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Abstract 

Purpose: To identify anti-respiratory syncytial virus (RSV-A) candidates from the pool of approved 
drugs through drug repositioning and preliminary elucidation of their mechanisms of action. 
Methods: Human laryngeal epithelial carcinoma cells (HEp-2) were infected with RSV-A (GenBank: 
PQ594188). The cytopathic effect (CPE) was used to conduct an initial screening of 1213 compounds 
from the drug library. For the selected candidate drug, emvododstat, a dihydroorotate dehydrogenase 
(DHODH) inhibitor, further analysis was performed with Cell Counting Kit-8 (CCK-8) assay to determine 
the viral copy number using absolute quantification and to measure the half-maximal effective 
concentration (EC50), half-maximal cytotoxic concentration (CC50), and selectivity index (SI = 
CC50/EC50). A time-of-addition assay (TOA) was conducted to determine the phase of the antiviral 
action, and the potential mechanism involved was determined, in addition to the DHODH inhibitory 
properties of the drug. 
Results: Emvododstat exhibited potent anti-RSV-A activity with an EC50 of 5.23 nmol/L and SI > 19,120 
thereby outperforming Ribavirin (EC50 = 14.5 μmol/L, SI = 52). The TOA assays revealed that 
Emvododstat primarily acted during the post-entry phase, with minimal inhibition of viral entry.  
Conclusion: This study has demonstrated, for the first time, that Emvododstat exerts nanomolar 
inhibitory activity and high selectivity against RSV-A viruses. This finding highlights the potential of drug 
repositioning strategies in antiviral drug development. Although its mechanism of action has not been 
fully clarified, the high selectivity and low cytotoxicity of Emvododstat provide an important basis for its 
clinical application.  
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INTRODUCTION 
 

Human respiratory syncytial virus (RSV), a 
predominant etiological agent of acute lower 
respiratory tract infections worldwide, is 
taxonomically classified under the genus 
Orthopneumovirus within the family 
Pneumoviridae. The virus (RSV) was first 

isolated in 1955 from a chimpanzee suffering 
from respiratory disease [1], and in 1957, it was 
successfully isolated from humans, initially from 
an infant with severe respiratory illness [2]. The 
virus primarily spreads through respiratory 
droplets or direct contact. After infection, the 
immune response typically develops within 3 to 7 
days, with clinical manifestations such as fever, 
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rhinorrhea, wheezing, chest tightness, and 
cough. Respiratory syncytial virus is the major 
pathogen that causes lower respiratory tract 
infections in infants and young children 
worldwide [3]. 
 
Contemporary clinical management continues to 
prioritize economically burdensome prophylactic 
monoclonal antibody (mAb) interventions, 
thereby perpetuating systemic disparities in the 
affordability of therapy across socioeconomic 
strata. For instance, the recommended dose of 
Palivizumab is 15 mg/kg, and the price of 50 mg 
of the drug is approximately $ 1,455 [4]. 
Nirsevimab is priced between $ 125 and $ 1,736 
per dose [5], and its efficacy is limited in already 
infected patients [6]. Thus, the development of 
new and affordable anti-RSV drugs remains a 
critical and unsolved challenge. 
 
Emvododstat is a small molecule initially 
identified as an inhibitor of VEGFA mRNA 
translation, and it is primarily used in the clinical 
treatment of cancers [7]. It has also shown some 
efficacy in the treatment of COVID-19 [8]. 
Subsequent studies revealed that Emvododstat 
is a potent inhibitor of dihydroorotate 
dehydrogenase (DHODH) [9]. By inhibiting 
DHODH, it disrupts the de novo synthesis of 
pyrimidines, leading to cell cycle arrest and 
suppression of abnormal proliferation of cancer 
cells and virus-infected cells [10]. However, to 
date, no studies have been carried out to 
determine the effectiveness of Emvododstat in 
the treatment of RSV. 
 

EXPERIMENTAL 
 
Materials 
 
Human laryngeal epithelial carcinoma cells (HEp-
2 cells) were purchased from the American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
Human respiratory syncytial virus (RSV) was 
isolated in 2023 from two throat swab samples 
collected from RSV-positive patients at Beijing 
Children's Hospital. The full genome sequence of 
the virus was obtained through high-throughput 
sequencing. The genomic sequences were 
submitted to GenBank with accession numbers: 
Type A: PQ594188 and Type B: PQ594189. 
Studies have shown that RSV Type A causes 
more severe symptoms than Type B [11], with 
Type A exhibiting higher virulence, based on 
which it was selected for subsequent 
experiments. The RSV RNA was extracted and 
reverse-transcribed using Super FastPure Cell 
RNA Kit, and the G protein gene sequence was 
amplified with polymerase chain reaction (PCR).  

The RSV plasmids were synthesized by Beijing 
Ruibo Xingke Biotechnology Company. 
 
Reagents and instruments 
 
Antiviral Drug Library (catalog no. L1700) was 
provided by TargetMol. This library consists of 
1,213 compounds with known or potential 
antiviral activities, and it serves as an important 
tool for screening novel antiviral drugs. 
Emvododstat is one of the compounds included 
in the library. Viral RNA was extracted using 
Super FastPure Cell RNA Kit (item no. RC102-
C1). Then reverse transcription was performed 

using HiScript Ⅱ Q RT SuperMix for qPCR (item 

no. R223-01), and finally real-time fluorescence 
quantitative PCR (qPCR) was done with Taq Pro 
Universal SYBR qPCR Master Mix (Q712-02). 
The three reagents (C102-C1, R223-01 and 
C102-C1) were purchased from Novozymes 
(Vazyme, China). Cytotoxicity was determined 
using Cell Counting Kit-8 (CCK-8) purchased 
from Biosharp, China. Primers and viral plasmids 
were synthesized by Beijing Ruibo Xingke 
Biotechnology Company. The primer sequences 
used were as follows: 
 
Upstream primer sequence: 5' 
ATCATCGTGCTTATACAAGTTAAATCTT 3' 
 
Downstream primer sequence: 5' 
TATGATTGCAGTTGTTAGTGTGAC 3' 
 
Moreover, PCR amplifier with microcentrifuge 
(Eppendorf, Germany), real-time fluorescence 
quantitative PCR instrument (Thermo Fisher 
Scientific, USA), multifunctional enzyme labeler 
(BilTek, USA), and Invitrogen Qubit4 fluorometer 
(Thermo Fisher Scientific, USA) were also used 
in this study.  

 
Methods 
 
Plaque assay for viral titer 
 
The HEp-2 cells were inoculated into 6-well 
plates and infected with a 10-fold gradient 
dilution of RSV-A virus solution when the cell 
density reached 70 – 80 %. After a 2-h infection 
period, the viral solution was removed, and the 
cells were washed three times with phosphate-
buffered saline (PBS). Then, 2 mL of medium 
containing 1 % low-melting-point agarose was 
added, and the plates were incubated at 37 °C 
for 3 days. After fixation in 4 % 
paraformaldehyde for more than 2 h, the agarose 
overlay was removed, and the cells were stained 
with crystal violet solution for 5 min. Thereafter 
excess crystal violet stain was washed away with 
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water. The viral titer (PFU/mL) was calculated 
based on the number of plaques. 
 
Viral replication curve assay 
 
The RSV was used to infect HEp-2 cells at 
multiplicities of infection (MOI) of 0.1 and 0.01. At 
various time points, supernatants and viral RNA 
were collected for absolute quantification of viral 
copies with qPCR using Super FastPure Cell 
RNA Kit (Novozymes, China). The concentration 
of RSV plasmids was measured using the 
Invitrogen Qubit4 Fluorometer. A 10-fold serial 
dilution of the plasmid was used to generate the 
standard curve for the qPCR reaction. The 
standard curve was plotted, with the plasmid 
copy number as the horizontal coordinate and 
the measured cycling threshold (Ct value) as the 
vertical coordinate. Based on the standard curve 
and the Ct values of the samples, the viral copy 
numbers (copies/μL) were calculated. This 
allowed for assessment of the RSV infection 
process in HEp-2 cells and the proliferation of 
progeny viruses. The optimal MOI and sampling 
time for the experiment were ultimately 
determined. 
 
Preliminary screening for RSV-A drugs using 
the drug library 
 
The HEp-2 cells were inoculated in 96-well 
plates. After 24 h of culture, the cells were 
treated with RSV-A virus (MOI = 0.01) and 
various compounds from the antiviral drug 
library, with a final drug concentration of 10 
μmol/L. The cells were incubated with the virus 
and drug-containing medium for 1 h. Following 
incubation, the virus and drug solution were 
removed, and fresh medium containing 10 
μmol/L of the respective drug was added to each 

well. The negative control and virus-only groups 
were treated with equivalent concentration of 
dimethyl sulfoxide (DMSO) in place of drugs. 
After 48 h, the cells were examined for cytopathic 
effects (CPE) under a microscope. Cells without 
significant CPE were subjected to further 
analysis, as shown in Figure 1. 
 
Half effective concentration (EC50) and half-
maximal cytotoxic concentration (CC50) 
 
The EC50 values for compounds that did not 
exhibit significant CPE in the preliminary 
screening were further determined using the viral 
copy number quantification method. Firstly, the 
drug was diluted 1:1 with the culture medium 
before mixing with RSV-A virus at an MOI of 
0.01, followed by incubation for 1 hour. After 
mixing, the final drug concentration was set to 
range from 10 μmol/L to 19.5 nmol/L across 10 
gradient concentrations. After incubation, the 
medium was replaced with fresh medium 
containing only the drug. Following 48 hours of 
drug treatment, total RNA was extracted from the 
cells and reverse-transcribed using the Super 
FastPure Cell RNA kit. Then, the viral copy 
numbers were determined using the same 
method described above, and the viral inhibition 
rate (V) was calculated using Eq 1. 
Simultaneously, the cytotoxicity of each of the 
drugs (Eq 2) was assessed using the CCK-8 
method. Absorbance (A) at 450 nm was 
recorded, and CC50 was calculated according to 
the kit manufacturer's instructions (Eq 1). 
 
V (%) = ((Cc-Cd)/Cc)100 …………………… (1) 
 
where Cc is the average copy number of positive 
control group, while Cd is the average copy 
number of drug group 

 

 
 
Figure 1: Drug Pre-Screening Flowchart 
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Cytotoxicity (%) =   …... (2) 

 
where A (drug) is absorbance value of the well 
containing cells, medium, CCK-8 solution, and 
drug solution; A (blank) is absorbance value of 
the well containing medium and CCK-8 solution, 
but without cells, and A (no drug) is absorbance 
value of the well containing cells, medium and 
CCK-8 solution, without drug solution. 
 
Time-of-addition (TOA) assay 
 
Based on different stages of virus infection in 
cells, the drug treatment times were divided into 
three groups: the Entry group, the post-entry 
group, and the Full-time group. In the Entry 
group, the drug was added at the time of viral 
entry into the cells. In the post-entry group, the 
drug was added 2 h after the virus had entered 
the cells, while in the Full-time group, the drug 
was added throughout the entire viral infection 
process. Additionally, a positive control group 
(PC group) was set up.  
 
Super FastPure Cell RNA kit was used for the 
extraction of viral RNA for calculation of viral 
inhibition rate. The supernatants obtained were 
collected, serially diluted, and the viral titer of 
each group was determined using the plaque 
assay. 

 

RESULTS 
 
Conditions and preliminary screening of 
drugs with CPE 
 
The viral titer of the RSV strain was determined 
using the plaque assay, is shown in Figure 2. 
The viral titer for this batch was approximately 5 
× 105 PFU/mL. Next, the replication dynamics of 
RSV were analyzed with absolute quantification 
using qPCR. The results showed that, regardless 
of whether the MOI was 0.01 or 0.1, the viral load 
peaked at 48 h post-infection (Figure 3). The viral 
copy numbers significantly increased from 12 h 
post-infection, indicating that RSV had high 
replication efficiency in HEp-2 cells. Based on 
these results, the experimental conditions used 
were MOI of 0.01, and samples were collected 
after 48 hours of incubation. 
 
Drugs from the initial screening that did not 
exhibit significant CPE were compared with the 
control groups. The results of this comparison 
are shown in Figure 5. After RSV infection, 
syncytia formation was observed in the infected 
cells, but no significant changes were seen in the 
drug-treated groups and the negative control 
group.

 

 
 
Figure 2: Results from virus titration assay 
 

 
 

Figure 3: Replication dynamics of RSV-A virus in HEp-2 cells (based on absolute quantification with qPCR，R2 = 

0.999，EFF % = 88.935 %) 
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Figure 4: Complete inhibition of CPE by Emvododstat. (A) Virus-infected HEp-2 cells without drug treatment 
showed typical CPE after 48 h, (B) 10 μmol/L of Emvododstat completely inhibited CPE in infected HEP-2 cells, 
(C) Normal HEp-2 cells uninfected with the virus 
 

 
 
Figure 5: Comparison of antiviral effects of Emvododstat and Ribavirin against RSV (A) Emvododstat anti-RSV 
EC50, (B) Emvododstat cytotoxicity (C) Ribavirin anti-RSV EC50; D: Ribavirin cytotoxicity 
 

Antiviral activity of emvododstat 
 
The experimental results showed that at a 
concentration of 19.5 nmol/L, Emvododstat 
inhibited more than 90% of viral replication. 
Therefore, the concentration was further reduced 
in a 10-step dilution series starting from 1 
μmol/L, and the experiment was repeated. 
Similar results were observed for cytotoxicity 
measurements, where the cytotoxicity was less 

than 50% at a final concentration of 10 μmol/L. 
To improve the accuracy and reliability of the 
data, the experiment was repeated using a 
higher concentration of 100 μmol/L. The 
reference drug, Ribavirin, the reference drug, 
was also adjusted to the corresponding 
concentration. The results are shown in Figure 5. 
 
Emvododstat demonstrated significant antiviral 
effects against RSV-A, with an EC50 value of 
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approximately 5.23 nmol/L, which was 
significantly lower than the corresponding EC50 

for ribavirin (14.5 μmol/L). The selectivity index 
(SI = CC50/EC50) was greater than 19,120, 
indicating an extremely high therapeutic window. 
Thus, emvododstat showed promising potential 
as a novel drug for the treatment of RSV when 
compared to the traditional drug ribavirin. 
 
Mechanism of antiviral effect of emvododstat 
 
Three concentrations of 31.25, 15.63, and 7.81 
nmol/L were selected for the pre-experiment 
based on the EC50 and CC50 obtained in the 
antiviral studies. The concentrations were 
prepared in duplicates for each group, and the 
results are shown in Figure 6. Drug concentration 
of 15.63 nmol/L was selected for the next plaque 
assay, and the results are shown in Figure 7. In 
the positive control (PC) group, the viral titer was 
approximately 3 × 106 PFU/mL. In the Entry 
group, the viral titer was approximately 4 × 105 
PFU/mL, while in the post-entry group, the viral 
titer was approximately 1 × 104 PFU/mL. 
However, in the Full-time group, the viral titer 
was approximately 8 × 103 PFU/mL. The Entry 
group showed a limited reduction in viral titer, 
relative to the viral titer in the PC group, whereas 
the post-entry and Full-time groups showed a 
significant decrease. 
 
Based on the results from drug addition 
experiments with phagocytosis, Emvododstat 
was significantly more effective in inhibiting RSV 
at the post-entry stage of virus entry (Post-entry 
group) and full-time administration (Full-time 
group) than at the entry stage of virus entry 
(Entry group). This observation suggests that 
Emvododstat may exert its inhibitory effect during 
a specific stage after the virus has entered the 
cell. However, the exact mechanism involved in 
this process requires further validation. 
 

DISCUSSION 
 
This study employed a drug repurposing strategy 
to screen potential novel antiviral agents against 
Respiratory Syncytial Virus (RSV) from an 
existing antiviral drug library. The results 
demonstrate that Emvododstat significantly 
inhibited RSV activity, with its Selectivity Index 
(SI) exceeding that of the traditional antiviral 
drug, ribavirin, by over 300-fold. Time-of-addition 
experiments further indicate that emvododstat 
exerted its antiviral effects primarily in the post-
entry phase of the viral lifecycle, with limited 
inhibitory effects at high concentrations during 
the viral entry phase at high concentrations. This 
suggests that emvododstat probably exerts its 
inhibitory action after the virus has entered the 
host cell, although the precise molecular 
mechanism involved still requires further 
investigation. It has been shown that DHODH 
inhibitors, e.g., brequinar [12] and leflunomide 
[13] block viral proliferation by inhibiting de novo 
synthesis of pyrimidines and by limiting the 
supply of nucleotides required for viral genome 
replication. Studies have shown that 
emvododstat, a potent DHODH inhibitor, has 
demonstrated potential in regulating the cell 
cycle by inhibiting pyrimidine metabolism during 
the treatment of cancer [7] and COVID-19 [9]. 
Based on these findings, it may be speculated 
that the antiviral effect of emvododstat on RSV is 
due to inhibition of DHODH. The inhibition of 
DHODH indirectly interferes with the RNA 
replication process by limiting the pyrimidine pool 
in the host cell. However, this hypothesis 
requires further experimental validation through 
measurement of changes in levels of pyrimidine 
metabolites (e.g., UTP and CTP) in host cells 
treated with emvododstat, and comparing the 
antiviral effects and stages of action of 
emvododstat with other DHODH inhibitors (e.g., 
brequinar) against RSV. 

 

 
 
Figure 6: Results of the time-of-addition experiment for Emvododstat 
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Figure 7: Plaque formation assay results of the time-of-addition experiment for Emvododstat 
 

It is worth noting that, even during the viral entry 
phase, high concentrations of emvododstat still 
exhibited some inhibitory effects on RSV. This 
may be due to residual drug effects that indirectly 
influence subsequent viral replication and 
spread, rather than directly interfering with the 
mechanism of viral entry. Thus, some degree of 
viral suppression was observed despite 
administration only at the viral entry stage. This 
phenomenon could be further elucidated by 
monitoring the real-time impact of emvododstat 
on the viral entry process using fluorescently 
labeled viral particles. 
 
In recent years, significant progress has been 
made in the prevention and treatment of RSV 
infections, including the development of multiple 
RSV vaccines [14,15] and the preventive drug, 
nirsevimab. However, RSV continues to pose a 
significant public health burden globally, 
especially among infants, the elderly, and 
immunocompromised patients. Despite the 
emergence of vaccines and monoclonal antibody 
therapies that offer new hope for RSV prevention 

and treatment, the therapeutic options for RSV 
remain limited. Therefore, the development of 
novel antiviral drugs for RSV remains an urgent 
scientific challenge. 
 
The results of this study provide strong support 
for the application of drug repositioning strategies 
in the development of anti-RSV drugs. Relative 
to traditional drug development pathways, drug 
repositioning offers advantages such as lower 
development costs and shorter timelines, thereby 
allowing for screening and redevelopment based 
on existing drugs. This finding further validates 
the potential of drug repositioning in enhancing 
the efficiency and economic benefits of drug 
development efficiency and economic benefits, 
particularly when addressing the urgent need for 
antiviral drugs in public health. 
 
Furthermore, the potential of emvodostat 
applications in various diseases [8,16,17] 
provides more opportunities for investigating its 
broad-spectrum antiviral activity. Therefore, 
future studies should expand their indications 
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and explore their potential in the treatment of 
other viral diseases, particularly their efficacy and 
mechanisms of action against other respiratory 
viruses. By broadening its applications, 
emvododstat has the potential to emerge as a 
valuable drug for combating a wide range of viral 
infections, including those with unmet medical 
needs in the respiratory disease sector. Given 
the current urgent demand for low-cost small-
molecule antiviral drugs in the field of RSV 
treatment, emvododstat is expected to become a 
promising candidate for combination therapy in 
the fight against RSV. However, attention should 
also be paid to the side effects associated with 
the combination of medicines [18]. 
 
Limitations of this study 
 
This study has some limitations. The 
experiments were conducted solely with RSV-A 
type virus. The inhibitory effects of emvododstat 
on RSV-B type were not evaluated. Moreover, 
the study was confined to in vitro cell models: 
there were no animal experiments. Thus, there 
are no data based on in vivo efficacy and safety. 
In addition, the direct causal relationship 
between DHODH inhibition and impaired RSV 
replication was not firmly established. Further 
studies should incorporate metabolomics 
analysis to study the dynamic changes in the 
pyrimidine pathway. The CRISPR technology 
should be used for creating DHODH-deficient cell 
models, and the in vivo antiviral efficacy of 
emvododstat should be validated in mouse RSV 
infection models. 
 

CONCLUSION 
 
This study, through drug repositioning strategies 
and related in vitro experiments, has 
demonstrated that emvododstat exhibited potent 
antiviral activity against RSV-A by significantly 
outperforming the traditional drug, ribavirin. 
Although its mechanism of action remains to be 
fully understood, its high selectivity and low 
cytotoxicity provide strong evidence for its clinical 
potential. 
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