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Nitazoxanide/Camostat combination for COVID-19: An unexplored potential

therapy
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Novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) lies behind the ongoing outbreak of coronavirus disease 2019
(COVID-19) and its ripple effects has brought major challenges to worldwide health systems. Urgent strategies are required to manage this
pandemic and repurposing of existing drugs offer an option forward. A combination drug therapy for COVID-19 aims to prevent both the
virus entry/spread as well as quelling the immune system havocs that the virus wreaks in the human body. This article analyzes
Nitazoxanide/Camostat combination for their potential activity against SARS-CoV-2. Nitazoxanide, FDA approved drug potentiates host
antiviral response, thereby reducing viral replication, titer and ensuing immune dysregulation. Camostat, a potent serine protease inhibitor
blocks viral cell entry along with the potential to decrease COVID-19-associated hypercoagulability. Both the drugs do not inhibit CYP 450
enzymes and could be co-administered. Based on the combined pathophysiological and pharmacological potential, the drugs combination
can prospectively be recommended for early evaluation with possible clinical trials of this combination.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the causative agent of the ongoing coronavirus disease
2019 (COVID-19) pandemic, is continuing its spread across the
world; with more than eleven million confirmed cases in 188
countries.! SARS-Cov-2, novel B-coronavirus, is an enveloped
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virus with a positive-polarity, single-stranded RNA genome. It
shares strong similarities with two previous highly pathogenic
human B-coronaviruses, SARS-CoV and MERS-CoV. SARS-
CoV-2 shares approximately 79% and 50% sequence identity
with SARS-CoV and MERS-CoV, respectively,” similar cell
entry mechanisms,® and the propensity to induce hyper
inflammation in severe cases.* Notably, SARS-CoV-2 has lower
pathogenicity than SARS-CoV but higher transmissibility from
human to human.’ Nearly 500,000 people have lost their lives.
In addition to developing new treatment options, numerous
existing antiviral agents, immunotherapies, and vaccines are
under investigation against SARS-CoV-2.° Unfortunately,
standard treatment against COVID-19 is still lacking. Hence, it
remains a major challenge to decide what potential therapeutic
regimens to be used for the prevention and treatment of
COVID-19 patients.
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The first and foremost strategy for the treatment of COVID-
19 is the repurposing of existing drugs that have already been
shown to be safe in humans. Drug repurposing, is defined as
identifying alternative uses for approved or investigational
drugs outside their defined indication, could be a possible way
to overcome the time limitation of research and development
needed to design a therapeutic drug to combat the pathogen.’
The use of these drugs fast tracks a treatment plan for COVID-
19, as they have known toxicity and safety profiles too. In the
current scenario, it seems increasingly unlikely that a single
drug would be able to cure COVID-19. It can be through
combination of drugs, as in the past we have beaten TB and
HIV through combination of antibiotics or antiretroviral
respectively, we can beat COVID-19 as well.

Combination drugs attack COVID-19 through multiple ways
and improves the treatment efficacy. For example, Antivirals
can stop the virus from multiplying in humans but alone they
are moderately able to improve the patient’s health. An ideal
management of COVID includes an antiviral, which can stop
the virus from multiplying in humans and other drug, which can
take care of immunological issues arising with infection without
any drug-drug interaction. A recent study found that a
combination of three drugs — interferon beta-1b, lopinavir-
ritonavir, and ribavirin — plus standard care is successful in
treating mild-to-moderate cases of COVID-19.% Globally there
are many clinical trials underway to evaluate the efficacy of a
number of repurposed drugs in combination, against SARS-
CoV-2.!! This article illustrates and analyzes the rationale for
the FDA-approved antidiarrheal drug; nitazoxanide (figure 1) to
be tested in combination with serine protease inhibitor camostat
(figure 1) for their potential activity against SARS-CoV-2.
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Figure 1. Chemical structure of Nitazoxanide, Camostat and their
metabolites

HOST CELL INFECTION AND DISEASE PATHOGENESIS

SARS-CoV-2 is transmitted primarily via respiratory droplets
and contact routes. The infection starts with virus binding to a
host cell through its target receptor. The virus principally targets
airway epithelial cells, alveolar epithelial cells, vascular
endothelial cells and macrophages in the lung, all of which
express the angiotensin-converting enzyme 2 (ACE2) host
target receptor. SARS-CoV-2 binds to two host surface-
expressed proteins, ACE2 and the serine protease, TMPRSS2,
through its Spike (S) protein. The viral S protein is cleaved into
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two functional subunits, S1 that interacts with ACE2, and S2
that is further cleaved and activated by TMPRSS2. Together,
these actions result in viral-host membrane fusion.® These high-
affinity interactions are essential in viral entry and are therefore
prime targets in the treatment of COVID-19.

SARS-CoV-2 entry into the alveolar epithelium triggers
innate immune response. Recognition of the virus by innate
immune receptors, such as RNA sensors TLR7/8 and RIG-
I/MDA-5, and the inflammasome sensor, leads to activation of
NF-kB and IRF3/7 and the subsequent production of
proinflammatory cytokines (eg. IL-1B and IL-6) and type 1
IFNs respectively.!? Induction of the type I IFN response is
essential in limiting the propagation of the virus within the host
during the early phases of the disease, but downregulation of the
host IFN response, either directly by the virus or by other
indirect means, can cause an unbalanced production of pro-
inflammatory cytokines and infiltration of inflammatory cells
leading to a more severe form of COVID-19 (figure 2).!!
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Figure 2. Schematic representation of chronology of events during
SARS-CoV-2 infection

Cytokines released by infected cells modulate the adaptive
immune response by recruiting and activating immune cells
such as macrophages, B cells and T cells to orchestrate the
elimination of the virus. However an unbalanced and defective
immune response lead to further accumulation of immune cells
in the lungs, causing overproduction of pro-inflammatory
cytokines, which eventually damages the lung infrastructure.
Pulmonary recruitment of immune cells from the blood and the
infiltration of lymphocytes into the airways may explain the
lymphopenia and increased neutrophil-lymphocyte ratio seen in
around 80% of patients with SARS-CoV-2 infection.'>!® The
resulting cytokine storm circulates to other organs, leading to
multi-organ damage (figure 2).
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NITAZOXANIDE TARGET HOST ANTIVIRAL RESPONSE
AGAINST COVID-19

Nitazoxanide or 2-(acetyloxy)-N-(5-nitro-2-thiazolyl)
benzamide (Fig. 1) was first synthesized in the early 1970s on
the scaffold of niclosamide in replacing one benzene ring, a 6-
membered ring heterocycle, by a nitrothiazole, a 5-membered
ring heterocycle (figure 1).!7 It was originally developed and
commercialized as an antiprotozoal agent, which was later
identified as a first-in-class broad-spectrum antiviral drug and
has been repurposed for the treatment of influenza. It has also
been widely commercialized in Latin America and in India
where it is indicated for treating a broad spectrum of intestinal
parasitic infections. Nitazoxanide is an orally bioavailable and
safe thiazolide, which rapidly gets hydrolyzed by plasma
esterases to form its active circulating metabolite tizoxanide
(figure 1)."® The drug is eliminated in urine and bile as
tizoxanide and tizoxanide glucuronide. The half-life of
tizoxanide in plasma is only approximately 1.3h. More than
99.9% of circulating tizoxanide is bound to plasma proteins."’

Nitazoxanide and its metabolite both exhibit in vitro
inhibitory activity against rotaviruses, hepatitis B and C viruses,
noroviruses, influenza viruses, MERS, and SARS,? is the
primary reason of its selection for the combination. The
mechanism of action of Nitazoxanide for SARS-CoV-2 is
currently unknown. However, for influenza it has been reported
to involve interference with N-glycosylation of hemagglutinin.?!
Since the SARS-CoV-2 spike protein is also heavily
glycosylated with similar cellular targets in the upper
respiratory tract, a similar mechanism of action may be
expected (figure 3).%2
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Figure 3. Schematic representation of plausible mechanism of
Nitazoxanide in the pathogenesis of COVID-19

Other reason for selecting Nitazoxanide against SARS-CoV-
2 could be derived from its impact on immune system in
potentiating the production of type 1 interferons®® and
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bronchodilation of the airways through inhibition of TMEM16A
ion channels.?* In addition, It inhibits the production of pro-
inflammatory cytokines TNFa, IL-2, IL-4, IL-5, IL-6, IL-8 and
IL-10 in peripheral blood mononuclear cells (figure 3)."°
Nitazoxanide has been tested in clinical setting for the treatment
of acute uncomplicated influenza, where the patients received
either 600 mg or 300 mg of Nitazoxanide or placebo orally
twice daily for five days and were followed for 28 days. Patients
who received Nitazoxanide 600 mg twice daily experienced less
times for alleviation of symptoms as compared with patients
who received 300 mg Nitazoxanide twice daily, which, was
even shorter than placebo. Nitazoxanide is relatively safe in
humans and studies showed tolerability of single oral doses up
to 4 g with minimal gastrointestinal side effects.”® Plasma
concentrations of tizoxanide have demonstrated dose
proportionality, but administration in the fed state increases the
plasma exposure.?® In vitro metabolism studies have
demonstrated that tizoxanide has no significant inhibitory effect
on cytochrome P450 enzymes, thus it is expected that no
significant interaction would occur when nitazoxanide is co-
administered with drugs that either are metabolized by or inhibit
cytochrome P450 enzymes. '

CAMOSTAT, A SERINE PROTEASE INHIBITOR, BLOCKS CELL
ENTRY

Camostat Mesylate (figure 1) is the mesylate salt form of
camostat an orally bioavailable, synthetic serine protease
inhibitor, with anti-inflammatory, antifibrotic, and potential
antiviral activities.”” Upon oral administration, camostat and its
metabolite 4-(4-guanidinobenzoyloxyl)phenyl acetic acid (FOY
251) (figure 1) inhibit the activities of a variety of proteases,
including trypsin, kallikrein, thrombin and plasmin, and Clr-
and Cl1 esterases.”® Camostat is approved in Japan for the
treatment of chronic pancreatitis and  postoperative reflux
esophagitis.”> Camostat inhibits the activity of transmembrane
protease, serine 2 (TMPRSS2), a host cell serine protease that
mediates viral cell entry for coronavirus, thereby inhibiting viral
infection and replication (figure 4). It has shown broad-
spectrum activity against enveloped RNA viruses such as CoVs
and paramyxoviruses. It is reported to inhibit SARS and MERS
in ex vivo studies and improves the survival of mice infected
with SARS.3*3! Hoffmann et al. determined that the SARS-
CoV-2 requires TMPRSS2, furthermore, using a sample of
SARS-CoV-2 virus isolated from a patient, they found that
Camostat blocks the entry of the virus into the lung cells and
reduces the number of genomic equivalents of SARS-CoV-2, a
marker of infection, in Calu-3 cells.> Another in vivo study
showed that Camostat inhibits the function of the sodium
channel in human respiratory epithelial cells (IC50 = 50nM) and
improves mucociliary clearance in sheep.*”> In mice, camostat
mesilate dosed at concentrations similar to the clinically
achievable concentration in humans reduced mortality following
SARS-CoV infection from 100% to 30-35%.%* Researchers at
Cancer Research UK and its partners have initiated a clinical
trial to study camostat, as a potential therapy against Covid-
19.3
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Camostat mesilate, a potent serine protease inhibitor, inhibits
trypsin and various inflammatory proteases including plasmin,
kallikrein and thrombin and suppresses pancreatitis-induced
pain in rats following oral administration. Administration of
camostat (1 mg/ kg) inhibits the production of tumor necrosis
factor-o (TNF-a) and monocyte chemo attractant protein-1 by
monocytes and the proliferation of pancreatic star cells in a rat
model of pancreatic fibrosis.*> Camostat mesilate after oral
administration acts on kinin formation, fibrinolytic effects,
coagulopathy and complementary system to immediately inhibit
enzyme activities and their abnormal increases.’® Camostat
mesilate and its metabolites did not inhibit CYP1A2, CYP2C9,
CYP2C19, CYP2D6 and CYP3A4, indicating no significant
drug interaction.’” Camostat is licensed in Japan and South
Korea to treat chronic pancreatitis, so it can be expected to
enable rapid manufacturing, if successful in treating Covid-19.
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Figure 4. Schematic representation of plausible mechanism of
Camostat in the pathogenesis of COVID-19

CONCLUSION

Controlling the inflammatory response could be as important
as targeting the virus in the treatment of COVID-19. Therapies
inhibiting viral infection and regulation of dysfunctional
immune responses may synergize to block pathologies at
multiple steps. In conclusion, the rationale for this combination
therapy stems from Nitazoxanide’s broad-spectrum antiviral
activity, its role in up regulation of innate immune response to
prevent ongoing viral replication in infected cells and its safety
profile. Camostat acts as inhibitor of the host cell serine
protease TMPRSS2, which is needed to prime the viral S
protein for cell entry; thus blocking viral entry in lung cells.
Also, Camostat’s prompt action on fibrinolytic, coagulation and
complementary systems to immediately inhibit enzyme
activities could be beneficial in reducing COVID-19-associated
hypercoagulability in severe cases. Low cost and easy
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availability of both the drugs is the biggest advantage of this
combination. The authors hope that exploration of this potential
combination would help in paving the way in finding an
effective treatment of COVID-19.
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