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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) is a lethal virus that
causes COVID-19 (Coronavirus disease 2019), the respiratory illness that has caused
the COVID-19 pandemic. Even though multiple pharmacological trials are ongo-
ing, there is no proof that any treatment will effectively cure or prevent COVID-19.
Currently, COVID-19-infected patients are being managed with non-specific medica-
tions to suppress the symptoms and other associated co-morbidities. Nitric oxide
is a bio-signaling molecule that has been shown to be effective for treating several
viral infections in humans. Household Natural foods rich in nitrites and nitrates (NO
donors) have been scientifically proven to have therapeutic benefits against immune-
related respiratory tract infections. It was understood that NO could inhibit the early
stage of SARS CoV-2 invasion into the human cell. Fruits and vegetables containing
nitrites and nitrates have been revised and are now thought to be potential anti-
CoV agents for effective control of other associated systemic disorders. The purpose
of this review is to highlight some key facts about the treatment and prevention of

COVID-19 infection with foods rich in nitric oxide and its donors.

Practical applications

Improving the body’s immune system is the early step to be considered as a pre-
ventive measure to stop the spreading of COVID-19 infection. Emerging research
continues to mount that dietary nitrates/nitrites from plant foods are being healthy
as well as keep us away from infectious diseases. They are now incorporated into
low-risk adjuvant therapy for various infections and systemic disorders. This concept
portrays the regular consuming foods such as fruits and vegetables that are rich in
nitric oxide which have the potential to promote health, improve general well-being,
and reduce the risk associated with the highly contagious diseases. Hence, we recom-
mend adding nitrates and nitrites-containing food to the regular diet to improve the

self-immunity as well as to fight against COVID-19 disease.
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1 | INTRODUCTION

SARS-CoV-2, a rapidly spreading pandemic virus, has affected 216
countries or territories, or areas so far (WHO). Apart from its se-
verity in causing the acute respiratory syndrome, recent reports
have revealed evidence of multiple organ effects, suggesting the
virulence potential of this novel virus (Baby et al., 2020). To restrict
the spread of the disease, epidemiological measures such as isola-
tion, quarantine, social distancing, lockdown, and curfew are being
followed (Kumar et al., 2021). The lack of efficacious drugs or vac-
cines making the circumstances unpredictable for having a normal
life (Coppola & Mondola, 2020). Although the worldwide vaccination
drive is ongoing, WHO reports that vaccination rates remain incon-
sistent between nations, ranging from less than 1% of the population
in some to more than 60% in others. The FDA also granted permis-
sion for medications approved for other diseases to be used to treat
and manage COVID-19 people (Wu et al., 2020). Antiviral drugs,
like Remdesivir and Favilavir, antimalarial drug chloroquine and hy-
droxychloroquine, monoclonal antibodies like Gimsilumab, TZLS-
501, REGN3048-3051, and systemic corticosteroids, etc., were a
few drugs in the pipeline for COVID-19 treatment (Duddu, 2020).
Broad-spectrum antiviral agents, antibiotics, hydroxychloroquine,
and convalescent plasma transfusion, etc., used currently are to pre-
vent the exacerbations of pneumonia, suppress lung inflammations,
virus-negative conversion, boost the immune system for the body'’s
antiviral defense mechanisms, and shortening the disease course.

Scientific shreds of evidence have revealed fascinating facts
about biological nitric oxide (NO) and its anti-retroviral activity.
NO is a signaling molecule produced by mammalian cells that are
involved in a variety of functions. NO was commonly released by
inducible nitric oxide synthase (iNOS) activation after viral infection,
which might either inhibit or encourage viral replication (Akerstrém
et al., 2009). Common to all known, for cell fusion activity (the ini-
tial step after entry into the human body), a specialized viral gly-
coprotein (S protein) binds to the host cell angiotensin-converting
enzyme 2 (ACE2) receptors present in the epithelial cell surface
of the respiratory system. To achieve its functionality, it under-
goes post-translational modifications such as glycosylation and S-
palmitoylation. A study found that NO donor leads to the nitration
of the S protein of SARS-CoV and reduces its fusion activity by in-
hibiting palmitoylation and inactivating the cysteine protease (iden-
tical to the S2 subunit of spike proteins of SARS-CoV as mentioned
earlier). S-nitroso-N-acetyl-penicillamine (SNAP), an exogenous NO
donor, has been shown to suppress viral replication in its early stages
(Akerstrom et al., 2009). NO can also inhibit the replication cycle of
SARS CoV by inhibiting viral protease (nitrosylation of cysteine resi-
dues) and RNA synthesis (Akerstrom et al., 2005).

NO stimulates cyclic guanosine monophosphate (cGMP),
which elevates the cytoplasmic p53 tumor suppressor gene and
nitrosylates the host and virus molecules, contributing to innate
resistance mediated by the Th1-Th2 immune response (Uehara
et al., 2015). It also promotes T-cell response, downregulates den-

dritic cell maturation and activation, suppresses adaptor proteins by

modulating interleukin-6, and activation of interferon-alpha (Deakin
et al., 1995). Other effects, such as improved alveolar blood sup-
ply, decreased mucosal production, improved lung repair, enhanced
phagocytosis, bronchodilation by neural activation, and reduced
lung infiltrate density, are predictors of symptom relief that favor
comfort and well-being of the SARS-CoV infected patient. Despite
the lack of clinical evidence for NO as a potential anti-SARS-CoV-2
molecule, preliminary study suggests that NO could play a construc-
tive role in the early prevention and management of the infection.

The global economy is on the verge of collapse, and a lasting solu-
tion to the pandemic is urgently needed. This condition has prompted
extensive studies in conventional medical systems. Ayurveda, India’s
traditional medical system, has a strong understanding of the causes
and treatments of pandemics (Adithya et al., 2020; Al-Sehemi
et al., 2020). Most of the fruits and vegetables that we consume daily
in edible form, as well as constituents from beetroots, leafy vege-
tables, citrus fruits, apple, berries, grapefruits, and other fruits and
vegetables that are high in dietary nitrates and nitrates (converted
to NO in the body), have been scientifically proven to have possible
benefits against acute immune-mediated respiratory tract infections
including pulmonary fibrosis, diffuse alveolar damage, pneumonia,
and acute respiratory distress syndrome (Garcia-Larsen et al., 2017;
Hosseini et al., 2017; Kroll et al., ,2009, 2018; Lv et al., 2015; OM
et al., 2021; Ritz et al., 2019). Because many of these symptoms are
also associated with COVID-19 infection, consuming these fruits and
vegetables may help people stay healthy at this time.

In this study, we aimed to highlight the importance of nitric oxide
donors containing fruits and vegetables, as well as their putative in-
volvement in the immunomodulatory pathway, to improve the pre-

vention of COVID-19 infection, mortality, and risk rate.

2 | METHODS

We performed an open-ended, English-restricted search of data-
bases such as Scopus, Web of Science, and Pubmed for all available
literature, using terms related to dietary nitric oxide, fruits, veg-
etables, respiratory and lung infection/immunity, and coronavirus.
Various studies reported on clinical, animal, and in-vitro models
were considered for shortlisting the outcome effects. We particu-
larly focused on respiratory and lung-related diseases, and we have
limited the reported studies related to the effect on immune and
inflammatory-related activities of selected dietary sources.

2.1 | Apple

Consumption of apple has been inversely correlated with asthma
and has also been positively linked to general pulmonary health.
Apple (rich in bioactive flavonoids and NO) has anti-inflammatory
effects in human lung and tracheal epithelial cells by alleviating
pro-inflammatory cytokines and chemokine signaling. Apple fruit,

juice as well as apple peel can decrease Th 2 cell proliferation and
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suppress allergic responsive IgE and mast cells (Boyer & Liu, 2004;
Romieu et al., 2006). Accumulating of alternatively activated (M2)
macrophages facilitates tissue repair by directly inhibiting pro-
inflammatory pathways and shortening the pro-inflammatory
phase by increasing the expression of the Argl gene in lungs
proven that apple has wider lung health benefits beyond aller-
gic asthma disease. Adding Boysenberry along with apple can
reduce lung inflammation via increased macrophage activity by
increased granulocyte apoptosis mediated by IL-17A and F (Shaw
et al.,, 2016).

2.2 | Grapes

Along with nitrate contents, the fruit, as well as seed and skin, also
contains other medicinally beneficial compounds such as resvera-
trol, quercetin, and anthocyanin (Gao et al., 2001). In the respira-
tory system, whole fruit and its components are reported to have
protective activities against lung injury by inhibiting interleukin
(IL)-8, granulocyte-macrophage colony-stimulating factor, TNF-
«, eosinophils and neutrophil recruitment, modulation of Thl and
Th2 cells, etc., in various respiratory cell lines(Percival, 2009). The
grape pomace and grape seeds extract also relieved some patho-
logical complications of viral infection in the respiratory tract by
inhibiting viral replication, reducing the expression of mucins and
pro-inflammatory interleukins, including IL-1p, -6, and -88 (Kim
et al., 2019).

2.3 | Berries

Strawberry and blackberry are rich sources of dietary nitrates. The
strawberry extract reduced the level of Ig-G, Ig-M, and total im-
munoglobulin in hepatic rats. Strawberries may increase the im-
munological response of the immunity cells, T lymphocytes and
monocytes, in obese people who are at greater risk for develop-
ing infections (Zunino et al., 2013). These red berries help support
cell survival, growth, and antioxidant defense and can protect cells
by repairing DNA damage (Giampieri et al., 2017). Blackberry ex-
tract also reported having immune-modulating activity by slowing
down the expression of intercellular adhesion molecule-1 which
is the indicator of arresting the infiltration of neutrophils (Wang
& Lin, 2000). Blackberries can be your warm-weather fix immune
booster.

2.4 | Citrus fruits

Citrus fruits are loaded with potent bioactive compounds anti-
oxidants which can protect against immune-mediated inflamma-
tory reactions by modulating cytokine-regulated pathways (Arya
et al., 2020). These fruits are rich in vitamin C, which increases the

bioavailability of nitric oxide from other sources, and can inhibit
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NF-KB activation by IL 1, TNF alpha, and block the production of
IL 8. They ameliorate several aspects of immunity and enhancing
epithelial barrier function, white blood cell migration to sites of in-
fection, phagocytosis and microbial killing, and antibody production
(Douglas et al., 1998). With 0.8 and 0.02 mg nitrates and nitrites per
gram, orange is the best source of NO donor among the other citrus
fruits (Hord et al., 2009). Citrus fruits also soothe the bronchioles,
liquefies the sputum which prevents respiratory infections (Padhani
et al., 2020). It can also inhibit cytokine-stimulated inflammation in
human primary airway epithelial cells by inhibiting ERK1/2 phospho-
rylation (Yildiz et al., 2015).

2.5 | Carrots and radish

Carrot is one of the highest natural sources of beta carotene (an
anti-oxidant) as well as it contains essential various amino acids for
the human body. One such amino acid is L-arginine which acts as a
precursor for the biosynthesis of NO (Madu & Bello, 2018). Carrots
have been shown to protect cells from oxidative stress and increase
the activity of glutathione transferase for cytoprotective effect
(Sies, 1993). Carrots have also been shown to reduce inflammation
induced by Toll-like receptor 4 agonists in macrophage cells. It also
exhibited a cytoprotective effect when tested in alveolar epithelial
cells suggesting that carrot can help in preventing the alveolar dam-
age induced by the COVID-induced immune response (Alves-Silva
et al., 2016). Carotenoids in carrots aid to regulate immunological
function by boosting lymphocyte proliferation and cytotoxic T-cell
activity.

Another popular vegetable, radish, contains beneficial antioxi-
dants as well as a chemical known as nitric oxide, which is thought
to lower blood pressure and hence reduce the risk of stroke or
heart attack. Radish has been shown to inhibit the secretion of
IL 6 and so reduce the concentration of neutrophils in the lungs.
Additionally, bioactive components found in the hydro-alcoholic
extract of radish were found to significantly reduce TGF-1 lev-
els, preventing pulmonary fibrosis from worsening (Asghari
et al., 2015). Water extract of radish showed a prophylactic effect
against A/PR 8/34 influenza virus-induced experimental infection
in mice. The modification of isoenzymatic structures, especially
phosphatases, and the decrease in hemagglutinating titers (of lung
extract) produced by radish extract has been reported to have the
potential effect of decreasing the mortality rate and increasing the
mean survival time of the influenza-infected mice (Prahoveanu &
Esanu, 1990).

Both the carrots and radish protect the cell by modulating im-
mune function by enhancing lymphocyte proliferation and cytotoxic
T-cell activity and through TLR4-MAPK/NF-KB signaling pathway in
macrophages. They also help in forming healthy tissues in the lungs
and increase resistance against respiratory infections by the produc-
tion of interleukin-10 (Romieu et al., 2006). All the results published
show evidence of their potential role in preventing or modulating the

physiological effects of lung disorders as complementary medicine.
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2.6 | Beetroot

Beets are rich in natural chemicals called nitrates, and through a
chain reaction, the body converts nitrates into nitric oxide, which
helps in improving blood flow and blood pressure. Beetroot juice
reduced symptoms of cold and sickness, and those with asthma
showed the greatest benefit. Owing to the high levels of nitrates
present in beetroot, drinking its juice can increase blood oxygena-
tion levels which can indirectly boost the immune system against
many pathogens. Preliminary evidence demonstrates its special
asthma benefits by decreasing asthmatic attack exacerbations due
to respiratory infections (Ritz et al., 2019). In a randomized con-
trolled crossover trial study, physical performance in COPD patients
was assessed after supplementation with dietary beetroot juice.
After 7 days of interventional study, there was an increased plasma
nitrite concentration concerning reduced blood pressure level and
optimizes the oxygen uptake indicates that beetroot juice could
able to alleviate the cardiovascular complication in lung/respiratory
disorders especially COVID infections (Friis et al., 2017). Ingestion
beetroot juice increases F.NO, (fraction of exhaled NO at a flow
rate of 50 ml per second) robustly which is likely to persist for over
3 hr in healthy individuals. F.NO, is a clinically used marker of al-
lergic airway inflammation as part of the innate immune system’s
defense against pathogens, and it has been related to a reduction
in protection against bronchoconstriction. Beetroot, a good source
of NO, may provide potential long-term benefits on airway health
(Kroll et al., 2018). All the observed evidence delivers the informa-
tion that, beetroot can improve metabolism and immune functions in
the respiratory system which may help to keep the lungs safe during

corona invasion.

2.7 | Mushroom

Bioactive compounds particularly present in mushroom shows anti-
inflammatory, anti-viral, anti-allergic as well as immunomodulatory
effects (Elsayed et al., 2014). It can activate the host immune re-
sponse by enhancing the immune-system-dependent responses of
natural NK cells, T cells, B cells, and macrophages. It also causes a
cascade of cytokine activations, including tumor necrosis factor
(TNF)-alpha and a variety of interleukin variants, to be released,
as well as opsonic and non-opsonic phagocytosis (Sliva, 2012).
The activation of NK cells, macrophages, and cytokine secretion in
T cells in preclinical and clinical trials showed that mushroom ex-
tract enhances the host’s native immunity by activating the dendritic
cell. Whole edible mushrooms and their extract enhance innate
and adaptive immune by stimulating cell surface receptor activity
of neutrophils and macrophages, modulate antigen-presenting cell
functions, and promote antigen presentation by Th1/Th2 cells in
viral infection (Borchers et al., 2008; Johnson et al., 2009). Natural
cordyceps help to treat asthma, cough, colds, and tuberculosis, as
well as reducing inflammation and slowing the aging of bronchial

cells (Panda & Swain, 2011). Mushroom maintains the respiratory

epithelial integrity by preventing excessive development of mucus
as well as and mucolytic capacity (Sliva, 2012). Mushrooms affect
the un-coating and binding of viral proteins to the host cellular re-
ceptor by acting on the virus particle directly. Lowering the levels of
unique immunoglobulin (Ig)E and IgG1 by medicinal mushrooms will
also benefit in preventing the severity of lung infections by its anti-
allergic action (Hetland et al., 2020).

2.8 | Leafy vegetables

Spinach, a popular green leafy vegetable, has the ability to remove
mucus and aid in the treatment of pulmonary illnesses. The high-
est concentrations of nitrates and nitrites were found in spinach
(926 and 0.27 mg/serving of raw spinach, respectively) (Merino
et al., 2017). In the ancient times, asthma, bronchitis, TB lung in-
flammation, cough, sneezing, and other respiratory disorders were
treated with an expectorant tonic made with an infusion of fresh
spinach leaves prepared with two tablespoons of fenugreek seeds
combined with honey. (Bakhru, 2005). Aqueous extract of spinach
shows anti-allergic activity by regulating the signaling pathways
(suppressing C32+ mobilization) involved in mast cell degranulation
induced by the antigen-antibody interaction in RBL-2H3 cells (Ishida
et al., 2013). The immunomodulatory action of spinach is explained
by the fact that it reduces the number of CD4 cells and the lung
levels of IL-4 and IL-13 in ovalbumin-challenged mice. It can also ac-
tivate macrophages through TLRs and enhances the phagocytosis
of foreign pathogens (Ishida et al., 2016). Another commonly used
leafy vegetable found in the Indian kitchen is the green lettuce rich
in nitrate has been reported for its immune-enhancing activity by its
ability to produce NO, which brings its beneficial role as a possible
immune-enhancing agent (Seo & Jeong, 2020). It can stimulate TLR4,
p38, JNK, and NF-B which continually increases the development
of immune defense, which is thought to improve the human body’s
immune function by activating macrophages (Reddy et al., 2015).
Broccoli, another nitrate-rich leafy vegetable (25 and 0.09 mg/half
cup) that contains sulforaphane and other phytochemicals, helps to
protect against asthma-causing respiratory inflammation.

2.9 | Constituents other than NO found in fruits and
vegetables with anti-COVID effect

Most scientists have begun to investigate the effects of various
naturally occurring organic compounds for the treatment of COVID
infections. Many phytoconstituents were investigated and reported
for their ability to bind with the proteins involved in the entry and
replication of the virus by computational and in-vitro studies.

In terms of their pharmacophore structure, Mehany and col-
leagues reviewed and conceptualized the possible mechanisms of
polyphenols such as triterpenoids, anthraquinones, flavonoids, and
tannins. They proposed that natural polyphenols could be a better
anti-COVID-19 designs for drug development (Mehany et al., 2021).
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FIGURE 1 Theinvolvement of immune and inflammatory signaling cascade after the invasion of the virus in bronchial epithelial cells and
possible sites of action of donors of nitric oxide. Toll-like receptors recognize the virus and activates NFxB via MyD88 which activates the
expression of pro-inflammatory cytokines. This modulates the adaptive immune response by recruiting and activating macrophages, B and
T lymphocytes in order to orchestrate the elimination of the virus. The expression of interferon stimulated genes inhibits viral activity. An
imbalanced immune response can lead to further hyper inflammation and lung injury causing the severity symptoms in COVID-19 infected

patients

Flavanoids such as apigenin, fiestin, chrysin, hesperitin, luteolin, nar-
ingenin, quercetin, and rutin found in common fruits and vegetables
such as oranges, grapes, apples, berries, carrots, spinach, and toma-
toes are thought to be effective against Severe acute respiratory
syndrome coronavirus 2 (SARS CoV-2) as they have a higher bind-
ing affinity with proteases (3Cl pro and PL pro), spike protein, RNA-
dependent RNA polymerase (RdRp), and angiotensin-converting

enzyme |l receptor. They hypothesized that flavonoids may reduce

the entrance ability, human transmission capability, and inflamma-
tory response (Jain et al., 2021; Mouffouk et al., 2021).

Flavanoids can also act as an immune modulator by regulating
mediators such as toll-like receptors (TLRs) and bromodomain-
containing protein 4 (BRD4), as well as the activation of the nuclear
factor erythroid-derived 2-related factor 2 (Nrf2), which could be
effective in regulating the cytokine storm during SARS-CoV-2 infec-
tion (Liskova et al., 2021). Hydrolyzable tannins like pedunculagin,
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tercatain, and castalin showed strong interactions with binding sites
such as Cys145 and His41 of the SARS-CoV-2-3 CLpro protein. This
led to the conclusion that these three hits could be used as possi-
ble anti-SARS-CoV-2 lead compounds to combat COVID-19 (Khalifa

et al., 2020). In addition, plant flavan-3-ols and dimeric proanthocy-

anidins found in grapes had a greater affinity with the major protease
(Mpro) enzyme of SARS-Cov-2, and an in-vitro assay demonstrated
the inhibitory effect.

All of these evidences suggest that consuming NO-containing
fruits and vegetables with these compounds could also result in syn-
ergistic health benefits, such as anti-inflammation, immunomodula-
tory, and antiviral properties, which should be taken into account
and heavily incorporated in future development steps.

3 | CONCLUSION

Good nutrition is crucial for health, particularly in times when the
immune system might need to fight back. Hence, it was understood
that nitrate and nitrite-rich natural diet supplementation can halt in-
stantly the progression of the infection by acting via multiple path-
ways (Figure 1) and also can mitigate many of the co-morbidities
associated with COVID-19. Nonetheless, even with these limited
ingredients, one can continue eating a healthful diet that supports
good health so that such home-based inexpensive remedies can
be easily implemented to break the chain of this highly pandemic

spreading of the disease.
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