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Abstract

The Coronavirus Disease 2019 (COVID-19) is a devastating global pandemic. Although control
of inflammation and supportive care is a common practice, effective and safe disease-modifying
or preventive treatments are not yet available. Recent studies demonstrate that small natural
molecules belonging to polyphenol family can interfere with various stages of coronavirus entry
and replication. These bioactive phytoconstituents, available as natural components in foods and
medicinal plants may provide preventive and other benefits against COVID-19, particularly in
older adults with micronutrient deficiencies. Another age-related nutritional deficiency may be
inadequate levels of the trace metal zinc (Zn), rendering this population more susceptible to
COVID-19. Here, following a brief review of 2 select flavonoids; quercetin as a potent antioxidant,
and dihydromyricetin (DHM) as an effective antiviral agent together with Zn, essential for
immune function, we suggest potential use of a combination of these compounds as an added
prevention and/or treatment modality in COVID-19.

Keywords

Flavonoids; Quercetin; Dihydromyricetin; Zinc; Covid-19

Introduction

The Coronavirus Disease 2019 (COVID-19) is an acute respiratory disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). First reported in Wuhan, China
at the end of 2019, COVID-19 was declared as a global pandemic in March 2020. The
functional receptor of SARS-CoV-2 is angiotensin-converting enzyme-2 (ACE2), which
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provides viral entry into human cells [1]. Upon entry, SARS-CoV-2 can target different
tissues at multiple levels, starting from the cells of nose and throat down to the lung,
invading through vasal endothelium, the kidneys and nervous system where it can cause
severe illness and death [2]. The clinical symptoms are mainly fever, dry cough, and fatigue.
Some cases are accompanied by nasal congestion, runny nose, sore throat, muscle pain, and
diarrhea. Severe patients have high levels of cytokines and chemokines in plasma which
can easily lead to cytokine storm. Although cytokine storm is considered a hallmark of
COVID-19, its full role is yet to be elucidated [3]. Acute respiratory distress syndrome
(ARDS), shock, multiple organ dysfunction syndrome (MODS), and sudden myocarditis
appear in severe and terminal patients afflicted with COVID-19 [4]. As the number of
cases and deaths are continuously and rapidly rising, introduction of novel nutritional or
other pharmacotherapies in strengthening the immune system are critical in slowing down
this devastating pandemic. In this brief review we concentrate on potential use of select
flavonoids together with zinc as beneficial supplements.

To prepare this review article, PubMed, ClinicalTrials.gov, and Biomed Central databases
were searched under the terms such as: “Covid-19”, “coronavirus,” “quercetin,”
“dihydromyricetin” “polyphenol,” “zinc,” and “flavonoid” through November 2020. A total
of 126 paperw were reviewed. We focused on the antiviral as well as any other benefits
associated with the compounds of interest.

Flavonoids

Bioactive phytoconstituents, available as natural components in foods and medicinal

plants, can provide preventive and other health benefits in COVID-19. Thus, components
like alkaloids, flavonoids, flavanols, anthocyanins, phenolic acids, polyphenols, tannins,
resveratrol, polysaccharides, and sterols, identified as “green” ACE inhibitors, may interfere
with SARS-CoV-2 entry.

Flavonoid monomers mainly include quercetin, kaempferol, and myricetin, while
flavanonols include dihydromyricetin (DHM). Although only recently flavonoids have
caught the attention of researchers for their potential implications, flavonoid research spans
several decades. In fact, protective role of falvonoids in the diet was recognized in the
1990s, when flavonoid contents of 28 vegetables and 9 fruits and teas, wines, and fruit
juices were quantified [5]. Shortly thereafter, an assessment based on dietary history of
quercetin, kaempferol, myricetin, luteolin, and apigenin concluded that flavonol and flavone
intake reduced mortality from coronary heart disease. Various other beneficial effect such as
antihypertensive, antihistamine, antidiabetic, antimicrobial, memory enhancing, and mood-
boosting properties were also ascribed to these flavonoids [6,7]. Indeed, flavonoids are

now considered as chief antioxidants, free radical scavengers and chelators of divalent
cations. This, together with their lack of systemic toxicity and their ability to synergize with
conventional drugs, as well as their “pleiotropic” effects, meaning that they can influence
different cellular targets and affect multiple pathways, have resulted in their utilization

as basic natural ingredient in more than hundred herbal medicines. Recent reports on
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antimicrobial and anti-inflammatory effects of flavonoids and their possible protective role
against COVID-19 led us to examine in more detail potential utilization of quercetin and
DHM alone or in combination with the trace element zinc (discussed below) as nutritional
supplements in prevention and treatment of COVID-19.

The natural flavonoid quercetin is frequently found in low amounts as a secondary plant
metabolite in fruits, nuts and vegetables. It is arguably the most investigated flavonoid to
date, and onions and apples are the most commonly consumed dietary sources. Quercetin
itself enters the circulatory system in trace amounts only and appears predominantly as
glucuronide, sulfate, and methyl metabolites. It can cross the blood-brain barrier, and has
various biological effects including potent anti-oxidant and anticancer properties [6-8].
Importantly, in relevance to COVID-19, quercetin’s action as zinc ionophore, meaning its
ability to bind Zn and increase its transport across the cell membrane, has led to the
suggestion of an antiviral activity against many RNA viruses including SARS-CoV-2 [9].
Furthermore, antithrombotic action of quercetin may be an additional desirable effect against
COVID-19, as thrombotic incidences are common manifestation with this disease. In this
regard, it has been demonstrated that quercetin and quercetin-3- C-rutinoside prevent platelet
aggregation and inhibit lipoxygenase (LOX) activity in various cell culture models as well as
in vivo [10].

Isolated quercetin is marketed as a dietary supplement, mostly as the free quercetin
aglycone, and frequently in daily doses of up to 1000 mg/day exceeding usual dietary intake
levels. /n silico modelling of the interaction between the SARS-CoV-2 Viral Spike Protein
and ACEZ2, quercetin was identified as one of the top 5 most potent compounds for binding
to the interface site and potentially disrupting the initiating infection process. Considering
that this was detected in a database consisting of 8,000 small molecule candidates of

known drugs, metabolites, and natural products, it gives credence to potential antiviral

use of quercetin against COVID-19. Moreover, earlier studies showed that quercetin has

the capacity to block the entry of SARS-CoV into host cells. Recently, it was speculated
that quercetin could be involved in immune regulation and that it could be of potential
therapy in lung injury associated with COVID-19 due to its anti-inflammatory, antiviral, and
immunomodulatory effects. Based on these findings, it has been suggested that quercetin be
incorporated into trials against COVID-19 [11,12].

The United States Food and Drug Administration has already approved oral doses of
quercetin as safe for human consumption. Quercetin given nasally was effective in a rat
model of allergic rhinitis [49], and the safety of quercetin has been favorably assessed.
Previously found beneficial effects on cardiovascular health biomarkers after regular
consumption of quercetin, could deliver an additional positive outcome as patients with
pre-existing cardiometabolic syndromes such as hypertension are at increased risk during
Covid-19 infection. A phase one clinical trial of quercetin carried out in 1990°s showed it
to be safe and provided evidence of antitumor activity. To date one study of quercetin in
Covid-19 has been entered into a clinical trial www.clinicaltrials.gov.
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It is of importance to note that quercetin bioavailability is generally poor and because of

its lipophilicity has low water solubility. Moreover, several factors such as glucose moieties,
dietary fat, vitamin C as well as age and sex may affect quercetin levels [13]. In this regard
it is noteworthy that food intake is a major source of quercetin and unlike majority of
supplements, most of the quercetin in food is attached to sugar moieties such as glucose

or rutinose. Thus, onion-derived quercetin, which is mainly quercetin glucoside, has a

better bioavailability than apple-derived quercetin, which contains quercetin rhamnoside and
quercetin galactoside. In addition, quercetin has a better bioavailability when consumed

as a cereal bar ingredient instead of capsule. This is because quercetin’s homogenous

solid dispersion with other cereal ingredients results in a larger surface area and hence a
better absorption [14]. Also, ingestion of quercetin with short chain fructooligosaccharide
improves its bioavailability as this saccharide suppresses the bacterial degradation of
quercetin aglycone in the large intestine and allows for more quercetin absorption. Finally,
as mentioned above, vitamin C as an antioxidant can protect against oxidative degradation of
quercetin and hence improve its absorption and bioavailability [13].

Dihydromyricetin (DHM)

Dihydromyricetin (DHM) is a unique flavanonol, a subgroup of flavonoids isolated

from Japanese raisin trees (Hovenia dulcis thum) and Chinese Rattan tea (Ampelopsis
grossedentata). These plants have been used for a long time in Asian traditional medicine to
treat different health problems. This subgroup is a class of secondary plant metabolites that
perform many physiological functions in plants and have been shown to have antioxidant,
anti-inflammatory and neuroprotective properties, and their use has been associated with
motor and memory improvements [15].

After ingestion by animals, some DHM is metabolized in the gastrointestinal tract and
liver, and the rest is absorbed into the bloodstream and is widely distributed throughout

the body, including the heart, lungs, kidney and the brain. DHM is also poorly absorbed
into the bloodstream and has a low bioavailability. Since low bioavailability limits the
pharmacologic efficacy, several preparations with better solubility or permeability have been
identified /n vitro studies. These include microemulsion, nanoparticles, soluble cocrystals,
nanoencapsulation, and solid dispersions and inclusion complex. In this regard, a nanoscale
DHM-phospholipid complex significantly increased oral bioavailability in rats. Since this
flavonoid has been studied against a wide range of DNA and RNA viruses, it is anticipated
that compounds with sufficient bioavailability will find therapeutic use in COVID-19.
Indeed, use of herbal medicine against COVID-19 has been amply touted in recent months
[16].

Several /n vitro studies have shown that DHM inhibits lipid-peroxidation, which suggest
that DHM can protect cell membrane lipids against the damage induced by an excess of
reactive oxygen species (ROS) and reactive nitrogen species (RNS). The anti-inflammatory
effect of DHM, on the other hand, have been attributed to decreases in the production of
pro-inflammatory cytokines such as interleukin IL-1p and IL-6, tumor necrosis factor-alpha
(TNF-a) and increases in the production of anti-inflammatory cytokines such as IL-10, as
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well as reduction of nitric oxide [17]. Thus, it may be suggested that the antioxidant and
antiinflmmatory activities of DHM render it a sutiable dietary supplement aginst COVID-19.

Zinc is one of the most commonly over-the-counter naturopathic medicine used for a variety
of clinical indications, including prevention and treatment of viral respiratory infections,
tissue repair and a healthy immune system. This is because zinc has an essential role in
immune and airways function, wound healing and tissue repair [18,19]. It may also modify
the host’s response to an infection as it is an essential co-factor element with a broad

range of functions in the body. In addition, a role for insulin and blood pressure regulation
as well as regulation of gene expression has been ascribed to zinc. The fact that Zn can

be formulated as a stand-alone nutraceutical or as a combination product containing other
minerals, vitamins and herbs makes it ideal for a combination therapy, particularly with
flavonoids, which as alluded to earlier act as zinc ionophores [9]. Indeed, a combination of
quercetin and zinc has been advocated in treatment of bladder cancer [20].

The daily recommended dietary intake (RDI) of elemental zinc is around 2 mg for infants
(up to 6 months of age), and gradually increases to 11 mg for males, and 8 mg per day for
females older than 13 years. Tolerable upper limits for zinc are estimated to be 7 mg for
children aged 1-3 years, increasing up to 25 mg for adults and females of any age who are
pregnant or lactating. The no-observed-adverse-effect level (NOAEL) for adults is around
50 mg/day. However, over 17 % of the global population is estimated to be zinc deficient
and 20 % of national diets contain insufficient zinc to meet minimum health requirements
[21]. While zinc insufficiency/deficiency is known to diminish antibody and cell-mediated
immunity in humans, which can increase the risk of infections, this may only become
apparent upon immune system provocation. Other consequences of zinc deficiency include
an increased risk of vitamin A deficiency that is also critical for immune function.

Zinc’s ability to reduce the risk of viral respiratory tract infections, including SARS-CoV-2,
together with its inflammatory activity can result in improved mucocillary clearance and
prevention of the ventilator-induced lung injury [22]. Indeed, potential utility of zinc as an
adjuvant therapy for SARS-CoV-2 may be broader than just antiviral and/or immunological
support. This is because Zinc also plays an important role in hemostatic modulation by
acting as an effector of coagulation/anticoagulation and fibrinolysis [23]. The latter is of
considerable significance as coagulation consequences of COVID-19, leading to stroke

has been amply documented [24]. Thus, it may be concluded that addition of zinc as a
nutritional supplement in combatting COVID-19 is highly recommended.

Conclusion

Besides antivirals, anti-HIV protease inhibitors, and anti-inflammatory agents that are
currently used against the severe cases of COVID-19, natural compounds isolated from

the plant such as flavonoids represent an additional therapeutic option. Flavonoids’ lack

of systemic toxicity plus their ability to synergize with conventional drugs and mineral/
micronutrients makes them an ideal nutritional supplement to interfere with the coronavirus
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life cycle. Moreover, higher level of intracellular zinc can decrease replication mechanism of
RNA viruses. It is therefore concluded that combination of the potent antioxidant quercetin
and antiviral DHM with mineral zinc as supplements could offer an adjunct strategy in
prevention and/or treatment of COVID-19
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