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College of Veterinary Medicine, Northeast Agricultural University, Harbin, China

Pseudorabies virus (PRV) is one of the most significant pathogens of swine.

In recent years, the continual emergence of novel PRV variants has caused

substantial economic losses in the global pig industry. PRV can infect humans

leading to symptoms of acute encephalitis with implications for public health.

Thus, new measures are urgently needed to prevent PRV infection. This study

evaluated the anti-PRV capability of dandelion aqueous extract (DAE) in vitro

and in vivo. DAE was found to inhibit the multiplication of the PRV TJ strain

in PK15 cells in a concentration-dependent manner, with a 50% inhibitory

concentration (IC50) of 0.2559 mg/mL and a selectivity index (SI) of 14.4. DAE

inhibited the adsorption and replication stages of the PRV life cycle in vitro,

and the expression of IE180, EP0, UL29, UL44, and UL52 was inhibited in the

presence of DAE. In vivo experiment results of mice show that a 0.5 g/kg dose

of DAE injected intraperitoneally protected 28.6% of the mice from the lethal

challenge; decreased the viral load in the liver, lung, brain, heart, and kidney

of PRV-infected mice; and attenuated brain damage caused by PRV infection.

Furthermore, DAE could also ameliorate viral infection through regulation of

the levels of cytokines (IFN-γ, TNF-α, and IL-4) in PRV-infected mouse serum.

These results demonstrated that DAE exhibited potent inhibitory capability

against PRV infection in vitro and in vivo; DAE is therefore expected to be a

candidate TCM herb for use against PRV infection.
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1. Introduction

Pseudorabies virus (PRV) is the main causative agent of Aujeszky’s disease

(AD, also known as pseudorabies), which belongs to the swine herpesvirus of the

Alphaherpesvirinae subfamily, is an extremely infectious and lethal swine pathogen

causing severe economic losses in the global swine industry (1, 2). PRV is capable

of infecting a variety of hosts, including infecting numerous mammals encompassing

ruminants, carnivores, and rodents (3–6). The majority of non-porcine animal species

infected with PRV will eventually die as a result of fatal PRV neurotoxicity (7). As a

neurotropic virus, similar to other alphaherpesviruses, PRV can cause latent infections
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of the nervous system (8). Notably, PRV often serves as a vital

model virus for virologists to study the cross-host transmission

of viruses and their ability to cause nervous system damage

(2). Vaccination is a major strategy to prevent PRV infection,

and the Bartha-K61 vaccine plays a pivotal role. However, since

2011, outbreaks of pseudorabies (PR) have appeared in herds

vaccinated with the Bartha-K61 vaccine in China, which is

caused by emerging PRV variants (9–12); these cases imply that

traditional vaccines fail to provide comprehensive protection

against the novel variants. Importantly, PRV has been found to

infect humans and cause central nervous system (CNS) disease,

fatal encephalitis, and endophthalmitis, posing a great threat

to human health (13–15). Thus, it is urgently necessary to

implement new measures to control PRV infection.

Traditional Chinese medicine (TCM) herbs have a wide

range of sources, are easily accessible, have relatively low toxic

side effects or drug residue, and are rich in natural compounds.

TCM has long been recognized as a trove of resources for the

search for natural antiviral drugs and has increasingly drawn

attention (16). Recent studies have revealed that many TCM

herbal extracts and compounds from TCM have been shown to

possess anti-PRV activity. The extracts of Kaempferia galanga L.

were found to reduce viral DNA levels in the brain, improve

tissue lesion formation, and increase the survival rates of mice

infected with PRV (17). The polysaccharides of Platycodon

grandiflorus can inhibit PRV replication by reducing autophagy

induced by the virus through the Akt-mTOR signaling pathway

(18). Curcumin, which is the main component of Curcuma

longa, improves the viability of hippocampal neurons infected

with PRV and provides neuroprotection against PRV infection

by upregulating the BDNF/TrkB pathway (19). Many TCM

herbs have been found to have anti-PRV activity, but the

underlying mechanisms remain unclear (20, 21).

Taraxacum officinale, also called the common dandelion,

belongs to the Asteraceae family and is widely distributed

throughout most geographical regions of China (22). Dandelion

is a traditional medicinal and edible plant and has a history

of thousands of years in China; it contains not only diverse

bioactive components but also high dietary fiber and protein

contents, as well as a large variety of amino acids and

most minerals and vitamins (23). Therapeutically, dandelion

has broad-spectrum antibacterial, antioxidant, diuretic, anti-

inflammatory, and tumor apoptosis-inducing properties and can

treat numerous diseases, such as acute inflammatory, neoplastic,

urological, and diabetic syndromes (24–26). Additionally, the

dandelion extract is a common antiviral agent used in TCM

and has been reported to exhibit antiviral capabilities against

HIV-1, influenza virus, severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), and hepatitis B virus (27–30).

However, studies on the anti-PRV capability of dandelion

have not been undertaken. Therefore, in this study, we

prepared a dandelion aqueous extract (DAE) by the decoction

method to systematically evaluate the anti-PRV activity

of DAE, aiming to develop a new TCM for preventing

PRV infections.

2. Materials and methods

2.1. Cells and virus

Porcine kidney 15 (PK15) cells were cultured in Dulbecco’s

modified Eagle’s medium (DMEM, Gibco, USA) supplemented

with 10% (v/v) fetal bovine serum (FBS, Gibco, USA) and 1%

penicillin/streptomycin. The medium used for cytotoxicity and

antiviral tests contained 2% serum. The PRV TJ strain was

isolated from infected pigs that received a commercial vaccine,

which was kindly provided by the Harbin Veterinary Research

Institute, Chinese Academy of Agricultural Sciences. The virus

was propagated in PK15 cells, and the titer of the virus was 107.04

50% tissue culture infective dose (TCID50)/mL as determined by

the Reed-Muench method (31).

2.2. Preparation of the DAE

The entire plant of Taraxacum officinale was collected

from Linyi City, Shandong Province, China (N35◦06′52",

E118◦32′64") in September 2021 and was authenticated by

Dr. Zunlai Sheng, Northeast Agricultural University. The

voucher specimen of dandelion was stored in the Herbarium

of Northeast Agricultural University. The herbs were boiled

in water to obtain dandelion aqueous extract (DAE). In brief,

100 g of the dried entire dandelion plant was dissolved in

water for 0.5 h at room temperature, followed by extraction

twice with water at 100◦C for 2 h. The mixtures were pooled

together and filtered through a 0.45µm membrane to remove

impurities. Then, the filtrate was concentrated by a rotary

evaporator and finally dried to remove the moisture, yielding a

light-yellow powder.

2.3. Cytotoxicity assay

The cytotoxicity of DAE was assessed by the detection of

cell viability using a Cell Counting Kit 8 (CCK8, Bimake, USA)

assay. Briefly, 104/mL PK15 cells were seeded in 96-well plates

(Costar, USA) and cultured in a 5% CO2 atmosphere at 37◦C

until the cells grew to 80–90% confluence. These cells were

then treated with DAE ranging in concentration from 0.25 to 8

mg/mL for 48 h, and each concentration was replicated six times.

After incubation for 48 h, the cell state was observed under an

optical microscope, then the cells in each well were added to

10% (v/v) CCK8 and incubated for 1 h at 37◦C. The absorbance

was measured at a wavelength of 450 nm. The cell viability was

presented as a percentage of cell viability compared with the
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control (no DAE treatment). The 50% cytotoxic concentration

(CC50) of DAE was calculated by GraphPad Prism 8.0 software

(GraphPad Software, San Diego, CA).

2.4. E�ect of DAE on PRV-infected PK15
cells

PK15 cells were grown at 37◦C and in an atmosphere of

5% CO2 until they reached a density of 80–90% confluence

in 96-well plates. DAE (2–0.25 mg/mL) was mixed with an

equal volume of PRV (100 TCID50) for 1 h at 37 ◦C, the

mixture was then added to PK15 cells and incubated for

1 h for virus adsorption. After 1 h of incubation, the mixture

was removed, and these cells were thoroughly washed three

times with PBS and overlaid with DMEM containing 2% FBS.

The cytopathic effect (CPE) was monitored daily by light

microscopy, and the antiviral activity of different concentrations

of DAE was determined by CCK8 assay when PK15 cells

infected with PRV showed CPE up to 70–80%. In parallel, the

experiments described above were performed in 6-well plates

to obtain infected cells for measuring PRV gene copies by

fluorescence quantitative polymerase chain reaction (FQ-PCR).

The following formula is used to calculate the virus inhibition

ratio: virus inhibition ratio = (absorbance value of DAE-treated

group–absorbance value of PRV control group)/(absorbance

value of cell control group–absorbance value of PRV control

group) × 100%. Calculations were performed using the

software GraphPad Prism 8.0 to determine the 50% inhibitory

concentration (IC50). The selectivity index (SI), with the formula

SI = CC50/IC50, was used to judge the safety margin of the

drug effect.

2.5. Mode of action assays

In the virus adsorption assay, PK15 cells were cooled to 4◦C

in advance for 1 h and then challenged with PRV (100 TCID50)

simultaneously with the corresponding concentrations of DAE

(2, 1, or 0.5 mg/mL) for 1 h at 4◦C. The unbound inoculum was

carefully removed, and the cells were thoroughly washed three

times in ice-cold PBS and overlaid with DMEM containing 2%

FBS. The infected cells were collected after 40 h of incubation

and tested for viral gene copies by FQ-PCR.

In the virus entry assay, PK15 cells were challenged with

100 TCID50 of PRV at 4◦C for 1 h. The unbound viruses

were removed, and the PK15 cells were incubated with DAE

(2, 1, or 0.5 mg/mL) for 1 h at 37◦C to allow entry. After

thoroughly washing three times with PBS, the cells were covered

with DMEM containing 2% FBS. The infected cells were

collected after 40 h of incubation and tested for viral gene copies

by FQ-PCR.

In the virus replication assay, PK15 cells grown as a

monolayer were challenged with 100 TCID50 of PRV at 37◦C for

1 h. After 1 h of incubation to allow virus adsorption, following

the removal of unbound viruses, the cells were fully washed with

PBS three times and added with the DAE-containing solutions

(2, 1, or 0.5 mg/mL). The infected cells were collected after 40 h

of incubation and tested for viral gene copies by FQ-PCR.

2.6. DNA extraction and FQ-PCR

A TIANamp Genomic DNA Kit (Tiangen Biotech, China)

was used to extract the total DNA following the manufacturer’s

instructions. The FQ-PCR assay was used to detect the PRV

gene copy number in infected cells. Purified plasmids containing

the gI gene were initially used to generate standard curves.

Detailed information about the probe and primer sequences can

be found in the Supplementary Table 1. The reaction thermal

cycling conditions of FQ-PCR were as follows: 94◦C for 5min,

followed by a two-step cycle (94◦C for 35 s and then 62◦C

for 35 s) for 40 cycles. The viral genomic DNA copy numbers

were calculated by the standard curve and the CT value of

the sample.

2.7. Gene expression analysis

The effect of DAE on PRV gene expression in PK15 cells

was detected by relative quantitative PCR. In brief, PK15

cells grown in 6-well plates were challenged with 100 TCID50

of PRV for 1 h, the viral inoculum was then removed, and

DMEM with or without DAE (2 mg/mL) was added to

the cultures. The total RNA of infected cells was extracted

using the RNA Easy Fast Tissue/Cell Kit (Tiangen Biotech,

China), and cDNA was obtained by reverse transcription using

FastKing-RT SuperMix (Tiangen Biotech, China) following the

manufacturer’s instructions. The relative quantitative PCR was

performed with the SYBR Green qPCR Master Mix (Bimake,

USA) on a Roche 480 instrument, and the primers are included

in the Supplementary Table 1. The reaction thermal cycling

conditions were predenaturation at 95◦C for 5min followed

by a three-step cycling process (95◦C for 15 s, 55◦C for

30 s, and 72◦C for 30 s) for 40 cycles. The relative level of

RNA expression in PRV-infected cells was determined by the

2−11CT method. Each reaction was performed in triplicate,

and normalization was performed using the housekeeping

gene β-actin.

2.8. Mouse challenge protection test

Thirty 5-week-old female BALB/c mice were purchased

from Changsheng Biotechnology Co., Ltd. (China). The mice
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TABLE 1 Groups of animal experiment.

Name Group Injection content

A Uninfected control Saline

B Infected control PRV+ saline

C DAE-treated PRV+ DAE (0.5 g/kg)

were randomly divided into three groups of ten mice each

after acclimation for 1 week, and the specific groupings

are shown in Table 1. In addition to the uninfected control

group (0.1mL saline), the mice of the infected control and

DAE-treated group were intramuscularly injected with 0.1mL

saline containing 2 × 103 TCID50 of PRV. At 1 h after

artificial infection, the mice in the DAE-treated group received

intraperitoneal injection of DAE at a dose of 0.5 g/kg once per

day for 5 days. At the same time, the mice of the uninfected

control and infected control groups received equal volumes

of saline instead of DAE. The weight, behavior, and health

condition of the mice were recorded daily. At 4 h after the

4th DAE treatment (3 dpi), three live mice were randomly

selected from each group. Blood samples were collected

under anesthetization, euthanized by cervical dislocation, and

subjected to comprehensive dissection to harvest the brain,

kidney, lung, liver, and heart for analysis. The number of

remaining mice per day was recorded to determine the survival

rate during the experimental period.

The lung, kidney, liver, heart, and brain were harvested from

each group and homogenized to extract DNA for determination

of the viral load by FQ-PCR. The brains of 2 mice in

each group were fixed in 4% formaldehyde, embedded in

paraffin, and stained with hematoxylin-eosin (HE) solution for

histopathological studies under a light microscope.

Blood samples obtained by orbital blood collection

were coagulated naturally at room temperature for 30min

and then centrifuged at 3,000 r/min for 10min. The

supernatant was carefully collected for the detection

of cytokines (IL-4, IFN-γ, and TNF-α) in the mouse

serum, which was measured using an ELISA Kit (Nanjing

JianCheng, China).

2.9. Statistical analysis

All experiments with cells were repeated at least three

times, and the results are presented as the mean ± standard

deviation (SD). GraphPad Prism 8.0 software (La Jolla,

CA, USA) was used for statistical analysis. The statistical

significance of the data was assessed by two-way analysis of

variance (ANOVA) and one-way ANOVA with Dunnett’s

multiple-comparison test. A p < 0.05 was considered

statistically significant.

3. Results

3.1. Cytotoxicity of DAE

The dried whole dandelion plant was extracted with boiling

water, yielding DAE (14.2% w/w). In this study, the cytotoxicity

of DAE was determined by assessing the viability of cells by the

CCK8 assay. The results are represented in Figure 1, the viability

of PK15 cells decreased gradually with increasing concentrations

of DAE. The viability of PK15 cells was not significantly different

from that of the control cells when the concentration was no

more than 2 mg/mL, so 2 mg/mL was the maximum non-

toxic concentration of DAE on PK15 cells, which was therefore

selected for subsequent cell experiments. The CC50 value, listed

in Table 2, was 3.684 mg/mL.

3.2. DAE inhibits PRV infection in PK15
cells

A CCK8 assay and FQ-PCR were performed to explore

the capability of DAE to inhibit PRV proliferation in PK15

cells, as mentioned previously. PK15 cells were challenged

with PRV in the presence or absence of DAE for 1 h. The

cell viability was evaluated by CCK8 assay, and the PRV

gene copies of infected cells were determined by FQ-PCR.

The CCK8 assay results indicated that DAE has significant

inhibitory activity on PRV infection in a concentration-

dependent manner. At a DAE concentration of 2 mg/mL, the

highest inhibition rate was 98.07%, and at a DAE concentration

of 0.25 mg/mL, more than 50% of PRV replication was

still inhibited in PK15 cells (Figure 2A). The IC50 of DAE

was estimated to be 0.2559 mg/mL, and the SI was 14.4

(Table 2). Similar to the results of the CCK8 assay, in the FQ-

PCR assay, the PRV gene copy numbers were significantly

reduced in the presence of DAE, in a concentration-dependent

manner (Figure 2B). The viral copy numbers were decreased

by 36.93, 9.58, and 3.75 times at concentrations of 2, 1,

and 0.5 mg/mL, respectively. Taken together, these results

indicated that DAE can significantly inhibit PRV infection in

PK15 cells.

3.3. DAE inhibits the adsorption and
replication of PRV in PK15 cells

To determine which stage of the PRV life cycle was

influenced by DAE, a mode of action assay was conducted.

Upon the addition of DAE under different treatment conditions,

after 40 h, infected cells were harvested, and the PRV gene copy

numbers of the infected cells were determined by FQ-PCR.

For the virus adsorption and replication assays, the PRV gene

copy numbers within infected cells were significantly reduced
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FIGURE 1

Cytotoxicity of DAE at di�erent concentrations in PK15 cells. A CCK8 assay was used to determine the toxicity of DAE to PK15 cells at

concentrations of 8, 4, 2, 1, 0.5, and 0.25 mg/mL. The cell viability was expressed as a percentage of the control cell viability (****P < 0.0001, ns:

P > 0.05).

by DAE at 2 mg/mL (Figures 3A, C), especially in the adsorption

assay, and DAE reduced the viral copy number by 18.1 times.

However, the number of PRV gene copies was not significantly

different from that in the control group in the virus entry assay

(Figure 3B). The results suggested that DAE exerted antiviral

effects on the viral adsorption and replication stages of PRV in

PK15 cells.

3.4. DAE inhibits PRV gene expression

The mode of action results showed that DAE exerted anti-

PRV activity by blocking the adsorption and replication stages

of the PRV life cycle. The expression of PRV genes is the initial

step of viral DNA entry into the nucleus and the key step in

viral replication (2). Infected cells were harvested at 3, 6, 12,

24, and 48 hpi, and the expression of the PRV immediate early

gene IE180, early gene EP0, and other genes (UL52, UL29, and

UL44) was measured by relative quantitative PCR to explore the

effect of DAE on PRV gene expression. The relative expression

levels of the tested genes are depicted in Figure 4, the relative

TABLE 2 The CC50, IC50, and SI of the DAE.

Substance CC50 (mg/mL) IC50 (mg/mL) SI

DAE 3.684± 0.11 0.2559± 0.08 14.4± 0.03

expression of all detected genes in the DAE-treated group

showed an upward trend, but compared with the virus group,

DAE significantly inhibited the expression of all detected genes

within 48 h at a concentration of 2 mg/mL. The results showed

that the antiviral activity of DAE may be achieved by inhibiting

PRV gene expression.

3.5. DAE inhibits PRV infection in mice

The antiviral effects of DAE have been shown in vitro in

previous studies. To further explore the anti-PRV capability of

DAE in vivo, animal experiments were performed as described

above. The mice were observed daily for clinical symptoms.

At 3 days post-infection (dpi), the mice from all PRV-infected
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FIGURE 2

Antiviral e�ect of DAE on PRV in PK15 cells. (A) The inhibitory e�ect of DAE on PRV in PK15 cells. PRV (100 TCID50) was mixed with an equal

volume of DAE (0.0625–2 mg/mL) at 37◦C for 1 h, and the mixture was overlaid on PK15 cells for 1 h before replacement with 2% DMEM. After

incubation for 48h, CCK8 assays were performed, and the results are expressed as the percent inhibition of the drug-treated group compared

with the untreated group. (B) PRV copies in infected cells were quantified by FQ-PCR (****P < 0.0001, ***P < 0.001).

groups gradually exhibited neurological symptoms, especially

the infected control mice, which manifested as excitement,

itching, scratching and biting of the injection site, and bleeding.

As shown in Figure 5A, in the infected control group, mice

began dying at 3 dpi, and the number of surviving mice

was reduced to two (28.6%) at 4 dpi and 0 (0%) at 5 dpi.

Comparatively, the death of the mice was delayed to the 4th day

in the DAE-treated group, the number of survivingmice was two

(28.6%) at 5 dpi, and two mice were still alive at 7 dpi. For the

uninfected groups of mice, no deaths occurred from 1 to 7 dpi.

Viral load is one of the most vital indicators to evaluate

the effectiveness of antiviral in vivo and is the most important

parameter in the evaluation of PRV multiplication (32, 33).

To evaluate the viral load in mouse organs, at 76 h after the

challenge, three mice from each group were randomly selected,

and their liver, kidney, lung, heart, and brain were collected.

Viral DNA was extracted and quantified by FQ-PCR. The results

showed that the PRV content in themouse brain was the highest,

followed by that in the liver, lung, kidney, and heart. Compared

with the infected control group, the PRV content in each

tested organ was significantly decreased after DAE treatment,

especially in the brain, and the PRV content was reduced ∼7.72

times (Figure 5B). Viral infection usually causes damage to

healthy tissues. As the viral content in the brain of infected mice

was the highest, we collected the brains of mice in each group for

histopathological examination to further explore whether DAE

has protective effects on the brain. In contrast with the brain

of mice in the uninfected control group (Figure 5C), a small

amount of blood stasis and neuronal degeneration and necrosis

were observed in the brain of the infected control group mice

(Figure 5D). The lymphocytic infiltration was less noticeable

in the mouse brain of the DAE-treated group (Figure 5E). As

expected, DAE reduced PRV infection in mice.

3.6. Changes in serum cytokine levels

Cytokines play a crucial role in resisting the invasion of

foreign pathogens by regulating immune and inflammatory

responses. As mentioned above, the immune function status

of the mice was assessed by measuring cytokines with ELISA

kits. The results are illustrated in Figure 6, compared with those

in the uninfected control mice, the levels of TNF-α, IL-4, and

IFN-γ were increased significantly in mice infected with PRV.

The levels of the three tested cytokines changed differently after

DAE treatment in comparison with those in the infected control,

there was no significant difference in the concentration of TNF-α

between the DAE-treated group and infected control groupmice

(Figure 6A); the concentration of IFN-γ increased significantly

after DAE treatment (Figure 6B); and for IL-4, DAE treatment

reduced the increased level of this cytokine caused by PRV

infection to normal uninfected control levels (Figure 6C).

4. Discussion

PR is an important economic swine disease caused by

PRV that is difficult to eradicate in swine herds once infected.

Since 2011, large-scale outbreaks of PR caused by PRV variants

have appeared in China, which has brought catastrophic
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FIGURE 3

Influence of di�erent DAE treatment conditions on PRV infection. Upon the addition of DAE under di�erent treatment conditions, after 40h,

infected cells were collected, and the virus copy number in the PK15 cells was determined by FQ-PCR. (A) Virus adsorption, (B) e�ect on virus

entry, (C) virus replication (****P < 0.0001, **P < 0.01, ns: P > 0.05).

economic losses to the swine industry and simultaneously

created difficulties in the control and prevention of PR (8). It is

worth noting that PRV infection poses a health threat to humans.

Therefore, it is of great significance to develop safe and effective

drugs for PRV. Dandelion is a perennial herb of Asteraceae and

has a long history as a Chinese herbal medicine to treat diseases,

it contains numerous diverse bioactive compounds, such as

triterpenoids, phenolic acids, polysaccharides, and flavonoids,

which play an important role in antiviral, anti-inflammatory

and antibacterial (22, 23). Additionally, there are relatively

few side effects associated with dandelion, dandelion root, and

dandelion extracts are authorized for use in dietary supplements

by the FDA, with a “generally recognized as safe” status (34).

In this study, we prepared an aqueous extract of dandelion

to investigate its anti-PRV activity in vitro and in vivo and

examined its mechanism of action against PRV.

The results obtained in this study indicated that DAE could

inhibit PRV proliferation in PK15 cells in a concentration-

dependent manner, and the SI value was 14.4 in vitro. By

convention, tested drugs with an SI > 2 have low toxicity and
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FIGURE 4

DAE suppressed the expression of PRV genes. In the presence or absence of emodin, the expression of PRV genes (IE180, EP0, UL52, UL29, and

UL44) was detected by relative quantitative PCR at 3, 6, 12, 24, and 48 hpi (n = 3 in each group) (****P < 0.0001, ***P < 0.001).

are effective. The results suggested that DAE has a high potential

value for utilization in the prevention of PRV infection.

The PRV life cycle mainly includes the stages of adsorption,

entry, replication, assembly, and virus particle release (2). Each

stage during the viral life cycle is critical and indispensable

and can be considered a potential target of antiviral drugs.

There have been many studies investigating the effects of drugs

at different stages of PRV infection. Quercetin can prevent

virus entry by interacting with the PRV gD protein (35).

Glycyrrhiza polysaccharide inhibits PRV infection by blocking

virus adsorption and internalization at the early stages of

PRV infection (36). (-)-Epigallocatechin-3-gallate inhibits the

adsorption, entry, and replication stages of PRV infection in

vitro (37). The mode of action results in this study showed that

DAE could not inhibit the cell entry stage of PRV infection

but exerted an inhibitory effect by blocking PRV adsorption

and replication in cells, which was similar to the mode of

action of Panax notoginseng polysaccharides (38). The viral gene

expression takes place after viral DNA reaches the cell nucleus

and is the first step in viral replication. PRV infection is mainly

achieved by controlling the level of expression, and blocking

gene expression is an important way to inhibit viral proliferation

(33). All tested genes (IE180, EP0, UL29, UL44, and UL52) in

this study showed a reduction in expression levels after DAE

treatments, confirming that DAE may block viral replication

by inhibiting PRV gene expression. In addition, the gC protein

encoded by the UL44 gene can mediate the binding of PRV to

cell receptors, which is critical for PRV adsorption (2), and the

ability of DAE to inhibit PRV adsorption to cells may be related

to the suppression of UL44 gene expression.

PRV infects a wide host range, including a variety of

mammals. Experimental animals (usually mice, rats, and

rabbits) are highly susceptible to PRV infection under laboratory

conditions. Mice and rats can be infected by different

inoculation routes, and these animals are usually used as

standardized models to study host responses to infection (7, 39).

A mouse model was established by intramuscular injection in

this study to explore whether DAE has antiviral effects against

PRV infection in vivo. Additionally, the balance between the

toxicity and antiviral activity of DAE is significant, and it should

be ensured that the DAE dose has no effect on mouse health

before experiments. In vivo tests showed that mice were healthy

without any sign of toxicity by intraperitoneal injection of

DAE at a dose of 0.5 g/kg body weight (unpublished results).
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FIGURE 5

DAE showed antiviral activity against PRV in mice. (A) The survival rate of mice in each group. (B) The viral load in the heart, kidney, liver, lung,

and brain of mice in each group. The viral copy number in di�erent organs was detected by FQ-PCR 76h after PRV challenge. Histopathological

sections of mouse brain were harvested from the uninfected control (C), infected control (D), and DAE-treated (E) mice, with hematoxylin-eosin

staining (****P < 0.0001, ***P < 0.001, **P < 0.01).

FIGURE 6

The concentrations of TNF-α (A), IFN-γ (B), and IL-4 (C) in serum obtained from test mice. At 76h post-PRV infection, three mice from each

group were randomly selected for the collection of blood, which was used to determine the levels of three cytokines in mouse serum (****P <

0.0001, ***P < 0.001, **P < 0.01, *P < 0.05, ns: P > 0.05).

Our results revealed that DAE treatment prolonged the mean

survival time (MST) and increased the survival rate of mice.

The viral load of the tested organs was detected by FQ-PCR,

and the results showed that the viral load in the brain was the

highest among these five organs, which might be related to the

neurotropic nature of PRV. The addition of DAE significantly

reduced the content of PRV in the brain, kidney, liver, lung,

and heart of mice and efficiently inhibited PRV proliferation.

According to the results of histopathological examination, the

brains of mice infected with PRV showed pathological damage

to varying degrees. Comparatively to the infected control group,

only a small amount of lymphocyte infiltration was observed

in the brain after DAE treatment, suggesting that DAE could

alleviate histopathological damage induced by PRV infection.

These results confirm that DAE could protect PRV-infectedmice

and has promising application prospects, and further tests can

be conducted on pigs to better evaluate the anti-PRV activity

of DAE.

The host’s inflammatory response is the first line of defense

to prevent the spread of virus infection. Cytokines are regulators
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of the host inflammatory response and play a protective role in

resisting pathogen invasion. IFN-γ can activate macrophages,

promote the production of proinflammatory factors such as

TNF-α, regulate immunity, and play a significant role in

antiviral immune responses (40). Three days after PRV infection

in mice, the levels of TNF-α and IFN-γ were significantly

increased, indicating that PRV infection activated the innate

immune response of mice. After DAE treatment, the production

of IFN-γ and TNF-α was higher than that in the infected

control, especially IFN-γ, suggesting that DAE might inhibit

viral infection in the early stage of PRV infection by enhancing

the inflammatory response. The immunoregulatory cytokine IL-

4 is mainly secreted by Th2 cells and plays a central role in

promoting the development of Th2 responses and suppressing

Th1 responses as well as immune responses (41). The results

showed that the level of IL-4 was elevated after PRV infection,

and DAE treatment significantly reduced the upregulation of

IL-4 production caused by PRV infection, illustrating that DAE

could modulate the IL-4 level and restore the Th1/Th2 balance

in PRV-infected mice. These results suggest that DAE not only

has a direct antiviral effect but also exerts anti-PRV activity

by regulating the function of the host immune system. This

mechanism contributes to the fight against virus infection,

making the body less susceptible to resistance to DAE.

5. Conclusion

In conclusion, DAE possessed robust inhibitory activity on

PRV infection in vitro and in vivo. DAE effectively inhibited PRV

infection in PK15 cells, blocked PRV adsorption and replication,

and reduced PRV gene expression. In animal experiments,

DAE protected PRV-infected mice, which improved the survival

rate, inhibited virus propagation, reduced pathological tissue

changes, and regulate cytokine production to fight against viral

infection. These results show that DAE can be further used as a

therapeutic agent to prevent PRV infection.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author.

Ethics statement

The animal study was reviewed and approved by Laboratory

Animal Ethics Committee of Northeast Agricultural University.

Author contributions

XC wrote the manuscript. XC, YS, ZW, YX, ZR, and LF

performed the experimental work. YZ designed the experiments

and revised themanuscript. All authors contributed to the article

and approved the submitted version.

Funding

This work was supported by the Central Guidance

Local Science and Technology Development Project of

China (ZY2022A-HRB-06).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The reviewer GS declared a shared affiliation with the

authors to the handling editor at the time of review.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fvets.2022.1090398/full#supplementary-material

References

1. Zuckermann FA. Aujeszky’s disease virus: opportunities and challenges. Vet
Res. (2000) 31:121–31. doi: 10.1051/vetres:2000111

2. Pomeranz LE, Reynolds AE, Hengartner CJ. Molecular biololgy of
pseudorabies virus: impact on neurovirology and veterinary medicine.

Microbiol Mol Biol Rev. (2005) 69:462. doi: 10.1128/MMBR.69.3.462-
500.2005

3. Verpoest S, Cay AB, Bertrand O, Saulmont M, De Regge N. Isolation
and characterization of pseudorabies virus from a wolf (Canis lupus) from

Frontiers in Veterinary Science 10 frontiersin.org

https://doi.org/10.3389/fvets.2022.1090398
https://www.frontiersin.org/articles/10.3389/fvets.2022.1090398/full#supplementary-material
https://doi.org/10.1051/vetres:2000111
https://doi.org/10.1128/MMBR.69.3.462-500.2005
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Cai et al. 10.3389/fvets.2022.1090398

Belgium. Eur J Wildl Res. (2014) 60:149–153. doi: 10.1007/s10344-013-
0774-z

4. Zhang L, Zhong C, Wang J, Lu Z, Liu L, Yang W, et al. Pathogenesis of
natural and experimental pseudorabies virus infections in dogs. Virol J. (2015)
12:44. doi: 10.1186/s12985-015-0274-8

5. Laval K, Vernejoul JB, Van Cleemput J, Koyuncu OO, Enquist LW. Virulent
pseudorabies virus infection induces a specific and lethal systemic inflammatory
response in mice. J Virol. (2018) 92:e01614–18. doi: 10.1128/JVI.01614-18

6. Cheng Z, Kong Z, Liu P, Fu Z, Zhang J, Liu M, et al. Natural infection of a
variant pseudorabies virus leads to bovine death in China. Transbound Emerg Dis.
(2020) 67:518–22. doi: 10.1111/tbed.13427

7. Sehl J, Teifke JP. Comparative pathology of pseudorabies in different
naturally and experimentally infected species-a review. Pathogens. (2020)
9:633. doi: 10.3390/pathogens9080633

8. Zheng HH, Fu PF, Chen HY,Wang ZY. Pseudorabies virus: from pathogenesis
to prevention strategies. Viruses. (2022) 14:1683. doi: 10.3390/v14081638

9. An TQ, Peng JM, Tian ZJ, Zhao HY, Li N, Liu YM, et al. Pseudorabies
virus variant in Bartha-K61-vaccinated pigs, China, 2012. Emerg Infect Dis. (2013)
19:1749–55. doi: 10.3201/eid1911.130177

10. Luo Y, Li N, Cong X, Wang CH, Du M, Li L, et al. Pathogenicity and
genomic characterization of a pseudorabies virus variant isolated from Bartha-
K61-vaccinated swine population in China. Vet Microbiol. (2014) 174:107–
15. doi: 10.1016/j.vetmic.2014.09.003

11. Yu X, Zhou Z, Hu D, Zhang Q, Han T, Li X, et al. Pathogenic pseudorabies
virus, China, 2012. Emerg Infect Dis. (2014) 20:102–4. doi: 10.3201/eid2001.130531

12. Hu D, Zhang Z, Lv L, Xiao Y, Qu Y, Ma H, et al. Outbreak of variant
pseudorabies virus in Bartha-K61-vaccinated piglets in central Shandong Province,
China. J Vet Diagn Invest. (2015) 27:600–5. doi: 10.1177/1040638715593599

13. Wang D, Tao X, Fei M, Chen J, Guo W, Li P, et al. Human encephalitis
caused by pseudorabies virus infection: a case report. J Neurovirol. (2020) 26:442–
8. doi: 10.1007/s13365-019-00822-2

14. Liu Q, Wang X, Xie C, Ding S, Yang H, Guo S, et al. A novel human acute
encephalitis caused by pseudorabies virus variant strain. Clin Infect Dis. (2021)
73:E3690–700. doi: 10.1093/cid/ciaa987

15. Ying M, Hu X, Wang M, Cheng X, Zhao B, Tao Y. Vitritis and
retinal vasculitis caused by pseudorabies virus. J Int Med Res. (2021)
49:3000605211058990. doi: 10.1177/03000605211058990

16. Li T, Peng T. Traditional Chinese herbal medicine as a
source of molecules with antiviral activity. Antiviral Res. (2013)
97:1–9. doi: 10.1016/j.antiviral.2012.10.006

17. Chen X, Wang R, Hu H, Zhao X, Yin Z, Zou Y, et al. Antiviral effect of an
extract from Kaempferia galanga L. rhizome in mice infected with pseudorabies
virus. J Virol Methods. (2022) 307:114573. doi: 10.1016/j.jviromet.2022.114573

18. Xing Y, Wang L, Xu G, Guo S, Zhang M, Cheng G, et al.
Platycodon grandiflorus polysaccharides inhibit pseudorabies virus
replication via downregulating virus-induced autophagy. Res Vet Sci. (2021)
140:18–25. doi: 10.1016/j.rvsc.2021.08.004

19. Yang B, Luo G, Zhang C, Feng L, Luo X, Gan L. Curcumin protects rat
hippocampal neurons against pseudorabies virus by regulating the BDNF/TrkB
pathway. Sci Rep. (2020) 10:22204. doi: 10.1038/s41598-020-78903-0

20. Sui X, Yin J, Ren X. Antiviral effect of diammonium glycyrrhizinate and
lithium chloride on cell infection by pseudorabies herpesvirus.Antiviral Res. (2010)
85:346–53. doi: 10.1016/j.antiviral.2009.10.014

21. Tong C, Chen Z, Liu F, Qiao Y, Chen T, Wang X. Antiviral activities of
radix isatidis polysaccharide against pseudorabies virus in swine testicle cells. BMC
Complement Med Ther. (2020) 20:48. doi: 10.1186/s12906-020-2838-4

22. Gonzalez-Castejon M, Visioli F, Rodriguez-Casado A. Diverse
biological activities of dandelion. Nutr Rev. (2012) 70:534–
47. doi: 10.1111/j.1753-4887.2012.00509.x

23. Zhang Y, Hu YF, Li W, Xu GY, Wang KR, Li L, et al. Updates
and advances on pharmacological properties of Taraxacum mongolicum

Hand.-Mazz and its potential applications. Food Chem. (2022)
373:131380. doi: 10.1016/j.foodchem.2021.131380

24. Liu Q, Zhao H, Gao Y, Meng Y, Zhao XX, Pan SN. Effects of dandelion
extract on the proliferation of rat skeletal muscle cells and the inhibition of a
lipopolysaccharide-lnduced inflammatory reaction. Chin Med J. (2018) 131:1724–
31. doi: 10.4103/0366-6999.235878

25. Murtaza I, Laila O, Drabu I, Ahmad A, Charifi W, Popescu S
M, et al. Nutritional profiling, phytochemical composition and antidiabetic
potential of taraxacum officinale, an underutilized herb. Molecules. (2022)
27:5380. doi: 10.3390/molecules27175380

26. Wang S, Hao HF, Jiao YN, Fu JL, Guo ZW, Guo Y, et al. Dandelion
extract inhibits triple-negative breast cancer cell proliferation by interfering with
glycerophospholipids and unsaturated fatty acids metabolism. Front Pharmacol.
(2022) 13:942996. doi: 10.3389/fphar.2022.942996

27. HanH,HeW,WangW,Gao B. Inhibitory effect of aqueous dandelion extract
on HIV-1 replication and reverse transcriptase activity. BMC Complement Altern
Med. (2011) 11. doi: 10.1186/1472-6882-11-112

28. He W, Han H, Wang W, Gao B. Anti-influenza virus effect of aqueous
extracts from dandelion. Virol J. (2011) 8:538. doi: 10.1186/1743-422X-8-538

29. Jia YY, Guan RF, Wu YH, Yu XP, Lin WY, Zhang YY, et al. Taraxacum
mongolicum extract exhibits a protective effect on hepatocytes and an antiviral
effect against hepatitis B virus in animal and human cells. Mol Med Rep. (2014)
9:1381–7. doi: 10.3892/mmr.2014.1925

30. Flores-Ocelotl MR, Rosas-Murrieta NH, Moreno DA, Vallejo-Ruiz V, Reyes-
Leyva J, Dominguez F, et al. Taraxacum officinale and Urtica dioica extracts inhibit
dengue virus serotype 2 replication in vitro. BMC Complement Altern Med. (2018)
18:95. doi: 10.1186/s12906-018-2163-3

31. Lei C, Yang J, Hu J, Sun X. On the calculation of TCID50 for quantitation of
virus infectivity. Virol Sin. (2021) 36:141–4. doi: 10.1007/s12250-020-00230-5

32. Zhao X, Tong W, Song X, Jia R, Li L, Zou Y, et al. Antiviral effect of
resveratrol in piglets infected with virulent pseudorabies virus. Viruses. (2018)
10:457. doi: 10.3390/v10090457

33. Li L, Wang R, Hu H, Chen X, Yin Z, Liang X, et al. The antiviral
activity of kaempferol against pseudorabies virus in mice. BMC Vet Res. (2021)
17:247. doi: 10.1186/s12917-021-02953-3

34. Kania-Dobrowolska M, Baraniak J. Dandelion (Taraxacum officinale
L.) as a source of biologically active compounds supporting the
therapy of co-existing diseases in metabolic syndrome. Foods. (2022)
11:2858. doi: 10.3390/foods11182858

35. Sun Y, Li C, Li Z, Shangguan A, Jiang J, Zeng W, et al. Quercetin as an
antiviral agent inhibits the pseudorabies virus in vitro and in vivo. Virus Res. (2021)
305:198556. doi: 10.1016/j.virusres.2021.198556

36. Huan C, Xu Y, Zhang W, Ni B, Gao S. Glycyrrhiza polysaccharide
inhibits pseudorabies virus infection by interfering with virus attachment
and internalization. Viruses. (2022) 14:1772. doi: 10.3390/v140
81772

37. Huan C, Xu W, Guo T, Pan H, Zou H, Jiang L, et al. (-)-
epigallocatechin-3-gallate inhibits the life cycle of pseudorabies virus in vitro
and protects mice against fatal infection. Front Cell Infect Microbiol. (2021)
10:616895. doi: 10.3389/fcimb.2020.616895

38. Huan C, Zhou Z, Yao J, Ni B, Gao S. The antiviral effect of panax notoginseng
polysaccharides by inhibiting prv adsorption and replication in vitro. Molecules.
(2022) 27:1254. doi: 10.3390/molecules27041254

39. Laval K, Enquist LW. The neuropathic itch caused by pseudorabies virus.
Pathogens. (2020) 9:254. doi: 10.3390/pathogens9040254

40. Wang F, Zhang S, Jeon R, Vuckovic I, Jiang X, Lerman A, et al. Interferon
gamma induces reversible metabolic reprogramming of M1 macrophages to
sustain cell viability and pro-inflammatory activity. EBioMedicine. (2018) 30:303–
16. doi: 10.1016/j.ebiom.2018.02.009

41. Sahoo A, Wali S, Nurieva R. T helper 2 and T follicular helper cells:
regulation and function of interleukin-4. Cytokine Growth Factor Rev. (2016)
30:29–37. doi: 10.1016/j.cytogfr.2016.03.011

Frontiers in Veterinary Science 11 frontiersin.org

https://doi.org/10.3389/fvets.2022.1090398
https://doi.org/10.1007/s10344-013-0774-z
https://doi.org/10.1186/s12985-015-0274-8
https://doi.org/10.1128/JVI.01614-18
https://doi.org/10.1111/tbed.13427
https://doi.org/10.3390/pathogens9080633
https://doi.org/10.3390/v14081638
https://doi.org/10.3201/eid1911.130177
https://doi.org/10.1016/j.vetmic.2014.09.003
https://doi.org/10.3201/eid2001.130531
https://doi.org/10.1177/1040638715593599
https://doi.org/10.1007/s13365-019-00822-2
https://doi.org/10.1093/cid/ciaa987
https://doi.org/10.1177/03000605211058990
https://doi.org/10.1016/j.antiviral.2012.10.006
https://doi.org/10.1016/j.jviromet.2022.114573
https://doi.org/10.1016/j.rvsc.2021.08.004
https://doi.org/10.1038/s41598-020-78903-0
https://doi.org/10.1016/j.antiviral.2009.10.014
https://doi.org/10.1186/s12906-020-2838-4
https://doi.org/10.1111/j.1753-4887.2012.00509.x
https://doi.org/10.1016/j.foodchem.2021.131380
https://doi.org/10.4103/0366-6999.235878
https://doi.org/10.3390/molecules27175380
https://doi.org/10.3389/fphar.2022.942996
https://doi.org/10.1186/1472-6882-11-112
https://doi.org/10.1186/1743-422X-8-538
https://doi.org/10.3892/mmr.2014.1925
https://doi.org/10.1186/s12906-018-2163-3
https://doi.org/10.1007/s12250-020-00230-5
https://doi.org/10.3390/v10090457
https://doi.org/10.1186/s12917-021-02953-3
https://doi.org/10.3390/foods11182858
https://doi.org/10.1016/j.virusres.2021.198556
https://doi.org/10.3390/v14081772
https://doi.org/10.3389/fcimb.2020.616895
https://doi.org/10.3390/molecules27041254
https://doi.org/10.3390/pathogens9040254
https://doi.org/10.1016/j.ebiom.2018.02.009
https://doi.org/10.1016/j.cytogfr.2016.03.011
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Antiviral activity of dandelion aqueous extract against pseudorabies virus both in vitro and in vivo
	1. Introduction
	2. Materials and methods
	2.1. Cells and virus
	2.2. Preparation of the DAE
	2.3. Cytotoxicity assay
	2.4. Effect of DAE on PRV-infected PK15 cells
	2.5. Mode of action assays
	2.6. DNA extraction and FQ-PCR
	2.7. Gene expression analysis
	2.8. Mouse challenge protection test
	2.9. Statistical analysis

	3. Results
	3.1. Cytotoxicity of DAE
	3.2. DAE inhibits PRV infection in PK15 cells
	3.3. DAE inhibits the adsorption and replication of PRV in PK15 cells
	3.4. DAE inhibits PRV gene expression
	3.5. DAE inhibits PRV infection in mice
	3.6. Changes in serum cytokine levels

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


