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Porcine reproductive and respiratory syndrome virus (PRRSV) infection has

inflicted devastating impacts on the global swine industry, while current vaccines

provide limited protection against this disease. Mogroside V (MV), a triterpenoid

compound derived from Siraitia grosvenorii, exhibits diverse biological activities

including antioxidant, anti-inflammatory, and anti-cancer properties, with the

capacity to scavenge free radicals and mitigate oxidative stress. In this study, MV

was administered to PRRSV-infected cells via three distinct treatment modalities.

Our findings demonstrate that MV e�ectively blocks or suppresses infections

caused by diverse PRRSV subtypes in porcine alveolar macrophages (PAMs) and

Marc-145 cells. MV exhibited significant dose-dependent antiviral e�cacy, with

viral titers and mRNA expression inhibited by over 90% at a concentration of

400µM. Comparative analysis further revealed substantial variations in antiviral

e�cacy among the di�erent treatment protocols. Notably, PRRSV employs

immune evasion mechanisms to suppress host innate immunity. MV not only

directly inhibited PRRSV replication but also significantly upregulated the gene

expression of immunomodulatory cytokines (IL-1, IL-2, IL-8, IL-18; P < 0.05),

suggesting a dual mechanism of antiviral action. These findings underscore

the antiviral bioactivity of MV and highlight its potential as a novel therapeutic

candidate for PRRSV intervention.
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Introduction

Since its initial emergence in the late 1980s, porcine reproductive and respiratory

syndrome virus (PRRSV) has caused substantial economic losses to the global swine

industry, remaining a focal pathogen in porcine disease research to date (Wensvoort

et al., 1991; Baron et al., 1992). PRRSV, classified under the family Arteriviridae, is an

enveloped, single-stranded, positive-sense RNA virus with a genome of ∼15 kb. It is

categorized into two genotypes: PRRSV-1 (European type) and PRRSV-2 (North American

type), which exhibit significant genomic and antigenic divergence (Hanada et al., 2005). In

China, PRRSV-2 dominates the epidemiological landscape, primarily represented by four

subtypes: Lineage 1 (epitomized by NADC30-like strains), Lineage 3 (QYYZ-like strains),

Lineage 5 (VR2332-like strains), and Lineage 8 (highly pathogenic PRRSV, HP-PRRSV).
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FIGURE 2

Antiviral E�ects of MV Against Two PRRSV Strains. (A–H) MV (0, 100, 200 and 400µM) was added to Marc-145 and PAM cell monolays and incubated

for 24h, followed by PRRSV virus (HP-PRRSV-GFP and NADC30 strains,100TCID50), 37◦C after incubation for 48h, the cell supernatant was

collected. Viral mRNA copies was detected by RT-qPCR and viral titer was detected by TCID50. The data are expressed as the mean ± standard

deviation (SD) for a sample size of 3 (n = 3). (I) Results of IFA in Marc-145 cells infected with the two PRRSV strains, with three replicates treatment.

(J) IFA results of the NADC30 strain in PAMs. All images were taken at 10× objective magnification, scale bar is set at 300µm. Values marked with

di�erent letters (a, b, c) indicate statistically significant di�erences (P < 0.05), the same letters had no statistical significance (P > 0.05).
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FIGURE 3

Di�erential Antiviral E�cacy of MV Administration Modalities Against PRRSV. (A–H) PRRSV (100 TCID50) was added to Marc-145 and PAM cell

monolayer and incubated for 1h. MV (0, 100, 200 and 400µM) 37◦C was added and incubated for 48h. The cell supernatant was collected to detect

viral mRNA copies by RT-qPCR and viral titer by TCID50. (I–P) PRRSV (100 TCID50) and MV (0, 100, 200 and 400µM) were added to Marc-145 and

PAM cell monolays at the same time. After incubation at 37◦C for 48h, the cell supernatant was collected and the viral mRNA copies was detected by

RT-qPCR and viral titer was measured by TCID50. The data are expressed as the mean ± standard deviation (SD) for a sample size of 3 (n = 3). (Q) IFA

validation of the inhibitory e�ect of MV on the HP-PRRSV-GFP strain in Marc-145 and PAM cells. (R) IFA validation of the inhibitory e�ect of MV on

the NADC30 strain in Marc-145 and PAM cells. All images were taken at 10x objective magnification, scale bar is set at 300µm. Values marked with

di�erent letters (a, b, c) indicate statistically significant di�erences (P < 0.05), the same letters had no statistical significance (P > 0.05).

average mRNA inhibition rates below 45% and viral titer inhibition

rates below 55%. However, the 400µM MV treatment elevated

these values to >94% and >98%, respectively. The high-dose

group demonstrated a 49-percentage-point enhancement in

mRNA inhibition and a 43-percentage-point improvement in viral

titer inhibition relative to the medium-dose group (Figures 4D–F).

Critically, across both viral strains (HP-PRRSV-GFP and

NADC30), treatment with 400µM MV consistently suppressed

viral mRNA and viral titers in Marc-145 and PAM cells,

with average inhibition rates surpassing 94%. These findings

unequivocally demonstrate that MV inhibits PRRSV replication in

a dose-dependent manner, with maximal efficacy achieved at the

highest concentration tested.

Modulatory e�ects of MV on gene
expression of multiple immunoregulatory
factors

Our findings demonstrate that MV significantly upregulates

the gene expression of key immunomodulatory factors, including

IL-1, IL-2, IL-8, IL-18, and IL-1β (Figure 5). Beyond its direct

antiviral activity against PRRSV replication, MV enhances host

defense mechanisms by activating immune response pathways

and upregulating critical immunoregulatory factors. This dual

mode of action—combining viral suppression and immune

potentiation—likely facilitates early cellular recognition of viral

invasion, thereby augmenting the cell’s intrinsic antiviral capacity

(Ruan et al., 2024).

Discussion

This study aimed to evaluate the antiviral efficacy ofMV against

PRRSV. MV exhibited potent inhibition against both the prevalent

NADC30 strain and the GFP-tagged HP-PRRSV-GFP strain. At

400µM, MV completely abolished viral infectivity, achieving up

to 100% inhibition of viral titers, without inducing significant

cytotoxicity (cell viability >75%). Notably, a viral inhibition rate

≥50% (indicating a halving of viral replication) is generally

considered biologically meaningful, while ≥70% inhibition reflects

strong antiviral potency—comparable to effective COVID-19

therapies that reduce viral loads by>1 log10 (Mazzotta et al., 2023).
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FIGURE 4

Dose-dependent inhibitory e�ect of MV on PRRSV replication (A–C) Viral inhibition rate of MV against the HP-PRRSV-GFP strain in Marc-145 and

PAM cells. (D–F) Viral inhibition rate of MV against the NADC30 strain in Marc-145 and PAM cells. The left Y-axis represents the inhibition rate of

PRRSV viral titer (TCID50), while the right Y-axis indicates the inhibition rate of PRRSV viral mRNA copies. The error bar represents the standard

deviation of the three repeated measurements in the representative experiment.

FIGURE 5

Modulatory e�ects of MV on gene expression of multiple immunoregulatory factors. The relative mRNA expression of PRRSV-induced

proinflammatory cytokines in PAMs was evaluated by RT-qPCR. Statistical significance was determined by one-way ANOVA, with bar graph data

presented as mean ± standard error (SE) from at least three independent experiments. Values marked with di�erent letters (a, b, c) indicate

statistically significant di�erences (P < 0.05), the same letters had no statistical significance (P > 0.05).
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A 1-log10 reduction in viral titer (∼10-fold) is clinically relevant,

and robust antivirals typically suppress titers to undetectable levels

(Hayden et al., 1999).

Critically, post-infection treatment (MV applied after viral

adsorption) and co-treatment (MV administered concurrently

with PRRSV) demonstrated superior inhibitory effects compared

to prophylactic pretreatment (MV added pre-infection). This

suggests that MV’s anti-PRRSV mechanism primarily involves

direct virion targeting or blockade of early viral entry steps, rather

than host cell preactivation or sustained immunomodulation.

In post-infection and co-treatment regimens, viral titers

(TCID50) were reduced to undetectable levels, implying that

MV may disrupt PRRSV structural integrity, thereby neutralizing

infectivity. This aligns with known mechanisms of surfactants

and phytochemicals that inactivate enveloped viruses like

PRRSV via lipid membrane destabilization (Cheng et al.,

2013). Under co-treatment conditions, MV likely alters host

membrane properties, interfering with the microenvironment

required for viral entry and subsequent replication (Jarvis et al.,

2022). In contrast, prophylactic pretreatment may permit MV

metabolism or efflux before viral challenge, allowing recovery

of potential receptor targets prior to infection (Lagrange et al.,

2013). These findings not only establish MV as a potent PRRSV

inhibitor but also delineate treatment modality-dependent

efficacy, highlighting its direct antiviral action over indirect

host-mediated strategies.

The concentration ofMV employed in this study proved critical

for its antiviral efficacy. If the concentration used fell below the

minimum inhibitory concentration (MIC) required for effective

PRRSV suppression, MV’s antiviral activity remained undetectable.

A dose-dependent response was observed in PRRSV-infectedMarc-

145 and PAM cells: at 200µM MV, inhibition rates for viral

titers and mRNA reached 43 and 59%, respectively, whereas

400µM MV achieved 97 and 94% inhibition (mean values across

all treatment groups). The high-concentration group exhibited

48% and 51% greater suppression of viral titers and mRNA,

respectively, compared to the low-concentration group. This aligns

with the characteristic dose-response patterns of phytochemicals,

which often exert multi-target antiviral effects. For instance,

quercetin demonstrates dose-dependent suppression of Zika virus

replication in A549 and Vero cells, reducing both viral titers

and mRNA expression (Saivish et al., 2023). Such concentration-

effect relationships may involve not only direct inhibition of

viral replication but also modulation of host immune factors

(Liu et al., 2021).

PRRSV infection is known to suppress innate immune

responses in antigen-presenting cells (APCs), leading to

delayed adaptive immunity and persistent viral replication

(Charerntantanakul and Fabros, 2018). Significantly, MV

treatment stimulated immune activation in porcine alveolar

macrophages (PAMs), markedly upregulating the expression of

immunomodulatory genes, including IL-1, IL-2, IL-8, IL-18, and

IL-1β. These cytokines play pivotal roles in antiviral immunity

by enhancing viral recognition, replication blockade, and

pathogen clearance (Aarreberg et al., 2019). 25-Hydroxycholesterol

significantly suppresses PRRSV replication while concurrently

enhancing the production of IL-1β and IL-8 in porcine primary

alveolar macrophages and lung tissues (Song et al., 2019). IL-1β

plays a pivotal role in innate immunity and is critically important

for host defense against viral infections (Wang et al., 2018).

Stimulation by IL-1β subsequently enhances ADAM17 expression

at both the transcriptional and protein levels. ADAM17, a

crucial membrane-associated metalloprotease, primarily mediates

inflammation and other pathological processes (Lanaya et al., 2014;

Xu et al., 2017). Importantly, ADAM17 inhibits PRRSV entry by

downregulating the expression of membrane CD163, a key viral

receptor essential for mediating PRRSV entry and uncoating (Guo

et al., 2014). Studies demonstrate that inflammasome activation

in the airway epithelium, along with the production of IL-1β

and IL-18, is essential for optimal antibody and T cell responses

against Influenza A Virus (IAV). Furthermore, triterpenoid

compounds can activate caspase-1 and induce IL-1β maturation

via an IFI16-dependent pathway, thereby inhibiting PRRSV

replication. Moreover, elevated levels of IL-1β production reduce

the pathogenicity of PRRSV in infected pigs, enhancing viral

clearance rates and improving survival rates among infected hosts

(Zhang et al., 2022). Collectively, our findings position MV as a

potent dual-function agent, combining direct antiviral activity

with immunostimulatory properties that reinforce innate defenses

against PRRSV.

PRRSV infection induces tissue damage and reproductive

failure in sows and respiratory disease across all swine age groups

by triggering reactive oxygen species (ROS) overproduction,

suppressing antioxidant enzyme activity, and disrupting

redox homeostasis, thereby provoking oxidative stress (Wang

et al., 2025). Phytochemicals can mitigate PRRSV-induced

oxidative stress through multifaceted mechanisms. For instance,

xanthohumol upregulates antioxidant-related gene expression

in Marc-145 cells, inhibits PRRSV replication in both Marc-

145 and porcine alveolar macrophages (PAMs) via activation

of the Nrf2-HMOX1 pathway, and attenuates virus-triggered

oxidative damage (Liu et al., 2019). Notably, MV has demonstrated

significant antioxidant capacity in prior studies, functioning

through direct free radical scavenging, activation of the Nrf2-

mediated antioxidant pathway, and upregulation of endogenous

antioxidant enzymes (Mo et al., 2021). Furthermore, MV

protects against corticosterone-induced oxidative injury and

apoptosis in PC12 cells, underscoring its cytoprotective potential

(Liu et al., 2023).

While MV exhibits considerable promise as an anti-PRRSV

agent, its therapeutic development faces critical challenges.

First, mechanistic elucidation remains incomplete: the precise

molecular targets underlying its direct antiviral activity and

immunomodulatory effects are yet to be defined. Second, current

evidence is limited to in vitro models, with a paucity of in

vivo validation in swine. Research has demonstrated that mice

administered Luo Han fruit concentrate at 100,000 ppm for

28 days exhibited no significant adverse reactions, indicating

a lack of overt toxicity for both the whole fruit and its

extract in animal models (Marone et al., 2008). Furthermore,

MV selectively upregulates antiviral cytokines (e.g., IL-2, IL-

8). Critically, the experimental results showed no evidence of

a pro-inflammatory cytokine storm, such as excessive TNF-α

secretion, thereby preventing the onset of immunopathological
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damage. This profile suggests MV is particularly safe for PRRSV-

susceptible piglet populations and supports its potential for

direct clinical application as a feed additive in swine herds.

However, a potential challenge for clinical application stems

from the relatively low oral bioavailability and rapid intestinal

metabolism of saponins, a key component class. To address this,

future strategies could include the development of aerosolized

formulations for direct respiratory targeting to enhance absorption,

or the implementation of nanoparticle-based delivery systems

to improve bioavailability, reduce dosage requirements, and

mitigate potential hepatic and renal burden (Liu et al., 2025).

Future investigations will employ molecular docking to identify

MV-PRRSV protein interactions and conduct preclinical trials

in porcine models to assess pharmacokinetics and efficacy. By

integrating natural safety profiles with potent antiviral efficacy, MV

represents a novel candidate molecule capable of redefining PRRSV

prophylaxis and therapy.

Conclusion

We have demonstrated that MV effectively inhibits PRRSV

replication in both Marc-145 and PAM cells. To our knowledge,

this study provides the first evidence that MV suppresses in

vitro replication of swine-transmitted viral pathogens, with PRRSV

serving as a representative model.
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