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Psychotropics drugs with cationic amphiphilic properties may afford some protection against SARS- | ®

CoV-2: A mechanistic hypothesis

As of 16 May 2020, the World Health Organization reports a total of
4 396 392 cases of 2019-nCoV infection, and 300 441 deaths. A rapid
response to this pandemic would be greatly helped by the possibility to
repurpose old drugs as novel antiviral medications. Since the beginning
of the COVID-19 outbreak, psychiatrists from Sainte Anne hospital
(France) have observed a lower prevalence of symptomatic and severe
forms of COVID-19 infections in psychiatric patients (~4%) compared
to healthcare professionals (—~14%). Similar observations have been
noted in other psychiatric units in France and abroad. Even if health-
care professionals are more likely to be exposed to SARS-CoV-2, the
prevalence observed in psychiatric patients is likely low as compared to
the general population since the prevalence was forecasted to be 9.9%
(range: 6.6-15.7) in Ile-de-France, which includes Paris, by 11 May
2020 (Salje et al., 2020). The hypothesis that psychiatric patients could
be protected from severe forms of COVID-19 by their psychotropic
treatments has been put forward by Plaze and co-workers (Plaze et al.,
2020). Chlorpromazine is a phenothiazine derivative widely used in
clinical routine in the treatment of acute and chronic psychoses. The
repositioning of chlorpromazine as an anti-SARS-CoV-2 drug offers an
alternative and rapid strategy to alleviate the virus propagation and the
infection severity and lethality. Chlorpromazine inhibits clathrin-
mediated endocytosis and is a cationic amphiphilic drug (CAD) and it
can be speculated that this property may play a role in the protection of
psychiatric patients. CADs such as numerous antipsychotics (such as
chlorpromazine, promethazine, trifluoperazine, thioridazine, perphe-

nazine, fluphenazine, prochlorperazine, haloperidol, cis-(Z)-flu-
pentixol), antidepressants (such as imipramine, trimipramine, ami-
triptyline, clomipramine, nortriptyline, sertraline, fluoxetine,

paroxetine), antiarrhythmics (such as amiodarone, bepridil, verapamil)
and other drugs used against SARS-CoV-2 such as hydroxychloroquine
or azithromycin are characterized by a hydrophobic aromatic ring or
ring system and a hydrophilic side chain containing an ionizable amine
functional group. Since some psychotropic drugs especially anti-
psychotics and antidepressants are endowed with this property, it is not
surprising that psychiatric patients may be protected from symptomatic
SARS-CoV-2 infections. Thus, the field of psychiatry could provide in-
novative therapeutic approaches to fight COVID-19. CADs have the
ability to accumulate inside cells affecting several structures/functions
hijacked by viruses during infection. In their review, Salata and co-
workers (2017) summarized the CADs' chemical properties and effects
on the cells and reported the main FDA-approved CADs that have been
identified so far as potential antivirals in drug repurposing studies
(Salata et al., 2017). Although there have been concerns regarding the
efficacy and the possible side effects (especially risk of Torsades de
Pointes (TdP) and phospholipidosis) of the off-label use of CADs as
antivirals, they seem to represent a promising starting point for the
development of broad-spectrum antiviral strategies. Further knowledge
about their mechanism of action is required to improve their antiviral
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activity and to reduce the risk of side effects (hydroxychloroquine,
azithromycin, and chlorpromazine are classified as having Known Risk
of TdP). 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. The S-protein/
receptor interaction is the primary determinant for a coronavirus to
infect a host species and governs the tissue tropism of the virus. Fol-
lowing 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 seems to
be important, since infection can be blocked by lysosomotropic agents
such as chloroquine (Aimo et al., 2020). Because of their structure,
lysosomotropic CADs accumulate into acidic compartments such as late
endosomes/lysosomes, 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.
This may affect cell activities important for an efficient viral inter-
nalization, such as partial hydrolysis of viral surface proteins, macro-
pinocytosis (inhibited by imipramine for example — Lin et al. (Lin et al.,
2018)) or micropinocytosis, the organization of the membrane in-
vagination systems, and the vesicular transport of material to the ly-
sosomes. For a review of the mechanism of amiodarone (and thus likely
other CADs) the reader may see Aimo and co-workers’ s paper
(Aimo et al., 2020). It has been proposed that ether-a-gogo- related
gene hERG channel blockers and phospholipidosis inducers (hydroxy-
chloroquine, azithromycin for example) share a large chemical space
(Sun et al., 2013). Thus, a challenge would be to search for CADs
without marked activity at this potassium channel. Although the anti-
viral activity of CADs is most likely due to interference with the en-
docytic pathway (Aimo et al., 2020), further mechanisms cannot be
excluded. The assessment of the therapeutic potential of FDA-approved
CADs in cell cultures and animal models may be considered, then the
evaluation of the most promising drugs in human patients could be
performed in the near future. Since imipramine has been used for
decades on millions of patients, its safety profile is well known, it in-
duces a lower risk of TdP than chlorpromazine, and it appears to be a
good candidate for phase III trials. Notably, as stated by (Aimo et al.,
2020) 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. Fur-
ther knowledge about the mechanism of action of CADs is required to
improve their antiviral activity and to reduce the risk of side effects.
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