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Abstract 
                                                                                                                                    
Chlorpheniramine Maleate (CPM) has been identified as a potential antiviral compound against 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). In this study, we 
investigated the in vitro effects of CPM on key stages of the SARS-CoV-2 replication cycle, 
including viral adsorption, replication inhibition, and virucidal activity. Our findings demonstrate 
that CPM exhibits antiviral properties by interfering with viral adsorption, replication, and 
directly inactivating the virus. Molecular docking analysis revealed interactions between CPM 
and essential viral proteins, such as the main protease receptor, spike protein receptor, and RNA 
polymerase. CPM's interactions were primarily hydrophobic in nature, with an additional 
hydrogen bond formation in the RNA polymerase active site. These results suggest that CPM has 
the potential to serve as a multitarget antiviral agent against SARS-CoV-2 and potentially other 
respiratory viruses. Further investigations are warranted to explore its clinical implications and 
assess its efficacy in vivo. 
 
Keywords: SARS-CoV-2, chlorpheniramine maleate, cheminformatics, adsorption interference, 
replication interference, Antiviral   
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Introduction 

Since the emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

in Wuhan, China, a few drugs have been approved for the treatment and prophylaxis of 

coronavirus disease 2019 (COVID-19). Various attempts have been made to identify and 

repurpose currently approved drugs for the treatment of COVID-19, specifically those with 

antiviral potentials such as the antihistamine drugs Hydroxyzine, Azelastine, Carbinoxamine 

maleate, and Chlorpheniramine maleate (CPM) (A. Mostafa et al., 2020; Reznikov et al., 2021; 

Xu et al., 2018). CPM is a first-generation H1 antihistamine, that has been a longstanding 

treatment option for allergies, hay fever, common cold, cough, and nasal congestion. Its anti-

inflammatory and immunomodulatory properties likely contribute to its efficacy (Lee et al., 

2014; Rizvi et al., 2022). It is worth noting that several studies have demonstrated CPM's 

antiviral activity against respiratory viruses such as influenza and SARS-CoV-2 (Black, 2022; A. 

Mostafa et al., 2020; Westover et al., 2020; Xu et al., 2018). Furthermore, early clinical studies 

have indicated CPM's effectiveness in treating COVID-19 (Black, 2022; Morán Blanco et al., 

2021; Sanchez-Gonzalez et al., 2022; Torres et al., 2021). Our research team has also reported on 

the safety and efficacy of intranasally administered CPM for the treatment of COVID-19 and 

allergic rhinitis (Sanchez-Gonzalez et al., 2021; Sanchez-Gonzalez et al., 2022). 
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Mechanistically, Hydroxyzine, and related antihistamines can inhibit SARS-CoV-2 entry 

via off-target inhibitory ACE2 activity by forming intermolecular interactions with the active site 

and virus replication by binding the sigma-1 receptor (Reznikov et al., 2021).  While the mode of 

action of CPM against influenza is well-established, the mechanisms underlying its antiviral 

effect against SARS-CoV-2, including the corresponding cellular compartments and molecular 

targets, remain unknown. Accordingly, this study aimed to determine CPM's mode of antiviral 

action and molecular targets against SARS-CoV-2.  

Methods 

Cells and virus strain 

Vero-E6 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (Invitrogen, 

Germany) containing 1 % Penicillin/Streptomycin mixture and 10 % Fetal Bovine Serum (FBS) 

in a humidified incubator at 37 °C and 5 % CO2.  The hCoV-19/Egypt/NRC-3/2020 “NRC-03-

nhCoV” virus, belonging to the ancestor clade A2a (Kandeil et al., 2020) was propagated and 

titrated as described previously (Mostafa et al., 2020). 

 

MTT cytotoxicity assay 

To assess the half maximal cytotoxic concentration (CC50), stock solutions of the test 

compounds were prepared in 10 % Dimethyl sulfoxide (DMSO) in double-distilled water 

(ddH2O) and diluted further to the working solutions with DMEM. The cytotoxic activity 

of the drug CPM was tested in cells by using the 3 4- (, 5-dimethylthiazol -2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) method with minor modifications (Feoktistova et al., 

2016; Mosmann, 1983). Briefly, the cells were seeded in 96 well plates (100 µl/well at a 

density of 3x105 cells/ml) and incubated for 24 h at 37 °C in 5%CO2. After 24 hours, cells 
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were treated with various concentrations of the tested compounds in triplicates. 24 hours 

later, the supernatant was discarded, and cell monolayers were washed with sterile 1x 

phosphate buffer saline (PBS) 3 times and MTT solution (20 µl of 5 mg/ml stock solution) 

was added to each well and incubated at 37 °C for 4 hours followed by medium 

aspiration. In each well, the formed formazan crystals were dissolved with 200 µL of 

acidified isopropanol (0.04 M HCl in absolute isopropanol = 0.073 mL HCL in 50 mL 

isopropanol). The absorbance of formazan solutions was measured at λ max 540 nm with 

620 nm as a reference wavelength using the Anthos Zenyth 200rt plate reader (Anthos 

Labtec Instruments, Heerhugowaard, Netherlands). The untreated control cells and blank 

optical density (OD) readings were used to normalize the OD readings from treated wells. 

The half-maximal cytotoxic concentration (CC50) was calculated using GraphPad Prism 

software using nonlinear regression analysis after plotting log concentrations versus 

normalized responses. 

 

Mode of Anti-SARS-CoV-2 Action 

We aimed to investigate whether CPM, with a pre-determined anti-SARS-CoV-2 activity, 

can influence aspects of ( a) viral adsorption, (b) viral replication, or (c) viricidal effect. 

Adsorption Mechanism 

The viral adsorption mode of action was tested according to Zhang et al., with 

minor modifications (Zhang et al., 1995). Briefly, Vero E6 cells were cultivated in a six-

well plate and incubated at 37 °C in a humidified 5 % CO2 incubator for 12-24 hours to reach 

80-90% confluency. Subsequently, the growth media were aspirated, and the cell monolayers 

were washed with 1X PBS. Cell monolayers were treated with the indicated CPM 
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concentrations (156, 78, 39, 19 µg/mL, in triplicate) at 4°C to minimize cellular drug 

uptake. One hour later, the applied drug inoculum was replaced with a countable dilution 

of the virus (Titer of stock virus = 7.5 x 105 PFU/mL) for another 1 hour at 37 °C in a 

humidified 5 % CO2 incubator. After 1 hour of contact time, 3 mL of overlayer medium of 

DMEM supplemented with 2% agarose, 0.2 bovine serum albumin (BSA), and 1% 

antibiotic–antimycotic mixture was added to the cell monolayer. Uninfected control cells 

were included in each plate. Plates were incubated for three days and then were fixed 

using 10% formalin solution for 1 hour and stained with crystal violet. The percentages of 

viral inhibition were calculated based on untreated virus control wells. 

Replication Mechanism 

The effect of each compound on the viral replication was studied as previously described 

(Kuo et al., 2002). Briefly, Vero E6 cells were cultivated in a six-well plate and incubated 

at 37 °C for 24 hours. The cells were infected with a countable dilution of the virus (titer 

of stock virus = 7.5 x 105 PFU/mL) and then incubated for 1 hour at 37 °C for virus 

internalization or infection. The cells were washed using 1X PBS to remove the non-

adsorbed virus. CPM (156, 78, 39, 19 µg/mL) was added to each well of infected cells. 

After 1 hour, cell monolayers were washed once with 1X PBS, and then 3 mL of overlayer 

medium of DMEM supplemented with 2% agarose and 1% antibiotic–antimycotic mixture 

was added to the cell monolayer. Uninfected control cells were included in each plate. 

Plates were incubated for three days and then were fixed using 10% formalin solution for 

1 hour and stained with crystal violet. The percentages of viral inhibition were calculated 

based on untreated virus control wells. 

Virucidal Mechanism 
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The virucidal mechanism was assayed following a previously described protocol 

(Schuhmacher et al., 2003). In a 6-well plate, Vero E6 cells were cultivated (105 cells/mL) 

for 24 h at 37 °C.  An aliquot of 200 µL of serum-free DMEM containing stock SARS-

CoV-2 (stock virus titer = 7.5 x 105 PFU/mL) was added to the drug CPM at the 

predefined promising inhibitory concentrations. After 1 hour incubation, the mixture was 

10-fold diluted three successive times using serum-free medium (7.5 x 102 PFU/mL), 

which still allowed viral particles to grow on Vero-E6 cells at countable plaque forming 

units (PFU) with neglected residual drug concentration. Next, an aliquot of 100 µL of each 

dilution versus control untreated/diluted virus was added to the Vero E6 cell monolayers 

that are covered with 600 µL of serum-free DMEM. After 1 hour of contact time, a 

DMEM overlayer was added to the cell monolayer. Plates were left to solidify and 

incubated at 37 °C to allow the formation of viral plaques. The plaques were fixed and 

stained to calculate the percentage reduction in plaque formation. This value was 

compared to control wells comprising cells infected with the virus and not pretreated with 

the tested material. 

 

Chemoinformatics 

Molecular Modelling 

The x-ray crystal structure coordinates of SAR-CoV-2 main protease (Mpro) were retrieved 

from the Protein Data Bank (PDB) (PDB ID: 6yef and 6lu7) (Zhenming Jin et al., 2020) in 

addition to the retrieved receptor for S glycoprotein (PDB ID:6vsb) (Wrapp et al., 2020) with 

their co-crystallized bound ligand α-ketoamide, N3, and ligand 1 respectively. RNA polymerase 
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of SARS-CoV-2 was retrieved from PDB (PDB ID:6m71). Furthermore, docking against ACE2 

PDB (PDB ID:1r42) was modeled. 

 The docking study was performed using Open Eye scientific software version 2.2.5 (Santa 

Fe, NM (USA), http://www.eyesopen.com). For the validation of the docking study, the co-

crystal bound ligands were docked. Both structures exhibited high similarity and overlaid each 

other as reported in our previous work (Allam et al., 2020). 

Physiochemical Parameter and Lipophilicity Calculations  

Drug parameters including ClogP were calculated according to their practical values as 

reported in CHEMBL, Drug Bank, and PubChem free access websites. Lipinski's rule (Rule of 

five) was calculated by the free access to the website https://www.molsoft.com/servers.html.  

 

Results  

Mechanism of Action 

The half-maximal cytotoxic concentration (CC50) of the tested CPM in VERO E6 cells was 

497.7 µg/ml (Figure 1A). The mode of anti-SARS-CoV-2 action indicated that CPM exerts 

dose-dependent antiviral effects via multiple mechanisms - direct-acting virucidal effect, viral 

replication inhibition, and viral adsorption inhibition (Figure 1B). The suggested model for the 

antiviral mode of CPM is shown in Figure 6.  

 

Molecular Docking Studies 

The analysis of the chlorphenamine CPM's binding mode formed interactions with the receptor 

of Mpro (PDB ID:6lu7) through hydrophobic-hydrophobic interaction (Figure 2a). From Figure 

2b, CPM (green color) showed overlay with N3, the co-crystalized ligand, (grey color).  
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Docking of CPM with S glycoprotein (PDBID: 6vsb) presented hydrophobic-hydrophobic 

interaction (Figure 3a). The analysis of the binding mode and pose of this drug (green color) in 

comparison to the co-crystalized ligand (grey) is shown in Figure 3b. The P-chlorophenyl ring 

overlayed with P-methoxy moiety and the N, N-dimethylethanolamine part. 

Docking with RNA polymerase (PDB ID:6m71 [4] showed that CPM formed a hydrogen bond 

(HB) with Asn:79 A through the nitrogen atom of the pyridine moiety. The ethylamine 

derivative is adopted deeply inside the pocket of the active site, Figure 5A. 

ACE2 is a functional receptor that allows SARS-CoV-2 to enter human lung cells [via its spike 

(S) protein (Ahmad et al., 2021). Molecular docking with ACE receptors was then performed. 

Docking of CPM with ACE2 receptor (PDB: ID1R42) showed that the NH of the pyridine ring 

participated in hydrogen bond (HB) formation with Gln 96 AA, figure 4a (Towler et al., 2004). 

However, CPM does not interact with the same domain as the co-crystallized ligand. The 

standard spike protein-ligand was also docked and illustrated HB formation with the same amino 

acid, figure 4b (Wrapp et al., 2020).  

According to previous molecular docking and in vitro viral inactivation and molecular 

mechanisms, CPM can inhibit virus replication. In this regard, lipophilic metric studies will be 

implemented in comparison to the reported drug remdesivir (RNA polymerase inhibitor, antiviral 

replication). Lipophilic metric analysis, especially Ligand efficiency (LE) and Ligand lipophilic 

efficiency (LLE) scores, is very important in the drug-ability process and during the drug 

repositioning strategy.  
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The ligand and target interaction are the main parameters in the drug discovery and development 

pipeline. Presently, validation of the molecular size, and lipophilicity (CLogP) together with 

drug activities (pIC50), known. as "optimization measures" are required. 

The challenge in drug discovery is to improve the activity while keeping lipophilicity 

constant to avoid any "molecular obesity" during drug development. An acceptable lead drug 

should have an LLE value ≥ 3 while an LLE value ≥ 5 is recommended for a drug-like candidate.  

As illustrated in Table 1, CPM displayed LE better than remdesivir (0.39, 0.17 respectively) 

while remdesivir illustrated LEE little value higher than CPM (2.64, 2.26) respectively. CPM can 

penetrate the blood-brain barrier (BBB) more than remdesivir as shown in Table 1. CPM has 

Lipinski rule of five lower than remdesivir. 

 

Discussion 

Herein we investigated the impact of CPM treatment in vitro on the three main 

compartments during the SARS-CoV-2 replication cycle, including the direct-acting viricidal 

effect, antagonizing viral entry by interference with viral adsorption, and antagonizing viral 

replication inside the host cell. The main findings of the present study are that CPM can inhibit 

SARS-CoV-2 by affecting viral adsorption, replication, and direct virucidal effect. 

Chemoinformatic analysis revealed that CPM is a promising anti-SARS-CoV-2 with a 

multitarget effect against SARS-CoV-2. These data suggest that CPM has a potential broad-

spectrum antiviral application.  Mounting evidence suggests that CPM has both antiviral and 

anti-inflammatory actions that could be beneficial in treating COVID-19. Furthermore, 

molecular modeling data analyzed the antiviral activity of CPM, comparing the chemical 

structure of different over-the-counter drugs CPM was structurally like drugs known to have an 

anti-inflammatory and drugs known to have antiviral effect in drug-receptor interactions (Black, 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted August 29, 2023. ; https://doi.org/10.1101/2023.08.28.554806doi: bioRxiv preprint 

https://doi.org/10.1101/2023.08.28.554806


 11

2022; Gies et al., 2020). Clinical studies have shown that CPM improves clinical recovery and 

prevents hospitalizations in patients with COVID-19 (Black, 2022; Morán Blanco et al., 2021; 

Sanchez-Gonzalez et al., 2022). In a two-part clinical study conducted by our team, ACCROS-I, 

and ACCROS-II, suggested that CPM intranasal-administered is an effective early intervention 

to reduce symptoms and accelerate clinical recovery in COVID-19 patients (Valerio-Pascua et 

al., 2022). Results showed that there were less hospitalization and severe cases. The study 

provides evidence of the main mechanisms accountable for the antiviral actions of CPM against 

SARS-CoV-2 and based on the results, it is anticipated that CPM could significantly decrease 

viral load in patients affected by COVID-19. 

Currently, in the market, two major medications received emergency use authorization 

(EUA) from the FDA for the treatment of COVID-19 Paxlovid and remdesivir.  Paxlovid is an 

oral antiviral medication intended for patients with mild to moderate COVID-19, and Remdesivir 

is an intravenous antiviral for the treatment of both hospitalized and non-hospitalized COVID-19 

patients. In December 2022, Pfizer announced that Paxlovid did not look likely to meet its main 

goal of alleviating COVID-19 Symptoms. This announcement raised concern about the potential 

increase in hospitalizations and the severity of cases. With prior clinical evidence and in vitro 

studies, it is plausible that CPM administered intranasally can decrease clinical symptomatology 

and accelerate clinical recovery. In reducing the hospitalization rate and severity of COVID-19 

cases, we believe that early intervention aiming at the reduction of symptoms and time to 

recovery is a significant unmet need for treatment options to help combat this disease. 
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Furthermore, CPM has been shown to display broad-spectrum antiviral effects, including 

influenza, Ebola, and various strains of SARS-CoV-2 (Ekins et al., 2014; Xu et al., 2018; 

Westover et al., 2020; Sanchez-Gonzalez et al., 2022). However, the present study focused on 

viral targets and not host-directed targets. The authors cannot discard the possibility that other 

mechanisms, including host-targeted effects, may be in play as part of CPM’s antiviral effects 

needing further transcriptomic and proteomic studies.  

 

Conclusion  

CPM can inhibit SARS-CoV-2 by affecting viral adsorption, replication, and direct 

virucidal effect. These data suggest that CPM has a potential broad-spectrum antiviral 

application. Furthermore, this study highlights the necessity for launching clinical studies for 

using CPM in combination or prior administration with other drugs in COVID-19 patients. 

Whether CPM may exert its action via other host-targeted mechanisms warrants further 

investigation.   
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Figure 1. Cytotoxicity and cellular compartment mode of antiviral action of CPM in 

VERO E6 cells against SARS-CoV-2.  

(A) Cytotoxicity of the tested CPM in Vero E6 cells. The cytotoxicity of CPM based on 

the dose-response was determined using MTT. The 50% cytotoxic concentration (CC50) 

was calculated for each compound using nonlinear regression analysis of GraphPad 

Prism software (version 5.01). (B) Mode of anti-SARS-CoV-2 action of 

Chlorpheniramine Maleate. Virucidal, viral replication inhibition, and viral adsorption 

inhibition mechanisms were studied for CPM at different concentrations using plaque 

reduction assay. 
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Figure 2. Molecular docking of Chlorpheniramine Maleate with SARS-CoV-2 Main Protease 
(Mpro) 

 

 A) Chlorpheniramine Maleate formed an interaction with the receptor of Mpro (PDB ID:6lu7) of 
SARS-CoV-2 through hydrophobic-hydrophobic interaction; B) CPM (green color) showed 
overlay with N3, the co-crystalized ligand Mpro (PDB ID:6lu7) of SARS-CoV-2, (grey color). 
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Figure 3. Molecular docking of Chlorpheniramine Maleate with SARS-CoV-2 spike protein. 

A) Chlorpheniramine Maleate formed an interaction with the receptor of spike protein (PDB 

ID:6vsb) of SARS-CoV-2 through hydrophobic-hydrophobic interaction; B) Chlorpheniramine

Maleate (green color) showed overlay with the co-crystalized ligand spike protein (PDB 

ID:6vsb) of SARS-CoV-2, (grey color) with little similarity in binding pose and mode. 
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Figure 4. a) Molecular docking of Chlorpheniramine Maleate with ACE2 receptor (ID 1R42); 

b) Molecular docking of standard ligand for SARS-CoV-2 spike protein with ACE2 receptor 

(ID 1R42))  
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Figure 5. Molecular docking of Chlorpheniramine Maleate with SARS-CoV-2 RNA polymerase 

 

Visual representation using Vida application: a) Chlorpheniramine Maleate interacted with 

ID:6m71 active site by forming hydrogen bonds with Asn:79 A through the nitrogen atom of 

pyridine moiety. 
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Figure 6. Model for SARS-CoV-2 antiviral mechanisms mediated by Chlorpheniramine Maleate 

adapted and modified from (Ahmed Mostafa et al., 2020). 
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Table 1. Selected physicochemical properties, and ligand efficiency scores of CP and remdesivir 

against SARS-CoV-2 

 

Rule of five (RO5) 
No. of 

rotatable 
bond 

tPSA (A0) 
 BBB 

CLog
P 

Experimental data 

Molecular 
wt NHA HBA 

HB
D 

IC50 
(µM

) 
pIC50 

L
E 

LL
E

CPM 274.12 19 2 0 5 12.88 5.5 3.18 3.6 5.44 
0.
39 

2.2
6

Remdesi
vir 

602.23 42 12 5 14 160.14 1.02 2.44 8.24 5.08 
0.
17 

2.6
4

 

Note: NHA, non-hydrogen atom (heavy atom); HBA, hydrogen bond acceptor; HBD: hydrogen 

bond donor; RO5, rule of thumb to evaluate drug-likeness or determine if a chemical compound 

with a particular pharmacological or biological activity has chemical and physical properties that 

would make it likely orally active; tPSA, topological polar surface area 
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