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Abstract
Emergence of SARS-CoV-2 and associated COVID-19 pandemic is a major global healthcare problem because there is no specific drug to combat the 
disease. Number of infection is piling up day by day in exponential rate creating new record every week. Entire world is looking for urgent remedy but 
till now there is no specific treatment available for COVID-19 patients. In this critical situation, although vaccination is in its way, drug repurposing is 
very important which may be useful to overcome the unprecedented situation of COVID-19 pandemic. Cholesterol lowering drugs like statin therapy 
may be an additional support to combat the disease. Hexamethylene amiloride which has shown its effect in blocking E protein ion channels of 
coronaviruses leading to inhibition of viral replication may be considered for investigative trial.

Abbreviations: ARDS: Acute Respiratory Distress Syndrome; HMA: Hexamethylene Amiloride; TNF-α: Tumour Necrosis Factor alpha

A novel viral infectious disease caused by severe acute respiratory 
syndrome corona virus 2 (SARS-CoV-2) was detected in Wuhan, 
China, in December 2019 [1]. Although initially it was contained 
in China, since early February 2020, the disease started to spread 
rapidly leading to an unprecedented pandemic of the 21st century. 
As of February 5, 2021, SARS-CoV-2 has infected hundred and four 
million people around the world and taken away more than two million 
lives world-wide (https://www.medpagetoday.com/infectiousdisease/
publichealth/84698). Moreover, mutation of SARS-CoV-2 resulted 
in generation of new variant of coronavirus strains which are rapidly 
replacing other versions of the virus and establishing as the major 
circulating strain [2]. Entire world is working for an effective vaccine 
and very recently vaccine application initiated in some part of the world 
(https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
covid-19-vaccines). Although we hope that the vaccination will be 
effective in preventing the spread of infection, we yet don’t know about 
the actual effectiveness of a vaccine in controlling the pandemic and 
also not sure about long term protection after vaccination. Continuous 
mutation of SARS-CoV-2 may results in vaccine failure in near future. 
Over the past few weeks, COVID-19 infection has decreased in many 
part of the world, but in a lot of other parts, especially in the Western 
countries COVID-19 infection is slowly becoming a nightmare as it is 
increasing abruptly with lot of panic. Overall, this ongoing pandemic 
has put the scientific world in a puzzle. As there is no SARS-CoV-2 
specific antiviral drug, it is urgently needed to find out solution which 
can reduce the morbidity and mortality. This can be accomplished by 

repurposing the therapeutics already present rather than going for 
the new drug development which is time consuming. Presently a lot 
of drugs and vaccines are under trial but their effect to control the 
outbreak is still uncertain.

So far critically ill patients of COVID-19 have shown acute lung 
injury and pneumonia which is the major cause of death among 
the COVID-19 positive patient [3]. The case fatality rate of this 
disease varies widely in different countries. Due to unavailability of 
specific drug to manage COVID-19 infection, at present nationwide 
lockdown to restrict personal contact, travel restriction, patient 
isolation and supportive medical care for the patient is the only way 
out to fight against the disease. Therefore, it is justifiable to think 
about combatting the mechanism used by the virus in causing acute 
lung injury. COVID-19 includes the symptom of acute respiratory 
distress syndrome (ARDS) at critical stage of illness. Cytokine storm 
is considered as a major cause of critical illness related to COVID-19 
[4]. Ion channel of corona virus present on the envelope (E) protein 
was found to be related with the events of cytokine storm [5]. Cytokine 
storm can be inhibited by Hexamethylene Amiloride (HMA), an ion 
channel inhibitor and anti-cholesterol drug statin. Hence, clinical 
trial of these drugs may be helpful for treatment of COVID-19.

Envelope protein (E) of all corona viruses possess ion channel 
which is a viroporin. Virally encoded membrane pore forming 
viroporin proteins can modulate cellular ion channels and in a 
previous study on corona viruses it has been found that blocking 
of ion channel activity of E protein resulted in inhibition of viral 
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replication, affected virus fitness and reduced pathogenesis [5]. It was 
found that ion channel helps in activation of inflammasome which 
evokes various cytokines like interleukin 1β (IL-1β), Tumour Necrosis 
Factor alpha (TNF-α) and interleukin 6 (IL-6) leading to ARDS and 
knocking down ion channel activity of E protein decreases edema, 
the major determinant of ARDS leading to death and also reduces 
the above cytokine levels [6]. Recently it was found that SARS-CoV-2 
encoded protein E, open reading frame 3a (ORF3a) and open reading 
frame 8a (ORF8a) has ion channel activity. These ion channel proteins 
or viroporins activates the innate immune signaling receptor NLRP3 
(NOD-, LRR-, and pyrin domain-containing 3) inflammasome via 
mechanisms such as lysosomal disruption and ion-redistribution 
in the intracellular environment which leads to the production of 
inflammatory cytokines such as IL-1β, IL-6 and TNF-α, causing tissue 
inflammation during respiratory illness in SARS-CoV-2 infection [7,8].

Hexamethylene amiloride, which is an inhibitor of HIV-1 Vpu 
virus ion channel was found to block ion channel activity of the 
E protein of SARS corona virus and inhibited the replication of the 
virus [6,9]. M2 ion channel protein of influenza A virus, a member 
of viroporin class, binds to the drug amantadine with high affinity. 
Amantadine has long been used for treatment of influenza A virus 
[10]. Therefore, by analogy with the use of ion channel inhibitors 
amantadine and rimantadine for treatment of influenza infection, 
HMA can be beneficial to reduce the pathogenesis of SARS-CoV-2 
and associated COVID-19. Coronavirus inhibiting capacity of HMA 
has already been reported [6]. It has been found that HMA interacts 
with the transmembrane Domain (TMD) of different coronaviruses 
like human corona virus 229E (HCoV-229E, a group 1 coronavirus) 
and mouse hepatitis virus (MHV, a group 2 coronavirus). At the N- 
terminal end HMA binds to the transmembrane domain of E protein 
in the vicinity of N15 (Asparagine) and at the C-terminal end in the 
vicinity of T35 (Threonine) and R38 (Arginine). These residues are 
conserved in the currently circulating SARS-CoV-2 and it is expected 
that HMA will also interacts with E protein of SARS-CoV-2. By its 
property to block ion channels HMA may potentially block the ion 
channel to inhibit SARS-CoV-2 replication (Figure 1).

It was found that decreasing surface cholesterol of plasma membrane 
as well as virus surface leads to reduced binding capacity of the virus 
to the cell. Moreover, lipid raft is very important component of many 
viruses for their entry, budding and assembly including corona viruses 
[11]. Cholesterol lowering drugs statin may be useful in inhibiting 
SARS-CoV-2 by lowering cholesterol level and disrupting lipid rafts. 
Besides, statins have anti-inflammatory and immunomodulatory roles. 
As data suggest it decreases various cytokine level leading to decrease 
lung injury and ARDS [12]. Studies have found that prolong use of 
statins are also effective in ameliorating COPD [13]. Experimental data 
proves that statin can improve acute lung injury caused by Influenza, 
Pneumonia and sepsis [14]. Recently a hospital based surveillance 
study has shown that use of statin is associated with lower disease 

severity in COVID-19 infection [15]. By virtue of its cholesterol 
lowering activity, statin therapy was found to help in reduction of 
various cardiovascular disease outcomes and possible mortality 
in patients having influenza infection or pneumonia. COVID-19 
associated deaths were found higher in patients with cardiovascular 
disease (10.5%) when compared with the average population [16]. 
Since there is no harm associated with statin therapy, viral respiratory 
illnesses including COVID-19 patients could experience a beneficial 
effect from statin therapy.

At present, when there is no specific therapy to manage moribund 
illness associated with COVID-19, ion channel inhibitors and 
statin may be experimentally used to perceive efficacy to improve 
COVID condition. Therefore, there is a need for exploratory trials 
of these drugs and also designing of new drugs against the ion 
channel to combat the virus.
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