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Infection found to have anti-PRRSV activity and a favorable drug safety profile. MCE inhibited

PRRSV proliferation dose-dependent manner, suppressing PRRSV adsorption and
internalization. Furthermore, network pharmacology and molecular docking analysis
were utilized to predict that EGFR may be a potential target of MCE. Meanwhile, the
results showed that MCE inhibits PRRSV proliferation by suppressing the expression
of EGFR and phosphorylation. The BLI results showed that the binding of MCE to
EGFR was concentration-dependent, further confirming that MCE exerts its antiviral
effect by targeting EGFR. In conclusion, the MCE exhibits a potent antiviral effect

Macleaya cordata extract
Porcine reproductive and
Respiratory syndrome virus
(PRRSV)

against PRRSV, providing evidence for the antiviral mechanism of MCE.

To Cite This Article: Li Y, SunJ, Qi S, Wang X, Su W, LiQ, Li Y, BiJ, Yin G and Zhou Z, 2026. Inhibition of porcine
reproductive and respiratory syndrome virus infection by macleaya cordata extract targeting EGFR. Pak Vet J, 46(2):

473-484. http://dx.doi.org/10.29261/pakvetj/2026.036

INTRODUCTION

Porcine reproductive and respiratory syndrome
(PRRS) is a highly contagious viral disease that mainly
causes reproductive disorders in sows, high morbidity and
mortality in newborn piglets, and respiratory diseases in
pigs of all ages. This disease has caused significant
economic losses to the pig industry worldwide (Guo et al.,
2018). The pathogen is the porcine reproductive and
respiratory syndrome virus (PRRSV), a member of the
genus Arterivirus within the family Arteriviridae (Lunney
et al., 2016). PRRSV has two genotypes: PRRSV-1
(European type, Lelystad) and PRRSV-2 (American type,
VR-2332), which share approximately 60% nucleotide
homology.

PRRS was first reported in the United States in 1987
(Keffaber, 1989) and has since been gradually reported
worldwide (Wensvoort et al., 1991; Collins et al., 1992;
Wensvoort et al., 1992; Kuwahara et al., 1994; Albina,
1997; Forsberg et al., 2002; Lin et al., 2020). PRRS was
first reported in China in 1995 (Guo et al., 1996; Yang et
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al., 1997), with the PRRSV-2 strain (CH-1a) being the
predominant strain. Highly pathogenic PRRSV (HP-
PRRSV) triggered a massive outbreak of atypical PRRS in
China during the summer of 2006, resulting in significant
damage to the pig industry (Tian et al., 2007). In 2008, the
NADC30 strain, which has three non-contiguous amino
acid deletions in the Nsp2 coding region (amino acids 322-
432, 483, and 504-522), totaling 131 amino acids, was
isolated in the United States (Wang ef al., 2018). In 2013,
the NADC30 strain entered China and recombined with the
local HP-PRRSV strain, producing an NADC30-like strain
characterized by low fever and stillbirths, which gradually
became one of the most significant epidemics in China's
large-scale main farms ( Tian et al., 2007; Li et al., 2016;
Guo et al., 2018). Studies have shown that the emergence
and mutation of NADC30-like strains are responsible for
the resurgence of a widespread PRRS epidemic (Zhou et
al., 2015; Li et al., 2016). In 2018, NADC34-like strains
were identified in Liaoning, China, and subsequently
became the dominant strains (Zhang et al., 2018; Xu et al.,
2022). Recent studies have identified the NSP5-NSP9



region, especially the S2/S3 junction, as a recombination
hotspot between NADC30-like and HP-PRRSV strains
through phylogenetic and recombination analyses (Chang
etal.,2024; Jiao et al., 2024). The emergence of NADC34-
like strains has been reported in several provinces in China,
indicating a gradual epidemic of NADC34-like strains in
China (Zhao et al., 2022).

Vaccines are one of the most effective means of clinical
control of PRRS and modified live and inactivated vaccines
have been marketed. Additionally, DNA vaccines, subunit
vaccines, and vector vaccines have also been extensively
studied (Chen et al, 2022). However, existing vaccines
primarily protect against homologous strains, with limited
cross-protection against heterologous strains (Chen et al.,
2022). PRRS infections are frequently followed by
secondary infections from opportunistic pathogens. Farms
typically resort to drugs like clindamycin or aspirin for
symptom relief due to inadequate treatment options.
However, improper antibiotic use on some farms contributes
to pathogen resistance, drug residues, and environmental
pollution, complicating disease management (Manyi-Loh et
al., 2018; VanderBurgt et al., 2023).

Herbal medicines are generally characterized by
various biological activities (Chen and Yu, 1999). Herbal
medicines employ various strategies to exhibit antiviral
effects, including direct virus elimination, virus eradication
through active compounds, hindering virus attachment and
entry, and suppressing virus replication, thereby
eliminating pathogens from the body (Holmes et al., 2019).
Macleaya cordata, a traditional Chinese medicinal herb, is
a perennial plant belonging to the genus Macleaya, within
the family Papaveraceae. The main constituents contain
various active alkaloids, such as haematogenine and
leucoerythrine (Kosina et al., 2010; Shi et al., 2015), which
have antibacterial, anti-inflammatory, and antioxidant
effects (Lin e al., 2018). In 2023, researchers have reported
that a small molecule compound, haematogenine, extracted
from traditional Chinese medicine has antiviral activity
against PRRSV, and that haematogenine with albizia
rhododendron was able to increase the antiviral activity
against PRRSV (Ke et al., 2023).

This study investigated the anti-PRRSV infection
activity of Macleaya cordata extract (MCE) and its
mechanism, to provide experimental evidence for its
potential application.

MATERIALS AND METHODS

Drugs and Reagents: Macleaya cordata extract (MCE)
(882302, 60%HPLC, purity: 99%) was purchased from
Hubei Shishun Biotechnology Co. Ltd. Tilmicosin (HY-
B0905A) was purchased from MedChemExpress.

Viruses and Cells: The strain used in the experiment was
the PRRSV YN-1 strain (GenBank no. KJ747052.1), which
was isolated and preserved in our laboratory and belongs to
PRRSV genotype II. Marc-145 cells (susceptible cells) and
PAM cells (host cells) were cultured in Dulbecco's
Modified Eagle's Medium (DMEM) supplemented with
10% fetal bovine serum (FBS, Gibco, Franklin Lakes, NJ,
USA). Additionally, the culture medium for PAM cells was
supplemented with Sul./mL mycoplasma inhibitor and 3
pg/mL puromycin.

474

Pak Vet J, 2026, 46(2): 473-484.

Cell Viability Assay: Cells were seeded on a 96-well plate
ata density of 1.2x10* cells per well. When the cells in each
well reached 80-90% confluence, different concentrations
of MCE (ranging from 100 to 0.19mg/mL, diluted at a 2-
fold ratio) were added. The viability of cells treated with
different concentrations of MCE for 12, 24, 36, 48, 60, 72,
and 84 hours was evaluated using the CCK-8 assay. Data
was processed, and the CCso, ECso, and selection index (SI;
the ratio of CCso to ECsg) were calculated using the
statistical software GraphPad Prism 9.

The Cell Treatments of MCE: MCE was diluted to 0.19
- 6.25mg/mL according to the CCsg (2-fold dilution, a total
of 6 concentrations), and the tilmicosin positive control
group (10mM) was used as positive control.

The in vitro resistance of MCE to PRRSV was
evaluated by three treatment methods: pre-incubation,
post-incubation, and co-incubation. Preventive effect (pre-
incubation): Cells were incubated with different
concentrations of MCE at 37°C for 2 hours, and then 0.1
MOI PRRSV was inoculated for 2 hours. Therapeutic
effect (post-incubation): A MOI of 0.1 PRRSV was
inoculated onto the cells for 2 hours, followed by
incubation with different concentrations of MCE for 2
hours. Direct action therapy (co-incubation) involved
directly mixing PRRSV with different concentrations of
MCE, incubating at 37°C for 2 hours, and then inoculating
onto cells for 2 hours.

RNA Isolation and Quantitative Real-time PCR: Total
RNA was extracted using RN Aiso Plus (Takara; 9091), and
cDNA was synthesized by reverse transcription according
to the methods of Bi ez al. (2018) and Liu ef al. (2019). The
relative mRNA expression levels of EGFR, ESRI1, and
TP53 were obtained by quantitative real-time polymerase
chain reaction (QRT-PCR), normalized to the expression
level of GAPDH as a reference, and calculated using the
2724 method. The absolute mRNA level of PRRSV ORF7
was calculated using a standard curve, in which the PRRSV
ORF7 standard plasmid was constructed in our laboratory
(Wang et al., 2023), and this plasmid was diluted 10-fold
to generate the standard curve. The qRT-PCR experiment
was performed according to the previously established
system in our laboratory (Wang et al., 2023).

The transcriptional levels of different genes were
detected using specific primers (Table 1).

Table I: Primer Information

Primer Primer Sequence (5’ to 3) Primer Tm°C
Name Length (nt)
ORF7-F AATGGCCAGCCAGTCAATCA 20 575
ORF7-R TCATGCTGAGGGTGATGCTG 20 )
GAPDH-F  TGGAAAAACCTGCCAAGTACG 20 58
GAPDH-R  ATGAGGTCCACCACCCTGTT 20

EGFR-F TGCCCCAGGTCATGAACATC 20 53
EGFR-R ATCTTAGGCCCGTTCCTTGC 20

ESRI-F ACAGGCCAAATTCAGATAATCG 22 57
ESRI-R CTCTTCCTCCTGTTCTTATCAA 22

TP53-F GTCTGGGCTTCCTGCATTCT 20 59
TP53-R GGGGTGTGGAATCAACCCA 19

Indirect Immunofluorescence Assay: The cultured cells
were washed three times with PBS, then fixed with pre-
cooled methanol and washed again with PBS. The cells
were blocked with 5% bovine serum albumin at 37°C for 2



hours, then incubated with primary and secondary
antibodies for 12 hours each, followed by treatment with
4’ 6-diamidino-2-phenylindole (DAPI, Beyotime; C1005)
for 10 minutes. Fluorescence images were captured using
an Olympus FVI10 laser scanning confocal microscope
(Olympus, Tokyo, Japan).

Western Blotting: Samples were lysed using RIPA Lysis
Buffer (Beyotime, P0013B), and the lysates were collected
for Western blot analysis as described previously (Bi et al.,
2018). Protein samples were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred
to 0.22-uym PVDF membranes (Millipore, Bedford, MA,
USA) using the wet transfer method. The membranes were
blocked with 5% (w/v) skim milk for 2 hours at 4°C and
then incubated overnight at 4°C with primary antibodies.
The secondary antibodies used were HRP-conjugated anti-
rabbit (Proteintech, Cat: RGAR001) and HRP-conjugated
anti-mouse (Proteintech, Cat: RGAMO001). Images were
captured using chemiluminescent ECL Plus substrate
(Pierce, Rockford, IL) and analyzed with ImageJ software
(version 1.8.0 for Windows).

Median tissue culture infective dose (TCIDso) Assay: To
determine the effect of MCE on the titer of PRRSV. Based
on previous results, the co-incubation treatment was
selected with the most significant inhibitory effect. Cells
were seeded in 96-well plates at a cell density of 1.2 x 10°
cells per well. When the cell density reached 80-90%, 100
pL of virus, serially diluted tenfold, was inoculated. The
cytopathic effect (CPE) of cells at different dilution ratios
was observed every 12 hours, and the cell lesion conditions
were recorded. The virus titer was calculated using the
Reed and Muench method.

Network Pharmacology Analysis: The active chemical
constituents of the MCE were searched for using the HERB
online database (http://herb.ac.cn/) and verified using the
SwissADME online website
(http://www.swissadme.ch/index.php) (Bi et al., 2018).
The active constituents-related targets were gathered from
TCMSP (http://Isp.nwu.edu.cn/tcmsp.php),
SwissTargetPrediction

(http:// www.swisstargetpredECtion.ch/), SEA  Search
Server (http://www.bkslab.org), and Pubchem databases
(https://pubchem.ncbi.nlm.nih.gov). PRRSV-related
targets were collected via the Comparative
ToxECogenomECs Database (http://www.ctdbase.org).
The overlap between the disease and drug component
targets was evaluated using Venny 2.1.0. The STRING
11.5 database (https:/string-db.org) was used to construct
a PPI network of shared targets between drug components
and diseases. Utilizing the Cytoscape software, the network
topology parameters of targets were analyzed, including
degree, betweenness, and closeness, to uncover important
nodes in the network through maximizing group mining of
network modules.

2.10 Homology Modeling and Molecular Docking Analysis
A three-dimensional (3D) model of the EGFR was
constructed using the SwissModel web server
(https://swissmodel.expasy.org/). Subsequently, the 3D
structures were energy-minimized using Swiss-PDB
Viewer 4.1.0. The quality and accuracy of the improved
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model were assessed using the SAVES server
(https://saves.mbi.ucla.edu) tool, and Ramachandran plots
of EGFR were generated using the PROCHECK function.
The structural formulas of the seven active compounds
from the MCE were downloaded from the public chemical
database PubChem (https://pubchem.ncbi.nlm.nih.gov),
and the compound formats were converted to PDB format
using OpenBabel 3.0.1 software. EGFR structures that had
been energy-minimized were processed using the Protein
Preparation Wizard function of the Maestro 12.9 software
in the Schrodinger Suite. Compound structures were
processed using the LigPrep function, during which they
were predicted using the online server CavityPlus
(http://www.pkumdl.cn/cavityplus/) to predict the activity
pockets of the docked EGFR molecules, followed by
flexible docking of the EGFR proteins and seven small
molecule compounds using the Glide module of the
Maestro 12.9 software to analyze the binding pattern and
score  (GlideScore). The protein-small molecule
interactions were then visualized in the Maestro interface.

Knockdown of EGFR by Silencing RNA: The two small
interference RNAs (siRNAs) targeting the swine EGFR
were synthesized (Table 2).

Table 2: Sequences of siRNAs used in this study

Primer Primer Sequence (5’ to 3’) Target Gene
Name

si-EGFRI-F  CGGAAUAGGUAUUGGUGAAUU  EGFR
si-EGFRI-R  AAUUCACCAAUACCUAUUCCG  EGFR
si-EGFR2-F  GGAGAUAAGCGAUGGAGAUGU  EGFR
si-EGFR2-R  ACAUCUCCAUCGCUUAUCUCC  EGFR

Cells grown to approximately 80-90% confluence in
6-well plates were transfected with siRNA-EGFR (50
nM/well) or siRNA-NC (50 nM/well), respectively, using
Lipofectamine™ 3000 (Invitrogen; L3000-05) according
to the manufacturer’s instructions. Twelve hours post-
transfection (hpi), the cells were washed three times with
PBS and infected with the PRRSV strain YN-1 at a 0.1
MOIL. At 24 hpi, samples were subjected to PRRSV RNA
and protein detection by qRT-PCR and Western blotting,
respectively.

Bio-Layer Interferometry Assay: Bio-Layer
Interferometry (BLI) is used to evaluate interactions
between different molecules. The intermolecular

interactions between EGFR and MCE were detected using
BLI technology with the ForteBio Octet Red system
(ForteBio, Inc., Menlo Park, USA). Buffer composition:
PBS (pH 7.4) + 0.01% Tween-20. Biotinylation of EGFR
extracellular domain proteins expressed in Escherichia coli
was performed using Biotin NHS (MedChemExpress; HY -
D0802). The reaction mixture was desalted using a Zeba
Spin desalting column (Thermo Fisher Scientific; 89882).
The EGFR protein was attached to the SSA biosensor (Cat:
18-5056; ForteBio) and then immersed in wells with
different MCE concentrations (100, 200, and 400uM). The
control group used sensors without MCE-loaded proteins
to correct baseline drift. The control reaction was carried
out in solutions with different ligand concentrations, but

without the loaded protein. The association and
dissociation responses were processed using Octet Data
Analysis  Software (Version 7.0; ForteBio). The
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interferometric measurement data were fitted using the
Langmuir 1:1 binding model. The chart was created using
GraphPad Prism 9.0 (GraphPad Software, Inc.).

Statistical analysis: All data are expressed as mean =+
standard deviation (n=3). All statistical analyses were
conducted using GraphPad Prism 8 software. When
comparing two groups, the Student’s t-test was used for
statistical analysis. When more than two groups were
compared, one-way analysis of variance (ANOVA) was
used for statistical analysis. The significance levels are
denoted as * P<0.05, ** P<0.01, and *** P<0.001.

RESULTS

MCE exhibits anti-PRRSV activity: To determine the
concentration of MCE used in the following experiments,
we employed the CCK-8 method to evaluate the
cytotoxicity of MCE on Marc-145 and PAM cells. The
CCso of MCE on Marc-145 and PAM cells was 12.45 and
17.0lmg/mL, respectively. There was no significant
cytotoxicity of MCE on Marc-145 and PAM cells at
concentrations equal to or less than 6.25mg/mL (Fig. 1A).

A
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Tilmicosin has been proven to have an inhibitory effect
on PRRSV infection and can be used as a positive control.
Tilmicosin had a CCsp of 386.3 mg/mL against Marc-145
cells and 410.3mg/mL against PAM cells. At concentrations
of 100 mg/mL or lower, tilmicosin had no significant
cytotoxic effects on Marc-145 and PAM cells (Fig. 1B). In
the pre-incubation assay, the ECso of MCE against PRRSV
was 0.79 mg/mL in Marc-145 cells and 1.13 mg/mL in PAM
cells; the ECsg of tilmicosin was 31.25 mg/mL in Marc-145
cells and 32.23mg/mL in PAM cells (Fig. 1C); In the post-
incubation assay, the ECso of MCE against PRRSV was 0.93
mg/mL in Marc-145 cells and 1.24mg/mL in PAM cells; the
ECso of tilmicosin was 47.54mg/mL in Marc-145 cells and
60.6 mg/mL in PAM cells (Fig. 1D); and in the co-
incubation assay, the ECsy of MCE against PRRSV was 0.57
mg/mL in Marc-145 cells and 0.56 mg/mL in PAM cells; the
ECso of tilmicosin was 56.16 mg/mL in Marc-145 cells and
69.18 mg/mL in PAM cells (Fig. 1E). The selection index
(SI) is a crucial indicator for evaluating the safety of a drug,
calculated by comparing the CCso and ECso values of the
drug. In the co-incubation assay, the SI index of MCE was
the highest, at 21.84 and 30.38, respectively, in Marc-145
cells and PAM cells.
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Fig. I: The toxicity of MCE to Marc-145/PAM cells and its inhibitory effect on PRRSV. (A) The cells were incubated with MCE at various concentrations
(0.19-100 mg/mL) for 72 hours. Determination of median cytotoxic concentration (CCso) of MCE using the CCK-8 method. (B) The CCso determination
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To investigate the impact of MCE on PRRSV
replication, cells were exposed to concentrations of MCE

ranging from 0.19 to 6.25mg/mL and th

en infected with

PRRSV. The PRRSV's ORF7 mRNA and N protein levels
were monitored by qPCR, western blot, and IFA. The
results showed that the PRRSV ORF7 copies were

significantly reduced in the MCE-treated

group (pre-, co-,

post-incubation) compared to the PRRSV-infection group
(Fig. 2A). Similarly, the N protein expression and viral titer

levels were significantly reduced (Fig. 2B-

E). These results

indicate that MCE exhibits dose-dependent anti-PRRSV

Pak Vet J, 2026, 46(2): 473-484.

Furthermore, the effects of MCE on viral adsorption
and internalization were investigated. The results showed
that, compared with the control group (adsorption stage:
1.75 £ 0.09 x 10° copies; internalization stage: 9.77 + 0.50
x 10°), the PRRSV ORF7 gene in the MCE-treated (6.25
mg/mL) group (adsorption stage: 1.02 = 0.02 x 10
internalization stage: 5.26 + 0.39 x 10°) was significantly
reduced (P<0.05; Fig. 2F). Compared with the PRRSV
group, the green fluorescence of the MCE treatment group
was significantly reduced in Marc-145 and PAM cells (Fig.
3). To summarize, MCE demonstrated notable anti-PRRSV

activity. effects.
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Fig. 2: MCE inhibits PRRSV proliferation in a dose-dependent manner and suppresses viral adsorption and internalization. (A) Changes in the ORF7
gene of PRRSV-infected Marc-145/PAM cells following MCE treatment. (B-D) Changes in N protein levels of PRRSV-infected Marc-145/PAM cells
following MCE treatment. B: Pre-incubation; C: Post-incubation; D: Co-incubation. (E) Effect of MCE co-incubation treatment on PRRSV titer in Marc-
145 cells (a) and PAM cells (b). Viral titers were determined by TCIDso assay (calculated using the Reed-Muench method) and are expressed as Log|0
TCIDso/mL. (F) The effect of MCE on the adsorption and internalization stages of PRRSV. a: adsorption stage; b: internalization stage. |0mM Tilmicosin
was used as a positive control. The data represent the mean values from three independent experiments. * P<0.05; ** P<0.0|; *** P<0.001.



478 Pak Vet J, 2026, 46(2): 473-484.

MCE Marc-145 Merged PRRSV N DAPI
mg/mL . % o . _
6.25
400 %
Tilmicosin
A00x : “  fie's 200%
PRRSV
400% R . ] ; a2
Control ; . 3
400x . 200% 200
B MCE PAM Merged PRRSV N DAPI
mg/mL
6.25 :
400x v 200 %
Tilmicosin i J % A A
400x . . .
PRRSY
400 Al ¥ p f oo o' Hhine ¥
Control

400 200 . 200

C

& 16 £ 15 o
z B3 MCEHPRRSV z B3 MOEHRRSY
2 S v
H ¥ == Tilmicosin PRRSV = * =3 Tilmicosint PRRSV
27 10 = B3 PRRSY 2= 10 =" B3 PRRSV
55 55
g gz
B 3
£ e
é T 08 2306
2 - I 2
) r r r @ o T T T
5 g\ 5 st X s
3 3 2 & i &
& & & & & &
& & & &
< & &
o N

Fig. 3: Fluorescence changes of PRRSV N protein in Marc-145 cells treated with different concentrations of MCE. (A) Marc-145 cells. (B) PAM cells.
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Prediction of MCE anti-PRRSV targets based on
network pharmacology and molecular docking: A total
of seven MCE active chemical components were obtained
using the HERB online database, including allocryptopine,
bocconoline, chelerythrine, ethoxychelerythrine,
ethoxysanguinarine, oxysanguinarine, and sanguinarine.
All these compounds satisfy Lipinski’s rule of five and can
be screened for future targets. Four hundred forty target
genes were predicted for MCE, and 4,790 disease targets
were predicted for PRRSV, resulting in 169 shared targets
(Fig. 4A). The “drug-compound-target-disease” network
consists of 178 nodes (7 active compound nodes, 169 target
nodes, 1 MCE node, and 1 PRRS node) and 504 edges (Fig.
4B). The preliminary construction of monkey
(Chlorocebus sabaeus)- and pig (Sus scrofa)-derived PPI
network maps is commencing with the import of 169
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c ESRZ  NFKB1
AR PPARG
ERBB2 MTOR

JAK2 STAT1 PTGS2

HSP30AB1 EGFR
GAPDH GSK3B
MAPK1 TRS3 HIF1A CDK1
CCND1
MAPK3 MET
AKT1 CCNB1
SR CYP19A1
ER 2

Chlorocebus sabaeus

D (a) (b)

m— PRRSV
15 — MOCK

Relative expression level
of ESR1 gene
Relative expression level
of TP53 gene

12 24 36 48 60 12 24
hpi

479

Pak Vet J, 2026, 46(2): 473-484.

targets into the String website. Since virus replication relies
on host factors, choosing monkey and pig targets
homologous to the cell model for molecular docking can
better represent the compound's cellular activity and
mechanisms. The PPI network was subjected to topological
analysis, and the data from Chlorocebus sabaeus and Sus
scrofa were screened to obtain 25 core targets, respectively
(Fig. 4C). The top 5 targets of the Degree score were
calculated using Cytoscape 3.6.1, and their intersections
were used to obtain the final 3 drug components-disease
common core targets of monkey and pig origin (Fig. 4C).
TP53, ESR1, and EGFR are identified as the main targets
for addressing PRRSV by MCE (Fig. 4D). Notably, EGFR
showed the most significant changes among the three
targets and was deemed the most critical for further study
(Fig. 4D).

MAPK1 ~ MTOR
HSP90AB1 MAPK3
HMOX1 GSK3B
SIRT1 ESR1 L2
PTGS2 EGFR
JAK2 CCNB1
ICAM1 TP53 CCND1 CDK1
HIF1A
ESR2 CYP1A1
STAT1 CYP19A1
PPARG NOS3
BARGH — oS!
Sus scrofa
(C) m— PRRSV

— MOCK

Relative expression level
of EGFR gene

36 48 60 12 24 36 48 60
hpi hpi

Fig. 4: Screening for potential PRRSV targets in MCE. (A) Venn diagram of MCE active ingredient target-PRRS disease target. (B) "Drug-Compound-
Target-Disease" interaction network. The orange diamond represents the active compound, and the purple circle represents the intersection of MCE
active compounds and PRRS target genes. (C) Chlorocebus sabaeus and Sus scrofa origin "component-disease” networks. (D) Effects of PRRSV infection
on the expression levels of EGFR, TP53, and ESR| genes. The data represent the mean values from three independent experiments. * P<0.05; ** P<0.01;

*% P<0.001.
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Molecular docking and visualization were conducted
for seven active small-molecule compounds from the MCE
that target EGFR. The docking results indicated that the
EGFR protein could bind to 5 active compounds, including
ethoxychelerythrine, allophanine, oxyhaemonine,
haemonine, and chelerythrine (Fig. SA-B, Table 3). This
result suggests that the EGFR might be involved in
inhibiting PRRSV infection by binding to these
compounds.

mn PROCHECK
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Table 3: Molecular docking results

No. Molecular Score
| Ethoxychelerythrine -5.328
2 Oxysanguinarine -2.945
3 Sanguinarine -2.289
4 Allocryptopine -4.628
5 Chelerythrine -4.274
6 Sanguinarine -2.596
7 Chelerythrine -1.715

This table presents binding energy or affinity data for each binding pocket
of the target protein to characterize potential interactions with the
compound.

Ramachandran Plot

Psi (degrees)

0

1051 100.0%
84
"

Total num 121

Fig. 5: Verification of the binding between EGFR and PRRSV targets (A) Ramachandran diagram of the EGFR protein model. (B) Visualization of 9

docking results of EGFR.

MCE-targeted binding of EGFR inhibits PRRSV
replication: After knockdown of EGFR by siRNA and
inoculation of PRRSV, changes in PRRSV ORF7 gene
expression were detected by qRT-PCR, while changes in
the expression of PRRSV N protein, EGFR protein, and p-
EGFR protein were detected by Western blot. The results

showed that knockdown of EGFR significantly
downregulated the EGFR mRNA levels (Fig. 6A) and
protein levels of EGFR and phosphorylated EGFR (p-EGFR)
(Fig. 6B). Additionally, EGFR knockdown significantly
inhibited PRRSV replication, as evidenced by reduced
ORF7 mRNA (Fig. 6C) and N protein levels (Fig. 6D).
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To determine whether EGFR is a target for MCE
against PRRSV, Marc-145 cells were treated with 6.25
mg/mL MCE and subsequently inoculated with PRRSV.
The levels of ORF7 mRNA, N protein of PRRSV, EGFR,
and p-EGFR expression were then detected. The results
showed that the expression level of the PRRSV ORF7 gene
was significantly reduced in the MCE-treated group at all
five time points (12, 24, 36, 48, and 60 hpi) compared with
the PRRSV-infection group (P<0.05; Fig. 7A), as well as
the expression level of the EGFR gene (P<0.05; Fig. 7B).
Knockdown of EGFR significantly downregulated PRRSV
N protein expression levels, along with a significant
decrease in EGFR and p-EGFR protein expression
(P<0.05; Fig. 7C-D). The BLI assay results demonstrated
that, as the concentration of MCE increases, the binding
signal between MCE and EGFR also increases
(Kp(M)=8.124 x 107, Fig. 7E), indicating that MCE can
exert its effect by targeting EGFR. Taken together, MCE
inhibits PRRSV proliferation by targeting the expression of
EGFR and phosphorylation (Fig. 8).

DISCUSSION

PRRS is one of the primary factors contributing to the
porcine respiratory disease complex (PRDC), posing a
significant threat to the global pig industry (Risser et al.,
2021). Due to the high variability and immune evasion
characteristics of PRRSV, as well as the overuse of
antibiotics in the pig farming system, the PRRS epidemic
is severe and difficult to control. Therefore, developing
antiviral drugs with low drug resistance and high efficiency
is paramount.

It is reported that a variety of antiviral drugs targeting
PRRSV have been screened and identified so far, including
herbal extracts, chemical compounds, and nanobodies (Du
et al., 2017; Chen et al., 2025). Herbal extracts are a type
of traditional Chinese medicine. Compared with chemical
drugs, traditional Chinese medicine has the advantages of
low drug resistance, low cost, low toxicity, few side effects,
and diverse administration methods (Li ef al., 2004; Yuan
et al., 2016), and it plays an important role in antiviral
treatment. Different traditional Chinese medicines exert
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antiviral effects at different stages of PRRSV infection and
proliferation. Some traditional Chinese medicines can
inhibit PRRSV by influencing specific steps in the
attachment, internalization, replication, and release of
PRRSV, while others can regulate the immune response of
the body and enhance antiviral ability (Bello-Onaghise et
al., 2020; Zhang et al., 2022). In this study, molecular
docking, network pharmacology, and biofilm interference
techniques were used to analyze and verify that MCE can
target and inhibit PRRSV infection through EGFR, thereby
providing new insights and theoretical support for the
development of antiviral drugs for PRRSV.

MCE is an extract of traditional Chinese medicine
and has been proven to play a significant role in inhibiting
microbial growth, preventing fungal infections, and
exhibiting antiviral effects (Chaturvedi ef al., 1997; Ming
et al.,2011; Wang et al., 2012). Both in vivo and in vitro
experiments have found that MCE plays an important
role. Existing studies have shown that the addition of
MCE can improve growth performance and enhance the
immune response and antiviral ability of newborn piglets
(Han et al., 2024). During in vitro experiments, relevant
studies have found that the main component of MCE,
sanguinarine (SG), can act on the internalization and
replication stages of the PRRSV life cycle and has an anti-
PRRSV effect (Ke et al., 2023). However, the mechanism
by which MCE interacts with PRRSV to exert its anti-
PRRSV effect remains unclear. In this study, we found
that MCE could inhibit the replication of PRRSV in a
dose-dependent manner, which is consistent with
previous reports (Ke et al., 2023), further demonstrating
that MCE can be used as an effective drug against
PRRSV. Research indicates that while Sanguinarine alone
has promising antiviral properties by blocking early virus
entry, its narrow therapeutic window limits clinical use.
In contrast, the total extract, containing multiple active
components like flavonoids and phenolic acids, offers
enhanced antiviral effects through multi-target synergy
and reduces toxicity, thus widening the therapeutic
window. Additionally, the simple and cost-effective
preparation process supports its inclusion in antiviral
strategies for clinical trials.
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To further investigate how MCE acts against PRRSV,
we have designed three modes: preventive, therapeutic, and
direct. The experimental results show that all three action
modes can inhibit PRRSV, among which MCE has the
strongest inhibitory effect in the direct-action mode.
Moreover, the antiviral effect of MCE treatment is mainly
achieved by inhibiting the ability of the virus to adsorb and
to invade host cells. This study shows that MCE has strong
anti-PRRSV effects in vitro. Although MCE is known to
boost piglets' immune systems, its antiviral mechanisms in
living organisms need more research (Han et al., 2024).
Future studies will use in vivo models to assess its potential
for clinical use.

Different antiviral traditional Chinese medicines have
different antiviral mechanisms against various viral
infections. For instance, the artemisinin-derived
antimalarial drug artesunate, extracted from Artemisia
annua, can inhibit the replication of PRRSV by regulating
the AMPK and Nrf2/HO-1 signaling pathways (Long et al.,
2022). The active compound Sanggenon C, extracted from
mulberry bark, has been confirmed to inhibit PRRSV
replication by regulating the TRAF2/NF-xB signaling
pathway(Liu et al., 2023). This study utilized network
pharmacology and molecular docking techniques to predict
the potential targets of MCE against PRRSV, and screened
and identified TP53, ESR1, and EGFR as the core potential
targets. Among these, it is worth noting that EGFR (a
tyrosine kinase receptor of the ErbB family) has been
identified as the core target that plays a key role. EGFR
activates tyrosine kinase activity by binding to ligands such
as epidermal growth factor (EGF), thereby influencing
multiple intracellular signaling pathways and regulating
several  processes, including cell  proliferation,
differentiation, migration, and survival (Wells, 1999).
Previous studies have shown that EGFR is a key co-
receptor for the invasion of PRRSV, hepatitis C virus,
influenza A virus, and human cytomegalovirus (Eierhoff et
al., 2010).

Furthermore, studies have found that the surface
glycoproteins (HN and F proteins) of bovine parainfluenza
virus 3 (BPIV3) and the surface S protein of transmissible
gastroenteritis virus (TGEV) can bind to EGFR on the
surface of host cells (Wang et al, 2016), which is
conducive to viral infection. In the early stage of Japanese
encephalitis virus (JEV) infection, the phosphorylation of
EGEFR can be activated (Noh and Shin, 2023). Studies have
shown that syndecan-4 can interact with EGFR on the
surface of Marc-145 cells during PRRSV infection and
mediate the endocytosis of PRRSV by activating EGFR (Li
et al., 2022). Our earlier findings showed that MCE can
prevent PRRSV adsorption, possibly by altering EGFR
conformation or blocking its binding sites, or by changing
the virus structure through redox reactions. BLI
experiments confirmed that MCE targets EGFR on host
cells in a dose-dependent manner, hindering PRRSV's
initial adsorption. Research on a single PRRSV strain may
not represent other prevalent strains like NADC30-like,
and the antiviral activity of MCE may differ across
genotypes.

Conclusions: Understanding the mechanism by which
traditional Chinese medicine exerts antiviral effects by
regulating the relevant signaling pathways of host cells is
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both a research challenge and a hot topic in the future
development of new antiviral drugs. Our experimental
results indicate that EGFR serves as a potential target for
MCE's anti-PRRSV activity. MCE inhibits EGFR
phosphorylation, thereby indirectly countering PRRSV
infection. Our research further demonstrates the great
potential of MCE in the prevention and control of PRRS,
broadens perspectives for exploring the antiviral
mechanisms of traditional Chinese medicine, and
highlights the value of repurposing old drugs.
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