.org/10.1016/j.fct.2013.07.077
Wu, W., Li, R., Li, X., He, J., Jiang, S., & Liu, S. (2015). Quercetin as an ant-

iviral agent inhibits influenza a virus (IAV) entry. Viruses, 8(1), 6.

https://doi.org/10.3390/v8010006

Xia, D. Z., Zhang, P. H., Fu, Y., Yu, W. F., & Ju, M. T. (2013).

Hepatoprotective activity of puerarin against carbon tetrachloride-

induced injuries in rats: A randomized controlled trial. Food and

Chemical Toxicology, 59, 90–95. https://doi.org/10.1016/j.fct.2013.
05.055

Xu, X., Liu, Y., Weiss, S., Arnold, E., Sarafianos, S. G., & Ding, J. (2003).

Molecular model of SARS coronavirus polymerase: Implications for

biochemical functions and drug design. Nucleic Acids Research, 31(24),

7117–7130. https://doi.org/10.1093/nar/gkg916
Xu, Y., Tang, D., Wang, J., Wei, H., & Gao, J. (2019). Neuroprotection of

andrographolide against microglia-mediated inflammatory injury and

oxidative damage in PC12 neurons. Neurochemical Research, 44(11),

2619–2630. https://doi.org/10.1007/s11064-019-02883-5
Yan, X., Qi, M., Li, P., Zhan, Y., & Shao, H. (2017). Apigenin in cancer ther-

apy: Anti-cancer effects and mechanisms of action. Cell & Bioscience, 7

(1), 1–16. https://doi.org/10.1186/s13578-017-0179-x
Yang, H., Xie, W., Xue, X., Yang, K., Ma, J., Liang, W., … Rao, Z. (2005).

Design of wide-spectrum inhibitors targeting coronavirus main pro-

teases. PLoS Biology, 3(10), e324. https://doi.org/10.1371/journal.

pbio.0030324

Yeung, K. S., Yamanaka, G. A., & Meanwell, N. A. (2006). Severe acute

respiratory syndrome coronavirus entry into host cells: Opportunities

for therapeutic intervention. Medicinal Research Reviews, 26(4), 414–
433. https://doi.org/10.1002/med.20055

Yi, L., Li, Z., Yuan, K., Qu, X., Chen, J., Wang, G., … Xu, X. (2004). Small mol-

ecules blocking the entry of severe acute respiratory syndrome coro-

navirus into host cells. Journal of Virology, 78(20), 11334–11339.
https://doi.org/10.1128/jvi.78.20.11334-11339.2004

Yonesi, M., & Rezazadeh, A. (2020). Plants as a prospective source of

natural anti-viral compounds and oral vaccines against COVID-19

coronavirus. https://doi.org/10.20944/preprints202004.0321.v1

Yu, J., Zhao, L., Zhang, D., Zhai, D., Shen, W., Bai, L., … Yu, C. (2015). The

effects and possible mechanisms of puerarin to treat endometriosis

model rats. Evidence-Based Complementary and Alternative Medicine,

2015, 11. https://doi.org/10.1155/2015/269138

Yuan, B., Yang, R., Ma, Y., Zhou, S., Zhang, X., & Liu, Y. (2017). A systematic

review of the active saikosaponins and extracts isolated from Radix

bupleuri and their applications. Pharmaceutical Biology, 55(1), 620–635.
https://doi.org/10.1080/13880209.2016.1262433

Yuan, L., Chen, Z., Song, S., Wang, S., Tian, C., Xing, G., … Zhang, L. (2015).

P53 degradation by a coronavirus papain-like protease suppresses

type I interferon signaling. Journal of Biological Chemistry, 290(5),

3172–3182. https://doi.org/10.1074/jbc.M114.619890

Zakaryan, H., Arabyan, E., Oo, A., & Zandi, K. (2017). Flavonoids: Promising

natural compounds against viral infections. Archives of Virology, 162(9),

2539–2551. https://doi.org/10.1007/s00705-017-3417-y
Zehra, S., & Khan, M. A. (2020). Dietary folic acid requirement of fingerling

Channa punctatus ( Bloch ) based on growth , protein productive value

and liver folic acid concentrations. Animal Feed Science and Technology,

262, 114397. https://doi.org/10.1016/j.anifeedsci.2020.114397

Zhang, A. J., Rimando, A. M., Mizuno, C. S., & Mathews, S. T. (2017).

α-Glucosidase inhibitory effect of resveratrol and piceatannol. Journal

of Nutritional Biochemistry, 47, 86–93. https://doi.org/10.1016/j.

jnutbio.2017.05.008

Zhang, C., Wu, Z., Li, J.-W., Zhao, H., & Wang, G.-Q. (2020). The cytokine

release syndrome (CRS) of severe COVID-19 and Interleukin-6 recep-

tor (IL-6R) antagonist tocilizumab may be the key to reduce the mor-

tality. International Journal of Antimicrobial Agents, 55, 105954.

https://doi.org/10.1016/j.ijantimicag.2020.105954

Zhang, D. H., Wu, K. L., Zhang, X., Deng, S. Q., & Peng, B. (2020). In silico

screening of Chinese herbal medicines with the potential to directly

inhibit 2019 novel coronavirus. Journal of Integrative Medicine, 18(2),

152–158. https://doi.org/10.1016/j.joim.2020.02.005

Zhang, L., Lin, D., Sun, X., Curth, U., Drosten, C., Sauerhering, L., …
Hilgenfeld, R. (2020). Crystal structure of SARS-CoV-2 main protease

provides a basis for design of improved α-ketoamide inhibitors. Sci-

ence, 3405(March), eabb3405–412. https://doi.org/10.1126/science.
abb3405

Zhang, L., & Liu, Y. (2020). Potential interventions for novel coronavirus in

China: A systematic review. Journal of Medical Virology, 92(5), 479–
490. https://doi.org/10.1002/jmv.25707

Zhang, T., Ma, L., Wu, P., Li, W., Li, T., Gu, R., … Xiao, Z. (2019). Gallic acid

has anticancer activity and enhances the anticancer effects of cisplatin

in non-small cell lung cancer A549 cells via the JAK/STAT3 signaling

pathway. Oncology Reports, 41(3), 1779–1788. https://doi.org/10.

3892/or.2019.6976

Zhang, X., Shi, H. Y., Chen, J. F., Shi, D., Dong, H., & Feng, L. (2015). Identi-

fication of the interaction between vimentin and nucleocapsid protein

of transmissible gastroenteritis virus. Virus Research, 200(C), 56–63.
https://doi.org/10.1016/j.virusres.2014.12.013

Zhang, X. R., Kaunda, J. S., Zhu, H. T., Wang, D., Yang, C. R., & Zhang, Y. J.

(2019). The genus Terminalia (Combretaceae): an

ethnopharmacological, phytochemical and pharmacological review.

Natural Products and Bioprospecting, 9(6), 357–392. https://doi.org/10.
1007/s13659-019-00222-3

Zhao, L., Wang, Y., Liu, J., Wang, K., Guo, X., Ji, B., … Zhou, F. (2016). Pro-

tective effects of Genistein and Puerarin against chronic alcohol-

induced liver injury in mice via antioxidant, anti-inflammatory, and

anti-apoptotic mechanisms. Journal of Agricultural and Food Chemistry,

64(38), 7291–7297. https://doi.org/10.1021/acs.jafc.6b02907
Zhao, T., Tang, H., Xie, L., Zheng, Y., Ma, Z., Sun, Q., & Li, X. (2019).

Scutellaria baicalensis Georgi. (Lamiaceae): A review of its traditional

uses, botany, phytochemistry, pharmacology and toxicology. Journal of

Pharmacy and Pharmacology, 71(9), 1353–1369. https://doi.org/10.

1111/jphp.13129

Zhou, Y., Hou, Y., Shen, J., Huang, Y., Martin, W., & Cheng, F. (2020). Net-

work-based drug repurposing for novel coronavirus

6550 SHAH ET AL.

https://doi.org/10.1046/j.1365-2362.2002.0320s1070.x
https://doi.org/10.1046/j.1365-2362.2002.0320s1070.x
https://doi.org/10.1111/1462-2920.12735
https://doi.org/10.1111/1462-2920.12735
https://doi.org/10.1159/000107673
https://doi.org/10.1159/000107673
https://doi.org/10.1016/j.apsb.2020.02.008
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1016/j.fct.2013.07.077
https://doi.org/10.3390/v8010006
https://doi.org/10.1016/j.fct.2013.05.055
https://doi.org/10.1016/j.fct.2013.05.055
https://doi.org/10.1093/nar/gkg916
https://doi.org/10.1007/s11064-019-02883-5
https://doi.org/10.1186/s13578-017-0179-x
https://doi.org/10.1371/journal.pbio.0030324
https://doi.org/10.1371/journal.pbio.0030324
https://doi.org/10.1002/med.20055
https://doi.org/10.1128/jvi.78.20.11334-11339.2004
https://doi.org/10.20944/preprints202004.0321.v1
https://doi.org/10.1155/2015/269138
https://doi.org/10.1080/13880209.2016.1262433
https://doi.org/10.1074/jbc.M114.619890
https://doi.org/10.1007/s00705-017-3417-y
https://doi.org/10.1016/j.anifeedsci.2020.114397
https://doi.org/10.1016/j.jnutbio.2017.05.008
https://doi.org/10.1016/j.jnutbio.2017.05.008
https://doi.org/10.1016/j.ijantimicag.2020.105954
https://doi.org/10.1016/j.joim.2020.02.005
https://doi.org/10.1126/science.abb3405
https://doi.org/10.1126/science.abb3405
https://doi.org/10.1002/jmv.25707
https://doi.org/10.3892/or.2019.6976
https://doi.org/10.3892/or.2019.6976
https://doi.org/10.1016/j.virusres.2014.12.013
https://doi.org/10.1007/s13659-019-00222-3
https://doi.org/10.1007/s13659-019-00222-3
https://doi.org/10.1021/acs.jafc.6b02907
https://doi.org/10.1111/jphp.13129
https://doi.org/10.1111/jphp.13129


2019-nCoV/SARS-CoV-2. Cell Discovery, 6(1), 14. https://doi.org/10.

1038/s41421-020-0153-3

Zhou, Y. X., Zhang, H., & Peng, C. (2014). Puerarin: A review of pharmaco-

logical effects. Phytotherapy Research, 28(7), 961–975. https://doi.org/
10.1002/ptr.5083

Zomorodian, K., Saharkhiz, J., Pakshir, K., Immeripour, Z., & Sadatsharifi, A.

(2018). The composition, antibiofilm and antimicrobial activities of

essential oil of Ferula Assa-foetida oleo-gum-resin. Biocatalysis and

Agricultural Biotechnology, 14, 300–304. https://doi.org/10.1016/j.

bcab.2018.03.014

How to cite this article: Shah, M. A., Rasul, A., Yousaf, R.,

Haris, M., Faheem, H. I., Hamid, A., Khan, H., Khan, A. H.,

Aschner, M., & Batiha, G. E.-S. (2021). Combination of natural

antivirals and potent immune invigorators: A natural remedy

to combat COVID-19. Phytotherapy Research, 35(12),

6530–6551. https://doi.org/10.1002/ptr.7228

SHAH ET AL. 6551

https://doi.org/10.1038/s41421-020-0153-3
https://doi.org/10.1038/s41421-020-0153-3
https://doi.org/10.1002/ptr.5083
https://doi.org/10.1002/ptr.5083
https://doi.org/10.1016/j.bcab.2018.03.014
https://doi.org/10.1016/j.bcab.2018.03.014
https://doi.org/10.1002/ptr.7228

	Combination of natural antivirals and potent immune invigorators: A natural remedy to combat COVID-19
	1  INTRODUCTION
	2  THERAPEUTIC STRATEGIES AGAINST COVID-19
	3  IMMUNOSTIMULATION BY NATURAL PRODUCTS
	3.1  Immunostimulant phytochemicals

	4  NATURAL PRODUCTS AS ANTIVIRALS
	4.1  Inhibition of S-protein and ACE2
	4.2  Inhibition of entry of the virus into host cell
	4.3  Inhibition of RNA synthesis and replication
	4.3.1  Inhibition of papain-like protease (PLpro)
	4.3.2  Inhibition of 3-chymotrypsin-like protease (3CLpro)
	4.3.3  Inhibition of RNA-dependent RNA polymerase (RdRp)
	4.3.4  Inhibition of helicase

	4.4  Virion assembly and release blockers

	5  CONCLUSION
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


