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Abstract

Across the globe, the SARS-CoV-2 infection or the COVID-19 pandemic has claimed thousands of fatalities
every day. Researchers have been able to produce vaccines, however, it is as recent as December 2020,
that the use of the same has been initiated, though all such products are still being studied for their long-
term safety and efficacy, since the virus is fast mutating. The discovery of specific antiviral against
SARS-CoV-2 also has not seen the light of the day.
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Thus, the strategy to control the pandemic is largely focused on use of supplements and nutraceuticals,

Keywords
SAéS-CoV—Z mostly plant based. These products can be used as preventive as well as to mitigate the symptoms and
COVID-19 thereby provide therapy. Such products are ahead of other pharmacological candidates, as they are

comparatively cheaper, easily available locally and the adverse reactions are negligible, if any. The
nutraceuticals being used work as immunomodulators, thereby manipulating the immune response in
mitigating the infection. They assist in regulating not only inflammation but also mediate the immune
response to cater to preventing damage to respiratory system, the major concern in COVID-19. Many
nutraceuticals have been found to benefit the disease conditions under various viral attacks, though
detailed study on SARS-CoV-2 is underway for many such products.
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Immunomodulators
Immunestimulators

The current review focuses on presenting the nutraceuticals which have been evaluated for their anti-
viral properties. The antiviral effects are mediated through direct inhibition to the entry of the virus
into host cells or through the indirect modulation of the immune system, thereby enhancing the
recovery of patients. With their proven potential towards many disorders/diseases, their medicinal
potential could be the sunlight in providing an end to the 2020 COVID-19 pandemic.

multiple organ failure, which is fatal (Li et al.,2020; Hong Kong
Centre for Health Protection, 2020; Gao et al., 2020). Though, the
susceptibility to the virus is maximum in senior citizens with
comorbidities, however, all age groups are vulnerable to the viral
infection.

1. Introduction

Wuhan, China, since December 2019, has been a city known to one
and all as it was the city wherein the SARS-CoV-2 pandemic
originated. The coronavirus infection termed COVID-19 is caused
by the virus leading to a severe acute respiratory syndrome. On 11
March 2020, the World Health Organization (WHO) declared
COVID-19 as a pandemic. Globally the virus has infected citizens
of more than 200 countries across all five continents. Clinically,
patients depict a spectrum of severity ranging from being
asymptomatic to a few developing severe pneumonia, leading to
acute respiratory discomfort and sometimes leading to a multi-
organ failure (Guan et al., 2020). It has been observed that the
initial symptoms in most cases are hypoxemia and dyspnea,
progressing towards mild respiratory syndrome requiring O,
support. However, patients with comorbidities, rapidly progress
towards acute respiratory distress syndrome (ARDS), with
complications as metabolic acidosis, disseminated intravascular

As of 9" April 2021, 133,552,774 confirmed cases have caused
more than 2,894,295 deaths (WHO, 2021).

With more than a year into the pandemic, a vacuum still exists on
the use of any single antiviral drug selective in controlling the
infection, and across nations, different combinations of antivirals
are being used. The successful combinations are mainly the ones
that target the molecular pathways of SARS and MERS (Cao et
al., 2020). The most successful amongst all antiviral has been
Remdesivir, which has been successful in shortening the period of
discharge of COVID-19 patients who are hospitalized (Biegel, et
al., 2020). Patients reporting severe COVID-19 pneumonia, are
prescribed corticosteroids and have benefitted as it impedes the

coagulation, septic shock, coagulation dysfunction developing
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cytokine storm to delay disease progression toward a severe form
(Russel et al., 2020). The cytokine storm which is an erratic and
abnormal immune response has been outlined as a cause of driving
COVID-19 patients to ARDS, fibrosis, and widespread lung damage.

Different strategies can be worked upon to prevent severity of
SARS-CoV-2 infection (Figure 1). One could be to involve exalted
systemic inflammatory parameters, resulting from an abnormal rise
in the levels of cytokines as interleukin (IL)-6, IL-8, C-reactive



86

protein, and tumor necrosis factor, (TNF) (Mehta, et al., 2020). A
humanized anti-interleukin-6-receptor (IL-6R) monoclonal antibody
tocilizumab inhibits interleukin-6 (IL-6) signaling and is under clinical
trials (Francesco et al., 2020). SARS-CoV-2 infection initiates in the
lungs where the virus replicates and causes inflammation. The direct
inflammasome activators comprise reactive oxygen species (ROS)
associated with succeeding blood dissemination, due to adaptive
immune response against oxidative stress (Laforge et al., 2020;

Cecchini and Cecchini, 2020). The cytokine storm, blood clotting,
and hypoxia associated with SARS-CoV-2 infection, are associated
with oxidative stress which acts as the trigger. Studies suggest that
the virus interrupts the equilibrium between the transcription of
nuclear factor kappa-light-chain-enhancer, thereby leading to higher
expression of cytokines and activation of nuclear factor erythroid-
2-related factor 2 (Kirchei, et al., 2020; Kandasamy, 2021;
Carcaterra, and Caruso, 2020; Olagnier, 2020).
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Figure 1: Suggstive pathways for antiviral activity against SARS-CoV-2.

The body’s immune system arms, viz., the innate and adaptive
responses, both help in protection against any infection. The innate
immune responses are triggered almost instantly, followed by the
adaptive response, as the latter being specific requires 6-8 days to
elicit. With a SARs-CoV-2 infection, the host’s innate immune
responses are upset which leads to the aggravation of respiratory
syndrome, reasons for which is still being probed (Prasad et
al., 2020). Further, following initial infection, the pro-inflammatory
cytokines secretion is also dysregulated (Cheng et al., 2020) which
leads to the cytokine storm. An increase in the number of activated
Tc, Th, and plasma B cells followed by increased secretion of 1gG
and IgM s reported in mild cases, in contrast to a fall in Th, Tc,
NK, and B cells in case of severe infection (Thevarajan etal., 2020).
An increase in the neutrophil to lymphocyte ratio (NLR) as well as
C-reactive protein levels are efficient biomarkers of systemic
inflammatory responses (Qin et al., 2020; Wang et al., 2020).
Effectively, it has been observed that both innate and adaptive
responses are impaired, thus triggering complications as pulmonary
injury culminating into acute respiratory distress syndrome
followed by multiple organ failure and fatality (Prompetchara et
al., 2020). Thus, it is rational to consider the candidature of agents
which work to relieve oxidative stress as well as the dysfunction of
inflammation induced endothelium, as a preferential target for
COVID-19 prevention and therapy.

2. Nutraceuticals
During the pandemic, people worked towards strengthening their

immunity as preventive therapy. This brought into light the use of
alternative and non-conventional therapy modalities into lime-light,

wherein the use of medicinal plant-based nutraceuticals has been
the most favored. ‘Nutraceutical’ derived from ‘nutrition” and
‘pharmaceutical’ was a term coined by DeFelice, in 1989. Kalra,
(2003) defined nutraceuticals as food or its part providing medical
or health benefits, including the prevention and/or treatment of a
disease. Nutraceuticals not only provide their basic nutritional value
but additionally possess several health benefits (McClements, et
al., 2009). Nutraceuticals are often confused with dietary
supplements, as both are used for improving health. The difference
is that nutraceuticals not only supplement the diet but aid in
prophylaxis and /or therapy of disorders/ diseases (Kalra, 2003),
while supplements mainly enhance the dietary intake of nutrients.
Within the spectrum of nutraceuticals included are natural foods
rich in nutrients as garlic, spirulina, etc., or a particular component
as omega-3 oil from salmon. Thus, this broad umbrella of
nutraceuticals ranges from isolated nutrients to genetically
engineered foods to herbal products and also processed foodstuffs
as cereals and soups. The potential nutritional benefit accompanied
by therapeutic effects with presumed safety has led to considerable
interest in nutraceuticals (Rajasekaran et al., 2008).

Nutraceuticals are classified (Verma and Mishra, 2016) into many
types or styles, some of which are represented below and in
Figure 2:

(A) Traditional nutraceuticals, which include the ones sourced
in their natural form, e.g., lycopene from tomatoes, carotenoids
from carrots, omega-3 fatty acids in salmon, etc. Further, sub-
classification is based on:



(i) Chemical constituents

(a) Nutrients: The basic nutrients as carbohydrates, amino
acids, fatty acids, vitamins, have well-defined metabolic
functions and many health benefits like the omega-3
fatty acids from salmon, influences inflammatory
responses (Chanda et al., 2019).

(b) Phytochemicals: A repertoire of phytochemicals are
present in medicinal plants providing health benefits.
Carotenoids enhance the overall immune system
majorly by increasing natural killer cell count.

(ii) Probiotic microorganisms: Probiotic microorganisms can
accelerate absorption and metabolism in the intestine and
facilitate removal of toxic flora facilitating a friendly gut
environment. They possess suitable nutrients to counter
several ailments and impact the microflora with better
retention.

(iii) Nutraceutical enzymes: Enzymes, the biocatalyst hasten
metabolic rate and are especially very useful for disorders
associated with GIT whether GERD (gastroesophageal reflux
disease), constipation, or ulcerative colitis.

(B) Nontraditional nutraceuticals: Foods enriched with
supplements or crops that are biotechnologically designed to
lift the nutrient content like the genetically modified rice and
broccoli with higher content of B-carotene and vitamins,
respectively

(i) Fortified nutraceuticals: Additional supplementation in
natural foods like folic acid, calcium, and iron, fortified
flour or cholecalciferol fortified milk

(ii) Recombinant nutraceuticals: Using fermentation
technology and RDT tools for increasing useful components
in foods like bread and cheese.

(C) Classification based on mechanism of action: Classification
based on specific beneficial properties as anti-inflammatory,

antimicrobial, antioxidant, antidiabetic, etc.
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Figure 2: Classification of nutraceuticals.

As the buzzword in the battle against COVID-19 is ‘immunity’, a
multifold increase in the demand for nutraceuticals has been noticed
across the globe. As per “Valuates reports’, the nutraceuticals market
is primed to expand by $180.38 billion, globally, during 2020-
2024, advancing with 9% compound annual growth rate (CAGR).
The present review focuses on some of the nutraceuticals being
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considered for not only the prevention of SARS-Co-V2 infection
but also for its therapy. Our focus is to provide the immunological
basis for the use of nutraceuticals, especially during viral infections.

3. Nutraceuticals and coviD-19
3.1 Polyunsaturated fatty acids (PUFA)

Omega-3 PUFAs have been investigated for advantageous antiviral
effects (Zhang et al., 2020), and the ones studied extensively include
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), found
in high amounts in fish (Lordan et al., 2020). Another source is
algae, which are not only rich in DHA and EPA but are also a rich
source of angiotensin-converting enzyme inhibitor peptides
(Szabo et al., 2020; Saha et al., 2018). Also found in algae are the
sulfated polysaccharides, phycobiliproteins, and calcium-spirulan,
known to possess antiviral properties which can prove beneficial
during SARS-CoVv-2 (Ratha et al., 2021).

It has been observed that sepsis and ARDS hold a lot of concern
during COVID-19 infection and the n-3 PUFAs nutritional status
can be useful in combating the same (Das, 2019). Astudy in Wuhan
of 82 deceased COVID-19 patients reported that respiratory failure
due to ARDS leads to 69.5% death rate while 28.0% of deaths were
due to sepsis or multi-organ failure (Zhang et al., 2020).

On a randomized clinical trial with 24 patients, a meta-analysis on
the effects of omega-3 fatty acids on ARDS and sepsis was conducted
and it was found that these fatty acids as enteral nutrition helped in
the elevation of disease conditions (Chen et al., 2018).

Omega-3-PUFAs, especially, have shown to be protective against
COVID-19 infections due to their capability for the biosynthesis
of protectins and resolvins, termed as endogenous specialized pro-
resolving mediators (SPM), which have shown potential to settle
inflammation and infection due to viral lung infections by RNA
viruses (Christopher et al., 2014; Sandhaus and Swick, 2020).
Amongst the many studied SPM’s, protectin D1 affects the viral
replication of HIN1 and, thus speeds up recovery (Morita et
al., 2013). The other immunological advantages associated with
SPM’s are: (i) inhibiting the release of pro-inflammatory cytokines,
enhancing phagocytosis by macrophages (Serhan, 2014); (ii)
promotion of B lymphocytic activities against the virus (Ramon et
al., 2014; Panigrahy et al., 2020). Regidor et al. (2020) have put
forward the claim that SPM could contribute to resolving the COVID-
19 associated cytokine storm and pulmonary inflammation. Further,
the adversities in patients with co-morbidities have been correlated
to deficiencies of SPM by Pal et al. (2020). Husson et al. (2016)
reported that the effectiveness of PUFA against bacterial and viral
infections is dependent not only on the causative agent but also on
the dosage and the timing, of the therapy, though Skarke etal. (2016)
was apprehensive of the increase in SPM levels post-ingestion of
fish oils in response to acute inflammation in humans.

Another reason for use of omega-3 fatty acids against COVID-19 is
its potential use as a prophylactic and therapeutic anticoagulant,
along with its properties to be an antithrombotic (Tsoupras et
al., 2020; Bikdeli et al., 2020).

Clinical trials are underway to evaluate the anti-inflammatory
activity of Icosapent ethyl (VascepaTM) a, highly purified derivative
of EPA, while trials intending to investigate the anti-inflammatory
properties of EPA's, in general, are in preparatory stages (Amarin



88

Corporation and HLS Therapeutics, Inc, 2020; S.L.A. Pharma AG,
2020; Mahmoud Abulmeaty, 2020).

3.2 Arginine

A synergistic action of arginine in conditions like high temperature
and acidic pH levels depicts that the amino acid potentially
possesses virucide activity inactivating enveloped viruses (Ohtake et
al., 2010; Meingast et al., 2020). Inactivation of herpes simplex
virus type 2 (Tsujimoto et al., 2010) and influenza A virus
(Yamasaki et al., 2008) was the result obtained when arginine
solution was administered in the patient suffering from these viral
infections. lkeda et al. (2012) postulated that arginine may interact
with multiple viral sites affecting viral envelope. An in vivo study
on the effect of arginine on influenza virus has revealed that arginine
can be used in intranasal spray due to its low cytotoxic effect
(Ikeda, 2010). Zhang et al. (2015) demonstrated the use of arginine
to reduce airway inflammation in lung cells of NC/Nga mice having
asthmatic symptoms, thereby causing improved health of an
organism. Yamasaki et al. (2011) examined various amino acids like
Na-Cocoyl-L-arginine ethyl ester (CAE), arginine cocoate, and
alkyloxyhydroxylpropylarginine against HSV type 1 and 2,
poliovirus type -1 and influenza A virus. The results indicated the
therapeutic action of CAE against HSV-1. Early steps of viral
replications are not affected by arginine but it is required for the
expression of the later viral functional genes like coat protein
synthesis and formation of virions, a complete infectious particle.
This was suggested by Butorov (2015) in continuation with the
suggestion, that the absence of essential amino acids like arginine
may result in the inability of the viruses to synthesize proteins
resulting in inhibitory activity.

Many clinical studies have concentrated on a virucidal activity as a
therapy in COVID-19 patients. One of the approaches is to disrupt
the interaction between host and virus through restriction of amino
acids for example arginine. Hence, a reduction in arginine can have
potent action against COVID-19 infection and other viral-borne
diseases (Joseph et al., 2021).

3.3 Glutamine

Glutamine is present in the human system in the concentration of
about 500-900 wmol/l in the free form (Pierre et al., 2013). Glutamine
was found to be immunosuppressive and anti-inflammatory in the
asthmatic murine model. Such immunomodulatory activity is due
to the inhibition potential of arginine towards the recruitment of
neutrophils in the airways (Lee et al., 2012). In vivo study on
ventilator-induced lung injury mice, by Lai et al. (2014)
demonstrated that glutamine reduces the damage of lung cells and
lung edema as it inhibits cytokine production and neutrophil entry
into the lungs. Beneficial effects of exogenous glutamine were also
seen on asthma, acute respiratory distress syndrome, and lung
cancer (Oliveira et al., 2016). These findings suggest the potential
health benefits of glutamine in the treatment of COVID-19 patients.

On interacting with pathogens, T lymphocytes are triggered in the
presence of glutamine (Klysz et al., 2015). It is observed that
glutamine is important for immune cell proliferation (Carr et al.,
2010). The proliferation and activation of T lymphocytes are
related to the uptake of glutamine through transporter ASCT2 and
the activation of naive T lymphocytes is associated with the rapid
glutamine uptake, which requires the amino acid transporter

(Nakaya et al., 2014). Impaired numbers and functions of the
transporters lead to weakening the activities of immune cells
(Sinclair et al., 2013).

3.4 Bioactive proteins and peptides

Bioactive peptides are classified by their action and their binding
capacity to micronutrients. Some anti-inflammatory activities of
peptide fractions can be obtained from fermented milk with
specific Lactobacillus plantarum strains (Udenigwe and Aluko,
2012). The pharmacological activities of peptides include them
being antioxidant, anticancer, hypocholesterolemic, hypotensive,
antidiabetic, and antimicrobial (Lammi et al., 2019). B-casein in
animal milk (Kibangou et al., 2005), phosvitin in egg yolk (Zhong et
al., 2016), protein hydrolysates of fish skin and bones (Walters
et al., 2018), common beans plants (Carrasco-Castilla et al.,2012)
and soybean milk (de Oliveira et al.,2015) are phosphorous
peptides that show a high iron-binding ability. /n vitro studies have
shown that bioactive peptides are potential anti-hemolytic, anti-
mutagenic, antioxidant, and antimicrobial agents (Rodriguez et
al.,2018). Also, these bioactive peptides are found to disrupt viral
spike proteins of HIV. According to Udenigwe and Aluko (2012),
bioactive peptides from food are widely considered for their
increased potential for the improvement of human health and
prevention of chronic diseases. Furthermore, phytic acid in soybean
is a potent inhibitor of the absorption of nonheme iron in humans
(Hurrell et al.,1992). Hydrolyzed rice bran proteins with
flavourzyme and alcalase demonstrated an iron-chelating property,
which increases on hydrolysis (Foong et al., 2015). Such findings,
lead to prove that the iron-chelating property of some foods finds
application to prevent viral replications and halt pro-inflammatory
and oxidative pathways.

3.5 B-Glucans

Beta-glucan is naturally present to a high extent in the plant cell
walls as wheat, barley, and oats, besides its presence in cell walls of
baker’s yeast, many funguses, and in some microorganisms. The
predominant beneficial properties of B-glucan include its use for
the prevention as well as the treatment of digestive diseases, as
antitumor, anti-inflammatory, and an immune modulator. These
pharmacological actions are dependent on its molecular weight,
size, conformation due to side branching and its solubility (Kumar,
2020). Fungal and yeast B-glucans comprise of (1,6)--linked side
chains on a (1,3)-p-linked backbone and hold immense immune-
modulating effects (Stier et al., 2014). Vetvicka and Vetvickova
(2014 and 2016) have described the role of B-glucan in increasing
phagocytosis, and production of IL-2, IFNy, and antibodies.

Murphy et al. (2020) demonstrated the utility of p-glucans in
alleviating lung infections in ARDS. The challenge, however was the
reliability and repeatability along with the purity of the compound
due to being contaminated with microbes which can adversely affect
the lungs.

B-glucans, exert beneficial effects on the defense system by being
activators of macrophages, neutrophils, and NK cells (De Marco et
al., 2020). The susceptibility and the severity of upper respiratory
tract infections (URTIs) were found to decline (Dharsono et
al., 2019). It has proved its potential as antiviral against infections
by HSV 1 (Urbancikova et al., 2020) and the influenza virus (Vetvicka
and Vetvickova, 2016).



McCarty and Di Nicolantonio (2020) explained that -glucan can
enhance interferon type 1 responses against influenza as well as
coronavirus, both being RNA viruses, while the reduction in
COVID-19 related morbidity and mortality has also been suggested
(Geller and Yan, 2020; Murphy et al., 2020).

3.6 Ascorbic acid (Vitamin C)

L-ascorbic acid, (AA), to the common man, is vitamin C, a
water-soluble vitamin with its immense functions in different
biochemical mechanisms. Humans for their basic requirement
require the daily intake of vitamin C through their meals as they
are unable to synthesize it in vivo in absence of L-gluconolactone
oxidase, the enzyme required for its biosynthesis from D-glucose
(Corti et al., 2010). It is popularly called the “scavenger
molecule”, due to its efficient antioxidant activities and potential
to scavenge the physiological cell metabolism, viz., free radicals
and ROS along with products associated with inflammation and
oxidative damage (Carita et al., 2020; Moser et al., 2016). Its
role is vital in the regulation of many biological pathways like
the biosynthesis of corticosteroids, carnitine, catecholamines,
collagen, oxidation of tyrosine, and epigenetic modifications
(Carr and Maggini, 2017).

AA’s role as an immune-modulator, thereby affecting innate and
acquired immunity are well known (Molina etal., 2014). Pathogenic
infection damages body tissues affecting innate immune responses
predominantly (Franz et al., 2011) and is generally associated with
the body’s oxidative capacity to combat the pathogens. Hemil and
Suonsyrj (2017), reported the potential of 1000 mg-2000 mg/day
vitamin C, not only in management but also its preventive role in
viral disease management. It was further suggested that an 85%
reduction in major symptoms was observed in ascorbic acid-treated
individuals as compared to those on most accepted medicines for
cold and flu medication. The significance of therapy using vitamin
C finds ground on the understanding that it is associated with the
structure, and function of nasal and gastric mucosa, controlling the
mucus secretion, and maintaining the integrity of both- outer and
inner epithelium. Thus, the vital role of vitamin C in strengthening
the immune barriers against respiratory tract viral infections
(Calder et al., 2020). Based on studies by Cai et al. (2015), on HIN1,
it has been indicated that vitamin C can inhibit the SARS-CoV-2
induced complication of COVID-19. The role of alpha and beta
interferons significantly reduces the viral infiltration into the lungs,
thereby reducing inflammatory response (Boretti and Banik, 2020).
Similar results have also been noted for influenza-infected animals
(Liet al., 2006). Further, cytokine production is modulated, with a
decrease in histamine levels, augmenting T-and B-lymphocytes
differentiation and proliferation followed by increasing antibody
levels (Carr and Rowe, 2020).

A dose of 2000 mg/day is the upper tolerable limit for this vitamin
(Krinsky et al., 2000) as higher doses lead to gastrointestinal
disturbances, though tolerability is higher through intravenous
administration, which shows significant reductions in symptoms
commonly observed in patients with SARS-CoV-2 infection
(Arvinte et al., 2020). Coronavirus infection leads to microthrombi
formation and coagulopathy which can be restored by early vitamin
C infusions wherein expression of platelet-endothelial adhesion
molecules and endothelial surface P-selectin, is inhibited (Song et
al., 2020). Intravenous vitamin C administration has been seen to
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even reduce the notably high levels of D-dimer noted in COVID -19
patients (Hiedra et al., 2020)

A meta-analysis study by Hemild and Chalker (2019), reported that
the supplementation with vitamin C reduced the duration of stay by
7.8% at intensive care units, which was further shortened by 8.6%
when the dose of vitamin C was as high as 1-3 g/day, along with
shortening the duration of ventilation by 18.2%. Liu, et al. (2020),
initiated a clinical trial with 56 critically ill COVID-19 patients. They
were administered vitamin C intravenously at the rate of 12 g/12 h
over 7 days and reported a promising reduction in mortality rates,
accompanied by a significant reduction in IL-6 levels. Through, such
studies, there appear to be convincing reports of the effectiveness of
this vitamin in COVID-19 infection treatment.

3.7 Curcumin (Curcuma longa L.)

Curcuminoids are polyphenolic compounds obtained from the dried
rhizomes of Curcuma longa. Amongst, the many in the family, E,
E-1,7-bis-(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione, or curcumin, is a yellow pigment and is the most studied
phytochemicals. Curcumin is known globally to be an excellent
anti-inflammatory (Fadus et al., 2017), antimicrobial (Manoharan et
al., 2020), and an antioxidant (Zahedipour et al., 2020).

Verma (2020) studied the effect of curcumin on the Zika and
chikungunya virus and found that the viruses lost their infectivity.
Earlier, Pang (2015) had suggested that antiviral properties can be
attributed to the downregulation of the Ang Il type 1 receptor and
upregulation of the Ang Il type 2 receptor, leading to a higher AT2
/AT1 receptor ratio, in the curcumin group as against control.
Further, the phagocytic activity is hampered due to a decrease in
macrophage populations. Tozsé et al., (2016), observed a reduction
in the secretion of IL-1, in presence of curcumin due to the inhibition
of the activation of NLRP3 inflammasome.

In vitro studies demonstrate a greater binding affinity of curcumin
towards Mpro of SARS-CoV-2 in comparison to nelfinavir, one of
the best synthetic antivirals (Khaerunnisa et al., 2020; Runfeng et
al., 2020; Tallei et al., 2020). It also irreversibly inhibits
aminopeptidase N/CD13, thereby preventing the cellular binding
via CD13 which can prevent the infection of coronavirus (Shim et
al., 2003). Molecular docking studies depict that curcumin can inhibit
SARS-CoV-2 entry into target cells as it can bind to the viral nucleoca-
psid and the nsp 10 proteins, with high affinity (Suravajhala et
al., 2020).

Besides its direct antiviral activity, studies suggest that cellular
signaling in response to infection with coronavirus can also be
modulated, thereby reducing the disease risk. Some such mechanisms
involve inhibition of viral replication as well as the synthesis of the
viral protease (Zahedipour et al., 2020). The lung tissue damage
resulting from coronavirus infection can be reduced by the anti-
cytokinetic properties of curcumin, which modulates inflammation.
Amongst the many mechanisms identified, Avasarala et al. (2013),
suggested that IL-1, IL-8, and TNF-a along with transcription factors
nuclear factor kappa B (NFkB) and activator protein-1 (AP-1) are
inhibited which restricts damage to lung tissue during viral infections
affecting the respiratory system.

Curcumin is largely non-toxic, non-mutagenic, nongenotoxic, even
on being consumed as high oral doses over extended periods (6 g/
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day for up to 49 days) (Soleimani et al., 2018) and, thus has wide
acceptability in the food industry. However, it has been reported
to have low availability with a rapid metabolic rate which may limit
its clinical impact. Being water-insoluble at physiological pH 7
limits its systemic bioavailability (Lopresti, 2018). Thus, the
emergence of several proprietary nutraceutical formulations like
curcumin-lecithin-piperine curcumin-phosphatidylserine, and
formulas along with sesquiterpenoids such as Biocurcumax™
(Jamwal, 2018). The addition of carrier molecules in these
combinations overcome low bioavailability, increase uptake and
solubility and facilitate better cellular metabolism. The probable
benefits of curcumin can further be evaluated by encapsulating it in
nano-formulations thereby further enhancing its viral activity
(Praditya, et al., 2019).

3.8 Polyphenols

Polyphenolic compounds from plant foods and their extracts are
well-known antioxidants. They are also found to possess
antimicrobial and antiviral activities. These can be divided into
phenolic acids and flavonoids. A study by Calvo et al. (2017)
explored in vitro antiviral capacity of different polyphenols and it
was shown that epigallocatechin gallate and delphinidin inhibit West
Nile and Zika virus infections. Among the polyphenols, curcumin
was found to bind to the target receptor on SARS-CoV-2. (Utomo et
al. 2020). This evidence can be used as a therapy against the virus.
Also, curcumin in combination with glycyrrhizic acid and vitamin
C promotes interferon production to regulate the inflammatory
response, which can be used for immune modulation during SARS-
CoV-2 infections (Chen et al.,2020). It has also been suggested that
dietary intake of “black tea” which is rich in protocatechuic acid,
punicalagin, theaflavin gallate, kaempferol, and aflavin digallate can
improve the resistance to fight against COVID-19 virus in the early
stages of human infection (Bhatia et al.,2020). Furthermore, tannins
like punicalin, tercatain, and pedunculagin were found to be
interacting with catalytic dyad (Cys145 and His41) and receptor
binding site of COVID-19 main protease enzyme, thereby showing
successful inhibition of the enzyme protease of novel COVID-19
(Khalifa et al.,2020). Besides, riboflavin, cyanidin, daidzein, and
genistein are potent inhibitors of the main protease and RNA-
dependent RNA polymerase of COVID-19 (Pendyala et al.,2020).
The therapeutic strategy for COVID-19 was also exhibited by the
hesperidin, lepidine E class of polyphenols. Yamada et al. (2009)
and Bedoya et al. (2016) have revealed the efficacy of
hydroxytyrosol in the treatment of viral disease as influenza.

3.9 Quercetin

Quercetin is a flavonoid belonging to the flavanol category largely
present in different fruits and vegetables like tea, grapes, onions,
tomatoes, and shallots, along with medicinal plants like Hypericum
perforatum, Ginkgo biloba, and many barks, seeds, nuts and flowers.
The efficiency of quercetin glycoside is found to be much more
than other quercetin forms (Li et al.,2016). The basic biological
actions of quercetin are antioxidant, anti-inflammatory, and antiviral,
elicited due to its potential of inhibition of lipid peroxidation,
aggregation of platelets, macrophagic lipopolysaccharide-induced
tumor necrosis factor production, and production of
lipopolysaccharide-induced IL-8 in lungs (Martinez-Flérez et
al., 2018; Micek et al.,2016). Johari et al. (2012) demonstrated
quercetin to be effective against the mosquito-borne disease,

Japanese encephalitis (JE), whereas Bachmetov et al. (2012) found
its activity against type-2 dengue virus and hepatitis C viruses.
Glucuronide derivative quercetin-3-O-D-glucuronide (Fan et
al.,2011) and rhamnoside derivative, quercetin 7-rhamnoside are
found to be effective against porcine epidemic diarrhea virus and
influenza-A virus, respectively (Quiles et al.,2020). Also, quercetin
has an iron-binding capacity, and it is shown that it has more affinity
towards Fe*? than Fe?' chelator, ferrozine. This evidence
demonstrates the usefulness of quercetin for COVID-19 treatment
due to its antioxidant nature, anti-inflammatory, and iron-binding
ability (Xu et al., 2019). In vitro study on the effect of
hydroxyquercetin on transportation of zinc shows its chelation
activity. The same could be linked to anti-inflammatory
response in vivo elicited by activation of T cells which leads to a
decrease in IL-2 induced Th1 differentiation. In athletes into cycling,
Nieman et al. (2007, 2010) demonstrated that if 3 h of cycling was
done, immunomodulatory effects of quercetin supplemention were
observed when compared with levels before, during, and after cycling
in winter. It indicated a lower incidence of upper respiratory tract
infection (URTI). Quercetin has been known to enhance high-fat
diet-induced inflammatory response and cytokine secretion.
(Stewart et al.,2008). In vitro studies on immunomodulatory effects
of quercetin have revealed its inhibitory action on the production
of interleukin (IL8) and TNF-alpha in lung and macrophages,
respectively (Geraets et al.,2007; Manjeet and Ghosh,1999). Such
findings prove the potential of quercetin as immunostimulatory
and related to Th1 derived cytokine as interferon-gamma and Th2
derived cytokine-like IL-4. In SARS-CoV infection nod-like receptor
(NLR) proteins develop inflammation with the help of regulators
like pathogen-associated molecular patterns (PAMP) and damage-
associated molecular patterns (DAMP). Quercetin works as an anti-
inflammatory by inhibiting these regulators and, thereby is an
NLRP3 infllmmasome (Ali Saeedi-Boroujeni et al.,2021). According
to Derosa et al. (2020), the major targets for mitigating SARS-CoV-
2 infection, include papainlike protease (PLpro), spike (S) protein,
3chymotrypsinlike protease (3CLpro), and RNA dependent RNA
polymerase and quercetin inhibits 3CLpro and PLpro.

3.10 Kaempferol

Kaempferol (3,5,7-trihydroxy-2-(4-hydroxy-phenyl) chromen-4-
one) is another flavonoid that can be obtained from several vegetables
like cabbage, beans, spinach, kale, tea, broccoli, etc. It is a yellow
flavonol largely found in glycosylated or aglycone form (Calderon-
Montano et al.,2011). It has been observed to be exhibiting
antioxidant and anti-inflammatory properties (Zhang et al., 2017).
Kaempferol is considered to be effective against cancer and also
possesses antiviral activities. This flavanol has the potential to
obstruct the 3a ion channel produced by the ORF3a coded proteins,
which leads to reducing viral growth favoring its exit from the host.
This property provides the body time gap to enhance its immune
system to fight against the virus. Glycoside derivatives of
kaempferol exhibited more potent inhibitory action than kaempferol
(Sayed et al.,2020). Kaempferol has also exhibited protective action
against attenuated pulmonary edema caused by influenza, in mice
(Zhang et al., 2017). Yang et al. (2020) reported the antioxidant
properties of kaempferol in the lung ischemia-reperfusion injury
model showing enhancement of superoxide dismutase and reduction
in malondialdehyde.

According to the molecular docking study by Khaerunnisa et
al. (2020), kaempferol shows inhibitory activity against viral



protein active components. Another study by Seri Jo et al. (2019)
demonstrated coronavirus 3C-like protease (3CLpro) inhibition
by kaempferol. Pharmacological analysis and docking studies by
China’s national guideline network also put forward the finding
that kaempferol could bind with ACE2 receptors along with regulation
of T-cell receptors (Chan et al.,2020). Parallel studies by Schwarz et
al. (2014) suggested the inhibitory activity of kaempferol glycosides
on 3a channel proteins in coronaviruses.

Hence, it can also be said that kaempferol biding affinity to viruses
is comparatively higher amongst the flavonoids and it can be a
potent candidate for an anticoronal agent.

3.11 Resveratrol

Resveratrol (3,4,5-trihydroxy-trans-stilbene) belongs to class
polyphenol found in human-consumed plants like red grapes
mulberry and peanuts. It is classified as a phytoalexin and is present
in 50-100 mg/g in sources like Vitis vinifera, the common vine.
Resveratrol exhibits many biological activities like antiplatelet,
cardioprotective, antioxidant, anticarcinogenic, anti-inflammatory,
and immunomodulatory activity. It also induces lymphocyte
proliferation, activates natural killer cell cytotoxicity. Further, it
regulates the apoptotic mechanism (Gianchecchi et al.,2020). It
has been explained by in vitro experiments that resveratrol elicits
antiviral activity in animals and human cells against viruses like
Varicella zoster (Docherty et al.,2006), Herpes simplex virus
(Docherty et al.,1999) polyomavirus (Berardi et al.,2009), HIV
and influenza (Palamara et al.,2005). Not only viruses but parasites
like Leishmania (Kedzierski et al.,2007) and bacteria like Serratia
marcescens (Lu et al.,2008) and Neisseria (Docherty et al.,2001)
also are susceptible to resveratrol.

Furthermore, resveratrol also stimulates Nrf2, required for
acclimatization of cells under oxygen stress. It is facilitated by
reducing the expression of negative regulators like KEAP1, and by
activating SIRT1 deacetylase (Ungvari et al.,2010). The active Nrf2
pathway causes dissociation of the Keapl-Nrf2 cytoplasmic
complex and migration of Nrf2 to the nuclear compartment which
stimulates target genes transcription having promoter sequences
for antioxidant response element (Zhang et al., 2012). Further,
activated genes protect cells from oxygen stress and aid in
suppressive response to inflammation. (Ahmed et al., 2017;
Kobayashi et al.,2016). Ghanim et al. (2011) and Kode et al. (2008)
supported the claim that the decreased levels of inflammatory
cytokines on oral administration of resveratrol as it activates the
Nrf2 target gene expression, causing enhanced production of
endogenous, glutathione thus protecting epithelial cells of alveoli
from excessive oxygen stress. Thus, resveratrol may provide relief
by affecting susceptibility to SARS-CoV-2 infection and also severity
of infection. The therapeutic action of resveratrol has been elucidated
for the novel coronaviruses SARS-CoV-2 (Wahedi et al.,2020) and
MERS-CoV (Lin et al.,2017) using in vitro analysis. Resveratrol
treatment after 48 hours of infection led to inhibition of MERS
CoV-induced apoptosis and viral replication. This is related to the
reduced expression of viral nucleocapsid proteins (Lin et al.,2017).
A drawback however is with regards to the bioavailability of
resveratrol which is low due to low uptake in the GI tract, low
solubility, greater affinity towards lipids, rapid breakdown, and
elimination through kidney and liver (Wenzel and Somoza, 2005).
High-fat content or a high-fat diet results in a lowered uptake of
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supplemented resveratrol, as proven by Ramirez-Garza et
al. (2018). Although, this finding was not in accordance with studies
done by Vitaglione et al. (2005).

Studies have demonstrated the inhibitory activity of resveratrol
against SARS-CoV in vitro (Yang et al.,2020; Li et al.,2006).
Molecular docking studies have revealed powerful interaction
between the human ACE2 receptor complex and spike proteins of
SARS-CoV-2 (Wahedi et al.,2020), which holds its claim to be a
good nutraceutical against COVID-19.

3.12 Apigenin

Yet another flavonoid present in parsley, celery, organs, onions,
and herbs is apigenin. In vitro analysis of apigenin has demonstrated
the activity against DNA and RNA viruses including Herpes Simplex
Virus-1, Poliovirus type-2, hepatitis B virus, adenoviruses, and
hepatitis C virus (Shimon Ben-Shabat et al., 2019). It has been
observed that hydroxylation of apigenin at 3 positions is a mandatory
requirement for antiviral activity of the non-glycosidic compound
(Tapas et al.,2008). Apigenin has also been reported as an
antihyperglycemic (Villa-Rodriguez et al.,2018) antiapoptotic
(Zhou et al.,2018) antioxidant, and anti-inflammatory (Fidelis et
al., 2019). In addition to the above, other health benefits include its
activity as cytostatic and cytotoxic agents and antiatherogenic
(Fahad Ali et al.,2017). Experiments done by Patrick Moore et al.
(2017) suggested the immunomodulatory activity of apigenin on
RelB, an NF-kB family protein which in turn cause modulation of
dendritic cells.

In silico studies on apigenin 7 glucoside have reported its inhibitory
action on SARS-CoV-2 Mpro (Khaerunnisa et al.,2020). Sui et
al. (2010) experimented with hypertensive rats’ kidneys to check
the effect of angiotensin-converting enzyme 2 and it was found
that the transcription and expression of the ACE2 gene were positively
regulated. In lipopolysaccharide-activated mouse macrophages,
apigenin has shown the ability to produce proinflammatory
cytokines and anti-inflammatory myokines by inactivating nuclear
factor kappa light chain enhancer and by activating B cells which
leads to a sharp decrease in IL-6 (Salehi et al., 2019; Sui et al.,
2010). Apigenin induces various anti-inflammatory pathways, as
it reduces COX-2 activity in humans. It also possesses healing
properties which influence metabolic pathway affecting
pharmacokinetics and tissue distribution. The therapeutic effect of
apigenin has been studied (Liang et al., 2001) proving its therapeutic
effects on neuroinflammation. Nielsen et al. (1999) worked on the
effect of parsley with high apigenin levels, on the flavone excretion
through urine, and on biomarkers for oxidative stress. This two-
week randomized crossover trial demonstrated that a fraction of
apigenin excreted in the urine was 0.58% when the subject was
supplemented with 3.73 to 4.49 mg of apigenin. Wei Zhang et
al. (2014) estimated EC50 for apigenin to block Enterovirus-71
(EV-71) as 10.3 pM. In addition to the identification of apigenin as
an antiviral agent against EV71 infection, they also exemplified the
significance of apigenin as an antiviral agent by targeting host factors
essential for replication of the virus. It is found to be an effective
antiviral therapy against African Swine Fever Virus (ASFV) by
inhibiting ASFV-specific protein synthesis and viral factory
formation. In vitro analysis of ASFV-infected cells treated with
apigenin did not display a cytopathic effect (Hakobyan et al.,2016).
On docking main protease and spike proteins with 75 phyto-
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chemicals, a flavanoid apigenin was observed to be the most potent
inhibitor of Mpro rather than spike protein. (Kumar et al., 2020).

3.13 Carotenoids

Carotenoids are a class of bioactive compounds showing quenching
property towards reactive oxygen species, thereby exhibiting
immune modulator activity (Krinsky and Johnson, 2005). They
are tetraterpenoids, lipid-soluble plant pigments providing red,
orange, and yellow color to vegetables and fruits. Over 750 varieties
of carotenoids have been elucidated from natural sources with the
vast difference in their physiochemical as well as functional
properties (Amengual et al.,2019).

Carotenoids are found to play a major role in cellular differentiation
and growth of tissue (Rucker et al.,2008). It is also postulated that
carotenoids may increase the activity of NK cells as the
immunomodulating property of these components was observed
by Jyonouchi et al. (1991) during the action of mitogens on the
activity of the spleen. Also, it helps to boost the immune system
by the rising cell to cell communication by increasing the exchange
of growth regulatory signals which leads to apoptosis in damaged
cells. Also, carotenoids were proven to enhance the interchange of
growth regulatory signals leading to apoptosis of damaged cells
(Astley, 2003). Carotenoids Natrialba sp. M6 obtained from
halophilic archaea, in an in vitro study, indicated significantly
robust activity against HCV and HBV. This unique outcome suggested
that carotenoid Natrialba sp. M6 can be used as an antiviral agent
as an alternative to drugs (Ghada et al., 2020).

Walston et al. (2006) revealed a significant increase in 1L-6 in women
associated with low levels of lutein or zeaxanthin, alpha and beta
carotene, and total carotenoids. Naithani et al. (2008) also showed
an antiviral effect of lutein, zeaxanthin, and carotene. Carotenoids
such as fucoxanthin and astaxanthin have proved to down-regulate
the IL-6, IL-1B, and TNF-a expression (Jaswir et al., 2011). Santoyo
(2012) extracted carotenoids from D. salina and H. pluvialis and
found them to reduce the activity of HSV-1 ranging from 50-85%.
Thus, the use of carotenoids as antiviral agents can be further
explored for COVID-19.

3.14 Probiotics

It is evident that SARS-CoV and its variant CoV-2 infection depends
upon the binding potential of the spike proteins (S) with
Angiotensin-Converting Enzyme 2 (ACE2) in human cells
(Hoffmann et al.,2020) and is generally expressed in the lungs,
esophageal cells, and stratified epithelia, enterocytes from ileum
and colon. Zhang et al. (2020) indicated that the digestive system
is also a potential route for COVID-19 infection. The protein
TMPRSS2 is also found to be responsible for the entry of the viral
material into the host cell which is hugely expressed in intestinal
enterocytes (Bertram et al.,2012) and watery diarrhea was the most
common gastrointestinal symptom noted in these patients. The
intestinal studies suggest that viral load in the digestive mucosal
layer increases due to the ability of the virus to replicate in the
absorbent cells. This could cause loss of integrity of the digestive
system along with fluctuation in the microbiota and metabolites
(Hashimoto, 2012; Leung et al., 2003)

A mixture of probiotics and prebiotics also known as synbiotics
can affect the host cells in a positive sense by improving the survival
of live microbial dietary supplements. It could stimulate the growth

of intestinal microbiota and activate the metabolism of many health-
promoting microorganisms (Swanson et al.,2020). The metabolic
products of gut microorganisms comprising short-chain fatty acids
may reach other organs like lungs, adversely influencing respiratory
disorders. Schuijt et al. (2016) in a study with Pneumococcal
pneumonia revealed that the gut microorganisms contribute to lung
immunity as the gut and lung are interconnected, and imbalance in
the gut microbiome is highly associated with lung diseases. Disease
development may cause the microbial environment to influence
and provide resistance to colonization of respiratory pathogens.
The bacterial metabolites can activate macrophages in alveolar cells
through activated B cells and elicit a cellular response through the
action of Toll-like receptor link, providing lung immunity functions
(McAleer et al.,2018). Studies suggest the role of probiotics in
immune modulation of binnate functions possibly due to the
introduction of natural killer lymphocytic cells (Belkacem et
al.,2017). In a pilot study on children with cystic fibrosis, Weiss et
al. (2010), suggested that the supplementation of probiotics,
specifically Lactobacillus GG, reduced pulmonary aggravations rate.
The native sinus ecology can be restored by the use of probiotics
with significant therapeutic and preventive implications (Giudice et
al.,2020). Ichinohe et al. (2011) suggested that the intestinal
microflora can stimulate the generation of pro-inflammatory
cytokines, like I1L-18 and IL-1 which in turn activate the innate
immune response in respiratory viruses like the influenza virus.
This leads to up-regulation of the expression of costimulatory
substances on dendritic cells. Panigrahi et al. (2017) conducted an
experiment on newborns in India suffering from sepsis and lower
RTI and found a reduction in an infection on treatment
with Lactobacillus plantarum combined with prebiotics. Random
479 adults were screened, double-blinded, by de Vrese et al. (2005)
for the common cold and several probiotics proved that
Bifidobacterium bifidum MF 20/5, Bifidobacterium longum SP 07/
3, and Lactobacillus gasseri PA 16/8, in addition to minerals and
vitamins lowered the duration of cold conditions. A 1:1 mixture of
polydextrose and galacto-oligosaccharide or Lactobacillus
rhamnosus GG, when provided for an average of 2 months leads to
a lowered incidence of virus-associated RTI (Luoto et al., 2014).
Furthermore, the upper respiratory tract microbiota in healthy
people also comprising of lactic acid bacteria, and some strains
have been considered for inhibition of recurring otitis media
(Rautava et al.,2009; Cardenas et al.,2019). It is evident that
supplementation of lactobacilli or bifidobacteria has a favorable
influence on the clearance of the influenza virus from the respiratory
tract (Zelaya et al.,2016). Strasser et al. (2016) reported that various
strains of probiotics, including Enterococcus faecium W54,
Bifidobacterium bifidum W23, Bifidobacterium lactis W51,
Lactobacillus brevis W63, Lactobacillus acidophilus W22
and Lactococcus lactisw58 assisted in reducing the emergence of
URTIs in athletes, without affecting the performance.

According to Namba et al. (2010), probiotic strains improve levels
of type | interferons along with increasing the number as well as
activity of APCs, natural Killer cells, T cells along with the levels of
mucosal specific antibodies related to lungs. It has been proven
that orally taken probiotics have the potential to reduce the
occurrence and severity of viral respiratory tract infections (Baud et
al., 2020). These findings would be able to relate the use of
probiotics as an antiviral therapy to improve respiratory activities
during infection. During the COVID-19 pandemic, the application



of probiotic treatment was recommended by the National
Administration of Traditional Chinese Medicine and the Chinese
National Health Commission to combat the infection. Dumas et al.
(2018) observed a two-directional relationship, the gut-lung axis
between the gut and lungs microflora, in which gut microbiota
metabolites have an impact on the lungs via the circulatory system
and the lung microorganisms may influence the gut microflora.
Hence, it can be postulated that the gut-lung axis would play
important role in prospects of the pathogenesis of COVID-19 and
a potential target for treatments.

4. Conclusion

The above-mentioned nutraceuticals are prospective candidates for
prevention, management, and therapy of COVID-19. Nutraceuticals
basically possess medicinal properties as they are rich in
phytochemicals which have been known to possess pleiotropic
activities. Nutraceutical mediates the boosting of the immune
response in an individual and works largely as immunomodulators
thereby leading our defense system by: (i) countering pathogens
and their associated injuries, (ii) preventing/controlling anomalous
immune responses like the ones occurring during autoimmune
diseases or in case of SARS-CoV-2 hy-passing of innate immune
response, (iii) acting as immune-stimulators to enhance the
mediators of the immune system. Such approaches (Figure 3) lead
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to a possible remedy for viral infections by not only preventing
attachment and penetration of the virus into the host cell but also
mitigating the symptoms and reducing the severity as well as the
duration of the disease.

) B
(i) Bi
(iif) Activation of T-Lymphocyte
(iv) Phagocytosis

) i ion of IL-2, IFN-

(vi) Activation of Macrophages. neutrophils and NK cells
(vii) Differentiation of T and B- lymphocyte

Figure 3: Immunomodulatory effects of nutraceuticals.

Among the nutraceuticals discussed, most act as both immunomodu-
lators as well as mitigate the viral entry in host cells. The nutraceuticals
have a humongous benefit of being well-tolerated with hardly any

reports of adverse reactions.

Table 1: Summary of nutraceuticals and the mode antiviral action.

Nutraceuticals Schematic representation Mode of action against viruses References
Polyunsaturated
fatty acids n-3 PUFAs n-6 PUFAs (i) DHA and EPA act as anti-infla- Mickleborough et al. (2009);
atingenican naleic xcid mmatory in the macrophages
B T of asthmatic alveoli.
Eicosapentaenoic acid Arachidonic acid
; w,(m,_fzfiAAA (ii) Production of endogenous SPM Buckley et al. (2014);
N like protectins and mediators
P . AP (iii) Prophylactic, therapeutic Tsoupras et al. (2020);
anticoagulants and antithrombotic Bikdeli et al. (2020)
in nature
Arginine e (i) Effective in pore formation, Tsuji moto et al. (2010);
Hy oH destabilization of the membrane, the
inhibition of non-structural protein Yamasaki et al. (2008);
functions and inhibition of inter Meingast and Heldt
.\ protein. et al. (2020);
N/gN (if) Reduction in lungs airway inflamm- Zhang et al. (2015)
Ha H ation
Glutamine (i)  Immunosuppressive and anti- Pierre et al. (2013);
inflammatory
O O (ii) Reduction of lungs edema, Lai et al. (2014);
inhibition of cytokine production
H2N OH and prevention of neutrophil entry
into lungs.
NH, . _ -
(iii) Effective agent against acute Oliveira et al. (2016)
respiratory distressed syndrome
and lung cancer
Glucan (i)  Anti-inflammatory response and De Marco et al. (2020);
> Inhibitor of ARDS.
(ii) Inducer of macrophages, neutrophils,| Urbancikova et al. (2020);
and NK cells exhibiting defense
against respiratory tract infection.
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(iii)

Stimulation of Type-1 IFN response
against influenza and coronavirus

Vetvicka and
Vetvickova (2016)

Vitamin C

HO

(i)

(i)

(iif)

Limiting activity of ACE2 and
induction of innate immune
response.

Associated with the nasogastric
structure and function; controlled
secretion of mucus and mainte-
nance of integrity of epithelia for
strengthening anatomical barriers.

Inhibition of microthrombi
formation and coagulopathy by
down regulation of platelet
endothelial adhesion molecules
and endothelial surface P-selectin.

Das (2020);
Song et al. (2020)

Curcumin

(i)

(i)

(iif)

(iv)

v)

Inhibition of the coronavirus entry
into target host cells, its replication
machinery and activity of viral
protease.

Inhibition and down regulation of
NF-kB, p38 MAP kinase and
JAK/STAT pathway

Down expression of Ang Il type 1
receptor and controlled expression
of the Ang Il type 2 receptor

Affinity to main protease (Mpro)
of SARS-CoV-2

Inhibition of cellular CD13
binding due to down regulation of
aminopeptidase N/CD13

Suravajhala et al. (2020);

Zahedipour et al. (2020);

Pang 2015;

Khaerunnisa et al. (2020)

Quercetin

HO o

OH

(i)

(i)

(iif)

(iv)

Inhibition of expression of ACE2
and other genes in human coding as
target proteins for SARS-CoV-2.

Prevention of viral-cell inter-
action and down regulation of the
expression of cytokines and
reduction in inflammation of lung.

Inhibition of expression of
SARSCoV-3C like Protease and
Papain like protease

Anti-inflammatory in action by
inhibiting NLRP3 inflammasomes

Glinsky 2020;

Ganesan et al. (2012) ;

Nguyen et al. (2012)

Kaempferol

HO. 0

OH

(i)

(i)

(iif)

Inhibition of virus release through
suppression of 3a channel protein
activity by down regulation of
expression.

Regulation of Interleukins (IL-1B,
IL-4, IL-6), TNF-a and IFN-y

Inhibition of 3CLPro and ACE2
receptor along with T cell receptors

Lu et al. (2006);

Schwarz et al. (2014);

Wang et al. (2020)

Resveratrol

(i)

(i)

(iif)

Anti-inflammatory as inhibits NF-kB
pathway

Disruption of viral spike proteins
and inhibition of ACE-2 through
strong binding with this enzyme

Induction of nrf-2 to stimulate
transcription of antioxidant response
elements

Huang et al. (2004);

Lin et al. (2017);

Wabhedi et al. (2020)
Ingham et al. (1992, 2012)
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(iv) Protection of lungs alveoli under Ingham et al. (2012)
excessive oxygen stress through
Nrf2 induced glutathione regulation
Apigenin (i) Inhibition of NF-éB and STAT3 of Nicholas et al. (2007);
JAK-STAT Pathway and reduced Khaerunnisa et al. (2020);
production of cytokine IL-6 Wei Zhang et al. (2014)
(ii) Potent inhibitor of SARS-CoVMpro

Carotenoids

¢ A :Q/“' (i)

o Zeaxanthin o (ii)
o: Canthaxanthin (iii)
e B-Cryptoxanthin

Prevention of ACE4 binding and
limiting entrance of virus into the
target cell.

Potent antiviral activity exhibited
by Lutein, zeaxanthine and carotenes.

Decreased concentration of
carotenoids related to enhanced
inflammation and oxidative stress.

Hoffmann (2020)

Naithani et al., (2008);

Walston et al. (2006)

Probiotics Ho ()
=

(i)

A peptide P18 produced from
B. subtilis shows inhibitory activity
for influenza virus

Antiviral activity conferred by
probiotic L. lactis JCM 5805
through regulation of viral protein
expression.

Akour (2020);

Kanauchi et al. (2018)

The symptoms of SARS-CoV-2 infection are those similar to common
flu initially. The host for the virus is the ACE receptor found in cells
of the respiratory system and, hence the severity of infection leads
to ARDS which further leads to the affect seen on all systems of the
body, ultimately leading to multi organ failure. To curb the infection
early, a viable option can be the use of immunomodulatory
nutraceuticals evidenced to work on strengthening the immune
system. In the present review a few nutraceuticals are considered
and Table 1, summarizes their antiviral properties.

Researchers across the globe are currently working towards
providing validity to the pharmacological benefits of nutraceuticals,
especially in refence to the current pandemic and more such
investigations will help strengthen their authenticity towards the
capacity to modulate the immune system and see the end of the
pandemic.
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