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Email: koiralaresearchfoundation@gmail.com millions of people worldwide. The article aims to review the therapeutic perspective

Obijective: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) affects

on natural antioxidants, their mechanism of action, pharmacokinetics in management
and cure of COVID-19/ SARS-CoV-2 infection.

Methods: We conducted a literature search including World Health Organization and
National Institute of Health guidelines and clinical trials registered with ClinicalTri-
als.gov limited to antioxidants in COVID-19 management.

Results: Elderly, immunocompromised patients, and others with underlying health
conditions or multiple comorbidities have a high mortality rate. Disrupted redox home-
ostasis and oxidative stress seem to be biological pathways that may increase personal
vulnerability to infection. Antioxidants like vitamins C, D, E, epigallocatechin-3 gal-

late, and morin have been reported to protect against COVID-19 disease. Reactive

oxygen species are immunological regulatory elements of viral replication. Natural
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syndrome.
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1 | INTRODUCTION

Coronavirus is an enclosed virus with only a single-stranded RNA gene
and helical symmetry nucleocapsid belonging to the coronaviridae fam-
ily. There are four types of coronavirus: a, 8, 8, and y coronavirus
(Cherry et al.,, 2017; Loeffelholz & Tang, 2020). In 1931, a novel respira-
tory tract infection in farmed chicken was detected in North Dakota;
Schalk and M.C. Hwan were the first to notice it (Fabricant, 1998).
Human coronaviruses (HCoVs) are among the fastest growing viruses,
with a high percentage of nucleotide substitution and recombina-
tion in the genome. Human coronavirus includes alpha coronavirus
(HCoVs-229E and HCoVs-NL63) and beta coronavirus (HCoVs-OC43
and HCoVs-HKU1), which were first revealed in 2000 (Cecchini & Cec-
chini, 2020; Lim et al., 2016). In 2002, in the Guangdong province of
China, life-threatening respiratory disease with no causative factors
was reported, and in 2003 the syndrome was designated as a severe
acute respiratory syndrome (Ksiazek et al., 2003). In total, 8096 peo-
ple were globally affected, causing 774 death (10% death rate) (Liang
et al,, 2020). In 2012, the Middle East respiratory syndrome corona
virus (MERS-CoV) was identified in Saudi Arabia, infecting 2506 per-
sons worldwide and resulting in 862 deaths (35% mortality rate) (Liang
et al., 2020). SARS-CoV-2, also known as 2019-nCoV, was found in late
December 2019 (Tu et al., 2020).

It spreads throughout all human groups, infecting around one-third
of the world’s population with the typical symptoms of a common cold
at the early stages of illness (Lim et al., 2016). The SARS-CoV-2 has
a diameter of 60-140 nm and belongs to the f coronavirus family.
The name comes from their exterior appearance, which includes spikes
around the exterior appearance (Cascella et al., 2020; Sohrabi et al.,
2020). Inthe last week of December 2019, 27 unexplained instances of
pneumonia were recognized in Wuhan city of Hubei Province in China.
Wuhan city is the most populated place in central China, with about
11 million residents. It caused flu-like signs such as dry cough, dysp-
nea, fever, and many others symptoms, putting people at risk. In most
of cases, the incubation time is 1-14 days (Pascarella et al., 2020; Peng
et al,, 2020; Sohrabi et al., 2020; L.-s. Wang et al., 2020). It quickly
spread around the world. On March 11,2020, 71 days after the discov-
ery of SARS-CoV-2, the World Health Organization (WHO) proclaimed

antioxidants exhibit potential action in preventing inflammation and organ dysfunction
during viral infection. They also increase glutathione level, oxygenation rate, and

immunological responses in the treatment of sepsis and acute respiratory distress

Conclusion: No wonder the selection of prevention, treatment, and cure of COVID-
19 and SARS-CoV-2 mainly depends upon the antiviral and immunoregulatory activity
which they possess. Yet, their efficacy against COVID-19 is of great concern and
demands extensive study.

antioxidant, clinical trials, epigallocatechin-3 gallate, morin, quercetin, SARS CoV-2, vitamin D

COVID-19 as a pandemic (Da Silveira Cespedes & de Souza, 2020).
It grew enormously via social events in various countries, on a cruise
ship in Japan, religious group events in South Korea, and Ski resorts in
Italy, and Austria (Petersen et al., 2020). The world outbreak mortality
rate is about 3%, and frail patients who had comorbidities such as car-
diovascular disease, diabetes, asthma, etc. are at high risk (Pascarella
et al., 2020). Both the influenza virus and the coronavirus are deadly
respiratory tract infections that cause mortality from acute respiratory
distress syndrome (ARDS) (Cheng, 2020).

COVID-19 outbreak requires worldwide attention in emergency
development of therapies for effective combating of the disease.
Until recently, several drug candidates have been repurposed. New
molecules were put forward to combat the pandemic (Alanagreh et al.,
2020; Sansone et al., 2020). Due to the high rate of transmission,
COVID-19 deadly infection requires successful introduction of new
vaccines for reducing the mortality and spread of the pandemic. Emer-
gency approval has been given to few of these new vaccines for public
use. However, their immunological fitness and true effectiveness are
yet to be established.

Therefore, in the current state of a global health pandemic, safe
and inexpensive approaches with a valid biological basis should be
prioritized. In this review, we describe the general antiviral proper-
ties of vitamins C, D, E, epigallocatechin-3 gallate (EGCG), and morin.
Also, we define their profile of biological action and pharmacokinet-
ics, and we discuss the approach to the management and cure of
SARS-CoV-2/COVID-19 infection.

2 | MECHANISM OF SARS-COV-2 ENTRY AND
IMITATION INTO THE HOST CELL

Cryoelectron tomography and cryoelectron microscopy revealed that
the coronavirus is spherical in shape. Coronavirus is named from
the club-shaped spikes on the virus’s surface that resemble a crown.
Spike (S) protein, membrane (M) protein, envelope (E) protein, and
nucleocapsid (N) protein are among the structural proteins found in
coronavirus (SARS-CoV-2). A large S protein generates homotrimers
that adhere to the viral surface and mediates coronavirus attachment
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FIGURE 1 The mechanism of SARS-CoV-2 bind with the ACE-2 receptor and activate angiotensin | and Il which promote the different
biological function and oxidative stress in the cell. (1) The normal mechanism is how the hypothalamus and anterior pituitary gland regulate and
activate angiotensin | and Il to maintain blood circulation and other biological functions in the body. (2) When the SARS-CoV-2 virus enters the
lungs, with the help of spike protein, it binds to the ACE-2 receptor and facilitates the entry of the viral genome through envelope protein into the
host cell and promotes inflammation and congestion into the lungs. After that, the SARS-CoV-2 activates the renin, the activator
ofangiotensinogen, to angiotensin | and angiotensin Il and increases the production of ROS resulting from developing oxidative stress and causing

cellular death.

and adhesion to human target cells (C. Huang et al., 2020; Perrotta
et al.,, 2020). The genomic architecture of all coronaviruses has six
opening reading frames (ORFs). The initial ORF is found at the end of
the 5’ chromosome, about two-thirds of the total genomic sequence
length, and encodes polypeptides 1a and 1b as well as other ORFs
found at the end of the 3’ chromosome (Alanagreh et al., 2020). The
ORF1 gene is found at a region downstream of the nucleocapsid and
spikes viral replication proteins. The spike protein interacts with the
angiotensin-converting enzyme-2 (ACE-2) receptor during SARS-CoV-
2 replication, causing conformational changes (Figure 1). Through the
endosomal pathway, the viral envelope is fused and enters the cell
membrane. The virus introduces RNA into the cells, which is then repli-
cated by the polyproteins pp1a and pplab. The RTCA (RNA 3’-terminal
phosphate cyclase) stimulates the synthesis of full genomic length of
negative RNA copies during viral replication and is utilized as a proto-
type for full-length of positive RNA genomes sequence. Discontinuous
transcription of subgenomic mRNA is required for viral protein trans-
lation. Virions in the endoplasmic reticulum and Golgi bodies create
these RNA genomes and viral proteins, which are then transferred via
vesicles; finally, they get out of the cells and are released (Figure 2)
(Alanagreh et al., 2020; Mirzaei et al., 2020; Shereen et al., 2020).
Several studies have shown that the viral infection causes an oxida-
tive stress inside the host, which initiates the toll-like receptor and

the interferon antiviral signaling cascade (Mendonca & Soliman, 2020).

This review aims to describe antioxidant molecules that could possibly

boost immune activity (Checconi et al., 2020).

3 | THE PROCESS OF ROS GENERATION IN
SARS-COV-2 INFECTION

Reactive oxygen species (ROS) are oxygen-derived biomolecules such
as superoxide radical anion (O,°~), hydrogen peroxide (H,0O5), and
hydroxyl radical (OH*), which regulate a variety of cellular mechanisms
including growth factors, cytokines, transcription, apoptosis, ion trans-
port, and immunomodulation. Viruses use a variety of strategies to
alter host cell’s redox state (see Figure 3). For example, subcellular
oxidative stress controls the formation of ROS in cells and decreases
glutathione expression (Amatore et al., 2015; Khomich et al., 2018;
Narayana et al., 2019). Mitochondrial dysfunction promotes ROS pro-
duction in the cells and modulates the oxidative metabolism and
immune responses. ROS contributes to T-cell proliferation and T-
cell-mediated immunity (Yarosz & Chang, 2018). The oxidative stress
exacerbates through the imbalance between ROS creation and reclaim
(Hildeman, 2004; Ray et al., 2012; Reshi et al., 2014). The nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase (NOX) produces
ROS in a well-synchronized process (Amatore et al., 2015). The NOX

consists of seven membrane proteins, including NOX1 to NOX5, and
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FIGURE 2 Mechanism of SARS-CoV-2 cell entry and replication into the host cell through viral spike proteins

two different oxidases, Duox1 and Duox2. The pathogens, particularly
bacteria, invade the cells and are killed by NOX2-mediated ROS, but
viruses are not eliminated (Checconi et al., 2020; To et al., 2017). The
intermediate SARS-CoV-2 variant identifies methylated CpG inside
the viral genome to replicate many RNA viruses and Toll-like recep-
tor (TLR)-9. By altering the preserved single cysteine residue (Cys98)
of TLR-7 activation, NOX2 activity decreases the antiviral transcrip-
tion factor. NOX2 creates ROS in nonpathogenic cells, responsible

for the stimulation of nuclear factor kappa beta (NF-xB) by the res-

piratory syncytial virus. NOX4, a member of the NOXs family, is
essential for producing ROS in pulmonary and somatic cells during a
viral illness. NOX4 stimulates the p38 and ERK1-2 genes, stimulat-
ing mitogen protein kinase (MAPKs) to increase viral replication by
promoting ribonucleoprotein (Amatore et al., 2015; Fink et al., 2008;
Marjuki et al., 2006; Nencioni et al., 2009). The production of ROS
by NOX2 causes arterial impairment. The RNA-containing virus pro-
motes NOX2, although the exact mechanism in COVID-19 individuals

is still unknown. The researchers discovered that NOX2 expression
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overlaps in SARS-CoV-2 ill patients whether or not vascular com-
plication is not a single predictor aimed at ischemic consequences.
The investigators discovered that in COVID-19 patients a high serum
concentration of NOX proteins and a decrease in antioxidants con-
centration in the plasma increase the risk of thrombotic complications
(Violi et al., 2020). The ACE-2 receptor, which would be the major entry
receptor for SARS-CoV-2, facilitates ROS release (Cecchini & Cecchini,
2020; Checconi et al., 2020; Hoffmann et al., 2020). Downregulation
of glucose-6 phosphate dehydrogenase (G6PD) is a leading cause of
oxidative stress. G6PD deficiency promotes oxidative stress suscepti-
bility, and the amount of G6PD is regarded as an inflammatory marker
(Kassi et al., 2020).

4 | CURRENT GUIDELINES FOR THE
PREVENTION AND TREATMENT OF COVID-19
INFECTION

For the prevention of COVID-19 infections, the WHO living guide-
line concerning drugs to prevent COVID-19 is available (https://app.
magicapp.org/#/guideline/nBkO1E).

The WHO (2021) and NIH guidelines concerning therapeutics for
COVID-19 are available. Altered expression of genes can reveal NF-xB
as a probable source of illness severity. The proinflammatory response
in ARDS is substantial (Keles & Infections, 2020). ROS oxidize glyco-
proteins and membrane lipids, swiftly extinguishing infected cells as
well as healthy ones. Interleukin receptor blockers, corticoids, antiviral
medicines, anti-SARS-CoV-2 antibody products, antithrombotic drugs,
antibiotics, systemic corticosteroids, anti-inflammatory medicines, and
immune stimulants are among the medications to treat COVID-19
patients, but a number of uncertainties persist (Wu et al., 2020).

5 | RATIONALE FOR THE USE OF ANTIOXIDANTS

According to the literature, SARS-Cov-2 downregulates the immune
system through multiple mechanisms. Vitamins C, E, D, melatonin, N-
acetyl cysteine, iron complexing agent (deferoxamine), NF-xB inhibitor,
and promoters (curcumin, resveratrol) of the nuclear factor erythroid
2-related factor 2 (Nrf2), which is an emerging regulator of cellu-
lar resistance to oxidative stress, are all potent antioxidants that can
help cure COVID-19 infection via mitigation of the proinflammatory
response in ARDS (Keles & Infections, 2020).
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FIGURE 4 The process of ROS generation in SARS-CoV-2 infection. The virus interacts with the ACE-2/TMPRSS2 pathway and enters the

host cell. The spike glycoprotein of SARS-CoV-2 interacts with the ACE-2 re

important for the entry of SARS-CoV-2 into the host cell through TMPRSS2.

ceptor, which is present on the cell surface. The spike protein is
This pathway leads to the recognition of the virus by a Pathogen

recognition receptors (PRR). It activates the immune cells, increases proinflammatory cytokines and ROS, and develops oxidative stress in the host
cell. Similarly, the upregulation of ACE-2 activates the renin-angiotensin system, which plays an important role in increasing inflammatory
mediators and ROS production. The NADPH oxidase is an important enzyme for the activation of macrophages in the cell for ROS. Increasing the
ROS production through the activation of NADPH oxidase causes peroxidation of unsaturated fatty acid and tissue damage generated by oxidative
stress; expression of nuclease factor (Nrf2) along with small musculoaponeurotic fibrosarcoma (sMAF) protein activates antioxidant response
elements (AREs) into the cells and activates other antioxidant enzymes including superoxide dismutase and glutathione, catalase. The activation of
macrophages activates different T-helper cells (Th cells); they are leased to activate different types of inflammatory cytokines. In the homeostatic
condition, the Keap-1 blocks the Nrf2 activation and promotes the degradation of Nrf2 through ubiquitin-proteasome. Thus, it prevents the
generation of antioxidants through Nrf2 into the cells. Morin is a unique compound; it shows multiple mechanisms for preventing oxidative stress,

and it prevents the Nrf2 degradation into the host cell.

Table 1 presents the details of clinical studies of different natural
antioxidants, which reveals how naturally available antioxidants can be
utilized for preventing COVID-19 infection in distinct stages of clini-
cal studies, either alone or in combination (Cecchini & Cecchini, 2020;
Giménez et al., 2020; J.-Z. Wang et al., 2020). In this review, we summa-
rize the detailed information and mechanism of some selective natural
antioxidants.

Figure 4 shows the structure of active natural antioxidants possi-
bly useful in COVID-19 management. All these natural compounds that
showed strong antioxidant activity may have beneficial effects against
COVID-19 infection.

6 | METHODOLOGY

6.1

| Search strategy

The purpose of this study was to conduct a methodical assessment
of primary reports of pragmatic trials. We utilized a PubMed search
filter to locate pragmatic trials published between 2019 and 2022
specifically those that were registered in ClinicalTrials.gov. The study
also used full-text papers, ClinicalTrials.gov, and Web of Science. When
downloading study information from ClinicalTrials.gov, participant’s
age (18 > 65), gender, inpatient (hospitalized), and intervention were
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precategorized. Natural antioxidants were included in the interven-
tion, prescribed either alone or in combination with other drugs.
MERS-CoV, murine coronaviruses (MCoV) complications, and medicine
prescriptions devoid of natural antioxidants were not included in the
study, nor there were similar trials involving outpatients.

6.2 | Software used

The Chem Draw professional (version 16.0) was used to draw the
chemical structures of a compound, and the Web-based program
Biorender was utilized to create the illustrations; the citation manage-

ment program Endnote 9.0 was also employed.

7 | VITAMIN C

According to NIH guidelines, at the moment, there is insufficient evi-
dence to recommend either for or against the use of vitamin C for
the treatment of COVID-19 in noncritically and critically ill patients
(National Institute of Health, 2020). Ongoing studies are further eval-
uating this issue. Vitamins C and E seem to be the two important
dietary antioxidants for human existence. Vitamin C, commonly known
as ascorbic acid, is a powerful water-soluble antioxidant and electron
donor. Alfa-keto glutarate dependent dehydrogenase requires it as a
cofactor. It is absorbed through a sodium-dependent transporter from
the gut. Vitamin C reduces NADPH oxidase activation, which creates
(O5"7) and reactive ions in mMRNA expression and is essential for dif-
ferent cellular functions, it inhibits hypoxia-induced and transcription
factors. It suppresses the hypoxia-induced factor mechanism, which
provides an alternate method of infection and inflammatory regula-
tion (Cramer et al., 1986; Milani et al.,, 2021). Vitamin C promotes
noradrenaline biosynthesis by synthesizing catecholamine (the pro-
duction of adrenaline via dopamine through the enzyme dopamine
beta-hydroxylase) and, in extracellular space, it upregulates the tyro-
sine hydroxylase enzyme (Hernandez et al., 2020). The endothelial
nitric oxide synthase (eNOs), tetrahydrobiopterin, which promotes
arterial elasticity and modulates blood pressure by minimizing vas-
cular constriction, was also regenerated by vitamin C (Kang et al.,
2013). Vitamin C also inhibits protein phosphatase 2A activation, and
tumor necrosis factor alpha (TNF-a), and displays a defensive function
for mitochondrial permeability, preventing capillary leakage (Muellner
et al., 2010; Padayatty et al., 2003; Soto et al., 2020; Traber & Stevens,
2011).

Vitamin C is an important compound for the development and mat-
uration of lymphocytes and regulates their biological function (Carr &
Maggini, 2017). Lymphocytes help in maintaining adaptive immunity
in the body for preventing viral and bacterial infections. Nutritional
impairment does not appear to be substantially linked to vitamin C defi-
ciency. The importance of vitamin C intake in noticed but is difficult to
quantify (Bjgrklund et al., 2022).

7.1 | Clinical trials and other studies on vitamin C
alone or in combination with other components

A vitamin C randomized clinical trial was performed (registration num-
ber NCT04363216) by Dangan Coppock and his team at Thomas
Jefferson University Philadelphia, PA. The investigators aim at deter-
mining the safety and effect of ascorbic acid administration in COVID-
19-infected patients to test the hypothesis that the 0.3-0.9 g/kg
administration of ascorbic acid could help to promote the lymphocyte
activationin newly diagnosed COVID-19 hospitalized patients who will
likely not require mechanical ventilation within 24 h of study interven-
tion, but, to date, no data are available to support the ascorbic acid at
given dose promotes the lymphocyte activation in COVID-19 patients
(Dagan Coppock, 2020).

Another randomized clinical trial study of vitamin C in combina-
tion with melatonin was conducted by Corey Fogleman at Lancaster
General Hospital, Lancaster, PA (registration number NCT04530539)
(https://clinicaltrials.gov/ct2/show/NCT04530539). One hundred fifty
participants (age 50+) are to be included in this study and experience
more than 5 days of COVID-19 infection. Melatonin (10 mg) and vita-
min C (1000 mg) were prescribed to infected patients; the study is
in its recruiting phase and aims at studying the progression of symp-
toms during the treatment (ClinicalTrials.gov). Melatonin has a strong
natural antioxidant and has free radical scavenging activity. It is nat-
urally secreted into the body through the pineal gland and is also
found in some fruits and vegetables that regulate circadian rhythm
(Taroccoetal.,2019). Melatonin is highly lipophilic thus it easily crosses
the cell membrane, and it is widely distributed in the cell. It effec-
tively eliminates free radicals from the biological system. It scavenges
free radicals and also neutralizes high toxic radical which is generated
within the cells, while several more small molecules of natural antiox-
idants also showed direct scavenging activity through metal chelating
and hydroxyl radical scavenging activity (Galano et al., 2018; Hacisevki
& Baba, 2018). Melatonin can transform guanosine radical to guano-
sine by transferring its electrons to repair oxidized DNA into the cell
(Hacisevki & Baba, 2018).

A. K. Ahmed et al. (2020a) indicated that quercetin 800 mg, brome-
lain 165 mg, zinc acetate 50 mg, and ascorbic acid 1 g once daily
supplements were safe for patients infected with SARS-CoV-2 and
may prevent poor prognosis. The clinical trial (registration number
NCT04468139) (A. K. Ahmed et al., 2020b) concerning the quadru-
ple therapy with zinc, quercetin, bromelain, and vitamin C still does
not have any study results posted concerning the pharmacological
effects of this multiple compositions of antioxidants. Quercetin is a
water-soluble flavonoid compound that is mainly found in vegetables
and fruits. It has unique pharmacological properties such as anti-
cancer, anti-inflammatory, antiviral, antioxidant, and antipsychological
activities. The most important feature of quercetin is its strong antiox-
idant property; it activates mitochondrial biogenesis and prevents
lipid peroxidation, platelet aggregation, and capillary permeability fac-
tor (Li et al, 2016). Epigallocatechin-gallate polyphenols transport

zinc cations across the plasma membrane independently of plasma
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membrane zinc transporters and act as zinc ionophores (Dabbagh-
Bazarbachi et al.,, 2014). Zinc is an element found in our cellular matrix
involved in various cellular processes (Rahman & Idid, 2021; Te Velthuis
et al.,, 2010). It has a very important role in regulating the transcrip-
tion factor, in the enzymatic process, in the maintenance of the function
of structural proteins, in the activation of immune response, and for-
mation of growth factors in the body (Bagherani & Smoller, 2016).
The regular use of zinc supplements increases its concentration in
the cell. The zinc ion inhibits coronavirus andarterivirus RNA poly-
merase activity in vitro, while zinc ionophores block the replication of
these viruses in cell culture (Te Velthuis et al., 2010). The pharmaco-
logical action of zinc in the COVID-19 infected patients is to prevent
the replication of the viral genome into the host cell. Zinc counters
the pneumonitis condition, which is caused by the SARS-CoV-2 virus.
It inactivates the replicase enzyme into the cell (the enzyme repli-
case is responsible for replication and transcription of viral genome),
activates interferon, increases the production and development of lym-
phocytes (T & B cells), and triggers the secretion of perforin which
shows antiviral action (Rahman & Idid, 2021). Anyhow, according to
NIH guidelines, to date, there is insufficient evidence to recommend
either for or against the use of zinc for the treatment of COVID-19, tak-
ing into account that zinc may be harmful. One component of the drug
composition used in the described clinical trial, that is bromelain, was
the focus of interest of some in vitro studies. Bromelain is an enzyme
and is mainly found in pineapple juice, and its stem is often used for
medicinal purposes (Pavan et al., 2012). Bromelain has a wide range
of pharmacological activity including inhibition of platelet aggregation
factor, anti-inflammatory activity (inhibit prostaglandin E2 synthesis
and other inflammatory mediators), immunomodulation, and inhibition
of the production of bacterial enterotoxin (Chakraborty et al., 2021).
Various studies were conducted to investigate the effect of bromelain
on the inhibition of SARS-CoV-2 replication in the host cell. Brome-
lain inhibits the S-ectodomain, a part of the protein which provides
the binding site of cell surface receptor. In SARS-CoV-2 replication, the
most important cell surface receptor is ACE-2 which helps in binding
the spike protein and releases the viral genome into the cell (Edwards
et al., 2021). Sagar et al. (2020) determined the effect of bromelain on
the VeroEé6 cell line. The bromelain was used in varying concentrations
such as 19, 37, and 70 ug/mL into the SARS-CoV-2-infected veroE6é
cell lines. After 48 h of bromelain treatment, a significant inhibition of
S-ectodomainthereby altering the S-protein binding with veroEé cell
lines was observed, and the ability to inhibit the in vitro replication of
the SARS-CoV-2 genome into the cell was confirmed

Another study was conducted by Sagar et al. (2021) to evaluate the
inhibition effect of bromelain in in vitro and in silico studies. It shows
a dose-dependent effect on ACE-2 and transmembrane protases-2
(TMPRSS2) protein in veroEé6 cells, but it shows significant inhibition
of ACE-2 expression in Calu-3 cells; similarly the TMPRSS2 protein
reduces the expression in the same cell. In this study, different con-
centrations including 5,10,15,20, and 25 ug/mL of bromelain were
used to check the effect of bromelain against the s-ectodomain. The
result revealed that a 25-ug/mL concentration of bromelain signifi-

cantly inhibited the expression of s-ectodomain and SARS-CoV-2 in

veroEé cells. The study was also confirmed by performing a cysteine
protease inhibitor assay; wherein bromelain effectively inhibited the
SARS-CoV-2 binding affinity to VeroE6 cells (p = .0021) and hindered
its replication. In the molecular docking study, the bromelain was
equally bound with both proteins (ACE-2 and TMPRSS2) and showed
good interaction with both proteins. Thus this study revealed that
bromelain can be used as a broad-spectrum antiviral agent, but clinical
trials are needed.

An observational retrospective study of an immuno-formulation
recruited 40 participants with the onset of COVID-19 symptoms or
who have tested positive in a diagnostic test for SARS-CoV-2 (Fagron
Iberica S.A.U., 2020) but no study results were posted.

Chronic COVID-19-infected patients were administered a high
dose (200 mg/kg) of parenteral vitamin C in a randomized large
interventional clinical trial that is in phase 2 (registration number
NCT04264533). Vitamin C is supposed to suppress cytokine storm
generated by COVID-19 illness and to improve pulmonary function
and reduce mortality for patients with COVID-19, but no study results
were posted (F. Liu et al., 2020).

Phase 1 clinical trial (registration number NCT04370288) was per-
formed at Mashhad University of Medical Sciences, Iran, in 2020.
Preliminary results showed that the treatment of severe COVID-19
with a mixture of methylene blue, vitamin C, and N-acetyl cysteine is
safe and feasible (Alamdari et al., 2020).

8 | VITAMIND

According to NIH guidelines, at the moment, there is insufficient evi-
dence to recommend either for or against the use of vitamin D for
the prevention or treatment of COVID-19; hence, further research is
needed.

Vitamin D is crucial for bone metabolism and also has a bene-
ficial effect on the immune system. It disrupts immune cells such
as macrophages, T and B lymphocytes, neutrophils, and dendritic
cells, encouraging biologically based systems that exhibit vitamin D
receptors (VDR) and provide human infection resistance. Vitamin D
would be a unique prohormone created in the skin when exposed to
ultraviolet radiation (290-315 nm in the visible range, converting 7-
hydroxholesterol to cholecalciferol and vitamin D D3). However, only
a limited content of vitamin D is created in the skin (Beard et al., 2011;
Biesalski, 2020; Hadizadeh, 2021; Lanham-New et al., 2020). Vitamin
D comes in a variety of compounds, including 25-hydroxyvitamin D (25
OHD) and 1,25-dihydroxy vitamin D. 25 OHD, which is formed through
vitamin D hydroxylation, is the active primary metabolite of vitamin D.
VDR is triggered by a transcription factor that interacts to 25 OHD,
causing heteromerization with retinoid X receptor and the formation
of A, 9-cis retinoic acid, another active metabolite (Beard et al., 2011;
Biesalski, 2020; Lanham-New et al., 2020) of vitamin D, may also act
as an immunomodulator, lowering the risk of viral infections such as
syncytial virus and influenza (Siddiqui et al., 2020).

In addition, multiple chronic disorders such as respiratory tract

infection, hypertension, diabetes mellitus, and others were reduced



16

SHRIVASTAVAET AL.

when 25 OHD concentration was enhanced (Arboleda & Urcuqui-
Inchima, 2020; Grant et al., 2020b). An investigation on vitamin D
supplementation found that it has strong antiviral effect against a vari-
ety of respiratory viruses (Ali, 2020; Berthelot et al., 2020; Grant et al.,
2020b; Greiller & Martineau, 2015; Hastie et al., 2020; Khare et al.,
2013; Martineau et al., 2017; Patel et al., 2019; Schogler et al., 2016).
It also controls cell-mediated immunity by inducing antimicrobial
peptides such as cathelicidin, IL-37, and defensins via bioactive com-
pounds of vitamin D (1,25-dihydroxy vitamin D) (Grant et al., 2020a).
Antimicrobial peptides are essential components of the innate immune
system that defend the host from pathogenic bacteria by affecting
the function of bacterial cell membranes and suppressing inflamma-
tory mediators. Thus, there is an essential factor in creating novel
antibiotics to combat antimicrobial resistance in bacteria (Narayana
et al, 2019; Rajasekaran et al., 2019). Vitamin D supplementation
boosts antioxidant ability by raising glutathione levels (glutathione
reductase and glutamate ligase modulator subunits), which has antimi-
crobial properties and helps in fighting COVID-19 infection (Grant
etal.,, 2020a).

8.1 | Clinical trials and other studies on vitamin D
alone or in combination with other components

An observational study (registration number NCT04709744) of vita-
min D included 38 participants. This study, started in January 2021
(Yasmin Adel, 2021), aims at determining the effect of vitamin D
in previously diagnosed systemic lupus erythematosus patients with
COVID-19 infection; the recruitment is completed, but results are still
not available.

The multicentered interventional clinical trial (registration number
NCT04536298) (R. Wang et al., 2021) included 2700 participants who
experienced first-time COVID-19 infection. The objective of this study
is to evaluate the efficacy of vitamin D3 supplementation to reduce dis-
ease severity in persons with newly diagnosed COVID-19 infection and
to prevent infection in household members at the dose of 9600 1U/day
on days 1 and 2 and 3200 |U/day on day 3-28 (Manson et al., 2020; R.
Wang et al., 2021). Results are still not available, even if vitamin D defi-
ciency increases the risk of COVID-19 hospitalization and/or mortality
(Manson et al., 2020).

For hospitalized frail elderly patients with COVID-19, regular bolus
vitamin D3 supplementation was associated with less severe COVID-
19 and a better survival rate (Annweiler et al., 2020).
(registration  number
NCT04641195) (Fawzi, 2020) included 700 volunteers infected
with SARS-CoV-2. The randomized trial aims at determining the

effect of vitamin D and zinc supplementation for improving treatment

The interventional clinical trial

outcomes among COVID-19 patients in India. Eligible individuals
randomly received: (1) vitamin D (180,000 IU bolus at enrolment,
followed by 2000 IU daily); (2) zinc (placebo at enrolment followed by
one daily dose of 40 mg); (3) vitamin D and zinc; or (4) placebo for a
total of 8 weeks. The study will end in March 2022.

There are several studies concerning the use of vitamin D to eval-
uate the immunological response and therapeutic potential that may
be effective in preventing SARS-CoV-2 virus replication in the cell by
altering its genome sequence. In a computational study, NSP7 and spike
glycoproteins of SARS-CoV-2 are envisaged as potential targets of vita-
min D and ivermectin. This study hypothesized that vitamin D inhibits
the viral replication in the cell (Dasgupta et al., 2020).

Another clinical research was conducted to study the influence of
vitamin D sufficiency on the reduced risk of severity from a COVID-19
infection. Two hundred thirty-five patients out of 611 were included
in this study because these patients have a low level of vitamin D; the
authors said, “we cannot explain the cause and effect relationship of
vitamin D sufficiency and the reduced risk of severity froma COVID-19
infection” and concerns were raised by the editors about the validity of
results and conclusions reported in the article (Maghbooli et al., 2020).
(registration  number
NCT04828538) is a randomized, double-blind, placebo-controlled
study aimed at investigating the effects of 4000 IU vitamin D versus

The interventional clinical trial

placebo, a combination of 1000 mg vitamin C, vitamin B complex
and zinc acetate, 100 mg/day versus placebo, and 1000 mg omega-3
docosahexaenoic acid (DHA)/eicosapentaenoic acid (EPA) versus
placebo on mortality risk, severe outcomes, and complications in
patients recently diagnosed with COVID-19. EPA and DHA are precur-
sors of resolving D and E, which inhibit the inflammatory mediators,
activate macrophages leading to increase apoptosis in the cell, and
subsequently decreasing the level of IL-6 in the lungs (Hathaway et al.,
2020). Results of the clinical trial are still not available.

An Iranian randomized clinical trial (IRCT20151226025699N3)
concerning the effect of omega-3 fatty acid supplementation (1000 mg
omega-3 daily for 14 days) on clinical and biochemical parameters of
critically ill patients with COVID-19 revealed that the intervention
group had significantly higher 1-month survival rate and improved the
levels of several parameters of respiratory and renal function (Doaei
etal, 2021).

Vitamin B is a natural water-soluble compound that comprises eight
subtypes of vitamin B. Vitamin B (i) maintains cellular function and
enzymatic reactions, (ii) decreases the production of free radicals and
inhibits the overproduction of inflammatory cytokines in the body
(Kennedy, 2016; Mikkelsen & Apostolopoulos, 2019), and (iii) regulates
the innate and adaptive immunity and the function of endothelial cellu-
lar integrity (Shakoor et al., 2021). A computational study suggests that
methylcobalamin from vitamin B12 may serve as an effective inhibitor
of the RNA-dependent-RNA polymerase activity of the nsp12 protein
and the SARS-CoV-2 viral replication (Narayanan & Nair, 2020).

In a randomized double-blind placebo-controlled interventional cli-
nal trial (registration number NCT04400890), the combination of
vitamin D3 100,000 IU on day 1 and resveratrol 1000 mg four times
per day for 15 days was tested to assess the possible reduction in hos-
pitalization at 21 days from enrolment. Results of this clinical trial are
still not available.

Resveratrol is a polyphenol compound and is widely found in many

plant species. It has high antioxidant properties, anticarcinogenic,
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cardioprotective, vasodilator, and neuroprotective activity (Salehi
etal, 2018).

It may be effective for the inhibition of SARS-CoV-2 in the cell.
Previous studies concluded that resveratrol is effective against viral
infections like the zika virus, influenza virus, MERS-CoV, etc. (Lin et al.,
2017; Mohd et al., 2019). Yang et al. (2020) analyzed the effect of
resveratrol on the SARS-CoV-2-infected Vero cell. In this study, the
Vero cells were infected at a multiplicity of infection of 0.01 with SARS-
CoV-2 and treated with different concentrations of resveratrol; after
48 h of the treatment, the cells were examined. The result shows that
100 and 200 ug/mL concentration of resveratrol significantly inhibited
the growth of SARS-CoV-2 into the Vero cell .

Another in vitro study was conducted by Pasquereau et al. (2021)
to reveal the effect of seven drug compounds against HCoV-229E and
SARS-COV-2 on Vero cells. Among these three drugs, resveratrol was

less cytotoxic and only showed a reduction of viral titer.

9 | VITAMIN E

Vitamin E is a lipid-soluble antioxidant made up of tocopherol and
tocotrienols, two distinct types of compounds. Only alfa-tocopherol
has been found as a type of vitamin E that humans require. Due
to pharmacokinetic differences, alfa-tocopherol is 5-10 times more
widely distributed than other subtypes of vitamin E (Zabetakis et al.,
2020). Vitamin E deficiency reduces the number of lymphocytes, the
function of natural killer cells, and the creation of antibodies. The rela-
tionship between dendritic cells and CD4* T-cells is enhanced when
vitamin E is supplemented (Calder, 2020). Numerous experiments have
shown that vitamin E treatment at different doses, such as 800, 60,
and 200 mg/kg/day, improves cell-mediated immunity (Th1 cell activ-
ity, lymphocyte proliferation, IL-2 production, improved phagocytosis)
(De la Fuente et al., 2008; Meydani et al., 1990; World Health Orga-
nization & Tufts University Consultation on Nutritional Guidelines for
the Elderly, 2002). Vitamin E is abundant in almonds, peanut butter, and
sunflower seeds. In the cytoplasmic membrane, it scavenges polyun-
saturated fatty acids and lipoprotein radicals (Arshad et, al., 2020).
Previous investigations reported the free radical quenching activity
principally modulates gene expression in the cells. It protects against
exposure to UV radiation, which has a favorable effect on lipid per-
oxidation and prevents from skin illnesses (Keen & Hassan, 2016;
Valentino et al., 2018). The in vivo study revealed that the a-tocopherol
effectively transfers hydrogen atoms to lipid free radicals and forms
nonradical lipid products via the a-tocopheroxyl radical (Yamauchi,
1997). Since both C and E vitamins have antioxidant properties, their
combination can help to manage the condition during COVID-19 infec-
tion in individuals with cardiac problems. The Recommended Dietary
Allowance (RDA) of vitamin E for healthy adults according to the NIH
DRI is 15 mg/day (tolerable upper intake level 1000 mg/day), but there
is little evidence to date on the utility of vitamin E as a prophylactic or
therapeutic agent against COVID-19 (Zabetakis et al., 2020).

10 | VITAMIN K

Vitamin Kis animportant compound for the coagulation of blood. It has
many important biological roles including homeostasis, cell prolifera-
tion, and differentiation, inflammation, etc. Recently, some important
role of vitamin K was revealed with its cofactor y-glutamyl carboxylase
including antioxidant increases cognition and inhibits tumor progres-
sion, etc. (Simes et al., 2020). The lipid-soluble vitamin is currently a
choice of supplement to maintain body functions. The main concern
about vitamin K is its effectiveness in COVID-19 patients as hospi-
talized patients are diagnosed with multiple blood clots in the lungs
(at the site of SARS-CoV-2 infection) (Ackermann et al., 2020; Guan
et al.,, 2020; Tang et al., 2020). The infection progressively affects the
endothelial cells, which play a crucial role in coagulation, resulting in
imbalance of the coagulation factors after infection and thrombosis in
the lungs (Kudelko et al., 2021).

10.1 | Clinical trials and other studies

Dofferhoff from Canisius-Wilhelmina Hospital, the Netherlands, is
conducting a phase 2, double-blind, randomized, placebo-controlled
clinical trial to investigate the safety and effectiveness of oral
vitamin K2 supplementation in COVID-19 (registration num-
ber NCT04770740) (https://clinicaltrials.gov/ct2/show/study/
NCT04770740). The objective of this clinical trial was to deter-
mine whether vitamin K is effective against pulmonary damage and
coagulopathy in COVID-19 patients. A total of 40 participants are
included in this study. Patients will take three tablets of vitamin
K2 menaquinone-7 (333 mcg) per day. Patients taking vitamin k2
MK-7 will receive a total of 999 mcg per day from day 1 until day 14
or discharge, whichever occurs earlier. All subjects can be treated
with prophylactic or therapeutic heparin-based (heparin or any low-
molecular-weight heparin) anticoagulants, according to local hospital
protocols. Respiratory distress and thromboembolism are common in
COVID-19-infected patients. Matrix Gla protein is an essential factor
to show anticoagulant activity and prevents pulmonary and vascular
elastic fiber damage. No results were posted yet.

Dofferhoff et al. (2020) conducted clinical research and a total of
135 newly diagnosed COVID-19 infected hospitalized patients and
found that reduced vitamin K status is a potentially modifiable risk
factor of severe COVID-19.

11 | EPIGALLOCATECHIN-3 GALLATE

Green tea is a widely consumed drink around the world. Polyphe-
nols, which make up 30% of the overall mass of green tea, seem to
be the most important phytoconstituents. Green tea contains various
polyphenols, including epicatechin, epicatechin-3 gallate, epigallocate-
chin, EGCG, and catechin (Chu et al., 2017; Menegazzi et al., 2001). It
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has anti-inflammatory, anticancer, antimicrobial, and immunomodula-
tory properties, among others (Menegazzi et al., 2020). The inhibiting
action of IFN-y that evokes tyrosine phosphorylation and downregula-
tion of DNA-binding affinity of transcription factor signal transducer
and activator of transcription 1 (STAT-1a) is demonstrated by the
mechanistic explanation of polyphenols found in green tea (Basir-
ico et al.,, 2019). The EGCG also inhibits the expression of inducible
nitric oxide synthase Il (Menegazzi et al., 2001; Tedeschi et al., 2004).
Green tea extract, including polyphenols, was found to have antioxi-
dant effects in many investigations (Annunziata et al., 2018; Das et al.,
2019;S. Liu et al., 2017). EGCG suppresses proinflammatory cytokines
such as TNF-a, IL-1, and IL-6 and decreases oxidative stress. Polyphe-
nols are natural substances that significantly reduce oxidative stress
and inflammation (Basirico et al., 2019). Their known pharmacophore
structures can be useful in the elaboration of new anti-COVID-19 for-
mulation. Polyphenols including betulinic acid, indigo, aloe-emodine,
luteolin, and quinomethyl triterpenoids, quercitin or gallate can be
safe for patients and inhibit coronavirus enzymes, which are essen-
tial for SARS-CoV-2 virus replication and infection (Chojnacka et al.,
2020). In addition, green tea polyphenols have a strong interaction
with specific main protease (Mpro) residues (His41 and Cys145), indi-
cating that polyphenols may be potent inhibitors of the SARS-CoV-2
primary proteolytic enzymes (Ghosh et al., 2020). Green tea extract
containing polyphenols should have anti-inflammatory effects, accord-
ing to many experimental models (Menegazzi et al., 2020). In mice
with carrageenan-induced edema, 25 mg/kg green tea extract admin-
istered intraperitoneally decreased inflammation by lowering ICAM-1
and (TNF-«) (Di Paola et al., 2005). EGCG has anti-inflammatory and
antioxidant properties and suppresses STAT-1 function. All cytokine
receptors and STAT-3 activity are activated by the immune cells, which
would be a key element in immune response and autoimmune regu-
lation. In addition, the level of IL-6 in COVID-19 is excessive. Thus,
the primary pathogenic factor and EGCG regulate the immune system
and avoid hyperinflammatory reactions. Since COVID-19 promotes
the generation of inflammatory mediators and ROS, the ability of
EGCG to scavenge free radicals and reduce the activation of inflamma-
tory cytokines helps to manage the respiratory distress complications
(Menegazzi et al., 2020).

Few in vitro studies support the effectiveness of EGCG in SARS-
CoV-2 infection. EGCG inhibits the entry of viral genome from SARS-
CoV, MERS-CoV, and Vesicular stomatitis virus G (VSV-Ginto) the cell in
vitro as indicated by RT-qPCR; hence, it might be suitable for develop-
ing effective anti-COVID-19 drugs (Henss et al., 2021). Another in vitro
study indicated that green tea or EGCG is effective in inhibiting the
SARS-CoV-2 and HCoV OC43 infection. The study shows that EGCG
has a broad-spectrum in vitro antiviral activity by inhibiting spike bind-
ing to the ACE-2 receptor and also exhibiting anti-inflammatory and
antioxidant potential (J. Liu et al., 2021). Other in vitro studies con-
firm the inhibition of the activity of SARS-CoV-2 3CL-protease by
EGCG, theaflavin (Jang et al., 2020), and the inactivation of SARS-

CoV-2 in vitro by green tea catechin, catechin-derivative, and black

tea galloylated theaflavins (Ohgitani et al., 2021). Another previous
study revealed that 100 uM concentration of EGCG shows 50% inhi-
bition of 3CLP™ viral protein; similarly, a computational study confirms
that EGCG has strong interaction with 3CLP" protein, and the binding
energy was —9.96 kcal/mol (Bahun et al., 2022).

12 | MORIN

Morin is a 3,5,7,2,4 pentahydroxyflavone phytoconstituent obtained
from different members of the Moraceae family (Maclurapomifera,
Macluratinctoria, and Psidium guajava) (Park et al., 2015; Rat-
tanachaikunsopon & Phumkhachorn, 2007). Morin was shown to have
an inhibitory activity on immunoglobulin E-mediated allergic reactions
in the existing literature (Annunziata et al., 2018). It suppresses the
expression of proinflammatory activities such as NF-xB, interleukins,
cytokines, and activated T-helper cells 2 (Th2 cells) (Kandhare et al.,
2019; Park et al., 2015). Phenolic chemicals effectively treat oxidative
stress-related disorders such as cancer, cardiovascular problems, and
neurological ilinesses. In addition, numerous types of hydroxyl groups
are able to interact with free radicals, chelate redox metals such as Cu
and Fe, and endow phenolic compounds with substantial antioxidant
capacity (Jomova et al., 2019). The antioxidant activity of morin was
investigated in isoproterenol-induced myocardial ischemia rodents
by Al-Numair et al. (2014). The increased concentrations of super-
oxide dismutase, catalase, glutathione peroxidase, and glutathione S
transferase were dramatically normalized by pretreatment with morin
40 mg/kg as the concentrations of nonenzymatic antioxidants. Another
study looked into morin’s antioxidant and cytoprotective properties
against hydrogen peroxide-induced oxidative stress. According to
the findings, Morin would have a significant inhibitory effect on
2,2-azino-bis-3(ethylbenzothiazoline 6-6 sulfonic acid) radical and a
superoxide dismutase-like activity. Antioxidant and cytoprotective
effects are associated with the induction of Nrf-2-mediated heme oxy-
genase-1 expression in V79-4 Chinese hamster lung fibroblasts. Also,
it decreases H,O,-induced cellular oxidative stress, inhibits mitochon-
drial dysfunction, and reduces H,O,-induced apoptosis (M. Lee et al.,
2017). The antiherpes simplex virus (HSV) activity was determined
using various solvent extracts. At 38.5 and 50.8 g/mL, accordingly,
ethyl acetate and methanolic extracts demonstrated substantial ECs
potency. In addition, a biologically guided chromatographic separation
approach was employed to separate morin from a petroleum ether
extract of macluracochinchinensis. It had a higher antiHSV-2 action at
an ECsq value of 53.5 ug/mL (Bunyapraphatsara et al., 2000). Because
morin has a high link with antioxidant and anti-inflammatory action, a
prior study revealed that the molecular mechanism of morin parallels
that of vitamins C and D and EGCG.

Computational analysis showed that flavonol morin targets host
ACE-2, Importin IMP-qa, Poly (ADP-ribose) polymerase 1 (PARP-1), and
viral proteins of SARS-CoV-2, SARS-CoV, and MERS-CoV critical for
infection and survival (Gupta et al., 2021).
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13 | QUERCETIN

Quercetin is a flavonoid and is commonly found in many fruits and veg-
etables. Quercetin has a high value of antioxidant properties and anal-
gesics, and it strongly inhibits the Nod-like receptor protein 3 (NLRP3)
inflammasome-mediated IL-13, NRF2, and thioredoxin-interacting
protein activation to the cell (Agrawal et al., 2020; Li et al., 2016).
The concentration of quercetin in the body may affect mitochondrial
biogenesis, increase ATP production, activate the electron transport
chain resulting in decreasing the production of ROS and inhibiting cel-
lular oxidative stress (Saeedi-Boroujeni & Mahmoudian-Sani, 2021).
Quercetin activates T-helper cell (Th-1) and interferon-y (IFN- y) and
downregulates Th-2 derived IL-4. Quercetin-3p-galactoside is an iso-
form of isoquercetin, which is animportant glycoside form of quercetin.
The SARS-CoV-2 virus quercetin-3p-galactoside contains the hydroxyl
group which binds to 3CLP™ and recognized GIn184 protein and
formed a complex to inhibit the proteolytic activity (Biancatelli et al.,
2020; Mrityunjaya et al., 2020).

13.1 | Clinical trials and other studies on quercetin
alone or in combination with other components

A quercetin clinical trial was conducted in Tunisia (registration num-
ber NCT04853199) (Risky et al., 2020). The objective of this study is to
determine the effectiveness of an herbal medicine supplement in the
treatment of COVID-19 infection, but no results were posted yet. Few
previously published studies support the hypothesis of this clinical trial.
Quercetin was used in combination with other natural compounds such
as vitamin C, zinc, and bromelain for the determination of their effects
on COVID-19 patients. Quercetin 800 mg, bromelain 165 mg, zinc
acetate 50 mg, and ascorbic acid 1 g once daily supplements may pre-
vent poor SARS-CoV-2 prognosis and were safe for infected patients
even if randomized clinical trials are needed in the future to ensure the
efficacy of the mixture (A. Ahmed et al., 2020).

A randomized, open-labeled, and controlled study aimed to inves-
tigate the adjuvant benefits of quercetin phytosome in community-
based subjects with confirmed SARS-CoV-2 infection. The treatment
will continue for 30 days (registration number NCT04578158) (https://
clinicaltrials.gov/ct2/show/NCT04578158). No results were posted,
but it is suggested that quercetin phytosome is a safe agent; in com-
bination with standard care, at early stage of viral infection quercetin
could aid in preventing the severity of COVID-19 disease. A double-
blind, placebo-controlled study is, however, needed to confirm the
results of our study (Di Pierro et al., 2021).

All types of polyphenols are effective to inhibit ACE functions;
quercetin, like other polyphenols, was reported to have anti-SARS-CoV
activity. Quercetin noncompetitively inhibits the papain-like protease
and 3-chymotrypsin-like protease in the SARS-CoV-2 virus (Muchtaridi
etal,, 2020).

14 | GENISTEIN

Genistein is a bioflavonoid compound found in soy and soy-containing
food. It is similar to flavonoids. There is interest in the potential
of genistein to prevent or treat many diseases like cardiovascular
disease (Andres et al., 2009), it shows antidiabetic (Gilbert & Liu,
2013), anti-inflammatory (Tuli et al., 2019), antioxidant (Mazumder &
Hongsprabhas, 2016), and antiviral activity (Shawky et al., 2020).

14.1 | Clinical trials and other studies

A randomized, double-blind, placebo-controlled, two-arm study (reg-
istration number NCT04482595) (https://clinicaltrials.gov/ct2/show/
study/NCT04482595) evaluates the effectiveness and safety of genis-
tein (1500 mg) for the mitigation of impaired pulmonary function in
COVID-19 patients recently discharged from the hospital. All patients
received current background standard of care based on local clinical
site practice. No results were posted yet.

In silico pharmacokinetic and molecular docking studies of nat-
ural flavonoids, including genistein, show anti-SARS-CoV-2 proper-
ties against their proteins, namely RNA-dependent RNA polymerase,
Mpro, and spike (S) protein; in particular, genistein interacts with the
spike proteins’ key ribosome-binding domain and may inhibit spread to
receptors, thereby limiting viral spread (Vijayakumar et al., 2020).

Another computational study also supported that the genis-
tein highly interacted with S2 spike proteins with binding energy
—8.5 kcal/mol as compared to other natural compounds. This study
showed that flavonoids and bioflavonoids containing compounds were
highly effective in inhibiting the viral replication of host cells (Pandey
etal, 2021).

Genistein is also a phytochemical from Camellia sinensis. Confirming
the reported antiviral activities of Camellia sinensis, an in silico study
supports the beneficial effect of traditional Ayurvedic/herbal medicine
in the management of the COVID-19 crisis by targeting SARA-CoV-2
main metalloprotease. The antiviral potential is evident not only for
genistein from the predicted docking score but also for theaflavin,
(-)-epigallocatechin 3-gallate, 1-O-caffeoylquinic acid, and ethyl trans-
caffeate. Drug likeness characteristics and no or fewer side effects of
these compounds make them interesting at least in the prophylaxis of
the COVID-19 outbreak (Kanbarkar & Mishra, 2021).

15 | CURCUMIN

Curcumin is commonly obtained from the plant Curcuma longa and is
commonly called turmeric. In Asian and South Asian countries, it is
widely used. It has been widely used for pharmacological and culi-
nary purposes. In Ayurveda, curcumin takes a special place because
it is used in many chronic diseases. It is a polyphenol compound,

and the role of the polyphenol compound was discussed above
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(Hewlings & Kalman, 2017). Curcumin helps in treating many diseases
like gastrointestinal disease, respiratory disease, central nervous sys-
tem disorder, autoimmune diseases, cardiovascular complication, etc.
(Pari et al., 2008).

Curcumin is a promising prophylactic, therapeutic candidate for
COVID-19 because it exerts antiviral activity by multiple mechanisms:
(i) direct interaction with viral membrane proteins; (ii) disruption of the
viral envelope; (iii) inhibition of viral protease; and (iv) induction of host
antiviral responses. Moreover, curcumin protects from ARDS via tar-
geting NF-xB, inflammasome, IL-6 trans signal, and high mobility group
box-1 (HMGB1) pathways. It is noteworthy to mention that curcumin

is safe and well-tolerated (Thimmulappa et al., 2021).

15.1 | Clinical trial and other studies

A randomized clinical trial was conducted to determine the effect
of curcumin and piperine on COVID-19 patients. In total 525 mg of
curcumin and 2 mg of piperine were given to COVID-19 patients
and determined their health complications during hospitalization. The
result shows that the combination of both drugs effectively reduced
the mortality and morbidity of COVID-19 patients (Pawar et al., 2021).

A randomized clinical trial was designed to evaluate the effect of a
mixture comprising artemisinin, curcumin, Boswellia, and vitaminCina
nanoparticular formulation, in patients diagnosed with COVID-19 (reg-
istration number NCT04802382). Experiments performed in vitro with
the formulation demonstrated the ability to reduce cytokine elevation
in response to stimulation of human Peripheral blood mononuclear
cells (PBMCs) preparations. The clinical trial is designed to include 252
adult patients who suffer from moderate COVID-19 infection. Safety
will be assessed. No results were posted yet.

A computational study was performed to determine the interac-
tion of the compound with specific viral proteins. In this study, a total
of 10 natural compounds were selected against spike proteins. After
performing the molecular docking and molecular dynamic simulation,
all the natural compounds showed a good binding affinity with spike
protein and could be effective in inhibiting the activation of S-protein
(Pandey et al., 2021). In vitro inhibition of extracts from turmeric (Cur-
cuma longa) rhizomes against SARS-CoV-2 chymotrypsin-like protease

activity was demonstrated (Guijarro-Real et al., 2021).

16 | ASSAY OF SYSTEMIC OXIDATIVE STRESS
STATUS OF COVID-19 PATIENTS

Owing to the key role of oxidative stress and inflammation in the devel-
opment of COVID-19 symptoms, it is crucial to know the systemic
oxidative stress status of COVID-19 patients hospitalized in the inten-
sive care unit for severe pneumonia. Biomarkers of oxidative stress
including antioxidants, trace elements, and oxidatively damaged lipids.
An important drop in antioxidant levels was detected in COVID-19
patients, as evidenced by vitamin C, glutathione, thiol proteins, y-

tocopherol, and -carotene levels largely below the reference interval
(Pincemail et al., 2021).

17 | ANTIOXIDANT ACTIVITY ASSAYS OF
PUTATIVE DRUG CANDIDATES: A CRITICAL
COMPARATIVE EVALUATION

Antioxidant compounds exhibit antiviral action in models of coron-
avirus infections. The antiviral activity might be due not only to the
inhibitory effect on the enzymatic activity of targets crucial in coron-
avirus replication (SARS-CoV 3CLP™, SARS-CoV papain-like protease
SARS-CoV helicase protein, and MERS-CoV 3CLP™) but also to the
reduction of ROS accumulation that retards the coronavirus-activated
apoptotic signaling (Diniz et al., 2020).

The activity of antioxidants that could be used in the prevention
and management of the SARS-CoV-2 pandemic could be measured via
various antioxidant capacity assays; they can be classified as hydrogen
atom transfer (HAT) or electron transfer (ET) methods.

HAT-based methods, such as twin reversed arterial perfusion
(TRAP), oxygen radical absorbance capacity (ORAC), and crocin assays,
generally apply a competitive reaction scheme, in which the antiox-
idant and an oxidable probe compete for peroxyl radicals thermally
generated through the decomposition of the azo radical initiator, nor-
mally AAPH (2,20-azobis-2-methyl-propanimidamide, dihydrochlo-
ride). Unfortunately, AAPH radicals are different from the biological
ones, and it was inferred that only antioxidant activity against peroxyl
radicals is probably measured; moreover, the concentration of the sub-
strate is much less than that of the antioxidants, at variance with the
real situation. Since these methods lack a chain propagation step and
the nature of the damaging reaction is not characterized, the relevance
of these approaches to radical chain-breaking antioxidant capacity was
considered low. The crocin-bleaching assays measure the inhibition
capacity of antioxidants in protecting the bleaching of crocin by AAPH,
but it is scarcely useful because its quantitative application is impaired
by (i) the insensitivity of inhibited bleaching rates to the concentra-
tion changes of antioxidants, (ii) interferences, and (iii) the lot-to-lot
variability of crocin (D. Huang et al., 2005).

ET-based
capacity (TEAC), ferric ion reducing antioxidant power (FRAP),

assays, such as trolox equivalence antioxidant

2,2-diphenylpicrylhydrazyl (DPPH), and Folin-Ciocalteu (FC), measure
the capacity of an antioxidant to reduce an oxidant, which changes
color when reduced to an extent that can be correlated with the
sample’s antioxidant concentrations. In the following paragraphs, we
detail the drawbacks of these methods.

In the ET-based TEAC, the oxidant is ABTS-~ (2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid decolorization assay). This
method is not sound, since the TEAC values for pure antioxidant com-
pounds are not correlated with the number of electrons an antioxidant
can give away. Unfortunately, the reaction rate differences are not
reflected in the TEAC values because the TEAC assay is an end-point
assay, and this lowers the reliability of TEAC results (D. Huang et al.,
2005).
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In the FRAP, the FRAP values for a number of antioxidants conflict
with their reductive properties, which makes test results unreliable;
moreover, the test time (4 min) was demonstrated not to be long
enough for polyphenols (D. Huang et al., 2005). The ET-based DPPH
method uses stable and commercially available organic nitrogen rad-
icals (2,2-diphenyl-1-picrylhydrazyl radical). The absorbance of the
mixture fades as its reduction goes on, and it is monitored at 515 nm
until it is stable. The percentage of the remaining DPPH is propor-
tional to the antioxidant concentrations. Tested antioxidants never face
those ROS responsible for the oxidative stress of the biological system,
and this is easily predicted to impair the reliability of their estimates:
in this respect, the stability of the commercially available DPPH is
emblematic, since many antioxidants important from a biological point
of view may be inert to it. Consequently, the antioxidant capacity is
easily expected to be wrongly rated. Furthermore, the reaction kinet-
ics between DPPH and antioxidants does not linearly depend on DPPH
concentrations and reversible reactions were also observed. Finally,
the ratings are pH sensitive. All these issues lower the soundness of
the DPPH assay that is the most widely used antioxidant capacity assay
(Diniz et al., 2020; D. Huang et al., 2005).

The most important ET-based method is the assay of total phenols
by FC reagent. Obviously, the FC reagent is nonspecific to phenolic
compounds as it can be reduced by many nonphenolic compounds, such
as vitamin C, Cu(l), etc. Like other ET-based methods, it is an end-point
method, characterized by nonlinear kinetics and reversible reaction;
it has to be taken into account that the tested reducing capacity of
the antioxidants may not parallel their ability to prevent oxidation of
biological substrates by free radicals (D. Huang et al., 2005).

The quantitation of antioxidant capacity of putative antioxidant
drug candidates usually relies on ET-based methods (DPPH, ABTS,
FRAP) (Diniz et al., 2020). Taking the limitations of each assay, the com-
parison of different methods to obtain a fair estimate of the antioxidant
activity of a drug candidate is mandatory.

The Briggs-Rauscher (BR) oscillating reaction that is triggered by
mixing adequate amount of sodium iodate, hydrogen peroxide, and
malonic acid in the presence of manganese sulfate as a catalyst, can be
profitably used to estimate the antioxidant capacity of a sample; this
method has never been used for the antioxidant capacity rating of rad-
ical scavengers that could be used in the prevention and management
of SARS-CoV-2 pandemic.

Figure 5: illustrates the chemistry involved in the Briggs-Rauscher
(BR) reaction.

The global BR reaction illustrated in Equation (1)
105 +2H;0,+CH3(COOH),+H* — ICH(COOH),+20,+3H,0 (1)
is accomplished through two-component reactions:
1037 +2H,0,+H* - HIO + 20,+2H,0, (2)

HIO + CH,(COOH), — ICH(COOH),+H,0. (3)

CH,(COOH),

H-'r_I__I_

FIGURE 5 Explanation of the chemistry involved in the
Briggs-Rauscher(BR) reaction

Equation (2) can follow both a fast radical path, involving the HOO*
and the redox chemistry of the catalyst (Mn*™*), or a nonradical path
when the [I7]is low and high, respectively.

Equation (3) is a two-step reaction:

I"4+HIO+H* - 1,4+H,0, (4)

I, + CH,(COOH), — ICH(COOH), + H* + I-. (5)

Upon initial mixing of the solutions, |03~ reacts with H,O, to pro-
duce, via a fast radical path, a rapidly increasing [IO~]. 10~ is partly
reduced to I~ by H,O, and partly reacts with I, producing |, according
to Equation (4) (amber solution, radical path). I, reacts slowly with mal-
onic acid, thereby causing an increase in [I~] according to Equation (5).
Its high concentration triggers its reaction with |03~ and hence a slow
nonradical production of IO~ (blue solution nonradical path). |0~ and
I~ are consumed in the iodination of malonic acid at a faster rate
compared to that of their slow production. Eventually [I7] is reduced
to such a low value that the radical process takes over again. This
oscillating sequence repeats until the malonic acid or 103~ is depleted.
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Contrary to currently used antioxidant capacity assay, according to
the BR strategy, the sample antioxidants have to chemically face in the
test mixture the same ROS responsible for the oxidative stress and par-
ticularly HOO* and H,O5- In this respect, the BR antioxidant capacity
assay is the only in vitro test that simulates an in vivo assay. Moreover,
it is able to detect the activity of those polyphenolic Fe2* chelators
able to exert a preventive antioxidant role avoiding the formation (via
the Fenton’s reaction) of the most disruptive and dangerous free radi-
cal, that is the hydroxyl radical (OH*) thereby increasing the eligibility
of the BR method to test their antioxidant activity. Noteworthy, the
method works at pH < 2, that is, in the pH range of human gastric flu-
ids at which lipid peroxidation is amplified (Kanner et al., 2001). Since
the oscillation period is particularly sensitive to the temperature, it is
important to thermostat the reaction mixture during the test. Another
disadvantage is the fact that it works in a hydrophilic environment;
however, it can also be optimized for lipophilic samples, and it was actu-
ally used to estimate the antioxidant capacity of extra virgin olive oil
(Cecchietal., 2010a).

The BR assay has not only theoretical advantages but also many
practical benefits: it is easy, inexpensive, and rapid, that is why it was
often used to test the antioxidant activity of a wide variety of sam-
ples (Cecchietal., 2010b, 2011; Cervellati et al., 2004; Gajdos Kljusuri¢
et al.,, 2005; Honer & Cervellati, 2003; Prenesti et al., 2005; Y.-D. Wang
etal.,2013).

18 | CONCLUSION AND FUTURE ASPECTS
Cytokine storm exacerbates tissue damage and organ malfunc-
tion. SARS-CoV-2 suppresses NF-k expression, which is required for
cytokine and Nrf-2 activation in infected cells, according to the
research. The stimulation of antioxidant mechanisms is dependent
on Nrf-2 expression, and also the control of the Nrf-2 mechanism is
entirely reliant on the viral cycle and virus types. This study looks at
certain potential antioxidants that would help cells fight cellular oxida-
tive stress and inflammation. Antioxidants may stop the viral genome
replication into the host cell and could control organ failure by sup-
pressing the cellular regulatory pathway and activating immune cells.
The most potent antioxidants include vitamins C and D and flavonoids,
which have an identical cellular mechanism to COVID-19 and effec-
tively reduce immune responses. The most recent studies concerning
the prophylactic use of antioxidants and their use in managing COVID-
19 patients are described. According to a literature review, natural
antioxidants may help to reduce the complications of viral infection.
Although investigators have shown that antioxidants may be useful
against COVID-19, the exact mechanism and efficacy remain uncer-
tain. Therefore, more research is needed to investigate the precise
action of possible antioxidants and their maintenance in pathogenic
cells and how they combat the inflammatory process and cytokine
storm. In the future, clinical studies are needed to assess the effective-

ness of antioxidants in the management of COVID-19 infection.

Limitation of the study

Although the study is an overview of different natural antioxidants that
were used to determine the efficacy of the patients who were infected
with SARS-CoV-2 infection. The limitation of the study is to define the
possibility of natural antioxidants to reduce the complications of the
infection, but due to unavailability of complete information we can-
not justify the finding of many clinical trial results. Thus, this review
shows the possibility of many natural antioxidants showing additive or
synergistic effects with other drugs.
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