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A B S T R A C T

Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) continues to evolve, generating new variants
that pose a threat to global health; therefore, it is imperative to obtain safe and broad‐spectrum antivirals
against SARS‐CoV‐2 and its variants. To this end, we screened compounds for their ability to inhibit viral entry,
which is a critical step in virus infection. Twenty compounds that have been previously reported to inhibit
SARS‐CoV‐2 replication were tested by using pseudoviruses containing the spike protein from the original
strain (SARS‐CoV‐2‐WH01). The cytotoxicity of these compounds was determined. Furthermore, we identified
six compounds with strong antagonistic activity against the WH01 pseudovirus, and low cytotoxicity was iden-
tified. These compounds were then evaluated for their efficacy against pseudoviruses expressing the spike pro-
tein from B.1.617.2 (Delta) and B.1.1.529 (Omicron), the two most prevalent circulating strains. These assays
demonstrated that two phenothiazine compounds, trifluoperazine 2HCl and thioridazine HCl, inhibit the infec-
tion of Delta and Omicron pseudoviruses. Finally, we discovered that these two compounds were highly effec-
tive against authentic SARS‐CoV‐2 viruses, including the WH01, Delta, and Omicron strains. Our study
identified potential broad‐spectrum SARS‐CoV‐2 inhibitors and provided insights into the development of
novel therapeutics.
© 2022 Chinese Medical Association Publishing House. Published by Elsevier BV. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction ing SARS‐CoV‐2 infection, including Remdesivir, which inhibits virus
Coronavirus disease 2019 (COVID‐19) is caused by severe acute
respiratory syndrome coronavirus 2 (SARS‐CoV‐2) and has spread
rapidly throughout the globe. According to the most recent World
Health Organization (WHO) report published on April 29, 2022, there
have been 510.2 million confirmed cases of COVID‐19, with 6.23 mil-
lion deaths [1]. As the pandemic progressed, SARS‐CoV‐2 evolved into
mutant strains such as B.1.617.2 (Delta) and B.1.1.529 (Omicron). The
emergence of these variants complicates vaccine prevention and con-
trol, and the process of developing broad‐spectrum vaccines or drugs
is lengthy and unpredictable. Therefore, it is beneficial to search for
approved compounds with broad‐spectrum antiviral activity against
SARS‐CoV‐2. Many drugs have been reported to be effective at inhibit-
replication in vitro [2], and Dexamethasone, which demonstrated
remarkable therapeutic effects in critically ill COVID‐19 patients [3].
However, both have only a marginal effect on mild COVID‐19 patients
[4]. Other potential drugs, such as chloroquine and hydroxychloro-
quine [5,6], are not widely applicable due to their systemic toxicity
and associated risk of use [7,8]. Recently, the U.S. Food and Drug
Administration (FDA) has approved the emergency use of the unap-
proved product Paxlovid for the treatment of mild‐to‐moderate
COVID‐19 [9]; however, the efficacy of this drug needs to be clinically
validated. Collectively, repurposing approved drugs for COVID‐19 is
required to contain the pandemic in a timely manner.

Antivirals can target multiple stages of the SARS‐CoV‐2 replication
cycle. For instance, efforts have been made to identify drugs that
specifically target the main protease (Mpro), the papain‐like protease
(PLpro), or the RNA‐dependent RNA polymerase (RdRp), all of which
are required for viral genome replication and transcription [10–14].
Furthermore, in theory, viral entry is an attractive target step because
it prevents viral entry and, as such, appears to be the most efficient
way to combat virus infection and spread. Thus, it is worthwhile to
establish a strategy for screening drugs that inhibit SARS‐CoV‐2 entry.

Previously, we conducted high‐throughput screening of approxi-
mately 1,700 U.S. FDA‐approved compounds to identify agents cap-
(http://
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HIGHLIGHTS

Scientific question

This study aims to determine which FDA-approved

compound(s) can be repurposed as a broad-spectrum

antiviral drug(s) against SARS-CoV-2 and variants.

Evidence before this study

Drug repurposing is a widely used strategy for identifying

new uses for approved or investigational drugs that are

not covered by the approved or investigational indication.

Numerous currently available drugs, including Remde-

sivir, Dexamethasone, and hydroxychloroquine, have

been evaluated for their efficacy in treating COVID-19 to

combat the pandemic. However, the applicability of these

drugs is limited by efficacy and safety concerns. As the

pandemic progresses, the SARS-CoV-2 virus evolves

globally, necessitating the development of broad-

spectrum antiviral drugs via drug repurposing strategies.

New findings

By using pseudotyped and authentic SARS-CoV-2 strains,

this study determined that the phenothiazine compounds

trifluoperazine 2HCl and thioridazine HCl could potently

inhibit SARS-CoV-2 entry with low cytotoxicity. Addition-

ally, these two compounds exhibit broad antiviral activity

against the SARS-CoV-2-WH01, B.1.617.2 (Delta), and

B.1.1.529 (Omicron) virus strains.

Significance of the study

Trifluoperazine 2HCl and thioridazine HCl were initially

identified as phenothiazine compounds capable of inhibit-

ing the entry of SARS-CoV-2 and its circulating variants

with minimal cytotoxicity. Phenothiazine compounds

may be a promising drug lead for the development of

effective and broad-spectrum COVID-19 cures.
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able of inhibiting SARS‐CoV‐2 replication and successfully identified
20 anti‐SARS‐CoV‐2 compounds [15]. However, it is unknown
whether these drugs can inhibit viral entry or possess broad antiviral
activity against SARS‐CoV‐2 variants. Thus, we used pseudovirus‐
based assays to determine whether these compounds inhibit viral
entry. We then investigated the effect of the compound hits on pseudo-
typed and authentic SARS‐CoV‐2 strains, including the original strain
WH01, as well as Delta and Omicron variants.

2. Materials and methods

In this study, the Polybrene and Cell Counting Kit (CCK‐8) was pur-
chased from Yeasen Biotechnology Co., Ltd. (40203ES80, Shanghai,
China). Luciferase® Assay System was purchased from Promega
(E1500, Wisconsin, USA). Direct‐zolTM RNA MiniPrep was purchased
from ZYMO Research (R2052, California, USA). TRIzolTM LS Reagent
was purchased from Thermo Fisher Scientific (10296028, Mas-
sachusetts, USA).

2.1. Cell lines

HEK293T cells used were purchased from American Type Culture
Collection. HEK293T‐ACE2 cell lines were established and stored in
our lab. Cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM, Gibco, USA) containing 10% Fetal Bovine Serum (FBS,
HyClone, USA) at 37 ℃ and 5% CO2.
2.2. SARS-CoV-2 infection

SARS‐CoV‐2 strains, including WH01 (IPBCAMS‐WH‐01/2019),
B.1.617.2 (Delta), and B.1.1.529 (Omicron) were propagated in Vero
cells and stored in a BSL‐3 laboratory. All infection experiments were
performed in a BSL‐3 environment.

2.3. Pseudovirus production

HEK293T cells were plated at a density of 7 × 106 cells per 10‐cm
cell culture dish. Following 12 h of culture, 5 μg of pCAGGS‐WH01‐S/
Omicron‐S or pLV‐Delta‐S, 3 μg of plenti‐Luc, and 4 μg of psPAX2 plas-
mids were combined, and PEI transfected. After 6–8 h transfection, the
supernatant was replaced with DMEM containing 10% FBS. Then, 48 h
after transfection, the supernatant was collected and centrifuged at 4 °
C for 10 min at 3,000g. The supernatant containing pseudovirus was
collected and stored at −80 °C.

2.4. Cytotoxicity of compounds was detected by CCK-8 assay

HEK293T‐ACE2 cells were seeded in 96 well plates at 4 × 104 cells
per well. After 12 h, the culture supernatant was discarded. The com-
pound solution was diluted with DMEM containing 10% FBS (final
concentration: 2 μM, 5 μM). Dimethyl sulfoxide (DMSO) was used as
the control. Each compound was tested in three separate wells at three
different concentrations, and the cells were incubated for 24 h at 37 °C
with 5% CO2. Next, 10 μL of CCK‐8 solution was added to each well
and culture for an additional 1–4 h. SpectraMax M5 was used to detect
the OD value at 450 nm, and the cell viability was calculated and plot-
ted according to the formula:

Cell Viability (%) = [dose-blank (no cells)]/[undosed (DMSO)
� blank (no cells)]
2.5. The measurement of pseudovirus infectivity by the Luciferase Assay
System

HEK293T‐ACE2 cells were seeded in 96 well plates at 4 × 104 cells
per well. The supernatant was discarded after 12 h of culture, and the
compound solution was diluted with DMEM containing 10% FBS (final
concentration is 2 μM, 5 μM). Three multiple wells of each compound
were set up at each concentration and treated for 1 h. Polybrene was
added to the pseudovirus solution at a final concentration of 8 μg/
mL, and each well was filled with 100 μL pseudovirus solution. After
12 h of infection, the supernatants were replaced with DMEM (con-
taining 10% FBS) containing the compound to be quantified at the cor-
responding concentration. The infection was continued for 48 h. Then,
cells were lysed in 50 μL 1× Passive Lysis Buffer, and luciferase assays
using the Luciferase® Assay System (Promega, E1500, Wisconsin,
USA) were performed according to the manufacturer’s instructions.
Luciferase activity was normalized and represented as a percentage
of the value determined in the DSMO control.

2.6. Western blot analysis

HEK293T‐ACE2 cells were pretreated with S‐Ruxolitinib (final con-
centration is 4 μM) for 1 h and infected with SeV for 24 h. Cells were
then lysed in RIPA (Radio‐Immunoprecipitation) buffer. The protein
samples were separated on SDS‐PAGE gels, transferred onto nitrocellu-
lose membranes, and immunoblotted with indicated primary and sec-
ondary antibodies. The expression levels of indicated proteins were
detected by the Odyssey Infrared Imaging System and quantified by
ImageStudio (Software from LI‐COR Biosciences), Western blots
underwent semi‐quantitative analysis of gray intensity. The ratio of
pSTAT1/STAT1 was normalized to the DMSO‐treated control.
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2.7. Dose-response curve and IC50 determination

HEK293T‐ACE2 cells were seeded at a density of 4 × 104 cells per
well in 96 well plates. After 12 h, the supernatant was discarded, and
cells were pre‐treated for 1 h with compound at concentrations of
0.013, 0.041, 0.123, 0.370, 1.111, 3.333, 10, and 30 μM for 1 h, fol-
lowed by infection with SARS‐CoV‐2 (WH01/Delta/Omicron) at an
MOI of 0.1 for 24 h. The supernatant from each well was then added
to TRIzol LS reagent, and the supernatant was used to extract viral
RNAs using Direct‐zolTM RNA MiniPrep. The amount of viral RNA
was determined using qRT‐PCR to detect SARS‐CoV‐2 nucleocapsid
RNA, and the virus copies were calculated using standard curves.
The standard curves were plotted according to ten‐fold serial diluted
reference standards (1.04 × 109 to 1.04 × 104 copies). GraphPad
Prism 8 was used to calculate the half‐maximal inhibitory concentra-
tion (IC50).
2.8. Immunofluorescence

In confocal dishes, HEK293T‐ACE2 cells were infected for 24 h
with SARS‐CoV‐2 (WH01/ Delta/Omicron) at an MOI of 0.1 in BSL‐
Fig. 1. Evaluation of the effectiveness of 20 compounds on SARS-CoV-2-WH01
HEK293T-ACE2 cells were pretreated with indicated 20 compounds at two dose
pseudovirus. After 48 h, cells were lysed and the luciferase activity was measured. L
determined in the Dimethyl sulfoxide (DMSO) control. The experiments were pe
*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, two-tailed Student’s t-tes
HEK293T-ACE2 cells were pretreated with S-Ruxolitinib (4 μM) and 20 compou
pseudovirus for 48 h. Cells were lysed and the luciferase activity was measured. The
represent ± SD. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, two-taile
HEK293T-ACE2 cells were pretreated with S-Ruxolitinib (4 μM) for 1 h and infecte
STAT1 were detected by Western blot with indicated antibodies (Upper). The expe
underwent semi-quantitative analysis of gray intensity, and the ratio of pSTAT1
replicates were shown (Lower).
3. Infected cells were fixed for 30 min at room temperature in 4%
Paraformaldehyde and then soaked overnight in 4% paraformalde-
hyde at 4 °C to further inactivate the virus. The cells were then perme-
abilized for 10 min with a 0.5% Triton X‐100 solution. The confocal
dishes were filled with 5% Bovine Serum Albumin (BSA) in PBS and
sealed overnight at 4 °C. The following day, the supernatant was dis-
carded, and a diluted antibody against SARS‐CoV‐2 nucleocapsid (N)
protein was added. Subsequently, cells were incubated overnight at
4 °C. Confocal dishes were washed three times (10 min each time) with
1% PBST (PBS + 1% Tween 20), then incubated for 1 h at room tem-
perature with cross‐adsorbed secondary antibodies. Nucleocapsids
were stained with an Alexa Fluor 488. Nuclei were stained with 4’,6‐
diamidino‐2‐phenylindole (DAPI). The Zeiss LSM 800 Confocal Laser
Scanning Microscope was used to acquire the images.
2.9. Statistical analysis

GraphPad Prism 8 was used to perform the two‐tailed Student’s t‐
test to determine the significance of the difference between two‐
group comparisons. *P < 0.05, **P < 0.01, ***P < 0.001,
****P < 0.001; NS, not significant.
pseudovirus infection. A) SARS-CoV-2-WH01 pseudovirus infection assay.
s (2 μM, 5 μM) for 1 h. Then, cells were infected with SARS-CoV-2-WH01
uciferase activity was normalized and represented as a percentage of the value
rformed in triplicate and repeated three times. Error bars represent ± SD.
t. B) SARS-CoV-2-WH01 pseudovirus infection assay under STAT1 inhibition.
nds (2 μM, 5 μM) for 1 h, and were then infected with SARS-CoV-2-WH01
experiments were performed in triplicate and repeated three times. Error bars
d Student’s t-test. C) S-Ruxolitinib effectively inhibits STAT1 phosphorylation.
d with SeV for 24 h. The levels of phosphorylated STAT1 (pSTAT1) and total
riments were performed twice, and one representative is shown. Western blots
/STAT1 was normalized to DMSO-treated controls. The mean values of two
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3. Results

3.1. Identification of compounds that inhibit SARS-CoV-2-WH01
pseudovirus infection

In order to identify agents that inhibit SARS‐CoV‐2 entry, we used
pseudoviruses to test 20 previously reported compounds. HEK293T‐
ACE2 cells were incubated for 1 h with DMSO as a control or the indi-
cated compounds at two concentrations (2 μM, 5 μM). The cells were
then infected with the pseudovirus harboring spike protein from the
original strain (SARS‐CoV‐2‐WH01) and a luciferase reporter gene.
After 48 h, luciferase assays were used to determine pseudovirus infec-
tivity. Trifluoperazine 2HCl, monensin sodium salt, tilorone 2HCl,
actidione, clofazimine, sertraline HCl, thioridazine HCl, vortioxetine,
and salifungin significantly inhibited SARS‐CoV‐2‐WH01 pseudovirus
infection at both doses, by more than 50%, suggesting that these nine
drugs can impede the cellular entry of SARS‐CoV‐2.

As chemical drugs may indirectly inhibit viral entry by stimulating
the host’s antiviral immune response, it is important to determine
whether these components directly or indirectly inhibit viral entry
Fig. 2. Cytotoxicity assay of 20 compounds to HEK293T-ACE2. The CCK-8 kit wa
(2 μM, 5 μM). Cell viability was calculated and plotted using the formula. The ex
represent ± SD. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, two-tai

Fig. 3. Antiviral activity of six compounds against the SARS-CoV-2-Delta/Omicron
compounds at two doses (2 μM, 5 μM) for 1 h. Then, cells were infected with Delta
activity was measured. Luciferase activity was normalized and represented as a perc
experiments were performed in triplicate and repeated three times. Error bars repre
Student’s t-test.
via modulation of cytokine production. To address this, we examined
the efficacy of 20 compounds on SARS‐CoV‐2‐WH01 pseudovirus entry
when the JAK‐STAT pathway was inhibited, a critical pathway that
regulates the expression of multiple antiviral cytokines, including type
I, II, and III interferons (IFNs) [16]. S‐Ruxolitinib, a highly selective
and potent inhibitor of JAK 1/2, was chosen to inhibit JAK‐STAT acti-
vation. We found that nine preliminarily identified compounds
showed comparable inhibitory effects on WH01 pseudovirus infection
in the absence or presence of S‐Ruxolitinib (Fig. 1A and 1B), indicating
that these compounds inhibit viral entry independently of antiviral
cytokines. Furthermore, the efficacy of S‐Ruxolitinib in inhibiting
JAK‐STAT signaling was demonstrated by decreased STAT1 phospho-
rylation induced by Sendai Virus infection (Fig. 1C).

3.2. Evaluation of cytotoxicity of the compounds

We further examined the cytotoxicity of the compounds. Cell Count-
ing Kit‐8 (CCK‐8) was used to determine the viability of cells following
treatment with 20 drugs at two different concentrations (2 μM, 5 μM)
(Fig. 2). This demonstrated that actidione, temsirolimus, salifungin,
s used to determine the cytotoxicity of 20 compounds at two concentrations
periments were performed twice, and one representative is shown. Error bars
led Student’s t-test.

pseudovirus. A and B) HEK293T-ACE2 cells were pretreated with 6 indicated
A) or Omicron B) pseudovirus. After 48 h, cells were lysed and the luciferase
entage of the value determined in the Dimethyl sulfoxide (DMSO) control. The
sent ± SD. *P< 0.05, **P < 0.01, ***P< 0.001, ****P< 0.0001, two-tailed
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and hydroxychloroquine sulfate treatment significantly decreased cell
viability. Monensin sodium salt also showed cytotoxicity, albeit to a les-
ser extent. Other drugs showed low cytotoxicity, with the relative cell
viability remaining above 90%. Considering the antiviral effect and
cytotoxicity of the compounds, we selected trifluoperazine 2HCl, tilor-
one 2HCl, vortioxetine, clofazimine, sertraline HCl, and thioridazine
HCl for further analysis with Delta and Omicron variants.
3.3. Evaluation of the efficacy of six candidate compounds on Delta and
Omicron pseudovirus infection

Six SARS‐CoV‐2‐WH01 entry inhibitors were then tested for their
effect on other circulating strains. We developed Delta and Omicron
pseudoviruses that contain both the spike protein and the luciferase
reporter gene. Again, HEK293T‐ACE2 cells were pre‐treated with six
Fig. 4. Determination of effective concentrations of the compounds against authe
diluted compounds (0.014, 0.041, 0.123, 0.370, 1.111, 3.333, 10.000, and 30.000
strains including WH01, Delta, and Omicron for 24 h. qRT-PCR was used to det
percentage inhibition of virus replication.
compounds at two different concentrations (2 μM, 5 μM) prior to infec-
tion with the pseudovirus. Subsequently, luciferase assays were used
to determine the pseudovirus infectivity (Fig. 3). We discovered that
5 μM of trifluoperazine 2HCl, vortioxetine, clofazimine, sertraline
HCl, and thioridazine HCl effectively inhibited Delta and Omicron
pseudovirus infection by more than 60%, implying that these com-
pounds exhibit broad‐spectrum activity. Notably, the effect of two phe-
nothiazine drugs, trifluoperazine 2HCl and thioridazine HCl, on SARS‐
CoV‐2 entry, was previously unknown.
3.4. Effects of trifluoperazine 2HCl and thioridazine HCl on authentic
SARS-CoV-2 viruses

Then, we investigated whether the phenothiazine drugs trifluoper-
azine 2HCl and thioridazine HCl could inhibit infection with authentic
ntic SARS-CoV-2 infection. HEK293T-ACE2 cells were pretreated with serially
μM) at 37 °C for 1 h and then infected with 0.1 MOI of authentic SARS-CoV-2
ermine the viral load in the cell supernatant. The figure's Y-axis depicts the



Fig. 5. Effect of compounds on authentic SARS-CoV-2 infection. HEK293T-ACE2 cells were pre-treated with 5 μM indicated compounds at 37 °C for 1 h and then
infected with 0.1 MOI of authentic SARS-CoV-2 strains including A) WH01, B) Delta, and C) Omicron for 24 h. Infected cells were fixed and stained with an anti-
nucleocapsid antibody (green). Nuclei were stained with 4’,6-diamidino-2-phenylindole (DAPI) (blue). Dimethyl sulfoxide (DMSO) was used as the control. Cells
were then subjected to confocal microscopy analysis. Scale bars, 50 μm.
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SARS‐CoV‐2 viruses. To accomplish this, we treated HEK293T‐ACE2
cells with serially diluted concentrations of the two compounds. After-
ward, we infected cells in the BSL‐3 laboratory with authentic SARS‐
CoV‐2‐WH01 virus, as well as Delta and Omicron variants, and
detected virus load using qRT‐PCR. Remdesivir and mycophenolic acid
were used as controls because they had been shown to effectively inhi-
bit SARS‐CoV‐2 infection [17]. The dose–response curves were then
plotted, and the half inhibitory concentration (IC50) was determined
to determine the effective concentrations. Both compounds inhibited
replication of all authentic SARS‐CoV‐2 viruses at submicromolar con-
centrations (Fig. 4), indicating their potential use as broad‐spectrum
antiviral drug candidates or leads.

Then, we used an immunofluorescence assay to determine the
effect of trifluoperazine 2HCl and thioridazine HCl. We observed that
trifluoperazine 2HCl and thioridazine HCl significantly inhibited the
expression of SARS‐CoV‐2 nucleocapsid protein in cells infected with
WH01, Delta, and Omicron viruses when compared to DMSO treat-
ment (Fig. 5), confirming their broad‐spectrum antiviral activity.

4. Conclusion and discussion

In this study, we used 20 compounds previously reported to be
effective at inhibiting SARS‐CoV‐2 replication [15] as screening
objects. The effects of the drug on viral entry, a pivotal step in the vir-
us’s establishment of virus infection, were determined using pseu-
dovirus assays. Of the 20 drugs tested, 5 (trifluoperazine 2HCl,
vortioxetine, clofazimine, sertraline HCl, and thioridazine HCl) were
effective in inhibiting WH01, Delta, and Omicron pseudovirus infec-
tion. Among them, the activity of trifluoperazine 2HCl and thiori-
dazine HCl on viral entry was reported for the first time, while the
other three drugs, vortioxetine, clofazimine, and sertraline HCl, were
previously associated with the efficacy of inhibiting SARS‐CoV‐2 entry.
Vortioxetine is a well‐tolerated and safe antidepressant [18] frequently
used to treat adults with severe depressive disorder.

Additionally, vortioxetine exhibited effective inhibition of SARS‐
CoV‐2 entry, but the underlying mechanism is unknown [19]. Clofaz-
imine was initially discovered as a tuberculosis treatment and later as
a leprosy treatment [20]. Clofazimine is a low‐cost, safe, and well‐
tolerated medication [21]. The drug was found to inhibit SARS‐CoV‐
2 replication in various ways, including by inhibiting Spike‐
dependent viral entry and replication [22,23]. Sertraline HCl, an
antidepressant, has also been shown to inhibit SARS‐CoV‐2 and pp‐
VSV‐SARS‐CoV‐2 pseudovirus infection [24]. Another report indicates
that it inhibits SARS‐CoV‐2 replication [25].

To our knowledge, the phenothiazine compounds trifluoperazine
2HCl and thioridazine HCl were the first to be identified as low‐
cytotoxicity inhibitors of SARS‐CoV‐2 entry. Phenothiazine com-
pounds are commonly used to treat acute and chronic psychosis
[26,27] and inhibit dopamine D2 receptors and α2‐Adrenergic recep-
tors (α2). In 1986, trifluoperazine was found to promote the conforma-
tion of Sendai Virus fusion protein F, thereby inhibiting virus‐red
blood cell fusion and hemolysis [28]. Coincidentally, trifluoperazine
has been shown to inhibit the membrane fusion of the Mouse Leuke-
mia Virus and thus effectively reduce viral infection [29]. As trifluop-
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erazine inhibits the entry of pseudotyped or authentic WH01, Delta,
and Omicron viruses, we hypothesize that trifluoperazine functions
by modulating the conformational change of the SARS‐CoV‐2 spike,
resulting in its transition from fusion to non‐fusion state.

The SARS‐CoV‐2 S pseudovirus is based on the lentiviral vector. It
carries virus spikes but does not replicate. In comparison to authentic
SARS‐CoV‐2, which must be operated in a BSL‐3 environment, the use
of pseudovirus significantly reduces the difficulty and complexity of
experimental operations and significantly accelerates drug screening.
On the other hand, pseudovirus‐based screens may miss drug hits tar-
geting non‐entry steps. Thus, combining the pseudovirus and authentic
virus assay will generate optimal antiviral screening results.

The emergence and spread of SARS‐CoV‐2 variants Delta and Omi-
cron have sparked global concern. At sub‐micromolar concentrations,
the newly identified FDA‐approved phenothiazine compounds triflu-
operazine 2HCl and thioridazine HCl can inhibit the replication of
these variants. Additionally, these two drugs have low cytotoxicity.
Thus, we hypothesized that phenothiazine compounds could be a
promising drug lead for developing potent and broad‐spectrum cures
for COVID‐19.
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