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Abstract

Purpose of Review The widespread respiratory disease of virus known as severe acute respiratory syndrome—coronavirus 2019
(SAR-CoV-2) had infected more than 200 countries and caused pandemic and havoc in the world.

Recent Findings The genome of the virus was sequenced rapidly to study its mechanism, epidemiology, drugs, and vaccines.
Many drugs and vaccines are being studied by researchers to treat and prevent the SARS-CoV-2. Favipiravir and dexamethasone
are repurposed drugs which showed therapeutic potential and pharmaceutical efficacy against SARS-CoV-2.

Summary The review describes the path of favipiravir and dexamethasone from chemistry to mechanisms of action to combat
SARS-CoV-2. In addition, the potential side effects are also summarized to study their potential to control corona virus 2019.
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Introduction

For more than 50 years, the respiratory viral infection SARS-
CoV had caused several deaths in the world. In December
2019, the coronavirus SARS-CoV-19 spread by bats in
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Wuhan city of China, which later on in March 2020 caused
havoc situation worldwide. This virus has the largest RNA
genome, spike-like projections on its body surface (Fig. 1),
and high replication, mutation, and recombination rate [1].
The respiratory droplets of an infected person and food which
is contaminated by respiratory droplets are the major causes of
infection in an uninfected person causing damage to the lungs.
Cytokines are also responsible for damage to the lungs and
required the T cells, i.e., thymus cells and specific antibodies
to activate and fight against this coronavirus. Till now, only
experimental and hypothetical treatments with many
repurposed drugs which include antibiotics, antiviral, anti-par-
asitic, anti-inflammatory, corticosteroids, and antimalarial
with their combinations have been studied and tried as com-
petent therapy in the cure and treatment for the SARS-CoV-19
with the purpose of low cost and an immediate effect [2, 3].
Antiviral medicines are used for the cure of viral infections
and most of the viral infections are resolved spontaneously in
many individuals. The antiviral treatment stops the replication
of the virus which leads to a decrease in the infection process,
its symptoms, and reduce the duration of the disease. The
corticosteroids can also be considered as one of the potent
therapeutic drug in Covid-19 treatment. A number of cortico-
steroid compounds have been synthesized and proved to be a
life-saving drug in this pandemic. Furthermore, these drugs
were also studied in combination with other drugs.
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Fig. 1 Structure of coronavirus with spikes for infection, ribonucleic acid
(RNA) as genetic material, and lipid bilayer

Therefore, in this paper, we have given an outline on antiviral
drug named as favipiravir [4] and a corticosteroid drug, dexa-
methasone [5], as competitive inhibitors in RNA viral infec-
tion. This review thoroughly studied and searched the NCBI
database (https://pubmed.ncbi.nlm.nih.gov/), much accessible
literature, and related websites till date, to cover chemistry,
mechanistic mode of action, usage in clinical trials, and side
effects of above-mentioned drugs.

Chemistry of Favipiravir and Dexamethasone

The novel anti-viral favipiravir discovered by Japanese company
Toyama Chemical Co., Ltd., whereas anti-inflammatory dexa-
methasone licensed by EU EMA and INN:US to inhibit RNA
viruses and respiratory infection in SARS-CoV. The drug
favipiravir was first permitted in Japan (year 2014) and further
carried out to use in 2019-2020 pandemic in Wuhan against
SARS-CoV-2. On the other hand, dexamethasone was recom-
mended by Oxford University for the infected patients which
were on the ventilator [6-9]. With an increase in the pandemic

of Covid-19, many countries like Europe, Italy, Turkey, Egypt,
Bangladesh, Ukraine, Japan, Uzbekistan, Russia, Moldova,
Kazakhstan, Dubai, and Saudi Arabia got approval for the use
of drug favipiravir against SARS-CoV-2. In June 2020, the
DCGI also approved and recommended its use in India for mild
viral symptoms [4, 10]. Table 1 contains the physiochemical
propetties of favipiravir and dexamethasone which are retrieved
from PubChem [11]. The major function of favipiravir in
coronavirus-2019 treatment is known to inhibit RNA-
dependent RNA polymerase (RARP) viral infection to interrupt
the incorporation process of nucleotide [12—14] and dexametha-
sone inhibits the cytokine growth or storms along with
hyperinflammation [15]

Mode of Action of Favipiravir
and Dexamethasone in SARS-CoV-19

Since drug development for the treatment of SARS-CoV-19 is
in progress, the researchers are looking for the previously
approved and unapproved drugs to fight with SARS and
MERS [16]. Therefore, it is extremely essential to understand
the receptors binding angiotensin converting enzyme 2
(ACE2) of host epithelial cells, origin of the virus, and the
targeted organs spectrum to design promising anti-COVID
therapy [17, 18]. Various nucleoside/nucleotides analogs such
as favipiravir, ribavirin, and remdesivir block the synthesis of
viral RNA by targeting the RNA-dependent RNA polymerase
(RdRp) [19]. Therefore, these drugs have been considered to
have potential against SARS-CoV-19 [20]. The guanine ana-
log, favipiravir, an approved drug for the treatment of influ-
enza, also possesses the anti-viral potential against yellow
fever, enterovirus, Ebola, norovirus, and chikungunya [19,
21]. Tt is also known to block the RNA synthesis of SARS-
CoV-19 at a concentration of EC50 = 61.88 uM in Vero E6

Table 1 Physiochemical properties of favipiravir and dexamethasone
Physiochemical Favipiravir Dexamethasone
Properties
Other Names 6-fluoro-3-hydroxy-2- Decadron, Maxidex,

pyrazinecarboxamide, Avigan, T-705 cpd Dexamethazone

Molecular Formula | CSH4FN302 C22H29FO0O5
Molecular Weight 157.1 g/mol 392.5 g/mol
Structure H |
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cells. However, further studies need to be carried out to dem-
onstrate its anti-viral activity in vivo [20].

It is known that favipiravir competes with the purine nu-
cleosides and its activity may be attenuated in the presence of
purine bases or nucleosides. Once incorporated into the cells,
favipiravir is activated and products like favipiravir
ribofuranosyl-5'-monophosphate (favipiravir-RMP),
favipiravir ribofuranose (favipiravir-R), and favipiravir
ribofuranosyl-5'-triphosphate (favipiravir-RTP) are generated
[22] (Fig. 2). However, only favipiravir-RTP can inhibit the
RNA polymerase activity of the viral genome [13]. Although
the actual mechanism behind the favipiravir-RTP-RdRp inter-
action is unknown, it is hypothesized that it blocks the viral
transcription and replication by binding to the conserved po-
lymerase chains or by misincorporation in the nascent RNA of
the virus [23].

Another drug that is gaining name in the list of anti-SARS-
CoV-19 drugs is dexamethasone. Dexamethasone, also
known as Decadron, is a glucocorticosteriod similar to the
one produced by adrenal glands in human body. It is consid-
ered an economically cheap option to save lives immediately
across the globe after a study in which death rate was reduced
by one-fifth in patients receiving oxygen therapy and by one-
third in patients on ventilators after they were given dexameth-
asone [15]. The mechanism behind the virucidal effects of
dexamethasone is still unknown; however, it is considered that
dexamethasone binds to the cortisol to enhance the production
of anti-inflammatory proteins, which further suppress the re-
lease of pro-inflammatory cytokines responsible for lung
damage [24¢]. Further investigations need to be done to better

Penetrationinto
cellmembrane

Exposure of RNA

study the mechanism of action behind the virucidal effects of
dexamethasone.

Ongoing Clinical Studies and Guidelines

The increase in the pandemic coronavirus or Covid-19 across the
world proved the amount of antiviral and repurposed drugs
which accelerated into treatment after conducting the clinical
trials. The antiviral drugs such as favipiravir and dexamethasone
have shown to be effective against SARS-CoV-2 [25].
Therefore, these therapeutic drugs used as an experimental agent
in the ongoing clinical trials to find out the best treatment for
Covid-19 patients in Japan and China. Favipiravir shows prom-
ising efficacy against SARS-CoV-2 in Vero E6 cells with effec-
tive concentration (EC50) of 61.88 uM. It is considered to be
safe and effective treatment for Covid-19 patients [26]. In China,
a control trial (ChiCTR200030254) has shown the excellent re-
covery rate (71.43%) of Covid-19 patients with less duration of
fever and cough relief time, when treated with favipiravir as
compared with umifenovir (55.86%) [27¢]. In Japan and China,
there were about eight undergoing clinical trials (JPRN-
jRCTs031190226, JPRNjRCTs041190120,
ChiCTR2000029600) of favipiravir to test its potential, efficien-
cy, and efficacy against the Covid-19 disease. Favipiravir
showed faster recovery rate of Covid-19 patients in clinical trials
as compared with lopinavir/ritonavir [28]. Nowadays, in clinical
trials, favipiravir is also giving in combination with other thera-
peutic agents such as oseltamivir and chloroquine [29+¢]. On the
other hand, dexamethasone drug is widely utilized in the
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Fig. 2 Schematic representation of mode of action of favipiravir. Favipiravir is incorporated into the host cell where it undergoes phosphorylation to

form favipiravir-RTP which blocks the replication of viral genome
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treatment of allergies, asthma, autoimmune diseases (lupus), and
rheumatoid arthritis [26, 30, 31]. Nowadays, this drug is more
popular for the treatment of Covid-19 disease because of its
utility to reduce the mortality rate and to increase treatment effi-
ciency. The phase II/III ongoing clinical trials show the promis-
ing results of dexamethasone against the SARS-CoV-2 [15].
This drug reduced the mortality rate by 1/5th in the Covid-19
patients that required ventilation support [32e¢]. It reduces the
cytokine storm and help in early recovery of Covid-19 patients.
In 2020, the Recovery Collaborative Group investigated that
dexamethasone was more prominent in treating serious ill
Covid-19 patients with high recovery rate. However, with milder
infection cases, there are less beneficial effects [15]. Maskin et al.
[33e¢] explored the effectiveness and safety of high-dose dexa-
methasone treatment for acute respiratory distress syndrome.
Recently, Tomazini et al. [34¢¢] have performed one randomized
clinical trial of intravenous dexamethasone that included 299
patients, with the aim to check the number of ventilator-free days
among patients with Covid-19-associated ARDS (acute respira-
tory distress syndrome). This study found the promising results
in terms of increased ventilator-free days (28 days). As per our
latest knowledge, 14 clinical trials were planned to check the
efficiency and efficacy of dexamethasone drug around the world
that would likely to be complete in the end of 2020.

Usage and Side Effects of Favipiravir and
Dexamethasone

Usage

Favipiravir drug is a prescribed medication with the recom-
mended oral dose of 1800 mg twice a day for adults (> 16). On
day 1 followed by 800 mg from day 2 twice daily up to 14
days [28], whereas dexamethasone drug was recommended
orally or intravenous (IV) dose of 6 mg daily up to 10 days
but only in hospitalized patients who need supplemental oxy-
gen or in patients who are mechanically ventilated days [35].

Side Effects

The side effects of favipiravir cause teratogenicity and
embryotoxicity. Therefore, it should not be administered in
women who are either pregnant or suspected to be pregnant.
Prolongation of corrected QT interval was reported in an Ebola
virus patient when treated with high doses of favipiravir. Other
side effects of favipiravir include gastrointestinal disorders such
as vomiting, diarrhea, nausea, duodenal ulcer, and abdominal
discomfort [36]. The dexamethasone drug is associated with
increased number of deaths in cancer patients diagnosed with
Covid-19. One of the most neglected and less familiar compli-
cations of using dexamethasone steroid is the strongyloides
hyper-infection [37]. Other side effects include fluid retention,
elevation in blood sugar levels, weight gain, and long-term
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usage that can lead to some serious complications. Sudden
suspension or stoppage of steroids in steroid-dependent people
may cause adrenal insufficiency [38].

Conclusion

The present pandemic Covid-19 is the furthermost challenge
to the scientist as there is no treatment and vaccine till now.
Across the globe, medical researchers and scientists are work-
ing vigorously for the development of anti-Covid drugs and
their therapy as soon as possible. Many drugs have shown
hopeful results but still larger trials are to be needed to show
the remarkable results. The drugs like favipiravir and dexa-
methasone showed effective results in SARS-CoV-2 or
Covid-19 treatment. Even though there is more studies re-
quired to prove that patients who are treated with favipiravir
and dexamethasone can recover faster, and both the drugs can
extensively enhance the conditions of patients with mild fever
and cough as side effects. Therefore, new clinical trials should
be carried out for the prospective use of dexamethasone and
favipiravir in coronavirus treatment.
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