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Molecular and functional resemblance of dexamethasone and
quercetin: A paradigm worth exploring in dexamethasone-
nonresponsive COVID-19 patients

Dear Editor,

Coronavirus disease 2019 (COVID-19), caused by severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2), is continuously expan-

ding in morbidity and mortality, with 22 million confirmed cases and

0.77 million deaths worldwide as of August 20, 2020 (WHO

Coronavirus Disease (COVID-19) Dashboard). Major clinical manifes-

tations of SARS-CoV-2 involve respiratory failure caused by virus-

induced pulmonary injury and/or a hyperactive host immune response

involving an inflammatory response and secondary “cytokine storm,”

leading to acute respiratory distress syndrome (ARDS) in patients (von

der Thüsen & van der Eerden, 2020; Xu et al., 2020).

In addition to antiviral therapy, immunomodulatory drugs are also

being used as treatment strategies to suppress hyperinflammation and

to reduce death among COVID-19 patients (Mehta et al., 2020). Corti-

costeroids have a long history of use in severe cases of coronavirus

disease, including SARS, MERS, and COVID-19, as immunomodulatory

drugs (Arabi et al., 2018; Huang et al., 2020; So et al., 2003). Recently,

dexamethasone (a synthetic adrenal corticosteroid), whose demand

has surged suddenly after publication of the preprint paper of the

RECOVERY trial (https://www.medrxiv.org/content/10.1101/2020.

06.22.20137273v1.full.pdf), was found to be the first drug, which suc-

cessfully reduced deaths in approximately one-third of critically ill

F IGURE 1 Schematic
representation of possible
antiinflammatory effects of quercetin
against SARS-CoV-1/2. Quercetin has
been demonstrated to inhibit SARS-
CoV-1/2 entry inside cell by
interfering with the expression of
ACE2. Further, quercetin initiates
IFN-γ production by T lymphocytes,
which enhances anti-viral activity and
antigen presentation by
phagocytocytosis, and expression of
MHC-I and MHC-II molecules.

Decrement of inflammation and blood
clotting in lungs is achieved by
inhibition of IL-8 production by
quercetin. Importantly, quercetin also
inhibits the production of IL-4 and
TNF-α, which helps in ameliorating
inflammation. ACE2, Angiotensin-
converting enzyme 2; IL, Interleukin;
IFN-γ, Interferon-gamma; TNF-α,
Tumor necrosis factor-alpha; SARS-
CoV, Severe acute respiratory
syndrome coronavirus [Colour figure
can be viewed at
wileyonlinelibrary.com]
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COVID-19 patients, who were on invasive mechanical ventilation sup-

port and by one-fifth in noninvasive ventilated patients. Interestingly,

no positive outcome was reported from less severe COVID-19

patients, who were without any oxygen support. Likewise, in another

randomized controlled trial (RCT), dexamethasone reduced mortality

in ARDS patients (Villar et al., 2020). The findings of Selvaraj, Dapaah-

Afriyie, Finn, and Flanigan (2020) also support the use of dexameth-

asone in COVID-19 treatment, where the short-term course of

dexamethasone prevented disease severity and in turn reduced the

length of ICU stay of patients with hypoxic respiratory failure.

Dexamethasone, by suppressing the immune response, helps to

overcome serious manifestations caused by the hyperactive immune

response in COVID-19 patients. However, in the absence of adequate

RCTs, there has always been controversy regarding the use of cortico-

steroids. The limiting element is the lack of standardization of various

aspects, such as drug dose, route of administration, bioavailability,

side effects and exact therapeutic impacts in patients. It has been

observed that corticosteroid treatment prolonged the viral presence

in SARS-CoV-1 patients (Lee et al., 2004), and their administration in

low doses had no impact on virus clearance in COVID-19 patients

(Fang et al., 2020). Because of several contradictory outcomes, it

seems difficult to support the routine use of corticosteroids in

COVID-19 disease management. Even existing guidelines of the

World Health Organization (WHO) are not in favor of the routine use

of corticoseroides in SARS-CoV-2 patients. In such a scenario, we

searched for a suitable alternate option that can either augment or

substitute dexamethasone action in dexamethasone-nonresponsive

severely ill Covid-19 patients and for mild and moderate Covid-19

cases. At this point, it is imperative to discuss an interesting fact that

Bhutto et al. (2018) identified molecular as well as functional similarity

between dexamethasone and quercetin, [permeability-glycoprotein

(P-gp) inducers]. P-gp, a membrane transporter, helps in the retention

of various drugs, but pro-inflammatory cytokines released during

infections have been observed to inhibit its expression and activity

(Iqbal et al., 2012). As P-gp inducers, both dexamethasone and quer-

cetin, by interfering with p-gp expression, can inhibit the “cytokine

storm”-like consequences in COVID-19 patients.

Quercetin, a ubiquitous natural flavonoid, has been approved by

the U.S. Food and Drug Administration (FDA) because of its beneficial

medicinal/therapeutic properties, such as antiinflammatory, antiviral,

antiproliferative, antioxidative, antibacterial and anti-cancerous prop-

erties [comprehensively reviewed in Cushnie & Lamb, 2005 and

Batiha et al., 2020]. However, the misleading indications and health

claims made by online available quercetin containing dietary supple-

ments, along with the risk of potential drug interactions is a matter of

severe concern for health care experts and customers (Vida, Fittler,

Somogyi-Végh, & Poór, 2019).

Due to pleiotropic properties and capability to synergize with

conventional drugs, it is assumed that flavonoids can reduce both

transmembrane peptidase serine 2 (TMPRSS2) and Furin, which

F IGURE 2 Schematic
representation of different stages of
SARS-CoV-1 replication cycle
inhibited by quercetin and zinc. Viral
attachment (1), viral entry (2),
preparation for viral uncoating (3),
viral uncoating, and release of viral
genome and viral protein (4), viral
transcription (5), viral protein
translation (6), viral replication (5),
virus assembly and maturation
(7) and, finally mature viral particles
release (8). Quercetin has been
demonstrated to inhibit SARS-CoV-1
entry (2) step, whereas, zinc inhibits
SARS-CoV-1 genome transcription by
inhibiting viral RdRp in a dose
dependent manner(Step 5). ACE2,
Angiotensin-converting enzyme 2;
RdRp, RNA-dependent RNA
polymerase; SARS-CoV, Severe acute
respiratory syndrome coronavirus;
Zn, zinc [Colour figure can be viewed
at wileyonlinelibrary.com]
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cleave the SARS-CoV-2 Spike protein enabling SARS-CoV-2 infection

(Russo, Moccia, Spagnuolo, Tedesco, & Russo, 2020). Yi et al. (2004)

specifically revealed that quercetin and another related flavonoid,

luteolin, can inhibit the entry of SARS virus inside the host cell. Quer-

cetin seems to impede the entry of SARS virus by targeting

angiotensin-converting enzyme 2 (ACE2) expression (ACE2 gene

expression is required for SARS-CoV-2 entry into human cells)

(Figure 1) (Glinsky, 2020). Quercetin modulates the cellular unfolded

protein response, which is utilized by viruses to complete its life cycle

(Nabirotchkin, Peluffo, Bouaziz, & Cohen, 2020). Study of Abian

et al. (2020) is a direct evidence of quercetin's efficacy to target

SARS-CoV-2 3C-like protease (3CLpro) on solid experimental bases.

In vitro studies have revealed the immunomodulatory effects of quer-

cetin, which prevents the production of tumor necrosis factor-α in

macrophages (Manjeet & Ghosh, 1999) and interleukin (IL)-8 produc-

tion in lung cells (Geraets et al., 2007). It is pertinent here to note that

production of interferon-gamma (Th-1-derived cytokine) and the inhi-

bition of IL-4 (Th-2-derived cytokine) may be responsible for the ben-

eficial immunostimulatory effects of quercetin (Figure 1) (Nair

et al., 2002). Moreover, it is tempting to speculate that due to querce-

tin's zinc ionophore property, it along with zinc can be a potential

therapeutic/prophylactic option for Covid 19 subjects. Notably, zinc

has been shown to inhibit the RNA-dependent RNA polymerase

activity of SARS virus under in vitro conditions in a dose-dependent

manner [Figure 2; reviewed in Read, Obeid, Ahlenstiel, &

Ahlenstiel, 2019]. The significance of quercetin in COVID-19 is amply

evident by the fact that currently (as of August 20, 2020), two open

label interventional clinical trial (NCT04377789 and NCT04468139;

source: https://clinicaltrials.gov/; Table 1) are under way for evalua-

tion of quercetin efficacy as prophylaxis and treatment option against

Covid-19.

Because of structural resemblance, it is possible that the molecu-

lar mechanisms of therapeutic actions of both quercetin and dexa-

methasone may have some resemblance. Whether quercetin can be

used as an alternate therapy in mild and moderate patients and in

dexamethasone nonresponsive severely ill COVID-19 patients will be

an interesting approach, which requires scientific validation by pro-

spective RCTs. Besides, quercetin's use as adjunct therapy along with

dexamethasone in severely ill COVID-19 subjects, it will be also inter-

esting to evaluate whether quercetin can augment the therapeutic

effect of dexamethasone in dexamethasone nonresponsive COVID-

19 patients.
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TABLE 1 Interventional clinical trials with quercetin ± other drugs/dietary supplements for Covid-19

S.
No. Clinical trial study title

ClinicalTrial.
Org identifier

Intervention
(Drug/s)

Quercetin dose and
duration

Types of

intervention/
Allocation

No. of

subjects/
age/sex

1 Effect of Quercetin on

Prophylaxis and Treatment

of COVID-19

NCT04377789 Dietary

Supplement:

Quercetin

Prophylaxis

Dietary

Supplement:

Quercetin

Treatment

#Intervention group 1;

Dietary Supplement:

Quercetin Prophylaxis

a daily dose of quercetin

(500 mg) will be taken by

non-COVID-19

#Intervention group 2;

Dietary Supplement:

Quercetin Treatment

a daily dose of quercetin

(1,000 mg) will be taken

by proven COVID-19

cases

Prevention/

Nonrandomized-

Open label

50/18 Years

and older/

All sex

2 The Study of Quadruple

Therapy Zinc, Quercetin,

Bromelain and Vitamin C

on the Clinical Outcomes

of Patients Infected With

COVID-19

NCT04468139 Drug: Quercetin

Dietary

Supplement:

bromelain

Drug: Zinc

Drug: Vitamin C

Daily dose of quercetin

(500 mg) will be taken

orally by proven COVID-

19 cases

Treatment /Open

Label

60/18 Years

and older/

All sex
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