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ARTICLE INFO ABSTRACT
Article history: Objectives. - The ongoing COVID-19 pandemic has caused approximately 2,350,000 infections worldwide
Received 30 April 2020 and killed more than 160,000 individuals. In Sainte-Anne Hospital (GHU PARIS Psychiatrie & Neuro-
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- ) science, Paris, France) we have observed a lower incidence of symptomatic forms of COVID-19 among
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patients than among our clinical staff. This observation led us to hypothesize that psychotropic drugs
could have a prophylactic action against SARS-CoV-2 and protect patients from the symptomatic and

Keywords: . virulent forms of this infection, since several of these psychotropic drugs have documented antiviral
Chlorpromazine properties. Chlorpromazine (CPZ), a phenothiazine derivative, is also known for its antiviral activity via
SARS-CoV-2 s . . . L . .
COVID-19 the inhibition of clathrin-mediated endocytosis. Recentin vitro studies have reported that CPZ exhibits
Repurposing of molecules anti-MERS-CoV and anti-SARS-CoV-1 activity.

Clinical trial Methods. - In this context, the ReCoVery study aims to repurpose CPZ, a molecule with an excellent
tolerance profile and a very high biodistribution in the saliva, lungs and brain. We hypothesize that CPZ
could reduce the unfavorable course of COVID-19 infection among patients requiring respiratory support
without the need for ICU care, and that it could also reduce the contagiousness of SARS-CoV-2. For this
purpose, we plan a pilot, multicenter, randomized, single blind, controlled, phase III therapeutic trial
(standard treatment vs. CPZ + standard treatment).

Conclusion. - This repurposing of CPZ for its anti-SARS-CoV-2 activity could offer an alternative, rapid
strategy to alleviate infection severity. This repurposing strategy also avoids numerous developmental
and experimental steps, and could save precious time to rapidly establish an anti-COVID-19 therapy with
well-known, limited and easily managed side effects.

© 2020 L’Encéphale, Paris.
RESUM E

Mots clés : Objectifs. - La pandémie mondiale actuelle de COVID-19 a touché environ 2 350 000 personnes et fait plus

Chlorpromazine de 160 000 morts. Nous avons observé dans le GHU PARIS Psychiatrie & Neurosciences (site Sainte-Anne,

SARS-CoV-2 Paris, France) une incidence moins importante de formes symptomatiques de COVID-19 chez les patients

COVID-19 que dans notre personnel soignant. Notre hypothése est que les traitements psychotropes pourraient

Repositionnement de molécules

Essai clinique avoir une action prophylactique sur le SARS-CoV-2. Cette hypothése est cohérente avec les propriétés

antivirales connues de plusieurs psychotropes au premier rang desquels la chlorpromazine (CPZ). En plus

* Corresponding author at: GHU PARIS Psychiatrie & Neurosciences, site Sainte-Anne, Service Hospitalo-Universitaire, P6le Hospitalo-Universitaire Paris 15, Paris, France.
E-mail address: m.plaze@ghu-paris.fr (M. Plaze).

https://doi.org/10.1016/j.encep.2020.05.006
0013-7006/© 2020 L’Encéphale, Paris.


https://doi.org/10.1016/j.encep.2020.05.006
http://www.sciencedirect.com/science/journal/00137006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.encep.2020.05.006&domain=pdf
mailto:m.plaze@ghu-paris.fr
https://doi.org/10.1016/j.encep.2020.05.006

170 M. Plaze et al. / L'Encéphale 46 (2020) 169-172

de ses effets antipsychotiques classiques, plusieurs études in vitro ont également démontré une activité
antivirale de cette phénothiazine via I'inhibition de 'endocytose dépendante des clathrines. Récemment,
des études ont révélé un effet anti-MERS-CoV et anti-SARS-CoV-1 de la CPZ.

Meéthodes. - Dans ce contexte, I'étude reCoVery, basée sur le repositionnement de la CPZ - molécule avec
un excellent profil de tolérance et une biodistribution trés élevée dans la salive, les poumons et le cerveau —
vise a tester I'hypothése que la CPZ pourrait diminuer I'évolution défavorable de I'infection COVID-19 chez
des patients oxygénorequérants sans nécessité de soins en réanimation mais aussi réduire la contagiosité
du SARS-CoV-2. Nous allons réaliser pour cela un essai thérapeutique pilote de phase Il multicentrique,
randomisé, controlé (traitement standard vs CPZ + traitement standard) et en simple insu.

Conclusion. — Le repositionnement de la CPZ comme antiviral anti-SARS-CoV-2 offre une stratégie alter-
native et rapide pour atténuer la propagation du virus ainsi que la gravité et la létalité du COVID-19.

© 2020 L’Encéphale, Paris.

Introduction

The current COVID-19 pandemic has so far affected approxi-
mately 2,350,000 people and killed more than 160,000 [1]. It is the
third and the most serious coronavirus epidemic after SARS-CoV-1
in2003 and MERS-CoVin 2012. In the GHU PARIS Psychiatrie & Neu-
rosciences (Sainte-Anne hospital, Paris, France) we have observed a
lower incidence of symptomatic forms of COVID-19 among patients
(around 4% in the Pole Hospitalo-Universitaire de Psychiatrie Paris
15) than among our healthcare staff (around 14% of nurses and doc-
tors in these same wards). Similar observations have been reported
by other COVID units in psychiatric wards in France, Spain and Italy.
These observations led us to hypothesize that psychotropic treat-
ments administered to patients could have a prophylactic action
towards SARS-CoV-2 and protect patients from the symptomatic
and virulent forms of this infection.

This hypothesis is consistent with the known antiviral proper-
ties of several psychotropic drugs commonly used in psychiatry,
and in particular chlorpromazine (CPZ). This phenothiazine, syn-
thesized in 1951 by Rhéne Poulenc, has been used in psychiatry
from 1952 when Jean Delay and Pierre Deniker, two psychiatrists
at Sainte-Anne hospital, discovered its antipsychotic properties [2].
From the 1980s, in vitro antiviral properties of this molecule against
various RNA and DNA viruses were also reported: influenza virus
[3], HIV [4], JC virus [5], Japanese encephalitis [6], HCV [7] and
alphaviruses (Chikungunya, Semliki Forest Virus [8]).

Potential benefit of chlorpromazine against COVID-19
The effects of Chlorpromazine against earlier coronaviruses

CPZ anti-coronavirus activity was first documented in 2014,
when two independent studies highlighted the in vitro inhibition of
viral replication of coronaviruses [9,10]. In the first study, de Wilde
etal. showed the anti-viral activity of CPZ and three other molecules
against MERS-CoV and SARS-CoV-1 from an in vitroscreening of 348
molecules [9]. The authors concluded that CPZ is one of the most
promising molecules for inhibiting coronaviruses in human cells.
The second study highlighted the effectiveness of 27 molecules,
including CPZ, to inhibit viral replication of MERS-CoV and SARS-
CoV-1 among the 290 molecules tested [10]. More recently, Cong
et al. confirmed the efficacy of CPZ in inhibiting viral replication
of SARS-CoV-1 and MERS-CoV in monocyte cell lines derived from
human macrophages [11]. The efficacy of CPZ is greater than that
of toremifene and chloroquine, two other molecules tested in this
study.

Regarding the cellular mechanisms, CPZ affects clathrin-
dependent endocytosis through an interaction with dynamin
[12,13]. These clathrin-dependent endocytosis mechanisms are

essential for coronaviruses to enter the cell [14]. Very recently, a
review of the literature highlighted the interest of a therapeutic
strategy targeting the pathway of clathrin-dependent endocytosis
to inhibit viral replication of SARS-CoV-2 [15]. Other mechanisms
of action of CPZ could be involved, since CPZ has been shown to
also inhibit MERS-CoV replication in both the early and late stages
of cell entry [9]. Overall, CPZ appears to possess broad-spectrum
inhibition potential against coronaviruses [9,10].

The SARS-CoV-2 coronavirus involved in the current COVID-
19 epidemic belongs to the 2b coronavirus family [16] and has
many phylogenetic similarities with SARS-CoV-1 [17]. It is there-
fore very likely that a molecule with efficacy against MERS-CoV and
SARS-CoV-1 would also have anti-SARS-CoV-2 activity. In order to
confirm the hypothesis of an antiviral action of CPZ on SARS-CoV-
2, a preclinicalin vitro study started in April 2020 at the biosafety
level 3 laboratory at Institut Pasteur in collaboration with the GHU
PARIS Psychiatry & Neurosciences.

The immunomodulatory effects of chlorpromazine

In cases of severe COVID-19, several elements suggest a dysreg-
ulation of the immune system, although the precise mechanisms
have not yet been elucidated [18]. The search for immunomodula-
tory treatments, driven by different mechanisms and on different
cell types, is therefore of major interest. Since the 1990s, sev-
eral studies have highlighted the immunomodulatory effects of
CPZ [19], in particular by increasing blood levels of IgM [20]. In
mice, CPZ has been shown to have a protective effect against sep-
tic shock induced by the injection of bacterial endotoxins, and to
cause a concomitant decrease in IL-2, IL-4, IFN alpha, TNF and GM-
CSF pro-inflammatory cytokines, as well as an increase in IL-10, an
anti-inflammatory cytokine [21-24].

Chlorpromazine biodistribution, a possible advantage against
COVID-19

One of the advantages of CPZ compared to other antivirals
lies in its biodistribution. Indeed, it has been shown in animal
experiments that after a single injection of CPZ, the highest con-
centrations of this molecule and its metabolites are detected in the
lungs, with CPZ levels 20 to 200 times higher than in the blood
[25,26]. This result was confirmed in humans in a post-mortem
study on schizophrenia patients treated with CPZ [27]. Because of
the respiratory tropism of SARS-CoV-2 [28], this marked pulmonary
distribution could be of major interest for COVID-19 treatment. CPZ
is also highly concentrated in saliva, with concentrations 30 to 100
times higher than in plasma in humans [29]. These high concen-
trations of CPZ in the salivary glands could decrease the salivary
viral load and therefore reduce the contagiousness of SARS-CoV-2.
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Finally, due to its lipophilic nature, CPZ can cross the blood-brain
barrier [30] and could therefore have a therapeutic or prophylac-
tic effect on the neurological forms of COVID-19 [31]. This cerebral
CPZ distribution, known for a long time and underpinning both
the antipsychotic action and the side effects of this molecule, was
documented in the 1960s in animals and in humans [32,33]. Using
isotopic labeling, CPZ was detected in the brain tissue 15 min after
asingle intravenous injection, in different brain areas including the
cortex, the caudate nucleus, the putamen and the thalamus [32,33].
In chronic administration in rats, CPZ concentrations in the brain
have been found to be up to 25 times higher than in the plasma
[34,35].

Repurposing chlorpromazine, a molecule widely used for almost
70 years

The current health crisis urgently needs ready-to-use molecules
to reduce the contagiousness, the severity and the lethality of
the COVID-19 pandemic. The repurposing of already existing,
FDA-approved drugs is an interesting alternative strategy to the
discovery of new molecules. Indeed, repurposing eliminates many
stages of development and testing required for new molecules, by
deploying a drug whose side effects are already known.

CPZ, widely used in psychiatry, has an excellent tolerance pro-
file. Its side effects are known: anticholinergic effects (sedation,
dry mouth, constipation, urinary retention), QT increase and malig-
nant syndromes in rare situations. It is also easy to manage. The
FDA indications are the management of manifestations of psy-
chotic disorders and manic-depressive illness. The non-psychiatric
FDA-indications are control of nausea and vomiting, relief of rest-
lessness and apprehension before surgery, relief of intractable
hiccups and acute intermittent porphyria. CPZ is used in clini-
cal routine among vulnerable patients, including pregnant women
with drug-resistant nausea and vomiting [36] and patients with
advanced cancer [37], as well as for the treatment of headache in
various neurological indications [38,39].

The critical question of the CPZ dosage required to achieve a clin-
ically relevant anti-SARS-CoV-2 effect in humans is still unsolved
because:

e it is difficult to extrapolate effective in vivo dosages from effec-
tivein vitro dosages and;

e there is no in vivo animal data on the anti-coronavirus effect of
CPZ.

However, it is important to note that the effective in vitro dosage
for inhibiting viral replication of the MERS-CoV and SARS-CoV-1
coronaviruses were non-toxic doses for cells [9-11]. In addition,
an in vivo animal study has shown antiviral efficacy (against ade-
noviruses) of CPZ at dosages used in humans [40]. Finally, the
observation of the low prevalence of SARS-CoV-2 among our
patients with psychiatric disorders suggests an effective dosage in
humans similar to the dosage used for antipsychotic purposes.

Pilot study on the efficacy of chlorpromazine against
COVID-19

Objectives of the reCoVery study

In this context, our hypothesis is that CPZ, if administered at
the onset of respiratory signs, could limit the unfavorable evo-
lution of COVID-19 infections and reduce the contagiousness of
SARS-CoV-2. To test this hypothesis, we designed the reCoVery
project (“repurposing of chlorpromazine in COVID-19 treatment”),
a pilot, phase III, multicenter, single-blind, randomized controlled

therapeutic trial. We will recruit oxygen-requiring patients with
COVID-19 without the need for intensive care. Patients requiring
or having required mechanical ventilation in intensive care will
not be included in this study. The mechanisms of action of CPZ (i.e.
inhibition of clathrin-dependent endocytosis) target the entry of
the virus into the cell, blocking viral replication at the early stage
of infection, which suggests greater effectiveness of this molecule
at the start of the disease. In addition, the reduction in the preva-
lence of symptomatic and virulent forms of COVID-19 among our
patients compared to clinical staff supports the hypothesis of an
efficacy of CPZ in the early stages of the disease.

Patients will be randomized in two groups, one receiving stan-
dard COVID-19 treatment (standard-of-care, SOC) and the other
receiving SOC in combination with CPZ (CPZ + SOC). Patients in the
CPZ+S0C group will receive up to 300 mg P.O. per day of CPZ until
the recovery criteria are met [41], with a maximum of 21 days of
treatment.

The main objective of the reCoVery study is to demonstrate a
shorter time to response to treatment (TTR) in the CPZ + SOC group
than in the SOC group. Response to treatment is defined by the
reduction of at least one level of severity on the WHO Ordinal Scale
for Clinical Improvement (WHO-OSCI, [42]).

The secondary objectives are to demonstrate in the CPZ+SOC
group compared to the SOC group:

e a greater clinical improvement;

e a greater decrease in the biological markers of viral attack by
SARS-CoV-2 (PCR, viral load);

e a greater decrease in inflammatory markers (e.g.CRP and lym-
phopenia);

e a greater decrease in parenchymal involvement (chest CT) at the
seventh day post-randomization;

¢ to define the optimal dosage of CPZ and its tolerance;

¢ to evaluate the biological parameters of response to treatment,
in particular the involvement of inflammatory cytokines.

The reCoVery study design and its objectives are in line with
WHO recommendations for conducting pilot studies in the thera-
peutic management of COVID-19 [42].

The expected benefit for people participating in this study is
a reduction of the unfavorable course of COVID-19 disease, i.e. a
reduction in the duration of the disease, of hospital care, of oxygen
therapy, of mechanical or non-invasive ventilation and a reduction
in mortality. Another possible benefit is a decrease in the anxiety
commonly associated with COVID-19 dyspnea.

Safety of patients included in the study

The possible risks of this study are the well-known side effects
of CPZ. These risks will be limited by clinical monitoring at the
hospital over the whole period of CPZ treatment with specific mon-
itoring of its potentially severe side effects: regular titration of CPK
to detect neuroleptic malignant syndrome, daily clinical examina-
tions, regular ECG. Also, as mentioned above, CPZ is already used at
high dosages in non-psychiatric indications and sometimes in frail
or vulnerable populations, in particular in the treatment of drug-
resistant vomiting in oncology or hematology, and among patients
with sepsis and organ failure [37]. The dosages used can then be
up to 100 mg IV every 4 h [37]. Finally, it is important to note that
since CPZis not a respiratory depressant, this drug is not contraindi-
cated for patients with acute respiratory distress syndrome (ARDS),
unlike other anxiolytics such as benzodiazepines.
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Conclusion

The originality of the reCoVery study is based on the repurpos-
ing of CPZ - a molecule discovered 68 years ago, widely used in
psychiatry and with an excellent tolerance profile - for use in the
current COVID-19 pandemic for which a treatment is still lacking.
The potential therapeutic benefit of CPZ against COVID-19 is based
on both the observation of a lower incidence of symptomatic forms
of COVID-19 among patients in psychiatric wards and on several
studies providing virological evidence.

CPZ, whose French commercial name, Largactil, was chosen
in reference to its broad action (or “large action”, in French)
has a very broad spectrum of properties, including antipsy-
chotic, anxiolytic, antiemetic, and antiviral properties, inhibition of
clathrin-dependent endocytosis, modulator function on the blood-
brain barrier, immunomodulatory effects, etc. CPZ has already
demonstrated in vitro antiviral activity against SARS-CoV-1 and
MERS-CoV. The immunomodulatory effects of CPZ could also open
new perspectives for the treatment of not only early but also late
and severe forms of COVID-19.

The discovery of the properties of CPZ, as with many other
molecules in psychiatry, is the result of both serendipity and careful
clinical observations. In this context of the COVID-19 pandemic, the
field of mental illness could provide innovative therapeutic avenues
in the fight against SARS-CoV-2.
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