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Coronavirus disease 2019 (COVID-19) is a severe acute respiratory syndrome (SARS) in
humans that is caused by SARS-associated coronavirus type 2 (SARS-CoV-2). In the
context of COVID-19, several aspects of the relations between psychiatry and the
pandemic due to the coronavirus have been described. Some drugs used as antiviral
medication have neuropsychiatric side effects, and conversely some psychotropic drugs
have antiviral properties. Chlorpromazine (CPZ, Largactil®) is a well-established
antipsychotic medication that has recently been proposed to have antiviral activity
against SARS-CoV-2. This review aims to 1) inform health care professionals and
scientists about the history of CPZ use in psychiatry and its potential anti- SARS-CoV-
2 activities 2) inform psychiatrists about its potential anti-SARS-CoV-2 activities, and 3)
propose a research protocol for investigating the use of CPZ in the treatment of COVID-19
during the potential second wave. The history of CPZ’s discovery and development is
described in addition to the review of literature from published studies within the discipline
of virology related to CPZ. The early stages of infection with coronavirus are critical events
in the course of the viral cycle. In particular, viral entry is the first step in the interaction
between the virus and the cell that can initiate, maintain, and spread the infection. The
possible mechanism of action of CPZ is related to virus cell entry via clathrin-mediated
endocytosis. Therefore, CPZ could be useful to treat COVID-19 patients provided that its
efficacy is evaluated in adequate and well-conducted clinical trials. Interestingly, clinical
trials of very good quality are in progress. However, more information is still needed about
the appropriate dosage regimen. In short, CPZ repositioning is defined as a new use
beyond the field of psychiatry.
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INTRODUCTION

The discovery of antidepressants has two parallel origins. On the
one hand, the observation that an anti-tuberculosis drug,
iproniazide chemically similar to isoniazid, improved the
mood of tuberculosis patients and inhibited monoamine
oxidase at the same time. On the other hand, a new molecule
called imipramine was synthesized in order to obtain a
neuroleptic like chlorpromazine, which had in fact not the
expected but an antidepressant effect. Thus, two groups of
antidepressants were born, MAOs and tricyclics. With the
former, infectious disease medicine fueled the psychiatric
practice. Could the opposite happen now? This article
addresses this issue with the overall goals to: 1) educate health
care professionals, including virologists, about the history of
chlorpromazine (CPZ) use in psychiatry and its potential anti-
SARS-CoV-2 activities, 2) inform psychiatrists about its potential
anti-SARS-CoV-2 activities, and 3) propose a research protocol to
investigate the use of CPZ in the treatment of COVID-19 for a
potential second wave with psychiatric patients.

CHLORPROMAZINE AND CORONAVIRUS

The COVID-19 pandemic has had a major impact on mental
health (Coccolini et al., 2020). The most common psychological
and behavioral reactions are distress reactions which often
include anxiety, insomnia, frustration, sense of insecurity,
anger, increased use or avoidance of health services for fear of
illness and indulging in risky maladaptive behaviors (for example,
increased consumption of alcohol, illicit drugs and tobacco,
change in work-life balance, social isolation, increased family
conflicts and violent behavior) (Coccolini et al., 2020). Owing to
these behaviors, psychiatrists have to be very involved, and at
times, are obliged to adapt themselves due to the reorganization,
redeployment and closing of services, following precautions for
social distancing, use of telemedicine and wearing of personal
protective equipment. They are not only repositioning
themselves, but also offer repositioning of medication that
they know very well. This is the case with the first known
antipsychotic medication, CPZ (Plaze et al., 2020a; Plaze et al.,
2020b; Stip, 2002; Stip, 2020). In 2020, a Canadian research letter
(Stip, 2020) proposed the possibility that CPZ, a medication used
in psychiatry for a long time, could potentially be used to counter
COVID-19 (Nobile et al., 2020). The proposal was based on an
old antimicrobial and antiviral CPZ data that had been
documented when studying the history of the introduction of
CPZ in North America (Stip, 2015). The first use in psychiatry of
CPZ was in France and interestingly it is from there too that a
concrete statement for CPZ repositioning for COVID-19 has just
emerged (Plaze et al., 2020a; Plaze et al., 2020b). Since then,
controlled clinical trials are underway with well-supported
hypotheses and a rigorous methodology (NCT 04366739,
Repurposing of Chlorpromazine in COVID-19 Treatment,
reCoVery, France and NCT0434805, Egypt). CPZ is well-known
to psychiatrists (Stip, 2000) and perhaps less well-known to
virologists. In this article, we retrace the history of the use of

CPZ in psychiatry and summarize the scientific arguments for
prescribing CPZ in the context of viral infections, especially
coronavirus infections due to the continuing COVID-19 pandemic.

Coronaviruses are a large group of non-segmented, (+) sense,
enveloped RNA viruses with one of the largest genomes known,
ranging from 27 to 33 kilo bases (kb). They cause a wide variety of
diseases, ranging from respiratory, enteric, and hepatic to neurologic
diseases (reviewed inWeiss and Leibowitz, 2011; Fehr and Perlman,
2015). Widely spread among the animal kingdom (mammals and
birds), these viruses can be divided into four genera: α, β, γ, and δ.
Coronaviruses are not new to the human species and so far, seven
different strains of coronaviruses have crossed into the humans
(HCoVs) belonging to either α or β coronavirus genera (Table 1; Ye
et al., 2020). Of these, four strains cause mild upper respiratory
infections of self-limiting nature, two of which were discovered in
the 1960s (HCoV-OC43 and HCoV-229E). However, three other
strains have entered the human species lately, causing a severe acute
respiratory syndrome (SARS) in humans with high case fatality rates
(CFR). The first such strain that had a CFR of 11% (Tsang et al.,
2003), followed by Middle Eastern respiratory coronavirus (MERS-
CoV) with a CFR of ∼35% (Bermingham et al., 2012; Khan and
Sheek-Hussein, 2020), and the most recent one is SARS-CoV-2 in
December 2019, the etiologic agent of COVID-19, with an evolving
CFR of ∼2.4% (Wu F. et al., 2020; Wu A. et al., 2020; Coronaviridae
Study Group of the International Committee on Taxonomy of
Viruses, 2020; Uddin et al., 2020). Based on this species jump
trajectory, further introductions of these viruses into humans are
most likely; therefore, urgent efforts are needed to have effective
therapies against these serious viral pathogens.

Among the three virulent strains of HCoVs, SARS-CoV-1 was
the first human coronavirus that caused a global epidemic in
2003, spreading from Guangdong, China to over 12 dozen
countries in several continents, causing 8,096 infections with
774 deaths (reviewed in Ye et al., 2020). It is thought to have
originated in bats, followed by civet cats, and into humans. Other
than fever, headaches, cough, and fatigue, patients infected with
SARS-CoV-1 also displayed severe acute respiratory distress in
the form of shortness of breath, atypical pneumonia, and cytokine
storm. In 2012, MERS-CoV was identified (Zaki et al., 2012;
Khan, 2013), again with origins in bats, but the dromedary camels
were identified as the intermediate host for further transmission
into humans (deWit et al., 2016). Once in the human population,
the virus spreads from person to person, primarily within the
Middle East, but also leading to small outbreaks in Europe,
Tunisia, and Korea (Ye et al., 2020). As of December 31, 2019,
MERS-CoV had infected almost 2,500 individuals with 866
deaths, making it one of the most lethal human viruses known
(Khan and Sheek-Hussein, 2020). Persons infected with MERS-
CoV present with clinical symptoms resembling infection with
SARS-CoV-1, except that some also show acute renal failure.
Unlike SARS-CoV-1 and MERS-CoV, since its emergence in
December 2019, SARS-CoV-2 has spread all over the world like
wildfire, infecting >35 million people worldwide as of October 7,
2020 with over 1 million deaths across the world (COVID-19
Dashboard). Although SARS-CoV-2 is nearly 82% homologous
to SARS-CoV-1 (Wu A. et al., 2020; Wu F. et al., 2020), SARS-
CoV-2 is less lethal than SARS-CoV-1, but much more infectious.
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Other than symptoms of common cold and pneumonia, both
viruses (SARS-CoV-1 and SARS-CoV-2) can cause acute
respiratory distress syndrome, cytokine storm, and additionally
diarrhea, unlike some of the other HCoVs (Ye et al., 2020). As
can be seen fromTable 1, the different HCoVs use different types of
proteins as their receptors to enter cells. Interestingly, unlikeMERS-
CoV that uses the dipeptidyl peptidase 4 enzyme as its entry
receptor, both SARS-CoV-1 and SARS-CoV-2 use the same
receptor for entry into human cells, the angiotensin-converting
enzyme 2 (ACE2) (Table 1), suggesting similar mechanism of entry
into susceptible cells (Hoffman et al., 2020; Uddin et al., 2020).

Recently, Dyall and co-workers (Dyall et al., 2014) examined
nearly 300 FDA approved drugs for antiviral activity against
MERS-CoV and SARS-CoV-1 and found CPZ to be active against
both of these coronaviruses. Similarly, de Wilde and co-workers
found from a screening of 348 molecules that CPZ was one of the
most promising agents for inhibiting coronaviruses in humans
(de Wilde et al., 2014). Hence, CPZ merits further clinical
investigation, in particular in a small-animal model for MERS-
CoV infection. The fast worldwide spread of SARS-CoV-2 has
created a need to find effective treatments. The repositioning of
drugs already known and approved for a long time in humans is a
practical and efficient approach to look for new therapeutic
options in the face of this pandemic.

PHENOTHIAZINES

CPZ belongs to the phenothiazine family of drugs that are primarily
used for the treatment of schizophrenia and other forms of
psychosis. Few psychiatrists know that methylene blue (one of
the first antimalarial drugs) is a phenothiazine, with several
biomedical and biological therapeutic facets (Henry et al., 2020).
In addition to their antipsychotic activity, phenothiazines also have a
significant antimicrobial effect, thanks to an action on the
bactericidal function of macrophages and on inhibition efflux
pumps (Chakrabarty et al., 1991; Barbe et al., 1995; Dastidar
et al., 2013). They also eliminate bacterial resistance plasmids and
destroy bacteria due to their membrane destabilizing effect.
Methylene blue was one of the first synthetic drugs in medicine,
with multiple indications, such as clinical pain syndromes, malaria,
and psychotic disorders, and was used over a century ago (Bodoni,
1899; Stip, 2015). Methylene blue is a cationic thiazine dye with
redox cycle properties and a selective affinity for the nervous system.
Although CPZ was named as the first antipsychotic, methylene blue
had actually been used to treat psychotic patients half a century
earlier. In addition to treating psychotic patients, the use of
methylene blue has also been explored in treating the bipolar
disorder (Alda et al., 2017).

DISCOVERY OF CHLORPROMAZINE

CPZ is a neuroleptic,- a class of medication primarily used to
manage psychosis. The first neuroleptic medication (Stip, 2002;
Stip, 2015), CPZ was the product of research on antihistamines,
discovered in 1937 by the Nobel Prize winner, Daniel Bovet. InT
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1944, he isolated phenothiazine and diethazine (Diparcol), which
Jean Sigwald used in 1946 to treat Parkinson’s disease (Sigwald
and Bouttier, 1953). Bernard Halpern had already introduced the
use of phenothiazine antihistamines, such as promethazine
(Phenergan), in medicine. In 1950, Paul Charpentier
synthesized CPZ at the Rhône-Poulenc Laboratories (Stip,
2015). The drug was called 4560 RP and then Largactil in
France. In 1952, Henri Laborit, Pierre Huguenard and
Raymond Alluaume published the first use of 4560 RP (Stip,
2015). Afterwards, in his work on anesthesia, Laborit reported
that some drowsiness was observed with 50–100 mg of
intravenous CPZ, as well as, above all, a lack of interest of the
patients to their surroundings. In December 1951, a clinical trial
of 4560 RP was carried out by two psychiatrists, Jean Sigwald and
Daniel Bouttier at the Paul Brousse Psychiatric Hospital in Paris:
CPZ was effective in a series of cases of patients with
hallucinations (Stip, 2015). Léon Chertok carried out what was
probably the first clinical experience in a psychiatric environment
with 4560 RP alone. It led to a normal subject experiment in
Villejuif on a resident in psychiatry, Cornelia Quarti (Stip, 2015).
In March 1952, three psychiatrists from the Val-de-Grâce
Hospital in Paris, Hamon, Paraire and Velluz, published a case
study of a patient suffering from manic attacks treated with CPZ,
in association with a barbiturate, but the effect was insufficient
(Hamon, 1952). Delay, Deniker, and Harl, published the first
long-term observational study on May 26, 1952, on the occasion
of the centenary of the Société Medico-Psychologique (Stip,
2015). The same team in Sainte-Anne Hospital in Paris
published six articles over a period of 6 months, paving the
way for the introduction of CPZ in psychiatry (Delay and
Deniker, 1952; Delay et al., 1952). Initial trials outside of
France, such as those in Padua with Rigotti, of Arnold in
Vienna and Labhardt in Basel, Switzerland, produced similar
results (Staehelin, 1954). The doses were then increased to
150–300 mg intramuscularly and 300–500 mg orally
(Lemperiere and Ginestet, 2001). The first British report, by
Anton-Stephens, identified indifference as the greatest effect
on patients (Anton-Stephens, 1954). CPZ was introduced in
1954 in North America by two Canadian psychiatrists Roland
Saucier and Heinz Lehmann (see Stip, 2015). By the end of 1955,
there were also reports describing use of CPZ from Switzerland,
Germany, Hungary, Latin America, Australia, Russia, and the
United States (Bente and Itil, 1954; Sal et al., 1954; Staehelin,
1954; Kardos and Pertorini, 1955; Webb, 1955). CPZ was
marketed in the United States as Thorazine by SmithKline, in
France and England as Largactil by May and Baker (Stip, 2015),
and in Japan by the name of Cotomin. The name of “Largactil” in
French comes from its “broad action” because of the breadth
(largeur) of its pharmacodynamic actions or due to its wide-
ranging effects on different symptoms.

In 1957, the psychophysiological definition of neuroleptics
was proposed based on five classical criteria: 1) creation of a state
of psychomotor indifference, 2) reduction in states of excitement,
agitation and aggressiveness, 3) progressive reduction of acute or
chronic psychotic disorders, 4) neurological and neurovegetative
side effects, and 5) predominantly subcortical in action. In the
United States, the name of “neuroleptic class” was changed to

“major tranquilizer” and “antipsychotic.” It took almost another
10 years to understand the mechanism of action of neuroleptics
(antipsychotics), for the identification of dopaminergic receptors
and the development of the dopamine (DA) hypothesis of
schizophrenia with the contributions from Arvid Carlsson
(Stip, 2002; Stip, 2015). This hypothesis received additional
support with the correlation between clinical doses of CPZ
and its power to block dopamine D2 (DA D2) receptors.
Pharmacological interventions to treat psychosis have generally
focused on modifying dysfunctional neurotransmitter systems to
improve symptoms. So what can we learn from the discovery of
CPZ? It is that a psychotropic drug can have the indication for a
psychiatric disease before one knows its real mechanism of action.

CHLORPROMAZINE AND MICROBIAL
INFECTIONS

Interestingly, Jean Delay’s book (Delay, 1950), published in 1950,
2 years before his articles on 4560 RP, indicates that antibiotics,
such as penicillin, were among the recommended treatments for
psychosis. With global use of CPZ, reports have shown that
patients receiving CPZ had a lower incidence of bacterial
infections (Kristiansen and Amaral, 1997). There is also
growing evidence to suggest that inflammation, infection,
oxidative stress, changes in the glutamatergic system, and
neurotrophins are involved in schizophrenia (Hong and Bang,
2020). CPZ also has antimicrobial activity against Staphylococcus
aureus in vitro, at concentrations greatly exceeding those
achieved clinically (Ordway et al., 2002; Amaral and Molnar,
2012). The activity of CPZ against various microorganisms,
including intracellular pathogens (leishmania, trypanosomes,
amebae), has been studied both in vitro and in vivo (Molnar
et al., 1976; Amaral and Molnar, 2012). These antimicrobial
properties of CPZ reside in the side chains of the molecule
and have led to the development of this phenothiazine as an
anti-malarial agent (Molnar et al., 1976; Tsay, 2013). This creates
a kind of loop, bringing us back to the malaria parasite, which was
used to treat mental illness from the early 1920s to the late 1950s
(Himmelweit, 1960; Tsay, 2013).

CHLORPROMAZINE AND VIRAL
INFECTIONS

Chlorpromazine has also shown antiviral activity against a
number of viruses, including adeno (Diaconu et al., 2010), Ebola
(Bhattacharyya et al., 2010), influenza (Rossman et al., 2012), and
coronaviruses (De Wilde et al., 2014). Anti-viral activity of CPZ is
mainly explained by inhibiting clathrin-mediated endocytosis
(Wang et al., 1993; Joki-Korpela et al., 2001; Nawa et al., 2003;
reviewed in Glebov, 2020; Yang and Shen, 2020). A key component
of their virulence is the process of viral entry into host cells using the
endocytic pathway, though other non-endosomal pathways may
also be employed, depending upon the cell type and virus strain used
(Inoue et al., 2007;Wang et al., 2008; reviewed inGlebov, 2020; Yang
and Shen, 2020).
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SARS-CoV-2 specifically enters its target cells by the binding
of the viral spike protein S with the ACE2 cell surface receptor
(Figure 1; Hoffman et al., 2020). Once attached to its target
receptor, the virus is enclosed by the cell membrane which begins
to form a vesicle (Burkard et al., 2014; Burkard et al., 2015). It
rounds and stiffens due to the agglomeration of a cage of fibrous
proteins, the clathrins, then separates from the cell membrane by
gradually closing: it forms a neck which shrinks and disappears
under the action of the dynamin, a protein that closes the bag.
Then the vesicle loses its clathrins and fuses with an endosome.
Endosome has a membrane not a wall and the fusion occurs
between the viral envelope and the endosomal membrane. Under
the action of a membrane protease, the virus fuses with the wall of
the endosome (Figure 1). SARS-CoV-2 entry requires priming by
cell-membrane bound proteases such as TMPRSS2. It is the S1
subunit that interacts with the ACE2 receptor via the receptor
binding domain. The S2 domain initiates the process of membrane
fusion via further activation by lysosomal proteases, allowing release
of its genetic material within the target cell cytosol (Figure 1). This
mode of penetration, known as “clathrin and dynamin-dependent,”
is also observed with SARS-CoV-1, MERS-CoV, and also with the
hepatitis C virus and the Influenza A virus (Zucker et al., 1990; Nawa
et al., 2003; Inoue et al., 2007). Thus, infection of host cells by SARS-
CoV-2 has been shown to be susceptible to lysosomotropic agents
such as chloroquine that neutralize the acidic pH observed in the
endosome-lysosomal compartments (Wang et al., 2008; Nobile et al.,
2020). CPZ belongs to the family of cationic amphiphilic drugs and
thus increase intra-vesicular pH of lysosomes. This blocks virus
entry into cells by inhibiting activation of the lysosomal proteases
that allow virus fusion with the endosomes and release of the viral
genetic material into the cytosol. Based on these observations, the
endocytic pathway comprising the endosome and the lysosome has
become an important target for drug development in the fight
against diseases caused by coronaviruses.

Thus, the early stages of viral infection are critical events in the
course of the viral life cycle. In particular, viral entry is the first step
in the interaction between a virus and a cell that can initiate,
maintain and spread the infection (Joki-Korpela et al., 2001; Chu
and Ng, 2004). Therefore, this stage constitutes a major target of the
host’s adaptive immune response. The mouse hepatitis virus
(MHV) has been used as a model for study coronavirus
infections. In the case of a SARS-CoV-1 infection, similar to
SARS-CoV-2, viral entry also requires a low pH in the
intracytoplasmic vesicles; however, little is known about how
SARS-CoV-1 invades these compartments (Subtil et al., 1995).
Using the MHV model, experiments have revealed that viral
entry mediated by clathrin-dependent endocytosis can be
significantly inhibited by treatment with CPZ. Moreover,
transfection of cells with small interfering RNAs specific to
clathrin heavy chain can also inhibit viral gene expression,
indicating the essential role of clathrin in viral entry (PuZhang,
2008). Similarly, entry of Zika virus has also been shown to be
significantly inhibited by CPZ (Li et al., 2020). CPZ slows or
suppresses the replication of alphaviruses, hepatitis C virus,
SARS-CoV-1, and MHV-2. In fact, phenothiazines including
CPZ, have various biological activities (Deetz et al., 2003).
Phenothiazines have potent anti-plasmid and anti-bacterial

activity in vitro. The benzo phenothiazine derivatives exhibit
antibacterial activity in vivo and stimulate the differentiation of
human myeloid leukemic cell lines (Motohashi et al., 2000; Huang
et al., 2018). Thus, trifluoroperazine (Stelazine, Terfluzine) and CPZ
have significant inhibitory effects on the replication of arenaviruses
(Junin, Tacaribe and Pichinde viruses) (Candurra et al., 1996). In
vitro antiviral activity on strains of herpes simplex virus type 2
(HSV-2) has also been demonstrated in cell cultures (Mitchell, 1994;
Mucsi et al., 2001).

CPZ has also been shown to have affinity for sigma one
receptors (Ki � 146 nM (Tam and Cook, 1984) and IC50 �
200 nM (Lang, 1995). Sigma one receptors are chaperone proteins
found in the endoplasmic reticulum that may be responsible for
proper folding of proteins after their translation. Being an
enveloped virus, SARS-CoV-2 assembly takes place
intracellularly where several of its structural proteins [spike
(S), membrane (M), and envelope (E)] mature through the
endoplasmic reticulum-golgi intermediate compartment
(ERGIC) (Krijnse-Locker et al., 1994; Risco et al., 2002). This
compartment is also used for the assembly of the virus particles
that are transported to the cell surface in vesicles that are released
via exocytosis. Thus, it is possible that CPZmay be acting not only
at the entry phase of SARS-CoV-2 replication, but also at the later
stages, potentially inhibiting the later stages of virus replication
such as assembly and exocytosis from the infected cells. In fact,
ERGIC has been proposed as a potential target for the
investigation of antiviral drugs for SARS-CoV-2 (Tozzi, 2020).

In summary, CPZ as an anti-COVID-19 candidate is a fair
illustration for repositioning the molecule as a treatment for
COVID-19 with the findings of the two studies demonstrating
in vitro activity against SARS-CoV-2 (Plaze et al., 2020b; Weston
et al., 2020). These two pre-print studies demonstrate the in vitro
activity of chlorpromazine against SARS-CoV-2 are crucial for
proposing a repositioning.

Recently, French researchers (Plaze et al., 2020a; Plaze et al., 2020b;
Nobile et al., 2020) have also identified several othermechanisms and
advantages of chlorpromazine (Zucker et al., 1990; Tarazona et al.,
1995). For example, CPZ stimulates the production of IgM.
Moreover, its pulmonary concentration is 20–200 times higher
than its plasma concentration. It is the same for the salivary
concentration (20–60 times higher than that of plasma) and, of
course, encephalic (25 times higher than that of plasma). This
preferential distribution therefore seems particularly suitable for
use in COVID-19 (Tarazona et al., 1995; Inoue et al., 2007).

DYNAMIN INHIBITION

Dynamin inhibition is an important part of the mechanism of
action of CPZ (see Figure 1). This can be seen by the fact that
there are many dynamin inhibitors available most of which are
anti-infection in cells and a few in animal models, including
bacterial, toxin and viral infections. The proof of dynamin being
the mediator of this inhibition is commonly demonstrated by
dominant-negative dynamin mutants (Harper et al., 2013).

Among the dynamin inhibitors, only the phenothiazines are
clinically approved that are used at about the same concentrations
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and in clinically relevant levels. This potentially explains their
mechanism of action and doses (Daniel et al., 2015). These
concepts are important background that can actually be used
to expand this hypothesis to other phenothiazines. Indeed, in
March 2020, it was reported that the dynamin inhibitor of the
phenothiazine class, prochlorperazine (prochlorperazine:
Stemetil) blocks clathrin-mediated endocytosis in humans at
clinical doses. This provides the evidence that the mechanism
of action of phenothiazines is via inhibition of the clathrin-
mediated endocytic pathway, thus strengthening the
hypothesis (Chew et al., 2020). It is hard not to see that this
extrapolates to all clinically-approved phenothiazines.

ADVERSE EFFECTS OF
CHLORPROMAZINE

CPZ is widely used as an antipsychotic agent and is relatively safe to
treat schizophrenia. Many side effects are linked to CPZ, including:
drowsiness, indifference, anxious reaction, mood swings, dry
mouth, constipation, blurred vision, urine retention, orthostatic
hypotension, involuntary movements, tics, stiffness and difficulty
coordinating movements, parkinsonism, tremor, tardive dyskinesia,
dystonia, hyperprolactinemia, sexual side effects, weight gain,
hyperglycemia, allergic skin reaction, photosensitization, QT
prolongation and cardiac rhythm disorders, neuroleptic
malignant syndrome and agranulocytosis (Figure 2; Solmi et al.,
2017).

A recent meta-analysis from Huhn et al. (2019) compared the
tolerability of 32 oral antipsychotics during the acute treatment of
adults with multi-episode schizophrenia. Results for CPZ were
given individually for six areas, namely: weight gain,
extrapyramidal side effects, akathisia, raised prolactin, sedation,
and anticholinergic side-effects compared with placebo. The results
were then ranked cumulatively in comparison with all other
treatments. In terms of weight gain, CPZ showed a mean
difference (MD) of 2.37 (range � 1.43–3.32 kg), with a high
level of confidence. This is the fourth highest out of all
studied treatments (following zotepine, olanzapine, and
sertindole), strongly favoring placebo treatment. The use of
anti-Parkinson’s medication was used as a measure of
extrapyramidal side-effects. CPZ showed a risk ratio (RR) of
2.17 (1.48–2.91) and was ranked 14th of the 33 treatments in
favoring placebo treatment. For akathisia, CPZ showed a RR of
2.58 (1.30–4.30) and ranked 16 out of the 31 treatments in
favoring placebo treatment. CPZ showed a MD in prolactin
elevation of 8.70 (–8.16–25.75 ng/ml), ranking fifth out of the 21
treatments in favoring placebo treatment. For sedation, CPZ
showed a RR of 2.55 (2.16–2.90). CPZ ranked sixth out of the 33
treatments in favoring placebo treatment. For anticholinergic
side-effects, CPZ showed a RR of 2.58 (1.74–3.60), making it
fifth out of the 32 antipsychotics in favoring placebo treatment.

New-generation neuroleptic agents were found to cause fewer
unwanted extrapyramidal side effects than the traditional
antipsychotic drugs (Solmi et al., 2017). However, they are not
phenothiazines.

FIGURE 1 | Schematic presentation of early steps of SARS-CoV-2 life cycle. The virus enters the cells by interactingwith its receptor ACE2protein using the spike protein
and priming by the cell surface proteaseTMPRSS2. This induces formationof a vesicle via clathrin-dynamin-mediated endocytosis. The internalized vesicle loses its clathrin coat
and fuses with an endosome. As the endosome undergoes acidification, it activates host proteases that induce fusion of the virus particle with the endosomal membrane,
releasing the viral genomic RNA into the cytosol. Since SARS-CoV-2 RNA is (+) sense, it can immediately undergo translation and further transcription to allow the
remaining steps of virus life cycle to continue. The left panel illustrates the key explaining the different components of this pathway. See text for details.
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Overall, the tolerability data for CPZ favored placebo
treatment, with six side effects all favoring placebo treatment.
For all-cause discontinuation, CPZ showed a RR of 0.91, ranking
eighth out of the 33 treatments in favoring placebo treatment.
However, the quality of the data was rated as either low or very
low for several of the side effects; only the data for weight gain was
ranked as high quality and the data for sedation was ranked as
moderate quality. Furthermore, there was no usable data for CPZ
on corrected QT prolongation. This suggests that there is an
urgent need for more quality randomised controlled trials.

CHLORPROMAZINE AS AN ANTI-COVID-19
CANDIDATE

Because CPZ has been used for over 70 years, many
pharmacological and safety data are easily available. Moreover,
studies of the biological effects of CPZ have generated almost
20,000 published studies listed in PubMed, second only to Aspirin
(over 50,000), largely owing to its abundant side effects. In Tokyo,

November 1962, in a symposium on Japanese Encephalitis and
other arboviral infections, the WHO reported: “In the acute stage
of the disease, the use of tepid sponging, ice packs, oxygen therapy,
corticosteroids, salicylates, chlorpromazine may be effective”
[World Health Organization. Regional Office for the Western
Pacific & Seminar on Japanese Encephalitis and other Arbovirus
Infections (World Health Organization, 1962)]. To our
knowledge, there is no epidemiological or observational study
exploring the clinical status of COVID-19 patients under CPZ
treatment. When faced with this alarming pandemic and given
the concerns about the potentially high mortality rate, clinicians
and patients will be tempted to try unproven therapies. CPZ
repositioning includes a new use outside of psychiatry. The
mechanism of action of CPZ is either via inhibition of
clathrin-mediated endocytosis, and/or at later stages of virus
assembly and egress which is not well known to psychiatrists.
Conversely, virologists do not know very well its psychotropic
effect. Thus, CPZ could prove efficacious in treating COVID-19
patients, provided adequate and good clinical trials are conducted
and the results analyzed.

FIGURE 2 | Repositioning of CPZ*. *Chlorpromazine in the world: Ampliactil (Argentina); Aspersinal (Argentina); Bellacina (Paraguay); Cepezet (Indonesia);
Chlomazine (Japan); Chloractil (England); Chlorazin (Bulgaria, Switzerland); Chlormazine (Thailand); Chlorpromanyl (Canada); Chlorpromed (Thailand); Clonazine
(Ireland); Clorpromaz (Brazil); Clozine (India); Contomin (Japan); Duncan (Thailand); Esmino (Japan); Fenactil (Poland); Hibernal (Hungary, Sweden); Klorproman (Czech
Republic, Finland); Klorpromazin (Finland); Laractyl (Philippines); Largactil (Austria, Belgium, Canada, Chile, Costa Rica, Czech Republic, Denmark, Dominican
Republic, Ecuador, El Salvador, England, Finland, France, Greece, Guatemala, Honduras, Hong Kong, Indonesia, Iran, Israel, Italy, Jordan, Mexico, Netherlands,
Norway, Panama, Peru, Portugal, Puerto Rico, Spain, Switzerland, Uruguay, Venezuela); Largactil Forte (New Zealand); Matcine (China, Malaysia, Thailand); Megatil
(India); Neomazine (Korea); Plegomazine (Iraq, Puerto Rico, Syria); Promactil (Indonesia); Promexin (Japan); Propaphenin (Germany); Prozil (Denmark); Prozin (Italy);
Psynor (Philippines); Taroctyl (Israel); Thorazine (Philippines); Winsumin (Taiwan); Wintermin (Japan, Taiwan).
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PROPOSAL FOR A RESEARCH
PROTOCOL: PSYCHOVID

CPZ, in the context of the pandemic, could be helpful for the
vulnerable psychiatric population. Psychotic patients are
suffering much more often than the general population
from comorbidities (cardiovascular pathologies, diabetes,
obesity, smoking) which are risk factors for severe SARS-
CoV-2 infection (Fonseca et al., 2020). Usually, without the
pandemic context, patients hospitalized in psychiatry suffering
from psychosis present a high-risk of pneumococcal infections
(Seminog and Goldacre, 2013). In this context, we present a
research protocol which can be conducted in a multisite setting
for patients treated for psychosis and who develop COVID-19
(see Supplementary Material). The goal of this randomized
controlled clinical trial would be to assess if CPZ is beneficial to
limit the symptoms, and consequences of COVID-19 and
maintain or improve psychotic symptoms as an add-on
medication administered early at the onset of symptoms to
the usual and adjusted antipsychotic treatment. It should be a
randomized control trial with a comparison to treatment as
usual arm without add-on CPZ (see Supplementary Material).
Patients in the experimental arm should receive CPZ and
should maintain their current treatment with an
antipsychotic medication. To avoid increasing side effects
due to antipsychotic medication, a down titration of their
current treatment should be prescribed. The adjustment of the
decreased dose of the antipsychotic patients for those who are
in the experimental arm should be based on the well-known
CPZ–Equivalent (CPZeq). The concept of CPZeq was derived
from the potency for dopamine receptor blockade, which was
determined empirically by judging the dose equivalence
between different antipsychotic agents. The dosage of the
add-on CPZ should be between 50 and 100 mg at night,
according to the tolerability and the stability of the medical
and psychiatric conditions. The outcome should be the efficacy
of the symptoms related to COVID-19 and the global
tolerability to CPZ (see Supplementary Material).

At this stage, the clinical trial framework we propose is a little
simplistic in design, and it is not compared to design of the existing
reCoVery trial (ClinicalTrials.gov Identifier: NCT04366739) for any
new or unique elements. It does not include other phenothiazines,
and is limited to psychiatric patients.

In fact, it could be an issue that this COVID-19 potential
therapy would be limited to only psychiatric patients due to the
drowsinees, and other features of CPZ. But why not if we
consider psychotic patients very vulnerable and very often left
out? While not ignored here, we leave a place for discussion to
explore which patient population could be impacted or benefit
by a successful trial outcome. CPZ is a better candidate against
SARS-CoV-2 than some other medications. This property is its
easy penetration in the brain. Indeed, more and more studies
are emerging on the neurological complications (encephalitis,
cognitive impairments, psychiatric disease such as depression,
psychosis. . .) provoked by SARS-CoV-2 since it passes the
blood brain barrier. It is thus important to find molecules
that also pass the blood brain barrier in order to prevent

neurological damages. The publication (Chew et al., 2020)
indeed points to prochlorperazine as a potential better
candidate for this proposed trial than CPZ, due to far less
CNS penetration and reduced drowsiness (better side-effect
profile).

Furthermore, it would be interesting to investigate the
combined benefit of antipsychotic and antiviral activity of CPZ
in patients with COVID-19 and psychosis. People with
preexisting mental disorders may become more vulnerable
during an epidemic (Chevance et al., 2020; Vigo et al., 2020)
and any strategy that can simplify their lives and the appropriate
follow-up will be welcome.

CONCLUSION

CPZ is one of the most widely used treatments for schizophrenia
worldwide and remains low-cost and widely available. Despite its
known side effects, CPZ is likely to remain a benchmark drug.
This article makes a case for testing CPZ as a possible treatment
for the COVID-19 infection. To engage the interest of virologists
about a psychiatric drug, we presented in this review much
historical information that provides a narrative perspective on
what is otherwise a straightforward and rather “dry” reminder
that some psychiatric medications may have useful antiviral
properties. However, in the end, there is only scarce evidence
that this drug will work, so this becomes a call to action for future
studies. Currently, there are some limited, but encouraging
clinical implications for these ideas with good quality
controlled trials registered and in progress in France and
Egypt (NCT 04366739, NCT0434805). The overview of the
evidence, mainly in vitro, is informative. The various ways in
which CPZ might have antiviral properties relative to COVID-19
might be helpful. In the end, the conclusion suggests that CPZ
should probably be tried.
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