Amiodarone as a possible therapy for coronavirus infection
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As of 15 March 2020, the World Health Organization reports a total of 167,757 cases of 2019nCoV infection, and 6456 deaths. A rapid response to this pandemic would be greatly helped by
the possibility to repurpose old drugs as novel antiviral medications.
The 2019-nCoV is a new human betacoronavirus. Coronaviruses are enveloped, non-segmented
positive-sense RNA viruses. Their surface displays club-shaped protrusions made by trimers of
the spike (S) protein. The initial attachment of the virion to the host cell is initiated by interactions
between the S-protein and its receptor, which varies according to the specific virus. 1 The Sprotein/receptor interaction is the primary determinant for a coronavirus to infect a host species
and also governs the tissue tropism of the virus. Infectivity assays have demonstrated that 2019nCoV uses the angiotensin-converting enzyme 2 (ACE2) for entry into human cells, as in the case
of SARS-CoV (whose genome is >99.9% similar).2 Other mechanisms of attachment to the cell of
the 2019-nCoV have not been described so far.
Following receptor binding, the virus is taken up by receptor-mediated endocytosis, ending in an
acidic endosomal compartment where the S-protein undergoes an acid-dependent proteolytic
cleavage by cathepsin L. The S-protein then triggers the mixing of viral and endosomal
membranes, causing the release of the viral genome into the cytoplasm. A mildly acidic pH
environment in late endosomes/lysosomes (LE/Lys) seems to be important, since infection can
be blocked by lysomotropic agents such as NH4Cl or chloroquine.1
Cationic amphiphilic drugs (CADs) such as amiodarone are characterized by a hydrophobic
aromatic ring or ring system and a hydrophilic side chain containing an ionizable amine functional
group.3 Because of their structure, CADs accumulate into acidic compartments such as LE/Lys,
reducing their luminal acidity, altering the trafficking of membrane components and inducing in
several cell types, for example, alveolar macrophages, a Niemann–Pick C-like phenotype.3 This
may affect cell activities important for an efficient viral internalization, such as partial hydrolysis
of viral surface proteins, macro- and/or micro-pinocytosis, the organization of the membrane
invagination systems, and the vesicular transport of material to the Lys. 3
Amiodarone and its main metabolite (mono-n-desethyl amiodarone) inhibited the entry of
filoviruses (a family of single-stranded negative-sense RNA virus that includes Ebola virus (EBOV))
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arrhythmias.4 Amiodarone also proved able to block the spreading of SARS CoV infection in cell
cultures without modifying the density of ACE2 receptors on the cell surface or interfering with
the attachment of SARS-CoV to the cells.5 Interestingly, amiodarone displayed antiviral activity
even when SARS-CoV could deliver its genome into the cytoplasm through the plasma
membrane, thus bypassing the endocytic compartment.5 Therefore, although the antiviral
activity of amiodarone is most likely due to interference with the endocytic pathway (Figure 1),
further mechanisms cannot be excluded. Indeed, amiodarone inhibits hepatitis C virus infection
by downregulating the CD81 receptor, but inhibition of virus assembly and release has also been
proposed.6

Figure 1. Proposed mechanism of action of amiodarone on coronavirus replication.
Viruses bind to receptors on the plasma membrane and are internalized by endocytosis.
Amiodarone accumulates into late endosomes/lysosomes (LE/Lys) and increases the pH of these
organelles. Through this mechanism, amiodarone blocks the mixing of viral and endosomal
membranes, and then the release of the viral genome into the cytoplasm, and ultimately virus
replication. Further inhibitory effects of amiodarone on virus replication cannot be excluded.
ACE2: angiotensin-converting enzyme 2.
During the EBOV epidemic in West Africa, a systematic screen of Food and Drug Administrationapproved drugs was performed to identify compounds with in vitro antiviral activities against
EBOV. Amiodarone increased survival of mice infected with EBOV, although this effect was not
very reproducible. Amiodarone was self-administered by a 38-year-old doctor with EBOV

infection four days after symptom onset at a 400 mg oral dose, followed by 1200 mg intravenous
infusion around 6 and 24 h later, but was discontinued due to concerns of cardiac, hepatic and
pulmonary adverse effects.7,8 A phase III trial of amiodarone (NCT02307591) was stopped shortly
after initiation, despite an apparent reduction in case–fatality rates.3
Other CADs with antiarrhythmic properties have proven effective against RNA viruses in vitro;
most notably, dronedarone, verapamil and the calcium channel blocker bepridil inhibited
filovirus infection in cell cultures and mouse models. 3,9,10 It is then reasonable to postulate a class
effect of CADs, a category of drugs including also antidepressants, antibiotics, antipsychotics,
cholesterol-lowering and fertility-regulator drugs, and antimalarial medications3 (including
chloroquine, which has been very recently reported to inhibit 2019-nCoV infection in vitro).11 We
may envisage the assessment of the therapeutic potential of amiodarone and other CADs in cell
cultures and animal models, then the evaluation of the most promising drugs in human patients.
Since drugs such as amiodarone have been used for many decades on millions of patients, their
safety profile is well known, and they appear to be a good candidate for phase III trials, as
previously done for amiodarone during the EBOV epidemic. Notably, CADs appear to be not
strong antivirals, and it may be speculated that they are more effective with low viral loads and
at the start of infection, when virus entry into target cells is the dominant step. Amiodarone
could then be usefully evaluated in adequately powered trials on people exposed to the virus but
currently asymptomatic. Alternatively, amiodarone or other CADs might be evaluated as part of
a combination regimen including, for example, protease inhibitors.12

